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The ocean is an exceptional source of natural products with many of them exhibiting novel

structural features and bioactivity. As one of the most interesting phylum with respect to

pharmacological active marine compounds, Poriferas have been investigated widely in the

last few decades. A total of 60 organic extracts (hexane, ethyl acetate and butanol) from 20

species of marine sponges from Mauritius were screened at 50 �g/ml in an in vitro screening

assay against 9 human cancer cell lines. From these tested extracts, many exhibited pro-

nounced cytotoxic effect at least in one of the cell lines and cell type cytotoxic specificity

was observed. 27% of ethyl acetate, 11% of hexane and 2% of butanol extracts were found

to possess a cytotoxicity ≥75% on 9 different cancer cell lines with the sponges Petrosia sp.

1, Petrosia sp. 2, Pericharax heteroraphis and Jaspis sp. being the most active. Overall, the HL-

60 cells were much more sensitive to most of the extracts than the other cell lines. We further

evaluated the properties of the ethyl acetate (JDE) and hexane extract (JDH) of one sponge,

Jaspis sp. on KB cells. JDE displayed a smaller IC50 than JDH. Clonogenic assay confirmed the

antiproliferative effect of both extracts while mitochondrial membrane potential change and

microscopic analysis demonstrated extracts-induced apoptosis. Treatment with 100 ng/ml
of JDE led to a significant increase of cells (24 h: 4.02%; 48 h: 26.23%) in sub-G1 phase. The
cytotoxic properties of the tested ex

pounds with pharmacological poten

the active constituents.
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ntroduction

rganisms have shown to be potential sources of
compounds with pharmaceutical interest (Munro

9; Faulkner, 2000) with sponges, bryozoans and tuni-
ng the most promising marine organisms as sources
ctive compounds for drug development (Faulkner,
cause of their prevalence, ease of collection and
biosynthesize an array of structurally diverse nat-

ucts, marine sponges have been the primary source
ically active marine natural products (Belarbi et al.,
nt et al., 2007). The initial work of Bergmann on

ge nucleosides, spongothymidine and spongouridine
arine sponge Cryptotethia crypta (Ireland et al., 1993)
major role in promoting the search for marine bioac-
cules. In the recent years, marine natural products

ecting has yielded a considerable number of drug
es, most still being in preclinical or early clinical
ent, with only a limited number already in the mar-

fner, 2003). Among these, several anticancer agents
rom marine sources especially sponges have entered
al and clinical trials (Mayer et al., 2010; Andavan and
s-Gruber, 2010; Miller et al., 2010) and have shown
activity against various tumor types (da Rocha et al.,
ncer, as one of the most important diseases in
has always attracted the scientific and commercial
ities with an effort of continuously discovering new
er agents from natural products sources (Kinghorn
03). Even the US National Cancer Institute (NCI) has
d on this avenue since the 50 s and has subsequently
nificant contributions to the discovery of new natu-
rring anticancer agents (Cragg and Newman, 2005).

nt example is of eribulin mesylate, a derivative of
drin B isolated from the marine sponge Halichon-
ai that has achieved success in phase III clinical
elves et al., 2010) and has been recently approved

od and Drug Administration (FDA) and the European
es Agency (EMEA).
l in vitro assay methodologies have been devel-
study the effects of stimulatory or inhibitory
cancer research (Cook and Mitchell, 1989). A bat-

everal different cancer and normal cell lines can
nd determine the selectivity of a test substance.
d for rapid tests has led to the development of

of assays notably tetrazolium salts. MTT, 3-[4,5-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide is a
luble tetrazolium salt, which is converted to an insol-
le formazan by the cleavage of the tetrazolium ring
ate dehydrogenase within the mitochondria. This
product is impermeable to cell membranes and thus

ates in healthy cells. The validity of MTT assay has
ed on various cell lines (Mosmann, 1983) and over the
eral modifications have been proposed to improve

atability and sensitivity of this assay (Denizot and
6; Hansen et al., 1989). More recently, newer tetra-
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ombination of MTT/MTS assays on nine human can-
nes. Toxicity to a normal lung fibroblast (MRC-5) was
s a control. Additionally, to validate our observation,
tigated the detailed cytotoxic properties of the ethyl
nd hexane extract from a sponge, Jaspis sp. on KB

is study is a project of the Mauritius Oceanography
, Mauritius and has as aim the screening of a variety
ical activities of marine sponges with an attempt to
the knowledge about the marine fauna and in finding
tances with potential pharmaceutical applications.

