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ABSTRACT
Objective: Resistances to current anticancer and antioxidant drugs are growing global concerns. The aim of this study was to identify natural
products from marine invertebrates with therapeutic potential.
Methods: The organic extract of the Mediterranean gorgonian, Eunicella singularis and its semi-purified fractions were evaluated for in vitro
antiproliferative effect in three human cancer cell lines using the MTT colorimetric method and clonogenic assay. The antioxidant activity was
determined by two methods, the stable radical 1,1 -diphenyl-2-picrylhydrazyl (DPPH), and the ferric-reducing power (FRAP) assays.
Results: The organic extract and methanol/dichloromethane fraction (F-MeOH/CH2Cl2) showed interesting antiproliferative activities in a dose
dependant manner against two cancer cell lines (A549 and MCF7). The IC 50 values of the organic extract were 36 and 52 µg/ml for A549 and MCF7
cancer cell lines, respectively. For the F-MeOH/CH2Cl2, the IC50 was 31 µg/ ml for both cell lines studied. In addition F-MeOH/CH2Cl2 possessed a
potent antioxidant activity.
Conclusion: Eunicella singularis fraction might be used as a potential source of natural antiproliferative and antioxidant agents.
Keywords: Eunicella singularis, Antiproliferative, Antioxidant, Organic extract, Semi-purified fractions.

INTRODUCTION
Marine organisms, which represent approximately one half of the total
global biodiversity, are rich reservoirs of biologically active natural
products [1, 2]. Among them, Sponges, bryozoans and tunicates, which
have furnished a large variety of bioactive metabolites, are considered
as marine sources of new active compounds for drugs development
[3]. [4] reported that cnidarians have also proven to be a source of
biologically active chemical molecules. Approximately 15,000
pharmacologically active compounds have been isolated from marine
species, whose the structure of the most was unique and absent in
terrestrial organisms [5].
In recent years, anticancer drugs from natural sources such as plants,
marine organisms and microorganisms account approximately 60% of
all anticancer drugs [6]. However, many anticancer drugs used in
chemotherapeutic treatments developed resistance and side effects [7,
8]. That is why the search and isolation of new effective non toxic
compounds from natural sources is actual problem [9].
Out of these, reactive oxygen species (ROS) and free radicals attack
macromolecules such as DNA, proteins and lipids, leading to many
health disorders including cancer [10, 11]. The harmful effect of the
free radicals can however, be blocked by synthetic antioxidants, but
due to their adverse side effects, search for effective and natural
antioxidants has become crucial [12, 13].
Hence, the search is still on to find a natural drug possessing
antiproliferative and antioxidant properties. The soft corals and
gorgonians of Octocorollia have become a new marine resource for
searching novel bioactive marine natural products as lead compounds
in drug development [14]. Therefore, in a program to find new natural
sources of antiproliferative and antioxidants agents from Tunisian
marine invertebrates, we studied the efficiency of organic extract and
its semi-purified fractions from the white gorgonian Eunicella
singularis (Cnidaria: Octocorallia) Esper 1794, characteristic of
coralligenous biocenosis, and one of the most abundant and widely
distributed specie in the Mediterranean Sea [15,16,17].
MATERIAL AND METHODS
Sample collection
Eunicella singularis was collected from the Mediterranean Sea in
various areas of the coastal region of Tabarka (Tunisia), in June

2010, at a depth between 20 and 30 m. The collected samples were
cleaned by rinsing with seawater and distilled water and
transported in cool box to the laboratory. The cleaned material was
then air dried to dryness in the shade at 30°C. The dried samples
were finely powdered and stored at -20°C until use. Identification of
specimens was carried out in the National Institute of Marine
Sciences and Technologies (Salamboo, Tunisia).
Preparation of the organic extract and its semi-purified
fractions
The organic extract of Eunicella singularis was prepared by
maceration of finely powdered material packed in small bags (5 x 10
cm) of Whitman filter paper no.1 with methanol and
dichloromethane (1:1, v/v) for 48h three times. The organic extract
was concentrated to solvent free by evaporation in a rotating
evaporator (Buchi, B- 480) at 40°C.
In order to localize the active fractions, the organic extract was
purified, using C18 cartridges (Sep-pack, Supelco), by gradient
elution with different organic solvents in the order of decrease
polarity: ethanol and methanol/ dichloromethane (1:1) to give
ethanol (F- EtOH), and methanol-dichloromethane (F-MeOH/CH2Cl2)
fractions. Organic solvents were removed from recuperated
fractions using rotating evaporator at 40 °C.
Qualitative chemical screening
The organic extract and its semi-purified fractions (F-EtOH, FMeOH/CH2Cl2) of Eunicella singularis were characterized for the
presence of alkaloids (Mayer’s test), glycosides (Keller-Killiani test),
terpenoids (Libermann-Burchard’s test), steroids, and saponins [18,
19].
Antiproliferative activity
Cell culture
The human cancer cell lines A549 (lung cell carcinoma), HCT15
(colon cell carcinoma) and MCF7 (breast adenocarcinoma) were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA). Cells were routinely grown with DMEM
supplemented with 10% fetal calf serum and 1%
penicillin/streptomycin, obtained from Biochrom AG (Berlin,
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Germany). They were grown on Flasks (Nunc, Denmark) at 37˚C in a
humidified atmosphere containing 5% CO2. Cells were replicated
every 4-5 days and the medium changed once in-between.

