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We investigated the potential protective effect of rutinum (RUT) against pirarubicin- (THP-) induced cardiotoxicity. THPwas used
to induce toxicity in rat H9c2 cardiomyoblasts. Positive control cells were pretreated with a cardioprotective agent dexrazoxane
(DZR) prior to treatment with THP. Some of the cells were preincubated with RUT and a p38 mitogen-activated protein kinase
(MAPK) inhibitor, SB203580, both individually and in combination, prior to THP exposure. At a dose range of 30–70 𝜇M, RUT
significantly prevented THP-induced reduction in cell viability; the best cardioprotective effect was observed at a dose of 50𝜇M.
Administration of RUT and SB203580, both individually as well as in combination, suppressed the elevation of intracellular ROS,
inhibited cell apoptosis, and reversed the THP-induced upregulation of TGF-𝛽1, p-p38 MAPK, cleaved Caspase-9, Caspase-7, and
Caspase-3. A synergistic effect was observed on coadministration of RUT and SB203580. RUT protected against THP-induced
cardiotoxicity by inhibition of ROS generation and suppression of cell apoptosis. The cardioprotective effect of RUT appears to be
associated with the modulation of the TGF-𝛽1-p38 MAPK signaling pathway.

1. Introduction

Anthracyclines, such as pirarubicin (THP), are widely used
chemotherapeutic agents in neoplasms such as leukemia,
lymphoma, and breast cancer. However, the clinical use of
these agents is limited by severe cardiotoxicity [1, 2]. Cur-
rently, the iron chelator dexrazoxane (DZR) is the only known
drug that alleviates anthracycline-inducedmyocardial injury,
without compromising the antineoplastic efficacy of anthra-
cyclines [3]. However, the carcinogenicity of DZR limits
its use [4]. Therefore, novel therapeutic agents with better
cardioprotective efficacy and safety are required.

The mechanism of anthracycline-induced myocardial
injury is not completely understood.These agents are thought
to induce myocardial apoptosis as a result of their interaction
with iron, which triggers excessive production of reactive
oxygen species (ROS) [5]. Recent studies have demonstrated
the effect of anthracyclines on a variety of intracellular
signal transduction pathways, which may also contribute to
their cardiotoxic effects [6]. Accumulated evidence suggests

the involvement of p38 mitogen-activated protein kinase
(MAPK) signaling pathway in the regulation of myocardial
apoptosis [7–9]. Gu et al. found that doxorubicin (DOX)
induced H9C2 cell apoptosis by inhibiting AMPK activation
and promoting proapoptotic protein expression through p38
MAPK/p53 signaling [10].

Ghosh et al. [11] reported that DOX, an anthracycline
derivative, was shown to activate ROS-dependent p38MAPK
signaling pathway,which led to cardiac apoptosis. Transform-
ing growth factor- (TGF-) 𝛽1, an upstream mediator of p38
MAPK signal, was shown to activate p38 MAPK via activa-
tion of TGF-𝛽-activated kinase 1 (TAK1) [12]. Nevertheless,
the involvement of TGF-𝛽1-p38 MAPK signaling pathway in
cardiac apoptosis is still poorly understood.

Rutinum (also known as quercetin-3-O-rutinoside or
rutin, RUT) is a dietary flavonoid compound extracted from
Sophora japonica L. Its immense therapeutic potential can
be attributed to its diverse range of properties: clearance
of ROS [13], anti-inflammatory action [14], metabolic func-
tion improvement [15], neuroprotective effect [13, 16], and
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antineoplastic properties [17, 18]. However, the potential
cardioprotective role of RUT has not been demonstrated.

This in vitro study investigated the effects of RUT against
THP-induced cardiotoxicity in rat H9c2 cardiomyoblasts.
The role of ROS generation andTGF-𝛽1-p38MAPK signaling
pathway in the cardioprotective effect of RUT was assessed.

