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ABSTRACT

Objective: To determine anti-viral activities of three Artocarpus species: Artocarpus
altilis, Artocarpus camansi, and Artocarpus heterophyllus (A. heterophyllus) against
Hepatitis C Virus (HCV).
Methods: Antiviral activities of the crude extracts were examined by cell culture method
using Huh7it-1 cells and HCV genotype 2a strain JFH1. The mode of action for anti-HCV
activities was determined by time-of-addition experiments. The effect on HCV RNA
replication and HCV accumulation in cells were analyzed by quantitative reverse
transcription-PCR and western blotting, respectively.
Results: The dichloromethane (DCM) extract of A. heterophyllus exhibited strong anti-
HCV activity with an inhibitory concentration (IC50) value of (1.5 ± 0.6) mg/mL without
obvious toxicity. The DCM extracts from Artocarpus altilis and Artocarpus camansi
showed moderate anti-HCV activities with IC50 values being (6.5 ± 0.3) mg/mL and
(9.7 ± 1.1) mg/mL, respectively. A time-of-addition studies showed that DCM extract
from A. heterophyllus inhibited viral entry process though a direct virucidal activity and
targeting host cells. HCV RNA replication and HCV protein expression were slightly
reduced by the DCM treatment at high concentration.
Conclusions: The DCM extract from A. heterophyllus is a good candidate to develop an
antiviral agent to prevent HCV grant reinfection following liver transplantation.
1. Introduction

Hepatitis C Virus (HCV) infection is a major health problems
that lead to liver diseases such as chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma. Approximately 170
million people of world population are chronically infected with
HCV [1–3]. HCV exhibits high genetic diversity and different
genotypes which are classified into seven (1–7) genotypes
with 67 confirmed and 20 provisional subtypes [4]. In
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HCV-positive patients, the cumulative risk of developing he-
patocellular carcinoma in the 40–74 age group is 21.6% among
males and 8.7% among females [5].

HCV is a small enveloped virus with a positive-sense, single-
stranded RNAgenome that encodes a large polyprotein consisting
of three structural proteins and seven nonstructural proteins. The
structural proteins of enveloped glycoproteins E1 and E2 are
responsible for virus binding to the receptor molecules on cell
surface, such as scavenger receptor class B type I (SR-BI), CD81,
claudin 1, and occludin [1]. Meanwhile, the nonstructural proteins
of p7, NS2, NS3, NS4A, NS4B, NS5A, andNS5B are responsible
for viral RNA replication and viral particle construction [6–8].

The current treatment of HCV infection has markedly
changed in the recent years. The direct acting antiviral agents
(DAAs) combined with Interferon (IFN) have been approved
and new IFN-free regimen combinations are recently available
in many countries. DAAs targets nonstructural proteins of HCV
resulted in the disruptions of the viral replication and infection.
Currently approved DAAs consist of NS3 protease inhibitors
such as simeprevir, asunaprevir and vaniprevir; NS5A inhibitors
such as daclatasvir and ledipasvir; and NS5B RNA-dependent
RNA polymerase (RdRp) inhibitors such as sofosbuvir [9,10].
The current treatment regimen using DAAs has dramatically
improved sustained virological response (SVR) in most
patients of different HCV genotypes. However, the emergence
of drug resistance virus, safety for long usage, expensive cost
of DAAs therapy, and limited access to the treatment,
especially for patients in countries with relatively low income
remain major barriers to HCV treatment. Thus, development
of effective and inexpensive anti-HCV agents is still required.

Tropical rainforests exhibit a vast diversity in plants and
those plants are sources for potential drug development. It has
been previously reported that anti-HCV activities of Indonesian
medicinal plants, in which 4 out of 21 plants extracts revealed
anti-HCV activity against the HCV J6/JFH1-P47. One of the
four plants was Ficus fistulosa known as Moraceae family [11].
Moraceae family consists of 60 genera and includes 1400
species. The important genus of the Moraceae family is
Artocarpus which is composed of 50 species [12]. Artocarpus
is known to have wide bioactivities against virus [13,14],
bacterial [15,16], malarial [17,18], and fungi [19,20].

In this study, three species of Artocarpus from Purwodadi
Botanical Gardens, East Java, Indonesia, namely Artocarpus
altilis (A. altilis) (breadfruit), Artocarpus camansi (A. camansi)
(breadnut), and Artocarpus heterophyllus (A. heterophyllus)
(jackfruit) were screened for anti-HCV activities.

2. Materials and methods

2.1. Cells and viruses

A clone of human hepatocellular carcinoma-derived Huh7
cells, Huh7it-1 [21], was cultivated in Dulbeco's Modified Eagle
Medium (GIBCO Invitrogen, Carlsbad, CS, USA) supplemented
with 10% Fetal Bovine Serum (Biowest, Nualle, France),
0.15 mg/mL Kanamycin (Sigma–Aldrich, St. Louis, MO,
USA) and non-essential amino acids (GIBCO-Invitrogen) in
5% CO2 at 37 �C. A cell culture-adapted HCV variant was
propagated as described previously [9]. In brief, Huh7it-1 cells
(1.8 × 107 cells) were infected with JFH1 1.8 × 107 focus-
forming unit (ffu) for 4 h with agitation in every 30 min. The
HCV-infected cells were incubated for 5 d. The supernatants at
day 3 post-infection were collected and used for antiviral
experiments.