aterials and methods

aterials

ethyl acetate and butanol were from SDFC Lim-
EM, RPMI-1640, fetal bovine serum, amphotericin
n-EDTA and l-glutamine were purchased from PAA
ure. Ethoposide, campthothecin, dimethylsulfoxide
sodium pyruvate, JC-1, MTT and gentamycin were
ma. Paclitaxel was from Enzo Biologicals. CellTiter
ous Non-Radioactive Cell Proliferation Assay (MTS)
Promega.

pecies collection

pecies of sponges involved in this study were col-
rough SCUBA diving at depth varying from 5 to 40 m
2004 and 2011. Samples were photographed in situ
species characterization and identification. Voucher

of each species were identified by Prof. Rob W.M. van
d deposited at the Zoological Museum of University
rdam, The Netherlands .The species investigated in
y are detailed in Table 1.

reparation of extracts

ollected marine sponges were set free of any debris,
mall pieces, weighted and freeze dried. Depending on
ability of the specimen, the dried sponge (49–400 g)
erated with methanol and dichloromethane (1:1)
h. After maceration, the solution was filtered and

ed to dryness on a rotatory vacuum evaporator set
ximum temperature of 40 ◦C. This constituted the
tract, which was dissolved in distilled water to be
ed subsequently with n-hexane, ethyl acetate and n-
to afford non-polar, semi-polar and polar fractions
ely. The extracts were weighed and stored at −20 ◦C
d.

reparation of test materials and reference drug

were dissolved in DMSO (10 mg/ml) and further
n medium yielding a final testing concentration of

with a final DMSO concentration of 0.5%. This con-
n of DMSO did not affect cell viability. Positive control
de (42 �g/ml), paclitaxel (50 �g/ml) and camptothecin

l) were prepared in DMSO.

dx.doi.org/10.1016/j.etap.2012.05.013
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Table 1 – Sponge species examined in this study.

Species Family Physical appearance

Petrosia sp. 1 Petrosiidae Large, compact structure without defined shape, visible oscules.
Dragmacidon coceieum Axinellidae Thin sheet-like coating of the substrate with rough surface
Dragmacidon durrissima Axinellidae Thick sheet-like coating of the substrate with rough surface
Jaspis sp. Coppatiidae Very soft texture with prominent oscules
Plakortis nigra Plakinidae Very soft texture with small occules on the smooth surface
Petrosia sp. 2 Petrosiidae Distinct tubes with oscules at the apex with rough surface
Dysidea aff. cinerea Dysideidae Soft and flexible texture with many flattened lobes projected from base
Iotrochota purpurea Mycalidae Thin, string like sponge with spiny surface
Rhabdastrella globostellata Geodiidae Massive, bitter gourd shape with prominent oscules
Biemna tuberosa Desmacellidae Large, compact specimen without a definite shape with smooth surface.
Acanthella pulcherrima Axinellidae Soft texture with large oscules, thickly encrusting
Axinella donnani Axinellidae Hard texture firmly attached to substrate with very small oscules
Acanthella cavernosa Axinellidae Massive and spherical with soft texture
Pericharax heteroraphis Leucettidae Solid free-standing sponge with a big opening at one end
Acanthostylotella sp. Raspailiidae Soft, thickly encrusting with randomly distributed oscules
Liosina paradoxa Dictyonellidae Body is fleshy, resilient and tough
Haliclona sp. Chalinidae Multiple clumps of hollow cylinders; smooth and delicate.
Dactylospongia sp. Thorectidae Thick, fleshly encrusting sponge
Spheciosp size s
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an cancer and one human normal cell lines were
cytotoxicity assays: cervical adenocarcinoma (HeLa),
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CF7) cell lines were purchased from the American
ure collection (ATCC, Rockville, MD); acute promye-
ukemia (HL-60), lung carcinoma (A549), colorectal
a (HCT 116), pancreatic carcinoma (Mia Paca-2), col-
enocarcinoma (HCT-15), epidermoid carcinoma (KB)
fibroblast (MRC-5) cells were a generous gift from

