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Astragalus membranaceus extract promotes  
angiogenesis by inducing VEGF, CD34 and eNOS  
expression in rats subjected to myocardial infarction
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Abstract: The aim of the study is to determine the angiogenesis effect of Astragalus membranaceus extract (AME) 
on myocardium of rats with MI in vivo and to study its possible mechanisms involved in vascular endothelial growth 
factors (VEGF), cluster of differentiation 34 (CD34) and endothelial nitric oxide synthase (eNOS). A Sprague-Dawley 
rat model of MI was established by ligation of the left anterior descending coronary artery. Forty rats were random-
ized into 5 groups: MI control group, 3 different doses of AME (10, 20, 40 mg·kg-1·d-1) groups, and the Sham-operated 
group, each group consisted of 8 rats. The MI control group and sham-operated group were fed 0.9% sodium chlo-
ride 20 ml·kg-1·d-1. The rats were sacrificed after treated 8 weeks, hematoxylin-eosin staining, Masson staining and 
electron microscopy scanning were used to observe the pathomorphological changes of the myocardial tissues and 
vessels structure in the ventriculus sinister of rats. Immunohistochemical staining and western blot were used to 
evaluate the expression of VEGF, CD34 and eNOS. Compared with the MI control group, the morphology and ar-
rangement of cardiomyocytes and the integrity of endothelial cells were improved, the contents of collagen fibers 
in myocardial tissues were decreased and the number of the new formed microvessels were increased in the myo-
cardial tissues of rats in the AME treated groups. The VEGF, CD34 and eNOS protein expression in the myocardial 
tissue of the rats treated with different doses of AME increased significantly (P < 0.01). AME can obviously improve 
the disorganized myocardial tissues and promote angiogenesis in the rats after MI, which was accompanied by 
significantly increased expression of VEGF, CD34 and eNOS protein.
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Introduction

Myocardial infarction (MI), commonly known as 
a heart attack, remains the leading cause of 
morbidity and mortality for patients with cardio-
vascular disease worldwide [1]. Despite the 
large number of novel therapies under basic 
scientific investigation, the current therapy 
strategies to prevent and reverse the progress 
of MI to heart failure have been disappointing 
[2]. Percutaneous coronary intervention (PCI) is 
a relative efficiency strategy for some patients 
with MI. However, it is not optimistic about the 
long-term clinical outcomes in those patients 
after PCI [3, 4]. Therefore, a new therapy 
approach inducing angiogenesis in the heart 
after MI thus restoring myocardial perfusion 
has been proposed in recent years, and 
achieved positive outcomes in some reports 
[5-7].

Numerous factors are expressed in the isch-
emic heart where they promote angiogenesis. 
Hypoxia inducible factor 1-α (HIF1-α) is activat-
ed by hypoxia after MI and targets a wide range 
of genes including proangiogenic genes, such 
as vascular endothelial growth factor (VEGF). 
VEGF has a prominent role in post-MI angiogen-
esis through direct effect on endothelial cell 
survival and proliferation, control of new vessel 
formation and permeability as well as recruit-
ment of inflammatory and regenerative cells 
[8]. The endothelial nitric oxide synthase (eNOS) 
generate NO and are intimately involved in the 
angiogenic response to ischemia and hypoxia. 
Treatment with the eNOS enhancer AVE9488 
improved left ventricular remodeling and con-
tractile dysfunction after MI via enhancing cir-
culating endothelial progenitor cell (EPC) levels, 
and endothelial vasomotor dysfunction [9]. 
CD34 is a member of a family of single-pass 
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transmembrane sialomucin proteins that show 
expression in hematopoietic progenitor cells 
during the embryonic phase and then in the 
vascular endothelial cells [10]. CD34 is used as 
a marker to select whole bone marrow-derived 
mononuclear cells or medullar cells, which are 
often used as source of EPCs for preclinical 
studies of therapeutic cell therapy for angio-
genesis [11].

As research continues, evidences show that 
proangiogenic treatments with a single growth 
factor, VEGF for example, may present multiple 
potential risk factors, such as hypotension, dys-
lipidemia [12], and some larger, more-rigorous-
ly designed clinical trials, such as the EUROIN- 
JECT ONE [13] and NORTHERN [14] trials, did 
not demonstrate significant clinical benefit of 
VEGF therapy in patients with MI. For this rea-
son, novel approaches and drugs to treat MI 
are currently being pursued.

