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Abstract

Arctigenin (ACT) is a novel anti-inflammatory lignan extracted from Arctium lappa
L, a herb commonly used in traditional Chinese herbal medicine. In this study, we
investigated the molecular mechanism whereby ACT inhibits PCV2 infection-induced
proinflammatory cytokine production in vitro and in vivo. We observed that in PCV2
infection+ACT treated PK-15 cells, proinflammatory cytokine production was signifi-
cantly reduced, compared to the PCV2-infected cells. The transfection and luciferase
reporter assay confirmed that ACT suppressed NF-xB signalling pathway activation
following PCV2 infection in PK-15 cells. Furthermore, western blotting demonstrated
that ACT suppressed the NF-xB signal pathway in PCV2 infection-stimulated PK-15
cells by inhibiting the translocation of p65 from the cytoplasm to the nucleus and kB«
phosphorylation. BALB/c mice were used as a model to evaluate the anti-inflammatory
effect of ACT in vivo. We found that the BALB/c mice inoculated with PCV2 infection
+ ACT treated showed a significant reduction of proinflammatory cytokine produc-
tion in serum, lung and spleen tissue, compared to the PCV2-infected mice. Western
blotting confirmed that ACT suppressed the NF-xB signal pathway in PCV2-infected
mice by inhibiting the translocation of p65 from the cytoplasm to the nucleus and IxBa
phosphorylation in lung tissue. Our studies first demonstrate that ACT inhibits PCV2
infection-induced proinflammatory cytokine production by suppressing the phospho-
rylation and nuclear translocation of NF-xB in vitro and in vivo. These results will help
further develop ACT as a Traditional Chinese herbal medicine remedy in the treatment

of porcine circovirus-associated diseases.
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1 | INTRODUCTION

Porcine circovirus (PCV) belongs to the genus Circovirus of the fam-
ily Circoviridae, which was characterised as a single-stranded 1.7-kb
circular DNA virus enclosed in an icosahedral virion with a diameter
of approximately 17 nm (Allan & Ellis, 2000). Until now, four geno-
types of PCVs have been discovered in the swine population, includ-
ing porcine circovirus type 1 (PCV1), porcine circovirus type 2 (PCV2),
porcine circovirus type 3 (PCV3) and porcine circovirus type 4. It is
generally accepted that PCV1 is non-pathogenic; in contrast, PCV2
and PCV3 are pathogenic to swine (Allan et al., 1998; Palinski et al.,
2016; Tischer et al., 1974). PCV4 is identified very recently and future
information on this virus is required to understand its potential impact
(Zhang et al., 2019). PCV2 is now recognised as the primary pathogen
of porcine circovirus-associated diseases (PCVADs), including several
various syndromes in pigs, such as post-weaning multi-systemic wast-
ing syndrome, porcine dermatitis, nephropathy syndrome, as well as a
reproductive failure (Ellis, 2014; Gillespie et al., 2009). Furthermore,
PCV2 can cause immunosuppression in pigs, leading to secondary
infection or co-infection with other swine pathogens, such as porcine
reproductive and respiratory syndrome virus, Mycoplasma hyopneu-
moniae, bacterial septicemia or pneumonia, and swine influenza virus
(Dorr et al., 2007; Ramamoorthy & Meng, 2009). Thus, PCV2 is a signif-
icant threat that caused high economic losses to the global swine indus-
try in recent decades (Finsterbusch & Mankertz, 2009).

Until now, the mechanism of PCV2 pathogenesis is poorly under-
stood. The innate immune response is the first line of host defence
against pathogen invasion (Riera et al., 2016). Toll-like receptors (TLRs)
are key pattern recognition receptors of the innate immune sys-
tem that recognise pathogen-associated molecule patterns and induce
innate immune responses, including the production of interferons
and proinflammatory cytokines (Hertzog et al., 2003; Kawai & Akira,
2010). Transcription analysis showed that PCV2 infection of porcine
alveolar macrophages (PAMs) causes up-regulation of inflammatory-
related genes (Li et al., 2013). Further studies confirmed that PCV2
infection of PAMs induces the expression of IL-13 and IL-10 via the
TLR9/MyD88/NF-«B signalling pathway (Han et al., 2017). PCV2 infec-
tion of PK-15 cells induced NF-xB pé5 translocation from the cyto-
plasm to the nucleus, as well as degradation and phosphorylation of
IxBa proteins (Wei et al., 2008). These studies suggest that the tran-
scription factor NF-xB is commonly activated upon PCV2 infection and
plays a crucial role in the induction and regulation of the hosts’ inflam-
matory response.

