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ABSTRACT
!Lrim' #os have been the seurce of vanous metabalites with potent biological activities, In this study fifteen methanolic

exiracts of marine sponges, collected off the coast of Tabuhan lsland, Rany

East lava. Indonesia were evatuated in

relation to therr cholmesterase and So-reductase mhibitory aetivines. The results revenled that the extract of Pemrosia sp
miubited the Sce-reductase enzvme ot 100 g ml. with 61 21% mimhition, which is slightly lower than the positive control.
finasteride. of 76.70%. The results of the cholinesterase inhibitory screening shoved that thice masine sponges namely,
Cullyspongia sp.. Niphates olemda, @8 4gelas nukanira presented notable cholmesterase ihibitory activities. The highest
potency was found in A Nulmmmu:ﬁan o voloe of 195 pgiml. AH three samples Hal both scetylcholmesterase
{ACKE ) and butyrylcholinesterase (BuChEL however. the extract of N alemda showed 3 higher inhibition zgamst AChE
campared to BuChE. The chemisiry of the Callvspongia sp.. M. olemda and 4. nakamurai were investigated using thin layer
chromatography and 'H NMR methods. The results suggested the presence of terpenes and alkaloids in the samples. Further

study 15 needed o determine the metabolite responsible fur cholinesterase mbibiton actian

Key words: Marine sponge. acetvicholinesterase inhibitor. Ser-reductase inhibator

INTRODUCTION

Oceans. which cover almost two-thirds of the Lasth's
surface. have been the habulat of vanous living
creatures. including algae. sponges, cnidarians.
mollusks. brvozoans, ascidians and echinoderms as
well as mucroorganisms (Costello er ai., 2010, m
species diversity makes the manne environment one
he maost prolific sources of natural products.
Tore than 20,000 natural compounds have been
discovered from varous marine organisms (Fl
Gamal, 2610} Many of these marine creatures
produce umque and bologically active compounds,

* To whom conespondence should be addressed.

which are not tound mn the terrestnal ccosystem
i Thakur er af.. 2005, Harvev, 2008: Molinski et al.,
2p1

Enzyme mlubitors have plaved important roles
m the development of natural compounds for
pharmacologiged and agricultural applications
Terrestrial and marme organisms have been reported
as the source of enzyme mhubitors (Ruocco e af.
20017y Examples of target enzymes for biological
screening melude chohmest » and Saereductase
Cholinesterase is present in the human central
nervous system and is involved in the hydrolysis
of acetylcholine (ACh) 1o chohne and ethanoic acid.
ACh 15 a neurotransmitter, produced in the nerve
ending of the presynaptic nerve, which is asso-
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ciated with memory and cognitive functions
(Houghton ef @l 2006, Dev & Maurya. 2017). h
deficiency is a common feature in a patient with
Alzheimer’s disease (AD). theretore. the mhibnion
of cholinesterase is one of the strategies for the
treatment of AD. Example of approved AChE drugs.
mcluding tacrine. nvastigmine. physostigmine and
galantamine, however, there is the lumitation of these
drugs. for example. short half-life, side ¢ffect such
as hepatotoxieity as well as the loss of drug efficacy
{Nukoolkarn er al, 2008 Farrokhnia & Nabipour.
2014). Therefore. the search for more potent and
safe cholmesterase mhibitor has been desirable

Gialantamine and rivastigmine are examples of
naturally derived acetyicholinesterase inhibttors,
which have mspired more research on more potent
ACKE inhibitors from natural sources. including
marime orgay s Several marine spoage com-
pounds have g:- been reported to inhilglt AChE
enzymes. such as a sterowdal alkaloid from Certicium
sp (Langie et al, 2007y, pyridoacridine alkaloid
petrosamuine, isolated from Perrosia sp.. which
wis predicted to bind 1o the TcACHE enzyme
(Nukoolkam et @f.. 2008). pyridinium alkaloids from
iere sargl and from a genws Plokortis (Alonso
., 2005: Turk ef af.. 2007; Kubota ¢t al ., 2010},
is-indole alkaloid from Fascaplvsinopsis sp.

harate ef al.. 2012), and a bromopyrolie alkaloid
isolated from Agefay oroides (Erdogan-Orhan et al .
2012,

