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| . Introduction

Balance of generation and elimination of reactive oxygen species (ROS) are
important in maintaining normal cellular homeostasis. However, excessive ROS
production and oxidative stress is associated with a variety of cellular activity
including inflammatory responses and apoptosis which contributes to the many
pathological conditions and diseases including aging, cancer and metabolic
diseases. Antioxidant defense system protects the cells from oxidative stress
mediated substantial damage (Trachootham et al., 2009; Birben E et al., 2012).

NF-E2-related factor (Nrf2) is a basic leucine zipper transcription factor, is
encoded by the NFE2L2 gene in humans. Nrf2 is a master regulator of the
antioxidant response due to fact that it regulates expression of several
detoxification or antioxidant enzymes (Gorrini et al., 2013). Under normal or
unstressed conditions, Nrf2 is negatively regulated through ubiquitination and
degradation by Kelch-like ECH associated protein 1 (Keapl) ubiquitin E3 ligase
complex. However, under oxidative stress, Nrf2 is released from Keapl and
induces translocation of Nrf2 into nucleus where it binds strongly to antioxidant
response elements (ARE) sequence and regulates ARE-mediated antioxidant
proteins and phase Il detoxifying enzymes (Finkel, 2011; Valko et al., 2007,
Jaramillo and Zhang, 2013).

Chalcones, one of the subclasses of flavonoid family, are regarded as the
precursor of the flavones in the biosynthesis of flavonoids. These phenolic
compounds all contain a 1,3-diphenyl-2-en-1-one framework and forms the central

core for several important biological compounds obtained from plants (Yadav et al.,
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2011). The chalcone derivatives have been reported to exhibit a broad spectrum of
pharmacological properties and potential applications such as anti-microbial, anti-
inflammatory, anti-platelet and antioxidant (Yadav et al., 2011; Singh et al., 2014).
They have also been reported for the inhibition of several important enzymes
including epoxide hydrolase, xanthine oxidase etc. It has been reported that
electrophilic a, B-unsaturated carbonyl moiety on chalcone resulted in the activation
of Nrf2 and the induction of phase Il detoxifying enzyme expression (Kumar et al.,
2011). In the current study, we successfully isolated isosalipurposide from
Corylopsis coreana Uyeki (Korean winter hazel). Although isosalipurposide is
known about the effect of anti-oxidative (Agnihotri et al., 2008) and anti-proliferative
activity (Zhang et al., 2013), little is known about the pharmacolgical effect of
isosalipurposide.

In this study, we investigated whether isosalipurposide protects against oxidative
stress through Nrf2 activation and its target gene expression. In addition, to verify
the role of Nrf2 activation by isosalipurposide, we used an ARE deletion mutant
plasmid construct and Nrf2 knockout MEF cells. Nrf2 activation by isosalipurposide
was found to protect against oxidative injury and to have a cytoprotective effect in
hepatocytes. Furthermore, Nrf2 activation by isosalipurposide was found to be due
to the phosphorylations of ERK, PKCd, and AMPK. Collectively, our results
demonstrate that isosalipurposide protects hepatocytes against oxidative stress by

activating Nrf2 and inducing phase Il antioxidant gene expression.
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Il . Material & Methods

1. Materials

Rhodaimne (Rh123) and Antibodies against Nrf2, phospho-Nrf2 and PARP were
provided by Santa Cruz Biotechnology (Santa Cruz, CA). Phospho-ERK 1/2,
phospho-p38, lamin A/C and caspase-3 antibodies were obtained from Cell
Signaling (Danvers,MA). Sestrin2 antibody was obtained from Proteinteck (Chicago,
IL) and GCL antibody from Abcam (Cambridge,MA). HO-1 antibody was provided
by Enzo Life Sciences (PlymouthMeeting, PA) and MTT, Rotenone,
metaphosphoric acid, DCFH-DA, t-butylhydroquinone (t-BHQ), t-butylhydroperoxide
(t-BHP), dimethylsulfoxide and B-actin antibody were purchased from Sigma

Chemicals (St. Louis, MO).

