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Abbreviations: EEL, external elastic lamina; HE, hematoxylin-
eosin; I/M, intima/media; IEL, internal elastic lamina

Introduction
The use of experimental models in the study of atherosclerosis 

has expanded our knowledge in understanding the pathophysiological 
processes of atherosclerosis and thrombogenesis. In this project we 
intend to use part of material already collected in previous studies, 
and analyze the characteristics of atherosclerotic plaques developed 
in hypercholesterolemic rabbits at different evolutionary times, 
regarding histopathological aspects and their correlation with plaque 
evolution. Atherosclerosis is a disease of the large and middle 
muscular arteries and elastic arteries, characterized by elevation in the 
vessel wall containing intra and extracellular lipids in the intima layer, 
covered by a fibrous cap, with atheroma being the basic lesion.1 This 
is the result of complex interaction between blood elements, altered 
blood flow and abnormalities of the vessel wall, involving several 
pathological processes: increased permeability and endothelial 
activation, recruitment of monocytes and activation of inflammatory 
cells, proliferation of smooth muscle cells, migration and synthesis 
of matrix, degeneration with lipid accumulation, necrosis due to 
oxidized lipids, calcification and plaque rupture, platelet recruitment, 
fibrin and thrombus formation.

Several factors, such as hypertension, diabetes mellitus, 
dyslipidemia and smoking, lead to endothelial dysfunction, initiating 
the atherogenic process. As a consequence, lipoprotein penetration into 
the subendothelial space occurs, particularly Low Density Lipoprotein, 
generation of adhering molecules on the surface of endothelial cells and 
secretion of growth factors and cytokines implicated in migration, cell 
proliferation and coagulation.2,3 Monocytes penetrate the intima and 
subendothelial space and are transformed into activated macrophages 
that capture oxidized Low Density Lipoprotein. The progressive 
accumulation of lipids intracellular, or extracellular form the fatty 
streak. Fibrous lesions have a layer composed of smooth muscle cells, 
extracellular matrix rich in collagen and proteoglycan, covering the 
necrotic nucleus rich in lipids. Plaques can become highly complex 
with calcifications, ulcerations, and hemorrhages of small vessels.

In the last decades, it has been found that plaque composition and 
vulnerability, more than its volume and degree of stenosis, are the 
most important determinants for the development of acute coronary 
thrombus-mediated syndrome, and soft plaques, rich in lipids, are 
more dangerous than rigid and collagen-rich plaques, because they are 
more unstable and highly thrombogenic. When analyzing the degree 
of stenosis in patients who suffered acute myocardial infarction, it was 
observed that in only 14% of them, the infarction was due to rupture 
of a plaque with more than 70% of stenosis. In 70% of the patients, the 
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Abstract

Objective: To analyze the histopathological aspect of atheroma plaques in the aorta of 
rabbits submitted to diet modification and different evolution times. 

Methods: Aortic fragments of rabbits submitted to the following protocols were analyzed: 
all animals received a diet plus 0.5% cholesterol for 3 months and/or followed by: group 
A (n=8) - sacrificed at 3 months; group B (n=10) - followed by 3 months of standard diet; 
group C (n=20) followed by 3 months of 0.1% cholesterol diet; group D (n=12) - followed 
by 9 months of 0.1% cholesterol diet. Histological sections of aortic arch fragment were 
analyzed in hematoxylin-eosin and picro-sirius red staining. The atherosclerotic plaques 
were analyzed, classifying them according to the predominance of cellularity (type 2) or 
presence of extracellular matrix and fibromuscular cap (type 3) and associated with a large 
amount of extracellular cholesterol crystals (type 4). 

Results: We did not observe a statistically significant difference in the intima/media 
relationship, although there was a tendency to larger plaques in groups with lipid diet for 
prolonged time (p<0.06). We found after 3 months of hypercholesterolemic diet (group 
A), high serum cholesterol levels (1972±127 mg/dL) and plaques with higher cellularity 
(type 2), destructuring of the media layer, especially along the internal elastic lamina. The 
modification of the diet for 3 months (groups B and C) reduced serum cholesterol levels, 
modifying the characteristics of the plaque, verifying more developed plaques (types 3 and 
4) in animals with lipid diet. After 12 months (group D) plaques with matrix predominance 
in relation to cellularity were observed, with a large amount of crystal of cholesterol and 
collagen fibers. 

