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Abstract

There has been increased attention focused on atherosclerosis, with a rise in the number of investigations exploring its pathogenesis
and ways of diagnosing and treating the disease. During the progression and development of atherosclerosis, the mechanical
properties of the arterial wall have been extensively studied using animals fed a diet of high cholesterol and saturated fat. One
view held is that the arterial wall becomes hardened, while others hold the opposite view. From the standpoints of diagnosis and
treatment, dimensional and morphological changes in the arterial wall during the development of atherosclerosis are considered to
play important roles. However, the dimensional and morphological changes in the arterial wall of animals fed a high cholesterol
and saturated fat diet have not been well documented. Therefore, in this study, rabbits were fed a diet containing 0.5% cholesterol
plus 0.5% olive oil for periods of 4, 8, and 12 weeks, and the cholesterol concentration of blood plasma, and the dimensional
and morphological changes in the rabbit’s arterial wall were examined following each cholesterol feeding period. We found that
the cholesterol concentration of blood plasma signiycantly increased throughout the cholesterol feeding period. In cholesterol-
fed rabbits, the arterial wall had a tendency to thicken; the ratio of wall thickness to radius of aortic ring specimens, measured
immediately after procurement of the specimen, was signiycantly increased compared with normal-fed rabbits. Morphological
examination revealed a marked increase in thickness of the intima, smooth muscle proliferation, and connective tissue formation;
lipid-laden cells were observed near the basement of the lesion. The tunica media underlying plaques showed marked disruption
of elastin, collagen, smooth muscle cells, and a focal loss of normal media architecture. These changes were noted to be more
prominent in thoracic aortae than in abdominal aortae.
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Introduction
Atherosclerosis is a disease of the large- and medium-
sized arteries i.e. coronary artery, carotid artery, arteries
of the lower extremities, and large elastic arteries
including thoracic and abdominal aortae (Abdelhalim
et al., 1994; Ross, 1993; Sato and Ohshima, 1992;
Shankar and Bond, 1990; Stary, 1989). Atherosclerotic
calciycation may weaken the aorta wall and thereby
lead to rupture of the vessel (Howard et al., 2002).
Hypercholesterolemia is considered a major risk factor
in the development of atherosclerotic disease (Fidan et
al., 2006; Sandra, 2006). Presently, increasing numbers
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of the adult and geriatric populations are developing this
disease. The effects of cholesterol feeding periods on the
mechanical properties of excised thoracic and abdominal
aortae of rabbits fed a diet containing high levels of
cholesterol and saturated fat have been investigated by
means of a tensile testing machine (Abdelhalim et al.,
1993, 1994; Cox, 1979; Hayashi et al., 1987; Hudetz
et al., 1981; Richter and Mittermayer, 1984; Sato and
Ohshima, 1992; Shankar and Bond, 1990; Miyazaki
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et al., 1983). These studies demonstrated signiycant
changes in the mechanical properties of aortae during
the development of atherosclerosis. High fat diet-
induced prothrombotic state, endothelial dysfunction
precedes both the morphologically detectable lesions
and the enhancement of platelet reactivity (Rumiko et
al., 2006). Atherosclerosis is considered to be a vascular
disease accompanying ybrous thickening of the intima
of the arterial wall (Badimon et al., 1989). Thus, the
time course of the changes in the dimensions of blood
vessels is considered to be one of the major factors in the
development of atherosclerosis. The dimensional and
morphological changes in the arterial wall of animals fed
ahigh cholesterol and saturated fat diet have not been well
documented. Moreover, controversy exists regarding the
relevance of dimensional and morphological changes in
the arterial wall to the development of atherosclerosis.
In a bid to clarify this issue, we examined the cholesterol
concentration of blood plasma, and the dimensional and
morphological changes in the arterial wall of rabbits fed
a high cholesterol and saturated fat diet throughout the
cholesterol feeding period. We compared our yndings
with previous reports of changes in the mechanical
properties of animals during the development of
atherosclerosis, in particular, arterial wall thickness, the
possible appearance of fatty streaks and ybrous plaques,
and degenerative changes in the connective tissue matrix
(collagen, elastic ybers, and proteoglycan) of the arterial
wall in hyperlipidemic rabbits.