Vaccination is considered as the most effective measure to prevent
and control viral diseases (Afhgah et al., 2017; Chae, 2012). Currently,
many commercial vaccines are available for PCV2. PCV2 vaccines have
been shown to be very successful and efficacious to control the preva-
lence of PCVAD. Due to PCV2 contains many genotypes and PCV2
infection could cause immunosuppression, leading to co-infection with
other swine pathogens (Tanja et al., 2020). Therefore, finding alterna-
tive effective measures to prevent and control this disease is urgently
required. Arctigenin (ACT) is a phenylpropanoid dibenzylbutyrolac-
tone lignan extracted from the seeds of a Traditional Chinese herbal

medicine, Arctium lappa L. ACT has been proven to demonstrate
promising biological activities, including immunomodulatory, antivi-
ral, anti-cancer and anti-inflammatory activities (Hayashi et al., 2010;
Swarup et al., 2008; Gao et al., 2018; Jeong et al., 2011). Our previous
studies have demonstrated that ACT can significantly inhibit the pro-
liferation of PCV2 in vitro and in vivo, and suppress the inflammatory
response caused by PCV2 infection of experimental piglets (Chen et al.,
2016). However, the specific anti-inflammatory mechanism is not clear.

Herein, we further investigated the molecular mechanism of ACT
inhibited PCV2 infection-induced inflammatory responses. Our results
demonstrated that ACT inhibited PCV2 infection-induced proinflam-
matory cytokine production mainly through suppressing NF-xB phos-
phorylation and nuclear translocation in vitro and in vivo. This study
provided a theoretical basis for further development of ACT as a Chi-

nese herbal medicine against PCVADs.

2 | MATERIALS AND METHODS

2.1 | Virus and cells

The strain PCV2-WH (GenBank: FJ598044) was kindly provided by the
State Key Laboratory of Agricultural Microbiology, Huazhong Agricul-
tural University. The titre of PCV2-WH was 107 TCIDso/ml, as deter-
mined by immunofluorescence assay. PK-15 cells free of PCV1 were
purchased from China Center for Type Culture Collection (CCTCC,
GDCO0061), and they were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 ug/ml streptomycin, and incubated in a
humidified incubator at 37°C with 5% CO,.

2.2 | Reagents and plasmids

DMEM, FBS, penicillin and streptomycin were purchased from Gibco.
Rabbit monoclonal primary antibody, NF-kxB p65 and mouse mono-
clonal antibody, phospho-lxBa, were purchased from Cell Signaling
Technology (Danvers, MA, USA). Dimethyl sulfoxide (DMSO) was
purchased from Sigma. Histone H3 mouse monoclonal antibody, -
Actin mouse monoclonal antibody, lipopolysaccharide (LPS), reporter
plasmid pNF-xB-luc and the internal control plasmid pRL-SV40
were purchased from Beyotime Biotechnology (Jiangsu, China). ACT
(purity > 98%) was purchased from Shanghai Ronghe Pharmaceutical
Technology Co., Ltd. ACT was dissolved in DMSO at a concentration
of 20 mM and stored as a stock solution at -20°C. Before use, the
desired concentrations of ACT were diluted with DMEM from the

stock solution.

2.3 | Anti-inflammatory activity of ACT in vitro

1.5 x 10° PK-15 cells were cultured in 24-well plate at 37°C and
maintained in DMEM supplemented with 10% FBS. The PK-15 cells
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were randomly divided into four groups as follows: the PCV2 infec-
tion group, the ACT-treated group, the PCV2 infection + ACT-treated
group and the negative control group. After culturing for 24 h, the PK-
15 cells were infected with PCV2 at 1 MOl for 1 h, and the supernatant
was replaced with 500 ul of DMEM in the PCV2 infection group. PK-15
cells were incubated with 500 ul of DMEM containing 62.6 ug/ml ACT
in the ACT-treated group. In the PCV2 infection + ACT-treated group,
PK-15 cells were infected with PCV2 at 1 MOl for 1 h, and the super-
natant was replaced with 500 ul of DMEM containing 62.6 ug/ml ACT.
In the negative control group, PK-15 cells were incubated with 500 ul
of DMEM. PK-15 cells from each group were collected at 0, 6, 12, 18
and 24 h for gRT-PCR analysis.