y Cresteil.HeLa, HL-60, A549, HCT 116, HCT-15 and
ere cultured in RPMI-1640 while MRC-5, KB, HepG2
Paca-2 cells were grown in D-MEM, both medium
plemented with 10% (v/v) foetal bovine serum (FBS),
lutamine, amphotericin B (10 ml/l) and 0.1% gen-
with the medium for MCF-7 having an additional
entation of 1 mM sodium pyruvate. Cells were grown
idified incubator with 5% CO2 at 37 ◦C and upon reach-
confluence were passaged with a solution of 0.25%
DTA.

ytotoxicity screening

ity was determined as previously described with
tions (Mosmann, 1983). Adherent cells (HeLa, A549,
HCT-15, MRC-5, MCF-7, KB, Mia Paca-2 and HepG2)

ted at 1 × 104 cells/well and allowed to incubate for
◦C. After this incubation period, cells were treated

acts (hexane, ethyl acetate and butanol) and incu-
48 h. Control groups received DMSO. After treatment,
edium was replaced with 200 �l of fresh medium,
g MTT (5 mg/ml) and plates were further incubated
37 ◦C. The formazan was dissolved in 100 �l DMSO

Afte
the
72 h
perio
at 37
and
blan
pacl
trol

2.7.

KB c
a de
later
a Bi
Con
Afte
solu
Abso
and
cula
For I
expe
rang

2.8.

The
bate
conc
med
med
at 3
bsorbance was measured using a microplate reader
and subtracted at 670 nm. Cytotoxicity was deter-

sing [{1 − (OD treated/OD control)}× 100]. For MTS
104 HL-60 cells/well were plated in 96 well plates.

with Giem
under a d
in triplica
considera
mooth sponge
crusting with prominent oscules raise on short stalks

, 100 �l medium containing extracts was added to
s (final volume = 200 �l) and further incubated for
trol groups received DMSO. At the end of incubation
0 �l of MTS was added and kept for incubation for 4 h

bsorbance was read at 490 nm, subtracted at 670 nm
oxicity was determined taking the absorbance of the
cells) into consideration. Cytotoxicity of etoposide,

l and camptothecin were determined as positive con-
either MTT or MTS depending on the cell line.

C50 determination

were plated in 96-well tissue culture microplates at
of 650 cells/well in 200 �l medium and treated 24 h

h extracts (JDH and JDE) dissolved in DMSO using
3000 automation workstation (Beckman-Coulter).

received the same volume of DMSO (1% final volume).
h exposure MTS reagent (Celltiter 96 Aqueous One
Promega) was added and incubated for 3 h at 37 ◦C.
ce was monitored at 490 nm, subtracted at 670 nm
ts expressed as the inhibition of cell proliferation cal-
s the ratio [(1 − (OD490 treated/OD490 control) × 100].
determinations (50% inhibition of cell proliferation)
nts were performed with compound concentrations
rom 0.001 �g/ml to 10 �g/ml in duplicate.

lonogenic survival determination

were seeded in a 12-well plate (300/well) and incu-
rnight. Cells were then exposed for 24 h to different

ations of JDE and JDH (0.05–50 �g/ml) after which
was aspirated and cells were rinsed with PBS.Fresh
was added to each well and plate was incubated
After 7 days of incubation, the cells were stained
sa stain and colonies with >50 cells were counted
issection microscope. Experiments were conducted
te. The plating efficiency of the cells was taken into
tion when calculating the surviving fraction.
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ell observation using an inverted microscope

