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Abstract Chikungunya virus (CHIKV) is a re-emerging

mosquito-borne alphavirus that poses a threat to human

worldwide. Driven by the lack of approved medication and

vaccination, research on anti-Chikungunya agents has

received great attention. In an effort to determine potential

inhibitor of CHIKV, this study aimed at investigating the

potential anti-viral activity of Oroxylum indicum extracts

towards CHIKV-infected Vero cells. The virucidal, pre-

and post-treatment effects of O. indicum were evaluated,

using the maximum non-toxic dose of O. indicum methanol

and aqueous extracts as determined by cytotoxicity assay.

The viral inhibitory effect was assessed by the morpho-

logical changes of Vero cells and further confirmed by

plaque assay. Both methanol and aqueous extracts of O.

indicum had similar cytotoxicity in Vero cells. Interest-

ingly, the virucidal effect of O. indicum aqueous extract

revealed a significant reduction on the viral titre

(p\ 0.05). The prophylactic effect of aqueous extract was

demonstrated when the pre-treated cells exhibited a sig-

nificant anti-CHIKV activity (p\ 0.05). However,

methanol extract of this plant exerted an anti-viral activity

against CHIKV only to a certain extent. Therefore, the

aqueous extract of this plant has a potential to inhibit the

virus and acts as prophylactic agent against CHIKV. Fur-

ther studies however are needed to substantiate the finding

and to determine the important compound of this plant as

well as the mechanism of action in treating CHIKV

infection.
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Introduction

CHIKV was firstly isolated from the serum of a febrile

patient in Tanzania in 1953 [1]. Since the discovery, the

transmission has been recorded in over 40 countries

spanning Africa, Asia and recently in Europe [2]. The

geographical spread to other nations was associated with a

new clade of CHIKV that was efficiently transmitted by

Aedes albopictus mosquitoes [3]. Infection with CHIKV

results in fever, headache, rash and polyarthralgias [4].

Despite the CHIKV medical threat, there is no specific

treatment and vaccine available in combating this infec-

tion. Medicinal plants have been used by people from

various cultures around the world as a source of medicine.

They are preferred and accepted as a complementary and

alternative medicine due to their expected low side effects,

inexpensive and high sustainability in nature. Oroxylum

indicum is a rare and threatened medicinal plant that is

widely grown in Southeast Asia, India and China [5]. In

Malaysia, the young leaves of this plant are eaten as veg-

etable and known as beko, bonglai or kulai among

Malaysian local citizens. Oroxylum indicum can be used as

a remedy for individuals with rheumatic pain, ulcer,

bronchitis and splenomegaly [6]. In addition, it has a good

antioxidant, hepatoprotective ability [7] and has been

documented to exhibit high free radical scavenging activity

[8]. However, to the best of our knowledge, there is a lack

of studies conducted on the anti-viral effect of this plant.
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Therefore, this present study was undertaken to investigate

the possible anti-viral properties of O. indicum on CHIKV

infection.

Materials and Methods

Preparation of Methanol and Aqueous Extracts

Oroxylum indicum leaves were properly cleaned and

washed with distilled water. They were air-dried before

being dried in 50 �C incubator and homogenised into a fine

powder form. The methanol extraction was done using

soxhlet apparatus until the color of methanol solvent

appeared to be clear. Subsequently, the methanol extract

was concentrated using a vacuum evaporator and left to dry

in a fume hood. The modified aqueous extraction was to

reflect the traditional use of O. indicum. A total of 450 g

leaves were blended with 1 L distilled water. Subse-

quently, the suspension was filtered using gauze. The

residue was discarded and the extract was left in the –

20 �C freezer for a few days before being freeze dried.

Finally, the extracts were kept at 4 �C for long-term

storage.

Cell Lines and Culture Conditions

Vero cells were maintained in DMEM media supplemented

with 5% Fetal Bovine Serum (FBS), 1 Molar 4-(2-hy-

droxyethyl)-1-piperazineethanesulfonic acid (HEPES) and

1% penicillin-streptomycin in 37 �C with 5% CO2

incubator.