Recently, there has been growing interest 
toward establishing the therapeutic potential  
of natural products or Traditional Chinese 
Medicine (TCM) against MI [15-17]. Natural 
products or TCM have advantages to treat MI 
due to the complexity, chemical diversity, and 
biological properties of them. The root of 
Astragalus membranaceus (Fisch) Bge, com-
monly known as “Huang Qi” in China, is one of 
the most widely used TCM with variety of bio-
logical activities, such as improved sensitivity 
to insulin, immune modulation, antiviral activi-
ty, antitumor activity, and enhancement of car-
diovascular functions [18]. The protection of 
cardiovascular function might be explained in 
terms of protection of tissue structure and as a 
decrease in serum marker of ischemic injury, 
malondialdehyde (MDA) [19]. Zhang et al. 
reported that the root of Astragalus mem- 
branaceus extract and one of its constituents, 
astragaloside IV, exert proangiogenic effect via 
enhancing VEGF mRNA expression in human 
umbilical vein endothelial cells in vitro [20, 21]. 
Our previous study founded that the root of 
Astragalusmembranaceus extract can inhibit 
myocardial fibrosis and ventricular remodeling 
by regulation of protein kinase D1 in a rat model 
of myocardial infarction [22]. Although previous 
studies have suggested that the cardiopro- 
tective effect of the root of Astragalus membra-
naceus is related to multi-mechanisms and 
multi-targets, the angiogenesis effect related 

to VEGF, eNOS and CD34 has not been per-
formed in vivo. The aim of the present study 
was to investigate the biological effects of 
Astragalus membranaceus on angiogenesis 
and its underlying mechanisms in a rat model 
of myocardial ischemia in vivo.

Materials and methods

Animals

A total of 40 male Sprague Dawley (SD) rats, 
weighing 200-250 g, were obtained from Ex- 
perimental Animal Center of Henan Province 
(Zhengzhou, Henan, China). They were kept in 
standard conditions with controlled a tempera-
ture of 22±2°C, a humidity level of 45% to  
65%, and a 12/12 hours light/dark cycle, and 
were provided with standard pellet food and 
purified drinking water. All animals were han-
dled according to the institutional guidelines 
complying with Chinese legislation.

Preparation of the Astragalus membranaceus 
extract

The Astragalus membranaceus extract (AME) 
was prepared using the following method after 
Professor Xianzhang Huang, from Nanyang 
Institute of Technology, authenticated the ori-
gin of the roots of Astragalus membranaceus 
Bge. The dried roots of Astragalus membrana-
ceus were prepared as crude slices and extract-
ed two times (120 min, 90 min) by reflux ex- 
traction method with 70% ethanol (EtOH). The 
extract was combined, filtered and evaporated 
under reduced pressure. The supernatant was 
adsorbed on D101 macroporous resin and suc-
cessively eluted with deionized water first, and 
then eluted with 70% EtOH. The fraction of 70% 
EtOH elution was collected, concentrated under 
vacuum and sprayed to dryness to obtain the 
AME. The yield ratio of AME was 1.5% contain-
ing 66.9% astragaloside. AME was stored in a 
refrigerator (4°C) until use; the time limit for 
AME storage was 1 year. The extract was fresh-
ly dissolved in distilled water before giving each 
dose to animals.

Establishment of MI rat model

The rat model of MI was established as previ-
ously described [22]. Briefly, the male SD rats 
were intraperitoneally anesthetized with pento-
barbital (70 mg/kg), intubated, and connected 
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to a respirator. The heart was exposed using an 
angular incision on the left side of the thoracic 
cavity. The pericardium was opened and liga-
tion was performed on the left anterior 
descending branch of the coronary artery, and 
then the thoracic cavity was closed. At 48 h 
after establishment of the MI rat model, the 
survival rats were randomly divided into 4 
group comprised 8 rats each group, and admin-
istered orally once a day for 8 weeks, with the 
control vehicle (distilled water; MI control group) 
or one of the doses of AME at 10, 20 and 40 
mg/kg (namely AME low, middle and high dose 
group, respectively). The sham-operated rats 
were threaded in the corresponding parts of 
the left anterior descending coronary artery 
instead of ligation and treated with the same 
dosage regimen as that in the control group 
(sham-operated group, comprised 8 rats). The 
rats were euthanized at the end of the experi-
ment. These heart tissues were snap-frozen in 
liquid nitrogen until they were processed for 
further biochemical and pathological analysis.

Hematoxylin-eosin staining

Hematoxylin-eosin staining was performed in 
the apex tissues of the heart. Briefly, apex tis-
sues of the heart after surgery were rapidly fro-
zen by liquid nitrogen. After being fixed in 10% 
formaldehyde and embedded in paraffin, the 
embedded tissues were cut into sections with a 
thickness of 4 μm at the midpoint of left ven-
tricle long axis. After washing with running 
water and distilled water, sections were stained 
with hematoxylin for 3-5 min, and then washed 
with running water and differentiated with 1% 
HCl in 70% alcohol. After that, the sections 
were stained with eosin for 1-4 min after wash-
ing with running water. After dehydration and 
differentiation in alcohol, sections were mount-
ed and observed under Nikon Ti-soptical micro-
scope (Nikon Corporation, Tokyo, Japan).

