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ABSTRACT: Anthocyanins are a group of hydrophilic flavonoids that exhibit various beneficial health effects, including
antioxidants and cancer prevention activities. Black rice bran has been demonstrated to be an excellent source of
anthocyanins. However, the efficacy of black rice bran-derived anthocyanin has never been demonstrated in cancer
prevention for oxidative stress-related cholangiocarcinoma (CCA). In this study, oxidative stress in cholangiocyte
cell lines (MMNK-1) was induced by hydrogen peroxide (H2O2). The preventive effect of black rice bran-derived
anthocyanin (BBR-M-10) in H2O2-stimulated cholangiocytes was studied through antioxidant capacity analysis,
measurement of intracellular ROS accumulation, and gene expression analysis at both the mRNA and protein levels.
Pretreatment with BBR-M-10 decreased oxidative stress in H2O2-stimulated MMNK-1 cells by reduction of intracellular
ROS accumulation, leading to attenuated oxidative stress-induced cell death in H2O2-stimulated MMNK-1 cells,
consistent with its up-regulation of survivin and down-regulations of cleaved caspase-3 and cleaved poly (ADP-ribose)
polymerase 1 (PARP1). Additionally, BBR-M-10 enhanced the ROS scavenging activity of the endogenous antioxidant
system by increasing the transcription level of Nrf2 and NQO1 in MMNK-1 cells exposed to H2O2. Moreover, BBR-
M-10 reduced DNA damage of MMNK-1 cells stimulated by H2O2 through down-regulation of phospho-histone H2AX
(γH2AX). The cytoprotective properties against oxidative stress suggest their utility in preventing carcinogenic toxicity
during CCA development.
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INTRODUCTION

Oxidative stress is characterized by the overproduction
of reactive oxygen species (ROS), which include the
superoxide anion (O–

2), hydrogen peroxide (H2O2),
and the hydroxyl radical (OH•). These species act
as toxic molecules that can damage lipids, proteins,
and nucleic acids. Excessive ROS production has been
documented in chronic inflammatory-related diseases,
including diabetes, neurological diseases, and cancers.
A higher ROS level is associated with host-genotoxicity
causing DNA base alterations and DNA strand breaks,
which result in oncogenic mutation [1, 2]. Addition-
ally, several studies demonstrated that ROS-induced
tumorigenesis could occur by a variety of mechanisms:
evading the immune response, regulating intracellular
signaling, epigenetic changes and genetic instability
[2, 3].

Cholangiocarcinoma (CCA) is a highly lethal can-
cer arising from the epithelial cells of the bile duct.
Several risk factors, including choledocholithiasis, Car-
oli’s disease, primary sclerosing cholangitis, cysts, hep-
atitis B or C virus infection, and liver fluke infections
have been linked to chronic inflammation of biliary
epithelium and cholangiocarcinogenesis [4]. Chronic

inflammation with liver fluke (Opisthorchis viverrini:
OV) infection is a major cause of oxidative stress-
induced CCA development [5]. High levels of ox-
idized DNA, e.g., 8-oxo-7,8-dihydro-2’-deoxyguanine
(8-oxodG) are found in the bile duct epithelial cells
of OV-infested hamster liver tissues [6]. Relatedly,
a hydrogen peroxide-resistant cholangiocyte cell line
presented malignant phenotypes through increased
cell growth and the loss of cell-to-cell adhesion [7].

Rice bran, a rice by-product from the milling
process, contains a variety of nutrients and bioactive
phytochemicals including tocopherols, tocotrienols,
oryzanols, vitamins, phenolic acids, and anthocyanins,
which exhibit beneficial health effects [8]. Antho-
cyanins are a group of hydrophilic flavonoids found
in pigmented rice including black, red, and brown
rice [9, 10]. Interestingly, the highest anthocyanins
content is detected in black rice bran, followed by red
and brown rice bran [11]. The most abundant an-
thocyanins in black rice bran are cyanidin-3-glucoside
(C3G), peonidin-3-glucoside (P3G), and cyanin 3-
O-rutinoside [11]. It has been demonstrated that
rice anthocyanins exhibit strong antioxidant activity
and display positive effects through anti-inflammation
as well as anti-carcinogenesis [12–16]. C3G shows
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a preventive effect on the oxidative stress-mediated
disease by regulating the nuclear factor erythroid
2 (Nrf2)/antioxidant-responsive element (ARE) path-
way [17, 18]. However, the cancer-preventive effect
of black rice bran-derived anthocyanins in oxidative
stress-related cholangiocarcinoma has never been re-
ported. The current study investigated the preventive
effect and underlying mechanism(s) of black rice bran-
derived anthocyanins in H2O2-stimulation of a cholan-
giocyte cell line and H2O2-induced DNA damage.

