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ABSTRACT

R-puulh € virus (HOV) infecnon is o global problem that causes Tiver disease and hepatocetlular carcinoma. Although the
cusrent standard treatment provided a significant umprovement on response rate with sustain virology response uwre than
90%. however, the tigh cost was remaming fimuted access to this therupy, resistance emergence and serious side effects
which provide the necessities to Gnfhe new anti-HOV agents. The current study, we evaluated the ethanol extraet of Phy Honhis
mrrners bor s ant-HOY aptivines ﬁiu-ﬂi'\' activity was derermined by i viges Culiure cells of Huh 7it Anti-HCV » ity
of Poavevri extraet revealed strong mhubition against HOV waith 10, values of 4,14 ugml and yield stronger actn aty m the
entry step of the HOV life cyele. Moreover. the £ niruri extract cohanced anti-HEOV acuvity of smmeprevir (NS3 protease
Inhibitor b with increase the activ ity up w0 4-fold compared to a single wreatment of simeprevir. Docking analysis was performed
to predict the interuction phyllanthin and hyvpophyllantin, known compounds of £, niruri Fhinst HCV receptor. Both of
phy st sad bypophyliuntn were mediated 2 strong mie@ion with 4GAG, o proteio thar myolved in entry stepoof HOV
These results suggested that the ethanol extract of P miay be good candidates for the development of anti-HCV drugs

Kev words: Hepatitis C virus, antiviral activity, Pholanthos meari, entyy step

ﬁTR(}D UCTION

Hepatitis C virus (HCV) infection 15 a serous
hicalth problem and a potential cause of substaggial
morbidity and mortality. The mfections could lead
to chronic hiver diseuses, such as hepatitis, liver
disorder and hepatocellular carcinoma. The pre-
valence of HOV infection ts infected around 71
milhion people worldwide (The Polaris Observatory
HOV Colluborators: European Union HOV Callabo-
rators). There is no vaceme of HOV that have been

* Lo whem correspondence should be addressed.

developed. The current treatment of HCV used o
IFN-free regimen, mcludes a combination of
direct-actuing amiviral agems (DAAs). s capable
of providing g sustatned virological response (SVR}
tor more than 0% (Gonzalez-Grande er ai., 2016)
However, the viral resistance issue. side effocts
and economical view due to the high cost of curn
treatment agents remamned the necessities to
develop compiementary and'or altemative drugs
for the tréatment 6 HOV

Medicig®l plants are nich with many chemical
substances such as flavonoids, terpenoids. lignans.
polyphenolies, coumarins, saponins, fursl com-




106 ANTEVIRAL ACTINITY OF Phollunthos ntreee AGAINST HEPATITIS C VIRUS

pounds. ﬂmluids. polviines, proteins and peptides.
that have ‘heen reported to possess various
bioactivities including amtiviral Those compounds
and therr denvatives have been determined to
possess anti-HOV activities that have pronuse for
development into anu-HCV agents (Calland et af.,
2012 Jassim & Nap 2003 Khachateorian et al..
2012, Wahyum of af . 2016). Alkalod and coumarin
compounds of R angustifolia, pscudane 1X and
chalepm. respectively. possess a strong imhibition
against HOV (Wahvum ¢ o/ 20140 Honokiol, a
hgnan compound fros agnolia officinalis,
reported inhibiing HOV with an 1C,, value of 4.5
UM (Lan ef af . 2012). while a lignan compound
from Swictenia macrophyila. 3-hvdroxy carushignan
CLoreduced HOV protemn and RNA level with 10,
value of 10.5 uM (Wu et af, 2012).

