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CYTOTOXIC ACTIVITY AND SECONDARY METABOLITE
CHARACTERISTICS OF SEA CUCUMBER Actinopyga sp.
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Abstract

Sea cucumber is known as the source of bioactive secondary metabolites. Actinopyga is one of the sea cucumbers
that have not been explored for its bioactivity. The objectives of this research were to assess the cytotoxic activity and
to examine the characteristic of sea cucumber Actinopyga sp. methanolic extract. Cytotoxicity assay was conducted
by using MTT method against WiDr (colon cancer) and T47D (breast cancer) cell lines. Actinopyga sp. methanolic
extract was characterized by using phytochemical screening, fourier transform-infra red spectroscopy (FT-IR), and
Liquid Chromatography Ion Trap Time of Flight Mass Spectrophotometer (LC-IT-ToF-MS). Results showed that
Actinopyga sp. methanolic extract inhibit WiDr and T47D cell lines viability with the LC50 value of 55.93 and 87.55 µg/
ml, respectively. Functional groups analysis showed the presence of hydroxyl, amine, carboxylic acid, nitrate, amide,
sulphur, ester, and ether. The spectra mass analysis of crude extract showed that it contains steroid compounds.
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1. Introduction

Indonesia is rich in marine biodiversity. This
biodiversity is an important source of lead chemicals
for medicinal use. These secondary metabolites
chemicals are usually found in marine invertebrates
(Butler, 2004; Jain et al., 2008; Soltani et al., 2014).

In ecological perspective, these secondary
metabolites are produced by marine invertebrate as
their response to harsh marine environment  to protect
themselves from predator and to fight for food, space,
and other environment stressors (Bordbar et al., 2011).
In the last ten years, secondary metabolites that are
considered as lead compounds have been developed
into risk-reducing chronic disease medicine (Webb,
2006; Shahidi, 2009; Bordbar et al., 2011). Sea
cucumber is considered as one of marine invertebrates
that have the diversity of secondary metabolites (Leal
et al., 2012).

Sea cucumber was used as traditional medicine
by the Chinese and Malaysian to treat hypertension

and cancer (Bahrami et al., 2014; Elbandy et al., 2014;
Soltani et al., 2014). Its biological activities include
antioxidant, anti-microbe, and anticancer (Liu et al.,
2012; Slichenko et al., 2012; Salazar et al., 2013). It
is known as the source of chemicals, such as phenol
and glycoside triterpene (saponin).  Januar et al. (2014)
found that ethanolic extract of  Holothuria sp. from
South Lampung had cytotoxicity against MCF-7 cells
with LC50 value of 10.32 µg/ml. Based on the NMR
and GC-FID analysis,  the active compound was
identified as stearic acid. Chemical composition and
fat ty acid analysis of  Bohadschia argus,
Holothuriafuscogilva, Thelenota ananas, and
Actinophyga lecanora  taken from Halmahera, North
Maluku was investigated by Fawzya et al. (2014). Sea
cucumber Bohadschia argus  and  B.  mamorata
collected from Karimunjawa waters, Central Java,
showed promising actibacterial activ ity against
Pseudomonas sp and Staphylococcus aureus
(Pringganies, 2013). Actinopyga is a type of sea
cucumbers that has not been explored for its
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bioprospective. One study revealed that sea cucumber
Actinopyga agassizi shows cytotoxic activity against
bone cancer (Bhakuni and Rawat, 2005). Another also
revealed that A. miliaris shows bioactivity against a
brine shrimp species of Artemia salina (Albuntana et
al., 2011).

Cancer is considered as the number one causing
the death in the world. Cancer cases were raising
from 12.7 million cases in 2008 to 14.1 million cases
in 2012. The most frequent cases of cancer are breast
and colon cancer. In Indonesia, breast cancer is the
highest type of cancer case suffered to women, while
colon cancer is a frequent cancer case suffered to
both men and women (KEMENKES RI, 2014). Reports
mentioned that colon cancer is the third most frequent
cancer case in the world (WCRF, 2012). Studies have
been conducted to cope with these cancer types,
including exploring natural products as anticancer lead
compound (Blunden, 2001; Chatterji et al., 2010; Murti
& Agrawal, 2010; Bordbar et al., 2011; Wijesinghe et
al., 2013). Cancer cell lines, such as WiDr (colon
cancer) and T47D (breast cancer), are frequently used
as  the model in in vitro biodiscovery test of natural
compound. The objective of this study is to identify
the characteristics of sea cucumber Actinopyga sp.
methanolic crude extract and to assess its cytotoxic
activity against WiDr and T47D cell lines.

