
A method of rapid rabbit atherosclerosis model establishment.

Yinfei Qiao1, Kejian Zhu2, Zhengping Bo2, Zhengke Yu1, Yuming Han1, Qi Zhao1, Wenli Yang1,
Xiangyi Xia1, Ting Zhang1, Changjiang Xiao1*

1Department of Cardiology, Affiliated Hospital of Hunan Academy of Chinese Medicine, Changsha City, Hunan
Province, 410006, PR China
2Department of Outpatient, Affiliated Hospital of Hunan Academy of Chinese Medicine, Changsha City, Hunan
Province, 410006, PR China

Abstract

To establish a method to produce the atherosclerosis rabbit model rapidly. A total of 18 healthy male
Japanese white rabbits were randomly divided into the control group (n=8) and the experiment group
(n=10). Rabbits in control group were fed with regular chow diet, while rabbits in the experiment group
were fed with high fat diet and injected with bovine albumin. All animals received injure on left femoral
arteries by vessel sheath. After seven weeks of injury and diet, morphological characters of pathological
changes were investigated, serum lipoprotein and cholesterol levels were also profiled. Serum total
cholesterol (TC), triglyceride (TG), and low density lipoprotein (LDL) levels were significantly higher in
experiment group than control group (P<0.05). All rabbits in experiment group developed
atherosclerotic plaques in left femoral arteries where was injured by vessel sheath indicating the
successful establishment of the rabbit atherosclerosis model. The combination of high fat diet,
intravenous injection of bovine albumin and arterial injury resulted in a successful establishment of
atherosclerosis model in rabbit within a relatively short period of time.
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Introduction
Atherosclerosis (AS) is a chronic inflammatory disease in
which various types of inflammatory cells are involved [1].
Atherosclerosis initiates as a result of damage to endothelial
cells (ECs) which subsequently promotes adherence of
monocytes to ECs [2]. Monocytes migrate into endothelium,
where they differentiate into macrophages, which engulf
oxidize low-density lipoproteins (LDLs) and constitute
important steps in atherosclerosis development [3]. As a result,
residual macrophages and smooth muscle cells turn into foam
cells and further facilitate atherosclerotic plaque formation.
Histologically, atherosclerotic plaques are composed of fibrous
caps, which are prone to breaking and thus causing coronary
artery lumen stenosis and thrombosis once unstable plaque
ruptures. The occurrence of AS is associated with numerous
risk factors, such as dyslipidemia and local hemodynamic
changes like shear stress [4-6].

A variety of small and large animal models have been used to
study the pathogenesis of AS [7]. However, none of the animal
atherosclerosis models is ideal because each model has its own
advantages and disadvantages. Due to the ease of genetic
manipulation, murine models are currently most extensively
used [8]. However, murine atherosclerosis is not identical to

humans in various aspects. Besides large animal models
include pigs, rabbits, and primates are not well established and
genetic manipulation has still been a challenge. Nevertheless,
large animal models have particular advantages for certain
types of studies and potential similarity to human
atherosclerotic lesion morphology [9].

Rabbit is the species which is the most sensitive model to
dietary cholesterol overload and is extensively used as AS
model. The Watanabe hereditary hypercholesterolemic
(WHHL) rabbit has a defect in the low density lipoprotein
receptor (LDLR) and are prone to develop the advanced
lesions in a short period of time [10]. The most important point
is that the pathological process of rabbits is very similar to
humans. Therefore, rabbits have been extensively used as a
suitable AS model, but need relatively longer period of diet
feeding to induce atherosclerosis development. Therefore, the
present study was designed to establish a rapid rabbit
atherosclerosis model by combining multiple approaches,
including high fat diet, injection of bovine albumin and balloon
injury of artery.
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Methods

Reagents
Cholesterol added in diet was purchased from Lixin Biological
Technology Co., LTD (Changsha, Hunan, China) and Bovine
serum albumin was purchased from Haoyang Biological
Technology co., LTD (Tianjin, China). Vascular sheath (4F, 5F,
6F), radial artery puncture needle, and guide wire were all
provided by Beijing Maiteli Technology Development co.,
LTD, (Beijing, China). Serum total cholesterol (TC),
triglyceride (TG), low density lipoprotein (LDL) tests was
performed by Hunan Academy of Traditional Chinese
Medicine affiliated hospital clinical laboratory using
commercially available kits. Pathology staining and image
analysis was performed by Hunan Academy of Traditional
Chinese Medicine affiliated hospital pathology department in a
blind fashion.

Experimental animals
A total of 18 male Japanese big ear rabbits weighting 2.0 ± 0.2
kg were purchased from Hunan University of Chinese
Medicine Experimental Animal Center. Eighteen rabbits were
randomly assigned into experimental group (n=10) and control
group (n=8). All rabbits were separately caged and had free
access to water. The rabbits in control group were fed with 150
g regular diet daily for a total of seven weeks. The rabbits in
experimental group were fed with high-fat diet (2%
cholesterol, 10% lard, 10% egg yolk powder, 0.2%
propylthiouracil, and 67.8% regular diet) with50 g high-fat diet
in the morning and 100 g regular diet in the afternoon daily for
a total of seven weeks.

