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Astragalus membranaceus extract (AME) is a widely used herbal product for the treatment of cardiovascular
diseases in China. The present study aimed to evaluate the cardiac protective effects of AME, and to probe
the underlying molecular mechanism related to angiogenesis. In this study, AME with 75 �g/mL significantly
increased proliferation, migration and tube formation on human umbilical vein endothelial cells (HUVECs).
Moreover, in vivo experiments on rats with ligation of left anterior descending artery were performed to study
the cardiac protective and angiogenic effect of AME (50 and 100 mg/kg i. g. for 3, 7, 14 days). The results
showed that AME inhibited cardiac fibrosis, reduced infarct size, and increased capillary and arteriole
densities. Meanwhile, western blot was used to determine protein levels of VEGF, p-AKT, p-GSK3� and
p-mTOR. AME significantly elevated protein expression of VEGF and increased phosphorylation of AKT,
GSK3� and mTOR. In conclusion, AME exerted cardiac protective and angiogenic effects in the ischemic
injured heart. The activation of AKT/GSK3� and AKT/mTOR pathways and elevated expression of VEGF
may contribute to the promoted neovascularisation by AME.

1. Introduction

Astragalus membranaceus is a commonly used herb in the ori-
ental medicinal system of China (Chen et al. 2005). In recent
years, research focussed the cardiac protective effects of Astra-
galus membranaceus from both phytochemistry practitioners
and pharmacologists. It has been reported that, Astragalus
membranaceus can suppress cardiac functional dysfunction
and morphological aberrations in experimental autoimmune
myocarditis (Zhao et al. 2008), and eliminate doxorubicin
induced cardiotoxicity by decreasing free radical release (Luo
et al. 2009). Clinical studies showed that Astragalus signifi-
cantly improved left ventricular function in 43 patients with
acute myocardial infarction, and increased cardiac output of 20
individuals with angina (Miller 1998). Those pharmacological
and clinical observations indicate that AME has the potential
for treating cardiovascular diseases. However, the underlying
mechanism for the cardiac protective effects of AME remains
elusive.
Therapeutic angiogenesis has emerged as a new means for treat-
ing cardiovascular disease, which aims at stimulating collateral
formation and improving myocardial perfusion (Becker et al.
2006). This novel strategy may be particularly beneficial for
patients who are not candidates for conventional revasculariza-
tion techniques such as angioplasty or bypass (Koneru et al.
2008). VEGF which stimulates migration, proliferation and tube
formation is an giogeneic factor that plays a important role in
angiogenesis (Singh et al. 2007). Phosphatidylinositol-3 kinase
(PI3K)–Akt signaling axis in endothelial cells is activated by
many angiogenic growth factors such as VEGF, angiopoietins-1,
and it regulates downstream targets that are potentially involved
in blood vessel growth and homeostasis (Shiojima and Walsh
2002). Therefore, PI3K–Akt signal pathway has received con-

siderable attention in VEGF-stimulated angiogenesis research
(Ferrara et al. 2003).
Our previous study has demonstrated that the Chinese medicinal
formula Qi-Shen-Yi-Qi, in which Astragalus membranaceus
is used as principle component, can induce angiogenic effects
in vivo (Zhang et al. 2010). Meanwhile, due to the efficacy of
Astragalus membranaceus for treating cardiovascular disease,
we raised the hypothesis that AME may exert therapeutic effects
on myocardial infarction through the angiogenesis pathway. In
this study, in vivo and in vitro experiments were performed to
provide a mechanistic insight into the cardiovascular therapeutic
effects of AME.

