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Cucurbitacin I, a triterpenoid natural compound, exhibits various pharmacological properties, including anticancer, anti-
inflammatory, and hepatoprotective properties. However, antioxidant effects of cucurbitacin I in cardiac cells are currently
unknown. In the present study, we assessed the preventive effects of cucurbitacin I against the oxidative stress in H9c2
cardiomyoblasts. To evaluate antioxidant effects of cucurbitacin I in H9c2 cardiomyoblasts, H2O2-treated H9c2 cells were
pretreated with various concentrations of the cucurbitacin I. Cell viability, reactive oxygen species (ROS) production, and
apoptosis were determined to elucidate the protective effects of cucurbitacin I against H2O2-induced oxidative stress in H9c2
cells. In addition, we assessed the mitochondrial functions and protein expression levels of mitogen-activated protein kinases
(MAPKs). Cucurbitacin I prevented the cells against cell death and ROS production and elevated the antioxidant protein levels
upon oxidative stress. Furthermore, cucurbitacin I preserved the mitochondrial functions and inhibited the apoptotic responses
in H2O2-treated cells. Cucurbitacin I also suppressed the activation of MAPK proteins (extracellular signal-regulated kinase 1/2,
c-Jun N-terminal kinase, and p38). Collectively, cucurbitacin I potentially protects the H9c2 cardiomyoblasts against oxidative
stress and further suggests that it can be utilized as a therapeutic agent for the prevention of oxidative stress in cardiac injury.

1. Introduction

Ischemic heart disease (IHD), also known as coronary
artery disease, is the most common type of cardiovascular
disease, which occurred by reduced blood supply to the
heart [1]. It is the most prevalent cause of death world-
wide, especially in developed countries. Indeed, 110 mil-
lion people are affected with ischemic heart disease and
it resulted in 8.9 million deaths which make up 15.9% of
all dead people [2, 3]. Until now, one of the effective
approaches for IHD is the surgical intervention which
restores the blood flow to the ischemic region. However,
restoration of blood flow paradoxically causes to cardiac
tissue injury known as myocardial ischemia/reperfusion
(I/R) injury [4, 5]. Accumulating evidences indicate that
major pathological events associated with I/R injury are

oxidative stress, lipid peroxidation, intracellular calcium
overload, and mitochondrial dysfunction [6]. Among
them, oxidative stress which causes to accumulation of
reactive oxygen species (ROS) plays a major role in the
development of cardiac I/R injury [7]. Excessive ROS pro-
duction leads to increased mitochondrial permeability and
in turn induces apoptosis in cardiac cells, which further
progresses to the chronic heart failure [8].

Recently, many natural compounds have been identified
for their potential antioxidant properties by modulating the
activity of antioxidant enzymes and survival signaling path-
ways in cardiac cells [9]. Of these, quercetin, a flavonoid
found in wine, tea, and plants, has been intensively investi-
gated for its antioxidant effect in H2O2-induced oxidative
stress [10] and doxorubicin-induced cardiac injury in H9c2
cardiomyoblasts [11]. These studies demonstrated that the
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treatment of quercetin inhibited apoptosis, ROS production,
and lipid peroxidation by modulating mitogen-activated
protein kinase (MAPK) activity. Several studies also
reported the beneficial actions of resveratrol, a polyphenol
contained in grapes, red wine, and peanuts, in I/R-injured
cardiomyocytes [12] and against the cardiotoxicity induced
by various chemotherapeutic drugs, including doxorubicin
and arsenic trioxide [13]. These cardioprotective roles of
resveratrol are dependent upon activation of either AMPK
or Sirt1 pathway [14, 15].

Cucurbitacins are triterpenoids that originally isolated
from the Cucurbitaceae family plants and other plant
types, such as cabbage, cucumber, melon, and watermelon
[16, 17]. More than 40 members of cucurbitacin and their
derivatives have been isolated, and cucurbitacin B, E, D,
and I have been receiving special interests because of their
relative abundance in various plants [16]. Cucurbitacins
exhibit various biological and pharmacological activities,
including antitumor, anti-inflammatory, hepatoprotective,
and cytotoxic effects [18–20]. Particularly, most cucurbita-
cins, such as A, B, E, and I, affect the growth of various
human cancer cell lines including breast, prostate, and
brain cancer cells [21–23]. In addition, recent study also
demonstrated that cucurbitacin B and I exert the preven-
tive effects of adipocyte differentiation by modulating
STAT3 signaling pathway [24].

In the present study, we first demonstrated that
cucurbitacin I (Cu I) protects against H2O2-induced
oxidative stress in H9c2 cardiomyoblasts and further
determined that it could preserve the mitochondrial
function and impaired the MAPK signaling for its under-
lying mechanisms.

2. Materials and Methods

2.1. Cell Culture and Oxidative Stress Induced by H2O2. H9c2
cells were purchased from the Korea Cell Line Bank (Seoul,
Korea) and cultured in Dulbecco’s modified Eagle’s medium
(GIBCO-BRL, Grand Island, NE, USA) supplemented with
10% fetal bovine serum (GIBCO-BRL) and 1% antibiotics
(GIBCO-BRL) at 37°C in 5% CO2. Cucurbitacin I was
obtained from Sigma Aldrich Co. (St. Louis, MO, USA) and
dissolved in dimethyl sulfoxide (DMSO, Sigma). Cells were
cultured in serum-free medium for at least 2 h, treated with
0.1, 0.5, and 1μM Cu I for 24h, and then treated with
500μM H2O2 for 24h to induce the oxidative stress.