Establishment of atherosclerosis model
The rabbits in experimental group were injected with 250
mg/kg bovine albumin via ear veins at the 1st and 7th days of
high fat diet. Besides, rabbits in experimental group received
femoral artery injury under general anesthesia on day 1 of high
fat diet. In brief, rabbits were anesthetized with intramuscular
injection of 3% pentobarbital sodium (30 mg/kg). Left inguinal
area was shaved and skin was disinfected. Femoral artery was
separated and exposed. 21 G radial artery puncture needle was
inserted into the middle and lower sections of femoral artery.
With the aid of guide wire, radial artery sheath was inserted
towards 5 centimeter (cm) depth (4F, 5F, and 6F sheathes were
chosen to be used on rabbits weighting1.8 kg, 2.0 kg, and 2.2
kg respectively). Then all rabbits were injected with 200 U/Kg
heparin via ear margin veins. After the guide wires of the
sheath were withdrawn, the arterial sections with sheath were
pressed, the sheath with dynamometer was pull out for 4 cm.
The force of press was 10 Newton as demonstrated on
dynamometer. This was repeated for 3 times to cause vascular
endothelial damage. The sheath was then completely pulled out
to finish the injury. Yunnan Baiyao 1 g was spilled on the
puncture area which was subsequently compressed for 5 min to
stop bleeding. After bleeding was stopped, gentamicin 80000
U was spilled on the incision area to prevent infection. The

incision was closed by conventional layered sutures. All
rabbits were given 400,000 units of penicillin daily for
consecutive 3 days to prevent infection. All rabbit were fast 12
h before the procedure.

Collection and measurement of specimen
Blood sample was collected after 12 h fasting before the injury,
on the 3rd and the 7th weeks after the injury. At 7th week time
point, all rabbits were sacrificed by air embolism. The left
femoral arteries were harvested, flushed with normal saline and
kept in 10% formalin solution for pathology investigation. All
the samples were embedded in paraffin, cross-sectioned, and
stained with H&E. Light microscope was used to observe
pathological changes.

Figure 1. General condition of animals after surgery; A: There were
ulceration and crusting formed at the nail bed; B: The inner ear
began to have yellow crusting formed; C: Part of the tail hair began
to lose.

Statistical analysis
Statistical analysis was performed using SPSS 16.0. The data
were expressed as mean ± standard deviation (SD). Differences
were analyzed by one-way analysis of variance (ANOVA)
followed by the Newman-Keuls test. P<0.05 were considered
as statistically significant.

Results

General situation
All rabbits in control group were in good condition with white
and shining furs, bright eyes and responsive to feeding and
active in scratching cages. No mortality was observed in
control group. All rabbits in experimental group began to show
poor spirit and became less active at the 3rd week of
experiment/injury. Although having normal appetite, they were
less responsive to feeding on the 5th week and tended to be
lying rather than being active. Their appetite further decreased
and fur became dark. There were ulceration and crusting
formed at nail beds of four extremities (Figure 1A). The inner
ear began to appear yellow crusting (Figure 1B) and
experienced hair lost (Figure 1C). On the 7th week, they began
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to have cloudy eyes and fat deposition. One rabbit suddenly
died in the middle of the 7th week without significant
abnormalities found by autopsy.

Measurement of serum lipids
There was no significant difference of TG, TC and LDL levels
before experiment, 3rd week and the 7th week after injury (all
P>0.05) (Table 1) in control group. In contrast, serum lipid

levels including TG, TC, and LDL of experiment group were
significantly increased at the 3rd and 7th weeks compared with
pre-experiment (TG, 1.49 ± 1.02, 2.44 ± 0.57 vs. 0.64 ± 0.24;
TC, 33.98 ± 2.13, 45.79 ± 1.69 vs. 0.92 ± 0.27; LDL, 28.83 ±
1.97, 33.04 ± 2.17 vs. 0.51 ± 0.23) (P<0.01) (Table 1),
suggesting a successful induction of hyperlipidemia in
experiment group.

Table 1. Measurement of serum lipids at the different time points of two groups.

Lipids (mmol/L) Before experiment 3rd week 7th week

Control Experiment Control Experiment Control Experiment

TG 0.59 ± 0.28 0.64 ± 0.24 0.61 ± 0.13 1.49 ± 1.02*^ 0.64 ± 0.19 2.44 ± 0.57**^

TC 0.89 ± 0.20 0.92 ± 0.27 0.92 ± 0.41 33.98 ± 2.13*^ 0.91 ± 0.33 45.79 ± 1.69**^

LDL 0.56 ± 0.13 0.51 ± 0.23 0.59 ± 0.39 28.83 ± 1.97*^ 0.54 ± 0.41 33.04 ± 2.17**^

*P<0.01 compared with before experiment; **P<0.01 compared with week 3; ^P<0.01 compared with control group

Observation of pathological morphology
Endothelium was complete and intact in the femoral arteries in
the control group, which was single-layered and close to the
inner elastic plate. The smooth muscle cells in the middle layer
were in oval shape. In contrast, plaques were observed in the
injured femoral arteries in experiment group which were
covered by fibrous tissues. There was also thromboses
formation in the lumen where calcification spots were
observed. Thickness of arterial wall was not identical to that of
the control group although one side of the vessel wall became
thinner with smooth muscle rupture. The other side of it had
foam cells unevenly distributed surrounded by homogeneous
red collagen and calcification spots. There was arterial
bleeding and hematoma formation between the middle and the
outer layer (Figures 2A-2C).

