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Abstract

Sponges are major source of numerous ttoxic compounds that are usedfor defence as well as adaptation to the
environment. Numerous studieshavediscovered compounds fran sponge extracts that were effective against a wide range of
cancer cells. In this studyatotal of 23 sponges comprising of 19 species were collected from Northeast Borneo. Sponges were
treated and extracted using modified Folch extraction method, follwed by cytotoxicity assay to determine their effectiveness
against different colorectal cancer cells. Our results demonstrate th&fonanchora clathrata, Dysidea sp., andaspis Sp.possess
different degrees of cytotoxicity againsawide range of human cabrectal cancer cellsMonanchora clathrata (KDTO7), Dysidea
sp. (KDT09), andlaspis sp. (KDT18) are among the demosponges which possess significant cytotoxicity against colorectal
cancer cell lines, including HCT116, LoVo, SW480, and SW620. KDT08 and KDiti¢h fall under the same genuysidea,
possess insignificant cytotoxicity against colorectal cancer cells suggested environmental factors (symbiotic organisms) alay
role in biosynthesizing bioactive compoundsPresented results suggested the importareof intensifying research on isolating
and purifying natural products from marine sponges for useful applications.
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Introduction

North Borneo, being part of the Coral Triangle and sharing
the richness of marine biodiversity, houses various marine
ecosystems, including mangrees and coral reef§Greenand
Mous, 2008; Hanumet al., 2012). Consistent upwelling in
North Borneo waters supplies adequate nutrients to the
ecosystems. Nutrients from deeper ocean are brought up
through the upwelling process, andhelp in sustaining the
lifeforms in marine ecosystem(Ho et al., 2013). Its unique
marine ecosystem is gaining attentiorfrom researchers for
the rich marine biodiversity (Greenand Mous, 2008)

Marine sponges are well known fottheir richness in
bioactive compounds(Blunt et al., 2017). Many compounds
are discovered yearly from various marine organisms, and
those isolated from marine sponges alone amount to 30% of
the total (Blunt et al., 2016, 2017) The hidr frequency of
bioactive chemicals in marine organisms help them in their
survival against predators, fouling organisms, and in spatial
competition (Ebada et al., 2010; Perdicariset al., 2013).
Several bioactive ompounds discovered from these
organisms have biomedical potential and some have already
been subjected to clinical trials(Gerwick and Moore, 2012;
Mann, 2002).

The study of marine invertebrates was initiatedsince mid
1960s, and thousands of novel compounds had been
identified and reported annually (Blunt et al., 2016, 2017,
GerwickandMoore, 2012; Mann, 2002) Among the reported
chemical constituents, saterterpenoids and triterpenoids,
are of 25 and 30 carbon chain length, respectivelgnd are
commonly reported from marine sponges The tests
indicated that they possess significant pharmacological
properties against a wide range of diseasesr infections
(Tommonaro et al., 2015).

Over 8000 species of sponges are know({Reeganet
al,, 2015; Van Soeset al, 2018). However, a compéte
inventory of sponge diversity in North Borneo is not
available (Hooper et al, 2000; Lim et al, 2016). North
Borneo is one of the richest marine biodiversity ecosystems
in the world and provides erormous scope fordiscovery of
bioactive compoundsThis study was undertaken to discover
the common sponge species in North Borneo and determine
their bioactive compounds effective against human
colorectal cancer cell lines

Methodology
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Chemicals and reagents

HPLGgrade methanol and chloroform were procured from
Fisher Scientific UK (Loughborough, Leics, UK). Analytical
grade hexane and ethyl acetate were purchased from Merck
(Darmstadt, Germany). Silica gel (mesh sizemge at 0.063
0.200mm) and preparative thin layer chromatography
(PTLC) plates coated with Bs4 fluorescence indicator were
obtained from Merck (Darmstadt, Germany). Cell culture
medi ums, Eagl e’ s mi ni mum
Dulbecco's modified Eagle's mgium (DMEM), Roswell Park
Memorial Institute medium (RPMI 1640), accutase, antibiotic
mixture (10,000 units/ml penicillin and 10 mg/ml
streptomycin),  3-(4,5-dimethylthiazol -2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) reagent, dimethyl sulfoxide
(DMSO), ad Hoechst 33342, were obtained from Nacalai

Tesque (Kyoto, Japan). Phosphate buffer saline (PBS) was

purchased from Merck Millipore (Billerica, MA, USA), and the
fetal bovine serum was acquired from Tico Europe
(Amstelveen, Netherlands).