2. Preparation of isosalipurposide

The air-dried, powdered Corylopsis coreana Uyeki flos (200 g) were extracted
twice with 70% ethanol by sonication for 3 hours. After filtration, the extract was
evaporated and suspended in distilled water and then defatted with n-hexane. The
aqueous layer was partitioned with ethylacetate. The evaporation residue (5 g) was
subjected to flash silica gel chromatography, using n-hexane: chloroform: MeOH
solvent system (2:1:0.1~1:1:0.1~100% MeOH). Isosalipurposide was further purified
by preparative thin layer chromatography to an analytically acceptable purity.
Identification and purification of the isosalipurposide was conducted by thin layer
chromatography using hexane, chlroroform and methanol as a solvent system.

Spots were detected by UV at 254 and 366nm. HPLC system was used for the
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analysis of isosalipurposide. The liquid chromatography used throughout consisted
of a Waters separations module, automatic sample injector and a UV detector with
peak integration at 350 nm for quantitative analysis. Data were analyzed with an
integrator (Waters corporation).A zorbax extended RP-18 column (150 x 4.6mm, 5
pum, Agilent) was used for separation. The mobile phase was methanol (solution A)
and water containing 0.1% acetic acid (solution B). The flow rate was 1.0 mL/min.
and the injection volume was 10 uL. The gradient elution condition is summarized in
Table 1. After completing the chromatographic elution, the mobile phase was
programmed to its initial condition within 5 min. Isosalipurposide was subjected to
spectroscopic analysis: 300 MHz *H NMR and 75 MHz **C NMR were determined at

Korea Basic Science Institute, Korea.

3. Cell Culture

HepG2 cell lines were purchased from the ATCC (the American Type Culture
Collection, Manassas, VA). Nrf2 knockout and wild-type (WT) MEF cells were
kindly donated by Dr. MK Kwak (Catholic University, South Korea). Cells were
plated at 1 x 10° per well in six-well plates, and used when 70%-80% confluent.
Cells were maintained in Dulbecco's modified Eagle's medium (DMEM) containing
10% fetal bovine serum, 50 units/ml penicillin, and 50 pg/ml streptomycin at 37 °C
in a humidified 5% CO, atmosphere. ISPS, dissolved in dimethylsulfoxide (DMSO),
was added to cells and incubated at 37 °C for the indicated time period. Cells were
then washed twice with ice-cold phosphate-buffered saline (PBS) before sample

preparation.
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4. Immunoblot Analysis

Cell lysates and subcellular fractions were prepared according to the previously
published methods (Ki et al., 2005; Shin et al.,, 2012). SDS—polyacrylamide gel
electrophoresis and immunoblot analyses were performed according to previously
published procedures (Shin et al., 2012). Briefly, the cell lysates were separated by
7.5% and 12% gel electrophoresis and blots were electrophoretically transferred to
nitrocellulose paper. The nitrocellulose paper was incubated with primary antibody
as indicated, followed by incubation with horseradish peroxidase-conjugated
secondary antibody (Zymed Laboratories, San Francisco, CA). Immunoreactive
protein was visualized by an ECL chemiluminescence detection kit
(AmershamBiosciences, Buckinghamshire, UK). Equal loading of proteins was
verified by Coomassie blue staining of gels and B-actin or lamin A/C immunoblotting.
At least three separate experiments were performed with different lysates or

subcellular fractions to confirm changes in the protein levels.

5. Plasmid Construction and Luciferase Assay

The hSesn2 promoter-driven luciferase construct (pGL4-phSesn2) and deletion
mutants of Sesn2 promoter-luciferase plasmid (pGL3-phSesn2-AARE), in which
ARE were deleted, were constructed by PCR-based methods as previously
reported (Shin et al., 2012). To determine the luciferase activities, we used the
dual-luciferase reporter assay system (Promega). Briefly, HepG2 cells were re-
plated in 12-well plates overnight, serum-starved for 6 h, and transiently transfected
with each Sesn2 promoter-luciferase construct and pRL-SV plasmid (a plasmid that

