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ARTICLE INFO ABSTRACT

Bovine respiratory syncytial virus (BRSV) is highly prevalent in cattle. It is a
major viral cause of bovine respiratory disease complex, which is associated with
morbidity, mortality and substantial economic impact. Currently available treatments
are only symptomatic, but no specific treatments are available for BRSV infection.
This study aimed to identify new antiviral agents against BRSV, which could be
used to control bovine respiratory disease complex in cattle with Indonesian herb
extracts. Ethanol extracts prepared from Indonesian herbs including Andrographis
paniculata, Phyllanthus niruri, Curcuma aeruginosa, and Curcuma xanthorrhiza
were evaluated for anti-BRSV activity in A549 cells. The cytotoxicity of the herb
extracts was evaluated using a CCK-8 cell viability assay. Antiviral activities
of the herb extracts were examined using cell activity and cytopathic assays. The
effect on virus production was evaluated by qRT-PCR and plaque-formation assays.
Extracts of Curcuma xanthorrhiza (125 pg/ml), Andrographis paniculata (250 pg/
ml), and Phyllanthus niruri (62.5 pg/ml) inhibited BRSV activity in A549 in pre-,
simultaneously-, and post-infection treatment assays, respectively, as measured by
the selective index. Reduction of BRSV activities by the herb extracts correlated
with inhibition of viral gene expression and inhibition of plaque formation in a
concentration- and time-dependent manner. Our findings suggest that these herb
extracts have sufficient potency to be used not only as a therapeutic agent but also as
a preventive agent to limit BRSV infection.
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(Larsen et al. 2001; Boxus et al. 2005; Gershwin et
al. 2015). The most severe disease is observed in

1. Introduction

Bovine respiratory syncytial virus (BRSV), a
member of the genus Orthopneumovirus in the family
Pneumoviridae, is highly prevalent in cattle. This viral
infection economically impacts the cattle industry, with
morbidity and mortality caused by respiratory disease
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1-3-month-old calves. Current understanding is that
BRSYV is transmitted by both direct and indirect routes,
and possibly by aerosol over short distances (Van der
Poel et al. 1993; Ohlson et al. 2013). BRSV replication
in the upper and lower airways causes cellular damage
and dysfunction, leads to abnormal immune responses,
and facilitates secondary infection due to bacterial
colonization in the lower respiratory tract (Larsen
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et al. 2001; Tjenchej et al. 2003; Meyer et al. 2008;
Sudaryatma et al. 2018a, 2019).

Bovine respiratory disease complex is usually
initiated by BRSV infection. The effect of the BRSV
on the host facilitates flow-through of bacteria into the
lower respiratory tract to induce severe pneumonia
(Sudaryatma et al. 2018a). There are no specific antiviral
agents against BRSV at present. The major treatment
protocol used in the management of bovine respiratory
diseases complex is to treat the symptoms of secondary
bacterial infection using antibiotics (Torres et al. 2013).
However, antibiotic resistance in cattle populations is of
growing public concern (Shahriar ez al. 2002; Golkar et
al. 2014; Wright 2014).

To address antibiotic resistance issues, several groups
are investigating novel plant extracts that could be used
for the development of new antimicrobial agents (Piras
et al. 2012). Likewise, the most common prevention
of disease transmission is through passive vaccination
by forming maternal colostrum antibodies which are
components of disease prevention and protection in
newborn animals, including young calves (Kolb et al.
2020). However, maternal antibodies are often ineffective
because they increase the potential for virus transmission
in young calves. Furthermore, a number of traditional
medicinal plants exhibit great therapeutic potential, thus
botanical products are an important part of the health
food market (Schilter ez al. 2003). In Indonesia, several
indigenous plants are used as traditional medicines.
These plants have been examined for their chemical
and biological properties (Wiradana et al. 2024).
Because of the rich local phytocoenoses, Indonesian
people have used herbal medicines known as “Jamu”
for treating disease and maintaining health and wellness
for centuries (Widhiantara et al. 2021; Widiastuti et al.
2023). In the present study, four Indonesian medicinal
plants, Curcuma xanthorrhiza, Curcuma aeruginosa,
Phyllanthus niruri, and Andrographis paniculate, were
evaluated for antiviral activity. In addition to free-radical
scavenging activity (Nurcholis et al. 2012), extracts from
these plants prevent avian Influenza virus infection in
chickens through their immune-stimulatory actions
(Darusman et al. 2016; Priosoeryanto et al. 2016).