2. Investigations and results

2.1. AME induces endothelial cells proliferation,
migration and tube formation

The effects of AME on HUVEC proliferation in various con-
centrations (25, 50, 75 and 100 �g/mL) were measured in our
study (Fig. 1). After exposure of HUVEC to AME for 48 h, sig-
nificant increase of HUVEC proliferation was observed at the
concentration of 75 �g/mL.
In the process of angiogenesis, quiescent endothelial cells are
activated by some pro-angiogenic signal, they become highly
proliferative and able to migrate, remodel the surrounding extra-
cellular matrix (ECM) and differentiate to form new vessels
(Cárdenas et al. 2006). Transwell culture chambers were used
to assess whether AME promotes HUVEC migration. The result
showed that VEGF (10 ng/mL) stimulated cells migrating to the
lower surface of the membrane, whereas the cell with DMSO
treatment remained at the upper wells (Fig. 2A and C). Similarly,
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Fig. 1: Effects of AME on HUVEC proliferation. Cells were incubated in the
presence or absence of various concentrations of AME for 48 h. Cell growth
was evaluated by MTT assay and the percentage of stimulation was calculated
by comparing to the control. Data are expressed as mean ± SEM. (n = 4, for
each experimental group), ** P < 0.01 vs. CON; * P < 0.05 vs. CON

AME enhanced cell migration at the concentration of 75 �g/mL
(Fig. 2A and C).
The effect of AME on tube formation was evaluated by Matrigel.
As the photos show, HUVECs stimulated with AME (75 �g/mL)
or VEGF (10 ng/mL) formed elongated capillary-like tubes and
complete networks within 7 h, while the control culture devel-
oped small amounts of capillary-like structures and incomplete
networks (Fig. 2B and D).

2.2. AME inhibits cardiac fibrosis and infarct size

To determine the effect of AME on cardiac fibrosis, fibrotic
areas were stained blue with Masson’s trichrome in the myocar-
dial sections. Fig. 3A shows that both fibrosis and ventricular
dilatation increased in occlusion heart after 3, 7 and 14 days.
Compared to a large MI heart with fibrosis and ventricular dilata-
tion in the MI group, AME-treated heart, especially the high dose

Fig. 2: Effect of AME on cell migration and tube formation. (A) Migration assay
was carried out with transwell culture chambers. Cells in transwell were
treated for 24 h, the cells migrating to the lower surface of the membrane
were stained with 0.1% crystal violet and examined (original
magnification × 200). Bar indicates 100 �m. (B) tube formation was
evaluated by Matrigel. Cells were treated for 7 h and capillary like structures
were examined at magnification × 100. (C) Six different areas of migrated
cells were counted for each data point. Data are expressed relative to the
mean control value. (D) The total length of the vessels in five fields of each
well was used for assessment and the values were expressed relative to the
mean control value. Data are expressed as mean ± SEM. (n = 3, for each
experimental group), ** P < 0.05 vs. CON; * P < 0.05 vs. CON

Fig. 3: Effect of AME on cardiac fibrosis and infarct size. (A) Masson’s trichrome
staining for identifies cardiac fibrosis. Original magnification is ×10.
(B) TTC staining for infarct size in MI group, 50 �g/mL and 100 �g/mL
AME-treated groups on day 14. Values are expressed as mean ± SEM. (n = 8,
for each experimental group), *P < 0.05 vs. MI

treatment heart, showed a smaller MI with less fibrosis after 3,
7, and 14 days. Additionally, the infarct area stained with TTC
on day 14 was similar to that stained with Masson’s trichrome
(Fig. 3B). Compared with the MI group, infarct size was signif-
icantly reduced after 14 days in the hearts of the 100 mg/kg
AME-treated group (36.1 ± 6.7% vs. 23.3 ± 7.4%, P < 0.05).
The data suggested that AME reversed LV remodeling in MI rats.