B cells were grown in 6-well plates and treated with
nge extracts. The cells were then washed with 1X
phological changes in cells, in both the treated group
l of extract treated cells) and control group (1.0%
eated-cells) were observed using an inverted micro-
ica DM IL).

easurement of mitochondrial transmembrane

the mitochondrial-specific cationic dye (JC-1) that
s potential-dependent accumulation in the mito-
. 1 × 104 cells were seeded in a 96-well plate and
ith 1, 10 and 50 �g/ml of JDH and JDE for various
ts. After treatment, cells were washed and stained

�l JC-1 for 30 min at 37 ◦C. Fluorescence was moni-
h the fluorescence plate reader (Synergy HT, BioTek
avelengths of 485 nm (excitation)/528 nm (emission)
m (excitation)/590 nm (emission) pairs. Changes in
between the measurements at test wavelengths of

red) and 528 nm (green) fluorescence intensities are
e of changes in the mitochondrial membrane poten-
riment was performed in triplicate.

ell cycle analysis

25,000 cells/well in 96-well microplates) were exposed
nd 48 h at 37 ◦C under 5% CO2 to extracts (JDH and
0 �l complete RPMI-1640 medium. Controls received
volume of DMSO (1% final volume). Culture media

fully collected and gently centrifuged to collect float-
adherent cells harvested after addition of trypsin,

ith the pellet of floating cells, washed with PBS and
ce-cold absolute ethanol. After 2 h at 4 ◦C, cells were
n by centrifugation, washed with 2% FBS in PBS and
ith 50 �g/ml propidium iodide in hypotonic buffer

esence of RNase A (50 �g/ml), incubated at dark for
fore being analyzed by flow cytometry with a Guava
cytometer (Millipore). Cell populations were quanti-

g Modfit LT (Verity Software House).

tatistical analysis

ere expressed as means ± SD of replicates (n = 3).
son between data sets was performed using one way
of variance (ANOVA) followed by Tukey test. All sta-
nalyses were performed using GraphPad Prism 5.0
d Software Inc., San Diego, CA). Differences were
as statistically significant at p < 0.05.
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molecules. Tables 2–4 shows the results of the
sting of the extracts against each cell line. This is

step in our anticancer drug-screening project and is
to identify potent extracts with a cytotoxicity ≥75%
l. MTT/MTS assay revealed considerable variability
(45/180) of ethyl acetate, 11% (19/180) of hexane

/180) of butanol extracts having a cytotoxicity ≥75%
erent cancer cell lines. Ethyl acetate extracts from
e species (Petrosia sp.1, Petrosia sp. 2, Dragmacidon
Dragmacidon durrissima, Jaspis sp., Dysidea aff. cinerea,

rella globostellata, Biemna tuberosa, Acantella pulcher-
ntella cavernosa, Pericharax heteroraphis, Haliclona sp.,
ongia sp., Spheciospongia sp.) exhibited a cytotoxicity
atleast one cancerous cell line with the sponges

p. 2 and Pericharax heteroraphis showing broad activity
of 9 cancer cell lines (Table 2). In the case of hexane
only 9 sponges (Petrosia sp. 1, Petrosia sp. 2, Jaspis
rtis nigra, Dysidea aff. cinerea, Acanthella pulcherrima,
a cavernosa, Pericharax heteroraphis, Liosina paradoxa)
rated a potent cytotoxicity in at least one cancer
(Table 3). For butanol extracts, only sponges Biemna
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the HL-60 cells were much more sensitive to the

effects of the organic extracts than the other
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xtracts dramatically decreased the proliferation of
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ells were normal with round and homogeneous

ffect of JDE on the mitochondrial apoptotic
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Table 2 – Percentage cytotoxicity of cancer and normal cell lines treated with ethyl acetate extract from a total of 20 sponge species at the concentration of 50 �g/ml.