The rhizomes of C. xanthorrhiza and C. aeruginosa
belong to the Zingiberaceae family and are known as
“Temulawak” and “Temu ireng” in the Indonesian,
respectively. The rhizomes of these plants have several
biological activities including anti-inflammatory
(Simamora et al. 2022), anti-mycobacterial (Ngadino
et al. 2018b), anti-candida (Akarchariya et al. 2017),

antiviral (Kim ef al. 2021; Fazalul Rahiman et al. 2024),
and anti-cancer activities (Hartati et al. 2024). P. niruri
and A. paniculata are medicinal plants commonly
known in Indonesia as “Meniran” and “Sambiloto”,
respectively. The leaves of these plants have several
biological activities including anti-hepatotoxic (Coon
& Ernst 2004), antiviral (Dahanukar et al. 2000; Wiart
et al. 2005), antibacterial (Kirtikara & Basu 2017), and
anti-inflammatory activities (Singha et al. 2003), and
they are used in the treatment of upper respiratory tract
infections.

This study aimed to assess the in vitro antiviral
activity of these four Indonesian plants (C. xanthorrhiza,
C. aeruginosa, P. niruri, and A. paniculata) against
BRSV; herb extracts that inhibit BRSV activity could
be useful therapies for the control of bovine respiratory
disease complex in cattle.

2. Materials and Methods

2.1. Ethical Approval

This study used virus isolates and cultured cells
which were carried out on a laboratory scale in vitro
and did not use ethical clearance in the process.

2.2. Plant Extract

We isolated ethanol extracts from four natural herbs,
as previously described (Nurcholis ef al. 2012). The herb
extracts were derived from A. paniculata and P. niruri,
C. aeruginosa, and C. xanthorrhiza. These herbs were
obtained from The Conservation and Cultivation Unit of
Tropical Biopharmaca Research Centre, [PB University,
Indonesia. Voucher specimens of plant material were
deposited in the herbarium of the Indonesia Institute of
Sciences, Indonesia.

For further testing of biological activity, the extracts
were dissolved in dimethyl sulfoxide (DMSO; Nacalai
tesque, Japan) at a concentration of 1 mg/ml (stock
solution). Serial 2-fold dilutions, ranging from 1,000
pg/ml to 7.81 ug/ml, of each extract were prepared in
Roswell Park Memorial Institute 1640 medium (RPMI;
Gibco, Japan) containing 100 U/ml penicillin, and 100
ug/ml streptomycin (1% Pe/St; Wako, Japan) without
fetal bovine serum (Sudaryatma et al. 2018b).

2.3. Cells and Virus Sources

Adenocarcinoma human alveolar basal epithelial
cell type II (A549) cells and Madin-Darby Bovine
Kidney (MDBK) cells were used in this study. A549
cells were cultured in RPMI supplemented with 10%
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heat-inactivated fetal bovine serum (FBS; Biowest,
France) and 1% Pe/St. MDBK cells were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM;
Sigma, Japan) supplemented with 5% FBS and 1% Pe/
St. Cells were maintained in a humidified atmosphere
at 37°C and 5% CO,,.

We used a BRSV strain isolated from a nasal swab
from Kyushu island, Japan. BRSV was propagated in
Vero cells as previously described (Sudaryatma et al.
2019). The virus was diluted in serum-free RPMI to
achieve a multiplicity of infection-1 (MOI-1).

