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Abstract The objective of the current study is to investigate
whether ginsenoside Rb1, a major pharmacological extract of
ginseng that could attenuate myocardial ischemia reperfusion
(MI/R) injury in non-diabetic myocardium, can attenuate M1/
R injury in diabetes that are more vulnerable to ischemic
insult. Rats were divided into seven groups: (i) diabetic sham,
(ii) diabetic, (iii) normal, (iv) diabetic + ginsenoside Rbl,
(v) diabetic + wortmannin, (vi) diabetic + wortmannin +
ginsenoside Rbl, (vii) diabetic sham + wortmannin. Gin-
senoside Rb1 and/or wortmannin were administered prior to
inducing MI/R (30 min of coronary artery occlusion followed
by 120 min reperfusion). At the end of the experiment,
postischemic myocardial infarct size was significantly higher
in the diabetic untreated group as compared to normal
(P < 0.05), accompanied with increased myocardial apop-
tosis, elevated plasma CK-MB and LDH release and reduced
blood pressure. Ginsenoside Rb1 reduced infarct size, car-
diomyocyte apoptosis and caspase-3 activity compared to the
diabetic group. The cardioprotective effects of ginsenoside
Rbl1 were cancelled by wortmannin. Ginsenoside Rb1 sig-
nificantly upregulated phosphorylated Akt expression, which
was attenuated by wortmannin. Ginsenoside Rb1 exerts car-
dioprotective effects against MI/R injury in diabetic rats,
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which is partly through activation of phosphatidylinositol
3-kinase (PI3 K)/Akt pathway. Thus this study shows a novel
pharmacological preconditioning with ginsenoside Rbl in
the diabetic myocardium.
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Introduction

Cardiovascular disease is the leading cause of death in
patients with diabetes [1]. The mortality rate in diabetic
patients with acute coronary syndromes is higher than their
nondiabetic counterparts [2]. As diabetic population is
expected to double by the year 2030 worldwide, the burden
of cardiovascular disease attributable to epidemic of dia-
betes will be increasing [3, 4].

Diabetes mellitus has deleterious effects not only on
cellular integrity and functions but also on signal trans-
ductions [5]. Some pharmacological agents can reduce
myocardial injury in nondiabetic animal models but their
cardio protective effects were abrogated in diabetic animal
models. The potential mechanism of how diabetes abro-
gates cardio protection is unclear [6, 7].

Ginseng as an important herbal drug has been worldwide
used in oriental countries for thousands of years and is also
one of the most extensively botanical products used in the
Western society [8—10]. Ginsenosides, the triterpene sapo-
nins, is one of the major components of ginseng [11, 12].
Today more than 30 kinds of ginsenosides have been iden-
tified [13]. Ginsenoside Rbl, the major pharmacological
extracts (accounting for 0.37-0.5% of ginseng), possesses a
variety of biological activities in the cardiovascular, endo-
crine, immune, and central nervous systems [14—-16].
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Ginsenoside Rbl preconditioning has been shown to
limit myocardial ischemia reperfusion (MI/R) injury in rat
hearts via a mechanism involving the phosphatidylinositol
3-kinase (PI3 K)-Akt signaling cascade [17]. Given that
PI3 K-Akt signaling plays an important role in cardio
protection mediated by a variety of treatment interventions
and that hyperglycemia alters PI3 K—Akt signaling, it is
necessary to study whether ginsenoside Rb1 can also afford
similar cardio protection in hearts from diabetic subjects.

In the present study, we therefore examined the cardio
protective effects of ginsenoside Rbl against ischemia/
reperfusion injury on streptozotocin (STZ)-induced dia-
betic rats and explored the underlying mechanism.

Materials and methods
Experimental animals

Male Sprague-Dawley rats weighing 250-300 g were
purchased from Tongji Medical School, Huazhong Uni-
versity of Science and Technology (HUST), China. All rats
were housed maintained under standard laboratory condi-
tions at 22-24°C, relative humidity of 50 + 15%, and kept
on a 12-h:12-h light-dark cycle. All animals had free
access to standard rat chow and water. The experimental
protocol used in this study was reviewed and approved by
the Animal Care and Use Committee of HUST, and in
accordance with the Guide for the Care and Use of Labo-
ratory Animals by the National Institutes of Health (NIH
Publication No. 80-23).

