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Abstract The signaling pathway by which 6-shogaol protects HepG2 cells against H,0,-induced
oxidative stress was investigated. Cellular anti-oxidant activities, the GSH level, and anti-oxidant
response element (ARE) promoter activity were analyzed. Activated protein kinases and nuclear
transcription factor-erythroid 2-related factor 2 (Nrf2) accumulation in the nucleus, and phase Il
detoxification and anti-oxidant enzymes were analyzed using western blotting. 6-Shogaol enhanced
cellular anti-oxidant activities, the GSH level, and ARE promoter activities. Nrf2 accumulation in the
nucleus, c-jun N-terminal kinase (JNK) activation, and y-glutamylcysteine synthetase (GCS) and heme
oxygenase-1 (HO-1) expressions were increased by 6-shogaol. Blockage of the JNK signaling pathway
removed the elicitation effect of 6-shogaol on JNK activation, Nrf2 accumulation in nucleus, and GCS
and HO-1 expression, but partially suppressed cellular anti-oxidant activities and ARE promoter
activities. 6-shogaol exerts an indirect cellular anti-oxidant activity based on up-regulation of GCS and
HO-1 via a JNK-mediated Nrf2 signaling pathway.

Keywords: 6-shogaol, oxidative stress, c-jun N-terminal kinase-mediated, y-glutamylcysteine synthetase,

heme oxygenase-1

Introduction

Oxidative stress resulting from a cellular imbalance between production
and elimination of reactive oxygen species (ROS), including the
superoxide anion and hydrogen peroxide (H,0,), is a major cause of
cellular damage and death in different liver disease. H,0, can be
produced by superoxide dismutase (SOD) from superoxide anions
formed via an enzymatic process. In addition, H,0, is known as an
important cause of oxidative damage due to a longer half-life than
other ROS, and can be transformed into a highly reactive hydroxyl
radical by Fenton reactions in the presence of reduced ferrous or
cuprous ions (1). To abrogate oxidative stress, several non-enzymatic
and enzymatic factors in biological tissues, called anti-oxidants,
prevent ROS formation or scavenge it. Anti-oxidants can be divided
into direct and indirect varieties depending on the mechanism by
which protection against oxidative stress is delivered (2). Direct anti-
oxidants modify reactive oxygen and nitrogen radicals by donating
hydrogens or electrons, while indirect anti-oxidants may not be
oxido-reductively active. Indirect anti-oxidants exert effects via up-
regulation of phase Il detoxification and anti-oxidant enzymes (2).
Some anti-oxidants such as phenolic Michael reaction acceptors can
exert anti-oxidant effects via both direct and indirect methods (3)
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and are called bi-functional anti-oxidants.

For the induction of phase Il detoxification and anti-oxidant
enzymes by indirect anti-oxidants, Nrf2 has to be activated after
being detached from the Nrf2-Kelch-like ECH associated protein 1
(Keapl) complex (4). Depending on Keapl involvement in Nrf2
activation, there are two kinds of mechanisms (5,6). In Keapl-
dependent Nrf2 activation, various inducers react with Keapl to
induce a change in its conformation resulting in Nrf2 activation (7). In
Keapl-independent Nrf2 activation, the Nrf2 protein can be activated
due to phosphorylation via mitogen-activated protein kinase (MAPK),
extracellular signal-regulated kinase (ERK), c-jun N-terminal kinase
(JNK), p-38, phospha-tidylinositol 3-kinase (PI3K/Akt), and protein
kinase C (PKC) signal transduction pathways (8,9).

Ginger (Zingiber officinale Roscoe) has been used as an herbal
medication for treatment of a wide variety of ailments for a long
time. Several bioactive compounds, including gingerols, paradols,
zingerones, and shogaols, have been identified in fresh ginger and 6-
shogaol has been reported as a minor bioactive compound (10). In
addition, 6-shogaol is readily formed from 6-gingerol, the most
abundant bioactive compound of ginger, via hydration during
heating because 6-gingerol is thermally labile due to a B-hydroxy
keto moiety (11,12). Accordingly, 6-shogaol is a major constituent
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after 6-gingerol in commercial ginger powders (13). Because 6-
shogaol bears methoxyphenol and o, 3-unsaturated carbonyl moieties
as reactive functional groups, 6-shogaol has been reported to
possess not only anti-oxidant (12,14,15) and anti-inflammatory
activities (16,17), but also anti-carcinogenic activities (18-20).

