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Abstract 

This study was designed to evaluate the effect of aspirin on the progression of 

atherosclerosis, twenty eight native domestic rabbits were assigned to four groups: group  I  

(normal control), group II (atherogenic control), group III (vehicle control), group IV (aspirin 

10 mg/kg daily). Blood samples were collected at the end of experiment (8 weeks)  for 

measuring of cholesterol triglycerides (TG), total cholesterol (TC), HDL-C, plasma high 

sensitive cholesterol (hsCRP), plasma malondialdehyde (MDA) and plasma reduced 

glutathione (GSH). Immunohistochemical analysis (VCAM-1, MCP-1, and TNF-α, IL-17A) 

and histopathologic assessment of aortic atherosclerotic changes were also performed. 

Compared to NC, levels of lipid profile, atherogenic index, hsCRP, and MDA are increased 

where as GSH were reduced in animals on atherogenic diet (P<0.05). Immunohistochemical 

analysis showed that aortic expression of VCAM-1, MCP-1, TNF-α and IL-17A were 

considerably increased in AC group compared to NC group (P<0.001). Histopathologic 

finding showed that animals on atherogenic diet have significant atherosclerotic lesion 

compared to NC group. Compared to AC group, aspirin don’t have significant effect on lipid 

profile. Aspirin causes statistically significant reduction in hsCRP and MDA (P<0.05). 

Aspirin treatment causes considerably increase the level of GSH. Aspirin treatment 

considerably reduced aortic expression of VCAM-1, MCP-1, TNF-α and IL-17A (P<0.05). 

Histopathologic examination of aortic arch showed that aspirin considerably reduced 

atherosclerotic lesion (P<0.05). It thus will conclude that aspirin reduces lipid peroxidation, 

systemic inflammation and aortic expression of inflammatory markers utilized in this study 

and therefore reduce the progression of cholesterol. 
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Introduction    

   Atherosclerosis is a complicated vascular inflammatory disease characterized by 

endothelial activation and dysfunction, monocyte infiltration and differentiation, lipid 

accumulation, T-cell infiltration and activation, and fibrosis within the lesion space [1]. The 

adhesion of leukocytes to the vascular epithelium, mediated by endothelial cell adhesion 

molecules including intercellular adhesion molecule-1, vascular adhesion molecule-1, and E-

selectin, is the early event in atherogenesis [2]. The initial step in pathology is endothelial 

dysfunction this may result in many responses that alter the normal vascular homeostatic 

properties [3]. High fat diet, hyperglycemia, insulin resistance, hypercholesterolemia  trigger 

the endothelial expression of adhesion molecules like, E-selectin, P-selectin, ICAM-1 and  

VCAM-1 that mediate the attachment of circulating monocytes and lymphocyte [4, 5].  

In response to turbulent flow within the setting of an unfavorable serum lipid profile, 

endothelial cells over-express adhesion molecules like VCAM-1; this will increase 

monocytes and T-cells enlisting to sites of endothelial injury and so release of monocyte 

chemo-attractant protein-1 (MCP-1) by leukocytes will increase the inflammatory cascade by 

inducting more leukocytes, activating leukocytes within the media, and leading to enlisting 

and proliferation of smooth muscle cells [6,7].  

Mast cells, T-cells macrophages, and T-cells infiltrate atherosclerotic plaques and 

platelets play a fundamental role releasing inflammatory mediators that stimulate plaque 

progression. aspirin is wide elementary treatment of stroke and infarction and has  anti-

inflammatory properties that include different mechanisms of action, by block  of platelet 

activation and platelet-leukocyte  interactions [8]. So  this study was designed to address the 

effect of aspirin on the progression of atherosclerosis. 
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Materials  

  A complete of twenty eight native domestic rabbits, weighing (1.1-1.5) kg, were utilized 

in this study. All experiments were conducted within the Department of pharmacology, 

school of medicine, Qadaysia University, consistent with the rules for the Care and Use of 

Laboratory Animals in scientific research. The animals were placed in an animal house, in a 

group caging system, at controlled temperature (25±2◦C) and close wetness. Lights were 

maintained on a 12-h light/dark cycle, and the animals had free access to water 

spontaneously.  Aspirin was utilized in a dose of 10 mg/ kg orally [9]. (Aspin 100mg, SDI, 

BN.7M810. Iraq) was dissolved in ethanol (10%) and given to the rabbit per the body weight 

once daily by stomach tube [10]. 

