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Influence of sleep deprivation on serum interleukin-1β level in rats with coronary atherosclerosis

TAN Li 1, HUANG Qi 2, LI De-mei 3, CHEN Ling-ling 1, ZHANG Yu-xin 1, WANG Zhi-xiao 1
Hubei Medicinal College, 1. Department of Cardiology, Affiliated Taihe Hospital, Hubei Medical College, Shiyan, Hubei, 442000, China; 2. Basic Medical College of Hubei Medical College; 3. Affiliated People’s Hospital, Hubei Medical College

Corresponding author: LI De-mei, E-mail: 1113099513@qq.com.
Abstract: Objective: To explore influence of sleep deprivation (SDP) on serum interleukin-1β (IL-1β) level in rats with coronary atherosclerosis (CAS). Methods: A total of 96 healthy SD rats were randomly and equally divided into normal control group, CAS group, SDP group and SDP + CAS group according to number table; rats in CAS group and SDP + CAS group were fed with high cholesterol diet to establish CAS animal model; SDP group and SDP + CAS group received SDP through small platform with water environment. Radioimmunoassay was used to measure serum concentration of IL-1β; and serum concentrations of total cholesterol (TC), triglyceride (TG), high density lipoprotein-cholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) were measured respectively; above indexes were compared among four groups. Results: (1) Compared with serum IL-1β level of normal control group, there were significant increase in SDP group, CAS group and SDP + CAS group[(13.33±3.20) ng/L vs. (14.40±4.41) ng/L vs. (22.21±5.94) ng/L vs. (30.17±7.45) ng/L] (P<0.05～<0.01); (2) Levels of TC, TG and LDL-C in CAS group and SDP + CAS group were significantly higher, level of HDL were significantly less than those of normal control group and SDP group (P<0.05～<0.01), levels of above indexes in SDP + CAS group were significantly higher or less than those of CAS group (P<0.05 all). Conclusion: Sleep deprivation can significantly heighten serum interleukin-1β level and total cholesterol, triglyceride, low density lipoprotein-cholesterol levels, decrease HDL level in rats with coronary atherosclerosis or sleep deprivation.
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摘要：目的：探讨睡眠剥夺(SDP)对冠状动脉粥样硬化(CAS)大鼠血清白介素-1β(IL-1β)水平的影响。方法: 选取健康SD大鼠96只，按数字表法随机分为4组：正常对照组、CAS组、SDP组以及SDP合并CAS组，每组各24只；CAS组和SDP合并CAS组喂高胆固醇饲料，建立CAS动物模型；通过小平台水环境法，对SDP组和SDP合并CAS组大鼠进行睡眠剥夺。采用放射免疫方法检测血清IL-1β浓度; 并分别测定血清总胆固醇（TC）、甘油三酯（TG）、高密度脂蛋白胆固醇（HDL-C）及低密度脂蛋白胆固醇（LDL-C）含量；于4组间对上述指标进行比较。结果： ①与正常对照组血清IL-1β浓度比较，SDP组、CAS组和SDP合并CAS组IL-1β水平均显著升高[(13.33±3.20) ng/L vs. (14.40±4.41) ng/L vs. (22.21±5.94) ng/L vs. (30.17±7.45) ng/L] (P<0.05～<0.01); ② 与正常对照组和SDP组比较，CAS组及SDP合并CAS组的TC、TG、LDL-C水平均显著升高,HDL水平均显著降低（P<0.05～<0.01）；SDP合并CAS组的上述血脂指标均显著高于或低于CAS组 (P均<0.05 ).结论：睡眠剥夺可以显著升高冠状动脉粥样硬化和睡眠剥夺大鼠的血清白介素-1β，TC、TG、LDL-C水平，和降低其HDL水平。
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Sleep is an important component of life activity, which plays an important role in maintaining individual survival and normal physiological and mental function. Long-term sleep deprivation (SDP) is a chronic stress and an oxidative stress, which easily causes physiological rhythm disorder and seriously affects people’s quality of life, and it has become a prominent medical and public health problem [1-2]. Currently, research for SDP is mainly focused on its influence on abilities of learning, memory and working, nervous system, immune system and cardiovascular system, there are very few researches on its mechanism [3-5]. The present study used SDP to perform stress on coronary atherosclerotic (CAS) model rats, explored influence of SDP on serum level of interleukin-1β (IL-1β) in rats with coronary heart disease (CHD) and its possible mechanism, in order to provide experimental evidence for formulating prevention and treatment strategy for CHD and improving human physical and mental health level. 