2.2. Cell Viability Assay. Cell viability was assessed using the
3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bro-
mide (MTT; Sigma) assay. Briefly, H9c2 cells were seeded
at a density of 2000 cells per well in 96-well plates and cul-
tured until 80% confluence. Cells were then treated with
500μM H2O2 alone or were pretreated with 0.1, 0.5, and
1μM Cu I followed by treatment of 500μM H2O2 for 24 h
in triplicate. After 24 h, 0.5mg/mL MTT was added to each
well. After incubation at 37°C for 2 h, the supernatants were
removed, and the formazan crystals were dissolved in
100μL DMSO. Absorbance was measured at 570 nm using

a spectrophotometer (Spectra Max M5; Molecular Devices,
Sunnyvale, CA, USA).

2.3. Measurement of ROS Production. Intracellular ROS pro-
duction was detected by the fluorescence intensity of DCF-
DA (2′, 7′-dichlorofluorescin-diacetate; ThermoFisher
Scientific Inc., Waltham, MA, USA). Briefly, 1× 105 cells
per well in 6-well plates were treated with 500μM H2O2
alone or were pretreated with 0.1, 0.5, and 1μM Cu I for
24 h followed by treatment of 500μM H2O2 for 24 h in trip-
licate. Thereafter, cells were treated with 1μM DCFH-DA
for 30min at 37°C. Cells were observed under a fluorescence
microscope (IX-81; Olympus Corp., Shinjuku, Tokyo,
Japan). The fluorescence intensity was calculated using a
spectrophotometer (SpectraMax) at excitation and emission
wavelengths of 488 nm and 515nm, respectively.

2.4. Hoechst 33342 Staining. Apoptotic cells were evaluated
by Hoechst 33342 staining. After pretreatment with differ-
ent concentrations of Cu I (0.1, 0.5, and 1μM) for 24h
and then exposure to 500μM H2O2 for additional 24 h,
cells were fixed in 4% paraformaldehyde for 30min at
room temperature and stained with 10μg/mL Hoechst
33342 (ThermoFisher Scientific Inc.) for 30min at 37°C.
The stained nuclei were observed under a fluorescence
microscope (IX-81; Olympus Corp.).

2.5. Terminal Deoxynucleotidyl Transferase dUTP End
Labeling (TUNEL) Staining. Apoptosis in H9c2 cells was
assessed by TUNEL assay. Briefly, cells were then treated
with 500μM H2O2 alone or were pretreated with 0.1, 0.5,
and 1μM Cu I for 24h followed by exposure to 500μM
H2O2 for 24h and were then fixed with 4% paraformalde-
hyde for 30min at room temperature. TUNEL staining was
performed using a Cell Death Detection kit (Roche Diagnos-
tics, Manheim, Germany). The index of apoptosis was
calculated using the formula ([number of TUNEL-positive
cells/total number of cells]× 100%).

2.6. Mitochondrial Transmembrane Potential (MMP)
Assessment. MMP was measured by staining with JC-1
(ThermoFisher Scientific Inc.). Briefly, 1× 105 cells per well
in 6-well plates were treated with 500μM H2O2 alone or
were pretreated with 0.1, 0.5, and 1μM Cu I for 24h
followed by treatment of 500μM H2O2 for 24h and then
incubated with 10μg/mL JC-1 for 20min at 37°C. JC-1-
labeled cells were observed under a fluorescence microscope
(IX-81; Olympus Corp.). The fluorescence intensity of JC-1
was determined using a spectrophotometer (SpectraMax)
with excitation and emission wavelengths of 550nm and
600 nm, respectively, for red fluorescence, and 485 nm and
535 nm, respectively, for green fluorescence.

2.7. Western Blot Analysis. Cells were treated with 500μM
H2O2 alone or were pretreated with 0.1, 0.5, and 1μM
Cu I for 24 h followed by exposure to 500μM H2O2 for
24 h, harvested, and lysed in RIPA buffer (1% NP-40,
50mM Tris-HCl, pH7.4, 150mM NaCl, and 10mM
NaF) supplemented with a protease inhibitor cocktail
(ThermoFisher Scientific Inc.) and a phosphatase inhibitor
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cocktail (Roche Diagnostics). Protein samples were sepa-
rated on SDS-PAGE and transferred to PVDF membranes
(EMD Millipore Inc., Billerica, MA, USA). After blocking
for 1 h with 5% bovine serum albumin (Sigma) in TBST
(0.1% Tween-20 in Tris-buffered saline) at room tempera-
ture, the membranes were then incubated overnight at 4°C
with antibodies against superoxide dismutase- (SOD-) 1
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), catalase
(Cell Signaling Tech., Danvers, MA, USA), glutathione
peroxidase (GPx; Santa Cruz Biotechnology), total or
phosphorylated extracellular signal-regulated kinase 1/2
(ERK 1/2; Cell Signaling Tech.), total or phosphorylated
c-Jun N-terminal kinase (JNK; Cell Signaling Tech.), total
or phosphorylated p38 (Cell Signaling Tech.), Bax (Cell
Signaling Tech.), Bcl-2 (Santa Cruz Biotechnology),
cleaved caspase 3 (Cell Signaling Tech.), and β-actin
(Santa Cruz Biotechnology). The membranes were then
incubated with the appropriate horseradish peroxidase-
conjugated secondary antibodies (Cell Signaling Tech.) at
room temperature for 1 h. Signals were detected using an
Immobilon Western Chemiluminescent kit (Millipore
Corp., Billerica, MA, USA) and a UVITEC Mini HD9
system (Cleaver Scientific Ltd., Warwickshire, UK). The
intensity of each protein band was quantified using NIH
Image J software.

