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ABSTRACT 

Breast cancer is the most frequently diagnosed cancers among women worldwide. However, due to limited 

chemotherapeutic efficacy of current anticancer drugs, various natural products have been screened for novel 

alternative chemotherapeutic agents. Marine environment offers vast diversity of living organisms that provide 

compounds with impressive structural diversity and drug-like properties. Therefore, the main  aim  of this study 

was to determine the cytotoxic effects and mechanisms of cell death exerted by marine sponges on human breast 
cancer cell line, MCF-7. Four species, namely Aaptos sp., Stryphuous ponderosus, Theonella sp. and Xestospongia 

sp, were selected for this study. Methanol extracts from three species produced potent cytotoxicity effects with 

IC50 values at 72hr of less than 30μg/ml in the order of Aaptos sp. > S. ponderosus > Theonella sp. Due to the lack 
of studies on S. ponderosus, extract from this species was then used to determine its mechanisms of cell death. 

MCF-7 cell death exerted by the extract was found to be mediated by apoptosis based on the presence of DNA 

fragmentation in treated cells. Treatment of cells with the extract increased the levels of of caspase 3 suggesting 

that the protein was responsible in triggering the DNA fragmentation. In addition, the extract also induced the 
levels of caspases 8 and 9 and the levels of caspase 8 was higher than the latter suggesting that extrinsic was the 

major pathway that involved in inducing apoptosis. The apoptotic-induced cytototoxicity activity of the methanol 

extract of S. ponderosus may be due to the presence alkaloid and terpenoid compounds, and thus, may have the 

potential to be developed further as candidates for chemotherapeutic drugs for the treatment of breast cancer. 
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INTRODUCTION 

Cancer is one of main causes of mortality in the world 

population. Recently, American Cancer Society report- 

ed that cancer is the second leading cause of death 

after cardiovascular disease (Siegel et al., 2015). It was 
estimated that 14.1 million new cancer cases and 8.2 

million cancer deaths occurred in 2012 globally. Breast 

cancer remains the second most common cancer with 

1.7 million cases but ranks fifth in mortality with 
522,000 deaths. However, breast cancer is still the 

leading cancer diagnosed in women both in more and 

less developed regions with more cases occurring in 
less developed as compared to more developed re- 

gions (Ferlay et al., 2015). 

It was well established for many years that the induc- 

tion of apoptosis on cancer cells by any natural com- 

pound is the key target for cancer prevention and 

therapy (Taraphdar et al., 2001). Apoptosis is an active 
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and highly regulated form of cell death of which dam- 

aged and mutated cells, potentially dangerous to the 

entire organism, are eliminated naturally without caus- 

ing adverse side effects (Schumacher et al., 2011). The 
key proteins that are responsible in triggering apopto- 

sis belong to caspase family of cysteinyl-proteases play 

the key role in the initiation and execution of the 

pathways (Ghavami et al., 2009). Therefore, identifica- 
tion of natural products based on mechanisms of ac- 

tion may hold a great promise in the development of 

novel alternative chemotherapeutic drugs. 

Natural products aided as important chemical proto- 
types for the discovery of new molecules, and continue 

to be the most promising source of drug leads, espe- 

cially in the anticancer field. Studies on marine natural 
products as the source of drug candidates are still 

young. However, marine resources have produced a 

vast quantity of novel and new bioactive compounds 

(Kamalakkannan, 2015). Sponges represent one of the 
most promising sources of marine bioactive com- 

pounds among them, predominantly for pharmaceuti- 

cal leads (Jain et al., 2008; Blunt et al., 2011). Defense 

mechanisms against predators and ecological factors 
such as competition for space with other sessile marine 

organisms and symbiosis are the factors that lead for 

   sponges to produce a plethora of secondary metabo- 
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lites with diversified chemical structures (Peters et al., 

2010; Chaves-Fonnegra et al., 2008). Two analogues 

that were derived from sponge metabolites have been 

developed and clinically used as antiviral and anti- 
tumour drugs. Ara-C is used for the treatment of long- 

term acute non-lymphocytic, chronic myelocytic and 

meningeal leukemia (Ireland et al., 1993; McConnel et 

al., 1994), and, Ara-C is prescribed to patients to treat 
herpes simplex and herpes zoster viral infection (Mayer 

et al., 2010; Snoeck et al., 1999). 

Currently, the development of anti-cancer agents using 

marine resources especially sponges has fast gained 

popularity since there are several potential therapeutic 
compounds that have been identified including chemo- 

therapeutic agents and immunomodulatory (Belarbi & 

Contreras Gómez, 2003). Therefore, in this study, four 

species of sponges were selected, to evaluate their 
cytotoxicity activity and mechanisms of cell death on 

human breast adenocarcinoma (MCF-7) cell line. In 

addition, chemical profiling of the extracts was also 

determined. 