Masson staining

Myocardial collagen could be stained by Mas- 
son’s trichrome staining. Apex tissues of the 
heart after surgery were rapidly frozen by liquid 
nitrogen. After being fixed in 10% formaldehyde 
and embedded in paraffin, the embedded tis-
sues were cut into sections with a thickness  
of 4 μM at the midpoint of left ventricle long 
axis. The sections were dewaxed, dehydrated in 
graded alcohols and stained by hematoxylin for 

3 min. After washing with running water, the 
sections were differentiated in a 1% hydrochlo-
ric acid alcohol solution. The sections were 
then stained in warm Ponceau-acid fuchsin 
solution for 3 min, washed with distilled water, 
and differentiated in a 1% phosphomolybdic 
acid solution for 1 min. After wiping the phos-
phomolybdic acid residue from the slides, the 
sections were stained in 2% aniline blue solu-
tion for 1 min. The sections were dehydrated  
in graded alcohols, dried with cold air, and 
mounted in neutral resin. Changes in the myo-
cardial interstitial collagen were observed by 
HMIAS-2000 Imaging System (Champion Medi- 
cal Imaging Co., Wuhan, China).

Ultrastructural evaluation

The myocardial specimens were harvested 
from the septal and external portions of the left 
ventricular wall and fixed with 4% paraformal-
dehyde and 1% glutaraldehyde in 0.1-mol/L 
cacodylate buffer. Histological processing was 
performed according to standard methods. 
Transmission electron microscopy (JEM-1200 
EX; JEOL Ltd, Akishima, Japan) at a magnifica-
tion of × 5,000 (3 microscopic fields for each 
heart) was used to determine ultrastructural 
damage. This evaluation was conducted inde-
pendently by two histologists who were blinded 
to sample origins.

Immunohistochemical staining

Apex tissues of the heart after surgery were 
rapidly frozen by liquid nitrogen. After being 
fixed in 10% formaldehyde and embedded in 
paraffin, the embedded tissues were cut into 
sections with a thickness of 4 μM at the mid-
point of left ventricle long axis. To inactivate 
endogenous peroxidase, 3% fresh prepared 
hydrogen peroxide was added at room temper-
ature for 15 min. After washing with distilled 
water, the antigen was repaired by citrate buf-
fer (pH 6.0) with microwave heating. The sec-
tions were washed with PBS and blocked with 
serum blocking solution for 20 min. Then a 
polyclonal rabbit anti-eNOS (sc-654), a mono-
clonal rabbit anti-VEGF (sc-152) or a polyclonal 
rabbit anti-CD34 antibody (sc-9095; from San- 
ta Cruz Biotechnology Inc., Santa Cruz, CA, 
USA) was added and incubated at 4°C in dark 
overnight. The secondary biotined goat anti 
rabbit IgG (Santa Cruz Biotechnology Inc.) was 
added for a 20 min incubation at room temper-
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ature. After incubation with streptavidin-biotin 
complex, the sections were developed with 3, 
3’-Diaminobenzidine chromogenic reagent. The 
sections were counterstained with haematoxy-
lin. After hydrochloric acid differentiation and 
dimethylbenzene transparency, the sections 
were mounted with neutral gum. Ten fields at a 
magnification of × 400 or × 100 were taken 
from every section. Mean optical density from 
every field was analyzed by HMIAS-2000 
Imaging System.

Western blot analysis

The cardiac muscles were homogenized in the 
Potter/Elvehjem device in a proportion of 1 g of 
tissue to 5 mL of buffer solution Tris-HCl 20 
mM (pH 7.4) and sonicated for 30 s. After cen-
trifugation at 14,000 g for 10 min, the superna-
tant of the homogenized tissue was utilized for 
identification of VEGF, CD34 or eNOS proteins. 
The total protein concentrations of superna- 
tant were quantified using a bicinchoninic acid 
assay (BCA) kit, and equal amounts of protein 
were separated by SDS-PAGE and then trans-
ferred onto polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). The mem-
branes were blocked in 5% non-fat dried milk 
diluted with TrisBuffered Saline Tween-20 
(TBST; in mmol/l: Tris-HCl 20, NaCl 150, pH 7.5 
nd 0.1% Tween20) at room temperature for 1 h 
and probed overnight at 4°C with a polyclonal 
rabbit anti-eNOS (sc-654), a monoclonal rabbit 
anti-VEGF (sc-152) or a polyclonal rabbit anti-
CD34 antibody (sc-9095), and then incubated 
for 2 h with anti-rabbit IgG (Santa Cruz Bio- 
technology Inc.). Incubation with polyclonal 
mouse β-actin antibody (#3700; Cell Signaling 
Technology) was used as the internal standard 
control. Finally, the membranes were washed 
with PBS three times and the immunoreactive 

bands were visualized using an ECL-PLUS/Kit 
according to the manufacturer’s instructions. 
The grey values of each band were measured 
with a computer-assisted imaging analysis sys-
tem (Quantity One, Bio-Rad, Hemel Hempstead, 
UK).

Statistical analysis

All results were expressed as mean ± standard 
deviation. Statistical analysis was performed 
using one way ANOVA with Tukey’s correction. 
Analysis of variance was used to analyze com-
parisons between groups. P value less than 
0.05 was considered to be significantly differ-
ent. All statistical analyses were performed 
with SPSS 20.0 (IBM software, Somers USA, 
www.ibm.com).

