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Objective: To investigate the total phenolic content, anti-oxidant capacity and cytotoxic activity
present in the n-hexane, ethyl acetate, n-butanol and aqueous fractions of an extract collected at
Selayar Island, Indonesia.
Methods: The antioxidant activity was performed by the 1,1-diphenyl-2-picrylhydrazyl radical
scavenging method and β-carotene bleaching assay. All fractions from the crude extract of
Acanthella cavernosa (A. cavernosa) were examined for their cytotoxicity using brine shrimp
lethality bioassay and heme polymerization inhibitory activity assay for antimalarial activity.
Results: The highest phenolic content was found in the n-butanol fraction, followed by the
ethyl acetate, aqueous and n-hexane fractions. The highest antioxidant activity, as determined
by the β-carotene bleaching assay, was observed in the n-hexane fraction. On the other hand,
the n-hexane fraction was most effective in suppressing 1,1-diphenyl-2-picrylhydrazyl radicals
and neutralizing 50% of free radicals at the concentration of 171.86 μg/mL. Various fractions
of the A. cavernosa extract showed the ability to inhibit heme polymerization indicating an
anti-Plasmodium function. In this regard, the ethyl acetate fraction achieved an IC50 value of
3.3 μg/mL. The aqueous fraction showed moderate cytotoxic activity against the brine shrimp
Artemia sp.
Conclusions: This study provided information on antioxidant, total phenolic content and
antimalarial activities as well as the cytotoxicity of all fractions from the crude extract of A.
cavernosa. The natural anti-Plasmodium compounds are of particular interest. Further studies
are needed for a more extensive screening and characterization of the bioactive components in
this sponge.
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1. Introduction
Many investigations have shown that sponges of the genus
Acanthella yield a large number of highly diversified natural products
such as diterpenes and sesquiterpenes that contain various nitrogenous
functional groups, including isonitrile-, isothiocyanate-, isocyanateand formamide groups. Diterpenes and sesquiterpenes isolated from
this genus have also been reported to exhibit cytotoxic, anthelmintic,
anti-malarial, anti-microbial, anti-fungal and anti-fouling activities[1-3].

As a part of our research on bioactive secondary metabolites from
Indonesian marine organisms, we studied the chemical composition
and biological characteristics of the marine sponge Acanthella
cavernosa (A. cavernosa) collected from Selayar Island. We examined
various phytochemical properties, including the total phenolic content
(TPC), anti-oxidant capacity, anti-plasmodium activity as well as
cytotoxicity of different fractions (n-hexane, ethyl acetate, n-butanol
and water) prepared from a crude extract of A. cavernosa.

2. Materials and methods
*Corresponding author: Masteria Yunovilsa Putra, Research Center for
Oceanography, Indonesian Institute of Sciences, Jl. Pasir Putih I, Ancol Timur, Jakarta
14430, Indonesia.
Tel: +62 2164713850
E-mail: mast001@lipi.go.id
Foundation Project: Supported by Coral Reef Rehabilitation and Management
Program-Coral Triangle Initiative, Indonesian Institute of Sciences (COREMAP
CTI-LIPI 2016 No. 10876401/ ADB LOAN No. 3094-INO).
The journal implements double-blind peer review practiced by specially invited
international editorial board members.

2.1. Chemicals and reagents
Ethyl acetate, n-hexane, n-butanol, methanol, chloroform, 2,2diphenyl-1-picrylhydrazyl (DPPH) and β-carotene were purchased
from Sigma Chemical Company (St. Louis, USA ). Butylated
hydroxytoluene (BHT), linoleic acid, gallic acid, ferrous chloride,
sodium carbonate, Tween-40, dimethyl sulfoxide (DMSO) and
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ethylene diamine tetraacetic acid were purchased from Merck
(Darmstadt, Germany). All chemicals used were of analytical grade.

2.2. Sponges
Sponges, identified as A. cavernosa, were collected by scuba
diving in Selayar Island, South Sulawesi, Indonesia, at a depth of 10
m in June 2015. A voucher specimen was deposited in the Research
Center for Oceanography, Indonesian Institute of Sciences, under the
registration number SLYR SP-5.

