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Screening of antiviral activities in medicinal plants
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Abstract. Dengue virus infects millions of people worldwide and there is no vaccine or anti-
dengue therapeutic available. Screening large numbers of medicinal plants for anti-dengue
activities is an alternative strategy in order to find the potent therapeutic compounds.
Therefore, this study was designed to identify anti-dengue activities in nineteen medicinal
plant extracts that are used in traditional medicine. Local medicinal plants Vernonia cinerea,
Hemigraphis reptans, Hedyotis auricularia, Laurentia longiflora, Tridax procumbers and
Senna angustifolia were used in this study. The highest inhibitory activates against dengue
NS2B-NS3pro was observed in ethanolic extract of S. angustifolia leaves, methanolic extract
of V. cinerea leaves and ethanol extract of 70 procumbens stems. These findings were further
verified by in vitro viral inhibition assay. Methanolic extract of V. cinerea leaves, ethanol
extract of 7! procumbens stems and at less extent ethanolic extract of S. angustifolia leaves
were able to maintain the normal morphology of DENV2-infected Vero cells without causing
much cytopathic effects (CPE). The percentage of viral inhibition of V. cinerea and T.
procumbens extracts were significantly higher than S. angustifolia extract as measured by
plaque formation assay and RT-qPCR. In conclusion, The outcome of this study showed that
the methanolic extract of V. cinerea leaves and ethanol extract of T. procumbens stems

possessed high inhibitory activates against dengue virus that worth more investigation.

INTRODUCTION

Multiple dengue serotypes (DENV1-DENV4)
are members of Flaviviridae family that
are considered as arthropod-borne human
pathogens transmitted by its primary
mosquito vector Aedes aegypti, and
secondary vector Aedes albopictus (Rigau-
P’erez et al., 1998). Dengue virus infects 50-
100 million people each year worldwide and
causes various clinical symptoms such as
dengue fever (DF) that may later develop to
severe dengue hemorrhagic fever (DHF), and
dengue shock syndrome (DSS) (Monath et al.,
1994; Gubler & Clark, 1995; Botting & Kuhan,
2012). Annually, there are approximately 0.5
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million cases of DHF and DSS that lead to
more than 20,000 deaths worldwide (Gubler,
2002).

Dengue virus is a small, enveloped virus
that contains positive single stranded RNA
genome with long open reading frame
lacking the poly A tail. The virus uses host
cell ribosomes to translate its genomic RNA
to full length precursor polyprotein. The post-
translational proteolytic cleavage of the
precursor protein results in the formation of
three structural proteins (namely the capsid,
membrane and envelope proteins) and seven
non-structural proteins NS1, NS2a, NS2b,
NS3, NS4a, NS4b and NS5 (Chanprapaph et
al., 2005). Protolytic cleavage is achieved by



the combined action of signalase and furin
from the host cell, and NS2B-NS3 serine
protease from the virus (Stadler et al., 1997).

Dengue NS3 protein possesses a trypsin-
like serine protease activity in its 180 amino
acid N-terminal residues (Chambers et al.,
1990; Falgout et al., 1991) while the C-
terminal region is responsible for RNA-
helicase and RNA-stimulated NTPase
activities (Gorbalenya et al., 1989; Wengler,
1993). The protease catalytic activity of NS3
protein depends on the interaction with its
cofactor NS2B to form NS2B-NS3 protease
(NS2B-NS3pro) (Yusof et al., 2000). With the
exception of C-prM which is a structural
protein, NS2B-NS3pro functions by cleaving
viral non-structural proteins at the protein
junctions of NS2A/NS2B, NS2B/NS3, NS3/
NS4A and NS4B/NS5 (Teo, 1997; Stocks &
Lobigs, 1998). The disruption of NS2B-NS3pro
function is lethal to viral replication (Geiss
et al., 2009). As such, this protein has been
largely considered as an effective target for
antiviral drugs (Tomlinson et al., 2009).

