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ABSTRACT

Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) represents a
significant challenge to the swine industry worldwide. Current control strategies
against PRRSV are still inadequate and there is a need for new antiviral therapy
method. Forsythoside is a compound derived from fruit of Forsvthia suspensa
(Thunb). Vahl suspensa, a traditional antiviral Chinese medicine. The effect of
tforsythoside on the infection of Marec-145 cells by PRRSV was investigated through
the in vitro antivirus action and cytopathic change assay, It was found that
forsythoside had a significant protective effect on Marc-145 cells pathological
changes, the protective activity from high to low was treatment prior infection,
treatment of infected cells, direct virucidal effect, respectively. Furthermore, its
effect on the PRRSV RINA capacity and secretion of IFN-a was also evaluated via
measurement of the cytopathic changes, real time PCR and ELISA assay. It
indicated that forsythpside A inhibited PRRSV RNA synthesis and promoted
secretion of IFN-a and in infected Marc-145 cells at a certain concentrations. The
research has prepared the ground for later development of forsythoside as an
anti-virus agent.
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INTRODUCTION

Porcine Reproductive and Respiratory Syndrome (PRRS)
1s one of the most important contagious diseases of swine in
the worldwide (Chen ef af., 2011; Neumann e af., 2005).
PRRS virus (PRRSV), the causative agent of PRRS, causes
reproductive failures in breeding age swine which are
characterized by mummification, stillbirth, late-term abortion
and delayed return to estrus. The virus also causes respiratory
disorders in growing pigs which can also be subclinical or fatal
depending on the virulence of the virus. The PRRSV-infected
pigs usually decreased growth performance and are highly
susceptible to other pathogenic microorganism co-or
secondary infections.

WWW.ansinet.com

Great efforts have been made to control and eradicate
PRRSV infection since 1t was 1dentified. However,
unsatisfactory progress has been made and PRRSV still
remains one of the biggest challenges to swine industry. The
present management approach to control PRRS mainly
depends on vaccines. But, unfortunately, the currently
commercialized vaccines only confer limited immunity and
protection from heterologous infections and cannot completely
eradicate the virus (Murtaugh and Genzow, 2011). Thus, it is
an urgent demand for novel strategies to control PRRSV
infection.

Antiviral  therapeutics 1s an altemative tool for
combating virus infections, especially for virus that does
not have vaccines to match well with the circulating virus.
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Several compounds and compositions have been
investigated positive activities against PRRSV (Cheng et al,,
2013; Gaoetal, 2013; Karuppannan ef al., 2012, Wang et al.,
2013a; Yang et al., 2013). However, there is a long way for
effective commercial drugs available to control PRRSV
infection.

The fruit of Forsythia suspensa Vahl (Oleaceae) is widely
used as traditional Chinese medicine to treat inflammation,
pyrexia, sepsis, bacterial and viral infection. Forsythoside A is
one of the active ingredients of Forsythia suspense. And it
inhibited pathogenic Staphylococcus aureus, avian infectious
bronchitis virus and coxsackie virus in vitro (Liet al., 2011).

The virus-infected cells have been shown to produce
various biologically active cytokines and chemokines,
including the chemotactic cytokines, pro-inflammatory
cytokines (IL-1p and TNF-¢) and antiviral cytokines
(IFN-o, P) (Ferran et af., 2013). However, porcine
reproductive and respiratory syndrome virus mhibits type [
interferon signaling (Patel et al., 2010). IFN-gnot only inhibits
virus replication but also stimulates immune cells. Thus,
induction of TFN-a production has been implicated to produce
a beneficial effect on controlling PRRS exacerbation.

Based on the antiviral activities of forsythoside A, we
hypothesized that the forsythoside A may be an effective
anti-PRRSV ingredient. In this study, the protective activity of
forsythoside A against PRRSV infection and regulation effect
on PRRSV RINA synthesis and IFN-a production in vitro were
examined.

MATERIALS AND METHODS

Reagents, virus and cells: Eagles’s Minimum Hssential
Medium (MEM) (Sigma, USA) supplemented with 10%
heat-inactivated fetal bovine serum (Hyclone, USA),
100IUmL " Penicillin G and 100 uyg mL ™" Streptomycin was
used for cell growth or maintenance medium. Forsythoside A
was purchased from China Pharmaceutical and Biological
Identification Institute, was dissolved in pH 7.2 PBS
(1 mg mL™"). The solution was sterilized by a 022 um
millipore membrane filter and aliquots made for future use and
diluted with MEM. Pig IFN-a ELISA kit was produced by
Rapidbio with detection limit at 5 pg mL™" {USA). PRRSV
(VR2332, the prototype of Type 2 PRRSV strain was bought
from China Institute of Veterinary Drug Control.

