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1. Introduction

Diabetes mellitus (DM) is the most common metabolic 
disorders worldwide. In 2010, the diabetic patients were 
285 million and, it will increase to 439 million by 2030 
(1,2). Diabetic patients were characterized with persistent 
hyperglycemia which may lead to damage to various 
organs such as the heart (1,2). Therefore, DM may cause 

cardiovascular complications including coronary heart 
disease, hypertension and diabetic cardiomyopathy 
(DCM) which are responsible for 80% of mortality and 
morbidity for diabetic patients (3-6). The characterized 
pathology of DCM is distinct from hypertension and 
coronary artery diseases (3-6). According to the previous 
studies, the main reason for pathological change of DCM 
is microangiopathy, which can cause damage to cardiac 
structure and function, such as apoptosis of the cardiac 
cells (3-6). But, the pathogenesis of DCM has not been 
clearly understood. 
 It's showed that various biology processes are 
associated with DCM, such as cardiomyocyte apoptosis, 
oxidative stress which is believed to be the key reason 
induced DM to DCM (7-10). There is a balance between 
reactive nitrogen species and reactive oxygen species 
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production in normal cells, while, when the cells were 
progressed to DCM, the balance was disrupted and the 
accumulated production can't cleaned in time which 
finally caused damage. Reactive oxygen species (ROS) 
are reactive chemical species and excess accumulated 
ROS can induce oxidative stress (11-16). Hence, 
inhibition of the oxidative stress and improvement of 
the antioxidative function are believed to be one of the 
important therapeutic strategies for DCM patients. 
 The studies showed that antioxidative natural 
products displayed potential therapeutic effect for DCM 
(4,17-21). Among these natural products, Astragalus 
polysaccharides (APS) is one of the main active extract 
from Astragalus membranaceus (20,22-27). Previous 
studies showed that, for diabetic cardiomyopathy 
in hamsters, APS can induce myocardial collagen 
deposition and improve cardiac function by activating 
ERK1/2 signal pathway (23,28). Besides, APS can 
improve cardiac glucose metabolism dysfunction by 
inducing expression of GLUT-4 and inhibiting PPAR 
expressing (20,24,29). 
 Here, in this study, we showed that, APS can 
promote proliferation and inhibit apoptosis in AGE-
induced H9C2 DCM model cells. Besides, APS exerts 
antioxidative function. Further studies showed, APS 
exerts its promoting proliferation, suppressing apoptosis 
and antioxidative function by NRG1/ErbB and its 
downstream AKT/PI3K pathway in DCM model cells. 
In summary, our study proved APS exerts protective 
function in DCM model cells by NRG1/ErbB signal 
pathway which suggesting APS have great promising for 
DCM therapy.

2. Materials and Methods

2.1. Cell culture and treatment

H9C2 cells (purchased from Shanghai Cellular Research 
Institute, Shanghai, China) were cultured with Dulbecco's 
modified essential medium (DMEM, Hyclone, USA) 
supplemented with 10% fetal bovine serum (FBS, 
Gibco, USA) and 1% antibiotic-antimycotic (Gibco, 
USA) and were cultured at 37°C in 5% CO2 incubator. 
To establish DCM model, H9C2 cells were treated 
with 200 mg/L AGE-BSA and 30 mm/L glucose for 24 
h, besides, the cells treated with 200 mg/L BSA and 5 
mm/L glucose were used as normalized control group. 
For the experimentation, the model cells were treated 
with indicated APS (Tianjin Cinorch Pharmaceutical 
Company, China) or APS combined with NGR1/ErbB1 
inhibitors Canertinib (Sigma, USA).

2.2. CCK8 assay

Cell proliferation ability was tested by CCK8 assay 
(Beyotime Biotechnology, China). The normalized 
control group or diabetes mellitus model group H9C2 

cells in 96-well plates were treated with the indicated 
concentration APS for indicated time or APS combined 
with Canertinib, then the cells were incubated with 
CCK-8 solution at 37°C for 2 hours. Subsequently, the 
optical density (OD) at 450 nm wavelength was tested by 
Microplate reader (Biotek, USA).

