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ABSTRACT: Black rice contains many biologically active compounds. The aim of this study was to investigate the pro-
tective effects of black rice extracts (whole grain extract, WGE and rice bran extract, RBE) on tert-butyl hydroperoxide 
(TBHP)-induced oxidative injury in HepG2 cells. Cellular reactive oxygen species (ROS), antioxidant enzyme activities, 
malondialdehyde (MDA) and glutathione (GSH) concentrations were evaluated as biomarkers of cellular oxidative status. 
Cells pretreated with 50 and 100 g/mL of WGE or RBE were more resistant to oxidative stress in a dose-dependent 
manner. The highest WGE and BRE concentrations enhanced GSH concentrations and modulated antioxidant enzyme ac-
tivities (glutathione reductase, glutathione-S-transferase, catalase, and superoxide dismutase) compared to TBHP-treated 
cells. Cells treated with RBE showed higher protective effect compared to cells treated with WGE against oxidative 
insult. Black rice extracts attenuated oxidative insult by inhibiting cellular ROS and MDA increase and by modulating an-
tioxidant enzyme activities in HepG2 cells. 
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INTRODUCTION

Oxidative stress, which can induce cell aging and chronic 
degenerative diseases, is caused by high levels of reactive 
oxygen species (ROS) (1). Cells have non-enzymatic and 
enzymatic defense mechanisms to protect against oxida-
tive stress (2). However, antioxidant systems cannot 
completely prevent the deleterious effects of ROS (3).

Antioxidant compounds protect against oxidative dam-
age caused by oxidative stress (4). Consumption of nat-
ural antioxidants has recently increased due to safety 
concerns associated with synthetic antioxidants and 
chemical pharmaceuticals. Among common dietary 
sources of natural antioxidants, dark-colored plants are 
richest in phenolic compounds, vitamins, and other phy-
tochemicals (5). Black rice (Oryza sativa L.), which has 
dark purple grains, is an anthocyanin-rich rice that may 
improve health. Several studies have reported that black 
rice reduces oxidative stress and improves athero-
sclerotic lesions in animal models (6-8).

The objective of this study was to investigate the pro-
tective effects of black rice extracts on tert-butyl hydro-
peroxide (TBHP)-induced oxidative injury in HepG2 cells. 
Generation of cellular ROS, malondialdehyde and gluta-

thione concentrations, and antioxidant enzyme activities 
were measured as biomarkers of cellular oxidative status.

MATERIALS AND METHODS

Materials
HepG2 cells were obtained from the Korean Collection 
for Type Cultures (Daejeon, Korea). Thiobarbituric acid 
(TBA), 2',7'-dichlorofluorescin diacetate (DCFH-DA), 
tert-butyl hydroperoxide (TBHP), trichloroacetic acid, re-
duced glutathione (GSH), oxidized glutathione, gluta-
thione reductase (GR), peroxidase, 1-chloro-2,4-dini-
trobenzene (CDNB), hydrogen peroxide (H2O2), ethyl-
enediaminetetra-acetic acid (EDTA), 5,5'-dithiobis(2-ni-
trobenzoic acid) (DTNB), xanthine, xanthine oxidase, 
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA). The WST-1 (4-[3-(4-iodophe-
nyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene di-
sulfonate sodium salt) reagent was obtained from Roche 
Diagnostics Deutschland GmbH (Mannheim, Germany), 
and fetal bovine serum (FBS), Dulbecco’s modified Eagle’s 
medium (DMEM), trypsin-EDTA, and penicillin-strepto-
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mycin were obtained from Gibco BRL (Gaithersburg, 
MD, USA). All other reagents and solvents used were of 
analytical and HPLC grade. 

Preparation of black rice extracts 
Black rice was obtained from the Rural Development 
Administration, Korea. Whole black rice was milled into 
rice bran using the gradual milling system (85% milling 
degree). Both whole grain rice and rice bran were ex-
tracted with methanol by shaking overnight at room 
temperature. After centrifugation (10,000 g, 5 min), the 
supernatant was filtered and evaporated under vacuum 
at 40oC. Whole grain extract (WGE) and rice bran extract 
(RBE) were dissolved in dimethyl sulfoxide (DMSO) and 
filtered through sterile 0.2 m cellulose acetate syringe 
filters. WGE and RBE were diluted with FBS-free DMEM 
to obtain the needed sample concentrations.

