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Influence of Ginsenoside-Rbl on cardiomyocyte tumor necrosis factor level in rats with adriamycin-induced chronic heart failure
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Abstract: Objective: To explore whether relieving effect of Ginsenosides-Rb1 (Gs-Rb1) on chronic heart failure (CHF) induced by adriamycin is related to improving levels of tumor necrosis factor (TNF) receptor (TNFR) and ligand TNF-α or not. Methods: Adriamycin-induced CHF model rats were randomly divided into adriamycin group (n=15, received adriamycin 1 μmol/L) and Gs-Rb1 group (n=17, received Gs-Rb1 70 mg·kg-1·d-1 based on adriamycin group), another 10 healthy Wistar rats were selected as normal control group. Meanwhile, cultured cardiomyocytes of neonatal rats were accordingly divided into normal control group, adriamycin group and adriamycin+Gs-Rb1 group. After intervention, echocardiography, levels of TNFR/TNF-α mRNA and protein were measured and compared among three groups. Results: 1. In vivo: Compared with normal control group TNFR-1 [protein（0.13±0.02）kDa, mRNA（0.19±0.05）bp]，TNFR-2[protein（0.24±0.01）kDa, mRNA（0.13±0.02）bp]，TNF-α [protein（0.11±0.01）kDa, mRNA（0.26±0.05）bp], the levels of TNFR-1 [protein（0.67±0.04）kDa,（0.51±0.04）kDa；mRNA（0.81±0.03）bp，（0.49±0.05）bp]，TNFR-2 [protein（0.61±0.05）kDa, （0.47±0.03）kDa，mRNA（0.28±0.03）bp，（0.18±0.04）bp] and TNF-α [protein（0.28±0.04）kDa, （0.20±0.03）kDa， mRNA（0.67±0.05）bp，（0.45±0.04）bp] significantly rose（P<0.05 or <0.01） in adriamycin group and Gs-Rb1 group; and those levels of TNFR-1, TNFR-2, TNF-α protein and mRNA of Gs-Rbl group were significant reduction than those of adriamycin group; 2. In vitro: The results were similar, those of adriamycin group and Gs-Rb1 group were also significant rise than those of normal control group（P<0.05 or <0.01），those of Gs-Rbl group were significant reduction than those of adriamycin group（P<0.05 or <0.01）. Conclusion: TNFR/TNF-α expression may play a certain role in the process of adriamycin-induced CHF; improving effect of Gs-Rb1 on adriamycin-induced CHF may be related to regulation of TNFR/TNF-α. 
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人参皂甙Rbl对阿霉素所致慢性心力衰竭大鼠心肌细胞肿瘤坏死因子的影响
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摘要: 目的：探讨人参皂甙Rbl(Gs-Rb1)减轻阿霉素所致的慢性心力衰竭(CHF)效应是否与改善肿瘤坏死因子受体(TNFR)及其配体：肿瘤坏死因子-α(TNF-α)水平有关。方法：阿霉素诱导的CHF大鼠模型被随机分为阿霉素组(n=15, 接受阿霉素 1 μmol/L)和Gs-Rbl组(n=17，在阿霉素组的基础上接受Gs-Rbl 70mg·kg-1·d-1,)，另正常Wistar大鼠被设为正常对照组(n=10)同时培养的乳鼠心肌细胞亦相应地分为正常对照组、阿霉素组和Gs-Rbl组。干预完毕后，检测并比较三组心脏超声、TNFR/TNF-α蛋白和mRNA水平。结果: 1.体内：阿霉素组和Gs-Rbl组的TNFR-1[蛋白（0.67±0.04）kDa,（0.51±0.04）kDa；mRNA（0.81±0.03）bp，（0.49±0.05）bp]，TNFR-2[蛋白（0.61±0.05）kDa, （0.47±0.03）kDa，mRNA（0.28±0.03）bp，（0.18±0.04）bp]及TNF-α[蛋白（0.28±0.04）kDa, （0.20±0.03）kDa， mRNA（0.67±0.05）bp，（0.45±0.04）bp]水平显著高于正常对照组TNFR-1 [蛋白（0.13±0.02）kDa, mRNA（0.19±0.05）bp]，TNFR-2[蛋白（0.24±0.01）kDa, mRNA（0.13±0.02）bp]，及TNF-α[蛋白（0.11±0.01）kDa, mRNA（0.26±0.05）bp]（P<0.05或<0.01），且+Gs-Rbl组的TNFR-1, TNFR-2及TNF-α蛋白和mRNA水平显著低于阿霉素组 (P<0.05或 <0.01)；体外测定的各组结果相似，也是阿霉素组和Gs-Rbl组显著高于正常对照组（P<0.05或<0.01），Gs-Rbl组显著低于阿霉素组（P<0.05或<0.01）。结论：在阿霉素促发CHF进程中，TNFR/TNF-α的表达可能起着一定作用；人参皂甙Rbl改善阿霉素CHF效应可能与调整TNFR/TNF-α有关。
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Ginsenoside is a traditional drug used to treat cardiovascular disease, one of its active ingredients—Ginsenosides-Rb1 (Gs-Rb1) possesses good improving effect on chronic heart disease (CHF) [1-3]. In recent years, researches proved that Gs-Rb1 can effectively relieve myocardial injury caused by various causes, the mechanism may be related to up-regulation of glucose transporter-4 expression and transposition, improvement of glucose uptake capacity, inhibition of mitochondrial permeability transition pore opening mediated by glycogen synthetase 3β and Apelin-APJ system improvement etc [1-7].