2. Materials and Methods

2.1. Reagents. THPwas purchased fromShenzhenMain Luck
Pharmaceuticals Inc., Guangdong, China. RUT (purity >
98%) was obtained from Nanjing Jingzhu Bio-Technology
Co., Ltd., Jiangsu, China. DZR and SB203580 were purchased
from Jiangsu Aosaikang Pharmaceutical Co. Ltd., Nanjing,
China, and Selleck Chemicals, Houston, USA, respectively.
Hoechst 33258 and dichlorodihydrofluorescein diacetate
(DCFH-DA) were bought from Nanjing Jiancheng Bio-
engineering Institute, Jiangsu, China. DMEM-F12 culture
medium and fetal bovine serum (FBS) were obtained from
GIBCO BRL, USA. Primary antibodies, including anti-p38
MAPK and anti-p-p38 MAPK antibodies, were purchased
from ABclonal Technology, Boston, USA. Anti-TGF-𝛽1 anti-
body was purchased from Santa Cruz, CA, USA. Anticleaved
Caspase-3, Caspase-7, and Caspase-9 antibodies were pur-
chased from Cell Signaling Technology, Inc., MA, USA.

2.2. Cell Culture. Rat H9c2 cardiomyoblasts were obtained
from the Cell Bank at the Chinese Academy of Sciences,
China, and maintained in DMEM-F12 culture medium sup-
plemented with 10% FBS. Cell cultures were incubated in 5%
CO
2
incubator at 37∘C.

2.3. Pharmacological Interference. In order to induce car-
diomyoblast injury, H9c2 cells were incubated with 5𝜇M of
THP for 24 h. To determine the effect of RUT on cell viability,
cells were pretreated with 10, 30, 50, or 70𝜇M RUT for 1 h,
followed by 5𝜇M of THP incubation for 24 h. In positive
control, SB203580 treatment groups, cells were pretreated
with 50 𝜇M DZR or 3 𝜇M SB203580 for 1 h, followed by
24 h of THP exposure. In combined treatment group, cells
were pretreated with 50 𝜇MRUT and 3 𝜇M SB203580 for 1 h,
followed by 24 h of THP exposure.

To understand the mechanism of RUT-mediated cardio-
protection, cells were divided into six groups: control, THP,
DZR + THP, RUT + THP, SB203580 + THP, and RUT +
SB203580 + THP. In THP group, cells were treated with 5𝜇M
THP for 24 h. In DZR + THP, RUT + THP, and SB203580 +
THP groups, cells were pretreated for 1 h with 50𝜇M DZR,
50 𝜇M RUT, and 3𝜇M SB203580, respectively, followed by
5 𝜇M THP incubation for another 24 h. In RUT + SB203580
+ THP group, cells were pretreated for 1 h with 50𝜇M RUT
and 3 𝜇M SB203580, followed by 5 𝜇M THP incubation for
another 24 h.

2.4. Assessment of Cell Viability. Cell viability was assessed on
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay. Cells were seeded in a 96-well plate.
When cells grew to approximately 80% confluence, drugs
were administered. Each experimental group was repeated

in four wells. After incubation, 100𝜇L of MTT solution
(0.5mg/mL) was add to the culture medium of each well.
Four hours afterMTT treatment, culture medium containing
MTT solutionwas removed; the cells were treatedwith 150𝜇L
of DMSO and placed onto a shaker for 10min to resuspend
the MTT metabolic product. The absorbance was measured
at 490 nm by using a microplate spectrophotometer (AOE
Instruments V-1900 (Shanghai) Co., Ltd., China). Cell
viability was calculated using the following equation:

Cell viability (%) = (Optical DensitySample

Optical DensityControl
) × 100%. (1)

The average cell viability from three independent experi-
ments was recorded.

2.5. Determination of Intracellular ROS Concentration. To
determine the intracellular ROS level, cells were seeded onto
glass coverslips. Drugs were administered when cells grew to
approximately 80% confluence. Experiments were performed
in a triplicate in each group. Following drug incubation, cells
were rinsed twice in phosphate buffer solution (PBS) and
further incubated with 10 𝜇M dichlorofluorescin diacetate
(DCFH-DA) for 30min at 37∘C.Afterwashing, 5 nonoverlap-
ping areas were randomly selected andmicrographs captured
under fluorescent microscope (BX50-FLA, Olympus, Japan).
The average fluorescence intensity was calculated from five
images using ImageJ 1.410 software.

