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The aim of the present study was to explore the protective effects of raspberry and its bioactive compound
cyanidin 3-O-glucoside against H,O»-induced oxidative stress in HepG2 cells. We established a model of oxi-
dative stress in HepG2 cells induced by H,O, and examined the protein expression of Keapl/Nrf2. The anti-
oxidant activity of raspberry extract was carried out measuring the level of reactive oxygen species (ROS), and
the changes of phase II detoxification elements such as GSH level and CAT activity. Also the expression of
proteins related to the Keapl/Nrf2 signaling was tested. The results revealed that raspberry extract significantly

reduced the ROS levels in oxidative injured cells, increased GSH content and CAT activity, and activated the
expression of proteins Keapl, Nrf2, HO-1, NQO1, and y-GCS. These results taken together indicated that rasp-
berry treatment could ameliorate H,O»-induced oxidative stress in HepG2 cells via Keapl/Nrf2 pathway.

1. Introduction

Reactive oxygen species (ROS) are involved in a spectrum of phy-
siological and pathological processes and for its normal homeostasis the
cellular redox system is necessary (Medzhitov, 2008). Low physiolo-
gical levels of ROS regulate cellular signal transduction and play an
important role in normal cell proliferation. However, excessive ex-
istence of ROS can break the cell imbalance between antioxidants and
oxidants, which can lead to oxidative stress and may cause lipid per-
oxidation and seriously damage to DNA and proteins (Liang et al.,
2013; Qi et al., 2017). Scientific evidence have shown that oxidative
stress is involved in the etiology of chronic diseases like hypergly-
caemia, hypertension, cardiovascular diseases, inflammation, neuro-
degenerative disorders and cancer (Pitocco et al., 2013; Zinellu et al.,
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2017; Khan et al., 2016; Breimer, 1990). Therefore, modulation of
oxidative stress and antioxidant defenses are considered to be im-
portant in the maintenance of people's health through modulating
oxidative processes in vivo (Poprac et al., 2017).

Oxidative stress may be caused by the stimulation of the external
environment, which causes the alteration in the oxidation/antioxida-
tion homeostasis, leading to a stress response in the body. Under normal
conditions, the system involved in the generation and removal of ROS is
in a state of dynamic equilibrium. Due to the stimulation of the external
environment or to changes at the cell level, ROS production increases
and the body may experience oxidative stress accordingly. When oxi-
dative stress is established, the ROS content in a particular tissue may
be relatively high; being difficult for the organism's scavenging capacity
to reach an equilibrium state, thereby leading to a pathological estate
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(Poprac et al., 2017; Sies, 2017).

The epoxy chloropropane Kelch sample related protein-1 (Keapl)-
nuclear factor erythroid-2 related factor (Nrf2)/antioxidant response
element (ARE) signal pathway is important in cellular antioxidant re-
sponse. The induction of phase II metabolic enzymes and antioxidant
proteins/enzymes offer cellular protection under oxidative stress. The
pathway is regulated by interactions between Nrf2 and the cytosolic
repressor protein Keapl. In case of oxidative stress, Nrf2 detaches from
Keapl and translocates to the nucleus. This interaction leads to the
increase in the transcription of cytoprotective genes that poses one or
more AREs in their promoter regions. By regulating the basal and in-
ducible expression of this diverse set of genes, Keapl-Nrf2-ARE signal
pathway influences cell and organism sensitivity to oxidative insults
(Bellezza et al., 2018; Clarke et al., 2016).

In the last years, the close relationship between diet and human
health has led us to investigate the bioactive phytochemicals present in
fruits and vegetables (Cao et al., 2018; Zhao et al., 2018, 2019; Dragan
et al., 2019). Berry fruits (mainly blueberry, blackberry, raspberry, and
strawberry) are among the best known dietary sources of bioactive
compounds. Numerous studies demonstrated that berry fruits exhibit a
wide range of biological activities including antioxidant, anti-carcino-
genic, anti-aging and vasodilatory properties (Bowen-Forbes et al.,
2010; Kim et al., 2017; de Sa et al., 2014). The most significant health
benefits of berry fruits are attributed to polyphenols, such as flavonoids,
phenolic acids and tannins (Bobinaité et al., 2012).