2.8. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). Total RNA was isolated from the cells treated
with 500μM H2O2 alone or pretreated with 0.1, 0.5, and
1μM Cu I followed by treatment of 500μM H2O2 for 24 h
by using a Ribospin™ II kit (GeneAll Biotechnology Co.,
LTD, Seoul, Korea). To examine the expression levels of
mitochondrial biogenesis genes, 1μg total RNA from the
cells in each group was reverse transcribed into cDNA using
ImProm II reverse transcriptase (Promega Co., Madison, WI,
USA) with oligo-dT priming. qRT-PCR was performed using
a Takara Thermal Cycler Dice Real-Time System (Takara
Bio. Inc., Shiga, Japan) with SYBR Green (Takara) as a
fluorescent dye. The primer sequences were as follows:
peroxisome proliferator-activated receptor α (PPARα), for-
ward 5′-GGC AAT GCA CTG AAC ATC GAG-3′ and
reverse 5′-GCC GAA TAG TTC GCC GAA AG-3′; perox-
isome proliferator-activated receptor γ coactivator- (PGC-)
1β, forward 5′-GTG AGA TAG TCGAGT GCC AGG TG-3′
and reverse 5′-TTC TCA GGG TAG CGC CGT TC-3′;
estrogen-related receptor α (ERRα), forward 5′-GCT GAA
AGC TCT GGC CCT TG-3′ and reverse 5′-TGC TCC ACA
GCC TCA GCA T-3′; nuclear respiratory factor- (NRF-) 1,
forward 5′-CAC TCT GGC TGA AGC CAC CTT AC-3′
and reverse 5′-TCA CGG CTT TGC TGA TGG TC-3′; and
18S, forward 5′-TTC TGG CCA ACG GTC TAG ACA AC-3′
and reverse 5′-CCA GTG GTC TTG GTG TGC TGA-3′.

2.9. Statistical Analysis. Data were analyzed using a one-way
analysis of variance (ANOVA) with the Bonferroni post
hoc test using Prism 5.03 (GraphPad Software Inc., San
Diego, CA, USA). All the results are expressed as mean
± SEM. P < 0 05 was considered statistically significant.

3. Results

3.1. Cytotoxicity of Cu I in H9c2 Cardiomyoblasts. To deter-
mine the cytotoxic effects of Cu I in H9c2 cardiomyoblasts,
we evaluated the cell viability of cells treated with 0.1, 0.5,
and 1μM Cu I for 24 h and 48 h by MTT assay. Cell viability
did not significantly decrease in all Cu I-treated groups com-
pared with that in control cells (Figures 1(a) and 1(b)). ROS
did not produce in cells treated with all Cu I-treated groups
compared with that in control cells from the DCFH-DA
staining assay (Figures 1(c) and 1(d)). Additionally, all Cu
I-treated cells were shown that the protein expression of
antioxidant proteins, including SOD-1, catalase, and GPx,
did not change compared with those in control cells
(Figures 1(e) and 1(f)). Finally, apoptosis did not induce in
cells pretreated with all Cu I-treated cells compared with that
in control cells from the TUNEL staining assay (Figure 1(g))
andWestern blot analysis of apoptosis regulators, such as Bas
and Bcl-2 (Figures 1(h) and 1(i)). Therefore, these results
indicate that Cu I treatment has no cytotoxic effects on the
H9c2 cardiomyoblasts.

3.2. Cu I Rescues H9c2 Cardiomyoblasts from H2O2-Induced
Oxidative Stress. In H2O2-treated cells, the viability was sig-
nificantly decreased compared with that of control cells
(46.1% decreased versus control cells). However, pretreat-
ment with 0.1, 0.5, and 1μM Cu I for 24h significantly
increased the viability of H2O2-treated cells in a dose-
dependent manner (83.6%, 90.4%, and 110.9% increases in
cells pretreated with 0.1, 0.5, and 1μM Cu I versus H2O2-
treated cells, resp.) (Figure 2(a)). These results indicate that
Cu I prevents the mortality of H9c2 cardiomyoblasts induced
by oxidative stress by H2O2 without cytotoxic effects.

3.3. Cu I Prevents the Accumulation of ROS Production in
H2O2-Treated H9c2 Cardiomyoblasts. To determine whether
Cu I can inhibit the accumulation of ROS production in
H2O2-treated cells, cells were pretreated with 0.1, 0.5, and
1μM Cu I for 24 h followed by exposure to 500μM H2O2
for additional 24 h. From the staining and fluorescence assay
of DCFH-DA as a ROS sensor dye, H2O2 treatment signifi-
cantly increased intracellular ROS levels compared with that
in control cells (158.2% increase versus control cells). Other-
wise, pretreatment with Cu I dramatically decreased the ROS
levels in a dose-dependent manner compared with those in
H2O2 alone-treated cells (13.1%, 24.3%, and 21.4% decreases
in cells pretreated with 0.1, 0.5, and 1μM Cu I versus H2O2
alone-treated cells, resp.) (Figures 2(b) and 2(c)).