Results

Improved the morphology and arrangement of 
cardiomyocytes by AME

To investigate the effect of AME on the myocar-
dial cells of MI rats, hematoxylin-eosin staining 
was performed to observe the morphology and 
arrangement of cardiomyocytes. As shown in 
Figure 1A, in the sham-operated group, the car-
diomyocytes have clear structure and the myo-
cardial tissues were neatly arranged and well-
organized, the cardiovascular morphology is 
regular and integrity, the microvessels count 
showed a normal distribution. However, in  
the MI control group, the myocardial tissues 
were disordered arrangement, nucleolysis and 
blurred boundaries occurred in the cardiomyo-
cytes with disorganized and aged granulation 
tissues and neutrophil infiltration, and the myo-
cardial tissues were lighter in color, as com-
pared with those in the sham-operated group 
(Figure 1B). After treated with the different 

Figure 1. Morphology and arrangement of cardiomyocytes. Hematoxylin-eosin staining was performed to observe 
the morphology and arrangement of cardiomyocytes. Representative micrographs were shown. A. Sham-operated 
group. B. MI control group. C. AME low dose group. D. AME middle dose group. E. AME high dose group, visualized 
by an optical microscope at high magnification (× 400).
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doses of AME, the myocardial tissues arranged 
more regular and deeper stained with relative 
clear boundaries, the number of inflammatory 
cells obviously decreased, and the inflammato-
ry infiltration improved, as compared with those 
in the MI control group. After treated with low 
dose of AME, new formed microvessels were 
shown in the myocardial tissues with aged 
granulation tissues among them. New granula-
tion tissues were widespread in the myocardial 
tissues with rare aged granulation tissues and 
more neovascularization in the middle dose of 
AME group. Moreover, there have numerous 
new formed microvessels and few granulation 
tissues in the high dose of AME group (Figure 
1C-E). These results suggest that the morphol-
ogy and arrangement of cardiomyocytes were 
improved after treated with AME.

Decreased the contents of collagen fibers in 
myocardial tissues by AME

To investigate the distribution of myocardial 
interstitial collagen, Masson’s trichrome stain-
ing was performed to observe the sections of 
myocardial tissues using an ordinary optics 
microscope. In the sham-operated group, the 
myocardial tissues were predominant in the 

field with blue collagen intermingled, clear 
structure and regular shape in the myocardial 
tissues were observed; the vascular morpholo-
gy was clear, integrity and well arranged; the 
red mucosal layer can be seen clearly with  
a few blue collagenous fibers around the 
microvessels (Figure 2A). However, in the MI 
control group, the disorganized myocardial tis-
sues were found with some tissues ruptured, a 
large area of myocardial tissues were substi-
tuted by blue collagen with the hypertrophy of 
red myocardial tissues intermingled, and the 
disorganized arrangement of aged granulation 
tissues were especially obvious (Figure 2B). For 
the AME treated groups, the red myocardial  
tissues were more regular arranged and their 
proportion increased along with the dose in- 
creased, as compared with those in the MI con-
trol group. In the low dose of AME group, new 
microvessels formed obviously in the myocar-
dial tissues and showed in fresh granulation 
tissue morphology, however, the red myocardi-
um was not regular enough. In the middle dose 
of AME group, the new formed integrity micro- 
vessels and the granulation tissues were inter-
woven obviously. While the new formed regular 
microvessels were spread over the myocardial 
tissues with clear and integrated walls in the 

Figure 2. Distribution of myocardial interstitial collagen and microvessels. Masson’s trichrome staining was per-
formed to observe the distribution of collagen and new formed microvessels in myocardial tissues. Representative 
micrographs were shown. Cardiomyocytes were stained to be red and collagen was stained to be blue. A. Sham-
operated group. B. MI control group. C. AME low dose group. D. AME middle dose group. E. AME high dose group, 
visualized by an optical microscope at high magnification (× 400).

Figure 3. Ultrastructural changes analysis of the myocardial tissues after treated with AME by Electron microscopy 
scanning (original magnification × 5,000). Representative micrographs were shown. A. Sham-operated group. B. MI 
control group. C. AME low dose group. D. AME middle dose group. E. AME high dose group.
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high dose of AME group (Figure 2C-E). These 
results indicate that contents of collagen fibers 
in myocardial tissues were decreased and new 
formed microvessels were increased after 
treated with AME.