CHIKV Stock

The virus stock was propagated by adding 300 lL of

CHIKV stock and 3 mL 1% FBS to 70% confluent Vero

cells in a flask. After 1.5 h incubation, the media was

discarded and washed once with 19 PBS. Finally, 12 mL

of DMEM with 1% FBS was added and the cytopathic

effect (CPE) presentations were monitored for 3 days. On

the collection day, the supernatants were collected and

centrifuged for 10 min at 1500 rpm. The supernatants were

aliquoted in 1.5 mL microcentrifuge tube and kept at –

80 �C. The titre of the virus stock was determined by using

plaque assay.

Determination of Maximum Non-toxic Dose

(MNTD) and 50% Cytotoxic Concentration (CC50)

Value

Cytotoxicity assay was carried out on the plant extracts to

determine the MNTD and CC50 on Vero cells. MNTD is

defined as the highest concentration of extract that would

not induce cell death (similar to negative control). CC50

value was expressed as the concentration of extracts that

would cause 50% cell death. The cells were seeded at a

density of 2 9 104 cells per well in 96 well plate and

incubated for 24 h to allow cellular attachment. Two-fold

serial dilutions of O. indicum extracts ranging from 10 000

to 39 lg/mL were freshly prepared in growth media sup-

plemented with 2% FBS and 100 lL from each concen-

tration were placed in triplicates. The cell viability was

assessed using the CellTiter 96� AQueous one solution cell

proliferation assay (Promega). After 48 h, 20 lL of 3-(4,5-

dimethylthiazol-2-yl)-5-(3 carboxymethoxyphenyl)-2-(4-

sulfophenyl)-2H-tetrazolium (MTS) reagent were pipetted

into each well and incubated for 37 �C for 3 h in 5% CO2

incubator. The absorbance was read using ELISA plate

reader at 490 nm. MNTD and CC50 value were determined

by plotting a graph of the concentration of extract (lg/mL)

against percentage of viable cells (Fig. 1). The percentage

of viable cells was calculated as: Survival (%) = (T/

C) 9 100 where C is the mean absorbance of healthy

negative control without the extract and T is the mean of

absorbance in treated wells with different extract

concentration.
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Fig. 1 Cytotoxicity analysis of O. indicum a methanol and b aqueous

extracts on Vero cells. The cells were incubated with increasing

concentration of plant extract and the cell viability was measured

after 72 h. Values were expressed as the mean ± SE for triplicate

assays
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Multiplicity of Infection (MOI)

A total of 2 9 104 cells per well were seeded into 96-well

plate and incubated overnight. The monolayer of cells were

infected with MOI of 0.05, 0.1, 0.5 and 1.0. Virus dilution

with different MOIs in 1% FBS was incubated in 37 �C
with 5% CO2 incubator. After 1.5 h, the virus was removed

and the plate was washed with 1x PBS. Hundred microlitre

of 1% FBS was added and incubated at 37 �C in 5% CO2

incubator. The supernatant from each MOI was collected at

0 to 72 h after infection.

Anti-viral Activity

Morphological Changes

The interaction between the O. indicum extracts and

CHIKV were initially investigated by the changes of cell

morphology and the presence of CPE. The degree of CPE

manifestation was characterised according to Tang et al.

[9] with slight modifications; (i) ‘-’ for no CPE presen-

tation, (ii) ‘?/-’ for B 10% CPE presentation, (iii) ‘?’

for B 25% CPE presentation, (iv) ‘??’ for B 50% CPE

presentation, (v) ‘???’ for B 75% CPE presentation and

(vi) ‘????’ for 100% CPE presentation.

Virucidal Effect

The virucidal effect of O. indicum extracts on CHIKV was

evaluated by incubating CHIKV suspension with the plant

extracts for 2 h at 37 �C with 5% CO2 incubator. Then, the

titre of the virus was directly measured using plaque assay.