percentage inhibition of DPPH, was calculated according to the
formula:
% inhibition = [(AB _ AA)/AB] × 100, where AB and AA are the
absorbance values of the control and of the test sample, respectively.
The fraction concentration providing 50% inhibition (IC 50) was
calculated from the graph of inhibition percentage plotted against
test samples concentration.

Viability assay
The potential effects on cell viability were investigated according to
previously reported conditions using the MTT assay [3-(4, 5dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide, SigmaAldrich Chimie, Saint-Quentin-Fallavier, France] as an indicator of
metabolically active cells [20, 21, 22].

DPPH radical-scavenging activity of the organic extract and its semipurified fractions of Eunicella singularis were compared with
ascorbic acid used as standard.

Results were evaluated by comparing the absorbance of the treated
cells with the absorbance of wells containing cell treated by the
solvent control. Conventionally, cell viability was estimated to be
100% in the solvent control. The concentration of substance
required for 50% growth inhibition (IC50) was estimated as that
giving a 50% decrease in absorbance as compared to controls
incubated simultaneously without substances.

Ferric reducing antioxidant power
The ferric reducing antioxidant power (FRAP) of Eunicella singularis
organic extract and its semi-purified fractions was evaluated using
the method described by Oyaizu [25]. The absorbance of all sample
solutions was measured at 700 nm and compared with ascorbic acid
used as standard.

Clonogenic Inhibition Assay

Statistical analysis

The clonogenic inhibition assay was performed as described
previously by [23] with some modifications. Known number of
A549, HCT15 or MCF7 cells (2.104) were transferred into six-well
plates (Becton Dickinson Lab ware, USA) in a volume of 2 ml of
culture medium and incubated for 24h before addition of test
compounds.

Data are presented as the mean ± standard error of the mean (s. e.
m). Statistical analysis was performed using Student’s t-test. The
significance of difference was considered to include values of P<0.05.
RESULTS AND DISCUSSION
Evaluation of cytotoxicity against cancer cell lines

Cells were then exposed for 24h at 37˚C to known concentrations of
the compound to be tested. After drug exposure, the cells were
washed with phosphate-buffered saline and subsequently re-plated
in appropriate dilution in triplicate to assess clonogenic ability. After
incubation for 14 days, each plate was stained with crystal violet and
colonies were counted with a “colony counter pen”. The surviving
fraction was calculated as the ratio of the number of colonies formed
after treatment to the product of the number of cells plated and the
plating efficiency. The IC50 value is the concentration of the extract
or fraction which is capable of bringing about 50% inhibition of
colony formation.

The organic extract and its semi-purified fractions of Eunicella
singularis were tested for their effect on inhibition of growth in three
human tumor cell lines (A549, HCT15, and MCF7) over a
concentration range of 12.5 – 1000 µg/ml to determine their
potency. Assays were performed on exponentially growing cells and
activity evaluated by measuring levels of surviving cells after
incubation for 24h with the test samples using the MTT colorimetric
assay [22, 26]. This is the first step in our anticancer drug
development program and is designed to identify fractions with
cytotoxic activity. The results of this primary screening are shown in
Table 1 and in figures 1-3.

Antioxidant activity

At concentrations of 12.5 – 1000 µg/ml, organic extract and its semipurified fractions of Eunicella singularis suppressed dosedependently the proliferation of the three cell lines. The organic
extract produced significant cell growth inhibition in A549, HCT15
and MCF7 cells, from 38 to 85%, 11 to 84% and 39 to 88%,
respectively (figure 1).