PRO microplate reader (Tecan Austria GmbH). Methanol was used

as the blank. DPPH solution without addition of the extract was
served as the control, and BHT was used as the calibration standard.
The percentage of DPPH scavenging effect was calculated using the
following equation:
DPPH scavenging effect (%)/percent inhibition = (A0 - A1/A0) ××100%
Where A 0 is the absorbance of the control, and A 1 is the
absorbance of the extract/standard. The IC50 value of the sample, the
concentration of the sample required for 50% inhibition of the DPPH
free radical, was obtained from the dose-response curve plotted as a
linear regression between percent inhibition and concentrations.

2.3. Extraction in organic solvents
2.7. Beta-carotene bleaching (BCB) assay
The sponge A. cavernosa (500 g wet weight) was homogenized
and extracted with MeOH: CHCl3 (3:1) at room temperature to
obtain a crude extract. The extract was partitioned against various
organic solvents to give fractions of n-hexane (non-polar), ethyl
acetate (semi polar), n-butanol (polar) and water. The fractions were
coded n-hexane (1.47 g), ethyl acetate (0.48 g), n-butanol (1.53 g)
and water (1.46 g), respectively. Each fraction was subjected to a
preliminary phytochemical screening to estimate its total phenol
content, anti-oxidant capacity, anti-plasmodium activity, as well as
cytotoxicity.

2.4. Phytochemical screening
All fractions were subjected to a preliminary phytochemical
screening for the presence of selected secondary metabolites,
following a standardized conventional protocol described by Abioye
et al.[4].

2.5. TPC assay
TPC was measured using the Folin-Ciocalteu assay with slight
modifications as described by Carciochi et al.[5]. The various test
samples, viz., the calibration standards (10 µL of gallic acid), the
fractions (1 mg/mL in DMSO) and quercetin (1 mg/mL in DMSO)
as the positive control were added to Folin-Ciocalteu reagent (500
µL). After 5 min, 300 µL of Na2CO3 solution (115 g/L) was added
to each reaction mixture and thoroughly mixed. The mixtures
were incubated at room temperature for 2 h before measuring the
absorbance at 765 nm using the Infinite ® 200 PRO microplate
reader (Tecan Austria GmbH, Grödig, Austria). TPCs in the various
fractions of A. cavernosa extract were expressed in mg gallic acid
equivalent (GAE)/g of extract.

2.6. DPPH radical scavenging activity assay
DPPH radical scavenging activity in fractions of the crude A.
cavernosa extract was determined using the method described by
Krishnanunni et al.[6] with slight modifications. The fractions of
the sponge extract (500 μL) was mixed with 7 mL of methanol and
then added to DPPH solution (1 mL) in 96-well plates. The mixture
was kept at room and incubated in the dark for 30 min, and then
the absorbance values were read at 517 nm using the Infinite® 200

The BCB assay was performed using the method of Olugbami
et al.[7] with some modifications. A stock solution of β-carotene/
linoleic acid was initially prepared by dissolving 5 mg of β-carotene
in 50 mL of chloroform. And 0.2 mL of the carotene-chloroform
solution was pipetted into boiling linoleic acid (20 mg) and Tween40 (200 mg). Chloroform was evaporated at reduced pressure for
5 min, and distilled water (50 mL) was added to the residue slowly
with vigorous agitation to form an emulsion. An aliquot of 250 μL
β-carotene/linoleic acid emulsion was pipetted into the 96-well
plates containing 0.2 mL of the test solutions. An equal amount
of methanol was used in the control. The plates were incubated at
50 °C, and the absorbance was then measured at 470 nm after 60
min using the Infinite® 200 PRO microplate reader (Tecan Austria
GmbH). BHT was used as antioxidant reference compound. The antioxidative activity was expressed as percent inhibition with reference
to the control after 60 min of incubation and calculated as follow:
Degradation rate (DR) of β-carotene = [ln (a/b)/60]
Antioxidant activity (%) = [(DR control - DR sample)/DR control] ××100%
Where a is absorbance at time 0, and b is absorbance at 60 min.