2.3. AME increases capillary and arteriolar density

Since AME promoted angiogenesis notably in vitro, we tried
to investigate whether angiogenesis contribute to cardio protec-
tion in vivo by vWF and �-SMA staining. Capillary density was
determined by immunohistochemical stained with anti-vWF in
the peri-infarct area (Fig. 4A). The data showed that capillary
density in 50 mg/kg and 100 mg/kg AME treated groups was
increased after 3, 7, and 14 days. Of note, AME (100 mg/kg)
treatment group’s capillary density significantly increased by
about 1.9-fold compared with MI group (P < 0.05) on day 7. On
day 14, the capillary density of 50 mg/kg and 100 mg/kg AME
treatment group were both notably raised compared with the
MI group (1.6-fold in 50 mg/kg AME group, P < 0.05; 2-fold
in 100 mg/kg AME group, P < 0.01) (Fig. 4C). Furthermore,
small arterioles in the tissue sections were stained with an
antibody against a-smooth muscle actin (Fig. 4B). Quantifica-
tion indicated that arteriolar density was significantly higher in
50 mg/kg and 100 mg/kg AME treatment group on day 7 com-
pared with the MI group by approximately 1.4-fold (P < 0.05)
and 1.7-fold (P < 0.05). On day 14, arteriolar density was also
notably increased in 50 mg/kg and 100 mg/kg AME treatment
groups compared with MI (1.6-fold in 50 mg/kg AME group,
P < 0.01; 2-fold in 100 mg/kg AME group, P < 0.01) (Fig. 4D).
These findings suggest that AME promotes angiogenesis in the
peri-infarct area in vivo.
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Fig. 4: Effects of AME on capillary densities and arteriole densities. (A) Immunostaining for vWF identifies capillaries. Bar indicates 100 �m. (B) Immunostaining for �-SMA
identifies arterioles. Bar indicates 100 �m. (C) Quantitative analysis of capillary density in the peri-infarct myocardium. Original magnification is ×400. (D) Quantitative
analysis of arteriolar density in the peri-infarct myocardium. Original magnification is ×400. The total number of the vessels in five different areas of one section was used
for the assessment of vascular density and the data was expressed relative to the model value. Values are expressed as mean ± SEM (n = 4, for each experimental group),
** P < 0.01 vs. MI; * P < 0.05 vs. MI

2.4. Effect of AME on expression of angiogenic proteins

A series of factors involved in the pathway of angiogenesis
including VEGF, p-AKT/AKT, p-GSK 3�/GSK 3� and p-
mTOR/mTOR were determined by Western blot. VEGF, an
angiogenic growth factor, seems to be important in angiogenesis.
The result showed that VEGF expression in MI group dropped
below control on day 7 and day 14 after a spontaneous increase
on day 3. While VEGF expression in the 100 mg/kg AME treat-
ment group was significantly increased on day 7 and day 14 by
about 2 fold (P < 0.05) and 1.8 fold (P < 0.05) compared with
the MI group (Fig. 5A and B).
AKT, which acts as a downstream target in VEGF pathway,
is involved in many regulatory pathways in myocardial patho-
logical developments. We examined AKT protein expression
and its phosphorylation at Ser473 in MI hearts with or with-
out AME treatment (Fig. 5C and D). The expression of p-AKT
was up-regulated in the 100 mg/kg AME treatment group in a
time-dependent manner. On day 14, the p-AKT protein level was
notably elevated in 100 mg/kg AME treatment group by about
1.7-fold (P < 0.05) compared with the MI group (Fig. 5C and D).
Recently, Glycogen synthase kinase-3� (GSK3�) is deemed to
play a key role in endothelial cells by regulating vessel growth
through its control of vascular cell migration and survival (Kim
et al. 2002). AKT can mediate GSK3� phosphorylation at Ser9
to inactivate GSK3� and promotes angiogenesis. In our study,
we found that the phosphorylation level of GSK3� increased
in a time-dependent manner in the MI group compared with
control group. On day 7, 100 mg/kg AME notably up-regulated
the protein level of p-GSK3� by 1.9-fold (P < 0.05) compared
with MI group. On day 14, p-GSK3� expression was also sig-
nificantly increased in 50 mg/kg and 100 mg/kg AME treatment
groups by 1.6-fold (P < 0.05) and 1.7-fold (P < 0.01) compared
with the MI group (Fig. 6A and B).
Activation of mTOR is an important regulatory mechanism for
cellular protein synthesis and cardiac hypertrophy (Braz et al.

