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ABSTRACT

Although Ginsenoside Rgl has been reported to have protective cardiac effects,
its effects on cardiac toxicity induced by doxorubicin needs to be studied. The present
study investigated the effects of oral administration of Rgl on the heart in mice
treated with doxorubicin and found improved fractional shortening and ejection
fraction of the heart and decreased cardiac apoptosis in mice treated with doxorubicin.
The underlying mechanisms include increased phosphorylation of Akt and Erk by
Rg1, increased ratio of Bcl-2 and Bax, and decreased release of cytochrome c from
mitochondria, thereby protecting the heart from doxorubicin-induced apoptosis. This
phenotype suggested that the oral administration of Rgl may be a potential method
preventing the cardiac toxicity caused by doxorubicin in clinical practice.

INTRODUCTION

Doxorubicin, an anthracycline antibiotic, is a
regularly used chemotherapeutic agent for the treatment
of solid tumors, lymphoma, and leukemia. However,
it exerts severe side-effects on the heart and results in
cardiomyopathy and/or congestive heart failure in cancer
patients. This limits its application in cancer patients
in clinical practice [1, 2]. The oxidative damage of
cardiomyocytes and the consequent death of these cells
by apoptosis are the primary characteristics of cellular
damage induced by doxorubicin [2, 3]. Various agents
such as antioxidants [3], metal chelators [4], angiotensin-
converting enzyme [5], and beta-blockers [6] have
been applied to prevent the cardiac toxicity caused by
doxorubicin with some degree of success. Recently,
medicinal plants have been reported to successfully
prevent the cardiac toxicity induced by doxorubicin [7—
9]. Thus, identifying natural compounds derived from

other plants that could prevent the cardiac toxicity of
doxorubicin is critical for enhancing the chemotherapeutic
efficiency of doxorubicin.

Panax ginseng, a well-known traditional Chinese
medicine, is widely used due to its promising healing
and restorative properties as well as the tonic effect. The
consumption of the medication is safe and non-toxic
in animals and humans. The major active components
of Panax ginseng are Ginsenosides, including Rgl,
Rg3, Rhl, Re, and Rd. There have been reports that
Ginsenoside Rg3 and s-Rh2 can prevent doxorubicin-
induced cardiac toxicity [10, 11]. However, the content of
both Rg3 and s-Rh2 is extremely lower in Panax ginseng,
which restricted their broad application in clinical practice.
Ginsenoside Rgl, abundant in Panax ginseng, has a rigid
steroidal skeleton with four transfused rings and two sugar
moieties [12]. Rgl is one of the most active ingredients
in Panax ginseng and possesses a broad spectrum of
activities. Rgl exhibits estrogen-like activity and may
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represent a novel class of potent phytoestrogens [13]. Rgl
can activate the glucocorticoid receptor [14]. Rgl has been
demonstrated to increase angiogenesis [15] and enhance
the angiogenic potency of endothelial progenitor cells
[16]. Recently, several studies showed that Rgl protected
the heart from ischemic and reperfusion injury, decreased
the infarct size of the heart and prevented heart remodeling
in various animal models [17-19]. However, whether Rgl
prevents the cardiac toxicity caused by doxorubicin needs
to be studied.

In this study, we investigated whether Rgl prevents
doxorubicin-mediated cardiac toxicity induced by oral
administration. Rgl was found to prevent cardiac toxicity
induced by doxorubicin through anti-apoptosis, which
indicated a potential clinical usage of Rgl in protecting
the heart from doxorubicin-induced toxicity.

RESULTS

Oral administration of Rgl preserved
the cardiac function in mice treated with
doxorubicin in both early and late phase

We selected day 7 and day 28 after doxorubicin
treatment as the time points for early and late phase injury
by doxorubicin to the heart respectively. Echocardiography
was used to detect the effects of oral administration of Rgl
on the cardiac function in mice treated with doxorubicin.
On day 7 and 28 after doxorubicin treatment, the oral
administration of Rgl significantly improved the fractional
shortening (FS) and ejection fraction (EF) as compared to
the DDW control (Figure 1). This indicated that the oral
administration of Rgl preserved the cardiac function in
mice treated with doxorubicin in both early and late phase.

