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ABSTRACT: Emilia sonchifolia (L.) DC is a plant used in traditional medicine to treat several viral
and bacterial diseases. The antiviral activities of selected Sephadex LH-20 column fractions and
HPLC subfractions of an acetone extract of E. sonchifolia leaves were determined in shrimp
Penaeus merguiensis primary lymphoid cells infected with either white spot syndrome virus
(WSSV) or yellow head virus (YHV). WSSV and YHV replication was quantified using quantitative real-time PCR tests targeted to the VP19 and ORF1b gene transcripts, respectively. In lymphoid organ cells exposed to 100 µg ml−1 of either the Sephadex fraction F14 or the HPLC F14 subfraction SF4, both fractions caused reduced replication, but YHV replication was reduced only by
SF4. In the asthiazolyl blue mitochondrial enzyme activity assays to assess extract cytotoxicity,
> 60% of primary lymphoid organ cells remained viable following exposure to 100 µg ml−1 of
either F14 or SF4. GC-MS analysis of the HPLC F14 subfraction SF4 showed that it contained 2, 4di-tert-butylphenol. This study is the first to show that E. sonchifolia leaf extracts might be useful
as bioactive agents to protect shrimp against viruses such as WSSV and YHV.
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Diseases caused by white spot syndrome virus
(WSSV) and yellow head virus (YHV) can cause serious financial losses for shrimp farmers. Strategies to
manage these diseases include the use of specificpathogen free seed stock, a controlled environment
and a bio-secure culture systems as well as various
immunostimulants, antimicrobial peptides and RNA
interference strategies that have shown experimental promise (Citarasu et al. 2006, Wongprasert et al.
2014). Other strategies include feeding shrimp bioactive compounds extracted from various plants and
seaweed species. These bioactive compounds can

possess diverse activities such as being antibioticlike (Direkbusarakom et al. 1995, Direkbusarakom
2004, Citarasu et al. 2006, Balasubramanian et al.
2007), promoting growth (Citarasu et al. 2002, Sankar
et al. 2011) and having aphrodisiac properties
(Liñán-Cabello et al. 2004, Babu et al. 2008). In addition, plant metabolites of importance to shrimp aquaculture include alkaloids, flavonoids, pigments, phenolics, terpenoids, steroids and essential oils, all of
which have been reported to inhibit pathogenic
viruses (Citarasu et al. 2002). For example, an aqueous extract of the short-leaved grass Cynodon dactylon, the evergreen tree mangrove Ceriops tagal, a
methanol extract of the dark-brown seaweed Sargas-
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sum wightii and a crude fucoidan extract of darkbrown seaweed S. polycystum protect black tiger
shrimp Penaeus monodon against WSSV (Chotigeat
et al. 2004, Balasubramanian et al. 2007, 2008a,b,
Huxley & Lipton 2010, Sudheer et al. 2011). Extracts
from the small shrub Phyllanthus amarus and the tall
annual herb Clinacanthus nutans have provided P.
monodon with varying degrees of protection against
YHV (Direkbusarakom et al. 1995, 1998). Although
these plant extracts have shown promise for controlling viral diseases of shrimp, there remains a need to
identify plants that are common and grow easily to
allow for the large-scale production of these useful
bioactive compounds.
The lilac tassel flower herb Emilia sonchifolia (L.)
DC occurs commonly throughout Southeast Asia and
contains various alkaloids, tannins (Cheng & Röder
1986), flavonoids (Srinivasan & Subramanian 1980)
and sterols as well as palmitoic and honey acid (Gao
et al. 1993). Extracts from this plant have potent
antimicrobial activities (Chen et al. 2009, Yadava &
Mamta 2012), and some can act as antioxidants and
have anti-inflammatory (Shylesh & Padikkala 1999),
anti-tumour (Shylesh & Padikkala 2000, Yadava &
Mamta 2012) and anti-cancer activities (Shylesh et
al. 2005). However, E. sonchifolia extracts have not
been examined for their anti-WSSV and anti-YHV
activities. Here we show that a Sephadex column
fraction and an HPLC-purified subfraction of an E.
sonchifolia leaf acetone extract invariably inhibit
WSSV and/or YHV replication in primary shrimp
lymphoid organ cell cultures with low toxicity.