Death receptor passageway is one of the important exogenous apoptosis passageways, tumor necrosis factor receptor (TNFR) is an important death receptor of which, it leads to apoptosome formation after combination with its corresponding ligand tumor necrosis factor-alpha (TNF-α), and finally involve in occurrence and development of CHF through activating Caspase system-medicated myocardial apoptosis [8, 9]. Currently, there is no report about whether and how Gs-Rb1 inhibits TNFR/TNF-α system etc., therefore, the present study used adriamycin-induced CHF model to explore the influence of Gs-Rb1 on cardiomyocyte TNFR/TNF-α levels in CHF rats. 

1. Materials and methods

1.1 Materials

1.1.1 Animals  Wistar rats were bought from animal experimental center of China Medical University [SCXK(辽)2003-0009], adult rat weighed 150~200g and neonatal rats were new-born (1~3d) rats. 

1.1.2 Reagents  Adriamycin, Gs-Rb1 (purity 96%, Kunming Institute of Botany, CAS); standard fetal calf serum (FBS, Hyclone Company); L-DMEM, H-DMEM and trypsin (Gibco Company), total reverse transcription polymerase chain reaction (Rt-PCR) extract kits (Shenzhen Huashi), Rt-PCR reverse transcription kits (TaKaRa Company), primer of Rt-PCR (designed and synthesized by Dalian TaKaRa Company); ready-to-use rabbit anti-rat TNFR/TNF-α polyclonal antibody (Sigma Company). Instruments: clean bench (Ibemotol Company), cell incubator (Heal Force Development Co. Ltd), low temperature high speed centrifuge (Hitachi Company), inverted microscope (Olympus Company) and two-dimensional echocardiography (Vingmed CFM-725, 7.5MHz broadband transducer, USA) etc. 

1.2 Methods 

1.2.1 Separation and culture of cardiomyocytes  Neonatal cardiomyocytes were obtained according to methods in our previous studies [4, 6], then cells were randomly divided into normal control group, adriamycin group and Gs-Rb1 group (received adriamycin combined Gs-Rb1), the intervention concentration of adriamycin and Gs-Rb1 was 1 μmol/L and 200 μmol/L respectively. In order to prevent influence of FBS on cardiomyocytes, FBS was not used in all groups while intervention, other intervention conditions were same in three groups except the intervention factors, and the duration was 24h. 

1.2.2 Establishment and grouping of CHF model Adriamycin-induced CHF model rats were established according to reference [3, 10], then they were randomly divided into adriamycin group (n=15) and Gs-Rbl group (n=17), another 10 healthy rats were selected as normal control group. Rats in Gs-Rbl group were fed with Gs-Rbl (70 mg·kg-1·d-1, three times/d), and the other feeding conditions were the same in three groups. After four-week intervention, left ventricle slice was obtained and stored in liquid nitrogen. 

1.2.3 Western blot detection of TNFR/TNF-α  Total protein of myocardial tissue and cardiomyocytes (1.0×107 cells per sample at least) were extracted respectively and their concentrations were adjusted to a same level, then received polyacrylamide gel electrophoresis (PAGE, 20μl/pore), membrane transferred, sealed up for 2h, added primary antibodies (polyclonal antibodies of TNFR-1, TNFR-2, TNF-α and β-actin, all diluted as 1:500) and incubated; stay overnight, washed, added second antibody (rabbit IgG 1:1000), incubated and washed. Automatic gel imaging analyzing system was used to measure mean integral optical density of stripe, and its ratio to internal reference β-actin was regarded as semi-quantitative index. 

