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Changes of atrial endothelial ultrastructure during acute atrial fibrillation in canines
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Abstract: Objective: To study changes of ultrastructure of atrial endothelial cells during acute atrial fibrillation (AF) in canines, and explore the possible mechanism of AF left atrial thrombosis. Methods: A total of 16 healthy adult mongrel canines were randomly and equally divided into blank control group (only received thoracotomy without pacing) and rapid atrial pacing (RAP) group (established acute AF model). Myocardial tissue of left and right appendage were taken from two groups and received hematoxylin eosin (HE) staining, then myocardial cell morphological changes was observed under ordinary light microscope; morphological changes of appendage endothelial cells was observed under electron microscope. Results: (1) Paroxysmal AF was successfully induced in all canines of RAP group; (2) There were no significant difference in morphology of appendage and endocardial tissue under ordinary light microscope between two groups; 3. Under transmission electron microscope, endothelium cell of appendage tissue presented defect of different extent, and some shedding in RAP group; while endothelial cell layer was complete with absence of necrosis and shedding in blank control group. Compared with blank control group, there was significant rise in endothelial cell incompleteness (12.5% vs. 75.0%) in RAP group, P=0.041. Conclusion: When acute atrial fibrillation occurs, endothelial cell ultrastructure has already changed, which may be related to thrombosis adhered to wall during atrial fibrillation.       
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摘要：目的：研究犬急性心房颤动时心房内皮细胞超微结构的变化，探讨房颤左房血栓形成的可能机制。方法：取16只健康成年杂种犬，随机均分为空白对照组(仅接受开胸手术而不起博)和快速心房起搏(RAP)组(建立急性房颤模型)。分别取两组犬的左心耳、右心耳部位心肌组织，进行苏木素伊红(HE)染色，在普通光镜下观察心肌细胞形态学改变；在电镜下观察心耳内皮细胞形态学改变。结果：1. RAP组所有犬均成功诱发出阵发性房颤；2. 普通光镜下两组的心耳、心内膜组织在形态学上无显著差异；3. 透射电镜下，RAP组心耳组织内皮细胞呈现不同程度的不完整，部分脱落，而空白对照组内皮细胞层完整，未见坏死、脱落，与空白对照组比较，RAP组内皮细胞不完整性(12.5%比75.0%)显著增加(P=0.041)。结论：急性房颤时内皮细胞的超微结构已经发生改变，这可能与房颤时附壁血栓形成有关。
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Atrial fibrillation (AF) is a most frequent tachyarrhythmia in clinic. Epidemiological study indicated that AF is one of independent risk factors for cerebral stroke and death [1]. Clinical study indicated that left atrial and/or left appendage dilation, intimal fibrosis of left appendage and myocardial cell structure reconstruction usually occurred in AF patients [2]. Frustaci et al performed biopsy in patients with idiopathic AF and found that there existed inflammatory cell infiltration, cell necrosis and fibrosis in atrial tissues [3]. 

Current exploration on hypercoagulable state in AF are mainly clinical researches, subjects are mainly patients with chronic AF, and indexes are mainly plasma biochemical indexes. Baseline diseases, including hypertension, coronary heart disease, chronic heart failure and diabetes mellitus etc., are usually complicated in patients with chronic AF [1], and inflammation is proved to be involved in these diseases. Therefore, AF animal model is needed to exclude influence of these factors. The present study explored changes of ultrastructure of endothelial cells of left appendage through establishing canine model of acute AF. 

1 Materials and methods

1.1 Subjects

A total of 16 adult healthy mongrel dogs without limit to sex were selected, and the mean weight was 13.6~23.5 (17.4±2.5) kg. They were randomly and equally divided into rapid atrial pacing (RAP) group and blank control group according numeration table method. There were no significant difference in sex and body weight between two groups. The present experiment strictly performed experimental animal management according to national provisions. 

1.2 Methods

1.2.1 Establishing of animal model: Dogs in both groups received injection of 3% pentobarbital (Sinopharm Chemical Reagent Beiing Co., Ltd) 30 mg/kg for anesthesia, and they received appropriate additional dose intravenously during operation if necessary. Through posterolateral incision of left fourth intercostal space, a 5F bipolar electrode (St. Jude Medical Inc, USA) was placed on middle part of left atrium and left ventricular anterior wall respectively in RAP group, left atrial bipolar electrode tail was connected to type DF-5A cardiac electrophysiology stimulator (Dongfang Electric Instrument Factory, Industrial Park of Suzhou), left ventricular bipolar electrode tail was connected to AXQ-3 on-demand pacemaker (Shanghai Medical Electric Instrument Factory). Rapid atrial stimulus of pulse frequency 400 times/min was used to induce AF via left atrial electrode, it lasted for 30s, 60s respectively for twice, then induced AF times and duration were recorded. If pure rapid pacing cannot induce AF, then ventricular pacing + atrial pacing was given until AF was repeatedly induced. Induced AF times and duration were recorded. Those AF can be induced repeatedly >3 times, and last for over 1min are defined as inducing AF success. Blank control group only received thoracotomy without pacing. 

