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Abstract Shenfu injection (the major components of
which are ginsenosides compound, extract of Panax gin-
seng shown to have antioxidant properties) is a well-known
important Chinese traditional medicine used for the treat-
ment of various diseases especial for cardiac diseases. The
precise mechanism of the biological actions of this plant is
not fully understood, in order to elucidate the protection of
cardiomyocytes. The aim of the present study was to
investigate the effect of Shenfu injection on hypoxia/
reoxygenation (H/R)-induced apoptosis and the expression
of bcl-2 and caspase-3 in cultured neonatal rat cardio-
myocytes in vitro. Ventricular myocytes were isolated
from neonatal rat hearts and were exposed to 4 h of
hypoxia followed by 16 h of reoxygenation. The results
indicated that treatment with different doses of Shenfu
injection protected cardiacmyocyte cultures from hypoxia/
reoxygenation-induced apoptosis. Caspase-3 activation was
decreased in hypoxic/reoxygenationed cardiomyocytes co-
treated with Shenfu injection when compared to hypoxia/
reoxygenation alone treated cultures. Expression of the
Bcl-2 proteins was increased in Shenfu injection-treated
cardiomyocytes subjected to hypoxia/reoxygenation. In
conclusion, ginsenosides compound has obviously protec-
tive effects on cardiacmyocytes against apoptosis induced
by hypoxia/reoxygenation injury, whose mechanisms
probably involve the inhibition of down-regulation of Bcl-
2 protein levels and sequential activation of caspase-3.
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Introduction

Myocardial ischemia causes depression of myocardial
function and associated deleterious morphologic alterations
that lead to heart failure. Myocardial ischemia and the
following reperfusion can also cause the same or even
more serious injury than pure ischemia that is called
myocardial ischemia/reperfusion injury (MIRI). This injury
is a pathologic process that results in extensive cell death, a
significant portion of which can be attributed to apoptosis
[1]. Recent studies have indicated that apoptotic death
occurs in cardiac cells exposed to a variety of damaging
stimuli especially including continuous ischemia or tran-
sient ischemia followed by reperfusion both in vitro and in
the intact heart in vivo [2-5].

Although the identities of the molecular signaling
pathways that mediate ischemia-induced apoptosis are
largely unknown, a common and critical event in the
execution phase of apoptosis is the activation of a family of
aspartate-specific proteases termed caspases [6, 7], which
participate in a cascade where initiator caspases activate
effector caspases and ultimately cleave a set of proteins,
causing disassembly of the cell. Activation of caspases may
be regulated directly or indirectly by members of Bcl-2
family proteins [8, 9]. Caspases and Bcl-2 family proteins
are involved in apoptotic cell death in cardiomyocytes [10—
12], but nothing is known about molecules able to block
the death of ischemic cardiomyocytes [13]. So, it is
important to investigate apoptosis in myocardial ischemia
/reperfusion (I/R) injury and to find effective drugs to
prevent it.
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Shenfu injection (SFI), an extract of traditional Chinese
herbs, is a preparation mainly consists of ginsenoside and
aconitine. SFI is applied routinely in clinical practice in
treating cardiac diseases including coronary heart disease,
cardiac arrhythmia and congestive heart failure. Moreover,
some studies have proved that SFI has significantly pro-
tective effects against I/R injuries on many organs such as
the brain, spinal cord, kidney, intestines, liver and espe-
cially on heart [14—17]. To date, studies of Shenfu injection
(SFI) have focused on molecular mechanisms of protection
on cardiacmyocytes. In the present study, we therefore
investigated the effects of SFI on hypoxia/reoxygenation
(H/R)-induced apoptosis and the expression of the apop-
tosis-related protein bcl-2 and caspase-3 in cultured
cardiomyocytes in order to explore the cardioprotective
mechanisms of SFI.

Methods
Drugs and reagents

Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal
bovine serum (FBS) were from hyclone (Hyclone, America),
trysin (Amersco, America). Antibodies used were as fol-
lows: mouse monoclonal antibodies, anti-f-actin (Sigma),
rabbit polyclonal antibody, anti-rat caspase-3, anti-rat Bcl-2
(Santa Cruz). Horseradish peroxidase-conjugated secondary
antibodies to mouse or rabbit were obtained from Santa Cruz
Biotechnology. All other chemicals used in the present study
were of analytical grade.

