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ABSTRACT

The aim of thes;udy was to screen antiviral activity of marine sponges extracts.and fractions against
hepatitis C virus, as well s to investigate the mode of action of the extract. The results showed that extracts of
marine sponges Homaxinella tonitai dan Microxina subtilis inhibited the growth of HCV at ICso of 27.1 and 40.5
ug/mi, respectively. Three fractions from H. tanitoi and two fractions from M. subtilis gave more than 50%
inhibiton againts HCV at concentration 100 pg/mL. The time of addition experiment revealed that H. tanitai
and M. subtilis extracts both act at enty and post entry steps. These results gugge'st that H. Tanitai and M.
subtilis extracts could serve as potential candidates for antiviral agents against hepatitis C virus.
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INTRODUCTION

Hepatitis C virus {HCV) is 3 positive-stranded RNA virus in the genus Hepacivirus of the family
Flaviviridae. HCV has been considered as causatif agent of both acute and chronic leading to the
d@velopment of hepatic cirrhosis and hepatoceiluia?_ﬁrcmma (1,2). Approximately 130—150 million pecple
globally infected by hepatitis C, and estimated 700.000 people die each’ ggar from hepatitis C (World Health
Organization, 2016). Based on the heterogeneity of the viral genome, HOV is ?:hrrenr!v classified into seven
genotypes (3-9) and more than 67 subtypes (1a,1b, 2a, 2b etc) (3, 4). The viral genome, which is a
singlestranded open reading encoding a polyprotein precursor consisting of 3000 amino acid residues that is
processed by virus-encoded and host cellular proteases into structural and nonstructural proteins. The HCV
protems BISIJ ptay essentiai roiles n the pamologscal processes associated with HOV mrecucm, SUCI'I as
carcinogenesis as well as glucose and lipid metabolic disnrders (4, 5). Current standar therapy for hepatitis Cis
u3ing triphe tombination of negyiated inteiferon, ribaviiin and specific N3 serine pidteste mhibitor, such &
telaprevir and boceprevir. The treatment is considered effective with viral clearance rate to >70% (10,11,12).
However, it cause severe side effect, such as anemia and skin rashes from the use of telaprevir and boceprevir,
and the presence of drug-resistence virus. Therefore the search for effective and safer therapy for hepatitis C
by using natural resources, such as marine sponges is siill needed.

The oceans, which occopies over 70% of the Earth’s surface, have been the habitat of various jiving
creatures, including algae, sponges, cnidarians, molluscs, bryozoans, ascidians and echinoderms as well as
microorganisms. This species diversity makes the marine environment one of the most prolific sources of
natural products. Many of these marine creatures produce unique and biologically active compounds which
may not be found in the terrestrial ecosystem. These metabolites may be produced as a means of self-defence
against predation, since many marine organisms have no spine or protective shell (13). Amongst marine
resources, sponges have been the focus of study for many years. Marine sponges are simple, multicellular, and
sessile invertebrates with approximately 15.000 species have been discovered WorldWide. Mare than 5300
metabolites have been reported from this organism (14). Many of these metabolites showed pronounced
btoactivity inciuding antiviral.

In this study we investigated art: HCV activity of ethyl acetate extracts of Homaxinella tanitoi and
Microxing subtilis collected from Barrang Lompo Island, South Sulawesi, Indonesia. Flash column fractions of
the sponge extracts were also subjected to anti HCV assay. In order to determine the mode of action of the
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MATERIAL AND METHGDS

Biological Material

Sponges were collected by using SCUBA at a depth of 8-10 m from around Barrang Lompo Island,
Makassar, South Sulawesi on May 17th 2014. Samples were kept in plastic pack in ice boxes immediately after
collection. Sponge specimens were_ﬂ_gen freezed at -20°C until analysis. Identification of sponges were
conducted by Ecology Laboratory, Department of Biology, Faculty of Mathematic and Sciences, Institut
Teknologi Sepuluh November, Surabaya. Voucher specimens were kept in etanol 70% at the Faculty of
Pharmacy, Universitas Airlangga under the accession number 17-5-14-3 and 17-5-14-4.