Recently, several in vitro anti-oxidant activities of 6-shogaol,
including DPPH, superoxide anion, and hydroxyl free radical scavenging
effects, reducing power, and Trolox equivalent antioxidant capacity
(TEAC), have been reported (6,11,21). 6-Shogaol has also shown
potent anti-oxidant activities in a cell model using rat pheochromo-
cytoma PC12 cells (15). In addition, the enhancement effects of 6-
shogaol for anti-oxidant response element (ARE) promoter activity
and phase Il detoxification and anti-oxidant enzymes, including
NAD(P)H quinone oxidoreductase (NQO1) and heme oxygenase 1
(HO-1) in mouse embryonic fibroblast cells, have been reported (22).
Furthermore, up-regulation effects of 6-shogaol-rich extracts from
ginger on the anti-oxidant defense system were observed in HepG2
cells and mice (23). Unfortunately, no study has elucidated the
cellular anti-oxidant activities of 6-shogaol in hepatic cells and
associated underlying mechanisms.

The objective of this study was to investigate the contribution of
Nrf2-mediated phase Il detoxification and anti-oxidant enzyme
induction for 6-shogaol protection against H,0,-iuduced oxidative
stress in hepatic HepG2 cells.

Materials and Methods

Reagents 6-Shogaol, neocuproine, Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS), MTT, Triton X-100,
Hank’s balanced salt solution (HBSS), 2',7'-dichlorofluorescein-
diacetate (DCFH-DA), N-acetylcysteine (NAC), DL-sulforaphane (SF),
phosphate buffered saline (PBS) (pH 7.4), phenylmethanesulfonyl
fluoride (PMSF), SP600125, HEPES, EDTA, dithiothreitol (DTT),
Hoechst 33528, and dimethylsulfoxide (DMSO) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Monochlorobimane (mBCl) was
obtained from Molecular Probes (Eugene, OR, USA). The pGL4.37
(luc2P/ARE/Hygro) vector, the pGL4.74 (hRluc/TK) vector, FUGENE HD
reagent, and a Dual-Glo luciferase assay kit were purchased from
Promega (Madison, WI, USA). A Maxime PCR PreMix Kit and
AccuPowerCycleScript RT PreMix were purchased from iNtRON
Biotechnology and Bioneer (Seoul, Korea). Antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA) including anti-
p-JNK, y-glutamylcysteine synthetase (GCS), PKC, PI3-kinase p85c,
catalase, NQO1, HO-1, and p-PKC. Anti-Nrf2, p38MAPK, p44/42MAPK
(ERK1/2), p-p44/A2MAPK (p-ERK1/2), INK, GST, and p-PI3-kinase p85a
were purchased from Cell Signaling Technology (Beverly, MA, USA).

Cell cultures The human hepatoma cell line HepG2 (KCLB NO.
88065) was obtained from the Korea Cell Line Bank (Seoul, Korea).
HepG2 cells were maintained in DMEM supplemented with 10%
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heat-inactivated FBS in a humidified incubator (RCO3000T-5-VBC;
Thermo Electron Co., Ashville, NC, USA) containing 5% CO, and 95%
air at 37°C. Cell monolayers were grown in polystyrene culture dishes
(Falcon; Becton Dickinson, Franklin Lakes, NJ, USA), and cells were
subcultured at a 1:3 ratio twice a week with a medium change.

Cell viability assay The tetrazolium dye colorimetric test (MTT) was
used to determine the viability of HepG2 cells based on the ability of
functional mitochondria to catalyze reduction of MTT to insoluble
purple formazan, the concentration of which can be measured
spectrophotometrically. HepG2 cells were first cultured in 96 well
plates (5x10° cells/well) for 24 h, washed twice using PBS, then
treated with 1-50 uM of 6-shogaol. After 24 h of incubation, MTT
reagent was added to each well and the plate was incubated at 37°C
for 2 h. The medium was removed and the plate was washed twice
with PBS (pH 7.4). Intracellular insoluble formazan was dissolved in
DMSO. The absorbance of each cell was then measured at 570 nm
using an ELISA reader (A-5002; Tecan, Salzburg, Austria) and the
percentage viability was calculated.

Cellular anti-oxidant activity Cellular oxidative stress due to ROS
generated using H,0, was measured spectrofluorometrically following
the DCFH-DA method (24). DCFH-DA diffuses through the cell
membrane and is hydrolyzed enzymatically by intracellular esterase
to non-fluorescent 2',7'-dichlorodihydrofluorescein (DCFH), which is
rapidly oxidized to highly fluorescent 2',7'-dichlorofluorescein (DCF)
in the presence of ROS. HepG2 cells were first cultured in 96 well
plates (5x10%mL) with DMEM for 24 h. After incubation both with
and without 10 uM SP600125 for 30 min, cells were incubated in 1-
10 UM of 6-shogaol dissolved in DMSO for 30 min. The medium was
then discarded and wells were gently washed twice with PBS.

HBSS, which is fluorescently stable, was then added to each well
instead of DMEM and H,0, was used as an oxidative stress inducer.
After cells were treated with 1 mM H,0, for 30 min, DCFH-DA was
added to culture plates at a final concentration of 40 uM and cells
incubated for 30 min at 37°C in the dark. After incubation, cells were
washed with HBSS, and the DCF fluorescence intensity was measured
at an excitation wavelength of 485 nm and an emission wavelength
of 535 nm using a Tecan GENios fluorometric plate reader (Zurich,
Switzerland).

