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Abstract. The article assessed the development of diabetes mellitus at a reduced dose of alloxan 
by morphological examination of the pancreas. Middle-aged and elder rats were used in the experi-
ment. The development of hyperglycaemia and its further effects on the pancreas were confirmed 
during the experiment.
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Introduction
Diabetes mellitus (DM) is a metabolic disease 

resulting from impaired insulin secretion by the pan-
creas, insulin response or a combination of these fac-
tors. In terms of prevalence, DM can be considered 
a pandemic of the 21st century [2]. Major health 
problems develop as a result of the resulting hyper-
glycaemia [3]. There are no curative treatments for 
these conditions, and a deeper understanding of the 
mechanisms of disease development is required [4].

Experimental research models are widely used to 
study the pathogenesis of the disease. The alloxan-

induced diabetic animal model is widely considered 
to be the classical model. Alloxan causes destruction 
of the β-cells of the pancreatic islets of the pancreas 
[5]. But despite the similarity of subdiabetogenic to 
lethal doses of the drug, the wide range of recom-
mended doses for modeling, the absence of morpho-
logical evidence of DM development in conditions 
of administration of certain doses, the wide range 
of hyperglycaemic values, the emergence of specific 
insular apparatus functioning during gerontogenesis, 
our work is relevant. We chose a dose of 120 mg/kg 
animal weight.
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Materials and methods
The experiment was carried out on 60 white Wis-

tar rats kept in standard vivarium conditions. Animals 
were represented by two age groups – middle aged 
rats (6–7 months) weighing 140–160 g and elder 
rats (18–22 months) weighing 260–340 g(according 
to classification of I. P. Zapadnyuk, 1983). Each 
age group was divided into intact (control) and 
experimental (with experimental hyperglycemia) 
groups. Hyperglycemia was modeled by intraperi-
toneal injection of alloxan monohydrate solution 
(120 mg/kg, Sigma, Germany).

The development of hyperglycaemia was moni-
tored by blood glucose, which was determined (glu-
cose oxidase method) using a Bionime portable glu-
cometer. On the third day, animals were selected that 
had persistent hyperglycaemia with peripheral blood 
glucose higher than 28 mmol/l.

The animals were euthanized by inhalation an-
esthesia with ethyl ether for tissue sampling [6; 7]. 
After decapitation, the pancreas was extracted, and 
microslides of the pancreas were made according to 
standard histological techniques, followed by hema-
toxylin and eosin staining. Fragments of pancreas 
were preserved in 10% neutral formalin. The mate-
rial was dehydrated in a Leica TP1020 automatic sta-
tion and embedded in paraffin. Paraffin sections (5 
μm) were placed on slides coated with poly-L-lysine 

film (Sigma). Morphometric analysis was carried out 
using a system of computer analysis of microscopic 
images, consisting of a Nikon Eclipse E400 micro-
scope, a Nikon DXM1200 digital camera, a personal 
computer and Video-Test-Morphology4.0 software 
(Avtandilov grid).

The results were statistically processed using 
Student’s t-test and determination of criterion of 
normality of values distribution of the studied se-
ries [1]. We adhered to General Ethical Principles 
of Animal Experiments (Kyiv, 2001) and the Euro-
pean Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scien-
tific Purposes (Strasburg, 1986).

Results and discussion
To assess the peculiarities of the structure and 

functional activity of endocrine and exocrine parts 
of the pancreas in experimental animals we used 
standard criteria, including measurement of islets of 
Langerhans, number of islets per unit conventional 
area (per 0.1 mm2), diameter of α- and β-cells, num-
ber of endocrine cells in pancreatic islets, area of pa-
renchyma and organ stroma [8].

In the course of the study we found that in the 
middle-aged animals of the intact group there was 
a gradual decrease in the relative volume density of 
the stroma and, conversely, an increase in the relative 
volume density of the parenchyma (Fig. 1).