Cells culture and virus preparation: Marc-145 cells were
diluted to 2x10° cells mL ™" with MEM supplemented with
10% fetal bovine serum and cultured in 24-well plates at 37°C
in 5% CO, atmosphere. Subculture was carried out every 2-3
days after it had formed a confluent monolayer. The PRRSV
(VR2332, the prototype of Type 2 PRRSV strain, bought from
China Institute of Veterinary Drug Control) was propagated in
Mare-145 cells. PRRSV was serially diluted at 10-fold in
MEM to infect Marc-145 cells in 24-well plates. The viruses
diluted in 1074, 1072, ... 107® folds were inoculated to each
well (100 pl. per well), respectively. Each dilution was
repeated eight times. Virus titer was determined by the
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Reed-Muench assay method and expressed as tissue
culture infective dose TCID,, (Quinting et al., 2007).

Cytotoxicity assay of forsythoside A: Marc-145 cells
suspension was cultured in 24-well plates at a density of 1x10"
cells (0.1 mL) per well at 37°C for 36 h. Marc-145 cells in a
24-well plate were cultured in 100 pl. MEM containing a
series concentrations of forsythoside A at 37°C. Each
concentration set six parallel and repeated three times. Five
days later. The cytotoxic effect was evaluated by MTT assay
(Wang et al., 2013a). The MTT signal was measured at an
absorbance of 550 nm. The maximum non-cytotoxic
concentration was calculated as the concentration which
conserves the 90% cellular viability.

Real-time reverse-transcription PCR (RT-PCR): The total
RNA of Marc-145 cells was extracted using trizol reagent
(Invitrogen), RNA was reverse transcripted into cDNA using
avian  AMV  system (Promega). The quantity of
extracellular PRRSV RNA was detected by real-time
PCR (ABI PRISM 7300 Sequence Detector, PE
Biosystems) with primers using specific prnimers for
PRRSV ORF7 (Forward: CAAATAACAACGGCAAGCAG,
Reverse: AAACTCCACAGCGTAACTTATC). Real-time
Quantification PCR was completed as following: 10 ul. of
SYBR Green [ Master mix, 0.1 puL of 10 pmol pL.~" forward
and reverse primers, respectively, 0.2 ul. of referencing dye
(ROX), 1.5 uL of recombined PRRSYV ORF7 pEASY-T3
plasmid DNA templates or cDNA sample, 9.1 ul. of water.
The reaction mixture was incubated at 94°C for 30 sec, 55°C
for 30 sec and 72°C for 30 sec, for 40 circles. The assay was
completed on ABI 7500 Real Time PCR System.

For the quantification of the real samples, PRRSV
standard was reversely transcript, PRRSY ORF7 was
amplicated using the primers above and linked into pEASY-T3
plasmid. The recombined pEASY-T3 plasmid was
transformed and amplicated in Escherichia coli. After
extracting, the plasmid was sequenced and conformed to
AY262352 in genebank. For each assay, a standard curve was
generated using serially diluted pEASY-T3 plasmid. The
sample RNA copies in all samples were calculated by
comparing them with it.

Treatment of Marc-145 cells prior to virus infection:
Mare-145 cells in 24-well plates were treated with
forsythoside A (10, 20, 40, 60 ug mL) for 24 h. Four replicates
were carried for each concentration. Then the Marc-145 cells
were incubated with PRRSV (100 TCID.,) for 1 h. The
infected cells were washed by PBS three times and then fresh
MEM was added. 12, 24, 48 and 72 h later, the cultured
supernatants was collected from uninfected and infected
Marc-145 cells and assayed for [FN-o using commercially
available ELISA kits according to the procedures provided by
the manufacturer. The PRRSYV RNA loading capacity was
determined by Real time-PCR.

The virus-induced CPE of the cells was observed and
scored under light microscopy in comparison with the negative
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control. When the untreated virus-infected cells reached ++++
CPE, the MTT assay was carried out. The inhibition rate (T %)
was estimated as the formula below (Gescher ef al., 2011).