2.4 | Transfection and luciferase reporter assay

PK-15 cells were transfected using Attractene Transfection Reagent
(QIAGEN) according to the manufacturer’s instructions. Approxi-
mately 1.5 x 10° cells per well in 24-well plate were co-transfected
with 100 ng reporter plasmid pNF-xB-luc and 10 ng internal control
plasmid pRL-SV40. Twenty-four hours post-transfection, the PK-15
cells were randomly divided into five groups as follows: the PCV2 infec-
tion group, the ACT-treated group, the PCV2 infection + ACT-treated
group, the LPS-treated group and the negative control group. In the
PCV2 infection group, PK-15 cells were infected with PCV2 at 1 MOI
for 1 h, and the supernatant was replaced with 500 ul DMEM. In the
ACT-treated group, PK-15 cells were incubated with 500 ul of DMEM
containing 62.6 ug/ml ACT. In the PCV2 infection + ACT-treated group,
PK-15 cells were infected with PCV2 at 1 MOl for 1 h, and the super-
natant was replaced with 500 ul DMEM containing 62.6 ug/ml ACT.
In the LPS-treated group, PK-15 cells were incubated with 500 ul of
DMEM containing 100 ng/ml LPS. In the negative control group, PK-15
cells were incubated with 500 ul of DMEM. PK-15 cells were harvested
at 6, 12, 18 and 24 h and lysed. Luciferase activities were determined
using the dual-luciferase assay system according to the manufacturer’s

instructions.

2.5 | Anti-inflammatory activity of ACT in vivo

Forty-five 7-week-old BALB/c female mice were randomly assigned
to three groups: the PCV2 infection group (n = 15), the PCV2 infec-
tion + ACT inoculation group (n = 15) and the negative control group
(n = 15). In the PCV2 infection group and PCV2 infection + ACT inoc-
ulation group, mice were inoculated with PCV2 via an intraperitoneal
injection (0.25 ml per mouse), as well as an intranasal administration
(0.25 ml per mouse). After 24 h following the injections, mice in the
PCV2 infection + ACT inoculation group were inoculated with ACT
via an intraperitoneal injection (2.0 mg/kg body weight per mouse)
and repeated every day for 5 consecutive days. The mice in the PCV2
infection group were inoculated with DMEM (0.25 ml intraperitoneal

injection per mouse) and repeated every day for 5 consecutive days.

The mice in the negative group were inoculated with DMEM (0.25 ml
intraperitoneal injection per mouse). After 7, 14 and 21 days post-
inoculation, five mice were randomly selected from each group and
euthanised. The blood, lung and spleen were collected for further
experiments.

2.6 | ELISA for the production of proinflammatory
cytokines

The levels of IL-14, IL-6, IL-8 and TNF-« proinflammatory cytokines in
mouse serum were measured using double antibody sandwich ELISA
kit (JINGMEI, China), according to the manufacturer’s instructions. 50
ul diluted samples (1:40, v/v) were added into each well and then add
100 ul HPR-conjugate rabbit anti-mouse IL-13 polyclonal antibody to
each well and incubated for 60 min at 37°C. After shaking out the sam-
ples, washing the plate 5 times with washing buffer and dry by pat.
Add 50 ul TMB substrate solution to each well respectively, evade the
light preservation for 15 min at 37°C. Add stop solution 50 ul to each
well and read the optical density using a microplate reader set at 450
nm. The cytokine concentrations were assessed based on the standard
curves obtained from the serial 10-fold dilution of standard provided
by the kit.