2.6. Hoechst Staining. Themorphological alterations in apop-
totic cells were examined by Hoechst 33258 staining. Briefly,
after treatment, cells were washed with PBS and fixed in 4%
paraformaldehyde (PFA) for 10min. After PBS washing, cells
were stained with 5mg/L Hoechst 33258 for 30min at room
temperature and examined under fluorescent microscope
(BX50-FLA, Olympus, Japan). Cells with evenly distributed
chromatin and uniform blue colored nuclei were considered
healthy, while those with condensed (bright blue) or frag-
mented nuclei were identified as apoptotic cells.

2.7. Flow Cytometric Analysis. Cell apoptosis was also deter-
mined on Annexin V-FITC/Propidium iodide (PI) staining
followed by flow cytometric analysis. H9c2 cells at log phase
were collected, prepared as a single-cell suspension, and
seeded onto a six-well plate at a density of 1 × 105 cells/well.
After drug treatment, cells were collected by centrifugation
at 1000 rpm for 5min. The cells were then washed with PBS,
and approximately 1 × 105–5 × 105 cells were suspended in
500 𝜇L of Annexin V binding buffer. Subsequently, 5𝜇L of
Annexin V-FITC solution and 5 𝜇L of PI solution were added
to the cell suspension, mixed and incubated for 10min at
room temperature in the dark. The percentage of early cell
apoptosis (Annexin V+/PI−) was assessed on flow cytometry
(BD Biosciences FACSCalibur, USA).

2.8. Western Blot. Cells were seeded onto 60mm dish. After
drug treatment, cells were washed twice with PBS and
then lysed with the cell lysis buffer at 4∘C for 30min.
Samples were centrifuged at 12,000 rpm for 10min, and the
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Figure 1: Description of Sophora japonica L. and RUT. (a) Gross morphology of Sophora japonica L. (b) Chemical structure of RUT. RUT,
rutinum.

supernatant was collected for Western blot analysis. Protein
concentration was determined on butyleyanoacrylate assay.
After SDS-polyacrylamide gel electrophoresis (SDS-PAGE),
protein samples were transferred onto a polyvinylidene fluo-
ride (PVDF) membrane, blocked in 5% nonfat dry milk for
60min, and incubated overnight with anti-TGF-𝛽1 (1 : 500),
anti-p38 (1 : 1000), anti-p-p38 (1 : 1000), anticleaved Caspase-
3 (1 : 1000), Caspase-7 (1 : 1000), or Caspase-9 (1 : 1000) anti-
bodies at 4∘C. After 3 washes with Tris buffered saline plus
Tween 20 (TBST), samples were probed with secondary
antibodies, and immunoblots were visualized on electro-
generated chemiluminescence (ECL) assay. The bands were
scanned and the densitometric values of the bands of interest
were analyzed by the gel imaging system. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as internal
control.

2.9. Statistical Analysis. Data was analyzed using SPSS soft-
ware version 17.0, and expressed asmean± standard deviation
(SD). Between-group differenceswere assessed using oneway
Analysis of Variance (ANOVA). Comparison between the
means was performed by LSD t-test. A value of 𝑃 < 0.05 was
considered statistically significant.

3. Results

The gross morphology of Sophora japonica L. is presented in
Figure 1(a), and the chemical structure of RUT (C

27
H
30
O
16
,

molecular weight, 610.52D), extracted from Sophora japonica
L., is illustrated in Figure 1(b). We examined the potential
effects of RUT in preventing cardiomyoblast injury. THP was
used to induce cardiotoxicity in rat H9c2 cardiomyoblasts.

Administration of THP significantly reduced the cell
viability as compared to the control (control, 100%; THP,
63.45% ± 3.94%; 𝑃 < 0.05) (Figure 2(a)). Pretreatment with
DZR, a cardioprotective agent, attenuated the decline in cell
viability induced by THP, as compared to treatment with
THP alone (𝑃 < 0.05). Moreover, administration of RUT, at
the concentrations ranging from 30 to 70 𝜇M, reversed the
reduction of cell viability in THP-treated cells (𝑃 < 0.05).