Intracellular GSH level HepG2 cells were first cultured in 96 well
plates (5x10%mL) with DMEM for 24 h. Subsequently, cells were
incubated in 1-10 uM of 6-shogaol dissolved in DMSO for 30 min and
exposed to 1 mM H,0, for 30 min, after which the medium were
discarded and wells were gently washed twice with PBS. HBSS, which
is fluorescently stable, was then added to each well instead of
DMEM. mBCl was then added to culture plates at a final concentration
of 50 uM, followed by incubation for 30 min at 37°C in the dark. After
incubation, cells were washed with HBSS and the mBCl fluorescence
intensity was measured at an excitation wavelength of 380 nm and



an emission wavelength of 465 nm using a Tecan GENios fluorometric
plate reader.

Transient transfection and an anti-oxidant response element (ARE)-
luciferase assay The ARE assay was performed using FUGENE HD
reagent. HepG2 cells were first cultured in 96 well plates (5x10%/mL)
with DMEM for 24 h. After cells were transiently transfected with
different plasmids, cells were incubated with 1-10 uM of 6-shogaol
dissolved in 10% DMSO for 30 min, then exposed to 1 mM H,0, for
30 min. ARE-luciferase activities were measured using the Dual-Glo
Luciferase Assay System (Promega) following manufacturer protocols
after multi-well plates containing HepG2 cells were removed from
the incubator. For measurement of ARE luciferase activities, a
volume of Dual-Glo Luciferase reagent equal to the culture medium
volume was added to each well and mixed. After 10 min, a volume of
Dual-Glo Stop & Glo reagent equal to the original culture medium
volume was added to each well and mixed for determination of the
Renilla luciferase activity. Luminescence was measured using a Tecan
GENios fluorometric plate reader. After the ratio of the ARE luciferase
activity luminescence to the Renilla luciferase activity luminescence
was calculated, the ARE luciferase activity was normalized to control.
Western blot analysis HepG2 cells were grown in 6 well plates for
24 h, then incubated with 6-shogaol in the presence and absence of
SP600125 at 37°C for 1 h. HepG2 cells were lysed in a radioimmuno-
precipitation assay (RIPA) buffer (50 mM Tris-HCI (pH 8.0), 1% NP-40,
0.5% sodium deoxycholate, 150 mM NaCl, and 1 mM PMSF that
contained a phosphatase inhibitor cocktail. For nuclear protein
extraction, after harvested cells were rinsed twice with cold PBS, cells
were scraped and centrifuged at 15,800xg for 2 min. The pellet was
then re-suspended in 400 pL of buffer A (10 mM HEPES (pH 7.9), 10
mM KCl, 2 mM MgCl,, 1 mM DTT, 0.5 mM EDTA (pH 7.9), 0.1 pM
PMSF, and 1xprotease inhibitor cocktail). After 15 min on ice, the
lysate was centrifuged at 15,800xg for 2 min and the cytosolic
extract supernatant was stored at 4°C. The nuclear pellet was re-
suspended in buffer B (50 mM HEPES (pH 7.9), 50 mM KCl, 0.3 mM
NaCl, 1mM DTT, 1mM EDTA (pH 7.9), 0.1 uM PMSF, and 10%
glycerol) for 10 min at 4°C. The re-suspended pellet was centrifuged
at 18,000xg for 10 min at 4°C and the nuclear extract supernatant
was stored at 70°C. Lysed cells and extracted nuclear and cytosol
proteins were subjected to electrophoresis using SDS-PAGE and
transferred to nitrocellulose membranes, which were reacted with
primary antibodies for 12 h, then incubated with appropriate
horseradish peroxide-conjugated secondary antibodies for 1h at
room temperature. Proteins on membranes were detected using an
EZ-Western Lumi Pico Detection Kit (DoGEN, Seoul, Korea) and
visualized using an LAS4000 chemiluminescent image analyzer (Fuji,
Tokyo, Japan).