Drugs that possess potent inhibition of
dengue virus are urgently needed to combat
the increase of dengue infection worldwide.
In this study, local medicinal plants Vernonia
cinerea, Hemigraphis reptans, Hedyotis
auricularia, Laurentia longiflora, Tridax
procumbers and Senna angustifolia were
screened for dengue virus inhibition based
on the dengue NS2B-NS3pro assay. These
medicinal plants are commonly used for the
alternative and traditional treatment of
various microbial infections. Extracts from
plants species that show high inhibitory
activities against NS2B-NS3pro were selected
for further analysis and subjected to in vitro
viral inhibition assay.

MATERIALS AND METHODS

Preparation of Plant Extracts

Vernonia cinerea, Hemigraphis reptans,
Hedyotis auricularia, Laurentia longiflora,
Tridax procumbers and Senna angustifolia
plants were collected from various sites in
Kuala Lumpur and Selangor, Malaysia. The
botanical identities of each plant were
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determined and confirmed by a taxonomist
from the Institute of Biological Sciences,
University of Malaya. Ethanolic and
methanolic extracts were prepared based on
the availability and relative ease of obtaining
the plant samples. Plant leaves, stems and
roots were chopped into small pieces and air-
dried at room temperature until consistent
residual weight has been achieved. The dried
pieces were then ground using an electric
blender. After grinding, 100 grams of the
resultant powders were soaked in 500 ml
absolute ethanol or methanol and kept in the
dark for five days. The solution was then
filtered using Whatman filter paper (20-25
pm) and evaporated at 50°C to yield
approximately 7.5 to 9.5 gm of each extract.
Stock solution of each extract was prepared
by dissolving 100 mg plant extract in 10 ml
DMSO, and stored in 4°C until further use.

Dengue NS2B-NS3pro assay

This assay was carried out to identify the
inhibitory activities of plant extracts against
dengue NS2B-NS3pro as previously
described (Rothan et al., 2012a; Rothan et al.,
2012b). First, the activity of the recombinant
dengue NS2B-NS3pro was evaluated using
increased concentrations of protease (1, 2, 3,
4,5 and 6 ptM) with fixed concentration (100
pM) of the fluorescence substrate (Minoh-shi,
Osaka, Japan, Lot no: 580907). The end point
reaction mixture was performed in black 96-
well plates consists of 2 ptM recombinant
NS2B-NS3pro, 100 pM fluorogenic peptide
substrate (Boc-Gly-Arg-Arg-AMC), plant
extracts of varying concentrations prepared
in DMSO (12.5, 25, 50, 100 and 200 pg/ml),
buffered at pH 8.5 with 200 mM Tris-HCI with
total volume of 200 jl. The reaction mixture
without plant extract, substrate with plant
extract, enzyme and different concentrations
of plant extract were used as controls.
Thereafter, all reaction mixtures were
incubated at 37°C for 30 minutes and the
substrate was added to the specific reaction
mixtures and incubated at the same
temperatures for another 30 minutes.
Measurements were performed in triplicates
using Tecan Infinite M200 Pro fluorescence
spectrophotometer (Tecan Group Ltd.,



Switzerland). Substrate cleavage was
normalized against buffer only (control) at
the emission of 440 nm upon excitation at
350 nm. The ICy, values were calculated for
each extract from nonlinear regression fitting
of signal vs. concentration data points to the
standard dose-response equation Y=Bottom
+ (Top-Bottom)/(1+10"((X-LogIC50))). In
this equation, X was the log of compound
concentration, Y was the response signal, and
bottom and top refer to plateaus of the sigmoid
response curve. All assays were performed
in triplicate and repeated twice.

Maximum non-toxic dose test (MNTD)

The MNTD assay was carried out to
determine the cytotoxic concentration of
plant extracts. The MNTD test was initiated
by seeding Vero cells at 1x104 cells/well in
triplicates, at optimal conditions (37°C, 5%
COyin humidified incubator) in 96 well plates
with blank control (media only) and cells
control (cells only). After overnight
incubation, the cells were treated with diluted
plant extract stock at the concentrations
of 0, 25, 50, 100, 200 and 400 pg/ml with
DMEM media supplemented with 2% FBS.
The cell culture was analyzed after 72 hours
using Non-Radioactive Cell Proliferation
assay (Promega, USA) according to the
manufacture’s protocol. Percentage of
cytotoxicity was calculated as follows:
(Absorbance of treated cells/Absorbance of
untreated cells) x 100. The MNTD was
calculated from dose-response curves.