Materials and Methods

Animals

Fifteen 12 - week, new Zealand White male rabbits, old,
were purchased from Kitayama Lab. Ltd., Kyoto, Japan,
individually caged, and divided into either control
group or cholesterol-fed group. The control group (n =
6) was fed 100 g/day of normal diet, ORC-4 (Oriental
Yeast Co. Ltd., Tokyo, Japan), for a feeding period of 12
weeks. The cholesterol-fed group (n = 9) was fed a high
cholesterol and saturated fat diet of ORC-4 containing
0.5% cholesterol plus 0.5% olive oil (100 g/day), for a
feeding period of 12 weeks.

Experimental protocol

Rabbits were sacriyced following intravenous
injection of heparin (400 U/kg body weight). To obtain
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protoplasm representative of the in vivo situation, and
to avoid autolysis changes and bacterial growth, the
aortae were placed in 10% buffered neutral formalin.
The tissues surrounding the aortae and their branched
vessels were carefully removed in a manner which
avoided any damage to the aortae. According to routine
procedures, specimens were stained to examine fatty
streaks, ybrous plaques and any degenerative changes
in the arterial wall. The thoracic aorta (2 cm under the
bifurcation to the left sub-clavian artery) and abdominal
aorta (1 cm upward and downward from the bifurcation
to the mesenteric artery) were excised. Between two and
four pieces of ring specimens, approximately 2-3 mm in
width, were excised from each part of the thoracic and
abdominal aortae. The internal diameter, thickness, and
width of each aortic specimen were measured under a
stereo microscope.

Morphological examination

To investigate the possible presence of fatty streaks and
ybrous plaques, photomicrographs of Sudan-stained
aortic specimens were prepared using the whole aorta
from normal-fed rabbits (NOR) and cholesterol-fed
rabbits (CHO). To examine intimal thickening, focal
loss of medial architecture, intima intracellular and
extracellular lipids, connective tissue formation, and
smooth muscle proliferation, photomicrographs of
hematoxylin and eosin-stained thoracic and abdominal
aortae were prepared from NOR and CHO. Furthermore,
to investigate intimal thickening, focal loss of medial
architecture, disruption of the elastin of tunica media,
condensed and fragmented elastin near the innermost and
the outermost boundary of the media, photomicrographs
of Victoria blue-stained thoracic and abdominal aortae
were prepared from NOR and CHO.

Data analysis

Statistical analysis was performed using a One-
Way Analysis of Variance (ANOVA) for repeated
measurements, with signiycance assessed at 5%
conydence level. The results were expressed as mean N
SD.

Results
Cholesterol concentration changes
The total cholesterol concentration in blood plasma

Saudi Journal of Biological Sciences Vol. 14, No (2) December, 2007



Effects of High Cholesterol and Saturated Fat Diet on the Aortic Wall

of CHO increased after the cholesterol feeding
started, as illustrated in Table. 1. The total cholesterol
concentration at the beginning of cholesterol feeding,
was 163 N 73 mg/dl, was considered to be the control
level. After cholesterol feeding started, this value rapidly
and signiycantly (* p < 0.05) increased throughout the
feeding period. After 12 weeks of cholesterol feeding,
the concentration of total cholesterol in blood plasma
was rose to 2111 N 440 mg/dl, as illustrated in Fig. 1.
Statistical analysis was performed using a One-
Way Analysis of Variance (ANOVA) for repeated
measurements, with signiycance assessed at 5%
conydence level. The results were expressed as mean
N SD, as illustrated in Table 2. Table 2 shows total
cholesterol concentration in blood plasma of normal-
fed rabbits (NOR), and cholesterol-fed rabbits (CHO)
throughout feeding periods of 4, 8, and 12 weeks.

Dimensional changes in the aortic wall

As mentioned previously, atherosclerosis is considered
to be a vascular disease accompanying ybrous thickening
of the intima of the arterial wall (Badimon et al., 1989).
Thus, the time course of the changes in the dimensions of
blood vessels is considered to be one of the major factors
in the development of atherosclerosis. Accordingly, the
ratio of wall thickness to radius of aortic ring specimens
were measured immediately after procurement of the
specimen. The results obtained after cholesterol feeding
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Fig 1. Vertical bar graph between cholesterol feeding periods
in weeks and cholesterol concentration in blood plasma. n =
number of rabbits; normal-fed rabbits (NOR), cholesterol-
fed rabbits (CHO) Mean N SD (*p < 0.05).

