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Abstract

Objective: We aimed to explore the effects of lipid smoothness on the progression and vulnerability of atherosclerotic
plaques.

Approach: 24 rabbits were divided into three groups randomly. Group 1 was given standard chow diet; group 2 was fed
with cholesterol-rich diet; for group 3, subjects were planned to take cholesterol-rich diet at the first phase for 12 weeks and
during the second phase, low-fat and cholesterol-rich diet was then applied alternately every three weeks till the end of the
experiment. Lipid profiles, inflammatory factors, endothelium functions, pathological and histological changes were
examined. Expressions of matrix metalloproteinase-9 and lectin-like oxidized LDL receptor-1 were measured by
immunohistochemical staining.

Results: According to data collected during the whole experiment, lipid smoothness index of group 3 was the lowest.
Compared with group 2, statistics of the group 3 indicated that: the development of plaques progressed faster; the plaque
area and plaque thickness (53.53[22.6]% vs 33.90[24.91]1% , 800.38[98.25]um vs 675.00[109.67]um) were higher while the
fibrous cap thickness (103.50[45.66]um vs 295.83[97.90]um) was lower; hs-CRP (0.53[0.07Jmg/dL vs 0.45[0.06]mg/dL),
interleukin-18 (186.01[8.411ng/L vs 158.08[2.37Ing/L), OX-LDL (177.15[5.93]ug/L vs 139.57[2.35] ug/L) and endothelin-1
(164.66[9.54Ing/L vs 131.52[4.39]ng/L) were higher while nitric-oxide (22.41[1.69]umol/L vs 27.23[1.36]umol/L) was lower;
expressions of matrix metalloproteinase-9 (IOD: 37375.87[5634.52] vs 20956.57[4616.93]) and lectin-like oxidized LDL
receptor-1 (I0D: 45213.04[16653.81] vs 21921.68[6142.32]) were higher.

Conclusions: Lipids fluctuation could accelerate the progression and vulnerability of atherosclerotic plaques through
worsening arterial endothelium dysfunction and inflammatory reactions.
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Introduction

Atherosclerosis is the pathological basis of coronary heart
diseases [1,2]. Rupture and its subsequent thrombosis of the
vulnerable atherosclerotic plaque are responsible for the majority
of acute coronary events [3]. It is clear that hyperlipidemia could
cause atherosclerotic plaque formation and rupture. However,
level of some patients’ low density lipoprotein cholesterol (LDL-C)
has been not elevated or even lower when experiencing acute
coronary syndrome (ACS), and those patients were previously
diagnosed dyslipidemia. Currently, it is unknown whether the
fluctuation of LDL-C level is one of the factors promoting the
progression and vulnerability of atherosclerotic plaques. We
performed the experiment to find out the effects of lipid
smoothness on the progression and vulnerability of atherosclerotic
plaques in rabbits.
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Materials and Methods

1 Experimental design

This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The
protocol was approved by the Committee on the Ethics of Animal
Experiments of the University of PLA General Hospital (Permit
Number: SCXK [Beijing] 2007-0003). All surgery was performed
under sodium pentobarbital anesthesia, and all efforts were made
to minimize suffering.

24 male New Zealand White rabbits (2.0-2.5 kg, 12 weeks old)
were randomized into three groups. Group 1 was the control
group including 6 rabbits, group 2 and 3 were the study groups
including 9 rabbits in each. Group 1 was given standard chow diet;
group 2 was provided with cholesterol-rich diet containing 1%
cholesterol and 3% lard oil during the whole study; for group 3,
subjects were planned to take cholesterol-rich diet at the first phase
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Table 1. Body weight in the three groups (mean [SD]).
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% compared with 0 week,
b compared with week 12.
doi:10.1371/journal.pone.0093686.t001

for 12 weeks and during the second phase, low-fat (cholesterol-free
diet in granular form) [4] and cholesterol-rich diet was then
applied alternately every three weeks till the end of the
experiment. Rabbits of group 3 were fed with cholesterol-rich
diet in the last three weeks. Each rabbit was raised in a 12h light/
dark cycle and temperature-controlled cage seprately, and was
given 120gram-designed diet per day, with free access to water.
The total experiment lasted 24 weeks.

