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Influence of inhibiting p38MAPK expression on TNF-α expression and myocardial cell apoptosis in rats with ischemia/reperfusion injury
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Abstract: Objective: To explore influence of p38 mitogen-activated protein kinase (p38MAPK) inhibitor on myocardial cell apoptosis and expression of tumor necrosis factor (TNF)-α in rats with ischemia/reperfusion (I/R) injury. Methods: According to number table method, a total of 30 SD rats were randomly and equally divided into blank control group, I/R group and inhibitor group. p38MAPK mRNA expression, TNF-α level and myocardial cell apoptotic rate were measured, compared and analyzed among three groups. Results: Compared with blank control group, there were significant increase in TNF-α level [(3.68±0.16) μg/L vs. (5.02±0.09) μg/L], p38MAPK mRNA expression [(1.76±0.46) vs. (2.35±0.02)] and myocardial cell apoptotic rate [-(3.51±0.40) % vs. - (1.8±0.23) %] in I/R group, P=0.001 all. Compared with I/R group, there were significant decrease in p38MAPK mRNA expression (2.09±0.16), TNF-α level [(4.15±0.11) μg/L] and myocardial cell apoptotic rate [-(2.9±0.50) %] in inhibitor group, P=0.001 all. Conclusion: Inhibition of p38 mitogen-activated protein kinase expression in myocardium of rats can decrease production of tumor necrosis factor-α and myocardial cell apoptosis, then relieve ischemia/ reperfusion injury of myocardial cells. 
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摘要: 目的: 探讨p38 丝裂原活化蛋白激酶(p38MAPK)抑制剂对缺血再灌注损伤大鼠心肌细胞凋亡和肿瘤坏死因子-α（TNF-α）表达的影响。方法:将30只SD大鼠按随机数字法随机均分为空白对照组、缺血再灌注组和抑制剂组，各10只。检测各组p38MAPK mRNA表达，TNF-α水平及心肌细胞凋亡率，并进行比较分析。结果: 与空白对照组比较，缺血再灌注组TNF-α[(3.68±0.16) μg/L比(5.02±0.09) μg/L]、p38MAPK mRNA的表达[(1.76±0.46)比(2.35±0.02)]和心肌细胞凋亡率[-(3.51±0.40)%比-(1.8±0.23)%]显著升高(P均=0.001)。抑制剂组p38MAPK mRNA的表达[(2.09±0.16)]、TNF-α水平[(4.15±0.11) μg/L]及心肌细胞凋亡[-(2.9±0.50)%]均较缺血再灌注组显著降低( P均=0.001)。结论:通过抑制大鼠心肌p38丝裂原活化蛋白激酶的表达能减少肿瘤坏死因子-α的生成，减少心肌细胞凋亡，进而减轻心肌细胞缺血再灌注损伤。
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p38 mitogen-activated protein kinase (MAPK) is an important enzyme of intracellular signal transduction, can mediate many pathophysiological processes; which is an important signal transduction molecule during myocardial ischemia/reperfusion (I/R) injury and closely related to modulating mechanism of inflammatory reaction. The present study explored p38MAPK change and its relationship with tumor necrosis factor (TNF)-α and cell apoptosis through establishing I/R injury model in rats, and further observed influence of specific inhibitor of p38MAPK—SB203580 on TNF-α and cell apoptosis, and provided new theoretical evidence for seeking therapeutic methods of myocardial I/R injury.

1. Materials and methods

1.1 Animals and grouping

A total of 30 healthy adult male SD rats (220~260g) were provided by experimental animal center of Xinjiang Medical University. The rats were numbered according to body weight, every rat received a random number using random number table again. Rats No.1~No.10 were regard as blank control group, rats No.11~No.20 were regard as I/R group and rats No.21~No.30 were regard as inhibitor group.

