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Abstract. 
Shenfu Injection (SFI) is a common drug used to treat cardiovascular diseases and has a significant effect on cardiogenic shock. Ginsenoside Rc (G-Rc) was an anticardiogenic shock effect component of SFI screened by UHPLC-Q-TOF/MS and multivariate statistical analysis and further selected by molecular docking experiment in our previous study. However, most studies on SFI in the treatment of cardiogenic shock focus on the overall efficacy, and little is known about its effective component on energy metabolism in hypoxia/reoxygenation- (H/R-) induced myocardial injury cells. Therefore, the present study was performed to investigate the dose-effect and time-effect relationship of G-Rc in protecting hypoxic injury of H9c2 cardiomyocytes, and its mechanism on the energy metabolism-related indicators, i.e., adenosine triphosphate (ATP) content, lactate dehydrogenase (LDH) release, and creatine kinase (CK) activity of the myocardial cells, was explored. In this paper, a stable and reliable H/R model of H9c2 cardiomyocytes was established. Compared with the control group, the activity of cardiomyocytes in the H/R group was significantly reduced (). The dose-effect and time-effect studies showed that G-Rc could significantly increase cell viability at certain point compared with the H/R group (), and the optimum intervention dose and time was 3.33 μmol/L for 12 h. The results concerning energy metabolism mechanism demonstrated that G-Rc pretreatment could improve ATP content, attenuate the LDH leakage, and decrease CK activity and apoptosis rate of H/R cardiomyocytes. Taken together, our findings suggest that G-Rc pretreatment can significantly protect myocardial cells from H/R injury. In addition, G-Rc is able to improve the energy metabolism ability of the injury cardiomyocytes by direct synthesis of ATP and reducing the activity of LDH, CK, and apoptosis rate. These results indicate that G-Rc may be a promising therapeutic candidate for the treatment of cardiovascular disease caused by myocardial H/R injury.