MATERIALS AND METHODS

Chemical and reagents

Cyanidin chloride (cat. no. 80022), peonidin chloride
(cat. no. 80085), Cyanidin-3-glucoside (cat. no.
89616), and peonidin-3-glucoside (cat. no. 89754)
were purchased from PhytoLab GmbH & Co.
(Vestenbergsgreuth, Germany). Sulforhodamine
B (SRB; cat. no. S1402), TCA (cat. no. T0699), and
2’,7’-dichlorodihydrofluorescein diacetate (DCFH-DA;
cat. no. D6883) were from Merck (Merck, KGaA,
Darmstadt, Germany). TRIzol reagent (cat. no.
15596026), Hoechst 33258 (cat. no. H3569), and the
BCA Protein Assay Kit (cat. no. 23225) were obtained
from Thermo Fisher Scientific, Inc. (Waltham, MA,
USA). SensiFAST cDNA Synthesis Kit (cat. no. BIO-
65053) was from Bioline, Meridian (London, UK).
LightCycler® 480 SYBR Green I Master mix (cat. no.
04707516001) was from Roche Molecular Systems,
Inc. (Pleasanton, CA, USA). Cell culture reagents
including DMEM (cat. no. 12100-046), penicillin-
streptomycin (cat. no. 15140-122), and fetal bovine
serum (cat. no. 10270-098) were from Gibco; Thermo
Fisher Scientific, Inc. Primary antibodies against
caspase-3 (#9662), cleaved caspase-3 (#9661),
survivin (#2808) and gamma H2AX (#80312), and
Anti-mouse IgG-Alexa™ 647 conjugate (#4410S) were
from Cell Signaling Technology (Danvers, MA, USA).
Anti-PARP1 (cat. no. 13371-1) was from Proteintech
(Rosemont, IL, USA). Anti β-actin (cat. no. sc-47778)
was from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA). HRP-conjugated secondary antibodies (cat. no.
NXA931 and NA934), ECL prime blocking reagent
(RPN415V), and ECL prime western blot detection
(RPN2236) were obtained from Cytiva (Marlborough,
MA, USA).

Preparation of black rice bran-derived
anthocyanins

Black rice bran from black pigmented rice (Oryza sativa
L.) was collected from a rice mill, Krabueang Yai,
Phimai District, Nakhon Ratchasima Province, Thai-
land. Black rice bran (5 kg) was soaked with n-
hexane followed by 0.1% HCl in methanol (MeOH)
at room temperature for 24 h. The MeOH extracts
were filtered through filter paper and evaporated in
a rotary vacuum evaporator. The powdered extracts

(385 g) were subjected to silica column chromatogra-
phy (CC) using a gradient solvent system of hexane,
hexane-ethylacetate (EtOAc), EtOAc, EtOAc-MeOH,
and MeOH. Eight fractions (BBR-M-1 to BBR-M-8)
were collected, and the anthocyanin contents were
investigated by thin-layer chromatography. BBR-M-7
was selected and further purified by Sephadex LH20
CC in MeOH to produce fractions including BBR-M-
10, which appeared to have high anthocyanin con-
tent. BBR-M-10 was concentrated under reduced
pressure. The contents of anthocyanins were further
analyzed by thin layer chromatography (TLC) and
high-performance liquid chromatography (HPLC).

Thin layer chromatography (TLC)

Cyanidin, peonidin, Cyanidin-3-glucoside, and
peonidin-3-glucoside standards and rice bran samples
were loaded on pre-coated silica gel plates (5×5 cm)
(Merck) and developed with a solvent system
consisting of n-butanol/acetic acid/water, 3:1:1 (v/v).
After observing the colored spots, the developed
plates were stained by 10% sulfuric acid in methanol,
and carbohydrate-containing spots were detected by
heating.

