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Methylophiopogonanone A suppresses ischemia/
reperfusion-induced myocardial apoptosis in mice via
activating PIBK/Akt/eNOS signaling pathway
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Aim: The dried tuber root of Ophiopogon japonicus has been used in the traditional Chinese medicine for treatment of myocardial
ischemia and thrombosis. In this study we investigated the effects of methylophiopogonanone A (MO-A), a major homoisoflavonoid in
Ophiopogon japonicus, on myocardial ischemia/reperfusion (I/R) injury.

Methods: Mice were pretreated with MO-A (10 mgkg™d™, po) for 2 weeks and then subjected to transient occlusion of the left anterior
descending coronary artery. Cardiac function was evaluated, and the infarct size and apoptosis index were assessed. The mechanisms
underlying the cardio-protection of MO-A were analyzed in H9C2 rat cardiomyocytes subjected to hypoxia/reoxygenation (H/R). The cell
viability and apoptosis were evaluated; apoptotic and relevant signaling proteins were analyzed. NO levels in the culture medium were
assessed.

Results: In I/R mice, pretreatment with MO-A significantly reduced the infarct size (by 60.7%) and myocardial apoptosis (by 56.8%),
and improved cardiac function. In H9C2 cells subjected to H/R, pretreatment with MO-A (10 pmol/L) significantly decreased apoptosis
and cleaved caspase-3 expression, elevated the Bcl-2/Bax ratio and restored NO production. Furthermore, pretreatment with MO-A
markedly increased the activation of PI3K/Akt/eNOS pathway in HOC2 cells subjected to H/R, and the protective effects of MO-A were
abolished in the presence of the PI3K inhibitor wortmannin (100 nmol/L).

Conclusion: MO-A attenuates I/R-induced myocardial apoptosis in mice via activating the PI3K/Akt/eNOS signaling pathway.
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Introduction

Coronary heart disease (CHD) is one of the leading causes
of death worldwide. Acute myocardial infarction (AMI) is
the most severe and fatal subtype of CHD. Although timely
and successful myocardial reperfusion is the most effective
strategy to reduce the infarct size and to improve the clini-
cal outcome after an AMI, the process of restoring blood flow
to the ischemic myocardium can also induce injury!™. This
phenomenon, termed myocardial ischemia/reperfusion (I/R)
injury, can paradoxically reduce the beneficial effects of myo-

2]

cardial reperfusion'”. In recent years, enormous efforts have
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been made to explore approaches to protect the myocardium

B4 However, few effective methods are

against I/R injury
available to prevent reperfusion injury. Further studies are
needed to seek novel strategies and targets to reduce myocar-
dial ischemia/reperfusion (I/R)-induced injury.

Recent attention focuses on a series of natural products
with the ability to protect the myocardium against I/R injury.
The dried tuber root of Ophiopogon japonicus from Ophiopogon
japonicus plants is one of the common traditional Chinese med-
icines used in the clinic, and it has been used for the treatment
of myocardial ischemia and thrombosis to remedy hypoxia

Bl Homoisoflavonoids were identified in

for many years
Ophiopogon japonicus, and methylophiopogonanone A (MO-A)
is the major contributor to the total homoisoflavonoid content.
Previous pharmacological investigations revealed that MO-A

has both anti-oxidative and anti-inflammatory properties'.
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However, to the best of our knowledge, there are no reports
regarding the effect of MO-A on myocardial I/R injury.

It has been widely accepted that activation of PI3K/ Akt sig-
naling exerts cardioprotection against I/R injury by initiating
an anti-apoptosis pathway'*7?. The present study is designed
to investigate whether MO-A exerts cardio-protective effects
during myocardial I/R injury in mice by enhancing the PI3K/
Akt pathway.

Materials and methods

Animals

Thirty adult male wild-type C57 BL/6 mice (10-12 weeks
old; 26-30 g) were provided by the Anhui Medical University
Laboratory Animal Center (SCXK 2006-0015). All animals
used in the present study received ethical and humane care.
Experimental procedures were conducted in compliance with
the National Institutes of Health Guidelines for Care and Use
of Laboratory Animals and were approved by the Bioethics
Committees of both Anhui University of Chinese Medicine
and Anhui Medical University.

