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ABSTRACT
Black rice bran has a number of health benefits and it contains a phytochemical that is
associated with a decreased cancer risk. This research aimed to examine the ability of ethanolic
extract fractions of ‘Woja Laka’ black rice bran to prevent the growth of liver carcinoma HepG2 cells.
Ethanolic extracts of ‘Woja Laka’ and ‘IR 64’ (white rice) bran were fractionated by preparative thin
layer chromatography. The cytotoxic activities of the fractions were conducted on HepG2 cell lines by
using the MTT assay. When the IC50 value of the fraction showed lower than 500 µg/ml, it was tested
for anti-proliferation using the doubling time method. Apoptotic induction and cell cycle arrest were
measured by a flow cytometry method. The selectivity cells respon was performed on Vero cells.
Result of this study showed that six fractions (F) of F1, F2, F3, F4, F5 and F6 from the ‘Woja Laka’
and three fractions of F1, F2 and F3 from the ‘IR 64’ were examined for their preventive activities
on HepG2 cells. The selected fractions F3 and F6 from ‘Woja Laka’ showed highly cytotoxic activity
(184.35 ± 16.81 and 283.64 ± 58.13 µg/ml respectively) on HepG2 cells. Furthermore, the fractions
of the white rice bran extract showed IC50 > 500 µg/ml. We found that the fractions F3 and F6 from
‘Woja Laka’ were able to inhibit cell proliferation, induce apoptosis and cause G0/G1-phase arrest
in the HepG2 cells, while the Vero cells were less responsive to these fractions (IC50 > 470 µg/ml).
These results suggest that the compounds found in fractions F3 and F6 of the ethanolic extract of
‘Woja Laka’ black rice bran inhibit the growth of liver carcinoma HepG2 cells.

Keywords: Apoptosis, black rice bran, cell cycle, cytotoxicity, proliferation, HepG2.
INTRODUCTION
Cancer is a cellular disease caused by
abnormal cell proliferation and it thus prohibits the

normal functioning of the organ in which these cells
are located. Cancer can develop in multicellular
organisms due to particular factors, including poor
diet, unhealthy lifestyle, heredity and continuous
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exposure to various carcinogenic elements1. The
important characteristic of cancer is that it leads
to abnormal tissue growth and the ability to invade
the surrounding tissues and then metastasize2. In
Indonesia, cancer is the second leading cause of
death after heart disease. Indeed, for every 100,000
residents in Indonesia, there are 257 new cancer
patients3.
Liver cancer is the most common cancer
worldwide with approximately 500,000 new cases
every year, representing the second largest cause
of cancer-related death in men and the sixth leading
cause in women4. The incidence of human liver
cancer can be due to various risk factors, such as
chronic viral hepatitis B or hepatitis C, cirrhosis,
alcohol consumption, aflatoxin exposure and iron
overload. This disease usually occurs in people aged
50 or above and it is more common in developing
countries (85%)5,6.
Numerous attempts have been made to
develop safer and more affordable remedies for
cancer and to increase the number of preventive
measures that are available. In the early 2000s,
cancer was treated using radiotherapy, surgical
intervention and chemotherapy. However, the
success rate of these methods is still less than 30%7.
Cancer treatments can be found by exploring the
bioactive compounds found in natural ingredients.
More than 60% of cancer drugs are obtained from
natural materials such as plants, microbes, fungi,
invertebrates and vertebrates. Bioactive compounds
from natural ingredients have specific targets and
few side effects8.