DPPH radical-scavenging activity

Inhibition percentage of cell viability
(%)

The free radical-scavenging activity of the organic extract and its
semi-purified fractions from Eunicella singularis was evaluated using
the stable radical DPPH, according to the method of Kim et al [24].
The radical-scavenging activity of test samples, expressed as
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Fig. 1: Effect of the organic extract of Eunicella singularis on cellular growth against three human tumor cell lines (A549, lung cell
carcinoma; HCT15, colon cell carcinoma; and MCF7, breast adenocarcinoma).
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The ethanolic fraction produced important cell growth inhibition in
the three cell lines, from 28 to 79%, 14 to 86%, and 13 to 84%,
respectively (figure 2).

presented in Table 1. The organic extract produced significant
cytotoxicity with IC 50 values of 36, 175 and 52 µg/ml,
respectively, against A549, HCT15, and MCF7 cells. The
methanol/dichloromethane fraction exhibited significant
cytotoxicity against A549, HCT15, and MCF7 cell lines with IC50
values of 31, 175, and 31µg/ml, respectively (Table 1). The
ethanolic fraction produced also significant cytotoxicity with IC 50
values of 200, 174, and 375µg/ml, respectively, against A549,
HCT15, and MCF7 cells (Table 1).

The methanol/dichloromethane fraction produced also significant cell
growth inhibition in the three cell lines, from 32 to 79% in A549 cells,
10 to 67% in HCT15 cells, and 36 to 72% in MCF cells (figure 3).

Inhibition percentage of cell viability
(%)

The concentration of fractions required to reduce growth of
cancer cell lines by 50% (IC 50) after 24h of incubation are
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Fig. 2: Effect of the ethanolic fraction (F-EtOH) of Eunicella singularis on cellular growth against three human tumor cell lines (A549, lung
cell carcinoma; HCT15, colon cell carcinoma; and MCF7, breast adenocarcinoma).
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Fig.3: Effect of the methanol/dichloromethane fraction (F-MeOH/CH2Cl2) of Eunicella singularis on cellular growth against three human
tumor cell lines (A549, lung cell carcinoma; HCT15, colon cell carcinoma; and MCF7, breast adenocarcinoma).
Table 1: In vitro growth inhibitory activity (expressed by the IC50) of the organic extract and its semi-purified fractions (F-EtOH, FMeOH/CH2Cl2) of Eunicella singularis against the three human tumor cell lines A549 (Lung Cell Carcinoma), HCT15 (Colon Cell Carcinoma)
and MCF7 (Breast Adenocarcinoma)
Sample
Organic extract
F-EtOH
F-MeOH/CH2Cl2

A549
36±0.6
200±0.8
31±0.5

IC50 (µg/ml)
HCT15
175±0.9
174±0.4
175±0.4

MCF7
52±0.5
375±0.4
31±0.5

Note: IC50: 50% inhibitions of cell growth, values are expressed as mean ± SEM.
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Once the inhibitory effects of the organic extract and its semi-purified
fractions of Eunicella singularis on cell growth inhibition (MTT
colorimetric assay) were established, their effects on cell viability were
assessed using the clonogenic inhibition assay and the same three
human tumor cell lines over the same concentration range [27]. The
antiproliferative effects of organic extract and its semi-purified fractions
on A549, HCT15, and MCF7 cells showed a significant clonogenic
concentration-related inhibition (figure 4-6). The organic extract
produced significant clonogenic inhibition against A549, HCT15, and
MCF7 cells, from 48 to 95%, 21 to 95% and 51 to 98%, respectively
(figure 4) with IC50 values of 26 µg/ ml against A549 cells, 48 µg/ ml
against HCT15 cells and 17 µg/ml against MCF cells (Table 2).
Ethanolic fraction also produced significant clonogenic inhibition
(figure 5) with IC50 values of 98, 152, and 333 µg/ ml, respectively
against A549, HCT15, and MCF7 cells (Table 2).