2.4. Cytotoxicity Assay

A549 cells were seeded in a 96 well plate at 1 x
10° cells/ml to obtain 60-70% confluency. The culture
media were replaced with RPMI media containing
serially diluted herb extracts (7.81-1000 pg/ml). Cells
were maintained for 2; 24; or 120 hours after treatment.
Diluted DMSO was used as a negative control. The
cytotoxic effect of each extract was tested using a
Cell Counting Kit-8 (CCK-8; Dojindo, Japan) assay
following the manufacturer’s instruction. Absorbance at
450 nm was measured in a microplate reader (Bio-Rad,
Japan). The concentration of herb extract that produced
50% reduction in cell viability (cytotoxic concentration,
CC, ) and the concentration that maintained >95% cell
viability, the safety concentration, were calculated by
regression analysis as described previously (Ren et al.
2011). The calculated safety concentration of each herb
extract was used in antiviral assays.

2.5. Antiviral Assay

Infection of A549 cells with BRSV was performed
as previously described (Sudaryatma et al. 2018b).
Herb extracts were used at 2-fold serial dilutions
beginning with the calculated safety concentration. We
used three types of assay to determine which step of the
BRSV-induce cell damage is inhibited by treatment of
herb extracts.

(1) Pre-infection assay: A549 cells at 1 x 10° cells/
ml were seeded in a 96-well plate using culture
medium containing serially diluted herb extracts.
After 24 h, culture medium was removed and
virus was inoculated. After adsorption time,
inoculum was removed and replaced with fresh
culture media without herb extracts.

(2) Simultaneously-infection assay: A mixture of
virus and herb extracts was inoculated into a
A549 cells. After 2 h, the inoculum was removed
and replaced with fresh culture media without
herb extracts.

(3) Post-infection assay: A549 cells were inoculated
with BRSV. After adsorption, the inoculum was
removed and replaced with fresh culture media
containing serially diluted herb extracts for 120 h.

The antiviral effects of the herb extracts were

measured using a CCK-8 kit and observation of
cytopathic effects (CPE) under a microscope at 120
hours after virus infection. The concentration of extract
that produced 50% inhibition (IC, ) of virus-induce cell
damage was calculated as previously described (Kwon
et al. 2015; Malik et al. 2016; Mounce et al. 2017;
Reanmongkol et al. 2006).

2.6. Virus Yield Reduction Assay

A549 cells were seeded in a 12-well plate at 1 x 10°
cells/ml. Herb extracts or 0.1% DMSO control were
used for treatment in the 1) pre-, 2) simultaneously-,
or 3) post-infection assays as described above. At 120
hours after infection, culture medium of each treatment
was collected and inoculated (10-fold dilution) onto a
monolayer of MDBK cells for quantification of viral
plaque-forming as described previously (Sudaryatma et
al. 2018b). Further, viral RNA was extracted from cell
culture medium using a Nucleospin-virus purification
kit (Takara Bio, Japan) or from cell lysate using a
RNeasy Mini Kit (Qiagen, Germany). Quantitative real-
time PCR (qQRT-PCR) of BRSV RNA was performed as
described previously (Sudaryatma et al. 2019).

2.7. Data Analysis

All experiments were performed in triplicate of
independent culture. Data are expressed as the mean
+ standard deviation (SD). Statistical analysis of data
was performed using a one-way analysis of variance
(ANOVA) and Tukey’s Multiple Comparison Test,
and a p value <0.05 was considered significant. Data
were analyzed using RStudio version 1.0.143 (RStudio
2015).

3. Results

3.1. Determination of Cytotoxicity and Safety
Concentration of Herb Extracts

The cytotoxicity of herb extracts (7.81-1000 pg/
ml) on A549 cells was evaluated at 2, 24, and 120
hours after treatment. The cytotoxic activity of herb
extracts was concentration- and time-dependent
(Figures 1A-C) and used for calculating CC, values
(Table 1). CC,, of herb extracts over 250 pg/ml at 2
hours, over 125 pg/ml at 24 hours, and over 62.5 pg/ml
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Figure 1. Cytotoxicity of herb extracts on A549 cells. A549 cells were treated with various concentrations (7.81-1,000 pg/ml) of herbs
extract from Andrographis paniculata (AP) and Phyllanthus niruri (PN), Curcuma aeruginosa (CA), and Curcuma xanthorrhiza
(CX). Treatment of cells with herb extracts for 2 h (A), 24 h (B), and 120 h (C) produced safety concentrations of 250, 125, and
62.5 pg/ml, respectively. Cell viability was measured using a CCK-8 assay
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Table 1. Antiviral activities of herb extracts against bovine respiratory syncytial virus in pre-, simultaneously-, and post-infection treatment

assays
Herbs Pre-infection treatment Co-infection treatment Post-infection treatment

