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Introduction

Colon cancer, known as colorectal adenocarcinoma 
(CRC), is a type of cancer with the third most frequent 
cases in both men and women worldwide [1] and ranks 
the fourth cause of death [2]. CRC arises from glands in 
the epithelial cells of the large intestine followed by a 
series of mutations, replication, and increasing survival. 
These hyperproliferative cells trigger benign adenomas, 
then develop into carcinomas and metastasize for decades 
[3]. The pathology of CRC is very complex and varied 
because they were triggered by various factors related to 
diet, lifestyle, and also related to genetic factors [4]. These 
risk factors cause genes to change or mutations where 
cells grow out of control related to oncogenes and tumor 
suppressor genes [5]. Several therapeutic interventions 
including surgery, chemo- and radiotherapy have 
improved the survival of patients with CRC [6]. However, 
the current failure of cancer treatment that causes mortality 
of CRC is primarily due to metastasis and tumor relapse 
or recurrence after therapy [7, 8]. The main challenge now 
is to discover agents and strategies that target cancer and 
tumor relapse at their apparent source [8]. 
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Many studies have been carried out to find cancer 
chemotherapeutic agents derived from natural materials. 
Marine organisms including sponges, sponge-associated 
microbes, actinomycetes, and soft corals have been 
extensively explored as anticancer agents. The effects 
of marine-sourced bioactive compounds on apoptotic 
pathways and signaling pathways in cancer therapeutic 
targets show interesting activity which could be used as an 
initial step in designing and developing cancer therapeutic 
agent [9]. One of the most promising marine biota is the 
sea sponge, as a prolific source of secondary metabolites, 
some sponges exhibit interesting chemopreventive and 
tumor chemotherapeutic properties [10]. Sponges have 
the highest percentage (35.53%) compared to other marine 
biotas in their commercial use in the pharmaceutical sector 
[11]. Sponges contain active compounds with greater 
activity than land plants. Secondary metabolite extracts 
from sponges contain bioactive compounds that act as 
cytotoxic and antitumors [12]. 

Various species of sponges have the potential bioactivity 
to be developed as anti-colon cancer, one of them is A. 
suberitoides, an abundant marine sponge living in the West 
Pacific Ocean, particularly in Indonesia, Singapore, and 
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Vietnam [13]. A. suberitoides has been studied for years. 
The ethanol extract of A. suberitoides has been shown 
potential anti-cancer activity in different cancer entities, 
including acting as antiproliferation, proapoptosis, 
and as proteasome inhibitor [10, 14-18]. Aaptamines 
(8,9-dimethoxy-1H-benzo[de][1,6] naphthyridine) are 
a group of bioactive benzo [de][1, 6]- naphthyridine 
alkaloids, initially isolated from marine sponges mostly 
belonging to the genus Aaptos [15]. Aaptamine has several 
bioactive properties such as cytotoxicity, anti-cancer, and 
anti-inflammation [18-21]. Aaptamine has been proven 
to have anti-cancer properties in human tumor cell lines 
such as monocytic leukemia (THP-1), cervical carcinoma 
(HeLa), colon cancer (SNU-C4), melanoma (SK-MEL-28) 
and breast cancer (MDA-MB-231) [15].

Although various chemotherapeutic drugs are 
available for CRC; however, the systemic toxicity to 
normal cells limits their therapeutic efficacy, which leads 
to harmful side effects on healthy tissues. Therefore, 
the development of new anticancer agents with fewer 
toxic side effects is strongly needed [22] that have 
better pharmacotoxicological profiles, to be used single 
or together with other conventional chemotherapy. 
Furthermore, it is crucial to explore the bioactive 
fractionation of marine sponges as new colon anticancer 
drug candidates that are commonly less toxic than 
traditional chemotherapeutic agents, more effective, 
cheaper, and have better availability [23], despite the 
resistance of the cancer cells to anticancer drugs remain the 
challenge. Hence, it is required to search for anti-cancer 
compounds from natural ingredients that are specific for 
certain cancers and inhibit specific proteins that cause 
cancer cells to continue proliferating without control [24]. 
Recently, no studies have investigated the cell viability of 
the ethyl acetate extract of A. suberitoides specifically on 
DLD-1 colorectal cancer cells. Hence, the current study 
aimed to investigate the cytotoxic activity of DLD-1 cells 
and NIH-3T3 cells. Subsequently, this research would 
provide scientific validation of marine sponge natural 
products as a colorectal anticancer therapeutic agent. 