Rubus coreanus Miq. is one of the most popular berries, known as
Korean blackberry, bokbunja, and Korean bramble. Native to Korea,
China, and Japan this berry has been traditionally used for the treat-
ment of liver and kidney diseases (Chae et al., 2014). Hypoglycaemic,
anti-osteoporosis, antioxidant, and anti-inflammatory properties have
been also described (Lee et al., 2011). Raspberry is well known as a rich
source of antioxidants such as anthocyanins and flavonoids.

According to all-above mentioned, the aim of the present study was
to investigate the protective effects of raspberry, and its bioactive
compound cyanidin 3-O-glucoside, against H,O,-induced oxidative
stress in HepG2 cells.

2. Materials and methods
2.1. Chemicals and reagents

Folin-Ciocalteu reagent, 6-carboxy-2’,7’-dichlorofluorescein diace-
tate (DCF-DA), quercetin (=98%) and rutin (> 98%) were purchased
from Solarbio Science Technology Co., Ltd. (Beijing, China). Gallic acid
(98%) was purchased from Xirong Science Co., Ltd. (China). 2,2-
Diphenyl-1,2,4,6-trinitrophenyl-hydrazyl (DPPH) was purchased from
TCI Development Co., Ltd., (Shanghai, China). Cyanidin 3-O-glucoside
(98%) was acquired from Desite Biotechnology Co., Ltd. (Chengdu,
China). T-AOC, GSH and CAT kits were purchased from Jiancheng
Bioengineering Institute (Nanjing, China). Water was purified using
MING-CHE 24UV Water Purification System (Millipore, France). The
antibodies and horseradish peroxidase conjugated anti-goat secondary
antibody were purchased from Biotech Bioengineering (Shanghai,
China).

2.2. Sample preparation

Raspberry fruits were purchased from Yantai, Shandong Province in
China (37°27’35.90”N 121°2710.98”E). Plant species authentication
was performed by Prof. Dr. Chen Gongxi, executive director of Chinese
national medical association-Jishou University-where a voucher spe-
cimen was deposited under FP-0192. Raspberry samples were frozen at
—80 °C overnight, then, the frozen sample was freeze-dried using a
freeze dryer operated at —40 °C until all moisture was removed. The
freeze-dried sample was ground into powder using a grinder, passed
through a 40 mesh sieve, and dry stored. Using a flash extractor (Beijing
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Inlake Technology Development Co., Ltd. Peking, China) at a voltage of
150 V and extraction time of 63 s, samples were extracted with 65% (v/
v) ethanol solution at room temperature. The suspension was cen-
trifuged at 3000 x g, 4 °C for 10 min, and the supernatant was collected
in a clean Petri dish, stored at —80 °C overnight, then freeze-dried at
—40 °C for 12 h, collected, and stored at —20 °C. The raspberry extract
(RE) dissolved in DMSO at the concentration from 312.5 to 5000 pug/mL
for the following assay experiments.

2.3. Total polyphenols content assay

The total polyphenols content (TPC) was determined according to
the Folin-Denis method as described by Teng et al. (2013) with some
modifications. Appropriately diluted raspberry extract (RE) (100 pL)
was reacted with 500 uL deionized water, 250 uL. of 0.1 mol/L Folin-
Ciocalteu reagent and 400 uL of 7.5% Na,COs. After maintaining the
sample at room temperature for 20 min, 1 mL of distilled water was
added before measuring the visible absorbance at 760 nm. The TPC
were calculated by calibration curves using gallic acid as a standard and
expressed as milligram gallic acid equivalents (GAE) per gram dry
weight (mg GAE/g dw). All samples were analyzed in triplicate.