Since antioxidant proteins, including SOD, catalase, and
GPx, have preventive functions against oxidative stress, we
further examined the expression levels of these proteins in
cells pretreated with 0.1, 0.5, and 1μMCu I for 24 h followed
by exposure to 500μMH2O2 for additional 24 h. H2O2 treat-
ment significantly decreased the expression levels of these
proteins compared with those in control cells (0.43-fold,
0.45-fold, and 0.69-fold decreases in SOD1, catalase, and
GPx expression versus control cells, resp.) (Figures 2(d) and
2(e)). As expected, pretreatment with Cu I significantly
increased the expression of these proteins in a dose-
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dependent manner compared with those in H2O2-alone-
treated cells (Figures 2(d) and 2(e)). Therefore, these results
demonstrate that Cu I can effectively prevent accumulation
of ROS production and restore the antioxidant protein levels
in oxidative stress exposed-H9c2 cells.

3.4. Cu I Suppresses H2O2-Induced Apoptosis in H9c2
Cardiomyoblasts. To assess the preventive effects of Cu I on
H2O2-induced apoptosis in H9c2 cells, TUNEL and Hoechst

33342 staining were performed using the cells pretreated
with 0.1, 0.5, and 1μM Cu I for 24 h followed by exposure
to 500μM H2O2 for additional 24 h. TUNEL staining
revealed that the percentage of TUNEL-positive cells in
H2O2 alone-treated cells was much higher than that in con-
trol cells (65% increase in TUNEL-positive cells versus con-
trol cells) (Figures 3(a) and 3(b)). However, the percentage
of TUNEL-positive cells in Cu I-pretreated cells was signifi-
cantly lower than that in H2O2 alone-treated cells (33.8%,
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Figure 1: Cytotoxicity of Cu I in H9c2 cardiomyoblasts. Cell viability was measured using the MTT assay in cells treated with 0.1, 0.5, and
1μM for (a) 24 h or (b) 48 h. (c) Representative images and (d) fluorescence intensities of DCFH-DA staining assay in cells treated with 0.1,
0.5, and 1μMCu I for 48 h. (e) Western blot analysis of SOD-1, catalase, and GPx protein expression levels in cells treated with Cu I for 48 h.
(g) Representative images of TUNEL staining assay in cells pretreated with Cu I for 48 h. (h) Western blot analysis of Bax and Bcl-2 protein
expression levels in Cu I-treated cells for 48 h. (f, i) Protein expression levels were quantified by scanning densitometry. β-Actin was used as
the loading control. Western blot analysis was performed in triplicate with three independent samples. Data are expressed as the % changes
± SEM versus control cells from three independent experiments. Significance was analyzed by a one-way ANOVA followed by the Bonferroni
post hoc test. Cont: control; Cu I: cucurbitacin I; NS: not significant. Scale bar: 100 μm.
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38.3%, and 60.7% decreases in cells pretreated with 0.1, 0.5,
and 1μM Cu I versus H2O2 alone-treated cells, resp.).
Similarly, Hoechst staining showed that the percentage of
apoptotic cells in H2O2 alone-treated cells was much higher
than that in control cells (53% increase versus control cells).

Meanwhile, the percentage of apoptotic cells in Cu I-
pretreated cells was lower than that in H2O2 alone-treated
cells (24.9%, 52.8%, and 58.4% decreases in cells pretreated
with 0.1, 0.5, and 1μM Cu I versus H2O2 alone-treated cells,
resp.) (Figures 3(c) and 3(d)). In addition, the protein
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Figure 2: Cu I prevents the mortality and accumulation of ROS production in H2O2-treated H9c2 cardiomyoblasts. (a) Cell viability was
measured using the MTT assay in cells pretreated with 0.1, 0.5, and 1 μM Cu I for 24 h followed by exposure to 500μM H2O2 for
additional 24 h. ROS production was assessed by DCFH-DA staining. (b) Representative images and (c) fluorescence intensities in cells
pretreated with 0.1, 0.5, and 1 μM Cu I for 24 h followed by exposure to 500μM H2O2 for additional 24 h. (d) Western blot analysis of
SOD-1, catalase, and GPx protein expression levels. (e) Protein expression levels were quantified by scanning densitometry. β-Actin was
used as the loading control. Western blot analysis was performed in triplicate with three independent samples. Data are expressed as fold
changes± SEM versus control cells. Significance was analyzed by a one-way ANOVA followed by the Bonferroni post hoc test. ##P < 0 01
and ###P < 0 001 versus control cells. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus H2O2 alone-treated cells. Cont: control; Cu I:
cucurbitacin I. Scale bar: 100 μm.
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Figure 3: Cu I suppresses H2O2-induced apoptosis in H9c2 cardiomyoblasts. Apoptosis was determined by TUNEL, Hoechst staining, and
Western blot analysis of apoptosis-related proteins. Representative images of cells pretreated with 0.1, 0.5, and 1 μMCu I for 24 h followed by
exposure to 500 μM H2O2 for additional 24 h in the (a) TUNEL and (c) Hoechst assays. The apoptotic index was calculated by determining
the percentage of (b) TUNEL-positive or (d) Hoechst-positive cells. (e) Western blot analysis of Bax, Bcl-2, and cleaved caspase 3 protein
expression levels in Cu I-pretreated/H2O2-treated cells. (f) The protein expression levels were quantified by scanning densitometry. β-
Actin was used as the loading control. Western blot analysis was performed in triplicate with three independent samples. Data are
expressed as fold changes± SEM versus control cells. Significance was analyzed by a one-way ANOVA followed by the Bonferroni post
hoc test. ##P < 0 01 and ###P < 0 001 versus control cells. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus H2O2 alone-treated cells. Arrows
indicate apoptotic cells. Cont: control; Cu I: cucurbitacin I. Scale bar, 100 μm.
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expression levels of apoptosis regulators, such as Bax, Bcl-2,
and cleaved caspases 3 were determined to further confirm
the antiapoptotic effects of Cu I. The protein levels of Bax
and cleaved caspase 3, as proapoptotic proteins, were signifi-
cantly reduced in H2O2 alone-treated cells, but these
increases were dramatically attenuated by pretreatment with
Cu I. Otherwise, reduced levels of Bcl-2 proteins, as an anti-
apoptotic proteins, in H2O2 alone-treated cells were signifi-
cantly preserved by pretreatment with Cu I (53.6%, 85.4%,
and 69.8% increases in Bcl-2/Bax and 11.7%, 34.7%, 28.6%
decreases in cleaved caspase in cells pretreated with 0.1, 0.5,
and 1μMCu I versus H2O2 alone-treated cells, resp.). Collec-
tively, these results indicate that Cu I can prevent the
apoptosis of H9c2 cardiomyoblasts induced by H2O2
(Figures 3(e) and 3(f)).