Animal model of atherosclerosis 

  Induction of atherosclerosis was applied by feeding the rabbit an atherogenic diet [2% 

cholesterol (BDH Chemicals Ltd Poole England, prod 43011) enriched rabbit chow] created 

by addition of cholesterol powder to chow pellets for eight weeks [11, 12].  

Experimental Protocol 

After two weeks of adaptation period, the animals randomized into four groups (of seven 

rabbits each): traditional diet control group (NC, group I), high-cholesterol diet group that 

served as atherogenic control (AC, Group II), high-cholesterol diet with ethanol group 

(Group III) and high-cholesterol diet with aspirin group (Group IIII) .The NC group was fed 

normal rabbit chow, whereas the high cholesterol diet groups were fed a 2% high-cholesterol 

(atherogenic) diet. The period of treatment was eight weeks. At the end of the experiment, 

food was withheld for 16-18 hour and animals were anaesthetized by ketamine (HIKMA 

pharmaceuticals B.N 3310) at 66 mg/kg and xylazine (alfasan B.N 1004111-07) at 6 mg/kg 

intramuscular [13]. The chest was opened by thoracotomy, blood sample was collected 

directly from the heart and aorta was separated before following investigations were 

performed: 

 Immunohisatochemistray for assessment of VCAM, TNFα, MCP1 and  IL-17A. 

 Lipid profile including total serum cholesterol (TC), low density lipoprotein (LDL), 

and high density lipoprotein (HDL). 

 Oxidation parameter including MDA and GSH. 

 Systemic inflammatory marker hsCRP 

 Histopathological examination of the aorta for assessment of atherosclerosis. 
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All specimens were directly fixed in 100 percent formaldehyde solution for subsequent 

processing. 

Biochemical Procedures  

Serum lipid profile, including total cholesterol and TG, were determined by enzymatic 

methods using an automatic analyser (Abbott, Alcyon 300, and USA). Plasma GSH levels 

was determined using strategies of Beutler [14]. Plasma MDA level was determined by using 

competitive inhibition enzyme immunoassay technique (cusabio; Catalog No. CSB-

E13712Rb). While, determination of hsCRP was done by using rabbit high-sensitive ELISA 

enzyme-linked-immunosorbent serologic assay kit provided by (KAMIYA biomedical 

COMPANY).The measurement was carried out consistent with the manufacturer’s directions. 

Histological examination of the aorta 

For histological analysis of atherosclerosis, the specimens were processed, and embedded in 

paraffin and cut into 5 μm thick sections. The sections of tissue  were stained with 

hematoxylin and eosin. The evaluation of atherosclerotic changes was performed consistent 

with the american  Heart  Association  classification  of  atherosclerosis; type I and type II 

lesions (early lesions), type III lesions (intermediate lesions or preatheroma), type  IV  lesions 

(atheroma), type V lesions (fibro-atheroma or advance lesion) and type VI (complicated 

lesion) [15]. 

Immunohistochemistry 

  Immunohistochemistry was performed with polyclonal goat antibodies, raised against rabbit 

VCAM-1, TNFα, MCP-1 and IL-17A. Staining procedure was administered consistent with 

the manufacturer’s directions (Santa Cruz Biotechnology, Inc). The  intensity of stain   was 

scored to 0: Indicated no staining, 1: Weak, 2: Moderate, 3: Strong, 4: very strong stain 

intensity [16] (fig.1). 