Sponge HL 60 Hela A549 MRC5 HCT 116 HCT 15 KB MCF 7 Mia Paca HepG2

Petrosia sp. 1 99 ± 14 83 ± 0 67 ± 1 95 ± 1 81 ± 1 83 ± 2 82 ± 2 −6 ± 12 87 ± 1 70 ± 2
Dragmacidon coceieum 100 ± 19 83 ± 1 50 ± 1 91 ± 1 64 ± 3 68 ± 3 72 ± 3 −5 ± 6 83 ± 1 63 ± 2
Dragmacidon durrissima 72 ± 7 81 ± 1 36 ± 1 55 ± 8 52 ± 1 66 ± 4 67 ± 8 9 ± 11 72 ± 1 53 ± 4
Jaspis sp. 100 ± 7 81 ± 1 63 ± 1 70 ± 4 66 ± 8 60 ± 5 78 ± 3 37 ± 2 81 ± 4 61 ± 3
Plakortis nigra 3 ± 8 54 ± 4 35 ± 8 6 ± 6 20 ± 8 24 ± 24 37 ± 5 −4 ± 10 11 ± 19 3 ± 9
Petrosia sp 2 100 ± 12 84 ± 1 33 ± 9 89 ± 2 77 ± 3 80 ± 3 80 ± 2 27 ± 2 87 ± 1 79 ± 3
Dysidea aff. cinerea 100 ± 12 87 ± 3 26 ± 7 43 ± 7 58 ± 5 68 ± 3 36 ± 13 10 ± 11 64 ± 2 25 ± 3
Iotrochota purpurea 32 ± 4 25 ± 4 16 ± 25 25 ± 7 27 ± 4 23 ± 13 −1 ± 24 0 ± 5 40 ± 18 19 ± 7
Rhabdastrella globostellata 100 ± 15 85 ± 3 17 ± 26 85 ± 3 74 ± 7 78 ± 2 66 ± 3 49 ± 2 87 ± 1 75 ± 4
Biemna tuberosa 98 ± 11 88 ± 1 10 ± 10 73 ± 6 4 ± 12 51 ± 4 72 ± 3 24 ± 17 61 ± 4 49 ± 12
Acanthella pulcherrima 100 ± 6 84 ± 2 53 ± 4 87 ± 3 35 ± 14 56 ± 2 72 ± 6 14 ± 5 74 ± 1 56 ± 1
Axinella donnani 61 ± 9 72 ± 2 38 ± 14 53 ± 5 40 ± 3 43 ± 8 52 ± 1 24 ± 7 64 ± 1 43 ± 3
Acanthella cavernosa 100 ± 10 91 ± 1 43 ± 3 84 ± 1 60 ± 2 40 ± 5 72 ± 3 30 ± 4 81 ± 1 36 ± 8
Pericharax heteroraphis 98 ± 10 86 ± 1 82 ± 1 93 ± 3 77 ± 1 77 ± 1 95 ± 1 50 ± 5 84 ± 2 66 ± 3
Acanthostylotella sp. −41 ± 8 −20 ± 7 −7 ± 21 6 ± 15 17 ± 3 16 ± 15 −16 ± 30 9 ± 3 51 ± 3 44 ± 6
Liosina paradoxa 71 ± 9 51 ± 10 42 ± 3 27 ± 2 46 ± 6 52 ± 14 55 ± 5 34 ± 7 65 ± 6 67 ± 4
Haliclona sp. 52 ± 25 68 ± 3 51 ± 8 87 ± 13 65 ± 3 77 ± 3 85 ± 1 29 ± 1 74 ± 4 49 ± 10
Dactylospongia sp. 88 ± 6 43 ± 8 17 ± 9 18 ± 13 15 ± 30 46 ± 15 46 ± 9 −2 ± 7 69 ± 5 40 ± 1
Spheciospongia sp. 83 ± 9 13 ± 3 44 ± 13 51 ± 2 30 ± 16 24 ± 3 17 ± 9 23 ± 24 68 ± 14 63 ± 2
Stylissa sp. 63 ± 2 −32 ± 16 34 ± 8 51 ± 11 48 ± 15 49 ± 8 0 ± 15 22 ± 5 66 ± 3 55 ± 8

Table 3 – Percentage cytotoxicity of cancer and normal cell lines treated with hexane extract from a total of 20 sponge species at the concentration of 50 �g/ml.