Conclusion: The normalization of the diet or reduction of the lipid content modifies the 
histology of the plaque, evolving with higher extracellular matrix content.
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lesion that caused the symptoms presented stenosis lower than 50%, 
suggesting, therefore, that small and silent atherosclerotic lesions, 
considered angiographically non-significant, may lead to thrombosis 
and clinical event.4,5

Plaques containing a soft lipid nucleus are unstable and can rupture, 
i.e., the fibrous cover that separates the nucleus from the lumen 
can disintegrate, erode or rupture, exposing highly thrombogenic 
components to the bloodstream.6

Histopathological observations indicate that thrombosis formation 
is closely involved with plaque erosion or rupture. Such ruptures 
are observed in plaques that contain tenuous fibromuscular cap and 
large amount of lipids. In these vulnerable plaques, macrophages, 
T cells and mast cells were located near the site of rupture of the 
fibromuscular cap. These cells secrete cytokines and proteases, which 
make the fibromuscular cap vulnerable. The cytokines and proteases 
suppress the proliferation of smooth muscle cells, prevent collagen 
synthesis and degrade collagen fibers. As a result of inhibiting 
collagen synthesis and increasing its degradation, the fibromuscular 
cap is weakned.7

Plaque rupture often occurs when the fibrous layer is thin, 
heavily infiltrated by foamy cells. The ruptured plaque is usually 
intensely infiltrated by activated cells, indicating an inflammatory 
process, synthesizing not only collagen, but also metalloproteinases, 
which constitute a family of enzymes specialized in degrading the 
constituents of the extracellular matrix, leading to fissure of the 
plaque.

Inflammation involvement is described in all stages of 
atherosclerosis, from the first steps of leukocyte recruitment in 
atherosclerotic lesion, to the development of atheroma plaque, 
culminating in its rupture and thrombosis in the acute coronary 
event.8 We found a constant release of inflammatory mediators, by 
macrophages, T lymphocytes, endothelial cells and smooth muscle 
cells of vessels, hepatocytes and adipocytes. High concentrations of 
inflammatory markers such as Tumor Necrosis Factor Alpha (TNF-
alpha), Interleukin-6 (IL-6), Intracellular Adhesion Molecule-1 
(ICAM-1), P-Selectin, E-Selectin, C-Reactive Protein (CRP), 
fibrinogen, Serum Amyloid A, in apparently healthy individuals, have 
shown predictive value for future vascular events.9,10 More recently 
it has been suggested the participation of the adventitious layer 
in the development and rupture of the atherosclerotic plaque. With 
the progression of the plate, a compensatory dilation of the vessel 
diameter is observed in order to preserve its lumen, with rupture of 
the internal elastic lamina with disarrangement of the middle layer of 
the vessel wall, triggering an inflammatory reaction and production 
of reactive oxygen species, with proliferation of fibrosis and smooth 
muscle cell. These reactions in adventitia may contribute to the 
evolution and rupture of the atherosclerotic lesion.11,12

In addition to inflammation, infectious processes have also 
been demonstrated by participating in the undestabilization of 
the atherosclerotic plaque.13 It was found that the rupture of the 
atherosclerotic plaque was associated with classical factors, such as 
thin fibrous layer and large lipid nucleus, but also to the large amount 
of bacteria.14 Chlamydia pneumoniae and Mycoplasma pneumoniae 
in plaque have been reported. Chlamydia would reach the vessel 
wall by adventitious, producing an intense inflammatory process. 
Mycoplasma is concentrated in the lipid nucleus, determining an 
inflammatory process in the intima and cholesterol-rich area.15

Rabbits submitted to a high cholesterol diet are an important 
model in the study of experimental atherosclerosis16,17 since it is 

possible to induce hyperlipidemia and atherosclerotic lesions in 
a short period of time. Marked hypercholesterolemia induced in 
rabbits through diet results from the absorption of large amounts 
of dietary cholesterol without compensatory increase in cholesterol 
degradation and excretion. Rabbits are widely cited in the literature 
and, although they do not develop atherosclerosis spontaneously, they 
are highly responsive to cholesterol manipulation and develop lesions 
in a short time, allowing the study of therapeutic response, analyzing 
morphological aspects of atheroma plaque, as well as endothelial 
function, evaluating vascular reactivity.18-20 In studies with Watanabe 
rabbits, which develop hypercholesterolemia spontaneously, the use 
of statins reduced the expression of metalloproteinases in atheroma 
leading to greater stability.21,22

Goals and objectives
To analyze the histopathological aspect of atheroma plaques 

regarding their histological classification and collagen proliferation 
in aorta of rabbits submitted to hypercholesterolemic diet at different 
times of evolution.