Materials and Methods

Materials
In this experiment, commercially available reagents 

were employed without additional purification. Analytical-
grade solvents were used in this work.

Equipment and Material
In this study the following materials were used, 

Dulbecco’s Modified Eagle Medium (DMEM, Gibco, 
Invitrogen, USA), Fetal Bovine Serum (FBS; Gibco) 
and Penicillin/ Streptomycin (Gibco), dimethylsulfoxide 
(DMSO; Sigma-Aldrich, St. Louis, Missouri, USA) 100%, 
trypsin-EDTA (Sigma-Aldrich), 3-[4,5-Dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT, 
Sigma-Aldrich), trypan blue (Sigma-Aldrich).

Animal Material
The marine sponge was collected from Putus Island, 

Bitung, North Sulawesi, Indonesia (N 01.52244o E 

125.27718o) at 10 - 15 meters depth in September 2022. 
The specimen was later coded as SSL-013 and kept 
frozen at the Genomics Laboratory, National Research 
and Innovation Agency (BRIN), Cibinong, Bogor prior 
to extraction.

Sponge Identification
The sponge was later identified as Aaptos suberitoides 

by Tri Aryono Hadi, a Marine Sponge Taxonomist at the 
Research Center for Oceanography, National Research 
and Innovation Agency (BRIN), Indonesia. 

Extraction of Marine Sponge
The marine sponge extraction method refers to [25]. 

The specimen (146.30 g, wet) was thawed, chopped, 
and macerated using methanol (MeOH) until submerged 
overnight before being filtered. The procedure was 
repeated three times. All the filtrates were combined and 
concentrated using a rotary evaporator until thick extracts 
were obtained. The watery crude was then partitioned 
between ethyl acetate and water three times. The combined 
organic layer was evaporated under vacuum conditions 
to give an EtOAc extract of 595.37 mg (SSL-013-1). The 
EtOAc extract was then used for further analysis.

Thin Layer Chromatography (TLC) based characterization
TLC analyses were performed on normal-phased, 

silica. The combination mixture of dichloromethane 
(DCM): methanol (MeOH) with ratio (7:3) was used as 
the eluents. The plates were dyed using serum sulfate, 
Dragendorff’s reagent, and ninhydrin.

Liquid Chromatography-Mass Spectrometry/Mass 
Spectrometry (LCMS/MS)

The EtOAc extract (0.5 mg) of Aaptos suberitoides, 
coded SSL-013-1, was analyzed using the Waters 
ACQUITY UPLC® H-Class System (Beverly, MA, USA), 
which included an ACQUITY UPLC® HSS C18 column 
(with specifications of 11.8 µm, 2.1 Å, and approximately 
100 mm) and was coupled with the Xevo G2-S QTOF 
Mass Spectrometer. The eluent used MeOH:H2O with a 
combination mixture 9:1 with a flow rate of 1 mL/min. 
The system utilized electrospray ionization (ESI) in a 
positive ion mode for the mass spectrometry. The resulting 
data consisted of chromatograms (LC) and spectra (MS). 
Elemental compositions were determined using the Waters 
MassLynx software (v4.1). Additionally, the compound 
type was compared to the PubChem database.

Cells Culture and Conditions
The study was conducted on human colorectal cancer 

cells (DLD-1) and murine fibroblast cells (NIH-3T3), 
which were obtained from American Type Culture 
Collection (ATCC, USA). Cell lines were cultured using 
DMEM medium (Gibco, Germany) with supplementation 
of 10% fetal bovine serum (FBS; Gibco, Germany) and 
1% Penicillin/Streptomycin (Gibco, Germany) in a cell 
culture incubator at 37°C and 5% CO2 content.