CC,, (ug/ml) IC, (ng/ml)  SI CC,, (ng/ml) IC, (ng/ml)  SI CC,, (ug/ml) IC, (ng/ml)  SI
AP 735.1 87.2 8.4 >1000 39.5 253 204.1 ND ND
PN 649.3 ND ND >1000 ND ND 306.9 9.8 314
CA 552.1 ND ND >1000 ND ND 196.3 ND ND
CX 853.0 37.1 23.0 >1000 ND ND 241.3 ND ND

CC,: the concentration of herb extract producing 50% reduction in cell viability, IC, : the concentration of herb extract producing 50%

inhibition of virus-induce cell damages, SI: CC, /IC
CX: Curcuma xanthorrhiza, ND: Not detected

50?

at 120 hours. We determined the safety concentration
of each herb extract that was the highest concentration
that produced minimal toxicity on A549 cells (>95%
cells viabilities). No cytotoxicity of 0.1% DMSO was
observed in A549 cells during 120 hours of treatment.

3.2. Inhibitory Effect of Herb Extracts to
BRSV-induced Cell Damage

We next evaluated the antiviral activity of herb
extracts against BRSV. A549 cells were treated
with herb extracts using three protocols (pre-,
simultaneously-, or post-infection assay; as detailed
in Materials and Methods). From cytopathic effects
observation, C. xanthorrhiza, A. paniculata, and P.
niruri treatments reduced the cell damages induce
by BRSV infection in pre-, simultaneously-, or post-
infection assay, respectively (Figure 2).

In the pre-infection assay, treatment with either
A. paniculata or C. xanthorrhiza protected cells from
BRSYV infection, as measured using a CCK-8 assay
(Figure 3A). In the simultaneously-infection assay,
A. paniculata treatment (IC,: 39.5 pg/ml) produced
anti-BRSV effects, and in the post-infection assay, P.
niruri treatment (IC,: 9.8 pg/ml) showed anti-BRSV
effects (Figures 3B and C).

In the pre-infection assay, the selective index (SI:
ratio of CC,/IC,  values) of AP treatment was 8.4,
and for C. xanthorrhiza treatment, the SI was 23.0.
In the simultaneously-infection assay, 4. paniculata
treatment showed the greatest SI value (25.3), and in
the post-infection assay, P. niruri treatment generated
the best SI value (31.4) (Table 1).

AP: Andrographis paniculata, PN: Phyllanthus niruri, CA: Curcuma aeruginosa,

3.3. Inhibitory Effect of Herb Extracts to
BRSYV Replication and Plaque Formation

Antiviral activity of herb extracts against BRSV
was quantified by qRT-PCR and assays measuring
reductions in viral plaque formation. In the pre-infection
assay, C. xanthorrhiza treatment decreased viral RNA
load in culture supernatants and cellular lysates, and
A. paniculata treatment decreased viral RNA levels in
cellular lysates (Figure 4A; p<0.05). In simultaneously-
infection assays, A. paniculata decreased viral RNA
levels both in culture supernatants and in cell lysates
(Figure 4B; p<0.05). In post-infection assays, P. niruri
treatment produced the highest decrease in viral RNA
levels in the cellular lysates (Figure 4C; p<0.05). These
results are consistent with the reduction of plaque
formation seen in A549 cells treated with herb extracts.

In the pre-infection assay, C. xanthorrhiza treatment
inhibited plaque formation by 79.80% (Figure 5A;
p<0.05). In the simultaneously-infection assay, A.
paniculata treatment reduced plaque formation by
86.79%, and in the post-infection assay, P. niruri
treatment reduced plaque formation by 70.21%
(Figures 5B and C; p<0.05).