2.7 | Western blot analysis of p65 and p-lxBx

Nuclear and cytoplasmic proteins from PK-15 cells and mouse lung
tissue were extracted using nuclear and cytoplasmic protein extrac-
tion kits (Beyotime), according to the manufacturer’s instructions. Pro-
tein concentrations were determined using a BCA Protein Assay Kit
(Servicebio, China). Equal amounts of protein were separated by SDS-
PAGE and then transferred to a PVDF membrane (Millipore, Bedford,
MA, USA). After blocking with 5% non-fat milk in TBST for 1 h, the
membranes were incubated with primary antibodies overnight at 4°C.
After washing three times with TBST, the membranes were incubated
with secondary antibodies at 37°C for 1 h. Immunoreactive bands were
visualised by an enhanced chemiluminescence system (Amersham

Biosciences).

2.8 | Quantitative RT-PCR assays

Total RNA was isolated from PK-15 cells and mouse tissue using the
Takara MiniBEST Universal RNA Extraction Kit (Takara), according
to the manufacturer’s instructions. The RNA samples were then
reverse-transcribed to cDNA using the Primescript RT Reagent Per-
fect Real-Time kit (Takara). The PCR primers were designed using
Primer Premier 5.0 software, and primers for GAPDH, IL-15, IL-6, IL-8
and TNF-a are shown in Table 1. The PCR reaction system consisted
of 2 ul cDNA, 10 ul SYBR Premix Ex Taq I1, 0.8 ul forward primer, 0.8 ul
reverse primer and 6.4 ul ddH,O. gPCR was performed using the
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Product

Gene Sequence 5’-3' length (bp)

PigIL-13 Forward: TGACGGACCCCAAAAGATGA 90
Reverse: TGCTGCTGCGAGATTTGAAG

Pig IL-6 Forward: GGGACTGATGCTGGTGACAA 90
Reverse: ACAGGTCTGTTGGGAGTGGTATC

PigIL-8 Forward: GCTCCATGGGTGAAGGCTACT 90
Reverse: CTTCATTGCCGGTGGAAATT

Pig TNF-a Forward: AGAGGCACTCCCCCAAAAGA 90
Reverse: TGCCACAAGCAGGAATGAGA

Mouse IL-18 Forward: ACTGTGAAATGCCACCTTTTGA 90
Reverse: TGGAAGCAGCCCTTCATCTT

Mouse IL-6 Forward: TGGGACTGATGCTGGTGACA 90
Reverse: CTGTTGGGAGTGGTATCCTCTGT

Mouse IL-8 Forward: TCCATGGGTGAAGGCTACTGT 90
Reverse: CATTGCCGGTGGAAATTCC

Mouse TNF-a Forward: AGAGGCACTCCCCCAAAAGA 90
Reverse: TGCCACAAGCAGGAATGAGA

Pig GAPDH Forward: CTCCACTCACGGCAAATTCA 90
Reverse: CGCTCCTGGAAGATGGTGAT

Mouse GAPDH Forward: GGCAAATTCAACGGCACAGT 90

Reverse: GGTCTCGCTCCTGGAAGATG

following program: 95°C for 15 s, 40 cycles at 95°C for 5 s and 60°C
for 30 s followed by the melting curve and plate reading stages, under
default settings. The relative expression level of the target genes was
calculated using the comparative Ct method. All data were normalised
relative to GAPDH. gPCR was performed using the Bio-Rad CFX
Connect Real-Time System.

2.9 Animals Forty-five seven-week-old female BALB/c mice were
purchased from the Wuhan Institute of Biological Products Co., LTD.
Mouse studies were performed according to the guidelines of this com-
pany (No.00281346). All animal studies were complied with the Hubei
Provincial Animal Care and Use Committee and the animal experi-
ment guidelines of the Animal Experimentation Ethics Committee of
Huazhong Agricultural University.

2.9 | Animals

Forty-five seven-week-old female BALB/c mice were purchased from
the Wuhan Institute of Biological Products Co., LTD. Mouse stud-
ies were performed according to the guidelines of this company (No.
00281346). All animal studies were complied with the Hubei Provincial
Animal Care and Use Committee and the animal experiment guidelines
of the Animal Experimentation Ethics Committee of Huazhong Agricul-

tural University.

