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Abstract:  

     This research was designed to study  the obesity which induced by rats fed on high fat diet 

which characterized by gain in body weight and elevation of some immunological parameters 

which often concomitant with mild to moderate fatty streak in coronary artery and the effects of 

atorvastatin treatment of male albino rats, the  result showed: 

    High significant increase(p<0.0005)in total and gain body weight of positive control rats, while 

atorvastatin treatment caused significant decrease(p<0.005) in both total and gain body weight of 

hyperlipidemic rats as compared with positive control group, also atorvastatin reduce gain body  

weight in normolipidemic rats as compared with negative control group. 

    There were high significant increase(p<0.0005)in C3,C4 in normolipidemic rats which treated 

with atorvastatin, while there were significant increase(p<0.0005)in CRP,C3,C4 in hyperlipidemic 

rats of positive control group, whereas the treatment by atorvastatin result in returned the 

concentration of CRP,C3,C4 to its normal values as compared to negative control rats. 

    The histological sections of coronary arteries and its some branches were revealed the presence 

of fatty streak, infiltration of fat laden cells(foam cells)in subintimal layer of coronary arteries of 

positive control rats ted on HFD,also smooth muscle cell proliferation, vacuolar of tunica media 

were observed in the coronary arteries of these animals as a signs of onset of atherosclerosis, 

whereas atorvastatin reduced completely the presence of all these changes after three months of 

treatment.Thus our conclusions that atorvastatin reduced the body weight gain in hyperlipidemic 

animals, induce inflammatory changes in normolipidemic animals and reduced all signs of 

atherosclerosis in coronary arteries.     
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   الخلاصة:

صمم هذه البحث لغرض دراسة السمنة المستحثة بالغذاء عالي الدهن والتي تتصف بزيادة الوزن المكتسب وارتفاع المعايير         

ى المناعية الالتهابية والتي غالبا مايرافقها تراكم خفيف الى معتدل للدهون في الشريان التاجي وتاثير العلاج بعقار الاتورفاستاتين عل

 وقد اوضحت نتائج الدراسة مايلي: لامهق.ذكور الجرذ ا
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( في وزن الجسم المكتسب والكلي في مجموعة السيطرة الموجبة,فيما تسبب عقار p<0.0005حدوث زيادة معنويةعالية جدا )     

 في وزن الجسم المكتسب والكلي في الجرذان الطبيعية الدهن, p<0.005)الاتوتورفاستاتين في حصول انخفاض معنوي عالي)

( في وزن الجسم المكتسب و الكلي في الجرذان مفرطة الدهن والتي عولجت p<0.0005وحدوث انخفاض معنوي عالي جدا)

 بالعقار المذكور اذا ماقورنت بمجموعة السيطرة الموجبة.

يتن,فيما ارتفع في الجرذان طبيعية الدهون والمعاملة بعقار الاتورفاستا C3,C4( كل من مكوني المتمم P<0.0005ارتفع معنويا)

مجموعة السيطرة الموجبة ,فيما ادى العلاج بعقار -في الجرذان مفرطة الدهن C3,C4بروتين الطور الحاد ومكوني المتمم 

الى مستوياتها الطبيعية اذا C3,C4الاتورفاستاتين الى اعادة التركيز الطبيعي لبروتين الطور الحاد وكذلك تركيز مكوني المتمم 

 بالسيطره السالبة.ماقورنت 

اوضحت المقاطع النسجية للشريان التاجي وبعض فروعه وجود تراكم وارتشاح للخلايا المحملة بالدهن تحت الطبقة البطانية     

للشريان التاجي للجرذان في مجموعة السيطرة الموجبة والتي تغذت على غذاء عالي الدهن طيلة فترة الدراسة,كما كثرت الخلايا 

لملساء في الغلالة الوسطى وكثرت الفجوات في هذه الطبقة ,كعلامات لبدء تصلب هذه الشرايين في هذه الحيوانات.فيما العضلية ا

ازال العلاج بعقار الاتورفا ستاتين معظم الاثار السلبية المترتبة على فرط الدهون والتي ظهرت بشكل تصلبات خفيفة في بعض 

 الشرايين التاجية.