Methodology and strategy of action
A retrospective study was carried out, using materials already 

collected, embedded in paraffin, from animals that constituted control 
groups in previous experiments. Fragments of ascending aorta from 
rabbits submitted to a hypercholesterolemic diet and classified into 4 
groups were analyzed, according to the following:

Rabbits submitted to a diet rich in cholesterol (0.5%) for 3 months 
to induce hypercholesterolemia (Group A, n=8); rabbits who after 3 
months of atherogenic diet with 0.5% cholesterol received a normal 
diet for another 3 months (group B, n=14); rabbits who, after the 
induction period, received a diet with lower cholesterol content (0.1%) 
for 3 months (group C, n=20) or for another 9 months (group D, n= 
12), and were therefore sacrificed, respectively, 6 and 12 months after 
the beginning of the experiment.

Design drawing:

The hypercholesterolemic diet was prepared by adding cholesterol 
to the standard diet of rabbits. Cholesterol was mixed with crushed 
feed, at a concentration of 0.5 g/100g of feed (diet 0.5%) or 0.1 g/100g 
of feed (0.1% diet). The ration was repeletized and dried in an oven at 
60ºC. Feed and water were offered to be consumed ad libitum.

The animals were sacrificed after 3 months (group A), 6 months 
(groups B and C) and 12 months (group D) at the beginning of the 
experiment.

Histopathological analysis of atherosclerotic plaque

A fragment of the aortic arch was fixed in buffered formaldehyde, 
included in paraffin, and histological sections were performed stained 
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with hematoxylin-eosin (HE) and picro-sirius red. The histological 
aspects of the plate were analyzed to characterize its evolutionary 
stage. On slides stained by HE, the following parameters were 
analyzed: greater or lesser cellularity, extracellular matrix, presence 
of cholesterol crystals, formation of fibromuscular cap with collagen 
and smooth muscle cells, disstructuring of the media layer along with 
the internal elastic lamina (IEL), disstructuring of the media layer 
next to the external elastic lamina (EEL) and inflammatory process in 
the adventitious layer.

The characterization of the evolutionary stage of the plates was 
based on the classification suggested by Stary,23 considering as type II 
plaques the lesions in which there was predominance of foamy cells 
arranged in stratified layers, with predominance of cells in relation 
to the matrix. The lesions were considered type III, when there 
was a predominance of matrix in relation to cellularity, in addition 
to the formation of fibromuscular cover. Type IV plaques showed a 
matrix predominance associated with a large number of confluent 
extracellular cholesterol crystals.

The intima/media (I/M) ratio was calculated by measuring the area 
of the intima layer and the media layer in the histological sections of 
the aortic arch fragments as a parameter to evaluate intimal thickening. 
Extracellular matrix was determined by quantification of collagen in 
picro-sirius stained sections, using morphometric method by image 
analysis, using the Image Tool software version 3.0. Images obtained 
in an increase of 200x were captured and digitized. On the images 
transformed into grayscale, a threshold between 180-200 pixels was 
applied to isolate the corthed area, and the percentage of collagen per 
captured area was quantified.

Statistical analysis

The variables were represented by means of standard error. The 
differences between the groups were evaluated by the variance 
analysis test (ANOVA) and, if there were differences, multiple 
differences were made between the groups by the Newman-Keuls 
test for the continuous variables and with comparable variances. 
For categorical variables, the Chi-Square test and Fisher’s exact test 
were used for comparison between the groups. In all tests, statistical 
significance was established for a p<0.05.

Results
Serum cholesterol

The 0.5% diet for 3 months was introduced to induce dyslipidemia 
and atherosclerosis. We checked 3 months after this diet (group A), 
a large increase in serum cholesterol. With the change in diet, either 
for normal diet (group B) or diet with 0.1% cholesterol for another 3 
months (group C) or another 9 months (group D), serum cholesterol 
levels were reduced, although no statistically significant difference 
between them (Table 1).