2.10 | Statistical analysis

Statistical analysis of the experimental data was performed using SPSS
20.0 software. Results are presented as the mean + SD. All experi-
ments were performed in triplicate. The data were analysed by one-
way ANOVA. Individual group means were compared using Duncan’s
multiple comparison when significant differences were observed. p Val-
ues < 0.05 were considered statistically significant.

3 | RESULTS

3.1 | ACT inhibits the production of PCV2
infection-stimulated proinflammatory cytokines in
vitro

qRT-PCR experiments were carried out to determine whether ACT
inhibited the proinflammatory cytokines activated by PCV2 infection
of PK-15 cells. The results are shown in Figure 1. In the PCV2 infec-
tion group, proinflammatory cytokines, including IL-1p, IL-6, IL-8 and
TNF-a mRNA were significantly higher than those of the control group
at 6,12, 18 and 24 h post-infection (p < 0.01). In contrast, in the PCV2
infection + ACT treated group, the levels of proinflammatory cytokines

were significantly lower than those of the PCV2 group at 6, 12, 18 and
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FIGURE 1 ACT inhibits the production of PCV2 infection-stimulated proinflammatory cytokine in vitro. PK-15 cells from the DMEM (negative
control) incubated, PCV2 infection, ACT treated and PCV2 infection + ACT treated groups were collected after 0, 6,12, 18 and 24 h
post-incubation. Total RNA was extracted, and real-time RT-PCR was used to determine the fold-change of (a) IL-1, (b) IL-6, (c) IL-8 and (d) TNF- «
relative to negative control. Data are presented as mean + SD. Significant differences are indicated as *p < 0.05, **p < 0.01

24 h post-infection (p < 0.05 or p < 0.01). These findings demonstrated
that ACT inhibited the production of proinflammatory cytokines in PK-
15 cells following PCV2 infection of PK-15 cells.

3.2 | ACT suppresses the PCV2
infection-stimulated NF-xB promoter in vitro

NF-xB luciferase reporter assays were carried out to determine
whether ACT suppressed the NF-xB signal pathway. The results are
shown in Figure 2. In the PCV2 infection group, NF-xB luciferase activ-
ities were significantly higher than those of the control group at 6, 12,
18 and 24 h post-infection (p < 0.01). In contrast, in the PCV2 infec-
tion + ACT treated group, NF-«B luciferase activities were significantly
lower than those of the PCV2 infection group at 6, 12, 18 and 24 h post-
infection (p < 0.05 or p < 0.01). These findings demonstrated that ACT
significantly suppressed the activation of the NF-xB signal pathway fol-
lowing PCV2 infection in PK-15 cells.

3.3 | ACT suppresses NF-xB phosphorylation and
nuclear translocation in vitro

To further characterise whether ACT suppressed the NF-xB signalling
pathway after PCV2 infection of PK-15 cells, the levels of NF-xB p65
and p-1xBa proteins were measured by Western blotting. The results
are shown in Figure 3. PCV2 infection of PK-15 led to the progressive

accumulation of p65 in the nucleus in a time-dependent manner, and

the levels of p-IxBa protein in the cytoplasm were also increased in a
time-dependent manner. In contrast, PCV2 infection + ACT treated
PK-15 cells suppressed the translocation of p65 from the cytoplasm
to the nucleus in a time conditional manner, and the levels of p-IxBa
protein in the cytoplasm were also decreased in a time conditional
manner. These findings demonstrated that ACT suppressed the NF-xB
signal pathway after PCV2 infection of PK-15 cells by inhibiting
the translocation of p65 from the cytoplasm to the nucleus and the

phosphorylation of 1xBca.

3.4 | ACT inhibits the production of PCV2
infection-stimulated proinflammatory cytokines in
mice serum

ELISA was carried out to investigate whether ACT inhibited the pro-
duction of PCV2 infection-stimulated proinflammatory cytokines in
mice serum. The results are shown in Figure 4. In the PCV2 infec-
tion group, the levels of proinflammatory cytokines, including IL-
18, IL-6, IL-8 and TNF-a in mice serum, were significantly higher
than those of the control group at 7, 14 and 21 days post-infection
(p < 0.01). In contrast, in the PCV2 infection + ACT inoculated
group, the levels of proinflammatory cytokines, including IL-1p3, IL-6,
IL-8 and TNF-a in mice serum, were significantly lower than those
of the PCV2 infection group at day 7, 14, and 21 post-inoculation
(b < 0.01). These findings demonstrated that ACT inhibits the produc-
tion of PCV2 infection-stimulated proinflammatory cytokines in mice

serum.
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FIGURE 2 Effects of ACT on the PCV2 infection-stimulated expression of the NF-xB promoter. PK-15 cells were co-transfected with pNF-kB