Shenfu injection was produced by Ya’an Sanjiu Phar-
maceutical Co., Ltd (N0.050304). The main components of
Shenfu injection include ginsenoside (>0.8 mg/m1l) and
aconitine (<0.1 mg/m1).

Primary cultures of cardiomyocytes

Ventricular myocytes from the hearts of neonatal Sprague—
Dawley rats (1- to 2-day old) were cultured by previously
described methods with minor modifications [18, 19]. The
tissues were washed with phosphate-buffered saline (PBS),
minced and incubated with 0.08% trysin (Amresco, USA)
at 37°C for 8 min. Fresh 0.08% trysin solution was added
and the incubation procedure repeated until the tissue was
totally digested. The supernatant was collected and an
equal volume of DMEM containing 10% FBS was added.
The cell pellet obtained by centrifugation was resuspended
in fresh medium containing 10% FBS, plated in a culture
dish and incubated for at least 1 h at 37°C in a 5% CO,
incubator. Fibroblasts adhered to the dish surface while
the cardiomyocytes remained unattached. The latter were
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replated in a gelatin-coated culture dish and incubated in
DMEM supplemented with 10% FBS, 100 U/ml penicillin,
and 0.1 mg/ml streptomycin. Bromodeoxyuridine (Brdu) at
a final concentration of 0.1 mM was added during the first
36 h to prevent proliferation of cardiac fibroblasts. They
were maintained in a 5% CO, incubator for 48 h, at which
point confluent spontaneously contracting cells were noted.

Hypoxia and reoxygenation

Cardiomyocytes were cultured for 2-3 days until they were
confluent and then serum-starved for 24 h before use.
Select conditions that may be observed in hypoxia were
simulated by serum and glucose deprivation of the culture
medium and by H/R. Cells were washed with serum-free
DMDM and placed in serum-free and glucose-free medium
and then incubated in a sealed, hypoxic GENbox jar fitted
with a catalyst (BioMérieux, Marcy 1’Etoile, France) to
scavenge free oxygen. Oxygen tension in the medium was
measured using a blood gas analyzer and was found to be
33.5 mm Hg within 0.5 h after being transferred into the
hypoxic chamber and maintained at approximately
22-24 mm Hg over the experimental time. The cardio-
myocytes were exposed to different concentrations of SFI
for 30 min and immediately replaced in the hypoxic
chamber to maintain hypoxia. After 4 h of hypoxia, the
cells were subjected to reoxygenation by changing the
medium into a DMEM base medium with 5.5 mM glucose
and 10% FBS followed by incubation under normoxia at
37°C for 16 h. SFI was present during the hypoxic period.
There were four experimental groups: (i) Control group,
cardiacmyocytes were kept in 5%C0,-95% air, (ii) H/R
group, cardiacmyocytes were exposed to 4 h of hypoxia
followed by 16 h of reoxygenation, (iii) L-SFI + H/R
group, cardiacmyocytes were pretreated with a low dose
(50 Wl/ml) of SFI for 0.5 h followed by H/R, (iv) H-
SFI + H/R group, cardiacmyocytes were pretreated with a
high dose (100 pl/ml) of SFI for 0.5 h followed by H/R.

Assessment of morphological changes

Chromosomal condensation was assessed using the chro-
matin dye Hoechst 33342 (Sigma, America). Cells were
fixed for 30 min in phosphate-buffered saline (PBS) con-
taining 1% glutaraldehyde. After being fixed, the cells were
washed twice with PBS and then exposed to 5 pg/ml
Hoechst 33342 in PBS for 30 min at room temperature. All
samples were observed using a fluorescence microscope.
Apoptotic cells were characterized by morphological
alteration such as condensed nuclei and cell shrinkage.
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Detection of apoptosis

Annexin V-FITC/propidium iodide staining was performed
after 16 h reoxygenation according to the manufacturer’s
instructions. In brief, cells were rinsed with ice-cold PBS
and then resuspended in 200 pl of binding buffer. Ten
micro liters of Annexin V stock solution was added to the
cells and incubated for 30 min at 4°C. The cells were then
further incubated with 5 pl propidium iodide (PI) and were
immediately analyzed on a FACSC-LSR equipped with
CellQuest software; approximately 1 to 2 x 10* cells were
analyzed in each of the samples.