1  Materials and methods

1.1  Animals and reagents

1.1.1 Experiment animals:  A total of 96 healthy Sprage-Dawley (SD) rats of SPF grade, 3~4 months old, weighing 210~260g, including 48 males and 48 females, were provided by experimental animal center of Hubei medicinal college [certificate number: SCXK (Hubei) 2005-0008]. 
1.1.2 Reagents: Vitamin D3 injection was bought from Shanghai General Pharmaceutical Co., Ltd; cholesterol was bought from ChengDu KeLong Chemical Reagent Company; pig bile salts was bought from Guangzhou Huankai microorganism Co, Ltd; propylthiouracil tablet was bought from Nantong Jinghua Pharmaceutical Co, Ltd; lard was self-made. Kits of IL-1β, total cholesterol (TC), triglyceride (TG), high density lipoprotein-cholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) were all bought from Wuhan Boster biological engineering Co, Ltd. 
1.2  Experimental methods

1.2.1 Animal grouping:  Animals were randomly divided into normal control group, CAS group, SDP group and SDP + CAS group （24 rats in each group）according to number table;. Experimental environments of the four groups were the same and rat was fed in single cage respectively. Light was used to imitate day（12h/d）and night. After experiment starts, there was one-week adaptation period when rats were fed with normal diet and became familiar with the environment. 

1.2.2 Establishment of CAS animal model [6]  CAS group and SDP + CAS group were fed with high cholesterol diet (4% cholesterol, 10% lard, 5% white sugar, 0.5% sodium cholate, 0.2% propylthiouracil and 80.3% basic diet), and rats received injection of vitamin D3 2ml/kg (600 000IU/kg) intraperitoneally at the beginning of breeding. After 12 weeks, coronary artery was taken to make pathological slice, stained by hematoxylin eosin (HE), CAS model was successfully established if typical atherosclerotic (AS) plaques can be observed under light microscope. 
1.2.3 SDP implementation [1-2]: Small platform water environment method was used to perform SDP in rats of SDP group and SDP + CAS group. SDP box (30cm×30cm×30cm) was made, the box was filled up with water (water temperature was maintained at about 24℃) ，a small platform with diameter 6.5cm was placed in center of box, small platform from the water surface about 1cm. The non closed box cover was placed at 14 cm above the platform，on which there was food and water; Rat can eat and drink it freely when stand on the small platform with upper limb flexion, if fell asleep, rat will fall into the water and wake up because of muscle relaxation of total body and customary nutation（It was shown in table 1）. The method was used to deprive rat sleep for 7d continuously. The Water was changed and the box was cleaned everyday.
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Fig.1  Sleep deprivation box
1.3  Indexes and methods

After SDP, four groups of rats were anesthetized, 10 ml blood was taken from inferior vena cava and put in tube with antioxidant placed in advance, shaken, standing for 30min, then centrifuged at 3000g for 10min. Then serum was taken and stored in -70℃ ultra cold freezer for measurement. Some serum was used to measure serum IL-1β level using type GC-1500 γ radio-immunity counter, IL-1β kits and radioimmunoassay method; the other serum was used to measure serum levels of TC, TG, HDL-C and LDL-C using kits of TC, TG, HDL-C, and LDL-C respectively, and the operation was performed strictly according to the instructions. 

1.4  Statistical treatment

    SPSS 17.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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), and its comparison was performed using one-way ANOVA, and then pairwise comparison was performed using q test. P<0.05 was regard as possessing significant difference. 
2  Results

2.1  Comparison of serum level of IL-1β among four groups of rats
Compared with normal control group, there were significant increase in IL-1β levels in SDP group, CAS group and SDP + CAS group, P<0.05～0.01; Among them, IL-1β level was highest in SDP + CAS group, the second was CAS group. They were shown in table 1.

2.2  Comparison of blood lipid levels among four groups of rats
Levels of TC, TG and LDL-C in CAS group and SDP + CAS group were significantly higher, level of HDL were significantly less than those of normal control group and SDP group (P<0.05～<0.01); Levels of above indexes in SDP group were significantly higher or less than those of normal control group (P<0.05 all); Levels of above indexes in SDP + CAS group were significantly higher or less than those of CAS group (P<0.05 all). They were shown in table 1
Table 1 Comparison of serum levels of IL-1β (ng/L) and blood lipids (mmol/L) among four groups (
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	Group
	IL-1β
	TC
	TG
	HDL-C
	LDL-C