خفض وزن الحيوانات مفرطة الدهن واستحث تغيرات التهابية في الحيوانات  قد لاستنتاج ان عقار اتورفاستاتينوعليه يمكن ا     

 .ةالتاجي ايينتصلب الشر ىطبيعية الدهن واختزل جميع العلامات الدالة عل

Introduction:                   

      Diets containing high amount of fats or cholesterol lead to both hypercholesterolemia and 

hypertriglyceridemia which are major prognosis for cardiovascular diseases CVD[1]; and leading 

cause of death in developing and developed countries[2]. 

       HFDs are known as a risk factor for coronary vascular diseases (CVD), insulin resistance and 

obesity accompanied by systemic inflammation, the features of metabolic syndrome [3]. 

     Obesity is a severe metabolic disorder, characterized with increases in energy intake and a 

decrease in energy output concerning body weight and glucose metabolism [4]. Obesity is 

associated with many important complications such as diabetes and coronary heart disease [5]. 

       The obesity and diabetes are often associated with Hyperlipidemia in a condition known as 

metabolic syndrome, which is characterized by a low serum HDL-C and elevated TG. Levels, blood 

pressure and blood glucose levels following a 12 hour fast [6].  

      Hyperlipidemia (mainly increased level of cholesterol or low density lipoprotein (LDL)-

cholesterol) is an important risk factor in the initiation and progression of atherosclerotic lesions 

[7].  

     Atherosclerosis is a common condition in both developed and developing countries and is now 

recognized to be an inflammatory condition leading to the development of ischemic heart diseases, 

cerebrovascular diseases and peripheral vascular disease. Atherosclerosis and its attendant 

morbidity and mortality remain a global health issue, with more than 17.5 millions death worldwide 

yearly attributable to the cardiovascular complication of this disease. The common risk factors for 

developing atherosclerotic cardiovascular disease, hyperlipidemia, hypertension, tobacco use, 

diabetes mellitus, and family history, alone or in combination, are associated with 

pathophysiological vascular phenotype [8]. One of the most important imitial events in the 

development of atherosclerosis is the accumulation of cells containing excess lipids within the 

arterial wall which mostly macrophages transformed monocytes that engulfment oxidized-LDL to 

become foam cells or fat laden macrophages. [9].  

    Walt illustrated that the pathogenesis of atherosclerosis includes a highly complex series of 

inflammatory, metabolic, thrombotic and other known, possibly also some as yet unidentified 

mechanisms; moreover, the feared end points of atherosclerosis are cardiovascular disease (CVD) 
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which have the main causes of death and disability in developed countries[10]. Traditionally 

atherosclerosis has been thought to be solely a lipid accumulation disease in the arteries [11]; also 

inflammation plays a substantial role in the development and aggravation of atherosclerosis. On the 

other hands certain studies revealed that all the branches of the immune system are known to 

participate in the pathogenesis of atherosclerosis [12].  

   Till now many efforts were performed to find out good medications against hyperlipidemia and its 

consequence coronary artery disease which collectively called Hypocholesterolemic drugs, Such as 

statins. Statins   are widely prescribed medications effective to reduce blood lipids level. 

Atorvastation are members of an important class of lipid-lowering drugs, inhibitors to HMG-COA 

reductase. It’s competitive inhibition of HMG-COA reductase reduce the amount of HMG-COA 

converted to Mevalonate, the rate-limiting step of cholesterol biosynthesis [13]. Thus this study was 

done to investigate  the role of high amount of fat in diet which induces obesity and inflammatory 

process that eventually lead to atherosclerosis, before and after treatment with atorvastatin. 

Materials and Methods:   

Animals and groups: 

      Eighty male albino rats (Rattus norvegicus) was purchased from animal care center college of 

Medicine, University of Baghdad, Iraq, their ages ranged between    (3.5-4) months, while weight 

were between (200- 250 g).Animals were housed in controlled condition of temperature (25 ± 3C
°
), 

and 12 hours light-dark cycles. Rats was acclimatized for two weeks and access to drink water add 

libitum and standard chow diet, then divided in to two major groups, each of forty animals.  