2.3. ROS assay

The intracellular ROS production was detected by ROS 
assay Kit (Beyotime, China) and the measurement 
process was carried according to the protocol. Following 
the indicated treatment, the H9C2 cells in 96-well were 
washed 2 times with PBS and then incubated with 10 
μmol/L 2, 7- dichlorodi-hydrofluorescein diacetate 
(DCFH-DA) for 20 minutes at 37°C. Followingly, the 
cells were washed three times with PBS and then the 
ROS-sensitive signal was examined with Microplate 
reader at excitation wavelength of 488 nm and emission 
wavelength of 525 nm.

2.4. ELISA assay

The activity of superoxide dismutase (SOD) and 
Glutathione peroxidase (GSH-Px) and level of 
malondialdehyde (MDA) and NO l in cell supernatant 
were tested by the respective ELISA kit (Jiancheng 
Bioenjineering Institute, China) according to the 
manufacture's protocol. The H9C2 cells were treated as 
indicated and the cell supernatant was collected. After 
the treatment process, the absorbance was measured by 
spectrophotometer.

2.5. Apoptosis analysis

Cell apoptosis was analyzed by flow cytometry. After 
indicated treatment, the cells were collected, washed 
with PBS solution and then resuspended in binding 
buffer. Then, then cells were stained with PI and Annexin 
V (Invitrogen, USA) for 15 minutes in dark at room 
temperature. Subsequently, the doubled stained cells 
were analyzed by flow cytometer (BD, USA).

2.6. Western blot

The protein samples were harvested by loading buffer. 
The proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and 
then transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Germany). After been blocked 
with 5% non-fat milk TBST solution for 2 hours, the 
membranes were incubated overnight at 4°C with 
primary antibodies against NRG1 (Abcam, 1:1,000), 
p-ErbB2 (Abcam, 1:800), ErbB2 (Abcam, 1:1,000), 
p-ErbB4 (Abcam, 1:2,000), ErbB4 (Abcam,1:500), 
p-PI3K (Abcam,1:2,000), PI3K (Abcam, 1:1,000), 
p-AKT (Abcam,1:500), AKT (Abcam,1:500) and 
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To identify the function of APS in DCM, firstly, 
we tried to get DCM model cells. H9C2 cells were 
incubated with 200 mg/L AGE-BSA and 30 mm/L 
glucose for 24 hours to obtain DCM model cells and the 
treated with 200 mg/L BSA and 5 mm/L glucose cells 
were used as normal control (NC). The DCM model 
cells were cultured with various concentrations of APS 
(0.1, 1.0, 10, 100 μg/mL) for indicated time (0, 12, 24, 
48 and 72 hours). After the treatment, cell viabilities 
were tested by CCK-8 assay. The data showed, the 
APS can increase the cell viabilities dose-dependently 
and time-dependently (Figure 1A). Besides, compared 
with NC group cells, the intracellular ROS level 
was higher in DCM model cells (Figure 1B) which 
is consistence with the previous studies, while, APS 
decreased intracellular ROS level in DCM model 
cells dose-dependently and time-dependently (Figure 
1B). DCM is closely associated with oxidative stress. 

GAPDH (Abcam, 1:10,000). Following with secondary 
antibody (BOSTER, 1:20,000) for 1 hour, the membranes 
were visualized by ECL kit (Thermo, USA) and the 
image was scanned and collected by ScanMaker 1000XL 
Plus instrument.

2.7. Statistical analysis 

All data were presented as mean ± SD. Every experiment 
was replicated at least three times. Student's t-test 
and oneway ANOVA were used to perform statistical 
analysis. P value < 0.05 was considered to have statistical 
difference.

3. Results

3.1. APS promotes proliferation and inhibits oxidative 
stress in DCM model H9C2 cells

Figure 1. APS promotes proliferation and inhibits oxidative stress in DCM model H9C2 cells. (A and B) DCM model H9C2 
cells were treated with indicated concentrations of APS for various time. CCK-8 assay was used to test the cell viability and 
intracellular ROS level was tested by DCF. NC (normal control), DCM (DCM model cells). (C, D, E, and F) The DCM model 
H9C2 cells were incubated with indicated concentrations APS for 48 hours. The activity of GSH-Px (C) and SOD (F) and the level 
of MDA (D) and NO (E) were examined by ELISA assay. Data was presented as Mean ± SD, *p < 0.05, **p < 0.01, and *** p < 0.001 
vs. DCM group cells.
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Activity of GSH-Px and SOD, and level of MDA and 
NO are markers of oxidative stress. Our data revealed, 
compared with the NC group cells, the activity of GSH-
Px and SOD was decreased while MDA and NO levels 
were increased in DCM model cells (Figure 1C, 1D, 
1F and 1E) which also proved DCM is correlated with 
oxidative stress. Conversely, APS inhibited activity of 
GSH-Px and SOD and increased the level of MDA and 
NO, indicating APS may exert therapeutic effect for 
DCM by antioxidative function.