High-performance liquid chromatography (HPLC)

Identification of anthocyanin compounds in BBR-M-10
was performed by HPLC on an Agilent Technologies
1260 Infinity HPLC (Agilent Technologies, Santa Clara,
CA, USA). Compound separation was performed on a
ZORBAX SB-C18 StableBond Analytical 4.6×250 mm
3.5-micron column. Mobile phases consisted of 0.1%
trifluoroacetic acid (A) and acetonitrile (B) with the
following gradient: isocratic 10% B for 5 min, linear
increase to 15% B in the following 15 min, isocratic
at 15% B for 5 min, then linear increase from 15 to
18% B during the next 5 min and from 18 to 35% B
over 20 min. The detection wavelength was 520 nm.
The column temperature was set at 35 °C. The flow
rate was 1 ml/min, and the injection volume was
20 µl. The peak area was calculated and compared
with the cyanidin, peonidin, cyanidin-3-glucoside, and
peonidin-3-glucoside standards. A standard curve of
individual anthocyanin standards was used to deter-
mine the concentration (mg/l) for each anthocyanin
compound in BBR-M-10. The amount of total antho-
cyanin was calculated and expressed as cyanidin-3-
glucoside equivalent (CGE) in 100 g the dried powder
(dw) as described by Lee et al [19].

Cell culture

The immortalized human cholangiocyte (MMNK-1)
cell line was provided by Dr. Sopit Wongkham (Khon
Kaen University, Thailand). The certification of au-
thenticity was described by Maruyama et al [20].
MMNK-1 cells were cultured in DMEM supplemented
with 10% inactivated fetal bovine serum (FBS), 1%
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penicillin-streptomycin, and NaHCO3 in a humidified
atmosphere containing 5% CO2 at 37 °C. The lack of
mycoplasma contamination was verified by PCR assay.

Cell viability and compound treatment

MMNK-1 cells were seeded at 7× 103 cells/well into
96-well plates. After 24 h seeding, the cells were
treated with various concentrations of C3G or BBR-M-
10 for 24 h. For combination treatment, the cells were
pretreated with C3G at 200 µM or BBR-M-10 at 200
or 400 µg/ml for 24 h and then treated with H2O2
at 200 µM for another 3 or 6 h at 37 °C in a humid-
ified 5% CO2 atmosphere. As previously described,
a sulforhodamine B (SRB) assay was performed to
determine the cell viability [21]. The half-maximum
inhibitory concentration (IC50) value was calculated
with GraphPad Prism 8 (GraphPad Software, Inc., La
Jolla, CA, USA).

Measurement of intracellular ROS accumulation

MMNK-1 cells were seeded at 3.5× 105 cells per well
into 6-well plates and incubated at 37 °C, 5% CO2
overnight. After 24 h seeding, the cells were pretreated
with C3G at 200 µM or BBR-M-10 at 200 or 400 µg/ml
for 24 h and then treated with H2O2 at 200 µM for
another 3 or 6 h at 37 °C in a humidified 5% CO2
atmosphere. Then, intracellular ROS accumulation
was detected with the DCFH-DA fluorescence assay,
as previously described [21]. In brief, the cells were
stained with 20 mM DCF-DA reagent for 30 min. After
a wash with PBS, the stained cells were trypsinized and
re-suspended in PBS. The fluorescent signal from DCF-
DA was determined in a flow cytometer.

RNA extraction and quantitative RT-PCR

MMNK-1 cells were seeded at 3.5× 105 cells per well
into 6-well plates and incubated at 37 °C, 5% CO2
overnight. After 24 h seeding, the cells were pretreated
with BBR-M-10 at 200 or 400 µg/ml for 24 h and
then treated with H2O2 at 200 µM for another 1 h at
37 °C in a humidified 5% CO2 atmosphere. According
to the manufacturer’s instructions, total RNA was ex-
tracted from the MMNK-1 cells with TRIzol reagent.
The RNA quality and quantitation were measured by
a NanoDrop 2000 spectrophotometer (ThermoFisher
Scientific Inc.) and agarose gel electrophoresis. A
SensiDAST cDNA Synthesis Kit was used to synthesize
cDNA from the RNA. Quantitative PCR using a Light-
Cycler® 480 SYBR Green I Master Mix was performed
to investigate the expression level. The primers used
for quantitative RT-PCR (Table S1) were described by
Talabnin et al [21]. Gene amplification was performed
by initial denaturation at 95 °C for 5 min, followed by
denaturation at 95 °C for 10 s, annealing at 60 °C for
10 s and extension at 72 °C for 10 s, for 40 cycles. The
β-actin gene was used as an internal control. Relative

mRNA levels of each gene were normalized with β-
actin and calculated by the 2−∆∆CT method [22].