1. Introduction
Cardiogenic shock is the main cause of death in patients with acute myocardial infarction during the hospitalization, the mortality rate of which was approximately 50% [1]. Cardiogenic shock is a syndrome characterized by a significant reduction in cardiac output and severe acute peripheral circulatory failure due to extreme cardiac dysfunction. A series of complications caused by cardiogenic shock, such as ischemia, hypoxia, energy metabolism disorders, and important organ damage, have seriously threatened human health [2, 3]. Myocardial energy metabolism disorder is the key link of cardiogenic shock. Currently, drug therapy to optimize energy metabolism has become the therapeutic target and hotspot for preventing and treating cardiogenic shock. Shenfu Injection (SFI), which is derived from the ancient prescription Shenfu decoction, can not only effectively reduce the degree of ischemia/reperfusion injury [4], but also improve myocardial energy metabolism [5], and it has significant effects on cardiogenic shock and other kinds of shock in clinic [6, 7]. Ginsenoside, as one of the main active ingredients in SFI, plays an important role in the treatment of myocardial ischemia reperfusion injury, myocardial hypertrophy, and heart failure [8, 9]. However, due to the complexity of Chinese medicine ingredients, efficacy, and targets, most studies on SFI have focused on its overall efficacy, and its potential mechanism on myocardial energy metabolism has not been fully elucidated. Thus, the effect and the mechanism of some anticardiogenic shock component in SFI on myocardial energy metabolism are the focus of this paper. In our previous study, 15 components were detected and screened as the pharmacodynamical material basis by UHPLC-Q-TOF/MS and multivariate statistical analysis after intravenous administration of SFI in the early and middle stages of cardiogenic shock rats. And then, these components were docked with 10 targets related to the pathogenesis and drug therapy of shock through the molecular docking experiment. Ginsenoside Rc (G-Rc) was eventually selected as the study object in this paper for it had the most target and the highest docking score. G-Rc, the main effective component of ginsenoside contained in SFI, is mainly distributed in Araliaceae plants and has the functions of antitumor, anti-inflammation, antioxidation, regulating blood lipid, protecting nervous system, prevention of diabetes, and so on [10–14]. It has been reported that G-Rc can increase the content of ATP, inhibit the formation of intracellular ROS, and significantly inhibit the oxidative damage induced by tert-butyl hydroperoxide (t-bhp) in cardiomyocytes [13]. At present, there are many studies on cardiovascular effects of total ginsenoside [15–17] and some other ginsenosides like G-Rg1 [18–20] and G-Rb1 [21–23]. However, there have been few reports on the cardiovascular effects of G-Rc and its energy metabolism mechanism on myocardial injury cells induced by hypoxia/reoxygenation (H/R) is still unclear. Thus, the potential cardiovascular benefits of G-Rc are still worthy of further study, because it may develop into an agent or adjuvant of existing drugs for cardiovascular disease [24]. Herein, the purpose of this study was to investigate the mechanism on the energy metabolism of G-Rc in protecting hypoxic injury of H9c2 cardiomyocytes. At first, a stable and reliable H/R model of H9c2 cardiomyocytes was established. Next, with deslanoside as the positive drug and cell viability as the evaluation index, the dose-effect and time-effect relationship of G-Rc in protecting hypoxic injury of H9c2 cardiomyocytes was studied to determine the best conditions of intervention. Finally, the effect of G-Rc on energy metabolism-related indicators, i.e., ATP content, LDH release, CK activity, and apoptosis rate of the myocardial cells, was explored. This paper will contribute to the development of new drugs related to G-Rc and provide the basis for understanding that optimizing myocardial energy metabolism is an effective strategy to improve cardiogenic shock.
2. Materials and Methods
2.1. Materials and Reagents
Rat embryonic cardiomyoblast-derived H9c2 cardiomyocytes lines were obtained from the Chinese Academy of Sciences Cell Bank (Shanghai, China). G-Rc was purchased from Vicky Biotechnology Co., Ltd. (Sichuan, China), and the positive drug deslanoside was purchased from Efa Biotechnology Co., Ltd. (Chengdu, China). The purity of these standards was more than 98.0%. DMEM and RIPA tissue/cell lysate were the products of Solarbio Science and Technology Co., Ltd. (Beijing, China). Fetal bovine serum (FBS) was the product of Tianhang Biotechnology Co., Ltd. (Zhejiang, China). PBS phosphate buffer (powder) was supplied by Dingguo Changsheng Co., Ltd. (Nanchang, China). CellTiter 96® AQueous One Solution Cell Proliferation Assay (MTS) and ATP detection kit were purchased from Promega Biological Co., Ltd. (Beijing, China). The kits for determining LDH and creatine kinase (CK) kit were acquired from Jiancheng Bioengineering Institute (Nanjing, China). Annexin V-FITC/PI double staining apoptosis assay kit was purchased from MB Chem Company.
2.2. H9c2 Cardiomyocytes Culture and Hypoxia/Reoxygenation Model Establishment
The H9c2 cardiomyocyte line was cultured in high glucose DMEM supplemented with 15% (v/v) FBS. The cells were maintained in a humidified incubator (Thermo Fisher Scientific Corporation, United States) with 5% CO2 at 37°C, and the cells were adherent to the wall for growth. The cells were transferred when the cell density was covered to the bottom of the culture bottle up to 80–90%; after 48 h of culture, fresh cell medium containing 15% FBS was replaced.
