Can Lipid Lowering with Atorvastatin Reduce Plaque Disruption and Thrombosis?
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Abstract: Lipid lowering with diet alone in an atherosclerotic rabbit model has been shown to reduce the tissue factor, factor VII, matrix metaloproteinases and other elements responsible for arterial inflammation that can lead to thrombosis. 
Introduction
Lipid lowering with diet alone in an atherosclerotic rabbit model has been shown to reduce the tissue factor, factor VII, matrix metaloproteinases and other elements responsible for arterial inflammation that can lead to thrombosis (Aikawa).  However, the definitive test demonstrating that reduction of these elements will actually decrease thrombosis has not been demonstrated. It is no longer ethically possible to conduct controlled clinical trials between statin and placebo therapy in patients at high risk for cardiovascular events due to high cholesterol levels. However, in an atherosclerotic rabbit model of plaque disruption and thrombosis that we have developed, it would be possible to test the hypothesis that the reduction in tissue factor and other thrombogenic and inflammatory molecules will reduce the event outcome as measured by extent of thrombosis. Atherosclerosis is a disease characterized by inflammation, beginning with the earliest identifiable lesion (fatty streak) to the advanced vulnerable plaque. Clinical markers of inflammation, including C-reactive protein, modified low-density lipoprotein, homocysteine, tumor necrosis factor, and thermogenicity, have been identified as emerging risk factors that may add prognostic information in patient management.  The model of plaque disruption and thrombosis can be triggered pharmacologically to evaluate the effect of various interventions on the outcome of thrombus formation in a prospective fashion (Abela). In a recent study of plaque disruption using this model we have demonstrated that the extent of thrombosis is highly correlated with the content of tissue cholesterol (r=0.98) (Ma). Also, human data suggest that the reduction of inflammatory response by lipid lowering with statins has been associated with lower acute events (Ridker). Also, in an atherosclerotic rabbit model, atorvastatin was shown to reduce plaque inflammatory acitivity (Bustos). 

Thus, it would be important to link the reduction of acute events is to a lowered inflammatory process. This could be demonstrated if atrovastatin by lowering the inflammatory activity and oxidative stress can reduce the thrombosis rate in our unique model of pharmacologically triggered plaque disruption and thrombosis.

Study Design

Atherosclerotic NZW rabbits will be evaluated.   Rabbits will be made atherosclerotic by using a high cholesterol diet and balloon endothelial debridement.  After feeding a cholesterol enriched diet for 6 months, the rabbits will be thrombus triggered with Russell’s viper venom (RVV) and histamine as previously reported (Abela). RVV activates clotting Factors V and X and histamine induces vasoconstriction in rabbits. Both these interventions are critical for the development of plaque disruption and thrombosis. 

Two groups each with 20 atherosclerotic rabbits will be thrombus triggered at 6 months. Group I will be kept on a cholesterol enriched diet for 6 months prior to triggering. Group II will be on a cholesterol enriched diet and atorvastatin (3.0 mg/kg; orally daily) for 6 months prior to triggering (Bustos). 

After thrombus triggering, the rabbits are given heparin and then killed with euthanasia solution. The heparin prevents post-mortem thrombi from forming. The aortas will be exposed to evaluate the extent of thrombosis by counting the number of thrombi and planimetery of thrombus surface area. Tissues from the thoracic and abdominal aorta will be sampled for 1) measurement of tissue cholesterol levels by enzymatic techniques (Carr; Folch); 2) quantitative RT-PCR or Northern blot analyses of genes encoding the inflammatory molecules and thrombus; 3) Western blot and immuno-histochemistry study of inflammatory molecules and thrombus; and 4) lucigenin chemiluminescence determination of superoxide generation and plasma nitrite/nitrate levels using the griess reaction. Inflammation markers C-reactive protein, low-density lipoprotein and homocysteine will be detected by immunohistochemistry methods in this project. These studies will help elucidate the mechanism of reduction of plaque disruption and thrombosis.  

Statistics 
Data analysis will be performed using multivariate analysis comparing the two groups relative to the extent of thrombosis as related to cholesterol tissue content and presence and absence of tissue inflammatory markers. Using a 70% event rate we determined that 20 rabbits in each group could yield enough difference to detect a significant change between the two groups. 
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