SDS-PAGE and Western blot analysis

Total protein was extracted from MMNK-1 with and
without treatment and measured by a BCA assay kit.
Thirty micrograms of total proteins from the whole
cell lysate of each sample were separated by 10 or
15% SDS-PAGE. The separated proteins were trans-
ferred onto nitrocellulose blotting membranes. The
nonspecific binding was blocked with 5% ECL prime
blocking reagent containing 0.05% Tween 20 at room
temperature for 1 h. Then, the membranes were
incubated at 4 °C overnight with primary antibody at
dilutions of 1:1,000 for caspase-3, cleaved caspase-3,
survivin, and γH2AX; 1:2,000 for β-actin; or 1:5,000
for PARP1 in PBS containing 0.05% Tween 20 (PBST).
After that, the membranes were washed with PBST and
incubated with HRP-conjugated secondary antibody at
a dilution of 1:2,000 for 1 h at room temperature.
Finally, the target proteins were detected and visual-
ized by ECL prime western blot detection. The signal
density of each target protein was determined with
Image J software (version 1.53a; National Institutes of
Health) and normalized to β-actin.

Antioxidant capacity analysis

Measurement of antioxidant capacity was performed
through 2,2’-diphenyl-1-picrylhydrazyl radical (DPPH)
and 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS) assays. Ascorbic acid was used as the
antioxidant standard.

The DPPH assay was performed as described by
Brand-Williams et al [23]. Various concentrations
of BBR-M-10 (0–800 µg/ml) and ascorbic acid stan-
dard (0–800 µg/ml) were prepared in 100% (v/v)
methanol. Then, 10 µl of sample or standards were
mixed with 190 µl of 0.1 mM DPPH• solution and
incubated for 30 min in the dark. The absorbance at
517 nm was measured in a microplate reader. The
percentage of DPPH radical scavenging activity was
calculated by the following equation: DPPH radical
scavenging activity (%) = [(A0−A1)/A0]×100; where
A0 is the absorbance of the control, and A1 is the
absorbance of the sample.

The ABTS assay was performed as previously de-
scribed by Van den Berg et al [24]. Various con-
centrations of BBR-M-10 (0–800 µg/ml) and ascorbic
acid standard (0-800 µg/ml) were prepared in 100%
methanol. Then, 20 µl of sample or standards were
mixed with 180 µl of 7.0 mM ABTS•+ solution and
incubated for 30 min at room temperature. The de-
crease of absorbance was measured in a microplate
reader at 734 nm. The percentage of ABTS radical
scavenging activity was calculated by the following
equation: ABTS radical scavenging activity (%) =
[(A0 − A1)/A0]× 100; where A0 is the absorbance of
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the control, and A1 is the absorbance of the sample.
The IC50 values for DPPH or ABTS radical scav-

enging activities were calculated in GraphPad Prism 8
(GraphPad Software, Inc.).

Immunofluorescent analysis

MMNK-1 cells were seeded at 4 × 104 cells per well
into 8-well cell culture slides and incubated at 37 °C,
5% CO2 overnight. After 24 h seeding, the cells were
pretreated with BBR-M-10 at 200 or 400 µg/ml for 24 h
and then treated with H2O2 at 200 µM for another
3 h at 37 °C in a humidified 5% CO2 atmosphere.
Then, the cells were washed by PBS and fixed with 4%
paraformaldehyde. The fixed cells were permeabilized
with 0.1% Triton-X100 in PBS for 10 min on ice.
Blocking solution (2% bovine serum albumin in 0.1%
PBST) was added into the cells for 30 min on ice, and
then the cells were incubated at 4 °C overnight with
anti-γ-H2AX (1:100). After washing with PBS, Alexa™
647 conjugated anti-mouse IgG (1:500) was used as
secondary antibodies and incubated for 30 min in a
dark area. Nuclear counterstain with Hoechst 33258
solution (1:1,000) was applied for 10 min. The stained
cells were visualized on a confocal microscope (Carl
Zeiss, Oberkochen, Germany).

