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ABSTRACT 

 

 

Effects of Statin Therapy at High Doses versus Low Doses  

in an Atherosclerotic Rabbit Model 

 

Sung-Kyung Bong 

Dept. of Science for Aging 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung-Sun Kim) 

 

 

Background: Cardiovascular disease (CVD) is a major cause of death in the world and 

death rates are expected to continue increasing. Atherosclerosis is the main cause of 

pathological changes leading to CVD. It is a disease in which inflammation occurs with 

plaque formation in an arterial wall. The inflammatory response, which includes the 

creation subsets of monocytes and inflammatory mediators, affects the progression and 
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regression of atherosclerosis. Macrophages heterogeneity in atherosclerotic lesions 

consists of the pro-inflammatory process M1 and the resolution and repair process M2. 

 This progression of atherosclerosis is accelerated in diabetes and appears to form a more 

advanced and complex lesion. Diabetic patients with cardiovascular disease have 

significantly more risk factors for cardiovascular events and complications than patients 

without diabetes. It is known that the polarization of macrophages and the acceleration of 

inflammation in diabetes cause atherosclerosis. 

 The first drug to be used for such diabetic and non-diabetic atherosclerosis is “statin”. 

Statin, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, exhibits a lowering 

effect on lipids, a reduction in inflammation, and a stabilizing effect on plaque. It has 

been reported that high-dose statin treatment significantly reduces inflammatory 

mediators and cause a change in the macrophage balance through a decrease in M1 and 

an increase in M2. Also, high-dose statin therapy has been shown to be effective in both 

diabetes and non-diabetes patients in atheroma regression.  

Although statin therapy has been reported to be less effective in patients with diabetic 

atherosclerosis, the findings on how atheroprotecticve effects differ in diabetics and non-

diabetices in dose-dependent statin treatment are still insufficient, and data on differences 

in high doses versus low doses statin therapy on macrophage M1, M2 polarization is also 

insufficient.  

Therefore, we first observed how dose-dependent statin therapy differs in the 

atheroprotective effects on rabbits with and without diabetes. Second, we examined the 

changes of M1, M2 macrophage polarization in high doses versus low doses statin 

therapy. 

Methods: Diabetes was induced in eight rabbits with alloxan 70-100mg/kg IV 

injections. A total of 19 male New Zealand white rabbits were fed a 1% cholesterol diet 

for seven weeks and changed to a normal diet or a normal diet plus statin high/low-dose 

treatment for eight weeks. A balloon injury was performed on the aortic artery by balloon 

inflation in the ration of 1:1.3. The rabbits were divided into six groups.  
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 G1: ND, non-diabetes group (n=3).  

 G2: NDL, non-diabetes plus low-dose statin treatment (1mg/kg daily, n=5).  

 G3: NDH, non-diabetes plus high-dose statin treatment (5mg/kg daily, n=3) 

 G4: D, diabetes group (n=3)  

 G5: DL, diabetes plus low-dose statin treatment (1mg/kg daily, n=3) 

 G6: DH, diabetes plus high-dose statin treatment (5mg/kg daily, n=2) 

All lesions were assessed with OCT and angiography and at the end of the study, the 

aortas were harvested for histological analysis. 

Results: Significant decreases in atheromatous plaque, macrophage infiltration, 

inflammation marker level, high-risk plaque expression level, and vessel stenosis were 

observed only in the non-diabetes high-dose statin treatment group. The high-dose statin 

therapy had trend to induce M1 to M2 polarization in a non-diabetes group, but not in a 

diabetes group.  

Conclusion: High-dose statin treatment was more effective in providing 

atheroprotective effects and inducing the change of macrophage M1 to M2 polarization 

than low-dose statin treatment in the non-diabetes group, and these effects of high-dose 

statin therapy are attenuated in the diabetes group. 

  

 

 

 

 

 

 

 

Key words: Atherosclerosis, Diabetes, Statin, Atheroprotective effect, Macrophage, 

Optical coherence tomography, Angiography.  
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I. INTRODUCTION 

 

 

Cardiovascular diseases (CVDs) are a leading global cause of death and death rates are 

expected to increase (1). Among CVDs, atherosclerosis causes the main pathological 

changes, a complex inflammatory, and immune response (2-4). This disease produces 

atheromatous plaque in the lining of the arteries (4). The inflammation of atherosclerosis 

occurs with lipid accumulation in intima (3). During the inflammation, several subsets of 

monocytes have a significant role in atherosclerosis (5).  

Progression and regression of atherosclerosis is associated with not only the 

inflammatory mediators but also events of monocyte subsets in the arterial wall (6). Many 

macrophage phenotypes derived from these monocyte subsets are found in plaques and 

affect plaque development (5). Macrophage heterogeneity in atherosclerosis lesions 

consist of the pro-inflammatory process M1 and the resolution and repair process M2. 

Especially M1 macrophages in the atheroma induce high levels of effectors such as tumor 

necrosis factor and accelerate the inflammation (5).  

The current research on the polarization of macrophages M1 and M2 suggests that a 

variety of macrophage subtypes are involved in the progression of atherosclerosis. In the 

early lesion, the M2 macrophage is invaded, whereas in the progression of the 

development of the lesion, M2, which was already present, is switched to M1. The M2 

macrophage plays an anti-atherogenic role due to its ability to restore inflammatory 

responses and inhibits the recruitment of inflammatory cells (7). The markers of M1 

include iNOS and TNF-α, and the marker of M2 is typically Arg-1. 

The mechanisms of atherosclerosis are clearly exacerbated in diabetes and 

atherosclerotic lesions in diabetes occur with more advanced, complex conditions (8). 

Diabetic patients with CVD exhibits accelerated disease progression and have a 
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significantly higher risk of cardiovascular events compared to patients without diabetes 

(9). In addition, about two-thirds of deaths in diabetic patients are because of CVD (8, 10). 

In diabetes, macrophage proliferation and the acceleration of inflammation cause 

atherosclerosis due to injury of the artery wall (8). Macrophages are also involved in 

atherogenesis and play an important role in accelerated CVD disease and complicated by 

diabetes (11). Researching the burden of atherosclerosis in diabetes is an important 

clinical imperative (8). 