MATERIALS AND METHODS 

Materials 

The materials used for cell culture were  purchased 

from Sigma Aldrich, USA. MCF-7 cell line was pur- 

chased from American Type Cell Culture, USA ATCC. 

CellTiter 96 Aqueous Non-Radioactive Cell Proliferation 
Assay, Caspase-GloTM 3 Assay, Caspase-GloTM 8 Assay, 

Caspase-GloTM 9 Assay, DeadEnd™ Colorimetric Apop- 

tosis Detection System were purchased from Amresco, 

USA Fischer Scientific, UK Promega, USA, respectively. 

All chemicals are of analytical grades. 

Preparation of methanol extract from sponges 

Four different species of sponges were used in this 

study, Stryphuous ponderosus, Aaptos sp., Theonella 

sp., and Xestospongia sp., and the locations that the 
sponges were collected are shown in Table 1. Species 

identification was carried out Dr. Noraznawati Ismail, 

Institute of Marine Biotechnology, Universiti Malaysia 

Terengganu. Sponges were then cleaned, chopped and 
freeze-dried to remove water. After dehydration pro- 

cessing, sponges were ground to powder form and 10 g 

of each sample was subsequently used for extraction. 

Samples were extracted using cold extraction tech- 

nique where 10 g of dried sample was macerated in 

100 ml of methanol for 24hr and repeated for three 
times. Extracts were filtered and filtrates were evapo- 

rated to dryness using rotavapor (BUCHI, Switzerland) 

at 40 °C. The extracts were de-salted to get crude 

methanol extract (Gami & Parabia, 2011). 

Determination of cytotoxicity activity of the extracts 

Cytotoxicity effects of the extracts in MCF-7 cell line 
were determined using MTS assay (CellTiter 96TM 

Aqueous Non-Radioactive Cell Proliferation Assay) as 

described by Sandhya et al., (2014). 

Briefly, the cells were cultured onto 96-well plate at a 

density of 6000 cells/well and incubated at 37oC in an 

incubator overnight. When the cells reached confluen- 

cy at approximately 80%, the medium was replaced 
with fresh medium  containing various concentrations 

of the prepared extracts and incubated at 24, 48 and 

72hr. DMSO was used to dissolve and dilute the ex- 

tracts and the final concentration of DMSO in each well 
was 1% (v/v). Vincristine sulfate was used as positive 

control and untreated cells (in the presence of only 1% 

DMSO (v/v)) was designated as negative control. After 

treatment, 20 ml of MTS was transfered to each well, 

incubated for 2 hr and absorbance was then read at 

490 nm. 

Determination of apoptotic cell death in treated cells 

The DeadEndTM Colometric Apoptosis Detection Sys- 

tem (Promega, USA) was used to determine apoptotic 

cell death in treated cells. MCF-7 cell line was cultured 

in Labtek Chamber Slides (Nalge Nunc, Denmark) at a 
cell density of approximately 10,000 cells/chamber and 

incubated at 37 oC in a humidified atmosphere in the 

presence of 5% (v/v) CO2 overnight until the cells 

reached 80 to 90% confluency. Subsequently, the me- 
dium was replaced with fresh medium containing the 

extract at concentration of IC50 at 72hr and  incubated 

at 12, 24 and 36hr. Untreated negative control cells 
were incubated in the presence of 1% DMSO (v/v) and 

positive control cells were treated with 1U/ml DNase I. 

After treatment, the cells were processed according to 

the manufacturer’s protocol. The slides were then ob- 
served under light microscope. 

Determination of the levels of Caspases in  treated 

cells 

The cells were cultured at a cell density of approxi- 

mately 6,000 cells/well in 96-well plate and incubated 

overnight until the cells reached confluency between 
80 - 90%. The medium was then removed, replaced 

with fresh medium in the presence of extract and incu- 

bated over the period of 36hr. The levels of caspases 
3/7, 8 and 9 were determined by using Caspase-GloTM 

Assay (Promega, USA) as described by the manufactur- 

er’s protocol. 

Determination of the extract chemical profiles using 
thin layer chromatography 

The extract was diluted in an appropriate amount of 

solvent, spotted on the TLC plate and placed in a de- 
veloper chamber with a mixture of solvent. After the 

spotted extracts were allowed to migrate to a required 

length, the plate was taken out, left to dry and visual- 

ized under UV light. Subsequently, the plate was then 

heated on the hot plate and visualized using iodine 

vapour, dragendorff’s reagent and anisaldehyde rea- 

gent as described by Wagner & Bladt (1996). 
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Table 1: Locations and coordinates where the species of sponges were collected in this study 

Species Location of collection 

Stryphuous ponderosus Pulau Karah (N 05°35.857’ E 103°03.725’) 

Aaptos sp. Teluk Belanga (N 05°36.656’ E 103°04.024’) 

Theonella sp. Teluk Belanga (N 05°36.656’ E 103°04.024’) 

Xestospongia sp. Teluk Belanga (N 05°36.672’ E 103°04.021’) 
 

