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Abstract: Diabetes mellitus was a serious chronic illness in China and diabetic cardiomyopathy was one of its 
complication threating people’s healthy. Astragalus polysaccharide was a natural product which applied diabetes 
mellitus therapeutics. Diabetic cardiomyopathy sawley rats modern was treated by astragalus polysaccharide to 
investigate the effect and mechanism of astragalus polysaccharide on diabetic cardiomyopathy. The results showed 
that astragalus polysaccharide could release the symptom of diabetic cardiomyopathy in rats and the level of oxida-
tive stress was decreased. We considered that astragalus polysaccharide could inhibit diabetic cardiomyopathy in 
rats through decreasing oxidative stress.
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Introduction

The incidence of diabetes mellitus shows a 
gradually increasing trend in China. Diabetic 
cardiomyopathy (DC) is one of the complica-
tions of diabetes. The main pathological chang-
es of DC include myocardial cell proliferation, 
ventricular hypertrophy, extracellular matrix 
accumulation and fibrosis [1]. DC may lead to 
heart failure and death in diabetic patients. In 
recent years, extensive clinical studies have 
shown that astragalus polysaccharide (APS) 
can significantly reduce the mortality of cardio-
vascular diseases in patients with diabetes 
mellitus, but the molecular mechanism is still 
unclear [2]. Some studies in recent years indi-
cated that oxidative stress was closely related 
to the occurrence and development of DC [3]. 
Nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase is an important source of the 
reactive oxygen species (ROS) in the body and 
is able to catalyze the conversion from O2 to O2

-; 
accordingly, NADPH is thought to play an impor-
tant role in the pathogenesis of DC. This study 
was designed to study the effects of APS inter-
vention on DC in rats and explore the molecular 
mechanism of APS responsible for the inhibi-

tion of oxidative stress and the pathological 
processes of DC.

Materials and methods

Study subjects

The 60 male Sprague-Dawley rats were ran-
domized into normal control group (N), diabetes 
group (D), low-dose APS group (APS-1), high-
dose APS group (APS-2) and fluvastatin group 
(Flu), with 12 rats in each group. Each rat re- 
ceived an intraperitoneal injection of 55 mg·kg-1 
bolus dose of streptozotocin (STZ). Then, the 
blood glucose was determined in 72 h; blood 
glucose ≥300 mg/dL was used as the criteria 
for successful construction of diabetic rat 
model. After the molding, the following doses of 
drugs calculated by dose/body weight ratio 
were administered once daily for 12 successive 
weeks in each group by intragastric gavage: 
200 mg·kg-1 for low-dose APS group; 700 mg·kg-

1 for high-dose APS group, 20 mg·kg-1·d-1 for Flu 
positive control group; equal volume of normal 
saline for normal control group and model 
group.
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Instruments and drugs

The male Sprague-Dawley rats (with body 
weights of 200 g±10 g) were purchased from 
Shanghai SLAC Laboratory Animal (License 
No.: SCXK (Shanghai) 2003-0003); Streptozo- 
tocin (STZ) and dihydrorhodamine-123 were 
purchased from Sigma; APS was purchased 
from Tianjin Cinorch Pharmaceutical; fluvas-
tatin was purchased from Novartis Pharma- 
ceutical; SOD activity, GSH-px activity and GSH 
content test kits were purchased from Beyo- 
time Biotechnology; nucleoprotein extraction 
kit was purchased from Pierce; P22Phox, 
p47phox, NF-κb, FN, Col III and p38MAPK pri-
mary antibodies were purchased from Santa 
Cruz; Trizol reagent was purchased from 
Invitrogen; RNA reverse transcription kit was 
purchased from Fermentas; Multiskan MK3 
microplate reader was purchased from Thermo, 
Calibur flow cytometer was purchased from BD.

Calculation of rat heart/body ratio and left 
ventricular mass index

The rats were sacrificed 12 weeks after the 
administration of APS and weighed. Under ster-
ile conditions, the blood samples were collect-
ed and the left ventricular apex was excised 
and weighed. Then, the heart was removed and 
the heart weight (HW) was measured. After 
removing the atria and the right ventricular free 
wall, the left ventricular mass (LVM) was mea-
sured. The heart/body weight ratio (H/B) was 
calculated by formula H/B = HW/BW; the left 
ventricular mass index (LVMI) was calculated by 
formula LVMI = LVM/BW.

