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This study was conducted to evaluate the effect of obesity on some morphological features of periad-
ventitial adipose tissue in the aortic arch region. Twelve male white New Zealand rabbits were di-
vided into two groups of 6 animals each: non-castrated non-obese and castrated-obese. Immediately
after the rabbits were sacrificed samples from the aortic arch were collected, fixed in 10% neutral
formalin for 24 hours, dehydrated and embedded in paraffin. Five pm sections were cut and stained
with haematoxylin and eosin. Light microscopy of histological preparations from the aortic arch in
the 2 groups showed that the periadventitial adipose tissue was represented of two fat depots. In the
castrated and obese rabbits they were of bigger size compared with the lean animals. These greater fat
depots were associated with hypertrophy of the adipocytes and increased number of blood vessels.
The adipocytes of the fat depots from the two groups were unilocular and had the morphological
characteristics of white adipose tissue. It may be concluded that obesity leads to increased mass of
periadventitial adipose tissue, adipocytes hypertrophy and angiogenesis in the aortic arch.
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INTRODUCTION
During the last decade the overweight and major risk factors for a cluster of meta-
obesity have reached epidemic propor- bolic and vascular disorders (Bjerndal et

tions worldwide, and are outlined as the al., 2011; Poledne et al., 2015). The
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atherosclerosis has been identified as one
of the main risk factors for obesity-
associated cardiovascular diseases, such
as coronary artery disease, myocardial
infraction and stroke (Kihara & Matsu-
zawa, 2015; Poledne et al., 2015). Obesity
is characterised by excessive accumula-
tion of adipose tissue which is presently
described not only as a major depot for
storage of triglycerides, but functionally
as a highly dynamic endocrine organ
(Galic et al., 2010; Slavov & Dzhelebov,
2010; Poledne et al., 2015). Adipose tis-
sue secretes a large number of bioactive
substances that are involved in the control
of systemic insulin sensitivity, energy me-
tabolism, immune response and cardio-
vascular homeostasis (Slavov & Dzhele-
bov, 2010; Kihara et al, 2015). More-
over, the excessive fat accumulation is
described as a low grade chronic inflam-
mation which is involved in the patho-
genesis of many of the obesity associated
abnormalities, including atherosclerosis
(Esser et al., 2014; Poledne et al., 2015).
The lipid profile and lipid metabolism
in rabbits are similar to those of humans
(the so-called LDL mammals) and differ
from the most widely used experimental
animals — mice and rats (the so-called
HDL mammals) (Kawai et al., 20006;
Georgiev et al., 2011; Niimi et al., 2016).
Previously obtained results in our labora-
tory indicated that castrated rabbits deve-
loped obesity resembling to the central or
visceral obesity in humans accompanied
by increased intra-abdominal fat deposi-
tion (Georgiev et al., 2009; 2011). More-
over, the gradual decline in serum andro-
gens with ageing in men is often associ-
ated with concomitant accumulation of
central obesity, insulin resistance and
cardio-vascular diseases (Isidori et al.,
2005). That is why rabbits are increas-
ingly used as an appropriate animal model
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to study various obesity-associated ab-
normalities in humans, such as metabolic
syndrome, insulin resistance, type 2 diabe-
tes and cardiovascular diseases (Zhao et
al., 2007; Georgiev et al., 2009; 2011;
Zheng et al., 2009; Waqar et al., 2010;
Ivanova et al., 2015; Fan et al, 2015).
Recently, a novel model for study of hu-
man hyperlipidaemia and atherosclerosis
has been generated based in ApoE knock-
out rabbits (Ji et al., 2015; Niimi et al.,
2016).

Most arteries are directly surrounded
by adipose tissue, called perivascular adi-
pose tissue. Both protective physiologic
and pathologic properties for this tissue
have been proposed (Gollasch & Dub-
rovska, 2004; Fernandez-Alfonso et al.,
2013). Growing evidence suggest regional
differences in perivascular adipose tissue
affecting vascular homeostasis, including
inflammation and susceptibility (Gil-
Ortega et al., 2015). For example the tho-
racic periaortic fat, surrounding the tho-
racic aorta in rodents is morphologically
and functionally identical to brown adi-
pose tissue, whereas white adipocytes
surround abdominal aorta (Police et al.,
2009; Gil-Ortega ef al., 2015). It has been
found that the expression of inflammatory
genes and markers of immune cell infiltra-
tion was greater in abdominal than in tho-
racic perivascular adipose tissue (Padilla
et al., 2013; Gil-Ortega et al., 2015). The
majority of studies on perivascular adi-
pose tissue have been performed in ro-
dents. However, little is known about the
morphological and functional features of
periadventitial adipose tissue in rabbits.