A Su-reductase is an enzyme responsible for
the conversio testosterane, the mam androgen
i humans, to dibydrotestosterone (DHT ), & more
potent androgen. The excessive production of DHT
may cause androgen dependent disorders. The
charactens of these diseases include androgenic
alopecia (male pattern baldness), ucne. benign
prostate hy asta (BPH) and female hirsutism
(Tsukamoto ef al., 1998 Suphrom eral. 2012;
Stivilat er al. 2016) An antiandrogen is a e
pound that can block or suppress the action u!'m
male sex hormane, such as testosterone or DHT. One
of the antiandrogen mechanisms is lhawibnim! of
the Su-reductase enzyme so that the congsion of
testosterone to DHT is blocked. This Sa-reductase
inhibitor a selectively inside its target cells.
therefore. it does not lower the serum concentration
of testosterone and canses almost no sdverse
reactions. such as the reduction of gesido (Grant
& Ramasamy. 2012), The use of Sa- ctase
inhibitors, such as finasteride which has been
approved by the United States FDA. for treatmy
of BPH. however. mav cause side efiect ie
gyvnecomastia. impairment of muscle growth, and
severe myopathy (Aggarwal er al., 2010). Therefore,
the scarch for a more potent and sclective
antiandrogen is needed.

Several plant metabolites@ve been reported as
Je-reductase whibitors (Seo of al., 2002, Saphrom
etal . 2012: Srivilai et af . 2016; Grant et af . 2012,
however, there are limited reports of ine derved
compounds that target this enzyme. The objective
of the current study is to investigate the mhibitory
activity of fifteen marine sponges, denived from
Tabuhan Istand. Banyuwangi. East Java. Indonesia.
against cholinesterase and Sa-reductase enzvmes.,

MATERIALS AND METHODS

Reagents

Acetylcholinesterase from electrie eel tACHE
wpeVi-5, LeAChi). human recombmant acetylcho-
hinesterase (hrAChE). ggrse-serum batyvrylcho-
hinesterase (BuChE). acetvithiocholine iodide
(ATCD, 5.5 -d:thiobs| 2enitrobenzoic acid] (DTNB),
and bovine serum albumia (BSA). trisma base-HCl
buffer { Tris buffer). galamtamine and finasteride,
reagents were obtained from Sigma-Aldnich. Crude
enzyme Sa-reductase was prepared from and i~
dependent ENCalP cells (CRL-1740TM Trom
American Type Culture Collection. VERISA ) The
cell was cultured in a medium MI-1640.
supplemented with 10% fetal bovine serum, 100
U/mL penicillin G and 100 pp'mL streptomyvein
tCibeo. Paistey. Scotland).

Sponge collection and extraction

Marine sponges were collected from the
Tabuhan 1 dive site, Banvuwangi, East Java.
Indonesia using SCUBA at a depth of 10-20 m
on 23 Apnl 2017, Fresh sponges were taken to the
laboratory and stored at -20°C untyl extracty
Voucher specimens were preserved in aleoho) o
deposited at the Department of Pharmacognosy and
Phytochemistiry. Faculty of Pharmacy, Universitas
Atrlangga. Surabaya, Indonesia. Identification of
th mnges was condueted by Dr. Tr Arvono Hadi
of Kesearch Center of Oceanography, Indonesian
Institute of Sciences. Fakarta, Indonesia Fresh
sponges were diced and Ivophilized. The dry sponge
materials were then grounded and extracted
exhaustivelyv with methanol to produce the crude
methanolic extracts

