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ABSTRACT
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Objective(s): Pioglitazone, an anti-diabetic agent, has been widely used to treat type II diabetes.
However, the effect of pioglitazone on myocardial ischemia reperfusion injury (MIRI) is still unclear.
Herein, the objective of this study is to learn about the regulation and mechanism of pioglitazone
effects on oxygen glucose deprivation (OGD)-induced myocardial cell injury.
Materials and Methods: A cellular injury model of OGD-treated H9c2 cells in vitro was constructed to
simulate ischemic/reperfusion (I/R) injury. Then, various concentrations of pioglitazone (0, 2.5, 5, 7.5
and 10 μM) were used for the treatment of H9c2 cells, and CCK-8, flow cytometry and western blot
assays were performed to examine cell viability, apoptosis, and the protein levels of factors involved
in cell cycle and apoptosis in OGD-treated cells. MiR-454 inhibitor was used to suppress miR-454
expression, and whether miR-454 was involved in regulating OGD-induced cell injury was studied.
Two key signal pathways were examined to uncover the underlying mechanism.
Results: OGD reduced cell proliferation and induced apoptosis in H9c2 cells (P<0.05, P<0.01 or P<
0.001). OGD-induced injury was significantly attenuated by pioglitazone at the concentration of 5 μM.
Additionally, pioglitazone significantly up-regulated miR-454 expression in OGD-injured cells (P< 0.05
or P< 0.01). MiR-454 suppression declined the protective effect of pioglitazone on OGD-injured H9c2
cells (P<0.05 or P< 0.01). Besides, pioglitazone activated PI3K/AKT and ERK/MAPK pathways via upregulating miR-454.
Conclusion: Pioglitazone protected H9c2 cells against OGD-induced injury through up-regulating
miR-454, indicating a novel therapeutic strategy for treatment of MIRI.
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Introduction

Ischemia/reperfusion (I/R) injury is a common
pathological and physiological phenomenon in clinic,
which is the resultant from multiple factors (1). With the
development of coronary intervention and thrombolytic
therapy, myocardial ischemia reperfusion injury (MIRI)
is becoming more and more common (2). Accumulating
evidences have demonstrated that MIRI could induce
arrhythmia, enlarge infarct size, and lead to ventricular
systolic dysfunction (3, 4). MIRI has negative effect on
human health, and it remains a challenge to alleviate
MIRI for researchers and clinicians (5). Currently,
conservative drug therapy is still considered to be
effective and safe method for the treatment of MIRI (6).
Therefore, it is of great significance to find a novel drug
for the treatment of MIRI.
Pioglitazone is a highly selective and powerful
peroxisome proliferator-activated receptor-γ (PPARγ)
agonist, which has been widely used to improve insulin
resistance and control blood sugar in the clinic (7).
In the recent years, pioglitazone has been reported
to be linked with various diseases, such as ischemic
stroke, dementia and bladder cancer (8-10). Moreover,
several studies have demonstrated that pioglitazone
has anti-inflammatory, and antioxidant stress effects;

as well, it improves myocardial energy metabolism and
inhibits cardiomyocyte apoptosis, thereby protecting
cardiomyocytes (11-13). A rat model experiment
from Li et al. reported that pioglitazone could protect
cardiomyocytes through decreasing apoptosis in these
cells, which subsequently reduces mitochondrial
ultrastructure injury and membrane potential loss
in the I/R heart of rat (14). Another study found that
pioglitazone could alleviate MIRI through up-regulation
of extracellular signal-regulated kinases (ERK) and
cyclooxygenase (COX)-2 (15). Despite these studies have
demonstrated the role of pioglitazone in MIRI, further
exploration regarding the regulatory mechanisms is still
necessary.
Accumulating evidences have uncovered that
miRNAs are involved in various biological processes
of the heart (16). Mounting evidences confirmed that
miRNAs expression in cardiomyocytes was significantly
changed after IRI, suggesting the important roles of
miRNAs in MIRI (17, 18). The abnormal expression
of miR-454 is found in various cancers, and is closely
associated with lung injury (19, 20). However, the effect
of miR-454 on MIRI remains unclear. The objective
of this study is to investigate the protective effects of
pioglitazone on MIRI in H9c2 cells. An oxygen glucose
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deprivation (OGD)-induced H9c2 cells injury model
in vitro was firstly constructed. Moreover, the effect
of miR-454 was examined on OGD-induced H9c2 cells
injury. Mechanistically, the relevant signal pathways
of phosphoinositide 3-kinase (PI3K)/protein kinase
B (AKT) and ERK/ mitogen-activated protein kinase
(MAPK) were investigated. These results might provide
a novel therapeutic strategy for MIRI.