3.2. APS inhibits apoptosis and activates NRG1/ErbB 
pathway

Previous studies showed, NRG1 can bind to ErbB 
receptor to downstream signaling effectors such as 
AKT/PI3K pathway, thereby, NRG1/ErbB signaling 
was involved in various biology processes. It proved 
that NRG1 increased oxidative capacity and improved 
mitochondrial function. Besides, NGR1/ErbB pathway 
was impaired in DCM suggesting this pathway may be 
involved in pathogenesis of DCM. Here, in this study, 
western blot results showed APS increased expression 
level of NGR1 in DCM model cells dose-dependently 
(Figure 2A). APS did not affect expression level of 
ErbB2 or ErbB4, whereas the phosphorylation level 
of ErbB2 and ErbB4 was increased (Figure 2A). In 
addition, APS-induced NRG1 activated downstream 
AKT/PI3K pathway which promoted phosphorylation 
of AKT and PI3K (Figure 2A). NRG1/ErbB and 

downstream AKT/PI3K pathway are involved in 
apoptosis. Besides, suppression on apoptosis cardiac 
cells is one of the therapeutic strategies for DCM. Our 
data proved, compared with NC group cells, apoptosis 
was higher in DCM model cells (Figure 2B and 2C); 
and, APS exerted inhibitory function on apoptosis in 
DCM model cells dose-dependently (Figure 2B and 
2C). Our results suggested APS may exert inhibiting 
apoptosis by activating NRG1/ErbB pathway.

3.3. Canertinib partly abolishes the function of APS on 
proliferation and antioxidation

Our results suggested APS may exert its function by 
activating NRG1/ErbB pathway. Therefore, ErbB 
inhibitor (Canertinib) was used as the tool to explore 
the mechanism of APS in DCM model H9C2 cells. 
DCM model H9C2 cells were incubated with 100 μg/
mL APS and/or Canertinib. Then, the cell viabilities 
were tested by CCK-8 assay. As previous showed, APS 
promoted proliferation whereas Canertinib can partly 
reverse this promotional function (Figure 3A). Besides, 
Canertinib can also partly abolish the inhibitory effect of 
APS on intracellular ROS level (Figure 3B). Previously, 
We have showed APS suppressed the activity of GSH-
Px and SOD and increased the level of MDA and NO 
(Figure 1C, 1D, 1E and 1F). Here, the results showed 
Canertinib treatment can partly reverse the effect of APS 
on these oxidative stress markers (Figure 3C, 3D, 3E 
and 3F). Taken together, our data proved APS promoteed 

Figure 2. APS inhibits apoptosis and activates NRG1/ErbB pathway. (A) The effect of APS on NRG1/ErbB pathway (level 
of NRG1, ErbB2 and ErbB4 and phosphorylation level of ErbB2 and ErbB4) and downstream AKT/PI3K signaling (expression 
level of AKT, PI3K and phosphorylation level of AKT and PI3K0 in DCM model H9C2 cells is examined by western blot. 
GAPDH expression was used as internal control. (B and C) The function of APS on apoptosis in DCM model H9C2 cells is 
analyzed by flow cytometry. **p < 0.01 vs. DCM group cells.
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proliferation and antioxidation in DCM model cells by 
activating ErbB.