	Normal control group
	13.33±3.20
	1.67±0.21
	1.23±0.05
	1.43±0.19
	1.77±0.44

	SDP group
	14.40±4.41△
22.21±5.94△#
	1.75±0.24△
1.92±0.16△#
	1.30±0.16△
1.45±0.11△#
	1.38±0.20△
1.40±0.27△#
	1.86±0.38△
2.21±0.76△#

	SDP+CAS group
	30.17±7.45△△▲#
	2.11±0.07△△▲#
	1.71±0.15△△▲#
	1.37±0.23△#▲
	2.65±0.63△△▲#

	F
	163.48
	28.57
	33.87
	49.80
	97.71

	P
	0.000
	0.000
	0.000
	0.000
	0.010

	q1
	5.172
	3.888
	3.785
	4.292
	4.018

	P1
	0.017
	0.023
	0.023
	0.021
	0.022

	q2
	8.924
	7.055
	9.158
	4.161
	5.260

	P2
	0.010
	0.012
	0.010
	0.021
	0.017

	q3
	4.093
	5.330
	6.848
	4.414
	4.184

	P3
	0.022
	0.017
	0.013
	0.020
	0.021


IL-1β: Interleukin-1β, TC: Total cholesterol, TG: Triglyceride, HDL-C: High density lipoprotein- cholesterol, LDL-C: Low density lipoprotein-cholesterol, CAS: Coronary atherosclerosis, SDP: Sleep deprivation. Compared with normal control group, △P <0.05，△△P < 0.01; compared with CAS group, ▲P<0.05; compared with SDP group, #P<0.05. q1,,P1: Comparison between SDP group and CAS group; q2P2: Comparison between SDP group and SDP + CAS group；q3P3: Comparison between CAS group and SDP + CAS group;

3  Discussion

Research evidence of the last 15 years indicated that CHD was a chronic inflammatory reactive disease produced by vascular endothelial cell injury, and inflammatory mechanism played very important role in occurrence and development of CAS and its complication. Along with plaques formation and development, various cells in vascular wall and plaques release various cytokines and chemotactic factors, making many inflammatory reactions can proceed in the vascular wall [3]. Among them, IL-1 is a very important pro-inflammatory cytokine, which plays the main regulating role in mechanism of immune inflammation. There are two types of IL-1, namely IL-1α and IL-1β；IL-1β is the main, which is mainly produced by activated mononuclear macrophages and performs its biological effect after binding with receptor (IL-1R). IL-1β acts on vascular endothelial cells, causing expressions of macrophage chemotactic factor-1 (MCF-1) and cellular adhesion molecule, such as E-selectin; and MCF-1 and monocyte mediated by E-selectin adherence to wall and migration towards subendothelium play very important role in early period of atherosclerotic plaque formation [7-8].

The present study established CAS animal model through feeding high cholesterol diet to rats in CAS group and SDP + CAS group. The small platform water environment method was used to perform SDP in rats of SDP group and SDP + CAS group. The results of present study indicated that serum IL-1β concentration was highest in SDP + CAS group, the second was CAS group, and that of SDP group was also higher than that of normal control group, suggesting that SDP stress can not only increase serum IL-1β concentration in healthy rats, but also significantly increase serum IL-1β concentration in CAS model rats. The possible mechanism may be that chronic stress and oxidant stress of 7d SDP activate mononuclear phagocyte system, IL-1β production increases, making serum IL-1β level increase. Increase of IL-1β level can lead to more active inflammatory reaction, which may aggravate occurrence and development of atherosclerosis on one hand; on the other hand, it leads to central nervous system dysfunction and causes psychological disorder, such as depression and anxiety etc [3, 9].

The present study further displayed that levels of TC, TG and LDL-C in CAS group and SDP + CAS group were significantly higher than those of normal control group and SDP group, and those of SDP + CAS group were significantly higher than those of CAS group, suggesting that SDP can increase serum levels of TC, TG and LDL-C in CAS rats. It indicated that lipid metabolic disorder, especially increase of TC and LDL-C, was still the main factor for occurrence of atherosclerosis; and SDP may also participate in disturbing lipid metabolism during formation of atherosclerosis: on one hand, under stress condition, serum concentrations of IL-1β etc. significantly increase, stimulate fat to hydrolyze, making free fatty acid increase and blood lipid concentration increase; on the other hand, release of major stress hormone such as glucocorticoid and catecholamine etc. and glucagon, somatropin make binding and degradation of LDL-C reduction in liver cells [3]. 

In summary, SDP can increase serum levels of IL-1β, TC, TG and LDL-C in CAS rats, aggravate development of CAS, namely affect occurrence and development of CAS through disturbing lipid metabolism and enhancing inflammatory reactions mediated by cytokines etc [3, 9]. 
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