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Abstract  

Background: Yunpi-Huoxue-Sanjie (YP-SJ) formula is a Chinese herbal formula 

with unique advantages for the treatment of diabetic cardiovascular complications, 

such as diabetic cardiomyopathy (DCM). The aim of this study was to investigate the 

role of YP-SJ formula in regulating myocardial autophagy. To determine whether YP-

SJ formula can be used as an adjuvant therapy for DCM, its therapeutic effects and 

mechanism in myocardial injury caused by type 2 diabetic mellitus (T2DM) rats were 

determined.  

Methods: A high-fat diet combined with low-dose streptozotocin (STZ) injection was 

used to induce DCM in rats. Biochemical reagents were used to analyze blood glucose 

levels, an enzyme-linked immunosorbent assay determined insulin levels, 

echocardiography assessed cardiac structure and function, histopathology was used to 

detect myocardial inflammation and fibrosis, myocardial autophagosomes were 

observed by transmission electron microscopy, and quantitative RT-PCR and Western 

blot analyses were used to detect the expression levels of autophagy-related proteins. 
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Results: After treatment with YP-SJ formula, DCM rats’ metabolism was abnormal 

and myocardial inflammation, fibrosis, and cardiac dysfunction were significantly 

improved. In addition, compared with DCM, YP-SJ formula significantly increased 

the number of autophagosomes, the expression of forkhead box protein O1 (FoxO1) 

and autophagy related 12 (Atg12); the expression of phosphorylated FoxO1 and p62 

was significantly decreased, and the level of myocardial autophagy was increased. 

Conclusions: YP-SJ formula can alleviate the myocardial damage caused by T2DM, 

and thus may serve as an alternative treatment for DCM. 

Keywords: Yunpi-Huoxue-Sanjie formula, diabetic cardiomyopathy, autophagy 

 

1. Introduction 

Diabetic cardiomyopathy (DCM) is a specific cardiomyopathy that occurs in diabetic 

patients, manifesting mainly as abnormal myocardial structure and function. It is 

independent of coronary heart disease, hypertension, valvular heart disease, and other 

heart diseases and is one of the main causes of death in diabetic patients [1]. The 

occurrence of type 2 diabetic mellitus (T2DM) is accompanied by myocardial 

damage, which causes myocardial diastolic dysfunction in asymptomatic diabetic 

patients, insulin resistance (IR), hyperglycemia, and hyperinsulinemia. T2DM also 

leads to myocardial cytotoxicity, microangiopathy, metabolic disorders, and oxidative 

stress, and contributes to the occurrence of DCM [2, 3]. Hypoglycemia may increase 

the risk of cardiovascular events [4]. Currently, there is no effective treatment for 

DCM. 

Autophagy is the process of clearing cells of damaged organelles or debris. It can 

reduce the damage to cells or organelles caused by harmful metabolites and accelerate 

the decomposition of free fatty acids and advanced glycosylation products, thereby 
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improving diabetic myocardial ischemia and metabolic disorders in diabetes. 

Maintaining myocardial cell homeostasis and improving cardiac function in diabetes 

are of great significance [5]. IR interferes with the normal metabolism of 

cardiomyocytes, causing cardiomyocyte dysfunction and myocardial fibrosis, whereas 

autophagy can improve myocardial energy metabolism and protect the normal 

function of cardiomyocytes. Autophagy alleviates myocardial cell damage caused by 

IR and T2DM [6]. Therefore, activating autophagy and insulin-signaling pathways, 

improving insulin sensitivity in diabetic patients, and maintaining an appropriate level 

of autophagy are important ways to prevent and treat DCM. 

Treatment with traditional Chinese medicine (TCM) can alleviate the progression 

of diabetes and its complications [7]. In fact, more than 200 traditional medicinal 

plants and their biologically active compounds have anti-diabetic properties, as 

confirmed by a large number of screening methods [8]. The TCM Yunpi-Huoxue-

Sanjie (YP-SJ) formula is composed of five natural medicines: Atractylodes 

Macrocephala Koidz. (Chinese name: Baizhu), Citrus aurantium L. (Chinese name: 

Zhiqiao), Trichosanthes kirilowii Maxim. (Chinese name: Tianhuafen), Ostreae 

Concha (Chinese name: Muli), and Eupolyphaga sinensis Walker (Chinese name: 

Tubiechong) (Fig. 1). Atractylodes macrocephala and Fructus Aurantii accelerate the 

metabolism of sugar and lipids, Trichosanthes and raw oysters clear away heat and 

nourish yin, while the beetle accelerates blood flow and both prevents and treats 

cardiovascular complications in diabetes. YP-SJ formula has been used to treat DM. 