2 Analysis of the serum lipoprotein profile
Blood samples were collected via auricular vein after a period of
overnight fasting at week 0, 12 15" 18" 21" and 24™ weck.
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Samples were centrifuged (4000 rpm, 15 minutes, 4°C) to obtain
blood serum and then stored in a refrigerator(—80°C). Serum total
cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C) levels and LDL-C levels were measured by
immunoturbidimetry with Roche reagent in PLA General
Hospital Clinical Laboratory. Lipoprotein smoothness index (SI)
was adopted to evaluate lipoprotein fluctuation calculated as % (x
and s represented the mean value and standard deviation of
lipoprotein profiles from 12" to 24™ week respectively). With the
SI value lifted, the stability of the lipoprotein level increases.
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Figure 1. The fluctuations of serum lipids level in the three groups.

doi:10.1371/journal.pone.0093686.9001
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Table 2. Sl values in the three groups (mean [SD]).
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Groups SI(TC) SI(LDL-C)
Group 1 20.27[3.84] 9.15[1.16]
Group 2 10.14[0.97]* 6.73[0.98]*
Group 3 3.45[0.73]** 3.18[0.77]**

* P<0.01,

< compared with group 1,

9. compared with group 2.
doi:10.1371/journal.pone.0093686.t002

3 Measurement of serum high-sensitivity C-reactive
protein (hs-CRP), interleukin-18(IL-18), endothelin-1
(ET-1), oxidized low density lipoprotein (OX-LDL) and
nitric oxide (NO)

The serum hs-CRP, IL-18, ET-1, OX-LDL and NO levels were
measured with rabbit ELISA kits (Santa Cruz Biotechnology, Inc)
as previously described in literature [5-7].

4 Ultrasonography of the abdominal aorta

The abdominal aorta was detected by ultrasound with 8-
14MHz transducer (Siemens, SEQUOIA512 type ultrasonic
instrument) in 0 week, 12 week and 24™ week.

5 Pathology analysis

All rabbits were sacrificed, and their aortic trees were isolated
and dissected carefully. Both the quantity of gross lesions and the
histological changes were analyzed.

LDL-C: low-density lipoprotein cholesterol, SI: smoothness index, TC: total cholesterol.

For the histological analysis, tissues were stained with Oil Red O
and analyzed after fully fixed in 10% formalin as previously
described in study [8]. The positively stained areas with Oil Red O
were quantified with the Image Pro-PlusV2.0 image analysis
software program. Aortic arches were cut into 10 sections, as
described [9], for histological analysis. All of the sections were
embedded in paraffin and cut into 5 pm-thick serial cross-sectional
slices. The gross atherosclerotic lesions were evaluated as
previously described in paper [9]. All the aortic sections were
stained with hematoxylin-cosin (H&E) for microscopic quantifica-
tion of the lesion areas. The H&E staining slices were observed
with microscope to study the ultrastructure of the atherosclerotic
plaque in different groups.

Serial paraffin sections of the thoracic aorta were immunohis-
tochemically stained with antibodies against MMP-9 (matrix
metalloproteinase-9) and LOX-1 (lectin-like oxidized low density
lipoprotein receptor-1). For the preparations, the sections were
washed 3 times with PBS for 5 minutes per wash. Endogenous
peroxidases were blocked by incubation for 10 minutes in 0.3%
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Table 3. Serum hs-CRP, IL-18, ET-1, OX-LDL and NO levels in the three groups (mean [SD]).
Items week Group 1 Group 2 Group 3
hs-CRP(mg/dL) 0 0.15[0.03] 0.15[0.04] 0.13[0.02]

12 0.17[0.04] 0.40[0.10]7*<* 0.45[0.11]7*<*

24 0.15[0.03] 0.45[0.06]7** 0.53[0.07]2*P#cxd#
IL-18(ng/L) 0 134.42(3.87] 134.64[2.80] 133.77[2.23]

12 136.02[1.49] 158.08[2.37]2** 157.55[2.66]%**

24 139.86[1.82] 163.85[2.88]2*P*<* 186.01[8.41]2*Pxcxdx
OX-LDL(ug/L) 0 99.15[1.78] 99.63[2.23] 99.67[1.70]

12 100.43[1.14] 135.08[2.97]2** 133.41[3.11]3%*

24 101.20[0.65] 139.57[2.35]2*P#<x 177.15[5.93]2%Pxcxdx
NO(umol/L) 0 42.28[2.29] 40.55[2.59] 42.27[2.96]