2.4. Total flavonoid content assay

The total flavonoid content (TFC) was determined as reported pre-
viously (Teng et al., 2013). Appropriately diluted extract (70 uL) was
reacted with 430 pL deionized water, 50 uL. of 5% NaNO, reagent and
50 uL of 10% AI(NO3)39H,O were added, and then kept still for
6 min at room temperature. Fifty pL of 1 mol/L NaOH, 1 mL of distilled
water was added before measuring the visible absorbance at 510 nm.
The TFC were calculated by calibration curves using rutin as a standard
and expressed as milligram rutin equivalents (RT) per gram dry weight
(mg RT/g dw). All samples were analyzed in triplicate.

2.5. Total anthocyanin content assay

The total anthocyanins content (TAC) was determined using the pH
differential method described by Teng et al. (2013). Samples were ap-
propriately diluted with 0.025 M potassium chloride (pH 1.0) and 0.4 M
sodium acetate (pH 4.5) until the absorbance at 530 nm was less than
1.2. Then, the mixture was equilibrated for 15 min before recording the
absorbance at 530 nm and 700 nm. Distilled water was used as blank for
calibration. The TAC were calculated by calibration curves using cya-
nidin 3-O-glucoside as a standard and expressed as milligram cyanidin
3-O-glucoside equivalents (CGE) per gram dry weight (mg CGE/g dw).
All samples were analyzed in triplicate.

2.6. HPLC analysis

Anthocyanin presented in RE was analyzed by HPLC according to
the method described by Teng et al. (2013) and Li et al. (2016) using
Agilent 1260 series HPLC system (Agilent Technologies, Waldbronn,
Germany). Chromatographic separation was performed on a ZORBAX
SB-C18 column (4.6 x 150 mm, 5pum, Agilent, USA) at room tem-
perature. The mobile phase consisted of 0.1% phosphoric acid (phos-
phoric acid/water, v/v) (A) and acetonitrile (B) with a gradient elution
of 92-80% A at 0-15 min. The flow rate of mobile phase was 0.80 mL/
min, and the injection volume was 10 pL, and the peak was detected at
510 nm. All samples were filtered through a 0.45 um micropore mem-
brane before injection.

2.7. Cytotoxicity assay
RE's stock solutions were prepared in DMSO. HepG2 cells were

grown in 24 multi-well plates at 5 x 10* cells/well and cultured for
24 h at 37 °C with 5% CO,. HepG2 cells were incubated with hydrogen
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peroxide (H>0,) or RE solutions for 6, 12 and 24 hat various con-
centration, and the RE solutions and H,O, final concentration in cell
culture ranged from 25 to 400 ug/mL, respectively. About 50 pL of
5mg/mL MTT solution was added to each well and incubated further
for 4hat 37 °C; the supernatant was discarded and 500 pL. DMSO was
added to lyse the cells on a gyratory shaker. The absorbance was re-
corded at 450 nm by the microplate reader. The results were expressed
as mean of cell survival normalized to control (without treatment).

2.8. Intracellular ROS assay

DCF-DA was used to evaluate intracellular ROS. Briefly, HepG2 cells
were incubated in 24 multi-well plates at 5 x 10* cells/well and cul-
tured for 24 h at 37 °C with 5% CO.,, then treated with or without the
indicated 50 uL. of 40 uM H,O, (final concentration in cell culture
4 uM). After 6 h, cells were treated with 50 uL various concentrations of
RE solutions (final concentration in cell culture from 50 to 200 pg/mL)
for 12h. Afterwards, the compound-treated cells were stained with
50 L. 100 uM of DCFH-DA (final concentration in cell culture 10 pM)
for 30 min, washed triplicate with PBS, and then fluorescence intensity
was measured with a 24 multi-well plates fluorometer (Molecular
Devices, SpectraMax M5, CA, USA) at excitation and emission wave-
lengths of 485 nm and 535 nm, respectively.