Plyllanthuggnireei helongs 1o the family of

Euphorbiaccac and is widely distributed in tropical
and subtropical regions, it has been traditionally
used for many kinds of disease including to reduce
tever, treat jaundice and liver@iscases. The vanous
species of Phvifantius family such as the P, amarus.
P. wivari, P. winavie and P. orbicularis have been
teported to demonstrate potential mhibitory effect
against a broad spectrum of viruses They showed
10 possess polfnmlnhlhumn in human immune-
deficiency virus (HIV), herpes simplex virus (HSV)
and hepatitis B virus (HBV) (Forero e 200K
Tan er al.. 2013). Phvllanthus .mm:mﬂ been
demonstrated to have potential inhibition on HOV
replication (Ravikumar ¢r al., 2011). Ninetrahin B.
a lignan 1s d compounds of P exhibited
to suppress the secretion of the HBV antigens (L
et al. 2014y Other lignan compounds. phyllanthin
and hypephyllanthin wereggported to mediate
auti-viral activities against bepatitis B virus and
human mmunedeficiency v (HIV) (Bagalkotkar
et al | 2006 Venkateswaran ¢ral . 1987). This study
wis evaluated the anti-HOV actvity of P omiruri

i vitro culture cells and further analyzed the

mechanism of action. To predict the mechanism of

known compounds. docking analysis of phyllanthin
and hypophylanthin was done to evaluate the
interaction with proten in tein Data Base
twww reshoorg that imvolve mm\' activity

MATERIALS AND METHODS

Extraction and sample preparation

The herb of P niruri was harvested from Bandung.
West Java. Indonesta. The plant was venitied by a
licensed botanist of Botanmweal garden, Purwodadi,
Indenesia. The dried powder of the herb was pulvenzed

and extracted by maceration method with 96" of

ethanol The obtamed filtrates were Wu-mlcd tovield
the cthanolic extracts of £ i The stock sohstion

was prepared by dissolving the extract in grmﬂhyl
sulfoxide tPMSO) 1o obtain o stock concentration of
o mgml . Senal dilutions of extracts were prepared
e vield the concentrations of extracts 100, 30, 10, 1.
1 and 000 gg mL

Cells and Hepatitis C virus preparation

Huh7it celppoki of af . 2014 ) were cultivated
m Dulbeco’s Modified Fagle Medium (GIBCO
Invitrogen, Carlsbad. S, USA) supplemented with
10% Fetal Bovine Serum @8west. Nualle. France ),
0.15 mg mL Kanamycin (Sigma-Aldrich. St. Louis,
MO, USA) and non-essential amino acids (GIBCO-
Invitrogen) 1 8% C'O2 at 37°C. The culture cells
were culttvated and maintaned by pertodically
re-feeding with a new medium. The adapred OV
vartant was propagated in Huh7it (Apnvanto e of |
2016) Cuolture supematant from the nfected cells
was collected at day 2 and day 5 post-mfection and
concentiated using Amicon Ultra centrifugal filter
unit. Vg titers were determined for antiviral assay
(Hatd &ra!, 2017

Anti-Hepatitis C activity assay

Antiviral dcuvtly assay was conducted @
described previously (Aoki er el | 2014: Hatd erad |
2007 Wahyum er al, 2013 Wahvum er af. 2014)
Huh7at celis (5.4 < 10%) were seeded tor 24 TS
The HOV at the multiphcation of mfection (MO1)
of 0.1 m the presence of different concentrations
of lqim[\lc were moculated 1o the culture cells
The cells were treated with a senal concentration of
P omrurr extract. The nuxture of extract and virus
was incubated for 2 hours for virus absorption and
the ccp were ninsed with the medium, Infected-cells
were further incubated in the medium containing
the same concentration of sample for 46 hours
Muode of action analysis was performed by time-
of-addition experiments with three series of
expenments. First, the culture was treated with the
extract both in pre- and post- moculation Second
the culture was only treated with the extract at
moculation steps (2 hours). The third extract was
added only 4[hunncul;niun to examine the action
ol u substs m the post-entry steps of the HOV
life cvoie ﬁ{um supematanis were coliedted for
virus titration. The percentage inhibitory was
determined and the 50, mhabstory effeet (10, ) was
calculated by SPSS probit analvsis (Wahvam ef af.
20§38 Wahvum er @/, 2014). Combination treatment
o evaluate the effect of 7. mirwri extract was done
by added the extract to the senal concentration of
simeprevir. the N83 protein inhibitor