12 41.19[1.11] 33.07[1.73]°*< 32.25[1.96]7**

24 41.52[1.95] 27.23[1.36]7#Px<* 22.41[1.69]7#Pxcxdx
ET-1(ng/L) 0 96.40[2.94] 92.94[6.73] 93.32[4.46]

12 97.23[2.49] 128.52[5.64]°** 129.16[5.26]***

24 96.51[4.25] 131.52[4.39]2%* 164.66[9.54]2*Px<xdx
ET-1: endothelin-1, hs-CRP: high-sensitivity C-reactive protein, IL-18: interleukin-18, NO: nitric oxide, OX-LDL: oxidized low density lipoprotein.
#. P<0.05,
* P<0.01,
2 compared with 0 week,
b compared with week 12;
: compared with group 1,
:compared with group 2.
doi:10.1371/journal.pone.0093686.t003
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Table 4. The IMT of the three groups in different weeks (mean [SD], mm).

% compared with 0 week,

b, compared with week 12;
< compared with group 1,
9 compared with group 2.
doi:10.1371/journal.pone.0093686.t004

hydrogen peroxide. The sections were washed 3 times with PBS
for 5 minutes each. To reduce the background staining, the
sections were then incubated in 10% normal goat serum for 60
minutes. The sections were incubated in the primary antibody at
4°C over night, and they were then washed 3 times for 5 minutes
with PBS. The secondary antibody (antimurine IgG, Beijing
Zhong Shan Biotechnology CO., China) was applied to the
sections for 60 minutes. The sections were washed 3 times with
PBS for 10 minutes each and were detected with an AEC kit (AEC
kit, Beijing Zhong Shan Biotechnology CO., China).

All of the sections (H&E and immunostained) that were used for
microscopic quantification were captured under a Motic Olympus
BX60 digital camera-applied (Motic Moticcam 2306, Canada)
light microscope and were measured using the image pro-plusV2.0
analysis software program (Media Cybernetics Inc., USA).
Measurements of plaque thickness and fibrous cap thickness were
performed with a length-measurement computer system in which
pixels were transformed to micrometers based on a scale set for
each image (the image pro-plusV2.0 analysis software) [10].

6 Statistical analysis

All data were performed as the mean [SD] unless indicated.
Data from each two groups were compared by Student’s #test,
while three groups were compared by one-way ANOVA. The
enumeration data were expressed as frequency and compared with
chi-square test. Statistical significance was defined as P<<0.05.

Statistical analysis was performed using the statistical software
SPSS ver. 13.0.

Results

1 The general conditions of animals after 24 weeks
At the end of the experiment, one rabbit of group 1 died for
unclear reason, one in group 2 and two in group 3 died due to

Figure 2. The vascular ultrasound of group 2 and group 3 in
different weeks. Legend: (A) and (C): group 2 at week 12 and week
24; (B) and (D): group 3 at week 12 and week 24.
doi:10.1371/journal.pone.0093686.9002
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Groups 0 week week 12 week 24

Group 1 0.39[0.01] 0.40[0.06] 0.41[0.03]

Group 2 0.41[0.04] 0.70[0.11]2%<* 0.77[0.11]3%<*
Group 3 0.43[0.03] 0.84[0.14]2*<* 1.10[0.21]2#b#cxdx
IMT: intima-media thickness.

#: P<0.05,

* p<0.01,

diarrhea. 20 rabbits survived at the end of the experiment. The
animals’ body weights in all three groups increased, and the
animals at 24™ week were significantly heavier than 12" week. But
there was no statistical significance between groups, see Table 1.

2 Serum lipids profile

Rabbits in group 2 and group 3 all presented severe
hypercholesterolemia (Figure 1). Serum HDL-C level decreased
dramatically in cholesterol-rich diet fed groups as shown in
Figure 1, while TG level did not change compared with the rabbits
in group 1 (Figure 1). At 12" week, TC and LDL-C levels in group
2 and 3 were all higher than baseline, also higher than in group 1,

Figure 3. The intima with Oil Red O staining of atherosclerosis
in the three groups.
doi:10.1371/journal.pone.0093686.g003
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Table 5. The characteristics of atherosclerotic plaque in the three groups (mean [SD]).

< compared with group 1,
9. compared with group 2.
doi:10.1371/journal.pone.0093686.t005

and HDL-C level was significantly lower than group 1. TC and
LDL-C levels in group 3 were lower than group 2 at 24™ week.

The lipids level in group 3 was of significant fluctuation as given
cholesterol-rich and low-fat diet alternately. Significant fluctua-
tions were not found in the other two groups (Figure 1).