In our previous randomized controlled clinical trial of YP-SJ formula in combination 

with other oral hypoglycemic agents to treat DM, we found improvement of IR and 

vascular inflammation in the combined treatment group relative to the control group 

[9]. In animal experiments, YP-SJ formula has been shown to increase serum nitric 
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oxide (NO) levels and reduce serum interleukin-6 levels by activating the 

phosphoinositide kinase/Akt/endothelial NO synthase pathway [10].  

DCM is a serious complication of diabetes and one of the main causes of sudden 

death. However, the role of YP-SJ formula in ameliorating the effects of DCM are 

unknown. In this study, we used a rat model of DCM to evaluate the mechanism by 

which YP-SJ formula inhibits DCM. A brief flowchart of the study design is provided 

in Figure 2. 

 

2. Materials and Methods 

2.1 Preparation of YP-SJ formula 

Atractylodes Macrocephala Koidz., Citrus aurantium L., Trichosanthes kirilowii 

Maxim. granula, Ostreae Concha granula, Eupolyphaga sinensis Walker granula, 

according to “Chinese Pharmacopoeia” (2015 Edition) and internal control quality 

standards were purchased from Jiangyin Tianjiang Pharmaceutical Co., Ltd. 

(Jiangyin, China). The Atractylodes Macrocephala Koidz., Citrus aurantium L., 

Trichosanthes kirilowii Maxim., Ostreae Concha, and Eupolyphaga sinensis Walker 

were prepared at a ratio of 5:2:3:10:2 in terms of crude drug content. 

 

2.2 High-performance liquid chromatography  

2.2.1 Chromatographic conditions 

The chromatographic conditions were as follows. 

Hesperidin: mobile phase, methanol-0.1% phosphoric acid solution (36:64, v/v); 

flow rate, 1.0 mL/min; column temperature, 25℃; ultraviolet detection wavelength, 

286 nm; and injection volume, 20 μL. 
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Atractylodin: mobile phase, acetonitrile-water (70:30, v/v); flow rate, 1.0 mL/min; 

column temperature, 35℃; ultraviolet detection wavelength, 340 nm; and injection 

volume, 20 μL. 

Hypoxanthine: mobile phase, methanol-0.1% phosphoric acid solution (2:98, v/v); 

flow rate, 0.5 mL/min; column temperature, 25℃; ultraviolet detection wavelength, 

254 nm; and injection volume, 20 μL. 

Cucurbitacins B: mobile phase, methanol-0.1% phosphoric acid solution (53:47, 

v/v); flow rate, 1.0 mL/min; column temperature, 25℃; ultraviolet detection 

wavelength, 254 nm; and injection volume, 20 μL. 

Taurine: mobile phase, methanol-0.05 M sodium acetate solution (40:60, v/v); flow 

rate, 0.8 mL/min; column temperature, 25℃; ultraviolet detection wavelength, 330 

nm; and injection volume, 20 μL.  

A mixture was made of sodium borate buffer (0.6 M; 3.72 g boric acid and 2.1 g 

sodium hydroxide), derivatization reagent (0.1 g o-phthalaldehyde), 10 mL 

chromatographic methanol, and 0.1 mL mercaptoethanol.  

 

2.2.2 Sample processing and preparation 

Hesperidin, atractylodin, hypoxanthine, cucurbitacins B, and taurine (0.2 g each) were 

separately added to different 5-mL centrifuge tubes with chromatographic methanol, 

and sonicated for 15 min. Then 0.2 mL solution was filtered using a 0.22-µm filter, 

and the filtrate was collected and centrifuged at 18000 r/min for 5 min. Finally, 20 µL 

of the supernatants for each compound was used for high-performance liquid 

chromatography (HPLC). 