The most evident cardioprotective effect was observed
in cells that were pretreated with 50𝜇M of RUT (50𝜇M
RUT + THP, 87.83% ± 4.84%; DZR + THP, 77.61% ± 4.08%;
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Figure 2: Posttreatment cell viability assessment on MTT assay.
#𝑃 < 0.05 versus control; ∗𝑃 < 0.05 versus THP; △𝑃 < 0.05
versus DZR + THP. a𝑃 < 0.05 versus RUT (50 𝜇M) + THP; b𝑃 <0.05 versus SB203580 + THP; c𝑃 < 0.05 versus RUT + SB203580
+ THP. DZR, dexrazoxane; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; THP, pirarubicin.

𝑃 < 0.05); therefore, this dosage was used in further exper-
iments. Moreover, pretreatment with a specific inhibitor of
p38 MAPK, SB203580, also reversed the loss of cell viability
induced by THP (𝑃 < 0.05). Combined administration of
RUT with SB203580 produced a synergistic effect in prevent-
ing THP-induced cardiotoxicity (𝑃 < 0.05 versus RUT 50 𝜇M
+ THP or SB203580 + THP).

The intracellular ROS level was low in control H9c2
cells (Figure 3). After exposure to THP, the intracellular ROS
concentration was dramatically elevated as compared to the
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Figure 3: Intracellular ROS concentration. After drug treatment, intracellular ROS concentration was assessed on DCFH-DA probing. (a)
Representative images of DCFH-DA staining (original magnification ×200); (b) the average fluorescence intensity was quantified. #𝑃 < 0.05
versus control; ∗𝑃 < 0.05 versus THP; △𝑃 < 0.05 versus DZR + THP; a𝑃 < 0.05 versus RUT (50 𝜇M) + THP; b𝑃 < 0.05 versus SB203580
+ THP; c𝑃 < 0.05 versus RUT + SB203580 + THP. ROS, reactive oxygen species; DCFH-DA, dichlorodihydrofluorescein diacetate; THP,
pirarubicin; DZR, dexrazoxane; RUT, rutinum; MFI, mean fluorescent intensity; DCF, 2󸀠,7󸀠-dichlorofluorescein.
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Figure 4: Determination of cell apoptosis by Hoechst 33258 staining. (a) Representative images of Hoechst 33258 staining (original
magnification ×200); (b) average percentage of apoptotic cells. #𝑃 < 0.05 versus control; ∗𝑃 < 0.05 versus THP; △𝑃 < 0.05 versus DZR +
THP; a𝑃 < 0.05 versus RUT (50 𝜇M) + THP; b𝑃 < 0.05 versus SB203580 + THP; c𝑃 < 0.05 versus RUT + SB203580 + THP. THP, pirarubicin;
DZR, dexrazoxane; RUT, rutinum.

control (𝑃 < 0.05). Pretreatment with positive control agent,
DZR, significantly decreased THP-mediated ROS generation
in cells (𝑃 < 0.05 versus THP). Compared with DZR, RUT
was more potent in reducing ROS production induced by
THP (𝑃 < 0.05 versus DZR + THP). In addition, inhibition
of p38 MAPK using SB203580 also yielded a similar effect on
ROS level as DZR. Combined administration of RUT with
SB203580 appeared to have a synergistic effect in reducing
intracellular ROS level.

To investigate the potential influence of RUT and
SB203580 on cell apoptosis, Hoechst 33258 staining was

carried out. THP exposure remarkably increased the pro-
portion of apoptotic cells, as evident from the presence of
condensed or fragmented nuclei (𝑃 < 0.05 versus control)
(Figure 4). Administration of DZR significantly suppressed
THP-induced cell apoptosis (𝑃 < 0.05 versus THP). More-
over, RUT and SB203580, either alone or in combination,
seemed to be more efficient at inhibiting THP-induced cell
apoptosis as compared toDZR (𝑃 < 0.05 versusDZR+THP).