Observation of Nrf2 and nuclear fluorescence imaging Observations
were performed using confocal imaging described by Grindel et al.
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(25). Following treatment, HepG2 cells were rinsed twice with PBS
and incubated for 15 min at room temperature with 3.7% paraform-
aldehyde in PBS. Cells were washed again with PBS, followed by
incubation for 10 min at room temperature in 0.1% Triton X-100 in
PBS. After washing with PBS, cells were blocked using 5% skimmed
milk in PBS for 45 min at room temperature. The blocking solution
was removed and replaced with a 1:500 Nrf2 primary antibody in 5%
skimmed milk. Cells were then left overnight at 4°C, after which cells
were washed 3x for 10 min in PBS. The washing solution was
removed and replaced with 1:2,500 AlexaFlour 546 conjugated goat
anti-rabbit secondary antibody (Invitrogen, Carlsbad, CA, USA) in
PBS, and cells were incubated for 45 min at room temperature in the
dark. Cells were then washed 3x for 10 min in PBS. Nuclear
counterstaining was performed with Hoechst 33528. Images were
acquired using an LSMS5 live configuration Variotwo VRGB microscope
(Zeiss, Jena, Germany) equipped with an oil immersion lens.
Fluorescence imaging was achieved using a laser at 405 nm for blue,
death-associated protein 1 (DAPI) nuclear staining, and at 535 nm for
red, anti-Nrf2 excitation.

Statistical analysis All data are presented as a meanistandard
deviation (SD). Statistical analysis was carried out using the SPSS
statistical package (SPSS, Chicago, IL, USA) program and significance
was verified using a one-way analysis of variance (ANOVA) followed
by Duncan’s test or Student’s t-test at p<0.05.

Results and Discussion

6-Shogaol attenuated H,0,-induced oxidative stress via enhancement
of the GSH level
against H,0,-induced oxidative stress were investigated using a

The cellular anti-oxidant activities of 6-shogaol

cellular anti-oxidant activity assay. Cell viability over 95% was
observed with both 1 mM H,0, and 20 uM 6-shogaol (data not
shown), HepG2 cells were incubated with 1-10 mM 6-shogaol for 30
min and exposed to 1 mM H,0, for 30 min. Intracellular oxidative
stress in HepG2 cells treated with H,0, increased significantly
(p<0.001) by 192.2%, compared with controls (Fig. 1A). However, 6-
shogaol at 1-10 mM significantly (p<0.05) suppressed the cellular
oxidative stress caused by H,0, in a dose-dependent manner,
compared with controls.

GSH is the most abundant non-protein thiol in cells and has
several important functions, including defense against oxidative
stress as a scavenger of H,0, and a role as a redox state biomarker in
cells. Accordingly, the GSH level in HepG2 cells treated with 6-
shogaol was investigated. The GSH level was significantly (p<0.001)
reduced by H,0,, compared with control. This decrease was significantly
(p<0.05) dose-dependently reversed by 6-shogaol treatment,
compared with controls (Fig. 1B). In addition, NAC was used as a
positive anti-oxidant provided cysteine for GSH synthesis and
significantly (p<0.001) enhanced the GSH level that was decreased by
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Fig. 1. Protective effects of 6-shogaol against H,0,-induced oxidative
stress via enhancement of the GSH level. (A) Cellular anti-oxidant
activity of 6-shogaol against H,0,-induced oxidative stress. (B) GSH
level after 6-shogaol treatment. Data are expressed as percentages of
values for untreated cells (mean+SD, n=3), ***p<0.001 vs. controls.
Different corresponding letters indicate significant differences at
p<0.05 based on Duncan’s test. NAC, N-acetyl cysteine.

H,0, treatment, compared with control.

Cellular anti-oxidant activities of some anti-oxidants can be
exerted via both direct and indirect mechanisms. Direct anti-oxidant
activity is a result of transfer of a hydroxyl group transferring
hydrogens and/or donating electrons, while indirect anti-oxidant
activity can be due to induction of phase Il detoxification and anti-
oxidant enzymes, including NQO1, GSH S-transferase (GST), GCS, HO-
1, superoxide dismutase 1 (SOD1), and catalase (CAT). When 6-
shogaol penetrates into HepG2 cells, a direct in vitro anti-oxidant
activity is exerted (6,12,15). On the other hand, the enhancement
effect of 6-shogaol on the GSH level in HepG2 cells was probably
closely associated with an indirect anti-oxidant activity via induction
of phase Il detoxification and anti-oxidant enzymes. Thus, the
combined effect of both direct and indirect anti-oxidant activities of
6-shogaol was probably responsible for cellular anti-oxidant activities.
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6-Shogaol enhanced ARE promoter activities and induction of GCS
and HO-1 For determination of whether 6-shogaol stimulated
transcription of ARE-related genes in HepG2 cells as an indirect anti-
oxidant, a luciferase reporter plasmid carrying ARE promoter was
introduced into HepG2 cells and dose-response effects of 6-shogaol
on ARE promoter activity were examined. H,0, treatment had no
significant (p<0.05) effect on ARE promoter activities, compared with
controls, while 6-shogaol treatment caused a significant (p<0.05)
dose-dependent induction of ARE promoter activities, compared
with controls (Fig. 2A).

