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Myocardial protection effect of artificial subhibernation therapy on rabbits with acute myocardial infarction
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Abstract: Objective: To explore myocardial protection effect of artificial subhibernation therapy on rabbits with acute myocardial infarction (AMI) and its possible mechanism. Methods: A total of 24 rabbits were randomly and equally divided into sham operation group, AMI control group and AMI subhibernation group. Changes of their body temperature, heart rate and respiratory frequency were observed. Serum concentration of creatine kinase isoenzyme (CK-MB) was measured by immunosuppression method, and plasma concentration of norepinephrine (NE) was measured by high performance liquid chromatography-electrochemical method. Percentage of myocardial infarct area in left ventricular area (I/LV) and apoptosis index (AI) were compared between two AMI groups. Results: Compared with control group 4 h after establishment of AMI model, there were significant decrease in body temperature [(37.333±0.427)℃ vs. (34.988±0.488)℃], I/LV [(19.281±1.687)% vs. (16.263±2.275)%] and AI [(36.636±1.671)% vs. (34.521±1.356)%], and concentration of CK-MB [(759.863±64.111)U/L vs. (560.225±65.837)U/L] and NE [(200.475±43.581) ng/ml vs. (143.813±43.383) ng/ml] in subhibernation group, P<0.05,or <0.01, but there were no significant changes in heart rate and respiratory frequency between two groups. Conclusion: Artificial subhibernation therapy possesses significant myocardial protection effect on rabbits with acute myocardial infarction through reducing stress response, inducing low temperature and inhibiting cell apoptosis etc. 
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摘要:目的：探讨人工亚冬眠疗法对兔急性心肌梗死（AMI）的心肌保护作用和可能的机制。方法：将24只兔随机均分为假手术组、AMI对照组（对照组）和AMI亚冬眠组，观察其体温、心率和呼吸频率变化，以免疫抑制法测定血清肌酸激酶同工酶(CK-MB)含量，以高效液相色谱－电化学检测法测定血浆去甲肾上腺素(NE)含量，比较两AMI组的心肌梗死面积占左心室面积的百分比（I/LV）和凋亡细胞指数（AI）。结果：AMI模型制备后4h，与对照组相比，亚冬眠组体温明显下降[(37.333±0.427)℃比(34.988±0.488)℃]，心率和呼吸频率无明显变化，CK-MB[(759.863±64.111)U/L比(560.225±65.837)U/L]和NE[(200.475±43.581)ng/ml比(143.813±43.383)ng/ml]浓度显著下降，I/LV[(19.281±1.687)%比(16.263±2.275)%]和AI[(36.636±1.671)%比(34.521±1.356)%]明显减少(P<0.05,或<0.01)。结论：人工亚冬眠疗法通过降低应激反应、诱导低温和抑制细胞凋亡等方式，对兔急性心肌梗死有明显的心肌保护作用。
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Artificial subhibernation therapy is to make body into protective inhibition state by drugs or other auxiliary measures in order to increase body’s tolerance to all kinds of adverse events [1]. In treatment of acute myocardial infarction (AMI), there was corresponding report as early as in 1953 [2], though it didn’t become a regular therapeutic method, but the therapy has shown its specific advantage preliminarily. The present study aimed at observing influence of artificial subhibernation therapy on myocardium of AMI rabbits and estimated its mechanism, and provided theory evidence for its clinical application. 
1. Materials and methods

1.1 Animals and grouping

A total of 24 New Zealand big ear white rabbits with body weight (2.2±0.2) kg and not limited in gender were bought from Huaxing experimental animal farm of Zhengzhou City [scxk (Yu) 2004－0006]. They were randomly and equally divided into sham operation group, AMI control group and AMI subhibernation group. 

1.2 Drugs and reagents

Norepinephrine hydrochloride reference substance (American Sigma Company); creatine kinase isoenzyme (CK-MB) reagent (Whitman Biotechnology Co, Ltd.); chlorpromazine hydrochloride, promethazine and pethidine injections (Shanghai Hefeng Pharmaceutical Co, Ltd.); nitro-blue tetrazolium chloride (NBT, Shanghai Qianjin Chemical Reagent Factory); terminal deoxynucleotidyl transferase mediate dUTP nick end labeling (TUNEL) method situ cell apoptosis detection kit (Beijing Zhongshan Biotechnoloy Co, Ltd). 
1.3 Instruments

600-717-2465 high performance liquid chromatograph of American Waters Company, AU400 automatic biochemical analyzer of Japanese Olympus, ECG-65 type Ⅱ electrocardiograph of Shanghai Medical Instrument Factory, SCP-55P low-temperature ultracentrifuge of Hitachi Co, Ltd, AE200 electronic balance of Swiss Mettler Company, Japanese Omron electronic thermometer, HH-4 constant temperature water bath box of Jiangsu Huanyu Science Instrument Factory.