Views titration W
HuhTit-1 cells 2% 10 cells/wells were seeded in

a 96-well plate and incubated for 24 hours. Virus
supernatants were difuted i the medium and
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moculated ongithe Huh 71t culture cells and incubated
for 4 hoars. ARter virus absorption. the cells were
cultured  with  medium  containing  0.4%
methyleellulose (Sigma-Aldrich) tollowing 41 hours
imcubation. Infected cells were analyzed with
immunostaming using ant-HCV pauent anu-serum
(250-time dilution on 2% BlockAce 1%BSA PBS) and
HRP-goat antthuman Ig anubody (300- on 2%
lockAce 1"BSAPBS). The HUV antigen positive
cells were visuahized with Metal Enhanced DAB
substrate kits (Thermo Fisher Scientific. Rockford,
USA). The infected cells were counted under
microscopes and caleulated the percentage mhibition,

Cyvtotoxicity analysis

The cytotoxicity analysis was conducted to
determine whethe ¢ extract mediated any
cvtotoxicity effects %’l (304 5-Dvmethylthiazol-
2-v1)-2 5-Diphenyltetrazolium Bromide) assay was
done by moculatmg 100, 50. 10, 1. 0.1 and 001
pgmL of extract m 96 wells platgessitare cells which
have seeded for 24 hours :\I'tcrﬂ
medium was replaced with MTT reagent containing
mediu nd incubated for 4 hours. Absorbance
sample was evithuated under a microplate reader @
450 and 600 pm.gghich is correlated with the amount
of cell viability. The percentage of cell toxicity was
calculated by comparing with untreated cells and
further determune its S0% cytotoxic concentration
(CC ) values (Apriyanto ef al . 2016).

1 imcubation. the

Bocking analysis of phyHanthin and hypa-
phylHanthin

The higand was prepared by making 2D and 3D
structures of the phyllanthin and hypophyllunthin
using ChemBiuoOffice program Ultra 11,0 and its
energy was mmmized using MMFEF94. The docking
analysis continued by Molegro Virtual Docking
ver 5.5 program Ver 5.5, resulted in rerank score
describing the mmimal energy by the ligand in
mferaction with the receptor

RESULTS

Anti-hepatitis C virus 'ivii_\- and cviotexicity
assay of Ph_rw“.w e extract
Ethanolic extract of P winerd was examined for
antiviral activities agamst hepatitis C virus JFH L, The
result showed that P nirmed possesses potential
inhibition against hepatitis C virus without any
cyvlotoxicity, Dose dependent on percentage inhibiion
and celi viabilty of . nirnri was shown in Table |
The 30% mmhibitory concentratons (10,0 was
determined by probit analysis and yield the 1, value
414 ppml without any cytotoxic effect with the
0% evtotoxic concentrations (CCq,) = 100 ue 'ml and
selectivity indexes (S CC M0 = 242

¥ i

Mode of Action analvsis of Phyllanthus niruri
extract

To evaluate that actions of extract in the HCV life
oyele. mode of action analysis of P utrure extract was
performed. The three paralle] experiments were exerted
first the ceils culture were treated wath the plant extract
it both pre- and post-inoculation. sccond cells were
treated wath extract enly during moculation to
determimne the action of extract i the entry step and
third, cells were treated only post-moculaton to
evaluate the acnon of extract i the post entry step
Pre-imoculation treatment obtained higher inlbition
than post-moculation treatment. It Em"“' that the
extract of /2 piruri mainly mhibits at the entry step
The percentage of HC'V mhibiion in the entry step
was 70% whiie post-entry sicp was than 80%,
(Figure 1) This result indicated that the mechanisny of
acthon of P ondrurs was predicted in the attachmen
with some host receptor of entry to the host cell via

endocytosis process

Table 1. Dose dependent on percentage inhitation and cell
viabiiity of Prytianifus nirur