Figure 1. The pancreas of the middle‑aged intact rat
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3 groups of stromal changes were observed in 
animals with experimental hyperglycaemia: the 
occurrence of inflammatory infiltrate, fibrosis and 
vascular reaction. In most cases there was produc-
tive inflammation, which was either isolated in 
some lobules or diffusely distributed in the stroma 
of the organ. Foci of exudative inflammation were 
rare and detected around the excretory ducts. Fi-

brosis in most cases was combined with productive 
inflammation and venous vascular congestion. In 
some areas the parenchyma was separated by broad 
interlayers of connective tissue. Connective tissue 
development was more prominent in the immedi-
ate vicinity of the ducts (Figure 2). The excretory 
ducts were dilated and contained homogeneous 
oxyphilic contents.

Figure 2. Pancreas of the middle‑aged rat with experimental hyperglycaemia

Pancreatic exocrine tissue consists of 4 types of 
cells: acinar cells; centroacinarductal cells; mucin-se-
creting ductal cells; and connective interstitial cells [9].

The acini in the middle-aged intact animals con-
sisted of a pyramidal, single-layered epithelium lin-
ing the basal membrane with curves directed towards 
the centre. Basal part of cell cytoplasm contained 
basophilic granules and stained more intensively 
in comparison with apical part of cell cytoplasm 
(by hematoxylin-eosin staining). Pancreatic secre-
tory activity correlated with the size of acinocytes 
and their nuclei. Along the course of the ducts, cells 
with round nuclei, well visualized chromatin and 1 
or 2 nuclei appeared. Mitotic markers were rarely 
observed (up to 1%). The small-calibre ducts were 
lined by flattened cube-shaped epithelium, the outlet 
terminal ducts by tall cylindrical epithelium and sur-
rounded by dense fibrous connective tissue. Islets of 
Langerhans were few and irregularly rounded and ac-
counted for 3% of the total structure of the pancreas. 

Diameter of islets ranged from 50 to 200 μm, most 
of them were 55–65 μm and 145–170 μm in diam-
eter. Histologically, they were predominantly syn-
cytium-like bands of heterogeneous prismatic cells. 
The boundaries of the islets were clear, and β-cells 
were predominantly located in the centre of the is-
lets. Despite the rarity of mitoses, apoptosis markers 
(0.3%-0.5%) were found in islets of Langerhans.

In the exocrine part, histological examination in 
hyperglycemic middle-aged rats showed both focal 
and diffuse infiltration of the acini with lymphocytes. 
There was wrinkling of the affected acini, in isolated 
cases there was their enlargement with flattening of 
the epithelium. There were also areas of acinar disloca-
tion into fatty tissue. Ducts with dilatation underwent 
the greatest changes. On sagittal slices the ducts had a 
tortuous course and were filled with condensed homo-
geneous masses. There was a decrease in accumulation 
of zymogen granules in acini of peripheral marginal 
sections and a high degree of their accumulation in 
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perinsular areas of lobules. In most animals there were 
foci of marked fatty dystrophy up to “fattening” of cells 
in exocrinocytes. This was accompanied by compensa-
tory hypertrophy and hyperplasia of adjacent cells.

The islet part in this group decreased to 2%-2.5%, 
islet boundaries were blurred with moderately pro-
nounced infiltration by lymphocytes at the periphery 
(initiation of insulinitis). Diameter of islets ranged from 
50 to 150 μm with the predominance of islets with a di-
ameter of 80–90 μm of irregular shape. We have noted 
heterogeneity of islets cell structure: in some cells there 
was active degranulation and hydrophic cytoplasmic 
dystrophy and prominent pycnosis of nuclei, in other 
part against the background of a low mitotic index (less 
than 1%) increased apoptosis up to 2.5%-3%.