Therefore, this study was conducted to
investigate the effect of obesity on some
morphological features of periadventitial
adipose tissue of aortic arch in rabbits.
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MATERIALS AND METHODS

Animal experiments were conducted ac-
cording to the Guide for the Care and Use
of Laboratory Animals, and the Guide-
lines of the Animal Welfare Act, and ap-
proved by the Commission of Ethics at the
Faculty of Veterinary Medicine of Trakia
University, Stara Sagora.

The experiments were carried out with
12 male New Zealand White rabbits. At
the beginning of the experiments they
were between 3 and 3.5 months of age.
The animals were housed in individual
cages (80 x 60 x 40 cm) and the light/dark
regime corresponded to the circadian cy-
cle. They had free access to water and
were fed a commercially available stan-
dard chow diet for adult rabbits. The
health status of the animals was monitored
by physical examination and observation
of their behaviour, food and water intake
and consistency of the facces. In addition,
rabbits were determined to be free of in-
fection using routine microbiological test-
ing.

The rabbits were randomly divided
into 2 groups of 6 animals each that were
matched according to initial body weights:
C — castrated, obese (BW=3.210+0.03 kg)
and NC — non-castrated, non-obese (BW=
3.085+0.04 kg) .

The obesity in rabbits was reproduced
by castration, as previously described in
details (Georgiev et al., 2009; 2011;
Ivanova et al., 2015).

Two months after castration all rabbits
were sacrificed and tissue samples from
the aortic arch were immediately taken
and fixed in 10% neutral formalin for 24
hours. Fixed tissue samples were dehy-
drated, embedded in paraffin, sectioned (5
pm) at a rotary microtome (YD-335A,
China) and stained with haematoxylin and
eosin. Sections were examined by Primo
Star photomicroscope (ZEISS, Germany).
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Adipocytes diameter was measured on the
cross section of the cells using software
analysis (Soft Imaging System Gmbh,
Germany).

The statistical analyses were per-
formed using Statistica version 7.1 for
Windows (StatSoft Inc., USA, 1984—
2002). The mean and standard deviation
(mean + SD) were calculated according to
the standard methods of the descriptive
statistic. The ANOVA test was used to
evaluate the effect of group (castration) on
adipocytes diameter. When this effect was
significant, the differences between groups
were determined by means of the post hoc
LSD test.

RESULTS

The results for the final body weight, body
weight gain and body mass index are pub-
lished elsewhere (Ivanova et al., 2015).
Routine light microscopy of aortic
archs from the two groups of rabbits
showed that the vascular wall consisted of
three coats — tunica intima, tunica media
and tunica adventitia, without any peculi-
arities. Around the third layer well differ-
entiated depots of adipose tissue were
observed. They were not situated on the
entire circumference of the aorta, but at
two almost symmetrical sites. In non-
castrated (NC) rabbits these fat depots
were comparatively well delineated and
with a little area (Fig. 1A). In some sites
infiltration of adipocytes into the aortic
adventitia was found (Fig. 1B). In cas-
trated and obese rabbits the size of the fat
deposits was considerably larger (Fig. 2).
Among the adipocytes a high density of
blood vessels, predominantly capillaries,
were observed (Fig. 3). In addition, the
mean diameter of adipocytes in periadven-
titial adipose tissue of the aortic arch in
obese rabbits (56.05+11.27 pm) was sig-
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Fig. 1. Aortic arch, control group — non castrated, non-obese rabbits; Med — tunica media,
Adv — tunica adventitia, Padv — periadventitial adipose tissue, Int — tunica intima,
vv — vasa vasorum, H&E, bar=100 pm.

Fig. 2. Aortic arch, experimental group — cast-
rated, obese rabbits; Med — tunica media, Adv
— tunica adventitia, Padv — periadventitial
adipose tissue, H&E, bar=100 pm.

nificantly (P<0.05) greater than in lean
animals (39.39+£12.08 pm). In both groups
of rabbits the adipocytes of periadventitial
adipose tissue from the aortic arch were
unilocular and had the morphological
characteristics of white adipose tissue.
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Fig. 3. Aortic arch, experimental group — cas-
trated, obese rabbits; A — adipocytes of periad-
ventitial adipose tissue, a — arteries, v — veins,
H&E, bar=20 um.