Materials and Methods

Cell culture and OGD-induced cell injury model
construction
The H9c2 cell line purchased from American Type
Culture Collection (ATCC, Rockville, MD, USA) was used
in the present study. For cell culture, the cell culture
bottle of H9c2 cell line was opened under the sterile
condition.
The medium in the bottle was sucked out, and the cell
surface was cleaned 2-3 times with phosphate-buffered
saline (PBS). Then, the supernatant was discarded,
and the cells were digested with 0.25% trypsin-EDTA
(Gibco-BRL, Gaithersburg, MD, USA). When the cells
were turned round, the complete medium was added to
stop the reaction. The cells were then transferred to a
new culture bottle, and the commonly-used Dulbecco’s
modiﬁed Eagle medium (DMEM, LifeTechnologies,
Carlsbad, CA, USA) containing 10% (v/v) fetal
bovine serum (FBS, Gibco-BRL), 1% (v/v) PenicillinStreptomycin double resistant (Gibco) and 1% (v/v)
GlutaMAX (Life Technologies) was added to further
culture cells under the routine condition. The culture
medium was changed every 2-3 days.
For OGD treatment, H9c2 cells were switched from
high-glucose DMEM to free-glucose DMEM for one day
treatment. Then, these cells were placed in an anaerobic
condition with 5% (v/v) CO2 and 95% (v/v) N2 for 0,
2, 4, 6 and 8 hr; culture temperature was controlled at
37 ± 0.5°C. Subsequently, these cells were recovered
to the conventional culture. H9c2 cells were cultured
under normal conditions and served as a blank control
group. pioglitazone purchased from Sigma-Aldrich
(St Louis, MO, USA) (21) was configured at different
concentrations of solution (0, 2.5, 5, 7.5 and 10 μM).
H9c2 cells were pretreated with pioglitazone for 12 hr
before accepting OGD stimulation. Furthermore, 5 μM
pioglitazone was selected as the optimum concentration
for the following research.
Cell counting kit-8 (CCK-8) assay
The cell proliferation/toxicity detection kit, CCK8 (Dojindo Molecular Technologies, Gaithersburg,
MD) was used to determine the cell viability of H9c2.
Briefly, H9c2 cells were collected, and cell suspension
concentration was adjusted to 5 × 103 cells/well. Cells
were cultured in 96-well plate at 37°C for 24 hr in an
incubator containing 5% (v/v) CO2, and then different
concentrations of pioglitazone (0, 2.5, 5, 7.5 and 10 μM)
were added into 96-well plate for stimulating H9c2 cells
for 12 hr. After treatment, 10 μl of CCK-8 solution was
added to each plate well and continued to culture for 1
hr at 37°C in CO2 incubator. The 450 nm wavelength was
chosen to measure the absorbance value by a Microplate
Reader (Bio-Rad, Hercules, CA, USA).
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Apoptosis assay
Annexin V-FITC/PI apoptosis detection kit (Beijing
Biosea Biotechnology, Beijing, China) was used to
examine the percentage of apoptotic cells of H9c2 cells.
After treatment with 5 μM Pioglitazone, treated cells
were collected and washed twice with pre-cold PBS.
Subsequently, cells were re-suspended in 1 × binging
buffer, and cell suspension concentration was adjusted
to 1 × 106 cells/well. Then, 100 μl cell suspension was
added to the bottom of flow tube, and 10 μl Annexin-V
and 5 μl propidium iodide (PI) were added to stain these
cells for 15 min under the shading condition at room
temperature. After this, cells were re-suspended in 400
μl 1 × binging buffer, and analyzed by using FACScan
flowcytometer (Becton Dickinson, San Jose, CA, USA).
Cell transfection
In order to suppress miR-454 expression, the vector
of miR-454 inhibitor was synthesized by GenePharma
Co. (Shanghai, China), and transfected into H9c2 cells.
The negative control (NC) served as a blank control
group. All cell transfections were conducted by using
Lipofectamine 3000 reagent (Invitrogen) based on the
manufacturer’s protocol. After transfection for 48 hr, the
cells were harvested for the following researches.