In elder intact rats, the organ retained a lobular 
structure and was represented by tubular-alveolar 

structures. The outside of the pancreas was covered 
by a connective-tissue capsule dominated by fibrosis 
and venous vasculopathy (in contrast to young ani-
mals). From the capsule inside the organ there were 
thickened connective tissue interlayers that divided 
the pancreas into lobules, but the parenchymatous 
component decreased due to fibrosis and redistribu-
tion of adipose tissue. In the experimental group, organ 
fibrosis developed on the background of productive 
inflammation. There was noted a replacement of the 
parenchymatous comonte of the organ by the adipose 
tissue, in which there was an inflammatory infiltrate of 
lymphocytes, plasma cells, histiocytes and neutrophils. 
The pancreatic capsule was significantly thickened. On 
the capsule side, connective tissue bands with fatty tis-
sue compounds were growing into the pancreas and 
squeezing the organ parenchyma (Fig. 3).

Figure 3. Elder intact rat pancreas

In animals without DM, the acinar structure and 
pyramidal shape of exocrinocytes was preserved, but 
in some acini the microvilli in the apical part of the 
cells were desquamated and lost. In some acini the het-
erogeneity of staining of basal and apical parts of cyto-
plasm was lost (basophilic and acidophilic component 
was leveled). Single exocrinocytes showed fine vacu-
olization of cytoplasm and pycnotic changes of nuclei. 
Small exit ducts were lined by cubic epithelium, ter-
minal sections by cylindrical, but in some ducts there 

was flattening of epithelium and relative dilatation of 
duct with fibrosis of surrounding stroma and venous 
fullness. Mitotic patterns were absent. In old rats with 
DM, the gland retained a lobular structure, but the 
lobules varied in size, predominantly decreasing due 
to connective and adipose tissue overgrowth. In most 
cases the gland had acinar structure with single row 
pyramidal cells, however dystrophic changes prevailed 
in cells – diffuse hydrophic cytoplasmic dystrophy, pyc-
nosis of nuclei and chromatin fragmentation in cells 
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with loss of apical microvessels, apical and then total 
desquamation of exocrinocytes into acinus lumen. 
In some animals, foci of fine fatty dystrophy were de-
tected. On the background of dystrophic-degenerative 
changes of cells, there were also areas of compensatory 
adenomatosis of exocrinocytes. Among the dilated exit 

ducts with flattened epithelium there were ducts with 
epithelium hyperplasia. Fibrosis with residual lympho-
cytes and plasma cells developed around the vessels 
and the exit ducts. Fibrosis also developed and the 
ducts were tortuous, dilated and filled with homoge-
neous oxyphilic substance (Fig. 4).

Figure 4. Pancreas of the elder rat with DM

Islets of Langerhans in the elder animals of the in-
tact group were few in number, their shape was more 
rounded compared to younger animals and amount-
ed to 1%-1.5%. The diameter of islets also ranged 
from 50 to 200 µm, but islets of different diameters 
were evenly distributed and no significant patterns 
of islet size were detected. The boundaries of islets 
were clear, and β-cells were located both in the centre 
of the islet and were diffusely scattered. Apoptosis 
markers were not observed, and individual cells with 
signs of cytoplasmic hydropic dystrophy and nuclear 
pycnosis were found in islet cells. In hyperglycaemic 
rats, the islet part was reduced to 1%-1.5% without 
signs of inflammatory infiltration. Islets of Langer-
hans had an irregular shape and blurred borders. The 

diameter of the islets decreased and ranged from 50 
to 100 μm. Mitotic and apoptotic markers were ab-
sent. Degranulation, vacuolization of cytoplasm and 
nucleus, chromatin condensation and cell shrinkage 
developed in most islets.

Conclusion. The data obtained during mor-
phological study of pancreas in rats of different age 
groups correlate with similar parameters of glycae-
mic levels and confirm the development of DM. The 
effect of the same dose of alloxan on rats of different 
ages was found to be slightly different. The damage 
to the exo- and endocrine parts of the BP of older 
rats was less pronounced, which may be related to 
age-related features of glucose metabolism, namely 
an increase in basal blood glucose and insulin levels.
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