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Abstract: Objective: AMP-activated protein kinase (AMPK) is an important regulator of multiple cellular pathways in
the setting of energetic stress. Whether AMPK plays a critical role in hypoxic preconditioning (HPC), protecting cardio-
myocytes against hypoxia reoxygenation (H/R) injury remains uncertain. Methods: H9¢2 cells were preconditioned
by exposing to 10 min of hypoxia and 30 min of reoxygenation. Then, the preconditioned and non-preconditioned
cardiomyocytes were exposed to 90 min of hypoxia followed by 120 min of reoxygenation. Results: HPC protected
HO9c2 cells against H/R injury, the AMPK inhibitor or eNOS inhibitor abolished the effect of HPC. Compared with
H/R group, HPC significantly increased the expression of p-AMPK (Thr172). HPC also markedly increased p-eNOS
(Ser1177) expression, which was abolished by AMPK inhibition. HPC significantly increased PGC-1a expression,
which were nullified by AMPK inhibition or eNOS inhibition. HPC attenuated the oxidative stress by increasing the
SOD activity and decreasing the MDA and ROS level, which were abolished by AMPK inhibition or eNOS inhibition.
Interestingly, the AMPK activator metformin mimicked the effects of HPC in part. Conclusions: These results indi-
cated that HPC protects H9c2 cells against H/R injury by reducing oxidative stress partly via AMPK/eNOS/PGC-1«
signaling pathway.
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Introduction many factors, including reducing the inflamma-
tory response, attenuating oxidative stress and
an anti-apoptosis process [5, 6]. However, the

mechanisms of IPC for decreasing oxidative

Several studies have clearly demonstrated that
reperfusion after ischemia causes additional

cell death and increases infarct size (IS), called
myocardial ischemia/reperfusion (I/R) injury,
that is the main cause of myocardial injury dur-
ing the cardiac surgery [1, 2], especially in the
coronary artery bypass graft surgery. Reper-
fusion increases reactive oxygen species (ROS)
production, and subsequently induces oxida-
tive stress, which contributes to myocardial I/R
injury [3]. It has been shown that reducing oxi-
dative stress in cardiomyocytes can attenuate
myocardial I/R injury [4], including inhibiting
ROS production.

In recent years, cardiac ischemic precondition-
ing (IPC) has been extensively studied and
found to be cardioprotective against I/R injury,
its various roles in cardioprotection involve

stress are still not very clear.

It is shown that hypoxia/reoxygenation (H/R) is
used for simulating I/R in a cell culture model.
As well as I/R injury, H/R injury is known to
injure the cells through oxidant production and
mitochondrial damage, which leads to the pro-
duction of inflammatory cytokines and the acti-
vation of the inflammatory cell signaling path-
ways.

AMP-activated protein kinase (AMPK), a protein
kinase that is emerging as an important regula-
tor of multiple cellular pathways in the setting of
energetic stress, is activated in response to
alterations in cellular energy levels [7-9]. Its
activation is mediated by increases in the intra-
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include exercise, ischemia and
glucose deprivation [11]. AMPK
activation stimulates fatty acid
oxidation, promotes glucose tra-
nsport, accelerates glycolysis,
and inhibits triglyceride and
protein synthesis [12, 13]. Addi-
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tionally, it has been shown that
AMPK activation also increases
the phosphorylation and activi-

Time (min) 40min 90min 120min

B mhivitor Metformin

Figure 1. Protocols for studies of hypoxic preconditioning (HPC) in H9c2
cells. HPC = hypoxic preconditioning containing 10 min of hypoxia and 30

ty of endothelial nitric oxide syn-
thase (eNOS) [14], and increas-
es the expression of the tran-
scriptional co-activator peroxi-
some proliferator-activated re-
ceptor-y coactivator-1ac (PGC-

min of reoxygenation before second 90 min of hypoxia followed by 120 min 1x).
of reoxygenation, Control = time-matched normoxia culture of cardiomyo-

cytes, H/R = unprotected cardiomyocytes exposed to 90 min of hypoxia
followed by 120 min of reoxygenation, inhibitors were administered at the
beginning of hypoxic preconditioning. Metformin was treated at the begin-
ning of hypoxia reoxygenation. Three individual experiments in each group

were performed.
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Figure 2. AMPK and eNOS were involved in protec-
tion of HPC against H/R injury in H9¢c2 cells. CCK-8
cell viability assay showing H9c2 cells proliferation.
HPC increased the cells proliferation against H/R
injury, which was abolished by AMPK inhibitor Com-
pound C and eNOS inhibitor L-NIO, and mimicked by
AMPK activator metformin in part. *P < 0.05 vs. Con-
trol; *P < 0.05 vs. H/R; P < 0.05 vs. HPC.