 Statin, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, is the first-line 

pharmacotherapeutic treatment in preventing the progression of atherosclerosis and 

reducing developed atherosclerotic plaques (2). Statins have an effect on atherosclerosis 

by blocking the change of HMG-CoA to mevalonate in the hepatic cholesterol 

biosynthesis pathway (12). These effects of statin are associated with the effects of lipid 

lowering, with the pleiotropic effects of statin which exhibit plaque stabilization, and a 

decrease of vascular inflammation (13). These effects followed by the association 

between the magnitude of the reduction in cholesterol and a reduction in cardiovascular 

risk (14). It has been reported that a high-dose treatment of statin significantly reduced 

the inflammatory mediators and caused a shift in macrophage polarization, which was 

associated with a clear reduction in M1 macrophages and an increase in the M2 

macrophage (15). 

Statin treatment is also used to treat diabetic atherosclerosis patients in primary and 

secondary prevention (16, 17). It has also been reported that high-dose statin therapy has 

produced atheroma regression in both diabetic and non-diabetic patients, altering the 

nature of diabetic atherosclerosis, which is a progressive disease (9). On the other hand, it 

has been reported that diabetes attenuates the degree of regression in atherosclerosis 

under statin therapy because of the large volume of atheroma produced by diabetes (18).  

But results are lacking on the differences in the atheroprotective effects of statin dose-

dependent therapy with or without diabetes and the differences macrophage polarization 

at high doses versus low doses statin therapy. 
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Therefore, in this study, we first observed the difference in the atheroprotective effects 

of dose-dependent statin therapy in diabetic and non-diabetic atherosclerotic rabbit 

models. Second, we examined the balance change of M1, M2 macrophage polarization in 

high-dose versus low-dose statin therapy. 

 

1.  
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II. MATERIALS AND METHODS 

 

 

2.1. Animals  

All animal care and experimental protocols were approved by the local Institutional 

Animal Care and Use Committee (IACUC: 2015-0347) and Yonsei University Health 

System. 

The experimental study was approved under the Animal Welfare Act and all animals 

received humane care. The "Principles of Laboratory Animal Care" formulated by the 

Institute of Laboratory Animal Resources (National Research Council, NIH Publication 

No. 85-23, revised 1996) were followed. 

Nineteen rabbits were acclimatized for a week; the male New Zealand white rabbits 

(12-13 weeks old, weighing 3.0–4.0 kg) were individually housed in metal cages in 

rooms and maintained on a light-dark cycle of 12 hours (the light cycle was between 8 

a.m. and 8 p.m.). The experimental protocol is shown in Figure 1. 
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Figure 1. The experimental protocol. 

Diabetic and non-diabetic rabbits were fed a 1% cholesterol diet for seven weeks and 

then changed to a normal diet or normal plus high-dose or low-dose statin diet for eight 

weeks. After the first week of the 1% cholesterol diet, a balloon injury was performed and 

histamines injected six times before follow-up 2 weeks. Blood samples were obtained 

prior to the study (-1 week), diet change (seven weeks) and before sacrifice (15 weeks). 

Angiography and OCT were assessed at the end of the study. At 15 weeks, the animals 

were euthanized and the aortic arteries harvested.  

OCT: optical coherence tomography. 
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2.2. Induction of diabetes in the rabbits  

For the induction of diabetes in eight rabbits, alloxan monohydrate (ALX) was 

purchased from Sigma Aldrich (Saint Louis, MO, USA). A dose of 70-100mg/kg ALX 

was administered intravenously via the ear vein after eight hours of fasting. Next day, 

glucose 10ml was subcutaneously injected. After 48 hours, if the fasting glucose level 

exceeded 200mg/dL, the rabbit was designated as diabetic. 

 

2.3. Induction of atherosclerosis in the rabbits 

All rabbits were fed a 1% cholesterol diet (Dooyeol Biotech, Seoul, Korea) for seven 

weeks. Before 2 weeks of follow-up, all rabbits were intravenously injected with 

histamine (0.02 mg/kg) six times. The role of histamine for atherosclerosis model is an 

arterial vasoconstrictor which raises both the arterial pressure and the stress on the plaque 

(19). At one week in protocol, all rabbits underwent abdominal aortic denudation with an 

intravascular balloon catheter (3.5 x 30mm).  

Rabbits were anesthetized with intravascular injections of an appropriate mixture, 

Zoletil (0.2 ml/kg, Zoletil® , Virvac) and xylazine (0.5 mg/kg, Rompun® , Bayer, 

Leverkusen, Germany). The anesthesia was maintained with 1–2% isoflurane (Forane® , 

JW Pharm, Seoul, Korea) and oxygen. Surgical access was obtained via the left carotid 

artery and a 6F sheath was inserted. Heparin 600 IU was injected before catheterization. 

Angiography of the aorta and iliac artery was performed and a balloon was inflated with 

an oversize ratio of 1:1.3 (artery : balloon) for two 30-second periods. The procedure was 

performed in each arterial segment; all catheters were removed and the left carotid artery 

was ligated. The muscle and fascia were sutured with a 3.0 absorbable suture, and the 

neck incision was closed with a skin stapler. Angiography was performed after the 

balloon injury and again at 15 weeks; optical coherence tomography (OCT) was 

performed once before euthanasia. After euthanasia, the abdominal aortas were harvested.  
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2.4. Grouping of animals 

Group 1: Non-diabetes (n=3) 

Group 2: Non-diabetes plus low-dose statin 1mg/kg daily (n=5) 

Group 3: Non-diabetes plus high-dose statin 5mg/kg daily (n=3) 

Group 4: Diabetes (n=3) 

Group 5: Diabetes plus low-dose statin 1mg/kg daily (n=3) 

Group 6: Diabetes plus high-dose statin 5mg/kg daily (n=2) 

 

Rosuvastatin (Vivacor) was from AstraZeneca Pharma, Inc. (London, United 

Kingdom). Feeding was performed during light period and drugs were mixed in the diet.  

 

2.5. Blood Analysis 

Blood samples were collected for measurements of total cholesterol, triglyceride, high-

density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) 

at the base line, at seven weeks (before feeding exchange), and at 15 weeks (before 

sacrifice). Plasma was obtained by centrifugation (1500 rpm, 10 min, 4℃). DRI-CHEM 

4000i (Fujifilm, Tokyo, Japan) and LDL-cholesterol kit (Crystal Chem, Chicago, USA) 

were used for measurements. 

