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The antiproliferative of the brown algae Padina australis extracts against cell MCM-B2 (canine benign mammary
gland mixed tumor) and cell K562 (human chronic myelogenous leukemia) in vitro was examined. The tested samples
were water extract (n-hexane fraction, ethyl acetate fraction, and ethanol fraction) and ethanol extract (n-hexane
fraction, ethyl acetate fraction, and ethanol fraction). Cytotoxicity was screened using brine shrimp lethality test.
The antioxidant activity was determined using 2,2-diphenyl-1-picrylhydrazyl. The antiproliferative activity test was
conducted using trypan blue dye method and cells were counted using hemocytometer. The results showed that
ethyl acetate fraction from water extract exhibited significant cytotoxicity with lethal concentration 50 value of
200.53 ppm. The ethyl acetate fraction from water extract was then considered for further examination. Results of
antioxidant activity test showed that concentration for inhibitory activity of 50% of the ethyl acetate fraction reached
113.37 ppm. This fraction at concentration of 400 ppm could inhibit the growth of MCM-B2 and K562 cancer cell
lines in vitro reaching 56.90% and 61.54%, respectively. Therefore, the present study suggested that ethyl acetate

fraction of P. australis extract demonstrated a potential natural anticancer activity.

1. INTRODUCTION

Cancer constitutes a growth and spread of abnormal cells which
enable to invade most parts of organs. It is caused by accumulated
abnormalities in cells due to deoxyribonucleic acid (DNA) mutation.
Its presence can be recognized by changes in properties of normal cells
such as more aggressive, growing and dividing unregularly since these
cells are able to respond to their own growth signals. Cancer cells could
penetrate and invade their surrounding normal tissues, then eventually
spreading throughout the body through vascular and lymphatic system
called as metastasis [1].

Cancer treatments have gained importance in response to the increasing
prevalence over the world. The most common cancer treatments
included surgery, radiation, and chemotherapy. The surgery is
ineffective for removing cancer cells that are at metastatic stage, while
radiation is often ineffective and unsafe to normal cells. In addition,
chemotherapy was reported to have less optimum effects as the drugs
used did not destroy specific targets [2]. Till date, the cancer drug that
is completely effective is not found, which may be linked with a low
selectivity of cancer drugs and unclear mechanism of carcinogenesis.
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The carcinogenesis consists of the following stages, that is, initiation,
promotion, progression, and metastasis. Initiation stage begins with
the existence of initiator compounds which induce destruction and
mutation of DNA. At this stage, histological changes do not occur,
but the cell necrosis increases with elevating cell proliferation. At
promotion stage, these initiated cells become premalignant stimulated
by other promoters, thereby increasing gene expression, cell
proliferation, and generating abnormal histology at the end of phase.
After this stage, the cells progressively become malignant that invades
the surrounding tissues, leading to angiogenesis and metastasis [1].

Unfortunately, cancer disease is commonly recognizable after
progression stage, which makes it difficult to remove. Cancer
treatments must be carried out at all stages, enabling to reduce the
growth of tumor cells and progressive cancer cells. Therefore, the
development of cancer therapy should consider the preventive action
using plant source which allows regulating cancer cells selectively
and effectively without generating detrimental effects on normal cells.
Exploration and use of anticarcinogen-promoting herbal materials are
necessary to prevent and inhibit the growth of cancer cells. Herbal-
based treatment was reported to have advantageous properties such as
safe, less harmful, and non-addictive [3]. The herbal material was not
only beneficial for anticancer treatment but also related to exploration
of bioactive compounds for developing new drugs [4].

As widely known, marine resources including its biota are rich in
potential compounds being investigated by research studies for the
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treatment of various diseases. Marine sponge Neopetrosia chaliniformis,
an endemic sponge found along the Indonesian coastline, was reported
to show cytotoxicity activity against WiDr cell line [5], while bacteria
Lactobacilli was also found capable of lowering the induction of
gut cancer [6]. In addition, microalgae Scytonemin demonstrated
inhibitory activity of protein kinase against antiproliferative and anti-
inflammatory activity [7] and also showed antioxidant, antitumor, and
immunomodulatory properties [8].