Chemicals

STZ, triphenyl tetrazolium chloride (TTC) and Evans blue
(EB) were purchased from Sigma (St Louis, MO, USA).
Ginsenoside Rbl (purity >98%) was purchased from the
National Institute for the Control of Pharmaceutical and
Biological Products (Beijing, China).

Induction of diabetes

Experimental diabetes was induced in the animals by a
single intraperitoneal administration of STZ dissolved in
0.1 mol/L citrate buffer (pH 4.5) at a dose of 65 mg/kg.
Normal rats received an equal volume of citrate buffer.
Three days post-STZ injection, tail vein blood glucose
samples were collected and measured with Onetouch
glucometer (Johnson & Johnson, USA). The rats were
considered diabetic and used for the study only if their
glucose levels were greater than 15 mmol/L [18]. Rats
were housed 8 weeks after vehicle or STZ injection.
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Experimental protocol

Rats were randomly divided into seven groups: (1) diabetic
rats subjected to sham MI/R (Dia Sham); (2) diabetic rats
subjected to MI/R without treatment (Dia I/R); (3) normal
rats subjected to MI/R without treatment (Nor I/R); (4)
diabetic rats subjected to MI/R and treated with ginsenoside
Rbl1 at doses of 40 mg/kg (Dia I/R + Rbl); (5) diabetic
groups subjected to MI/R and treated with wortmannin (Dia
I/R 4+ Wor); (6) diabetic groups subjected to MI/R and
treated with wortmannin and ginsenoside Rb1l (Dia I/R +
Wor + Rbl); (7) diabetic rats subjected to sham MI/R and
treated with wortmannin (Dia Sham + Wor). All groups
were subjected to ischemia—reperfusion except group 1 and
7. Wortmannin (15 ug/kg) [19] was administered 20 min
before coronary ischemia and reperfusion, 10 min before the
administration of ginsenoside Rbl (40 mg/kg). Rats in
groups without treatment received vehicle (normal saline,
3 mL) injected into the left femoral vein 10 min before
coronary ischemia and reperfusion. The dose of ginsenoside
Rbl was chosen based on previous studies which have
demonstrated that ginsenoside Rb1 attenuates I/R injury in
rats [17, 20]. The time course of the experiments is depicted
in Fig. 1.

Surgical preparation

Animals were anesthetized intraperitoneally with pento-
barbital sodium (50 mg/kg) [21] followed by a tracheotomy
and an artificial ventilation. Blood pressure was recorded
from the left femoral artery using a pressure transducer with
heart rate monitored by an electrocardiogram (ECG)
throughout the procedure. The left femoral vein was cann-
ulated for administration of drugs. A fourth-intercostal space
thoracotomy was performed, and the pericardium was
excised to expose the heart. The left anterior descending
coronary artery (LAD) was ligated 2 mm above the left
auricle by a 6-0 silk suture. A small polypropylene tube was
placed between the ligature and the LAD. The artery was
occluded for 30 min by tightening the ligature. After 30 min
ischemia, the ligature was loosened to allow reperfusion for
2 h. The sham group underwent the same surgical proce-
dures, apart from tying the 6-0 silk suture. After 2 h reper-
fusion rats were killed, and parts of the anterior wall of the
left ventricular myocardium near the cardiac apex and blood
samples were obtained for further analysis.

Plasma creatine kinase isoenzyme MB and lactate
dehydrogenase assay

Blood samples were collected at the end of reperfusion and
centrifuged at 3,000 rpm, for 10 min at 4°C. Serum was
separated and stored at —20°C. Two specific marker enzymes,
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Fig. 1 Experimental protocols.
Diabetic rats were subjected to

Dia Sham M

30 min of coronary artery
occlusion followed by 2 h of

reperfusion. Dia diabetic, I/R

Dia /R M’

ischemia/reperfusion, Nor
normal, RbI ginsenoside Rbl,
Wor wortmannin

Nor I/R M'

Dia /R+Rbl1 m{

Dia I/R+Wor 4{5“@”}’

Dia /R+Wor+Rb1 _ Surgery ’

Dia Sham+Wor _ Surgery |

Basline |10 m in] 10 minl Perfusion for 2.5 h |
Vehicle
Y
Basline IEU min|10 minl Ischemia 30 min | Reperfusion for 2 h |
Vehicle
Y
Basline ||0 min[10 m 'ml Ischemia 30 min | Reperfusion for 2 h |
Rbl
Y
Basline IIU min{10 min‘ Ischemia 30 min l Reperfusion for 2 h ‘
Wortmannin
Y
Basline 10 minlIU min{ Ischemia 30 min | Reperfusion for 2 h |
Wortmannin Rbl
Y Y
Basline 10 min{10 min[ Ischemia 30 min | Reperfusion for 2 h |
Wortmannin
Y
Basline 10 min[l(} minl Ischemia 30 min ‘ Perfusion for 2 h ‘

including the creatine kinase isoenzyme MB (CK-MB), and
lactate dehydrogenase (LDH), were measured by using
commercial kits (Beijing Kemeidongya Biotechnology Ltd.,
China). All these marker enzymes were expressed as U/L.