Statistical analysis

All data points are expressed as the mean± standard
deviation (SD) of 3 replicated experiments. GraphPad
Prism software (version 8.0; GraphPad Software, Inc.,
USA) was used for statistical analysis. The student-t
test was applied to calculate the significance of differ-
ences between groups. Differences were considered
statistically significant when the p-values were less
than 0.05.

RESULTS

Cyanidin-3-glucoside is a major anthocyanin
composition in black rice bran extract (BBR-M-10)

Upon fractionation of black rice bran extract, the frac-
tion that appeared to contain the highest concentration
of anthocyanins based on coloration was designated
BBR-M-10. Total anthocyanin content in BBR-M-10
was 108 mg CGE/100 g dw (100.37 mg/l). Then,
BBR-M-10 was analyzed by TLC and HPLC techniques
to determine its anthocyanin composition. TLC analy-
sis suggested that the main anthocyanin components
in BBR-M-10 were cyanidin-3-glucoside (C3G) and
peonidin-3-glucoside (P3G) (Fig. 1a). This result was
consistent with HPLC analysis, in which C3G was found
in BBR-M-10 in the highest amount of 94.54 mg/l
whereas P3G and cyanidin concentrations were 7.28
and 2.47 mg/l, respectively (Fig. 1b). Next, DPPH
and ABTS assays demonstrated that the radical scav-
enging activity of BBR-M-10 was increased in a dose-
dependent manner. At a concentration of 400 µg/ml,
the radical scavenging activities in the DPPH and ABTS

assay of BBR-M-10 were 80.7±1.2% and 79.3±1.2%,
respectively, whereas at the same concentration, the
radical scavenging activities of ascorbic acid standard
were 86.5±0.9% for DPPH and 92.3±1.7% for ABTS.
Additionally, the IC50 values in the DPPH and ABTS
assays for BBR-M-10 were 128 and 100 µg/ml, re-
spectively, whereas IC50 values of ascorbic acid in the
DPPH and ABTS assays were 90.8 and 66.0 µg/ml,
respectively (Fig. 1c,d). These results show that the
antioxidant capacity of BBR-M-10 is comparable with
that of ascorbic acid.

BBR-M-10 attenuates oxidative stress-induced cell
death in H2O2-stimulated cholangiocyte cells

In this study, an H2O2-stimulated cholangiocyte
(MMNK-1) model was used to investigate the effect of
BBR-M-10 on cancer prevention. Firstly, the cytotoxic
effect of BBR-M-10 on MMNK-1 cells was determined.
MMNK-1 cells were treated with BBR-M-10 at various
concentrations (0–1,250 µg/ml) and incubated for
24 h. A cytotoxic effect of BBR-M-10 was observed at
the concentration more than 312.5 µg/ml, but the IC50
value for MMNK-1 was 753 µg/ml (Fig. 2a). There-
fore, BBR-M-10 concentrations at 200 and 400 µg/ml
were selected to use in subsequent experiments since
those concentrations are considered as non-cytotoxic,
evidenced by percentage of cell viability above 80%.

Then, the effect of H2O2 on MMNK-1 cell viability
was also examined. MMNK-1 cells were treated with
H2O2 at various concentrations (0–1,000 µM) and
incubated for 6 h. Cell viability decreased in a dose-
dependent manner, and the IC50 value was 155 µM
(Fig. 2b). As a result, H2O2 at 200 µM was used to in-
duce oxidative stress in MMNK-1 cholangiocytes. Next,
cell viability was used to investigate whether BBR-M-
10 attenuates oxidative stress-induced cell death in
H2O2-stimulated MMNK-1 cells. Pretreatment with
BBR-M-10 at 200 and 400 µg/ml for 24 h enhanced
the viability of MMNK-1 cells stimulated by H2O2
(Fig. 2c). Similar preventive effects were also observed
in H2O2-stimulated MMNK-1 cells with C3G pretreat-
ment (Fig. 2d). Furthermore, western blot analysis
demonstrated that up-regulation of survivin and down-
regulation of cleaved caspase-3 and cleaved PARP1
were clearly observed in H2O2-stimulated MMNK-1
cells with BBR-M-10 pretreatment (Fig. 2e). These
findings indicate that C3G in BBR-M-10 may play a role
in decreasing the toxic effect of H2O2 on MMNK-1 cells.