Treatment of DENV2-infected cells with
plant extracts

To infect Vero cell lines with DENV2, the cells
were cultured in 24-well plates (1.5x10° cells/
well) for 24 hrs at 37°C and 5% CO,. The virus
supernatant was added to the cells at MOI
of 0.2 followed by incubation for 1 hr with
gentle shaking every 15 min for optimal virus
to cell contact. The cells were washed twice
with fresh serum-free DMEM media after
removing the virus supernatant. Then, new
complete DMEM media containing 50 png/ml
of plant extract were added and the cultures
were incubated for 24, 48 and 72 hrs.
Afterwards, cellular supernatants were
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collected and stored at -80°C for viral load
quantification.

Plaque formation assay

To determine the virus yield after treatment
with plant extracts, culture supernatants were
collected and serially diluted to reduce the
effects of extract residues. A 10-fold serial
dilution of medium supernatant was added to
new Vero cells grown in 24-well plate (1.5
x105 cells) and incubated for lhr at 37°C.
The cells were then overlaid with DMEM
medium containing 1.1% methylcellulose.
Viral plaques were stained with crystal violet
dye after five-day incubation. Virus titers
were calculated according to the following
formula: Titer (pfu/ml) = number of plaques
x volume of diluted virus added to the well x
dilution factor of the virus used to infect the
well in which plaques were enumerated.

Quantitative Real-time PCR

After treatment with plant extract, the DENV2
RNA copies were quantified using one-step
real-time PCR. First, a standard curve was
generated by 10-fold serial dilution of known
copies of DENV2 RNA. Then, viral RNA was
extracted from culture supernatant using
QIAmp viral RNA mini kit (QIAGEN,
Germany) according to the manufacturer’s
instructions. Primer pairs were designed to
target the 5’'UTR region of the virus genome
(Forwarded primer 5-TACGTGGACCGAC
AAAGACA-‘3 and reverse primer 5-AAA
AACTGTTAGAACTACGTTGAGC-‘3). The
reactions of qRT-PCR were carried out using
SyBr Green Master Kit (Qiagen, Germany)
and absolute quantification was performed
using ABI7500 machine (Applied Bio-
systems, Foster City, CA). The thermal
cycling profile of this assay consisted of a
30 min reverse transcription step at 50°C,
15 min of Taq polymerase activation at
95°C, followed by 35 cycles of PCR at 95°C
of denaturing for 30 sec, 40 sec annealing at
58.0°C and 50 sec extension at 72.0°C with a
step of a single fluorescence emission data
collection followed by 10 min at 72°C for final
extension. The specificity of amplicon was
verified by melting curve analysis (72 to
95°C) with a heating rate 0.5°C per 5 sec to



check the identity and purity of the amplified
products. Results were analyzed using
Sequence Detection Software Version 1.3
(Applied Biosystems, Foster City, CA).
Percentage of viral inhibition (%) was

RESULTS

Inhibitory activities of plant extracts
against dengue NS2B-NS3pro
The inhibition profile of nineteen medicinal

calculated as follows: plant extracts towards dengue NS2B-NS3pro
is shown in Figure 1. The apparent ICs, for
each plant extracts was calculated using
increased concentrations form these
extracts. Interestingly, ethanolic extract of S.
angustifolia leaves, methanolic extract of
V. cinerea leaves and ethanolic extracts of
T. procumbers stems showed the highest
inhibitory activity compared to other extracts
(IC5q values: 30.1+£3.4, 23.7+4.1 and 25.6+3.8

png/ml respectively). Both methanolic and

100 — (Viral copy number of treated cells/
viral copy number of untreated cells) x 100.