(‘holincmtsc inhibitory assay

The assay was carried out according to the

ified Ellman’s method (Elman er al, 1961:
ngkaninan e af., 2003: Sirimangkalakith ef af .
2013) Sponge extracts were dissolved in 30 mM
Tris bufter containing not more than [0% McOH
to obtain a | mgml. concentrution, and these were
turther diluted in the microplate well o a final test
concentration of 100 pg'mb. Sample solutions were
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added to a 96-we icroplate. followed by the
addition of 1.5 mM ATCH2S5 gL, 3mM DTNB (125
pLy. and Triggmitter (50 ul) The substrate was then
hvdrolvzed by the addition of 25 L of 0.28 U/mL
of either EcAChE, ArAgE or BuChE. The solutions
were shaken for 30 s in a microplate reader (Bio-Tek
Instrument, USA) betore measurement. The product.
hiwo-2-nitrobenzoate, mdicated by a yellow color
wis measured at 405 am every |7 s for 2.29 mun
Every exper t was carnied out in tnpheate
Galantamine was used as 2 positive control. and
10% methanol was used as a negative control. For
the measurement of IC, scmmwcm:.nmn.w of the
samples were prepared. The enzyme activity was
calculated as a percentage of the velocity of the test
sampie. compared with that of the non-treated
comtrol. The inhibitory activity was calculated as
%o Inhibition = [(Mean velocity of control - Mean
velocity of sampley - Mean velocity of control] < 100

Sa-Reductase assay

The Sa-reductase guhm\r} activity was carmwed
out by thegemethod of Srivilar er af (2016). The
cnzymanc assay was performed i a 96-well plate.

The final test solution (200 pl) contamed 10 ul. of

test samples dissolved in DMSO. 34 74 uM
testosterone. | mM NADPH, h@hogenmized crude
enzyme (73 pg protein) and Tns buffer pH 7.4, The
mixture was incubated at 37°C for 60 min. Then,
300 pL hydroxylamine 10 mg'mL in 80% cthigipli
was added and further incubated at 60°C for 60 min:
The plate was then centrifuged at 170( v 1O min,
The supernatant was collected and mjected into
LC-MS for the determination of DHT production.
The DHT production was determined by L(

ESI-QTOF-MS gilent 1260 mfinity  series
connected with fent 6540 UHD accurate-mass
QEOF LC'MS). The Phenomenex Luna® C-18 (150
X 40 mm. £ pm) columm wa@lsed as a stationary
phase. The mobile phase was 001% vy formie acid
m purified water (solvent A} and 0.1% viv formic
acid n acetonitril lvent B). gradient ¢lution
starting from 40% solvent A and 60% solvent B,
then solvent B increase to X0% (% nuns). fojgwed
by isocratic 80% solvent B for 4 ouns. with a flow
rate of 0.5 mL/min, The column temperature was
set to 35°C and the spmple mjection volume was
20 uL. The extracted ion chromatogram of the
derivatized-DHT (m/z [MH|™ 306.2428) was
observed. The peak urea was used 1o caleulate the
mhibitory activity as shown in the equation below

Enzymatic mlubition (Ye) = {1-(sample~control,, .}
feontrol g, — controlg,,. 1 « 180

Ph_\ﬁhcmiml Screening

win laver chromatography was performed on
sthica gel 60 F.q plates ax a stationary phase, and
ethyl acetate: methanol (1:1) as mobile phase
Visualization wis carried out using anisaldehyde-
@U; {terpenc) or Dragendortt (alkalod). The ‘H
NMR spectra were recorded in a JEOL 400 MHz
NMR instrument using CDCH; as a solvent,

Data analysis

The 50% ﬁibitm’y congentration (1Cs.) was
determined using GraphPad Prism 6.0 software by
plotting log concentrations as axis and "o inlubition
as ordinate. The inhibition data of the samples
agamst AChLE and BuChE were analyrzed using
independent-sampie T tests in [BM 5P85 statisties
21 software

RESULTS AND DISCUSSION

Cholinesterase inhibitory activity

Fiiteen marine sponges were coliected from the
Tabuhan Island dive site, Banvuwangt. Indonesia,
The methanelic extracts of the spenges were
subjected to both cholinesterase and Su-reductase
inhibitory assavs. The results presented m Table |
showed that wt 100 pg/mL three sponges, namely
Callvspangra sp.. Niphates ofemde and Agclas
nakantitral. strongly mhibited the AChE enzyme.
with a percentage mhibiton of 97.16, 91 89 and
85.67%. respectively. The methanolic extracts of
Avvmissa sp.and Spelissa carreri showed 30-50%,
infubitory activity. while the rest ot the extracts
presented an inlubition of below 10%:. The dose-
dependent inhihitory activity of the three active
extracts (Callvspongia sp.. N olemda. and A,
nakamurar) were further mvestigated using the
human recombinant AChL (ArAChE) ensymie. The
results are presented m Figure 1, and the 1C, values
e tabulated i Tuble 3 1 was tound that among
the three samples tested. the nmhunum.\irau of
1 nakamrad had the highest potency with an 1C;,
value of 1.05 pg'mlL. while the other two ext s
Callvspongia sp. and N olemda, presented ICg,
values of 14,69 and 5675 pg mb. respectively. The
1Cs, value of the 4. nakamurai extract 1s shghtly
mgher than that of the positive control galantamine
(.63 g mL)