cellular AMP-to-ATP and creatine-to-phospho-
creatine ratios through diverse mechanisms
involving allosteric regulation of AMPK sub-
units, activation by an upstream AMPK kinase
(AMPKK), and decreases in the activity of phos-
phatases [10]. Metabolic activators of AMPK
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PGC-1a, a well characterized
positive regulator of mitochon-
drial function and oxidative
metabolism [15, 16], physiolog-
ically be induced or activated
by conditions of shortage of, or increased
demand for, energy, such as cold, physical
activity and fasting, regulates the transcription
of a group of genes involved in ROS detoxifica-
tion [17]. Numbers studies have shown that
PGC-1a regulates oxidative stress which are
directly associated with myocardial I/R injury.

Considering the effects of AMPK and PGC-1a
mainly focus on energy and oxidative stress,
which were closely associated with H/R injury,
AMPK and PGC-1a may play important roles in
cardioprotection effect of HPC against H/R
injury.

To our knowledge, there is no specific study
about the role of AMPK in HPC and how HPC
protects cardiomyocytes against I/R injury th-
rough AMPK- mediated signaling pathway. Her-
ein, we hypothesize that hypoxic precondition-
ing (HPC) protects cardiomyocytes against
hypoxia/reoxygenation injury by regulating oxi-
dative stress, where AMPK-PGC-1a-mediated
signaling was involved.

Materials and methods

Culture and experimental protocols for H9¢c2
cells

The rat embryonic-heart derived H9c2 cell line
(the Cell Bank of Type Culture Collection of the
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Figure 3. AMPK and eNOS were involved in cardioprotection of HPC against H/R injury. Cell apoptosis assay mea-
sured by flow cytometry method (FCM) showing H9c2 cells apoptosis. HPC increased cell survival and decreased

cell apoptosis against H/R injury, which was abolishe

d by the AMPK inhibitor Compound C and eNOS inhibitor L-NIO,

and mimicked by the AMPK activator metformin. *P < 0.05 vs. Control; P < 0.05 vs. H/R; P < 0.05 vs. HPC.

Chinese Academy of Sciences, Shanghai, Chi-
na) were cultured before experimentation in
Dulbecco’s modified Eagle’'s medium low glu-
cose medium (Life Technologies, Inc.) supple-
mented with 10% fetal bovine serum. Cells
were routinely grown to 80% confluence in 75
cm? flasks at 37°C in an atmosphere of 5% CO,
prior to passage and seeding for experiments.
Twenty-four hours prior to experiments, the
cells were made quiescent by serum starv-
ation.

Hypoxic preconditioning was performed as
described by Uchiyama et al [18] (Figure 1).
Briefly, before hypoxic preconditioning, the
medium was changed in Dulbecco’s modified
Eagle’'s medium containing no glucose. Hypoxic
preconditioning was induced by incubating the
cells in an airtight chamber in which O, was
replaced by N,. Hypoxic preconditioning was
carried out by exposing cells to 10 min of hypox-
ia and 30 min of reoxygenation before second
90 min of hypoxia followed by 120 min of reoxy-
genation. The AMPK inhibitor Compound C

7380

(Sigma-Aldrich, Gillingham, UK) (5 umol/L) and
eNOS inhibitor L-NIO (Sigma-Aldrich, Gillingham,
UK) (10 umol/L) were treated at the beginning
of hypoxic preconditioning. The AMPK activator
Metformin (1,1-dimethylbiguanide hydrochlo-
ride) (Sigma-Aldrich, Gillingham, UK) (2 mmol/L)
was treated at the beginning of hypoxia reoxy-
genation.