Cell culture 
HepG2 cells were grown in DMEM supplemented with 
10% FBS and 100 U/mL each of penicillin and strepto-
mycin. Cells were maintained in a humidified atmos-
phere of 5% CO2 and 95% air at 37oC.

Cell viability and protective effect of WGE and RBE 
HepG2 cells were seeded into 96-well plates at a density 
of 1×104 cells/well. After 24 h, the growing medium 
was exchanged with FBS-free DMEM containing different 
concentrations of WGE and RBE (50 and 100 g/mL). 
To evaluate the protective effect of black rice after 12 h, 
cells were treated with 1 mM TBHP for 2 h. The pro-
tective effect against oxidative stress was measured us-
ing the MTT assay. MTT was added to all wells and the 
plates were incubated at 37oC for 4 h. The medium was 
removed and formazan crystals produced in the wells 
were dissolved in DMSO. Absorbance was read at 550 
nm using a spectrophotometer (Beckman Instruments 
Inc., Brea, CA, USA).

Determination of ROS 
Cellular ROS levels were measured using a DCFH-DA 
fluorescent probe (9). HepG2 cells were seeded into 
96-well black plates at a density of 5×104 cells/well. 
After sample treatment, 25 M DCFH was added to the 
wells for 2 h. Cells were washed twice with FBS-free me-
dium before the addition of 1 mM TBHP. The fluorescence 
intensity was measured with a fluorescence spectropho-
tometer (Perkin-Elmer, Norwalk, CT, USA) for 90 min 
at an excitation wavelength of 485 nm and an emission 
wavelength of 530 nm.

Determination of lipid peroxidation
Cells were seeded into 6-well plates at a density of 

1×106 cells/well. After 48 h, the culture medium was 
replaced with FBS-free medium containing 50 and 100 
g/mL of WGE or RBE. After 12 h, the cells were treat-
ed for 2 h with 1 mM TBHP to induce oxidative stress. 
After treatment, the cells were harvested and lysed for 
10 s using a Vibra-Cell VCX 750 sonicator (Sonics & 
Materials, Inc., Newtown, CT, USA). The lysates were 
centrifuged at 10,000 g for 5 min at 4oC. The superna-
tants were used immediately for protein determination 
and lipid peroxidation assays. Lipid peroxidation (esti-
mated as MDA content) was determined using the thio-
barbituric acid reacting substances (TBARS) assay (10). 
The supernatants were added to an equal volume of TBA 
solution (15% trichloroacetic acid, 0.25 N HCl, and 
0.375% TBA) and heated for 15 min in a boiling water 
bath. After centrifugation at 10,000 g for 5 min, the ab-
sorbance was measured at 535 nm. The results were ex-
pressed as nmol/mg of protein using a molar extinction 
coefficient of 1.56×105 M−1cm−1.

Determination of glutathione and antioxidant enzyme ac-
tivities 
Total intracellular GSH was determined by the DTNB- 
GSSG reductase recycling method described by Baker et 
al. (11). The concentration of GSH in cell lysate was ex-
pressed as nmol GSH/mg of protein. Glutathione-S-trans-
ferase (GST) activity was assayed at 340 nm using the 
catalytic reaction of reduced GSH and CDNB as the sub-
strates producing a dinitrophenyl thioether chromphere. 
Results were expressed as nmol/min/mg protein (12). 
CAT activity was determined by measuring the reduc-
tion rate of H2O2 using a spectrophotometer at 240 nm 
and was expressed as mol/min/mg protein (13). GR 
activity was determined by measuring the decrease of 
absorbance at 340 nm due to the consumption of 
NADPH in the reduction of oxidized glutathione and 
was expressed as nmol/min/mg protein (14). SOD activ-
ity was measured at 450 nm using WST-1 that produces 
a water-soluble formazan dye. The formazan was formed 
by the reaction between WST-1 and superoxide anion to 
detect the superoxide anion generated by xanthine and 
xanthine oxidase. The results were expressed as U/mg 
protein (15).