2.8. Heme polymerization inhibitory activity assay
The heme polymerization inhibitory activity assay was conducted
using the method developed by Basilico et al.[8]. A 100 mL solution
of 1 mmol/L hematin in 0.2 mol/L NaOH was pipetted into a 96-well
micro-culture plate, and 50 mL of the test sample of concentrations,
ranging from 1.25 to 10.00 µg/mL were added to each well. A total
of 50 mL of glacial acetate acid at pH 2.6 was added to the wells
to initiate a heme polymerization reaction. The micro-culture plate
was then incubated for 24 h at 37 °C to complete the polymerization
process. Following this, the micro-culture plate was centrifuged,
and the resulting deposits were washed 3 times with 200 mL of
DMSO. NaOH (200 mL, 0.1 mol/L) was subsequently added to each
well of the micro-culture plate. Absorbance values were read at 405
nm using the Infinite® 200 PRO micro-plate reader (Tecan Austria
GmbH). Heme polymerization inhibitory activity was expressed as
IC50. Aquadest and chloroquine were used as negative and positive
controls, respectively. The percent inhibition of heme polymerization
was calculated by the following formula:
%Inhibition = (β-hematin0 - β-hematin1)/β-hematin0 ××100
Where β-hematin0 is the concentration of the negative control and
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β-hematin1 is the concentration of the test sample.

expressed as GAE determined from the standard curve (Figure 1).
TPCs varied widely among different fractions of the A. cavernosa

The cytotoxic properties of all fractions of the crude extract were
evaluated at concentrations of 10, 100 and 1 000 μg/mL using the
brine shrimp lethality bioassay method expressed by Ahmed et al.[9]
with slight modifications. Brine shrimp eggs were placed in 1 L of
aerated sea water for 48 h at 37 °C to hatch. After 48 h, ten brine
shrimp larvae were placed in a small container filled with sea water
and different concentration of fractions. The number of survivors
was counted after 24 h. Larvae were considered dead if they did
not show any movement over several seconds of observation. The
median LC50, the concentrations at which 50% mortality of brine
shrimp larvae occurred, were determined. We compared the dead
larvae in each treatment with the dead larvae in the control to ensure
that the mortality observed in the bioassay could be attributed to
bioactive compounds and not to starvation.

extract. The highest amount was found in n-butanol fraction [(4.500
± 0.007) mg of GAE/g of fraction], followed by ethyl acetate [(3.800
± 0.041) mg of GAE/g of fraction], aqueous [(3.400 ± 0.010) mg
of GAE/g of fraction] and n-hexane [(2.800 ± 0.080) mg of GAE/
g of fraction] fractions in the decreasing order. Higher solubility of
phenolics in polar solvents could have accounted for their higher
presence in the n-butanol fraction, whereas the aqueous fraction
contained the least phenolics.
1.6
1.4
1.2
Absorbance

2.9. Brine shrimp lethality assay

1.0
0.8
y = 0.010 4x + 0.080 4
r2 = 0.998

0.6
0.4
0.2
0

2.10. Statistical analysis
All analyses were performed in triplicate and expressed as mean ±
SD. Results of the research were calculated using One-way ANOVA.
Differences were considered statistically significant when P < 0.05.
The software SPSS version 16.0 (SPSS Inc., Chicago, USA) was used
for the analysis.

3. Results
The secondary metabolites presented in all the fractions of the
A. cavernosa extract were presented in Table 1. Phytochemical
screening of the fractions expressed the presence of phenols,
terpenoids, alkaloids, flavonoids and saponins. Steroids were absent
from all the fractions examined. The n-butanol and aqueous fractions
showed the presence of alkaloids, while saponins were found in the
ethyl acetate fraction. Terpenoids were present in all the three organic
solvent fractions. Numerous ecological studies have shown that
secondary metabolites produced by sponges often serve defensive
purposes to protect them from predator attack, microbial infection,
biofouling and overgrowth by other sessile organisms[10,11].