  1-Normolipidimic group: This group consists of two sub groups each of ten animals. The animals 

were caged in two large polypropylene cages (five rats for each cage). The animal in this groups 

maintained on standard   chow for four months, then administered orally once daily for three 

months of the following treatments:   

1-1-Subgroup (1): Normal control group (negative control). This group was administered orally by 

gastric gavages 1ml normal Saline /Animal/ day. (N.NS). 

1-2-Subgroup (2) :( soluble albumin treated animals) Immunized group: each animal in this group 

was administered orally of 2% soluble albumin prepared in normal saline (PH=7.4).  

1-3-Subgroup (3): Atorvastatin treated animals: each animal in this group was administered orally 

of 1 ml of atorvastatin 5mg/kg/day. (N.ATO.). phosphate buffered). 1ml of 2% soluble 

albumin/Animal/day. (N.NS+S.alb.). 

1-4-Subgroup (4) : Atorvastatin and soluble albumin treated animals : each animal in this group was 

administered orally of 5mg/kg/day of atorvastatin concomitant with 2% soluble 

albumin.(N.ATO+S.alb.). 

2-Hyperlipidemic group: Animals in this group were fed on hyperlipidemic diet(HFD) for four 

months, Which were maintained on cholesterol-rich diet (HFD) for four months to induce 

Hyperlipidemia in this group.   At the end of this period rats were divided in to four subgroups each 

of ten rats which were caged in two poly propylene cages (each cage contained five rats). And 

treated as following: 

2-1-Subgroup (1): Hyperlipidemic control rats: Each rat was administered once daily orally 1ml of 

normal saline by gastric gavages. (H.NS.). 
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2-2-Subgroup (2): Soluble albumin treated rats:    Each rat in this group was administered orally 

1ml of 2% soluble albumin prepared in normal saline. (H.NS+S.alb.). 

2-3-Subgroup (3): Atorvastatin treated rats: Each rat in this group was administered orally 5mg/kg/ 

day of atorvastatin.(H.ATO). 

2-4-Subgroup (4): Atorvastatin and Soluble albumin treated rats: Each rat in this group was 

administered orally 1ml of 5mg/kg/day of atorvastatin with 2% soluble albumin (atorvastatin and 

Soluble albumin were prepared in phosphate buffer PH = 7.4).(H.ATO+S.alb.). 

At the end of second period of experiment which called treatment period which continuous for three 

months, all animals in the normolipidemic and hyperlipidemic groups were weighted and scarified 

after overnight fasting. 

Blood Sampling: 

   A bout 5ml of Blood was collected by direct heart puncture after overnight fasting at end of three 

months (second period of study), and after anesthetized of animal with chloroform and ketamin 

hydrochloride injection, blood was placed in gel test tube and left to stand for 30 minutes at room 

temperature to allowing clotting. The serum  samples were prepared by centrifugation at 3000 rpm 

for 10 minutes to estimate the levels of complement components C3,C4,and C-reactive protein CRP 

(Immunological assays). 

C-reactive protein (CRP):  

   The  reagents were supplied by Spinreact and serum C-Reactive protein (CRP) was measured 

according to [14]. 

Determination of the C3,C4 proteins:   

    The reagents were supplied by LTA-Bussero (Milan). Italy, and serum C3,C4 protein was 

measured according to [15]. 

Histopathology 

According to[16] processing and staining technique was as follow: Tissue ( heart with 5mm of aorta 

which contain the origin of coronary artery) obtained from all experimental groups were washed 

immediately with saline and then fixed in 10% buffered neutral formalin solution. After fixation, 

the tissue was processed by embedding in paraffin. Then, the tissue was sectioned and stained with 

hematoxylin and eosin (H&E) and examined under high power microscope (200,400X) and 

photomicrographs were taken. 

Statistical analysis:   

       Statistical Package for Social Science (SPSS) system/ version 13 was used to analyze our 

results. The analysis of variance (ANOVA) and the paired sample T test were used for this purpose.  