 
Figure 1A: Percentage of growth inhibition ± standard deviation for S. ponderosus methanol extracts 

against MCF-7 at 24hr, 48hr, and 72hr 

 
Figure 1B: Percentage of growth inhibition ± standard deviation for Aaptos sp. crude methanol extracts 

against MCF-7 at 24hr, 48hr and 72hr 

 
Figure 1C: Percentage of growth inhibition ± standard deviation for Theonella sp. crude methanol extract 

against MCF-7 at 24hr, 48hr, and 72hr 
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Figure 1D: Percentage of growth inhibition ± standard deviation for Xestospongia sp. crude methanol ex- 

tracts against MCF-7 at 24hr, 48hr, and 72hr 

 
Figure 1E: Percentage of growth inhibition ± standard deviation for Vincristine sulphate against MCF-7 at 72 

hr 

(A) (B) (C) 

 

(D) (E) (F) 
Figure 2: The presence of DNA fragmentation in nuclei which indicates apoptosis that was treated in MCF-7 

cell line treated with crude methanol extract of S. ponderosus for 12 hr (A), 24 hr (B) and 36 hr (C); with 

vincristine sulphate for 24 hr (D); with DNase I (E); with DMSO for 24 hr (F). The arrow indicates DNA frag- 

mentation. 
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Figure 3: The expression of caspase- 3, 8 and 9 in MCF-7 cells treated with S. ponderosus SP1 extract 

 
Figure 4: TLC profiling of S.ponderosus methanol extract under; (1) before sprayed, (2) viewed under 

UV254, (3) viewed UV356, (4) Iodine vapour, (5) Dragendorff’s reagent, (6) Anisaldehyde reagent 

Table 2: IC50 values of methanol extracts prepared from four sponge species and vincristine sulfate 

Sl.NO Extract Sample 
IC50 

24hr 48hr 72hr 

1 Stryphuous ponderosus 22.36 14.61 8.49 

2 Aaptos sp. 16.72 14.22 7.61 

3 Theonella sp. 47.86 37.15 21.88 

4 Xestospongia sp. ND ND 97.72 

5 Vincristine Sulphate ND ND 0.64 

 

Statistical Analysis 

Cytotoxicity experiments were carried out in triplicates 

and results were expressed as percentage growth inhi- 

bition of control. IC50 values for growth inhibition was 

derived from a nonlinear regression model (curvefit) 

based on sigmoidal dose response curve (variable) and 
computed using GraphPad Prism (Graphpad). Data are 

given as mean  S.E.M. A NOVA *P<0.05, **P<0.01 

(Dunnett post-test). 

RESULTS 

Cytotoxicity effects of methanol extracts of sponges 

on MCF-7 cell line 

The cytotoxic effects of methanol extracts prepared 

from four marine sponges Stryphuous ponderosus, 

Aaptos sp., Theonella sp., and Xestospongia sp. on hu- 

man breast carcinoma MCF-7 cell line were investigat- 

ed. As shown in Figure 1A-1D, all extracts produced a 

dose-dependant inhibition of MCF-7 cell growth  at 

each of the three incubation periods. 

The extract of Stryphuous ponderosus significantly in- 
hibited MCF-7 cell line at concentrations 0.781μg/ml 

and above at 24hr, and at concentrations 0.391μg/ml 

and above when treated for 48 and 72hr (Figure 1A). 

The extract produced a potent cytotoxicity effect on 
MCF-7 cell line at concentrations above 12.5  g/ml 

where more than 50% of cell populations were killed. 

Interestingly, at 72hr treatment, concentration at 
12.5μg/ml was also able to inhibit the cells more than 

50% as compared to control. The IC50 values were de- 

creased as the incubation periods were increased from 

24hr (22.36μg/ml) to 48hr (14.61  g/ml) and to 72hr 
(8.49μg/ml). 
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Aaptos sp. also produced a potent inhibitory activity on 

MCF-7 cell line. At 24hr incubation, the percentage of 

cell growth was significantly inhibited at concentra- 

tions of 0.781μg/ml and above. Interestingly, at 48hr 
and 72hr, the inhibition was significantly different at all 

concentrations as compared to control (Figure 1B). The 

extract exhibited potent cytotoxicity activity against 

MCF-7 cell line with IC50 values of 16.72μg/ml (24hr), 
14.22μg/ml (48hr), and 7.61μg/ml (72hr). 

Similar pettern of inhibitory effects of Theonella sp. 

were also observed when the cells were treated with 

methanol extract over the period of 72hr. The extract 

significantly inhibited the growth of MCF-7 at concen- 

trations 1.563μg/ml and above, after 24, 48, and 72hr 

incubation (Figure 1C). Interestingly, IC50 value of the 

extract was 47.86μg/ml; 37.15μg/ml and 21.88μg/ml at 
24hr, 48hr, and 72hr treatment, respectively, which 

clearly indicate that the extract only exerted a potent 

cytotoxicity effect on MCF-7 cell line at 72hr, as judged 

by the criterion set by the National Cancer Institute, 
USA of which the extract is categorized as cytotoxic 

against cancer cell line when the IC50 value at 72 hours 

is lower than 30μg/ml (Geran et al., 1972). 