can be obtained by extraction and fractination
method.
Previous studies have reported that the
ethanolic extract of the black rice bran cultivars
‘Woja Laka’, ‘Toraja’ and ‘Cempo Ireng’ determined
their phytochemical content, such as phenolics,
flavonoids, terpenoids and steroids, while no
alkaloids could be detected. The ethanolic extract
of these three black rice bran cultivars has varied
cytotoxic activity on HepG2 and Raji cell lines. The
IC50 values of the ethanolic extract of these black
rice bran cultivars in respect of HepG2 cells were
857.23±99.19; 1,896.55±83.8 and 1,494.47±87.81
µg/ml respectively, while the IC50 values for the
Raji cells were 816.61±85.31; 1,079.93±28.31 and
1,627.82±119.82 µg/ml respectively10. The ethanolic
extract of the black rice bran cultivar ‘Woja Laka’
had greater cytotoxicity on HepG2 and Raji cell
lines than the other extracts were tested10. Previous
studies have shown that the ethanolic fraction of the
black rice bran ‘Woja Laka’ was able to inhibit cell
proliferation, induce apoptosis, and caused the arrest
condition of the G2/M phase in the WiDr cell lines11.
This present research performed on HepG2 cell
line which is a model of hepatocellular carcinoma.
The aims of present study were to discover the
chemopreventive activities of ‘Woja Laka’ black rice
bran fractions on HepG2 cells. Black rice bran ‘Woja
Laka’ and white rice bran ‘IR 64’ were fractionated
using preparative thin layer chromathography (TLC).
The chemopreventive analysis in this research
consists of cytotoxic activity, anti-proliferation, induce
apoptosist and cell cycle arrest tests.
MATERIALS AND METHODS

Black rice is one of the functional foods
that has been shown to possess a number
of functions that benefit health. The aleurone
layer of black rice (the rice bran component)
contains various compounds such as phytosterols,
ã-oryzanol, tocopherol, tocotrienols, simple phenolic
compounds and anthocyanins (cyanidin-3-glucoside,
peonidin-3-glucoside, malvidin and pelargonidin-3,5diglucoside). These compounds have the potential
to be anti-oxidative, anti-cancer, anti-mutagenic,
anti-inflammatory, anti-bacterial, anti-diabetic, anticholesterol, anti-allergenic and anti-carcinogenic9.
The bioactive compounds from the black rice bran