3.4. APS suppresses apoptosis in DCM model H9C2 
cells by activating NRG1/ErbB pathway

Previously, we showed APS inhibited apoptosis in 
DCM model H9C2 cells (Figure 2B). To explore 
whether ErbB was associated with the effect of APS 
on apoptosis in DCM model H9C2 cells, DCM model 
cells were treated with APS and/or canertinib, then, 
apoptosis was analyzed by flow cytometry. The 
analysis revealed, canertinib can partly reverse the 
inhibitory function of APS on apoptosis in DCM model 
cells (Figure 4A and 4B). This result proved ErbB was 
involved in the function of APS on apoptosis. APS-
induced NRG1 can activate ErbB and the downstream 

AKT/PI3K signaling (Figure 2A), while canertinib can 
partly restore APS-induced NRG1 expression (Figure 
4C). Further analyze showed canertinib also reversed 
APS-induced phosphorylation level of ErbB2/4, AKT 
and PI3K (Figure 4C). In summary, our data proved 
APS exerted its protective function for DCM model 
cells by activating NRG1/ErbB pathway.

4. Discussion

DCM is one of the most common complications of DM. 
DCM is responsible for almost 80% of the mortality 
of the diabetic patients. Initially, DCM was defined 
as the results of coronary artery disease and abnormal 
myocardial structure (3-6). However, recently, the 
studies revealed DCM is a result of the long persistent 
process of the metabolic effect of DM on myocardium. 

Figure 3. Canertinib partly abolishes the function of APS on proliferation and antioxidation. (A and B) DCM model H9C2 
cells were incubated with 100 μg/mL APS and/or Canertinib for 48 hours. Then, the cell viabilities of the treated was tested by 
CCK-8 assay (A) and intracellular ROS level was tested by DCF (B). (C, D, E, and F) The DCM model H9C2 cells were treated 
as A and B, then, the activity of GSH-Px (C) and SOD (F), and the levels of MDA (D) and NO (E) were detected by ELISA 
assay. Data was presented as Mean ± SD, *p < 0.05, **p < 0.01 and *** p < 0.001, DCM + APS vs. DCM + APS + Canertinib.
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And, the pathology of DCM is independent of 
hypertension and coronary. But, the pathogenesis of 
DCM is not fully understood right now. According 
to previous studies, multiple biological processes are 
involved in the pathogenesis and progression of DCM, 
such as cardiomyocyte apoptosis, endoplamic reticulum, 
autophagy, mitochondrial dysfunction (7-10). Among 
these various biology processes, oxidative stress is the 
most important process inducing DM to DCM (11-16). 
Reactive oxygen species (ROS) are the most common 
chemically reactive chemical species, it showed that 
over accumulated ROS can cause oxidative stress (11-
16). Here, in this study, our data also showed, compared 
with the normal control (NC) cells, intracellular ROS 
level is higher, further studies displayed the activity of 
GSH-Px was decreased while the levels of MDA and 
NO were elevated in DCM model cells (Figure 1C, 1D, 
1E and 1F). Our results proved the previous studies in 
turn. Therefore, inhibiting oxidative stress is believed 
to be an important strategy for the therapy of DCM. 
Previous studies revealed, NRG1/ErbB pathway is 
impaired in DCM cells which suggested NRG1/ErbB 
pathway may play an important role in DCM (30-32). 
Besides, NRG1/ErbB can improve glucose tolerance in 
healthy and diabetic rodents (32). And, also previous 
studies showed NRG1 can regulate myocyte oxidative 
capacity (33,34). Our data revealed, compared with the 
normal control cells, NRG1/ErbB pathway is inactive 
in DCM model cells (Figure 2A). 

 Recently, increasing evidences showed natural 
products exerted antioxidative effect in DCM. APS 
is one of the key active component of the traditional 
Chinese medical herb Astragalus membranaceus (20,22-
24,26,35). Previously, it's showed that APS decreased 
apoptosis in high-glucose-induced H9C2 cells by 
regulating the function of mitochondria and inhibiting 
expressing of caspase (23). Present, we showed that, 
APS improved proliferation (Figure 1A) and decreased 
apoptosis (Figure 2B and 2C) in DCM model H9C2 
cells. Further studies showed, firstly, APS lowered the 
intracellular ROS level in DCM model cells (Figure 1B). 
Secondly, APS can also increase the activity of GSH-
Px and SOD and decreased the level of MDA and NO 
in DCM model H9C2 cells (Figure 1C, 1D, 1E and 1F). 
These results indicated APS may play protective role 
in DCM cells. Our results proved, compared with the 
normal control cells, NRG1/ErbB pathway was inactive 
in DCM model H9C2 cells (Figure 2A). And, APS 
activated the NRG1/ErbB pathway dose-dependently 
and time-dependently (Figure 2A), which suggested 
APS may exert its protective role in DCM model H9C2 
cells by activating NRG1/ErbB pathway. Canertinib 
is the inhibitor of ErbB. Pretreatment of DCM model 
cells with APS and Canertinib can partly abolish the 
protective effect of APS in DCM model H9C2 cells by 
inhibiting NGR1/ErbB pathway. Canertinib can partly 
reverse APS-induced proliferation (Figure 3A). And, 
canertinib can also partly abrogate the function of APS 