 

2.6. Histological Analysis 

1. After euthanasia, aorta vessels were fixed in 10% normal buffered formalin for 24 

hours. Vessels 4 mm in length were placed into a single cassette and embedded as a 

paraffin block. Sections were cut on a microtome at 4 microns and mounted on micro 

slides (Muto Pure Chemicals, Tokyo, Japan). Hematoxylin and eosin (H&E) staining, and 

Masson’s trichrome staining were conducted. For Oil red O lipid staining, frozen 

specimens were cut on a microtome at 10 microns and mounted with a length of 1 mm.  
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2.7. Immunohistochemical (IHC) staining Analysis 

For inflammation and macrophage expression and high-risk plaque level expression 

analysis, IHC staining was conducted. Tissue sections were stained immunologically with 

a mouse monoclonal anti-rabbit macrophage antibody CD68 (Santa Cruz Biotechnologies, 

Santa Cruz, CA, USA, 1:1000) and RAM11 (DAKO, Santa Clara, California, USA, 1:200) 

for macrophage infiltration. Antibody for TNF-α (ABCAM, Cambridge, Massachusetts, 

USA, 1:800) and the receptor for advanced glycation end products (RAGE, LSBio, 

Seattle, Washington, USA, 1:1000) were immunologically stained for inflammation 

expression. CD47 (LifeSpan BioSciences, Washington, USA), CD163 (NovusBio, 

Colorado, USA), and CD206 (Biorbyt, Cambridge, United Kingdom) were 

immunologically stained (CD47, CD163, CD206 all 1:1000) for high-risk plaque 

expression overnight at 4°C. IHC was carried out using a peroxidase-based kit (LSAB, 

DAKO, Glostrup, Denmark). 

The vessel images were scanned into digital images through a Leica SCN400 (Wetzlar, 

Germany). Histomorphometry analysis for external elastic lamina (EEL), internal elastic 

lamina (IEL) and lumen were measured by the Image J program (National Institutes of 

Health, Bethesda, Maryland, USA).  

 

2.8. Confocal Immunofluorescence Microscopy 

The vessels were embedded in paraffin block and sections were cut on a microtome at 

4 microns and mounted on microscope slides. After washing with 1% phosphate-buffered 

saline (PBS), the slides were incubated overnight at 4° C with the primary antibody, anti- 

CD68 (Santa Cruz, California, USA), iNOS (Santa Cruz, California, USA) of M1 

macrophage and Arginase 1 (BD Bioscience, California, USA) of M2 macrophage. The 

slides were washed in 1% PBS and incubated with a secondary antibody, FITC-

conjugated donkey anti-goat IgG, PE-conjugated goat anti-rabbit IgG, and TR-conjugated 

goat anti-mouse IgG (Santa Cruz, California, USA), for one hour in the darkroom. The 

slides were washed in 1% PBS for 10 minutes and the nuclei were stained using DAPI 



12 

(ImmunoBioscience, Washington, USA). The slides were finally mounted with 

Fluoroshield and analyzed by confocal microscopy (LSM700 system; Carl Zeiss Inc, Jena, 

Germany).  

 

2.9. Reverse Transcription-PCR 

Total RNA was isolated from the aorta vessels (5 mm length) using QIAzol lysis 

reagent (QIAGEN, Hilden, Germany) and a tissue grinder motor (Bel-Art Products, 

Wayne, NJ, USA). The concentration of RNA was measured by a Nanodrop 2000/2000c 

(Thermo Scientific, Long Beach, NY, USA). The RNA samples were converted into 

complementary DNA using Quantitect Reverse Transcription (QIAGEN) and a PCR 

system according to the manufacturer’s instructions. PCR was performed using the 

AccuPower PCR Premix (Bioneer, Daejeon, Korea) and amfiEco Taq DNA Polymerase 

(GenDEPOT, Texas, USA). The PCR cycling conditions of iNOS were 94℃ for 2min, 

40 cycles of 94℃ for 2min, 57℃ 30sec, 72℃ for 40min and 72℃ for 10min for final 

extension. The PCR cycling conditions of Arg-1 were 94℃ for 2min, 35 cycles of 94℃ 

for 2min, 55℃ for 30sec, 72℃ for 1min and 72℃ for 10min for final extension. 

GAPDH PCR conditions were 94℃ for 3min, 35 cycles of 94℃ for 30sec, 57.3℃ for 

30sec, 72℃ for 30sec and 72℃ for 5min for final extension. The relative mRNA levels 

were determined by comparison to GAPDH and PCR products were loaded in 1.5% 

agarose gels. 

Primer sequences of rabbit gene were listed on Table. 
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Table. Sequences of primers for RT-PCR 

 

 Forward Reverse 

iNOS 5’- CCC TGG AGG TTT CTG TTC 

AA -3’ 

5’- GTC ATC TTG GTG CTT GCT 

GA -3’ 

Arg-1 5’- AAC CCA TCT CTG GGG AAA 

AC -3’ 

5’- GTC AAT TGG CTT GTG ATT 

GC -3’ 

GAPDH 5’- AGG TCA TCC ACG ACC ACT 

TC -3’ 

5’- GTG AGT TTC CCG TTC AGC 

TC -3’ 

 

iNOS: inducible nitric oxide synthase; Arg-1: arginase-1; GAPDH: Glyceraldehyde 3-

phophate dehydrogenase 
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2.10. Western blotting analysis 

Aorta vessels (5 mm length) were homogenized using RIPA buffer (Biosesang, 

Seongnam, Korea) containing a cOmplete Mini, ethylenediaminetetraacetic acid (EDTA)-

free protease inhibitor cocktail®  (Roche, Basel, Switzerland). The protein concentrations 

were measured by a bicinchoninic acid protein assay. Protein lysates were loaded to 10% 

and 12% SDS-PAGE gels and Immuno-Blot®  PVDF Membrane (BIO-RAD, Hercules, 

CA, USA). Membranes were blocked by a 5% skim milk (Noble Bio, Hwaseong, Korea) 

at room temperature for 1 hour and then washed 5 minutes three times in TBS-T. 

Membranes were incubated with primary antibodies against RAGE monoclonal antibody 

(dilution 1:1000, SANTA CRUZ, California, USA), iNOS monoclonal antibody (dilution 

1:500, SANTA CRUZ, California, USA), Arg-1 monoclonal antibody (dilution 1:500, 

SANTA CRUZ, California, USA), and GAPDH monoclonal antibody (dilution 1:1000). 

Incubation was overnight at 4℃. Membranes were washed 10 minutes three times in 

TBS-T and incubated with a horseradish peroxidase-conjugated secondary antibody at 

room temperature for 1 hour. Blots were analyzed with Image J software (National 

Institutes of Health, Bethesda, MD, USA) (20). 

 

2.11. Angiography Analysis 

Analysis of quantitative coronary angiography was performed at baseline and follow-

up using a quantitative coronary angiographic system, the QAngio XA 7.1 Medis System 

(Medis Medical Imaging Systems, Leiden, Netherlands). A 6F guiding catheter was used 

for calibration and the percentage of diameter stenosis (%DS) was measured.  