Quantitative real-time polymerase chain reaction
(qRT-PCR)
After treatment with OGD or Pioglitazone, the Trizol
reagent (Life Technologies Corporation, Carlsbad,
CA, USA) was used to extract the total RNA of treated
H9c2 cells according to the kit instructions. Taqman
MicroRNA Reverse Transcription Kit (TaKaRa, Dalian,
China) was used to reverse transcribe the RNA sample
into cDNA. The Taqman Universal Master Mix II with the
TaqMan MicroRNA Assay (Applied Biosystems, Foster
City, CA, USA) was used to detect miR-454 expression
in these treated cells. U6 was used as a loading control.
The data was measured by using the 2-ΔΔCT method
(22). The specific primer sequence for miR-454 was as
Forward: 5’-GGGACCCTATCAATATTGT-3’ and Reverse:
5’- CAGTGCGTGTCGTGGAGT-3’. U6 primer sequence
was as Forward: 5’-CTTCGGCAGCACATATACT-3’ and
Reverse: 5’-AAAATATGGAACGCTTCACG-3’.
Western blot
The proteins of H9c2 cells with different treatments
were extracted using RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) supplemented with
protease inhibitors (Roche, Basle, Switzerland). The BCA
Protein Assay Kit was used to analyze and determine
the total protein concentration. Protein samples (50 μg)
were electrophoresed by SDS-PAGE. Then, these proteins
were transferred to PVDF membranes (Millipore,
Billerica, MA, USA), and these membranes were placed
in 5% (w/v) non-fat milk and shaken for 1 hr at room
temperature. The blocked membranes were shakewashed in Tris-buffered saline with 0.1 % (v/v) Tween
20 (TBST) for 10 min. After this, the membranes were
incubated with the following diluted primary antibodies
at 4°C overnight: Cyclin D1 (ab16663, 1:200 dilution),
p21 (ab109199; 1:1000 dilution), Bax (ab53154, 1:500
dilution), pro-Caspase-3 (ab205733, 1:5000 dilution),
1051
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Figure 1. Oxygen glucose deprivation (OGD) treatment induced H9c2
cells injury. (A) H9c2 cells were maintained under OGD for 0, 2, 4, 6
and 8 hr, and the viability of H9c2 cells was subsequently analyzed
by cell counting kit-8 (CCK-8) assay. After treatment of OGD for 6 hr,
(B) Western blot assay was performed to detect the protein levels
of Cyclin D1 and p21 in OGD-treated cells; (C) flow cytometry with
Annexin V-FITC/PI staining was performed to measure the percentage
of apoptotic cells; (D) the apoptosis-associated protein levels were
assessed by Western blot. *P< 0.05; **P< 0.01; ***P< 0.001

cleaved-Caspase-3 (ab32042; 1:500 dilution), proCaspase-9 (ab138412; 1:1000 dilution), cleavedCaspase-9 (ab2324; 1:1000 dilution), t-PI3K (ab191606,
1:1000 dilution), p-PI3K (ab182651, 1:500 dilution),
t-AKT (ab8805, 1:500 dilution), p-AKT (ab8933, 1:500
dilution) and β-actin (ab8227, 1:1000 dilution) (All
from Abcam, Cambridge, UK).

Figure 2. Pioglitazone attenuated oxygen glucose deprivation (OGD)induced H9c2 cells injury. (A) H9c2 cells were stimulated with
indicated concentrations of pioglitazone (0, 2.5, 5. 7.5 and 10 μM) for
12 hr, and then cell viability was examined by cell counting kit-8 (CCK8). H9c2 cells were pretreated with 5 μM of pioglitazone for 12 hr, and
were maintained under OGD for 6 hr, (B) cell viability (C) Cyclin D1
and p21 protein levels were determined by CCK-8 and Western blot
assays; (D) cell apoptosis and (E) apoptosis-related protein levels
were analyzed by flow cytometry with Annexin V-FITC/PI staining and
Western blot. *P< 0.05; **P< 0.01; ***P< 0.001
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Figure 3. Pioglitazone up-regulated miR-454 expression in oxygen
glucose deprivation (OGD)-injured H9c2 cells. H9c2 cells were
pretreated with 5 μM of pioglitazone for 12 hr and were maintained
under OGD for 6 hr; miR-454 expression level was measured by qRTPCR. *P< 0.05; **P< 0.01

After incubation and washing, the membranes were
incubated with goat anti-rabbit secondary antibody
conjugated with horseradish peroxidase (ab205781,
1:5000 dilution, Abcam) for 1 hr at room temperature.
Subsequently, the membranes were tiled on the
preservative film, and the ECL Western blotting reagent
mixture (Pierce Biotechnology, Thermo Fisher Scientific
Inc., Waltham, MA, USA) was uniformly dropped on
the membranes. After reaction, the experiment figures
were analyzed by using Image Lab™ Software (Bio-Rad,
Shanghai, China).