3.5. Cu I Prevents Mitochondrial Dysfunction upon H2O2-
Induced Oxidative Stress in H9c2 Cardiomyoblasts. To deter-
mine the preventive effects of Cu I on H2O2-induced
mitochondrial dysfunction in H9c2 cells, mitochondrial
integrity was analyzed using the cells pretreated with 0.1,
0.5, and 1μM Cu I for 24h followed by exposure to
500μM H2O2 for additional 24 h. The MMP analysis by
JC-1 (MMP-sensing dye) staining revealed that MMP
was dramatically reduced in H2O2 alone-treated cells com-
pared with that in control cells (55.5% decrease versus control
cells). Conversely, MMPs were significantly increased in cells
pretreated with Cu I compared with those in H2O2 alone-
treated cells in a dose-dependent manner (17.5%, 23.6%,
and 64.7% increases in cells pretreated with 0.1, 0.5, and
1μM Cu I versus H2O2 alone-treated cells, resp.)
(Figures 4(a) and 4(b)). Similarly, themRNAexpression levels
of mitochondrial biogenesis-related genes, including NRF-1,
PPARα, ERRα, and PGC-1β, were significantly preserved by
pretreatment with Cu I, while the decreased levels of these
genes were shown in H2O2 alone-treated cells (Figure 4(c)).

3.6. Cu I Blocks the Activation of MAPK Signaling Pathway in
H2O2-Treated H9c2 Cardiomyoblasts. To determine the
underlying mechanisms of the protective effects of Cu I
against H2O2-induced oxidative stress in H9c2 cells, the
expression levels of three MAPK proteins, including ERK1/
2, JNK, and p38, were analyzed by Western blotting. The
results showed that treatment with 0.1, 0.5, and 1μM Cu I
for 48 h did not significantly alter both phosphorylated and
total forms of MAPK proteins (Figures 5(a) and 5(b)). In
H2O2 alone-treated cells, the phosphorylation of ERK1/2,
JNK, and p38 was significantly increased compared with that
in control cells (3.9-fold, 3.1-fold, and 1.3-fold increases in p-
ERK1/2/ERK1/2, p-JNK/JNK, and p-p38/p38 versus control
cells, resp.). Otherwise, pretreatment with Cu I attenuated
phosphorylation of these proteins in a dose-dependent man-
ner (24.6%, 33.5%, and 52.2% decreases, p-ERK1/2/ERK1/2;
15.0%, 41.0%, 49.1% decreases, p-JNK/JNK; 25.8%, 45.6%,
and 41.9% decreases, p-p38/p38 in cells pretreated with 0.1,
0.5, and 1μM Cu I, resp.) (Figures 5(c) and 5(d)). Hence,
these data indicate that Cu I effectively inhibits activation of
MAPKs in H2O2-treated H9c2 cardiomyoblasts.

4. Discussion

Increasing evidence demonstrated that oxidative stress
induced by excessive ROS production is involved in the path-
ogenesis of various heart diseases, including ischemic heart
disease,myocardial infarction, and heart failure [25, 26]. Since
oxidative stress is mainly caused by imbalance between oxi-
dants and antioxidants, antioxidant systemsmayplay a crucial
role in preventing cardiac injury, especially I/R injury. Fur-
thermore, oxidative stress causes severe damage to the heart
because heart is vulnerable to oxidative stress due to lower
levels of antioxidant proteins than other organs [27]. There-
fore, therapeutic strategy forpreventingoxidative stress in car-
diac cells is either supply of exogenous antioxidants or
upregulation of endogenous antioxidants. Recently, naturally
occurring bioactive compounds were intensively studied to
find their antioxidant properties against the cardiac injury [9].