Results: 

Body weight measurement:                               

      As shown in table 2,results of this study showed body weight changes in experimental animals 

and the changes represented by a gain in body weight between the final and initial body weight 

.There was significant decrease (p<0.005) in body weight gain in group (1-3)N.ATO. which treated 

with atorvastatin (154.07±11.825) compared to negative control group(1-1) normolipidemic rats 

treated with normal saline (192.33± 34.54),but there was insignificant changes(p>0.05) in body 

weight gain in both groups (1-2,1-4)which treated with normal saline supplemented with 2% 
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soluble albumin ,or atorvastatin with 2% soluble albumin respectively compared with negative 

control rats. By comparison of negative control ,positive control rats(2-1.H.NS.) have significant 

increase (p<0.0005) in body weight gain (277.5± 33.53).There was no significant difference  in 

body weight gain (p>0.05) in group (2-2)hyperlipidemic rats treated with normal saline and 

2%soluble albumin compared to hyperlipidemic rats(2-1 H.N.S.) positive control,but there were 

significant decreases(p<0.0005) in body weight gain in hyperlipidemic rats treated either with 

atorvastatin alone or supplemented with 2%soluble albumin (205.71±20.84 

,211.74±10.41)respectively. All experimental groups haven´t any significant differences in their 

initial body weight as compared with each others.                                                                                                    

   Final body weight decrease significantly (p<0.05) in normal rats treated with atorvastatin 

,whereas there is  insignificant changes(p>0.05) in final body weight in both groups (1-2,1-4) as 

compared with negative control(1-1).                                                                                            

Hyperlipidemic rats (positive control) have significant increase in their final  body weight 

(p<0.0005) compared to negative control (normolipidemic rats).whereas there are significant 

decreases (p<0.005) in the final body weight of both groups(2-3,2-4), hyperlipidemic rats treated 

either with atorvastatin only or supplemented with 2%soluble albumin compared with positive 

control. 

Table (1):changes of body weight in study groups: 

Body weight(mean±S.D)                                   Groups                      

        Gain in body 

weight (gm.) 

Final body weight 

(gm.) 

Initial body 

weight (gm.) 

192.33±34.54 465.62±47.37 273.29±19.68
a 

1-1-N.N.S. 

178. 02±10.53
a 

452.93±21.17
a
      274.91±16.94

a 
1-2-N.N.S+S.alb. 

154.07±11.825 
**b 

425.98±20.42
*b 

271.1±18.0017
a 

1-3-N.ATO 

202.7±16.91
a 

483±27.43
a 

280.3±13.94
a 

1-4-N.ATO+S.alb. 

277.5±33.53
***c 

544±45.60
***c 

276.5±19.43
a 

2-1-H.N.S. 

251.37±22.44
a 

524.41±28.75
a 

273.06±17.042
a 

2-2-H.N.S+S.alb. 

205.71±20.84 
***d 

480.68±35.25
**d 

274.97±16.088
a 

2-3-H.ATO. 

211.74±10.41 
***d 

484.65±24.22
**d 

272.91±16.41
a 

2-4-H.ATO.+S.alb. 

All values represent mean±S.D(N=10),* Significant differences (p<0.05),   **Significant 

differences (p<0.005)),***Significant differences (p<0.0005), a=no significant differences, 

b=significant differences when compare group(1-3)with negative control group(1-1)., 

c=significant differences when compare positive control group(2-1)to negative control group(1-

1), d=significant differences when compare hyperlipidemic treated groups(2-3,2-4),with its 

respective positive control group(2-1). 

Changes in an Immunological Parameters in   Different  Study Groups: 

         Complement  components C3 ,C4 , and C-reactive  protein  plasma  concentration results 

were illustrated in table(3). There was high significant increase(p<0.0005)in C3 concentration 

(268.09±28.894) in normal rats treated with atorvastatin(5mg/kg/day) and less significant 

increase (p<0.005) in normal rats treated with atorvastatin(5mg/kg/day) supplemented with 

2%soluble albumin compared to negative control (214.110±24.041). 