Sponge HL 60 Hela A549 MRC5 HCT 116 HCT 15 KB MCF 7 Mia Paca HepG2

Petrosia sp. 1 22 ± 2 80 ± 3 31 ± 20 74 ± 5 33 ± 4 8 ± 13 76 ± 2 −6 ± 6 63 ± 5 21 ± 5
Dragmacidon coceieum −18 ± 11 21 ± 7 3 ± 3 15 ± 7 40 ± 10 33 ± 16 22 ± 15 −2 ± 18 16 ± 17 −27 ± 9
Dragmacidon durrissima 0 ± 14 18 ± 10 19 ± 14 52 ± 13 31 ± 9 37 ± 5 21 ± 16 −14 ± 3 16 ± 4 −25 ± 31
Jaspis sp. 100 ± 1 83 ± 0 56 ± 3 90 ± 1 66 ± 3 54 ± 7 81 ± 4 42 ± 2 81 ± 5 52 ± 6
Plakortis nigra 94 ± 2 69 ± 9 35 ± 16 33 ± 3 38 ± 10 63 ± 8 68 ± 8 30 ± 4 54 ± 6 54 ± 9
Petrosia sp. 2 −18 ± 45 76 ± 2 31 ± 10 27 ± 16 31 ± 12 11 ± 15 52 ± 5 −10 ± 14 43 ± 4 9 ± 19
Dysidea aff. cinerea 28 ± 13 92 ± 2 28 ± 7 49 ± 11 52 ± 9 6 ± 22 79 ± 2 1 ± 18 58 ± 6 31 ± 8
Iotrochota purpurea −36 ± 36 −6 ± 5 21 ± 24 31 ± 49 40 ± 10 23 ± 15 21 ± 9 −14 ± 26 34 ± 17 1 ± 17
Rhabdastrella globostellata 38 ± 41 8 ± 13 −14 ± 18 −71 ± 35 44 ± 1 36 ± 8 19 ± 5 17 ± 13 65 ± 3 63 ± 8
Biemna tuberosa 71 ± 2 −21 ± 8 10 ± 11 3 ± 21 9 ± 19 21 ± 16 38 ± 7 5 ± 4 53 ± 12 16 ± 4
Acanthella pulcherrima 74 ± 64 6 ± 13 30 ± 5 74 ± 7 28 ± 8 75 ± 1 82 ± 3 1 ± 1 62 ± 9 33 ± 8
Axinella donnani 55 ± 21 41 ± 6 17 ± 8 39 ± 5 26 ± 14 54 ± 2 29 ± 18 24 ± 11 69 ± 5 51 ± 6
Acanthella cavernosa 85 ± 6 92 ± 1 22 ± 12 44 ± 19 57 ± 4 81 ± 1 68 ± 2 34 ± 2 81 ± 3 44 ± 8
Pericharax heteroraphis 100 ± 2 29 ± 3 57 ± 9 33 ± 3 38 ± 10 74 ± 1 6 ± 20 33 ± 3 52 ± 1 50 ± 15
Acanthostylotella sp. −44 ± 68 19 ± 11 3 ± 7 − 31 ± 3 17 ± 6 −16 ± 11 −3 ± 26 15 ± 13 38 ± 7 29 ± 14
Liosina paradoxa 80 ± 2 61 ± 12 17 ± 2 19 ± 7 32 ± 6 48 ± 1 46 ± 10 24 ± 9 74 ± 8 64 ± 1
Haliclona sp. 58 ± 8 65 ± 4 44 ± 8 79 ± 3 68 ± 2 29 ± 21 58 ± 6 6 ± 14 72 ± 2 67 ± 3
Dactylospongia sp. 36 ± 24 39 ± 13 22 ± 9 56 ± 4 44 ± 13 34 ± 16 44 ± 10 −3 ± 14 73 ± 3 21 ± 8
Spheciospongia sp. 62 ± 9 1 ± 14 38 ± 2 51 ± 10 13 ± 16 7 ± 6 13 ± 6 3 ± 24 54 ± 12 56 ± 5
Stylissa sp. 56 ± 8 −10 ± 1 10 ± 6 16 ± 9 −2 ± 13 31 ± 8 −55 ± 31 3 ± 17 57 ± 6 20 ± 6