2.9. Intracellular GSH assay

GSH assay was referred to the kit instructions: HepG2 cells were
grown in 6 multi-well plates at 2 x 10° cells/well, after the culture
treatment according to the above method, the cells were collected and
added the cell lysates, then centrifuged for 10 min to collect the su-
pernatants. Subsequently, 100 pL of the samples were added to the
sample well. The samples were then mixed and incubated at room
temperature for 5min. The OD was measured at 405nm, and the
concentration of GSH was calculated.

2.10. Intracellular CAT assay

CAT assay was referred to kit instructions: Five pL of the test sam-
ples were added to the sample well, 5L of the deionized water was
added to the blank-control well. The samples were then mixed, and
colorimetric spectrophotometry was used to measure the absorbance of
each tube at 405 nm. Then CAT viability was calculated.

2.11. Western blotting

HepG2 cells were cultured in 6-wells plate and treated with or
without samples; cell lysate was extracted with ice-cold RIPA buffer
containing a protease inhibitor cocktail and phenylmethylsulfonyl
fluoride (PMSF) for 30 min. The cell lysates were collected and cen-
trifuged at 12000x g at 4°C for 15min and drain the supernatant.
Protein concentrations were determined using protein assay reagent
purchased from Biotech Bioengineering Co., Ltd. (Shanghai, China).
Equal amounts of protein from each sample were separated with 12%
SDS-PAGE gels and then the proteins were separated by electrophoresis.
The gels were then transferred onto PVDF transfer membranes from Yu
Wei Biological Technology Instrument Co., Ltd. (Guangzhou, China) at
300 mA for 60 min. The membranes were blocked with 5% BSA in TBST
(Tris-buffered saline with Tween 20) for 60 min. Then, they were in-
cubated with primary antibodies at a dilution of 1:1000 anti-Keapl,
anti-Nrf2, anti-HO-1 Heme oxygenase (1), anti-NQO1 NAD(P)H de-
hydrogenase [quinone] (1) and anti-y-GCS (Gamma-glutamyl cysteine
synthetase) overnight at 4°C. After five times washing in TBST and
3 min for each membrane was incubated with horseradish peroxidase
(HRP) conjugated goat-anti-rabbit IgG secondary antibody (dilution at
1:5000) in blocking solution for 45minat room temperature on a
shaker and washed five times. The enhanced chemiluminescence (ECL)
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Cyanidin-3-0-glucoside

Fig. 1. HPLC profile of RE (raspberry extract) and structure of CGE (cyaniding
3-O-glucoside). (A) HPLC profile of the ethanol extract of raspberry; (B)
Structure of CGE.
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Fig. 2. Cytotoxicity in HepG2 cells. Cells were plated at a density of 24 multi-
well plates at 5 x 10* cells/well for 24 h and incubated with tested compounds
for 4, 12 and 24 h and viability was measured by MTT assay. The values for
each compound concentration tested represent the average (mean * SD;
n = 3); (A) HepG2 cells were incubated with RE at various concentration; (B)
HepG2 cells were incubated with CGE at various concentration; (C) HepG2 cells
were incubated with H,O, at various concentration. The values for each column
are mean values + SD (n = 3). For each parameter, columns not sharing su-
perscript letters are statistically different (P < 0.05). CGE: Cyaniding-3-O-
glucoside. RE: Raspberry extract.

substrate, purchased from Biotech Bioengineering Co., Ltd (Shanghai,
China) was used to detect the protein signal by using a Gel Catcher
3400 (Shanghai, China). 3-Actin was used as protein-loading controls.
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Fig. 3. Cellular antioxidant effects of RE and CGE. After induced by H05, (A) Cell morphology caused by adding different concentrations of compounds. (B) Changes
in intracellular ROS levels caused by the addition of different concentrations of compounds. (C) Changes in intracellular GSH content caused by the addition of
different concentrations of compounds. (D) Changes in intracellular CAT activity caused by the addition of different concentrations of compounds. The values for
each column are mean values = SD (n = 3). *P < 0.05. “P < 0.05. ** P < 0.001. *#P < 0.001. CAT: Catalase CGE: Cyaniding-3-O-glucoside. GSH: Reduced