Myocardial I/R model

The mice were fed either saline or MO-A (Ronghe Technol-
ogy Co Ltd, Shanghai, China, dissolved in normal saline with
pH=8.0) at doses of 5 mg/kg twice per day for 2 weeks. After
administration with either saline or MO-A, myocardial I/R
was produced as described previously™!
anesthetized with an intra-peritoneal injection of a mixture
of xylazine (5 mg/kg) and ketamine (100 mg/kg). The left
anterior descending (LAD) branch of the coronary artery was

. In brief, mice were

occluded using an 8-0 silk suture tied transiently over PE-10
tubing for 1 h. To establish reperfusion, the knot on the PE-10
tubing was cut. Successful reperfusion was determined by
recovery of the elevated ST segment. Sham-operated mice
underwent the same surgical procedures with the exception
of left anterior descending coronary artery occlusion. There
were three groups: (1) Sham group; (2) I/R group; and (3) I/R
+MO-A 10 mg-kg'-d" group (n=10 in each group).

Measurement of myocardial infarct size in I/R hearts.

Evans blue and 2,3,5-triphenyltetrazolium chloride (TTC) were
obtained from Sigma-Aldrich (St Louis, MO, USA). Following
24 h reperfusion, myocardial infarct size was evaluated using

1 The area

Evans blue/TTC dye as previously described!
of infarct size (INF) and area-at-risk (AAR) were measured
digitally using Image ] software. The INF and AAR were
expressed as percentages of the left ventricular area (INF/LV

and AAR/LYV, respectively).

Assessment of apoptotic cell death in I/R hearts

Myocardial apoptosis was analyzed using the terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-end labeling
(TUNEL) technique and further counterstained with hematox-
ylin™. Briefly, 50 pL of TUNEL reaction mixture was added
to the samples, and the slides were incubated in a humidified
atmosphere for 60 min at 37°C in the dark and then rinsed
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with PBS (pH 7.4) three times for 5 min. The myocardial
apoptotic index was calculated as the percentage of TUNEL-
positive nuclei per 1000 total nuclei in the infarcted border
region in 10 random high power fields (HPFs) per mouse.

Cardiac functional analyses by echocardiography and hemo-
dynamic measurements

A Doppler echocardiography was performed before and 72 h
after reperfusion using the Vevo2100 imaging system (Visual-
Sonics, Toronto, Canada) as previously reported™. In brief,
mice received continuously inhaled anesthetic (1%) and were
maintained at a constant temperature of 37 °C using a heat-
ing pad, and then M-mode echocardiograms were carried
out along the short axis of the LV at the level of the papillary
muscles during at least three consecutive beats. All measure-
ments were performed in a double-blind manner by two inde-
pendent researchers.

Exposure of HOC2 cells to hypoxia-reoxygenation (H/R)

HOC2 cells were purchased from ATCC (Manassas, VA, USA),
seeded at a constant density (10000/cm?® and grown to 80%
confluence in DMEM containing 10% fetal bovine serum and
antibiotics. The cells were washed with HBSS and rendered
quiescent in serum-free DMEM for 24 h prior to the experi-
ments. To further evaluate the cardio-protective effect of
MO-A in vitro, HIC2 cells were treated with either phosphate-
buffered saline (PBS) or MO-A (10 pmol/L, dissolved in PBS)
before hypoxia for 48 h. To mimic the in vivo I/R model,
HOC2 cells at 80% confluence were incubated with a glucose-
free medium (previously bubbled with a gas mixture contain-
ing 95% N, and 5% CO,) for 6 h at 37 °Cl" Then, the cells
were provided fresh medium and moved to 95% O,/5% CO,
for reoxygenation. The control plates were kept in the incuba-
tor with 95% O,/5% CO, at 37°C. The cells were harvested
16 h post-reoxygenation for further analyses.