Oral administration of Rgl decreased serum
biochemical markers of cardiac injury in mice
treated with doxorubicin

To further evaluate the effects of Oral administration
of Rgl on cardiac injury in mice treated with doxorubicin
in early phase, the lactate dehydrogenase (LDH) and
Creatine kinase MB (CKMB) were detected on day 7
after doxorubicin treatment. The results showed that Oral
administration of Rgl significantly decreased the LDH
and CKMB releasing as compared to the DDW control
(Figure 2). This indicated that the oral administration
of Rgl decreased cardiac injury in mice treated with
doxorubicin in early phase.

Oral administration of Rg1 inhibited the
inflammation and fibrosis of heart in mice
treated with doxorubicin

To further elucidate the effects of oral administration
of Rgl on cardiac injury in mice treated with doxorubicin

in late phase, mice were sacrificed on day 28 after
doxorubicin treatment, and the hearts were harvested and
paraffin embedded. Hematoxylin-eosin (HE) and Masson’s
staining demonstrated that the oral administration of Rgl
significantly inhibited the infiltration of inflammation of
cells into the heart (Figure 3A) and the fibrosis of the heart
(Figure 3B and 3C) in mice treated with doxorubicin in
late phase.

Oral administration of Rgl decreased the
apoptosis of cardiac cells in mice treated with
doxorubicin

Inducing cardiac apoptosis is one of the side-
effects of doxorubicin on the heart. In order to detect the
effects of oral administration of Rgl on the apoptosis
of cardiac cells in mice treated with doxorubicin, we
performed TUNEL staining of the heart on day 7 after
doxorubicin treatment. The results showed that Rgl
significantly decreased the cardiac apoptosis in mice
treated with doxorubicin as compared to the DDW control
(Figure 4A and 4B). Furthermore, we found that the oral
administration of Rg1 inhibited the release of cytochrome
¢ (Cyto c) from mitochondria (Figure 5A) and decreased
the expression of cleaved caspase-3 in the heart of mice
treated with doxorubicin, as compared to the DDW control
(Figure 5B). These data indicated that anti-apoptosis of the
heart was one of the effects, wherein Rgl preserved the
cardiac function in mice treated with doxorubicin.

Oral administration of Rgl increased the
phosphorylation of Akt and Erk in the heart of
mice treated with doxorubicin

Akt and Erk pathways play a major role in
apoptosis. Western blot was performed to detect Akt
and Erk in the hearts of mice treated with doxorubicin
on day 7 after doxorubicin treatment. We found that the
oral administration of Rgl significantly increased the
phosphorylation of Akt and Erk in the hearts of mice
treated with doxorubicin (Figure 6A and 6B), which
indicated that Akt and Erk plays a crucial role in the anti-
apoptosis of cardiac cells by Rgl.

Oral administration of Rgl increased the ratio of
Bcl-2 and Bax in the heart of mice treated with
doxorubicin

Bcl-2 family plays a crucial role in apoptosis.
Western blot was performed to detected Bel-2 and Bax
expression in the heart of mice treated with doxorubicin
on day 7 after doxorubicin treatment. We found that the
oral administration of Rgl significantly increased the
ratio of Bcl-2 and Bax in the hearts of mice treated with
doxorubicin as compared to the DDW control (Figure 6C
and 6D). This indicated that Rgl exerts its anti-apoptotic
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effect by influencing the expression of specific members
of the Bcl-2 family.

DISCUSSION

In the present study, we found that the oral
administration of Rgl decreased the cardiac cell apoptosis
caused by doxorubicin and improved the cardiac function.
To the best of our knowledge, this is the first time that
Rgl is reported to prevent cardiac toxicity caused by
doxorubicin in mice.