Cell viability assessment

The cell viability was evaluated by CCK-8 assay
(Dojindo Molecular Technologies, Inc.). H9c2
cells were plated in the 96-well plates (2.0x10*
cell per well) and incubated for 24 h before
experiments. The cells were washed with D-
Hanks buffer solution. Two hundred microlitres
of CCK-8 solution was added to each well and
incubated for an additional 1 h at 37°C. The
optical density (OD) of each well at 450 nm was
recorded on a Microplate Reader (Thermo,
Varioskan Flash). The cell viability (% of control)
is expressed as the percentage of (OD
ob,,, /(0D -0D

control b\ank)’

test

where OD_ _ is the
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Figure 4. Expression of p-AMPK and AMPK in H9c2
cells. HPC and the AMPK activator metformin sig-
nificantly increased the expression of p-AMPK com-
pared with H/R group. A: Representative immunob-
lots of phosphorylated AMPK at residue threonine
172 (p-AMPK™172) and total AMPK at 120 min of
reoxygenation. B: Densitometric analysis of the
phosphorylated state of AMPK™72, Bars represent
the ratio of phosphorylated AMPK to total AMPK. #P
< 0.05 vs. H/R.

optical density of the control sample and OD,_
is the optical density of the wells without H9¢c2
cells.

Apoptosis assay

Cell apoptosis was measured by Annexin V-FITC
Apoptosis Detection Kit (Bipec Biopharma, MA,
USA) according to the manufacturer’s protocol.
The cells were analyzed by FACScanTM flow
cytometer (BD Biosciences, CA, USA). The per-
centages of total apoptotic cell were calculated
by summing the percentages of cells in early
apoptosis (Annexin V-positive but Pl-negative)
and late apoptosis (Annexin V-positive and
Pl-positive).

Maleic dialdehyde (MDA) and superoxide dis-
mutase (SOD) activity

MDA level and superoxide dismutase (SOD)
activity in H9¢2 cells were measured as mark-
ers of oxidative stress using MDA kit and SOD
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kit (Nanjing Jiancheng) according to the manu-
facturer’s protocol. The concentration of MDA
was calculated by the absorbance coefficient
and one unit of SOD was defined as the enzyme
amount causing 50% inhibition of the pyrogallic
acid reduction rate. The MDA level and SOD
activity were expressed as % control.

Intracellular ROS detection

HO9c2 cells were loaded with 4 ymol H2DCF-DA
in PBS at 37°C for 15 min after being exposed
to 120 min of reoxygenation. Images were
acquired by a fluorescence microscope at 488
nm excitation and 525 nm emission wave-
lengths at room temperature, and fluorescence
intensity was measured using Image-Pro® Plus
software.

Western blot

HO9c2 cells collected from each group were
lysed in the lysis buffer RIPA (Beyotime biotech-
nology, China) containing one tablet of a prote-
ase inhibitor cocktail (Beyotime biotechnology,
China), and then incubated for 20 min on ice,
and centrifuged at 12000 rpm for 15 min at
4°C. The supernatant was collected as total
cellular protein. Protein concentration was
quantified by bicinchoninic acid assay (BCA,
Beyotime biotechnology, China), and 40 pg of
the protein was loaded for SDS-polyacrylamide
gelelectrophoresis. Proteins were transferred
onto PVDF membranes with an electroblotting
apparatus. Membranes were blocked for 2 h in
Tris-buffered saline (TBS) containing 5% BSA,
incubated with primary antibodies for phos-
phor-eNOS (Ser1177, Thrd95), eNOS, phos-
phor-AMPK (Thr172), AMPK and PGC-1a (Santa
Cruz, CA, USA) overnight and washed for 3
times (10 min each) with TBS containing 0.1%
Tween-20. The membranes were then incubat-
ed with horseradish peroxidase-conjugated
secondary antibodies for 2 h each and then
washed for 3 times (10 min each) with TBS con-
taining 0.1% Tween-20. Immunoreactive bands
were detected by enhanced chemilumines-
cence (ECL) (Pierce, IL, USA) and quantitated by
Kodak Molecular Imaging Software

Real-time quantitative RT-PCR
Total RNAs were prepared using TRIzol®

reagent (Invitrogen) according to the manufac-
turer’s instructions and used for the detection

Int J Clin Exp Pathol 2014;7(11):7378-7388
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of peroxisome proliferator activated receptor
gamma coactivator-1 alpha (PGC-1a) mRNAs.
B-actin was used as internal control. Briefly, 3
pg of total RNA was retrotranscripted in the
presence of random primers and Moloney
murine leukemia virus according to the manu-
facturer’s instructions. PCRs of PGC-1a and
B-actin cDNA (30 cycles of 15 s melting at
95°C, 30 s annealing at 56°C, and 30 s of
extension at 72°C) were performed with Plati-
num TagDNA polymerase (Invitrogen) using the
primers listed below:

Rat PGC-1a forward, 5-GCACACATCGCAATTC-
TCCC-3’, PGC-1a reverse, 5-CTCTCTGCGGTATT-
CGTCCC-3’; Rat B-actin forward, 5’-CTATCGGC-
AATGAGCGGTTCC-3’, B-actin reverse, 5-TGTG-
TTGGCATAGAGGTCTTTACG-3'.