Methanol/dichloromethane fraction produced also significant
clonogenic inhibition against A549, HCT15, and MCF7 cells, from 39
to 90%, 15 to 92%, and 43 to 87%, respectively (figure 6) with IC 50
values of 30 µg/ml against A549 cells, 150 µg/ ml against HCT15
cells and 30 µg/ ml against MCF7 cells (Table 2).
The preliminary chemical screening of the organic extract and the
tested fractions of Eunicella singularis revealed the presence of
alkaloids, glycosides, terpenoids and saponins as showed in Table 3.
However, only F-EtOH contains steroids. So, the antiproliferative
activity of organic extract, F-EtOH and F-MeOH/CH2Cl2 fractions
could be attributed to the presence of these compounds (alkaloids,
glycosides, terpenoids and saponins) found in these samples. The
strong antiproliferative activity of the F-EtOH could be also
presumed to emerge from its steroids content; however, it still
needs further investigations.
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Fig. 4: Organic extract of Eunicella singularis induced clonogenic inhibition in human tumor cell lines (A549, lung cell carcinoma; HCT15,
colon cell carcinoma; and MCF7, breast adenocarcinoma).
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Fig. 5: Ethanolic fraction (F-EtOH) induced clonogenic inhibition in human tumor cell lines (A549, lung cell carcinoma; HCT15, colon cell
carcinoma; and MCF7, breast adenocarcinoma).
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Fig. 6: Methanol/ dichloromethane fraction (F-MeOH/CH2Cl2) induced clonogenic inhibition in human tumor cell lines (A549, lung cell
carcinoma; HCT15, colon cell carcinoma; and MCF7, breast adenocarcinoma).

Table 2: In vitro colony inhibitory activity (expressed by the IC50) of the organic extract and its semi-purified fractions (F-EtOH, FMeOH/CH2Cl2) of Eunicella singularis against the three human tumor cell lines A549 (Lung Cell Carcinoma), HCT15 (Colon Cell
Carcinoma), and MCF7 (Breast Adenocarcinoma)
Sample
Organic extract
F-EtOH
F-MeOH/CH2Cl2

A549
26±0.4
98±0.6
30±0.2

IC50 (µg/ml)
HCT15
48±0.6
152±0.5
150±0.2

MCF7
17±0.8
333±0.2
30±0.2

Note: IC50: 50% inhibition of cell growth, values are expressed as mean ± SEM

Table 3: Qualitative chemical screening of the organic extract and its semi-purified fractions from Eunicella singularis
Alkaloids
Glycosides
Terpenoids
Steroids
Saponins

Organic extract
+
+
+
+

F- EtOH
+
+
+
+
+

F- MeOH/CH2Cl2
+
+
+
+

Note: ‘+’indicates the present compound; ‘–‘indicates the absent compound
These data are in agreement with the results of others. Several
studies reported that steroids, tryptamine and diterpenoids isolated
from other species of the genus Eunicella have antiproliferative
properties. In addition, Sharma and Paliwal [28] demonstrated that
saponins may provide a new line of anticancer agents due to their
multiple apoptotic actions on cancer cells. Ioannou et al [29]
reported that pregnanes, class of steroids isolated from the organic
extract of the gorgonian Eunicella cavolini, exerted antiproliferative
activity in MCF7 human breast adenocarcinoma cells. Metabolites (9,
11- secosterols) from the gorgonian Eunicella cavolini strongly
inhibit the growth of LNCaP human prostate adenocarcinoma cells
and the estrogen-dependent growth of MCF7 human breast
adenocarcinoma cells [30]. Granulata-mides A and B, tryptamine
derivatives from the soft coral Eunicella granulata have antitumor
activity against 16 human tumor cell lines [31].
In addition to the steroids and tryptamine, the diterpenoids from the
genus Eunicella have antiproliferative potential: Labiatin B,
diterpenoid of the eunicellan class and isolated from the organic
extract of the Senegalese gorgonian Eunicella labiata exhibited
cytotoxic activity against human colon cancer cells HCT 116 [32],
while the eunicellan diterpene, massileuni-cellin A from Eunicella
cavolini have antitumor properties [33].