Sample collection and extraction

Samples were collected from Kudat (6°58'32.88"N,
116°48'48.48"E; and 6°57'45.74"N, 116°50'3.72"E) and
Maliangin Island (7° 4'50.99"N, 117° 3'12.00"E; and 7°

4'25.56"N, 117° 1'39.24"E) in Sabah using SCUBA. A total of

24 sessile sponge(Figure 1) were sampled from Kudat. The
depth of all four dive sites was limited to 1815 m, where
benthic marine life is abundant. During sampling, only
dominant sponges were harvested. They were kept at low
temperature prior to transporting to the laboratory for
further processing. A voucher of collection from each
specimen was identified by theSweeCheng Lim Liquid
nitrogen was employed during grinding, followed by
lyophilization and ground samples were stored in-80 °C
prior to extractions. Homogenizal samples were extracted
using modified Bligh and Dyer extraction protoco(Bligh and
Dyer, 1959). Concisely, polar and nopolar compounds were
separated using optimized ratio of water, methanol and
chloroform (Lin et al., 2007). A total of 45 mL of extraction
solvents were added to a 0.5 g sample and kept overnight.
Non-polar layerwas collected, and solvents were evaporated
completely using vacuum concentrator. The crude extracts
were kept in -80 °C for storage prior to isolation of
compounds and other bioassays.

Cell culture and bioactivity screening
The crude extracts werescreened using MTT assay onto

human colorectal cancer cell lines (HCT116, LoVo, SW480,

and SW620). HCT116 was cultured in MEM; while DMEM for
LoVo, SW480, and SW620. These cell
supplemented with 10% of fetal bovine serum and 1% of
antibiotic mixture and maintained in a humidified incubator
in 5% CQ at 37 °C. Extracted compound was reconstituted in
DMSO and diluted into a series of concentrationbefore
adding to the culture medium.

Approximately 5,000 cells were seeded with 100 pL of
culture medium in each 96well plate for overnight before

essent i

lines were

treatment with the isolated compound where the culture
medium was replaced with a new medium together with 1%
of DMSO dissolved extract. After 24 h treatment, the culture
medium was removed ad added with 50 pL of 0.5 mg/ml
MTT solution, followed by 1 h incubation. Then, MTT solution
was removed gently and each well was refilled with 100 pL of
DMSO. Absorbance value was determined with a Tecan
Infinite 200 Pro microplate reader (Mannedorf, Swizerland)

at 570 nm.

al medi a
Results and Discussion

( MEM) ,

Among the collected specimens, KDT0O1 was identified as
colonial ascidianfrom family Didemnidae, whereas the rest
were demosponges from order Agelasidan(= 2), Axinellida

(n = 3), Dictyoceratida @ = 4), Haplosclerida (n = 8),
Poecilosclerida @ = 3), Tetractinellida (n = 2), and
Verongiida (n = 1). Taxonomic details of the demosponges
are described in Table 1. In cell viability screening (Figure 2a
andb), KDTO1 has shown the highest effectiveness against
human colorectal cancer cell lines (HCT116, LoVo, SW480,
and SW620), followed by KDT07, KDT09, and KDT18.

Numerous researches have noticed that ascidians
from family Didemnidae consisting of symbiotic prokaryotic
algae, vyield structurally unique and pharnacologically
interesting marine natural products including didemnins,
enterocins, tamandarins, paterallazoles, and virenamides
(Vervoort et al., 2000; Ogiet al., 2008; Palanisamyet al,
2017). Several polysulfur alkaloids (lissoclibadins 43) had
been isolated from a close relative of KDTOLjssoclinum sp.;
they were found to possesscytotoxicity against human
promyelocytic leukemia cell line (HL-60) with ICso of 0.37,
0.21, and 5.
al., 2017).

In our study, KDT07, KDT09, and KDT18 are among
the demosponges which possess significant cytotoxicity
against colorectal cancecell lines, and they were identified
as Monanchora clathrata, Dysidea sp., and Jaspis sp.,
respectively (Figure 2 aandb). Species fromMonanchora are
known for their bioactive polycyclic guanidine alkaloids
(Hua et al., 2004; Gallimoreet al., 2005; T&ishima et al.,
2009). Monanchocidin, a polycyclic guanidine alkaloid,
isolated from M. pulchra posses®s pro-apoptotic effects
against human cevix epithelioid carcinoma cells (HelLa) at
ICs0 11.8 y MGuziiet al., 2010).
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Figure 1. Underwater images of the collected spongdike invertebrates.




Borneo Journal of Marine Science and Aquaculture

Volume: 02 | December 2018, 40 - 47

Table 1. Sponges collected from Northeast Borneo.