Furthermore, brown algae Padina australis were also reported
to have anticancer-promoting activity [9]. The algae belong to
class Heterokontophyta and a member of Phaeophyceae. Brown algae
P, australis contained alginate and iodine useful for industries such as
food, pharmacy, cosmetics, and textile [10]. In general, the brown algae
contained polyphenol, carotene, polysaccharide sulfate, omega-3, fatty
acid, and anthocyanin. Carotenoid compounds could induce apoptosis
on the living cells, and the presence of steroid compounds was also
responsible for cytotoxic activity [9]. However, studies pertaining to
cytotoxicity and antiproliferative activity of P. australis are rather scarce.

Therefore, this present study aimed to investigate the cytotoxicity of
P. australis water and ethanol 96% extract, as well as its n-hexane, ethyl
acetate, and ethanol fraction against Artemia salina and evaluate its
antiproliferative activity against MCM-B2 and K562 cells. The water
and ethanol extract of P. australis were expected to have cytotoxicity
against 4. salina and show antiproliferative effect.

2. MATERIALS AND METHODS

2.1. Plants Materials

The fresh brown algae P. australis were collected from Pari Island,
Kepulauan Seribu, Jakarta, Indonesia, on September 2017.

2.2. Extraction

Brown algae P. australis were sundried for 3 days and further oven
dried at 50°C for 2 days. The dried algae were powdered using
electrical blender and extracted using water (using reflux method) and
ethanol 96% (using maceration). The water and ethanol extracts were
then fractioned using liquid-liquid fractionation with various solvents,
that is, n-hexane, ethyl acetate, and ethanol. The resulting extracts and
fractions were evaporated using rotary evaporator.

2.3. Brine Shrimp Lethality Test (BSLT)

BSLT was carried out to investigate cytotoxic activity of the extracts
and fractions. Brine shrimp (4. salina) larvae were placed and hatched
for 48 h with constant oxygen supply and under the light at room
temperature (25°C). The extract (10 mg) was transferred into a test
tube containing 50 pl Tween 80 in 10 ml of seawater to produce stock
solution (1000 ppm). The concentration of extracts was 10 ppm,
100 ppm, 500 ppm, and 1000 ppm, and experiment for each extract
was carried out at triplicates. The surviving larvae were counted after
incubation under TL light 14 Watt for 24 h. The similar procedure
(without adding extracts) was applied as the negative control. The
larvae with no movements during 10 seconds of observation were
considered dead, while toxicity against larvae was set at lethal
concentration 50 (LC,)) <1000 ppm [11]. LC,  was determined using
SPSS 24.0 for probit analysis at confidence interval of 95%.

2.4. Antioxidant Activity Assay

Antioxidant activity was tested using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay. This method considers the capability of sample to reduce

stable free radical DPPH. The extract (1 mg) and butylated hydroxyl
toluene as the positive control were weighed and added with ethanol at
1:1000. DPPH (1.3 g) was dissolved using 25 ml ethanol. Ethanol (1 pl)
was pipetted into microwell plate, followed by the extracts and DPPH.
The mixture was homogenized and incubated at 37°C for 30 min, then
analyzed for absorbance using spectrophotometer at wavelength of
517 nm. Percentage of free radical activity inhibition was calculated
from the absorbance values. Regression equation was established from
the correlation of sample concentration and inhibitory activity. The
concentration for inhibitory activity of 50% (IC,) was determined
using regression. The IC; value was obtained at y = 50 with known
value of A and B. The axis (x) as IC,, was determined using following
equation: y=A + B Ln (x) [12].