Improved integrity of endothelial cells by AME

Electron microscopy was performed to observe 
the ultrastructural changes of the myocardial 
tissues of rats after treated with AME. In the 
sham-operated group, the myocardial tissues 
were organized regularly, the intercalated disc 
and the vessel morphology were clear with full 
walls, the perfusion of red blood cells were 
showed and the endothelial cells inside the 
walls were integral, the intact nuclei and the 
smooth basilar membranes were showed clear-
ly and surrounded with pericytes (Figure 3A). In 
the MI control group, the myocardial tissues 
arranged in disorder, some intercalated discs 
disappeared, the residual walls damaged, the 
endothelial cells inside the walls grossly dam-
aged and almost disappeared. The dissolved 
endothelial cell nuclei, the crenated basilar 
membranes and fewer pericytes showed in 
Figure 3B. For the AME groups, the morphology 
of myocardial tissues was more orderly, the 

intercalated disc and the vessel morphology 
were clear relatively, as compared with those in 
the MI control group. In the low dose of AME 
group, the vessel walls in the myocardial tis-
sues have defects, the endothelial cells partly 
damaged, the extent of shrinkage of the basilar 
membranes somewhat improved, but still seri-
ous relatively, as compared with those in the MI 
control group. In the middle dose of AME group, 
the more clearly microvessels with full walls 
were found in the myocardial tissues and the 
pericytes appeared, the endothelial cell nucle-
us formed clearly, the basilar membranes were 
smooth relatively. While in the high dose of 
AME group, a large number of the microvessels 
with full walls were found in the myocardial tis-
sues, the endothelial cells proliferated obvi-
ously, the nucleus were larger and plump, the 
pericytes were clearly visible (Figure 3C-E).

Increased VEGF, CD34 and eNOS expression 
by AME

To determine the expression of VEGF, CD34 
and eNOS in the myocardial tissues of rats with 
MI, immunohistochemical staining was per-
formed. The results were shown in Figure 4 and 
Table 1. Positive granules were rarely detect-

Figure 4. Expression of VEGF, CD34 and eNOS in the myocardial tissues of rats by immunohistochemical staining. 
Representative micrographs were shown. A. sham-operated group. B. MI control group. C. AME low dose group. D. 
AME middle dose group. E. AME high dose group. Visualized by an optical microscope (× 400 for VEGF and eNOS, 
× 100 for CD34).
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able in cytoplasm in the sham-operated group 
(Figure 4A). However, in the MI control group, 
the positive granules in the cytoplasm of myo-
cardial cells increased, but no statistical signifi-
cance (P > 0.05) compared with those in the 
sham-operated group (Figure 4B and Table 1). 
For the AME groups, the VEGF, CD34 and eNOS 
expression increased significantly in a dose-
dependent manner when compared with those 
in the MI control group (P < 0.01) (Figure 4C-E 
and Table 1).

The significant difference can be further con-
firmed by western blot analysis. The grey values 
of VEGF, CD34 and eNOS expression from the 
bands of AME treated groups were significantly 
higher than those in the MI control group (P < 
0.01, Figure 5). Although there has an increased 
trend for the VEGF, CD34 and eNOS expression 
in the myocardial tissues of rats in the MI con-
trol group compared with those in the sham-
operated group from the bands, the mean of 
duplicate points has no statistical significance 
between them (P > 0.05, Figure 5).

Discussion

In recent years, proangiogenic therapy app- 
eared a promising strategy for the treatment  
of patients with MI, as angiogenesis has the 
potential to salvage ischemic myocardium at 
early stages after MI [8]. Proangiogenic-based 
therapies, including growth factors delivery and 
administration of stem/progenitor cells, have 
obtained several positive clinical efficacies [6, 
23, 24]. However, these therapies showed neg-
ative results blocking the way for the optimiza-
tion of proangiogenic therapies, such as can’t 
completely improve the myocardial perfusion 
abnormalities [13], insufficient evidence of effi-
cacy [25]. More and more researchers realized 

In this study, we provide evidences that AME 
exerts an angiogenic effect on blood vessel for-
mation after MI in vivo via inducing eNOS, VEGF 
and CD34 expression synergistically. During 
ischaemia the constitutive eNOS is activated 
leading to a burst of NO production which 
causes subsequent HIF1-α mediated expres-
sion of numerous proangiogenic growth fac-
tors, such as VEGF, as well as the recruitment 
of endothelial progenitor cells to sites of vascu-
larization [8, 27, 28]. To further elucidate the 
mechanism of action of AME, immunohisto-
chemical staining and western blot were used 
to analyze the expression of eNOS. It was found 
that AME can induce eNOS expression directly 
in the myocardial tissues of rat after MI in  
a dose-dependent manner, suggesting the 
AME-induced angiogenesis was related to the 
increased expression of eNOS.