Luc and pRL-SV40 for 24 h. Cells from the DMEM (negative control) incubated, PCV2 infection, ACT treated, PCV2 infection + ACT treated and
LPS treated were collected after 6, 12, 18 and 24 h post-incubation. Luciferase activities were determined at (a) 6 h, (b) 12 h, (c) 18 h and (d) 24 h by
dual-luciferase assays. Data are presented as mean + SD. Significant differences are indicated as *p < 0.05, **p < 0.01

3.5 | ACT inhibits PCV2 infection stimulated the
production of proinflammatory cytokines in mice
tissue

gRT-PCR was performed to evaluate whether ACT inhibited PCV2
infection-stimulated proinflammatory cytokine production in mouse
tissues. The results are shown in Figure 5. In the PCV2 infection group,
the levels of proinflammatory cytokines including IL-1f3, IL-6, IL-8
and TNF-a mRNA in mouse lung and spleen tissues were significantly
higher than those of the tissues from mice in the control group at 7,
14 and 21 days post-infection (p < 0.01). In contrast, in PCV2 infection
+ ACT inoculated mice, the levels of proinflammatory cytokines were
significantly lower than those in the mice from the PCV2 infection
group at 7, 14 and 21 days post-infection (p < 0.01). These findings
demonstrated that ACT inhibited the PCV2 infection-stimulated

production of proinflammatory cytokines in mouse tissues.

3.6 | ACT suppresses NF-xB phosphorylation and
nuclear translocation in vivo

To further characterise whether ACT suppressed the NF-«B signalling
pathway after PCV2 infection of mice, the levels of p65 and p-1xBa

proteins in mice lung tissue were measured by western blotting. The
results are shown in Figure 6. PCV2 infected mice led to the progres-
sive accumulation of p65 in the nucleus in a time-dependent manner,
and the levels of p-1xBa protein in the cytoplasm were also increased in
a time-dependent manner. In contrast, in PCV2 infection + ACT inocu-
lated mice suppressed the translocation of p65 from the cytoplasm to
the nucleus in a time-dependent manner, and the levels of p-1xBa pro-
tein in the cytoplasm were also decreased in a time-dependent man-
ner. These findings demonstrated that ACT suppressed the NF-xB sig-
nal pathway in PCV2 infected mice by inhibiting the translocation of
p65 from the cytoplasm to the nucleus and the phosphorylation of

IxBa.

4 | DISCUSSION

In recent years, numerous studies have shown that ACT exerts a
strong anti-inflammatory effect (Hyam et al., 2013). The molecular
mechanism of the anti-inflammatory effect of ACT has been exten-
sively investigated. Both in vitro and in vivo studies have shown that
ACT inactivates NF-xB by inhibiting p65 nucleus translocation and
suppressing 1xBa phosphorylation (Cho et al., 2002; Kou et al., 2011).

The nuclear factor NF-xB pathway has been considered a prototypical
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proinflammatory signalling pathway, based mainly on the role of NF-xB
in the expression of proinflammatory genes (Lawrence, 2009). Our
previous studies have demonstrated that ACT significantly inhibited
the proliferation of PCV2 in vitro and in vivo and reduced the inflam-
matory response caused by the PCV2 infection of piglets (Chen et al.,
2016). However, the specific anti-inflammatory mechanism was not
clear. This study aimed to investigate further the molecular mechanism
of how ACT inhibits the PCV2 infection-activated inflammatory
response.

