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Abstract: Objective: To observe the protective effect of salidroside pretreatment on rabbit heart after limb ischemia/reperfusion (I/R). Methods: A total of 24 New Zealand rabbits were randomly and equally divided into sham operation group, I/R + placebo group （I/R group）and salidroside pretreatment group（salidroside group）. Before establishment of rabbit models of limb I/R, salidroside group received salidroside injection via ear marginal vein, and I/R group received saline injection, once a day for three days. After model establishment, echocardiography was used to evaluate rabbit cardiac function of each group 4h after reperfusion, including left ventricular end-systolic dimension (LVESd), left ventricular end-diastolic dimension (LVEDd), left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (FS). Blood sample was taken to measure serum cardiac troponin I (cTnI) and tumor necrosis factor (TNF)-α. Some ventricular tissue homogenates were taken to measure levels of superoxide dismutase (SOD) and malonyl diadehyde (MDA). Then heart sample was taken to receive pathological examination. Results: Compared with I/R group 4h after reperfusion, there were significant decrease in LVESd [(0.69±0.07) mm vs. (0.62±0.05) mm] and significant increase in LVEF [(64.6±3.4) % vs. (72.1±3.6) %], FS [(34.2±3.2) % vs. (41.7±3.4) %] (P<0.05 all), but these indexes of salidroside group were all no significant different than those of sham operation group (P>0.05). Compared with I/R group, there were significant decrease in cTnI [(5.24±0.34) μg/ml vs. (1.06±0.12) μg/ml], MDA [(8.92±2.18) μmol/L vs. (6.79±1.43) μmol/L] and TNF-α [(37.43±10.02) pg/ L vs. (19.73±6.31) pg/ L], and significant increase in SOD level [(16.61±3.75) U/ml vs. (22.26±4.73) U/ml] in salidroside group (P<0.05 all). Pathological results indicated that injury degree in salidroside group was significantly attenuated than that of I/R group. Conclusion: Salidroside pretreatment could protect cardiac function and relieve rabbit cardiac injury after limb ischemia/reperfusion. 
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摘要：目的 观察红景天苷预处理对兔肢体缺血再灌注后心脏的保护作用。方法 24只新西兰兔随机均分为:假手术组、缺血再灌注安慰剂组（缺血再灌注组）、红景天苷预处理组（红景天苷组）。建模前预处理组在耳缘静脉注射红景天苷注射液，缺血再灌注组注射生理盐水，每天一次，连续三天。建模后，心脏超声评估再灌注4h时的各组兔心功能，包括左室收缩末期内径（LVESd）、左室舒张末期内径（LVEDd）、左室射血分数（LVEF）、左室短轴缩短率（FS），同时采血检测血清心肌肌钙蛋白I(cTnI)、肿瘤坏死因子（TNF）-α，然后取心室组织进行病理切片观察，另取部分心室组织匀浆检测超氧化物歧化酶（SOD）、丙二醛（MDA）。结果 再灌注4h时，与缺血再灌注组比较，红景天苷组LVESd[(0.69±0.07)mm比(0.62±0.05)mm]显著减少，LVEF[(64.6±3.4)%比(72.1±3.6)%]、FS[(34.2±3.2)%比(41.7±3.4)%]显著增加（P均<0.05），但红景天苷组这些指标与假手术组比较无显著差异。与缺血再灌注组比较，红景天苷组cTnI[(5.24±0.34) μg/L比(1.06±0.12) μg/L]、MDA[(8.92±2.18) μmol/L比(6.79±1.43) μmol/L]、TNF-α[(37.43±10.02) pg/ L)比(19.73±6.31) pg/ L)]水平明显下降，SOD[(16.61±3.75) U/ml比(22.26±4.73) U/ml]水平明显上升（P均<0.05）。病理结果显示预处理组损伤程度明显轻于缺血再灌注组。结论 红景天苷预处理可以减轻兔肢体缺血再灌注后心脏损伤，保护心功能。
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    Limb ischemia/reperfusion (I/R) is more frequent in emergency wound, disaster relief and war wound treatment. Basic research and clinical observation found that limb I/R not only impaired limb, but also leaded to injury of distant organs such as heart, liver, lung, brain and kidney, affected prognosis, even in some researches and case observations, cardiac injury may be a main fatal cause [1-3]. Therefore, it’s of great significance to study how to decrease cardiac injury and improve cardiac function after limb I/R in order to protect people’s health and preserve combatant value of troops. In recent years, anti-fatigue and relieving cardiac I/R effects were found in salidroside [4], which may have a wide application prospect in disaster relief and war wound treatment. Present study found that salidroside possessed protective effect on heart after limb I/R, and reported as below. 