4. Discussion

In the present study, we demonstrated that Indonesian
herb extracts have antiviral activity against BRSV, which
occurs in a time- and concentration-dependent manner. C.
xanthorrhiza, A. paniculata, and P. niruri inhibited BRSV
activity via pre-, simultaneously-, and post-infection
assays, respectively. These results suggest that the herb
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Figure 2. Herb extracts from Andrographis paniculata (AP) and Phyllanthus niruri (PN), Curcuma aeruginosa (CA), and Curcuma
xanthorrhiza (CX) were inhibited BRSV-induces cytopathic effects (CPE) in A549 cells in a time- and concentration-dependent
manner. Black-edged squares indicate images in which herb treatment inhibits the cytopathic effects by BRSV infection
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Figure 3. In vitro antiviral activities of the herb extracts from Andrographis paniculata (AP) and Phyllanthus niruri (PN), Curcuma
aeruginosa (CA), and Curcuma xanthorrhiza (CX) against bovine respiratory syncytial virus (BRSV). (A) Pre-infection assay:
AS549 cells were treated with 2-fold serial dilutions of herb extracts, beginning with the safety concentration (7.81-125 pg/ml)
24 h prior to BRSV infection, and then following absorbance, cell culture conditions were maintained with normal medium
culture. (B) Simultaneously-infection assay: A549 cells were treated with mixed of BRSV and 2-fold serial dilutions of herb
extracts, beginning with the safety concentration (7.81-250 pg/ml), and then following adsorption, cell culture conditions were
maintained with normal medium. (C) Post-infection treatment assay: BRSV-infected A549 cells were treated with culture
medium containing 2-fold serial dilutions of herb extracts (7.81-62.5 pg/ml), beginning with the safety concentration. In each
assay type, the in vitro antiviral effects of the herbs were evaluated using a CCK-8 assay after 120 h of BRSV infection
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Figure 4. Quantitative real-time PCR of bovine respiratory syncytial virus (BRSV) RNA in supernatant and cellular lysates of A549 cells
collected 120 h after (A) pre-infection, (B) simultaneously-infection, and (C) post-infection assays treatment with Andrographis
paniculata (AP) and Phyllanthus niruri (PN), Curcuma aeruginosa (CA), and Curcuma xanthorrhiza (CX). Total virus RNA
was extracted and the viral RNA load were measured. Data are expressed as the mean (+SD); n = 3; *p<0.05 for BRSV gene
expression in supernatant of the cells treated with herbs compared with untreated cells; #p<0.05 for BRSV gene expression in
cell lysates of the cells treated with herbs compared with untreated cells
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Figure 5. Herb extracts from Andrographis paniculata (AP) and Phyllanthus niruri (PN), Curcuma aeruginosa (CA), and Curcuma
xanthorrhiza (CX) were reduced the number of viral plaques induced by bovine respiratory syncytial virus (BRSV) infection
in the pre-infection (A), simultancously-infection (B), and post-infection treatment assays (C). After 120 h incubation, culture
medium from treated and untreated cells was removed and virus titers were determined based on the number of plaque-forming
units in MDBK cells. Data are expressed as the mean (£SD); n = 3; *p<0.05, for percentage reduction in plaque formation for
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extracts exert antiviral activity at several steps of the
virus infection including 1) virus entry, 2) virus gene
replication, and 3) virus release from infected cells.

C. xanthorrhiza is widely used as a traditional medicine
for immune stimulation, especially for preventing or
treating bacterial, fungi, and viral infections (Ozaki
1990; Stevensen 1999; Rukayadi et al. 2006; Sutha et
al. 2010; Ngadino et al. 2018a). Our previous study
showed that application of curcumin, a component of
C. xanthorrhiza (Lechtenberg et al. 2004), prior to human
respiratory syncytial virus (HRSV) infection upregulates
of tight junction molecules and prevents virus entry into
human nasal epithelial cells (Obata et al. 2013). Another
group showed that pre-infection treatment of cells with
curcumin inhibits replication of zika and chikungunya
viruses (Mounce et al. 2017). Our previous study showed
that BRSV infection was reduce intercellular adhesion
molecule-1 from surface of the upper bovine respiratory
epithelial cells (Sudaryatma et al. 2020). These results
suggest the antiviral activity of C. xanthorrhiza and its
derivatives prevent viral infection via down-regulation
of cellular receptor. Alternatively, C. xanthorrhiza and
its derivatives could activate interferon-stimulated
genes in target cells, inducing an antiviral state. These
potential mechanisms of action of C. xanthorrhiza warrant
investigation in future studies. Addition of this herb to
cattle diets would provide a simple means to prevent
infection, either at the time of shipping calves, during
the winter season or during other stressful conditions
that induce respiratory viral infection in calves.

