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ABSTRACT

Atherosclerosis is a disease of the vascular wall that leads to myocardial infarction, stroke, ischemia, gangrene and
aneurysm. The primary lesion of atherosclerosis is an elevated focal plaque within the intima, with a central lipid
core (mainly cholesterol and cholesterol esters) and a fibrous layer that covers it. The aim of this study was the
histopathological and ultrastructural characterization of the atherosclerotic lesions induced in rabbits by the
administration of Lipofundin 20%, a rich-lipid emulsion. Nineteen New Zealand rabbits were distributed in two
groups. Group A (8 animals) only received intravenous injections of PBS and Group B (11 animals) received
2 mL / kg weight of Lipofundin 20% for 8 days. On day 9 animals were sacrificed and the aortic archs were isolated
for histological and ultrastructural examination. In Group A, non-histopathology alterations were observed in the
artery intima. However, all aorta samples from rabbits of Group B (treated with Lipofundin 20%) showed
atherosclerotic lesions characterized by intima thickening, media-to-intima migration of vascular smooth muscle
cells and an increased presence of proteoglycan and collagen fibers. In some samples the injured area was thicker
than media layer. Ultrastructural analysis presence of large amounts of foam cells with lipid droplets at the
intracellular level and abundant extracellular lipid droplets. These lesions were classified as Type III/ IV according
to the classification of the Committee on Vascular Lesions of the American Heart Association.
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INTRODUCTION

Atherosclerosis is a chronic inflammatory response
of the vascular wall initiated by various events that
can occur early in life. Multiple pathogenic
mechanisms contribute to the formation and
progression of the plaque, including endothelial
dysfunction, adhesion and infiltration of monocytes,
the proliferation of smooth muscle cells (SMCs),
extracellular matrix deposition, accumulation of
lipids and thrombosis [1]. Epidemiological studies

indicate that genetic or acquired factors increase the

risk of atherosclerosis, some of them such as age,
sex, familial predisposition, are inevitable partners in
our life, but others are potentially controllable, such
as hyperlipidemia, obesity, smoking, arterial

hypertension, diabetes mellitus and alcoholism [2].

In Western countries, atherosclerosis is responsible
for about half or more of total mortality and for
significant morbidity, ~which  overwhelmingly

outweigh those of any other process. Its distribution
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is so broad that it has reached epidemic proportions

in the economically developed populations [3].

Atherosclerosis mainly affects large or elastic arteries
(e.g., aorta, carotid and iliac arteries) and medium-
sized or muscular arteries (e.g., popliteal arteries) [4].
Myocardial infarction, stroke and aneurysms of the
aorta, are the main consequences of this disease.
Therefore, the epidemiological data of atherosclerosis
are expressed primarily in terms of incidence or the

number of deaths from ischemic heart disease [5].

In Cuba, as in all those countries where infections are
not the primary cause of death, atherosclerosis
occupies this central place and its consequences are

responsible for more than 50% of deaths [6].

Essential lesions of atherosclerosis are intimal
thickening and lipid accumulation mainly cholesterol
and its esters, which produces the characteristic
atheromatous plaques. Atherosclerotic plaques
consist of three components: 1) cells, like (SMC),
macrophages and other leukocytes, 2) the
extracellular matrix of connective tissue that contains
collagen, elastic fibers and proteoglycans, and 3)

intracellular and extracellular deposits of lipid.

These three components are in varying proportions in
the different plaques, resulting in a spectrum of

lesions [7].

Atherosclerosis is begins very early, progressing
slowly in a silent manner until approximately the
fifth or sixth decade, when complications with
clinical and pathological damage start. Early intimal
alterations of the coronary arteries are detectable in
the prenatal and infancy perios, and may be
significantly associated with maternal smoking [8].
Studies in coronary arteries of pacients younger than

one year the altereations ranged from focal areas with
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mild myointimal thickening to diffuse moderate
thickening. In those lesions, SMC showed loss of
polarity, infiltrating the subendothelium, mostly with
rupture of the IEL and without neoangiogenasis.
These lesions can be present very early in life and

SMC seem to play an essential role [9].