glutathione. RE: Raspberry extract. ROS: Reactive oxygen species.
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Fig. 4. Characterization of RE and CGE-mediated protein expression of anti-
oxidant Keapl/Nrf2 pathway. Whole cell lysates were harvested and analyzed
with antibodies to Keapl by addition of RE and CGE, Keaplexpression was
analyzed by Western blotting in cultured HepG2 cells. Cells were treated with
various concentrations of RE and CGE for 12 h. The test was repeated three
times, and representative blots are shown. Data shown are representative of
three independent experiments. Values of each column are mean values + SD
(n = 3). **P < 0.01. CGE: Cyaniding-3-O-glucoside. RE: Raspberry extract.

2.12. Statistical analysis

Data were expressed as mean = SD. One-way (Tukey's test) or two-
way ANOVA tests was used for data analysis. The differences between
the mean values were considered to be statistically significant once
P < 0.05, which was performed via IBM SPSS Statistics 20.0 for
Windows (SPSS Inc., Chicago, IL).

3. Results
3.1. Phytochemicals

TPC, TFC and TAC of RE were 10.286 * 0.396 mg GAE/g dw,
15.833 * 2.89mg RT/g dw, and 2.467 * 0.035mg CGE/g dw, re-
spectively. The RE was preliminarily and systematically identified using
an HPLC consists of UV detector. A major peak (33.59%) appeared at
the retention time around 8 min was detected as cyanidin 3-O-glucoside
(Fig. 1).

3.2. Cytotoxic effect of RE and CGE on HepG2 cells

To evaluate the effects of RE and CGE on the cytotoxicity of HepG2
cells, the cells were treated for 6, 12 and 24 h with a series of con-
centrations of RE ranged from 50 to 400 pg/mL. CGE at 5 pg/mL dose
was used a comparative control. As shown in Fig. 2A, RE did not show
cytotoxicity of HepG2 cell. Compared to the control, except the treat-
ment for 24h by 400 ug/mL of samples, RE caused nearly a 20% in-
hibition of cell growth, and the remaining groups showed that RE had
no toxic effect on HepG2 cells. CGE did not show inhibition of HepG2
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Fig. 5. Functional characterization of RE and CGE-mediated protein expression of antioxidant Keap1/Nrf2 pathway. Whole cell lysates were harvested and analyzed
with antibodies to Nrf2, HO-1 by addition of RE and CGE, Nrf2 (A), HO-1 (B) expression was analyzed by Western blotting in cultured HepG2 cells. Cells were treated
with various concentrations of RE and CGE for 12 h. The test was repeated three times, and representative blots are shown. Data shown are representative of three
independent experiments. Values of each column are mean values + SD (n = 3). **/**P < 0.01. CGE: Cyaniding-3-O-glucoside. HO-1: Heme oxygenase 1. Nrf2:

Nuclear factor erythroid-2 related factor. RE: Raspberry extract.

cell.

Hydrogen peroxide (H;O3) is an important ROS that easily perme-
ates cell membranes and reacts with intracellular iron ions; therefore, it
has become an important tool to evaluate the oxidative injury of cells
(Gachou et al., 1999). To evaluate the effects of H,O, on the pro-
liferation of HepG2 cells, the cells were treated with a series of con-
centrations of H,O, from 0.5 to 8 uM for 6, 12 and 24 h. As shown in
Fig. 2C, Hy0, showed cytotoxicity of HepG2 cell in a dose- and time-
dependent manner. Compared with the control group, the cells were
incubated with 4 uM of H,0, for 6 h and the cell viability was close to
70%.

3.3. Effect of RE and CGE on cellular ROS, GSH and CAT

Quercetin can regulate the expression of related genes and proteins
in the Nrf2 pathway and protect oxidative damage of cells (Nishimura
et al., 2017; Granado-Serrano et al., 2012; Xu et al., 2016; Ramyaa and
Padma, 2014). Therefore, quercetin was used as a positive control in
this section.