Statistical analysis 

  Statistical analyses were performed using SPSS 12.0 version. information were expressed as 

mean ± SEM. Paired t-test was accustomed compare the mean values within every group at 

completely different time. Analysis of Variance (ANOVA) was used for the multiple 

comparison among all groups. The histopathological scoring was assessed by Mann-Whitney 

test. P< 0.05 was regarded  to be statistically significant in all tests. 
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Results 

Effect of high cholesterol diet 

  Compared to NC group, rabbits consumed cholesterol-enriched diet showed significant 

changes in serum lipid profile, oxidation and inflammatory markers. serum levels of TG, TC 

and LDL-C as well as plasma level of MDA and hs-CRP were considerably (P<0.001) raised. 

additionally plasma levels of GSH were considerably (P<0.001) lower in rabbits consumed 

cholesterol-enriched diet as compared to animals on normal diet.   

Effects of aspirin treatment 

  Compared to atherogenic control, treating hyperlipidemic rabbits with aspirin resulted in 

considerably (P<0.001) lower levels of plasma hs-CRP and MDA. However, aspirin 

treatment caused no significant (P>0.05) alteration within the serum lipids and GSH levels. 

Immunohistochemistry 

  The results of immunohistochemical analysis for rabbit’s aortic arch of VCAM-1, MCP-1, 

TNF-alpha and IL-17A were considerably totally different between all the 4 study groups. 

The median intensity of those markers was highest in AC group (very strong for all markers) 

and lowest in NC group (normal for all markers). aspirin treated group was related to a 

median stain intensity of moderate for VCAM-1 , MCP-1 , TNF-alpha and IL-17A that is 

considerably below the atherogenic control. 

Histopathological findings 

  The atherosclerotic lesions of aortic arch were graded as normal, initial, intermediated, 

advance and complicated lesions (fig. 2). The median histopathological grade of 

atherosclerotic changes was considerably totally different between all the 4 study groups, 

where The median was highest in atherogenic control (advance) and lowest within the normal 

diet control (no abnormality). aspirin treated group was related to a median aortic change 

(initial) that is considerably lower than the atherogenic control. 
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Parameters Groups 

VC NC AC Aspirin treated 

TC (mg/dl) 1116.4±42.91
N 

 46.3±0.99 1017.1±64.94
*
 1008.4±65.31

N
 

TG(mg/dl) 357±35.18
 N

 60±3.47 337.1±40.87
*
 327.9±40.07

N
 

HDL(mg/dl) 22.1±0.77
 N

 15.7±1.46 24.1±1.86
*
 24.9±1.28

 N
 

LDL(mg/dl) 1022.9±38.77
 N

 18.6±1.46 925.6±63.93
*
 918±64.47

N
 

VLDL (mg/dl) 71.4±7.04
 N

 12±0.69 67.4±8.17
*
 65.6±8.01

N
 

Table 1. Change in serum lipid profile in the normal control (NC), atherogenic control (AC), vehicle control 

(VC) and aspirin treated groups. Results are expressed as mean ± SEM; 
*
P < 0.05, as compare to NC group.   

N
 not significant as compare to AC group.  

 
 

 Groups 

parameters VC NC AC Aspirin  treated 

Plasma GSH (mmol/L) 0.527±0.0137
N
 1.114±0.0338 0.568±0.024* 0.783±0.0312** 

Plasma MDA(µmol/L) 0.511±0.0142
N
 0.129±0.0066 0.51±0.0136* 0.312±0.0212** 

Plasma hsCRP (µg/L) 135.7±2.09
N
 33.3±0.78 134.1±1.2* 87.9±1.79** 

 Table 2. Change in mean plasma levels of hs-CRP, MDA a n d  GSH in the normal control (NC), 

atherogenic control (AC), vehicle control (VC) and aspirin treated groups. Results are expressed as mean ± 

SEM;
*
P < 0.05, as compare to NC group; 

**
P < 0.05, as compare to AC group. 

N
 not significant as compare to 

AC group.  