Assessment of apoptotic cell death in cultured H9C2 cells
Fluorescein isothiocyanate (FITC)-conjugated Annexin V and
propidium iodide (PI) (Dead Cell Apoptosis Kit with Annexin
V FITC and PI for flow cytometry, Thermo Fisher Scientific,
Shanghai, China) were used to identify apoptotic cells*. This
assay discriminates between intact (FITC /PI") and apoptotic
(FITC'/PI" and FITC"/PI") cells. Comparative experiments
were performed at the same time by bivariate flow cytometry
using a FACScan (BD) and analyzed with CellQuest (BD Bio-
sciences, Franklin Lakes, NJ) software on data obtained from
the cell population.

Cell viability assay of cultured H9C2 cells

Cell viability was assessed using the methylthiotetrazole
(MTT) assay kit (Beyotime, China) according to the manu-
facturer’s instructions™. Briefly, the cells were cultured in a
96-well plate at a density of 1x10* cells/ well and incubated for
24 h. The cells were then pre-treated with or without MO-A
(10 pmol/L) for 3 h at 37°C. Then, fresh medium and MTT

solution (20 pL out of 5 mg/mL) were added to the cells for



4 h followed by incubation with formazan solution (10 pL) for
4 h at 37°C. The optical density (OD) values at 570 nm were
measured using a Synergy2 microplate reader (Biotek Instru-
ments, Winooksi, VT). Each experiment was repeated 6 times,
and the data are expressed as a percentage of the control.

Measurement of NO production in culture medium

The production of NO was measured as the generation of
nitrite, the stable metabolite of NO, in culture supernatants by
the nitrate reductase method using an NO assay kit (Nanjing
Jiancheng Institute of Biological Engineering, Nanjing, China).
NO levels were expressed as pmol /L.

Western blot analyses

Cultured cells were lysed in lysis buffer on ice for 30 min, and
the lysates were clarified by centrifugation at 4°C for 20 min
at 17709xg. After quantitation of protein concentration, total
protein was separated by 10% SDS-PAGE and then trans-
ferred to nitrocellulose membranes (Millipore, USA). The
membranes were blocked for 30 min at 37°C with 5% non-fat
dry milk, then incubated with primary antibodies including
Bcl-2, Bax, caspase-3, B-actin, PI3K, p-Akt (Ser*”?), Akt, p-eNOS
(Ser"”), and eNOS (Cell Signaling Technology, USA) (1:1000)
overnight (for more than 16 h) at 4°C. After washing with
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TBST three times, the membranes were incubated with sec-
ondary antibody in TBST solution for 30 min at 37°C and then
washed as described above. The positive protein bands were
developed using a chemiluminescent system, and the bands
were scanned and quantified by densitometry analysis using
an image analyzer Quantity One System (Bio-Rad, Richmond,
CA, USA).

Statistical analyses

All measurements are expressed as the meantSEM. The
differences between groups were analyzed with one-way
ANOVA followed by Student-Newman-Keuls post hioc analysis
for pair-wise comparisons. P<0.05 was considered statistically
significant.

Results

MO-A reduces infarct size and inhibits cardiomyocyte apoptosis
following myocardial I/R injury in mice

To examine the effect of MO-A on the infarct size following
myocardial I/R, the myocardial infarct sizes of mice in each
group were determined by TTC/Evans blue dye 24 h after
reperfusion. The representative mid-ventricular cross-sections
are shown in Figure 1A (1=10 in each group). Mice pre-treated
with MO-A displayed much smaller INF/LV (10.1%%2.1%)
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Figure 1. MO-A reduced infarct size and apoptosis following myocardial I/R in mice. (A) Representative photomicrographs of TTC/Evan blue staining in
heart tissues from mice in sham, I/R, and I/R+MO-A pretreatment group. (B) Representative micrographs of left mid-ventricular sections with TUNEL
staining (arrows indicate TUNEL-positive nuclei). (C) MO-A reduced infarct size following myocardial I/R in mice. (D)MO-A inhibited apoptosis following
myocardial I/R in mice. Values presented are mean+SEM. n=10 in each group. "P<0.05 vs sham operation. *P<0.05 vs I/R group.
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compared to I/R model mice (25.7%%3.9%, P<0.01, Figure 1C),
suggesting that treatment of MO-A significantly reduced the
infarct size by 60.7%. Moreover, both groups displayed simi-
lar AAR/LV percentages (28.3%+4.3% in the MO-A group vs
31.4%+5.2% in the I/R group, P=0.347, Figure 1C).