 

2.12. Optical coherence tomography (OCT) analysis 

The arteries were visualized using the C7-XR imaging systems (LightLab Imaging, 

Inc., St. Jude Medical, Minnesota, USA). OCT acquisition was then obtained with a wire 

pull-back at 20mm/sec. and images were produced at 100 frames/sec. Contrast infusion 

was given through the guiding catheter at a speed of 4–5 mL/sec for 3–4 seconds at a 1:1 
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ratio with saline. A 0.019-inch fiber optic imaging probe was used for calibration and area 

stenosis was measured.  

 

2.13. Statistical Analyses 

Data were analyzed using the PRISM5 (GraphPad Software, California, USA). 

Continuous data were expressed as mean ± SEM. Consistent variables were compared 

using one-way ANOVA with a turkey test. A p-value of <0.05 was considered statistically 

significant. 
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III. RESULTS 

 

 

3.1. Similar body weight of rabbit used in the experiment 

Body weight was noted weekly in all rabbits. The graphs show the body weight at 

baseline, 7 weeks (at the end of 1% cholesterol diet), and 15 weeks (at the end of normal 

or normal plus statin treatment). Body weights were similar throughout the experiment in 

all groups (Figure 2A-B). 
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Figure 2. The body weights were similar in all groups. 

Body weight measurements in all groups at baseline, seven weeks, and 15 weeks. The 

body weight was measured weekly.   

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM.  
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3.2. Rabbit blood glucose during the experiment 

The blood glucose was measured weekly in all rabbits. The graphs show the blood 

glucose at baseline, seven weeks (at the end of 1% cholesterol diet), 15 weeks (at the end 

of normal or normal diet plus statin treatment). During the experimental period, the blood 

glucose level of the diabetic group and the non-diabetic group did not change 

significantly compared to the 0 week base line blood glucose measurement (Fig. 3A-B). 
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Figure 3. Blood glucose level at each time point. 

Blood glucose measurements in non-diabetes and diabetes group at baseline, seven 

weeks, and 15 weeks. Fasting blood glucose was measured weekly.   

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. 
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3.3. Changes of total cholesterol, triglyceride, high-density lipoprotein cholesterol 

(HDL-C), and low-density lipoprotein cholesterol (LDL-C) level in all groups. 

The total cholesterol, triglyceride, high-density lipoprotein and low-density lipoprotein 

cholesterol level were measured at 0 week, 7 weeks, 15 weeks (Figure 4A-D). 

The total cholesterol was higher in both the diabetic and non-diabetic groups when 

measured after a 1% cholesterol diet for seven weeks. After rosuvastatin treatment for 

eight weeks, total cholesterol level was decreased, dose dependently, in both the non-

diabetes and diabetes group but the decrease was not significant.  

The triglyceride was higher in the diabetic groups when measured after a 1% 

cholesterol diet for seven weeks. After rosuvastatin treatment for eight weeks, triglyceride 

level was decreased, dose dependently, in the diabetes group but the decrease was not 

significant. In the non-diabetes group, the triglyceride level after eight weeks of statin 

treatment had no difference.  

The high-density lipoprotein was higher in both the diabetic and non-diabetic groups 

when measured after a 1% cholesterol diet for seven weeks. After rosuvastatin treatment 

for eight weeks, high-density lipoprotein was decreased, in both the non-diabetes and 

diabetes group but the decrease was no difference between the groups.  

The low-density lipoprotein was higher in both the diabetic and non-diabetic groups 

when measured after a 1% cholesterol diet for seven weeks. After rosuvastatin treatment 

for eight weeks, low-density lipoprotein was decreased, dose dependently, in both the 

non-diabetes and diabetes group but the decrease was not significant.  
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Figure 4 legend (the following page) 
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Figure 4. The change in the blood analysis level at each time point. 

The total cholesterol (A), triglyceride (B), high-density lipoprotein cholesterol (C), and 

low-density lipoprotein cholesterol (D) level measurements in the non-diabetic and 

diabetic groups at baseline, after 1% cholesterol diet for seven weeks, and at 15 weeks 

after normal or normal plus statin treatment for eight weeks.  

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. 
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3.4. Rosuvastatin reduced atheromatous plaque, dose dependently, in the non-

diabetes group. 

The target lesions of aorta arteries were harvested from 19 rabbits at 15 weeks (G1 

[n=3], G2 [n=5], G3 [n=3], G4 [n=3], G5 [n=3], G6 [n=2]). The atheromatous plaque was 

significantly decreased in the high-dose statin treatment non-diabetic group compared to 

the non-diabetes group (G1: 35.95±5.60%; G2: 32.43±3.10%; G3: 19.08±2.49%; p=0.04, 

one-way ANOVA). There was no significant reduction of atheromatous plaque in the 

diabetes group (G4: 38.75±8.14%; G5: 35.40±7.36%; G6: 32.43±1.92%; p=0.85, one-

way ANOVA). These data suggest that rosuvastatin treatment, dose-dependently, suppress 

atheromatous plaque in non-diabetics but the effects of high-dose statin treatment are 

reduced in the diabetic group. 
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Figure 5 legend (the following page) 
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Figure 5. The reduction of atheromatous plaque confirmed using haematoxylin and 

eosin (H&E) staining. 

Representative images show the target lesion, stained with hematoxylin & eosin (H&E) 

(A), of the diabetic and non-diabetic groups. The atheromatous plaque ratio was analyzed 

using the Image J program (B-C).  

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D: Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 
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3.5. General morphologic changes of plaque stained with Masson’s Trichrome in the 

diabetic and non-diabetic groups. 

Representative images show the target lesions stained with Masson’s trichrome of the 

diabetic and non-diabetic groups for histomorphometric analysis (Figure 6A). The 

trichrome staining revealed blue collagen, purple-black nuclei, and smooth red muscle 

cells. This staining can show morphological feature changes of advanced lesions in the 

diabetic and non-diabetes group. This staining suggests that high-dose rosuvastatin 

treatment repressed morphological changes of the median layer on atherosclerosis lesions 

in both groups. 
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Figure 6. Histomorphology of lesions stained with Masson’s Trichrome. 

Representative images are target lesions of diabetes and non-diabetes group stained 

with the Masson’s trichrome. 

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. 
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3.6. Changes of lipid infiltration by dose-dependent statin treatment. 