Several animal models have been characterized and
used since the last century for the study of
atherosclerosis and the impact of different treatments
in the prevention and progression. At present there
are a variety of models developed in birds, primates
and no primate mammals [10]. Diets rich in
cholesterol and other fats have been widely used for
induction of atherosclerosis, which accounts for the
fact that not all animal species spontaneously develop
the disease [11]. The use of transgenic variants of
mice and rabbits has also been widely reported in the
literature [12-14]. This experimental alternative
allows spontaneous elevation of serum cholesterol,
rapid progression of atherosclerotic lesions, and from
the histopathological point of view there is a greater
similarity to the pathophysiological and metabolic

processes that occur in humans [13].

In 1982 was for the first time described a model for
the induction of atherosclerosis in rats using
Lipofundin MCT/LCT 20% [15]. Later, studies in
Cuba reported that daily infusion of Lipofundin for 8
days induced aortic lesions characterized by intima
thickening and foam cell formation in rats and rabbits
[16, 17]. The administration of Lipofundin
MCT/LCT20% has the advantage of produce
atherosclerotic lesions only in 8 days, unlike the
atherosclerosis animal models that use
hypercholesterolemic diets where the lesions appear

after months of administering these diets.
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In this study we reproduced the Lipofundin
atherosclerosis model in New Zealand rabbits and
further characterize the histopathological and
ultrastructural changes developed in the aortas of the

animals.
MATERIALS AND METHODS
Lipofundin

The Lipofundin MCT / LCT 20% (Braun Melsungen
AG, Melsungen, Germany) is a lipid emulsion
containing 100 g of soybean oil, 100 g of medium
chain triglycerides, 25 g of glycerol, 12 g of egg
lecithin , 170 £ 40 mg of a-tocopherol and sodium
oleate vehicle / water for injection sufficient for 1000

ml.
Animals

In the study were used 19 male New Zealand white
rabbits (NZW) (2.0-2.5 kg, 12 wk) obtained from the
National Center for Laboratory Animal Production
(CENPALAB, Bejucal, Havana, Cuba). Rabbits were
maintained under conventional conditions (25°C, 60
+ 10% humidity), 12h day/night cycles with water
and food ad libitum.

The animals were then randomized into two
experimental groups. The study was conducted with
the approval of the Ethics Committee of the Institute
of Food and Drugs. All experimental procedures
were performed in accordance with the Institutional
Animal Care guidelines for use of experimental
animals, and conforming to the Guide for the Care
and Use of Laboratory Animals of the European

Union.

Experimental groups and induction of atherosclerotic

lesions
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Group A (8 animals) received an intravenous
injection daily for 8 days of 2 mL / kg body weight of
phosphate buffered saline (PBS), pH 7.2. Group B
(11 animals) received 2 mL / kg body weight of
Lipofundin MCT / LCT 20% as an infusion over 1-2
minutes [15]. On day 9 of the experiment the rabbits
were anesthetized with ketamine hydrochloride (35
mg/kg and 5 mg/kg xylazine HCI, IM) followed by
intracoronary injection of KCl and then the animals
were cuthanized by an overdose of sodium

pentobarbital.
Histopathology and morphometry

Tissue samples were obtained from the proximal end
of the aortic arch, at the level of the aortic valves,
because the preferential development of Lipofundin-
induced atherosclerotic lesions in this segment. The
samples were fixed in neutral solution of 10%
buffered formaldehyde (pH 7.4) for 24 hours, and
then they were performed in a tissue processor
(Sakura, Model RH-12EP-2). The samples were
paraffin-embedded and serially sectioned into 5-um
widths using a microtome (Leica, Model RM2135,
Meyer Instruments, Houston, TX, USA).

Aortic paraffin-sections were subjected to routine
hematoxylin-eosin  staining to detect intimal
thickening. In addition, Masson’s Trichrome and
Alcian Blue special stainings were used for the
detection of collagen fibers and glycosaminoglycans,
respectively [18,19]. To differentiate the intima of the
muscular layer was used the Verhoeff-Van Giesson
staining specific for elastic laminae. The reagents
used in the different staining techniques were of
analytical grade and were obtained from Sigma-
Aldrich (Sigma St Louis, United States). To visualize

and capture images was used a light microscope
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(Nikon Eclipse model 501) equipped with a DP20

camera.