Rice Materials
Samples of the black rice bran cultivar
‘Woja Laka’ were collected from an organic farmer
in Kepanjen, Malang, East Java Province, Indonesia.
Meanwhile, the white rice bran cultivar ‘IR 64’ was
obtained from an organic farmer in Minggir, Sleman,
Yogyakarta, Indonesia. All the rice samples were
collected in February 2016.
Cell Lines
HepG2 cells (ATCC@HB-8065) and Vero
cells (ATCC@CCL-81) were obtained from the
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Laboratory of Parasitology, Faculty of Medicine,
Universitas Gadjah Mada, Yogyakarta, Indonesia.
Chemicals
DMEM medium, M199 medium, FBS (Fetal
Bovine Serum) 10% v/v, MTT (3-(4,5-dimethylthiazol2-yl)-2,5- diphenyltetrazolium bromide), trypsinEDTA and buffer kit annexin-V-FLUOS were
purchased from Gibco®, Grand Island, USA.
Penicillin-streptomycin 2%, RNAse, PI staining
and phosphate buffer saline (PBS) were obtained
from Sigma/Aldrich, St. Louis, MO, USA. Dimethyl
sulfoxide (DMSO), stopper reagent SDS 10% in
0.01N HCl, ethanol, HCl, water, glacial acetic acid
and n-butanol were acquired from Merck Darmstadt,
Germany. Preparative thin layer chromatography
plates were purchased from the Biology Department,
Faculty of Pharmacy, Universitas Gadjah Mada,
Yogyakarta, Indonesia.
Fractionation of Ethanolic Extract of Rice Bran
The ethanolic extracts of the black rice
bran ‘Woja Laka’ and the white rice bran ‘IR 64’
were fractionated using preparative thin layer
chromatography with mobile phase n-butanol: glacial
acetic acid: water (4:1:5) and stationary phase plates
silica gel G60F254. The plates were activated for use in
an oven for two hours at 80°C. A streak of ethanolic
extract was smeared manually onto a preparative
TLC glass plate. Then, the plate was developed
in a saturated glass chamber. With regard to the
separated spot zones, the marked separated zones
were scrapped off the plates with a spatula onto
a conical tube. The spot zones were dissolved in
ethanol and centrifuged at 3000 rpm for 10 minutes
in order to remove the silica. The supernatant was
collected and evaporated in micro tubes.
Cytotoxic Assay of ‘Woja Laka’ and ‘IR 64’
Fractions (MTT Assay Method)
Each HepG2 and Vero cell culture was
plated at a density of 104 cells/100µL media and
distributed into 96-well plates and allowed to incubate
overnight in a 5% CO2 incubator at a temperature of
37°C. Then, 100 ìL of ‘Woja Laka’ and ‘IR 64’ fractions
in varied series of concentration (62.50; 125; 250;
500; 1000 ìg/mL) was treated into the wells and
incubated for 48 hours. As a positive control, 100
ìL of doxorubicin in different concentrations (10; 5;
2.5; 1.25; 0.625 ìg/mL) was treated into the wells,
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which contained 100 ìL of HepG2 cells suspension.
The treatment medium was discarded after 48 hours
and substituted with an MTT solution (sterile stock
solution of 5 mg/ml) which was added to the cell
media at a final concentration upto 100 ìg/ml. This
solution was incubated for 4–6 hours at 37°C in a
5% CO2 incubator. The MTT reaction was terminated
with the stopper reagent (SDS 10% in 0,01N HCl)
and then incubated overnight at room temperature.
The test result was measured at 595 nm (microplate
ELISA reader). The percentage of cell viability
was calculated using the formula:
, in which x = cell viability, A = absorbance of cell
control, B = absorbance of media control and C =
absorbance of fractions12.
Cell Proliferation Test
The method used for the proliferation test
was the cytotoxic test. The dosages used included
1/4 IC50, 1/2 IC50, IC50 and 2 IC50 cytotoxicity, and
incubation was conducted at time intervals of 0, 24,
48 and 72 hours.
Apoptosis Test (Flow Cytometry Method)
HepG2 cell cultures were plated at 5 x
105 cells/1000µL media and distributed into 6-well
plates and allowed to incubate overnight in a 5% CO2
incubator at 37°C. After incubation, the HepG2 cells
were treated using active fractions (1/2 IC50 dosage
and IC50 dosage) and incubated for 48 hours. The
cells were harvested using trypsin and washed using
PBS. The cells were colored using 100 ìL of AnnexinVFLUOUS staining kit and incubated in a dark room
for 30 minutes at a temperature of 25°C–27°C.
Apoptotic and necrotic cells were analyzed using
the flow cytometer FACSCalibur.
Cell Cycle Test (Flow Cytometry Method)
In order to study the stages of the cell
cycle influenced by the active fractions, a flow
cytometry analysis of the cell cycle was carried out.
HepG2 cells were seeded in a 6-well plate at an
initial density of 5 x 105 cells per well and allowed to
incubate overnight in a 5% CO2 incubator at 37°C.
The cells were treated with a different concentration
of active fractions (1/2 IC50 dosage and IC50 dosage)
and incubated for 48 hours. Then, the attached cells
were collected after trypsinization and centrifugation
at 2000 rpm for 5 minutes. The cells were then fixed
with 70% ethanol at 4°C for 30 minutes. Finally, the
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cell suspension was placed into a flow cytometry
tube and analysed by flow cytometer.
Data Analysis
The higher activity of the fractions
was evaluated by their lower IC50 value. Probit
analysis was used to calculate the IC50 values. The
proliferation test was analyzed using a correlation
test of observation time versus absorbance. The
apoptosis data were analyzed by comparing
treatment and control. The cell cycle data were
analyzed by using Modfit LT 3.0 to detect the cell
distribution in each phase of G0/G1, S and G2/M.
RESULTS
Fractionation of the Ethanolic Extract of the
Black Rice Bran ‘Woja Laka’ and the White Rice
Bran ‘IR 64’
The ethanolic extract of the black rice
bran ‘Woja Laka’ and the white rice bran ‘IR 64’ was
separated by preparative thin layer chromatography
with mobile phase n-butanol: glacial acetic acid:
Table 1: Characteristics of the fractions of
‘Woja Laka’ and ‘IR 64’
Fractions of
‘Woja Laka’