1.2 Major reagents

Reverse transcription kits (Fermentas, K1622 Lot 00065996); DNA primer (Sangon Biological Engineering Shanghai Co, Ltd); p38MAPK inhibitor—SB203580 (American Sigma Company); TNF-α kits and cell apoptosis detecting kits (Wuhan Boster Biological Engineering Co, Ltd); horse radish enzyme-labeled anti-rabbit IgG H+L of goat (ZB-2301) and concentrated 3,3'-diaminobenzidine (DAB) chromogenic kits (ZAL-9032) (Beijing Zhongshan Golden Bridge Biotechnology Co, Ltd, ZGBBT). 
1.3 Major equipment

DH150 respiratory machine (Medical Instrument Factory of Zhejiang University); centrifuge (American Sigma Company); gel formatter, polymerase chain reaction (PCR) amplification equipment (American Biorad Company); microscope (Janpanese Olympus Company); LEICA DM3000 image collection system, Motic digital medical image analysis system. 

1.4 Preparation of animal model

SD rats were marked, weighed and randomly divided into three groups according to number table. Ketamine 0.1g/2ml, diazepam 10mg/2ml and atropine 0.5mg/1ml were diluted to double by normal saline, then rats were anesthetized via intraperitoneal injection of above solution (0.75ml/100g) and fixed, their ECG was monitored. Chest was opened from the gap between No.3 and No.4 rib of left sternal border, left coronary anterior descending branch was ligated after heart exposure, cyanosis of ischemic myocardium and ST elevation on ECG can be observed. Blank control group only received braid without ligation. Inhibitor group received intraperitoneal injection of 5mg/kg SB203580 at 30min before operation. Ligature was loosened to recover blood perfusion 30min after ischemia. After 2h, rats were anesthetized again and two pieces of myocardial tissue from apex of heart were taken, washed by diethyl pyrocarbonate (DEPC) and put in frozen tubes respectively, then placed in liquid nitrogen for reserve. 
1.5 p38MAPK measured by reverse transcription-polymerase chain reaction (RT-PCR) method

Total RNA was extracted in each group using Trizol method, and 1μg of RNA was synthesized as cDNA by reserve transcription, and then was used to perform PCR. Reaction conditions of p38MAPK were: 95℃ 5min, 95℃ 30s, 53℃ 30s, 72℃ 50s, 72℃ 7min for 35 cycles. β-actin was regard as inner reference, and its reaction condition was the same as p38MAPK. Upper stream primer sequence of p38MAPK was 5′-CTG CGA GGG CTG AAG TAT-3′, downstream primer sequence of p38MAPK was 5′-TCC TCT TAT CCG AGT CCA A-3′; upper stream primer sequence of β-actin was 5′-ATC TGG ACC ACA CCT TC-3′, downstream primer sequence of β-actin was 5′-AGC CAG GTC CAG ACG CA-3′. Amplification products received 1% agarose gel electrophoresis, after pictures were taken using Bio-rad gel formatter, expression amount of p38MAPK mRNA relative to β-actin was calculated according to gradation and area of the images. 

1.6 Measurement of TNF-α
Blood was taken in abdominal aorta 2h after reperfusion and anesthesia. After serum was taken, radioimmunoassay method was used to measure serum TNF-α level according to instructions of TNF-α kit. 

1.7 Measurement of cell apoptotic rate

After myocardial specimen was sliced, myocardial cell apoptotic rate was measured in each group according to instructions of apoptosis kit. After mounting, slice images of myocardial tissue was shot under 400× microscope, apoptotic cells were those whose nucleus had brown particles. Motic digital medical image analyzing system was used to analyze, five non-overlapping visual fields were selected in one slice of each group, and the mean value was taken for statistical analysis. 

1.8 Statistical method
    SPSS 16.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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) and (M±Q), and its comparison was performed using one-factor ANOVA among many groups. P<0.05 was regard as possessing significant difference. 
2. Results

2.1 Comparison of levels of p38MAPK mRNA and TNF-α, myocardial cell apoptotic rate among three groups

Compared with blank control group, there were significant increase in TNF-α level, expression of p38MAPK mRNA and myocardial cell apoptotic rate in I/R group, P=0.001 all. Compared with I/R group, there were significant decrease in TNF-α level, expression of p38MAPK mRNA and myocardial cell apoptotic rate in inhibitor group, P=0.001 all. They were shown in table 1 and figure 1. 