Figure 4. APS suppresses apoptosis in DCM model H9C2 cells by activating NRG1/ErbB pathway. (A and B) DCM model 
cells were incubated with APS and/or Canertinib for 48 hours, then, apoptosis was analyzed by flow cytometry. (C) DCM model 
cells were treated with APS and/or Canertinib. After 48 hours, the samples were harvested and the effect of canertinib on APS-
activated NRG1/ErbB pathway (expression of NRG1, ErbB2, ErbB4 and phosphorylation level of ErbB2 and ErbB4) and 
downstream AKT/PI3K signaling (expression level of AKT, PI3K and phosphorylation level of AKT and PI3K) was tested by 
western blot. GAPDH expression was used as internal control.
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on apoptosis (Figure 4A), intracellular ROS level (Figure 
3B) and the activity of GSH-Px and SOD and the levels 
of MDA and NO (Figure 3C, 3D, 3E and 3F). Taken 
together, our results proved APS exerted its protective 
role by activating NRG1/ErbB pathway.
 In conclusion, our study proved: i) DCM is associated 
with proliferation, apoptosis, oxidative stress and inactive 
NRG1/ErbB pathway; ii) APS can increase proliferation, 
inhibit apoptosis and improve antioxidative function 
including reducing intracellular ROS level, elevating 
activity of GSH-Px and SOD and lowering the level of 
MDA and NO by activating NRG1/ErbB pathway. Our 
study broadened the mechanisms of DCM and increased 
potential for prevention and therapy to DCM.

Acknowledgements

This work was supported by National Natural Science 
foundation of China (NO: 81774182), Science 
and Technology Program of Guangzhou (NO. 
201607010367) and Medical Scientific Research 
Foundation of Guangdong Province (NO. A2016231).

References

1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, 
Linnenkamp U, Guariguata L, Cho NH, Cavan D, Shaw 
JE, Makaroff LE. IDF Diabetes Atlas: Global estimates 
for the prevalence of diabetes for 2015 and 2040. Diabetes 
Res Clin Pract. 2017; 128:40-50.

2. Guariguata L, Whiting DR, Hambleton I, Beagley J, 
Linnenkamp U, Shaw JE. Global estimates of diabetes 
prevalence for 2013 and projections for 2035. Diabetes 
Res Clin Pract. 2014; 103:137-149.

3. Waddingham MT, Edgley AJ, Tsuchimochi H, Kelly DJ, 
Shirai M, Pearson JT. Contractile apparatus dysfunction 
early in the pathophysiology of diabetic cardiomyopathy. 
World J Diabetes. 2015; 6:943-960.

4. Trachanas K, Sideris S, Aggeli C, Poulidakis E, Gatzoulis 
K, Tousoulis D, Kallikazaros I. Diabetic cardiomyopathy: 
From pathophysiology to treatment. Hellenic J Cardiol. 
2014; 55:411-421.

5. P a p p a c h a n J M , Va r u g h e s e G I , S r i r a m a n R , 
Arunagir ina than G. Diabet ic cardiomyopathy: 
Pathophysiology, diagnostic evaluation and management. 
World J Diabetes. 2013; 4:177-189.

6. Mik i T, Yuda S , Kouzu H , Miu ra T. D iabe t i c 
cardiomyopathy: Pathophysiology and clinical features. 
Heart Fail Rev. 2013; 18:149-166.

7. Guo R, Wu Z, Jiang J, Liu C, Wu B, Li X, Li T, Mo H, He 
S, Li S, Yan H, Huang R, You Q, Wu K. New mechanism 
of lipotoxicity in diabetic cardiomyopathy: Deficiency of 
Endogenous H2S Production and ER stress. Mech Ageing 
Dev.  2017; 162:46-52.