Although the crude methanol extract of Xestospongia 

sp. significantly inhibited the growth of MCF-7 cells as 

compared to control when treated at concentrations of 
0.391μg/ml and above (24hr) and 0.781μg/ml and 

above (48hr and 72hr), the extract did not show any 

cytotoxicity effect at all concentrations used. The ex- 

tract only inhibited more than 50% of cell population at 
100μg/ml with the IC50 value of 97.72μg/ml at 72hr 

treatment (Figure 1D). 

Vincristine sulphate was used as a positive control in 

the cytotoxicity study showed the IC50 value of 

0.64μg/ml at 72hr (Figure 1E). Overall, methanol ex- 

tracts of Stryphuous ponderosus, Aaptos sp., and The- 
onella sp., produced a potent cytotoxicity effects on 

human breast carcinoma, MCF-7 cell line at all treat- 

ment period except at 24hr for Theonella sp. (Table 2). 
The relative potential of cytotoxicity of the extracts is 

as follows: Aaptos sp. > Stryphuous ponderosus > The- 

onella sp. By contrast, methanol extract Xestospongia 

sp. did not exhibit any cytotoxicity activity against MCF-
7 cells (Table 2). 

The study on the determination of the biological activi- 

ties of Stryphuous ponderosus is still very limited, 

therefore, methanol extract of this species was select- 

ed for to investigate the mechanisms of cell death on 
MCF-7 cells. 

Induction of apoptosis exhibited by methanol extracts 

of Stryphuous ponderosus 

In order to determine the mode of cell death that was 
responsible in mediating the cytotoxicity effects of 

methanol extract of S. Ponderosus, a modified TUNEL 

assay using The DeadEndTM Colometric Apoptosis De- 

tection System was utilized according to the manufac- 

turer’s instruction. 

The cells treated with crude methanol extract of S. 

Ponderosus at the concentrations of IC50 72hr 

(8.49μg/ml) for 12hr, 24hr and 36hr produced dark 

brown-stained nuclei. Interestingly, the nuclei of MCF- 

7 cells were also darkly stained when treated with 

DNase I indicating the presence of DNA fragmentation 

which is a hallmark of apoptosis (Bowen et al., 1998). 
Similar dark brown-stained nuclei was also observed 

when the cells were stained with vincristine sulfate as 

positive control (Talib et al., 2012). However, nuclei of 

DMSO-treated MCF-7 cells were not stained when ob- 
served under light microscope. Thus, the results 

strongly indicate that the extract of S. Ponderosus ex- 

erted the cytotoxicity effects on MCF-7 cell line via 

apoptosis. 

Regulation of the levels of caspase-3, 8 and 9 proteins 

in MCF-7 cells treated with Stryphuous ponderosus 

extract 

In order to determine the mechanisms of cell death 

induced by methanol extract of S. ponderosus, the lev- 

els of caspase proteins that are responsible in trigger- 
ing apoptosis either via extrinsic or/and intrinsic path- 

ways were determined. Figure 3 shows the levels of 

caspase-3, 8 and 9 proteins when MCF-7 cells were 

treated with crude methanol extract at concentration 
of IC50 72hr (8.49μg/ml) over a period of 48 hours. 

Overall, it was found that the protein level of caspase-3 

was significantly increased in cells that were treated 

crude methanol extracts at 20, 24, 36hr. The level of 

caspase-3 reached the highest level at 24 hours (3-fold 

increase as compared to untreated control) and de- 

creased again at 36 hours and 48 hours. The level of 
caspase-8 was also significantly increased 3.9-fold and 

5.3-fold as compared to untreated control, at 36hr and 

48hr, respectively. Similarly, the protein level of caspa- 

se-9 was significantly increased at 36hr (2.3-fold in- 

crease) and reduced again at 48hr treatment although 

the protein level was still above the untreated cells. 

Identification of chemical profiles of the extract using 
thin-layer chromatography 

In order to determine the types of compounds present 

in the extract of S. ponderosus, TLC profiling was car- 

ried out. The results clearly indicate that the extract 
contained compounds with C=C double bonds when 

viewed under UV light (Figure 4). Tan-brown stained 

spots when viewed iodine vapour indicate that the 

extract contained organic compounds (Figure 4). Or- 
ange and green spots were observed when separated 

extracts were reacted in dragendorff’s and anisalde- 

hyde reagents indicate that alkaloids and  terpenes 
were present in the extract, respectively. 