BBR-M-10 alleviates oxidative stress in
H2O2-stimulated cholangiocyte cells by reducing
ROS accumulation and up-regulation of NQO1

The intracellular ROS accumulation and expression
of phase II antioxidant genes were measured to in-
vestigate the mechanism of BBR-M-10 reduction of
oxidative stress in H2O2-stimulated MMNK-1 cells.
The intracellular ROS accumulation was evaluated
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Fig. 1 Identification and quantitative analysis of anthocyanin composition in black rice bran extract (BBR-M-10) and their
antioxidant capacity. (a) Thin layer chromatography of BBR-M-10 and standard anthocyanins including cyanidin (Cy),
cyanidin-3-glucoside (C3G), peonidin (Peo), and peonidin-3-glucoside (P3G). (b) High-performance liquid chromatography
of BBR-M-10. (c and d) Antioxidant activity of BBR-M-10 in ABTS and DPPH assays. Values are expressed as mean± standard
deviation of 3 independent experiments. * p < 0.05 versus ascorbic acid; p < 0.05 was defined as statistically significant.

by DCF-DA staining and analyzed by flow cytometry.
H2O2 induced intracellular ROS accumulation in a
time-dependent manner. However, pretreatment with
BBR-M-10 or C3G significantly decreased intracellu-
lar ROS accumulation in H2O2-stimulated MMNK-1
cells at 3 and 6 h (Fig. 3a,b). Next, the expression
levels of 8 phase II antioxidant genes were investi-
gated by quantitative RT-PCR. The result showed that
mRNA expression levels of phase II antioxidant genes,
including Nuclear Factor Erythroid-2-Related Factor
2 (Nrf2), glutamate-cysteine ligase modifier subunit
(GCLM), NAD(P)H quinone dehydrogenase 1 (NQO1),
glutathione S-transferase P (GSTP-1), and superoxide
dismutase 2 (SOD2) were significantly increased in
BBR-M-10 treated MMNK-1 compared with those of
control cells (Fig. 3c). Moreover, NQO1 was most
highly expressed in BBR-M-10 treated MMNK-1 cells
among all phase II antioxidant genes (Fig. 3c). As
a result, the mRNA expression levels of Nrf2 and
NQO1 were determined to investigate whether BBR-M-
10 diminishes ROS accumulation in H2O2-stimulated
MMNK-1 cells by activating the Nrf2 pathway. The
mRNA expression levels of Nrf2 and NQO1 were sig-
nificantly increased in H2O2-stimulated MMNK-1 cells

with BBR-M-10 pretreatment (Fig. 3d,e). These find-
ings suggest that BBR-M-10 has an antioxidant effect
through activation of the Nrf2-NQO1 axis.

BBR-M-10 reduces H2O2-induced DNA damage in
cholangiocyte cells

To evaluate the preventive effect of BBR-M-10 against
oxidative stress-induced DNA damage, γH2AX, a
marker for DNA double-strand breaks (DSBs), was
examined in H2O2-stimulated MMNK-1 cells with or
without BBR-M-10 pretreatment. Immunofluorescent
analysis showed that γH2AX levels increased in H2O2-
stimulated MMNK-1 cells. Nevertheless, pretreatment
with BBR-M-10 at 200 and 400 µg/ml for 24 h de-
creased the γH2AX signal, suggesting that BBR-M-
10 reduced DNA damage of MMNK-1 cells stimulated
by H2O2 (Fig. 4a). Moreover, western blot analy-
sis confirmed that BBR-M-10 pretreatment decreased
γH2AX in H2O2-stimulated MMNK-1 cells (Fig. 4b).
These results show that BBR-M-10 possesses cytopro-
tective properties against oxidative stress through the
reduction of ROS accumulation and DNA damage in
MMNK-1.
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Fig. 2 Effect of BBR-M-10 on oxidative stress-induced cell death. (a) Cytotoxic effect of BBR-M-10 in MMNK-1 cells treated for
24 h and (b) cytotoxic effect of H2O2 in MMNK-1 cells treated for 6 h determined by SRB assay. Cell viability of H2O2-stimulated
MMNK-1 cells with pretreatment with BBR-M-10 (c) or C3G (d) for 24 h. (e) The protein expression of apoptotic proteins
(caspase-3, cleaved caspase-3, and PARP1) and survivin determined in H2O2-stimulated MMNK-1 cells with pretreatment with
BBR-M-10 and control cells by Western blot analysis. Representative data from 3 independent experiments are shown. Values
are presented as mean± standard deviation. *, p < 0.05 versus H2O2-stimulated MMNK-1 without pretreatment which was
defined as statistically significant.
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Fig. 3 BBR-M-10 promoting antioxidant activity through the Nrf2-NQO1 axis. (a and b) ROS accumulation of H2O2-stimulated
MMNK-1 cells pretreated with BBR-M-10 for 3 and 6 h. (c) mRNA expressions of 8 phase II antioxidant genes determined
in BBR-M-10 treated MMNK-1 cells and control cells by quantitative RT-PCR. The respective mRNA expression of Nrf2 (d)
and NQO1 (e) investigated in H2O2-stimulated MMNK-1 with pretreatment of BBR-M-10 or C3G and control cells. Values are
presented as mean± standard deviation of 3 independent experiments. *, p < 0.05 versus H2O2-stimulated MMNK-1 without
pretreatment which was defined as statistically significant.