Sulforaphane was used as a positive control of ARE promoter
activity induction. Therefore, the effects of 6-shogaol on the
transcriptional and translational activities of phase Il detoxification
and anti-oxidant enzymes were examined after treatment with 6-
shogaol. Expression levels of phase Il anti-oxidant and detoxification
enzymes after treatment with 1-10 uM 6-shogaol demonstrated that
a dose-dependent increase in translational activity was observed
only for GCS and HO-1 (Fig. 2B, 2C and 2D). Thus, the increase in ARE
activity observed after 6-shogaol treatment was probably closely
related with increases in GCS and HO-1 transcriptional activities, and
the enhanced GSH level was probably attributable to induced GCS
expression due to 6-shogaol treatment.

The induction effect of ARE-driven phase Il detoxification and anti-
oxidant enzymes due to 6-shogaol has been confirmed. Study of
human embryonic kidney and mouse embryonic fibroblast cells
showed enhanced ARE-dependent transcriptional activities and HO-
1 expression after 6-shogaol treatment (22). In addition, the
induction effect on HO-1, observed in 6-shoaol-rich extracts from
ginger, was mediated by Nrf2 (23). Thus, augmented induction of
ARE-related phase Il detoxification and anti-oxidant enzymes
appeared to be due to enhanced induction of GCS, which plays a
crucial role as a rate-limiting enzyme responsible for GSH de novo
synthesis (26). Consequently, 6-shogaol can augment the GSH level
that is diminished by H,0, treatment via up-regulation of GCS
expression in HepG2 cells. Furthermore, the increased GSH level due
to induction of GCS expression in HepG2 cells was also reported for
the phytochemicals ajoene (27), quercetin (28), isorhamnetin (29),
and kahweol/cafestrol (30).

6-Shogaol activates JNK, leading to Nrf2 accumulation in the
nucleus For examination of Nrf2 induction by 6-shogaol, protein
levels of Nrf2 in the nucleus and the cytosol were analyzed. 6-
shogaol caused a time-dependent increase of Nrf2 accumulation in
the nucleus, compared with control (Fig. 3A and 3B). In addition, this
enhanced Nrf2 level in the nucleus was confirmed by fluorescence
imaging and confocal microscopic analysis appeared in Fig. 3C. For
translocation of Nrf2 existing as Nrf2-Keapl complex in the cytosol
into the nucleus, Nrf2 has to be activated by phosphorylation
through Keap1-dependent or independent mechanism. Accordingly,
the two types of Nrf2 activation mechanism depending or not on
Keap1l can be attributable to the increased nucleus Nrf2 due to 6-
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Fig. 2. Induction effect of 6-shogaol on the ARE luciferase activity and GCS and HO-1 expressions. HepG2 cells were treated with 10 uM 6-shogaol
for 30 min, then exposed to 1 mM H,0, for 1 h. (A) ARE luciferase activity. The ARE luciferase activity was determined and normalized to control.
Sulforaphane (1 pM) was used as a positive control. (B) Expression level of phase Il anti-oxidant and detoxification enzymes. (C) Protein level of
GCS. (D) Protein level of HO-1. Data are expressed as meanSD of 3 individual experiments, ***p<0.001 vs. control. Different corresponding letters
indicate significant differences at p<0.05 based on Duncan’s test. NS, not significant; SF, sulforaphane; 6-SG, 6-shogaol; SOD1, superoxide
dismutase 1; HO-1, heme oxygenase-1; CAT, catalase; NQO1, NAD(P)H quinone oxidoreductase 1; GCS, y-glutamylcysteine synthetase; GST,

glutathione S-transferase.

shogaol treatment.

The previous study using human embryonic kidney cells reported
that 6-shogaol can induce phase Il detoxification and anti-oxidant
enzymes through Nrf2 activation (22). 6-Shogaol phosphorylated
Nrf2, thus causing to release it from the Keap1-Nrf2 complex and to

translocate it from the cytosol into the nucleus, which indicates that
6-shogaol can activate Nrf2 via Keapl-independent way. Different
Keap1l-independent mechanism for Nrf2 activation, including
phosphorylation by protein kinases, have been proposed in HepG2
cells (5). In consequence, the MAPK varieties including ERK, JNK, and
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p38, Akt, and PKC as upstream signals may be involved in Nrf2
activation via phosphorylation (8).

For investigation of which protein kinases among ERK, JNK, p38,
PKC, and Akt were involved in activation of Nrf2 via post-translational
phosphorylation, protein kinase phosphorylation levels due to 6-
shogaol were analyzed (Fig. 3D and 3E). An effect of 6-shogaol
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indicate significant differences at p<0.05 based on Duncan’s test. 6-SG,

promotion of protein kinase phosphorylation was observed only for
the JNK varieties p46 and p54. Thus, 6-shogaol can activate JNK via
induction of phosphorylation that, in turn, phosphorylates Nrf2 as a
downstream signal, which results in Nrf2 activation and translocation

to the nucleus.
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SP600125.