1.4 Model establishment

Rabbit was laid back and fixed; shearing and skin preparation, then rabbit was connected to two-lead electrocardiogram (ECG). Rabbit was local anesthetized by 1% lidocaine, jugular vein was separated and blood was taken for reserve. The rib was cut open along left edge of sternum to expose heart, and then pericardium was cut open and stitched to chest wall of two sides with No.4 thread. Pleura were kept intact and animal breathed autonomously. Middle-upper 1/3 junction of coronary left anterior descending artery (LAD) was double ligated [3], the myocardium turned from red to dark gray, around central ischemic area had dark red congestion zone, ST segment elevated ＞2mV in ECG, suggesting that AMI model was successfully established. Rabbits in subhibernation group received artificial subhibernation therapy 30min before LAD ligation: Lytic cocktail 3ml/kg was injected intraperitoneally (promethazine 50mg + chlorpromazine 50mg + pethidine 100mg + normal saline 100ml), rabbit’s response was observed and lytic cocktail was supplemented in half dose after 2h, then animals presented drowsiness, slow behavior, unresponsive to the outside world, weakening in webbed toe reflex caused by clamping tissue between toes and sting reaction caused by needling hindlimb muscle, less restlessness, but their eyelash and corneal reflexes were normal; AMI model was also established in AMI control group（control group）, without drug injection; Animals responded rapidly, presented relatively active, apparently restlessness, and sensitive in sting reaction. All operations were completed in sham operation group, threading under coronary artery without ligation. During the experiment, a little 1% lidocaine was supplemented on surgical incision regularly (about 1h) in three groups in order to relieve incision pain. 

1.5 Indexes and methods

(1) Body temperature, heart rate and respiratory frequency were measured before and 4h after establishment of AMI model. Rectal temperature was measured as body temperature, heart rate was counted according to ECG and respiratory frequency was counted according to ups and downs action of chest and abdomen. 

(2) Blood was taken from jugular vein and centrifuged at 4℃ to separate serum (3500rpm, 15min) and plasma (EDTA-K2 was added for anticoagulation, 2000rpm, 5min), and 2% sodium metabisulfite 20μl was added into plasma to prevent oxidation, both plasma and serum were stored in -20℃ fridge. Immunosuppression method was used to measure serum concentration of CK-MB and high performance liquid chromatography-electrochemical method was used to measure plasma concentration of norepinephrine (NE).
 (3) Animal was executed when experiment ended. Heart was taken out immediately, washed by normal saline, then atrium, right ventricle, fat and vessels etc. were cut out. Then heart was frozen and fixed for 10 min in -20℃ fridge. Ventricle was cross-sectionally cut into five slices parallel to coronary sulcus, stained by 0.2% NBT phosphate buffered saline then 37℃ water bath for 10~15min. Blueviolet stained area on the slice was normal myocardium and gray area that was not stained was infarct myocardium. Fixed focus digital camera was used to take pictures and German Opton Vidas image analysis system was used to calculate percentage of infarct area (I) occupying left ventricular area (LV) (I/LV) %. 

(4) Detection of situ apoptosis；Tissue from myocardial infarction site was taken, fixed and sliced with paraffin embedded tissue. Myocardial apoptosis in infarct area was observed under 10×40 light microscopy using TUNEL method. Cell with brown nucleus was regard as myocardial apoptosis cell. A total of 10 visual fields were taken in every slice, number of apoptotic cells among 100 myocardial cells was counted in every visual field, and percentage of apoptotic cell number occupying total cell number was regard as apoptosis index (AI). 
1.6 Statistical analysis

SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), its comparison inside a group was performed using paired t test, comparison among multiple groups was performed using single factor analysis of variance, pairwise comparisons of mean among multiple groups was performed using q test and comparison between two groups was performed using u test of sample rate difference. P<0.05 was regard as possessing significant difference. 
2. Results

2.1 Changes of body temperature, heart rate and respiratory frequency among three groups

Before AMI modeling, there were no significant difference in body temperature, heart rate and respiratory frequency among three groups. Compared with before modeling, sham operation group and control group 4h after modeling, there was significant decrease in body temperature in subhibernation group, but there were no significant changes in heart rate and respiratory frequency. They were shown in table 1. 

Table 1 Changes of body temperature, heart rate and respiratory frequency before and after AMI modeling among three groups (n=8/group,
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	Group 
	AMI modeling
	Body temperature (℃)
	HR (times/min)
	Respiratory frequency (times/min)

	Sham operation group
	Before
	38.700±0.670
	223.750±25.240
	49.500±8.586

	
	4h after 
	37.398±0.801
	221.000±33.857
	54.875±5.436

	AMI control group
	Before
	38.900±0.316
	221.250±30.406
	51.625±9.561

	
	4h after 
	37.333±0.427
	216.750±42.155
	54.500±9.681

	Subhibernation group
	Before 
	38.638±0.498
	229.000±21.883
	50.125±8.408

	
	4h after 
	34.988±0.488*△▲
	204.500±26. 827
	49.375±5.805


Note: AMI: acute myocardial infarction. Compared with before modeling, * P<0.05，compared with sham operation group, △P<0.05，compared with control group, ▲P<0.05. Similarly hereinafter.
2.2 Changes of concentrations of CK-MB and NE among three groups
    Before AMI modeling, there were no significant differences in concentrations of CK-MB and NE among three groups. Compared with before modeling, there were significant increase in concentrations of CK-MB and NE after AMI modeling 4h in control group and subhibernation group (P<0.01 all). Compared with control group after AMI modeling 4h, there were significant decrease in concentrations of CK-MB and NE in subhibernation group, P<0.01 both. They were shown in table 2. 