Pre-treatment of Cells with O. indicum Extracts Before

CHIKV Infection

Different extract concentrations were added to the cells for

24 h. The cells were gently washed with PBS once to

remove the remaining extract inside the wells. Subse-

quently, CHIKV at MOI of 0.1 was introduced for 1.5 h

and the cells were washed with PBS. Next, media with 1%

FBS was added into each well and the supernatants were

harvested after 24 h post-infection. The morphological

changes of the cells were observed and the supernatants

were collected to determine the viral titre.

Post-treatment of Cells with O. indicum Extracts After

CHIKV Infection

In the post-treatment assay, the cells were initially infected

with CHIKV at MOI of 0.1. After 1.5 h, the cells were

washed with 200 lL of PBS. Following this, different

concentration of extracts were added to the cells and

incubated for 48 h. The changes in the cells morphology

and the viral titre were determined.

Determination of Viral Titre

Viral titres were determined using plaque assay. Vero cells

were seeded at density of 3 x 105 per well. The ten-fold

dilutions were prepared by adding 100 lL of virus stock in

450 lL of DMEM with 1% FBS. Hundred microliter of

each virus dilution were inoculated into each well and

incubated for 3 h. Subsequently, 0.5 mL overlay medium

containing 3% FBS and 1% carboxymethyl cellulose was

added and the plate was incubated for another 3 days. In

the present study, overlay medium was used to limit viral

spread and allow the formation of discrete plaque forma-

tion. At the end of incubation, methylene blue supple-

mented with 10% formalin was added and left overnight.

On the next day, the plate was washed under running tap

water and plaques formation was counted and expressed as

plaque forming unit per milliliter (pfu/mL).

Statistical Analysis

Statistical analysis was performed using Statistical Package

of Social Sciences (SPSS) software, version 22. The

experiments were conducted in triplicates and presented as

the mean ± standard error (SE). The differences between

the groups were analysed using one-way ANOVA and

p value (p\ 0.05) was considered statistically significant.

Results and Discussion

The toxicity effect of methanol and aqueous extracts of O.

indicum leaves on Vero cells was evidenced by the alter-

ation of morphology in the form of cell rounding and

nucleus changes compared to normal healthy cells. Cyto-

toxicity results for both methanol and aqueous extracts are

presented in Fig. 1. The cell viability was inversely related

with the extract concentration. The viability of methanol-

treated Vero cells steadily increased from concentration

5000 lg/mL and below, and at 625 lg/mL, the viability

exceeded 90%. The cell viability after aqueous extract

exposure steadily increased from 29 to 102% at concen-

trations of 10 000 lg/mL down to 39 lg/mL, respectively.

Similar to methanol treatment, Vero cells also

reached[ 90% cell viability when treated with aqueous O.

indicum extract from concentration of 625 lg/mL down-

wards. Plant extracts such as, Acmella ciliate had an CC50

of 206 lg/mL [10]. It was considered to be toxic to the

cells, as less amount of extract needed to achieve high cells

viability. In contrast, the CC50 value for methanol and

aqueous extracts of O. indicum were 1875 and 7700 lg/
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mL, respectively. This indicated that half of the cell via-

bility could be obtained even at higher concentration of

extracts, suggesting that O. indicum has lower toxicity

towards cells than Acmella ciliate.

In the present study, the MOI which was sufficient to

infect all cells in the culture while giving a good replication

kinetics and titre were determined. The morphological

analysis of infected Vero cells was performed from 12 to

72 h. The cells were infected with various MOIs; 0.05, 0.1,

0.5 and 1.0. CPE formation in Vero cells could be observed

when the cells became rounded, shrink, detached from the

flask and ultimately disrupted. Results obtained from this

study showed that different virus concentration induced

different degrees of CPE over time (Table 1). The differ-

ences in viral titre and viral replication peak following

infection with different MOI are shown in Fig. 2. Infection

with MOI of 0.05 resulted in the first CHIKV-infected

Vero cells to reach its peak after 12 h of infection by log

6.7 pfu/mL, followed by subsequent rapid cell lost. In

contrast, CHIKV replication at MOI of 0.1 gradually

increased from 12 to 36 h and peaked to a mean titre of log

6.3 pfu/mL at 48 h post-infection.