1.2.4 Detection of TNFR/TNF-α mRNA  Total RNA of myocardial tissue and cardiomyocytes (1.0×107 cells, A260/280 within 1.8~2.1) were reversely transcribed to synthesize cDNA respectively. With cDNA as template, primers of TNFR-1, TNFR-2, TNF-α and β-actin mRNA were used to perform PCR amplification, then the amplification products received 1.5% agarose gel electrophoresis, colored by ethidum bromide, and it’s analyzed by automatic gel imaging analyzing system. They were shown in table 1. 

	Table 1 Primer of TNFR/TNF-α mRNA and reaction conditions
           Upstream/downstream                          Amplification length (bp)

	cDNA     *Total RNA 3μl, total volume 10μl；30oC-l0min，45oC-30min，99 oC-5min，5oC-l0min
TNFR-1   5'-CCAGCCCCAATGGGGGAGTG-3'/5'-CGGTGTTCTGTTTCT CCTTA-3'               536 

            *88℃-2 min, 94℃-30s, 56℃-30s, 72℃-60 s, 35 cys，72℃-10 min
TNFR-2   5'-TTCGGAGTGGCCCGTTCAGA-3'/5'-GCTGTGGTCAATAGGTGCTGC-3'              527
            *86℃-2 min, 94℃-30s, 56℃-30s, 72℃-60 s, 35 cys，72℃-10 min
TNF-α    5'-TACTGCACTTCGGGGTGATTGGTCC-3'/5'-CAGCCTTGTCCCTTGAAGAGAACC-3'    295
            *87℃-2 min, 94℃-30s, 56℃-30s, 72℃-60 s, 30 cys，72℃-10 min
β-actin    5′-GAGAAGATTTGGCACCACAC-3′/5′-CATCACAATGCCAGTGGTAC-3′               213

            *94℃-2 min, 94℃-30s, 56℃-30s, 72℃-60 s, 35 cys，72℃-10 min


*Reaction condition. TNFR: Tumor necrosis factor receptor, TNF: Tumor necrosis factor. Similarly hereinafter.

1.3 Statistical analysis

SPSS 15.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), comparison among multiple groups was performed using one way ANOVA, and paired comparison was performed using LSD-t test. P<0.05 was regarded as possessing significant difference. 

2. Results

2.1 In vivo  

Compared with normal control group TNFR-1 [protein（0.13±0.02）kDa, mRNA（0.19±0.05）]，TNFR-2 [protein（0.24±0.01）kDa, mRNA（0.13±0.02）bp]，and TNF-α [protein（0.11±0.01）kDa, mRNA（0.26±0.05）bp], the levels of TNFR-1 [protein（0.67±0.04）kDa,（0.51±0.04）；mRNA（0.81±0.03）bp，（0.49±0.05）]，TNFR-2 [protein（0.61±0.05）kDa, （0.47±0.03），mRNA（0.28±0.03）bp，（0.18±0.04）bp] and TNF-α [protein（0.28±0.04）kDa, （0.20±0.03）kDa， mRNA（0.67±0.05）bp，（0.45±0.04）bp] significantly rose（P<0.05 or <0.01）in adriamycin group and Gs-Rb1 group; and those levels of TNFR-1, TNFR-2,TNF-α protein and mRNA of Gs-Rbl group were significant reduction than those of adriamycin group. 

2.2 In vitro  

The results were similar, those of adriamycin group and Gs-Rb1 group were also significant rise than those of normal control group（P<0.05 or <0.01），those of Gs-Rbl group were significant reduction than those of adriamycin group（P<0.05 or <0.01）.

  They were shown in table 2 and figure 1 in detail.
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Fig.1  Expression of TNFR/TNF-α protein and mRNA
Molecular weight of TNFR-1, TNFR-2 and TNF-α is 55 kDa, 75 kDa and 17 kDa respectively. 1: Normal control group, 2: Adriamycin group, 3: Adriamycin + Gs-Rb1 group. 

Table 2 Influence of Gs-Rb1 on TNFR/TNF in myocardium of adriamycin-induced CHF rats (in vivo/in vitro)
	
	Group 1
	Group 2
	Group 3
	F
	P
	P1:2
	P1:3
	P2:3

	TNFR-1 Pro vivo 
vitro
mRNA vivo 
vitro
TNFR-2 Pro vivo 
vitro
mRNA vivo 
vitro
TNF-α  Pro vivo 
vitro
mRNA vivo 
vitro
	 0.13±0.02