Cell extract preparation and Western blot analysis

Harvested myocytes were lysed at 4°C with ice-cold lysis
buffer (50 mM HEPES pH 8.0, 150 mM Nacl, 1% NP40,
10° U Aprotion,10 mM PMSF,0.1 M DTT, 0.5 M EDTA).
Cell lysates were centrifuged and protein concentrations in
the supernatants were determined by BCA Protein Assay
Kit (Beyotime Biotechnology). Equal amounts of proteins
(50 pg) were loaded onto and separated by 10% SDS-
polyacrylamide gel electrophoresis. After electrophoresis,
the proteins were transferred to nylon membranes by
electrophoretic transfer system (Bio-Rad). The membranes
were blocked in 5% skim milk for 1 h, and incubated with
primary antibody (anti-caspase-3, anti-bcl-2 antibody at
1:500 dilution, anti-fS-action at 1:5,000 dilution) overnight
at 4°C. Excess antibody was then removed by washing the
membranes in PBS-0.05% Tween-20, and the membranes
were incubated in secondary antibodies (horseradish per-
oxidase-conjugated goat anti-rabbit or mouse antibodies,
1:1,000 dilution) for 2 h. After washes in PBS-0.05%
Tween 20, the bands were detected by enhanced chemi-
luminescence (ECL) and exposed to radiography film.

Statistical analysis

All data are expressed as mean == SEM. One-way analysis
of variance (ANOVA) was performed followed by Student—
Newman—Keul test using SSPS11.5 software. A P value less
than 0.05 were considered as statistically significant.

Results
Effect of SFI on nuclear morphology

The cardiomycytes were staining of the nuclear configu-
ration typical of apoptosis using nuclear dyes, e.g., Hoechst
33342. And the cells became more evident in cells exposed
to 16 h of reoxygenation after 4 h of hypoxia (4H/16R). As
shown in Fig. 1, most cells from the control group had big,
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Fig. 1 Suppression of apoptotic morphology in reoxygenated cells by
SFI. H/R induce significant morphological changes in cells. Cardio-
myocytes were subjected to normoxia or 4 h hypoxia/l6 h
reoxygenation with and without SFI pretreatment. Following incuba-
tion, cells were stained with 10 pg/ml Hoechst 33342 for 30 min at
room temperature. Cell morphology and nuclear staining of the same
fields were recorded by phase contrast and fluorescence microscopy,
respectively. (a) The control group, (b) the H/R group, (c) the
L-SFI + H/R group, (d) the H-SFI + H/R group

regular nuclei, with only a few showing apoptotic nuclei
with condensed chromatin. In the cells exposed to 4H/16R,
there was a clear condensation of chromatin together with a
clear decrease in cell size, with both features being char-
acteristic of apoptosis. After SFI treatment with two
different dose (50 pl/ml, 100 pl/ml, respectively), the
development of these apoptotic features were almost
completely inhibited, most cells approached to normal
morphology, with only a few cells showing the changes
similar to those in the H/R group.
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Effect of SFI on apoptosis rate

Apoptosis was quantified by using fluorescent dye Annexin
V-FITC, which binds to phosphatidylserine residues that
are redistributed from the inner to the outer leaflet of the
cell membrane as an early event in apoptosis. After loss of
membrane integrity, PI can enter the cell and intercalate
into DNA. Viable cells are Annexin V™ /PI". The Annexin
V*/PI™ cells are in early stage in the apoptotic process,
whereas the Annexin V*/PI* cells have lost cell membrane
integrity and have taken up PI that are in late stage in the
apoptotic process. Necrotic cells show Annexin V~/PI*.
Figure 2 show the percentages of apoptosis at every stage
significantly increased in H/R group. H/R cells have a large
population of Annexin V*/PI”, Annexin V*/PI* and
Annexin V/PI* cells. However, with the treatment of SFI,
those cells’ population decreased significantly. SFI reduced
the occurrence of cardiomyocytes apoptosis induced by
H/R. And the results showed that cells treated with 50 pl/
ml or higher dose (100 pl/ml) of SFI had levels of apop-
tosis similar to those cells under normoxia, and cells
treated with 50 pl/ml SFI exhibited three times higher
apoptosis than normoxic cells, but that was still signifi-
cantly lower than that of cells subjected to H/R.