CHIKV at MOI of 0.5 was the second to attain peak of

replication compare to other MOIs, after 24 h post-infec-

tion. Both CHIKV at MOIs of 0.5 and 0.1 reached their

peaks at an equal titre of log 6.3 pfu/mL, albeit at different

hours post-infection. Plateau phase could be observed until

72 h post-infection for both MOIs. Upon infection with

MOI of 1.0, virus titre progressively increased from 12 to

24 h. Then, it replicated to a maximum titre of log 6.0 pfu/

mL at 36 h infection, the lowest titre at peak of replication

compared to MOIs. At plateau phase, CHIKV at MOI 1

also had the lowest viral titre in comparison to others. CPE

started to form after 24 h of infection when high MOIs

were used, MOI of 0.5 and 1.0 and displayed 100% CPE as

early as second day post-infection. Meanwhile, low MOIs;

MOI of 0.1 and 0.05 exhibited 100% CPE after 60 h post-

infection. Higher number of MOI increased the exposure of

infectious virus particle per exposed cells, suggesting a

greater visible effect on Vero cells and could further

decrease the time required for cell destruction. We postu-

lated that the degree of CPE over time was prominent, with

progressively higher inocula and this evidence was sup-

ported by Sourisseau et al. [11]. Anti-viral assay for

CHIKV is usually done within 48 h [12, 13]. Therefore,

based on the viral replication growth, we chose the infec-

tious dose of MOI of 0.1 to be used on the next subsequent

assays as this MOI attained its highest peak titre at 48 h.

Synthetic anti-Chikungunya drugs including chloro-

quine, ribavirin and arbidol are shown to be potent in

cultured cells and animal models [14]. However, these

drugs exhibited limited success in human clinical trials.

Hence, the search for anti-CHIKV compounds with low

toxicity and high inhibitory rate is of utmost importance. In

this regards, O. indicum has been tested for its broad

pharmacological effects and known to exhibit numerous

medicinal properties ranging from being antifungal [15],

anti-bacterial [16] and anti-inflammatory [17]. This sug-

gests that O. indicum might be a potential candidate to

combat viral infection as well, including Chikungunya. In

this study, the concentration of O. indicum extracts used

were; 38, 75, 150, 300 and 600 lg/mL for methanol and

aqueous extracts, as obtained from the cytotoxicity study.

These concentration were tested against CHIKV at MOI of

0.1. The efficacy of anti-CHIKV activities of O. indicum

against CHIKV was then evaluated via inhibition of CPE

and reduction of virus titre in Vero cells.

A modified virucidal treatment was performed to iden-

tify whether or not, the extracts have the capability to

destroy or inactivate the virus directly. However, there was

a lack of direct inhibitory effect of methanol extract against

CHIKV (p[ 0.05). Plaque assay determination of

Table 1 Morphological changes in CHIKV-infected Vero cells with

different MOIs

Hours 0.05 MOI 0.10 MOI 0.50 MOI 1.00 MOI

12 - - - -

24 ?/- ? ? ??

36 ?? ?? ??? ???

48 ??? ??? ???? ????

60 ???? ???? ???? ????

72 ???? ???? ???? ????

‘-’ for no CPE presentation, ‘?/-’ for B 10% CPE presentation, ‘?’