Morphometrical analyses were performed to calculate
intima-media ratio (IMR) in Verhoeff-Van Giesson
stained sections, because this special staining is the
one that best defines internal and external elastic
laminae. The maximum thickness of the intima
(MIT) was determined measuring the tissue between
the internal elastic lamina (IEL) and the vascular
endothelium, and the media width (MW) measuring
the tissue between the IEL and external elastic lamina
(EEL), using an analyzer Image (Image J version
1.38). The results obtained were used to estimate the

(IMR) [18, 19] using the formula:
IMR =MIT / MW (1)

Figure 1 shows the scheme used for morphometric

measurements.

IEl.__

EEL
MIT

Media Tuuic

[ Tntima Tunic
|_ Arterial lnmen.

IMR =MIT / MW

Fig. 1. Schematic representation of the method used
to assess the severity of the damage in the arterial
intima from morphometric methods. MIT: maximum
intima thickness, MW: media width, IEL: internal
elastic lamina, EEL: external elastic lamina.

Classification according to the Committee on
Vascular Lesions of the Council of Atherosclerosis of
the American Heart Association

Vascular lesions were classified according to the
Committee on Vascular Lesions of the Council on

Arteriosclerosis of the American Heart Association
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[7, 20-23]. In the qualitative evaluation were used the
results obtained in the samples from the 11
Lipofundin-treated rabbits. For classification of the
lesion type were taken into account the

histopathological and ultrastructural results.

However, in 2000 Virmani et. al. have devised a
simplified classification that relies on descriptive
morphology, with minimal implication of the
mechanisms involved. This classification scheme
highlights specific morphological events that are
appropriate targets for development of animal models
or human diagnostic procedures, which will permit us
to test hypotheses as to the final stages of the disease.
The main limitation is that the lesions in current
animal models rarely progress beyond the stage of
atheroma (ie, a well-developed fibrous cap overlying

a necrotic core) [24].
Ultrastructural analysis.

The transmission electron microscopy (TEM) study
of the samples was performed as described
previously [25]. Briefly, samples from rabbit aortic
arch were fixed for 1h at 4°C in 3.2% glutaraldehyde
(Agar Scientific, UK), 0.1 mol/L PBS (pH 7.4) and
postfixed in 1% OsO4 (Agar Scientific, UK) for 1h at
4°C. After graded ethanol dehydration, samples were
embedded in Spurr low-viscosity epoxy resin for 24h
at 37°C. Ultrathin sections were cut into 400-500 A
thick slice with an LKB Ultramicrotome (Nova
LKB), counterstained with uranyl acetate and lead
citrate, and analyzed in a JEOL JEEM-2000EX. A

total of 500 photomicrographs were analyzed.
Statistical analysis

Statistical analysis was performed using SPSS for
Windows (version 11.5, SPSS Inc). The normal

distribution of data was confirmed by Kolmogorov-
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Smirnov test and homogeneity of variances by
Bartlett's test. Differences between groups were
determined by Student's t test (two-tailed). Data are
expressed as mean + standard deviation (SD). A
value of p <0.05 was considered statistically

significant.
RESULTS
Hematoxylin-eosin staining

In the aortic samples from the 8 animals in the Group
A, the histological features of the arterial wall were
within normal parameters. The intima was composed
of the vascular endothelium and the underlying
connective tissue (subendothelium) was almost
indistinguishable by light microscopy. The tunica
media or muscular was also normal, with a thickness
typical of a large artery (elastic arteries) and with the
smooth muscle cells arranged longitudinally to the
surface. Figure 2A shows a photomicrograph from a

representative rabbit of Group A.

However, in all samples from the aortas of the 11
rabbits from Group B showed lesions characterized
by thickening of the intima with numerous empty
extracellular spaces suggesting the presence of lipids
that could be removed during the staining technique.
An evident media-to-intima migration of SMCs was
observed, since in some cases the SMCs were
oriented vertically to the surface as a sign of
migration to the area of the damage. More to the
depth of media layer the cells were observed oriented
longitudinally to the surface (Figure 2B). In some
samples the tunica intima was thicker than the

thickness of tunica media.

Alcian Blue staining
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Alcian Blue staining revealed in the intima of the
aortic arch of the eight animals in Group A a thin
blue area immediately below the vascular
endothelium showing the normal presence of
glycosaminoglycans in the intima (Figure 3A). In
contrast in the aortic samples of the eleven animals of
group B this special staining revealed thickening of
intima with increased quantities of GAGs (Figure
3B). In addition, a slight increase in blue positive
staining in the tunica media was observed in
comparison to that detected in samples from the

control rabbits (Group A).