Figure 4. Pioglitazone alleviated oxygen glucose deprivation (OGD)induced H9c2 cells injury through up-regulating miR-454. The
expression vectors of miR-454 inhibitor and its negative control (NC)
were transfected into H9c2 cells, and then (A) the expression level
of miR-454 was detected by qRT-PCR after treatment with 5 μM of
pioglitazone for 12 hr and were maintained under OGD for 6 hr, (B)
cell viability (C) Cyclin D1 and p21 protein levels were determined
by cell counting kit-8 (CCK-8) and Western blot; flow cytometry with
Annexin V-FITC/PI staining and Western blot assay were performed
to analyze (D) cell apoptosis and (E) the protein levels of apoptosisrelated factors. *P< 0.05; **P< 0.01; ***P< 0.001
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the concentrations of 7.5 μM and 10 μM (P<0.05).
But, pioglitazone had no effect on cell viability at
the concentrations of 2.5 μM and 5 μM. Therefore, 5
μM pioglitazone was selected as the best treatment
concentration in subsequent expressions. In Figure 2B,
the results displayed that cell viability was significantly
promoted by pioglitazone after OGD treatment (P<0.05).
Figure 2C revealed that pioglitazone obviously upregulated the protein level of Cyclin D1 and downregulated the protein level of p21 after OGD treatment
(P < 0.001). Additionally, the results in Figure 2D and 2E
showed that pioglitazone significantly suppressed OGDinduced cell apoptosis (P < 0.05). The protein levels
of Bax and cleaved-Caspase-3/-9 were decreased by
Pioglitazone after OGD treatment.
Figure 5. Pioglitazone activated phosphoinositide 3-kinase (PI3K/)/
protein kinase B (AKT) and extracellular signal-regulated kinases
(ERK)/mitogen-activated protein kinase (MAPK) signal pathways
via regulation of miR-454. H9c2 cells were transfected with miR-454
inhibitor and negative control (NC), and the transfected cells were
pretreated with 5 μM of pioglitazone for 12 hr and were maintained
under oxygen glucose deprivation (OGD) for 6 hr; the protein levels of
(A) p/t-PI3K and p/t-AKT as well as (B) p/t-ERK and p/t-MAPK were
determined by Western blot. *P< 0.05; **P< 0.01; ***P< 0.001

The gray value of the blots in the figures reflected the
expression level of the target proteins.

Statistical analysis
All data from this study are shown as the mean ±
standard deviation (SD). SPSS statistical software version
19.0 (IBM, Armonk, NY, USA) was used for statistical
analyses. One-way analysis of variance (ANOVA) was
used to calculate the P- values. The difference between
groups with P<0.05 was considered as a statistically
significant result.

Results

Construction of OGD-induced H9c2 cells injury model
in vitro
A cell model of OGD-induced injury in H9c2 cells
was constructed. Results showed that the viability of
H9c2 cells was significantly decreased when cells had
undergone OGD at 4 hr, 6 hr and 8 hr (P<0.05, P<0.01
or P < 0.001, Figure 1A). Moreover, Cyclin D1 protein
level was down-regulated and p21 protein level was
up-regulated after OGD treatment (P<0.05, Figure
1B). The percentage of apoptotic cell was prominently
induced in OGD-treated cells compared to non-treated
cells (P < 0.01, Figure 1C). Meanwhile, the protein levels
of apoptosis-associated factors of Bax and cleavedCaspase-3/-9 were promoted under OGD treatment
(Figure 1D). Furthermore, the treatment time of OGD for
6 hr was selected for the following experiments.
Pioglitazone attenuated OGD-induced H9c2 cells
injury
H9c2 cells were stimulated with the different
concentrations of pioglitazone (0-10 μM), and cell
viability was examined. As shown in Figure 2A,
pioglitazone significantly promoted cell viability at
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Pioglitazone up-regulated miR-454 expression in
OGD-treated H9c2 cells
As result displayed in Figure 3, miR-454 expression
in OGD-treated cells was significantly lower than
that in non-treated cells (P<0.05). However, miR-454
expression level was significantly increased after adding
the pioglitazone on OGD-treated H9c2 cells (P<0.01).
Above data suggested the probable involvement of miR454 in the protective effect of pioglitazone against OGDinduced injury in H9c2 cells.