Effect of SFI on protein level of Bcl-2 and caspase-3
activities of cardiomyocytes

Caspases activation, especially caspase-3 activation, has
been reported in the programmed cell death (PCD) and in
the pathological conditions such as H/R. Some researches
suggest that casapse-3 may be the main executor of cells
apoptosis. So we determined the caspase-3 activation in
protein level by Western blot analysis. Activation of cas-
pase-3 is a useful parameter to be employed in Western
blot where activation of caspase-3 is recognized by the
occurrence of a 17 kDa band indicating cleavage of the
32 kDa molecules. Figure 3 shows that under control
conditions, only the uncleaved proforms of endogenous
caspases were detected by immunoblotting. Exposure of
H/R cells were induced proteolytic cleavage of caspases, as
revealed by the appearance of the characteristic fragment at
17 kDa of caspase-3. This proteolytic activation was nearly
complete with difference concentration SFI incubation.
Bcl-2 family proteins play a critical role in the decision
of the cell to die or survive by acting at multiple levels with
a prompt impact on caspase activation [5, 6]. Therefore we
also investigated the expression of the anti-apoptotic pro-
tein Bcl-2 in cardiomyocytes. In order to define additional
mechanisms by which SFI inhibits H/R-induced cardio-
myocytes apoptosis, the amount of Bcl-2 family proteins
expressed by H/R-treated cardiomyocytes was quantified
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Fig. 2 Apoptosis induced by H/R in cardiomyocytes is inhibited by
SFI treatment. Cardiomyocytes were subjected to normoxia or 4 h
hypoxia/16 h reoxygenation with and without SFI pretreatment.
Apoptosis was quantified by FACS analysis after being stained with
Annexin V and propidine iodide (PI). Viable cells (Annexin V™~ /PI").
early apoptosis (Annexin V*/PI7). late apoptosis (Annexin V*/PI").
Necrotic cells (Annexin V /PI7). The results are presented as fold
changes compared with corresponding control cells. Data are the
mean £+ SEM of three independent experiments. *P<0.05, **P < 0.01
compared with the control group and *P < 0.05, *P < 0.01 compared
with the H/R group, AP < 0.05 compared with the L-SFI group

by Western blot analysis. It was found that Bcl-2 expres-
sion was decreased in cardiomyocytes subjected to 4H/16R
and this decrease was significantly reversed by co-treat-
ment with different dose of SFI. Since decreased Bcl-2
expression is associated with increased apoptosis, these
results suggested that SFI attenuate the apoptotic effects of
H/R, in part, by up-regulation Bcl-2 protein level.

Discussion

Thrombotic occlusion of a coronary artery often leads to
myocardial ischemia. Reperfusion to restore blood flow to
the site of injury is critical to outcome [20]. However,
reperfusion also appears to facilitate a series response,
which may result in additional tissue damage. Increasing
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evidence demonstrates that apoptosis in myocardial ische-
mia/reperfusion injury plays an important role in reversible
and irreversible tissue injury and organ dysfunction [21].
Many studies have been designed to identify therapeutic
agents that can improve tissue perfusion, yet attenuate
reperfusion injury [22].

The present study examined the effects of SFI on
cardiomyocytes apoptosis using the cultured neonatal rat
cardiomyocytes H/R model. Apoptosis is a critical cellular
event involved in the pathogenesis of myocardial ischemia/
reperfusion injury. However, investigation of the signifi-
cance of the contribution of apoptosis to overall myocardial
injury in vivo is technically difficult, which is affected
by many various factors including cell types, neurohor-
monal systems et al. In this context, primary cultures of
cardiomyocytes provide advantages that overcome these
complications to study the detailed mechanisms. Numerous
recent reports have documented that either hypoxia alone
or in combination with reoxygenation can trigger cardio-
myocyte apoptosis [23, 24]. Therefore, in the present study,
we used primary cultures of neonatal rat cardiomyocytes to
define the significance of apoptosis in cardiomyocytes loss
due to H/R, an in vitro model of ischemia/reperfusion.

It was known that nuclear dye Hoechst 33342 and annexin
V-FITC binding assay are two kinds of measuring apoptosis
methods, the former with a special ability showing dye
nuclear and the cell morphology change, the latter being a
more apoptosis-specific and early detection procedure. With
using these two measuring methods, the results showed that
most cells exposed to 4H/16R demonstrated a clear evidence
of chromatin condensation together with a distinct decrease
in cell size, as well as a significantly increased rate of dif-
ferent apoptotic process in cardiomyocytes. It testified that
H/R injury could induce cardiomyocytes apoptosis, which is
in accordance with results of previous studies. In SFI group
most cells approached normal morphology and the apoptotic
rate of different apoptotic process decreased, which dem-
onstrated that SFI obviously has an anti-apoptotic effect on
cardiomyocytes exposed to 4H/16R.