Statistical analysis

All the assays were done in triplicates and
the statistical analyses were performed using
GraphPad Prism version 5.01 (GraphPad
Software, San Diego, CA). P values <0.05
were considered significant. Error bars are
expressed as + SD.
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L= Leaf, S= Stem, R= Root, E=Ethanclic extract and M=Methanolic extract

Figure 1. The inhibitory effects of medicinal plant extracts against dengue NS2B-NS3 protease measured
by apparent I1C;, values. The IC5, values were calculated from increased concentrations of each plant
extract. The total of 5 data points of each extract were used to calculate the apparent IC5, value from
nonlinear regression fitting of signal vs. concentration data points to the standard dose-response
equation Y=Bottom + (Top-Bottom)/(1+10"((X-LogIC50))). In this equation, X was the log of compound
concentration, Y was the response signal, and bottom and top refer to plateaus of the sigmoid response
curve. All assays were performed in triplicate and repeated twice
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ethanolic extracts are shown to inhibit NS2B-
NS3pro cleavage of the fluorescence
substrate. However, the activity of methanolic
and ethanolic extracts varied from one plant
extract to another. For instance, methanol
extracts of V. cinerea leaves showed higher
inhibitory effect compared to its ethanol
extracts. On the other hand, ethanolic
extracts of S. angustifolia leaves showed
higher inhibitory effect compared to its
methanolic extracts. A similar trend was also
noted for the T. procumbens leaf extracts.

Determination of maximum non-toxic
dose (MNTD)

In order to evaluate their anti-dengue activity,
extracts showing high NS2B-NS3pro-

inhibitory activities were first subjected to
toxicity test to determine the maximal dose
of minimal or non-toxicity to the cells. In this
study, the MNTD assay was carried out using
serially diluted extracts of each plant
followed by further optimisation in order to
achieve a specific cytotoxic concentration.
The MNTD of each plant obtained through the
optimization steps are presented in Figure 2.
In general, the selected extracts showed
approximately similar toxicity profile. The
changes in cell viability were almost
insignificant at 50 pg/ml dosage, and this dose
was considered in subsequent viral inhibition
assays. Cells toxicity was considerably
increased at the dose of more than 100 pg/ml
of these three extracts.
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Figure 2. Maximum non-toxic dose test (MNTD). The MNTD assay was carried out to determine the
cytotoxic concentration of plant extracts. Vero cells were seeded at 1x104 cells/ well in triplicate at
optimal conditions in 96 well plates. After overnight incubation, the cells were treated with diluted
plant extract stock at the concentrations 0, 25, 50, 100, 200 and 400 pg/ml. The cell culture was
analyzed after 72 hours using Non-Radioactive Cell Proliferation assay. At the dose 50 pg/ml, the
changes in cells viability were almost insignificant; therefore, this concentration was used in viral
inhibition assay. Cells toxicity was sharply increased at the dose more than 100 pg/ml for both these

extracts
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In vitro antiviral assay

To further verify their anti-dengue properties,
ethanolic extracts of S. angustifolia leaves,
methanol extract of V. cinerea leaves and
ethanolic extracts of T. procumbens stems
that showed the highest inhibition percentage
against dengue NS2B-NS3pro were subjected
to an in vitro antiviral assay. Vero cells were
cultured in DMEM media supplemented with
2% FBS and infected with DENV2. The
morphology of Vero cells was observed using
an inverted light microscope. The uninfected
Vero cells were polygonal in shape with a
well defined black nuclei in the centre
(Fig. 3A). However, the DENV2-infected
cells showed various cytopathic effects
(CPE) especially after 72 hrs post infection.
The main morphological characteristics of
CPE observed were random-packed cells
pattern, disorganised cell membrane, cells
apoptosis and lysis (Fig. 3B). The ethanol
extract of S. angustifolia leaves showed low
ability to reduce CPE in infected cells and
this is evidenced by the occurrence of round
and spindle shaped cells. Other cell
morphology characteristics seen include
apoptotic cells, as wells as the failure of
treated cells to maintain the monolayer sheet
(Fig. 3C and 3D). In contrast however, V.
cinerea and T. procumbers extracts were
able to effectively reduce the CPE of the
DNEV2-infected cells as observed by
maintenance of normal cell morphology and
the appearance as a normal monolayer sheet
with low amount of apoptotic cells (Fig. 3E
and 3F).