2.2. Preparation of crude extracts

The leaves of A. altilis, A. camansi, and A. heterophyllus were
obtained from Purwodadi Botanical Garden, Indonesia and veri-
fiedbya licensedbotanist. TheseArtocarpus leaveswere extracted
with several solvents (ethanol 80%, hexane, dichloromethane and
methanol). The leaves were extracted using n-hexane and ethanol
80%. Meanwhile, the residue from n-hexane extract was further
extracted using dichloromethane (DCM). Thereafter, the residue
from dichloromethane was extracted using methanol. All extracts
were dissolved in dimethyl sulfoxide (DMSO) at a concentration
of 100 mg/mL and then stored at −30 �C.

2.3. Virus titration and immunostaining

Virus titration and immunostaining was performed as
described previously [9,21,22]. In brief, virus supernatants diluted
in the medium and inoculated onto the Huh7it-1 cells. After
virus absorption for 4 h, the cells were cultured with medium
containing 0.4% methyl cellulose (Sigma–Aldrich) for 41 h.
The cells were fixed with 10% formaldehyde solution and
permeabilized with 0.5% triton X-100 in PBS. The cells were
stained with anti-HCV patient anti-serum and HRP-goat anti-
human Ig antibody (MBL). The HCV antigen positive cells were
visualized with Metal Enhanced DAB substrate kits (Thermo
Fisher Scientific, Rockford, USA) and infectious foci were
counted under microscope.

2.4. Antiviral activity assay

Antiviral activity assay was performed as described previously
[9,21,22]. Huh7it-1 cells (5.2 × 104) were inoculated with HCV at
multiplication of infection (MOI) of 0.1 in the presence of
different concentrations of plant extracts (100, 50, 25, 12.5, 6.3
and 3.1 mg/mL). After virus absorption for 2 h, the cells were
rinsed with the medium and were further incubated in the
medium containing the same extracts for 46 h. For time-of-
addition experiments, the cells were treated with the medium
containing extracts only during viral inoculation (entry event) or
only after viral inoculation (post entry event). Culture supernatants
at 48 h post-infection were collected for virus titration. The 50%
inhibitory effect (IC50) was calculated by SPSS probit analysis.

2.5. Virucidal activity assay

Virucidal activity test was performed as described previously
[9]. In brief, the HCV suspension (106 ffu/mL, 75 mL) was mixed
with an equal volume of DCM extract and incubated for 2 h at
37 �C. Following by inoculated the virus suspension to the cells
and incubated for 4 h at 37 �C. After removing viral inoculum,
the cells were overlaid with 0.5% methyl cellulose-containing
medium and incubated for 41 h.

2.6. Effect of host expression assay

The extract of DCM from A. heterophyllus was preincubated
with cell (5.2 × 104) for 2 h at 37 �C. Then, cells were inoculated
with HCV (MOI of 0.1) for 4 h. After viral absorption, cells were
replaced with medium and incubated for 41 h. The culture su-
pernatant was collected for virus titration and immunostaining.



Table 1

Anti-HCV activity (IC50) and cytotoxicity (CC50) of A. altilis,

A. heterophyllus and A. camansi.

Sample IC50 (mg/mL) CC50

(mg/mL)
SI

A. altilis 80% Ethanol 8.9 ± 0.3 > 50 > 5.7
Hexane > 100 > 500 NA
DCM 6.5 ± 0.3 > 50 > 7.8
Methanol 10.7 ± 1.6 > 200 > 18.6

A. heterophyllus 80% Ethanol 12.9 ± 2.6 > 800 > 62.1
Hexane > 100 > 400 NA
DCM 1.5 ± 0.6 > 200 > 134.8
Methanol 6.8 ± 0.8 > 600 > 88.6

A. camansi 80% Ethanol 6.7 ± 0.9 > 50 > 7.5
Hexane > 100 > 500 NA
DCM 9.7 ± 1.1 > 50 > 5.2
Methanol 13.0 ± 0.7 > 100 > 7.8

Data represent mean ± SD of data from triplicate experiments. NA, not
applicable, SI, selectivity index.
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2.7. Immunoblotting

The cells were lysed in a sodium dodecyl sulfate (SDS)
sample buffer and the protein concentrations were determined
using a bicinchoninic protein assay kit (Thermo Fisher
Scientific). Equal amounts of proteins were separated in SDS-
polyacrylamide gel electrophoresis and transferred onto a pol-
yvinylidene difluoride membrane (Millipore, Bed-ford, MA,
USA). The membranes were probed with an HCV NS3 mouse
monoclonal antibody (clone H23; Abcam, Cambridge, MA,
USA), an HCV NS5A mouse monoclonal antibody (clone 7B5;
Biofront, Tallahassee, FL) or glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) antibody (MBL, Nagoya, Japan) as
primary antibodies followed by HRP-conjugated goat anti-
mouse immunoglobulin (MBL) as the secondary antibody.
Target proteins were visualized using enhanced chem-
iluminescence detection system (Biorad; GE healthcare, UK).