Statistics 
The results were expressed as mean±standard deviation 
(SD). Statistical analysis of data was done by employing 
unpaired two-tailed student t-test and one-way analysis 
of variance (ANOVA) using SAS version 9.1 (SAS Insti-
tute, Cary, NC, USA). A value of P＜0.05 was consid-
ered significant.
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Fig. 1. Protective effect of black rice extracts on TBHP-induced 
cytotoxicity in HepG2 cells. Values are mean±SD of at least 
three separate experiments. Different letters above bars in-
dicate significant differences (by ANOVA and Duncan’s test, 
P＜0.05).

Fig. 2. Effect of black rice extracts on intracellular reactive oxy-
gen species (ROS) generation in HepG2 cells. Values are mean±
SD of at least three separate experiments.

Fig. 3. Effect of black rice extracts on TBHP-induced lipid 
peroxidation. Values are mean±SD of at least three separate 
experiments. Different letters above bars indicate significant 
differences (by ANOVA and Duncan’s test, P＜0.05).

RESULTS AND DISCUSSION

Protective effect of WGE and RBE on TBHP-induced cyto-
toxicity 
Before determining the cytoprotective effect of WGE and 
RBE, it was necessary to ensure that there was no cyto-
toxicity. Exposure to 50 and 100 g/mL WGE and RBE 
over a 12 h incubation period did not alter cell viability 
compared to the control (data not shown). The cytopro-
tective effect of WGE and RBE against TBHP-induced 
oxidative damage was evaluated. HepG2 cells were treat-
ed with different concentrations of WGE and RBE (50 
and 100 g/mL) for 12 h and the cells were exposed to 
TBHP (1 mM) for 2 h. Exposure to TBHP induced a 50% 
decrease in cell viability (Fig. 1). However, pretreatment 
with 50 and 100 g/mL WGE and RBE for 12 h signif-
icantly increased cell viability in a dose-dependent man-
ner, indicating that pretreated cells were protected 
against oxidative injury. Black rice derives its name from 
its anthocyanin compounds, including cyaniding 3-gluco-
side and peonidin 3-glucoside, which possess anti-oxi-
dant and anti-inflammatory activities (16). Black rice 
contains other beneficial components, including poly-
phenolics, flavonoids, vitamin E, phytic acid, and 
-oryzanol. These antioxidants are present in much high-
er concentrations in the bran than in the endosperm 
(17). In this study, the cytoprotective effect of RBE was 
significantly higher than that of WGE.

Effect of black rice extracts on ROS generation and lipid 
peroxidation 
To evaluate the cellular oxidative stress generated from 
TBHP, the intracellular ROS production was measured 
for 90 min. Cells treated with TBHP showed a signifi-
cant increase in ROS generation over time compared to 
untreated controls (Fig. 2). However, pretreatment of 
HepG2 cells with 50 and 100 g/mL of WGE and RBE 

significantly reduced ROS generation in the presence of 
TBHP. Remarkably, pretreatment with 100 g/mL of 
RBE significantly reduced ROS generation to near con-
trol values. Evaluation of ROS levels is a good indicator 
of oxidative insult to living cells (9). 

Intracellular MDA concentration is a direct result of 
membrane unsaturated fatty acid peroxidation and was 
used as a marker for TBHP-induced oxidative insult in 
HepG2 cells. Treatment of HepG2 cells with 1 mM TBHP 
for 3 h resulted in a significant increase in MDA concen-
tration. However, a 6 h pretreatment with the samples 
prevented the increase in MDA concentration (Fig. 3). 
Pretreatment with WGE (100 g/mL) and RBE (50 and 
100 g/mL) completely inhibited lipid peroxidation. Accu-
mulation of lipid peroxides in cell membranes is asso-
ciated with increased oxidative stress (18). Hou et al. 
(19) reported that black rice extracts had a protective ef-
fect on alcohol-induced hepatic lipid peroxidation in rat 
liver. 
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Table 1. Effect of black rice extracts on reduced GSH and antioxidant enzyme activities in HepG2 cell