Cell apoptosis was further evaluated by Annexin V-
FITC/PI double staining followed by flow cytometric analy-
sis. Similar to the Hoechst staining results, pretreatment with
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Figure 5: Determination of cell apoptosis on Annexin V/PI staining followed by flow cytometric analysis. (a) Representative data of flow
cytometric analysis; (b) average percentage of early apoptotic cells (Annexin V+/PI−). #𝑃 < 0.05 versus control; ∗𝑃 < 0.05 versus THP;
△𝑃 < 0.05 versus DZR + THP; a𝑃 < 0.05 versus RUT (50 𝜇M) + THP; b𝑃 < 0.05 versus SB203580 + THP; c𝑃 < 0.05 versus RUT + SB203580
+ THP.

RUT and SB203580, either alone, or in combination, caused
a greater reduction in the percentage of apoptotic cells as
compared to that by positive control drug DZR (𝑃 < 0.05
versus DZR + THP) (Figure 5).

To identify the molecular mechanisms involved in RUT-
mediated cardioprotective action, we assessed the protein
expression of several crucial regulators of the TGF-𝛽1-p38
MAPK signaling pathway. H9c2 cells were incubated with
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Figure 6: Western blot analysis of protein expression. (a) Representative data of Western blot analysis. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as internal control. Semiquantitative analysis of TGF-𝛽1, p-p38 MAPK, cleaved Caspase-9, Caspase-7,
and Caspase-3 levels were presented in (b–f). The relative expression of p-p38 MAPK was normalized to that of total p38 MAPK and others
were normalized to that of GAPDH. #𝑃 < 0.05 versus control; ∗𝑃 < 0.05 versus THP; △𝑃 < 0.05 versus DZR + THP. 1 = control, 2 = THP
group, 3 =DZR +THP group, 4 = RUT+THP group, 5 = SB203580 + THP group, and 6 = SB203580 + THP +RUT group. DZR, dexrazoxane;
MAPK, mitogen-activated protein kinase; RUT, rutinum; THP, pirarubicin; TGF-𝛽1, transforming growth factor-𝛽1.

or without 3 𝜇M SB203580 for 1 h and were then exposed to
5 𝜇M THP in the presence or absence of 50𝜇M RUT. The
p38 activation was detected byWestern blot analysis using an
anti-p-p38 antibody. When cells were exposed to THP, p38

phosphorylation was increased compared with the control
(𝑃 < 0.05 versus control), whereas p38 phosphorylation
was significantly decreased by RUT treatment compared with
THP (𝑃 < 0.05; Figure 6). Treatment with DZR reversed
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the upregulation of the above proteins (𝑃 < 0.05 versus
THP). Additionally, pretreatment with RUT and SB203580,
either alone or in combination, efficiently suppressed the
THP-induced elevation of the TGF-𝛽1, cleaved Caspase-3,
Caspase-7, and Caspase-9 proteins (𝑃 < 0.05 versus THP
and DZR + THP). These results suggest that RUT prevents
cell apoptosis and protectsH9c2 cells through theMAPK/p38
pathway.

4. Discussion

RUT has multiple biological and pharmacological properties
[19]; however, its potential role in cardioprotection is yet to be
clarified. In the present study, RUT was comparatively more
effective than DZR in preventing THP-induced toxicity in rat
H9c2 cardiomyoblasts. Additionally, the protective effect of
RUT appeared to be associated with its ability to scavenge
intracellular ROS and inhibit cell apoptosis bymodulating the
TGF-𝛽1-p38 MAPK signaling pathway.

First, we determined the impact of RUT on THP-induced
H9c2 cell damage. MTT results revealed that RUT at a dose
range of 30 to 70𝜇M reversed the THP-induced loss of cell
viability; the most evident effect was observed at the dose
of 50 𝜇M. In accordance with our findings, Zhou et al. [20]
demonstrated that pretreatment of RUT greatly alleviated
the loss of cell viability in human lens epithelial (HLE) cells
exposed to hydrogen peroxide. Others have also reported
an antiproliferative effect of RUT, at concentrations between
1 and 100 𝜇M on cultured vascular smooth muscle cells
(VSMCs) [21].This discrepancy in resultsmay be attributed to
differences in cell cultures and experimental paradigms used.