Table 2 Changes of concentrations of CK-MB and NE before and after AMI modeling among three groups (n=8/group，
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	Group 
	AMI modeling
	CK-MB (U/L)
	NE（ng/ml）

	Sham operation group
	Before 
	125.138±27.661
	82.900±29.863

	
	4h after
	127.200±28.690
	85.613±27.736

	Control group
	Before 
	127.163±26.111
	95.750±40.800

	
	4h after 
	759.863±64.111**△△
	200.475±43.581**△△

	Subhibernation group
	Before
	125.150±33.023
	90.050±35.923

	
	4h after 
	560.225±65.837**△△▲▲
	143.813±43.383**△△▲▲


Notes: CK-MB: creatine kinase isoenzyme, NE: norepinephrine. 

2.3 Comparison of I/LV and AI between control group and subhibernation group

In myocardial infarction area, myocardial apoptotic cells were isolated, scattered, presented as karyopyknosis, chromatin concentration and there were brown particles of different shades inside nucleus, whose volume were ≤normal nucleus, while nucleus of normal myocardial cell was blue. They were shown in figure 1. Myocardial infarct area and number of myocardial apoptotic cells in subhibernation group were significantly lower than those of control group (P<0.01 both). They were shown in table 3. 

Table 3 Comparison of I/LV and AI between control group and subhibernation group (n=8/group,
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	Group 
	　I/LV（%）
	　AI（%）

	Control group
	19.281±1.687
	36.636±1.671

	Subhibernation group
	16.263±2.275▲
	34.521±1.356▲


Notes: I/LV: infarct area/left ventricular area, AI: apoptosis index; compared with control group, ▲P<0.05
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Fig 1 Myocardial apoptotic cells (under microscope, ×400) A. Sham operation group, B. Control group, C. Subhibernation group

Nearly no apoptotic cells were seen in vision field in sham operation group. A lot of apoptotic cells were found in control group. Number of apoptotic cells in subhibernation group was significantly less than that of control group. 

3. Discussion

AMI is a severe type of coronary artery diseases. Based on traditional treatment, new methods should be explored to make patients safely through acute phase. The present experiment found that compared with control group, there were significant decrease in CK-MB concentration and myocardial infarct area in subhibernation group, suggesting that artificial subhibernation therapy possesses significant myocardial protection effect on ischemic myocardium, and its mechanism may be related with its relieving stress response, inducing low temperature effect and inhibiting cell apoptosis. 

Body pain and psychological stimulus caused by AMI can cause a series of non specific adaptive reactions, namely stress response, plasma levels of catecholamine, especially NE reflects intensity of early stress response [4]. NE plays an important role in modulating myocardial ischemia [5]; but release of large amount of NE will definitely lead to myocardial cell injury [6-8]. NE acts on cardiac β1 receptor, plays positive conduction and inotropic effects so as to make cardiac compensatory activity. Meanwhile, NE also acts on α1 receptor of vascular smooth muscle, making peripheral vessels constriction, contradiction between myocardial oxygen supply and consumption increases and myocardial infarct area augmentation. Sedative, analgesic and hypnotic effects of artificial subhibernation therapy make rabbits unresponsive to the outside world, relieves pain response, decreases restlessness, and effectively decreases NE release caused by AMI, then weakens following reactions caused by NE, relieves myocardial ischemic and hypoxic injury, and decreases myocardial infarct area. This mechanism may be the main mechanism of myocardial protection of artificial subhibernation therapy. 

Artificial subhibernation therapy can cause mild body temperature decrease and it gets stable about 1h after drug injection. Low body temperature can decrease myocardial oxygen consumption and slow consumption rate of high-energy phosphate compounds in case of myocardial ischemia. Miki T et al [9] did research in cell level and found that under low temperature, myocardial cell contractility decreased, which supports conclusion of myocardial oxygen consumption decrease under low temperature. Besides, low body temperature can inhibit inflammation, stabilize cell membrane, and delay increase of cell membrane fragility when ischemia. There was research suggesting that delaying increase of cell permeable membrane fragility can decrease myocardial infarct area [10]. The present experiment proved that artificial subhibernation therapy has no obvious effects on heart rate, therefore it’s estimated that its myocardial protection is not related with heart rate, which is consistent with Chien GL’s report [11] about heart rate change itself didn’t affect myocardial infarct area in rabbits. Meanwhile, the present experiment also proved that mild subhibernation therapy wouldn’t cause obvious respiratory inhibition. 
Kajstura J et al [12] thought that cell apoptosis was the main form of cell death within 6h after AMI, and cell necrosis happened after that. The present experiment found that large amount of apoptotic cells existed in myocardial infarct area of rabbit, which was consistent with Kajstura’s research results. AI in subhibernation group was significantly lower than that of control group, suggesting that artificial subhibernation therapy can protect myocardium through inhibiting myocardial cell apoptosis
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