Treatment GSH GR GST CAT SOD

Control
TBHP
Whole grain 100＋TBHP
Rice bran 100＋TBHP

47.02±9.06b

27.75±0.76c

51.55±3.96b

71.85±8.01a

2.72±0.19a

4.38±0.92a

3.59±1.62a

3.20±0.29a

 4.44±0.20b

12.89±2.58a

 6.15±0.92b

 5.71±0.68b

1.49±0.22b

2.84±0.72a

1.27±0.37b

1.16±0.38b

15.35±3.74b

26.87±2.79a

15.71±3.39b

 5.11±0.15c

Glutathione, GSH (mol/mg protein); glutathione reductase, GR (nmol/min/mg protein); glutathione S-transferase, GST (nmol/min/mg 
protein); catalase, CAT (mol/min/mg protein); superoxide dismutase, SOD (U/mg protein). Values are mean±SD of at least three 
separate experiments. Different letters in the same column indicate significant differences (by ANOVA and Duncan’s test, P＜0.05).

Effect of black rice extract on GSH depletion and anti-
oxidant enzyme activities 
GSH is widely used as an index of intracellular non-
enzymatic antioxidant defense. Therefore, the effect of 
100 g/mL of WGE and RBE on GSH levels in the HepG2 
cells was evaluated (Table 1). Treatment with 1 mM 
TBHP induced a remarkable decrease in GSH levels com-
pared to the control (47.02 and 27.75 mol/mg protein, 
respectively). However, pretreatment with WGE and 
RBE for 6 h increased GSH levels. Pretreatment with 
100 g/mL of WGE prevented GSH depletion to near 
control levels. Pretreatment with 100 g/mL of RBE re-
sulted in significantly higher GSH levels. Whether WGE 
and RBE prevented TBHP-induced damage by modifying 
antioxidant enzyme activity was determined. Cells were 
pretreated with 100 g/mL of WGE and RBE for 12 h 
before inducing TBHP oxidative stress (Table 1). In con-
trol cells, treatment with TBHP for 3 h induced a sig-
nificant increase in the enzyme activities of GST, CAT, 
and SOD except GR. However, when cells were pre-
treated for 12 h with 100 g/mL of WGE and RBE, the 
TBHP-induced increase in enzyme activities of GST, 
CAT, and SOD was suppressed.

The cellular antioxidant enzyme system plays an im-
portant role in the defense against oxidative stress, and 
changes in the activity of antioxidant enzymes can be 
used as biomarkers for the antioxidant response (20). 
Various dietary phytochemicals have been studied, and 
significant changes in antioxidant enzyme activities have 
been reported. For example, a tocotrienol-rich fraction 
from grape seeds protected against cell damage by pre-
venting increased activities of antioxidant enzymes in-
duced by TBHP (21). Further, Kim et al. (22) reported 
that procyanidin fractions from defatted grape seeds pre-
vented TBHP-induced increase in antioxidant enzyme 
activities, including glutathione peroxidase, CAT, and 
SOD. The changes in GR, GST, CAT, and SOD activities 
by pretreatment with black rice extracts (WGE and 
RBE) compared to treatment with TBHP alone, clearly 
indicate the ability of the cell defense system to respond 
to an oxidative insult. Although major bioactive compo-
nents of black rice were not measured in this study, pre-
vious studies demonstrated the presence of anthocya-
nins, in particular, cyanidin-3-O-glucoside and peoni-

din-3-O-glycoside (16,23,24). These are most abundant 
in the aleurone layer of black rice. Park et al. (25) re-
ported that anthocyanins in black rice included cyani-
din-3-O-glucoside (95%) and peonidin-3-O-glycoside (5%) 
and had strong antioxidant activities in vitro. Therefore, 
we hypothesized that anthocyanins such as cyanidin- 
3-O-glycosid and peonidin-3-O-glycoside might be the 
major components responsible for the protective effects 
in the present study. However, it cannot be excluded 
that flavonoids or phenolic acids in the extracts may par-
tially contribute to the protective effects observed in this 
study. 

In conclusion, our data showed that treatments with 
black rice extracts have a protective effect against oxida-
tive stress by modulating ROS production, GSH level, 
MDA generation, and antioxidant enzyme activities in 
HepG2 cells. Black rice may be used as a bioactive in-
gredient in the production and development of func-
tional foods.
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