The aortic arteries were frozen for staining of oil red o (ORO) to confirm lipid 

accumulation and cut on a microtome CM1860 (Leica, Wetzlar, Germany) at 10 μm. The 

percent of lipid accumulation in plaque was decreased but not significantly in the high-

dose statin treatment group compared to non-treatment group both non-diabetes groups 

(G1: 4.30±1.97%, G2: 3.81±0.48%, G3: 2.08±0.15%, p=0.40, one-way ANOVA) and 

diabetes groups (G4: 8.42±4.55%, G5: 4.47±3.04%, G6: 3.99±1.36%, p=0.67, one-way 

ANOVA).  
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Figure 7 legend (the following page) 
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Figure 7. Reduction of lipid infiltration in target lesions by Oil red O (ORO). 

Representative images are target lesions of diabetes and non-diabetes group stained 

with oil red o (A). The lipid accumulation percent analyzed using Image J (B-C).  

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 
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3.7. Total macrophage infiltration was effectively reduced in high-dose rosuvastatin 

treatment in the non-diabetes group. 

Macrophage infiltration was demonstrated by immunohistochemistry staining of CD68 

(Figure 8A) and RAM11 (Figure 8D). The positive area of CD68 staining was 

significantly decreased in the high-dose statin treatment non-diabetic group compared to 

the non-diabetic group (G1: 5.96±1.48%; G2: 3.52±0.56%; G3: 2.26±0.09%; p=0.05, 

one-way ANOVA). There was no significant reduction of macrophage infiltration in the 

diabetic group (G4: 7.74±2.60%; G5: 5.51±1.20%; G6: 5.31±0.13%; p=0.63, one-way 

ANOVA).  

The positive area of RAM11 staining showed a tendency of decreasing high-dose statin 

treatment non-diabetes group compared to non-treatment group (G1: 8.63±3.12%, G2: 

6.81±1.02%, G3: 2.93±0.57%, p=0.14, one-way ANOVA). But in the diabetes group had 

no tendency in high-dose statin treatment group compared to non-treatment group (G4: 

15.67±9.96%, G5: 10.37±4.79%, G6: 8.34±1.48%, p=0.79, one-way ANOVA).  

These data suggest that high-dose statin treatment more effective to suppress 

macrophage infiltration. However, the effects of high-dose statin treatment were not 

evident in the diabetes group. 

 

 

 

 

 

 

 

 

 

 



33 

 



34 

 

Figure 8 legend (the following page) 
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Figure 8. Macrophage infiltration of target lesions detected by RAM11 and CD68 

antibody staining.  

Representative images are target lesions of diabetes and non-diabetes group stained 

with CD68 (A) and RAM11 (D). The macrophage infiltration percent analyzed using 

Image J (B-C, E-F).  

ND; Non-diabetes group, NDL; Non-diabetes plus Low-dose statin treatment group, 

NDH; Non-diabetes plus High-dose statin treatment group, D; Diabetes group, DL; 

Diabetes plus Low-dose statin treatment group, DH; Diabetes plus High-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



36 

3.8. High-dose rosuvastatin treatment in non-diabetes group significantly attenuates 

inflammatory marker expression.  

The inflammatory expression was assessed using tumor necrosis factor alpha (TNF-α) 

(Figure 9A) and receptors for advanced glycation end-products (RAGE) (Figure 9D) 

antibodies by immunohistochemistry (IHC) staining.  

The TNF-α level was significantly decreased in the high-dose statin treatment non-

diabetes group compared to non-diabetes group (G1: 13.17±5.13%, G2: 6.80±0.63%, G3: 

2.42±0.32%, p=0.05, one-way ANOVA). There were no significant reduction of TNF-α 

level in high-dose statin treatment of diabetes group (G4: 21.12±9.70%, G5: 

15.07±2.87%, G6: 12.10±0.75%, p=0.67, one-way ANOVA).  

The RAGE level was significantly decreased in the high-dose statin treatment non-

diabetes group compared to non-diabetes group (G1: 10.99±2.44%, G2: 7.53±0.88%, G3: 

3.97±0.22%, p=0.03, one-way ANOVA). There were no significant reduction of RAGE 

level in diabetes group (G4: 13.02±3.65%, G5: 7.50±0.44%, G6: 6.91±0.37%, p=0.16, 

one-way ANOVA).  

These data suggest that high-dose rosuvastatin treatment is more effective in decreasing 

inflammation than low-dose statin treatment in the non-diabetic group. The effects of 

high-dose statin treatment were not significant in the diabetic group, however. 
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Figure 9 legend (the following page) 
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Figure 9. The inflammatory expressions of immunohistochemistry stained lesions by 

TNF-α and RAGE. 

Representative images are target lesions of diabetes and non-diabetes group stained 

with TNF-α (A) and RAGE (D). The inflammation expression percentage was analyzed 

using Image J (B-C, E-F).  

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 
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3.9. High-dose rosuvastatin treatment significantly suppressed the high-risk plaque 

expression. 

CD47 was progressively upregulated during atherogenesis. CD163 and CD206 were 

intensified by high-risk plaque. The expression of CD47, CD163, and CD206 was 

assessed by IHC staining (Figure 10A-I).  

The positive area of CD47 staining was significantly less in the high-dose statin 

treatment non-diabetes group compared to the non-diabetes group (G1: 9.11±1.67%; G2: 

5.04±0.89%; G3: 3.28±0.56%; p=0.02, one-way ANOVA). There was no significant 

reduction of macrophage infiltration in the diabetes group (G4: 10.47±5.34%; G5: 

9.84±3.51%; G6: 8.14±2.05%; p=0.94, one-way ANOVA). 

The positive area of CD163 staining was significantly less in the high-dose statin 

treatment non-diabetes group compared to the non-diabetes group (G1: 10.50±1.83%; G2: 

6.33±0.96%; G3: 4.63±0.72%; p=0.03, one-way ANOVA). There was no significant 

reduction of macrophage infiltration in the diabetes group (G4: 12.70±4.90%; G5: 

9.56±2.76%; G6: 8.37±0.53%; p=0.72, one-way ANOVA).  

The positive area of CD206 staining have a trend to decrease in the high-dose statin 

treatment non-diabetes group compared to the non-diabetes group (G1: 10.57±5.23%; G2: 

5.96±1.60%; G3: 3.17±0.30%; p=0.10, one-way ANOVA). There was no tendency to 

decrease in macrophage infiltration in the diabetes group (G4: 11.91±4.63%; G5: 

9.43±1.90%; G6: 8.16±0.59%; p=0.75, one-way ANOVA).  
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Figure 10 legend (the following page) 
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Figure 10. The suppression of high-risk plaque levels by high-dose statin treatment 

in the non-diabetes group. 