Statistics

Data are expressed as mean + SEM. Statistical
significance was assessed by Student’s t test
or ANOVA with subsequent post hoc Tukey test
where appropriate. All statistics was calculated
by GraphPad 5.0. An error probability of P <
0.05 was regarded as significant.
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Figure 5. Expression of eNOS and p-eNOS in H9c2 cells.
HPC increased eNOSS***’" phosphorylation compared with
H/R group in H9¢2 cells, which was abolished by the AMPK
inhibitor Compound C and mimicked by the AMPK activa-
tor metformin. HPC did not alter eNOS™4%5 phosphorylation.
A: Representative immunoblots of phosphorylated eNOS at
serine residue 1177 (p-eNOS®¢Y77), theronine residue 495
(p-eNOS™4%) "and total eNOS at 120 min of reoxygenation.
B: Densitometric analysis of the phosphorylated state of
eNOSse*77_ C: Densitometric analysis of the phosphorylated
state of eNOS™4%, #P < 0.05 vs. H/R; ¥P < 0.05 vs. HPC.
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Results

AMPK and eNOS were involved in the protec-
tion of HPC against H/R injury in H9c2 cells

First, we detected the cell viability by CCK-8
assay to estimate whether HPC protects H9c2
cells against H/R injury (Figure 2), in which the
formation of formazan dye depends on the
mitochondria activity. Compared with Control
group, H/R markedly decreased the cell viabili-
ty, which was reversed by HPC. However, the
AMPK inhibitor Compound C and eNOS inhibi-
tor L-NIO abolished the protection effect of
HPC. Interestingly, the AMPK activator metfor-
min mimicked the effect of HPC in protecting
against H/R injury. The similar results were
shown in the cell apoptosis measured by
Annexin V-FITC Apoptosis Detection Kit (Figure
3). These data suggested that HPC protects
HOc2 cells against H/R injury partly through
AMPK and eNOS-related pathway.

Cardioprotection of HPC was mediated through
the activation of AMPK

We next investigated whether HPC could acti-
vate AMPK in H/R injured H9c2 cells. The
expression of p-AMPK (Thr172) and AMPK were

Int J Clin Exp Pathol 2014;7(11):7378-7388
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measured (Figure 4A, 4B). Compared with H/R
group, HPC significantly increased the phos-
phorylation of AMPK in H9c2 cells, which was
similar to the effect of the AMPK activator met-
formin. These results showed that AMPK plays
an essential role in the protection of HPC
against H/R injury.

Cardioprotection of HPC was also mediated
through eNOS

It has been reported that the phosphorylation
of eNOS at serine residue 1177 (eNOS®Serti77)
close to the carboxyterminal is a critical require-
ment for eNOS activation and it is mediated by
AMPK during myocardial ischemia [19]. Phos-
phorylation at threonine residue 495 (eN-
0S™4%%) also influences the activity of eNOS.
Phosphorylation at this site inhibits NO synthe-
sis, whereas dephosphorylation can promote
NO synthesis [20]. Therefore, we determined
whether the cardioprotection of HPC was medi-
ated through eNOS. The expression of p-eNOS
serll77 p-eNOS™% and eNOS were measured.
As shown in Figure 5A-C, HPC significantly
increased eNOS®¢1177 phosphorylation compa-
red with H/R group and did not alter eNOS™4%5
phosphorylation. The effects of HPC were abol-
ished by AMPK inhibition and mimicked by
AMPK activation. Considering that eNOS inhibi-
tion abolished the protection effect of HPC
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Figure 6. Protein and mRNA level of PGC-1a in H9c2 cells.
HPC reversed the expression of PGC-1a protein and mRNA,
which was mimicked by the AMPK activator metformin. The

AMPK

inhibitor Compound C and the eNOS inhibitor L-NIO

inhibited the effect of HPC. A: Representative immunoblots
of PGC-1a at 120 min of reoxygenation. B: mRNA levels of
PGC-1a. C: Densitometric analysis of PGC-1a. *P < 0.05 vs.
Control; #P < 0.05 vs. H/R; P < 0.05 vs. HPC.
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shown in Figures 2 and 3, these results sug-
gested that eNOS also plays an important role
in cardioprotection of HPC, and HPC regulates
eNOS phosphorylation through AMPK-mediated
pathway.