Although the mechanisms of cardiac toxicity caused
by doxorubicin are not fully elucidated, inducing cardiac
apoptosis is one of the side-effects of doxorubicin on the
heart. In addition to the nucleus, doxorubicin has also
been observed to accumulate in the mitochondria [20].
Mitochondria play a vital role in the process of apoptosis
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by releasing Cyto ¢ from mitochondria to the cytoplasm
to activate the caspases. Doxorubicin-induced oxidative
stress and abnormally high levels of calcium in the cell
stimulate the release of Cyto ¢ and initiate the apoptotic
pathways through caspase activation [21]. Doxorubicin
may also promote apoptosis by affecting topoisomerase
2P in the mitochondria, a specific target of doxorubicin
[22]. Recent studies suggested that doxorubicin-induced
cardiotoxicity may not be solely due to the reactive
oxygen species (ROS) produced during the redox cycling
reactions of doxorubicin. In the presence of topoisomerase
2B, doxorubicin activates the DNA response genes and
consequently the apoptotic pathways. These features
further trigger the marked alterations in the transcriptome,
which selectively affect the oxidative phosphorylation and
mitochondrial biogenesis in cardiomyocytes, leading to
mitochondrial oxidative stress and metabolic failure [23,

B C D
0 day 7 days 28 days
80 1 % 1 45 1 % 80 1 % 05 80 -
50 - 80 1 T 40 70 35 70 -
70 1 35 1 60 - 30 - 60 -
40 60 - 30 |
50 -| 25 50 -
50 0 25 - ° NS
030 1 ° X 40 820 A & 40
a S 40 A ¥ 20 A ey W
oo w3 15 | 30 4 15 30 A
20 - 10 - 20 10 - 20 -
10 -
10 - 5 - 10 - 5 | 10 -
0 - 0 T 0 - 0 - 0 - 0 -
Rgl DDW Rgl DDW Rgl DDW Rgl DDW Rgl DDW Rgl DDW

Figure 1: Oral administration of Rg1 preserved the cardiac function in mice treated with doxorubicin on day 7 and 28 (A) Echocardiography
of the heart. Upper panel, oral administration of Rgl; lower panel, oral administration of DDW. LVIDd: left ventricle internal diameter in
diastole; LVIDs: left ventricle internal diameter in systole. (B) On day 0, there was no difference of FS and EF between Rgl and DDW
group. (C) Oral administration of Rgl significantly improve FS as compared to the DDW control on day 7, n = 5, *p < 0.05; and oral
administration of Rg1 significantly improves EF as compared to the DDW control on day 7, n =5, p < 0.01. (D) Oral administration of
Rgl significantly improved FS as compared to the DDW control on day 28, n =35, "p < 0.05; and oral administration of Rg1 significantly
improves EF as compared to the DDW control on day 28, n =5, p <0.01.
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Figure 2: Oral administration of Rgl decreased CKMB and LH released from the heart in mice treated with doxorubicin
on day 7. (A) Oral administration of Rgl significantly decreased LH released from the heart in mice treated with doxorubicin, n =35, "p
<0.01. (B) Oral administration of Rgl significantly decreased CKMB releasing from the heart in mice treated with doxorubicin, n =35, "p
<0.0l.
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Figure 3: Oral administration of Rgl inhibited the inflammation and fibrosis of the heart in mice treated with
doxorubicin on day 28. (A) HE staining of the heart. a: sham; b: heart treated with Rg1; c: heart treated with DDW. Bar = 50 um. Oral
administration of Rgl distinctly decreased the infiltration of inflammatory cells. Arrows indicated inflammatory cells in the interstitial of
the cardiac cells. (B) Masson’s staining of the heart. a: sham; b: heart treated with Rg1; c: heart treated with DDW. Bar = 100 um. (C) Oral
administration Rg1 significantly decreased the fibrosis of heart as compared to the DDW control, n=35, p < 0.01.
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Figure 4: Oral administration of Rgl decreased the apoptosis in the heart of mice treated with doxorubicin on day 7.
(A) TUNEL staining of the heart. a: sham; b: heart treated with Rg1; c: heart treated with DDW. Bar = 100 pm. Arrows indicated apoptotic
nuclei which were stained brown. (B) Oral administration of Rgl significantly decreased apoptosis of the heart in mice treated with
doxorubicin as compared to the DDW control, n=5, p <0.01.
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Figure 5: Oral administration of Rgl inhibited Cyto c release from mitochondria and the cleavage of caspase-3 in the
heart of mice treated with doxorubicin on day 7. (A) Lane 1: sham; lane 2: DDW control; lane 3: Rgl. Oral administration of Rgl
significantly inhibited Cyto ¢ release from mitochondria as compared to the DDW control, n =5, “p < 0.01. (B) Lane 1: sham; lane 2: DDW
control; lane 3: Rgl. Oral administration of Rg1 significantly inhibited cleavage of caspase-3 as compared to the DDW control, n=15, p <0.01.
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24]. Furthermore, the derivatives of doxorubicin promote
Cyto c release by accumulating in the inner mitochondrial
membrane to disrupt the electron transport chain [25].
Herein, we found that doxorubicin significantly increased
the Cyto c release from the mitochondria in the heart of
mice.