2009). In our study, the phosphorylation level of mTOR at
ser2448 increased in the MI group compared with the control
group on day 3, 7 and 14. On day 14, the protein level of p-
mTOR notably raised in 100 mg/kg AME treatment group by
about 2-fold compared with MI group (P < 0.05) (Fig. 6C and D).

3. Discussion

Briefly, we investigated the cardioprotective effect of AME and
its possible mechanism. AME significantly stimulated prolifera-
tion, migration and tube formation in HUVECs, and remarkably
increased myocardial capillary and arteriolar density in the peri-
infarct area, both suggesting that AME promoted the formation
of functional microvessels leading to increased blood flow in the
infarcted heart. Furthermore, angiogenesis, which may rely on
activation of VEGF and the PI3K/AKT pathway, is implicated
in the cardioprotective effect of AME.
Indes hypoxic conditions such as myocardial ischemia, the
expression and secretion of VEGF is up-regulated sponta-
neously in the myocardial cell. It was also observed in our study
that protein expression of VEGF increased in MI at day 3. But
the short term elevated expression of VEGF was found to gener-
ate immature vessels that regressed later, whereas longer-term
VEGF expression would lead to stable and persistent vessels
(von Degeasfeld et al. 2003). This research found that the VEGF
protein level was still increased in AME treatment group at day
7 and 14, but decreased in the MI group. Thus, AME can pro-
mote the myocardial cell to form mature vessels by increasing
the expression VEGF protein in a long term.
AKT, a cardinal intracellular kinase, regulates various functions
in the heart, whose phosphorylation at ser473 is important in the
cardiomyocytes mediated by mammalian target of rapamycin
complex 2 and P21-activated kinase-1 (Mao et al. 2008). In
our study, phosphorylation expression of AKT at ser473 was
observed to increase notably in AME treatment group compared
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Fig. 5: Effect of AME on VEGF expression and p-AKT/AKT expression. (A) Expression of VEGF and tubulin in the heart tissues dissected from rats of CON, MI, MI + AME50
and MI + AME100 group after 3, 7 and 14 days. (B) VEGF expession was expressed by ratio of VEGF/Tubulin (n = 4; for each experimental group). (C) The expression of
total AKT and p-AKT in the hearts of CON, MI, MI + AME50 and MI + AME100 groups after 3, 7 and 14 days. (D) AKT activity was expressed by ratio of p-AKT/AKT
(n = 4; for each experimental group). * P < 0.05 vs. MI; # P < 0.05 vs. CON

with MI group at 14 days. The data suggested that AKT was
implicated in the pro-angiogenic effect of AME.
AKT-GSK3� signaling regulated vessel growth indepen-
dent from the AKT-eNOS regulatory axis which promoted
endothelium-dependent relaxation in a redox-sensitive manner

(Kim et al. 2002; Anselm et al. 2009). To the best of our knowl-
edge, little is known about the role of GSK3� signaling in the
cardiovascular system. In cell culture studies, Skurk et al. (2005)
showed that the growth factor–PI3K–AKT axis functions down-
stream of GSK3�-�-catenin signaling in HUVECs to promote