New vessel formation takes the form of vessel 
sprouting (angiogenesis) which creates a net-
work that remodels into arteries and veins [5]. 
At the initial stage, the proangiogenic factors is 
active by the increase of degradation of extra-
cellular matrix and vascular permeability, lead-
ing to the migration and proliferation of endo-
thelial cells (EC), and then the new sprouts 
develop lumens with an increasing number  
of ECs. VEGF is known to be an important 
growth factor for vascular development and 
angiogenesis and the high-expression predicts 
an increased angiogenesis in the vascular 
endothelial cells [8, 28]. In this study, the 
expression of VEGF increased in the myocardial 
tissues of rats in the MI control group demon-
strate it’s a normal pathological reaction to  
MI, because the electron microscopy results 
showed the ECs were not in their integrity in the 
same group. In the meanwhile, there has less 

Table 1. Expression levels of VEGF, CD34 and eNOS in myocar-
dial tissues of rats with MI (mean ± SD, n=8)

Groups
Mean Optical Density

VEGF CD34 eNOS
Sham-operated 41.16±2.79 14.44±3.05 22.6±2.12
MI Control 58.24±8.76 22.68±4.54 40.12±4.11
AME low dose 124.12±12.27* 85.45±5.15* 98.55±6.42*

AME middle dose 198.55±19.96* 169.76±18.57* 172.77±9.69*

AME high dose 268.48±25.66* 292.11±35.25* 232.16±10.05*

Note: *P < 0.05 vs. control group; the mean optical densities from every field 
of the immunohistochemical staining results were analyzed by HMIAS-2000 
Imaging System.

that single therapy approach may 
result in a new dilemma at the 
time to solve the existing problem, 
so they are pursuing synthetical 
therapy or holistic healing plan for 
one disease. Preclinical studies 
have suggested, for example, that 
VEGF and fibroblast growth factor 
(FGF) or T-box transcription factor 
TBX5 can act synergistically to 
give a more robust angiogenic 
response than any of them alone 
[23, 26].
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CD34 expression, which is also a characteristic 
of new vessel formation, in the MI control 
group; suggesting new sprouts may not always 
develop lumens finally. After treated with AME, 
the vascular morphology restored its integrity 
relatively and the increased VEGF expression 
further induced and promoted the new vessels 
formation and maturity, and the increased 
CD34 expression demonstrated AME can 
increase the number of new formed vessels 
sharply.

As showed in the hematoxylin-eosin staining 
and Masson’s trichrome staining results, the 
newly formed granulation tissues can be seen 
in the myocardial tissues of rats in the MI con-
trol group due to the stimulation of injury fac-
tors like ischemia after MI, and this phenome-
non was further confirmed by the VEGF and 
CD34 expression in the same group by immu-
nohistochemical staining and western blot, 
which increased seemingly when compared 
with those in the sham-operated group. How- 
ever, although the evidence of angiogenesis 
was found, new vessels can’t form effectively 
because the appearance of granulation tissues 
in the injury areas is just a self-defense reac-
tion occurred when the body is stimulated by 
the injury factors. In the electron microscopy 
ultrastructure analysis results in the MI control 
group, ECs were few in number and the cell 
nucleus were lack of integrity, degraded and 
even disappeared, the basilar membranes 

were shrank and damaged grossly, suggesting 
the emergence of ECs is essential for angiogen-
esis. In the myocardial tissues treated with 
AME, the new formed vessels increased obvi-
ously in a dose-dependent manner, and the 
electron microscopy results showed that the 
basilar membranes tended to be integrity and 
the ECs with intact nucleus increased. Im- 
munohistochemical and western blot results 
showed that CD34 and VEGF expression were 
also increased obviously with the dose of RAM 
increased, as compared with those in the MI 
control group, suggesting the histopathological 
results were kept highly consistent with the 
immunohistochemical and western blot results.

In summary, our results show that treatment 
with AME promotes several features of angio-
genesis, including improvement of the disorga-
nized myocardial tissues and the integrity of 
endothelial cells, increased newly formed micro- 
vessels and decreased the contents of colla-
gen fibers in the myocardial tissues of rats after 
MI through induction of eNOS, VEGF and CD34 
expression. Additional studies are required to 
characterize the molecular mechanism of AME 
on regulating the angiogenic process.

Acknowledgements

This work was supported by the National 
Natural Science Foundation of China for Young 
Scholars (Grant No. 81202791), the National 

Figure 5. Effect of up-regulation of VEGF, CD34 and eNOS by AME in myocardial tissues. The protein levels of VEGF, 
CD34 and eNOS were detected by Western blot after treated with different doses of AME. β-actin was used as an 
endogenous control. Representative results are shown and the grey values are shown as mean ± SD. Left panel 
represents Western blot gel results, right panel represents bar graphs for relative protein levels for VEGF, CD34 and 
eNOS.*P < 0.05, **P < 0.01, vs. MI control group.



Promoting angiogenesis of AME

5717	 Int J Clin Exp Med 2016;9(3):5709-5718

Natural Science Foundation of China (Grants 
No. 81473438), and the supporting plan issue 
of key discipline of internal medicine of Tradi- 
tional Chinese Medicine (Grant No. Henan 
Province High Education [2012] 186).