1. Material and methods

1.1 Animals

    A total of 24 New Zealand white rabbits of clean grade, who were 4~6 months old, weighed (2.28±0.34) kg and not limited in gender, were provided by experimental animal center of the academy of military medical sciences and the license number was SCXK-(military)2008-004. Rabbits were numbered from one to 24, according to random number table, rabbits were randomly and equally divided into sham operation group（group A）, salidroside pretreatment group （salidroside group, group B）and I/R + placebo group（I/R group, group C）. All rabbits were fasted 12h and free drinking water before experiment. 

1.2 Instrument and reagent

    Siemens SEQUIA512 ultrasound diagnostic machine was used to measure rabbit cardiac function. Enzyme linked immunosorbent assay (ELISA) kits for detection of rabbit serum cardiac troponin I (cTnI) were bought from American Genzyme Company. Detection kits of superoxide dismutase (SOD), malonyl diadehyde (MDA) and tumor necrosis factor (TNF) -α were bought from Wuhan Boshide Bioengineering Company. Salidroside injection (200 mg/ml) was bought from Chengdu Hengji Medical Science and Technology Co. Ltd. 
1.3 Animal model

3% pentobarbital sodium (30 mg/kg) was injected via ear marginal vein. After general anesthesia, rabbit was laid back and fixed on experimental platform to establish I/R model: external iliac arteries of both sides were clamped at first, and then roots of both posterior limbs were ligated with rubber strap to block blood flow. After 4h, arterial clamps and rubber strap were loosened, blood perfusion was recovered for 4h. In sham operation group, after separation, external iliac arteries of both sides were not ligated; rubber strap was loosely around both posterior limbs to imitate ligate. 

1.4 Drug intervention

Since 3d before model establishment, salidroside (0.2 g/kg) was injected via ear marginal vein every day in salidroside group, and placebo (saline) of same volume was injected via ear marginal vein every day in I/R group. 

1.5 Measurements of indexes

Assessment of cardiac function: after reperfusion 4h, 2ml blood was collected in anticoagulant tube, centrifuged and serum was frozen and kept in -80℃; when experiment finished, ELISA kits were used to measure levels of cTnI and TNF-α. Left ventricular end-systolic dimension (LVESd), left ventricular end-diastolic dimension (LVEDd), left ventricular ejection fraction (LVEF) and shortening fraction (FS) were measured by echocardiography. After all the measurements, rabbit heart was taken under sterile condition, some ventricular tissues were made for 5% homogenate; after centrifugation supernatant was taken to detect SOD and MDA according to instructions. Some heart tissues were taken to carry out biopsy, stained by HE and observed under optical microscope. 
1.6 Statistical treatment

SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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) and comparison among groups was performed using F test. P<0.05 was regard as possessing significant difference. 

2. Results

2.1 Cardiac function comparison of three groups

After reperfusion 4h, echocardiography indicated that there were no significant difference in all indexes between salidroside group and sham operation group (P>0.05); compared with I/R group, there were significant decrease in LVESd, and significant increase in LVEF and FS in salidroside group (P<0.05 all). There was no significant difference in LVEDd among three groups (P>0.05). They were shown in table 1. 

Table 1 cardiac function comparison of three groups 4h after reperfusion (
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	Group
	LVESd（mm）
	LVEDd (mm)
	LVEF (%)
	FS (%)

	Sham operation group (n=8)
	0.60±0.04▲
	1.14±0.15
	74.2±3.9▲
	44.6±3.6▲

	Salidroside group (n=8)
	0.62±0.05※▲
	1.16±0.17※
	72.1±3.6※▲
	41.7±3.4※▲

	I/R group (n=8)
	0.69±0.07
	1.15±0.15※
	64.6±3.4
	34.2±3.2


Notes: LVESd: left ventricular end-systolic dimension, LVEDd: left ventricular end-diastolic dimension, LVEF: left ventricular ejection fraction, FS: left ventricular shortening fraction, I/R: ischemia/reperfusion. Compared with sham operation group, ※ P＞0.05, Compared with I/R group, ▲P＜0.05. Similarly hereinafter. 
2.2 Serological indexes comparison of three groups
Compared with sham operation group, there was significant increase in serum levels of cTnI, TNF-α and MDA, and significant decrease in serum SOD activity in I/R group and salidroside group (P<0.05 all), and those of salidroside group were significantly improved than those of I/R group (P<0.05 all). They were shown in table 2. 