Myocardial apoptosis plays a central role in myocardial I/R
injury. We examined the effect of MO-A on myocardial apop-
tosis following I/R injury using TUNEL. The TUNEL-positive
cells in the myocardial slices from mice are shown in Figure 1B
(n=10 in each group). There was a significantly lower apop-
totic index in the MO-A-treated mice (22.1%+2.8%) than in the
I/R model mice (51.1%+5.8%, P<0.01, Figure 1D), suggesting
that MO-A significantly decreased myocardial apoptosis by
56.8%.

MO-A protected cardiac function following myocardial I/R injury
The mice were subjected to Doppler echocardiography 72 h
after the reperfusion to determine the effect of MO-A on the
cardiac function (1=10 in each group). The analysis revealed
that the left ventricle (LV) ejection fraction (EF) and the frac-
tional shortening (FS) in the MO-A group (62.1%+4.1% and
41.6%%1.8%, respectively) following 72 h reperfusion were sig-
nificantly higher than those in the I/R group (43.9%*5.8% and
26.6%+1.5%, respectively, Figure 2A-2C). In addition, MO-A
pretreatment resulted in a significant improvement in systolic
dysfunction, which manifested as the maximal velocity of left
ventricular pressure development (+dp/df) (11329+420.1 vs
9512+390.6 mmHg/s, P<0.05, Figure 2D) as well as decreased
left ventricular end-diastolic pressure (LVEDP) (10.13+1.129
vs 14.266+1.191 mmHg, P<0.05, Figure 2E) and increased left
ventricular systolic pressure (LVSP) (108.2+4.215 vs 96.3+3.189
mmHg, P<0.05, Figure 2F). All of these parameters were simi-
lar in both groups before I/R, suggesting that MO-A itself had
no influence on LV function.

A Sham

e T W ) ‘

MO-A decreased apoptosis, increased cell viability and exerted
anti-oxidant effects following H/R in H9C2 cells

To establish the in vitro H/R injury model, the H9C2 cells
underwent hypoxia for 3 h followed by reoxygenation for
16 h. The validity of the in vitro model was evaluated by
flow cytometry using Annexin V/PI double staining. The
result showed that the apoptotic index in the H/R injury
group was significantly higher than that in the control group
(39.71%+%3.37% vs 5.05%%1.29%, respectively, P<0.01, Figure
3A-3B, n=6 in each group). In addition, there was no sig-
nificant difference between the apoptotic rate of the control
group and that of the MO-A alone group (5.05%+1.29% vs
4.34%=%1.01%, respectively, P=0.43, Figure 3A, 3B). Further-
more, MO-A pretreatment before H/R decreased the apop-
tosis rate compared to that of the cells that underwent H/R
alone (39.71%=+3.37% vs 15.09%%*1.33%, respectively, P<0.01,
Figure 3A, 3B). Additionally, MO-A pretreatment before
H/R preserved cell viability compared to that of the cells that
underwent H/R alone (54.8%%9.4% vs 78.2%+11.4%, respec-
tively, P<0.01, Figure 3C).

MO-A treatment activated PISK-Akt-eNOS and restored NO
production
To investigate the mechanisms underlying the cardioprotec-
tive effects of MO-A, we investigated the expression of PI3K,
phosphor-Akt (Ser*”), and phosphor-eNOS (Ser'”’) in vitro.
After H/R, the phosphorylation levels of PI3K, Akt, and
eNOS decreased 5-fold, 4.76-fold, and 9.09-fold, respectively,
compared with those of the control group (P<0.05, Figure 4).
MO-A pretreatment resulted in markedly increased expres-
sion of PI3K (8-fold), p-Akt (3.9-fold), and p-eNOS (6.55-fold)
compared with the H/R group (P<0.05, Figure 4).