Blockage of the IJNK signaling pathway by a JNK inhibitor
completely abolishes GCS and HO-1 expressions via the JNK-Nrf2
signaling pathway The JNK signaling pathway coupled with Nrf2-
mediated GCS and HO-1 induction was investigated using the JNK
inhibitor SP600125, treatment with which abolished the p46 and p54
JNK activation that was induced by 6-shogaol (Fig. 4A and 4C). In
addition, based on Western blotting and confocal microscopic

*p<0.001 vs. H,0, + 6-SG. NS, not significant; 6-SG, 6-shogaol; SP,

analysis of Nrf2 (Fig. 4B and 4D), the nuclear accumulation of Nrf2
that was increased by 6-shogaol was significantly (p<0.001) reduced
by the JNK inhibitor, compared with controls. Thus, JNK activation
due to phosphorylation by 6-shogaol can activate Nrf2 via post-
translational phosphorylation and allow translocation of Nrf2 to the
nucleus. Furthermore, SP600125 treatment significantly (p<0.001)
reduced both GCS and HO-1 expressions that were significantly
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Fig. 5. Suppressive effect of the JNK inhibitor SP600125 on the ARE
luciferase activity induced by 10 uM 6-shogaol. HepG2 cells were
sequentially treated with the JNK inhibitor SP600125 and 10 pM 6-
shogaol for 30 min, respectively, then exposed to 1 mM H,0, for 1 h.
The ARE luciferase activity was then determined and normalized to
controls. Data are expressed as meanSD of 3 individual experiments,
#h<0.001 vs. H,0,, *'p<0.01 vs. 6-SG. NS, not significant; 6-SG, 6-
shogaol; SP, Sp600125.

(p<0.001) increased by 6-shogaol, compared with controls (Fig. 4E
and 4F).

6-Shogaol phosphorylated JNK for induction of post-translational
Nrf2 phosphorylation, which is required for Nrf2 accumulation in the
nucleus, leading to induction of both GCS and HO-1 expressions.
Thus, Nrf2 activation coupled with the JNK signaling pathway that
caused GCS and HO-1 expressions appeared to be Keapl-independent.
Apparently, 6-shogaol activates Nrf2 via JNK mediation, leading to
induction of phase Il detoxification and anti-oxidant enzymes,
including GCS and HO-1 in hepatic HepG2 cells.

On the other hand, blockage of the JNK signaling pathway by
SP600125 in part abrogated ARE promoter activity, which was
significantly (p<0.001) increased by 6-shogaol, compared with
controls (Fig. 5). Thus, the GCS and HO-1 genes may be located in an
ARE-dependent region.

Blockage of the JNK signaling pathway by the JNK inhibitor in part
attenuated the cellular antioxidant activity of 6-shogaol via down-
Nrf2-mediated up-regulation of GCS
and HO-1 induction via the JNK signaling pathway may contribute to

regulation of the GSH level

the cellular anti-oxidant activity of 6-shogaol in HepG2 cells.
Therefore, clarification of whether the JNK signaling pathway is
involved in indirect anti-oxidant activity of 6-shogaol was attempted.

HepG2 cells were treated with 10 UM SP600125 as a JNK inhibitor
for 30 min before 6-shogaol treatment. Intracellular oxidative stress
levels in HepG2 cells that were significantly (p<0.001) increased by
192.2% due to H,0, were significantly (p<0.001) reduced by 86.7%
due to 6-shogaol treatment, compared with controls (Fig. 6A). However,
treatment with a JNK inhibitor significantly (p<0.001) increased the
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Fig. 6. Attenuating effect of the JNK inhibitor SP600125 on the cellular
anti-oxidant activity and the GSH level induced by 6-shogaol. HepG2
were sequentially incubated with 10 iM SP600125 and 10 uM 6-
shogaol for 30 min, respectively, then exposed to 1 mM H,0, for 30
min. (A) The cellular anti-oxidant activity determined using DCFH-DA
(B) GSH level determined using mBCl. Data are expressed as percentages
of values for untreated cells (meanSD, n=3), ***p<0.001 vs. control,
##1p<0.001 vs. H,0,, , *'p<0.01, **p<0.001 vs. 6-SG. 6-5G, 6-shogaol; SP,
SP600125.

H,0,-induced oxidative stress level by 169.2%, compared with
controls. Although treatment with the JNK inhibitor reduced the 6-
shogaol cellular anti-oxidant activity against H,0,-induced oxidative
stress, the JNK inhibitor did not completely inhibit the cellular anti-
oxidant activity of 6-shogaol. In addition, the GSH level that was
significantly (p<0.001) increased by 6-shogaol, compared with H,0,
treatment, was partially abolished via blockage of the JNK signaling
pathway (Fig. 6B), indicating that metabolic processes and signaling
pathways other than the JNK signaling pathway for up-regulation of
the GSH level should not be ignored.