dx.doi.org/10.1016/j.etap.2012.05.013
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Table 4 – Percentage cytotoxicity of cancer and normal cell lines treated with butanol extract from a total of 20 sponge species at the concentration of 50 �g/ml.

Sponge HL 60 Hela A549 MRC5 HCT 116 HCT 15 KB MCF 7 Mia Paca HepG2

Petrosia sp 1 −51 ± 6 46 ± 6 14 ± 6 28 ± 12 48 ± 3 16 ± 20 17 ± 11 −6 ± 15 61 ± 5 0 ± 29
Dragmacidon coceieum −2 ± 20 20 ± 17 −18 ± 42 −17 ± 13 16 ± 13 4 ± 6 6 ± 27 18 ± 8 28 ± 5 29 ± 5
Dragmacidon durrissima −44 ± 40 29 ± 16 45 ± 3 31 ± 6 34 ± 8 −7 ± 14 24 ± 9 −1 ± 11 11 ± 12 3 ± 15
Jaspis sp. −2 ± 20 −20 ± 13 −2 ± 7 1 ± 10 6 ± 6 34 ± 9 65 ± 4 11 ± 20 30 ± 3 17 ± 13
Plakortis nigra −24 ± 21 20 ± 16 28 ± 3 − 27 ± 42 10 ± 11 23 ± 4 −3 ± 12 15 ± 5 0 ± 22 54 ± 12
Petrosia sp. 2 −51 ± 18 12 ± 7 43 ± 9 27 ± 13 41 ± 4 −21 ± 16 20 ± 10 6 ± 5 −2 ± 22 10 ± 9
Dysidea aff. cinerea −59 ± 45 −33 ± 2 −1 ± 3 −18 ± 11 0 ± 3 3 ± 11 8 ± 16 19 ± 3 43 ± 12 20 ± 10
Iotrochota purpurea 12 ± 6 18 ± 11 16 ± 15 44 ± 14 26 ± 9 −2 ± 26 25 ± 5 −4 ± 12 37 ± 7 −11 ± 54
Rhabdastrella globostellata 5 ± 11 −13 ± 14 −20 ± 32 −3 ± 18 40 ± 5 38 ± 6 30 ± 7 8 ± 9 33 ± 5 40 ± 7
Biemna tuberosa 100 ± 23 6 ± 11 6 ± 10 31 ± 10 26 ± 8 10 ± 3 32 ± 7 −20 ± 18 15 ± 9 7 ± 3
Acanthella pulcherrima 51 ± 16 21 ± 13 0 ± 3 3 ± 20 15 ± 12 41 ± 8 14 ± 12 15 ± 5 43 ± 16 14 ± 13
Axinella donnani 78 ± 8 84 ± 9 26 ± 8 70 ± 1 46 ± 10 8 ± 18 67 ± 1 11 ± 8 71 ± 3 46 ± 7
Acanthella cavernosa −1 ± 31 13 ± 1 0 ± 15 −9 ± 7 10 ± 42 3 ± 22 5 ± 10 22 ± 4 13 ± 11 24 ± 7
Pericharax heteroraphis −99 ± 62 43 ± 12 4 ± 12 −49 ± 15 3 ± 3 21 ± 29 −7 ± 31 2 ± 4 26 ± 5 30 ± 17
Acanthostyllotela sp. −25 ± 11 22 ± 13 49 ± 16 47 ± 5 44 ± 12 3 ± 26 −10 ± 2 −34 ± 16 53 ± 3 14 ± 8
Liosina paradoxa −35 ± 31 24 ± 22 −17 ± 34 −48 ± 25 13 ± 19 2 ± 21 29 ± 4 13 ± 1 −4 ± 36 36 ± 10
Haliclona sp. −29 ± 52 33 ± 5 6 ± 16 11 ± 11 21 ± 14 21 ± 6 35 ± 9 3 ± 3 34 ± 5 48 ± 14
Dactylospongia sp. 61 ± 6 44 ± 4 2 ± 16 5 ± 19 51 ± 16 52 ± 2 27 ± 3 0 ± 30 44 ± 6 51 ± 7
Spheciospongia sp. −26 ± 5 −54 ± 22 25 ± 22 −44 ± 18 12 ± 11 12 ± 16 30 ± 3 9 ± 10 30 ± 23 38 ± 18
Stylissa sp. 59 ± 4 2 ± 12 15 ± 16 16 ± 15 12 ± 21 40 ± 2 43 ± 7 5 ± 31 31 ± 18 53 ± 4