Cu I is one of the abundant members of cucurbitaceae
family and exhibits cytotoxic and anticancer properties in
various types of cancer cell lines [28–30]. Considering the
pharmacological effects of Cu I against cardiac diseases, pre-
vious study showed that Cu I inhibit cardiomyocyte hyper-
trophy through inhibition of connective growth factor
(CCN2) and transforming growth factor- (TGF-) β/SMAD
signaling pathways [31]. Nevertheless, its antioxidant prop-
erty in cardiac cells is still unknown. Hence, the present study
sought to evaluate the antioxidant effects of Cu I in H2O2-
treated H9c2 cardiomyoblasts.

In the present study, H2O2 as a potent oxidant, which
leads to reduced cell viability, antioxidant activity, and
induced apoptosis [32], was used to induce the oxidative
stress in H9c2 cardiomyoblasts. The present study demon-
strated that pretreatment with Cu I increased the viability
of H2O2-treated cells in a dose-dependent manner, while
exposure to H2O2 alone decreased the viability of H9c2 cells.
In addition, inhibition of ROS production and increased
expression of several antioxidant proteins (SOD-1, catalase,
and GPx) were shown by pretreatment of Cu I in H2O2-
induced H9c2 cells. Therefore, these results suggest that Cu
I effectively protects the oxidative stress in H2O2-treated
H9c2 cardiomyoblasts.

Mitochondria are major target of ROS which has the det-
rimental effects on the mitochondrial structure and function
in cardiac injury [33, 34]. Consequently, mitochondrial dys-
function triggers the apoptosis in cardiac cells under oxida-
tive stress condition [26]. Of note, mitochondria are rich in
the heart, as a high-energy demand organ, to maintain the
cardiac functions [35]. Therefore, inhibiting the mitochon-
drial dysfunction may be an effective way to prevent the
cardiac injury caused by oxidative stress. Here, we demon-
strated that pretreatment with Cu I dramatically increased
MMP and preserved the expression of mitochondrial
biogenesis-related genes including NRF-1, PPARα, ERRα,
and PGC-1-β in H2O2-exposed cells. In addition, Cu I inhib-
ited the apoptotic responses and reduced the proapoptotic
proteins (Bax and cleaved caspases 3) and increased the anti-
apoptotic protein (Bcl-2).

MAPK family implicated various cell functions, includ-
ing proliferation, differentiation, and apoptosis [36]. When
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oxidative stress occurs, these MAPK proteins are activated
and further stimulate the apoptotic responses [37]. There-
fore, this study determined the protein expression of three

major MAPK proteins, such as ERK1/2, JNK, and p38 to
elucidate how Cu I protect against oxidative stress in
H9c2 cardiomyoblasts. As expected, pretreatment of Cu I
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Figure 4: Cu I prevents mitochondrial dysfunction upon H2O2-induced oxidative stress in H9c2 cardiomyoblasts. MMP was determined by
JC-1 staining. (a) Representative images and (b) fluorescence intensities in cells pretreated with 0.1, 0.5, and 1 μM Cu I for 24 h followed by
exposure to 500 μM H2O2 for additional 24 h. (c) Quantitative RT-PCR analysis for mitochondrial biogenesis-related gene (NRF-1, PPARα,
ERRα, and PGC-1β) mRNA expression in Cu I-pretreated/H2O2-treated cells. The qRT-PCR analysis was performed in triplicate with three
independent samples. Data are expressed as fold changes ± SEM versus control cells. Significance was analyzed by a one-way ANOVA
followed by the Bonferroni post hoc test. ##P < 0 01 and ###P < 0 001 versus control cells. ∗P < 0 05 and ∗∗P < 0 01 versus H2O2 alone-
treated cells. Cont: control; Cu I: cucurbitacin I. Scale bar, 100 μm.
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significantly suppressed activation of these MAPK pro-
teins, while these were dramatically activated in H2O2-
treated cells.

5. Conclusion

The present study demonstrated that Cu I effectively protects
against oxidative stress responses, including cell viability,
ROS production, mitochondrial dysfunction, and apoptosis

in H2O2-treated H9c2 cardiomyoblasts. Cu I also blocks the
activation of MAPK proteins, including ERK1/2, JNK, and
p38. Therefore, we suggest that Cu I is a potent antioxidant
drug to protect against oxidative stress in the heart.
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Figure 5: Cu I blocks the activation of MAPK signaling pathway in H2O2-treated H9c2 cardiomyoblasts. Western blot analysis of the protein
expression levels of the total and phosphorylated forms of ERK1/2, JNK, and p38 in H9c2 cardiomyocytes (a) treated with Cu I for 48 h or (c)
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9Oxidative Medicine and Cellular Longevity



Acknowledgments

This work was supported by the Rural Development Admin-
istration (RDA) through the Golden Seed Project (GSP),
funded by the Ministry of Agriculture, Food and Rural
Affairs (MAFRA) (213003-04-4-CG).

References

[1] A. S. Go, D. Mozaffarian, V. L. Roger et al., “Heart disease and
stroke statistics–2014 update: a report from the American
Heart Association,” Circulation, vol. 129, no. 3, pp. e28–e292,
2014.