The suppression of high-risk plaque was detected by IHC staining using CD47 (A-C), 

CD163 (D-F), and CD206 (G-I) in the diabetes and non-diabetes groups. 

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 
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3.10. The change of macrophage polarization M1 to M2 by dose-dependent statin 

treatment. 

Macrophage polarization M1 to M2 was confirmed by staining with 

immunofluorescence (Figure 11A. non-diabetes groups, Figure 11B. diabetes groups). 

High-dose statin therapy induced more macrophage polarization M1 to M2 in both the 

diabetes and non-diabetes groups. The expression of the M1 marker (iNOS) was 

decreased statin dose dependently and the expression of the M2 marker (Arg-1) was 

increased statin dose dependently.  
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Figure 11 legend (the following page) 
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Figure 11. Comparison of macrophage polarization M1 to M2 in plaque in both the 

diabetes and non-diabetes group by Immunoflourescence (IF) stain. 

The macrophage subtypes of plaques were detected by immunofluorescence triple 

staining of CD68, inducible nitric oxide synthase (iNOS, marker of M1), and arginase-1 

(Arg-1, marker of M2) antibodies. Representative images are total macrophage and 

M1/M2 macrophage in the rabbit aortic artery of each group (Figure 11A-B), scanned 

using a Zeiss LSM 700 system (Carl Zeiss). 

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. Scale bar represents 100 μm. 
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3.11. High-dose rosuvastatin treatment reduced M1 macrophage and increased the 

M2 macrophage in the mRNA level. 

We determined M1 macrophage and M2 macrophage markers by RT-PCR for analysis 

of mRNA levels (Figure 12A). These markers were analyzed using Image J (Figure 12B-

D). 

High-dose statin treatment non-diabetes group had a tendency to increase Arg-1 

compared to non-treamtment group (p=0.17). But high-dose treatment diabetes group had 

no tendency to increase (p=0.95).  

High-dose statin treatment decreased iNOS level in both non-diabetes (p=0.69) and 

diabetes group (p=0.62) compared to non-treatment group but not significantly.  

The ratio of iNOS to Arg-1 was significantly decreased dose dependently in non-

diabetes group (p<0.005, high-dose statin treatment compared to that in the non-treatment 

group; p<0.05, low-dose statin treatment compared to the results in the non-treatment 

group, one-way ANOVA). But in diabetes group, the decrease of ratio in high-dose statin 

treatment only showed a trend (p=0.06).  

 

.    
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Figure 12. Reduction of the M1 macrophage and increase of the M2 macrophage in 

mRNA level. 

Representative data is mRNA expression of M1, M2 macrophage markers in the aorta 

from each group (A). The mRNA expression of Arg-1 (B) and iNOS (C) was normalized 

to GAPDH. Data included in the bar graph is quantified ratios of the expression relative 

to GAPDH by fold increase. 

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

and **p<0.005 (one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group).  
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3.12. High-dose rosuvastatin reduced the inflammation and M1 macrophage and 

increased the M2 macrophage in protein level. 

RAGE and M1/M2 macrophage expressions of protein level were determined by 

western blotting analysis (Figure 13A-F). 

M2 marker, Arg-1 expression was increased in high-dose statin both non-diabetes 

(p=0.56) and diabetes group (p=0.61), but not significantly. 

M1 marker, iNOS expression had a tendency to decrease in high-dose statin treatment 

non-diabetes group compared to non-treatment group (p=0.12). But in the high-dose 

treatment diabetes group, iNOS expression decreased but no trend (p=0.36). 

Inflammation marker, RAGE expression had a tendency to decrease in high-dose statin 

treatment non-diabetes group compared to non-treatment group (p=0.13). In the high-

dose treatment diabetes group, RAGE expression decreased but no trend (p=0.86). 
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Figure 13. Reduction of the inflammation and M1 macrophage and increase of the 

M2 macrophage in protein level. 

Representative images are M1, M2 macrophage markers protein expressions in the 

aorta from each group (A, C, E). The protein expression data of Arg-1 (B), iNOS (D), and 

RAGE (F) was normalized to GAPDH. Data included in the bar graph is quantified ratios 

of the expression relative to GAPDH by fold increase. 

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are the means ± SEM. Scale bar represents 100 μm. *p<0.05 

(one-way ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group).  
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3.13. Comparison of rosuvastatin dose-dependent treatment effects using 

angiography diameter stenosis analysis. 

The angiography was compared at follow-up in the each group (Figure 14A-C). The 

percentage of diameter stenosis was significantly decreased by the high-dose statin 

treatment in the non-diabetes group (G1: 20.61±2.06%; G2: 16.70±1.66%; G3: 

10.66±0.40%; p=0.01, on-way ANOVA). In the diabetes group, however, the decrease 

rate of diameter stenosis was low in the high-dose statin treatment group compared to 

non-treatment group (G4: 22.81±2.67%; G5: 17.43±1.65%; G6: 15.71±0.64%; p=0.16, 

one-way ANOVA).  
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Figure 14 legend (the following page) 
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Figure 14. Comparison of vessel diameter stenosis by angiography.  

Representative angiography images are of full aorta vessels at follow up (A). 

Angiographic diameter stenosis analysis was performed using QAngio XA 7.1 Medis 

System (Medis Medical Imaging Systems, Leiden, Netherlands) (B-C).  

ND: Non-diabetes group; NDL: Non-diabetes plus low-dose statin treatment group; 

NDH: Non-diabetes plus high-dose statin treatment group; D; Diabetes group; DL: 

Diabetes plus low-dose statin treatment group; DH: Diabetes plus high-dose statin 

treatment group. The data are represented as the mean±SEM. *p＜0.05 (one-way 

ANOVA in ND group), 
#
p<0.05 (one-way ANOVA in D group). 
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3.14. Comparison of rosuvastatin dose-dependent treatment effects using optical 

coherence tomography (OCT) 

At 15 weeks OCT images were obtained before sacrifice. The bright part of the images 

(Figure 15A) is the deposition of lipid or macrophage and the thickness shows plaque 

progression. The bright part and thickness prevalent in the non-treatment group and more 

frequent in the diabetes group. The statin treatment in the non-diabetes group showed a 

significant decrease area stenosis (%) dose-dependently (G1: 31.38±1.10%; G2: 

24.42±1.32%; G3: 17.17±0.77%; p<0.0001 compared to that in the non-treatment group, 

p<0.005 compared to the results in the low-dose treatment group, one-way ANOVA). But 

this significant decrease in the area stenosis (%) resulting from high-dose statin 

therapy compared to non-treatment group was observed only in the non-diabetes 

group (G4: 35.13±4.66%; G5: 29.20±2.50%; G6: 27.00±3.20%; p=0.41, one-way 

ANOVA). 