CAT and GSH are the primary barriers minimizing the radical
oxygen cascade and removing cytotoxic peroxides in mammalian sys-
tems (Zhang et al., 2016). Therefore, to investigate the effect of RE on
hydrogen peroxide-induced HepG2 cells and oxidative damage, we
performed ROS clearance tests and determination of changes in in-
tracellular GSH level and CAT activities in HepG2 cells.

As expected, treatment of cells with RE and CGE also blocked the
increase of intracellular ROS generation, at the same time, the activity
of intracellular GSH and CAT increased. After induced by H,0,, cell
morphology changed significantly by adding different concentrations of
samples (Fig. 3A). Compared with the blank group, the ROS level
(Fig. 3B) in the model group was significantly increased, while, the GSH
(Fig. 3C) content and CAT (Fig. 3D) activity were significantly

decreased (P < 0.05). On the other hand, the ROS level in the RE
treated cells decreased to 102.55-108.55% (Fig. 3B), while, the GSH
content and the CAT activity increased to 129.69-140.73 umol/g pro-
tein (Figs. 3C) and 25.36-28.68 U/g protein (Fig. 3D), respectively.

3.4. Effect of RE and CGE on protein expression of Keapl/Nrf2

To further investigate the possible role of the RE and CGE involved
in regulating Keap1/Nrf2 signaling pathways, we further examined the
target genes at protein expression levels of Keapl/Nrf2 signaling
pathways. Western blotting assays showed in Fig. 4, compared with the
blank group, the protein expression levels of Keapl, Nrf2, HO-1, NQO1,
and y-GCS in the model group decreased. The expression levels of
Keapl (Fig. 4), Nrf2 (Fig. 5A), HO-1 (Fig. 5B), NQO1 (Fig. 6A), and y-
GCS (Fig. 6B) in the 200 ug/mL RE-treated cells were approximately
43.58%, 38.40%, 9.43%, 18.56%, and 11.24% higher than those in the
model group, respectively. The CGE treatment group was about 40.86,
28.35, 60.34, 24.77, and 13.03% higher than the model group, re-
spectively. All tested samples had significant differences. Taken to-
gether, results represented above clearly indicated that RE and CGE
activated Keapl/Nrf2 signaling pathways leading to enhanced expres-
sion of its target protein implicated in protection against oxidative-
caused damage in HepG2 cells.

4. Discussion

The data generated during this investigation strongly support ther-
apeutic efficacy of raspberry that exerts cytoprotection during H,O,-
induced injury in HepG2 cells. Published literature reveals a direct
correlation between regular consumption of fruit and prevention of
oxidative stress-related diseases (Zamora-Ros et al., 2016). Interest-
ingly, raspberry is one such fruit which is a rich source of flavonoids,
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Raspberry extract.

polyphenols and antioxidants (Teng et al., 2013). Raspberry possesses
free radical scavenging potential and antioxidant activities due to the
presence of flavonol glucosides, hydroxycinnamicacid derivatives,
tannins and proanthocyanidins; and hence is suggested beneficial for
human health (Teng et al., 2017). In this study, we have evaluated
antioxidant power of raspberry in terms of its total phenolics, antho-
cyanins. The examined levels of these selected parameters of raspberry
corroborate with the previously published work (Teng et al., 2016) and
signify a remarkable antioxidant potential. These findings are further
supported by our HPLC data which demonstrated the presence of rich
cyanidin 3-O-glucoside in raspberry (Fig. 1). Gowd et al. (2019) ob-
served that anthocyanins presented in raspberry had a pronounced
protective effect against cytotoxicity and possessed strong antioxidant
activity in vitro. Our HPLC results reveal the presence of these con-
stituents in raspberry confirming its high antioxidant potential. In fact,
fruits and vegetables are rich in polyphenols. The ortho-phenolic hy-
droxyl group in is easily oxidized, and has a strong ability to capture
free radicals (Xiao and Hogger, 2015). This is the reason why poly-
phenols can scavenge free radicals and quench active oxygen. At pre-
sent, there are about one thousand kinds of polyphenols present in
fruits and vegetables that have been described to be good for human
health (Xiao et al., 2016; Xiao, 2017, 2018; Chen et al., 2018). Many of
them have been involved in the prevention of cancer, diabetes, cardi-
ovascular diseases or some neurological disorders (Khan et al., 2019;
Zhao et al., 2019). Raspberry fruit is rich in polyphenols and has a
variety of biomedical properties (Peiffer, 2018). In fact, many studies
showed that some bioactive substances in raspberries have inhibitory
effects on cancer (Coates et al., 2007), diabetes (Noratto et al., 2017),
inflammation (Lee et al., 2015), among others. This is why raspberries
have attracted the focus of researchers from food technology and health