3 Serum lipid smoothness

SI values of each group were calculated at the end of the
experiment. As shown in table 2, the SI values in group 2 and 3
were both lower than group 1, and were significant lower in group
3 compared with group 2.

Z0U 6 29 8-18
PLA 301 General Hospital

0.075cm %?»..

Dist = 0.434cm W8S

Groups Percentage of plaque area(%) Plaque thickness(um) Fibrous cap thickness(um)
Group 1 0 0 0

Group 2 33.90[24.91]% 675.00[109.67]* 295.83[97.90]*

Group 3 53.53[22.60]*# 800.38[98.25]*# 103.50[45.66]°*%*

#; P<0.05,

* P<0.01,

4 Changes of serum hs-CRP, IL-18, ET-1, OX-LDL and NO

Hs-CRP, IL-18, ET-1, OX-LDL and NO levels were investi-
gated to evaluate the inflammatory state of the atherosclerotic
plaques for all rabbits in three groups. As shown in table 3, hs-
CRP, IL-18, OX-LDL and ET-1levels in group 2 and 3 were
significantly higher than in group 1 at 12" week, While NO level
was significantly lower compared with group 1. The hs-CRP, IL-
18, OX-LDL and ET-1 levels kept increasing in group 2 and 3 at
24™ week, and they were significantly higher in group $ than those
in group 2. The NO level continued to decline in group 2 and 3 at
24" week, and it was even lower in group 3.

Figure 4. The H&E staining of atherosclerosis in the three groups. Legend: Magnifications: x200(A-C2), x400(C3). A: Normal aorta intima in
group 1. B1-B2: Atherosclerotic plaque in group 2. The endothelial cells shed, numerous foam cells and cholesterol crystal (B1); cell necrosis and
calcium deposition (B2). C1-C3: Atherosclerotic plaque in group 3. plaques with thin fibrous caps and big lipid cores (C1), the discontinuous fiber cap

(C2), inflammatory cells (C3).
doi:10.1371/journal.pone.0093686.9004
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MMP-9

Figure 5. The immuohistochemical staining of atherosclerosis
in the 3 groups. Legend: Magnifications: x400. MMP-9: matrix
metalloproteinase-9; LOX-1: lectin-like oxidized low density lipoprotein
receptor-1. Representative pictures of MMP-9 and LOX-1 expressions
immuohistochemical staining in the aortic atherosclerotic plague of the
three groups.

doi:10.1371/journal.pone.0093686.g005

5 Changes of the aortic ultrasound

The arterial intima-media thickness (IMT) was severely
thickening and multiple plaques were clearly observed in the
arterial wall after giving cholesterol-rich diet feeding for 12 weeks.
There were no significant differences in IMT between three
groups at baseline but it was increased considerably both in group
2 and 3compared with baseline and group 1 at 12" week. IMT
thickened greatly at 24™ week than 12" week in both group 2 and
3, but changes of IMT in group 3 were more obvious than group 2
at 24™ week, see Table 4. Aortic ultrasound showed that the
plaque sizes of the same location in group 3 were (0.80 x4.90) mm
and (1.40x9.90)mm, in group 2 were (0.74x3.46)mm and
(0.75x4.34)mm at 12™ weck and 24" week respectively.(See in
Figure 2.)

6 The gross appearance of the aorta

The percentage of plaque area of intima shown as red stained
with Oil Red O in group 3 was significantly higher than that in
group 2, see Figure 3 and Table 5. Grossly, the intima in group 1
was smooth and was not colored by Oil Red O. Fatty lipid-like
material could be observed easily. There were severe atheroscle-
rotic lesions in the vascular intima especially in the aortic arch and

Effects of Lipid Smoothness on Plaques in Rabbits

the plaques had distinct borders with no surface rupture in group
2. While in group 3, more serious lesions appeared especially in
the descending aorta compared with group 2. Diffuse plaques
could be seen in the intima and were confluent to big patches.
Moreover, the plaque borders were not clear and the surface was
not smooth.

