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Morphology of the aorta in experimentally-induced diabetes
in rabbits

Diabetes mellitus is a chronic disease that is complicated by various pathological changes, i.e.,
nephropathies, neuropathies and vasculopathies (5, 10). Diabetic angiopathy is the most frequent
complication and is also the main cause of mortality in those diseases (10).

Pathophysiological mechanisms of micro- and macroangiopathy may be considered as
manifestation of endothelial dysfunction at distinct vascular sites (9). It is well known that
hyperglycemia is identified as indirect factor of the diabetic vascular pathology. However, a
direct pathway of vessels destruction is still not fully established. Combination of hyperglycemia,
dislipidaemia, hyperhomocysteinemia, and other factors may accelerate the process and cause an
early vascular wall dysfunction, as well as influence normal hemostasis. The initial functional
disorders are later substituted by morphological lesions of the blood capillaries (microangiopathy) or
arteries (macroangiopathy) (11).

The aim of this study was to evaluate the aortic morphology in the alloxan-induced
diabetes in rabbits.

MATERIAL AND METHODS

The study was performed on mature New Zealand rabbits in accordance with international
animal principles of conduct. The examined protocol was fully approved by the Local Bioethical
Committee. The animals of 2.6-3.2 kg weight (mean 2.88 kg) were selected for the study. The
regular diet and water were provided ad libitumn. Diabetes was induced by intravenous injection of
10% alloxan solution (100 g/kg; Sigma Chemical Co., USA). In the control group the animals were
injected with physiological solution of sodium chloride. Seven days after the injection the glucose
level was measured. The level over 11.1 mmol/l (200 mg/dl) was considered as primary biochemical
criterion for selection to the experimental group.

The animals were sacrificed at the end of week 6 (group A6) and 12 (group A12), and the
necropsy was performed. The aorta was dissected, separated and taken for morphological studies.
After longitudinal opening and gross inspection, three segments of the vessel, i.e. arch, thoracic and
abdominal vessels, were fixed in 10% buffered formalin. After routine processing to the paraffin
blocks cross sections of the aorta were stained with hematoxilin and eosin (H+E), resorcin-fuchsin,
alcian blue/periodic acid-Schiff and Masson’s trichrome. Formalin-fixed samples of the aorta were
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also taken for frozen sections and Sudan IV stain to visualize lipids. Histological evaluation was
performed in six animals for each experimental group. The slides were microscopically examined
(Olympus BX45) without knowledge of animal groups.

RESULTS

The structure of the aorta was normal in all but one of the animals from the control group (Fig.
1A, 1B). Four of the six rabbits from group A6, as well as in all the animals sacrificed in week 12
(group A12) developed lesions in the abdominal aorta. The lesions were located mostly in the arch,
however single ones were noted in the descending aorta as well. All of them were macroscopically
visible as small (<1 mm in diameter), slightly elevated yellowish spots. They corresponded to mild
thickness of tunica intima due to focal subendothelial accumulation of foam cells accompanied by
the increase of the extracellular matrix (Fig. 2A, 2B). The foam cells were laden by lipids, which was
confirmed by special staining (Fig. 2C). Most lesions were covered by intact endothelium, however
shedding of overlying endothelial cells was also observed. In a few cases increased amount of the
ground substance between sheets of elastic fibers as well as irregular arrangement of these sheets
within tunica media underneath intimal lesions were noted (Fig. 2A). Nevertheless, tunica media
like adventitia were usually unaffected. There were no differences in the severity and composition
of lesions in aorta between both groups exposed to alloxan. Similar lesions were also found in one
animal from control group. No advanced atherosclerotic lesions were revealed in any rabbits’ aorta.

Unexpectedly, in one rabbit exposed to alloxan and sacrificed in week 6 a true succular aneurysm
located in the abdominal part of the aorta was also found (Fig. 3). Tunica intima of the aneurysmatic
part of the aorta was unaffected, however the media was markedly reduced and composed of 3—4
sheets of the elastic fibers. The wall of the aorta on the level of the aneurismal neck was thickened
due to local calcium salts depositions in the media. It seems that the aneurysm represents rather
congenital than acquired anomaly of the aortic wall, especially for the fact that intimal lesions in this
particular case were minimal.

DISCUSSION

In the present study it was shown that intravenous injection of alloxan increased the risk of
morphological changes in the aortic wall. All of the revealed lesions were time-dependent and
localized mainly in the aortic arch, less frequent in the descending part of the vessel. Our results
confirm previous reports on the similar type of histological changes and the same localization of
atherosclerotic loci in gerbils (6, 7), hamster (2, 3, 12), mice (4) and rats (1).

The main cause of death and great percentage of morbidity in patients with diabetes mellitus is
atherosclerosis. However, the pathogenesis of cardiovascular complications in those patients is multi-
factorial and can be affected not only by metabolic but also other factors like the socioeconomic
status (10). A hypothesis for the initial event of atherosclerosis is endothelial dysfunction associated
with changes in the concentration of the chemical messengers produced by the endothelial cells
and/or by blunting of the nitric oxide-dependent vasodilatory response to acetylcholine. The
endothelial abnormalities observed in patients with diabetes are poorly understood, but the loss of
normal endothelial function could be involved in pathogenesis of diabetic long-term complications as
angiopathy, as endothelial dysfunction associated with diabetic micro- and macroangiopathy. Some
authors reported activation of protein kinase C, overexpression of growth factors, cytokines and
oxidative stress in endothelial cells of arteries in patients with diabetes (10).
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remodelling is played by endothelial A (ETA) receptor. Plasma molecules as fibronecti, plasminogen
activator inhibitor-1 (PAI-1) and their receptors as indicators of increased EMC protein synthesis in
vessels’ wall are up-regulated in diabetes. These changes in the molecules level are associated with
increased medial thickness and diabetes-induced vascular hypertrophy and remodelling. It was also
found that they are endothelium-dependent and may be mediated via TGF-B1 and angiotensin (1).

It was also established that polymorphonuclear leukocytes (PMN) play the role in the
development of diabetic vascular complications (5). Activation of PMN is associated with increased
expression of some adhesion molecules on the surface of those cells, e.g., B2-integrin and selectin L.
These molecules play the role in leucocytes diapedesis into the vascular wall and progression of the
inflammatory process (5).

In conclusion, it could be stressed that intravenous injection of alloxan increased the
risk of time-dependent morphological changes in the aortic wall.
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SUMMARY

Vasculopaties are very common complications of diabetes. The aim of this study was to evaluate
the morphology of the aorta in alloxan-induced diabetes in rabbits. The animals were sacrificed at
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the end of week 6 and 12 of the experiment. Gross and microscopic evaluation of different segments
of aorta was performed. Fatty streaks located mostly in the aortic arch were tound in the majority of
animals from experimental groups. In one rabbit true succular aneurysm in the abdominal part of the
aorta was also found.

Morfologia aorty u krélikéw z cukrzycq doswiadczalng

Zmiany naczyniowe sy bardzo czgstymi powiklaniami cukrzycy. Celem pracy byla ocena
morfologii aorty u krélikéw z cukrzycg wywolang przez podanie alloksanu. Zwierz¢ta usmiercano
w sz6stym i dwunastym tygodniu doswiadczenia. U wigkszosci zwierzat z cukrzycg obserwowano
ogniska stluszczenia w blonie wewnetrznej, zlokalizowane gléwnie w tuku aorty. U jednego krdlika
w aorcie brzusznej obecny byt takze t¢tniak workowaty.