Table 1 Comparison of levels of p38MAPK mRNA and TNF-α, myocardial cell apoptotic rate among three groups of rats (n=10,
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	Group 
	p38MAPK mRNA
	TNF-α（μg/L）
	Cell apoptotic rate (%)

	Blank control group
	1.76±0.46
	3.68±0.16
	-（3.51±0.40）

	I/R group
	2.35±0.02
	5.02±0.09
	-（1.8±0.23）

	Inhibitor group
	2.09±0.16
	4.15±0.11
	-（2.9±0.50）

	t1
	-3.985
	-22.495
	-11.682

	P1
	0.001
	0.001
	0.001

	t2
	-2.101
	-7.67
	-2.879

	 P2
	0.05
	0.001
	0.01

	t3
	4.97
	19.365
	6.421

	 P3
	0.001
	0.001
	0.001


p38MAPK mRNA value had been through with logarithmic transformation; TNF-α, Cell apoptotic rate had been through with natural logarithmic transformation; TNF-α: Tumor necrosis factor-α, I/R: Ischemia/reperfusion. t1 P1: Comparison between blank control group and I/R group, t2 P2: Comparison between blank control group and inhibitor group, t3, P3: Comparison between I/R group and inhibitor group. Similarly hereinafter. 
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N：Blank control group；A：I/R group；B：Inhibitor group

Fig 1 Myocardial expression of p38MAPK mRNA in three groups analyzed by RT-PCR
RT-PCR: Reverse transcription-polymerase chain reaction
3 Discussions
Myocardial ischemia/reperfusion injury (MIRI) is a frequent phenomenon in clinic work, mainly presented as decreased myocardial diastolic and systolic function after reperfusion, stunned myocardium, reperfusion arrhythmia, myocardial energy metabolic disorder and vascular no-reflow, which is a complicated pathophysiological process. This phenomenon significantly decreases the profit of clinic revascularization therapy. During myocardial ischemia, releases of inflammatory factors [TNF-α and interleukin (IL)-8] increase, promote aggregation of neutrophils to release proteolytic enzyme, makes cell membrane damaged and aqtocytolysis, leading to myocardial injury [1]. Some researches also found that [2, 3] as intersection of intracellular signal transduction, p38MAPK played an important role in this process, and it can be activated through phosphorylation caused by stress and inflammatory factors. After p38MAPK was activated and transformed into p-p38MAPK, it further promoted phosphorylation of downstream substrate, activated nuclear factor, promoted inflammatory cells release inflammatory factors such as TNF-α, IL-21 and IL-26, and participated in pathophysiological process such as cell apoptosis [4, 5]. SB203580 is a pyridine imidazole inhibitor, which loses the enzyme activity through acting on threonine of active binding site of p38MAPK and ATP. It’s found that [6] SB203580 possessed strong anti-apoptosis effect both in vivo and in vitro. Through blocking regulation of p38MAPK on downstream genes, it decreases production of apoptotic regulating factor and plays anti-apoptosis effect. 

The present study found that compared with blank control group, there were significant increase in expression of p38MAPK mRNA, TNF-α concentration and myocardial cell apoptotic rate in I/R group, suggesting that after myocardial I/R, p38MAPK was activated in large amount, and promoted production of inflammatory factor TNF-α and increased cell apoptosis. After using specific inhibitor of p38MAPK—SB203580, there were significant decrease in expression of p38MAPK mRNA, TNF-α concentration and myocardial cell apoptotic rate, suggesting that inhibition of p38MAPK activation by SB203580 was related to decreasing myocardial cell apoptosis and decreased release of TNF-α. Changing trends of TNF-α and p38MAPK were the same, so it’s speculated that myocardial cell apoptotic effect of p38MAPK may be produced through up-regulating TNF-α release. It is thus clear that SB203580 can decrease the release of inflammatory factors such as TNF-α via blocking p38MAPK signal pathway, decrease cell apoptosis and protect myocardial cell function. The present study made a primary research on the process of MIRI. Because the pathological process is complicated, it needs deeper study in the future in order to provide theoretical basis for clinic work. 
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