Cellular anti-oxidant activities were determined at 1h after
treatment with 6-shogaol using a cellular anti-oxidant capacity assay
system. In a short period such as 1 h, 6-shogaol could scavenge H,0,
via donation of a hydrogen from hydroxyl groups in the ferulic acid
moiety. Meanwhile, 6-shogaol markedly (p<0.001) induced JNK-
mediated Nrf2 accumulation in the nucleus, ARE promoter activity,



and GCS and HO-1 expressions, indicating that 6-shogaol can exert
an indirect anti-oxidant activity via induction of the phase I
detoxification and anti-oxidant enzymes GCS and HO-1. Blockage of
the JNK signaling pathway abrogated JNK activation, Nrf2 accumulation
in the nucleus, and GCS and HO-1 expressions elicited by 6-shogaol,
However, blockage did not completely suppress the induced ARE
promoter activity or cellular anti-oxidant activities. Thus, other
indirect anti-oxidant activities not coupled with the JNK signaling
pathway and direct anti-oxidant activities probably accounted for
some portion of the cellular anti-oxidant activities of 6-shogaol in
HepG2 cells.

In conclusion, results of this study provide evidence that 6-shogaol
exerts an indirect anti-oxidant activity via up-regulation of GCS and
HO-1 expression via the JNK-Nrf2 signaling pathway. Accordingly, the
cellular anti-oxidant activity displayed by 6-shogaol in HepG2 cells
was probably partially due to enhanced GCS and HO-1 expressions
coupled with the JNK-Nrf2 signaling pathway. However, more
research is required for clear elucidation of the indirect anti-oxidant
activity of 6-shogaol observed in HepG2 cells.

Acknowledgments This work was supported by a research grant
from Hannam University, Daejeon, Korea in 2015.

Disclosure The authors declare no conflict of interest.

References

1. Clarkson P M, Thompson HS. Antioxidants: What role do they play in physical
activity and health. Am. J. Clin. Nutr. 72: 6375-646S (2000)

2. Dinkova-Kostova AT, Talalay P. Direct and indirect antioxidant properties of
inducers of cytoprotective proteins. Mol. Nutr. Food Res. 52: $128-5138
(2008)

3. Dinkova-Kostova AT, Cheah J, Samouilov A, Zweiser JL, Bozak RE, Hicks RJ,
Talalay P. Phenolic Michael reaction acceptors: Combined direct and indirect
antioxidant defense against electrophiles and oxidants. Med. Chem. 3: 261-
268 (2007)

4. Dinkova-Kostova AT, Wang XJ. Induction of the Keap1/Nrf2/ARE pathway by
oxidizable diphenol. Chem.-Biol. Interact. 192: 101-106 (2011)

5. Bryan HK, Olayanju A, Goldrin CE, Park BK. The Nrf2 cell defense pathway:
Keap1-dependent and -independent mechanisms of regulation. Biochem.
Pharmacol. 85: 705-717 (2013)

6. Li Y, Paonessa JD, Zhang Y. Mechanism of chemical activation of Nrf2. PLos
One 7: 1-7 (2012)

7. Park JH, Lee JK, Kim HS, Chung ST, Eom JH, Kim KA, Chung SJ, Paik SY, Oh HY.
Immunomodulatory effect of caffeic acid phenethyl ester in Balb/c mice. Int.
Immunopharmacol. 4: 429-436 (2004)

8. Baird L, Dinkova-Kostova AT. The cytoprotective role of the Keapl-Nrf2
pathway. Arch. Toxicol. 85: 241-272 (2011)

9. Itoh K, Tong KI, Yamamoto M. Molecular mechanism activation of Nrf2-Keap1
pathway in regulation of adaptive response to electrophiles. Free Radical Bio.
Med. 36: 1208-1213 (2004)

10. Govindarajan VS. Ginger — Chemistry, technology, and quality evaluation: Part

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

6-Shogaol Attenuates H,0,-induced Oxidative Stress 327

1. Crit. Rev. Sci. Nutr. 17: 1-96 (2001)
Bhattarai S, Tran VH, Duke CC. The stability of gingerol and shogaol in aqueous
solutions. J. Pharm. Sci. 90: 1658-1664 (2001)

. Lu DL, Li XZ, Dai F, Kang Y, Li Y, Ma MM, Ren XR, Du GW, Jin XL, Zhou B.