areas. However, studies investigating whether the active substances in
raspberry are involved in the regulation of Keapl/Nrf2 signaling
pathway and the molecular mechanism of its action do not exist or are
related to other related species but not the same.

Dietary polyphenols are known to exert direct antioxidant effects by
ROS scavenging, but also indirect effects through the induction of en-
dogenous protective mechanisms like the regulation of intracellular
GSH concentration and the expression levels of GSH-related detoxifying
enzymes (Jiménez-Aspee et al., 2016). As expected, ROS in HepG2 cells
induced by H,0, increased significantly, meanwhile, a decreased trend
of GSH content and CAT activity were also found. After treatment with
RE or CGE, intracellular ROS decreased significantly. At the same time,
an increase in GSH content and CAT activity was found. Thus, RE and
CGE were able to protect from hydrogen peroxide-induced damage.
These results agree with those from previous studies in which positive
effects of raspberries on oxidative stress protection have been described
(Sun et al., 2013; Choi et al., 2016).

Also, Nrf2 is an important transcription factor regulating Phase II
detoxifying enzymes and antioxidant status to combat cellular oxidative
stress. Under physiological conditions, cytoplasmic chaperone molecule
Keap1 binds and inhibit Nrf2 (Nguyen et al., 2009; Ma, 2013). Nrf2 and
Keapl are decoupled into the nucleus under the stimulation of external
factors such as increased ROS. Nrf2 induces the expression of factors
that detoxify carcinogens and repress oxidative stress, including HO-1,
NQOI1, and y-GCS, and are thus an important defense mechanism
(Kobayashi and Yamamoto, 2005; Sun et al., 2016). Our results showed
that Keap1, Nrf2, HO-1, NQO1, and y-GCS were reduced in HepG2 cells
subjected to hydrogen peroxide-induced damage. However, the treat-
ment with RE or CGE of H,0,-induced cells led to the overexpression of
Nrf2, HO-1, NQO1, and y-GCS proteins. This finding was interesting,
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since it means that RE and CGE exerted antioxidant activity by direct
free radical scavenging but also by modulating molecular mechanisms.
In fact, by up-regulation of these proteins’ expression related to Phase II
detoxifying enzymes involved in Keapl/Nrf2 signaling pathway, RE
and CGE effectively inhibited cell damage from H,0,. However, the
specific mechanism of activation of the Keap1/Nrf2 pathway by RE and
CGE remains unclear and needs further study.

5. Conclusion

In conclusion, the present study convincingly demonstrates role of
Keapl/Nrf2 pathway during therapeutic intervention by raspberry and
its bioactive compound cyanidin 3-O-glucoside in hydrogen peroxide-
induced cell model. The presence of antioxidants (cyanidin 3-O-gluco-
side) in the raspberry offers remarkable protection against the cell da-
mage. It is envisaged that raspberry-mediated antioxidant action, im-
proved antioxidant enzyme activities, and attenuate ted oxidative stress
through the modification of Keap1/Nrf2.
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