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Lei Yang and 
Bingyu Mao, Medical Experimental Center, Nanyang 
Institute of Technology, 80 Changjiang River Road, 
Nanyang 473004, P. R. China. Tel: +86-1599313- 
6589; E-mail: yanglei200609@126.com (LY); maob-
ingyu2005@126.com (BYM) 

References

[1]	 Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, 
Blaha MJ, Cushman M, de Ferranti S, Després 
JP, Fullerton HJ, Howard VJ, Huffman MD, Judd 
SE, Kissela BM, Lackland DT, Lichtman JH, 
Lisabeth LD, Liu S, Mackey RH, Matchar DB, 
McGuire DK, Mohler ER 3rd, Moy CS, Muntner 
P, Mussolino ME, Nasir K, Neumar RW, Nichol 
G, Palaniappan L, Pandey DK, Reeves MJ, 
Rodriguez CJ, Sorlie PD, Stein J, Towfighi A, 
Turan TN, Virani SS, Willey JZ, Woo D, Yeh  
RW, Turner MB; American Heart Association 
Statistics Committee and Stroke Statistics 
Subcommittee. Heart disease and stroke sta-
tistics--2015 update: a report from the Ameri- 
can Heart Association. Circulation 2015; 131: 
e29-322.

[2]	 Shah AM, Mann DL. In search of new therapeu-
tic targets and strategies for heart failure: re-
cent advances in basic science. Lancet 2011; 
378: 704-12.

[3]	 Khalili H, Patel VG, Mayo HG, de Lemos JA, 
Brilakis ES, Banerjee S, Bavry AA, Bhatt DL, 
Kumbhani DJ. Surrogate and clinical outcomes 
following ischemic postconditioning during pri-
mary percutaneous coronary intervention of 
ST--segment elevation myocardial infarction: a 
meta-analysis of 15 randomized trials. Cathe- 
ter Cardiovasc Interv 2014; 84: 978-86.

[4]	 Ishii H, Murohara T. How can we improve prog-
nosis in patients with acute myocardial infarc-
tion?- Lesson from patients without primary 
percutaneous coronary intervention. Circ J 
2015; 79: 1900-1.

[5]	 Potente M, Gerhardt H, Carmeliet P. Basic and 
therapeutic aspects of angiogenesis. Cell 
2011; 146: 873-87.

[6]	 Chen YL, Sun CK, Tsai TH, Chang LT, Leu S, 
Zhen YY, Sheu JJ, Chua S, Yeh KH, Lu HI, Chang 
HW, Lee FY, Yip HK. Adipose-derived mesen-

chymal stem cells embedded in platelet-rich 
fibrin scaffolds promote angiogenesis, pre-
serve heart function, and reduce left ventricu-
lar remodeling in rat acute myocardial infarc-
tion. Am J Transl Res 2015; 7: 781-803.

[7]	 Nakajima K, Fujita J, Matsui M, Tohyama S, 
Tamura N, Kanazawa H, Seki T, Kishino Y, 
Hirano A, Okada M, Tabei R, Sano M, Goto S, 
Tabata Y, Fukuda K. Gelatin Hydrogel Enhances 
the Engraftment of Transplanted Cardiomyo- 
cytes and Angiogenesis to Ameliorate Cardiac 
Function after Myocardial Infarction. PLoS One 
2015; 10: e0133308.

[8]	 Cochain C, Channon KM, Silvestre JS. Angio- 
genesis in the infarcted myocardium. Antioxid 
Redox Signal 2013; 18: 1100-13.

[9]	 Fraccarollo D, Widder JD, Galuppo P, Thum T, 
Tsikas D, Hoffmann M, Ruetten H, Ertl G, 
Bauersachs J. Improvement in left ventricular 
remodeling by the endothelial nitric oxide syn-
thase enhancer AVE9488 after experimental 
myocardial infarction. Circulation 2008; 118: 
818-27.

[10]	 Nielsen JS, McNagny KM. Novel functions of 
the CD34 family. J Cell Sci 2008; 121: 3683-
92.

[11]	 Fadini GP, Losordo D, Dimmeler S. Critical re-
evaluation of endothelial progenitor cell phe-
notypes for therapeutic and diagnostic use. 
Circ Res 2012; 110: 624-37.

[12]	 Vuorio T, Jauhiainen S, Yla-Herttuala S. Pro- 
and anti-angiogenic therapy and atherosclero-
sis with special emphasis on vascular endo-
thelial growth factors. Expert Opin Biol Ther 
2012; 12: 79-92.

[13]	 Gyongyosi M, Khorsand A, Zamini S, Sperker 
W, Strehblow C, Kastrup J, Jorgensen E, Hesse 
B, Tägil K, Bøtker HE, Ruzyllo W, Teresiñska A, 
Dudek D, Hubalewska A, Rück A, Nielsen SS, 
Graf S, Mundigler G, Novak J, Sochor H, Maurer 
G, Glogar D, Sylven C. NOGA-guided analysis of 
regional myocardial perfusion abnormalities 
treated with intramyocardial injections of plas-
mid encoding vascular endothelial growth fac-
tor A-165 in patients with chronic myocardial 
ischemia: subanalysis of the EUROINJECT-ONE 
multicenter double-blind randomized study. 
Circulation 2005; 112: I157-65.