 

 Groups 

Markers VC NC AC Aspirin 

treated 

VCAM-1 Very strong 
*
 Negative  Very strong 

*
 Moderate

**
  

MCP-1 Very strong 
*
 Negative Very strong* Moderate

 **
 

TNFα Very strong 
*
 Negative Very strong* Moderate

 **
 

IL-17 A Very strong 
*
 Negative Very strong* Moderate

 **
 

 
Table 3. The difference in median tissue (VCAM-1, MCP-1, and TNF alpha) immunostain intensity between 

the 4 study groups; 
*
P < 0.05, as compare to NC group; 

**
P < 0.05, as compare to AC group. 
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Figure 1. 

Immunohistochemical staining 

intensity (x40).  

 A: Negative 

 B: Weak stain intensity  

 C: Moderate stain intensity 

 D: Strong stain intensity 

 E: Very strong stain intensity  

 

 

 

 

 

 

Figure 2.  

A cross section of aortic arch from 

hypercholesterolemic rabbit represented 

atherosclerosis progression (x40). 

 A: Normal arterial appearance, 

 B: Initial atherosclerotic lesion  

characterized by lipid laden 

macrophage (foam cells) 

 C: Intermediate atherosclerotic lesion 

characterized by extracellular lipid 

pool.   

D: Advance atherosclerotic lesion 

characterized by core of extracellular 

lipid and.  

E: Complicated atherosclerotic lesion 

characterized by haemorrhagic 

thrombus. 

 

Discussion 

  In this study we have a tendency to found that aspirin had little and no important effects 

on lipid profile in comparison with induced untreated group. This can be in agreement with 

GUYI  et al (2006) [17].   In the present study, we found that aspirin had significant effect on 

plasma MDA and GSH levels where aspirin  inhibited the increase of plasma MDA induced 

in high cholesterol-fed and it increased the plasma level of GSH, these suggesting decrease in 

Oxyradicals and subsequent lipid peroxidation. Moreover the results of our study showed 

found that aspirin had significant effect on plasma hs-CRP level where aspirin inhibited the 

increase of plasma hs-CRP induced in high cholesterol-fed. This results suggest that aspirin 
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have antioxidant and anti-inflammatory effects on the development of hypercholesterolemic 

atherosclerosis. These assumptions are in consistent with other researchers [18,19]. During 

this study it's been shown that aspirin considerably reduced the elevation of inflammatory 

markers (VCAM-1, MCP-1, TNF-α, IL-17) in atherosclerosis model of hypercholesterolemic 

rabbit.  

The immunohistochemistry results associated with decrease of (VCAM-1, MCP-1, TNF-

α) as compared with evoked untreated group. This result was also supported by Tillmann and 

his colleagues [20]. Generally, the therapeutic effect of aspirin is as a result of its platelet 

inhibitory function and their effect on inflammatory markers may well be secondary to the 

antiplatelet and antiatherosclerotic effects of the drug. it's documented that aspirin, after 

interference COX activity, allows this enzyme to provide potent anti-inflammatory mediators 

like lipoxins, that activate their own receptor. apparently, the activation of those receptors is 

related to inhibition of cytokines at the transcriptional level [21]. This could be another 

mechanism effect on vascular inflammation. To the best our information there's no 

knowledge offered for the effect of aspirin on aortic IL-17 expression in 

hypercholesterolemic rabbits, but it plays proinflammatory role in atherogenesis by 

enhancing monocyte/ scavenger cell recruitment into the aortic wall [22]. The present study 

demonstrated that aspirin treatment significantly suppress atherosclerotic lesion induced by 

atherogenic diet in rabbits as compared with induced untreated group. The similar 

observations were reported by Hong et al (2010) [23], Kouraklis et al (2004) [24]. 
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