Quantitative of viral load by plaque
formation assay and Real-time qPCR

In order to confirm the aforementioned
observations, plaque formation assay and
quantitative real-time PCR was used to
determine the viral load in DENV2-infected
cells after treatment with plant extracts (Fig.
4). The plaque assay data showed that S.
angustifolia, V. cinerea and T. procumbers
exhibited significant inhibition against viral
replication in infected cells compared to
untreated cells (p<0.0001). However, both T
procumbers and V. cinerea extracts showed
considerable reduction in plaque formation
(80.6% = 6.1 and 64.0% = 9.4 respectively)
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compared to S. angustifolia extract (26.3%
+ 3.8) (p<0.0001) (Fig. 4A and 4B). These
data were confirmed by Real-time PCR
quantification of viral RNA. The results
showed the plant extracts reduced viral
RNA in dose dependent manner. The highest
percentage of viral inhibition was observed
after treating the infected cells with 50 pg/ml
of each extract. In parallel with plaque assay
data, the highest inhibition of viral load was
observed after treating the infected cells with
T. procumbers and V. cinerea extracts
(86.3% + 2.7 and 79.5% 4.3 respectively)
compared to S. angustifolia (67.2% = 6.3)
(p<0.0001) (Fig. 4C).

DISCUSSION

Although several trials are currently
underway for vaccine development against
DENV (Laughlin et al., 2012), there remain
real challenges revolving around the
practical application of these vaccines, such
as the potential of antibody-dependent
enhancement (ADE). Throughout a primary
infection with dengue virus, the human body
produces non-neutralizing antibodies. When
an individual is infected with another DENV
serotype these antibodies can bind the virus,
but the virus remain un-neutralized.
Subsequently, the antibody-virus complex
binds to the Fc antibody receptors, and the
entrance of the virus into host cells are
inadvertently facilitated by this process (Vogt
el al., 2009; Thomas el al., 2009).

Among different strategies that have
been reported to discover and develop
new anti-dengue drugs, inhibition of virus
replication with potent inhibitors against
dengue protease represents an attractive
approach. The present study was designed to
determine anti-dengue properties of nineteen
plant extracts obtained from local medicinal
plants. The identification and subsequent
isolation of anti-dengue active compounds in
medicinal plant extracts are potentially
useful for developing antiviral chemical
analogues. The results obtained herein
showed that methanolic extract of V. cinerea
leaves, ethanolic extract of 7. procumbens
stems and ethanol extract of S. angustifolia



Figure 3. Morphological changes of DENV-2-infected Vero cells treated with plant extracts of three
medicinal plants at 72 hrs post infection. (A) Normal cell morphology of Vero cells prior DENV2
infection. (B) Cells Morphology post-infection with various cytopathic effects (CPE). (C and D)
Ethanol extract of S. angustifolia leaves showed low ability to reduce CPE in infected cells such as the
round and spindle shape and the infected cells were not able to maintain the monolayer sheet. (E)
Treatment with methanol extract of V. cinerea leaves showed approximately normal monolayer sheet
without CPE. (F) Infected-Vero cells treated with ethanolic extract of 7. procumbens stems showed
lessen CPE and normal monolayer, similar to that observed in (E). Cell morphology was examined
using an inverted microscope at 200x magnification.

a: apoptotic cell, s: spindled shape cell, r: rounded shape cell

leaves possess the highest inhibitory effects  assay is efficient as a means for bulk-
against dengue NS2B-NS3pro. These extracts  screening, especially when large numbers of
were also able to reduce the CPE to DENV2-  plant extracts are involved.

infected cells. In parallel, significant Previous studies have shown that S.
reduction in viral load was observed after  angustifolia extract has high content of
applying these extract to the DENV2-infected = phenolic glycosides, collectively named
cells. Taken together, results obtainedinthis  sennocide A and B (Bala et al., 2001;
study strongly suggest that the NS2B-NS3pro  Srivastava et al., 2006; He et al., 2007; Wu et
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Figure 4. Determining the viral load in DENVZ2-infected cells after treatment with plant extracts. Vero
cells were infected with DENV2 and treated with 50 pg/ml of S. angustifolia, V. cinerea and T. procumbens
extract. (A) Histogram shows that plant extracts are able to inhibit infection by DENV2 after normalized
to untreated control. (One-way ANOVA with Dunnett’s post-test, P< 0.0001), results are expressed as
mean = SD from a representative experiment performed in duplicate. (B) Plaque formation assay
shows the reduction of plaque generation. (C) Plant extracts showed significantly reduction in viral
RNA in infected cells normalized with untreated control. (Two-way ANOVA with Bonfferoni post test
P< 0.0001). Results are expressed as mean + SD from a representative experiment performed in

triplicate.