Influence of side chain structure changes on antioxidant potency of the [6]-
gingerol related compounds. Food Chem. 165: 191-197 (2014)

Shao X, Lv L, Parks T, Wu H, Ho CT, Sang S. Quantitative analysis of ginger
components in commercial products using liquid chromatography with
electrochemical array detection. J. Agr. Food Chem. 58: 12608-12614 (2010)
Li F, Nitteranon V, Tang X, Liang J, Zhang G, Parkin KL, Hu Q. In vitro antioxidant
and anti-inflammatory activities of 1-dehydro-[6]-gingerdione, 6-shogaol, 6-
dehydroshogaol and hexahydrocurcumin. Food Chem. 135: 332-337 (2012)
Peng F, Tao O, Wu X, Dou H, Spencer S, Mang C, Xu L, Sun L, Zhao Y, Li H, Zeng
S, Liu G, Hao X. Cytotoxic, cytoprotective and antioxidant effects of isolated
phenloic compounds from fresh ginger. Fitoterapia 83: 568-585 (2012)

Pan MH, Hsieh MC, Hsu PC, Ho SY, Lai CS, Wu H, Sang SM, Ho CT. 6-Shogaol
suppresses lipopolysaccharide-induced up-expression of iNOS and COX-2 in
murine macrophages. Mol. Nutr. Food Res. 52: 1467-1477 (2008)

Shim SH, Kim SH, Choi DS, Kwon YB, Kwon JK. Anti-inflammatory effects of [6]-
shogaol: Potential roles of HDAC inhibition and HSP70 induction. Food Chem.
Toxicol. 49: 2734-2740 (2011)

Chen HD, Soroka DN, Hu Y, Chen X, Sang SM. Characterization of thiol-
conjugated metabolites of ginger components shogaols in mouse and human
urine and modulation of the glutathione levels in cancer cells by [6]-shogaol.
Mol. Nutr. Food Res. 57: 447-458 (2013)

Chen CY, Liu TZ, Liu YW, Tseng WC, Liu RH, Lu FJ, Kuo SH, Chen CH. 6-Shogaol
(alkanone form Ginger) induces apoptotoc cell death of human hepatoma
p53 mutant Mahlavu subline via an oxidative stress-mediate caspase-
dependent mechanism. J. Agr. Food Chem. 55: 948-954 (2007)

Shukla Y, Singh M. Cancer preventive properties of ginger: A brief review. Food
Chem. Toxicol. 45: 683-690 (2007)

Dugasani S, Pichika MR, Nadarajah VD, Balijepalli MK, Tandra S, Korlakunta JN.
Comparative antioxidant and anti-inflammatory effects of [6]-gingerol, [8]-
gingerol, [10]-gingerol and [6]-shogaol. J. Ethnopharmacol. 127: 515-520
(2010)

Gan FF, Ling H, Ang X, Reddy SA, Lee SSH, Yang H, Tan SH, Hayes JD, Chui WK,
Chew EH. A novel shogaol analog suppresses cancer cell invasion and
inflammation, and displays cytoprotective effects through modulation of NF-
kB and Nrf2-Keapl signaling pathways. Toxicol. Appl. Pharmacol. 272: 852-
862 (2013)

Bak MJ, Ok S, Jun M, Jeong WS. 6-Shogaol-rich extract from ginger up-
regulates the antioxidant defense systems in cells and mice. Molecules 17:
8037-8055 (2012)

Lautraite S, Bigot-Lasserre D, Bars R, Carmichael N. Optimization of cell-based
assays for medium through screening of oxidative stress. Toxicol. In Vitro 17:
207-220 (2003)

Grindel BJ, Rohe B, Safford SE, Bennett JJ, Farach-Carson MC. Tumor necrosis
factor-a. treatment of HepG2 cells mobilizes a cytoplasmic pool of Erp57/
1,25D3-MARRS to the nucleus. J. Cell Biochem. 112: 2606-2615 (2011)
Dickerson DA, Forman JA. Cellular glutathione and thiols metabolism.
Biochem. Pharmacol. 64: 1019-1026 (2002)

Kay HY, Yang JW, Kim TH, Lee DY, Kang BM, Ryu JH, Jeon R, Kim SG. Ajeone, a
stable garlic by-product, has an antioxidant effects through Nrf2-mediated
glutamate-cysteine ligase induction in HepG2 cells and primary hepatocytes.
J. Nutr. 140: 2011-2019 (2010)

Granado-Serrano A, Martin MA, Bravo L, Goya L, Ramos S. Quercetin
modulates Nrf2 and glutathione-related defenses in HepG2 cells: Involvement
of p38. Chem.-Biol. Interact. 195: 154-164 (2012)

Yang JH, Shin BY, Han JY, Kim MG, Wi JE, Kim YW, Cho lJ, Kim SC, Shin SM, Ki
SH. Isorhamnetin protects against oxidative stress by activating Nrf2 and
inducing the expression of its target genes. Toxicol. Appl. Pharmacol. 274: 293-
301 (2014)

Scharf G, Prustomersky S, Knasmuller S, Schulte-Hermann R, Huber WW.
Enhancement of glutathione and y-glutamylcysteine synthetase, the rate
limiting enzyme of glutathione synthesis, by chemoprotective plant-derived
food and beverage components in the human hepatoma cell line HepG2.
Nutr. Cancer 45: 74-83 (2003)

February 2016 | Vol. 25 | No. 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


