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Abstract

The objective of the research was to determine the morphological features of the duodenal wall of animals
within 14-56 days of developing streptozotocin-induced diabetes mellitus using light optical microscopy.
Materials and Methods. The research was carried out on 40 white nonlinear adult male rats. Diabetes mellitus
was simulated by a single intraperitoneal injection of streptozotocin (Sigma, USA) at a dose of 60 mg/kg body
weight. The material was taken from the duodenum on the 14th , 28th and the 56th days after the onset of
experimental diabetes mellitus. For histological study, the preparations were made using the conventional
method, which included the staining of sections with hematoxylin and eosin.
Results. Streptozotocin-induced diabetes mellitus was experimentally found to lead to dystrophic changes
in the epithelial components of the duodenal mucosa from the 14th day of developing. There were observed
a shortening of the villi of the mucous membrane and a lack of distinctness of striated border contours on
the apical surface of epitheliocytes. Between the connective-tissue fibers of the lamina propria of the mucosa and
thin-walled vessels, the cellular elements, including mainly macrophages, lymphocytes, were found. There was
a shortening of the villi, edema and histiolymphocytic infiltration of the villous stroma 28 days after developing
experimental diabetes mellitus. The epithelium covering was discontinuous; numerous areas of desquamation
were found at the apex of the villi. Fifty-six days after developing experimental diabetes mellitus, the destruction
and desquamation of the epithelium of the villi and crypts were observed. The surface of the duodenal mucosa
smoothed down due to the shortening and flattening of the villi (indicating their atrophy), while the crypts
elongated and their depth increased.
Conclusions. Histological study of the duodenal wall of diabetic animals showed pronounced desquamation at
the apex of the villi, destructive and dystrophic changes in the surface epithelium, edema and increased cellular
infiltration of the lamina propria of the mucosa. Thus, in diabetes mellitus, structural changes in the duodenal wall
of rats are characterized by the dystrophic processes, which can be considered as the morphological reflection
of enteropathy.
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Problem statement and analysis of the
latest research
According to the experts of the World Health Organization,
6-8% of the adult population suffer from diabetes mellitus
(DM) and there is a tendency to the increase in DM incidence.
DM is one of the three leaders among socially significant diseases remaing one of the most challenging health problems. In
2019, DM affected approximately 463 million people worldwide [1–4]. In the isolated experimental studies on type I DM,
there has been found a close relationship between DM development and intestinal changes preceding clinical symptom
onset [5, 6].
Gastrointestinal symptoms were observed in 92% of patients with DM [7]. Among clinical manifestations of DM,
many researchers noted diabetic enteropathy. Microangiopathy and potential local restructuring of the intestinal wall
played an important role in its development [8–10]. Recently,
the interest of researchers in assessing the state of the duodenum in DM has significantly increased. The reason is the presence of clinically significant changes in the gastrointestinal
tract in patients with DM, as well as the necessity to consider
the effect of functional and morphological changes in the duodenum on metabolic processes in general [11–13, 16, 17].
Thus, the analysis of national and foreign literature showed
that the problem of morphological features of the duodenal
wall at different stages of developing DM is not fully studied
and, therefore, seems relevant for the research.
The objective of the research was to determine the morphological features of the duodenal wall of animals within
14-56 days of developing streptozotocin (STZ)-induced DM
using light optical microscopy.

Materials and Methods
The research was carried out on 40 white nonlinear male rats
weighing 130-180 g, which were kept on a standard diet in
the vivarium of the Ivano-Frankivsk National Medical University. The experimental rats were divided into two groups:
Group 1 (the control group) included animals which were injected with an equivalent dose of 0.1 M citrate buffer (pH 4.5)
and Group 2 (the experimental group) comprised animals with
STZ-induced DM. DM was simulated by a single intraperitoneal injection of STZ (Sigma, USA) at a dose of 60 mg/kg
body weight. At the beginning of the experiment, before STZ
was administered to the rats, blood was taken from the tail
vein to determine blood glucose level by making superficial incisions in the tail region in the morning on an empty stomach.
We used a portable blood glucose meter with a standard set of
test strips (Accu-Chek Active, Roche Diagnostics, GH, Germany). The level of glycemia in the control and experimental
groups was determined by glucose level. Only animals with
a glucose level greater than 10.8 mmol/l were used in the experiment (Table 1). The sections of the duodenum served
as the material for the study. The material was collected on
the 14th , 28th and 56th days after the onset of experimental