 

2.3 Animal model and drug administration 
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Thirty male Wistar rats (specific-pathogen-free) aged 8 weeks and weighing 180–200 

g (Animal License No. SCXK (hu) 2017-0005; Shanghai Slake Experimental Animal 

Co., Ltd., Shanghai, China) were used, according to the principle of 3R used for the 

humane care of experimental animals. The rats were maintained under conditions of 

22–25°C, humidity of 40–70% and a 12-h dark/12-h light cycle, and allowed to adapt 

to the laboratory environment for 1 week before the experiment. The rats were 

randomly divided into control (n = 10) and DCM model (n = 20) groups. The rats in the 

control group were fed a normal diet and those in the DCM model group were fed a 

high-fat diet (HFD, D12451; Research Diets, Inc., New Brunswick, NJ, USA). After 3 

weeks of feeding, the rats in the DCM model group were intraperitoneally injected with 

30 mg/kg streptozotocin（STZ, freshly prepared in citrate buffer, 0.655 g citric acid, 

0.552 g sodium citrate in 100 mL ddH2O, pH 4) [11], whereas rats in the control group 

were intraperitoneally injected with the same volume of citric acid buffer. In the 6th 

week, the blood of fasting rats was collected, fasting plasma glucose (FPG) and fasting 

plasma insulin (FINS) were detected, and homeostatic model assessment for IR 

(HOMA-IR) was calculated. FPG > 11.1 mmol/L and IR indicated successful modeling 

[12] . The DCM model group was randomly divided into untreated (DCM model, n = 

10) and treated (YP-SJ-treated, n = 10) groups. According to our previous reports and 

clinical equivalent doses, the rats in the treated group were administered oral YP-SJ 

formula 1.2 g/kg/day, whereas the rats in the control and untreated groups were 

administered the same volume of deionized water for 10 weeks. The animal 

experiments were conducted according to guidelines of the National Institutes of Health 

Guide for the Care and Use of Laboratory animals (NIH Publications #85-23, revised 

in 1985). At the end of experiment, all rats underwent metabolic and functional analyses 

before sacrifice, and plasma and tissue samples were collected. The left ventricular 
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myocardial tissue was removed immediately; some tissue was snap-frozen in liquid 

nitrogen at -80°C for RT-PCR and Western blot analyses, and the remaining tissue was 

routinely processed for histopathological examination. 

 

2.4 Blood analyses 

During the experiment, blood was collected from the tail vein of rats after 12 h fasting 

at night. The FPG level was measured using a glucose oxidase method (Toecho 

Super2, Kagawa, Japan). FINS was determined using a rat/mouse insulin enzyme-

linked immunoassay (ELISA) Kit (R&D Systems, Abingdon, UK). IR was estimated 

using HOMA-IR:[fasting plasma insulin × fasting plasma glucose]/22.5). 

 

2.5 Transthoracic echocardiography 

Two-dimensional echocardiography was used to determine cardiac function and heart 

dimensions using a high-resolution small-animal imaging system (Vevo1100; Visual 

Sonics, Toronto, Canada) while the rats were anesthetized with 1.5–2% isoflurane. 

The system was equipped with a high-frequency ultrasound probe (MS250). The 

measurements of left ventricular end-systolic diameter (LVESD) and left ventricular 

end-diastolic diameter (LVEDD) were based on the analysis of at least three separate 

cardiac cycles. Fractional shortening (FS) was calculated according to the following 

formula: FS (%) = [(LVEDD−LVESD)/LVEDD]×100. Ejection fraction (EF%) was 

calculated by: EF (%) = ([LVEDD − LVESD]/LVESD)×100. Mitral valve peak flow 

velocity was measured in the early diastole (E) and late diastole (A), and the E/A ratio 

was calculated. 

 

2.6 Histological examination and assessment 
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2.6.1 Observation of the morphological structure of the myocardium 

Myocardial tissue was fixed in 4% paraformaldehyde, embedded in paraffin, cut into 

6-μm sections, and stained with hematoxylin and eosin (H&E) and Masson’s trichome 

for histological analysis. The severity of myocardial pathological changes was 

evaluated according to the following scores established by Rezkalla et al. [13]: 0, no 

inflammation or suspected inflammation; 1, small degeneration, inflammation focus; 

2, multiple small inflammation foci or several large inflammation foci and small 

necrosis foci; 3, multiple large inflammation and necrosis foci; and 4, diffuse 

inflammation infiltration, necrosis, calcification. Masson’s trichome staining was used 

to observe the volume fraction of collagen fibers. The collagen area around the blood 

vessels was not included in the analysis.  