MATERIALS AND METHODS
Plant material and acetone extraction
Emilia sonchifolia was purchased from the local fresh
market in Hatyai, Songkhla, Thailand. Leaves were
washed in distilled water and air-dried for 3 d, and
then 200 g dried leaves were extracted twice by
shaking in 1.7 l acetone for 3 d at room temperature.
The combined liquid extracts (3.4 l) were evaporated
under vacuum to yield a viscous brown crude extract
(11 g).

Plant extract separation
A portion (1.6 g) of the crude acetone extract was
dissolved thoroughly in 3 ml 50% methanol in dichloromethane and applied to a Sephadex LH-20

chromatography column, and material that bound
was eluted using 20 ml 10% methanol in dichloromethane. Sequential fractions (n = 14) of eluate were
collected and aliquots of each were separated by
thin-layer chromatography (TLC) to assess their contents. Each fraction was spotted onto a TLC60 F254 silica gel sheet, and compounds were separated using
either 50% or 10% methanol in dichloromethane.
Sheets were dried and spot patterns were visualized
under ultraviolet light at 254 nm. Fractions 1 to 7
(F1−F7) primarily contained chlorophyll, while fractions F8 to F14 possessed an additional small spot
that was most pure in fraction F14. The spot from F14
was further purified by HPLC using an Apollo Silica
column (150 mm length and 4.6 mm internal diameter) with a 1200 Series HPLC auto-sampler (Agilent
Technology). The mobile phase was 1.0% diethyl
ether in hexane and compounds in the eluate were
detected at A218nm. Eight subfractions (SF1−SF8) were
collected over an increasing retention time. Each subfraction was concentrated by air-drying and stored at
room temperature. The extracts were dissolved at
200 µg ml−1 in double-strength Leibovitz-15 (2× L15)
culture medium (Gibco®) containing 10% foetal
bovine serum, 1% penicillin, 1% streptomycin and
0.1% glucose (adjusted to pH 7.4) to assess their
antiviral activity.

Shrimp primary lymphoid organ cell cultures
Lymphoid organ (LO) tissue was dissected from
Fenneropenaeus merguiensis, washed 3 times in 2×
L15 medium and cut into small pieces (~1 mm3). Tissue pieces (4 or 5) were added to each well of a 24well culture plate containing 1 ml of 2× L15 medium.
Following incubation at 28°C under a 5% CO2
atmosphere for 24 h, tissue explants spread to form a
confluent cell monolayer.