Pioglitazone attenuated OGD-induced H9c2 cells
injury via up-regulation of miR-454
To further explore whether miR-454 was participated
in mediating OGD-induced H9c2 cells injury, miR454 inhibitor was transfected into H9c2 cells to
regulate miR-454 expression. In Figure 4A, qRT-PCR
analytical result showed that the expression of miR454 was significantly decreased by miR-454 inhibitor,
indicating well transfection efficiency (P<0.01).
Next, the results in Figure 4B revealed that miR-454
suppression significantly decreased cell viability after
co-treatment of OGD and pioglitazone (P<0.05). The
protein level of Cyclin D1 was down-regulated by miR454 suppression; as well, the protein level of p21 was
up-regulated by miR-454 suppression after treatment of
Pioglitazone in OGD-injured H9c2 cells (P<0.001, Figure
4C). Furthermore, miR-454 suppression remarkably
promoted cell apoptosis, meanwhile up-regulated Bax
and cleaved-Caspase-3/-9 expressions after treatment
of pioglitazone in OGD-injured H9c2 cells (P<0.05,
Figure 4D and 4E).
Pioglitazone activated PI3K/AKT and ERK/MAPK
signal pathways by regulation of miR-454
Western blot assay was performed to determine
the functions of pioglitazone in PI3K/AKT and ERK/
MAPK signal pathways. The results in Figure 5A and 5B
showed that the protein levels of p-PI3K, p-AKT, p-ERK
and p-MAPK were remarkably increased by pioglitazone
after OGD treatment (P< 0.001). However, the promoting
effects of pioglitazone on these two signal pathways
were obviously declined by miR-454 suppression (P<
0.05 or P<0.001). The protein levels of t-PI3K, t-AKT,
t-ERK and t-MAPK had no significant changes in the
different treatment groups.
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Discussion