Cardiotoxicity is one of the most severe adverse effects
of anthracyclines as chemotherapeutic agents. The effect is
commonly accompanied by excessive production of ROS
[22]. Anthracyclines, such as THP, a derivative of DOX,
control iron metabolism, disrupt redox cycling, and result
in ROS generation and oxidative stress which is harmful
to the heart [22, 23]. RUT is a dietary antioxidant [24].
Here, we found that pretreatment of RUT at a concentration
of 50𝜇M dramatically inhibited the THP-induced elevation
in intracellular ROS levels. These results suggest that the
cardioprotective action of RUT is likely to be associated
with its ability to eliminate ROS. Persistent generation of
intracellular ROS may lead to the oxidative stress and induce
mitochondrial-associated cell apoptosis in cardiomyocytes
[25].

In this study, pretreatment with RUT greatly prevented
cell apoptosis ofH9c2 cells exposed to THP. Similar antiapop-
totic effects have been observed using other plant-derived
compounds such as paeoniflorin, which prevented DOX-
induced ROS generation and suppressed apoptosis of H9c2
cells [26]. Similarly, another antioxidant, edaravone, was
shown to attenuate ROS production, reduce oxidative stress,
and inhibit cell apoptosis in H9c2 cells treated with high
glucose levels [27].

MAPK signaling cascades, mainly composed of p38
MAPK, c-Jun N-terminal kinase (JNK), and extracellu-
lar signal-regulated kinase (ERK), play several functional
roles in cardiovascular health and disease [28]. Abnormal

activation of MAPK signaling pathway has been observed
under different pathological conditions. The three compo-
nents of MAPK signaling cascades vary in their ability to
regulate cardiac myocyte apoptosis.The p38MAPK and JNK
have proapoptotic effect whereas ERK has an antiapoptotic
effect [29]. The generation of ROS, accompanied by the
activation of p38 MAPK, contributes to apoptosis of H9c2
cells [30]. In this present study, a dramatic upregulation of p-
p38 MAPK and its upstream mediator TGF-𝛽1 was detected
in cells treated with THP, which suggests that activation of
TGF-𝛽1-p38 MAPK signaling pathway may have contributed
to cardiomyocyte apoptosis. Pretreatment with a specific
inhibitor of p38 MAPK pathway, SB203580, RUT, or the
positive control agent DZR, efficiently inhibited the elevated
expressions of TGF-𝛽1 and p-p38 MAPK. It seems that RUT
itself was sufficient in blocking p38MAPKpathway.However,
administration of RUT and the pathway inhibitor, SB203580,
showed a synergistic effect.

RUT is a multifunctional natural product with multiple
pharmacological properties [19]. Thus, it is possible that
RUT may have multiple intracellular targets in addition to
TGF-𝛽1-p38 MAPK inhibition. Consistent with our findings,
Park et al. [31] reported that RUT prevented ROS produc-
tion and maintained action potential at the mitochondrial
membrane and apoptosis in human dopaminergic SH-SY5Y
cells by inhibition of p38 MAPK signaling pathway. In an in
vivo study, intraperitoneal injection of RUT attenuated the
cyclophosphamide-induced oxidative stress and hepatotoxi-
city by inhibiting p38 MAPK activation [32].

In conclusion, pretreatment with RUT prevented THP-
induced ROS generation and cell apoptosis in cultured H9c2
cells. The effect was mediated via inhibition of the TGF-𝛽1-
p38 MAPK signaling pathway. Our findings provide basic
evidence to understand the cardioprotective effects of RUT.
Nevertheless, our study has several limitations. The cause-
and-effect relationship between ROS production and cell
apoptosis remains unclear. Secondly, although RUT and THP
altered the expression of TGF-𝛽1-p38MAPK pathway related
proteins, it is not clear whether TGF-𝛽1 is an upstream
mediator of p38 MAPK. Future studies need to include a
TGF-𝛽1 receptor antagonist to explore the potential role of
TGF-𝛽1 blockade on THP-induced cardiotoxicity. Thirdly,
the cardioprotective effect of RUT needs to be established in
a rodent model of cardiotoxicity.
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“Rutin exerts antitumor effects on nude mice bearing SW480
tumor,” Archives of Medical Research, vol. 44, no. 5, pp. 346–351,
2013.

[19] N. A. Al-Dhabi, M. V. Arasu, C. H. Park, and S. U. Park, “An up-
to-date review of rutin and its biological and pharmacological
activities,” EXCLI Journal, vol. 14, pp. 59–63, 2015.