DISCUSSION 

In developed and developing countries, breast cancer 

is ranked the second most common types of cancer 
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and fifth as cause of death (Ferlay et al.,  2015).  To 

date, there is still an urgent need to search for new 

alternative anti-cancer drugs due to lack of effective- 

ness of the current medications to cure and improve 
the health of the patients. Natural products have been 

the main source for the discovery of new drug candi- 

dates (Cragg & Newman, 2013). Since mid-1970s, sys- 

tematic studies on marine organisms as sources of 
novel biologically active compounds revealed that the- 

se habitats offer a rich source of bioactive compounds 

with diverse and novel structural and chemical classes 

(Newman & Cragg, 2004; Blunt et al., 2012). The lack of 

natural defenses such as innate immune system, char- 

acteristic of marine invertebrate leads these organisms 

to develop a vast number of biologically active second- 
ary metabolites that suggests a dramatic potential for 

drug discovery (Schumacher et al., 2011). It was esti- 

mated that 20,000 new compounds have been purified 

and about 500 new compounds are discovered each 

year from marine organisms (Hu et al., 2011; Leal et al., 

2012). Almost half of these bioactive compounds have 

been isolated from sponges and therefore, considered 

as the most bio prospective marine taxon (Hu et al., 
2011; Leal et al., 2012). 

Studies reported many compounds isolated from vari- 

ous species of sponges exerted potent cytotoxicity ac- 

tivities (Sepcic et al., 2010). In this study, 3 species of 

sponges namely Aaptos sp., Theonella sp. and Stry- 
phuous ponderosus produced a potent cytotoxicity 

activity on human breast carcinoma cell line, MCF-7. 

The role of Aaptos sp. in providing natural products 

that serve as cytotoxicity agents against cancer cells 

has been described elsewhere. Our result is in agree- 

ment with the previous study which demonstrated that 

methanol extract from Aaptos aaptos produced cyto- 
toxicity effect on MCF-7 cell line with IC50 value of 8 

µg/ml. In addition, naphthyridine, known as aapta- 

mine, isolated from Aaptos aaptos (Jang et al., 2007) 

was found to possess antineoplastic activity and cancer 

cell growth inhibitory activity (Ohizumi et al.,  1984; 

Jang et al., 2007). However, cytotoxicity studies on 

Theonella sp. are more limited. To date, only one study 

was carried out to determine the cytotoxicity activity 
of natural products isolated from Theonella sp. on hu- 

man breast cancer. It was demonstrated acetyltheonel- 

lasterol purified from produced cytotoxicity activity on 

MCF-7 cell line with IC50 value of 11 µg/ml (Guo et al., 
2012). 

By contrast, no study has been carried out to investi- 

gate the potential role of natural products prepared 

from Stryphuous ponderosus in exerting cytotoxicity 

activity on human breast cancer cell line. In our study, 

it was clearly shown that methanol extract from this 

sponge species exhibited a potent cytotoxicity activity 

against human breast carcinoma cell line, MCF-7 with 
IC50 values of 22.36, 14.61 and 8.49μg/ml at 24, 48 and 

72hr, respectively, which were less than 30 µg/ml, a 

criterion set by National Cancer Institute (Geran et al., 

1972). Interestingly, the extract killed MCF-7 cells via 

apoptosis which is one of the important cellular target 

for the development of anti-cancer drugs (Hassan et 

al., 2014). Natural products isolated from sponges have 
been shown to induce apoptosis in breast cancer cell 

lines. Agelasine B, a toxin isolated from marine sponge 

Agelas clathrodes, kills MCF-7 cell line via apoptosis 

(Pimentel et al., 2012). 

One of the earliest and most consistent observed fea- 

tures of apoptosis is the induction of a series of cyto- 

solic proteases, caspases (Shi, 2002). Among all caspa- 

ses, caspase-3 is the most important caspases and is a 

common effector of most of the apoptotic pathways 

(Nanda kumar et al., 2011). It relies on the actions of 

the initiator caspases including caspase-8 and caspase- 

9 to mediate its actions (Heo et al.,  2011;  Cohen, 

1997). The function of caspase-8 is well established. It 

is essential for the extrinsic cell death pathway initiat- 

ed by the TNF family members (Ghavami et al., 2009). 
On the other hand, caspase-9, the apical/initiator 

caspase within the apoptosome dependent cascade, is 

reliable for intrinsic cell death pathway. When the in- 

trinsic pathway is activated, cytochrome c is released 

from the mitochondria, and is recruited to the cyto- 

plasmic receptor, Apaf1 (Zou et al., 1997; Rodriguez & 

Lazebnik, 1999). 

Methanol extract of S. ponderosus was shown to in- 

duce the level of caspase-8 by 5.3-fold as compared to 

only 2.3-fold in caspase-9 suggesting that both path- 
ways are involved, however, extrinsic was the major 

pathway used by methanol extract in inducing apopto- 

sis in MCF-7 cells. Pimentel et al., (2012) also reported 

the activation of caspase-8 and extrinsic pathway as 
the mechanism of action of marine sponge Agelas 

clathrodes compound, agelasine B, in inducing apopto- 

sis in cancer cells. In addition, extracts from Haliclona 

sp. also induced apoptosis via caspase-8 in cancer cells 
(Bae et al., 2015) 

In TLC profiling analysis, methanol extract of S. pon- 

derosus contained alkaloids and terpenes. This finding 

is in parallel with many previous studies. For example, 

some of sponges produced alkaloid compounds as anti- 
tumour such as Neo-kauluamine (Sayed et al., 2002). 