PCV2 infection regulated the TLR-MyD88-NF-xB signal pathway
and caused the phosphorylation and degradation of IxB in the cyto-

plasm and subsequent NF-xB protein translocation to the nucleus, as
well as induced the expression of genes participating in the inflamma-
tory response (Han et al.,2017; Wei et al., 2008). Our results first found
that ACT significantly inhibited the production of proinflammatory
cytokines following PCV2 infection of PK-15 cells. Furthermore, the
NF-xB luciferase reporter assay demonstrated that ACT suppressed
the NF-xB signal pathway activated by PCV2 infection. Western
blotting confirmed that ACT suppressed the NF-xB signal pathway in
PCV2 infected PK-15 cells by inhibiting the translocation of p65 from
the cytoplasm to the nucleus and the phosphorylation of IxBa. These
results demonstrated that ACT inhibited the production of PCV2
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FIGURE 5 ACT inhibits PCV2 infection-stimulated proinflammatory cytokine production in vivo. BALB/c mice were inoculated with the
negative control, PCV2 infection and PCV2 infection + ACT treated. The spleen and lung tissues were collected at 0, 7 and 14 days
post-inoculation and real-time RT-PCR was used to determine the fold-change of IL-18, IL-6, IL-8 and TNF-« in spleen (a-d) and lung (e-h) tissues
relative to negative control. Data are presented as mean + SD. Significant differences are indicated as *p < 0.05, **p < 0.01

commercial availability of mouse-specific immunological reagents and

infection-stimulated proinflammatory cytokines by suppressing NF-xB
the ease of genetic manipulation in mice (Ting et al., 2018). In this

phosphorylation and nuclear translocation in vitro.

Mice have been widely used as an animal model to elucidate the in
vivo behaviours of virus-host interactions (Ouyang et al., 2018). PCV2
has been shown to replicate in BALB/c mice, and PCV2 infection sig-
nificantly enhanced proinflammatory cytokine secretion (Wang et al.,
2017). It has been reported that infection of mice with PCV2 results in
different diseases that vary in severity depending on the viral genotype
and mouse strain, indicating difference in the pathogenesis of PCV2, as

well as innate and adaptive immune response, between pigs (the nat-

study, BALB/c mice were chosen as a model to evaluate whether ACT
inhibited the production of PCV2 infection-stimulated proinflamma-
tory cytokines in vivo. Our results demonstrated that ACT inhibited the
production of PCV2 infection-stimulated proinflammatory cytokines
in mice serum and tissue. Western blotting confirmed that ACT sup-
pressed the NF-xB signal pathway in PCV2 infected mice by inhibit-
ing the translocation of p65 from the cytoplasm to the nucleus and the
phosphorylation of IxBa.

Recently studies indicated that multiple routes have been adopted

ural host) and mice (unnatural animal model) . However, mouse mod-
to deliver ACT to animals, which include oral administration,

els might be useful for antiviral agent and vaccine research due to the
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FIGURE 6 Changes of NF-xB p65 protein and p-1xBa protein
expression levels in vivo. BALB/c mice were inoculated with the
negative control, PCV2 infection and PCV2 infection + ACT treated.
The lung tissues were collected at 0, 7 and 14 days post-inoculation,
and western blotting was used to measure the protein expression of
p65 in nuclear and p-1xBa in cytoplasmic

intravenous administration, sublingual administration and hypo-
dermic injection. For oral administration, due to its extensive first-pass
metabolism, oral administration of ACT would be quickly metabolised
and the concentrations in plasma were very low and even undetectable
in various animal models, suggesting poor oral bioavailability (Gao
et al., 2018). Thus, delivering ACT through alternative administra-
tion routes might be plausible to bypass the first-pass metabolism
and improve its bioactivities. Researchers have compared the ACT
pharmacokinetics and tissue distribution after intravenous, oral,
hypodermic and sublingual administration in experimental animals.
The results demonstrated substantially improved area under the
plasma concentration versus time curve and bioavailability of ACT
after hypodermic or sublingual administration compared with oral
administration (Li et al., 2017). These results suggested that optimi-
sation of the administration routes for ACT may potentially improve
its therapeutic efficacy by increasing the systemic and target organ
exposure. It is necessary to study the pharmacokinetic of ACT after
different routes of administration in future.

In conclusion, this is the first study to demonstrate that ACT inhibits
PCV2 infection-stimulated production of proinflammatory cytokines
by suppressing NF-kB phosphorylation and nuclear translocation in
vitro and in vivo. This study provides information to help developing
ACT as a Chinese herbal medicine against PCVADs in clinical settings.
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