encodes for Renilla luciferase and is used to normalize transfection efficacy) in the
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presence of Lipofectamine® Reagent (Invitrogen, San Diego, CA) for 3 h. NQO1-
ARE luciferase construct, 3-tandem repeat of ARE in the 5-upstream region of
NQO1, was introduced into the cells to examine transcriptional activation of Nrf2 by
isosalipurposide. Transfected cells were incubated in DMEM containing 1% fetal
bovine serum (FBS)(Hyclone, Logan, UT) for 3 h and exposed to ISPS for 12 h.
Firefly and Renilla luciferase activities in cell lysates were measured using a
luminometer (Promega, Madison, WI). The activity of firefly luciferase was
measured by adding Luciferase Assay Reagent Il (Promega) according to the
manufacturer’'s instructions, and the Renilla luciferase reaction was initiated by
adding Stop & Glo® reagent (Promega, Madison, WI). Relative luciferase activities
were calculated by normalizing firefly luciferase activity with that of Renilla

luciferase.

6. MTT assay

To measure cytotoxicity, HepG2 cells or MEF cells were plated at a density of 1 x
10° cells/well in 48-well plates and treated with t-BHP (500 pM, 12 h) in the
presence or absence of isosalipurposide (10-100 uM, 1 h pretreatment). After
treatment, viable cells were stained with MTT (0.2 mg/ml, 4 h). The media were
then removed, and formazan crystals produced in the wells were dissolved with the
addition of 200 ul of dimethyl sulfoxide. Absorbance at 540 nm was measured using
an enzyme-linked immunosorbent assay microplate reader (SpectraMAX,
Molecular Device, Sunnyvale, CA). Cell viability was defined relative to untreated
control [i.e., viability (% control) = 100 x (absorbance of treated sample) /

(absorbance of control)].
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7. Determination of GSH content

The GSH contents in the cells were quantified using a commercial GSH
determination kit (BIOXYTECH GSH-400, Oxis International). Cells were plated
onto 6-well dishes (1 x 10° cells/well) and were exposed to 500 pM t-BHP for 12 h
following 1 h of treatment with 10-100 uM ISPS or ISPS alone. Scraped cells were
lysed in buffer containing 5% metaphosphoric acid to precipitate proteins. After
being centrifuged at 10,000 x g for 10 min, the supernatants were used to measure
GSH concentration. Absorbance at 400 nm was measured using a microplate

reader (SpectraMAX, Molecular Device, Sunnyvale, CA).

8. Measurement of ROS production

Cells grown on 12-well plates were treated with 10 uM DCFH-DA for the last 1 h
of each treatment at 37 °C and were harvested by trypsinization. The collected cells
were washed twice with wash buffer and H,O, generation was determined by using
a fluorescence microplate reader (Jemini, Molecular Device) with
excitation/emission wavelengths of 485/530 nm. ROS production was normalized
with protein concentration of each treated sample and defined as relative to vehicle-

treated control

9. Analysis of mitochondrial membrane permeability change

Changes in mitochondrial membrane permeability were measured with Rh123, a
membrane-permeable cationic fluorescent dye. Cells were treated according to the

individual experiment, and were stained with 0.05 pug/ml Rh123 for 1 h. Cells were
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harvested by trypsinization and washed twice with wash buffer. The changes in
mitochondrial membrane permeability were measured using a fluorescence
microplate reader (Gemini XPS, Molecular Devices, Sunnyvale, CA). The

fluorescence intensity of Rh123 was calculated as described in ROS production.