Screening for antiviral activity
WSSV and YHV inoculums were prepared by
using gills, heart and LO tissue of either WSSVinfected or YHV-infected shrimp, as described previously (Chotigeat et al. 2004). Tissue homogenates
were diluted appropriately in 2× L15 medium to generate inoculums containing either 103 WSSV DNA
copies ml−1 or 103 YHV RNA copies ml−1 as determined by quantitative real-time PCR (qRT-PCR). To
infect LO cells, the culture medium was removed and
replaced with 1.0 ml WSSV inoculum or YHV inocu-
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Table 1. PCR primer sequences used in white spot syndrome virus (WSSV;
lum, or with the same inoculums heat
VP19) and yellow head virus (YHV; ORF1b) quantitative real-time PCR tests
inactivated at 100°C for 5 min, and the
plates were agitated gently at 28°C for
Primer name
Sequence (5’–3’)
1 h. Following inoculum removal, cells
were washed with 2× L15 medium and
Forward VP19
CGG GAT CCA TGG CCA CCA CGA CTA A
covered with 1.0 ml fresh medium
Reverse VP19
GCC TCG AGC CTG ATG TTG TGT TTC TAT A
alone as a negative control or with
Forward ORF1b
CCG CTA ATT TCA AAA ACT ACG
Reverse ORF1b
AAG GTG TTA TGT CCA GGA AGT
1.0 ml medium containing either
Forward GAPDH
CAA GAA GGT CAT CAT CTC CGC T
100 µg ml−1 or 200 µg ml−1 of each
Reverse GAPDH
TCC ACG GTC TTC TGT GTG GC
extract Sephadex LH-20 chromatography fraction (F1−F14) or HPLC sub100 µl of 10% sodium dodecyl sulphate in 0.01 N HCl
traction. Cells were incubated at 28°C for 24 h, at
were added and the formazan crystals that formed
which time they were observed by light microscopy
were dissolved by stirring with a pipette. Aliquots of
and harvested to extract RNA for qRT-PCR analysis.
culture medium were transferred to triplicate wells of
a 96-well microtitre plate, and the absorbance at
WSSV and YHV qRT-PCR tests
A570nm was quantified using a Multiskan FC microplate reader (Thermo Fisher Scientific). The percentage of viable cells was calculated using the formula
Total RNA was extracted from cells using TRIzol®
Reagent (Invitrogen) according to the manufacturer’s
[(Asample − Ablank) / (Acontrol − Ablank)] × 100.
protocol. To prepare cDNA, 4 µg of total RNA were
incubated with 200 ng random hexamer primers
Cell cytotoxicity assay
(Promega) at 70°C for 5 min and cooled on ice for
5 min before addition of a 1 mM dNTP mixture, 1×
A cytotoxicity concentration 50% end-point (CC50)
reaction buffer and 10 U AMV reverse transcriptase
of the active SF4 subfraction was determined using
(Promega) in a 25 µl reaction that was incubated at
monolayers of primary LO cell cultures grown in
48°C for 2 h. qRT-PCR tests utilized primer sewells of 24-well plates. The culture medium was requences targeting the WSSV VP19 gene (Youtong et
placed with serial 2-fold dilutions of SF4 in fresh
al. 2011), the YHV ORF1b gene (Cowley et al. 2000)
medium ranging from 800 µg ml−1 to 3.12 µg ml−1.
and the host glyceraldehyde 3-phosphate dehydroAfter 24 h, cell viability was quantified using the
genase (GAPDH) gene as the comparative control
MTT colorimetric method described above, and the
(Table 1). Reactions (25 µl) contained 100 ng cDNA,
CC50 (50% cell viability) for SF4 was calculated from
1× FastStart Universal SYBR Green Master (Roche)
linear regression analysis of the MTT data.
and 20 pmol of each primer. Thermal cycling (95°C
for 5 min, 40 cycles of 94°C for 30 s, 59°C for 1 min
and 72°C for 1 min) and fluorescence detection
GC-MS analysis
employed the Mx3000P™ qPCR System (Aligent
Technologies). Relative WSSV and YHV RNA amounts
The composition of the HPLC SF4 subfraction that
detected were calculated using the 2−ΔΔCT method
(Livak & Schmittgen 2001), normalized against
displayed antiviral activity was examined using gas
GAPDH RNA amounts and expressed as mean ± SD.
chromatography (GC, Hewlett Packard 5890) followed by mass spectroscopy (MS, Hewlett Packard
5972). The GC separation conditions used were 260°C
Cell viability assay
inlet temperature in the split-less mode for 0.8 min.
The oven temperature was set at 50°C for 5 min
The numbers of viable LO cells were quantified by
before being ramped in consecutive + 3°C steps to
exposure to asthiazolyl blue (MTT) which is con260°C, at which temperature it was held for another
verted into a formazan pigment by active mitochon5 min. The Innowax GC column (30 m long, 0.25 mm
drial enzymes. At 24 h post infection with viruses and
internal diameter, 0.25 µm film thickness) used was
post-exposure to the various plant extract fractions,
connected directly to the mass spectrometer with
culture medium was replaced with 100 µl of fresh
electron ionization. Identifications were based on a
medium to which 10 µl of 5 mg ml−1 MTT solution
comparison with the standards in the Wiley Library
(Invitrogen) were added. Following incubation for 4 h,
Database (9th edn, Wiley Registry™).
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Statistical analyses
The statistical significance of the MTT assay and
viral replication data was determined using 1-way
ANOVA with a 95% confidence level (p < 0.05) in the
SPSS V16.0 software package.