for B 25% CPE presentation, ‘??’ for B 50% CPE presentation,

‘???’ for B 75% CPE presentation and ‘????’ for 100% CPE

presentation
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Fig. 2 Replication of CHIKV in Vero cell line at different time post-

infection. The culture supernatants were collected every 12 h and

assayed for infectious viral particles in plaque assay. Values were

expressed as the mean ± SE for triplicate assays
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infectious titre showed no inhibition of virus at lower

extract concentration. Although no noticeable suppression

of CHIKV at lower dose of extract, a slight virus inhibition

could be observed at higher concentration of methanol

extract. The viral titre was reduced 4.7 and 5.78% upon

treatment with 300 and 600 lg/mL of methanol extract,

respectively (Fig. 3). In contrast, a reduction of CHIKV

titre was observed following exposure with O. indicum

aqueous extracts. At lower concentrations, the aqueous

extract reduced viral production from log 4.92 pfu/mL to

log 4.58 pfu/mL and log 4.52 pfu/mL when CHIKV were

exposed to 38 and 75 lg/mL aqueous extract, respectively

(Fig. 3). Additionally, viral titres reduced to log 4.58 and

log 4.60 upon exposure with 300 and 600 lg/mL of O.

indicum aqueous extract, respectively. Interestingly, the

highest inhibitory effect, 10% reduction of viral titre, was

demonstrated upon exposure with 150 lg/mL aqueous

extract (p\ 0.05).

Between the two extracts, the aqueous extract exerted a

comparatively higher anti-CHIKV effect than the methanol

in this study. Still, a reduction of viral titre could be

observed in both extracts (Fig. 3). Previously, other com-

pound such as suramin, hesperetin and naringenin are

known to inhibit CHIKV replication [18, 19]. However,

these compounds did not have direct virucidal effect on
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Fig. 3 Virucidal activity of O. indicum extracts on CHIKV infectiv-

ity. Values were expressed as the mean ± SE for triplicate assays.

*There was a statistical difference between control (0 lg/mL) and

concentration of 150 lg/mL (p\ 0.05)

Table 2 Morphological changes in CHIKV-infected cells post-treated with O. indicum extracts

Concentration (lg/mL) Degree of CPE manifestation

Day 1 Day 2

Control

Negative control 0 - -

Positive control 0 ?? ????

Pre-treatment of cells

Methanol extract 38 - ????

75 - ????

150 - ????

300 - ????

600 - ????

Aqueous extract 38 - ????

75 - ????

150 - ????

300 - ????

600 - ????

Post-treatment of cells

Methanol extract 38 ?/- ????

75 - ????

150 - ????

300 - ????

600 - ????

Aqueous extract 38 ? ????

75 ? ????

150 ? ????

300 ?/- ????

600 - ????
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CHIKV. The degree of inhibition of these extracts may

suggest the presence of bioactive compounds. The presence

of these substances in higher concentration could improve

the ability of the extracts to further inactivate the virus.

Thus, a possible explanation for the low inhibitory activity

in this study could be related to insufficient quantity of true

anti-viral compounds in the extracts. Further isolation of

phytoconstituents of this plant may provide further insight

into potential virucidal effect of O. indicum on CHIKV.

To get a clearer picture of the prophylactic effect of O.

indicum against CHIKV, the cells were pre-incubated with

O. indicum methanol and aqueous extracts prior to viral

infection. In the first 24 h, while all pre-treated cells

showed no CPE, the virus control displayed 50% CPE.

However, after 48 h of infection, both positive control cells

and pre-treated cells similarly showed 75% CPE (Table 2).

Cytopathic evaluation as demonstrated by the cell mor-

phological changes revealed the ability of pre-treated Vero

cells to defer the CHIKV infection only in the first 24 h as

after that, at 48 h incubation, the cells showed 75% of CPE

which was similar with the positive control cells. These

results were in accordance with another study that used

Sinbid virus (SINV), in which the CPE formation of

infected Vero cells might not essentially affect the virus

titre [20].

The alteration in the cells was further confirmed using

plaque assay. The titre for positive control was log

5.80 pfu/mL. Nonetheless, the pre-exposure of methanol

extract did not inhibit CHIKV replication in Vero cells

(p[ 0.05) (Fig. 4). On the other hand, there was a

detectable CHIKV reduction in the Vero cells pre-treated

with aqueous extracts in concentration independent man-

ner. Oroxylum indicum aqueous extract significantly

inhibited the replication of CHIKV when the virus was

treated with concentration of 150, 300 and 600 lg/mL

(p\ 0.05). Pre-incubation of Vero cells with these extract

concentrations reduced the virus titre from log 7.08 pfu/mL

to log 6.80 pfu/mL, log 6.85 pfu/mL and log 6.80 pfu/mL,

respectively. However, at lower concentration of the

methanol extract, 38 and 75 lg/mL, no reduction of

CHIKV titre was observed.