10. Statistical Analysis

One way analysis of variance (ANOVA) was used to assess statistical
significance of differences among treatment groups. For each statistically significant
effect of treatment, the Newman-Keuls test was used for comparisons between

multiple group means. The data were expressed as means + S.D.
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Ill. Results

1. Nrf2 activation and target gene induction by isosalipurposide.

To examine the effect of ISPS on Nrf2 activation, we first treated HepG2 cells
with several concentration of ISPS for 3 h and then examined the dose-response
effect of ISPS on the nuclear accumulation of Nrf2. Treatment with ISPS increased
nuclear Nrf2 levels in a dose-dependent manner (Fig 2A). Next, we treated HepG2
cells with 100 uM of ISPS for 0-6 h and then examined the effect of ISPS on the
nuclear accumulation of Nrf2 (Fig. 2A). It was found that nuclear Nrf2 levels were
increased by ISPS treatment. Then, we performed reporter gene analysis for ARE
to verify ISPS-induced NQO1-ARE activation. NQO1-ARE luciferase constructs that
contain 3-tandem repeats of ARE in the 5'-upstream region of NQO1l were
transfected into HepG2 cells to examine transactivation by ISPS. Exposure of
transfected cells to ISPS resulted in a significant increase in luciferase activity of
the NQO1-ARE reporter construct (Fig 2B). Next, we found that Nrf2 target gene
expression including GCL and HO-1 was induced by ISPS treatment (Fig 2C). GCL
is the rate-limiting enzyme for glutathione biosynthesis and its expression is mainly
regulated by the Nrf2-ARE pathway (Wild et al., 1998). We measured intracellular
GSH levels and results indicated that ISPS directly increased GSH level in HepG2
cells (Fig 2D).
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Figure 1. The effect of isosalipurposide (ISPS) on cytotoxicity
(A) Chemical structure of ISPS. (B) ldentification of ISPS by HPLC. (C) MTT
assays for cell viability. The effect of ISPS (10~100 uM, 24 hr treatment) on cell

viability was assessed using MTT assays
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Figure 2. The effect of isosalipurposide (ISPS) on Nrf2 activation
and target gene expression.

(A) The effect of varying times of ISPS on the nuclear Nrf2 translocation in
HepG2 cells. Nrf2 protein was immunoblotted in the nuclear fractions of cells
incubated in the presence of 100 uM of ISPS for 0 min to 6 h. (B) Increases in Nrf2
transactivation by ISPS. NQO1-ARE luciferase activity were measured on the
lysates of HepG2 cells transfected with the NQO1-ARE luciferase construct
exposed to 10-100 uM ISPS for 12h. (C) The effect of ISPS on the expression of
Nrf2 target genes. HepG2 cells were treated with 100 uM of isosalipurposide for 0
min to 24 h. GCLC and HO-1 were immunoblotted from the lysates of cells.
(D) Increases in the intracellular GSH level by ISPS. GSH concentrations were
measured in the lysates of cells treated with 10-100 uM of ISPS for 12 h. Data
represent the mean x SD of four replicates; the statistical significance of differences

between each treatment group and the control (**P < 0.01).
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2. Inhibition of oxidative stress and mitochondrial dysfunction by
isosalipurposide

ROS-mediated oxidative damage is a mechanism to cause cellular damage and
mitochondrial dysfunctions (Cervinoka et al., 2007). tert-Butyl hydroperoxide
induces oxidative stress, which may cause a significant increase in the ROS
formation (Davies, MJ., 1989). Therefore, we measured whether ISPS restored
ROS production and GSH concentration in cells treated with t-BHP. Induced ROS
production (Fig 3A) and depleted intracellular GSH level (Fig 3B) by t-BHP was
prevented by ISSP pretreatment. Next, we investigated changes in mitochondrial
membrane permeability transition using Rhodamine 123 (Rh123). Rh123 is cell-
membrane permeable and localizes in mitochondria of cells to emit yellowish-green
fluorescence (Kwon et al, 2009, Lemasters and Nieminen, 1997). Since low
intensity of Rh123 indicates mitochondrial damage, we used Rh123 as a probe of
mitochondrial membrane potential of cells. Intensity of Rh123 fluorescence was
decreased by t-BHP, but ISPS restored decreased Rh123 fluorescence, which
represents that ISPS inhibited the mitochondrial permeability transition induced by t-
BHP (Fig 3C). Rotenone is an inhibitor of complex 1 in the mitochondrial respiratory
chain. To find evidence that the protective effect of ISPS on mitochondrial
dysfunction, we adopted rotenone. Treatment with rotenone induced cell death,
which was reversed by ISPS (Fig 3D). These results show that t-BHP-induced ROS
production and cell death through mitochondrial dysfunction was antagonized by

ISPS.