Extraction and fractionation

Fresi sponges (wet weigii 100 — 200 gram) were diced into smaii pieces and fiied in giass container.
Samples were extracted in dichloromethane: methanol (1:1) by using ultrasonic vibration for 3 x 5 mins each
extraction. The solvent was removed by filfistion and the residue was then re-extracted using the same
procedure twice. The collected filtrate was evapﬁf‘pted under reduced pressure to give an agueous residue,
which was then partmoned with EtOAc (3 x 50 mL). The organic layer was removed, dried over anhydrous
Nazsm, and concentrated under reduced pressure to afford brown viscous extracts.
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Anti HCV Assay

The protocol as has been described in (15,16,17). Huh7it cells were seeded in 48-well plates {5x10?
cellsfwell) a day be_fore__infec_tion. The same voiume of JFH1a, with. multiplication of infection (MOt) of 0.1
focus-forming units (ffu)/cellwas mixed with serial dilutions of the extracts (100, 50 25, 125, 6.25 and 3.1
ug/ml) and inoculated to the cells. Single concentratin of 100 pg/mi samples were used for flashiGolumn
fractions, as well as for time of addition experiments. The mixture was incubated at 37°C for 2 b, and the cells
were rinsed twice with serum-free medium to remove residual virus, followed by incubation for an additional
46 h with the same medium. At 48 h p.i, the mmﬁ;rsﬂﬁemétmts were collected and used for virus titration.

b

Virus utraton was conducted by piacing H‘m?u-i_.ceiis (2.4 x 107 ceiisfweii) in 3 S6-weil piate 1 gay
prior to wu.s infection._ Culture supernatants obtalned from HCV-infected cells were seri ally diluted 25-fold in
tultuze medium and Indiculated to the celis. The virus was adsortied 1 the cells at 37°C for 2 b, followed b
incubation for 46 h with a medium ctaining 0.4% methyicellulose (Sigma-Aldrich). HCV titers were
conducted using a focus formation assay. HCV antigen-positive cells were stained with HCV-idfected patient’s
serum and horseradish peroxidase-conjugated goat anti-human 1gG (MBL, Tokyo, Japan). A metal enhanced
DAB suhs'trﬁe kit {Thermo Fisher Scientific Inc, Rockford, IL, USA) was used to detect the infectious foci, which
werp thap imaced and rounted using the katibati rounte; sofrware

The mode of action of the extracts were examined by conducting time of addition experiments. Two
sets of experiments were done in parallel: (i} to assess the antiviral effect at the entry step, a mixture of HCV
and sample was inoculated into the cells. After virus adsorption for 2 hours, the residual virus and the sample
were removed. The cells were then refed with fresh medium without sample for 46 hours; (i) to assess the
antiviral effect at the post entry step, HCV was inoculated to the cells in the absence of the sample. After virus
adsorption for 2 hours, medium containing samples were then added followed by incubation at 46 hours; (iii)
as a positive controi, HCV mixed with the sample was inoculated to the cells. After virus adsorption for 2 hours,
the residual virus angd the sample were removed, and celfs were refed with fresh medium containing the
sampie for 46 hours. Cuiture supernatants were obtained at 1 and 2 days post-infection (dp1) and titrated for
virus infectivity. Virus and cells treated with medium containing 0.1% DMSO served as a control. The
percentage of inhibition of the samples against the virus were then calculated by comparing to the control.

The cytotoxicity of the samples was determired by MTT method as has been described previously
(17). The method was baced on colorimetric reaction of 3-{3,5-dimathyithiazol-2-yi}-2,5-diphenyitetrazolium
bromide with enzyme dehydogenase inside living cells to form a coloured formazan dye, which corresponded
to the number of viable cells. In this assay Huh7it cells were mixed serial diilution of the samples or control in

was removed from 96 well plates and then 150 il/well of MTT 10% was added, followed by incubation for 4
hours at 37°C. The MTT solution was removed from 96 well plates and 100 ul/well of DMSO 100% was then
added. Reaction mixtures were homogenize by shaking for 0.5 min before measurement of absorbance at 560
nm and 750 nm.

RESULTS
Anti HCV activities of Homaxinela tanitai and Microxina suktilis extracts
Tite eiityi acetate exiracis of H.ianiiar and i, suliifis :nuyj-u anii-HCV activilies wiih S30%-ininbitoty
concentration {ICso) of 27.1 ne/mi and 40.5 pg/mi, respectively (Table 1}. Cytotoxicity of the crude extract
against Huh7it: ool was determined using MTT 8353y. Severe cyioloxigty was nol observed st the

concentrations tested and the CCso value was > 100 ng/ml. The selectivity index was evaluated (SI; CCsofICso);
the St values were 3.7 and 2.5 respectively.
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Table 1. 1Cse and CCso values of H. tanitai and M. subtilis extracts
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Samples ICso {pig/mi) CCso [pg/mi) SP
H. tonsai 271 >100 >3.7
M. subtilis 40.5 >100 >2.5

50 Selecuvity index ‘Cs.,ufn.,nj
The ethyi acetate extracts of both marine sponges were sub;ected tojflash column chromatography
by using Sepacore® flash column chromatography, employing gradient elution of n-hexane, ethyl acetate and
methanol in order of increasing polarity to obtain 7 fractions. Each fractions were then submitted to anti HCV

assay using single concentration of 100 pg/mi. The percentage of inhibition of each fractions was calculated
{Table 2).