Determination of infarct size

In each group six rats were sacrificed for the assessment of
infarct area (IA) and area at risk (AAR). Attheend of the2 h
reperfusion period, the rats were given heparin (1U/g), then
the ligature around the coronary artery was retied again and
2 mL of 2% Evans blue dye was injected into the left fem-
oral vein. The presence of Evans blue was used to identify
the area that was not subjected to the ischemia. Rat hearts
were rapidly excised and frozen at —20°C, and then sliced
into 2 mm thick sections parallel to the atrioventricular
groove using a heart slice chamber. The slices were incu-
bated in 1% TTC in pH 7.4 buffer for 15 min at 37°C. The
viable tissue was stained red by TTC while the infarct por-
tion not taking up TTC stain remained pale. Morphometric
measurements of the AAR and IA in each slice were per-
formed with a scanner (Epson, v30, Japan) and an image
analysis system (Image-Pro plus 3.0; Media Cybernetics,
Silver Spring, MD). The percentage of ratios of AAR ver-
sus left ventricle (LV) (AAR/LV) and IA versus AAR
(TA/JAAR) were calculated.

Caspase-3 activity assay

Cardiac caspase-3 activity was measured by using caspase-
3 activity assay kits (Beyotime institute of biotechnology,

Shanghai, China). Myocardial tissue from risk area was
homogenized in ice-cold lysis buffer. The homogenates were
centrifuged for 15 min at 16,000 rpm at 4°C. Supernatants
were collected and protein concentrations were measured by
bicinchoninic acid method. A volume of 10 pL of protein
were incubated with 10 pL caspase-3 substrate acetyl-
Asp-Glu-Val-Asp p-nitroanilide (AcDEVD-pNA) at 37°C
for 1.5 h. The colorimetric release of pNA (p-nitroaniline)
from the AcDEVD-pNA substrate was record at 405 nm.
Caspase-3 activity was expressed as the fold of enzyme
activity compared to that of sham tissue.

Determination of myocardial apoptosis

A TUNEL assay was used to assess myocardial apoptosis
with an apoptosis detection kit (Roche, Basel, Switzer-
land). After reperfusion, the heart was quickly removed
and incubated with 4% paraformaldehyde overnight at
room temperature. The sections were treated according to
the protocol provided by the manufacturer. For each slide
ten fields were randomly chosen, TUNEL-positive cells
displayed brown staining within the nucleus of apoptotic
cells. Apoptotic cells were quantified under high-power
magnification by an investigator in a blinded manner and
apoptotic index was calculated (i.e., number of apoptotic
myocytes/total number of myocytes counted x 100).

Western blot analysis

Myocardial phosphorylated-Akt (p-Akt) and total Akt
protein expression were determined by western blot
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analysis. At the completion of 2 h reperfusion, part of the
myocardial tissue was sampled (100 mg) and homoge-
nized with 1,000 puL lysis buffer. The lysates was cen-
trifuged at 10,000 rpm at 4°C for 15 min; equivalent
amounts (50 pg/lane) of protein extracts were separated
by electrophoresis on a 10% SDS gels and transferred
onto a nitrocellulose membrane. The membrane was
blocked with 5% fat free dry milk in TBST buffer and
then incubated with the rabbit monoclonal anti-phospho
Akt (at Ser473) (1:2,000; Cell Signaling Technology,
Beverly, MA) diluted in 5% w/v Bovine Serum Albumin
(BSA), and the rabbit monoclonal anti-Akt (1:1,000; Cell
Signaling Technology, Beverly, MA) diluted in 5% w/v
BSA overnight at 4°C, respectively. After washing with
TBST buffer three times, the membrane was incubated
with appropriate HRP-conjugated secondary antibody
(1:2,000; Cell Signaling Technology, Beverly, MA) 1 h at
room temperature followed by additional washing. The
protein bands were visualized with the use of enhanced
chemiluminescence system (ECL kit; Pierce Biotechnol-
ogy Inc, Rockford, IL). The intensities of each band were
analysis with Quantity one software (Bio-Rad, Hercules,
CA).