8. Wang K, Han D, Zhang Y, Rong C, Zhang Y. Protective 
effect and mechanism of beta-CM7 on renin angiotensin 
system & diabetic cardiomyopathy. Sheng Wu Gong 
Cheng Xue Bao. 2016; 32:195-203. (in Chinese)

9. Ni R, Zheng D, Xiong S, Hill DJ, Sun T, Gardiner RB, 
Fan GC, Lu Y, Abel ED, Greer PA, Peng T. Mitochondrial 
calpain-1 disrupts ATP synthase and induces superoxide 

generation in type 1 diabetic hearts: A novel mechanism 
contributing to diabetic cardiomyopathy. Diabetes. 2016; 
65:255-268.

10. Liu JW, Liu D, Cui KZ, Xu Y, Li YB, Sun YM, Su 
Y. Recent advances in understanding the biochemical 
and molecular mechanism of diabetic cardiomyopathy. 
Biochem Biophys Res Commun.  2012; 427:441-443.

11. Aksakal E, Akaras N, Kurt M, Tanboga IH, Halici Z, 
Odabasoglu F, Bakirci EM, Unal B. The role of oxidative 
stress in diabetic cardiomyopathy: An experimental study. 
Eur Rev Med Pharmacol Sci. 2011; 15:1241-1246.

12. Watanabe K, Thandavarayan RA, Harima M, Sari 
FR, Gurusamy N, Veeraveedu PT, Mito S, Arozal W, 
Sukumaran V, Laksmanan AP, Soetikno V, Kodama M, 
Aizawa Y. Role of differential signaling pathways and 
oxidative stress in diabetic cardiomyopathy. Curr Cardiol 
Rev.  2010; 6:280-290.

13. Umbarkar P, Singh S, Arkat S , Bodhankar SL, 
Lohidasan S, Sitasawad SL. Monoamine oxidase-A is 
an important source of oxidative stress and promotes 
cardiac dysfunction, apoptosis, and fibrosis in diabetic 
cardiomyopathy. Free Radic Biol Med. 2015; 87:263-273.

14. Yang R, Jia Q, Liu XF, Gao Q, Wang L, Ma SF. Effect 
of hydrogen sulfide on oxidative stress and endoplasmic 
reticulum stress in diabetic cardiomyopathy. Zhongguo 
Ying Yong Sheng Li Xue Za Zhi. 2016; 32:8-12. (in 
Chinese)

15. Thandavarayan RA, Giridharan VV, Watanabe K, Konishi 
T. Diabetic cardiomyopathy and oxidative stress: Role 
of antioxidants. Cardiovasc Hematol Agents Med Chem.  
2011; 9:225-230.

16. Liu Q, Wang S, Cai L. Diabetic cardiomyopathy and 
its mechanisms: Role of oxidative stress and damage. J 
Diabetes Investig. 2014; 5:623-634.

17. Alonso N, Moliner P, Mauricio D. Pathogenesis, clinical 
features and treatment of diabetic cardiomyopathy. Adv 
Exp Med Biol. 2017. doi: 10.1007/5584_2017_105.

18. Huynh K, Bernardo BC, McMullen JR, Ritchie RH. 
Diabetic cardiomyopathy: Mechanisms and new treatment 
strategies targeting antioxidant signaling pathways. 
Pharmacol Ther. 2014; 142:375-415.

19. F a l c a o - P i r e s I ,  L e i t e - M o r e i r a A F. D i a b e t i c 
cardiomyopathy: Understanding the molecular and 
cellular basis to progress in diagnosis and treatment. Heart 
Fail Rev. 2012; 17:325-344.

20. Chen W, Yu MH, Li YM, Chen WJ, Xia YP. Beneficial 
effects of astragalus polysaccharides treatment on cardiac 
chymase activities and cardiomyopathy in diabetic 
hamsters. Acta Diabetol. 2010; 47 Suppl 1:35-46.

21. Hayat SA, Patel B, Khattar RS, Malik RA. Diabetic 
cardiomyopathy: Mechanisms, diagnosis and treatment. 
Clin Sci (Lond). 2004; 107:539-557.