In our study, the model of OGD-induced H9c2
cell injury was successfully constructed. Then, we
observed that Pioglitazone significantly promoted cell
proliferation and reduced apoptosis in OGD-injured
H9c2 cell. However, the protective effects of Pioglitazone
on OGD-injured H9c2 cell were abolished by suppression
of miR-454. Furthermore, the results revealed that
Pioglitazone activated PI3K/AKT and ERK/MAPK signal
pathways by up-regulation of miR-454 in OGD-injured
H9c2 cells.
OGD-induced cell injury is a complicated process that
accompanies the generation of reactive oxygen species
(ROS), calcium (Ca+) overloading and mitochondrial
permeability transition pore (mPTP) opening (23).
Recent study proved that OGD has been widely used
to treat cardiomyocytes and to construct cell model
of ischemic heart damage (24). The model of OGDinduced MIRI could be used to explore the molecular
mechanisms of MIRI and screen effective drugs to
alleviate MIRI (25). Additionally, mounting evidences
displayed that H9c2 cardiomyocytes were broadly used
for investigating the protective effects of agents on OGDinduced ischemic heart injury (23, 26). Based on these
studies, we constructed an OGD-induced H9c2 cells
injury model to investigate the effect of Pioglitazone on
MIRI. We found that cell viability and cell cycle-related
protein levels were decreased, while cell apoptosis and
the protein levels of apoptosis-related factors were
increased in OGD-treated H9c2 cells. These data stated
that the OGD-induced H9c2 cells injury model was
successfully constructed in vitro.
Pioglitazone is an anti-diabetic agent in the
thiazolidinedione class, which has been used to
treat several diseases, including MIRI (27). Recent
studies have demonstrated that Pioglitazone could
protect heart and alleviate MIRI by suppressing cell
apoptosis (28). An animal experiment revealed that
pharmacological preconditioning with nicorandil and
Pioglitazone could alleviate MIRI in rats (29). However,
whether Pioglitazone could exert the protective effect
on OGD-injured H9c2 cells has not been clarified. In
the present study, we found that pioglitazone alleviated
OGD-induced H9c2 cells injury by restoring cell viability
and proliferation-associated factors expressions and
declined apoptosis in OGD-treated H9c2 cells, indicating
the protective role of pioglitazone in OGD-injured H9c2
cells.
Recent evidences have proven that various miRNAs
such as miR-214, miR-22 and miR-103/107 are involved
in regulation of MIRI (30-32). MiR-454 functions as
an oncogene has been confirmed in various cancers,
such as hepatocellular and colorectal cancer (19, 33).
Study from Tao et al. revealed that miR-454 alleviated
lipopolysaccharides (LPS)-induced acute lung injury
(ALI) in lung epithelial cells (20). However, the effect
of miR-454 on MIRI has not been investigated. In our
study, miR-454 inhibitor was transfected into H9c2
cells to alter miR-454 expression. Results in this study
revealed that miR-454 expression was up-regulated by
Pioglitazone. However, miR-454 suppression abolished
the protective effect of pioglitazone on OGD-injured
H9c2 cells. These data suggested that pioglitazone
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alleviated OGD-induced H9c2 cells injury through upregulation of miR-454.
PI3K/AKT and ERK/MAPK signal pathways are vital
regulators in cell growth and inflammatory response
(34, 35). Several studies have proven that activation
of PI3K/AKT and ERK/MAPK signal pathways plays
critical role in the protection against MIRI (36, 37).
Taniguchi et al. uncovered that pioglitazone could
alleviate MIRI through increasing the expression of
heat shock protein 72 (HSP72), and activating PI3K/
AKT signal pathway (38). Another study found that
pioglitazone could protect cardiomyocytes against I/Rinduced apoptosis by regulation of PI3K/ERK1/2 signal
pathway (39). Similar with these studies, we found
that pioglitazone could activate PI3K/AKT and ERK/
MAPK signal pathways by regulation of miR-454. These
findings indicated that activation of these two signal
pathways might contribute to the reduction of MIRI.

Conclusion

Taken together, the results from present study
suggested that pioglitazone could protect H9c2 cells
against OGD-induced injury by activation of PI3K/AKT
and ERK/MAPK signal pathways through up-regulating
miR-454. These findings might provide a preliminary
pharmacological basis for pioglitazone in the treatment
of MIRI.

Conflict of Interest

The authors declare that they have no competing
interests.

Acknowledgement

This study was supported by Shangdong
Provine Science and Technology Development Plan
(2014GGH218016) and Natural Science Foundation of
Shangdong Province (ZR2017BH017).

References

1. Bijkerk R, Van SC, de Boer HC, Van dPP, Khairoun M, de Bruin
RG, et al. Hematopoietic microRNA-126 protects against renal
ischemia/reperfusion injury by promoting vascular integrity. J
Am Soc Nephrol 2014; 25:1710-1722.
2. Yang CJ, Yang J, Fan ZX, Yang J. Activating transcription
factor 3 ‑ an endogenous inhibitor of myocardial ischemiareperfusion injury (Review). Mol Med Rep 2015; 104:566-567.
3. Gonca E, Kurt Ç. Cardioprotective effect of thymoquinone:
a constituent of Nigella sativa L., against myocardial
ischemia/reperfusion injury and ventricular arrhythmias in
anaesthetized rats. Pak J Pharm Sci 2015; 28:1267-1273.
4. Song CL, Liu B, Diao HY, Shi YF, Li YX, Zhang JC, et al.
The protective effect of microRNA-320 on left ventricular
remodeling after myocardial ischemia-reperfusion injury in
the rat model. Int J Mol Sci 2014; 15:17442-17456.
5. Yu LN, Yu J, Zhang FJ, Yang MJ, Ding TT, Wang JK, et al.
Sevoflurane postconditioning reduces myocardial reperfusion
injury in rat isolated hearts via activation of PI3K/Akt signaling
and modulation of Bcl-2 family proteins. J Zhejiang Univ Sci B
2010;11:661-672.
6. Xu M, Hao H, Jiang L, Wei Y, Zhou F, Sun J, et al. Cardiotonic
pill reduces myocardial ischemia-reperfusion injury via
increasing EET concentrations in rats. Drug Metab Dispos
2016; 44:878-887.
7. Jiang LY, Tang SS, Wang XY, Liu LP, Long Y, Hu M, et al.
PPARγ agonist pioglitazone reverses memory impairment and
biochemical changes in a mouse model of type 2 diabetes. CNS
Iran J Basic Med Sci, Vol. 21, No. 10, Oct 2018