60
80
100
Concentration (μg/mL)
Figure 1. Gallic acid standard curve.
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3.2.1. DPPH radical scavenging activity
The free radical scavenging activities in fractions of the A. cavernosa
extract were tested using the DPPH method with the results expressed
as percent inhibition and IC50 values (µg/mL) (Figure 2). DPPH was
a very stable free radical with a strong absorption maximum at 517
nm (purple color). In brief, antioxidants reacted with the stable free
radical i.e. 2,2-diphenyl-β-picrylhydrazyl to convert it to 2,2-diphenylβ-picrylhydrazine, with a loss of coloration that measured the antioxidant and free-radical scavenging potential of the test sample[12].
Antioxidant activities of the A. cavernosa fractions ranged from
16.40% to 40.57% inhibition of the free radical. By extrapolation of
the results shown in Figure 2, the largest capacity for neutralizing
DPPH radicals was found in the n-hexane fraction that neutralized 50%
of free radicals at a concentration of 171.86 µg/mL.
80

Aqueous
+
+
+
-

3.1. TPCs
The TPC in various fractions of the A. cavernosa extract were
estimated using the Folin-Ciocalteu reaction and the results were

DPPH radical scavenging (%)

Alkaloids
Steroids
Flavonoids
Saponins
Terpenoids
Phenols
Tannins

Fractions
n-Hexane n-Butanol Ethyl acetate
+
+
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+
+
+
+
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3.2. Anti-oxidant capacity

Table 1
Chemical constituents of A. cavernosa fractions.
Chemical constituents
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n-Butanol
BHT
Ethyl acetate
n-Hexane
Aqueous
Figure 2. Scavenging effect of fractions of A. cavernosa extract on DPPH
radicals. Values were expressed as mean ± SD (n = 3). BHT was used as
antioxidant reference compound.
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3.2.2. BCB assay

7

3.3. Cytotoxic properties
The brine shrimp lethality assay was a rapid and inexpensive
bioassay to test for cytotoxic properties of biological extracts which,
in many cases, were correlated reasonably well with cytotoxic
and anti-tumor activity[9]. Various species of marine invertebrates
have been tested against the brine shrimp Artemia sp., and it was
obeserved that some of these showed high toxicity. The brine
shrimp lethality bioassay was used to predict the cytotoxic activity
of the n-hexane, ethyl acetate, n-butanol and aqueous fractions
from the crude sponge extract. The degree of lethality was directly
proportional to the concentration of the fraction that inflicted
maximum mortality (90%). By plotting the log concentration
versus the percent mortality (probits) for the test samples, and an
approximate linear correlation was obtained (Figure 3). From the
graphs, the median LC50, which were the concentrations at which
50% mortality of brine shrimp nauplii occurred, were determined.
The LC50 values of the n-hexane, ethyl acetate, n-butanol and
aqueous fractions of the crude extract of A. cavernosa are shown in
Table 2. In this regard, cytotoxic properties appeared to be presented
in the aqueous fraction.

6

Probits

5
4
3
2
1
0
1

2
3
Log concentration
n-Hexane
n-Butanol
Aqueous
Ethyl acetate
Figure 3. Plot of log concentration of the fractions of A. cavernosa extract
fractions versus percent of shrimp mortality (probits) after 24 h of exposure.

3.4. Anti-plasmodium activity
Heme polymerization was a mechanism that released iron II
ferriprotoporphyrin IX which was toxic to the malaria-carrying
Plasmodium falciparum when it degraded hemoglobin as a source of
nutrients. However, free ferriprotoporphyrin IX became detoxified
when it was oxidized to iron III ferriprotoporphyrin IX, and then
polymerized into inert crystals of hemozoin, a non-toxic pigment.
β-Hematin used in the assay was a polymer identical to hemozoin at
an acid pH reflecting the conditions of the lysosomal food vacuole.
Hence, the heme polymerization inhibitory activity of a compound
was directly related to its potential as an anti-malarial [13]. By
extrapolation of the results shown in Figure 4, the IC50 values of
the ethyl acetate, n-hexane, n-butanol and aqueous of the sponge
extract were estimated at 3.3, 4.6, 9.5 and 15.0 µg/mL, respectively.
According to Baelmans et al.[14], a compound could be considered
to have heme polymerization inhibitory activity if its inhibitory IC50
value was smaller than the limit of chloroquine diphosphate, (37.5
mmol/L or 12.0 mg/mL). Thus, the n-hexane, ethyl acetate and
n-butanol fractions all displayed heme polymerization inhibitory
activity.
80
70
60
% Inhibition