Triterpenoids are among the most abundant secondary 

metabolites present in marine environment, such as 

marine sponges. A large number of biologically active 
triterpenoids is found to have cytotoxicity against a 

variety of tumor cells. Several triterpenoids, including 

ursolic and oleanolic acid, betulinic acid, celastrol, pri- 
stimerin, lupeol, and avicins possess antitumor and 

anti-inflammatory properties (Petronelli, 2009). There- 

fore, it is tempting to speculate that the same types of 

compounds present in methanol extract of S. pon- 
derosus may be responsible in exerting the cytotoxicity 

effects on human breast carcinoma cell line, MCF-7, by 

inducing apoptosis mainly via extrinsic pathway. Thus, 

from this study, it is interesting to note that there is 
enormous potential for the extracts prepared from S. 
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ponderosus to be developed as chemotherapeutic 

agents in the treatment of cancer. 

CONCLUSION 

This study demonstrated that three extracts prepared 

from Aaptos sp., Theonella sp. and Stryphuous pon- 

derosus produced cytotoxicity effects (IC50 less than 30 
mg/ml at 72hr) on human breast cancer MCF-7  cell 

line. By contrast, extract from Xestospongia sp. did not 

produce any cytotoxicity activity. Modified TUNEL as- 

say showed that Stryphuous ponderosus extract killed 
MCF-7 cell line via apoptosis by the activation of caspa- 

ses. However, the levels of caspase-8 was higher than 

caspase-9 in treated cells indicating that extrinsic 
pathway was the major route used by the extract in 

inducing apoptosis. TLC profiling of methanol extract of 

S. ponderosus showed that the presence of  alkaloid 

and terpenoid compounds which may be responsible in 

mediating the apoptotic cell death in MCF-7 cell line. 

ACKNOWLEDGEMENTS 

The authors wished to thank Malaysian Institute of 

Pharmaceuticals and Nutraceuticals for the R&D Initia- 

tive Grant awarded to Tengku Sifzizul Tengku Muham- 

mad. 

REFERENCES 

Bae, W, Lim, HK, Kim, KM, Cho, H, Lee, SY, Jeong, C.K., 

Lee, H.S., & Jung, K, 2015. Apoptosis-Inducing Activity 

of Marine Sponge Haliclona sp. Extracts Collected 

from Kosrae in Nonsmall Cell Lung Cancer A549 Cells. 

Evidence-Based Complementary and Alternative 
Medicine, 8. 

Belarbi, EH, & Contreras Gómez, A, 2003. Producing 

drugs from marine sponges. Biotechnology Advance, 

21, 585-598. 

Blunt, JW, Copp, BR, Keyzers, RA, Munro, MHG, & 

Prinsep, MR, 2012, Marine natural  products.  Nat 

Prod Rep 29, 144–222. 

Blunt, JW, Copp, BR, Munro, MH, Northcote, PT, & 
Prinsep, MR, 2011, Marine natural  products.  Nat 

Prod Rep, 28, 196–268. 

Bowen ID, Bowen, SM, and Jones, AHMitosis and Apop- 

tosis, 1st Ed. Matters of life and death, Chapman and 
Hall, London, NY, 2002, 182 . 

Chaves-Fonnegra, A, Castellanos, L, Zea, S, Duque, C, 

Rodriguez, J, & Jimenez, C, 2008, Clionapyrrolidine 

A—a metabolite from the encrusting and excavating 

sponge Cliona tenuis that kills coral tissue upon con- 

tact. J Chem Ecol, 34, 1565–1574. 

Cohen, GM, 1997, Caspases: the executioners of apop- 
tosis. Biochem J, 326, 1–16. 

Cragg, GM, & Newman, DJ, 2013, Natural Products: A 

Continuing Source of Novel Drug Leads. Biochim Bio- 

phys Acta, 1830(6), 3670–3695. 

Ferlay J, Soerjomataram, Dikshit, R, Eser, S, Mathers, C, 

Rebelo, M, Parkin, DM, Forman, D, & Bray, F, 2015. 

Cancer incidence and mortality worldwide: sources, 

methods and major patterns in GLOBOCAN 2012. Int 
J Cancer, 136(5), 359-86. 

Gami, B, & Parabia, F, 2011, Screening of methanol & 

acetone extract for antimicrobial activity of some 

medicinal plants species of Indian folklore. Int  J 

Pharm Sci Res, 2, 69-75. 