Concentration s HCV “s Cail
(ug/mL) inhibition viability
0.01 13347 998=04

o1 25=41 99009

1 255258 9812

10 443+33 987 =12

20 88.0 = 51 987 =13

1000200 983 =15

100
5 Ea:.'x represent means « SEM of data from tree independent
experimants
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Fig. L. Extmet of Phyfllambus nirars (30 ggoml) inbibits
HOV manhy 1w the entry step. Three kinds of experments
were done o pambel. Entry: mfected-colture cells were
teated with extract only in pre-moculation. Post entry
ulected-culture cells were treated only post-inoculation,
both: mlected-calture cells were treated with extract in the
pre-and post-moculation Ih% entage HOV inhibiion,
hoth: %%, patry: 0% 43%: Dty represent means + SEM

of data from three independent expenmients
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Combination treatment of Phyllanthus wiruri
extract and simepreviv (NS3 protease imhibitary
Simeprevir is an antiviral drug that acts to
inhibit NS3 protem. Combination treatment by
adding 23 pgml of  wiruri extract was obtained
mereasing HOV mhibition (Figure 2). The potency
of combmation treatment was mereased m 4-fold
with the 105, vatue 3.34 nM = 0,03, while the 1Cs,
value of simeprevir single treatment was 11.23 nM
£ 0L36. P nerury extract showed 10 reduce HCV NS3
protemn level under western blot analysis (Figure 3),

Docking analysis of known compounds from
Phyllanthus niruri

Phy Hanthin and hypophyilamhin are known as
isolated compounds from 7 wivwd To predict the
interaction of those compounds docking analvsis
wis performed. Several prowens from Protein Data
Base twww resb.org) were evaluated to examine their
interaction with Phyllanthin and hypophyllanthin,
The result demonstrated a strong interaction
between phyllanthin and hypophyllanthin with
JGAG. The rerank score value of phyvlianthun and
hypophyllanthin were -110,125 and -88 645 keal
mok respectively, while the rerank score of standard
hgands was 450229 keal/mol. This result indicated
the strong interaction between phyllanthin and
hypophyllanthin to the 4GAG receptor. The receptor
of 4GAG was reported 1o be a protein that imvolves
i the entry step of HCV, neutrahizing antibody
AP33 in complex with E2 epitope (Colpins and
Baument 2016: Zhu o7 ol 2014}

The hydrogen bonding and stene van der walls
leraction were mvolved m the mteracuon between
compounds to the receptor. Hydrogen bonding of
phyllanthin with Ths 164 and Gln 42, and the steric
van der walls between phyllanthin with. Asp 167,
Vall 163, His 164, Gind2, Lys39. Prod0 and Glyd |
contributed the binding interaction of 4GAG and
phyllanthin (Figure 4A). Hypophyllanthin revealed
weaker interaction than phyllanthin with hydrogen
binding to His 164 and steric van der walls-bond
0 AspleT. Valled, 1hisl64 and Thrl6f (Figure 4B8)
While the standard ligand revealed hyvdrogen
binding to His 164 and Asp 167 and steric van der
wails 10 Asp 167, The mteraction of phyvlianthin and
4GAG was clearly described 1n the 3D profile
tFigure 3)

DISCUSSION

Muedicinal plants and many natural sources are rich
vith chemical substances that responsible i maiy
L:oacn\'ihc:-: including antiviral We previcusly
summartzed potential plants that have anti-HCV
activity { Wahvum o7 af . 2016). Our current study
reported anti-HOV activities of £ wieuri against

HOV JFH L Plant with the genus of Pivllanthis was
feported to have muny bicactivities squ«a
antimicrebial, antioxidant, anticancer. an
inflammatory. anti-plasmodial. hepatoprotective
and J:ltu‘:r.g:alix_lv e al., 1998; Kaur ér al.
2017y This study found that ethanolic extract of
P mirgri imhibited HOV with 1Cq, value of 4.14
pemL without showing cytotoxicity . The extract of
i may interfere with the ihibition effect
m the several steps of the HOV life evcle. Further
study 1o exaggie the effect of P owiruei extract in
the entry or post-entry step of the HOV life cyele
was evaluated by mode-of-action analysis. The
result was descnibed that P njrs possesses a
dommant inhibiion i the entry g[\s of the HC'V
itfe cvele (Figare 1) The steps in V Tife cyie
include entry into the host cells, uncoating and
replication of m\‘iml genome, translation of virus
proteins. and assembly and release of the viron
(Lmdenbach er al.. 2005: Ploss & Dubuisson 2012).
In the attachment-entry step. the HCV lipoviral

|
1
|
{

Fig. 2. Eximact of Phyllantiues newrr 125 pg mb) enhanced
anti-hepatitis C acuvity of simeprevir. In parallel, culure
celis were treated wath 2 senal concentration of simeprevir
ouly and the other wa¥eated with a combination of
stmeprevir and extract Eﬂa represent means = SEM of
data from three independent experiments