2.8. Quantitative reverse transcription-polymerase
chain reaction (qRT-PCR)

RNA extraction, cDNA synthesis, and qRT-PCR were per-
formed as described previously [9]. In brief, RNA was extracted
from cells using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). One mg of total RNA was transcribed using a ReverTra
Ace qPCR RT Kit (Toyobo, Osaka, Japan) with random
primers, and cDNA was amplified for real-time quantitative
PCR using SYBR Premix Ex Taq (Takara Bio, Shiga, Japan) in
a MicroAmp 96-well plate. PCR was performed using ABI 7300
Real-Time PCR system with specific primers to amplify an NS3
region of the HCV genome 50-CTTTGACTCCGTGATCGACT-
30 (sense) and 50-CCCTGTCTTCCTCTACCTG-30 (antisense).

2.9. MTT assay

The cytotoxicity of the samples was assessed by 3-(4,5-
Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide
(MTT) assay as described previously [9]. In brief, cells in 96 well
plates were treated with various concentrations of crude extracts
for 48 h. The medium was replaced with MTT containing
medium and incubated for 4 h. Insoluble precipitates were
dissolved with DMSO and the absorbance at 560 nm was
measured using a microplate reader. The percentages of cell
viability were compared to the control and calculated for 50%
cytotoxic concentration (CC50) values.

2.10. Data analysis

Results were expressed as mean ± SD. Differences between
two data sets were evaluated by Student's two-tailed t-test. A P-
value of < 0.05 was considered as statistically significant.

3. Results

3.1. Anti-HCV activities of A. altilis, A. heterophyllus,
and A. camansi

We prepared crude extract samples from three Artocarpus
species (A. altilis, A. heterophyllus, and A. camansi) using four
various solvents (80% ethanol, n-hexane, DCM, and methanol)
and obtained a total of 12 samples. Those samples were used
for antiviral screening against HCV (JFH1 strain). HCV was
inoculated onto Huh7it-1 cells in the presence of the samples
and after viral adsorption for 2 h, the cells were extensively
rinsed and further incubated in the same extracts containing
medium for 46 h. The 50% HCV inhibition concentration
(IC50) and the 50% cytotoxic concentration (CC50) and
selectivity indexes (SI: CC50/IC50) of tested samples are shown
in Table 1. The results showed that 6 of the 12 samples
possessed strong anti-HCV activities with IC50 value of
< 10 mg/mL and 3 extracts moderate activities with IC50 value
of (10–20) mg/mL. Among samples possessing anti-HCV ac-
tivity, the DCM extract of A. heterophyllus exhibited the
strongest activity with an IC50 value of 1.5 mg/mL and
CC50 > 200 mg/mL (SI: > 134.8). Methanol extract of
A. heterophyllus and 80% ethanol extract of A. heterophyllus
showed anti-HCV activities with IC50 values of 6.8 mg/mL and
12.9 mg/mL, respectively without any cytotoxicity effect with
CC50 values > 600 mg/mL and > 800 mg/mL and SI values of
88.6 and 62.1, respectively. The DCM extracts of A. altilis and
A. camansi revealed stronger anti-HCV activity with IC50

values of 6.5 mg/mL and 9.7 mg/mL, respectively, with CC50

value of > 50 mg/mL. On the other hand, the hexane extracts of
the three Artocarpus species did not exhibit significant anti-
HCV activities at the concentration of 100 mg/mL. Dose-
dependent inhibition of HCV infection and cell viability of
each sample was shown in Figure 1.

3.2. Mode of action of extracts of A. altilis,
A. heterophyllus and A. camansi

To determine the inhibitory stage(s) of extracts possessing
anti-HCV activities in HCV life cycle, we conducted time-of-
addition experiments, in which three sets of experiments were
done in parallel: First, the extract(s) and virus were co-added
onto the cells for 2 h and after virus adsorption, the cells were
further incubated in the presence of the same extracts for 46 h
(treatment during entry and post-entry steps). Second, the ex-
tract(s) and virus were co-added onto the cells for 2 h and after
virus adsorption, the cells were further incubated in the absence
of the extracts for 46 h (treatment during entry step). Third, the
HCV virus without sample was inoculated onto the culture cells.
After virus adsorption for 2 h, the infected cells were incubated
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Figure 1. Dose-dependent inhibition of HCV infection and cell viability from A. heterophyllus, A. camansi, and A. altilis.
Percent inhibition of HCV infection and cell viability by the extracts compared to the untreated control are shown. Data represent mean ± SD from three
independent experiments. DCM: dichloromethane, MeOH: methanol EtOH: 80% ethanol.
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with media containing same extracts for 46 h (treatment after
virus entry). The results showed that all the three extracts (80%
ethanol, DCM, methanol) of A. altilis and A. camansi exerted
anti-HCV activity mainly at the post-entry event (Table 2). In
contrast, the extracts of 80% ethanol, DCM and methanol of
A. heterophyllus exhibited HCV inhibition principally at viral
entry, while the post entry steps showed the lesser extent
(Table 2).