The hypoxia/reoxygenation (H/R) model was built following the published method with slight modification [25]. In the previous study, we compared the two mixed gas methods and determined the establishment method of H9c2 cardiomyocyte H/R model preliminarily. Briefly, the cardiomyocytes in the logarithmic growth phase were placed in a mobile trigas incubator (Hua Yi Ning Chuang Co., Ltd., Ningbo, China) and an anaerobic gas-filled bag-anoxic closed culture box (Mitsubishi Gas Chemical Company, INC, Japan) for different periods of hypoxia (2, 4, 6, 8, and 10 h) and then reoxygenated for 4 h. After that, the orthogonal design experiment was used to optimize the cell hypoxia time (6, 8, and 10 h) and cell culture medium conditions (the proportion of serum and the content of blood glucose). Finally, we found that the establishment of H/R model of cardiomyocytes by mobile trigas incubator method has the advantages of short time, simple operation, and stable results, and the establishment of the model can be accelerated by replacing the culture medium with glucose-free and serum-free culture medium. Moreover, the viability of LDH of cardiomyocytes increased significantly after 6 h (). Therefore, in this experiment, the H9c2 cardiomyocytes were cultured in a trigas incubator for anoxic culture, with glucose-free and serum-free culture medium. The cells were cultured under hypoxia for 6 h and then removed to the regular incubator and cultured for 4 h to mimic reoxygenation, and the time started when the gas concentration in the incubator reached anoxic conditions. The anoxic conditions were 94% N2, 5% CO2, and 1% O2, and the reoxygenation conditions were 95% O2 and 5% CO2.
2.3. Study of Dose-Effect and Time-Effect
2.3.1. Experimental Protocols
The H9c2 cardiomyocytes in the logarithmic growth stage were randomly divided into different groups. In the control group, H9c2 cardiomyocytes were incubated in normal DMEM for equivalent durations under normoxic conditions. The H/R group was conducted as described in the preceding section. According to the literature and our preliminary experiments, we select the appropriate concentration and intervention time of drugs to study the dose-effect and time-effect of G-Rc. In the G-Rc-treated group (H/R + G-Rc), the H9c2 cardiomyocytes were pretreated with 3.33, 10, 33.3, 100, and 200 μmol/L G-Rc for 12, 24, and 48 h prior to H/R. The positive drug deslanoside-treated (H/R + deslanoside) group were processed similarly to the G-Rc-treated group (H/R + G-Rc), and the administration concentration was 1, 3.33, 10, 33.3, and 100 μmol/L.
2.3.2. Measurement of Cell Viability
Cell viability was determined by MTS assay. After the cells in each group were cultured for the corresponding time, 20 μL MTS solution was added to each well and incubated at 37°C for 4 h. The operation was conducted according to the instructions. The absorbance value of each hole at 490 nm was determined by the microplate reader (Spectra Corporation, United States), and the cell viability in each well was presented as percentage of control cells.
2.4. Study on the Mechanism of Energy Metabolism
2.4.1. Protocols
According to the optimal dose and time of action of H/R-induced myocardial injury cells determined above, relevant indexes of energy metabolism were detected. In the control group, H9c2 cardiomyocytes were cultured in a cell medium containing 15% FBS under normoxic conditions for equivalent durations. The H/R group, G-Rc-treated group, and deslanoside-treated group were cultured in the glucose-free and serum-free medium for 12 h and then placed in a three-gas incubator for hypoxic culture. The process of H/R was described above.
2.4.2. Measurement of ATP Content
After the reoxygenation, wash the cells with PBS, and add 100 μL RIPA solution into each well after absorbing the residual liquid. Shake the culture plate repeatedly to make the reagent fully contact with the cells. Scrape the cells and reagents off with a cell blade and centrifuge. Then, draw the standard curve and compare the luminescence value of the sample with the standard curve to obtain the ATP content in the sample.
2.4.3. Measurement of LDH Release
Appropriate amount of cell supernatant was collected after the different treatments to measure LDH using a LDH assay kits. The absorbance values of each hole at 450 nm were determined by microplate reader.
2.4.4. Measurement of CK Activity
After reoxygenation, the supernatant was taken to detect CK activity. Samples were operated in accordance with the CK kit strictly, and the absorbance was read at 660 nm using a microplate reader. The actual concentration of CK in each sample was calculated according to the standard curve.
2.4.5. Flow Cytometric Analysis of the Apoptosis Rate with Annexin V-FITC/PI Staining
To determine the apoptosis rate, an Annexin V-FITC/PI double staining apoptosis assay kit was used to detect apoptotic cells by flow cytometry, according to the manufacturer’s instructions. Briefly, cardiomyocytes were cultured for 12 h under different conditions. After harvesting, the cells were incubated with 5 μL Annexin V-EGFP for 15 min and 10 μL PI for 5 min at 4°C under dark conditions. Flow cytometry was then performed to analyze the apoptosis rate. The apoptosis rate was detected by flow cytometry (Beckman Coulter Company, USA) within 1 h. The data were analyzed by using FlowJo software (Tristar, CA, USA).
2.5. Statistical Analysis
The results are expressed as the means ± standard deviation. One-way AVONA and t-test were used for comparison of differences between groups, and GraphPad Prism 6.0 software was used for graph and statistical analysis. Statistical significance was set at .
3. Results
3.1. Dose-Effect and Time-Effect Relationship of Drugs in Protecting Hypoxic Injury of H9c2 Cardiomyocytes
Firstly, we determined the optimal intervention dose and time of G-Rc. As shown in Figure 1(b), compared with the control group, the activity of cardiomyocytes in the H/R group was significantly reduced (). Compared with the H/R group, 3.33 μmol/L G-Rc significantly increased cell viability after 12 h of intervention (). In the G-Rc-treated group, the myocardial cell activity decreased with the increase of concentration in the range of 3.33–100 μmol/L. Next, we examined the effect of 3.33 μmol/L G-Rc intervention for 12, 24, and 48 h on H/R-induced myocardial injury cells. As shown in Figure 1(c), 3.33 μmol/L G-Rc intervention for 12 h can effectively increase the cell viability of H/R-induced cells (). Therefore, 12 h-3.33 μmol/L G-Rc was determined as the optimal intervention condition for improving cell viability.
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(c)
Figure 1: Effect of G-Rc on cell viability of H/R-induced H9c2 myocardial cell injury. (a) The chemical structure of G-Rc. (b) Cell viability of H9c2 cardiomyocytes incubated with or without different concentrations of G-Rc for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. (c) H9c2 cardiomyocytes were incubated with or without 3.33 μmol/L G-Rc for different incubation (12, 24, and 48 h) and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