The BCB assay is one of the most frequently applied methods for
the determination of antioxidant activity. In this assay, linoleic acid
produced hydroperoxides as free radicals during incubation at 50°°C
which attacked the β-carotene molecules, causing a reduction in
absorbance at 470 nm. Among the different fractions compared, the
highest antioxidant activity was observed in the n-hexane fraction.
Comparing the results in DPPH and BCB assays, both showed
that the n-hexane fraction had the highest free-radical scavenging
activity. There was no disagreement between the two methods of
determining anti-oxidant activity. In fact, the activity in the other
fractions (ethyl acetate, n-hexane and aqueous fractions) were also
ranked in the same order for both methods of analysis. In other
words, the DPPH test agreed with the BCB assay. The result showed
that there was considerable variation in antioxidant activities in
different fractions ranging from 14.3%, 24.6%, 16.3% and 42.4% for
aqueous, n-butanol, ethyl acetate and n-hexane fraction, respectively.
The results demonstrated that antioxidant activities demonstrated
by the BCB and DPPH assays were greater in a non-polar solvent
(n-hexane) whereas the TPCs were better represented in a polar
solvent (n-butanol). This result indicated the total antioxidant activity
was not only due to the phenolic content, but a greater part of it was,
in fact, attributed to other antioxidant components in the sponge
extract.

50
40
30
20
10

Table 2
Effect of the fractions of A. cavernosa extract on brine shrimp survival.
Fraction
n-Hexane
Ethyl acetate
n-Butanol
Aqueous

LC50 (µg/mL)
2 831.4
1 055.6
4 246.1
115.1

Regression equation
y = 1.96x - 1.573 3
y = 0.85x + 2.43
y = 0.475x + 3.276 7
y = 1.255x + 2.413 3

R2
0.895
0.904
0.996
0.995

0

1.25

2.50
5.00
Concentration (μg/mL)

Chloroquine diphosphate

NH EA NB

10.00
RA

Figure 4. Heme polymerization inhibitory activity assay of fractions
from A. cavernosa extract.
NH: n-Hexane; EA: Ethyl acetate; NB: n-Butanol; RA: Aqueous.
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4. Discussion
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The phytochemical screening of the fractions of the A. cavernosa
extract displayed the presence of phenolics, terpenoids, alkaloids,
flavonoids and saponins, but steroids were not detected from all
fractions. Some of these secondary metabolites with their many
biological properties could be of medicinal importance.
In the present study, all fractions of the A. cavernosa extract
exhibited moderate radical scavenging activity by the DPPH
scavenging assay. The n-hexane fraction was found to be most
active in this respect, which neutralized 50% of free radicals at
a concentration of 171.86 µg/mL. In the β-carotene-linoleic acid
model system, the results showed no disagreement between the two
methods of determining anti-oxidant. The results showed that the
antioxidant activities demonstrated by the BCB and DPPH assays
were greater in a non-polar solvent (n-hexane) whereas the TPCs
were better represented in a polar solvent (n-butanol). This result
indicated the total antioxidant activity was not only due to the
phenolic content, but a greater part of it was, in fact, attributed to
other antioxidant components in the sponge extract.
The brine shrimp (Artemia) lethality assay has been extensively
used in the primary screening of crude biological extracts as well
as isolated compounds to evaluate their toxicity towards brine
shrimps. This response also provides an indication of possible
cytotoxic properties [15] that relate to anti-tumor, trypanocidal
and pesticidal characteristics. The results in this study showed
that the aqueous fraction, but not the organic fractions, of the A.
cavernosa extract was cytotoxic against brine shrimp. According to
Ullah et al.[15] and Bhatti et al.[16], the crude extract or fractions
is toxic (active) if it has an LC50 value of less than 1 000 µg/mL,
while it is deemed non-toxic (inactive) if it is greater than 1 000 µg/
mL.
In the present study, we also evaluated all fractions of the A.
cavernosa extract for their antimalarial potential by assessing
the inhibition of heme polymer formation. The ethyl acetate
fraction was found to be the most active fractions inhibiting heme
polymerization with IC50 values of 3.3 µg/mL.
In conclusion, the results in this study could be an effective
introduction to the anti-oxidant capacities, anti-plasmodium
properties and cytotoxic activities of the sponge A. cavernosa.
The natural anti-plasmodium compounds are of particular interest.
Further studies are needed for a more extensive screening and
characterization of the bioactive components in this sponge.
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