3.3. Thin layer chromatography (TLC) analysis of
extracts of A. altilis, A. heterophyllus, and A. camansi

Bioactivities of medicinal plants were influenced by the
chemical contents of the plants.

Screenings of the bioactive components in the extracts were
performed by TLC analysis and the result was demonstrated in
Figure 2. The DCM, methanol and 80% ethanol extracts of
Table 2

Mode of action of crude extracts from A. altilis, A. heterophyllus, and A. ca

Sample Solvent Conc.
(mg/mL)

During + post inoculati

A. altilis 80% Ethanol 30 97.5
DCM 30 99.0
Methanol 30 92.4

A. heterophyllus 80% Ethanol 25 89.4
DCM 6 91.0
Methanol 25 95.5

A. camansi 80% Ethanol 30 97.1
DCM 30 97.0
Methanol 30 94.0
A. altilis and A. camansi showed to contain with flavonoid
component which is indicated by one major orange spot. On the
other hand, TLC of methanol and DCM extracts of
A. heterophyllus showed the presence of terpenoid and steroid
which are indicated by purple and blue spots, respectively. DCM
extract of A. heterophyllus also contained chlorophyll-related
compounds with detection of red spots under detection of UV
irradiation 365 nm. While the hexane extracts of A. altilis,
A. heterophyllus, and A. camansi showed the presence of ter-
penoids as one major spots.

3.4. DCM extract of A. heterophyllus inhibits HCV
infection through a direct virucidal effect and affecting
host cells

Since the strong inhibition of DCM extract, further analysis
to conduct the mechanism of action was performed for DCM
mansi.

% Inhibition Mode of action

on During inoculation Post inoculation

3.1 98.1 Post-entry inhibition
7.7 98.8 Post-entry inhibition
9.7 90.1 Post-entry inhibition
56.7 15.0 entry inhibition
81.1 22.5 entry inhibition
72.3 19.9 entry inhibition
10.6 93.9 Post-entry inhibition
12.9 96.4 Post-entry inhibition
17.3 95.3 Post-entry inhibition
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Figure 3. (A) Analysis of virucidal activity. HCV suspension was mixed
with the DCM extract of A. heterophyllus for 2 h at 37 �C before inocu-
lation onto the cells. (B) Effect of pretreatment of cells with DCM extracts
of A. heterophyllus on HCV infection.
Cells were preincubated with the DCM extracts for 2 h and then challenged
with HCV infection. (C) The HCV-infected cells were treated with the
DCM extracts of A. heterophyllus. HCV protein accumulation in the cells
was analyzed by western blotting against NS3, NS5A or GAPDH as a
loading control. (D) The level of HCV RNA in the cells was measured by
qRT-PCR. Data represent means from triplicate experiments ± SD.
*P < 0.001 compared to the untreated control; **P < 0.00001 compared to
the untreated control.

Figure 2. TLC analysis of extracts of A. altilis, A. heterophyllus and A. camansi.
Silica gel F254 TLC was used as stationary phase and chloroform:methanol (9:1, v/v) as mobile phase. Detection under (A) UV 254 nm, (B) UV 365 nm, (C)
heating TLC plate at 105 �C for 5 min after spraying 10% sulfuric acid and (D) observed under UV 365 nm after using spray reagent and heated. Sample: (1)
hexane extract of A. heterophyllus, (2) DCM extract of A. heterophyllus, (3) methanol extract of A. heterophyllus, (4) 80% ethanol extract of
A. heterophyllus, (5) hexane extract of A. altilis, (6) DCM extract of A. altilis, (7) methanol extract of A. altilis, (8) 80% ethanol extract of A. altilis, (9)
hexane extract of A. camansi, (10) DCM extract of A. camansi, (11) methanol extract of A. camansi, (12) 80% ethanol extract of A. camansi.
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extract of A. heterophyllus. Time-of-addition experiment to
determine the effect of extracts in the entry or post entry steps of
HCV life cycle showed that the DCM extract of A. heterophyllus
exerts anti-HCV activity at mainly in the entry-step. To
evaluate whether the DCM extract acted on the target of HCV or
host cells, the infectivity of the extract-treated HCV virions were
determined. HCV virions were treated with the DCM extract or
medium as the control for 2 h at 37 �C and then pretreated-HCV
was inoculated onto Huh7it-1 cells for virus titration. As shown
in Figure 3A, pretreatment of HCV inoculum with the DCM
extract (6.3 mg/mL) was significantly decreased the HCV
infectivity upon to 18.2% (P < 0.00001) compared with the
untreated control (81.8% reduction). We next assessed the effect
of DCM-pretreated host cells on HCV infection. Huh7it-1 cells
were pretreated with the DCM extract for 2 h and then rinsed
extensively to remove the extract. The pre-treated cells were
challenged with HCV infection in the absence of the DCM
extract. The result showed that the pretreatment of the cells with
DCM extract (6.3 mg/mL) was significantly decreased HCV
infectivity upon 9.9% (P < 0.00001) compared with the un-
treated control (90.1% reduction) (Figure 3B). These results
suggested that the DCM extract of A. heterophyllus targeted both
HCV virion and host cells. Since treatment of cells with the
DCM extracts (6.3 mg/mL) revealed the effect at the post-viral
adsorption step and also somehow inhibited HCV infection
(Table 2), further confirmation of the effect on HCV RNA
replication and HCV protein accumulation in the cells was
evaluated. Real-time RT-PCR and immunoblotting analysis
demonstrated that low concentration of DCM extract did not
clearly supress HCV replication and HCV protein accumulation,
however high concentrations of the DCM (> 12.5 mg/mL) acted
to inhibit HCV replication (Figure 3C and D).
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4. Discussion