Thus, the strategy against the mitochondrial
pathway of apoptosis is reasonable in preventing the
cardiac toxicity caused by doxorubicin. Reportedly, the
cardiac toxicity caused by doxorubicin is decreased in
various animal models by the antiapoptotic methods [26—
28]. Several studies showed that Rgl protects the heart
from ischemic reperfusion injury or heart infarction by
the effect of anti-apoptosis [17—19]. This phenomenon
indicated that Rgl might also reduce the doxorubicin-
induced side-effects to the heart by anti-apoptosis. In
the present study, we found that the oral administration
of Rgl significantly improved the cardiac function
caused by doxorubicin in mice, and cardiac apoptosis
was significantly decreased. Furthermore, we observed
that Rgl increased the phosphorylation of Akt and Erk.
This is in accordance with the studies demonstrating the
Rgl-mediated a rise in angiogenesis by increasing the
phosphorylation of Akt in endothelial cells [14], and in
turn, protecting the endothelial cell from apoptosis by
increasing the phosphorylation of Erk [29]. PI3K/Akt
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and mitogen-activated protein kinase (MAPK) are the
two key intracellular signaling transduction pathways
that participate in various biological activities such as
apoptosis and autophagy [30, 31]. Previous studies have
illustrated that the activation of Akt and downstream
signaling molecules, such as mammalian target of
rapamycin (mTOR) and Bad and/or inhibition of p38
MAPK, are capable of inhibiting the doxorubicin-induced
cardiac injury [32—34]. Thus, the activation of Akt and Erk
pathways is among the mechanisms through which Rgl
prevents the cardiac toxicity effectuated by doxorubicin.
The balance of pro- and antiapoptotic proteins of
the Bcel-2 family is known to regulate cell survival and
apoptosis. In the mitochondrial apoptosis pathway, both
proapoptotic and antiapoptotic proteins of the Bcl-2
family play a major role in regulating the mitochondrial
function [35]. Bcl-2 is one of the principal proteins of
the Bel-2 family that protects the cells from apoptosis. It
combines with Bax, a proapoptotic protein, to prevent its
oligomerization. The oligomeric form of Bax promotes
the loss of mitochondrial membrane integrity and causes
the release of Cyto ¢ [36]. The stoichiometry of pro- vs.
antiapoptotic Bcl-2 family members in the cell determines
the cell viability [37]. Moreover, doxorubicin decreases
the ratio of Bcl-2 and Bax, which is a pivotal mechanism
underlying apoptosis [38]. Furthermore, we also found