Table 1 Serum level of total cholesterol determined at the time of animal 
sacrifice

Group (n) Cholesterol (mg/dL)

A (8) 1972±127**

B (14) 87±40

C (20) 279±44

D (12) 152±36

**p>0.05 vs B, C, D by ANOVA test followed by Newman-Keuls

average ± SEM (Standard Error Mean)

Relationship between the areas of the intima and 
media layers

There was no significant difference in plate size, evaluated by the 
I/M ratio (Table 2).

Table 2 Relationship between the areas of the intima and middle (I/M) layers 
of the aortic arch fragment

Group (n) I/M

A (8) 0.47±0.12

B (14) 0.50±0.08

C (20) 0.76±0.11

D (12) 0.85±0.13

average ± SEM (Standard Error Mean)

Analysis of the type of plate, regarding cellularity and 
matrix

We verified that 3 months of 0.5% hypercholesterolemic diet 
(group A) led to the formation of plaques with higher cellularity in 
relation to the matrix. The group that had the diet modified for normal 
diet (group B) presented predominantly cellular plaques, while in 
the group with modification for diet with cholesterol (groups C 
and D) more fibrous and less cellular plaques and predominance of 
extracellular matrix were observed (Table 3).

Table 3 Prevalence of atherosclerotic plaques with predominant characteristic 
of foamy cells or extracellular matrix

Group (n) DIET
Cellularity

Cell (%) Matrix (%)

A (8) 0.5% 3m 87.50 12.50

B (14) 0.5% 3m+ NL 3m 71.50 28.50

C (20) 0.5% 3m + 0.1% 3m 35.00 65.00

D (12) 0.5% 3m+ 0.1% 9m 0.00 100.00

Classification of histological plaques

The combined analysis of cellularity and extracellular matrix 
allowed the histological classification of the plaques in type 2, 3 or 
4 (Figure 1). Regarding the type of plaque, we verified that group 
A presented higher cellularity with predominance of type 2 plaques. 
Diet normalization (group B) did not prevent plaque progression, 
presenting types 2 and 3. Diets 0.1% for another 3 months (group C) 
increased type 3 plaques and presence of type 4 plaques. In group D 
there was a predominance of type 4 plaques (Table 4).

Evaluation of changes in the middle and adventitious 
layer

The media layer was analyzed for destructuring along with the 
internal and external elastic lamina, and adventitia as to the presence of 
inflammatory reaction, in histological sections of aortic arch fragment 
(Figure 2). We checked in all groups, disarray in the middle layer with 
the IEL. With EEL, there was no statistically significant difference. 
As for adventitious inflammation, group D presented a lower number 
of plaques with alteration in adventitia, although without statistical 
significance (Table 5).
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Figure 1 Photomicrograph of atherosclerotic plaques of aortic arch of rabbits 
with hypercholemic diet. Type 2 plaque - cellular (A and C); type 3 plaque - 
matrix (B and D). Hematoxylin-eosin staining (A and B). Staining with Picro-
sirius (C and D) - 100x. 

Table 4 Prevalence of the type of atherosclerotic plaque classified histologically 
in terms of cellularity and extracellular matrix

Group (n) DIET
Plate Type

2 (%)* 3 (%)** 4 (%)***

A (8) 0.5% 3m 87 13 0

B (14) 0.5% 3m + NL 3m 71 29 0

C (20) 0.5% 3m + 0.1% 3m 35 60 5

D (12) 0.5% 3m + 0.1% 9m 0 8 92

*p< 0.0001- A, B, C > D; A>C; **p<0.01 – A<C; C>D; ***p<0.0001- A, B, C < D

Figure 2 Photomicrograph of histological sections of the aortic arch of 
rabbits. Destructuring of the media layer with the internal elastic lamina (A) 
and external elastic lamina (B). Presence of inflammatory reaction in the 
adventitious layer (C) and cholesterol crystals in the deep region of the intima 
layer (D). Hematoxin-eosin staining, 200x. 

Table 5 Percentage of animals presenting alterations in the media layer, along 
with the internal elastic lamina (IEL) and external elastic lamina (EEL) and 
adventitia

Groups DIET IEL (%) EEL (%) Adventitia (%)

A (8) 0.5% 3m 100.00 37.50 50.00

B (14) 0.5% + NL 3m 100.00 78.50 71.00

C (20) 0.5% + 0.1% 3m 100.00 65.00 55.00

D (12) 0.5% + 0.1% 9m 100.00 41.50 25.00

Presence of extracellular cholesterol crystals

We evaluated the intensity of extracellular cholesterol crystals in the 
plaque. Groups with atherogenic diet presented higher concentration 
of cholesterol crystals (Table 6), being significantly higher in group D.