Subsequently, we determined the optimal dose of deslanoside for 12 h intervention in the same way. The effects of deslanoside at different concentrations for 12 h on the viability of H/R-induced cells were shown in Figure 2. The results showed that, compared with the control group, the activity of myocardial cells in the H/R group was significantly lower after 12 h of intervention (). Compared with the H/R group, the cardiomyocytes activity in the deslanoside-treated group was relatively high at 12 h of 1 μmol/L. Thus, we selected 1 μmol/L as the optimal dose of deslanoside-treated intervention for 12 h in the follow-up experiment.


	
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
	













Figure 2: Effect of deslanoside on cell viability of H/R-induced H9c2 myocardial cell injury. H9c2 cardiomyocytes were incubated with or without deslanoside for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


3.2. Effects of G-Rc on Energy Metabolism of H/R-Induced Myocardial Injury Cells
According to the above optimal time and concentration to intervene, we selected 12 h-3.33 μmol/L G-Rc and 12 h-1 μmol/L deslanoside as the basis for the determination of the following indicators.
3.2.1. G-Rc Increased the Content of ATP in H/R-Treated H9c2 Myocardial Cells
As shown in Figure 3, ATP content in the H/R group was significantly lower than that in the control group (). Compared with the H/R group, ATP content in the G-Rc-treated group was significantly increased (), indicating that G-Rc can increase the content of ATP in H/R-induced cell injury.


	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
	













Figure 3: Effects of G-Rc on ATP content in H/R-induced cell injury. H9c2 cardiomyocytes were incubated with or without G-Rc (or the positive drug deslanoside) for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


3.2.2. G-Rc Decreased H/R-Induced LDH Viability in H9c2 Myocardial Cells
As shown in Figure 4, LDH release in the H/R group was significantly higher than that in the control group after 12 h of incubation (). Compared with the H/R group, the viability of LDH in the G-Rc-treated group was significantly decreased (). It was speculated that G-Rc could reduce LDH release in H/R damaged cardiomyocytes and has protective effect on H9c2 myocardial injury cells induced by H/R.


	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	













Figure 4: Effects of G-Rc on LDH release in H/R-induced cell injury. H9c2 cardiomyocytes were incubated with or without G-Rc (or the positive drug deslanoside) for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


3.2.3. Effects of G-Rc on CK Activity in H/R-Induced H9c2 Myocardial Injury Cells
Figure 5 shows that CK activity in the H/R group was higher compared with the control group after 12 h of incubation (). Compared with the H/R group, CK activity in the G-Rc-treated group was lower (), indicating that G-Rc could reduce the CK activity of H/R damaged cardiomyocytes.


	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	













Figure 5: Effects of G-Rc on CK activity in H/R-induced H9c2 myocardial injury cells. H9c2 cardiomyocytes were incubated with or without G-Rc (or the positive drug deslanoside) for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


3.2.4. Ginsenoside Rc Reduced the Apoptosis Rate of Hypoxic Cardiomyocytes
Cellular apoptosis was detected by flow cytometry. Annexin V‐FITC‐/PI‐cells located in the bottom left quadrant represent viable cells. In the bottom right quadrant, cellular status is located with early apoptosis (Annexin V‐FITC +/PI−). As shown in Figure 6, the Annexin V-FITC/PI staining showed that H/R treatment significantly increased the amount of early apoptosis of H9c2 cardiomyocytes compared with the control group, while 12 h pretreatment with 3.33 μmol/L G-RC effectively alleviated the H/R-induced early apoptosis.


	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
	
	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	

Figure 6: Effects of G-Rc on apoptosis rate in H/R-induced H9c2 myocardial injury cells. H9c2 cardiomyocytes were incubated with or without G-Rc for 12 h and then exposed to 6 h of hypoxia and 4 h of reoxygenation. The values are expressed as the mean ± SD in six independent experiments.  vs. control,  vs. control;  vs. H/R group,  vs. H/R group.