Statistical analysis

All data were presented as means == SEM. Difference
between groups were determined by using one-way or two-
way ANOVA analysis for repeated measurement followed
by Bonferroni’s post hoc test. Analysis was performed with
GraphPad Prism version 5.0 for Windows (GraphPad
Software, San Diego California USA) and values of
P < 0.05 were considered statistically significant.

Results
Effect of ginsenoside Rb1 on systemic hemodynamics

The serial changes in heart rate (HR), mean arterial pres-
sure (MAP) and rate pressure product (RPP) during the
experiments were demonstrated in Fig. 2. At baseline, HR
and MAP in diabetic groups were lower than those in the
nondiabetic group. Accordingly, RPP was lower in those
groups. There were no obvious differences among diabetic
groups. The values of MAP, HR and RPP were signifi-
cantly decreased in each groups after ischemia as compared
to the baseline values and recovered gradually after
reperfusion. At the end of 2 h reperfusion, MAP in Dia
I/R + Rbl group was higher than that in the diabetic
untreated group and the wortmannin treated groups. Pre-
treated with wortmannin markedly blocked ginsenoside
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Fig. 2 a—c Effect of ginsenoside Rbl on heart rate (HR), mean
arterial pressure (MAP), rate-pressure product (RPP) before and
during myocardial I/R. Results are expressed as mean = SEM. Dia
diabetic, I/R ischemia/reperfusion, Nor normal, RbI ginsenoside Rbl,
Wor wortmannin (n = 12, *P < 0.05 vs. Dia I/R group, #p < 0.05 vs.
Nor I/R group)

Rbl-mediated improvement in cardiac function as evi-
denced by 20.6% reduction of RPP compared to Dia
I/R 4+ Rbl group (P < 0.05), while wortmannin itself had
no effect on hemodynamic parameters in diabetic rats.
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Effects of ginsenoside Rb1 on biochemical markers
cellular injury

To examine whether ginsenoside Rbl altered damage of
cardiomyocyte induced by MI/R, the activities of the car-
diac enzyme LDH and CK-MB as indices of myocardial
cellular injury were measured at the end of reperfusion in
different groups. Comparing with diabetic sham group, I/R
caused a significant increase in LDH and CK-MB in dia-
betic I/R group. The damage evoked by I/R were further
enhanced in diabetic I/R group comparing with nondiabetic
I/R group (both P < 0.05). After pretreatment with ginse-
noside Rb1 at a dose of 40 mg/kg, the enzyme levels were
found to be attenuated (both P < 0.05 vs. Dia I/R group).
Of interest, administration with the PI3 K inhibitor wort-
mannin partly inhibited ginsenoside Rbl-elicited decrease
of LDH and CK-MB to achieve the same level as Dia I/R
group (Fig. 3). These results suggest that ginsenoside Rbl
protects the diabetic heart against I/R-induced myocardial
injury through activating PI3 K pathway.

Effect of ginsenoside Rb1 on myocardial infarct size

The representative images of AAR and IA from each group
were shown in Fig. 4, which expressed as percentage of
AAR/LV and IA/AAR. There was no significant difference
in area at risk as a percentage to left ventricle (Fig. 4a).
Diabetes increased I/R-induced cardiac infarction (51.3 £+
1.7%) compared to nondiabetic group (40.3 £ 1.4%). The
infarct size was lower in the Dia I/R + Rbl group
(42.3 £ 2.9%) compared to all other diabetic groups (both
P < 0.05). Wortmannin per se did not have significant
effect on Dia I/R + Wor rats in infarct size compared with
that in Dia I/R group (P > 0.05 vs. Dia I/R). However,
wortmannin significantly inhibited ginsenoside Rbl-
elicited reduction in infarct size (P < 0.05 vs. Dia I/R +
Rbl1). This indicates that wortmannin attenuated the pro-
tective action of ginsenoside Rbl against I/R-induced
cardiac damage in diabetic rats.