13
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Figure 3. The inhibitory effect of isosalipurposide (ISPS) on ROS

production.

(A) The effect of ISPS on t-BHP-induced ROS production. HepG2 cells were
treated with 500 uM t-BHP and/or 10-100 uM ISPS. Cells were stained with 10 uM
DCFH-DA for 30 min at 37 °C. (B) The GSH level was measured in lysates of cells
treated with 500 uM t-BHP and/or 10-100 uM ISPS for 12 h. (C) Measurement of
mitochondrial membrane permeability changes. HepG2 cell were treated with
500 puM t-BHP and/or 10-100 uM ISPS for 12 h. After staining with Rhodaminel123,
the cells were harvested and then changes in mitochondrial membrane permeability
were determined by fluorescence reader. (D) MTT cell viability. Cells were treated
with 1-3 uM rotenone and/or 100 uM ISPS for 24 h. The effect of ISPS on rotenone-
induced cell death was assessed using MTT assays. Data represent the mean + SD
of four replicates; **P<0.01, significant versus vehicle-treated control; ##P<0.01

significant versus t-BHP or Rotenone alone.

15

Collection @ chosun



3. Inhibition of t-BHP-induced cell death by isosalipurposide.

To study the protective effects of ISPS on t-BHP-induced cell death, cells were
pretreated with various concentrations of isosalipurposide (10-100 uM) for 1 h,
followed by incubation with 500 uM of t-BHP for 12 h. Cell viability and cell
membrane permeability were examined by colorimetric MTT and LDH release,
respectively. ISPS prevented t-BHP-induced cell death (Fig 4A). Cells treated with
t-BHP resulted in significant increases in LDH release, while pretreatment with 10-
100 uM ISPS significantly inhibited t-BHP-induced LDH release. Moreover, we
investigated ISPS inhibition of t-BHP-induced oxidative damage was associated
with the induction of apoptosis, cell lysates were immunoblotted for apoptosis
marker proteins, such as PARP and caspase-3. Compared to the control, t-BHP
exposure decreased expression of PARP and caspase-3. However, ISPS treatment
prevented these events by t-BHP (Fig 4C). Consistently, ISPS inhibited the

activation of caspase 3 by t-BHP treatment.

16
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Figure 4. The cytoprotective effect of isosalipurposide (ISPS).

(A) MTT cell viability. The effect of ISPS (10-100 uM, 1 h pretreatment) in the
presence or absence of t-BHP (500 uM, 6 h) on cell viability was assessed using
MTT assays. (B) LDH assay. Cell membrane permeability was assessed by
determining the amount of LDH. HepG2 cells were incubated with 500 uM t-BHP
and/or 10-100 uM ISPS. Data represent the mean = SD of four replicates; **P <
0.01, significant versus vehicle-treated control; ##P < 0.01, significant versus t-BHP
alone. (C) Immunoblots of apoptotic proteins. Precursor PARP and procaspase-3
were immunoblotted in the lysates of cells incubated with 10-100 uM ISPS for 1 h,
and then treated with 500 uM t-BHP for 6 h. Equal protein loadings were confirmed

by immunoblotting for $-actin.
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4. Role of Nrf2 on cytoprotective effect by isosalipurposide.

To explore the role of Nrf2 on cytoprotective effect by ISPS, we adopted Nrf2
knockout MEF cells. Nrf2 deficiency blocked ISPS-induced HO-1 expression (Fig
5A). Next, we examined cytoprotective effect of ISPS in Nrf2 knockout MEF cells.
Cells treats with ISPS 100 uM and/or t-BHP 500 uM. MTT assays show ISPS
restored decreased cell viability by oxidative stress in wild-type MEF cells. However,
Nrf2 deficiency failed to recover (Fig 5B). These results indicate that the

cytoprotective effect of ISPS required Nrf2 activation and target gene expression.