1.6 4
¥ *
1.4 -
= 1.2
o &
=] 1
e !
X 8 08
CU)
>~ 2 06
OB
o @ 0.4 -
=~ 0.2 -
0 4
& & & & & &
2 & © 2 & &
& S < S S
S °($° 0(59 Y o@“ °¢‘>°
S & & S
S 3 & 3
& &
1.6
1.4 ‘I’
o 1.2
S *
o© 1
% 08
g 0.6
L 04
Q
o 0.2
0 T T —
Sham Doxorubicin  Rgl+doxorubicin

Figure 6: Oral administration of Rgl increased the phosphorylation of Akt and Erk and the ratio of Bcl-2 and Bax in
the heart of mice treated with doxorubicin on day 7. (A) Lane 1: sham; lane 2: DDW control; lane 3: Rgl. (B) Oral administration
of Rgl significantly increased the phosphorylation of Akt and Erk as compared to the DDW control, n =5, "p < 0.05. (C) Lane 1: sham;
lane 2: DDW control; lane 3: Rgl. (D) Oral administration of Rgl significantly increased the ratio of Bcl-2 and Bax in the heart of mice
treated with doxorubicin as compared to the DDW control, n =35, p < 0.01.
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that the oral administration of Rgl increased the ratio of
Bcl-2 and Bax, which resulted in the inhibition of Cyto
¢ mitochondrial release and a subsequent decrease in
cardiac apoptosis caused by doxorubicin. This suggested
that disrupting the balance of pro- and antiapoptotic
proteins of the Bcl-2 family is another critical mechanism
through which Rgl prevents the cardiac toxicity induced
by doxorubicin.

Although we proved that the oral administration
of Rgl protected the heart from doxorubicin-induced
apoptosis, the apoptosis between cardiac myocytes and
endothelial cells was not clearly differentiated. Since
doxorubicin is also toxic to the endothelial cells, protecting
them is an important aspect of preventing the heart from
damage by doxorubicin. Several studies have shown that
Rgl exerts an anti-apoptotic effect on endothelial cells,
and thus, the protective effects of Rgl against the toxicity
to endothelial cells caused by doxorubicin in the heart
should be investigated further.

In summary, we found that the oral administration of
Rgl preserves the cardiac function, and decreases cardiac
apoptosis caused by doxorubicin. These phenotypes are
governed by Rgl activating the Akt and Erk pathway by
increasing their phosphorylation and increased the ratio of
Bcl-2 and Bax, thereby preventing the cardiac apoptosis
caused by the toxicity of doxorubicin. This suggested
that Rgl might serve as a putative tool for preventing the
cardiac toxicity caused by doxorubicin in clinical practice.

MATERIALS AND METHODS

Reagents

Rgl was purchased from the National Institute for
Food and Drug Control (Beijing, China). Doxorubicin was
procured from Aladdin Industrial Company (Shanghai,
China, purity 98%). Anti-p-Akt (Ser473), anti-Akt, anti-p-
Erk (Thr202/Tyr204), anti-Erk, anti-Bcl-2, anti-Bax, anti-
cleaved caspase-3, anti-caspase-3, anti-Cyto c, anti-Cyto ¢
oxidase IV (COX-IV) and anti-B-actin were obtained from
Cell Signaling Technology (Shanghai, China).

Animals

All animal experiments were approved by the
Experimental Animal Ethics Committee of Jinzhou
Medical University and conformed to the Guide for
the Care and Use of Laboratory Animals published by
the USA National Institutes of Health (Publication, 8"
Edition, 2011). Healthy male C57BL/6 mice (weight 20—
25g) were purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd., Beijing, China. The mice
were allowed free access to standard chow and water at
room temperature 22-24 °C and 12 h light/dark cycle.
The animals were acclimatized for a minimum of 1 week
before the experiments.