Family Species Specimen
Order Agelasida

Agelasidae Agelas sp. KDT15
Agelasidae Agelas sp. KDT20
Order Axinellida

Axinellidae Axinella sp. KDT10
Raspailiidae Raspailia sp. KDTO03
Raspaliidae Echinodictyum mesenerium KDTO05
Order Dictyoceratida

Dysideidae Dysidea sp. KDTO08
Dysideidae Dysidea sp. KDTO09
Dysideidae Dysidea sp. KDT21
Irciniidae Ircinia cf.irregularis KDT14
Order Haplosclerida

Chalinidae Cladocroce sp. KDT22
Niphatidae Cribrochalina sp. KDT13
Petrosiidae Xestospongia sp. KDTO02
Petrosiidae Petrosia sp. KDTO04
Petrosiidae Petrosia sp. KDT11
Petrosiidae Petrosia sp. KDT16
Petrosiidae Petrosia sp. KDT17
Phloeodictyidae Siphonodictyon maldiviense KDT12
Order Poecilosclerida

Crambeidae Monanchora clathrata KDTO7
Microcionidae Clathria sp. KDT24
Tedaniidae Tedania sp. KDT23
Order Tetractinellida

Ancorinidae Jaspis sp. KDT18
Ancorinidae Jaspis splendens KDT19
Order Verongiida

Pseudoceratinidae Pseudoceratina sp. KDTO06

*KDTO01 was excluded due to its identity as colonial ascidian.
** Most of the specimens could not be identified to species level.
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Figure 2a. Cytotoxicity of crude extracts against human colorectal cancer cell lines.
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Figure 2b. Cytotoxicity of crude extracts against human colorectal cancer cell lines.
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Dysidea are well-known for their unique cytotoxic
terpenes. Dysideanones and dysiherbols are some of the
representative sesquiterpene quinones and meroterpees
isolated from Dysidea collected from South China Sea, which
were found to inhibit human cancer cell§Jiaoet al., 2014;
Jiaoet al., 2016) . Researches revealed that dys&hnone B
possessed cytotoxicity againsthuman cervix epithelioid
carcinoma cells (HeLa) and human hepatoma cells (HepG2)
withICso0o f 7. 1 and 9. 4Jiapedul, 2014),s p
whereas dysiherbol A showed potent cytotoxic activity
against human myeloma cancer cells (NCI-BR29) with 1Cso
of 0. @i8etwIM2016). Jaspis, as compared toother
identified sponges in our study, wasreported rich in
cytotoxic metabolites, with potential cancer inhibition
properties. Jaspiferals and stelliferins are some of the
examples of antineoplastic terpenoids isolated fronjaspis
sponges with active cytotoxicityagainst various cancer cell
lines (Tsuda et al., 1991; Kobayashi et al., 1996; Zampella et
al., 2000; Mergelman et al., 2001)Cytotoxicity of stelliferins
A-F and jaspiferals AG isolated from Okinawan jaspis
stellifera was reported since early 1990s. The jaspiferals G
and stelliferin A exhibited the highest cytotoxicity against
murine lymphoma L1210 cells with 1Go of 0.54 and 0.57
png/mL, respectively (Kobayashiet al,, 1996; Tsudaet al.,
1991). Jaspis also contains various groups of antineoplastic
compounds, such as macrocyclic peptides (jaspamides),
macrolides (jaspisamides),and heterocyclic compounds
(bengamides and bengazoleg)Kobayashi et al., 1993; Bubb
et al., 1994; Senderowicz et al., 1995; Groweiss et al., 1999;
Zampella et al., 1999). Evidently, jaspis sp. has a higer
potential in novel oncological drug discovery.

The production of chemically active and structurally
uniqgue compounds by sponges depends on variodiactors,
including the variety of symbionts, symbiotic microbial
interactions, external biotic and abiotic stresgHentschelet
al., 2001; Belarbiet al., 2003; Paget al., 2005). Alteration in
environmental factors alters the symbiont population and
yield of different chemicals. Therefore, genetically identical
sponges are found to possess chemical variation across
various abiotic factors (Pageet al., 2005). This explains why
KDTO08 and KDT21 do not possess cytotoxicitynlike their
close relative, KDT09, and similar phenomena was observed
in Jaspis.

Conclusion

A total of 23 sponges were harvested, out of which three
were found to possess significant bioactivity against human
colorectal cancer cells andhave high pharmaceutical value.
These sponges were identified adonanchora clathrata,
Dysidea sp., and Jaspis sp. The presence of bioactive
compounds in sponges depensl on both internal and
external factors. In conclusion, KDT18/@spis sp.) posseses
a greaterpotential in drug discovery and is recommended

for thorough studies, including isolation of bioactive
compounds, followed by pharmacokinetic and
pharmacodynamics studieson the isolated compounds.
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