Quantity
Rf
(mg)
values

PTLC
Coloration

F1
F2
F3
F4
F5
F6
Fractions of
‘IR 64’
F1
F2
F3

80
0.971
Yellow
90
0.853
Pink
100
0.758
Purple
105
0.679
Violet
270
0.601 Reddish brown
280
0.404
Dark brown
Quantity
Rf
PTLC
(mg)
values Coloration
220
0.781
Yellow
280
0.718
Violet
380
0.437 Purple brown

Table 3: The IC50 values of fraction 3 and
fraction 6 of ‘Woja Laka’ against the Vero
cells
Fractions of ‘Woja Laka’

IC50 Values (µg/ml)

F3
F6

473.15 ± 6.20
571.04 ± 2.53

water (4:1:5) and stationary phase plates silica
gel G60F254. The black rice bran ‘Woja Laka’ extract
resulted in separation of a total of six fractions, as
shown in Figure 1A. Meanwhile, the ‘IR 64’ extract
resulted in separation of a total of three fractions,
as shown in Figure 1B. The characteristics of the
fractions including their yield and Rf values are
presented in Table 1.
Cytotoxic Activity of the ‘Woja Laka’ and ‘IR 64’
Fractions
Six fractions of ‘Woja Laka’ and three
fractions of ‘IR 64’ were obtained and tested for
cytotoxic activity on HepG2 cell. Fraction 3 (F3) of
‘Woja Laka’ showed the most cytotoxic effect on the
HepG2 cell lines, followed by fraction 6 (F6) of ‘Woja
Laka’, with IC50 values of 184.35±16.81 µg/ml and
283.64±58.13 µg/ml respectively. The IC50 values
of the fractions against the HepG2 cells are shown
in Table 2. Then, F3 and F6 of ‘Woja Laka’, which
had demonstrated a cytotoxic effect, were selected
to test for cytotoxic activity on the Vero cell line. The
IC50 values of the fractions against the Vero cells are
shown in Table 3.
Cell Proliferation
Proliferative kinetic assay of fractions F3
and F6 of ‘Woja Laka’ at dosages of ¼.IC50, ½.IC50,
IC50 and 2.IC50 with incubation periods of 0, 24, 48
and 72 hours showed a significant influence on the
proliferation of the HepG2 cells (Figure 2).

Table 2: The IC50 values of the fractions
against the HepG2 cells
Fractions of ‘Woja Laka’

IC50 Values (µg/ml)