.    
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Figure 15 legend (the following page) 
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Figure 15. The analysis of optical coherence tomography (OCT) images for area 

stenosis. 

Representative images are optical coherence tomography for each group (A). White 

arrows indicate the location of plaques (bright areas). The images were analyzed to 

determine the area stenosis (%) (B-C). 

OCT, optical coherence tomography. ND: Non-diabetes group; NDL: Non-diabetes 

plus low-dose statin treatment group; NDH: Non-diabetes plus high-dose statin treatment 

group; D; Diabetes group; DL: Diabetes plus low-dose statin treatment group; DH: 

Diabetes plus high-dose statin treatment group. The data are represented as the 

mean±SEM. **p<0.005 and ***p<0.0001 (one-way ANOVA in ND group), 
#
P<0.05 

(one-way ANOVA in D group).  
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IV. DISCUSSION 

 

 

We examined the atheroprotective effects of dose-dependent statin therapy in diabetes 

and non-diabetes groups. We also observed the difference in the effects of high doses 

versus low doses statin treatment on macrophage polarization in those groups. Total 

cholesterol and low-density lipoprotein cholesterol was reduced in the high-dose statin 

group but not significantly. The intima was reduced in the high-dose statin group. 

Macrophage infiltration and inflammatory markers, and lesion stenosis were also reduced 

by high-dose statin treatment. For macrophage polarization M1 to M2, high-dose statin 

treatment non-diabetes group had trend to increase compared to non-treatment group. But 

these effects of high-dose statin treatment attenuated in the diabetes group. 

Statin therapy is used in to treat both diabetic and non-diabetic atherosclerosis patients, 

statins are the first-line pharmacotherapeutic agents for atherosclerosis (2). Studies have 

shown that statin therapy induced a shift in the M1/M2 balance through a decrease in M1 

and an increase in M2 in atherosclerosis patients (15). However, there are no data on the 

differences in macrophage polarization M1 to M2 at low doses versus high doses statin 

therapy.  

Studies have shown that statin treatment decreased inflammatory marker levels in 

atherosclerosis patients (15), and it also has been reported that high-dose statin therapy is 

associated with atheroma regression in both atherosclerosis and diabetic arteriosclerosis 

(9). On the other hand, study has shown that statin treatment is less effective in diabetic 

patients (18), but there are no data on comparisons of the atheroprotective effects of statin 

dose dependent therapy on atherosclerosis in the presence or absence of diabetes. 

Therefore, using cholesterol-fed rabbits, widely used to study the effects of drugs on 

atherosclerosis (21), a diabetic atherosclerosis and non-diabetic atherosclerotic rabbit 
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model was constructed. Diabetes was induced by intravenous injection of alloxan to 

destroy beta cells to produce Type 1 diabetes and atherosclerosis was induced through a 1% 

cholesterol diet and balloon injury and histamine injection (19, 22, 23). The 

atherosclerosis rabbit model showed hyperlipidemia according to the increase of LDL-C; 

the diabetic atherosclerotic rabbits showed both hyperlipidemia and hyperglycemia 

according to the increase of fasting blood glucose levels. 

All rabbits used in this study had similar weights (Figure 2), and high-dose statins did 

not alter blood glucose levels in the diabetic or non-diabetic groups during the study 

period (Figure 3). As with a report that high-dose statin therapy significantly lowers low-

density lipoprotein compared to the effect of low-dose therapy (24), this study showed 

that high-dose statin therapy reduced LDL-C more than low-dose therapy in both diabetic 

and non-diabetic groups, but the difference was not significant. This lack of significance 

is probably tied to the short period – eight weeks – of statin treatment.   

The previous study reported that rosuvastatin causes a significant regression of plaque 

volume (25). In the present study, we examined statin effects that cause plaque regression 

divided into high doses versus low doses treatment group. The results showed a 

significant decrease in atheromatous plaque lesions (intima/plaque ratio, %) after high-

dose statin treatment in the non-diabetes group, indicating that high-dose statin therapy 

more ameliorates atherosclerosis to a greater extent by reducing the percentage plaque 

volume. In addition, in line with a study showing that diabetes attenuated the degree of 

regression of atherosclerosis under statin therapy because of the large atheroma volume 

of diabetes (18), current data confirmed that high-dose statin treatment for atheromatous 

plaque regression is less effective in diabetics than in non-diabetics. 

The previous study reported that statin treatment stabilizes atheromatous plaque by 

depressing macrophage and lipid accumulation (26). In this study, we further confirmed 

the effects of dose-dependent statin therapy on those processes. Macrophage infiltration 

was determined by CD68 and RAM11 IHC staining and lipid accumulation by oil red o 

staining. The results showed that the high-dose statin treatment non-diabetes group had 
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significantly less macrophage compared with non-treatment group but lipid infiltration 

was not significant. Moreover, the plaque stabilization effects of high-dose statin therapy 

were less effective in the diabetes group than in the non-diabetes group. 

 It has also been reported that statin dose-dependently reduces vascular inflammation 

(15). Likewise, our study confirmed that compared with the diabetes group, the non-

diabetes group had significant effects from high-dose statin therapy in lowering 

inflammation marker TNF-a and RAGE levels (Figure 9). 

CD47, originally called integrin-associated protein, is a receptor for thrombospondin-1 

(27). CD47 is progressively upregulated during atherosclerosis, with immunofluorescence 

and immunohistochemical staining of human coronary arteries and carotid arteries (28). 

The hemoglobin-haptoglobin receptor CD163 and Mannose receptor-bearing macrophage 

CD206 are increased by high-risk plaque (29). Our IHC results for CD47 and CD163 

positive area were significantly reduced in the high-dose statin treatment non-diabetes 

group and CD206 positive area had trend of decrease. Therefore, high-dose statin 

treatment effectively decreased high-risk plaque and increased plaque stability. However, 

this effect was found to be less prominent in the diabetes group. 