Fig. 6: Effect of AME on p-GSK 3�/GSK 3� expression and p-mTOR/mTOR expression. (A) GSK 3� and p-GSK 3� in protein extracts from CON, MI, MI + AME50 and
MI + AME100 hearts after 3, 7 and 14 days. (B) GSK 3� expression was expressed by ratio of p-GSK 3�/GSK 3� (n = 4; for each experimental group). (C) mTOR and
p-mTOR in heart extracts from CON, MI, MI + AME50 and MI + AME100 group after 3, 7 and 14 days. (D) mTOR expression was expressed by ratio of p-mTOR/mTOR
(n = 4; for each experimental group), ** P < 0.01 vs. MI; * P < 0.05 vs. MI; #P < 0.05 vs. CON
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angiogenesis. Yao et al. (2008) suggested that tissue kallikrein
protected against acute phase MI by promoting neovascular-
ization through the kinin B2 receptor-AKT-GSK3� and VEGF
signaling pathways. In this study, AME increased the phospho-
rylation level of GSK3� at Ser9, which indicated the inactivation
of GSK3� and promoting angiogenesis. mTOR was also the
downstream of AKT, which belongs to a evolutionarily con-
served member of the phosphatidylinositol kinase-related kinase
family whose phosphorylation can activate the downstreams,
thus leading to translation of regulation protein, cell growth, and
proliferation (Braz et al. 2009; Fingar et al. 2002). In hypoxia
condition, mTOR signaling to cell proliferation and angiogene-
sis was augmented (Humar et al. 2002). The report showed that
mTOR phosphorylation on Ser2448 but not Ser2481 was modu-
lated in the pathophysiological O2 concentration range (Li et al.
2007). AME was found to raise the protein level of p-mTOR at
ser2448 on day 14. This result further testified that the angio-
genesis induced by AME was through AKT signaling. Taken
together, the results of this study indicate that AME promotes
angiogenesis to prevent LV remodeling in MI by up-regulating
VEGF, p-AKT, p-GSK3� and p-mTOR protein levels.
In conclusion, our research provided evidence that AME pro-
motes the formation of functional microvessels, which led to
increased blood flow in the infarcted heart. Enhanced expression
of VEGF and activation of AKT-GSK3� and AKT-mTOR path-
way may be involved in pro-angiogenic effect of AME. These
findings will contribute to develop new therapeutical angio-
genic agents from natural products for the treatment of coronary
heart diseases and provide a proof for dissection of the Chinese
medicinal formula QI-SHEN-YI-QI.

4. Experimental

4.1. Preparation and analysis of AME

AME powder was purchased from Ruikang Bio-engineering Co (Xian,
China). The extract used in our study was manufactured according to the
standardized preparation method as follows. Briefly, dried, powdered roots
of Astragalus membranaceus were soaked in water for 2 h at 45 ◦C, then
refluxed with water three times. The extracts were combined and evapo-
rated to yield an extract with a density ranging from 1.35 to 1.40. Distilled
water was added to precipitate for 24-48 h. The supernatant was removed
and evaporated to obtain an extract with a density ranging from 1.1 to 1.2.
Afterwards, the extracts were spray dried, pulverized, and sifted (100 mesh).
The AME aqueous solution (40 mg/mL) was further purified by solid-phase
extraction (SPE). A SPE cartridge (YMC C18, 200 mg) was conditioned with
3 mL methanol and equilibrated with 2 mL water. Then 0.2 mL of AME
aqueous solution was loaded onto the column. After being washed with
1 mL water and 1 mL 50% methanol, the wash solution by 50% methanol
was collected for HPLC/MS analysis.
HPLC analysis was performed on an Agilent 1100 HPLC instrument (Agi-
lent, Waldbronn, Germany) coupled with a binary pump, an auto-sampler,
and a column compartment. The samples were separated on an UltimateTM

XB-C18 column, 5 �m, 250 mm × 4.6 mm i.d. (Welch Materials, Inc.,
Ellicott, MD, USA). The mobile phase was a stepwise gradient of water
(containing 0.05% formic acid, v/v) and acetonitrile. A Finnigan LCQ
Deca XPplus ion trap mass spectrometer (Thermo Finnigan, San Jose, CA,
USA) was connected to the Agilent 1100 HPLC instrument via an ESI
interface. Representative TIC chromatogram of AME and structures of
major constituents were shown in Fig. 7.

4.2. Cell culture

Primary human umbilical vein endothelial cells (HUVEC) were isolated,
grown, and identified as described earlier (Hermenegildo et al. 2005).
HUVECs at passages 4–8 were cultured on gelatin-coated flasks in Medium
199 (M199, Gibco, Grand Island, NY, USA) supplemented with 12.5%
fetal bovine serum (FBS, Gibco, Grand Island, NY, USA), 50 U/mL heparin
(Shanghai No. 1 Biochemical Pharmaceutical Co, Shanghai, China),
30 �g/mL ECGS (BD, New Jersey, NY, USA), 10 ng/mL EGF (BD, New
Jersey, NY, USA) and 100 U/mL penicillin (Zhongguo pharmaceutical
(shijiazhuang) co, Hebei, China) and streptomycin (Northern China phar-
maceutical co, shijiazhuang, Hebei, China). The investigation conforms to
the principles outlined in the Declaration of Helsinki. The Ethics Committee
of the Medical College of Zhejiang University approved all procedures.