2. Material and Methods

2.1. Materials and Instrumentation

The sea cucumber was taken from Pesawaran
Waters, Lampung, Sumatera in June 2015. The
chemicals used were analytical grade and HPLC
grade. Some materials used in this study include
methanol, acetonitrile, MTT [3-{4,5-dimetilthiazol-2yl)-
2,5-difenil tetrazolium bromide], colon cancer cell line
(WiDr),  breast cancer cell line (T47D), Rosewell Park
Memorial Institute (RPMI) medium, and Fetal Bovine
Serum (FBS). Some instrumentations used in this
study include vacuum rotavapour (Buchi), Fourier
Transform-Infra Red Spectroscopy (FT-IR) (Perkin
Elmer), Liquid Chromatography Ion Trap Time of Flight
Mass Spectrophotometer (LC-IT-ToF-MS) (Shimadzu),
inverted microscope (Olympus), CO2 incubator (Esco)
and microplate reader (Thermo).

2.1.1. Sea cucumber identification and sample
  preparation

The sea cucumber used in this study was
confirmed by the Research Center for Oceanography,
Indonesia Institute of Science (LIPI) as Actinopyga
sp., or teripang kelapa (local name). It was taken by

hand in 1 - 5 meter depth. Samples were washed and
their entrails were cleaned. Samples were preserved
cold using ice cubes and were stored in a cool box
upon subsequent analysis in the laboratory.

Sample preparation began with fresh water cleaning
to get rid of debris from its body surface. Then, it was
cut into approximately ± 2 cm3 size. These sample
pieces were macerated in methanol absolute for 12
hours in triplicate. Subsequently, the solution was
filtered using filter paper. Filtrate was evaporated using
vacuum rotary evaporator to obtain paste, and then
the paste was dried using freeze dryer. The crude
extract obtained was stored at 4 oC upon subsequent
analysis.

2.1.2. Functional group analysis

Functional group analysis was conducted using
Fourier Transform-Infra Red Spectroscopy (FT-IR)
(Perkin Elmer). Analysis was done according to
Rakesh et al. (2014) with some modifications. One
mg sea cucumber Actinopyga sp. crude extract was
mixed with 200 mg of  one-day oven-dried potassium
bromide (KBr) to make a pellet. The sample pellet
was read with wavenumber of 450-4000 cm-1 and was
scanned for 45 times. The resulted peak showed
vibration value that implies functional group of
compound contained in the methanolic extract of
Actinopyga sp.

2.1.3. Mass spectrometry analysis

Liquid Chromatography Ion Trap Time of Flight
Mass Spectrophotometer (LC-IT-ToF-MS) (Shimadzu)
was used to analyze methanolic crude extract. Peaks
were detected by Shimadzu photodiode array (PDA)
detector. Chromatography was carried out on a 2.0 x
100 mm Phenomenex Luna C18 column (5-m particle
size). Prior to the injection, a 5 mg crude extract
sample was cleaned up using a 0.5 cm x 2.0 mm C18
flash column. The sample was diluted in HPLC grade
methanol. The filtrate obtained was filtered using a
0.45-mm filter and was concentrated under nitrogen
gas flow. The cleaned sample was injected using
Shimadzu automated sampler and was eluted using
gradient system of water-acetonitrile (20-100% water)
for 30 minutes.

2.1.4. Cytotoxicity against cancer cell line

Cytotoxic test was performed using MTT [3-{4,5-
dimetilthiazol-2yl)-2,5-difenil tetrazolium bromide]
method according Ebada et al. (2008) with some
modifications. Breast cancer (T47D) and  colon cancer
(WiDr) cancer cell lines were used. Both cells were
maintained in CO2 incubator (Esco) using Rosewell



25

M. Nursid et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 23-30

Park Memorial Institute (RPMI) media, which was
supplemented with 10% Fetal Bovine Serum (FBS)
and penicillin-streptomycin. In brief, cytotoxic test was
performed as follows: T47D and WiDr cells were put
in a 96-well microplate at 1 x 104 cells/well density.
After 10 hours, sample solution was added to make
up a dose of 10, 30, 70, 110 and 150 g/ml.
Doxorubicin was used as positive control at  the dose
of 0.0375; 0.075; 0.15; 0.3, and 0.6 g/ml. Incubation
was done for 24 hours in a CO2 incubator. After 24
hours, MTT (MTT concentration of 0.5 mg/ml) was
added into the microplate at 100 ml/well. After 4 hours,
the reaction between the cell and MTT was terminated
by adding 10% SDS. The microplate was incubated
at 27-30 oC for at least 10 hours. The absorbance
value was measured using thermo microplate reader
at the wavelength of 570 nm. The value was used to
calculate the percentage of cell mortality, and then to
determine inhibition concentration-50 (LC50) value
using probit analysis.

3. Results and Discussion

3.1. Extraction

As much as 5.77 g of methanolic crude extract
was obtained from 443.2 g wet sea cucumber sample
so the yield is 1.3%. The crude extract was used in
cytotoxic test and chemical characteristics analysis.