[20] Y.-F. Zhou, B. Guo, M.-J. Ye, R.-F. Liao, and S.-L. Li, “Protective
effect of rutin against H2O2-induced oxidative stress and
apoptosis in human lens epithelial cells,” Current Eye Research,
vol. 41, no. 7, pp. 933–942, 2016.

[21] S. H. Yu, J. M. Yu, H. J. Yoo et al., “Anti-proliferative effects of
rutin on OLETF rat vascular smooth muscle cells stimulated
by glucose variability,” Yonsei Medical Journal, vol. 57, no. 2, pp.
373–381, 2016.

[22] P. Angsutararux, S. Luanpitpong, and S. Issaragrisil, “Chemo-
therapy-induced cardiotoxicity: overview of the roles of oxida-
tive stress,”OxidativeMedicine and Cellular Longevity, vol. 2015,
Article ID 795602, 13 pages, 2015.

[23] G. Minotti, S. Recalcati, P. Menna, E. Salvatorelli, G. Corna,
and G. Cairo, “Doxorubicin cardiotoxicity and the control of
iron metabolism: quinone-dependent and independent mech-
anisms,”Methods in Enzymology, vol. 378, pp. 340–361, 2004.

[24] V. Chobot, L. Kubicova, G. Bachmann, and F. Hadacek, “Ver-
satile redox chemistry complicates antioxidant capacity assess-
ment: flavonoids as milieu-dependent anti- and pro-oxidants,”
International Journal of Molecular Sciences, vol. 14, no. 6, pp.
11830–11841, 2013.



10 Evidence-Based Complementary and Alternative Medicine

[25] P. Zhao, F. Li, W. Gao et al., “Angiotensin1-7 protects cardiomy-
ocytes from hypoxia/reoxygenation-induced oxidative stress
by preventing ROS-associated mitochondrial dysfunction and
activating the Akt signaling pathway,” Acta Histochemica, vol.
117, no. 8, pp. 803–810, 2015.

[26] J.-Z. Li, X.-N. Tang, T.-T. Li et al., “Paeoniflorin inhibits
doxorubicin-induced cardiomyocyte apoptosis by downregu-
lating microRNA-1 expression,” Experimental and Therapeutic
Medicine, vol. 11, no. 6, pp. 2407–2412, 2016.

[27] L. Ji, Y. Liu, Y. Zhang et al., “The antioxidant edaravone
prevents cardiac dysfunction by suppressing oxidative stress
in type 1 diabetic rats and in high-glucose-induced injured
H9c2 cardiomyoblasts,” Canadian Journal of Physiology and
Pharmacology, vol. 94, no. 9, pp. 996–1006, 2016.

[28] A. J. Muslin, “MAPK signalling in cardiovascular health and
disease: molecular mechanisms and therapeutic targets,” Clin-
ical Science, vol. 115, no. 7-8, pp. 203–218, 2008.

[29] C. P. Baines and J. D. Molkentin, “STRESS signaling pathways
that modulate cardiac myocyte apoptosis,” Journal of Molecular
and Cellular Cardiology, vol. 38, no. 1, pp. 47–62, 2005.

[30] J. Cao, G. Qin, R. Shi et al., “Overproduction of reactive oxygen
species and activation of MAPKs are involved in apoptosis
induced by PM2.5 in rat cardiac H9c2 cells,” Journal of Applied
Toxicology, vol. 36, no. 4, pp. 609–617, 2016.

[31] S.-E. Park, K. Sapkota, J.-H. Choi et al., “Rutin from den-
dropanaxmorbifera leveille protects human dopaminergic cells
against rotenone induced cell injury through inhibiting JNK
and p38 MAPK signaling,” Neurochemical Research, vol. 39, no.
4, pp. 707–718, 2014.

[32] S. Nafees, S. Rashid, N. Ali, S. K. Hasan, and S. Sultana, “Rutin
ameliorates cyclophosphamide induced oxidative stress and
inflammation in Wistar rats: role of NF𝜅B/MAPK pathway,”
Chemico-Biological Interactions, vol. 231, pp. 98–107, 2015.



Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