       High fat diet(HFD)(2%cholesterol)result in high significant increase (p<0.0005)in C3 

concentration in hyperlipidemic rats (positive control) compared to negative control rats, 

whereas atorvastatin significantly decrease (p<0.0005) C3 concentration in hyperlipidemic rats 
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treated with this drug  compared to positive control rats, as well as there was improvement in C3 

concentration supported by high significant decrease (p<0.0005) in hyperlipidemic rats treated 

with atorvastatin supplemented with 2%soluble albumin compared to hyperlipidemic positive 

control rats. 

     Normal rats which treatment with atorvastatin (5mg/kg/day)for three months showed highly 

significant increase (p<0.0005)in C4 concentration (111.02±5.268)compared to respective 

value(82.640±4.126) which observed in negative control rats, as well as atorvastatin 

supplemented with 2%soluble albumin result in significant increase(p<0.05)in C4 concentration 

(92.15±6.04) compared to negative control rats. 

      Rats feed on high fat diet (2%cholesterol)for seven months  observed    to have high 

significant increase (p<0.0005)in C4 concentration (106.750±10.257) compared to negative 

control rats, whereas these rats treated either with 2%soluble albumin or atorvastatin 

(5mg/kg/day) alone were observed to undergo improvement with significant decrease (p<0.05) 

in C4 concentration compared to positive control rats , but there was high significant 

decreases(p<0.0005) in C4 concentration in hyperlipidemic rats treated with 

atorvastatin(5mg/kg/day)together with 2%soluble albumin. 

     Hyperlipidemic rats in positive control group were observed to have significant 

increase(p<0.0005)in CRP concentration(11.4±1.9) compared to negative control(6.0±0.0). 

Atorvastatin alone(5mg/kg/day)and supplemented with 2%soluble albumin 

significantly(p<0.0005)reduced CRP concentration to its normal value in hyperlipidemic rats 

treated by this drug compared to positive control rats. 

  Table(2):changes in an immunological parameters  in different study groups:   

Groups C3 mg/dl±S.D C4 mg/dl±S.D CRP mg/l±S.D 

1-1-N.N.S 214.110±24.041 82.640±4.126 6.0±0.0 

1-2-N.N.S+S.alb. 232.07±39.95
a 

72.32±15.71
a 

7.2±2.53
a 

1-3-N.ATO. 268.09±28.894 
***b 

111.02±5.268 
***b 

7.8±2.9
a 

1-4-N.ATO.+S.alb 259.76±23.184 
**b 

92.15±6.04
*b

 6.6±1.9
a 

2-1-H.N.S. 270.580±15.914
***c

 106.750±10.257
***c 

11.4±1.9
***c 

2-2-H.N.S.+S.alb. 201.360±17.199
***d 

94.17±10.60
*d 

10.8±2.53
a 

2-3-H.ATO. 212.890±31.171
***d 

97. 960±4.627 
*d 

7.2±2.53
**d 

2-4. H.ATO.+S.alb. 183.840±19.610
***d

 92. 15±6.04
***d 

6.6±1.9
***d 

All values represent mean±S.D from(n=10)rats.*Significant differences (p<0.05),**Significant 

differences (p<0.005), ***Significant differences (p<0.0005). a=no significant differences , 

b=significant differences between group  (1-1) and groups(1-2,1-3,1-4). c=significant 

differences between group(1-1) and group(2-1). d=significant differences between group(2-1) 

and groups (2-2,2-3,2-4).  

 Histopathology of coronary artery:  

     Microscopic  examination of cross-section of normolipidemic heart muscle rats (group 1-

1)stained with heamatoxylin-eosin stain shows well defined very thin intimal layer, consist of 

endothelium layer, distinguish media, and adventitia figure (1). In all normolipidemic rats treated 

either with atorvastatin alone or supplemented with soluble albumin there were no changes in its 

coronary arteries and similar to normal control rats figure (1).  

     Compared with negative control group, microscopic examination of hyperlipidemic positive 

control rats showed mild intimal wall thickness and increase of the total thickness of the 
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coronary artery wall in all ten rats fig(2,3). Moreover fatty streak characterized by foam cells 

appeared in sub intimal layer , as well as irregular thickened media with mild degree of smooth 

muscle cells(SMC) proliferation in some cases and vacuolar of tunica media as showed in 

figure(4). 15%of these animals developed atheromatus plaque in this group figure(5). 