DISCUSSION

In this study increased mass of periadven-
titial adipose tissue in aortic arch of obese
rabbits was found. The greater adipocytes
diameter in obese rabbits than in non-
obese rabbits clearly indicated that the
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larger fat deposits in experimental group
were associated with hypertrophy of the
existing adipocytes. In addition, an in-
creased density of capillaries in periad-
ventitial adipose tissue of obese rabbits
was established, demonstrating consoli-
dated angiogenesis.

It should be emphasised that perivas-
cular and epicardial fat are normally pre-
sent in humans and other mammals. The
obtained results in our study show that in
the obese rabbits the size of the periad-
ventitial fat depots and adipocytes from
the aortic arch were much greater than in
non-castrated non-obese rabbits and that
these depots were composed of white adi-
pose tissue. Therefore, this was not “ec-
topic fat” but rather hypertrophy of a
normal anatomical structure.

However, it has been recently sug-
gested that at least in rodents (rats and
mice) perivascular adipose tissue was of
different origin compared to white, brown
and beige adipose tissue and thus may
indeed be a fourth kind of adipose tissue
(Brown et al., 2014). In addition, it has
been found that perivascular adipose tis-
sue differed from other adipose tissues by
the presence of small number of brown
adipocytes among their white variants
(Szasz, 2012) and that it was more vascu-
larised (Chatterjee et al., 2009).

In contrast to data in rodents (Hen-
richot et al., 2005), showing no changes in
the size of the perivascular adipose tissue
in the aortic arch, obese rabbits exhibited
a marked increase in fat deposition. The
observed differences among animal mo-
dels imply that one has to be very careful
when translating these results in humans
where this tissue is not yet well characte-
rised.

Chaldakov et al. (2012) defined the
periadventitial adipose tissue in humans as
a fourth layer in the wall of the blood ves-
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sels (tunica adiposa). However, our cur-
rent results in rabbits clearly indicated that
the periadventitial adipose tissue was con-
fined to two separate depots, and was not
presented as an entire layer around the
tunica adventitia.

Previous studies in mice demonstrated
that obesity was associated with an in-
crease of macrophage infiltration and cy-
tokine expression in periaortic adipose
tissue surrounding the abdominal aorta
(Eringa et al., 2007; Police et al., 2009;
Cai et al., 2010). Dysfunction or an excess
of perivascular adipose tissue is thought to
directly induce inflammation, cell prolife-
ration and endothelial disorders of the
adjacent arteries (Ozen et al., 2015). Ta-
king into account the fact that periadventi-
tial adipose tissue of abdominal aorta is
white adipose tissue, Padilla ez al. (2013)
point out that it is more susceptible to
inflammation and more vulnerable to athe-
rosclerosis than thoracic aorta where the
perivascular adipose tissue is brown adi-
pose tissue. Furthermore, it was found that
there was no fascia between fat depots and
arterial adventitia, thus allowing for easy
access and paracrine effects of the se-
creted pro-inflammatory cytokines and
adipokines to adjacent tissue (Britton &
Fox, 2011; Verhagen & Visseren, 2011).
This leads to influx of macrophages into
the artery wall from “outside to inside”,
smooth muscle cells proliferation, endo-
thelia dysfunction, hypercoagulability, in-
creased chemotaxis and adhesion of mo-
nocytes to the endothelium (Verhagen &
Visseren, 2011; Brown et al., 2014). The-
refore, the marked deposition of white
adipose tissue in the aortic arch in obese
rabbits could be considered as an early
sign of the predisposition of vascular wall
to atherosclerotic lesions. It can be hy-
pothesised that perivascular adipose tissue
may thus be involved in the pathogenesis
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of arteriosclerosis, plaque rupture, cardio-
vascular diseases (Sacks & Fain, 2007; Ta-
kaoka et al., 2009; Verhagen & Visseren,
2011; Virmani et al., 2005; De Marco et
al., 2014; Fitzgibbons & Czech, 2014).

The increased knowledge of perivas-
cular adipose tissue function could bring
up new therapeutic and preventive strate-
gies for obesity-related cardiovascular
diseases, and atherosclerosis in particular
(Van de Voorde et al., 2014). The limita-
tions of this study are the short experi-
mental period and the lack of regional
histological data of the aorta. Therefore,
additional long-term studies are needed to
better understand the role of the excessive
periadventitial fat deposition in obesity
and its possible involvement in pathoge-
netic mechanisms of atherosclerosis.

In conclusion, it might be assumed that
castrated male New Zealand white rabbits
could be used as an appropriate animal
model to study some of the pathogenic
mechanisms of obesity-associated cardio-
vascular abnormalities, especially those re-
lated to the role of perivascular adipose tis-
sue for the initialisation of atherosclerosis.
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