Geran, RI, Greenberg, NH, Macdonald, MM, Schu- 

macher, AM, & Abbott, BJ, 1972, Protocols for 

screening chemical agents and natural products 

against animal tumours and other biological systems. 

Cancer Chemother Rep, 3, 59–61. 

Ghavami, S, Hashemi, M, Ande, SR, Yeganeh, B, Xiao, 

W, Eshraghi, M, Bus, CJ, Kadkhoda, K, Wiechec, E, 

Halayko, AJ, & Los, M, 2009, Apoptosis and cancer: 

mutations within caspase genes. J Med Genet, 46, 

497-510. 

Guo, JK, Chiang, CY, Lu MC, Chang, WB, & Su, JH, 2012, 

4-Methylenesterols from a sponge Theonella swin- 

hoei. Mar Drugs, 10, 1536-1544. 

Hassan, M, Watari, H, Almaaty, AA, Ohba Y, & Sakuragi, 

N, 2014, Apoptosis and molecular taregting  therapy 

in cancer. BioMed Res Inter, 23. 

Heo, SJ, Kil-Nam, K, Weon-Jong, Y, Chulhong, O, Young- 

Ung, C, Abu A, Yeon-Ju, L, Hyi-Seung, L, & Do-Hyung, 

K, 2011, Chromene induces apoptosis via caspase-3 
activation in human leukemia HL-60 cells. Food Chem 

Toxicol, 49, 1998–2004. 

Hu, G.P, Yuan, J, Sun, L, She, ZG, Wu, JH, Lan, XJ, Zhu, X, 

Lin, Y.C, & Chen, SP, 2011, Statistical research on ma- 

rine natural products based on data obtained be- 

tween 1985 and 2008. Drugs, 9, 514–525. 

Ireland, M, Donnai D, & Burn J, 1993, Brachmann-de 

Lange syndrome- Delineation of the clinical pheno- 

type. Am J Med Genet, 47(7), 959-64. 

Jain, R, Sonawane, S, & Mandrekar, N, 2008, Marine 

organisms: Potential source for drug discovery. Curr 

Sci, 94, 3. 

Jang, KH, Chung, SC, Shin, J, Lee, SH, Kim, T, Lee, HS, & 

Oh, KB, 2007, Aaptamines as sortase A  inhibitors 

from the tropical sponge Aaptos aaptos. Bioorg Med 

Chem Lett, 17(19), 5366-9. 

Kamalakkannan, P, 2015, Marine Sponges a Good 

Source of Bioactive Compounds in Anticancer Agents. 

Int J Pharm Sci Rev Res 31(2), 132-135. 

Leal, MC, Puga, J, Serodio, J, Gomes, NCM, & Calado, R, 

2012. Trends in the discovery of new marine natural 

products from invertebrates over the last two dec- 

ades where and what are we bioprospecting?. PLoS 
One, 7, 30580. 



Tengku Sifzizul Tengku Muhammad et al., (2017) Int. J. Res. Pharm. Sci., 8(4), 667-675 

675 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 

 

 

Mayer, AM, Glaser, KB, Cuevas, C, Jacobs, RS, Kem, W, 

Little, RD, McIntosh, JM, Newman, DJ, Potts, BC, & 

Shuster, DE, 2010, The odyssey of marine pharma- 

ceuticals: a current pipeline perspective. Trends 
Pharmacolo Sci, 31, 255–265. 

McConnell, OJ, Longley, RE, & Koehn, FE 1994, The dis- 

covery of marine natural products with therapeutic, 

Butterworth- Heinemann, Boston, 109-174 pp. 

Nandakumar, N, Thamaraiselvan, R, Lingaiah, H, Srini- 

vasan, Balasubramanian P, & Periyasamy, M, 2011, 

Effect of flavonone hesperidin on the apoptosis of 

human mammary carcinoma cell line MCF-7. Biomed 

Pre Nutr, 1, 207-215. 

Newman, DJ, & Cragg, GM, 2004, Marine natural prod- 
ucts and related compounds in clinical and advanced 

preclinical trials. J Nat Prod, 67, 1216–1238. 

Ohizumi, Y, Kajiwara, A, Nakamura, H, & Kobayashi, 

1984, α-Adrenoceptor blocking action of aaptamine, 
a novel marine natural product, in vascular smooth 

muscle. J Pharm Pharmacol, 36, 785. 

Peters, KJ, Amsler, CD, McClintock, JB, & Baker, BJ, 

2010, Potential chemical defenses of Antarctic 

sponges against sympatric microorganisms. Polar Bi- 

ol, 33, 649–658. 

Petronelli, A, Pannitteri, G, & Testa, U, 2009, Triterpe- 

noids as new promising anticancer drugs. Anticancer 

Drugs, 20(10), 880-92. 