Fig. 7: Total ion current chromatogram of AME by HPLC/MS analysis. Peaks 1
calycosin-7-O-�-D-gluoside; 2, ononin; 3, calycosin; 4, astragaloside VII; 5,
astragaloside V; 6, astragaloside IV; 7, astragaloside III, 8, formononetin; 9,
soyasaponin I

4.3. HUVEC proliferation assay

HUVECs were cultured on collagen-coated 96-well plates at a density of
2 × 104 cells/well for 48 h. Then the cells were treated with testing samples
by replacing the media with 0.1 mL M199 containing 2% FBS. The growth
medium was supplemented with AME at a series of concentrations (25, 50,
75 and 100 �g/mL). DMSO was added as a control. After the cells had
been incubated for 48 h, cell numbers were estimated by the MTT [3-(4,5-
dimeth-ylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] assay (Pozzolini
et al. 2003). Briefly, The MTT labeling reagent (5 mg/mL MTT in PBS,
Sigma, Ronkonkoma, NY, USA) was added to the culture to obtain the
final concentration of 0.5 mg/mL, and the culture was incubated for 4 h. The
media were removed and formazan crystals were solubilized with 175 �L
DMSO. Each well was measured at 550 nm for by Universal Microplate
Spectrophotometer (Bio-Tek, Winooski, VT, USA). Cell proliferation rate
(percentage of control) = (A550 nm of the AME treatment - A550 nm of the
control)/A550 nm of the control × 100%.

4.4. HUVEC transwell migration assay

The effect of AME on HUVECs migration was determined by a transwell
migration assay as previously described (Redmond et al. 1999). Briefly,
HUVECs were seeded (1 × 105 cells/well) into the upper reservoir of a
transwell chemotaxis chamber (24-well culture plates, Corning, NY, USA)
containing 2% FBS growth media, whilst the lower reservoir was supple-
mented with DMSO (serve as control), 75 �g/mL AME or 10 ng/mL VEGF.
HUVECs were subsequently allowed to migrate across a fibronectin-coated
polycarbonate filter (8 �m pore) for 24 h in a humidified atmosphere of 5%
CO2/95% air at 37 ◦C. Non-migrated cells were removed from the top side
of the filter by washing thrice in PBS and scraping gently. Migrated cells on
the bottom side of the filter were subsequently fixed with 10% formaldehyde
for 30 min and then stained with 0.1% crystal violet for 20 min. Five fields
were counted for each well.

4.5. HUVEC tube formation

A Matrigel tube formation assay was also performed to assess in vitro angio-
genesis. Growth factor–reduced Matrigel (BD, New Jersey, NY, USA) was
placed in 96-well culture plates (50 �L/well) and allowed to set at 37 ◦C
for 1 h. Then 1 × 104 HUVECs were added to each well and incubated in
2% FBS M199 basic medium with 75 �g/mL AME, 10 ng/mL VEGF or
DMSO for 7 h in a humidified atmosphere of 5% CO2/95% air at 37 ◦C.
Five fields were counted for each well. The length of the tube was measured
by Image-Proplus 6.0 (Media Cybernetics, Bethesda, MD, USA).