Fig. 3 Changes of LDH, 2500 - 2500 -
CK-MB activities after 30 min of
myocardial ischemia and 2 h 2000 - . 2000 -
of reperfusion in different - - -y
experimental groups. Dia diabetic, S 1500 // 2 1500
I/R ischemia/reperfusion, Nor T % o
normal, Rb! ginsenoside Rbl, g 10001 / F 10001
Wor wortmannin. Results are % ()
expressed as mean = SEM 500 / 500
(n =8, *P < 0.05 vs. Dia I/R é
group, *P < 0.05 vs. Nor /R 0 N < N < 0
group, *P < 0.05 vs. Dia K L N0 @
I/R 4 Rbl group) ® ) Qx\q' x@é & ®

L Nai o\o

$*
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Fig. 4 a Area at risk expressed as percent of left ventricle, b infarct
size expressed as percent of the area at risk in rats subjected to 30 min
ischemia and 2 h of reperfusion. AAR area at risk, LV left ventricle,
IA infarct area, Dia diabetic, I/R ischemia/reperfusion, Nor normal,
RbI ginsenoside Rbl, Wor wortmannin. Results are expressed as
mean + SEM (n = 6, *P < 0.05 vs. Dia I/R group, P < 0.05 vs.
Nor I/R group, P < 0.05 vs. Dia /R + Rbl group)

Effect of ginsenoside Rbl on cardiomyocyte apoptosis

TUNEL and caspase-3 activity assays were used to
evaluate the anti-apoptotic effect of ginsenoside Rbl.

@ Springer



4332

Mol Biol Rep (2011) 38:4327-4335

Myocardial I/R significantly increased TUNEL-positive
cells in both the diabetic and non-diabetic rat hearts
(all P < 0.05 vs. sham). Rb1 treatment reduced TUNEL-
positive cells in hearts subjected to MI/R (19.6 & 0.6% in
Dia I/R + Rbl vs. 23.4 £ 0.7% in Dia /R P < 0.05,
Fig. 5).

Caspase-3 activity in the Dia I/R group was higher
compared with the sham-operated group (P < 0.05). Gin-
senoside Rb1 attenuated the increase of caspase-3 activity
compared with that in the Dia I/R group (P < 0.05, Dia
I/R + Rbl vs. Dia I/R) (Fig. 6).

Pretreatment with wortmannin reverted the effects of Rb1l
in reducing TUNEL-positive cells and caspase-3 activity
(P > 0.05, DiaI/R vs. DiaI/R 4+ Wor + Rbl group).

Effect of ginsenoside Rbl on Akt phosphorylation
Myocardial Akt and phosphorylated Akt expression were
examined by western blot in diabetic and nondiabetic rats.

As showed in Fig. 7, there were no noticeable differences
in the expression of total Akt in diabetic and nondiabetic

Fig. 5 Representative

(fold of sham)

caspase-3 activity

Fig. 6 Effect of ginsenoside Rb1l on myocardial caspase-3 activity
after 30 min of myocardial ischemia and 2 h of reperfusion. Dia
diabetic, I/R ischemia/reperfusion, Nor normal, RbI ginsenoside Rbl,
Wor wortmannin. Results are expressed as mean &= SEM (n = 6,
#P < 0.05 vs. Dia I/R group, *P < 0.05 vs. Nor I/R group, *P < 0.05
vs. Dia I/R 4 Rbl group)
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Fig. 7 Representative Western blot showing the effect of ginsenoside
Rbl on total and phosphorylated Akt after myocardial I/R. Dia
diabetic, I/R ischemia/reperfusion, Nor normal, RbI ginsenoside Rbl1,
Wor wortmannin. Data obtained from quantitative densitometry were
presented as mean £ SEM (n = 6, *P < 0.05 vs. Dia I/R group,
#P < 0.05 vs. Nor I/R group, 5P < 0.05 vs. Dia I/R + Rbl group)

groups. Diabetes reduced the expression of p-Akt protein in
Dia I/R group compared with age matched Nor I/R group
(P < 0.05, Nor I/R vs. Dia I/R group). The p-Akt level was
markedly increased in the ginsenoside Rbl treated group
compared to diabetic groups (P < 0.05, Dia I/R + Rbl vs.
Dia I/R). Ginsenoside Rbl failed to promote the raise of
p-Akt in diabetic rats in the presence of wortmannin
pretreatment.

Discussion

The main findings of this study are as following: despite
the impaired PI3 K/Akt signaling STZ-induced diabetic rat
heart, pretreatment with ginsenoside Rbl was able to
enhance Akt phosphorylation in the circumstance of
myocardial I/R, and reduce postischemic myocardial

infract size and myocardial apoptosis. Further, PI3 K
inhibition with wortmannin reverted the cardio protective
effects of ginsenoside Rbl, which is indicative that gin-
senoside Rbl confers its cardio protection via PI3 K/Akt
signaling in the diabetic hearts.