1.2.2 Sampling: A total of 100mg of left and right atrial appendage tissues were taken in RAP group after induced AF and before cardiac arrest, and in blank control group after thoracotomy. After cleaning with normal saline, tissue was placed and stored in liquid nitrogen, then transferred to -80℃ deep hypothermic fridge for detection.  

1.2.3 Normal hematoxylin eosin (HE) staining of atrial tissue: a piece of left and right appendage myocardium  every were taken, fixed in 10% formalin for 24h, then buried in paraffin. 

1.2.4 Preparation of atrial tissue endothelial cells sample and observation by transmission electron microscopy (TEM): a piece of 1mm3 left and right appendage myocardium every were taken, washed, fixed, dehydrated, soaked, buried and polymerized, then 70~80nm ultrathin section was sliced using ultrathin section machine; after 5min uranyl acetate, lead citrate staining respectively, it’s washed by distilled water, then observed and shoot under Hitachi Hu-12A type TEM. 

1.2.5 Judgment standard of positive: Integrated endothelial cell were regarded as negative, while it is defecting and shedding were regarded as positive. 

1.3 Statistical analysis
SPSS 16.0 software was used to perform statistical treatment. Numeration data was expressed as percentage, and its comparison was performed using Fisher exact propability test of fourfold table. P<0.05 was regarded as possessing significant difference. 

2. Results

2.1 Establishment of AF animal model

AF was successfully induced in all eight dogs in RAP group.

2.2 Appendage morphological changes in histology (observed by light microscopy)

    Under light microscopy, myocardial fibers of longitudinal section of canine appendage tissue were placed in order and compact, there were no fracture, edema and necrosis in myocardial fibers; endocardium was complete, no edema, and there were no micro thrombosis adhered to wall, and no inflammatory response such as vascular dilation and leukocyte infiltration in both groups. 

2.3 Ultrastructure changes of appendage endothelial cells (observed by TEM)

    RAP group was shown in Fig 1-a: appendage tissue endothelium cell presented incompleteness and partial shedding of different extent; no necrosis was found; collagen and elastic fibers were found, and there was rare fibroblasts in subendothelial layer. Blank control group was shown in Fig 1-b: endothelial cell layer was complete, there were no necrosis and shedding, and some W-P-W bodies can be found; there were mainly collagen, elastic fibers and fibroblasts in subendothelial layer, and a few unmyelinated nerve cells can be found occasionally; there were no abnormality in axonal and Schwann cells. Incompleteness rate of appendage endothelial cells in AF group was significantly higher than that of blank control group (75.0% vs. 12.50%), P=0.041. They were shown in table 1. 
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Fig.1

A: endothelium presented incompleteness and partial shedding; collagen and elastic fibers were found, and there was rare fibroblasts in subendothelial layer.B: endothelial cell layer was complete, endothelial cells were flat. Cytoplasm was mainly consisted of ribosome, and with few W-P-W bodies, bubble, glycogen granules, rough endoplasmic reticulum and mitochondria. There were mainly collagen, elastic fibers and fibroblasts in subendothelial layer.
Table 1  Comparison of endothelial cell completeness between two groups n(%)

	
	Positive
	Negative

	RAP group (n=8)
	6(75.0%)△
	2(25.0%)

	Blank control group (n=8)
	1(12.5%)
	7(87.5%)

	P
	                  0.041
	


RAP: Rapid atrial pacing, compared with blank control group △P<0.05.
3. Discussion

Endothelium is simple squamous epithelium adhered to cardiovascular cavity surface, which is called heart endothelium in heart, and vascular endothelium in vessels. Platelet wouldn’t adhere to normal complete endothelium; when endothelial injury occurs, platelet will adhere to impaired vascular endothelium sites. Cytochemistry research indicated that there are various kinds of enzymes in endothelial cells, they can synthesize and secret multiple biologically active substances, regulate dynamic balance between coagulation and anticoagulation, which is very important in maintaining precise physiological balance between hemostasis and thrombus. Clinical study found that there exist endothelial cell dysfunction or impairment in patients with chronic AF. Masawa et al performed autopsy on patients with cerebral embolism caused by AF, and found that their left atrial endocardium was crude, endothelial cells were shedding and thrombus aggregated [4]. Fukuchi et al reported that von Willebrand factor (vWF) expression significantly rose in left appendage endothelium of AF patients, suggesting presence of endocardial injury [5]. 

Mechanism of endothelial cell injury during AF is still not clear, which may be related with following factors: (1) Hemodynamic mechanism; (2) Inflammatory response mechanism [6]. Pan WT et al [7, 8] found that level of cyclooxygenase (COX)-2 rose and u-PA level reduced in appendage endothelial cells when acute AF occurred in canines, suggesting that inflammatory reactions occurred and fibrinolysis reserve function of endothelial cells reduced in early AF. The present study indicated that appendage endothelial cells were incomplete and partial shedding in RAP group, while endothelial cell layer was complete without edema, necrosis and shedding in blank control group, which provided morphological basis for endothelial cell dysfunction during acute AF.  
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