Saudi Journal of Biological Sciences Vol. 14, No (2) December, 2007

periods of 4, 8, and 12 weeks are shown in Table 3.

Our measurements showed that rabbits fed a diet
containing a high concentration of cholesterol and
saturated fat exhibited a signiycant (* p < 0.05) increase
in the ratio of wall thickness to radius of aortic rings,
resulting in a tendancy for the aortic wall to thicken.
Moreover, these changes were noted to be more
prominent in thoracic aortae than in abdominal aortae,
as illustrated in Fig. 2.

Statistical analysis using a One-Way Analysis of
Variance (ANOVA) for wall thickness to radius of the
thoracic and abdominal aorta of normal-fed rabbits, and
cholesterol-fed rabbits throughout a feeding period of 4,
8, and 12 weeks were illustrated in Tables 4 (thoracic
aorta) and 5 (abdominal aorta).

Morphological changes in the aortic wall

It has been proposed that softening of the arterial wall
is due to the denaturation or fragmentation of elastin
and collagen ybers, both of which are known to play
dominant roles in governing the mechanical properties
of blood vessels. The morphological changes observed in
the aortic wall are illustrated in Figs. 3, 4, 5, 6 and 7. Fig.
3 is a photomicrograph of Sudan-stained whole aortae
from NOR and CHO. Red stained areas correspond to the
localization of fatty streaks and ybrous plaques. In panel
A, the upper specimen was obtained from a rabbit fed
a high cholesterol and saturated fat diet (100 g/day) for
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Fig 2. The changes in the ratio of wall thickness to radius of
arterial wall with the cholesterol feeding periods. n is the
number of samples, () is the number of rabbits, Mean N SD
(*p < 0.05).
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Table 1. Represents mean total cholesterol concentration in blood plasma of normal-fed rabbits (NOR), and cholesterol-fed rabbits

(CHO) throughout feeding periods of 4, 8, and 12 weeks.

Data Mean N SD \Y N
Control 163 N 73.19 5356.67 10
4 Weeks 1325 N 357.1 127500 12
8 Weeks 2046 N 585.8 127500 12

12 Weeks 2111.1 N 440.1 127500 9

Values are expressed as mean N SD, followed by variance (V) and number of rabbits (N).

Table 2. Statistical analysis using a One-Way Analysis of Variance (ANOVA) for total cholesterol concentration in blood plasma of
normal-fed rabbits and cholesterol-fed rabbits, with signiycance assessed at 5% conydence level.

Data (Control and 4 Weeks) Mean Variance N
Control 163 5356.67 10
4 Weeks 1325 127500 12
F =101.536

P=278E-9

At the 0.05 level, the means are signiycantly different.

Data (Control and 8 Weeks) Mean Variance N
Control 163 5356.67 10
8 Weeks 1980 343142.86 15
F =93.896

P=138E-9

At the 0.05 level, the means are signiycantly different.

Data (Control and 12 Weeks) Mean Variance N
Control 163 5356.67 10
12 Weeks 21111 193611.1 9
F=191.35

P=111E-10

At the 0.05 level, the means are signiycantly different.

12 weeks. In panel B, the upper specimen was obtained
from a rabbit fed a high cholesterol and saturated fat
diet (100 g/day) for 7 weeks followed by a lower intake
of cholesterol and saturated fat (40 g/day) for 5 weeks.
After 7 weeks of a high cholesterol and saturated fat
diet, this animal exhibited loss of appetite. It became
evident that the aortae of NOR were completely free of
fatty streaks and ybrous plaques, and were characterized
by a barely visible intima (Fig. 3). On the contrary, all
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aortic specimens from CHO exhibited lesions which
comprised of fatty streaks and ybrous plaques (Fig. 3).

Fig. 4 is a photomicrograph of hematoxylin and
eosin-stained thoracic aortae from NOR and CHO
rabbits. The upper panel (NOR) illustrates normal
arterial wall morphology. The lower panel (CHO) shows
marked intimal thickening with focal loss of medial
architecture. The intima contains intracellular and
extracellular lipids, connective tissue formation, and
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