Medicinal plants are potential resources for various bio-
activities. Several components from medicinal plants have been
reported to possess potential bioactivity including anti-HCV.
Plants of Artocarpus genus have been used as traditional med-
icine in Indonesia for the treatment of fever, dysentery, and
malaria. The genus of Artocarpus is rich in phenolic compounds,
including flavonoid, stilbenoids, arylbenzofurans, and Jacalin (a
lectin) [23–25] that were reported to possess a wild range of
biological activities including anticancer, anti-inflammatory,
antihypertensive, antibacterial, and antiviral [26].

In the present study, we screened crude extracts of three
Artocarpus species:A. altilis,A. camansi, andA. heterophyllus for
anti-HCV activities. A plant of A. altilis is known as breadfruit,
which was used traditionally to treat liver disorders, hypertension,
and diabetic. A total of 130 compounds were identified from
A. altilis, of which more than 70 are derived from the pre-
nylpropanoid pathways [25].MeanwhileA. camansi is knownwith
local name breadnut. The morphology of A. altilis and A. camansi
is similar for leaves, fruits, and stems [25]. A. camansi is also
believed to have similar medicinal properties to A. altilis [24].

Plant of A. heterophyllus has a local name Jackfruit and the
leaves are usually entire (without lobes), much smaller than
breadfruit and breadnut leaves.A. heterophylluswas known active
as antibacterial activity against 24 species of bacteria [27]. Jacalin,
a Jackfruit lectin from A. heterophyllus was reported to inhibit
DNA viruses such as herpes simplex virus type II (HSV-2),
varicella-zoster virus (VZV), and cytomegalovirus (CMV) [28],
however, there is no reported yet about its anti-HCV activities.

Anti-HCV activities were demonstrated that 80% ethanol,
DCM, and methanol extract of Artocarpus species mediated
strong inhibition against HCV with IC50 value less than 15 g/
mL, while the hexane extracts did not access any anti-HCV
activities in the concentration of 100 g/mL (Table 1 and
Figure 1). Further analysis was demonstrated that extracts of
A. altilis and A. camansi exhibited HCV inhibition mainly at the
post-entry step with percentage inhibition higher than 90%,
while extracts of A. heterophyllus inhibit HCV in the entry step
with percentage inhibition higher than 80% (Table 2). Common
constituent(s) present in the extracts of A. camansi and A. altilis
may exert similar anti-HCV activities.

To confirm the mechanism of A. heterophyllus how to
inactivate the virus, virucidal activity and effect of host
expression test were conducted. The result showed that pre-
treatment of the HCV virion or the Huh7it-1 cells with DCM
extract of A. heterophyllus strongly reduced HCV infection. It
suggested that DCM extract of A. heterophyllus exerts antiviral
activities through direct virucidal activity and effecting host cells
(Figure 2A and B) which may interfere the interaction with some
receptors in the host cells. Some host cell molecules have been
reported to be important entry factors or (co)receptors for HCV,
such as glycosaminoglycan (GAG), low density lipoprotein re-
ceptor (LDLR), the scavenger receptor class B member I (SR-
BI), the tetraspanin CD81, claudin-1 (CLDN1), and oclaudin
(OCLN) which play as necessary keys in the attachments pro-
cess of HCV to the host cells [29]. Since antiviral drug(s)
targeting host factor(s) is generally known to lower emergence
rate of drug resistance compared to the direct-acting antiviral
drugs, the DCM extract of A. heterophyllus may be useful as a
new drug development for the treatment of HCV especially to
prevent HCV grant reinfection following liver transplantation.
Further analysis to confirm the effect of DCM extract of
A. heterophyllus in the post entry step of HCV life cycle,
western blot analysis was performed to examine the expressions
of NS3 and NS5A HCV protein levels which played the
important role in the replication of HCV. The result demon-
strated mild inhibition of NS3 and NS5A protein expression
level in DCM extract of A. heterophyllus-treated cells. Consis-
tently, the HCV RNA levels were slightly inhibited by DCM
extract of A. heterophyllus, however significant inhibition of
RNA level was observed when the concentration was increased
up to 12.5 and 25 mg/mL. These results were suggested the
possible inhibition process attachment, assembly, release of vi-
rions and replication steps.