19
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Figure 5. The role of Nrf2 on protective effect of isosalipurposide

(ISPS).

(A) The effect of ISPS on HO-1 induction in wild type (WT) and Nrf2

knockout(Ner"') MEF cells. HO-1 was immunoblotted with the lysates of WT or

Nrf2” MEF cells treated with ISPS for 12 h. (B) The effect of ISPS (100 uM, 30 min

pretreatment) in the presence or absence of t-BHP (500 uM, 6h) on cell viability

was assessed using MTT assays in wild type (WT) and Nrf2 knockout MEF cells.

Data represent the mean + SD of four replicates; **P < 0.01, significant versus

vehicle-treated control; ##P < 0.01, significant versus t-BHP alone.
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5. Nrf2 phosphorylation by ERK1/2 and AMPK by isosalipurposide

The Nrf2 phosphorylation leads to dissociate of Nrf2 from Keapl and thus, the
nuclear translocation of Nrf2 and the activation of its transcriptional function (Niture
et al., 2010). ISPS gradually increased Nrf2 phosphorylation from 30 min to 6 h (Fig
6A). To identify mechanism underlying Nrf2 phosphorylation by ISPS, we examined
whether ISPS-induced phosphorylation of upstream kinase related to Nrf2 activation.
ISPS increased phosphorylation of ERK and AMPK but not PKC [@nd other
MAPKs (Fig 6B).
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Figure 6. The activations MAPK and AMPK by isosalipurposide
(ISPS).

(A) Immunoblot analysis for Nrf2 phosphorylation by ISPS. Cells were treatment
with ISPS 100 uM for 30 min to 6 h. (B) The effect of ISPS on the phosphorylation
of upstream kinases. Cells were treatments with 100 uM isosalipurposide for 1 to

12 h. The protein expression of total and phosphorylated MAPK (ERK and AMPK)

was determined by western blotting.
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V. Discussion

Chalcone derivatives have been received much attention for its numerous
positive effects in health including on inflammation and cancer, cardiovascular
disease, diabetes, obesity, pulmonary disease, and neurologic disease.(Yamamoto
et al., 1991; Yang et al., 2001; Herencia et al., 1999). In the present study, we
isolated ISPS from Corylopsis coreana Uyeki (Korean winter hazel) which is native
and endemic species of the Korean peninsula and is designated a Category
Endangered Plant Species by the Wildlife Protection Act of South Korea. Although a
broad range of biological activities of chalcones have been reported, little is known
about the pharmacolgical effect of ISPS. Here, we investigated whether ISPS
activates the redox sensitive transcription factor Nrf2, thereby protecting against
oxidative damage in hepatocytes.

Although Nrf2 is well known multi-organ protector in response to oxidative stress,
Nrf2 expression is especially enriched in metabolically active organs, such as the
liver (Lee et al., 2005; Shin et al., 2013). In addition, it has been well established
that oxidative stress plays an important role in the pathogenesis of a diversity of
liver diseases. (Zhu et al., 2012). ISPS increased nuclear Nrf2 levels and NQO1-
ARE luciferase activity. Activation of Nrf2 was associated with augmentation of its
downstream targets, such as GCLC and HO-1. Overexpressed GCLC leads to
increase intracellular GSH levels. The role of Nrf2 activation by ISPS was confirmed
using Nrf2 KO MEF cells and ARE deletion mutant plasmid. Blockade of Nrf2
expression or ARE completely abolished ISPS-induced HO-1 expression or
luciferase activity, respectively.

Diverse protein kinases have been implicated in the transduction of oxidative
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stress signals to ARE-mediated gene expression. Moreover, a number of reports
have addressed the possible roles played by extracellular signal-regulated kinase
(ERK1/2) (Zipper and Mulcahy, 2003) protein kinase C delta (PKC®) (Huang et al.,
2002), phosphoinositide 3-kinase (PI3K) (Nakaso et al., 2003) and 5" AMP-activated
protein kinase (AMPK) (Liu et al., 2011) in Nrf2 activation. Here, we show that
isosalipurposide increases the phosphorylation of Nrf2 which is accompanied by
ERK and AMPK phosphorylation. Furthermore, ARE-mediated gene expression
was inhibited by specific chemical inhibitors of ERK or AMPK, which confirmed the
role played by these kinases in Nrf2 activation by ISPS.