 

2.6.2 Observation of ultrastructure and autophagosomes of cardiomyocytes 

Rat myocardial tissue was cut into 1-mm3 tissue blocks, fixed in 2.5% glutaraldehyde 

at 4℃ for 2 h, and washed twice with phosphate-buffered saline (PBS) at 4℃ for 15 

min each. Then the tissues were stained and fixed in 1% osmium acid at 4℃ for 1 h, 

rinsed again with PBS, and stained with 2% uranyl acetate solution for 30 min. After 

gradient ethanol dehydration, propylene oxide replacement, embedding with pure 

embedding agent, polymerization in an oven, and staining with 4% uranium acetate, 

transmission electron microscopy (TECNA-10; Netherlands Philips Co., Amsterdam, 

Netherlands) was performed. 

 

2.7 Analysis of mRNA expression 

Quantitative RT-PCR (qRT-PCR) was used to detect the mRNA levels of cardiac 

target genes. Detailed information on the primers is shown in Table 1. Reverse 
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transcription was carried out according to the instructions of a reverse transcription 

reaction kit (Thermo Fisher Scientific, Waltham, MA, USA). The threshold cycle 

(CT) values were used to obtain quantitative values. The relative average fold changes 

in expression were calculated by the 2-△△CT method. All samples were run in parallel. 

The normalized curve method was used to measure the expression levels of forkhead 

box protein O1 (FoxO1), p62, and autophagy-related 12 (Atg12), which were 

normalized to GAPDH.  

 

2.8 Analysis of protein expression 

Heart tissue was lysed and centrifuged at 11000 rpm for 20 min at 4°C. The protein 

concentration was quantitatively analyzed, and the protein lysate was subjected to 

sodium dodecyl sulfate polyacrylamide gel electrophoresis on a 10% polyacrylamide 

gel, and then electrotransferred onto a PVDF membrane (Millipore, Billerica, MA, 

USA). Then the membrane was blocked in 5% skim milk and probed overnight at 4°C 

with the following primary antibodies: FoxO1 (1:1000; Abcam, Cambridge, MA, 

USA), phosphorylated FoxO1 (p-FoxO1, 1:1000), p62 (1:1000), Atg12 (1:1000; Cell 

Signaling Technology, Danvers, MA, USA), and β-tubulin (1:5000, Lianke Biotech, 

Hangzhou, China). Then the membranes were incubated with rabbit or mouse 

secondary antibodies labeled with horseradish peroxidase, and proteins were detected 

by enhanced chemiluminescence (Millipore) using a VersaDoc 4000 MP workstation 

(Bio-Rad, Hercules, CA, USA). ImageJ software was used for density analysis to 

determine the relative expression levels of target proteins (Bethesda, MD, USA). 

 

2.9 Statistical analysis 
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All data are presented as the mean ± standard error of the mean. Statistical analysis 

was conducted using one-way analysis of variance followed by the 

Bonferroni post hoc test for multiple comparisons. P < 0.05 was considered 

statistically significant.  

 

3. Results 

3.1 HPLC analysis of the YP-SJ formula 

The retention time of hesperidin was about 8.898 min. The content of hesperidin in 

the granules was 0.054 ± 0.0029% (n = 3); After extraction of methanol-dissolved 

granules, the content of hesperidin was 0.066 ± 0.0078% (n = 3). Atractylodes are 

highly soluble in fat and insoluble in wáter; thus, no atractylodin was detected in the 

aqueous extract of the Chinese herbal compound. The retention time of hypoxanthine 

was about 6.985 min. The content of hypoxanthine in the granules was 0.019 ± 

0.00058% (n = 3). The retention time of Cucurbitacin B was about 23.885 min. The 

content of Cucurbitacin B in the granules was 0.0022 ± 0.00045% (n = 3). After 

extraction of methanol-dissolved granules, the content of hesperidin was 0.0044 ± 

0.00025% (n = 3). The retention time of taurine derivatives was about 8.368 min. The 

content of taurine in the granules was 0.15 ± 0.0058% (n = 3), as shown in the 

chromatogram Fig. 3. 