To further determine the effect of MO-A on NO produc-
tion, the levels of NO in the culture medium were measured.
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Figure 2. MO-A preserved left ventricular function following myocardial I/R in mice. (A) Representative photographs of ultrasound cardiographs
from the sham operation group and from mice that underwent I/R with or without MO-A pretreatment. (B-F) Cardiac function was measured by
echocardiography or hemodynamic measurements before and after I/R. Values presented are mean+SEM. n=10 in each group. "P<0.05 vs sham
operation. *P<0.05 vs I/R group. Left ventricular ejection fraction: EF; Left ventricular fraction shortening: FS; Maximal velocity of left ventricular
pressure development: +dp/dt; Left ventricular end-diastolic pressure: LVEDP; Left ventricular systolic pressure: LVSP.
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Figure 3. Assessment of apoptotic cell death and cell viability in cultured H9C2 cells.

(A) Flow cytometry revealed that MO-A alleviated H/R-induced

apoptosis of HOC2. The lower right (LR) region shows the early apoptotic cells (FITC*/PI). (B) MO-A decreased H/R-induced apoptosis of HOC2 cells. (C)
MO-A increased cell viability after H/R treatment. Values presented are mean+SEM. n=6 in each group. “P<0.05 vs sham operation. *P<0.05 vs H/R

group.
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Figure 4. MO-A activated the PI3K-Akt-eNOS pathway in HOC2 cells exposed to H/R. (A) Ratio of PI3K/B-actin. (B) Ratio of phosphorylated Akt/total
Akt; and (C) ratio of phosphorylated eNOS/total eNOS. (D-F) p-Akt, p-eNOS and PI3K levels were normalized by Akt, eNOS and B-actin, respectively, and
expressed as fold of the H/R group. Values presented are mean+SEM. n=6 in each group. "P<0.05 vs sham operation. *P<0.05 vs H/R group.

As shown in Figure 5A, NO production was significantly
decreased in the H/R group (148.65+18.32 pmol /L) compared
with that in the control group (322.84+29.33 pmol/L, P<0.01).
MO-A at a dose of 10 pmol/L restored NO production
(237.39+20.84 pmol/L), which was significantly higher com-
pared with the H/R group (148.65+18.32 pmol/L, P<0.01).

MO-A increased the Bcl-2/Bax ratio and decreased cleaved
caspase-3 expression

As Bcl-2, Bax and caspase-3 are thought to play major roles
in the determination of cell survival or death after apoptotic
stimuli, their expression levels in HIC2 cells were determined
to examine the mechanism by which MO-A decreases apop-
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Figure 5. MO-A restored NO production, increased Bcl-2/Bax ratio and decreased cleaved caspase-3 in HOC2 cells exposed to H/R. (A) MO-A restored

NO production in H9C2 cells exposed to H/R.

(B) The protein levels of Bcl-2 and Bax and the ratio of Bcl-2/Bax. (C) The protein levels of cleaved

caspase-3 and the ratio of cleaved caspase-3/B-actin. (D-E) Quantitative analysis of Bcl-2/Bax and cleaved caspase 3. Values presented are
mean+SEM. n=6 in each group. "P<0.05 vs sham operation. *P<0.05 vs H/R group.

tosis. The Bcl-2/Bax ratio was significantly decreased in the
H/R group (0.16-fold in H/R group vs the control group,
P<0.01, Figure 5B). However, MO-A pretreatment resulted
in a noticeable increase in the Bcl-2/Bax ratio compared with
that of the H/R group (4.75-fold vs the H/R group, P<0.01).
As illustrated in Figure 5C, the expression of cleaved caspase-3
significantly increased in H9C2 cells that underwent H/R
(9.4-fold vs the control group, P<0.01), and this increase was
blocked by MO-A pretreatment (0.31-fold vs the H/R group,
P<0.01).

Inhibition of the PI3K-Akt pathway partly abolished the cardio-
protective effect of MO-A pretreatment

To further confirm the underlying mechanism of the cardio-
protective effects of MO-A, wortmannin (W, 100 nmol/L), a
PI3K-Akt inhibitor, was administered 10 min before MO-A
pretreatment. We found that the anti-apoptotic effects of
MO-A on HI9C2 cells were attenuated in the presence of wort-
mannin (24.86%+4.0%, P<0.05 compared with the H/R+MO-
A group, Figure 6C and 6D). Moreover, compared with the
MO-A pretreatment group, cell viability was impaired in the
wortmannin group (59.6%%7.1% vs 79.3%+8.2%, respectively,
P<0.05, Figure 6E), suggesting that blockade of PI3K-Akt
inhibited the anti-apoptotic effects of MO-A on HIC2 cells.
Moreover, the restoration of NO production after MO-A pre-
treatment was partly abolished by the administration of wort-
mannin (184.82+17.91 pmol/ L vs 237.39+20.84 umol /L, P<0.05,
Figure 6F).