The bioactivities of components were influenced by the
biochemical constituents among the plants. Our studies have not
yet identified the compound(s) responsible for anti-HCV activity
from A. altilis, A. heterophyllus, and A. camansi in this study.
Other study was reported that A. heterophyllus contains lectin,
artocarpine, artocarpetin, cycloheterophyllin, artonins A, morin,
oxydihydroartocarpesin, cynomacurin, isoartocarpin, cyloarto-
carpin, artocarpesin, norartocarpetin, cycloartinone and arto-
carpanone. The leaves and stem are also reported to contain
sapogenins, cycloartenone, cycloartenol, sitosterol and tannins
[24].

Our TLC profiles were identified terpenoid and steroid
components which served as major components of the DCM
extracts of A. heterophyllus (Figure 2). The DCM, methanol and
80% ethanol extracts of A. altilis and A. camansi contained
flavonoid as a major component. Some terpenoids have been
reported to inhibit HCV infection such as Saikosaponin b2 from
Bupleurum kaoi [30]; oleanic acid and ursolic acid [31];
Platycodin D, D2, D3, deapioplatycodin D, D2, platyconic
acid A [32]; and andrographolide, a diterpenoid lactone from
Andrographis paniculata [33]. Many flavonoids have also been
reported to exert anti-HCV activity: Epigallocatechin-3-gallate
(EGCG) [34], quercetin, luteolin, apigenin and ladanein [35],
naringenin and silymarin/silibinin. The grapefruit flavonoid
naringenin was reported to inhibit HCV assembly and release.
Silibinin, the major component of silymarin, was reported to
exert anti-HCV activity by blocking HCV entry, HCV fusion,
replication and production of new progeny virus. These com-
pounds are currently in phase 1 and phase 2/3 clinical trial
studies, respectively [36,37]. As for the A. altilis,
A. heterophyllus, and A. camansi, further analyses is required
to determine the responsible compound(s) for anti-HCV activ-
ities in their extracts.

Extracts of A. altilis, A. camansi, and A. heterophyllus
possess anti-HCV activity. The DCM extract of A. heterophyllus
exhibits strong anti HCV activity through a direct virucidal ac-
tivity and effecting host cells. The DCM extract of
A. heterophyllus was a good candidate to develop a new antiviral
agent to treat HCV infection and to prevent HCV grant rein-
fection following liver transplantation.

Conflict of interest statement

The authors declare no conflict of interests.

Acknowledgements

We thank to Dr. Takaji Wakita (National Institute of Infec-
tious Diseases, Tokyo, Japan) for providing pJFH-1 and



Achmad Fuad Hafid et al./Asian Pac J Trop Biomed 2017; 7(7): 633–639 639
Dr. Yohko Shimizu for providing Huh7it-1 cells. This work was
supported in part by Mandat Project Airlangga University and
Science and Technology Research Partnerships for Sustainable
Development (SATREPS) program from Japan Science and
Technology Agency (JST) and Japan International Cooperation
Agency (JICA).

References

[1] Dubuisson J, Cosset FL. Virology and cell biology of the hepatitis
C virus life cycle: an update. J Hepatol 2014; 61(Suppl 1): S3-13.

[2] Lange CM, Jacobson IM, Rice CM, Zeuzem S. Emerging therapies
for the treatment of hepatitis C. EMBO Mol Med 2014; 6(1): 4-15.

[3] Pawlotsky JM. Treatment of chronic hepatitis C: current and future.
Curr Top Microbiol Immunol 2013; 369: 321-42.

[4] Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS,
Pybus OG, et al. Global distribution and prevalence of hepatitis C
virus genotypes. Hepatology 2015; 61(1): 77-87.

[5] Tanaka J, Kumagai J, Komiya Y, Yoshizawa H. Area and age
specific prevalence rate of HCV infection in Japan. Nippon Rinsho
2004; 62(Suppl 7(Pt 1)): 253-7.

[6] Penin F, Dubuisson J, Rey FA, Moradpour D, Pawlotsky JM.
Structural biology of hepatitis C virus. Hepatology 2004; 39(1): 5-
19.

[7] Moradpour D, Penin F, Rice CM. Replication of hepatitis C virus.
Nat Rev Microbiol 2007; 5(6): 453-63.