MTT Assay
The MTT assay method refers to [26] . Colorectal 
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sulfate indicating the total organic compound contained, 
Dragendorff’s reagent indicating tertiary amine moiety, 
and ninhydrin indicating primary and secondary amines. 
The TLC results showed that SSL-013-1 was positive on 
Dragendorff’s and ninhydrin reagents. It indicated that the 
major compounds in SSL-013-1 contained tertiary amine 
and primary and or secondary amine moieties.

LCMS/MS-Based Metabolite Profiling of SSL-013-1
Sponge with genus Aaptos, such as Aaptos suberitoides, 

has been investigated for years. One of the alkaloids 
extracted from this type of sponge is aaptamine, showing 
major potential anticancer activity in different cancer cells 
acting as antiproliferative, proapoptosis, and proteasome 
inhibitors [10, 14, 15]. Previous studies of the Indonesian 
marine sponge A. suberitoides isolated aaptamine 
(1), isoaaptamine (2), and demethylaaptamine (3) 
(Figure 1) were collected from North Sulawesi, Indonesia. 
As inhibitors of the proteasome, the three compounds 
showed cytotoxic activities against HeLa cells [19]. 

In this study, the bioactive compounds contained 
in the SSL-013-1 were analyzed by using LCMS/MS 
(Figure 2). The data exhibited the major peak at a retention 
time (Rt) of 4.62 min. The major peak represented the 
major compound contained in SSL-013-1 and presumed 
as the bioactive compound that was responsible for the 
anticancer activity. The major peak was then analyzed 
by using MassLynx and showing m/z value at 229.0985 
[M+H]+ with chemical formula C13H12N2O2. The 
possible structures for these profiles are aaptamine (1) 
and isoaaptamine (2). Further analyses were performed 
to determine the corresponding compound in SSL-013-1. 
Hence, the mass fragmentation analysis was conducted as 
described in Figure 3.

The main peak was observed at m/z 229.0985 and 
the fragmented peaks were detected at m/z 196.0645 and 
168.0695. The fragmentation characteristic indicated the 
loss of a methoxy to give m/z 196.0645 and followed 
by another cleavage of a methoxy moiety to give m/z 
168.0695 (Figure 3). It suggested that the compound 
contains 2 methoxy moieties in its structure. Hence, these 
fragmentation types lead to the determination of aaptamine 

cancer cells (DLD-1) and murine fibroblast cells 
(NIH-3T3) were harvested at 70 - 80% confluency and 
centrifuged at 1200 rpm/25 °C for 3 min. The cells were 
counted under a microscope using a haemocytometer 
and were then seeded into 96 well plates at 1 × 105 cells 
per mL. Incubation was set to 5% CO2 at 37 °C for 24 
h to allow for cell attachment. After that, the unattached 
cells were removed carefully. Cells were then treated 
with 100 µL of series dilution of ethyl acetate fraction of 
SSL-013-1 marine sponge at concentrations of 100, 50, 
25, 12.5, and 6.25 mg/mL, and doxorubicin as a positive 
control at concentrations of 16, 8, 4, 2, and 1 mg/mL, 
further incubated for 72 h. MTT reagent (Sigma-Aldrich, 
Germany) (5 mg/mL) was then added into each well and 
incubated at 5% CO2, 37 ◦C for 4 h. SDS solution (Sigma-
Aldrich, Germany) was added and further incubated in a 
dark environment for 15 min at 25 ◦C to stop the reaction. 
The absorbance was read on the spectrophotometer at 
570 nm wavelength. All experiments were performed 
in triplicate. Cell viability was determined using the 
formula below:

Cell Viability = (Abs Treated cells / Abs Untreated 
cells) × 100%

Statistical Analysis
The MTT test results were analyzed using Graphpad 

Prism 9.0.0 to determine the IC50 of ethyl acetate fraction 
of SSL-013-1 marine sponge using the four parametric 
logistic regression methods. 

Results

The sponge, identified as Aaptos suberitoides. and 
collected from Putus Island, Bitung, North Sulawesi, 
Indonesia in 2022, as macerated in MeOH and partitioned 
between EtOAc and H2O three times. The combined 
organic layers were concentrated under vacuum 
conditions to yield 595.37 mg and coded as SSL-013-1.