Hyperlipidemic rats treated either with torvastatin(5mg/kg/day) alone or supplemented with 

soluble albumin2% revealed no fatty streak nor atheromatus plaque in any of twenty rats of these 

two groups ,only mild thickness of intimal and total wall thickness in some cases, about two of 

ten in group(2-3) and one of ten in group (2-4) as observed in figure (6). 

Discussion: 

      Development of atherosclerotic disease is a complicated process involving accumulation of 

lipid-containing particles in the walls of coronary arteries and other major arteries within the 

body. A high-fat diet causes cholesterol levels to increase in susceptible people, which leads to 

obesity. The weight gain in high cholesterol diet (HCD) of rats was significantly higher than 

control rats reflecting the influence of high cholesterol diet[17]. Similarly, in present study there 

was significant weight gain in positive control group which fed on (HCD) for seven months as 

compared to normal control groups. 

     Cholesterol 2%supplemented diet in positive control rats caused significant increase in both 

final and gain body weight compared with negative control rats. It has been shown that High fat 

diet (HFD) induce body weight gain and adiposity in animals and humans [18]. Similarly, we 

found that 2%cholesterol fed animals for seven months caused significant increases in body 

weight gain  and adiposity may be due to increased intra-abdominal fat pad mass, this increase 

may be attributed to increase in food intake as well as to increase of subcutaneous, visceral and 

abdominal adiposity(such as abdominal, perirenal, epididymal, retroperitoneal white adipose 

tissues)[19].   

     Normolipidemic and hyperlipidemic rats treated by atorvastatin for three months had 

undergone decrease in the body weight gain as well as final body weight compared to their 

respective control group. Atorvastatin, a recently introduced statin produces pronounced lipid 

lowering via 3-hydroxy3-methylglutarylCoenzymeA reductase inhibition (HMG-CoA). 

Atorvastatin lead to greater decreases in   LDL-C,TG and apo-B levels than other 

statins[20],which lead to decrease of  deposition of lipid in body organs and reduce body weight. 

     In experimental field, this result consistent with other study of  [21]who noticed that 

hyperlipidemic rats treated for eight weeks with atorvastatin significantly reduced body weight 

and attenuated HFD-induced hyperlipidemia and liver steatosis in rats.   

     

     Complement component (c3, c4 ) concentrations showed significant increases in positive 

control rats as compared with negative control rats, as well as their values remained  without any 

change in rats  treated with normal saline supplemented with 2% soluble albumin as compared to 

positive control rats. The possible explanation of our result that the increases of complement 

component plasma concentrations may be due to its production by different types of cells such as 

adipocytes, hepatocytes, macrophages, vascular smooth muscle cells VSMC which stimulated by 

c-reactive protein as mechanism defense during  hyperlipidemia and atherosclerosis,CRP is able 

of activating adaptive immune response via activating complement system (classical pathway), 

in which C1q is one of the binding sites of CRP, thus, CRP stimulate early phase of complement 

cascade , one of which C4[22].   

     C3 is also formed in different cells, such as hepatocytes and macrophages,it could be 

hypothesized that the C3 increase is not adipocyte-derived but it may have its origin in the liver. 

Persistently increased concentrations of chylomicron remnants may lead to enhanced C3 
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production by the liver, as has been demonstrated for cytokines [23]. Alternatively, chylomicron 

remnants are taken up by macrophages, and the late C3 increase may originate from these cells. 

      The link between C3 and lipid metabolism is implied by the association of serum C3 

concentration with serum lipid levels. There are some evidences which referred to   higher serum 

C3 levels in hypertriglyceridemic subjects as compared to normolipidemic control subjects. 

Serum C3 also seems to be elevated in obesity [24]. 

     The relationship between serum C3 and various CHD risk factors may therefore reflect the 

degree of atherosclerosis, which is enhanced by the CHD risk factors. Atherosclerosis is a 

complex inflammatory disease triggered by several cardiovascular risk factors (e.g., 

hyperlipidemia,  hypertension, obesity, diabetes, smoking), which promote endothelial damage 

and neointimal accumulation of various cell types (e.g. VSMCs, monocytes/macrophages, T- 

cells and dendritic cells), and non-cellular material, such as modified lipids and extracellular 

matrix components[25].   