Also, indole alkaloids isolated from other marine invertebrates
showed cytotoxicity against a number of experimental tumor cell
lines. Dragmacidin, is a bisindole alkaloid isolated from a deep water
marine sponge Dragmacidin sp. and showed cytotoxicity against P388 cell lines and A-549 (human lung), HCT-8 (human colon), and
MDAMB (human mammary) cancer cell lines in vitro [34].
The observed antiproliferative effect of the organic extract and the
different tested fractions may be attributed to alkaloids, steroids and
terpenoids detected in these fractions and to a synergic participation
of other compounds.
Evaluation of the antioxidant activity
The role of oxidative stress in the pathogenesis of diseases such as
macular degeneration, certain types of cancer, and Alzheimer’s
disease has received substantial attention. For that reason, we also
aimed to look into antioxidant capacities of Eunicella singularis
organic extract and its semi-purified fractions. Two methods were
used to evaluate the antioxidant activity of the organic extract and
its semi-purified fractions from Eunicella singularis: the FRAP assays
and DPPH radicals. The superoxide anion and other ROS contribute
to oxidative stress, and are known contributors to genetic damage,
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as well as degenerative diseases such as cancer [35]. Since, the FRAP
and DPPH radicals are not biologically relevant, the DPPH and FRAP
assays were performed as a preliminary study to estimate the direct
free-radical scavenging abilities of the test samples.
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The radical-scavenging activity of organic extract and its semipurified fractions of Eunicella singularis, measured as decolorizing
effect following the trapping of the unpaired electron of DPPH, are
shown in figure 7.
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Fig. 7: DPPH free-radical scavenging activity of organic extract and its semi-purified fractions from Eunicella singularis and ascorbic acid.
Significant difference obtained with: *P< 0.5
The methanol/dichloromethane fraction is the most potent radical
scavenger with a percentage decrease versus the absorbance of DPPH
standard solution of 58.33% at the concentration of 1mg/ml and an IC50
value of 0.36 mg/ml. The organic extract and ethanol fraction showed
scavenging activity with a percentage decrease, versus the absorbance of
DPPH standard solution of respectively 53% and 44% at a concentration
of 1mg/ml, and IC50 values of respectively 0.46 and 0.99 mg/ml.

In addition, FRAP assay measures the reducing potential of an
antioxidant reacting with a ferric tripyridyltriazine (Fe 3+-TPTZ)
complex and producing a colored ferrous tripyridyltri-azine (Fe2+TPTZ) [36]. Generally, the reducing properties are associated with
the presence of compounds which exert their action by breaking the
free-radical chain by donating a hydrogen atom [37].
(Figure 8) depicts the Fe3+-Fe2+ transformation investigated in the
presence of organic extract, ethanol, and methanol/dichloromethane
fractions using the potassium ferricyanide reduction method. The
reducing activity of the different fractions mentioned above,
increased with increasing sample concentration.

It can be noticed that methanol/dichloromethane fraction showed
significant anti-radical activity, as measured by their capacity to
scavenge the stable free radical DPPH, while ethanol fraction do not
reduce the absorbance at 517 nm except at high concentration.
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Fig. 8: The Fe3+ -Fe2+ reducing activity of organic extract and its semi-purified fractions from Eunicella singularis and ascorbic acid at
different concentrations tested (0.06-1mg/ml) using reducing power assay. Significant difference obtained with: *P< 0.5
Therefore, at the same concentration of 1mg/ml, organic extract and
methanol/dichlorometh-ane fraction reduce a maximum of Fe3+ ion

by 0.66 and 0.39 mg/ml respectively; whereas ethanol fraction
presents 0.34 mg/ml.
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As can be seen in (figure 8, table 4), organic extract showed greater
effective reducing activity than methanol/dichloromethane and
ethanol fractions, at different concentrations (0.06, 0.125, 0.25, 0.5,
and 1mg/ml).
Table 4: IC50 values of DPPH radical-scavenging activity and
reducing power of organic extract and its semi-purified
fractions of Eunicella singularis
Sample

Organic extract
F- EtOH
F- MeOH/CH2Cl2
Ascorbic acid

IC50a of DPPH radicalscavenging activity
(mg/ml)
0.46±0.02
0.99±0.05
0.36±0.02
0.05±0.01

IC50b of reducing
power (mg/ml)
0.20±0.03
1.35±0.04
1.14±0.08
0.07±0.02

Note: Values are expressed as mean ± SEM of triplicate
measurement.
IC50 means the concentration of sample that can decrease DPPH
concentration by 50%.
a

b

IC50 is the concentration for which the absorbance at 700nm is 0.5.

Results show that, organic extract, F-EtOH, and F-CH2Cl2 fractions
revealed relatively strong antiradical activity towards the FRAP and
DPPH free radicals. Thus, we can suggest that the antiproliferative
activity of the organic extract, F-EtOH and F-CH2Cl2 fractions occurs
through their antioxidant potential. This experiment suggests that
the inhibition of tumor cell proliferation in vitro by the organic
extract and its semi-purified fractions of Eunicella singularis cannot
be solely explained by the presence of alkaloids, glycosides,
terpenoids, steroids and saponins. The inhibition of cancer cell
proliferation may be attributed to some unknown compound(s)
present in the organic extract and its semi-purified fractions of
Eunicella singularis. Other compounds may play a major role in the
antiproliferative activity.
CONCLUSION
The organic extract and its semi-purified fractions of Eunicella
singularis appear to contain compounds with antiproliferative and
antioxidant properties. However, further studies should be
performed to isolate and identify the antiproliferative or antioxidant
components.
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