Fig. 2. Eosin/hematoxylin staining revealed a normal
morphology of aortas in control animals (A). The
bracket in B represents the thickness of the intima.
Arrowheads indicate endothelium. Magnification
40X. Scale bars: 50 pm.
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Masson's Trichrome staining

In the aortic arch of all rabbits in Group A was
observed immediately below the  vascular
endothelium the presence of SMC, without any blue
positive reaction, as a sign of absence or limited
presence of collagen fibers in this area (Figure 4 A).
However, in the aortic samples of the animals in
Group B it was observed an increment of the blue
reaction in the thickened areas of the intima,
indicative of the high presence of collagen fibers in

the lesions (Figure B).

Fig 3. Alcian Blue staining A and B:
photomicrographs of representative rabbits of control
and Lipofundin treated groups, respectively. The
bracket in B represents the thickness of the intima.
Arrowheads indicate endothelium. Magnification
40X. Scale bars: 50 pm.
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Fig. 4. Masson Trichrome staining A and B:
photomicrographs of representative rabbits of control
and Lipofundin treated groups, respectively. The
bracket in B represents the thickness of the intima.

Magnification 40X. Scale bars: 50 um.

Verhoeff-van Giesson

Verhoeff-Van Giesson staining revealed abundant
deposition of collagen fibers in tunica intima and
media (red tincion) as well as disruption of elastic
fibers (black tincion) in tunica intima of aortas from
Lipofundin treated rabbits (Group B), whereas no
such changes were observed in aortas from control

group (Group A) (Figure 5).
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Fig. 5. Representative photomicrographs of
Verhoeff-Van Gieson-stained aortic paraffin-
embedded sections from two animals of Group B
The yellow lines were the five measurements made at
the intima and muscular tunicas to calculate the IMR.
The brackets represent the thickness of the tunica
intima. Magnification10X. Scale bars: 100 um.

The administration of Lipofundin 20% in Group B
produced a significant increase in IMR (1.75 £ 0.34)
compared with control rabbits (Group A) (0.015 +
0.004, p < 0.001).

Ultrastructural analysis

Transmission electron microscopy ultrastructural
examination confirmed the results observed by light
microscopy. In the samples from the 3 rabbits
evaluated of Group A were not observed alterations
in the aortic artery wall, characterized by a thin

intima layer with SMCs immediately underlying the
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endothelium. No morphological changes were
observed in endothelial cells (EC) and their junctions

were well preserved Figure 6 A (box) and B.

Fig. 6. Transmission electron microscopy
photomicrographs of aortic arch from controls. Scale
bars =1 pm.

In contrast, in the samples from the 5 rabbits
evaluated of Group B, Lipofundin caused thickening
of the intima due to structural changes both at the
cellular and extracellular matrix levels. In the
extracellular matrix was observed accumulation of
basement membrane-like material, high amounts of
collagen fibers (in both transverse TCF and
longitudinal LCF dispositions), and high number of
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foam cells derived both from macrophages and SMCs
(Figure 7 A and B). The presence of SMC-derived
foam cells was demonstrated because the presence of
remains of the basement membranes of these cells
(Figure 7A arrowheads). Also, the presence of large
number of myofibroblasts was detected (data not
shown). In addition, abundant extracellular lipid
droplets were observed in the intima, in greater
amounts compared to those found at the intracellular

level (Figure 8 A and B).

Fig. 7. Transmission electron microscopy
photomicrographs of aortic arch from two animals of
group B. Scale bars Bar =1 pum.
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Fig. 8. Transmission electron microscopy
photomicrographs of aortic arch from two animals of
group B. A and B represent the area corresponding
to the intima. Scale bars Bar = 500 nm.

For classification of the lesion type were taken into
account the histopathological and ultrastructural
results. Of the 11 rabbits, six manifested human-like
type III (pre-atheroma) and five type IV
atherosclerotic lesions classified as the first advanced
lesion or atheroma. Lesions classified as type IV
were those in which although there was not observed
a well-defined lipid core, did have a clear formation

of the fibrous plaque just below the endothelium.
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DISCUSSION

In the present study we confirmed that the
intravenous administration of Lipofundin 20% for
only 8 days, induces the formation of atherosclerotic
lesions at the level of the arterial intima of the aortas

of New Zealand rabbits [16].