 

3.2 YP-SJ formula attenuates IR in DCM rats 

Compared with the control group, the FPG of rats in the untreated group increased by 

4.2 fold. After YP-SJ formula treatment, compared with the untreated group, the 

levels were reduced by 16.6% (Fig. 4a). Before the end of the experiment, the 

HOMA-IR index was higher in the untreated group than in the control group. 
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Compared with the untreated group, after YP-SJ formula treatment, FINS and 

HOMA-IR indexes were reduced by 18.1% and 33.9%, respectively (Fig. 4b, c) 

 

3.3 YP-SJ formula improves cardiac function in DCM rats 

Echocardiography was used to analyze cardiac function. Compared with the control 

group, LVESD and LVEDD increased more significantly (by 31.6% and 16.0%, 

respectively), EF (%) and FS (%) decreased more significantly (by 13.1% and 17.6%, 

respectively) in the untreated group. E/A ratio  2 in the untreated group. Compared 

with the untreated group, after YP-SJ formula treatment, LVESD and LVEDD 

decreased more significantly (by 16.8% and 9.7%, respectively), EF (%) and FS (%) 

decreased more significantly (by 15.1% and 21.3%, respectively) in the treated group; 

E/A ratio  2 in the treated group, implying the administration of YP-SJ formula 

significantly reduced the damage of DCM (Fig. 5a–f).  

 

3.4 YP-SJ formula reduces myocardial inflammation and necrosis in DCM rats 

In the control group, H&E staining of the myocardium showed mild edema of the 

myocardial cells and no lesions were seen (Fig. 6a). In the untreated group, 

myocardial cells had mild edema, vacuoles were seen in a few cells, and occasional 

inflammatory cell infiltration, local myocardial fiber necrosis, and fibrous hyperplasia 

in the lesion area were observed (Fig. 6b). Myocardial cells in the treatment group had 

mild edema, vacuoles were seen in a few cells, and occasional inflammatory cell 

infiltration was observed (Fig. 6c). The myocardial pathology scores in each group are 

shown in Fig. 6d. 

 

3.5 YP-SJ formula reduces the severity of myocardial fibrosis in DCM rats 
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The control group had few distributed interstitial collagen fibers, which were evenly 

distributed (Fig. 7a). Collagen fibers in the myocardial tissue of the untreated group 

were significantly increased, and the distribution was disordered and uneven (Fig. 7b). 

Myocardial collagen fibers in the treated group were significantly reduced compared 

with the untreated group (Fig. 7c). The degree of myocardial fibrosis in each group is 

shown in Fig. 7d. 

 

3.6 YP-SJ formula enhances cardiac autophagy in the myocardial tissue of DCM 

rats 

The control group had higher levels of cardiac autophagy (Fig. 8a). The level of 

autophagy in the untreated group was significantly decreased (Fig. 8b), but was 

significantly increased in the treated group (Fig. 8c). Quantitative analysis of the 

number of cardiac autophagosomes in each group is shown in Fig. 8d. 

 

3.7 Analysis of mRNA expression in the rat heart  

The mRNA expression levels of FoxO1, p62, and Atg12 in each group were detected 

by RT-PCR, and the results are shown in Fig. 9. Compared with the control group, 

p62 mRNA expression in the untreated group was significantly increased, and the 

mRNA expression of FoxO1 and Atg12 was significantly decreased. Compared with 

the untreated group, p62 mRNA expression was significantly decreased and the 

mRNA expression of FoxO1 and Atg12 was significantly increased in the treated 

group. The results show that YPSJ maintained or downregulated p62 mRNA 

expression and upregulated FoxO1 and Atg12 mRNA expression. 
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3.8 Effects of YP-SJ formula on protein expression in the heart of DCM rats 

The expression of Foxo1 and Atg12 in the myocardium of the untreated group was 

significantly reduced compared with the control group (p  0.01), and protein 

expression was significantly increased in the treated group (p  0.05) (Fig. 10a, b, d). 

Compared with the control group, the protein expression of p-Foxo1ser256 and p62 in 

the myocardium of the untreated group was upregulated (p  0.01 and p  0.05, 

respectively). After treatment with YP-SJ formula, expression of the abovementioned 

proteins was significantly decreased (p  0.01 and p  0.05, respectively) (Fig. 10a, c, 

e).  