Since ROS are mainly generated as by-products of mitochondrial respiration,
mitochondria are considered to the primary target of oxidative injury and play an
important role in the etiology of numerous diseases, such as cancer, metabolic
syndrome, and aging (Seo et al., 2014; Murphy, 2009) In this study, we proved the
ability of ISPS to improve t-BHP-induced mitochondrial dysfunction and related
toxicity. Exposure of t-BHP induced ROS production and disrupted mitochondrial
membrane potential, which were reversed by treatment with ISPS. Indeed,
mitochondrial respiratory chain complex | inhibitor rotenone-induced cell death was
significantly inhibited by ISPS.

Organic hydroperoxidant t-BHP is a well knowns ROS inducer, and it provokes
oxidative stress in organ pathophysiology (Roy and Sil, 2012). Treatment with t-
BHP mimics several aspects associated with liver pathology characterized by
increased lipid peroxidation and cytotoxicity due to oxidative stress (Yamamoto and
Farber, 1992; Rush et al., 1985). t-BHP decreased GSH and increased MDA level
contribute to the loss of MMP which induce cell death via apoptosis (Kanupriya et
al., 2007). The role of ISPS on cell viability and cell membrane permeability were

analyzed using colorimetric MTT and LDH release, respectively. Treated with t-BHP
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led to cell death, whereas the pretreatment with ISPS prevented them. In addition
ISPS treatment, prevented t-BHP induced apoptosis markers, such as, PARP
cleavage and cleaved form of caspase-3. These results support the notion that the
cytoprotective effect of ISPS is mainly due to its antioxidative effects, although
further studies are still needed to investigate the efficacy and effectiveness of ISPS
using pathological animal models for liver diseases.

Collectively, the present study clearly shows that ISPS activates the Nrf2-ARE
signaling pathway via the phosphorylation of ERK1/2 and AMPK in hepatocytes.
Furthermore, ISPS inhibited t-BHP-induced mitochondrial dysfunction, ROS
production and cell death. Our data strongly indicate that ISPS treatment may
become a promising therapeutics to effectively prevent or treat oxidative stress-

mediated liver diseases.
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ABSTRACT

The cytoprotective effect of

iIsosalipurposide via Nrf2 activation

Han Jae Yun
Advisor : Prof. Ki Sung Hwan, Ph.D.
Department of Pharmacy

Graduate School of Chasun University

A chalcone compound Isosalipurposide (ISPS) is successfully isolated from native
Korean plant species Corylopsis coreana Uyeki (Korean winter hazel). However, the
pharmacological role of ISPS is not elucidated yet even though it has been reported
to have anti-microbial and anti-proliferative effects. This study investigated whether
isosalipurposide has the capacity of Nrf2-antioxidant response element (ARE)
signaling and induce its target gene expression, and to determine the protective role
of ISPS against oxidative injury on hepatocytes. In HepG2 cells, nuclear
translocation of Nrf2 is augmented by ISPS treatment. Consistently, ISPS increased
ARE reporter gene activity and the protein levels of glutamate cysteine ligase (GCL)
and hemeoxygenase-1(HO-1), resulting in increased intracellular glutathione levels.
Pretreated with ISPS were significantly rescued from t-BHP-induced ROS
production and glutathione depletion. Moreover, ISPS restored mitochondrial

dysfunction and apoptosis. The specific role of Nrf2 in ISPS-induced Nrf2 activation
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was demonstrated using an ARE-deletion mutant plasmid and Nrf2-knockout cells.
Finally, we observed PKC, ERK and AMPK are involved in the activation of Nrf2 by
ISPS. Taken together, our results demonstrate that ISPS has cytoprotective efficacy
against oxidative damage by Nrf2 activation and inducing its target gene

expressions in hepatocytes.
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