Experimental setting

Thirty mice were randomly divided into 3 groups:
sham (n = 10), doxorubicin (n = 10), and doxorubicin
+ Rgl treatment group (n = 10). In the sham group,
double distilled water (DDW) was orally administered
daily 1 week before the mice were intraperitoneally
injected with DDW containing no doxorubicin one time,
and oral administration of DDW was continued until
sacrificing mice. In the doxorubicin group, DDW was
orally administered daily 1 week before the mice were
intraperitoneally injected with doxorubicin in DDW (15
mg/kg) one time, and oral administration of DDW was
continued until sacrificing mice. In the doxorubicin
+ Rgl group, Rgl in DDW (80 mg/kg/day) was orally
administered daily 1 week before the mice were
intraperitoneally injected with doxorubicin in DDW (15
mg/kg) one time, and oral administration of Rgl was
continued until sacrificing mice. Because 7 days mimic
acute doxorubicin exposure [39] and 28 days mimic
chronic doxorubicin exposure [40], we selected 7 days and
28 days as the time points for the early and late injury to
the heart by doxorubicin respectively. Echocardiography
was performed to evaluate cardiac function immediately
before doxorubicin treatment and on day 7 and 28 after
doxorubicin treatment. For the detection of effects of Rgl
on the early injury to the heart by doxorubicin, 5 mice in
each group were sacrificed on day 7; the blood samples
were collected for the detection of serum biochemical
markers of cardiac injury; the hearts were harvested for
TUNEL staining and western blot analysis of apoptosis-
related protein. For the detection of effects of Rgl on the
late injury to the heart by doxorubicin, the remaining mice
(n =5 in each group) were sacrificed on day 28, the hearts
were harvested for histological analysis of changes in
morphological pathology.

Echocardiography

Echocardiography was performed to measure
the cardiac function by Prospect High-Resolution
Imaging System (S-Sharp Corporation, Taiwan, China)
immediately before doxorubicin treatment, on day 7
and 28 after doxorubicin treatment in all mice. After
anesthetized with inhalation of 1.0% isoflurane, the mice
were placed in a supine position on the platform with
heating to maintain the body temperature. The heart was
imaged in the 2-D mode in the parasternal short-axis view
with a depth setting of 2 cm. The M-mode cursor (40
MHz) was positioned perpendicular to interventricular
septum and posterior wall of left ventricle at the level
of papillary muscles from the 2-D mode. The sweep
speed was 100mm/s for the M-mode. Left ventricular
end diastolic dimension and left ventricular systolic
dimension were measured. EF and FS were calculated
and selected as the indexes of the cardiac function. The
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value of EF and FS averaged from at least 3 separate
cardiac cycles.

LDH and CKMB measurements

Five mice in each group were sacrificed on day 7
after doxorubicin treatment, and the blood samples were
withdrawn immediately through the right atrium. After
standing at room temperature for 30 min, the samples
were centrifuged (3000 rpm, 10 min), and serum samples
were collected. LDH and CKMB were evaluated by a full-
automatic biochemical detection machine (COBAS C 311,
Roche Diagnostics GmbH, Germany) using specific LDH
and CKMB detection kits (BIOBASE, Jinan, Shangdong,
China). The procedure was performed following
manufacture’s manual.

HE and Masson’s trichrome staining

Five mice in each group were sacrificed on day
28 after doxorubicin treatment, and cardiac samples
were harvested, embedded in paraffin, and sliced into
4-um-thick sections. Subsequently, the sections were
stained with HE or Masson’s trichrome for histological
and collagen analysis, respectively. Five images were
randomly selected and photographed under microscope in
each section of individual heart. The interstitial fibrotic
arcas were assessed by image analysis software (Image-
pro plus 6.0; Media Cybernetics LP, Washington, USA).
The collagen volume fraction (CVF) was calculated as the
ratio of collagen area to total area.