We use several histopathological special stainings
allowed to demonstrate that the atherosclerotic
lesions produced by the administration of Lipofundin
20% were characterized by an increased presence of
GAGs, collagen fibers, foam cells and extracellular

lipids.

Previous published reports have suggested that the
calculation of IMR is a sensitive method for measure
atherosclerotic lesion severity in humans [18, 19, 26,

27, 28].

The IMR of the arteries may vary from near to 0 to
1.0 or more in normal arteries from humans, and the
thick segments represent physiological adaptations to
changes in flow and wall tensions [21]. In addition,
the IMR should be used to compare the severity of
atherosclerosis in the same artery, but should not be
used to compare atherosclerosis in 2 different arteries

[19].

In our study, the mean of IMRs calculated in the
aortic sections of all animals in Group B was above 1
(1.75 + 0.34) and this value was significant higher
than the one obtained in the aortic samples from the
rabbits intravenously injected with PBS (Group A). It
is noteworthy, that in the Lipofundin-atherosclerosis
rabbit model used in the present study, the values of
IMR obtained were higher compared with those
obtained by Burns et al (0.412) and Hayashi et al

(0.19) using experimental models were
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atherosclerotic lesions were induced in the femoral
and aorta arteries of the rabbits by atherogenic diets

[25, 26].

It has been recently reported the use of IMR to show
that the diffuse intimal thickening (DIT) was strongly
expressed from an early age in arteries that are
considered to be prone to atherosclerosis , so they
concluded that the development of atherosclerosis

depends at least partly on the degree of DIT [29].

Another study revealed the importance of the DIT
and the fatty streakas a reservoir for lipid retention
and identifies a family of extracellular matrix (ECM)
molecules that may be involved in lipid retention,
contributing to the early phases of lesion formation
before the stage of the pathologic intimal thickening
(PIT). This study was only performed in the coronary
arteries, but they expect the same mechanism to
occurs in other atherosclerosis prone arteries, such as
abdominal aorta, because well developed DIT is

present in their intima as well [30].

Previous reports [16, 17] demonstrated that
atherosclerotic lesions were induced in animals by
daily administration of Lipofundin. Now using TEM,
we detected the presence of large amounts of foam
cells of macrophage origin. Also, it was demonstrated
SMC migration towards the intima with subsequent
differentiation to foam cells and myofibroblasts. This
characteristic of SMCs is called by several authors
dedifferentiation process [31, 32]. The presence of
myofibroblasts demonstrated the process of
dedifferentiation of SMCs to synthetic phenotype. On
the other hand, the fact that some of the foam cells
presented remains of basement membranes
demonstrated that the origin of these cells was from
SMCs and not from monocytes. The ultraestructural

study also showed that the aortic atherosclerotic
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lesions produced by the infusion of Lipofundin were
characterized by a high accumulation of extracellular

lipid vacuoles.

The classification recommended by the Committee
on Vascular Lesions of the Council of
Atherosclerosis of the American Heart Association
[7,20,21,22] includes a sequence of morphological
and histological changes denoted with Roman
numbers. This classification was originally developed
to classify the human atherosclerotic lesions, but it
have been also used to classify the ones produced in
rabbit models of atherosclerosis, due to the
morphological similarities of the lesions of both

species [33, 34, 35, 36].

In our study we used for the first time the above
classification because the characteristics of the
atherosclerotic lesions produced by intravenous
administration of Lipofundin 20% were also similar

to human lesions.

Although it was not observed the lipid core, the
lesions were characterized by the presence of huge
quantities of collagen fibers immediately below the
endothelium and ahead of the area rich in
extracellular lipids, thus constituting the structure
called fibrous plaque which it is formed ahead the
lipid core. Therefore, we decided to classified these
lesions as Type IV because the already evident

formation of the fibrous envelope.

CONCLUSIONS

Intravenous administration of Lipofundin 20% for 8
days in New Zealand rabbits caused the formation of
atherosclerotic lesions on the aortic arches classified
as type III and type IV, with IMR values greater than
1.
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