F1
F2
F3
F4
F5
F6
Fractions of ‘IR 64’
F1
F2
F3
Doxorubicin

3146.32 ± 124.11
3112.35 ± 260.7
184.35 ± 16.81
1698.14 ± 220.77
846.41 ± 99.59
283.64 ± 58.13
IC50 Values (µg/ml)
822.95 ± 112.97
1307.08 ± 125.85
1239.6 ± 37.26
6.43 ± 0.12
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Apoptosis Induction
Ta bl e 4 s h ow s t h e p e r c e n t a g e o f
apoptotic, necrotic and viable cells in a population
of HepG2 cells treated with different concentrations
(1/2 IC50, IC50) from F3 and F6 of ‘Woja Laka’.
The IC 50 concentrations of F3 had the highest
apoptotic induction activity compared to the other
concentrations and fractions.
Cell Cycle Arrest
To detect the effect of fractions F3 and F6
of ‘Woja Laka’ on cell cycle, the cells were treated
with different concentrations of these fractions for
48 hours. Cell cycle analysis was performed by flow
cytometry. The results show that factions F3 and F6
of ‘Woja Laka’ induced G0-G1 phase arrest (Figure 3
and Table 5). After 48 hours of treatment with various
concentrations of F3 of ‘Woja Laka’, there was an
increase in the number of cells arrested at the G0-G1
growth phase compared with the other treatment.
DISCUSSION
The separation of the bran compounds
in the ethanolic extract of ‘Woja Laka’ and ‘IR
64’ was conducted using preparative thin layer
chromatography. The current result reveals that the
separation of the ethanolic extract of ‘Woja Laka’
produced 6 fractions while the white rice bran ‘IR 64’
generated 3 fractions (Figure 1 and Table 1). Silica
gel G60F254 was used as a stationary phase because
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it has a greater polarity than the compounds in the
sample. Accordingly, the desired active compounds
could be separated from the other compounds12. In
the present study, the ethanolic extract of ‘Woja Laka’
and ‘IR 64’ was fractionated using mobile phase
n-butanol: glacial acetic acid: water (4:1:5). The best
mobile phase for fractionation of the ethanolic extract
of the black rice bran ‘Woja Laka’ is n-butanol: glacial
acetic acid: water (4:1:5)11.
The present study demonstrated that
fractions F3 and F6 of the black rice bran ‘Woja
Laka’ have high cytotoxic activity on HepG2 cells.
However, the fractions of the white rice bran ‘IR 64’
appear to have IC50 values > 500 µg/ml. Doxorubicin,
a therapeutic drug standard, was used as a positive
control in this experiment and showed great toxicity
on the HepG2 cells (Table 2). Fractions F3 and F6
of ‘Woja Laka’ were evaluated for their cytotoxicity
activities against Vero cell lines, as a model of nonhuman carcinoma cells. The IC50 values of fractions
F3 and F6 on the Vero cells were 473.15 ± 6.20 and
473.15 ± 6.20 µg/ml respectively (Table 3). These
fractions did not show any real cytotoxicity on the
Vero cells. This result is consistent with the previous
study which suggested that the ethanolic extract of
the black rice bran ‘Woja Laka’ is more cytotoxic
on the HepG2 and Raji cells but less cytotoxic on
the Vero cells. This signifies that the black rice bran
extract has better selectivity on both cells compared
to the white rice bran extract10.

Table 4: The percentage of apoptotic and necrotic HepG2
cells after treatment with fractions F3 and F6 of ‘Woja Laka’
Cell Control

1/2 IC50 F3

IC50 F3

1/2 IC50 F6

IC50 F6

86.84±0.064
6.27±1.22
6.93±0.073

34.525±0.29
51.76±0.012
13.945±0.14

15.4±0.089
73.16±0.05
11.51±0.14

30.57±0.3
61.32±0.011
8.125±0.021

39.875±0.36
46.235±0.10
14.175±0.03

Viable cells
Apoptosist
Necrosist

Table 5: Cell cycle assay for fractions
F3 and F6 of ‘Woja Laka’ against HepG2 cells (%)

GO/G1
S
G2/M

Cell control

½IC50 F3

IC50 F3

½IC50 F6

IC50 F6

61.35
14.83
24.28

58.72
13.26
28.53

73.8
13.66
13.35

65.22
12.91
22.6

64.06
14.61
22.03
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Previous studies suggested that the
methanolic extract of the black rice bran cultivars
‘Nan’, ‘Doi Saket’ and ‘Payao’, and the white rice
bran cultivar ‘KK6’, have been evaluated for their
cytotoxic effect on HepG2 cells. The results of this
study indicate that the methanolic extract of the
black rice ‘Payao’ was the most cytotoxic in respect
of the HepG2 cells compared to the other extracts.
The IC50 value of the ‘Payao’ extract against the
HepG2 cells was 175.95±8.02 µg/ml. From HPLC
analysis, the active components of this rice are the
anthocyanins: cyanidin 3-glucoside and peonidin
3-glucoside13. Two bioactive compounds, peonidin
3-glucoside and cyanidin 3-glucoside from Oryza

A

B

Fig. 1: Profiles of the preparative thin layer
chromatography of the black rice bran ‘Woja
Laka’ (A) and the white rice bran ‘IR 64’ (B). 1:
fraction 1, 2: fraction 2, 3: fraction 3, 4: fraction
4, 5: fraction 5, 6: fraction 6 from ‘Woja Laka’.
Fa: fraction 1, Fb: fraction 2 and Fc: fraction 3
of ‘IR 64’