Table 6 Percentage of animals presenting extracellular cholesterol crystals, 
according to the evaluation of 0 to 3+

Groups Diet
Crystal (%)

0(+)* 1(+)** 2(+) 3(+)***

A (8) 0.5% 3m 100.00 0.00 0.00 0.00

B (14) 0.5%/ NL 3m 7.00 93.00 0.00 0.00

C (20) 0.5%/ 0.1% 3m 25.00 55.00 15.00 5.00

D (12) 0.5%/ 0.1% 9m 0.00 0.00 8.5 91.5

*p<0.0001-A>B, C, D; **p<0.0001 –A, D<B, C; p=0.0001 – D>A,B,C 

Extracellular matrix - collagen

We verified an increase in collagen in aortic arch plaques, due to 
the time of hypercholesterolemic diet (p<0.05; group D > Group C) 
(Table 7).

Table 7 Percentage of collagen in atherosclerotic plaque

Group (n) Collagen (%)

A (8) 31±6

B (14) 43±4

C (20) 36±4

D (12) 53±4*

*p<0.05 vs C

Discussion
The aim of this study was to analyze the morphological aspect 

of atheromatous plaque in the aorta of rabbits submitted to different 
hypercholesterolemic diet protocols, analyzing the variation in 
the type of diet (normal or with 0.1% cholesterol) and diet time (6 
months or 12 months). Although the study was not conducted with 
all groups simultaneously, since animals were used that constituted 
control groups of other studies, we believe that the same methodology 
used, always by the same team under the same conditions, allows 
comparative analysis in the parameters analyzed.

The composition of the atherosclerotic plaque is related to rupture 
and, consequently, incidence of clinical events, being classified into 
vulnerable or stable plaques, according to their morphological aspect. 
Macrophages and inflammatory cells are predominant in rupture sites, 
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while stable plaques have higher collagen-rich extracellular matrix 
content.

In our study, rabbits were fed a diet plus 0.5% cholesterol for 3 
months, and it was verified in this period that histological sections of 
specimens obtained from the ascending aorta presented predominantly 
cellular plaques, with predominance of foamy macrophages (group 
A). Next, we compared the change in diet for normal diet (group B) 
or decreased cholesterol at 0.1% (group C) for a period of another 
3 months, verifying that the modification of the diet, whether for 
normal or with lower cholesterol content, leads to the decline of 
serum cholesterol. However, regarding the histological aspect, in the 
groups with a diet containing cholesterol, more evolved plaques were 
observed in this group in relation to the normalization of the diet.

When we compared diet time with 0.1% cholesterol, either for 
another 3 months (group C) or for another 9 months (group D), after 
the modification of the diet from 0.5% to 0.1%, we verified more 
evolved plaques, with predominance of type 4 plaques, containing a 
large amount of extracellular cholesterol crystals, collagen increase 
and with predominance of extracellular matrix in relation to cellularity.

Therefore, these data confirm, in an experimental model, that 
the adaptation of the diet leads to a change in the morphology of the 
atherosclerotic plaque, leading to changes in the cellularity/matrix 
ratio, and consequently, better stability, regardless of the change in 
plaque size.

Several studies indicate that the reduction of plasma cholesterol 
induces a reduction in the accumulation of lipid component and 
macrophage cells/foamy cells in atherosclerotic plaques. In addition, 
a reduction in plasma cholesterol level suppresses the expression 
of matrix and tissue factor mataloproteinases in macrophages of 
atherosclerotic plaques of rabbits.24-26 In this study, we used only 
animals without drug treatment. However, experimental studies with 
rabbits submitted to the hypercholesterolemic diet have shown that 
treatment with statins decreases the lipid/fibromuscular component 
relationship, suggesting that the stability of atheromatous plaques 
improves due to the reduction of the lipid component and reduced the 
vulnerability of the fibromuscular layer.27

Conclusion
Normalization or reduction in the lipid content of the diet reduces 

the level of serum cholesterol, however, although there has been no 
reduction in plaque size, there was a change in the histological type, 
evolving to more stable plaques, with predominance of collagen, little 
cellularity and a large number of cholesterol crystals.
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