7 The histological changes of the aorta

The aorta intima was smooth with only one layer of endothelial
cells without foam cells and lipid accumulation in group 1 under
microscopic examination; see IFigure 4(A). In group 2, the IMT
was obvious thickening and the endothelial cells were shedding.
There were obvious atherosclerosis lesions formation with
numerous foam cells and cholesterol crystal. Cell necrosis and
calcium deposition in some areas also could be seen, see
Figure 4(B1-B2). In group 3, atherosclerotic plaques were larger
with thinner fibrous caps and bigger lipid cores compared with
group 2, see Figure 4(C1). There were amount of inflammatory
cells and new vessels in the intima and near the surface of the
lesions, and the fiber cap was found discontinuous, as shown in the
representative images (Figure 4(C2-C4)). The microscopic lesion
thickness of the sections of aortic arch was further calculated. It
showed that the lesion thickness in group 3 was significantly
thicker than that in group 2 (P<<0.05). In addition, the fibrous cap
thickness was thinner than that in group 2 (P<<0.01), see Table 5.

8 MMP-9 and LOX-1 expressions in aorta

The immuohistochemical staining of atherosclerosis was
performed to detect the expressions of MMP-9 and LOX-I.
Compared to group 2, numbers of both MMP-9 and LOX-1-
expressing cells were significantly increased in atherosclerotic
plaque in group 3(Figure 5). Furthermore, the quantity of MMP-9
and LOX-1 IOD in group 3 were significantly higher than those in
group 2, see table 6.

Discussion

An abundance of experimental, clinical, and epidemiologic data
has shown that hypercholesterolemia was a major causative factor
in atherogenesis [11]. Hypercholesterolemia is strongly believed to
contribute to atheroma development in human beings and in
animal models, and cholesterol exposure directly determined the
atherosclerotic progress in the rabbit model [12]. The clear
mechanism of ACS is rupture and its subsequent thrombosis of the
atherosclerotic plaque following plaque erosion of the unstable
atherosclerotic plaques [3]. Plaque rupture is a mechanical event
mainly determined by the fibrous cap thickness and the lipid core

Table 6. The 10D of MMP-9 and LOX-1 in the three groups (mean [SD]).

2 compared with 0 week,

b compared with week 12;
: compared with group 1,
9 compared with group 2.
doi:10.1371/journal.pone.0093686.t006

c.
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Groups MMP-9 LOX-1

Group 1 5467.26[1627.64] 3387.85[892.72]

Group 2 20956.57[4616.93]* 21921.68[6142.32]*

Group 3 37375.87[5634.52]°*%* 45213.04[16653.81]°*%

10D: integral optical density, MMP-9: matrix metalloproteinase-9, LOX-1: lectin-like oxidized low density lipoprotein receptor-1.
#: P<0.05,

* P<0.01,
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size. Biological factors such as inflammatory infiltration may
contribute to weakening and fracture of the fibrous cap [13]. The
vulnerable plaques mainly compose of an atrophic fibrous cap, a
lipid-rich necrotic core, and accumulation of inflammatory cells
[14]. The main factors involved in the conversion of a stable
plaque into an unstable and rupture-prone lesion are hypercho-
lesterolemia [15], vascular endothelial dysfunction [16], as well as
the inflammatory response [17,18]. It is known that a high level of
LDL-C is the culprit of atherosclerotic plaque, and its oxidative
modified form, ox-LDL, plays an important biological role in the
formation of arterial plaque in the early and late phases [19]. In
this study, we demonstrated a persistent hyperlipidemia could
promote the progression of the atherosclerotic plaques (as in group
2). With previous evidence showed that some ACS patients with
hyperlipidemia had a lower level of LDL-C in clinical practice, our
study bring to light that lipids fluctuation could also accelerate the
atherosclerotic plaque formation and its subsequent vulnerability.

In this study, the rabbit lipids fluctuation model was successfully
established by feeding low-fat diet and cholesterol-rich diet every
three weeks alternately after the atherosclerotic plaques formation.
Lipids SI values were adopted to evaluate the stability of lipid
levels for the first time. The results revealed that SI values of LDL-
C in group 3 were the lowest but the progression of the
atherosclerotic plaques was the fastest between groups, and the
smaller the SI values were, the faster of the plaques formation.