2.5. Antiproliferative Activity Assay

The antiproliferative activity was determined using an in vitro
protocol [13]. In vitro experiment was arranged using MCM-B2 and
K562 cancer cell lines obtained from laboratory of tissue culture,
Department of Veterinary Clinic, Reproduction, and Pathology,
Faculty of Veterinary Medicine, Bogor Agricultural University,
Indonesia. The cell lines were cultured in the 24-well microplates at
density of 7 x 105 cells/ml and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum, antibiotic
(gentamicin), and antifungal. The extracts were dissolved in a tube
containing 100 pl dimethyl sulfoxide in sterile distilled water. The
extract of all concentrations (50 ppm, 100 ppm, 200 ppm, 300 ppm,
and 400 ppm) was added to the well (at triplicates). DMEM media
were used as the negative control, while doxorubicin (100 ppm) was
used as the positive control. The cancer cell lines were incubated in
5% CO, and at 37°C. The cells were harvested after 3—4 days when
the cell growth in the negative control was confluent. They were
then stained using trypan blue dye. The number of cells in each well
was counted under light microscope on x100 magnification using
Neubauer hemocytometer.

2.6. Statistical Analysis

Differences were determined using ANOVA one-way with the Tukey
test. P =0.05 or less was reported as statistically significant.

3. RESULTS AND DISCUSSION

BSLT was commonly used to assess bioactivity of an extract. In this
current work, BSLT was applied to evaluate toxicity of P. australis
extracts that potentially showed antiproliferative activity against cancer
cells, allowing it as a promising candidate for ingredient of anticancer
drugs [14]. Our experiment compared the mortality of 4. salina larvae
and further investigated the inhibitory activity against nasofaring
carcinoma, and we found a positive correlation of the extract toxicity
to the both studied tests.

BSLT experiment observed the mortality of A. salina larvae after
exposed to the extract during incubation for 24 h. The result was
expressed as LC, referring to the required concentration of the extract
to reduce 50% population of A. salina larvae. An extract is regarded
as “active” and “toxic” when having LC  of <1000 ppm and vice
versa [11].

As presented in Table 1, water and ethanol extracts of P. australis
were found to be non-toxic over 4. salina larvae, as indicated by
LC,,>1000 ppm. Both extracts were considered not having anticancer
properties and were not used in the next stage. This is in accordance
with the result reported by Francisco and Uy [15] finding that crude
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ethanol and water (polar solvents) extracts had LC,;>1000 ppm over
A. salina larvae, which means that they are not toxic.

The results exhibited that ethyl acetate fraction of water extract
showed the lowest LC,, that is, 200.53 ppm [Table 1]. This suggested
that the ethyl acetate fraction of water extract possessed toxicity
against A. salina larvae, indicating that the fraction showed anticancer
properties. Furthermore, this fraction presumably contains the best
secondary metabolite. Nursid et al. [16] also studied cytotoxicity of
brown algae (obtained from Binuangeun Beach, Banten) extracts
using n-hexane, ethyl acetate, and ethanol and found that ethyl acetate
extract demonstrated the best cytotoxicity due to the presence of
fucoxanthin as an anticancer compound.

The toxicity of ethyl acetate fraction of water extract of P. australis
related to the presence of secondary metabolites, at a particular level
resulting in acute toxicity and mortality over 4. salina larvae. The
mortality of 4. salina larvae was associated with the role of bioactive
compounds through decreasing the feeding activity (antifeedant)
of the larvae. Maharany et al. [17] reported that phytochemicals in
P. australis consisted of flavonoid, phenol, hydroquinone, triterpenoid,
tannin, and saponin, in which these compounds induced mortality on
A. salina larvae through stomach poisoning.

The result of antioxidant activity test showed that ethyl acetate
P australis fraction had IC, jof 113.37 ppm. This value was much lower
than that reported by Setha ef al. [18] finding that IC, | of ethyl acetate
Padina sp. extract was 483.09 ppm. Murugan et al. [19] reported that
screening of 10 green algae species (Chlorophyta) and 25 brown algae
species (Phaeophyta) yielded IC of 1.63-530.14 ppm. Nagarajan and
Mathaiyan [20] also found that, in general, cytotoxicity and antioxidant
activity (IC, ) of brown algae were relatively low. Antioxidant activity
of ethyl acetate P. australis fraction was associated with the presence of
phlorotannin, a member of phenolic compounds [21]. The antioxidant
properties of polyphenolic compound were attributed to the reducing
reaction by hydrogen donors, while phlorotannin was capable of
scavenging free radicals stronger than other phenolic compounds.