DISCUSSION

Pigmented rice is a functional food high in phyto-
chemicals such as polyphenols and anthocyanins. An-
thocyanins are mainly found in pigmented rice bran,
which consists of 2 major components including the
pericarp and aleurone layers of the grains. The highest
anthocyanin content is observed in black rice bran
compared to red and brown rice bran [25]. An-

thocyanins exhibit several biological activities, includ-
ing antioxidants, anti-cancer, anti-apoptosis, and anti-
inflammation. [18, 26]. In the present study, we
demonstrated that black rice bran extract (BBR-M-10)
contained C3G as the major anthocyanin and had a
high antioxidant capacity associated with a decrease in
oxidative stress-induced cell death and DNA damage in
H2O2-stimulated cholangiocyte cells.

Overproduction of reactive oxygen species (ROS)
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Fig. 4 Effect of BBR-M-10 on oxidative stress-induced DNA damage. MMNK-1 cells were pretreated with BBR-M-10 and
then treated with H2O2 at 200 µM for another 3 h. The expression of DNA damage response (γ-H2AX) observed by
immunofluorescent staining ((a); ×200 magnification, scale bar, 100 µm) and Western blot analysis (b). The stained cells
were visualized on a confocal microscope (Carl Zeiss). Representative data from 3 independent experiments are shown. Values
are presented as mean± standard deviation. *, p < 0.05 versus H2O2-stimulated MMNK-1 without pretreatment. p<0.05 was
defined as statistically significant.

and reactive nitrogen species (RNS) is a major cause
of cholangiocarcinoma development due to long-term
exposure to inflammation from liver fluke infection
(O. viverrini). Additionally, chronic treatment of
cholangiocytes with H2O2 has demonstrated that the
cells can adapt to oxidative stress and demonstrate ma-
lignant phenotypes such as the increase of cell growth
and the loss of cell-to-cell adhesion [7]. As a result,
high levels of etheno-DNA adducts, 8-nitroguanine,
and 8-oxodG, are formed during CCA development
[6, 28]. Many studies have shown that anthocyanins,
especially C3G, modulate oxidative stress against DNA
damage and apoptosis [18]. In the present study, the
pretreatment with BBR-M-10 significantly decreased
intracellular ROS accumulation in H2O2-stimulated
MMNK-1 cells, leading to enhanced viability of the
MMNK-1cells. This could be due to their chemical
structure, especially the 3′ and 4′ hydroxyl groups on

the B-ring which are the active site for scavenging
free radicals, thereby decreasing the intracellular ROS
accumulation in H2O2-stimulated cholangiocyte cells.