al., 2008). As the present study showed that
the ethanolic extract of S. angustifolia has
higher inhibitory effect against dengue
protease compared to its methanolic extract,
we postulate that this could be due to the high
content of phenolic glycoside in the ethanolic
extracts (Van Hoof et al., 1989). Such antiviral
activities of phenolic glycosides have indeed
been reported against respiratory syncytial
virus, parainfluenza type 3 virus (Ma et al.,
2001), HSV-1 and poliovirus virus (De
Rodriguez et al., 1990). Conversely however,
some glycoside such as ligustroside and
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neonuezhenide did not show antiviral activity
when tested against HSV-1 and Flu A (Ma et
al., 2001).

Methanolic extracts of V. cinerea and
ethanolic extracts of T. procumbens stems
showed higher inhibitory effect in both NS2B-
NS3pro assay and in vitro viral inhibition
assay compared to S. angustifolia. V. cinerea
extract contains more than 27 phyto-
constituents and the predominant phenolic
compound is gallic acid (Rajamurugan et al.,
2011). This compound showed high antiviral
activity against rhinovirus (Choi et al., 2010).



In addition, V. cinerea extract contains large
number of a sesquiterpene lactone (Zhu et
al., 2008) that possesses antiviral activity
towards Herpes simplex type-1, Para-
nfluenza [34] and HCV (Hwang et al., 2006).

The extract of T. procumbens has been
reported as a source of large numbers of
flavonoids with known antimicrobial activity
such as Apigenin, quercetin, kaempferol
(Jindal & Kumar, 2012), falcarinol, selinene,
limonene and zerumbone (Joshi & Badakar,
2012), as well as pentahydroxyflavone 7-O-
beta-D-glucopyranoside (Ali et al., 2001). As
observed in the present study the ethanolic
extract of this plant showed higher inhibitory
effect towards dengue protease compared to
its methanolic extract. Interestingly, the
antimicrobial activity of 7. procumbens has
also been observed in its ethanolic extract
but not in other extracts (Appiah-Opong et al.,
2011). It is therefore tempting to speculate
that the high content of flavonoids in ethanol
extract could form the basis of marked
differences in inhibitory effects seen in this
study. Collectively, flavonoids and other
polyphenols have potential inhibition
activities against dengue NS2B-NS3pro (Tan
et al., 2006) and subsequently dengue
replication. Therefore, further studies are
warranted to identify the active flavonoids in
V. cinerea and T. procumbens extracts that
showed high anti-dengue properties in the
present study. The main limitation of this
study is whether or not the antiviral activity
of S. angustifolia, V. Cinerea and T. Pro-
cumbens extracts is depending on dengue
protease inhibition or these extracts may
have other inhibitory capabilities against
cellular or viral enzymes or interfering with
certain parts of the viral life cycle.

In conclusion, the outcome of present
study underlines the need to carry out further
investigation in the effort to identify the anti-
dengue active compounds in the V. cinerea
and T procumbens plant extracts. This will
subsequently facilitate downstream design
of chemical derivatives for anti-dengue drug
discovery and production. In addition,
screening large number of plant extracts
using whole virus assay is quite laborious and

expensive. As an alternative, dengue NS2B-
NS3pro assay used in this study is efficient
for screening plant extracts in a time- and
cost-effective manner.
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Abbreviations

(DENV2) dengue virus serotype 2, (NS2B)
NS2B cofactor amino acids sequence 49-95
in DENV-2 NS2B and 1394-1440 in DENV2
polyprotein; (NS3pro) NS3 protease amino
acids sequence 1-185 in NS3 protein and
1476-1660 in DENV2 polyprotein; (NS2B-
NS3pro) NS2B fused to NS3pro via 9 amino
acids (G4-T-G4); (AMC) fluorogenic peptide
substrate (Boc-Gly-Arg-Arg-AMC).
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