P. australis constitutes shallow water algae found in Pari Island of
Kepulauan Seribu, enabling it to be exposed to ultraviolet (UV) light
from the sun. Sunlight exposure leads to the formation of free radicals
or reactive oxygen species (ROS) which cause cellular biomolecule
oxidation, contributing to cell death. Even though exposed to harmful
ROS, the structural components (such as fatty acid) of the algae were
unaltered due to oxidative reaction. This displays protective properties
in cellular system of the algae against oxidative stress. The cells
donated an electron and antioxidant compounds enabled to neutralize
free radicals and ROS [22]. The seaweed can synthesize bioactive
compounds that may serve as antioxidant agent for its defensive
system against free radicals. As described by Budhiyanti et al. [23],
seaweed is capable of adapting to UV light from the sun.

Antiproliferative activity of ethyl acetate P. australis fraction was
tested against MCM-B2 (canine benign mammary gland mixed
tumor) and K562 (chronic myelogenous leukemia) cell line in vitro,
as depicted in Figures 1 and 2. The growth of MCM-B2 and K562 cell
line decreased as the higher concentration of the studied fraction was
added. Nursid et al. [16] reported that higher mortality of HeLa and
T47D cells was found with increasing dose of acetone Sargassum sp.
extract. In our experiment, even though at the lowest concentration
(50 ppm), ethyl acetate fraction could demonstrate the inhibition of
both cancer cells.

Table 1: Cytotoxic activity of P. australis extracts and fractions against
brine shrimps

Sample LC,, ppm
Water extract 1342.01
N-hexane fraction of water extract 370.76
Ethyl acetate fraction of water extract 200.53
Ethanol fraction of water extract 328.05
Ethanol 96% extract 1367.37
N-hexane fraction of ethanol 96% extract 655.26
Ethyl acetate fraction of ethanol 96% extract 318.79
Ethanol fraction of ethanol 96% extract 560.56
P australis: Padina australis, LC: Lethal concentration 50
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Figure 1: Inhibitory activity of MCM-B2 cell proliferation by ethyl
acetate Padina australis fraction. The data are expressed as percentage of
proliferation inhibition, as compared to the negative control (100%). Level of
significance is denoted as follows: P < 0.05.
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Figure 2: Inhibitory activity of K562 cell proliferation by ethyl acetate
Padina australis fraction. The data are expressed as percentage of
proliferation inhibition, as compared to the negative control (100 %). Level of
significance is denoted as follows: P < 0.05.

Ethyl acetate P. australis fraction at a concentration of 400 ppm showed
optimum inhibition of MCM-B2 and K562 cell line. Interestingly,
the fraction demonstrated dissimilar effects on both cancer cells.
Antiproliferative effect of the fraction on K562 cell (61.54%) was higher
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than that of the positive control doxorubicin (55.39%) while its effect on
MCM-B2 (55.18%) was lower than that of the positive control doxorubicin
(60.35%). The previous study revealed that ethanol P. australis extract at
concentration of 2.84, 5.69, 11.37, and 22.75 mM inhibited growth of
H1299 cells after 48 h of incubation, resulting in IC, of 2.45 mM [24].
Furthermore, methanol P australis extract exhibited cytotoxic activity
at IC, of 86.45 pg/ml and 74.59 pg/ml against HeLa (cervical cancer
cell line) and MDA-MB-453 (breast cancer cell line), respectively [25].
Dichloromethane P. australis extract at concentration of 8.2 + 0.4 pg/ml also
showed effective anticancer activity against HEp-2 (laryngeal epidermal
carcinoma) cells [26], while ethanol Padina gymnospora extract at dose
of 15.0 + 2.8 pg/ml could show effective cytotoxicity against NCI-H292
(human lung mucoepidermal carcinoma) cells [26]. As previously stated
by Priosoeryanto et al. [27], anticancer activity of plant extracts could be
different, depending on types of cancer cells used.

