
INTRODUCTION

Ionizing radiation (IR) has many practical applications such

as medicine, food, agriculture, environment and industry

(Chmielewski and Haji-Saeid 2004; Ryan 2012). However,

high exposure of IR is associated with harmful effects on

human health (Moulder 2004). IR interacts with biomolecules

(DNA, RNA, protein, lipid and carbohydrate) and produces

toxic free radicals leading to oxidative stress, imbalance state

between prooxidant and antioxidant (Held 1997; Curtin et al.

2002; James et al. 2002; Bak et al. 2012). IR-induced oxida-

tive stress may cause cell damage including genomic altera-

tions, lipid peroxidation, mutation and cell death (Riley 1994;

Devsagayam et al. 2004). In order to regulate the oxidative

stress, there are endogenous antioxidant defense systems

which includes enzymatic antioxidants (superoxide dismu-

tase, catalase, glutathione peroxidase, etc.) and non-enzy-

matic antioxidants (glutathione, ascorbate, bilirubin, α-toco-

phenrol etc.) (Kunwar and Priyadarsini 2011). Even if cells

have many endogenous antioxidants, these systems may not

protect cell against IR-induced oxidative stress. Therefore,

it is necessary to supplement exogenous antioxidant under

oxidative stress condition (Hosseinimehr 2007). In regard

with radioprotector, polyphenol in dietary plant is of consid-

erable interest due to potent antioxidant activity (Weiss and

Landauer 2003).

Ginger has been widely used as medicine (common cold,

fever, digestive order and arthritis) and food (flavoring agent,

spice, condiment, beverage and tea) for a long time (White

2007). It contains bioactive polyphenols such as gingerol,

shogaol, paradol and zingerone (Shukla and Singh 2007). In

particular, [6]-gingerol has been reported to have many phar-
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macological effects (Kim et al. 2005; Nigam et al. 2009; Lee

et al. 2011). [6]-gingerol (structure shown in Fig. 1) is a

major non-volatile pungent compound in the rhizome of gin-

ger (Zingiber officinale). It is known to have various biologi-

cal effects such as antioxidant, anti-inflammatory and anti-

cancer properties (Dugasnai et al. 2010; Lv et al. 2012). How-

ever, there is no report on the radioprotective effects of [6]-

gingerol in HepG2 cells.

The purpose of this study is to investigate the harmful

effects of HepG2 cells after exposure of IR and the protec-

tive effects of [6]-gingerol against IR-induced cytotoxicity

and oxidative stress (antioxidant enzyme status) in cultured

HepG2 cells.

MATERIALS AND METHODS

1. Materials

[6]-gingerol (CAS No. 23513-14-6) was purchased from

Sigma Chemical Co. (St. Louis, MO, USA). Dulbecco’s

modified Eagle’s medium (DMEM) was purchased from

Welgene Inc. (South Korea). Fetal Bovine Serum (FBS),

Phosphate Buffered Saline (PBS) were purchased from

Thermo Fisher Scientific Inc. (Waltham, MA, USA). Anti-

biotic (10,000 U mL-1 of penicillin, 10,000 μg mL-1 of strep-

tomycin and 25 μg mL-1 of amphotericin B) and trypsin

EDTA was obtained from Life Technologies Corporation

(CA, USA). Cell proliferation kit I for MTT assay was pur-

chased from Roche Applied Science (IN, USA). Superoxide

dismutase (SOD) and catalase (CAT) assay kit were obtained

from Cayman Chemical Company (MI, USA).

2. Cell culture and irradiation

Human hepatoblastoma HepG2 cells were cultured and

maintained in DMEM supplemented with 10% FBS and 1%

penicillin-streptomycin antibiotic in a humidified 5% CO2

incubator at 37�C. The medium was changed every 2~3 days

and cells were plated at an appropriate density according to

each experimental scale. Cells were irradiated (dose rate: 0,

1, 5 and 10 Gy) using 60Co gamma cell irradiator (AECL,

Canada) in Korea Atomic Energy Research Institute (Jeoung-

eup, Korea).

3. MTT assay

HepG2 cells were seeded at the density of 1×104 cells in

each well of the 96 well plates and incubated for 24 h at 37�C.

[6]-gingerol was added to cell in fresh media at 5, 10, 20, 40

and 80 μM concentration. Cells were incubated for next 24 h.

Cell viability was measured by the MTT assay as described

previously (Mosmann et al. 1983). Cells were treated with

MTT solution (5 mg mL-1 in Phosphate Buffered Saline) and

incubated for 4 h at 37�C, yellowish crystal formed. The crys-

tal was solubilized by adding solubilization solution (10%

SDS in 0.01 M HCl) and incubated for overnight at 37�C.