22. Ju J, Chen W, Lai Y, Wang L, Wang H, Chen WJ, Zhao X, 
Ye H, Li Y, Zhang Y. Astragalus polysaccharides improve 
cardiomyopathy in STZ-induced diabetic mice and 
heterozygous (SOD2+/-) knockout mice. Braz J Med Biol 
Res.  2017; 50:e6204.

23. Sun S, Yang S, Dai M, Jia X, Wang Q, Zhang Z, Mao Y. 
The effect of Astragalus polysaccharides on attenuation 
of diabetic cardiomyopathy through inhibiting the 
extrinsic and intrinsic apoptotic pathways in high glucose 
-stimulated H9C2 cells. BMC Complement Altern Med. 
2017; 17:310.

24. Chen W, Li YM, Yu MH. Astragalus polysaccharides 
inhibited diabetic cardiomyopathy in hamsters depending 



www.biosciencetrends.com

BioScience Trends. 2018; 12(2):149-156. 156

on suppression of heart chymase activation. J Diabetes 
Complications.  2010; 24:199-208.

25. Cui K, Zhang S, Jiang X, Xie W. Novel synergic 
antidiabetic effects of Astragalus polysaccharides 
combined with Crataegus flavonoids via improvement of 
islet function and liver metabolism. Mol Med Rep.  2016; 
13:4737-4744.

26. Chen W, Xia Y, Zhao X, Wang H, Chen W, Yu M, 
Li Y, Ye H, Zhang Y. The critical role of Astragalus 
polysaccharides for the improvement of PPARalpha 
[correction of PPRAalpha]-mediated lipotoxicity in 
diabetic cardiomyopathy. PLoS One. 2012; 7:e45541.

27. Chen W, Xia YP, Chen WJ, Yu MH, Li YM, Ye HY. 
Improvement of myocardial glycolipid metabolic disorder 
in diabetic hamster with Astragalus polysaccharides 
treatment. Mol Biol Rep. 2012; 39:7609-7615.

28. Tian J, Zhao Y, Liu Y, Liu Y, Chen K, Lyu S. Roles 
and mechanisms of herbal medicine for diabetic 
cardiomyopathy: Current status and perspective. Oxid 
Med Cell Longev.  2017; 2017:8214541.

29. Wassef MAE, Tork OM, Rashed LA, Ibrahim W, Morsi 
H, Rabie DMM. Mitochondrial dysfunction in diabetic 
cardiomyopathy: Effect of mesenchymal stem cell with 
PPAR-gamma agonist or exendin-4. Exp Clin Endocrinol 
Diabetes. 2018; 126:27-38.

30. Gui C, Zhu L, Hu M, Lei L, Long Q. Neuregulin-1/
ErbB signaling is impaired in the rat model of diabetic 
cardiomyopathy. Cardiovasc Pathol. 2012; 21:414-420.

31. Li B, Zheng Z, Wei Y, Wang M, Peng J, Kang T, Huang X, 
Xiao J, Li Y, Li Z. Therapeutic effects of neuregulin-1 in 
diabetic cardiomyopathy rats. Cardiovasc Diabetol. 2011; 
10:69.

32. Ennequin G, Capel F, Caillaud K, Chavanelle V, Etienne 
M, Teixeira A, Li X, Boisseau N, Sirvent P. Neuregulin 1 
improves complex 2-mediated mitochondrial respiration 
in skeletal muscle of healthy and diabetic mice. Sci Rep. 
2017; 7:1742.

33. Odie te O, Hi l l MF, Sawyer DB. Neuregul in in 
cardiovascular development and disease. Circ Res. 2012; 
111:1376-1385.

34. Rupert CE, Coulombe KL. The roles of neuregulin-1 in 
cardiac development, homeostasis, and disease. Biomark 
Insights. 2015; 10(Suppl 1):1-9.

35. Chen W, Li YM, Yu MH. Effects of Astragalus 
polysaccharides on chymase, angiotensin-converting 
enzyme and angiotensin II in diabetic cardiomyopathy in 
hamsters. J Int Med Res. 2007; 35:873-877.

 (Received February 10, 2018; Revised March 9, 2018; 
Accepted March 20, 2018)