The SSL-013-1 was assayed against colon cancer, 
DLD-1, at a final concentration of 100 ppm and showed 
a 100.87% inhibition. This result indicated that the 
SSl-013-1 contained potential bioactive compounds as 
anticancer agents. Therefore, SSL-013-1 was chosen for 
further analysis.

TLC-Based Characterization of the Structures in 
SSL-013-1

TLC analyses were performed to characterize the 
basic moieties in bioactive compounds contained in the 
SSL-013-1. The TLC analyses were dyed using cerium 

No Cell line Sample IC50 (mg/mL)

1 DLD-1 Aaptamine-rich extract (SSL-013-1) 9.597

Doxorubicin 2.662

2 NIH-3T3 Aaptamine-rich extract (SSL-013-1) 12.23

Doxorubicin 2.12

Table 1. IC50 Values of SSL-013-1 against DLD-1 and 
NIH-3T3 Cells

Figure 1. The Structure of aaptamine (1), isoaaptamine (2), and demethylaaptamine (3). 
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Figure 2. The LCMS/MS Chromatogram of SSL-013-1.

Figure 3. The Mass Fragmentation Peaks at the Corresponding Peak at Rt 4.62 of SSL-013-1.

Figure 4. The Cytotoxicity Profile of Doxorubicin on DLD-1 and NIH-3T3 Cells. The viability of doxorubicin-treated 
cells were measured using an MTT assay.

(1) as the compound responsible for the anticancer 
activity in SSL-013-1. While isoaaptamine (2) has only 
one methoxy moiety in its structure. This finding was in 
agreement with TLC analysis results that the compound 
in SSL-013-1 contained tertiary and secondary amine 
moieties. 

Doxorubicin as positive control induces DLD-1 and NIH-
3T3 cell death

The effect of doxorubicin on the viability of the DLD-
1 colorectal cancer cells and NIH-3T3 murine fibroblast 
cells was measured by MTT assay (Figure 4). The 
cytotoxic assay of doxorubicin showed a dose-dependent 
inhibitory profile in DLD-1 and NIH-3T3 cells. These data 
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Figure 5. The Cytotoxicity Profile of SSL-013-1 on DLD-1 and NIH-3T3 Cells. The viability of SSL-013-1-treated 
cells were measured using an MTT assay 

indicate that the SSL-013-1 is toxic to DLD-1 colorectal 
cancer cells with a lethal concentration (IC50) of 2.662 
µg/mL on DLD-1 cells (Table 1). Meanwhile, the IC50 
value of doxorubicin on NIH-3T3 cells was slightly higher 
at 2.120 µg/mL. Thus, doxorubicin is considered toxic to 
cancer cells and normal cells.

Ethyl acetate extract (SSL-013-1) of A. suberitoides 
induces DLD-1 and NIH-3T3 cell death

The effect of SSL-013-1 on the viability of the DLD-1 
colorectal cancer cells and NIH-3T3 murine fibroblast cells 
was measured by MTT assay (Figure 4). The cytotoxic 
assay of the SSL-013-1 showed a dose-dependent 
inhibitory profile in DLD-1 and NIH-3T3 cells. These data 
indicate that the SSL-013-1 is toxic to DLD-1 colorectal 
cancer cells with a lethal concentration (IC50) of 9.597 
µg/mL on DLD-1 cells (Table 1). Meanwhile, the IC50 
value of SSL-013-1 on NIH-3T3 cells was 12.23 µg/mL. 
Thus, SSL-013-1 is considered more toxic to cancer cells 
than normal cells (Figure 5).

Discussion

Marine sponges are a prolific source of secondary 
metaboli tes ,  several  of  which showed tumor 
chemopreventive and chemotherapeutic properties. 
Several marine sponge extracts showed anticancer effects. 
Aaptamines are alkaloids extracted from different species 
of Aaptos sp. showing important potential anticancer 
activity. Aaptamines are also capable of triggering more 
than one pathway, such as apoptosis, inhibiting cell 
proliferation, and acting as cytoprotective elements against 
conventional chemotherapeutic agents. This highlights 
their multi-target ability to restrain the biological 
complexity of cancer [10].