4.6. Induction of myocardial infarction in rats and drug treatment

Male Sprague-Dawley rats (220∼250 g) were purchased from Shanghai
slaccas Experimental Animal Co (SCXK-2007-0005). All rats were fed
with a standard laboratory diet and given free access to tap water, kept
in a controlled room temperature (22 ± 1 ◦C), humidity (65-70%), and 12 h
dark/light cycles for 1 week before experiments began. The investigation
conforms to the Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (NIH Publication No. 85-23,
revised 1996). The Animal Ethic Review Committees of Zhejiang University
approved all procedures.
Myocardial infarction models were produced by occlusion of the left anterior
descending coronary artery according to the method of Yamaguchi (Pfeffer
et al. 1979; Yamaguchi et al. 1997). Briefly, the rats were anesthetized with
sodium pentobarbital by intraperitoneal injection (50 mg/kg i.p.) and venti-
lated by a respirator (ALC-V8, Shanghai Alcott Biotech, Shanghai, China)
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with room air (tidal volume, 3 mL/100 g; respiratory rate, 60 cycles/min). A
thoracotomy was performed in the fourth intercostal space and a 5/0 Proline
suture was tied around the left anterior descending coronary artery a few
millimeters from its origin. In sham-operated rats, the ligation suture was
not placed in the heart. Following ligation or sham surgery, rats were ran-
domly assigned to four groups and treated orally as follows: control group
(CON), water treatment; myocardial infarction group (MI), water treatment;
MI + AME50 group, 50 mg/kg AME consecutively for 3, 7 and 14 days;
MI + AME100 group, 100 mg/kg AME consecutively for 3, 7 and 14 days.

4.7. Histological analysis

The heart was rapidly excised and fixed in neutral buffered formalin after 3,
7 and 14 days, then it was embedded in paraffin, three slices from the left
ventricle were obtained for morphological analyses, Masson’s trichrome
staining was performed to show the collagen formation after MI. Immuno-
histochemistry was performed to determine capillaries and small arteries in
the peri-infarct area using primary antibody: rabbit anti human von Wille-
brand factor (vWF, Chemicon, Temecula, CA, USA, 1 mg/ml to 10 �g/mL)
and �-smooth muscle actin (�-SMA, Epitomics; Burlingame, CA, USA,
1:200), then incubated with corresponding biotinylated secondary antibody
(Shanghai gene company, Shanghai, China) and DAB kit (Zhongshan gold-
enbridge, Beijing, China). The number of positive staining of each section
was counted in 5 different fields from the peri-infarct area.

4.8. Infarct size measurement

Infarct size of heart was measured on day 14 after infarction. Briefly, the
heart was rapidly excised and serially sectioned into five slices (1 mm thick).
The slices were then incubated in 1% triphenyltetrazolium chloride (TTC,
Sigma, St. Louis, MO, USA) for 5 min at 37 ◦C to distinguish non-infarct tis-
sue and infarct tissue (the area lacking TTC staining, IA). The corresponding
areas were weighed. The infarction area as a percent ratio of the left ventric-
ular mass was calculated as: IA/LV = weight of infarct area/weight of left
ventricle × 100%.

4.9. Western blot analysis

After 3, 7 and 14 days, heart samples in the border zone from the left ven-
tricle were homogenized in lysis buffer as described by Wang et al. (2003).
The protein content of the supernatants was determined by the Bradford
protein assay. Western blots were performed for total and phosphorylated
AKT, VEGF, total and phosphorylated GSK-3�, total and phosphorylated
mTOR (VEGF-specific antibody, diluted 1:500, Santa Cruz, Santa Cruz,
CA, USA. AKT-specific antibody, diluted 1:1000, p-AKT-specific antibody,
diluted 1:1000, Cell Signalling Technology, Frankfurt, Germany. GSK3�-
specific antibody, diluted 1:1000, p-GSK3�-specific antibody, diluted 1:500,
mTOR-specific antibody, diluted 1:500, p-mTOR-specific antibody, diluted
1:250, Millipore, Billerica, MA, USA). VEGF/Tubulin, p-AKT/AKT,
p-GSK3�/GSK3�, and p-mTOR/mTOR ratios were expressed relative to
the mean control value.

4.10. Data analysis

Data were expressed as mean ± SEM. n, the number of individual experi-
ments. Statistical analysis was performed using one-way ANOVA. P-values
of < 0.05 were considered significant. All statistical analyses were performed
by MINITAB 14 (Mintab Inc, State College, PA, USA).
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