[2] S. I. Hay, S. P. Jayaraman, T. Truelsen et al., “GBD 2015 disease
and injury incidence and prevalence collaborators. Global,
regional, and national incidence, prevalence, and years lived
with disability for 310 diseases and injuries, 1990-2015: a sys-
tematic analysis for the global burden of disease study 2015
(vol 388, pg 1545, 2016),” The Lancet, vol. 389, no. 10064,
p. E1, 2017.

[3] T. Lallukka, A. Millear, A. Pain, M. Cortinovis, and
G. Giussani, “GBD 2015 mortality and causes of death col-
laborators. Global, regional, and national life expectancy,
all-cause mortality, and cause-specifi c mortality for 249
causes of death, 1980-2015: a systematic analysis for the
global burden of disease study 2015 (vol 388, pg 1459,
2016),” The Lancet, vol. 389, no. 10064, p. E1, 2017.

[4] A. T. Turer and J. A. Hill, “Pathogenesis of myocardial
ischemia-reperfusion injury and rationale for therapy,”
American Journal of Cardiology, vol. 106, no. 3, pp. 360–
368, 2010.

[5] A. Frank, M. Bonney, S. Bonney, L. Weitzel, M. Koeppen, and
T. Eckle, “Myocardial ischemia reperfusion injury: from basic
science to clinical bedside,” Seminars in Cardiothoracic and
Vascular Anesthesia, vol. 16, no. 3, pp. 123–132, 2012.

[6] T. Kalogeris, C. P. Baines, M. Krenz, and R. J. Korthuis, “Cell
biology of ischemia/reperfusion injury,” International Review
of Cell and Molecular Biology, vol. 298, no. p, pp. 229–317,
2012.

[7] D. Moris, M. Spartalis, E. Tzatzaki et al., “The role of reactive
oxygen species in myocardial redox signaling and regulation,”
Annals of Translational Medicine, vol. 5, no. 16, p. 324, 2017.

[8] E. Murphy and C. Steenbergen, “Mechanisms underlying
acute protection from cardiac ischemia-reperfusion injury,”
Physiological Reviews, vol. 88, no. 2, pp. 581–609, 2008.

[9] R. Mattera, M. Benvenuto, M. G. Giganti et al., “Effects of
polyphenols on oxidative stress-mediated injury in cardio-
myocytes,” Nutrients, vol. 9, no. 6, 2017.

[10] J. Daubney, P. L. Bonner, A. J. Hargreaves, and J. M.
Dickenson, “Cardioprotective and cardiotoxic effects of
quercetin and two of its in vivo metabolites on differenti-
ated h9c2 cardiomyocytes,” Basic & Clinical Pharmacology
& Toxicology, vol. 116, no. 2, pp. 96–109, 2015.

[11] Q. Dong, L. Chen, Q. Lu et al., “Quercetin attenuates doxoru-
bicin cardiotoxicity by modulating Bmi-1 expression,” British
Journal of Pharmacology, vol. 171, no. 19, pp. 4440–4454,
2014.

[12] M. Becatti, N. Taddei, C. Cecchi, N. Nassi, P. A. Nassi, and
C. Fiorillo, “SIRT1 modulates MAPK pathways in ischemic-
reperfused cardiomyocytes,” Cellular and Molecular Life Sci-
ences, vol. 69, no. 13, pp. 2245–2260, 2012.

[13] E. D. Danz, J. Skramsted, N. Henry, J. A. Bennett, and R. S.
Keller, “Resveratrol prevents doxorubicin cardiotoxicity
through mitochondrial stabilization and the Sirt1 pathway,”
Free Radical Biology & Medicine, vol. 46, no. 12, pp. 1589–
1597, 2009.

[14] M. Lagouge, C. Argmann, Z. Gerhart-Hines et al., “Resveratrol
improves mitochondrial function and protects against meta-
bolic disease by activating SIRT1 and PGC-1α,” Cell,
vol. 127, no. 6, pp. 1109–1122, 2006.

[15] N. L. Price, A. P. Gomes, A. J. Ling et al., “SIRT1 is required for
AMPK activation and the beneficial effects of resveratrol on
mitochondrial function,” Cell Metabolism, vol. 15, no. 5,
pp. 675–690, 2012.

[16] J. C. Chen, M. H. Chiu, R. L. Nie, G. A. Cordell, and S. X. Qiu,
“Cucurbitacins and cucurbitane glycosides: structures and bio-
logical activities,” Natural Product Reports, vol. 22, no. 3,
pp. 386–399, 2005.

[17] A. A. Alghasham, “Cucurbitacins - a promising target for can-
cer therapy,” International Journal of Health Sciences, vol. 7,
no. 1, pp. 77–89, 2013.

[18] R. R. Peters, M. R. Farias, and R. M. Ribeiro-do-Valle, “Anti-
inflammatory and analgesic effects of cucurbitacins from
Wilbrandia ebracteata,” Planta Medica, vol. 63, no. 06,
pp. 525–528, 1997.

[19] B. Jayaprakasam, N. P. Seeram, and M. G. Nair, “Anticancer
and antiinflammatory activities of cucurbitacins from
Cucurbita andreana,” Cancer Letters, vol. 189, no. 1, pp. 11–16,
2003.