Table 5 – Percentage cytotoxicity of paclitaxel, etoposide and camptothecin.

�g/ml HL 60 HeLa A549 MRC5 HCT 116 HCT 15 KB MCF 7 Mia Paca HepG2

Paclitaxel 50 18 ± 5 75 ± 3 18 ± 6 51 ± 11 46 ± 1 51 ± 11 65 ± 13 4 ± 7 ND 63 ± 1
Etoposide 42 98 ± 1 58 ± 5 24 ± 1 30 ± 17 54 ± 0 30 ± 17 65 ± 13 23 ± 15 ND 42 ± 1
Camptothecin 62.5 100 ± 3 74 ± 1 12 ± 6 65 ± 5 55 ± 1 78 ± 5 58 ± 1 30 ± 1 ND 61 ± 6

ND: Not determined.

dx.doi.org/10.1016/j.etap.2012.05.013
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Fig. 1 – Clonogenic survival determination. Cells were
exposed to extracts, washed with PBS and allowed to grow
for 7 days. Colonies with >50 cells were counted. The
plating efficiency of the cells was taken into consideration
when calculation the surviving fraction.

Fig. 2 – Morphological studies by inverted microscope at actual magnification 200×. Photographs of KB cells incubated with
10 �g/ml of JDE and JDH for 6 h. (A) control culture (DMSO); (B) JDH; (C) JDE. Apoptotic bodies indicated by arrows.

Fig. 3 – Mitochondrial membrane potential change
demonstrated by extracts of Jaspis sp ((A) JDE; (B) JDH). KB
cells were incubation for 6, 12 and 18 h with 11,050 �g/ml
extracts. Data presented as means ± SD (n = 3). Vertical bars
represent standard error.

dx.doi.org/10.1016/j.etap.2012.05.013
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Table 6 – Measurement of Annexin-V-PE/7-AAD staining. KB cells were stained with Annexin V-7-AAD and subsequently
analyzed by flow cytometry.

DMSO JDH JDE

1 �g/ml 5 �g/ml 10 �g/ml 5 ng/ml 10 ng/ml 100 ng/ml

24 h G0/G1 57.87 53.52 55.85 58.46 51.50 54.17 53.96
S Phase 27.90 30.37 26.37 24.52 32.20 26.90 24.62
G2/M 10.50 11.91 13.73 11.98 13.12 15.11 17.41
SubG1 3.74 4.20 4.06 5.03 3.18 3.82 4.02

48 h G0/G1 56.24 53.75 54.57 40.42 53.10 57.61 36.12
S Phase 26.23 27.29 25.10 31.20 24.37 23.53 28.72
G2/M 12.60 13.10 13.45 11.83 17.10 13.21 8.93
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