 

4. Discussion  

In the traditional medical practice of various ethnic groups, many plants and minerals 

have been used for their anti-diabetic effects, especially T2DM. The medicinal 

composition of YP-SJ formula is: Atractylodes Macrocephala Koidz., Citrus 

aurantium L., Trichosanthes kirilowii Maxim., Ostreae Concha, and Eupolyphaga 

sinensis Walker. The compatibility of Atractylodes Macrocephala Koidz. and Citrus 

aurantium L. is called Zhizhu Pills. This is from "The Theory of Spleen and 

Stomach", written in 1249 AD. They have the effect of promoting food digestion and 

the metabolism of sugar and lipids [14]. The combination of Trichosanthes kirilowii 

Maxim. and Ostreae Concha is called Gualoumuli powder, from "Synopsis of 

Prescriptions of the Golden Chamber", which was written in about 205 AD. 

Gualoumuli powder is currently used for the treatment of diabetes and has the effect 

of clearing heat and nourishing yin [15]. Eupolyphaga sinensis Walker has been used 

in TCM for more than 2000 years; it is popular, thought to be good, and, can activate 

the blood. According to the theory of TCM, the pathogenesis underlying DCM is 
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spleen deficiency, yin deficiency, fire exuberance, and blood stasis. YP-SJ formula 

has shown efficacy in treating these deficiencies, giving it a clinical basis for the 

treatment of DCM. 

IR occurs when the body compensates for excessive insulin secretion to maintain 

stable blood sugar, and may cause metabolic syndrome and T2DM. Our previous 

study found that YP-SJ formula particles significantly improved FPG, FINS, HOMA-

IR index, and other indicators in patients with T2DM, and reduced vascular 

inflammation [9]. Our previous study also showed that YP-SJ formula effectively 

improved glucose metabolism in DCM rats. Compared with the control group, IR in 

the untreated group was significantly worsened, but was alleviated in the treated 

group [10].  

Diabetes can worsen the structure and function of the heart, and may lead to heart 

failure even without coronary atherosclerosis and high blood pressure. Early 

manifestations are left ventricular diastolic dysfunction, characterized by reduced left 

ventricular filling speed and late diastolic filling patterns. During disease progression, 

left ventricular systolic dysfunction occurs with reduced ejection fraction [16]. 

Structurally, this leads to left ventricular hypertrophy with fibrosis, possibly due to 

replacement of apoptotic and/or necrotic cardiomyocytes by connective tissue [17]. 

The development of fibrosis leads to myocardial stiffness and impaired contractility, 

resulting in systolic and diastolic dysfunction in late DCM due to increased left 

ventricular wall mass and thickness. This leads to four clinical phenotypes [18] : the 

first stage is diastolic dysfunction with normal ejection fraction, the second stage is 

combined systolic and diastolic dysfunction, the third stage is non-obstructive 

microvascular disease or systolic and diastolic dysfunction of coronary 

atherosclerosis, and the fourth stage is obvious ischemia or infarction that can lead to 
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heart failure. In this study, the myocardium of the DCM model group showed obvious 

signs of inflammation, necrosis, and fibrosis. At the same time, the systolic function 

indexes FS and EF were decreased and the diastolic function index E/A was > 2, 

implying impaired myocardial contraction and diastolic function in DCM rats. YP-SJ 

formula can effectively reduce myocardial inflammation, necrosis, fibrosis, and 

cardiac damage in DCM rats. 

In DCM, IR not only induces a lack of myocardial energy supply but also leads 

directly to myocardial cell dysfunction and apoptosis. The results of clinical and 

animal experiments show that YP-SJ formula can effectively reduce blood sugar 

levels and improve IR. IR interferes with the normal metabolism of cardiomyocytes, 

causing cardiomyocyte dysfunction and myocardial fibrosis, whereas autophagy can 

improve myocardial energy metabolism and protect the normal function of 

myocardial cells. Autophagy has the effect of antagonizing myocardial cell damage 

caused by T2DM IR [19]. In an animal model of T2DM induced by a HFD combined 

with STZ, cardiomyocyte autophagy was inhibited [20, 21]. The results showed that 