(Fig. 2A), the lower concentration was chosen for use
in further studies.
In the WSSV-infected primary LO cells maintained
in media containing 100 µg ml−1 subfraction SF1 to SF8,
VP19 mRNA amounts were reduced compared to
WSSV-infected unexposed cells. Among the WSSVinfected LO cell monolayers, viable cells only remained
in the cultures exposed to SF4 and SF6 (Fig. 2A).

RESULTS
Anti-WSSV activity

Anti-YHV activity

The anti-WSSV activities of culture media containing either 100 µg ml−1 or 200 µg ml−1 of the Sephadex
LH-20 column fraction F14 or the F14 HPLC subfractions SF1 to SF8 obtained from the Emilia sonchifolia
leaf acetone extract were examined in primary cultures of Fenneropenaeus merguiensis LO cells. Cells
were examined for cytopathic effects (CPE) 24 h
post infection. While non-infected cells maintained
their roundish or fibroblast-like morphologies, most
WSSV-infected cells showed evidence of CPE
(Fig. 1). CPE was not observed in WSSV-infected
cells maintained in media containing either 100 or
200 µg ml−1 of extract fraction F14 or its subfraction
SF4.
qRT-PCR targeted to mRNA transcribed from the
WSSV VP19 gene and the shrimp GAPDH gene were
used to quantify WSSV replication levels. As the PCR
test detected no significant VP19 mRNA in WSSVinfected primary LO cells maintained in media containing either 100 or 200 µg ml−1 of fraction F14

A qRT-PCR test targeted to the YHV ORF1b gene
and thus genomic-length RNA transcripts was used
to show that YHV replication in primary LO cells
maintained in media containing 100 µg ml−1 SF4 was
decreased significantly with no evidence of CPE
compared to untreated YHV-infected cells (Fig. 2B).
In contrast, cells maintained in media containing any
of the other subfractions resulted in the production of
CPE and no significant reduction in YHV RNA levels.

Plant extract effects on cell viability following
virus challenge
The ability of the E. sonchifolia extract fractions to
protect shrimp LO cells from destruction following
challenge with either WSSV or YHV was quantified
using a colorimetric MTT mitochondrial enzyme
activity assay. MTT data on viable cell numbers were
determined at 24 h post challenge with virus for cul-

Fig. 1. Micrograph of cytopathic effects in primary cultures of Fenneropenaeus merguiensis lymphoid organ cells 24 h post
infection with white spot syndrome virus (WSSV). (A) Uninfected monolayer of fibroblast-like cells and (B) cell monolayer
partial disintegration caused by WSSV infection
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Fig. 2. Relative (A) white spot syndrome virus (WSSV) VP19 gene mRNA amounts and (B) yellow head virus (YHV) genomic
RNA (ORF1b gene) amounts in primary lymphoid organ cell cultures of Fenneropenaeus merguiensis quantified by quantitative
real-time PCR and normalized relative to endogenous GAPDH mRNA levels (mean ± SD, n = 3). Levels differing significantly
from each other (p ≤ 0.05, ANOVA) are identified by different letters above bars

tures using normal media or media containing E.
sonchifolia extract fraction F14 or F14 subfractions
SF2, SF4, SF5, SF6 and SF8. Only those cell monolayers maintained on media containing F14 and SF4 displayed > 50% cell viability at 24 h post challenge
with either WSSV or YHV (Fig. 3).

Cell cytotoxicity assay
The MTT cell viability assay was also used to assess
the cytotoxicity of the active E. sonchifolia extract
subfraction SF4 for primary LO cell cultures. MTT
data were collected after 24 h exposure of the cell
monolayers to media containing 2-fold serial dilutions of SF14 that ranged in final concentrations from
800 to 3.12 µg ml−1. While 100 µg ml−1 of SF4 had no
effect on cell viability, a concentration of 221 µg ml−1
was calculated to reduce CC50 (50% cell viability)
based on the linear regression analysis of MTT data
on the cells exposed to various concentrations of SF14.

Plant extract components
HPLC analysis of the Sephadex LH-20 column fraction F14 from the E. sonchifolia extract resolved peaks
designated as subfractions SF1 to SF8 (Fig. 4A). Mass
spectrum peaks generated from the GC-MS analysis
of subfraction SF4 identified the presence of 2, 4-ditert-butylphenol (Fig. 4B) as deduced from comparisons with mass standards in the Wiley Library Database (9th edn, Wiley Registry™).