[14]	 Stewart DJ, Kutryk MJ, Fitchett D, Freeman M, 
Camack N, Su Y, Della Siega A, Bilodeau L, 
Burton JR, Proulx G, Radhakrishnan S; NOR- 
THERN Trial Investigators. VEGF gene therapy 
fails to improve perfusion of ischemic myocar-
dium in patients with advanced coronary dis-
ease: results of the NORTHERN trial. Mol Ther 
2009; 17: 1109-15.

[15]	 Liu HX, Wang SR, Lei Y, Shang JJ. Characteristics 
and advantages of traditional Chinese medi-
cine in the treatment of acute myocardial in-
farction. J Tradit Chin Med 2011; 31: 269-72.

mailto:yanglei200609@126.com
mailto:maobingyu2005@126.com
mailto:maobingyu2005@126.com


Promoting angiogenesis of AME

5718	 Int J Clin Exp Med 2016;9(3):5709-5718

[16]	 Zapata-Sudo G, da Silva JS, Pereira SL, Souza 
PJ, de Moura RS, Sudo RT. Oral treatment with 
Euterpe oleracea Mart. (acai) extract improves 
cardiac dysfunction and exercise intolerance 
in rats subjected to myocardial infarction. BMC 
Complement Altern Med 2014; 14: 227.

[17]	 Roberto Teves M, Haydée Wendel G, Eugenia 
Pelzer L. Jodina rhombifolia leaves lyophilized 
aqueous extract decreases ethanol intake and 
preference in adolescent male Wistar rats. J 
Ethnopharmacol 2015; 174: 11-6.

[18]	 Fu J, Wang Z, Huang L, Zheng S, Wang D, Chen 
S, Zhang H, Yang S. Review of the botanical 
characteristics, phytochemistry, and pharma-
cology of Astragalus membranaceus (Huangqi). 
Phytother Res 2014; 28: 1275-83.

[19]	 Ma X, Zhang K, Li H, Han S, Ma Z, Tu P. Extracts 
from Astragalus membranaceus limit myocar-
dial cell death and improve cardiac function  
in a rat model of myocardial ischemia. J 
Ethnopharmacol 2013; 149: 720-8.

[20]	 Zhang Y, Hu G, Lin HC, Hong SJ, Deng YH, Tang 
JY, Seto SW, Kwan YW, Waye MM, Wang YT, Lee 
SM. Radix Astragali extract promotes angio-
genesis involving vascular endothelial growth 
factor receptor-related phosphatidylinositol 
3-kinase/Akt-dependent pathway in human 
endothelial cells. Phytother Res 2009; 23: 
1205-13.

[21]	 Zhang Y, Hu G, Li S, Li ZH, Lam CO, Hong  
SJ, Kwan YW, Chan SW, Leung GP, Lee SM.  
Pro-angiogenic activity of astragaloside IV in 
HUVECs in vitro and zebrafish in vivo. Mol Med 
Rep 2012; 5: 805-11.

[22]	 Mao B, Nuan L, Yang L, Zeng X. Compatibility of 
Astragalus and Salvia extract inhibits myocar-
dial fibrosis and ventricular remodeling by reg-
ulation of protein kinase D1 protein. Int J Clin 
Exp Med 2015; 8: 3716-24.

[23]	 Mathison M, Gersch RP, Nasser A, Lilo S, 
Korman M, Fourman M, Hackett N, Shroyer K, 
Yang J, Ma Y, Crystal RG, Rosengart TK. In vivo 
cardiac cellular reprogramming efficacy is en-
hanced by angiogenic preconditioning of the 
infarcted myocardium with vascular endotheli-
al growth factor. J Am Heart Assoc 2012; 1: 
e005652.

[24]	 Liebson PR. Stem-cell angiogenesis and re-
generation of the heart: review of a saga of 2 
decades. Clin Cardiol 2015; 38: 309-16.

[25]	 Doukas J, Blease K, Craig D, Ma C, Chandler 
LA, Sosnowski BA, Pierce GF. Delivery of FGF 
genes to wound repair cells enhances arterio-
genesis and myogenesis in skeletal muscle. 
Mol Ther 2002; 5: 517-27.

[26]	 Bai Y, Leng Y, Yin G, Pu X, Huang Z, Liao X, 
Chen X, Yao Y. Effects of combinations of BMP-
2 with FGF-2 and/or VEGF on HUVECs angio-
genesis in vitro and CAM angiogenesis in vivo. 
Cell Tissue Res 2014; 356: 109-21.

[27]	 Ceradini DJ, Kulkarni AR, Callaghan MJ, Tepper 
OM, Bastidas N, Kleinman ME, Capla JM, 
Galiano RD, Levine JP, Gurtner GC. Progenitor 
cell trafficking is regulated by hypoxic gradi-
ents through HIF-1 induction of SDF-1. Nat 
Med 2004; 10: 858-64.

[28]	 Taimeh Z, Loughran J, Birks EJ, Bolli R. Vascular 
endothelial growth factor in heart failure. Nat 
Rev Cardiol 2013; 10: 519-30.