3.2. Cytoxicity

Figure 1 shows an increase of cell mortality in both
T47D and WiDr cell lines as the extract dose also
increased in cytotoxic assessment. MTT-cytotoxic

assessment is based on the formation of blue
formazan crystal when MTT solution reacts with a cell
line. The amount of crystal is directly proportional to
the viable cell line (Ebada et al., 2008). The amount
of formazan crystal in control cell (untreated cell) was
more abundant than that of treated cell (Figure 1).
The amount of formazan crystal was quantified
spectrophotometrically right after the addition of 10%
SDS. Formazan crystal concentration was directly
proportional to the measured absorbance value. The
lower formazan concentration is (shown by low
absorbance value), the higher the cell mortality is.

The obtained cell mortality data from every extract
concentration series  was used to calculate LC50 value
using probit analysis. The analysis showed that the
methanolic extract of sea cucumber Actinopyga sp.
has the LC50 value of 55.9 g/ml and 87.55 g/ml
against WiDr and T47D cell, respectively (Table 1).
Doxorubicin cytotoxic activity (positive control) against
T47D cell is much higher than the methanol extract
with the LC50 value of 0.295 g/ml. Interestingly,
doxorubicin did not show such cytotoxic activity
against WiDr cell. As Lou et al. (2006) stated,
doxorubicin has selective activity against cancer cell
line, especially to breast cancer cell line with the LC50
value of  0.3 µg/ml.

Crude extract from natural product is considered
as having strong cytotoxic activity if the LC50 value is
under 30 mg/ml (Munro et al., 1987; Suffnes &
Pezzuto, 1990; Itharat et al., 2004; Chicca et al.,
2008). Based on this criterion, the methanolic crude
extract of sea cucumber Actinopyga sp. is not
considered as having strong activity for  WiDr and
T47D cells.

Figure 1. Mortality profile of WiDr and T47D cells after treated with Actinopyga sp. methanolic extract for 24
hours and features of formazan crystal formed as representation of viable cells (right). Notes: a
(untreated WiDr cell), b (WiDr cell treated with 30 g/ml), c (T47D  cell treated with 30 g/ml), d
(untreated T47D cell), formazan cristal were indicated by red arrows.
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Figure 2.  FTIR spectrum of Actinopyga sp. crude extract.
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As shown in another study, the hexane extract of
Isosticophus badionotus shows LC50 value of 197.5
µg/ml against MCF7 cell line, while the ethyl acetate
extract shows strong cytotoxicity with LC50 value of
48.5 µg/ml (Espadas et al., 2014). Water-soluble
extract from Holothuria leucospilota shows medium
cytotoxicity against Wehi-164 cell line with LC50 value
of 41.3 µg/ml (Assarian et al., 2012). Strong cytotoxic
activity is shown by the organic-soluble extract of
Sticophus horrens against A549 and TE1 cell lines
with LC50 value of 15.5 µg/ml and 4.0 µg/ml,
respectively (Althunibat et al., 2013).

3.3. Functional Group Analysis

Subsequently, crude extract was characterized its
functional group content using FT-IR analysis. This
analysis is used to identify compounds based on the
nature of each compound in absorbing infrared
radiation. Infrared radiation energy can excite
vibrational and rotational transitions in a molecule. A
molecule can vibrate in many ways, and each way is
called a vibrational mode. The vibrational mode of a
molecule is based on its number of atoms and its
arrangement of atoms. The transitions in a molecule
produce absorption peaks, which result in infrared

spectra. The spectra are the characteristic of a
molecule as different molecule will result in different
spectra, and there is small possibility that two
molecules have the same spectra.

FTIR spectra show the functional groups contained
in crude extract, including alcohol, amine, alkane,
alkene, carboxylic acid, nitrate, amide, sulphur, ester,
and ether (Figure 2). According to Daminar & Bajo
(2013) and Aksara et al. (2013), if functional groups,
such as N-H, C-N, and C-O, appear in an IR spectra
of crude extract, it implies the presence of an alkaloid
compound, which  is  proven  by the  presence of
amine functional group. The peaks appeared from the
IR spectra of  Actinopyga sp. crude extract showed
N-H functional group at 3399.37 cm-1 and 1639.46 cm-

1, which  are  confirmed  by C-N and C-O at 1207.88
cm-1; 1123.43 cm-1 and 1043.93 cm-1. The peaks on
FT-IR spectra showed wavenumbers of 3399.37 cm-1

(O-H), 1456.67 cm-1 (C-H) and 1207.88 cm-1; 1123.43
cm-1, and 1043.93 cm-1 (C-O) that indicate the
presence of saponin.