Pimentel, AA, Felibertt, P, Sojo, F, Colman, L, Mayora, 
A, Silva, ML, Rojas, H, Dipolo, R, Suarez, AI, Com- 

pagnone, RS, Arvelo, F, Galindo-Castro, I, De Sanctis, 

JB, Chirino, P, & Benaim, G, 2012, The marine sponge 
toxin agelasine B increases the intracellular Ca(2+) 

concentration and induces apoptosis in human breast 

cancer cells (MCF-7). Cancer Chemother Pharmacol, 

69, 71-83. 

Rodriguez, J, & Lazebnik, Y, 1999, Caspase-9 and APAF- 

1 form an active holoenzyme. Genes Dev, 13(24), 

3179-84. 

Sandhya, VG Nair, Menik, H, & Vasantha-Rupasinghe, 

HP, 2014, Apoptotic and Inhibitory Effects on Cell 

Proliferation of Hepatocellular Carcinoma  HepG2 

Cells by Methanol Leaf Extract of Costus  speciosus, 

10. 

Sayed, E, KA, Yousaf, M, Hamann, MT, Avery, MA, Kelly, 

M, & Wipf, P, 2002, Microbial and chemical trans- 

formation studies of the bioactive marine sesquiter- 

penes (S)-(+)-curcuphenol and -curcudiol isolated 
from a deep reef collection of the Jamaican sponge 

Didiscus oxeata. J Nat Prod, 65, 1547-1553. 

Schumacher, M, Kelkel, M., Dicato., M., & Diederich., 

M. (2011). Gold from the sea: Marine compounds as 

inhibitors of the hallmarks of cancer. Biotechnology 

Advances, 29, 531-547. 

Sepcic, K, Kauferstein, S, Mebs, D, & Turk, T, 2010, Bio- 

logical Activities of Aqueous and Organic Extracts 

from Tropical Marine Sponges. Mar Drugs, 8, 1550- 

1566. 

Shi, Y, 2002, Mechanisms of Caspase Activation and 

Inhibition during Apoptosis. Mol Cell, 9, 459–470. 

Siegel, RL, Miller, KD, & Jemal, A, 2015, Cancer statis- 

tics, 2015. CA. Cancer J Clin, 65, 5–29. 

Snoeck, R, Andrei, G, & De-Clercq, E, 1999, Current 

pharmacological approaches to the therapy of vari- 

cella zoster viral infections. Drugs, 57(2), 187-206. 

Talib, WH, Zarga, MHA, & Mahasneh, AM, 2012, Anti- 

proliferative, Antimicrobial and Apoptosis Inducing 

Effects of Compounds Isolated from Inula viscosa. 

Molecules, 17, 3291-3303. 

Taraphdar, AK, Roy, M, & Bhattacharya, RK, 2001, Nat- 

ural products as inducers of  apoptosis:  Implication 

for cancer therapy and prevention. Curr Sci 80, 1387- 

1396. 

Wagner, H, &  Bladt, S, 1996, Plant Drug Analysis, 2nd 

ed. Springer-Verlag, Berlin, Heidelberg, NY. 384. 

Zou, H, Henzel, WJ, Liu, X, Lutschg, A, & Wang, X, 1997, 

Apaf-1, a human protein homologous to C. elegans 

CED-4, participates in cytochrome c-dependent acti- 

vation of caspase-3. Cell, 90(3), 405-13. 


	Tuti Hudayah1, Gul-e-Saba1, Mariam Taib1, 2, Noraznawati Ismail1, Tengku Sifzizul Tengku Muhammad*1
	INTRODUCTION
	MATERIALS AND METHODS
	Preparation of methanol extract from sponges
	Determination of cytotoxicity activity of the extracts
	Determination of apoptotic cell death in treated cells
	Determination of the levels of Caspases in  treated cells
	Determination of the extract chemical profiles using thin layer chromatography
	Table 1: Locations and coordinates where the species of sponges were collected in this study
	Figure 1B: Percentage of growth inhibition ± standard deviation for Aaptos sp. crude methanol extracts against MCF-7 at 24hr, 48hr and 72hr
	Figure 1D: Percentage of growth inhibition ± standard deviation for Xestospongia sp. crude methanol ex- tracts against MCF-7 at 24hr, 48hr, and 72hr
	Figure 2: The presence of DNA fragmentation in nuclei which indicates apoptosis that was treated in MCF-7 cell line treated with crude methanol extract of S. ponderosus for 12 hr (A), 24 hr (B) and 36 hr (C); with vincristine sulphate for 24 hr (D); w...
	Figure 4: TLC profiling of S.ponderosus methanol extract under; (1) before sprayed, (2) viewed under UV254, (3) viewed UV356, (4) Iodine vapour, (5) Dragendorff’s reagent, (6) Anisaldehyde reagent
	Statistical Analysis
	RESULTS
	Induction of apoptosis exhibited by methanol extracts of Stryphuous ponderosus
	Regulation of the levels of caspase-3, 8 and 9 proteins in MCF-7 cells treated with Stryphuous ponderosus extract
	Identification of chemical profiles of the extract using thin-layer chromatography
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