Determination of ROS expression in rat myo-
cardial tissue

Rat myocardial tissue was chopped into pieces 
and filtered through a 300 mesh sieve; the dis-

sociated cells were collected in DMEM medium 
containing 1 µmol·L-1 dihydrorhodamine-123 
and 10% fetal bovine serum and cultured under 
37°C and 5% CO2 condition for 2 h; the cells 
were collected through centrifuging at 300 g/5 
min and washed once with cold PBS. ROS 
expression in rat myocardial tissue was deter-
mined with flow cytometry (excitation at 488 
nm, emission at 525 nm).

Determination of SOD and GSH-px activity in 
rat serum

Blood samples were collected with anticoagu-
lant tubes and mixed evenly through inversion; 
after centrifuging at 4°C and 600 g/10 min, the 
supernatant was used to determine the intra-
cellular SOD and GSH-px activity with reference 
to the kit instructions.

Determination of GSH expression in rat myo-
cardial tissue 

Rat myocardial tissue was chopped into pieces 
and filtered through a 300 mesh sieve to col-
lect the cells; the cells were collected through 
centrifuging at 300 g/5 min, protein removal 
agent at 3-fold volume of the cell pellet was 
added, followed by rapid freezing and thawing 
twice in liquid nitrogen and 37°C water bath, 
ice bath for 5 min, and centrifuging at 4°C, 
10,000 g/10 min. The supernatant was col-
lected to determine GSH content according to 
the kit instructions.

p22Phox, p47phox, NF-κb, FN, Col III and p-Akt 
protein expression in rat myocardium 

Rat myocardial tissue was chopped into pieces 
and grinded; the cells were lysed and the lysate 
was centrifuged at 4°C, 10,000 g/10 min; total 
tissue proteins were extracted from the super-
natant. Rat myocardial tissue was chopped into 

Table 1. The effect of astragalus polysaccharide treatment on H/B and LVMI in different groups rats
Group n BW (g) HW (g) LVM (g) H/B (10-3) LVMI (10-3)
N 12 423±18 1.22±0.13 0.85±0.11 2.89±0.062 2.01±0.041
D 12 327±13*,Δ 1.83±0.15*,Δ 1.23±0.09*,Δ 5.560±0.073*,Δ 3.76±0.062*,Δ

APS-1 12 345±15*,Δ 1.54±0.07*,Δ 1.11±0.07*,Δ 4.46±0.046*,Δ 3.22±0.055*,Δ

APS-2 12 372±15*,Δ,★ 1.42±0.07*,Δ,★ 0.98±0.06*,Δ,★ 3. 82±0.038*,Δ,★ 2.63±0.048*,Δ,★

Flu 12 383±17*,Δ 1.31±0.07*,Δ 0.93±0.06*,Δ 3.42±0.032*,Δ 2.43±0.045*,Δ

ΔP<0.05 compared with normal group; *P<0.05 compared with diabetes mellitus group; ★P<0.05 compared with the astraga-
lus polysaccharide low dose group.



Astragalus polysaccharide release diabetic cardiomyopathy in diabetic rats

10054 Int J Clin Exp Pathol 2016;9(10):10052-10059

Figure 1. The effect of astragalus polysaccharide on ROS level in different groups 
rats heart muscle cells. A. The fluorescence intensity of ROS in different groups 
rats heart muscle cells by flow cytometry. B. The graph representing the analysis 
of ROS level in different groups rats heart muscle cells. Bars indicate SD. n = 12, Δ: 
P<0.05 compared with normal group; *: P<0.05 compared with diabetes mellitus 
group; ★: P<0.05 compared with the astragalus polysaccharide low dose group.
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pieces and washed with cold 
PBS; after centrifuging at 4°C, 
300 g/5 min, the cells were 
lysed with Cytoplasmic Lysis 
Buffer; then, the nucleopro-
teins were extracted with 
Nuclear Extraction Buffer. The 
proteins were electrophoresed 
in 12% SDS-polyacrylamide gel 
and transferred onto a PVDF 
membrane, followed by block-
ing in 5% skim milk at 4°C  
overnight; then, the respective 
primary antibody (P22Phox, 
1:2500; p47phox, 1:2500; 
NF-κb, 1:800; FN, 1:2500; Col 
III, 1:2500; p-Akt, 1:1200; Akt, 
1:2500) and β-actin (1:5000) 
were added to incubate at 4°C 
overnight; the membrane was 
incubated with HRP-labeled IgG 
(1:2000) at room temperature 
for 1 h, followed by washes and 
color development.