The three samples were then sereened agamst
butyrvlicholinesterase (BuChE) in order to mvesti-
gate the selectivaty. The results shown mn Table 2
sugpested that  the methanolic extracts of
Catlvspongia sp.. N. olemda and A, nakuarnera
inhibited both the AChE and BuChE ¢nzyme
However. the extract of V. ofemda showed a lower
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plbh 1. The inhibitery activities of the methanclic extracts of marmg sponges
against acetylcholinesterase (AChE} and S.-reductase (5¢R)

Samples % AChE Inhibition s 5uR inhibiten
Callyspongia sp 9716 + 0.93 57.72 = 5.27
Clathria (Thalysias) reiwarati <10 45.20 = 2.71
Niphates olemda 91.89 £ 0.17 5765« 1.50
Haiciona (Reniera) fasogera 10 2225=9.12
Clathra (Clathria) basiiana < 10 3162+ 445
Acanthella cavernosa <10 <10
Ageias nakamural B5.67 = 0.76 <10
MNiphaies sp < i0 28 04 = 4.00
Petrosia (Petrosia) hoeksemar <10 3018 = 4.87
Petrasia (Pelrosia) sp < 10 6121 = 381
Axynissa sp 31.04 £ 0.47 2754 = 865
Coelocartena agglomerans < 10 52.23 = 8.81
[¥osa ada < 10 BP.45 £ THBE
Stylissa carten 49.00 + 2.34 20.01 = 563
Crnachryrelia sp « 10 <10
Gatantarmne 98.44 = 0.59

Finasteride 76.70 £ B.71

Dala presented as mean = SD of thee ndependent axpariments each done in tiphcate
Samples were lested al 100 ug/ml. Galantamine and hnaslende were lested at 100 uit
(36.83 pgimb) and B ul (2.98 ug'mb). respectively.

- |
80 |
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Fig. L. Dose-dependent nunw of selected manne sponges to the inhibition ot
acetylcholinesterase. Data presented as mean + standard deviation of three independent
experiments

Table 2. Comparison of mﬁbi!ory‘acﬁvima of selected marne sponge exiracts
against acstyichalinesterase (AChHE) and butyrylcholinesterase [BuChE)

Samples s AChE Inhibition %5 BuChE Inhibiton
Caflyspongia sp 97 16 = 0 63 9365 =013
Naphates olamada GBI = 017 7330 + 055
Agelas nakamura B5 67 =« G.76 94.82 = 0.93
Galantamine 08.44 = (.59 9094 = 015

Data Esenaed BS MeaEn s standard deviaton of three independent axperiments. sach done
in tnplicate. Samples were tested at 100 po/ml. Galantamine was lested al 100 puM (36 83
ugmL)
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Table 3. IC,, values for the selectad marine
sponge axtracls agains! acetylcholinesterase

Samples 1Cey (pgmlL}
Caflyspongia sp. 1469 = 295
Niphates olemda 56.78 = 2.53
Agelas nakamurai 1.05 :ﬁi
Galantamne 063 =20

Data presented as mean + standard deviation of
thige independent expetimants sach done in
triplicate

imhibition against BuChE, compared 1o AChE
enzvime. The imhibition data of the three sumples
agaunst AChE and BuChE were then analvzed using
IBM SPSS statisties 21 software A comparison of
vach sample’s ag@aties agamst AChE and BuChl
were conducted using independent-sample T-tests
The results indicated that there is a sigmificant
difforence observed between the inhibition of the
V. olemda extract against AChE and BuChk
(p-value - 0.001). while there are no sigmficant
differences observed between the extracts of
Callyspongta sp. and those of A4 nukamurar against
AChE and BuChE (p-value »0.001)