We next determined whether administration of wortmannin
could alter the effects of MO-A on the expression levels of
p-Akt, p-eNOS and apoptotic proteins. The results showed
that co-treatment of wortmannin blocked the Akt (4.42-fold
in the MO-A group vs 1.94-fold in the wortmannin group,
P<0.05, Figure 7A)/eNOS (6.22-fold in the MO-A group vs
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2.72-fold in the wortmannin group, P<0.05, Figure 7B) activa-
tion induced by MO-A. Moreover, the increase in the Bcl-2/
Bax ratio by MO-A pretreatment was blocked by administra-
tion of wortmannin (12.8-fold in the MO-A group vs 2.8-fold
in the wortmannin group, P<0.05, Figure 7C). Furthermore,
as illustrated in Figure 7D, administration of wortmannin
resulted in a noticeable increase in cleaved caspase-3 expres-
sion (0.19-fold). In conclusion, the above results demonstrate
that MO-A might reduce apoptosis following H/R partly by
activating PI3K-Akt-eNOS signaling.

Discussion

In the present study, we found that MO-A protected the
heart against I/R injury in mice as evidenced by significantly
reduced myocardial apoptosis and preserved cardiac func-
tion. The in vitro study then revealed that MO-A attenuated
H/R-induced apoptosis of HIC2 cardiomyocytes by activating
the PI3K-Akt-eNOS pathway and restoring NO production,
thereby altering the expression levels of apoptosis-related pro-
teins including Bcl-2, Bax and caspase-3. These results sug-
gested the therapeutic potential of MO-A for myocardial I/R
injury.

Previous studies reported that a Chinese patent drug
consisting of Ophiopogon japonicus (Shengmai San) might sig-
nificantly protect the brain against I/R injury!® "), and MO-A
is one of the major isoflavonoids present in Ophiopogon japoni-
cust. In the present study, we found that MO-A significantly
reduced infarct size as illustrated by TTC/Evans blue staining
after I/R injury in mice. We also demonstrated that MO-A
treatment for two weeks resulted in significant recovery of
cardiac function in mice suffering from I/R, suggesting that
MO-A exerts a protective effect against myocardial I/R injury.

The pathogenesis of reperfusion-induced myocardial injury
is apparently multi-factorial, and apoptosis is one of the major
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Figure 6. Effects of MO-A on apoptosis, cell viability and NO production were blocked by the PI3K/Akt inhibitor wortmannin. (A) Apoptosis rate of HOC2
cells after H/R determined by flow cytometry. (B) MO-A significantly reduced the apoptosis rate of HOC2 cells after H/R. (C) The anti-apoptotic effect
of MO-A was blocked by co-treatment with the PI3K/Akt inhibitor wortmannin. (D-E) The effect of MO-A on cell viability was blocked by the PI3K/Akt
inhibitor wortmannin. (F) The effect of MO-A on NO production was blocked by the PI3K/Akt inhibitor wortmannin. Values presented are mean+SEM.

n=6 in each group. "P<0.05 vs H/R group. *P<0.05 vs H/R+MO-A group.

pathogenic mechanisms underlying I/R injury™*’. Previous

in vivo and in vitro studies have demonstrated that blockade of
apoptosis could effectively decrease the loss of contractile cells,
minimize I/R-induced myocardial injury and, therefore, slow-
down or even prevent the occurrence of heart failure” " #,
To the best of our knowledge, it is unknown whether MO-A
prevent the heart against I/R injury. In the present study, we
found that MO-A significantly reduced myocardial apoptosis
after I/R injury as revealed by the TUNEL assay in mice. To
further investigate whether MO-A has a direct protective effect
against I/R injury and to determine the possible mechanisms,
we performed in vitro studies.