In addition to results suggesting that statin therapy induced a clear shift in the M1/M2 

balance through a decrease in M1 and an increase in M2 in atherosclerosis patients (15), 

we observed M1 and M2 expression changes in statin dose-dependent therapy by mRNA 

and protein level and IF staining. The immunofluorescence staining images show that 

iNOS decreased and Arg-1 increased, dose dependently, in both the diabetes and non-

diabetes groups. In the results of mRNA and protein expression analysis, the M1 marker 

iNOS had trend to decrease and the M2 marker Arg-1 had trend to increase in the high-

dose treatment non-diabetes group. But in the diabetes group had no trend. 

In the area stenosis analysis using OCT, high-dose statin treatment in the non-diabetes 

group significantly reduced area stenosis dose dependently. Also, in the diameter analysis 

of QCA, high-dose statin treatment in the non-diabetes group significantly reduced 

diameter stenosis compared to that in the non-treated group. But in the diabetes group, the 
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decrease was not significantly. 

The diabetes high-dose treatment group showed fewer positive effects than did the non-

diabetes high-dose treatment group. The latter group showed a significant decrease in 

atheromatous plaque, macrophage infiltration, high-risk plaque expression, and vessel 

stenosis and showed a trend to decrease M1 and increase M2.. 

The main limitation of this study was its short experimental period; the effect was that 

the follow-up blood LDL-C levels did not decrease significantly. Nevertheless, this study 

demonstrates an increased atheroprotective effect and M1 to M2 macrophage polarization 

changes of high-dose statin treatment in non-diabetics compared to the effects of low-

dose statin treatment. Moreover, the study demonstrates that these effects were lower in 

the diabetes group. 
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V. CONCLUSION 

 

 

This study demonstrated the therapeutic effects of high-dose rosuvastatin treatment. 

The high-dose statin therapy had more atheroprotective effects than low-dose statin 

therapy in a non-diabetes group. For macrophage polarization M1 to M2, high-dose statin 

treatment non-diabetes group had trend to decrease M1 and increase M2 compared to 

non-treatment group, but not in diabetes group. Thus effects of high-dose statin therapy 

are attenuated in the diabetes group. 
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ABSTRACT (In Korean) 

 

동맥경화반 토끼 모델에서  

스타틴의 고용량과 저용량의 치료 효과 비교 

 

<지도 교수 김중선> 

연세대학교 대학원 노화과학과 

봉성경 

 

심혈관 질환은 전세계적으로 중요한 사망 요인이며 이로 인한 사망률은 

계속 증가될 것으로 예상된다. 동맥경화는 심혈관 질환을 이끄는 병리학적 

변화의 주요 요인이다. 동맥경화는 동맥 벽 안에 플라크의 형성과 함께 

염증반응이 일어나는 질환이다. 이 염증반응에서 대식세포의 부분요소와 염증 

매개인자의 형성이 일어나며 이는 동맥경화의 진행과 억제반응에 영향을 준다. 

동맥경화 병변 내 대식세포는 염증의 전 단계인 M1과 회복과 재생의 단계인 

M2로 이루어져 있다.  

동맥경화의 진행은 당뇨병의 상태에서 더 진행되고 복잡한 병변의 형태로 

나타난다. 심혈관 질환을 가진 당뇨병 환자들은 심혈관질환 이벤트와 
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합병증의 위험률이 비당뇨 환자에 비해 유의하게 높다고 보고되고 있다. 

당뇨병은 대식세포의 분화와 염증의 가속화로 동맥경화를 유발하는 것으로 

알려져 있다. 

당뇨병성 동맥경화와 비당뇨병성 동맥경화 환자에게 첫번째로 사용되는 

약물이 스타틴이다. 스타틴은 지질을 낮추는 효과와 함께 염증의 감소, 

플라크의 안정화 효과를 보인다.  

스타틴 치료 연구결과에 따르면 고용량의 스타틴 치료가 염증 매개인자를 

효과적으로 낮추고 M1 대식세포의 감소와 M2 대식세포의 증가로 대식세포 

비율의 변화를 유발한다는 보고가 있다. 또한 고용량의 스타틴 치료가 

당뇨병성 및 비당뇨병성 동맥경화 환자 모두에게서 죽성 플라크를 김소하는데 

효과적이었다는 연구결과도 있다.  

그러나 스타틴의 치료가 당뇨병성 동맥경화 환자에서는 비당뇨병성 

동맥경화 환자에 비해 치료효과가 떨어진다는 연구결과도 있지만, 스타틴의 

항 동맥경화 효과가 당뇨병성 동맥경화와 비당뇨병성 동맥경화에서 어떻게 

다른지에 대한 연구결과는 부족한 상황이다. 또한 스타틴의 고용량과 저용량 

치료가 대식세포 M1, M2 분화에 어떤 차이를 보이는지에 대한 데이터도 

미흡한 상황이다.  

따라서 첫번째로, 스타틴의 용량별 치료가 당뇨병성 동맥경화와 비당뇨병성 

동맥경화에서 항동맥경화 효과에 어떤 차이를 보이는지를 연구하였다. 

두번째로, M1, M2 대식세포 분화의 변화를 고용량과 저용량 치료로 나누어 

효과를 비교하였다. 

19마리 토끼 중 9마리 토끼에게 알록산을 통해 당뇨를 유발하였고, 모든 

토끼는 동맥경화 유발을 위해 1% 콜레스테롤 사료를 7주동안 식이 하였다. 

풍선 손상은 대동맥에 혈관 대비 1.3배로 콜레스테롤 식이 1주일 후 
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진행되었다. 7주의 콜레스테롤 식이 후 일반 식이 또는 일반식이와 스타틴의 

고/저용량 치료를 8주동안 진행하였다. 광 간섭 단층촬영과 혈관 조영술로 

모든 병변을 평가하였으며, 조직학적 분석을 위해 혈관 조직을 적출하였다. 

분석 결과 비당뇨 그룹의 고용량 스타틴 치료에서만 죽성 플라크의 감소와 

대식세포 침투의 감소, 염증 레벨의 감소, 고위험 플라크의 감소, 혈관 내 

협착률의 감소에서 유의성을 보였다. 비당뇨 그룹의 고용량 스타틴 치료는 M1 

대식세포가 M2 대식세포로 분화되는 것을 더 유도하는 트렌드를 보였지만 

당뇨그룹에서는 이러한 경향을 보이지 않았다.  

그러므로, 고용량의 스타틴 치료는 비당뇨병성 동맥경화 그룹에서 

항동맥경화 효과와 대식세포 M1을 M2로 분화시키는 것을 유도하는 면에서 

저용량 스타틴 치료 보다 더 효과적이었지만, 이러한 고용량 스타틴의 치료는 

당뇨그룹에서 효과가 떨어지는 것으로 나타났다. 
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