A

sativa L. indica, showed growth inhibition activity
on the HS578T cells14 and HeLa cells15. Cyanidin
and malvidin from Oryza sativa cv. Heugjinjubyeo
(Gramineae) mediate cytotoxicity on U937, human
monocytic leukemia cells had IC50 values of 60 and
40 µg/mL respectively16.
The anti-proliferative activity of fractions
F3 and F6 was confirmed by monitoring the
proliferation kinetics of the exponentially growing
HepG2 cell lines. Fractions F3 and F6 inhibited the
proliferation of HepG2 cells in a dose and timedependent manner. Proliferative inhibition began at
the 24-hour incubation period. Previous studies have
explored the potential of fraction F6 of ‘Woja Laka’
to inhibit the proliferation of WiDr cell lines11. Cell
growth and proliferation are mediated through cell
cycle progression, and defects in the cell cycle are
one of the most common characteristics of cancer
cells; cancer cells divide under conditions in which
their normal counterparts do not. Therefore, antiproliferation can prevent the growth and development
of cancer cells14. Previous studies also reported
the potential of brewers’ rice extract to inhibit the
proliferation of HT-29, Caov-3 and HepG2 cells17.
In this study, apoptosis analysis using
flow cytometry showed that fractions F3 and F6
of ‘Woja Laka’ induced apoptosis of HepG2 cells.
Fraction 3 with a dosage of its IC50 can induce the
highest apoptosis compared to the other fractions
and doses (Figure 3). Previous studies on the anti-

B

Fig. 2: Proliferative kinetic inhibitory assay of fraction 3 and fraction 6 of ‘Woja Laka’ against
HepG2 cells at 0, 24, 48 and 72 hours of incubation. A: fraction 3 of ‘Woja Laka’. B: fraction 6 of
‘Woja Laka’
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Fig. 3: Effect of fractions F3 and F6 of ‘Woja Laka’ on cell cycle HepG2 cells

cancer activities of an anthocyanin-rich extract from
black rice against breast cancer cells in vitro and in
vivo have shown that the anthocyanin of black rice
induced apoptosis of MDA-MB-453 cells in a dosedependent manner. Anthocyanin-rich extract can
induce apoptosis via intrinsic pathways. Caspase-3
and caspase-9 in MDA-MB-453 cells have been
activated by the anthocyanin-rich extract. In contrast,
no significant cleavage of caspase-8 was monitored.
The intrinsic pathway of apoptosis implicates
permeabilization of the mitochondrial membrane to
release apoptogenic mitochondrial proteins such as
cytochrome C. Once in the cytoplasm, cytochrome
C mediates the binding of Apaf-1 to pro-caspase-9,
producing activation of caspase-9 and initiation of
the caspase cascade18.
In the present study, the flow cytometry
data indicates that fractions F3 and F6 were able
to induce the G0-G1 arrest phase of the cell cycle
(Figure 4). Cell cycle and apoptosis have important
roles in the regulatory mechanisms of cell growth.
Cell cycle checkpoints ensure the maintenance of
genomic integrity by protecting dividing cells from the
potentially fatal consequences of DNA damage. The
invention of unrepaired DNA damage may force the

cells to arrest from the cell cycle or die by apoptosis;
therefore, cells do not replicate chromosomes with
irreparable damage19. The evidence of cell cycle
disruption in this study could be due to the antiproliferative action of the ‘Woja Laka’ black rice
bran compounds in these fractions. The inhibitory
concentration of fractions F3 and F6 of ‘Woja Laka’
may act by specifically blocking the cell cycle at the
G0-G1-phase and preventing the cell from entering
the next phase.
CONCLUSION
Evidence from this study suggests that the
compounds containing fraction 3 and fraction 6 of the
ethanolic extract of the ‘Woja Laka’ black rice bran
inhibit the growth of liver carcinoma HepG2 cells,
induce apoptosis and cause cell cycle arrest in the
G0-G1 phase.
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