Cancer cell K562 is a blast cell that has very low cell differentiation
characteristics (highly undifferentiated) in granulocytic cells and
is difficult to mature into functional cells [28]. [29] reported that
MCM-B2 cancer-sustaining cells may originate from stem cells or
atypical cells so that the cells have not been differentiated. The results
of in vitro observations show that MCM-B2 cells have homogeneous
morphology and immunohistochemistry. MCM-B2 cell differentiation
in vivo can occur in several ways, but its differentiation is low in cell
culture in vitro [30]. The characteristics of cancer cells MCM-B2 and
K562 are suspected to be the cause of inhibition of cell growth, so the
number of cells each decreased after inhibited cell proliferation in vitro
using ethyl acetate fraction of water extract P. australis.

Percentage inhibition data of cancer cell proliferation of MCM-B2 and
K562 were further analyzed to know which treatment concentration was
significantly different statistically using Tukey’s advanced test. The
result of post hoc statistical analysis test of Tukey at 95% confidence
level in Table 2 shows that inhibition activity of cancer cells MCM-B2
and K562 by ethyl acetate fraction at concentration of 300 ppm
and 400 ppm was not significantly different (statistically) where
P > 0.05. The results of this study indicate that there are differences
in antiproliferation activity of extracts on both types of sustainable
cells. This is accordingly reported by Priosoeryanto et al. [13] that the
secondary metabolite compounds contained in seaweed have different
anticancer potentials depending on the type of cancer cell. This is
presumably because each sustainable cell has a different response to
the extract of a plant associated with cellular structures and components
as well as the mechanisms of cell metabolism [31]. Other assumptions
that result in the existence of differences in antiproliferation activity
are the difference in the number of receptors P. australis compounds in
cancer cells. It is suspected that the K562 cancer cell has more number
of receptors than MCM-B2, so the ethyl acetate fraction is more tied
to K562 receptor. This causes increased antiproliferative activity in
cancer cells K562, so the number of cancer cells K562 more decreased.

Budhiyanti ez al. [23] reported that bioactive compounds in P. australis
responsible for anticancer activity were fucoxanthin. This compound
shows a strong antioxidant activity, which makes it possible as
anticancer agent. However, fucoxanthin may target the specific
cells and inhibit cancer cells through several mechanisms. It plays a
role in cancer proliferation pathway, retards cellular cycles, induces
apoptosis, and inhibits angiogenesis [32]. Gunasekaran ef al. [33] also
found that bioactive compounds in brown macroalgae extract were
able to induce cell shrinkage, plasma membrane deterioration, and
cellular apoptosis. The results of this study successfully revealed that
P. australis contained anticancer compounds, and further study was
needed to develop it as anticancer drug.

Table 2: Inhibitory activity of cancer cells MCM-B2 and K562 eftects of
the ethyl acetate fraction of P. australis

Concentration (ppm) Inhibitory activity (%)

MCM-B2 K562
0 0* 0*
50 43.11° 36.93°
100 50.00¢ 46.16°
200 51.73¢ 56.93¢
300 55.18¢ 61.54¢
400 56.90¢ 61.54¢
Doxorubicin (100) 60.35¢ 55.39¢

Description: Different superscript letters in the same column show significant
differences (P<0.05) at the 5% test level (significance test with Tukey test),
P. australis: Padina australis

4. CONCLUSION

The ethyl acetate fraction of water P. australis extract has cytotoxic
activity against shrimp larvae of 4. salina at LC,, of 200.53 ppm
and antioxidant activity against DPPH at IC,, of 113.370 ppm.
The ethyl acetate fraction of the water extract P. australis also has
antiproliferation activity against the growth of cell MCM-B2 and
cell K562 in vitro. The highest inhibitory activity was achieved in
the treatment of ethyl acetate fraction of water P. australis extract at
a concentration of 300 ppm, that is, 61.54% on cell K562 and at a
concentration of 400 ppm, that is, 56.90% on cell MCM-B2. Thus,
it was suggested that brown algae P. australis had a potent natural
anticancer activity.
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