          Hyperlipidemic rats induced by fed  on HFD (2%cholesterol supplemented diet)for seven 

months  showed significant increases in    c-reactive protein levels (both positive control and 

immunized groups). Our finding could be attributed to that the CRP is produced basically in 

response to any kind of inflammatory stimulus. It  is produced mainly by liver in response to 

inflammatory signals, most prominently IL-1ß, IL6  and TNF-α . The most important cells that 

secrete IL6 , IL1ß and TNF-α is stimulated monocyte and macrophages, endothelial cells, 

fibroblast cells and plasma cells all of which were contributed in hyperlipidemia and  early 

atherosclerosis events [26]. CRP can also be directly synthesized by the cells at the site of 

inflammation e.g. monocytes, endothelial cells, fibroblasts and adipocytes [27]. CRP recognizes 

particles that express phospocholine, phospocholine is located between phospholipids in cell 

membranes and in normal conditions it is coated so that CRP cannot interact with it. but, when 

the cell membrane is damaged, CRP is able to interact with the phospocholine and initiate 

inflammatory response. This could be an important mechanism in the apoptotic and necrotic 

cells elimination, as well as, CRP can be bound to nuclear material such as   histones, chromatins 

and ribonucleic acid particles. From   all these interactions we can concluded  that the function of 

CRP could be the removal of disposable materials,which can be lead to  aggravate of 

athersclerosis in absence of CRP [28]. 

       atorvastatin alone or in combination with 2% soluble albumin was decreased significantly  

the CRP concentration to its normal value in hyperlipidemic rats (both   H.ATO and 

H.ATO+S.alb. groups) as compared to negative control rats. This result could be attributed to the 

actions of atorvastatin which observed to reduces tissue injury as well as reduced atherosclerosis 

plaque , therefore reduces the inflammatory markers(CRP,C3,C4). 

     Another possible reason for decreased of CRP concentration in hyperlipidemic rats treated 

with atorvastatin  was detected by [29]who demonstrate that Atorvastatin reduces the number of 

intimal macrophages, monocyte-chemoattractant protein-1 (MCP-1) and the activation of nuclear 

factor NFkB in hypercholesterolemic rabbits . Cytokines receptors are coupled to GTP-bound 

proteins, and the binding of leukocytes to the endothelium is regulated by G protein. Statins can 

affect small GTP-ases or trimeric G proteins, by preventing their prenylation and thus reducing 

the inflammatory response[30]. Statins diminish leukocytes recruitment in postcapillary venules, 

stimulated by a lipid mediator (platelets activation factor-PAF or leukotriene B4) in 

hypercholesterolemic rats[31]. Another antiinflammatory effect of statins on monocytes and 

macrophages was the decrease of the expression of intercellular adhesion molecule -1 and the 

secretion of interleukine-6 (IL-6), induced by lipopolysacharides (LPS) [32], by these effects 

atorvastatin may acts to decrease the inflammatory markers(CRP,C3,C4)which used in our study 

which elevated after induced hyperlipidemia in our model.  

       Histology of coronary artery and its branches in hyperlipidemic rats fed on 

HFD(2%cholesterol)for seven months showed mild to moderate degrees of atherosclerotic 
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lesions  which represented by fatty streak, subintimal foam cell infiltration, mild smooth muscle 

cell proliferation, vacuolar of medial layer,  all these events represent the first steps of 

atherosclerosis onset in the coronary arteries. These changes in coronary vessels of 

hyperlipidemic rats could be attributed to high levels of cholesterol in both serum and tissues 

particularly in the arteries, these conditions could induces oxidized-LDL, by oxidative stress that 

result from ROS which lead to transforming of monocytes to macrophage, with phagocytosis of 

ox-LDL, these cells become macrophage laden fats(foam cells) which filled subintimal layer and 

form fatty streak in the coronary arteries[33] The  earliest type of lesion, the so-called fatty 

streak, which is common in infants and young children, is a pure inflammatory lesion, consisting 

only of monocyte-derived macrophages and T lymphocytes, whereas  in persons with 

hypercholesterolemia, the influx of these cells is preceded by the extracellular deposition of 

amorphous and membranous lipids[34]. 