Table 2 Serological indexes comparison of three groups 4h after reperfusion (
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	Group 
	cTnI(μg/L)
	TNF-α(pg/ L)
	SOD(U/ml)
	MDA(μmol/L)

	Sham operation group (n=8)
	0
	11.52±5.78
	27.43±5.17
	4.62±1.01

	Salidroside group (n=8)
	1.06±0.12△▲
	19.73±6.31△▲
	22.26±4.73△▲
	6.79±1.43△▲

	I/R group (n=8)
	5.24±0.34△
	37.43±10.02△
	16.61±3.75△
	8.92±2.18△


Notes: cTnI: cardiac troponin I, TNF-α: tumor necrosis factor-α, SOD: superoxide dismutase, MDA: malonyl diadehyde. Compared with sham operation group, △P＜0.05.

2.3 Pathological findings comparison of three groups
There were myocardial cell swelling and inflammatory cell infiltration in salidroside group（figure B）, besides these, there were cell arranging disorder and minor bleeding in I/R group（figure C）. They were shown in figure 1. 
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Figure 1: observation of ventricular slices （HE staining, 200×）4h after reperfusion A: sham operation group, myocardial cells arranged in order and were in normal form, there were no inflammatory cell infiltration or bleeding; B: salidroside group, myocardial cells were slightly swelling and infiltrated by inflammatory cells; C: I/R group: myocardial cell were swelling, arranged disorders, inflammatory cell infiltration, minor bleeding. 
3. Discussion

Now, there’s research proving that limb I/R damages other organs, mainly because of production of a large amount of oxygen radicals and activation of neutrophils [3]. Animal experiment found that after reperfusion, activity of oxygen radical cleaning enzyme- superoxide dismutase（SOD）decreased and lipid peroxidation product-MDA level increased in myocardial tissues [5], suggesting that limb I/R can decrease myocardial antioxidant capability, and oxygen radicals can impair cell membrane, trigger inflammation and lead to myocardial cell injury. Besides, oxygen radicals can also mediate platelet activation, produce large amount of thromboxane A2 (TXA2), and TXA2 can cause platelet aggregation and vascular systole [6].

The present study found that 4h after reperfusion, SOD activity in salidroside group was lower than that of sham operation group, and significantly higher than that of I/R group (P<0.05); its MDA level was significantly lower than that of I/R group (P<0.05), suggesting that salidroside can effectively protect myocardial antioxidant capability, then is helpful to decrease myocardial cell injury. Detection result of TNF-α indicated that salidroside can relieve inflammatory reaction after reperfusion. Effects of the two aspects relieve limb I/R damage to heart in common, presented as rabbit serum cTnI level in salidroside group was significantly lower than that of I/R group (P<0.05). Pathological slice observation also proved that there were only mild swelling myocardial cells and interstitial little inflammatory cell infiltration in rabbit myocardium after salidroside pretreatment, and its injury degree was significantly less serious than that of I/R group. Besides, microthrombus was found in partial myocardium of pathological slices of I/R group, but they were not found in salidroside group, which may be related with salidroside inhibits platelet aggregation to some extent [7].

Because limb I/R is a complex pathophysiological process, its influence on cardiac function is not only related with myocardial injury, but also may be related with direct inhibition of myocardial cell function by activated cytokines [8]. Present study indicated that compared with sham operation group, LVESd, LVEDd, LVEF and FS were no significant difference (P>0.05) in salidroside pretreatment group, and significantly better than those of I/R group (P<0.05). Besides above indexes, it’s also found that compared with sham operation group and salidroside group, there were significant decrease in myocardial systolic capability and ventricular wall motion amplitude in I/R group. All these indicated that salidroside can effectively protect cardiac function after limb I/R, which may be related with it extenuates myocardial injury, but also related with it can increase myocardial contractility [9].
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