Sa-Redueiase inlibitory activity

The methanolic extracts from the filteer marine
sponges were also subjected a Su-reductase
inhibitory assav. Samples were tes@i at a
concentration of 100 pg'ml. Finastende was used
as 4 positive comtrol at'a conce v of 8 pM
(298 pgml). The results (Table 1) showed that the
extract of Perrosia sp. had the highest inhibition at
61 21" compared to other tested samples, however,
it was lower than the activity of finasteride which
had inhibition of 76.70% Four extracts. namely.
Callvspongra sp.. N alemda, Cagelomerans and
U ada showed approximately 30 imhibiton, while
the rest of the extract presented below 0%,
imhibition

Phytochemical screening
The chemical composition of the Callyspangia
sp. N elemda and A, nekanurar were studied smce
these three samples had o high imhibition against
the AChE enzyme. The screening was conducted
ng thin layer chromatography (TLC) and 'H NMR
methods. The results indicated that the methanolic
extract of ¥ alvmdu contains terpene, ds indicated
by the anisaldehyde sulphurie acid dye on the TLC
plates. This was tfurther supported by 1 NMR.
which showed signals at 8, 1.0-5.0 ppm which
corresponded 1o the presence of methyl, methylene.
and methine groups. The TLC and 'H NMR spectra
of the methanohic extracts of Callvspongia sp. and
A nakamurar suggested the presence of alkaloid

i

and terpene. These ﬁndmgs m agredment
with the data reported in the lterature for
metabolites reported from Callvspangia sp.. N
ofemdua and A, nakamurai. Terpene compounds.
such as mphateolide A, which has been solated
from N. ofemda (Kato er al.. 20138). Callvspongia
sp. has been reported to contain terpene such as
polyhydroxy socoplane (Kurmanda er of .. 2017)
and alkaloid such as callviactam A and callyvaimine
as well as diketopiperazine compounds ¢ Yang o7 af.
2003: Yang er al., 2016). Agelas nakamurai have
been reported 1o contamn several terpenods, such as
nakamurols A-D (Shoji er ai.. 1996) well as
duerpene alkaloid agelasines (Hertiam o1 af. 2010:
Zhang eral. 2017 Chu o al., 20 7). Hervam o1
al 12010y have investigated the chemistry of
Indonesian Adgclas wahamurai. collected from
Mengangan Island north of the Rab Sea. and found
that a diterpene alkaloid. () agelasine D. was a
major compound i this marine sponge (Hertioni o
al. 20105 The ‘1 NMR spectrum of our sample of
4 nakamurar showed signals at 65 10.51, 845, 695
and 405 ppm which suggested the presence of
methyvladenine moiety, as well as several signals
between 8, ! 5-3.5 ppm corresponded to diterpens
monety, These data are similar to those reported for
agelasine D Further analyses should be undertaken
to confirm the presence of this compound m our
sample

Several sponges from the genus Apelos have
shown anticholinesterase acuvity. The extract of
Agehas oroides, as as the isolated bromopyrolle
alkalond. u!-udiu.%g\'c been reported to have a
moderate AChE ihibitory activity Agelas clathrodes
and Agelfay marmarica have shown a moderate
mhibition against AChE (Sepeic of «f 0 2010:
Beedessee or af . 2013) The chenncal constituents
of Petrasia sp was not investigated i ths study due
to the limited availability of sample. Several studies
reported that this sponge contains polvacetyIgEss
and sterols known o have anticancer activity (Kum
et al., 2002, Chot et al., 2@84: Park er al.. 2007
Palee er al.. 20173 To the best of our knowledge.
there 1s no report on the AChE inlibitory activity
of Calluspongia sp., Niphates olemda and Agelas
nanamiiral and Sa-reductase mhubitory achvity of
ferrasia sp. Further study should be camied ow w
mvestigate the metabolites responsible for this
cnzvme inhibitory actuvity of the active samples.

CONCLUSION

Fifteen marine sponges were screened agamst
chohnesterase and So-reductase. The results
sugegested that three sponge extracts, namely.
Callvspongia sp.. Niphates olemda and Agelas
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notkamuras showed a high inhibition against the
AChRE en soand A4 sakanmrai had the highest
inhibiton with an 1€, value of 105 ygmb. The
methanolic extract of Petrosia sp. exhibited
61.21% imhibition against Sa-reductase. Further
study 15 needed to study the chemustry beiund the
active samples.
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