Pioglitazone protects H9c2 cells against OGD

Neurosci Ther 2012; 18:659-666.
8. Doehner W, Anker SD. Pioglitazone after ischemic stroke
or transient ischemic attack. New Engl J Med 2016; 64:13211331.
9. Heneka MT, Fink A, Doblhammer G. Effect of pioglitazone
medication on the incidence of dementia. Ann Neurol 2015;
78:284–294.
10. Tuccori M, Filion KB, Hui Y, Yu OH, Platt RW, Azoulay L.
Pioglitazone use and risk of bladder cancer: population based
cohort study. Bmj 2016; 352:1541.
11. Yu L, Zhaodong J, Guan Y, Wang G, Wang Y. Protective effect
of pioglitazone and insulin on cardiomyocyte after myocardial
ischemia reperfusion injury in rats. Chin J Anat 2008; 31:658661.
12. Tokutome M, Matoba T, Nakano Y, Nakano K, Sunagawa K,
Egashira K. Nanoparticles-mediated delivery of pioglitazone
reduces myocardial ischemia-reperfusion injury by
antagonizing monocyte-mediated inflammation in mice and
mini pigs. Am Heart Assoc 2014; 130:A17380.
13. Birnbaum Y, Ye Y, Lin Y, Freeberg SY, Nishi SP, Martinez
JD, et al. Augmentation of myocardial production of 15-epilipoxin-a4 by pioglitazone and atorvastatin in the rat.
Circulation 2006; 114:929-935.
14. Li J, Lang MJ, Mao XB, Tian L, Feng YB. Antiapoptosis and
mitochondrial effect of pioglitazone preconditioning in the
ischemic/reperfused heart of rat. Cardiovasc Drugs Ther
2008; 22:283-291.
15. Wang H, Zhu QW, Ye P, Li ZB, Li Y, Cao ZL, et al. Pioglitazone
attenuates myocardial ischemia-reperfusion injury via upregulation of ERK and COX-2. Biosci Trends 2012; 6:325-332.
16. Iaconetti C, Sorrentino S, De RS, Indolfi C. Exosomal miRNAs
in Heart Disease. Physiology 2016; 31:16-24.
17. Dosenko VE, Gurianova VL, Surova OV, Stroy DA, Moibenko
AA. Mature and immature microRNA ratios in cultured rat
cardiomyocytes during anoxia-reoxygenation. Exp Clin Cardiol
2012; 17:84-87.
18. Chen F, Chen ZY, Yang HT. Expression profile of microRNAs
in the cardiomyocytes derived from mouse embryonic stem
cells. Sheng LI Xue Bao [Acta Physiologica Sinica] 2014;
66:702-708.
19. Lei Y, Gong X, Lei S, Hong Y, Lu B, Zhu L. miR-454 functions as
an oncogene by inhibiting CHD5 in hepatocellular carcinoma.
Oncotarget 2015; 6:39225-39234.
20. Tao Z, Yuan Y, Liao Q. Alleviation of lipopolysaccharidesinduced acute lung injury by MiR-454. Cell Physiol Biochem
2016; 38:65-74.
21. Gad MZ, Ehssan NA, Ghiet MH, Wahman LF, Ghiet MH,
Wahman LF. Effects of pioglitazone and metformin on
carbohydrate metabolism in experimental models of glucose
intolerance. Int J Diabetes Metab 2010; 18:132-138.
22. Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the 2 −
ΔΔ C T method. Methods 2012; 25:402-408.
23. Liu J, Yang S, Zhang X, Liu G, Yue X. Isoflurane reduces
oxygen-glucose deprivation-induced oxidative, inflammatory,
and apoptotic responses in H9c2 cardiomyocytes. Am J Transl
Res 2016; 8:2597-2608.
24. Zheng K, Sheng Z, Li Y, Lu H. Salidroside inhibits oxygen
glucose deprivation (OGD)/re-oxygenation-induced H9c2 cell
necrosis through activating of Akt-Nrf2 signaling. Biochem
Biophys Res Commun 2014; 451:79-85.
25. Malik YS, Sheikh MA, Zhu X. Doxycycline can stimulate