[20] J. M. Siqueira Jr, R. R. Peters, A. C. Gazola et al., “Anti-inflam-
matory effects of a triterpenoid isolated from Wilbrandia
ebracteata Cogn,” Life Sciences, vol. 80, no. 15, pp. 1382–
1387, 2007.

[21] T. Tannin-Spitz, S. Grossman, S. Dovrat, H. E. Gottlieb, and
M. Bergman, “Growth inhibitory activity of cucurbitacin glu-
cosides isolated from Citrullus colocynthis on human breast
cancer cells,” Biochemical Pharmacology, vol. 73, no. 1,
pp. 56–67, 2007.

[22] D. Yin, N.Wakimoto, H. Xing et al., “Cucurbitacin Bmarkedly
inhibits growth and rapidly affects the cytoskeleton in glioblas-
toma multiforme,” International Journal of Cancer, vol. 123,
no. 6, pp. 1364–1375, 2008.

[23] T. Yang, J. Liu, M. Yang et al., “Cucurbitacin B exerts anti-
cancer activities in human multiple myeloma cells in vitro
and in vivo by modulating multiple cellular pathways,” Onco-
target, vol. 8, no. 4, pp. 5800–5813, 2017.

[24] C. R. Seo, D. K. Yang, N. J. Song et al., “Cucurbitacin B and
cucurbitacin I suppress adipocyte differentiation through inhi-
bition of STAT3 signaling,” Food and Chemical Toxicology,
vol. 64, no. p, pp. 217–224, 2014.

[25] G. Petrosillo, F. M. Ruggiero, N. Di Venosa, and G. Paradies,
“Decreased complex III activity in mitochondria isolated from
rat heart subjected to ischemia and reperfusion: role of reactive
oxygen species and cardiolipin,” The FASEB Journal, vol. 17,
no. 6, pp. 714–716, 2003.

[26] H. Tsutsui, S. Kinugawa, and S. Matsushima, “Oxidative stress
and heart failure,” The American Journal of Physiology - Heart
and Circulatory Physiology, vol. 301, no. 6, pp. H2181–H2190,
2011.

[27] S. Di Meo, P. Venditti, and T. De Leo, “Tissue protection
against oxidative stress,” Experientia, vol. 52, no. 8, pp. 786–
794, 1996.

10 Oxidative Medicine and Cellular Longevity



[28] M. A. Blaskovich, J. Sun, A. Cantor, J. Turkson, R. Jove, and
S. M. Sebti, “Discovery of JSI-124 (cucurbitacin I), a selective
Janus kinase/signal transducer and activator of transcription
3 signaling pathway inhibitor with potent antitumor activity
against human and murine cancer cells in mice,” Cancer
Research, vol. 63, no. 6, pp. 1270–1279, 2003.

[29] V. W. Lui, D. M. Yau, E. Y. Wong et al., “Cucurbitacin I elicits
anoikis sensitization, inhibits cellular invasion and in vivo
tumor formation ability of nasopharyngeal carcinoma cells,”
Carcinogenesis, vol. 30, no. 12, pp. 2085–2094, 2009.

[30] H. S. Hsu, P. I. Huang, Y. L. Chang et al., “Cucurbitacin I
inhibits tumorigenic ability and enhances radiochemosensitiv-
ity in nonsmall cell lung cancer-derived CD133-positive cells,”
Cancer, vol. 117, no. 13, pp. 2970–2985, 2011.

[31] M. H. Jeong, S. J. Kim, H. Kang et al., “Cucurbitacin I attenu-
ates cardiomyocyte hypertrophy via inhibition of connective
tissue growth factor (CCN2) and TGF- β/Smads signalings,”
PLoS One, vol. 10, no. 8, article e0136236, 2015.

[32] M. Singh, H. Sharma, and N. Singh, “Hydrogen peroxide
induces apoptosis in HeLa cells through mitochondrial path-
way,” Mitochondrion, vol. 7, no. 6, pp. 367–373, 2007.

[33] J. D. Lambeth, “NOX enzymes and the biology of reactive oxy-
gen,” Nature Reviews Immunology, vol. 4, no. 3, pp. 181–189,
2004.

[34] D. B. Zorov, M. Juhaszova, and S. J. Sollott, “Mitochondrial
reactive oxygen species (ROS) and ROS-induced ROS release,”
Physiological Reviews, vol. 94, no. 3, pp. 909–950, 2014.

[35] M. N. Sack, F. Y. Fyhrquist, O. J. Saijonmaa, V. Fuster, and J. C.
Kovacic, “Basic biology of oxidative stress and the cardiovas-
cular system: part 1 of a 3-part series,” Journal of the American
College of Cardiology, vol. 70, no. 2, pp. 196–211, 2017.

[36] G. Pearson, F. Robinson, T. Beers Gibson et al., “Mitogen-
activated protein (MAP) kinase pathways: regulation and
physiological functions,” Endocrine Reviews, vol. 22, no. 2,
pp. 153–183, 2001.

[37] A. M. Engelbrecht, C. Niesler, C. Page, and A. Lochner, “p38
and JNK have distinct regulatory functions on the develop-
ment of apoptosis during simulated ischaemia and reperfusion
in neonatal cardiomyocytes,” Basic Research in Cardiology,
vol. 99, no. 5, pp. 338–350, 2004.

11Oxidative Medicine and Cellular Longevity



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