     Atherosclerosis is an inflammatory disease. Because high plasma concentrations of 

cholesterol, in particular those of low-density lipoprotein-cholesterol(LDL-c), are one of the 

principal risk factors for atherosclerosis, the process of atherogenesis has been considered by 

many to consist largely of the accumulation of lipids within the artery wall[33]. The endothelial 

dysfunction that results from the injury leads to compensatory responses that alter the normal 

homeostatic properties of the endothelium. Thus, the different forms of injury increase the 

adhesiveness of the endothelium with respect to leukocytes or platelets, as well as its 

permeability. The injury also induces the endothelium to have procoagulant instead of 

anticoagulant properties and to form vasoactive molecules, cytokines, and growth factors. the 

inflammatory response stimulates migration and proliferation of smooth-muscle cells that 

become intermixed with the area of inflammation to form an intermediate lesion. If these 

responses continue unabated, they can thicken the artery wall, which compensates by gradual 

dilation [45]. As for the inflammatory cells, granulocytes are rarely present during any phase of 

atherogenesis. Instead, the response is mediated by monocyte-derived macrophages and specific 

subtypes of T lymphocytes at every stage of the disease[36]. 

       Continued inflammation results in increased numbers of macrophages and lymphocytes, 

which both emigrate from the blood and multiply within the lesion. Activation of these cells 

leads to the release of hydrolytic enzymes, cytokines, chemokines, and growth factors, which can 

induce further damage and eventually lead to focal necrosis. Thus, cycles of accumulation of 

mononuclear cells, migration and proliferation of smooth-muscle cells, and formation of fibrous 

tissue lead to further enlargement and restructuring of the lesion, so that it becomes covered by a 

fibrous cap that overlies a core of lipid and necrotic tissue-a so-called advanced, complicated 

lesion. At some point, the artery can no longer compensate by dilation; the lesion may then 

intrude into the lumen and alter the flow of blood[33]. 

     Coronary arteries in hyperlipidemic rats treated with atorvastatin showed improvement in the 

walls of these arteries, there were no fatty streak nor atheromtous plaque, this improvement may 

be attributed to the actions of atorvastatin which exerts its actions through different mechanisms. 

It reduce total cholesterol as a competitive inhibitor  of HMG-CoA reductase. As well as 

increase receptors of LDL in the hepatocytes which lead to elimination of  plasma LDL, a further 

reduction of cholesterol by activation of conversion of cholesterol to bile acids. Decreased lipid 

peroxidation another probable reason by which atorvastatin could use to reduce atherosclerosis 

and considered to be the best antihyperlipidemic agent[37]. 

       Inhibition of several mechanisms involved in the formation of atherosclerotic lesion, 

including monocyte infiltration, smooth muscle cell migration and proliferation, activation of ox-

LDL receptors and cell foam formation, could account for the reduction in intimal thickening 

induced by atorvastatin[38]. Similar to that observed with atorvastatin ameliorated endothelial 

dysfunction and reduced intimal thickening in atherosclerotic rabbits[39].  
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Figure(1)cross-section of coronary artery of group(1-1), intima (black arrow), media(white arrow), 

adventitia(yellow arrow)adipose tissue(orange arrow),200x.Figure(2)cross-section of coronary artery of 

group(2-2), mild fatty streak(black arrow),irregular thickness of coronary wall(yellow arrow)400x. 

Figure(3)cross-section of coronary artery of group(2-1) moderate fatty streak lesion(black arrow) 

proliferation of smooth muscle cells(yellow arrow),400x.Figure(4) cross-section of coronary artery 

,proliferation of smooth muscle cells(black arrow) vacuolation of tunica media(yellow arrow), foam 

cell(white arrow),400x., Figure(5)cross-section of coronary artery of group(2-1) moderate fatty streak,400x., 

Figure(6)cross-section of coronary artery with normal architecture after treated by atorvastatin of group(2-

3),400x. 
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