A similar result was also mentioned by Soltani et
al. (2014). Saponins are natural glycosides attached
to steroids or triterpenoids abundantly found  in plants,
bacteria, and marine animals (Marliana et al., 2005).

Table 1. LC50 value of Actinopyga sp. methanolic extract compared to doxorubicin

WiDr cell T47D cell WiDr cell T47D cell

55.92 87.55 162.08 0.295

LC50 

(μg/ml)

Crude extract Actinopyga sp. Doxorubicin
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3.4. Mass Spectra Analysis

Mass spectra analysis result showed that
Actinopyga sp. crude extract contains steroids or
terpenoids. Given the mass to charge value and
molecule formula also shows that the crude extract
contains fatty acids, phenols, alkaloids, etc.  However,
mass spectra analysis will only focus on saponin,
which is dominant in sea cucumber. Ion mass peaks
of steroids from crude extract are shown in Figure 3.

Based on LC/MS software calculation, the
molecular ion peak of m/z 549.419 has molecular
formula of C37H56O3. This molecular ion  is fitted with a
triterpenoid benzyl compound of (3²)-3-hydroxylupan-
28-oate or betul inic acid (compound 1). This
compound’s  known  activities are anti- HIV (Lan et
al., 2011) and  human melanoma inhibitor via apoptosis
induction (Pisha et al., 1995; Schmidt et al., 1997).
Another molecular ion peak of m/z 549.419  is fitted
to compound (8R,9S,10S,13R,14S)-10,13-Dimethyl-

Figure 3. m/z of three molecular ion peak (M+H) contained ini crude extract of Actinopyga sp.
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17-[(2R)-6-methyl-2-heptanyl]-6'-(1-phenylvinyl)
hexadecahydrospiro [cyclopenta[a] phenanthrene-3,3'-
[1,2,4]trioxane]  (compound 2). This steroid’s-activity
has been known as antimalaria (Singh et al., 2007).
An alkaloid attached to steroid was also detected at
molecular ion peak of m/z 461.3754 and molecular
formula of C28H48N2O3. This compound is known as
(3á,5â,7â)-3,7-Dihydroxy-24-(1-piperazinyl)cholan-24-
one (ursodeoxycholic acid) (compound 3). Sharma et
al. (2011) stated the activity of this compound as liver
anti-inflammation. Another steroid with known activity
as alpha-receptor was also detected as (3â,15á)-
Lanosta-7,9(11),24-triene-3,15-diol, which  has m/z
ratio of 441.8390 and molecular formula of C30H48O2
(compound 4). This compound has important role in
cholesterol homeostasis (Jayasuriya et al., 2005). All
of the detected compounds are presented in Figure
4.

Sea cucumbers are rich in saponin marine animals.
Saponins are glycosides that consist of polycyclic
aglycones, which are steroids or triterpenoids
attached to one or more sugar side chains. Triterpenoid
saponins consist of aglycones that are composed of
30 carbon atoms (C30), while steroid saponins consist
of aglycones that are composed of 27 carbon atoms
(C27) (Bahrami et al., 2014). Glycoside saponins are
known as self-defense chemical in sea cucumber.
Studies show that triterpen glycoside has anticancer
activity (Kaswandi et al., 2004; Inayah et al., 2012).
According to Zhang et al. (2008), sea cucumber
Actinopyga sp. contains two sulphated triterpen
glycoside compounds, i.e. lecanorosides A and B,

which  are capable of countering human cancer cell.
On the contrary, Dyck et al. (2010) stated that this
type of compounds are very powerful toxic.

Saponins are a group of the largest and most
classes  compounds that have been isolated from sea
cucumber. Saponins are produced by sea cucumbers
as a form of defense mechanism chemical in nature.
Moreover, saponins are also believed to have biological
effects, including antifungal, cytotoxic against tumor
cells, hemolysis, and anticancer (Li et al., 2013).
Saponins in sea cucumbers have been classified
properly as anticancer agents. The first anticancer
compound derived from sea cucumber glycosides was
holothurin, a glycoside from Actinopyga agassizi, in
1952 by Nigrelli. Holothurin A can inhibit the growth of
bone cancer cells (Li et al., 2013; Aminin et al., 2015).
A few years later, other types of saponins have been
identified from sea cucumber genus Actinopyga,
namely holothurin A2; B;  B1; B2; B3; B4,
fuscocineroside B; C, and 24-dehydroholothurin A2;
B1 (Caulier et al., 2011).

4. Conclusion

The methanolic extract of  sea cucumber
Actinopyga sp. has a medium cytotoxic activity
against WiDr and T47D cell lines with LC50 value of
55.93 and 87.55 µg/ml, respectively. Functional groups
analysis showed the presence of hydroxyl, amine,
carboxylic acid, nitrate, amide, sulphur, ester, and
ether. The mass spectra of methanolic crude extract
showed the presence of steroids compound.
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