4. Discussion
As a postmarketed herbal species used for more than 30 years, the composition of SFI is clear and its quality is reliable [26]. Some research revealed that SFI has the effects of improving energy metabolism, antioxidation, and alleviating mitochondrial damage [5, 27]. Ginsenoside, one of the main active fractions in SFI, has protective effects on hypoxia-damaged cardiomyocytes, like G-Rg1, G-Rb1, and other ginsenosides [23, 28, 29]. Moreover, G-Rb1 has been proved to reduce the toxicity of aconitine to cardiomyocytes and its mechanism may be associated with cellular energy metabolism [30]. In the present study, we studied dose-effect and time-effect relationship of G-Rc in protecting hypoxic injury of H9c2 cardiomyocytes for the first time and it showed that G-Rc-treated group could significantly increase cell viability compared with the H/R group. This result suggested that G-Rc pretreatment, particularly with a dose of 3.33 μmol/L for 12 h, can significantly protect cardiomyocytes from H/R injury.
To further investigate the effects of G-Rc on the H/R cardiomyocytes, we observed the energy metabolism-related indicators. Myocardial energy metabolism disorder is a key link of cardiogenic shock, and the drug therapy to optimize energy metabolism has become a therapeutic target and hotspot for prevention and treatment of cardiogenic shock. Myocardial energy metabolism refers to the process by which cardiomyocytes synthesize ATP using fatty acids and glucose and store it for further utilization. The heart is the largest energy consumer and the normal function of heart depends on the energy metabolism of the myocardium. More than 95% of the energy in heart muscle cells is produced in mitochondria and its direct energy form is ATP [31]. Decreased ATP content will aggravate the impaired myocardial energy metabolism. Our study showed that G-Rc could significantly increase the ATP content of myocardial cells after H/R injury. It suggested that G-Rc can be directly converted into ATP in cardiomyocytes, which could replenish energy for the damaged cells in a short time and enhance the metabolic capacity. Furthermore, the lack of oxygen will change the energy metabolism in the mitochondria of cardiomyocytes from aerobic oxidation to anaerobic fermentation, and a large amount of lactic acid will be produced, resulting in intracellular acidosis and the inability to decompose ATP. LDH is a kind of widely distributed dehydrogenase, which is a key enzyme in the synthesis of lactic acid by biological method, and mainly exists in myocardial cytoplasm and myocardial tissue [32]. LDH would be released when myocardial cells were damaged or necrotic, and its viability increased. After G-Rc intervention, the LDH viability of the damaged cardiomyocytes decreased significantly. It was speculated that the drug could inhibit the LDH viability and ensure the normal metabolism of the cells.
In addition, we determined the effect of G-Rc on CK activity in H/R cardiomyocytes. CK mainly exists in cytoplasm and mitochondria and is an important kinase directly related to energy operation, muscle contraction, and ATP regeneration in cells. Increased activity of CK can lead to energy generation disorders in cells and aggravate the generation of diseases [33, 34]. After intervention with G-Rc, CK activity decreased, confirming that G-Rc intervention could improve cardiomyocyte energy metabolism disorder caused by H/R injury. Apoptosis by the activation of caspase was performed by I type of programmed cell death, and excessive or insufficient apoptosis can lead to cardiovascular diseases [35, 36]. The disorder of energy metabolism can accelerate cell apoptosis. We found that G-Rc pretreatment could significantly reduce the apoptosis of cardiomyocytes in this experiment, suggesting that regulation of apoptosis of cardiomyocytes may be one of the strategies to improve energy metabolism of cardiomyocytes. Based on these results, our findings suggest that optimizing myocardial energy metabolism could be an important protective mechanism of G-Rc against cardiomyocytes from H/R injury.
5. Conclusions
Our study indicated that G-Rc, one of SFI anticardiogenic shock components, can protect cardiomyocytes in a certain dose and time. In addition, it indicates that G-Rc can improve energy metabolism of damaged cardiomyocytes, the reason for which may by synthesizing ATP directly and reducing LDH release, CK activity, and cardiomyocytes apoptosis to enhance energy metabolism. Although more experiments are needed to elucidate the deep mechanism, as cardiomyocyte energy metabolism is related to a variety of other factors, these results suggest that G-Rc may be a promising therapeutic candidate for the treatment of cardiovascular diseases caused by myocardial H/R injury.
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