DISCUSSION
Pandemics caused by WSSV (DNA virus) and YHV
(RNA virus) have seriously impacted shrimp aquaculture. Identification of cheap and effective plant
derivatives that inactivate these viruses could thus
benefit this industry. Plant compounds including alkaloids, flavonoids, pigments, phenolics, terpenoids,
steroids and essential oils can act to prevent various
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Fig. 3. Viability of lymphoid organ cells of Fenneropenaeus merguiensis after infection with (A) white spot syndrome virus
(WSSV) or (B) yellow head virus (YHV) and exposed to 100 µg ml−1 Sephadex LH-20 column fraction F14 or the F14 HPLC subfractions SF1 to SF8 obtained from Emilia sonchifolia leaf acetone extract determined at 24 h post challenge using the asthiazolyl blue (MTT) assay (mean ± SD, n = 3). Levels differing significantly from each other (p ≤ 0.05, ANOVA) are identified by
different letters above bars

Fig. 4. HPLC fingerprint of the (A) Sephadex LH-20 column fraction F14 showing subfraction SF4 and (B) GC-MS spectrum of
subfraction SF4 derived from Emilia sonchifolia leaf acetone extract
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diseases (Citarasu 2010), and several natural prodimportant to virus replication, assembly and cell
ucts from plants, shrubs, mangroves and seaweeds
entry or exit. For the treatment of viral diseases of
are effective inhibitors of virus replication. Here the
shrimp, natural compounds therefore need to be examanti-WSSV and anti-YHV properties of acetone
ined for their ability to either interfere with these
extracts of leaves of the lilac tassel flower herb Emilia
viral processes or to enhance host innate defense
sonchifolia were examined in primary shrimp LO cell
mechanisms (Jassim & Naji 2003). GC-MS analysis of
cultures as used to investigate the anti-viral activity
subfraction SF4 identified it to primarily comprise the
of various other compounds (Luedeman & Lightner
phenolic compound 2, 4-di-tert-butylphenol. A poly1992, Nadala et al. 1993, Lu et al. 1995, Toullec et al.
phenolic extract of a perennial herb, red raspberry
1996, Tapay et al. 1997).
Rubus idaeus, has been shown to clump virus partiFrom an acetone extract of E. sonchifolia leaves, a
cles together to form non-infectious aggregates
Sephadex LH-20 chromatography column fraction
(Cadman 1960). Polyphenols might also bind directly
(F14) and an HPLC subfraction (SF4) derived from
to virus particles and/or host cell membrane proteins
F14 were assessed for their cell toxicity and antiviral
to inhibit virus absorption (Van den Berghe et al.
activity against WSSV and YHV. Of these, a 100 µg
1986, Hudson 1990). Moreover, various polyphenolic
ml−1 concentration of SF4 effectively reduced WSSV
compounds directly inhibit the binding of human
and YHV replication as evidenced by reduced VP19
immunodeficiency virus (RNA virus) and influenza
gene and ORF1b gene mRNA levels quantified by
virus (RNA virus) to host cells, thus affording some
qRT-PCR. A 221 µg ml−1 concentration of SF4 was
protection (Sakagami et al. 1995). While it has been
determined to reduce LO cell viability by 50% at 24 h
concluded that the phenolic OH group present in
post exposure, the antiviral activity delivered by SF4
some plant extracts facilitates binding to either viral
at a concentration of 100 µg ml−1 was accompanied
nucleic acid or viral capsid proteins, thus inhibiting
by low cell toxicity. Similarly, a 62.5 µg ml−1 concenreplication (Naithani et al. 2008), whether 2, 4-ditration of a flavonoid glycoside extracted from E.
tert-butylphenol identified to have anti-WSSV and
sonchifolia seeds inhibits replication of Japanese
anti-YHV properties possesses such activity has yet
encephalitis virus (RNA virus), but its mechanism of
to be examined.
action was not reported (Yadava & Mamta 2012).
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