P22Phox, p47phox, NF-κb, FN 
and Col III mRNA expression in 
rat myocardium

Rat myocardial tissue was 
chopped into pieces and grind-
ed; total RNA was extracted 
with TRIZOL reagent; using 
GAPDH as an internal refer-
ence; the total reaction volume 
was 20 μL. The following 
sequences were used for ampli-
fication: P22 Phox upstream 
primer sequence: 5’-CTCTATT- 
GTTGCAGGAGTGC-3’, downstr- 
eam primer sequence: 5’- 
TCACACGACCTCATCTGTCAG-3’; 
p47 phox upstream primer 
sequence: 5’-GCTCACCGAGTA- 
CTTCAACA-3’, downstream pri- 
mer sequence: 5’-GCCTTCTG- 
CAGATACATGGA-3’; NF-κb up- 
stream primer sequence: 5’- 
GAAGAAGCGAGACCTGGAG-3’, 
downstream primer sequence: 
5’-TCCGGAACACAATGGCCAC- 
3’; FN upstream primer se- 
quence: 5’-CAGTTTGTGGAAG- 
TGACCGA-3’, downstream prim-

Figure 2. The effect of astragalus polysaccharide on the activity of SOD and 
GSH-px in different groups rats. The effect of astragalus polysaccharide 
on the activity of SOD in different groups rats (A) The effect of astragalus 
polysaccharide on the activity of GSH-px in different groups rats (B). Bars 
indicate SD. n = 12, Δ: P<0.05 compared with normal group; *: P<0.05 
compared with diabetes mellitus group; ★: P<0.05 compared with the as-
tragalus polysaccharide low dose group.

Figure 3. The effect of astragalus polysaccharide on the expression of GSH 
in different groups rats. Bars indicate SD. n = 12, Δ: P<0.05 compared 
with normal group; *: P<0.05 compared with diabetes mellitus group; ★: 
P<0.05 compared with the astragalus polysaccharide low dose group.
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er sequence: 5’-TGGAGGTTAGTGGGAGCATA-3’; 
Col III upstream primer sequence: 5’-TCTG- 
CAGGGGACCTTACAGT-3’, downstream primer 
sequence: 5’-GGTCTTCCTGGAAGTAGAAC-3’; G- 
APDH upstream primer sequence: 5’-ACCAC- 
AGTCCATGCCATCTA-3’; downstream primer se- 
quence: 5’-TCCACCACCCTGTTGCTGAC-3’. The 
94°C 5 min was followed by 94°C 30 s, 65°C 
45 s and 72°C 49 s, totally 40 cycles. The melt-
ing curves of PCR products were analyzed.

Statistical analysis 

SPSS 11.0 software was used for one-way 
ANOVA; P<0.05 indicated statistically signifi-
cant differences; each experiment was repeat-
ed 3 times.

Results

Effects of APS on rat H/B and LVMI 

When compared with normal control group, 
both H/B and LVMI increased significantly in 
diabetes model group (P<0.05). After interven-
tion with APS and Flu, both H/B and LVMI 
decreased significantly (P<0.05). When com-
pared with low-dose APS group, the decrease in 
the high-dose APS group was more significant 
(Table 1), suggesting that APS was able to 
reduce myocardial hypertrophy of the whole 
heart and the left ventricle in diabetic rats in a 
dose-dependent manner.

Effects of APS on ROS expression in rat myo-
cardial tissue

When compared with normal control group, 
ROS expression in rat myocardial tissue 
increased significantly in diabetes model group 
(P<0.05). After intervention with APS and Flu, 
ROS expression in rat myocardial tissue 
decreased significantly (P<0.05). When com-
pared with the low-dose APS group, the 
decrease in high-dose APS group was more sig-
nificant (Figure 1), suggesting that APS was 
able to reduce ROS expression in myocardial 
tissue of diabetic rats in a dose-dependent 
manner. 