[8] Rupp D, Bartenschlager R. Targets for antiviral therapy of hepatitis
C. Semin Liver Dis 2014; 34(1): 9-21.

[9] Apriyanto DR, Aoki C, Hartati S, Hanafi M, Kardono LB,
Arsianti A, et al. Anti-hepatitis c virus activity of a crude extract
from longan (Dimocarpus longan lour.) leaves. Jpn J Infect Dis
2016; 69(3): 213-20.

[10] Wahyuni TS, Aoki C, Hotta H. Promising anti-virus hepatitis C
compounds from natural resources. Nat Prod Commun 2016;
11(8): 1193-200.

[11] Wahyuni TS, Tumewu L, Permanasari AA, Apriani E, Adianti M,
Rahman A, et al. Antiviral activities of Indonesian medicinal plants
in the east java region against hepatitis C virus. Virol J 2013; 10:
259.

[12] Verheij EWM, Coronel RE. Plant resources of south-east Asia.
Bogor, Indonesia: Prosea; 1992.

[13] Likhitwitayawuid K, Sritularak B, Benchanak K, Lipipun V,
Mathew J, Schinazi RF. Phenolics with antiviral activity from
Millettia erythrocalyx and Artocarpus lakoocha. Nat Prod Res
2005; 19(2): 177-82.

[14] Sasivimolphan P, Lipipun V, Likhitwitayawuid K, Takemoto M,
Pramyothin P, Hattori M, et al. Inhibitory activity of oxyresveratrol
on wild-type and drug-resistant varicella-zoster virus replication
in vitro. Antivir Res 2009; 84(1): 95-7.

[15] Khan MR, Omoloso AD, Kihara M. Antibacterial activity of
Artocarpus heterophyllus. Fitoterapia 2003; 74(5): 501-5.

[16] Sato M, Tsuchiya H, Miyazaki T, Fujiwara S, Yamaguchi R,
Kureshiro H, et al. Antibacterial activity of hydroxychalcone
against methicillin-resistant Staphylococcus aureus. Int J Anti-
microb Agents 1996; 6(4): 227-31.

[17] Widyawaruyanti A, Surya S, Kalauni K, Awale S, Nindatu M,
Zaini NC, et al. New prenylated flavones from Artocarpus cham-
peden, and their antimalarial activity in vitro. J Nat Prod 2007; 61:
410-3.

[18] Boonlaksiri C, Oonanant W, Kongsaeree P, Kittakoop P,
Tanticharoen M, Thebtaranonth Y. An antimalarial stilbene from
Artocarpus integer. Phytochemistry 2000; 54(4): 415-7.
[19] Jayasinghe L, Balasooriya BA, Padmini WC, Hara N, Fujimoto Y.
Geranyl chalcone derivatives with antifungal and radical scav-
enging properties from the leaves of Artocarpus nobilis. Phyto-
chemistry 2004; 65(9): 1287-90.

[20] Trindade MB, Lopes JL, Soares-Costa A, Monteiro-Moreira AC,
Moreira RA, Oliva ML, et al. Structural characterization of novel
chitin-binding lectins from the genus Artocarpus and their anti-
fungal activity. Biochim Biophys Acta 2006; 1764(1): 146-52.

[21] Aoki C, Hartati S, Santi MR, Lydwina T, Firdaus R, Hanafi, et al.
Isolation and identification of substances with anti-hepatitis C virus
activities from Kalanchoe pinnata. Int J Pharm Pharm Sci 2014;
6(2): 211-5.

[22] Wahyuni TS, Widyawaruyanti A, Lusida MI, Fuad A, Soetjipto,
Fuchino H, et al. Inhibition of hepatitis C virus replication by
chalepin and pseudane IX isolated from Ruta angustifolia leaves.
Fitoterapia 2014; 99: 276-83.

[23] Jagtap UB, Bapat VA. Artocarpus: a review of its traditional uses,
phytochemistry and pharmacology. J Ethnopharmacol 2010;
129(2): 142-66.

[24] Hari A, Revikumar KG, Divya D. Artocarpus: a review of its
phytochemistry and pharmacology. J Pharma Search 2014; 9(1):
7-12.

[25] Sirkawar MS, Hui BJ, Subramaniam K, Valeisamy BD, Yean LK,
Balaji K. A review on Artocarpus altilis (Parkinson) Fosberg
(breadfruit). J Appl Pharm Sci 2014; 4(8): 91-7.

[26] Swami SB, Thakor NJ, Haldankar PM, Kalse SB. Jackfruit and its
many functional components as related to human health: a review.
Compr Rev Food Sci Food Saf 2012; 11(6): 565-76.

[27] Septama AW, Panichayupakaranant P. Antibacterial assay-guided
isolation of active compounds from Artocarpus heterophyllus
heartwoods. Pharm Biol 2015; 53(11): 1608-13.