compared with the normal group, the number of myocardial autophagosomes in the 

DCM rat model was significantly reduced. YP-SJ formula effectively increased the 

level of myocardial autophagy in DCM rats and alleviated myocardial damage. There 

was an increased number of autophagosomes in the myocardium of the control group, 

because the basal level of autophagy controls the elimination of long-lived proteins 

and damaged organelles, promotes survival, and maintains the balance of intracellular 

metabolism. Under high-glucose conditions, autophagy is inhibited; YP-SJ formula 

can increase the number of autophagosomes. However, autophagy is a highly 

dynamic process, and the increase or decrease of autophagosomes is not completely 

consistent with autophagic activity. Autophagy flux determines autophagic activity, in 
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that the formation of autophagosomes and the fusion of autophagosomes and 

lysosomes reflects overall functional autophagy. Atg12 is an important regulatory 

protein for closed autophagosomes that completes the extension and formation of 

phagocytic vesicles. In the process of lysosomal degradation, p62 bound to substrate 

is degraded by proteolytic enzymes, indicating that elevated levels of p62 are 

generally regarded as a sign of inhibited autophagy activity [3]. Therefore, in this 

study, we observed regulation of the autophagy protein Atg12 and the degradation of 

autophagy substrate p62. The results show that YP-SJ formula reduced the expression 

of p62, increased the expression of Atg12, increased the autophagy level of 

cardiomyocytes, and inhibited the damage from DCM (Fig. 11). 

During IR and hyperinsulinemia, the autophagy activity and transcription levels of 

genes such as Atg12 are inhibited; this is closely related to transcriptional regulation 

mediated by the downstream signaling molecule FoxO1 [22]. FoxO1 is the main 

regulator of insulin signal transduction and glucose homeostasis. During starvation, 

FoxO1 can induce transcription of glucose 6-phosphatase and phosphoenolpyruvate 

carboxykinase, promote liver gluconeogenesis, and maintain stable blood sugar. 

However, in conditions of IR and diabetes, due to the lack of regulation of insulin 

signaling, overactive FoxO1 continues to promote gluconeogenesis in an uncontrolled 

manner, leading to hyperglycemia and ultimately participating in the occurrence of 

diabetes and its complications and development [23, 24]. In cardiomyocytes, FoxO1 

activation caused by IR and hyperglycemia participates in myocardial mitochondrial 

biogenesis and cardiac homeostasis, and promotes myocardial remodeling at least in 

part by increasing the expression of β myosin heavy chain [25]. Overactivated FoxO1 

can also promote the expression of inducible NO synthase in DCM, and further 

induce the nitrosylation of target proteins such as glyceraldehyde-3-phosphate 
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dehydrogenase and caspase-3, leading to post-hyperglycemia myocardial cell death 

and myocardial dysfunction [26]. In terms of autophagy regulation, FoxO positively 

regulates autophagy and activates a variety of autophagy-related transcription factors, 

such as Atg5 and Atg12 [27]. In oral squamous cell carcinoma cell lines, oncogenes 

can inhibit the expression of FoxO1 and its downstream target genes, and reduce the 

level of autophagy [28]. In vivo studies in mice have shown that under cell stress 

conditions such as starvation or myocardial ischemia/reperfusion, it can accelerate the 

dephosphorylation of FoxO1, increase the nuclear transcription activity of FoxO1 

transcription factors, increase the level of cardiac autophagy, and reduce 

cardiomyocyte hypertrophy [29]. FoxO1 is a regulatory protein of IR and myocardial 

autophagy. Quercetin can enhance hypoxia-induced autophagy in pulmonary arterial 

smooth muscle cells through the FoxO1 pathway [30]. Metformin reduces oxidative 

stress through the AMP-activated protein kinase (AMPK)/sirtuin 1-FoxO1 pathway 

and enhances autophagy in diabetic nephropathy [31]. Consistent with the 

abovementioned findings, in this study, we confirmed that the mRNA and protein 

expression of FoxO1 in the myocardium of the DCM rat model was significantly 

increased. YP-SJ formula inhibited p-FoxO1 and promoted the transcription of FoxO1 

in the nucleus, thereby upregulating the expression of Atg12. This is a possible 

mechanism by which YP-SJ formula increases the level of myocardial autophagy and 

slows down the development of DCM (Fig. 11). The results from this study provide a 

better understanding of the role of YP-SJ formula in the treatment of DCM. 