Figure 2. H&E staining of morphology of injured vessel wall; A:
Plaques in the femoral arteries which were covered by fibrous
tissues; B: Thromboses formed in the lumen which had calcification
spots; C: Foam cells unevenly distributed which were surrounded by
homogeneous red collagen with calcification spots.

Discussion
The pathological process of AS mainly involves large- and
middle-sized arteries [11]. Although the exact pathogenesis or
mechanisms of atherosclerosis development are still unclear,
the damage response theory and inflammatory theory are the
two most widely accepted ones [12]. Endothelial cells are
damaged which results in vascular inflammation and
subsequent formation of foam cells and fibrous tissue

proliferation. Pathology studies show the formation of fatty
streak, fibrous tissues, and ultimate plaques formation in the
different stages of atherosclerosis development. Abnormal
lipid metabolism, especially serum lipids such as TG, TC, and
LDL is one of the most important factors in the progress of AS
[13]. It is not only the initial step in AS but also plays an
important role in leading vascular endothelial damage [14].
The establishment of AS model using high-fat diet plus balloon
injury on abdominal or iliac arteries has been extensively used.
Some studies have reported that high-fat diet plus
inflammatory stimulus is able to produce AS model [15].
However, all these methods are relatively time-consuming. To
provide a better animal model which could not only mimic the
atherosclerosis formation in human, but also have a relatively
shorter period in model establishment, we have combined
several approached that have been used in large atherosclerosis
animal model establishment.

In the current study, the expensive balloon plus pump method
was abandoned due to its high cost. Instead, relatively cost-
effective vascular sheath plus dynamometer method was
adopted. During the femoral artery homeostasis, Yunnan
Baiyao powder plus 5-minute compression method was used
instead of using gelatin sponge dressing method to stop
bleeding. By adopting the above methodologies, the cost has
been reduced to 1/20 of the original one, operation time was
reduced, infection rate and mortality were also decreased.

High-fat diet can directly cause excessive intake of lipids
resulting in hyperlipidemia [16]. Propylthiouracil can cause
thyroid dysfunction and slow disturbed lipid metabolism in
rabbits [17]. Intravenous injection of bovine serum albumin
can cause systemic immune inflammatory response [18].
Vascular sheath injury can directly cause endothelial injury in
rabbits [19]. We proposed that the combination of the above
four methods can result in a three-dimensional interaction of
complex biological effects, so that it could accelerate the
atherosclerosis development. Therefore, we have adopted a
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new model of local artery injury using vascular sheath on the
basis of systemic reactions caused by high-fat diet,
propylthiouracil and bovine serum albumin. We found that
rabbits in control group were in generally good condition,
while rabbits in experiment group gradually appear a variety of
symptoms including blood lipid level elevation, AS plaque
formation and partial vessel wall calcification, indicating the
successful establishment of AS model within seven weeks. The
traditional atherosclerosis rabbit model including either high-
fat diet, systemic inflammation, or balloon injury usually
require eight weeks for animal model establishment. The
present method has shortened the time to some extent.
There are also several key steps which are required to be paid
attention throughout the whole process. First of all, according
to our experience, to successfully establish this rapid
atherosclerosis model, the age and body weight of animal are
of great importance. Therefore, to achieve a reproducible
result, researchers should use animal with similar age and body
weight as used in the current study. Second, the dosage of
bovine serum albumin injection should be sufficiently
calculated. To accomplish this, the leaking of injected solution
into local tissue around the ear vein should be avoided in order
to prevent local tissue necrosis and the loss of albumin. Third,
anesthetic dosage should be appropriate to prevent death of
rabbits due to overdose. Intramuscular injection method is the
best choice to prevent overdose. Fourth, all surgical
instruments should be heparinized to prevent small thrombosis
formation. Fifth, during vascular sheath injury, operator should
pay special attention to the dynamometer reading to prevent
excessive force resulting in severe damage of the artery wall,
the possible blood vessels rupture, or even death of animals.
Excessive force can also cause elastic plate rupture leading to
more scars formation and resulting in failure of model
establishment. Sixth, vascular sheath should be pull out quickly
in the end of the injury procedure and Yunnan Baiyao powder
should be spilled in the vascular puncture areas to stop
bleeding as quick as possible.

In conclusion, compared with conventional method, the present
method has combined several approached used in rabbit
atherosclerosis model establishment and leads to a relatively
rapid development of atherosclerosis plaque in rabbit. This
animal model has several advantages including time-saving,
cost-effective, and high success rate which should be widely
applied in the AS studies.
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