A previous study also demonstrated that A. suberitoides 
contains three particular compounds (Aaptamine, 
Demethyl(oxy)aaptamine, and Isoaaptamine) which 
exhibit their ability to trigger apoptosis toward human 
leukemia monocytic cell line (THP-1) [15]. Moreover, 
another study demonstrated that A. suberitoides with major 
compounds aaptamine exhibit antiproliferative activity 

targeting the modulators of the cell-cycle progression 
toward human osteosarcoma cell line (MG63) [27].

The cytotoxicity of marine sponge extract against 
CRC has been studied in HCT-116 cells [28]. Based on 
this finding, the ethanolic extract of Stylissa carteri has 
cytotoxic activity particularly against HCT-116 colorectal 
cancer cell lines with an IC50 value of 5 µg/mL. This 
marine sponge cytotoxicity activity, however, has not been 
studied specifically on colorectal cancer cell lines DLD-1 
cell. DLD-1 cell is one of the CRC models that has been 
studied for cytotoxicity activity assay and pro-apoptotic 
genes target [29].

Investigation of anticancer activity also showed that 
aaptamine (1) and its derivatives demonstrate anticancer 
effects against five human tumor cell lines (THP-1, 
HeLa, SNU-C4, SK-MEL-28, and MDA-MB-231 human 
cancer cell lines) and induced apoptosis in THP-1 human 
leukemia cells [15]. In another study, the ethanolic extract 
of A. suberitoides on trastuzumab-resistant HER2+ 
breast cancer cell line demonstrates cytotoxicity, anti-
proliferation, and anti-migration effect as well as inhibition 
effect on three-dimensional spheroid growth [17].

The ethanolic extract of A. suberitoides from 
Tinjil island, Banten, Indonesia has been investigated 
on trastuzumab-resistant HER2+ breast cancer cell 
line for their cytotoxicity using MTT assay with 
IC50 was 12ppm [17]. Furthermore, the methanolic 
extract of A. suberitoides also has demonstrated more 
antiproliferation impact on breast cancer cells than normal 
cells, indicating oxidative stress-dependent preferential 
antiproliferation effects on breast cancer cells but not for 
normal cells [18]. However, to date, there is limited study 
regarding the ethyl acetate extract study of A. suberitoides. 
Hence, the present study examined the cytotoxic effects 
of ethyl acetate extract of A. suberitoides between CRC 
and normal cells. Furthermore, it has also opened an 
opportunity for ethyl acetate extract of A. suberitoides 
to be a novel therapeutic candidate for DLD-1 colorectal 
cancer cells. Thus, this was the first study in DLD-1 
colorectal cancer cells to evaluate the cytotoxic activity 
of ethyl acetate active fraction of A. suberitoides. Our 
results showed that the ethyl acetate active fraction of 
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A. suberitoides collected from Putus Island, Bitung, North 
Sulawesi, Indonesia suppressed cell viability in DLD-1 
colorectal cancer cells (Figure 2). The IC50 value of the 
active fraction (SSL-013-1) was 9.597 µg/mL indicating 
that it has good cytotoxic activity. The American 
National Cancer Institute (NCI) guidelines set the limit of 
activity for crude extracts to 50% inhibition (IC50) of the 
proliferation of less than 30 ppm in 72 hours incubation. 
Moreover, a crude extract with IC50 below 100 µg/mL has 
the potential to be developed as an anticancer agent [30]. 
However, further analysis is necessary to identify the exact 
active compound underlying this cytotoxicity activity.

Based on the findings, ethyl acetate extract (SSL-013-
1) of A. suberitoides collected from Putus Island, Bunaken 
National Park, North Sulawesi, Indonesia, suppressed cell 
viability of DLD-1 colorectal cancer cells and considered 
more toxic to DLD-1 colorectal cancer cells than murine 
fibroblast cells (NIH-3T3) as control/normal cells. Later, 
the bioactive compound responsible for the activity was 
determined as aaptamine [1]. The IC50 of aaptamine-rich 
extract was evaluated against DLD-1 cells with a value of 
9.597 µg/mL and categorized as a potent anticancer agent. 
Therefore, these data prove that the ethyl acetate extract 
of A. suberitoides could be a potential candidate for the 
source of novel drugs for colorectal cancer cell therapy. 
To that end, further in-vivo studies are necessary before 
recommending the clinical use of aaptamine.
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