[28] Wetprasit N, Threesangsri W, Klamklai N, Chulavatnatol M.
Jackfruit lectin: properties of mitogenicity and the inhibition of
herpesvirus infection. Jpn J Infect Dis 2000; 53(4): 156-61.

[29] Qian XJ, Zhu YZ, Zhao P, Qi ZT. Entry inhibitor: new advances in
HCV treatment. Emerg Microbes Infect 2016; 5: e3.

[30] Lin C. HCV NS3–4A serine protease. In: Tan SL, editor. Hepatitis
C viruses: genomes and molecular biology. UK: Norfolk; 2006.

[31] Kong L, Li S, Liao Q, Zhang Y, Sun R, Zhu X, et al. Oleanolic acid
and ursolic acid: novel hepatitis C virus antivirals that inhibit NS5B
activity. Antivir Res 2013; 98(1): 44-53.

[32] Kim JW, Park SJ, Lim JH, Yang JW, Shin JC, Lee SW, et al.
Triterpenoid saponins isolated from Platycodon grandiflorum
inhibit hepatitis C virus replication. Evid Based Complement Altern
Med 2013; 2013: 560417.

[33] Lee JC, Tseng CK, Young KC, Sun HY, Wang SW, Chen WC,
et al. Andrographolide exerts anti-hepatitis C virus activity by up-
regulating haeme oxygenase-1 via the p38 MAPK/Nrf2 pathway in
human hepatoma cells. Br J Pharmacol 2014; 171: 237-52.

[34] Ciesek S, Hahn TV, Colpitts CC, Schang LM, Friesland M,
Steinmann J, et al. The green tea polyphenol, Epigallocathechin-3-
gallate, inhibits hepatitis C virus entry. Hepatology 2011; 54(6):
1947-55.

[35] Calland N, Dubuisson J, Rouille Y, Seron K. Hepatitis c virus and
natural compound: a new antiviral approach? Viruses 2012; 4:
2197-217.

[36] Wagoner J, Morishima C, Graf TN, Oberlies NH, Teissier E,
Pecheur EI, et al. Differential in vitro effects of intravenous versus
oral formulations of silibinin on the HCV life cycle and inflam-
mation. PLoS One 2011; 6(1): e16464.

[37] Zeisel MB, Crouchet E, Baumert TF, Schuster C. Host-targeting
agents to prevent and cure hepatitis c virus infection. Viruses 2015;
7(11): 5659-85.

http://refhub.elsevier.com/S2221-1691(17)30506-3/sref1
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref1
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref2
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref2
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref3
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref3
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref4
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref4
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref4
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref5
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref5
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref5
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref6
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref6
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref6
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref7
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref7
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref8
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref8
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref9
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref9
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref9
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref9
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref10
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref10
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref10
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref11
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref11
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref11
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref11
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref12
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref12
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref13
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref13
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref13
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref13
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref14
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref14
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref14
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref14
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref15
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref15
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref16
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref16
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref16
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref16
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref17
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref17
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref17
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref17
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref18
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref18
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref18
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref19
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref19
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref19
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref19
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref20
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref20
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref20
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref20
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref21
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref21
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref21
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref21
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref22
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref22
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref22
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref22
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref23
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref23
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref23
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref24
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref24
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref24
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref25
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref25
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref25
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref26
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref26
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref26
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref27
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref27
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref27
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref28
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref28
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref28
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref29
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref29
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref30
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref30
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref31
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref31
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref31
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref32
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref32
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref32
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref32
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref33
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref33
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref33
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref33
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref34
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref34
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref34
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref34
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref35
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref35
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref35
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref36
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref36
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref36
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref36
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref37
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref37
http://refhub.elsevier.com/S2221-1691(17)30506-3/sref37

	Antiviral activity of the dichloromethane extracts from Artocarpus heterophyllus leaves against hepatitis C virus
	1. Introduction
	2. Materials and methods
	2.1. Cells and viruses
	2.2. Preparation of crude extracts
	2.3. Virus titration and immunostaining
	2.4. Antiviral activity assay
	2.5. Virucidal activity assay
	2.6. Effect of host expression assay
	2.7. Immunoblotting
	2.8. Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
	2.9. MTT assay
	2.10. Data analysis

	3. Results
	3.1. Anti-HCV activities of A. altilis, A. heterophyllus, and A. camansi
	3.2. Mode of action of extracts of A. altilis, A. heterophyllus and A. camansi
	3.3. Thin layer chromatography (TLC) analysis of extracts of A. altilis, A. heterophyllus, and A. camansi
	3.4. DCM extract of A. heterophyllus inhibits HCV infection through a direct virucidal effect and affecting host cells

	4. Discussion
	Conflict of interest statement
	Acknowledgements
	References