NS3

P-acun

CTR  S0pg'mlL 7Spe'ml

Fig. 3. Reduction of HOYENS2 protem level by Pirlantins
sirors extract. Hub 7 51t cells were infected with HOV and
trwated with r.'lhm»"urm'l of Plvifanthus i (30 and
75 myg mb) and the untrented 1 (CTR) were subjected
to western blot analysis. [i-actin served @3 an internal contzol
{0 verify equal amounts of sample loading
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of HOV-CDSR1 causes the transmission of the virus
by cell-to-cell contact {Lindenbach & Rice, 2013
Zeisel o of . 2015)

Combinatton treatment was done by adding the
extract of P owiruri 1o the senal concentrations ol
meprevir, an NS3 protein inhibitor which acts
plication step of MOV The addition of
ol

simeprevir in alinost 4-1old with the 1Cq value 3.54

in the re

P nirare extract ncreased anti-HCV activet

hine) and Steric-Van der Walls bond intermw

aM = 0.05, white the g v

Hanthin. (B1 hvpopbvilaithin, on the active siwe of

CPTEVIE Sin
s 1123 nM oo 036, These results

mdicared that P pireri extract enhanced the ann-

HOV activity of simeprevir, /% mirari was demon-

strated 1o possess a reduction effect on HOV NS3

I at the dose of 30 pg'mL of extract

protease

that F vy als

{Figure @mpw hich indicated

nvolv ¢ i the replicaton -i\.]lnl'”l-\. life \}\:\‘
Fhe various metabolites m the plants &

contribute 10 anti-HCV activities such as Lignan

Is. Navonoids, alkalowd. tar

i & Ding 2018, Kaur ef al, 2017)

and sterond

£ amarus have strong anti-hepatitis B activities
while coril t was reported 1o biock HICV NS3
protease  and NSSB  RNA-dependent-RNA-

polvm ¢ (Huane gt al 2003 Reddy et al 2018)
I ; o

P mrurt possessed various compounds, such as

gquercetin, nrruriflavone. rutin, ellagic aaud.




phyllunthin. hypophyilanthin, niranthin. lintetralin,
phyltetratin. etc. (Bagalkothar o0 ol . 2006)
Phylanthin and hypophyllanthin are the lignan
compounds that were reported as major compounds
of P mirwrr (Calixto ¢t af, 1998). To predict the
mechanism-ot-action of phyllanthin and hvpo-
phyllanthun to the HOV recepror. docking analvsis
was done by Molegro Virtual Docking ver 3.3
program. Phyllanthin and hypophylanthin possess
smaller re-rank value to compare to the hgand, 1t
indicated the stronger interaction o 4GAG receptor.
a protein that mvolves in the entry step of HOV,
newtralizing anubody AP3I3 m complex with E2
epitope (Colpitts & Baumert 2016). The interaction
of phyliathin and hyvpophyllanthin 1o the receptor
4G AG resuiting m an entry inhibition of OV to the
hepatocvte cells. The mnteraction of phyllanthin
maore stable than hvpophyllanthin. Thus it predicred
to have hgher biological activity

CONCLUSION

These results obtained strong actwvity of . niruri
extract aganst the hepatitis O virus that showed
stronger whibition in the entry step and enhances
the activity of simeprevir. Phyvllanthin and hypo-
phyllanthin, known compounds of 7 wouwrd
predicted to possess strong mmuhun with JGACG,
a protein recepror that involves i the entry step of
HOV. These results suggest that P owirerr would be
a good candidate to develop anti-hepatitis C agents
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