Effects of APS on SOD and GSH-px activity in 
rat serum

When compared with the normal control group, 
SOD and GSH-px activity in rat serum decreased 
significantly in diabetes model group (P<0.05). 
After intervention with APS and Flu, SOD and 
GSH-px activity in rat serum increased signifi-
cantly (P<0.05). When compared with low-dose 
APS group, the increase in the high-dose APS 
group was more significant (Figure 2), suggest-
ing that APS was able to increase SOD and 
GSH-px activity in the serum of diabetic rats in 
a dose-dependent manner.

Effects of APS on GSH expression in rat myo-
cardial tissue

When compared with the normal control group, 
GSH expression in rat myocardial tissue 
decreased significantly in diabetes model 
group (P<0.05). After intervention with APS and 
Flu, GSH expression in rat myocardial tissue 
increased significantly (P<0.05). When com-
pared with the low-dose APS group, the 
increase in the high-dose APS group was more 
significant (Figure 3), suggesting that APS was 
able to increase GSH expression in myocardial 
tissue of diabetic rats in a dose-dependent 
manner.

Effects of APS on p22Phox, p47phox, NF-κb, 
FN, Col III and p-Akt protein expression in rat 
myocardial tissue

When compared with normal control group, 
p22Phox, p47phox, NF-κb, FN, Col III and p-Akt 
protein expression in rat myocardial tissue 
increased significantly in diabetes model group 
(P<0.05). After intervention with APS and Flu, 
expression of the above proteins in rat myocar-

Figure 4. The effect of astragalus polysaccharide on 
the protein expression of p22Phox, p47phox, NF-κb, 
FN, Col III and p-Akt in different groups rats. The pro-
tein expression of p22Phox, p47phox, NF-κb, FN, Col 
III and p-Akt in different groups rats was measured by 
western blot assay. β-actin or total-Akt was used as 
an internal control for loading.
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dial tissue decreased significantly (P<0.05). 
When compared with the low-dose APS group, 
the decrease in high-dose APS group was more 
significant (Figure 4), suggesting that APS was 
able to reduce p22Phox, p47phox, NF-κb, FN, 
Col III and p-Akt protein expression in myocar-
dial tissue of diabetic rats in a dose-dependent 
manner.

Effects of APS on p22Phox, p47phox, NF-κb, 
FN and Col III mRNA expression in rat myocar-
dial tissue

When compared with the normal control group, 
p22Phox, p47phox, NF-κb, FN and Col III mRNA 
expression in rat myocardial tissue increased 
significantly in diabetes model group (P<0.05). 
After intervention with APS and Flu, mRNA 
expression of the above genes in rat myocardi-
al tissue decreased significantly (P<0.05). 
When compared with the low-dose APS group, 
the decrease in the high-dose APS group was 
more significant (Figure 5), suggesting that APS 
was able to reduce p22Phox, p47phox, NF-κb, 
FN and Col III mRNA expression in myocardial 
tissue of diabetic rats in a dose-dependent 
manner.

Discussion

The incidence of diabetes mellitus shows a 
gradually increasing trend in China. DC, a com-

fied oxidative stress through chain reactions 
can result in myocardial cell injuries and apop-
tosis. Therefore, reducing the effects of oxida-
tive cell injuries is an important measure to pro-
tect the myocardial cells in diabetic patients. 
Activation of reduced NADPH oxidase is thought 
to be one of the main reasons for ROS genera-
tion in vivo; inhibiting NADPH oxidase activity 
can effectively reduce oxidative injuries of myo-
cardial cells in diabetic patients [5]. The 
p22phox and p47phox subunits are important 
NADPH oxidase subunits; the increased expres-
sion may be one of the important mechanisms 
responsible for elevated ROS expression in the 
body.

In addition to direct injuries of myocardial cells 
caused by oxidative reactions, higher ROS 
expression in the body can also increase the 
consumption of SOD, GSH-px and GSH [6]. 
Increased ROS and reduced SOD, GSH-px and 
GSH contents can disrupt the dynamic equilib-
rium between oxidative injury and anti-oxida-
tive injury; this will result in the activation of a 
series of signal transduction pathways, subse-
quent Akt phosphorylation, NF-κb activation, 
and increased FN and Col III expression, lead-
ing to myocardial cell hypertrophy and myocar-
dial interstitial fibrosis, and eventual the occur-
rence of DC [7].