0.16±0.03

 0.19±0.05

0.29±0.04

0.24±0.01

0.19±0.04

**0.13±0.02

0.11±0.01

0.11±0.01

0.07±0.01

0.26±0.05

0.16±0.03
	0.67±0.04△△
0.44±0.03△△
0.81±0.03△△
0.73±0.05△△
0.61±0.05△△
0.39±0.03△△
0.28±0.03△△
0.27±0.04△△
0.28±0.04△△
0.27±0.05△△
0.67±0.05△△
0.30±0.02△△
	0.51±0.04△△▲
0.34±0.02△△▲
0.49±0.05△△▲▲/0.37±0.04△▲▲
0.47±0.03△△▲
0.26±0.02△▲
0.18±0.04△▲
0.17±0.02△▲▲
0.20±0.03△△▲
0.18±0.02△△▲
0.45±0.04△△▲
0.22±0.03△▲
	50.453

37.258

57.642

46.792

42.583

33.297

23.356

30.892

34.112

38.398

47.635

24.826
	0.001

0.004

0.001
0.002

0.003

0.010

0.022

0.015

0.008

0.004

0.002

0.021
	0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
	0.001
0.001
0.001
0.023

0.001
0.034

0.041

0.035

0.001

0.001
0.001

0.040
	0.015
0.018
0.008
0.001
0.018
0.011
0.010
0.008
0.012
0.011
0.011
0.014


CHF: Chronic heart failure. Gs-Rb1: Ginsenosides-Rb1, Pro(Protein)， group 1: Normal control group, group 2: Adriamycin group, group 3: Gs-Rbl group. Compared with group 1, △P<0.05, △△P<0.01; compared with group 2 ▲P<0.05, ▲▲P<0.01
3. Discussion

Our previous research [1] proved that improving effect of Gs-Rb1 on adriamycin-induced CHF is related to relieving cardiomyocyte apoptosis, the relieving cardiomyocyte apoptosis is realized mainly through death receptor pathway and mitochondrial pathway, in which TNFR/TNF-α play an important role, but whether Gs-Rb1 affects TNFR/TNF-α system etc is still not clear. Therefore, the present study made an exploration on it. Considering CHF can lead to change of TNFR/TNF-α system, only in vivo study is hard to confirm whether TNFR/TNF-α system change is caused by adriamycin, CHF or both, so the present study performed in vivo and in vitro at the same time. 

At present, TNFR was found on the surface of cardiomyocytes, mainly TNFR type 1 and 2, these two receptors are not structural homology in intracellular region, so they are different in signal transmission mechanism and evoked biological effect. Cell membrane TNFR is secreted into blood under hydrolysis of proteinase etc. and it corresponds with corresponding receptors on surface of membrane, which is called soluble TNFR-1 and soluble TNFR-2 respectively. Results of present study in vivo indicated that levels of TNFR (including TNFR type 1 and 2) protein and mRNA in adriamycin group were significantly higher than those of normal control group; in vitro study further proved that adriamycin can significantly raise the expression of TNFR protein and mRNA. All these definitely proved that besides CHF, adriamycin itself can also rise expression of TNFR in gene transcription level and protein translation level. Gs-Rb1 intervention can significantly down-regulate adriamycin-induced TNFR protein and mRNA levels, but the mechanism is still not clear. Adriamycin increasing TNFR expression may be a defense or over-defense mechanism of body, while protective effect of GsRbl may be realized via regulating TNFR. 

TNF-α is a kind of cytokine with multiple biological activities, cardiomyocyte can secret TNF-α via autocrine and paracrine and perform biological effect. Currently, it’s proved that CHF can persistently increase expression of myocardium-derived TNF-α. TNF-α can accelerate CHF progression and lead to ventricular remodeling, myocardial fibrosis, myocardial cell apoptosis and negative myodynamia etc. The present study indicated that both adriamycin itself and CHF induced by it can all facilitate significant increase of TNF-α in gene level and protein translation level, while Gs-Rbl intervention can significantly down-regulate TNF-α expression, suggesting adriamycin-induced CHF may accelerate CHF progression via TNF-α and Gs-Rbl can improve CHF via inhibiting TNF-α. CHF patients don’t appear various toxic effects due to their high TNF-α level, because there was high level of TNF-α antagonist in body at the same time, such as soluble TNFR; when priming CHF, adriamycin also triggers self-defense mechanism, such as priming TNFR expression etc. Our previous study proved that GsRbl can adjust NOS/NO [5], suggesting GsRbl may also weaken toxic effect of TNF-α through NOS/NO. 

In summary, during CHF process, adriamycin can aggravate CHF process via TNF-α. Effect of Gs-Rb1 improving CHF may be related to its regulation of TNFR expression and inhibition of TNF-α, but how Gs-Rb1 mediates expressions of TNFR and TNF-α is still not clear, which calls for further study. 
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