The absorbance was read at 570 nm. The experiments were

performed at least three times.

4. Trypan Blue assay

Cell viability was measured by trypan blue assay previ-

ously described (Jauregui et al. 1981). Cells were seeded at

the density of 1×106 cells in each cultured plate. After 1 day

incubation, cells were subjected to irradiate with different

doses (0, 1, 5, and 10 Gy). Cells were incubated for different

time period at 0, 1, 2 and 3 days post-irradiation. After incu-

bation for different time period, cells were removed by try-

psinization. Cell suspension (200 μL) was mixed with 0.4%

trypan blue solution (800 μL) and the mixture were incubat-

ed for 5 min at room temperature. Cells were counted using

a dual-chamer hemocytometer and a light microscope. The

percentage of cell viability (untreated control cells) was cal-

culated as 100%. The experiments were performed at least

three times.

5. Estimation of Superoxide Dismutase (SOD)

activity

The activity of SOD was performed according to the man-

ufacturer’s instruction (Cayman Chemical Company, USA).

Briefly, cells were collected by using rubber policeman and

homogenized by using sonicator in 1~2 mL of cold 20 mM

HEPES buffer containing 1 mM EGTA, 210 mM mannitol

and 70 mM sucrose, pH 7.2 and centrifuged at 12,000×g
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Fig. 1. Structure of [6]-gingerol.



for 10 min at 4�C. The supernatants were collected for assay

and stored on ice. Protein concentration was determined by

Bradford method (Bradford 1976). One unit of enzyme activ-

ity was defined by the 50% dismutation of superoxide radical.

In a 96 well plate, 200 μL of tetrazolium salt was added in

different well for each sample and subsequently added 10μL

of sample in each well. The reaction was initiated by adding

20 μL of xanthine oxidase and the plate was incubated on a

shaker for 20 min at room temperature. The absorbance was

measured at 450 nm by using plate reader. The experiments

were performed at least three times.

6. Estimation of Catalase (CAT) activity

The activity of CAT was performed according to the man-

ufacturer’s instruction (Cayman Chemical Company, USA).

The decomposition of H2O2 in presence of CAT was follow-

ed by the decrease in absorbance measured by spectrophoto-

meter. Cells were collected by using rubber policeman and

homogenized by using sonicator in 1~2 mL of cold 50 mM

potassium phosphate buffer, pH 7.0, containing 1 mM EDTA

and centrifuged at 12,000×g for 10 min at 4�C. The super-

natants were used for the assay and stored on ice. Protein

concentration was determined by Bradford method (Bradford

1976). In a 96 well plate, 20 μL of sample was taken to each

well and then added 100 μL of 100 mM potassium phosphate,

pH 7.0 and 30 μL of methanol. The reaction was initiated by

adding 20 μL of hydrogen peroxide to each well and incu-

bated on a shaker for 20 min at room temperature. To termi-

nate the reaction, 30 μL of potassium hydroxide was added

to the each well and then added 30 μL of catalase purpald

as quickly as possible. The plate was incubated for 10 min

at room temperature on the shaker. Finally, 10 μL of catalase

potassium periodate was added to each well and incubated

for 5 min at room temperature on the shaker. The absorbance

was taken at 540 nm by using a plate reader. The experiments

were performed at least three times.

RESULTS

1. Radioprotective effect of [6]-gingerol against

IR-induced cytotoxicity

To investigate the cytotoxic effect of [6]-gingerol on

HepG2 cells, cell viability was performed by MTT assay.

Cells were treated with different concentration (0, 5, 10, 20,

40 and 80 μM) and then incubated for 1 day. As shown in

Fig. 2, [6]-gingerol with 5 μM concentration did not decrease

cell viability. Thus, [6]-gingerol was used as potential radio-

protective agent in this study.

To examine the harmful effect of IR in HepG2 cells, cells

were irradiated with 0, 1, 5 and 10 Gy. The IR-treated group

was incubated for different time (0, 1, 2 and 3 days) to monitor

cell morphological change and cell cytotoxicity. As shown

in Fig. 3, cell morphology was changed in a time-dependent

manner after exposure of IR with 5 Gy. After the different

incubation days, cell viability was examined by trypan blue

assay (data not shown). Cell viability was used as an indica-

tor of cytotoxicity. As shown in Fig. 4(A), the IR-treated

group was decreased the percentage of cell viability in a

dose-dependent manner for 3 days after irradiation, with

half lethal dose (LD50) of 5 Gy.

To determine the radioprotective effect of [6]-gingerol

against IR-induced cytotoxicity in HepG2 cells, cells were

pretreated with or without 5 μM [6]-gingerol for 1 h and then

irradiated with 0 or 5 Gy. As shown in Fig. 4(B), [6]-ginge-

rol plus IR-treated group was increased the percentage of

cell viability as compared to that of IR-treated group. The

results suggest that [6]-gingerol could have protective effect

against cell cytotoxicity induced by IR.