Figure 5. The effect of astragalus polysaccharide on the mRNA expression of 
p22Phox, p47phox, NF-κb, FN and Col III in different groups rats. The mRNA 
expression of p22Phox, p47phox, NF-κb, FN and Col III in different groups rats 
was measured by real time assay. GADPH was used as an internal control for 
loading. Δ: P<0.05 compared with normal group; *: P<0.05 compared with 
diabetes mellitus group; ★: P<0.05 compared with the astragalus polysac-
charide low dose group.

mon chronic complication of 
diabetes mellitus, is one of 
the primary causes of heart 
failure and sudden death in 
diabetic patients. 

DC is mainly characterized by 
myocardial cell hypertrophy, 
myocardial interstitial fibrosis 
and myocardial cytopenia. 
The clinical symptoms of DC 
include diastolic dysfunction, 
ventricular systolic dysfunc-
tion and eventual occurrence 
of congestive heart failure 
[4]. Given the lack of effec-
tive treatment of DC at the 
present time, finding effec-
tive treatment drugs for DC 
become a focus of contem-
porary research.

Studies have shown that high 
sugar and high fat can cause 
oxidative stress; the ampli-
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Astragalus is believed to have the efficacy of 
“nourishing qi to invigorate spleen and promot-
ing fluid production to quench thirst” since 
ancient times. It is also thought to be able to 
effectively improve insulin resistance and lower 
blood glucose. Because studies have proven 
that APS can reduce blood glucose, improve 
glucose tolerance and increased insulin sensi-
tivity in rats with type 2 diabetes, this natural 
product is thought to be able to treat diabetes 
mellitus effectively [8]. Since it has been con-
firmed that Flu can effectively alleviate myocar-
dial hypertrophy caused by DC in rats [9, 10], 
we selected Flu as a positive control to examine 
the therapeutic effects of APS on DC in rats.

In this study, APS was able to not only reduce 
blood glucose and lipid in rats with type 2 dia-
betes (data not shown) but also reduce H/B 
and LVMI, demonstrating its ability to improve 
myocardial hypertrophy and fibrosis in diabetic 
rats. During the exploration of the mechanism 
of APS in the treatment of DC in rats, we found 
in rat myocardial tissue that APS was able to 
reduce ROS expression, increase SOD and 
GSH-px activity, increase GSH content, restore 
the dynamic equilibrium between oxidative inju-
ries and anti-oxidative injuries in the cells, and 
reduce NADPH oxidase subunits p22phox and 
p47phox at the same time. Therefore, in our 
opinions, one of the mechanisms of APS in  
the treatment of DC is to reduce the expression 
of NADPH oxidase subunits p22phox and 
p47phox, consequently reducing intracellular 
oxidative stress and inhibiting oxidative injuries 
of the myocardial cells.

We further investigated the signal transduction 
pathways involved in APS effects on DC. We 
found that APS was able to reduce Akt phos-
phorylation and consequently inhibit the activa-
tion of NF-κb. NF-κb is an important transcrip-
tion factor in the body and able to regulate 
inflammatory and immune responses, which is 
thought to be closely related to a variety of 
physiological responses. The activated NF-κb 
can bind to DNA containing specific gene tran-
scription sequences in the nucleus to promote 
FN and Col III expression, resulting in accumu-
lation of myocardial extracellular matrix and 
interstitial fibrosis [11-14]. In our opinions, 
another mechanism of APS therapeutic effects 
on DC is to reduce Akt phosphorylation, inhibit 
NF-κb activation, reduce FN and Col III expres-
sion, and inhibit accumulation of myocardial 

extracellular matrix and interstitial fibrosis, 
leading to the restoration of myocardial 
function.

In summary, APS can effectively treat DC in 
rats, which provides an experimental basis for 
its clinical application. However, given the 
numerous biological activities of APS, further 
in-depth studies are warranted to elucidate its 
mechanisms of action on DC.
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