 

Conclusion 

This study shows for the first time that YP-SJ formula increases the expression of 

FoxO1 and Atg12; decreases the expression of phosphorylated FoxO1 and p62; 
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increases myocardial cell autophagy; and alleviates myocardial damage caused by 

T2DM. These findings may help to better understand the role of YP-SJ formula in the 

treatment of DM and its complications as well as its potential mechanism of action.  
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Figures

Figure 1

Photographs of Atractylodes Macrocephala Koidz. (Baizhu), Citrus aurantium L. (Zhiqiao), Trichosanthes
kirilowii Maxim. (Tianhuafen), Ostreae Concha (Muli) and Eupolyphaga sinensis Walker (Tubiechong) in
medicinal ingredient forms



Figure 2

Flowchart of the study design that Yunpi-Huoxue-Sanjie formula alleviates diabetic cardiomyopathy by
inducing autophagy



Figure 3

HPLC estimation of YP-SJ formula. The presence of hesperidin, atractylodin, hypoxanthine, cucurbitacins
B and taurine were adopted as quality controls for YP-SJ formula. The abovementioned ingredients were
detected in standard, YP-SJ and standard +YP-SJ samples

Figure 4

The effect of YP-SJ formula on a fasting plasma glucose, b fasting plasma insulin and c HOMA-IR index.
Data are shown by mean ± SEM (n=8). ΔΔp<0.01 showing a signi�cant difference as compared with
control group; **p < 0.01 and *p < 0.05 showing a critical difference as compared with untreated group



Figure 5

The effect of YP-SJ formula on cardiac function. a Representative echocardiographic images from at
least three separate cardiac cycles of the hearts from control, treated and untreated rats are provided. b
left ventricular end-systolic diameter (LVESD) and c left ventricular end-diastolic diameter (LVEDD) were
analyzed by echocardiography. d The Left ventricular ejection fraction (EF), e fractional shortening (FS)
and f E/A ratio were calculated. ΔΔp<0.01 and Δp<0.05 vs. control group; **p < 0.01 and *p < 0.05 vs
untreated group



Figure 6

The effect of YP-SJ formula on the rat myocardium. Myocardial specimens (n=5) were collected and
stained with H&E (×200) (Fig. 5a, b, c). Myocardial pathology scores in each group (Fig. 5d).  p0.01 vs.
control group; *p0.05 vs. untreated group



Figure 7

The effect of YP-SJ formula on the rat myocardial �brosis. Myocardial specimens (n=5) were collected
and stained with Masson (×200) (Fig. 7a, b, c). Degree of myocardial �brosis in each group (Fig. 7d).  p
0.01 vs. control group; *p0.05 vs. untreated group



Figure 8

The effect of YP-SJ formula on the rat cardiac autophagy. Representative images of transmission
electron microscopy with arrows marking autophagosomes. (×4200) (Fig. 8a, b, c). Quantitative analysis
of the number of cardiac autophagosomes (n = 5) in each group (Fig. 8d).  p0.01 vs. control group;
**p0.01 vs. untreated group



Figure 9

The effect of YP-SJ formula on gene expression. The gene expressions of FoxO1, Atg12 and p62 were
detected by RT-PCR.  p0.01 vs. control group; **p0.01 vs. untreated group.



Figure 10

The effect of YP-SJ formula on protein expression. The protein expressions of Atg12, p62, FoxO1 and p-
FoxO1ser256 were detected by western blot. The �gure represents one of three experiments with similar
results (Fig. 10a). In Fig. 10b, ΔΔp<0.01 vs. control group, p < 0.05 vs. untreated group. In Fig. 10c,
Δp<0.05 vs. control group, p < 0.05 vs. untreated group. In Fig. 10d, ΔΔp<0.01 vs. control group, p <
0.01 vs. untreated group. In Fig. 10e, ΔΔp<0.01 vs. control group, p < 0.01 vs. untreated group



Figure 11

A schematic diagram illustrates the pathways that YP-SJ formula promotes autophagy to alleviate
myocardial injury caused by type 2 diabetic mellitus