Several studies demonstrated that C3G modulates
oxidative stress through the nuclear factor erythroid
2-related factor 2 (Nrf2)/antioxidant-responsive ele-
ment (ARE) pathway [18]. A similar observation
was made for BBR-M-10, since Nrf2, GCLM, NQO1,
GSTP-1, and SOD2 were highly expressed in BBR-M-
10 treated MMNK-1 cells. Furthermore, mRNA expres-
sion of Nrf2 and NQO1 was significantly increased in
H2O2-stimulated MMNK-1 cells with BBR-M-10 pre-
treatment. The results of the present study suggest that
C3G in BBR-M-10 regulates the transcriptional levels
of Nrf2 target genes to reduce ROS accumulation in
H2O2-stimulated MMNK-1 cells. These findings agree
with the studies on H2O2-treated HepG2 cells and
glutamate-treated HT22 hippocampal neuronal cells,

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


ScienceAsia 50 (6): 2024: ID 2024110 9

in which pretreatment with C3G protects against cell
death from ROS-mediated stress through the increased
expression of Nrf2 and Nrf2-target genes such as HO
and NQO1 [29, 30]. Moreover, chronic inflammation-
mediated DNA lesions have been demonstrated in
liver fluke-induced cholangiocarcinoma through the
formation of high levels of 8-oxodG [6, 28]. Excessive
amounts of ROS form the 8-oxodG, and a high level
of 8-oxodG in CCA tissues is associated with poor
prognosis [31]. Additionally, high levels of 8-oxodG
are detected in cancer stem-like cells of CCA (CD133
and Oct3/4-positive cells) and associated with high
expression of DNA damage response (indicated by the
presence of γ-H2AX) [32]. In the present study, γH2AX
expression was increased in H2O2-stimulated MMNK-
1 cells. Pretreatment with BBR-M-10 in MMNK-1 cells
stimulated by H2O2 reduced γH2AX expression. These
observations suggest that BBR-M-10 exhibits cytopro-
tective properties against oxidative stress through the
reduction of ROS accumulation, leading to a decrease
in DNA damage in MMNK-1 cells. However, further
studies on 8-oxodG formation will be required to
support the utility of BRR-M-10 in CCA prevention.
Verification of the preventive effect of BBR-M-10 in vivo
will be examined further.

CONCLUSION

Pretreatment of black rice bran-derived anthocyanins
(BBR-M-10) protected MMNK-1 cells from H2O2-
induced oxidative stress and DNA damage. Pretreat-
ment with BBR-M-10 decreased ROS accumulation
through the increased transcription of Nrf2 and NQO1
in MMNK-1 cells exposed to H2O2. Taken together, our
findings suggest the utility of black rice bran-derived
anthocyanins in preventing carcinogenic toxicity dur-
ing CCA development.

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2024.
110.
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Appendix A. Supplementary data

Table S1 Primers used for quantitative RT-PCR.

Gene 5′-Forward-3′ 5′-Reverse-3′

Nrf2 5′-TACTCCCAGGTTGCCCACA-3′ 5′-CATCTACAAACGGGAATGTCTGC-3′

GCLC 5′-ATGCCATGGGATTTGGAAT-3′ 5′-AGATATACTGCAGGCTTGGAATG-3′

GCLM 5′-GACAAAACACAGTTGGAACAGC-3′ 5′-CAGTCAAATCTGGTGGCATC-3′

AKR1C3 5′-CATTGGGGTGTCAAACTTCA-3′ 5′-CCGGTTGAAATACGGATGAC-3′

HMOX1 5′-CAACATCCAGCTCTTTGAGGA-3′ 5′-GGGCAGAATCTTGCACTTTG-3′

NQO1 5′-GATATTCCAGTTCCCCCTGC-3′ 5′-TTCTTACTCCGGAAGGGTCC-3′

GSTP1 5′-TACACCAACTATGAGGCGGG-3′ 5′-AGCGAAGGAGATCTGGTCTC-3′

SOD2 5′-GTTGGCCAAGGGAGATGTTAC-3′ 5′-AGCAACTCCCCTTTGGGTTC-3′

B-actin 5′-GATCAGCAAGCAGGAGTATGACG-3′ 5′-AAGGGTGTAACGCAACTAAGTCATAG-3′

Nrf2, nuclear factor erythroid 2-related factor 2; GCLM, γ-glutamylcysteine synthetase modifier subunit; GCLC, γ-
glutamylcysteine synthetase catalytic subunit; AKR1C3, aldo-keto reductase 1 subunits C-3; HO-1, heme oxygenase-1;
NQO1, NADPH quinone oxidoreductase-1; GSTP1, glutathione S-transferase P1; and SOD2, superoxide dismutase 2.
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