Bcl-2 family proteins play important roles in the regula-
tion of apoptosis and are important modulators of
cardiacmyocytes apoptosis [12, 25]. Constitutive expression
of high levels of Bcl-2 protein enhances survival of many
kinds cells including cardiomyocytes on exposure to various
adverse stimuli. The main site of action of Bcl-2 family
proteins appears to be the mitochondrion. Homodimers of
Bcl-2 or Bel-xL associates with the mitochondrial membrane
and affects membrane permeability. The protective effect of
Bcl-2 or Bel-xL on mitochondria permeability is lost when
Bcl-2 or Bel-xL homodimers are sequestered by the forma-
tion of Bcl-2/Bax heterodimers. A family of caspases is a key
regulator of apoptotic signaling pathway. Considering that
Caspases especially are key mediators of the apoptotic

process, identifying any regulatory modifications of these
proteases is necessary to elucidate mechanisms of cellular
balance between survival and death. Bcl-2 has been shown to
prevent apoptosis by functioning upstream of caspase-3 [26].
Therefore, Bcl-2 and caspase-3 protein levels were exam-
ined by Western blot analysis to determine whether these
regulators of apoptosis were involved in the mechanism of
cardiomyocytes death induced by H/R insult. ff-actin protein
levels as internal control confirmed that equal amounts of the
protein were loaded in each well of the gel (Fig. 3). The
results of the present study suggest that down-regulation of
Bcl-2 expression may trigger activation of caspase-3 in
cardiomyocytes during H/R, resulting in cell death.

Since apoptosis represents an active, gene-directed
mechanism, it should be possible to control this process for
therapeutic purposes. SFI have received increasing attention
because of its unique biological properties. The main com-
ponents of SFI include Ginsengoside and Aconitine. It has
been shown that SFI, produced by the improved traditional
method, exhibits multiple pharmacological actions: enhance
the ability of clearing away oxygen free radicals, alleviate
the lipid peroxidation, antagonize the poisonous effect of
free radicals, relieve Ca** overload in cells, stabilize the
membrane structure, and is the first choice among traditional
Chinese medicines for the treatment of shock. SFI has been
reported to have a protective effect of multiorgans, which
contribute to protection of ischemia myocardium [27].

According to the studies related to organ protection of
SFI, Shenfu injection can act via different pathways, levels
and targets simultaneously. In addition, one of the compo-
nents of SFI is able to modulate apoptosis in different models
[28, 29]. And in this research it is shown that SFI attenuates
apoptosis induced by H/R in cardiomyocytes, inhibiting
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Fig. 3 SFI modulates apoptosis-related gene protein expression. The
apoptosis-related gene is regulated by SFI treatment in cardiomyo-
cytes subjected to H/R Neonatal rat cardiomyocytes were pretreated
with or without SFI before being subjected to hypoxia/reoxygenation.
Cell protein extracts were immunoblotted with anti-Bcl-2 antibody
and caspase-3 antibody. Western blot analysis for Bcl-2, Caspase-3
and f-actin (used as a loading control). Results are representative of
three independent experiments
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caspase-3 activation and reducing cytotoxicity. This result
suggests that the cell survival signal imparted by SFI could
interfere with the apoptotic signal pathway activated by H/R
in cardiomyocytes. After 16 h reoxygenation following 4 h
hypoxia, it was detected a strong down-regulation of Bcl-2
protein level that was inhibited by SFI treatment, which
identifies SFI have the effect on the down-regulation of Bcl-2
that follows exposure to H/R. This effect on Bcl-2 family
proteins level may be an important component of the anti-
apoptotic action of SFI. Elucidation of the details by which
SFI can inhibit apoptosis in cardiomyocytes may suggest
novel strategies for the treatment of ischemic heart disease.

In conclusion, this investigation demonstrated H/R-
induced apoptosis of cardiomyocytes were almost completely
suppressed by SFI treatment. The protective effect of SFI
correlated with a marked up-regulation of the anti-apoptotic
protein Bcl-2 and inhibited the activation of subsequent
effector caspase-3. Moreover, SFI can inhibit apoptosis in
vitro in a dose-dependent manner. This research affords the
theory basis for SFI clinical application, whereas the further
detailed study is needed in these fields.
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