2. Radioprotective effect of [6]-gingerol against

IR-induced oxidative stress

To assess the radioprotective effect of [6]-gingerol against
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Fig. 2. Cell cytotoxicity of [6]-gingerol by using MTT assay. Data
are represented as mean±SD (n==3). *p⁄0.05, **p⁄0.01
compared with control group.
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IR-induced oxidative stress in HepG2 cells, antioxidant enz-

yme activity was examined by the biochemical kit (SOD and

CAT activity) assay. As shown in Figs. 5 and 6, IR-treated

group was increased both SOD and CAT activity in a dose-

dependent manner. In contrast, [6]-gingerol plus IR-treated

group was suppressed both SOD and CAT activity as com-

pared to that of IR-treated group. It indicates that [6]-ginge-

rol pretreatment could protect cellular oxidative stress induc-

ed by IR.

DISCUSSION

There is considerable interest in the radioprotective effects

of natural antioxidants against oxidative stress. Some of

dietary polyphenols have very potent antioxidant and free

radical scavenging activity. They can inhibit cellular geno-

toxicity, prevent cellular oxidative stress and cytotoxicity

(Duthie et al. 1997; Noroozi et al. 1998; Lipkin et al. 1999).

Some reports demonstrated that [6]-gingerol, a pungent phe-

nolic compound with a high antioxidant activity, exhibited

a variety of biological effects. Kim et al. (2007) reported that

[6]-gingerol treatment has been shown to reduce UVB-induc-
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(A) (B)

(C) (D)

Fig. 3. Radiation-induced cell morphological change of HepG2 cells. Cells were exposed to 5 Gy. A: 0 h after IR exposure, B: 24 h after IR
exposure, C: 48 h after IR exposure, D: 72 h after IR exposure.
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Fig. 4. Radiation-induced cell cytotoxicity (A) and radioprotective
effect of [6]-gingerol (B) in HepG2 cells. Cells were incu-
bated for 3 days after irradiation. Data are represented as
mean±SD (n==3). *p⁄0.05, **p⁄0.01 compared with
control group.
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ed cell damage by reducing reactive oxygen species (ROS)

levels and activating caspases-3, -8, -9, cyclooxygenase-2

(COX-2) and Fas expression in human keratinocytes cell line

(HaCat). Some researchers reported that [6]-gingerol exhib-

ited anti-cancer effects (Shukla et al. 2007). Chakraborty et

al. (2012) reported that [6]-gingerol had anti-oxidative pro-

perty and protective effect against arsenic-induced toxicity

by improving impaired insulin signaling pathway. In this

study, we reported that [6]-gingerol, natural antioxidant, pro-

tects HepG2 cells against IR-induced cell damage by reduc-

ing cell viability and an increased level of SOD and CAT

activity.

Oxidative stress represents imbalance of the pro-oxidants

and antioxidants in cell. IR is known to induce oxidative stress

via generation of ROS which can lead to cell death. The cel-

lular antioxidant defense system plays an important role in

protecting cell against oxidative stress. In fact, changes in

the activity of antioxidant enzymes can be regarded as a bio-

marker. There are major antioxidants in cells such as SOD,

CAT and glutathione (GSH). SOD catalyzed the dismuta-

tion of O2
- to H2O2 and CAT converts H2O2 into water. In

this study, HepG2 cells with exposure of IR evoked signi-

ficant changes of the activity of SOD and CAT. Both activi-

ties were increased after exposure of IR, indicating that the

fact was the activation of antioxidant defense system in

HepG2 cells. Alia et al. (2006) reported that quercetin pro-

tects HepG2 cells against t-BOOH-induced oxidative stress

by reducing SOD and CAT activity. In regard with oxida-

tive stress, our data about change of SOD and CAT activity

was in agreement with the results obtained Alia et al. despite

different stress factor.

In conclusions, we reported the protective effect of [6]-

gingerol against IR-induced cytotoxicity and oxidative stress

in HepG2 cells at the first time. Following irradiation with

0 to 10 Gy, IR induced cytotoxicity and oxidative stress in a

dose-dependent manner in HepG2 cells. The LD50 of HepG2

cells was about 5 Gy. Pretreatment of 5 μM [6]-gingerol atten-

uated IR-induced cell viability loss and an increased level of
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Fig. 5. Radiation-induced SOD activity change (A) and radiopro-
tective effect of [6]-gingerol (B) in HepG2 cells. Data are
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antioxidant enzymes (SOD and CAT) activity. These find-

ings suggest that [6]-gingerol could be useful as a radiopro-

tector.
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