The results showed that MO-A inhibited apoptosis in
H9C2 cardiomyocytes subjected to H/R as evidenced by
flow cytometry using Annexin V/PI staining. Additionally,
MO-A upregulated Bcl-2 and downregulated Bax and cleaved
caspase-3 protein expression levels in cultured H9C2 cardio-
myocytes. Therefore, as above, it was suggested that inhibit-
ing apoptosis of cardiomyocytes was one of the important
mechanisms by which MO-A exerted cardioprotective effects
during myocardial I/R injury.

We further elucidated the molecular mechanisms by which
MO-A exerts cardioprotective effects. Previous studies
demonstrated that some signaling molecules were thought
to serve as the upstream mediators of apoptosis during I/R
injury” . The PI3K/Akt pathway is central to physical and
pharmacological pre- and post-conditioning and salvag-
ing the ischemia/reperfused myocardium™2. It has been

shown that Akt activation exerts beneficial effects on ischemic
hearts” ? |, In the present study, the phosphorylation lev-
els of PI3K and Akt were 0.2-fold and 0.21-fold in the H/R
group, respectively, compared with the control group. MO-A
pretreatment resulted in a significant increase in the expres-
sion of both PI3K (8-fold) and p-Akt (4-fold). Furthermore,
administration of the PI3K inhibitor wortmannin before MO-A
treatment not only reduced the expression of p-Akt but also
markedly decreased the Bcl-2/Bax ratio and increased active
caspase-3 expression, which suggested that MO-A blocked
H/R-induced myocardial apoptosis at least in part through
PI3K-Akt activation.

It has been shown in previous studies that phosphorylation
of eNOS by Akt with a subsequent increase in NO production
was an important downstream effector in survival signaling
in myocardial ischemia and reperfusion®™>". Our study also
showed significantly increased p-eNOS expression (6.55-fold)
and NO production in H/R cardiomyocytes following MO-A
treatment. More importantly, pretreatment with wortman-
nin significantly blocked the eNOS phosphorylation and NO
increase induced by MO-A in H/R cardiomyocytes, suggest-
ing that PI3K-Akt-eNOS-NO signaling may contribute to
the MO-A-elicited cardioprotection and anti-apoptotic effect
against H/R injury in H9C2 cardiomyocytes. Taken together,
these data indicate that the PI3K-Akt-mediated anti-apoptotic
effect may independently contribute to the cardioprotective
effects of MO-A in myocardium suffering from I/R injury.

In summary, these results show that MO-A exerts
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Figure 7. MO-A increased the Bcl-2/Bax ratio and decreased caspase-3 expression by activating the PI3K-Akt signaling pathway. (A-B) The expression
levels of phosphorylated Akt and eNOS were reduced after H/R in HO9C2 cells when cells were co-treated with the PI3K/Akt inhibitor wortmannin. (C)
The protein levels of Bcl-2 and Bax and the ratio of Bcl-2/Bax. (D) The protein levels of cleaved caspase-3 and the ratio of cleaved caspase-3/B-actin.
Values presented are mean+SEM. n=6 in each group. "P<0.05 vs H/R group. *P<0.05 vs H/R+MO-A group.

anti-apoptotic properties against myocardial I/R injury and
improves cardiac functional recovery following reperfusion
via activating the PI3K-Akt-eNOS signaling pathway. The
findings suggest the potential therapeutic value of MO-A in
the prevention and rescue of myocardial I/R injury.

The present study has some limitations. First, in the present
study, we used the H9C2 cardiomyocytes to establish the in
vitro H/R model. However, the extent to which HIC2 cells
can accurately mimic the H/R responses of primary cardiac
myocytes has not yet been fully established. Second, in this
experimental study, the animals are pre-treated with MO-A
two weeks before I/R, which did not mimic the clinical set-
ting. In daily practice, the time elapsed between the decision
to revascularize and the procedure (angioplasty and CABG)
is far less than two weeks. Therefore, the results of this study
represent a novel target for alleviation of reperfusion injury
and further studies are needed for the use of this strategy in
clinical practice.
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