In the simultaneously-infection assay, A. paniculata
strongly suppressed accumulation of viral RNA both in
the culture medium and in cell lysates. Accumulation
of viral RNA correlated with reduced plaque formation,
suggesting that 4. paniculata treatment together with
BRSV suppressed production of infectious particles.
This result suggests that A. paniculata modulates virus
attachment and/or entry via direct binding with the
virus and/or inactivation of viral proteins critical for
infection. Attachment and penetration of BRSV into cells
is mediated by activation of attachment binding protein
to proteoglycans such as heparin (Larsen et al. 2001;
Meyer et al. 2008). Recently, Cinnamomum cassia (Yeh
et al. 2013) and Ge-Gen-Tang (Chang et al. 2012) have
been shown to inhibit the activities of fusion protein and
glycoprotein of HRSV in A549 cells. Andrographolide,
as a compound isolated from A. paniculata, has been
used to block the cellular entry of chikungunya virus
(Wintachai et al. 2015). Our results suggest that A.
paniculata could inhibit the binding and/or invasion

of virus to cells. Alternatively, AP might regulate the
expression of as-yet uncharacterized cellular receptor(s),
as suggested from results of the pre-infection assay.

In the post-infection assay, we sought to inhibit viral
replication and production of progeny viruses from
infected cells. P. niruri significantly inhibited BRSV
replication in A549 cells in a concentration-dependent
manner. Results from our experiment showed that
accumulation of viral RNA in the culture medium and
cells was suppressed by P. niruri. This result correlated
with reduced viral plaque formation in MDBK cells.
A previous report showed that treatment of cells with
Lophatherum gracile after HRSV infection decreases
nitric oxide production in vitro, and reduces viral load
and production of inflammatory factors in vivo (Chen et
al. 2019). Another study reported that Coptidis rhizoma
extract inhibits HRSV replication and reduces cell death
of HRSV-infected HEp-2 cells (Lee et al. 2017). On
the other hand, Phyllanthus species inhibits hepatitis
C virus entry by binding to glycoprotein (Chung ef al.
2016). Of these potential mechanisms, we suggest that
PN activates of as-yet uncharacterized signaling pathway
that inhibits virus RNA synthesis, so inhibiting BRSV
replication. Alternatively, P. niruri might exert antiviral
activity through suppression of a signaling pathway that
supports BRSV replication.

Based on the results described in the above paragraph,
we conclude that the natural products isolated from
Indonesian herbs are promising antiviral candidates
for the treatment or prevention of BRSV infection.
Their advantages are strong antiviral activity against
BRSV and low toxicity. The herb extracts suppressed
BRSV activity by either preventing virus entry and/or
replication, depending on the timing of the treatment.
While the underlying antiviral mechanism remains
unclear, these herb extracts could be safe and effective
agents for preventing and treating bovine respiratory
disease complex. Since we previously showed that BRSV
infection enhances bacterial adherence to the respiratory
epithelial cells (Sudaryatma et al. 2018b), these herbs
could help minimize the use of antibiotics in cattle.

In conclusion, Our data showed that Indonesian herb
extracts have antiviral activities; they inhibit virus entry,
propagation, and/or release. These findings suggest that
these low-toxic herb extracts could be used to prevent
BRSV infection. Furthermore, these extracts could be used
as therapeutic agents that reduce the use of antibiotics
in bovine respiratory disease complex, which in turn
will help prevent the global emergence of antimicrobial
resistance.
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