TUNEL assay

The cardiac samples were harvested from mice
sacrificed on day 7 after doxorubicin treatment (n = 5 in
each group). Heart was cut into 2 parts from middle of the
ventricle. One part of the heart was embedded in paraffin,
and sliced into 4-pm-thick sections. /n situ Cell Death
Detection Kit (Roche, Indianapolis, USA) was used to
detect the apoptosis in the heart of mice according to the
manufacture’s protocol. After washing three times with PBS,
the treated samples were fixed in 4% paraformaldehyde for
1 h and permeabilized in 0.1% Triton X-100 sodium citrate
buffer for 2 min. Then, the sections were randomly selected
for terminal dUTP nick end-labeling (TUNEL), and the
apoptotic cells were revealed using the diaminobenzidine
(DAB) kit. Nuclei were counterstained with hematoxylin.
The total number of TUNEL-positive nuclei was enumerated
in 5 randomly chosen fields of view per tissue section in
a blinded manner, and the results were expressed as the
number of TUNEL-positive nuclei/field.

Western blot

The remaining part of the heart from mice sacrificed
on day 7 after doxorubicin treatment were collected (n =

5 in each group). For the detection of protein in the whole
cell lysate, the remaining heart tissue was futher cut into
2 pieces, one piece of heart tissue was placed in 0.4 mL
cold lysis buffer containing 20 mmol/L HEPES (pH 7.5),
150 mmol/L NaCl, 1 mmol/L EDTA, 0.5% Triton X-100,
and protease inhibitors (Roche) and homogenized with
a mixing homogenizer (Kinematica AG). To estimate
the Cyto C released from the mitochondria, the another
piece of heart tissue was immersed in 0.4 mL lysis buffer
containing 250 mmol/L sucrose, 20 mmol/L HEPES,
10 mmol/L KCI, 1 mmol/L MgCI2, 1 mmol/L EDTA, 1
mmol/L EGTA, 1 mmol/L dithiothreitol, and 1 mmol/L
phenylmethylsulfonyl fluoride, pH 7.5 and incubated for
5 min on ice. The heart was homogenized with a mixing
homogenizer, and the suspension was centrifuged at 750
xg for 10 min at 4 °C to sediment the nuclear fraction. The
supernatant was collected and centrifuged at 12,000 xg for
10 min at 4 °C to sediment the mitochondrial fraction. The
resultant supernatant was further centrifuged at 14,000 xg
for 10 min at 4 °C and filtered through a 0.22 um ultrafilter
(Millipore) to generate a purified cytosolic fraction. An
equivalent of 40 pg total protein extracts was separated by
SDS-PAGE, transferred to nitrocellulose membranes, and
blocked for 1 h at room temperature. For the detection of
protein expression, the membranes were probed overnight
at 4 °C with the primary antibodies (dilution 1:1000),
followed by anti-mouse or anti-rabbit secondary antibodies
(dilution 1:2000) conjugated to horseradish peroxidase
(Zymed Inc., San Francisco, CA, USA) for 1 h at room
temperature. The enhanced chemiluminescence ECL Plus
system (Amersham Biosciences, Little Chalfont, UK) was
used to evaluate the immunoreactivity. B-actin (1:1000)
was used as an internal control. COX- IV (1:1000) was
used as the mitochondria marker. The intensity of the
bands was measured with a scanning densitometer (Bio-
Rad) coupled with Bio-Rad analysis software.

Statistical analysis

All the values were presented as mean + SD. One-
way ANOVA followed by Bonferroni/Dunn test was used
for group comparisons. A p-value < 0.05 was considered
statistically significant.

Abbreviations

LDH: lactate dehydrogenase; CKMB: creatine
kinase MB; FS: fractional shortening; EF: ejection
fraction; DDW: double distilled water; HE: hematoxylin-
eosin; Cyto c: cytochrome c; ROS: reactive oxygen
species; CVF: collagen volume fraction.
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