ODT,

(PERSV)

oDC -0ODC

OPC ensw 1 o004

(PRREV)

%=

(MOCK)

where, ODypp 551, Tepresents the Optical Density (OD) of cells
infected with PRRSV and treated with the compounds,
OD¢pprsyy corresponds to the OD of the untreated
PRRSV-infected cells and ODy,,. ., is the OD of untreated
mock-infected cells. The 50% inhibitive concentration (IC.,)
of the compound was determined as 50% cytoprotection
against PRRSV infection.

Direct virucidal effect on PRRSV: PRRSV was incubated
with a series concentration of forsythoside A (10, 20, 40 and
60 pg mL™") at 37°C for 1 h. Then the cell monolayers in
24-well was mfected with the drug-pretreated virus
(100 TCID.,) at 37°C for 1 h. After washing with PBS for
three times, then fresh MEM was added. To determine residual
infectivity in a plaque formation assay the CPE observation
and MTT assay were carried out post-infection as the same to
the above. The virucidal concentration 50% (VC,,) defined as
the concentration required to reduce virus titer by 50%, was
determined.

Treatment of infected Marc-145 cells: Marc-145  cells
(3x10° cells) were grown in 24-well plastic tissue culture
plates. Confluent monolayer of the cell cultures was inoculated
with PRRSV (100 TCID.) for 1 h. Infected cells were washed
with PBS three times to remove the unbound virus and then
the infected cells were incubated with a series of forsythoside
A dissolved in MEM for 72 h. Each concentration of
forsythoside A was repeated four times. The CPE observation
and MTT assay were carried post-infection as the same to the
above.

Parameters calculation and statistical assay: Statistical
significance was assessed by one-way analysis of variance
(ANOVA) and Student’s t-test (GraphPad Software, San
Diego, CA) to determine the statistical significance of
differences between the test samples and control. A value of
p<0.05 was considered statistically significant. Data were
expressed as mean SD.

RESULTS

Titration of PRRSV: The cells CPE was observed induced by
PRRS virus with eight replicate wells under each dilution. The
cells infected with PRRSV showed early CPE on monolayer
of cells in a well at about 72 h postinfection. The normal cells
appeared round ridge with an intact structure and well-defined
border. Inregard to the cells CPE appeared at 0 and 100%. The
TCID., of PRRSY was 10°7/0.1 mL according to the
Reed-Muench Methods.
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Toxicity detection for forsythoside A: To rule out the
possibility that nonspecific toxicity caused by forsythoside A,
its cytotoxicity was observed and assayed by MIT test.
Forsythoside A showed non-toxic on Marc-145 cells with
concentrations up to 60 ug mL™". Its cytotoxic concentration
50% (CC.;) was 89 pg mL~"

Forsythoside A showed an inhibitive efficiency on PRRSV
infection: The antiviral infection activity of the forsythoside
A against PRRS virus was investigated. The cytopathic
effect of three kinds of infection modes were shown inFig. 1.

Fig. 1{(a-d): Protective efficiency of 40 ugmL ' forsythiaside
against PRRSV infection by cytopathic effect
observation (a) Treatment prior infection,
{(b) Treatment of infected cells, (c) Direct
antivirus effect and (d) Mocked control
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Fig. 4: Inductive effect for [FIN-¢ secretion in PRRSV-infected
Marc-145 cells. The peak concentration was at 12 h

after treatment

Three kinds of anti-infection efficiency were all tested
positive. The 50% virus mhibitive rates (IC.,) were 10.6, 18.4
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and 41.9 uygmL " of the drug under three modes, respectively,
for treatment prior to infection, treatment of the infected cells
and direct virucidal effect on PRRSV using forsythside A. The
viral inhibitive curves were shown in Fig. 2. The virus
mnhibitive rate raised with the increase of forsythoside A
concentrations in each treatment mode. Thus Forsythoside A
1s an effective antivirus agent which showed inhibitive
PRRSV from infection i vitro and the inhibiting infection
showed to be dose-dependent and time-dependent.

Compared among the three kinds of treatments, the best
efficiency was treatment prior to PRRSV infection, the second
was the treatment of the infected cells, the worst was the
direct virucidal effect. The inhibitive rate was near 30% when
treated with 60 ug mL ™" of forsythoside A before and after
infectionwhile virus inhibitive rate was only 55.6% under the
direct virucidal mode.