Table 2. Anti HCV activities of M. tanital and M. subtilis fractions

Samples %inhibition
H.tonitoi Fraction 1 ]
H.tanitai Fraction 2 ¢}

M tanitai Fraction 3 1]
H.taonitoi Fraction 4 83B8t35
H.tonitai Fraction 5 96.6+2.2
H.tanitoi Fraction 6 63.2+11.2
H.ranitoi Fraction 7 4954 +4.7
M. subtilis Fraction 1 a
M. subtilis Fraction 2 0
M. subtilis Fraction 3 0
M. subiilis Fraction 4 0
M. subtilis Fraction 5 368135
M. subtilis Fraction b 889109

ivi. 3ubtiiis Fraction 7 80.818.7
Sampies were tested at 100 pg/mi; data represented as mean £ SO of two
independent experiment each performed in duplicate.

Time of addition experiments were performed to determine the possible mode of action of the
extracts. Single concentration of extracts were used in this experiment. Tested samples were added to the cell
oniy during virai inocuiation or oniy aiter virai momnauon Tor the remaining cuiture period untii virus harvest.
The results (Tabie 3) suggested that both extracts inhibited HCV activities at both entry and post-entry stegs.

Tabie 3. Time of addition analysis of H ronitoi and M. subrtilis extracts

%inhibition
Samples® During Post inoculation During+Post Mode-of-Action
inoculation maculation
H. tonitoi 88.7 84.2 99.6 Entry and post-entry
inhibition
M. subtilts 381 454 868 Entry and post entry
inhibition
*Samples tested at 100 pg/ml
DISCUSSION

Marine spmgesﬁw been the fruitful source of many bicactive metaboli ites, including antiviral.
Several marine sponges have been reported to have anﬁﬁHC\J’ activity, such as Amphimedon sp.(18) and
undescribed species of the genus latrunculio (19). The ethyl acetate extract omnphlmedan sp. showed
inhibition of both protease and helicase activities of hepatitis C virus NS3. Anti HCV metabolites have also been
succesfully lsolated from. marine sﬁcmees, such as halisulfate 3 and s%anme both obtained from unidentified
Demospongiae spong derived from Okinawa Japan. Both compounds inhibited NS3 helicasa-activity in 3 dose
dependent manner with ICso values of 4 and 3 pM, respectively (12). Another sponge metabolite reported to
lld“‘& lel nl..\f dt.uvuy ls o b&lle& Ul marum uuuurnauumb. I e mM_m'ktuum; M. l— d[lu U!!IYUl uunu.nudwm (%

with ECsp value < 10 uM (19).
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In order to determine the mode of action of extracts, whether it exerted the effect on the entry or
post entry steps, time of addition EXperiments were carned out. jo examine the HCV effect at the entry step,
sample was only added at the first 2 h of experiment, followed by incubation of cels with fresh media without
Saimpie 167 36 h. Meanwhilg, 1o detenmine whether Sainipie at the post EillTY ST&p, Virus was indculated into
tie cell in the absence of sample, after virus adsorption for 2 h, sample was added and incubated for 46h. The
results [Table 3} showed that ext, «ct of H. tanitai exhibited 88.7 and 84.2 % inhibition against HCV at 996
ug/mL during inoculation and post inoculation, respectively. However, hetter inhibition {100%) of extrag was
obtained when it was added through out experiment. This result suggested that H. tanitoi extract act at both
enfry and nact enfry stens At the sama roncentratinn extract of M cuhilic chowed lower inhihition Againts
HCV compare to extract of M, tenitoi at 38.1 and 45.4 % during inoculation and post inoculation, respectively.
However, the extract gave higher inhibition at 86.9% when it was added in both steps {during and after
inoculation), which indicated that M. subtilis extract exerted the activity at entry and post entry steps.

CONCLUSION
The results of this study suggest that the ethyl acetate extracts and fractions of marine sponges
Homaxinella tanitai and Microxing subtilis exhibit antiviral activity against hepatitis C virus. Both extracts
exerted the effect at entry and post entry steps.
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