Recent studies have shown that STZ-induced diabetes
mellitus significantly aggravated myocardial I/R injury and
the protective effects of ischemic preconditioning (IPC)
were blunted [6, 7, 22]. As preconditioning plays a role
through a number of signaling pathways, cardio protec-
tive effect in diabetes mellitus might be reduced due to
impairment in cardio protective signaling pathways such
as the PI3 K/Akt pathway [7, 23]. In our study, levels of
p-Akt was significantly lower in Dia I/R than in the Nor I/R
group, confirming an impairment of PI3 K/Akt signaling in
the diabetic hearts following MI/R. Of note, ginsenoside
Rbl enhanced postischemic myocardial levels of p-Akt
expression, which might be the major mechanism whereby
ginsenoside Rbl reduced myocardial infarct size and
apoptotic cell death.

It is well known that cardiomyocyte damage subsequent
to myocardial ischemia and reperfusion can cause a
reduction in cardiac function. Ginsenoside Rbl has been
shown to improve cardiac function and raise the survival
rate in transgenic mouse suffering from dilated cardiomy-
opathy [16]. It remains to be determined whether ginse-
noside Rbl can reverse some functional changes brought
about by myocardial ischemia in diabetics. In this study,
ginsenoside Rbl treatment resulted in improvement of
number of hemodynamic parameters including MAP, HR
and RPP at the end of reperfusion. This is an indirect
indicator of improved cardiac function. The results in our
present study have clearly shown that ginsenoside Rbl
treatment exerts cardio protective effects for diabetic
myocardial I/R animals. It has been established that acti-
vation of PI3 K/Akt plays an important protective role in
myocardial I/R injury [23-25].

To gain insight into the potential mechanisms respon-
sible for ginsenoside Rbl1-elicited cardio protection against
I/R-induced apoptosis, we further evaluated the role of
PI3 K-Akt pathway in ginsenoside Rbl mediated cardio
protection. Our results showed that there were significant
increases of p-Akt after reperfusion in the myocardium of
ginsenoside Rbl treated rats. More importantly, pretreat-
ment with wortmannin, a PI3 K inhibitor, blocked Akt
phosphorylation and abolished ginsenoside Rbl-cardio-
protective effects. Wortmannin reverted the effects of
ginsenoside Rbl in reducing myocardial infarct size and
apoptosis as well as in lowering plasma CK-MB and LDH,
biochemical markers of myocardial cellular injury. These
results indicate that PI3 K-Akt signaling contributes to
ginsenoside Rbl-elicited cardio protection against MI/R
injury in diabetic rats.
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There are many reports dealing with ginseng’s protec-
tive effects on the cardiovascular system. Previous studies
have shown that ginsenoside Rbl resembles estrogen
structure and is a functional ligand for estrogen receptor
(ER) [13, 26]. It is generally agreed that activation of ER
can exert protective effects through the activation of a
number of signaling pathways such as PI3 K and mitogen-
activated protein kinase (MAPK) [27-29]. Recently,
Hwang et al. demonstrated that ginsenoside Rbl directly
activates the PI3 K/Akt pathway after binding to ER in
vitro [30]. Therefore, it seems plausible to postulate that
ginsenoside Rb1l might bind to the ER and then activate
PI3 K/Akt pathway in diabetic rats. This hypothesis needs
to be tested both in vivo and in vitro in future studies.

The PI3 K-Akt pathway affects cell survival by a variety
of substrates, including apoptotic proteins, endothelial
nitric oxide synthase (eNOS) and protein kinase C [31-33].
Scott et al. showed that ginsenosides increased nitric oxide
(NO) production in cardiomyocyte [34]. NO produced
from eNOS has been implicated as an important mediator
of protection in myocardial I/R injury [35, 36]. These
reports suggest PI3 K—Akt—eNOS plays an important role
in ginsenoside Rbl-elicited cardio protection. Therefore,
further investigations are necessary to confirm downstream
mechanisms of PI3 K-Akt pathway, such as the eNOS and
the antiapoptotic effect.

In conclusion, our present study indicates treatment with
ginsenoside Rbl reduces cardiomyocyte apoptosis, and
alleviates cardiac dysfunction following MI/R in diabetic
heart. Ginsenoside Rbl may be an ideal agent for diabetic
patients present with an acute myocardial infarction.
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