Forsythoside A inhibited PRRSY RNA synthesis: The
effect of forsythoside A mediated inhibition of PRRSV RNA
synthesis was also investigated. Because the best efficiency
was treatment prior to PRRSV infection, the inhibitive
efficiency for RNA sythesis was experimented under this
mode. The viral RNA copies in cells were quantified by
real-time QPCR and the PRRSY ORF7 plasmid standard
curves. Compared with the non-drug-treated cells, the addition
of forsythoside A resulted in a significant reduction in viral
RNA copies (p<0.05) (Fig. 3). The intracellular viral RNA
level decreased with the increase of forsythoside A
concentration. Thus, forsythoside could dose-dependently
mnhibit the replicate of viral RNA in Marc 145 cells efficiently.

Forsythoside A induced TFN-o secretion on PRRSV-
infected cells: For the assay of [FN-a production under the
treatment of forsythoside A, Marc-145 cells were grown
infected by PRRSV in the absence or presence of forsythoside
Afor 3 days, respectively. Cultured supernatants were assayed
for IFN-a at a series time point. Compared with cells infected
with PRRSV alone, [FN-o production significantly increased
in the presence of 20, 40 and 60 ug mL ™" of forsythoside A.
while PRRSYV infection poorly induced the production of
IFN-a (Fig. 4). It demonstrated that forsythoside A had
obviously promotive effect on IFN-o secretion in a
concentration-dependent manner.

DISCUSSION

PRRSV infection has led to serious economic loss. Drug
control is an alternative therapy. But because the
synthesize antivirus drugs is time consuming, the development
of antivirus drugs is very slow compared with that of
antibacterial drugs. Intensive efforts have been made to look
for anti-PRRSV agents from natural medicinal herbs in vitro
(Cheng et al, 2013; Karuppannan ef al., 2012; Wang et al.,
2013a; Yang et al, 2013). The fruit of Forsvthia suspensa
Vahl (Oleaceae) 1s a traditional Chinese medicinal herb.
Forsythoside A is one of the main active ingredients.
There are many reports about its anti-inflammatory
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(Jiang et al., 2010a, b, 2012) and antiviral activity (Li et al,
2011). The purpose of the present study was to identify its
effect for PRRSV infection in vitro.

It was found that forsvthoside A had potent antiviral
effects against PRRSV infection at 3 treatment concentration
of 20, 40 and 60 ug mL™". It exerted the best therapy when
treatment before the PRRSV infection, the second was
treatment the infected cells while the direct virucidal effect
was worst. The forsythoside A showed anti-PRRS virus
effect for that the CPE induced by PRRSY decreased and cells
viable rate promoted, with increasing concentrations of
forsythoside A. According to the results of toxicity detection
of forsythoside A, it was indicated that forsythoside A
had no toxicity to Marc-145 cells at the test concentration
range. Furthermore, forsythoside A reduced intracellular
PRRSV RNA synthesis in virus-infected cells and
consequently inhibited production of progeny virus in infected
cells.

The causal PRRSY could escape from innate immunity
and causes persistent infections. Type I IFNs ( IFN-o/B) play
an important role in innate immunity against viral infections by
inducing antiviral responses. The IFN-a constitutes an early
host response to PRRSVY (Chung ef al., 2004) but PRRSV
circumvents the Thost innate response, inadequately
induce or even suppress type 1 IFNs production
(Charerntantanakul et al., 2013; Patel et al., 2010; Sipos et al.,
2003; Wang et al., 2013b); consequently, production of TFN-y,
cellular immunity, neutralizing antibodies and viral clearance
are delayed (Murtaugh et af., 2002; Xiao et af., 2004). Thus
TFN-ais critical for the innate immunity and play an important
role inthe modulation of adaptive immunity. Regulating [FN-a
secretion by drug may interrupt the viral infection. In this
study, it was found that forsythoside A continously promoted
the IFN-a excrection which provided a possibility that
forsythoside A inhibit the PRRSV replication by regulating
some antiviral cytokines.

CONCLUSION

This study indicated that forsythoside A may possesses
a significant anti-PRRSV effect and can enhance
PRRSV-suppressed IFN-a secretion by Marc-145 cells which
may be beneficial for the treatment of native immunity
conditions followed by viral infection. It could prove useful
for further antivirus research on PRR SV infections. However,
its definite antiviral mechanism is still needed to further
research.
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