Iran J Basic Med Sci, Vol. 21, No. 10, Oct 2018

Sun et al.

cytoprotection in neural stem cells with oxygen-glucose
deprivation-reoxygenation injury: a potential approach to
enhance effectiveness of cell transplantation therapy. Biochem
Biophys Res Commun 2013; 432:355-358.
26. Jintaek H, Han CK, Sangyoon C, Sungsoo K. Protective effect
of dealcoholized persimmonwine on H2o2 - induced oxidative
injury in H9c2 cardiomyocytes. J Food Res 2013; 2:61.
27. Ghosh S, Dey S. Pioglitazone induced weight changes in
type 2 diabetic patients. Int J Collab Res Intern Med Public
Health 2011; 3:534-540.
28. Honda T, Kaikita K, Tsujita K, Hayasaki T, Matsukawa M,
Fuchigami S, et al. Pioglitazone, a peroxisome proliferatoractivated receptor-gamma agonist, attenuates myocardial
ischemia-reperfusion injury in mice with metabolic disorders.
J Mol Cell Cardiol 2008; 44:915-926.
29. Ahmed LA, Salem HA, Attia AS, Agha AM. Pharmacological
preconditioning with nicorandil and pioglitazone attenuates
myocardial ischemia/reperfusion injury in rats. Eur J
Pharmacol 2011; 663:51-58.
30. Liu P, Tian Y, Bao M, Wang Y, Cui F, Anesthiology
DO. miRNA-214 was involved in cardioprotection by
electroacupuncture pretreatment of myocardial ischemia
/ reperfusion injury in rats. Medical Journal of the Chinese
Peoples Armed Police Force 2016; 1:43-47.
31. Yang J, Chen L, Yang J, Ding J, Li S, Wu H, et al. MicroRNA-22
targeting CBP protects against myocardial ischemiareperfusion injury through anti-apoptosis in rats. Mol Biol Rep
2014; 41:555-561.
32. Wang JX, Zhang XJ, Li Q, Wang K, Wang Y, Jiao JQ, et al.
MicroRNA-103/107 regulate programmed necrosis and
myocardial ischemia/reperfusion injury through targeting
FADD. Circ Res 2015; 117:352-363.
33. Liang HL, Hu AP, Li SL, Xie JP, Ma QZ, Liu JY. MiR-454
prompts cell proliferation of human colorectal cancer cells by
repressing CYLD expression. Asian Pac J Cancer Prev 2015;
16:2397-2402.
34. Du J, Tong A, Wang F, Cui Y, Li C, Zhang Y, et al. The roles
of PI3K/AKT/mTOR and MAPK/ERK signaling pathways
in human pheochromocytomas. Int J Endocrinol 2016;
2016:5286972.
35. Calvo N, Martín MJ, de Boland AR, Gentili C. Involvement
of ERK1/2, p38 MAPK, and PI3K/Akt signaling pathways in
the regulation of cell cycle progression by PTHrP in colon
adenocarcinoma cells. Biochem Cell Biol 2014; 92:305-315.
36. Zhu YM, Wang CC, Chen L, Qian LB, Ma LL, Yu J, et al. Both
PI3K/Akt and ERK1/2 pathways participate in the protection
by dexmedetomidine against transient focal cerebral
ischemia/reperfusion injury in rats. Brain Res 2013; 1494:1-8.
37. Thomas CJ, Lim NR, Kedikaetswe A, Yeap YY, Woodman OL,
Ng DC, et al. Evidence that the MEK/ERK but not the PI3K/Akt
pathway is required for protection from myocardial ischemiareperfusion injury by 3’,4’-dihydroxyflavonol. Eur J Pharmacol
2015; 758:53-59.
38. Taniguchi Y, Ooie T, Takahashi N, Shinohara T, Nakagawa
M, Yonemochi H, et al. Pioglitazone but not glibenclamide
improves cardiac expression of heat shock protein 72 and
tolerance against ischemia/reperfusion injury in the heredity
insulin-resistant rat. Diabetes 2006; 55:2371-2378.
39. Zhao YQ, Zhao-Dong J, Guan YJ. Research of the mechanism
of pioglitazone on myocardial ischemic reperfusion in jury
by PI3K and ERK1/2 signaling pathway. Chin J Lab Diagnosis
2012; 2:p:007.

1055