Literatures showed that pathological angiogenesis could be seen
in atherosclerotic plaques, which might be linked to plaque’s
progression and subsequent occlusive thrombosis [20]. Patholog-
ical angiogenesis provided a pathway infiltrating inflammatory
cells into plaques, while plaques infiltrated diffusely by inflamma-
tory cells were always prone to plaque rupture [21,22]. Some
literatures also mentioned that this type of plaque, a thin-capped
fibroatheroma with increased inflammatory cell content, was
considered to be most vulnerable to disruption [23]. Accordingly,
present result showed that the arterial IMT was significantly
higher, the plaque area was bigger and the atherosclerotic lesions
formation was quicker under ultrasonography in group 3.
Moreover, the atherosclerotic lesions of vascular intima in
histological examination were significantly larger with a large
number of infiltrations of inflammatory cells around plaques.
Neovascularization were also found in the intima near the surface
of the lesions. The fiber cap thickness was thinner and some fiber
cap was even discontinuous. These findings indicated that lipids
fluctuation was of impact on the progression and vulnerability of
atherosclerotic plaques.

Unstable carotid atherosclerotic plaques are characterized by
cap rupture, leading to thromboembolism and stroke. MMPs have
been implicated in the progression of atherosclerosis and plaque
rupture, and MMP-9 was strongly correlated with plaque
instability [24]. The OX-LDL receptor LOX-1, mainly expressed
at the shoulder of plaques, plays a crucial role in atherosclerosis. It
can activate the inflammatory activity and also induce expression
and activation of MMPs [25]. The pathological effects of LOX-1
not only initiate atherosclerotic lesion formation, but also
contribute to the vulnerability of a plaque [26]. In this study,
expressions of MMP-9 and LOX-1 in group 3 were dramatically
higher than in group 2 and group 1. Combining the ultrasono-
graphic and histological changes of atherosclerosis, we suggested
that lipids fluctuation might increase the expressions of MMP-9
and LOX-1, accordingly accelerate the progression of atheroscle-
rosis and lead to the formation of unstable plaques.

Previous studies revealed that the development of plaques was
closely correlated to the inflammatory process involving the

PLOS ONE | www.plosone.org

Effects of Lipid Smoothness on Plaques in Rabbits

arterial wall [27]. Many literatures supported that inflammation
played a pivotal role in all phases of atherosclerosis, from the fatty
streak lesion formation to the acute coronary event due to
vulnerable plaque rupture [28]. Vascular inflammation contrib-
utes to the pathogenesis of atherosclerosis and later in the disease
process, it is a major determinant for the acute coronary
syndromes. Hs-CRP, a simple downstream marker of inflamma-
tion, has been proved to closely connect the atherosclerotic plaque
progression [29,30]. Some studies also showed that thin cap
fibroatheromas were commonly seen in those patients with
elevated high levels of hs-CRP [13]. Elevated baseline concentra-
tions of hs-CRP are associated with the risk of atherosclerotic
events in general population and show a predictive value even in
terms of secondary prevention. IL-18 is a pleiotropic proinflam-
matory cytokine and plays a central role in the inflammatory
cascade [31]. It was identified as an interferon-y—inducing factor,
stimulating interferon-y production in T lymphocytes and natural
killer cells, which are ascribed a key role in atherosclerotic plaque
growth and vulnerability [32]. This study showed that hs-CRP and
IL-18 levels in group 3 were significantly higher than those in the
other two groups and therefore, inflammation might play an
important role in the accelerating process of atherosclerotic
plaques due to lipid fluctuation.

NO and ET-1 level disorder are also key point to promote
atherosclerosis progression. In our study, NO level was significant
lower while ET-1 level was higher in group 3 than the other
groups. Therefore, the endothelium dysfunction of group 3
exacerbated and accelerated the plaque progression. It indicated
that the accelerated progression and vulnerability of arterial
atherosclerotic plaques caused by instability of lipid levels was
mainly linked to activation and worsening of arterial endothelium
dysfunction and inflammatory reactions.

In conclusion, marked serum lipids fluctuation is considered to
be associated with the atherosclerotic plaque progression and
vulnerability in cholesterol-rich diet induced hypercholesterolemia
in rabbits. It could exacerbate the arterial endothelium dysfunc-
tion and inflammatory reactions, accelerate the progression and
impair the stability of atherosclerotic plaques. Our findings might
shed light on further exploration of risk factors affecting the
atherosclerotic plaque progression and vulnerability in human
beings.

In our study, the establishment of rabbit lipid fluctuation model
and the idea of observation of the relationship between
atherosclerosis progression and lipids fluctuation are novel. There
must be some limitations in this study: 1) the sample size of rabbits
is not big enough; 2) whether the current animal results can
represent the clinical patients or not; 3) the specific mechanisms of
lipids fluctuation affecting atherosclerotic plaques. We will
continue focusing on the following research in the future.
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