PGC-1a acted as the downstream target of
AMPK-eNOS-mediated signaling in the cardio-
protection of HPC

To further investigate the mechanism of HPC
protection, we next sought to find the down-
stream target protein regulated by AMPK/
eNOS. As shown in Figure 6, we measured the
expression of PGC-1a mRNA and protein. Com-
pared with the control group, H/R decreased
PGC-1a mRNA level in H9¢2 cells, which was
markedly reversed by HPC. However, the AMPK
inhibitor compound C and eNOS inhibitor L-NIO
abolished the effects of HPC. The AMPK activa-
tor metformin mimicked the effects of HPC. The
same trends were shown in PGC-1a protein
level. These results showed that AMPK/eNOS/
PCG-1a axis may make an important role in the
cardioprotection of HPC.

HPC attenuated oxidative stress via AMPK/
eNOS/PGC-1a pathway

Considering that PGC-1a regulates level of oxi-
dative stress in skeletal muscle [21], we sought

Int J Clin Exp Pathol 2014;7(11):7378-7388
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Figure 7. HPC regulated the SOD activity and production of ROS and MDA in H9c2 cells. H/R decreased the SOD
activity and increased the ROS and MDA level, which was reversed by HPC. The AMPK activator metformin mimicked
the effects of HPC. The AMPK inhibitor Compound C and eNOS inhibitor L-NIO inhibited the effects of HPC. A: Intra-
cellular ROS level in H9c2 cells. B: MDA activity in H9¢2 cells. C: SOD activity in H9c2 cells. *P < 0.05 vs. Control;

#P < 0.05 vs. I/R; %P < 0.05 vs. HPC.

to determine whether HPC regulates oxidative
stress through PGC-la signaling pathway to
protect H9c2 cells. Compared with the Control
group, H/R significantly increased the ROS level
and MDA level, which were decreased by HPC.
However, AMPK inhibitor and the eNOS inhibi-
tor both abolished the effects of HPC against
oxidative stress (Figure 7A, 7C). The AMPK acti-
vator metformin mimicked the effects of HPC.
The similar results were shown in SOD activity,
HPC reversed the reduction of SOD activity by
H/R, which was mimicked by AMPK activation,
and abolished by AMPK inhibition or eNOS inhi-
bition (Figure 7B).

These data suggested that hypoxic precondi-
tioning protects cardiomyocytes against hypox-
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ia/reoxygenation injury by regulating oxidative
stress, where AMPK/eNOS/PGC-1a axis was
involved.

Discussion

This study was designed to explore the mecha-
nism of HPC-induced cardioprotection against
H/R injury in H9¢2 cells. The major findings of
this work are: (1) AMPK and eNOS inhibition
abolished the cardioprotection of HPC in H9¢c2
cells subjected to H/R. (2) AMPK activation
mimicked the cardioprotection of HPC. (3) HPC
protects cardiomyocytes against H/R injury by
reducing oxidative stress in which AMPK/
eNOS/PGC-1a axis plays an important role.
Taken together, these findings demonstrate for

Int J Clin Exp Pathol 2014,7(11):7378-7388
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the first time that HPC protects cardiomyocytes
against H/R injury partly through AMPK/eNOS/
PGC-1a signaling pathway.

Ischemic preconditioning as a potent cardio-
protective method against I/R injury was first
reported by Murry et al. in 1986, which is the
induction of a brief episode of ischemia and
reperfusion in myocardium to markedly reduce
tissue damage induced by prolonged ischemia
[22, 23]. In this study we corroborated previous
observations that H9c¢2 undergo significant
stress and cell death under H/R conditions,
and HPC significantly improves the viability of
HO9c2 cells against H/R injury [24, 25].