The plaque assay results showed that O. indicum aque-

ous extract had an effect on the viral entry probably due to

the presence of various flavonoids that conferred protection

to the cells (Fig. 4). The leaf extract of this plant contained

several numbers of flavonoid compounds including baica-

lein and chrysin [21]. Baicalein has been reported to dis-

play anti-viral activity against other virus for example,

Japanese encephalitis virus [22] and has been suggested to

exhibit an inhibitory effect in the early event of CHIKV

cycle [23]. Thus, the anti-viral activity of O. indicum could

be in part due to the presence of baicalein compound in the

extracts. This finding revealed a promising potential of the

extract as a prophylactic agent against CHIKV infection by

hindering the viral entry into the host cells.

Verification of O. indicum anti-viral action was done by

conducting a post-treatment analysis. In this part of study,

the CPE development was observed in 24 and 48 h of

infection. During the first 24 h, CHIKV-infected Vero cells

showed 10% of CPE following exposure with the lowest

methanol extract concentration, while Vero cells post-

treated with other concentrations showed no CPE devel-

opment. As for aqueous extract, CPE manifestation ranging

from 10% until 25% was be observed in Vero cells post-

treated with 38–300 lg/mL extract. However, post-expo-

sure of Vero cells with the highest aqueous concentration

resulted in no CPE formation. In contrast, positive controls

exhibited greater CPE manifestation (50%). As in pre-

treatment assay, similar manifestation of CPE could be

observed after 48 h with 75% CPE was observed in all

post-treated and positive control cells.

Similar to pre-treatment assay, the CPE manifestation in

the post-incubated Vero cells was minimised early in

infection and could possibly reduce the viral replication.

The CHIKV titre at 48 h post infection on the other hand,
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Fig. 4 CHIKV titre in infected Vero cells a pre-treated with

methanol and aqueous extracts and b post-incubated infected cells

with methanol and aqueous extracts. Values were expressed as the

mean ± SE for triplicate assays. *There was a statistical difference

between control (0 lg/mL) and concentration of 150, 300 and

600 lg/mL (p\ 0.05) for pre-treatment assay
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showed that both extracts failed in lowering the CHIKV

titre. Thus, the post-treatment assay is unlikely to affect the

infectious viral synthesis in the cells, suggesting that it

possibly had no effect on the late replication stage of

CHIKV replication. Similar finding has been reported by

Wintachai et al. [23] where no anti-CHIKV activity was

observed in cells post-treated with flavaglines and sulfonly

amidine compounds.

The plaque assay further supported that the post-treat-

ment of CHIKV infected Vero cells with both extracts

exhibited poor inhibitory effect. Post-incubation of

methanol extract exerted a certain degree of inhibition at

concentration 150 lg/mL by reducing the CHIKV titre

from log 6.30 pfu/mL to log 6.07 pfu/mL. Similarly, the

aqueous extract inhibited the virus by decreasing the titre

from log 6.30 pfu/mL to log 5.88 pfu/mL (150 lg/mL) and

log 5.80 pfu/mL (600 lg/mL). However, there were no

significant changes of CHIKV titre, suggesting the inca-

pability of these extracts to minimise or inhibit CHIKV

multiplication (p[ 0.05).

Conclusion

Considering the outcomes obtained from this study, our

results provide fresh insight into the treatment of virus

using plant remedy. It can be concluded that O. indicum

extracts possess some anti-viral effect against CHIKV. The

anti-Chikungunya activity was between low to moderate

effect, thus suggesting it as a potential candidate for an

effective therapy of CHIKV infection. From this study, it

could be recommended that perhaps a constant consump-

tion of this plant could act as an aid in the prevention of

CHIKV infection.
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