It has been reported that oxidative stress con-
tributes to cardiac dysfunction and myocardial
damage under a variety of conditions, such as
ischemia-reperfusion [26, 27]. Increased oxida-
tive stress is an imbalance between pro-oxi-
dants and anti-oxidants, which can lead to del-
eterious effects on cell biology and survival
[28]. In order to corroborate that HPC protects
HO9c2 cells against H/R injury mainly by reduc-
ing oxidative stress and to explore the mecha-
nism of attenuating oxidative stress by HPC, we
measured the SOD activity and production of
ROS and MDA in H9c2 cells. Our results showed
that H/R markedly increased the oxidative
stress level in H9c2 cells compared with the
Control group, which was reduced by HPC.
Interestingly, AMPK activation mimicked the
effects of HPC, and AMPK inhibition and eNOS
inhibition both abolished the cardioprotection
of HPC. These data indicated that HPC decreas-
es oxidative stress against H/R injury, in which
AMPK and eNOS are needed.

AMPK, which is expressed in a number of tis-
sues, including the heart, brain, and skeletal
muscle, activated by a rise in the AMP: ATP
ratio (ie in a low ATP or energy depleted state)
[29, 30], is an important regulator of diverse
cellular pathways and is considered to be a
“fuel gauge” or “master switch” for cellular
energy levels [31]. Previous studies showing
that the transduction of dominant-negative
AMPK impairs ischemia induced glucose trans-
port and fatty acid metabolism, increases left
ventricular dysfunction and susceptibility to cel-
lular damage [32, 33]. Increasing evidence sug-
gest that AMPK might also function as a sensor
by responding to oxidative stress [34, 35]. Most
importantly, AMPK modulates endogenous
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antioxidant gene expression and/or suppress
the production of oxidants. AMPK promotes
cardiovascular homeostasis by ensuring an
optimum redox balance on the heart and vas-
cular tissues [36]. Indeed, we found that HPC
enhanced the activity of AMPK by increasing
the expression of p-AMPK (Thr172) compared
with H/R group, AMPK inhibition abolished the
anti-oxidative effects of HPC, and AMPK activa-
tion mimicked the effects of HPC. These data
suggested that HPC reduces oxidative stress
partly through AMPK-mediated signaling path-
way. In agreement with macrophage migration
inhibitory factor provides cardioprotection dur-
ing ischemia/reperfusion by reducing oxidative
stress through AMPK signaling pathway [37].

The phosphorylation and activity of AMPK are
increased within minutes of the onset of myo-
cardial ischemia and remain elevated for at
least 48 h following reperfusion [38, 39]. Our
data showed that HPC has the ability to aug-
ment the |/R-induced increase in AMPK activity
at the time of reperfusion. Since AMPK pro-
motes ATP generation [40] and attenuates car-
diomyocyte apoptosis [41], that HPC amplify
signaling through AMPK during reperfusion is
beneficial to the H/R injured cells.

eNOS, as a source of NO, plays important physi-
ological and pathological roles in the cardiovas-
cular system. Studies have shown that phos-
phorylation of eNOS could be increased in an
AMPK-dependent manner [42, 43]. Our data
showed that HPC significantly increased the
expression of p-eNOSSe*77 in H/R injured cells,
which was mimicked by AMPK activation and
abolished by AMPK inhibition, and eNOS inhibi-
tion abolished the protection of HPC. These
data suggested that AMPK-eNOS-mediated sig-
naling plays an important role in the protection
effect of HPC, which may act the role through
increasing the production of NO.

It is shown that downstream targets of PGC-1a
include both genomic and mitochondrial genes
involved in oxidative metabolism such as cyto-
chrome ¢ and SOD activity [44, 45]. To deter-
mine whether PGC-1a was involved in the
AMPK-eNOS-mediated signaling pathway, we
measured the expression of PGC-1a and found
that HPC reversed H/R induced reduction of
PGC-1a, which was mimicked by AMPK activa-
tion and abolished by AMPK inhibition or eNOS
inhibition. Additionally, AMPK inhibition or eNOS

Int J Clin Exp Pathol 2014;7(11):7378-7388
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inhibition also abolished the reduction of oxida-
tive stress by HPC. These results indicated that
HPC protects H9c2 cells against H/R injury
through PGC-1a, the downstream target pro-
tein of AMPK-eNOS-mediated signaling.

In conclusion, it is the first time reporting that
hypoxic preconditioning protects H9c2 cells
against hypoxia/reoxygenation injury partly via
AMPK/eNOS/PGC-1a signaling pathway. These
findings complete the mechanism of HPC in
protecting against H/R injury.
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