STZ-induced DM. For microscopic examination, tissue samples were fixed in 10% formalin solution, dehydrated in a series of alcohols, embedded in paraffin, sectioned in ≈ 5 µ m
thick sections and stained with hematoxylin-eosin.
Computer processing of the parameters and data was performed by statistical methods using Microsoft Office Excel
(Microsoft, USA, 2016) and Statistica 10.
Table 1. Glycemia level in the control and experimental
groups at different stages of developing experimental
STZ-induced DM (Mean±SD).
Term of the
experiment

Group of animals

Glucose, mmol/l

Control group
4.78±0.57
STZ-induced DM
18.83±1.51*
Control group
4.9±0.16
28th day
STZ-induced DM
19.01±1.88*
Control group
5.02±0.17
56th day
STZ-induced DM
20.12±1.75*
Note: probable difference as compared to the control group,
Mann–Whitney U test, * p<0.05.
14th day

Ethical Statement
All manipulations performed on the animals during the experiment did not contradict the regulations of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (Strasbourg,
1986), the Council Directive 86/609/EEC (1986), the Law of
Ukraine on the Protection of Animals from Cruelty of December 15, 2009 and the Orders of the Ministry of Health of
Ukraine No 690 of September 23, 2009 and No 616 of August
03, 2012 and met the requirements of the Ethics Commission
of the Ivano-Frankivsk National Medical University (Minutes
No 104/18 of October 25, 2018).

Results
According to light microscopy, 14 days after the onset of
STZ-induced DM, there was a slight flattening of the duodenal mucosa as compared to the control group. There was
a slight shortening of the villi, while the crypt depth remained
unchanged, and the crypt lumen expanded slightly (Fig. 1).
There was an increase in the number of goblet cells, which
contained a mucous secretion in the apical part. The cells had
indistinct borders and the striated border on the apical side was
occasionally absent. In addition, the cellular cytoplasm was
amphiphilic, its enlightenment was noted; small transparent
vacuoles were observed. The epithelium underwent similar
transformation as well. The nuclei were round or oval, located
basally both at the apex and the base of the villi, contained
homogeneous chromatin.
Along with changes in the epithelium, the lamina propria
of the mucosa underwent changes as well. At the apex of
the villi, the connective-tissue fibers of the lamina propria
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ous lymphocytes and macrophages predominated. The vessels of the lamina propria of the mucous membrane demontrated a mosaic pattern of the disruption of blood supply with
the expansion of the venules and narrowing of the arteries
in hemomicrocirculation. In the arterial portion, the wall
was homogeneous, eosinophilic, with circularly elongated
endothelial cells, slightly evenly thickened.
There were found no pronounced morphological changes
in smooth myocytes of the duodenal muscular membrane. In
the secretory units of the duodenal glands, acidophilic cells
and mucous cells were unchanged.

Figure 1. Shortening of the villi (1), expansion of the crypt
lumen (2) in the duodenum 14 days after the onset of
STZ-induced DM. Hematoxylin and eosin staining.
Magnification: ×200. Scale bar: 10µm.

were loosely arranged; between them and thin-walled vessels,
the cellular elements, including mainly macrophages, lymphocytes, eosinophilic granulocytes and single fibroblasts were
found. The vessels of the lamina propria were thin-walled;
a slightly pronounced arteriolar spasm with an uneven lumen
expansion in the capillaries and postcapillary venules were occasionally observed. The vascular wall was lined with a single
layer of endothelium; uniformly eosinophilic.
Both the lamina muscularis mucosae and the muscular
membrane were represented by elongated smooth myocytes
with homogeneous eosinophilic cytoplasm and oval nuclei.
Between the layers of the muscular membrane, there were thin
layers of loose connective tissue with single cellular elements,
including macrophages, lymphocytes and fibroblasts. The submucosa of the duodenal wall was formed by loose connective
tissue and contained the secretory units of the duodenal glands.
Light microscopy revealed no structural changes in the cells
of the terminal segments of these glands.
At the end of the 28th day of STZ-induced DM, histological study revealed more significant changes in the structure
of the duodenal mucosa. There was observed a shortening of
the villi; their stroma was swollen and infiltrated with leukocytes; the epithelium covering was discontinuous; the areas of
desquamation were found at the apex of the villi (Fig. 2).The
crypt depth decreased; the crypt lumen expanded. The surface epithelium of the mucous membrane was characterized
by amphiphilic, slightly enlightened and partially vacuolated
cytoplasm. Changes in cell size with the cytoplasm increasing
in size, were accompanied, on the contrary, by the decrease
in nuclear size as a reflection of the degenerative processes.
The number of goblet cells increased as compared to the previous group. Among the cells of the connective-tissue villous
stroma, the cellular elements, including fibroblasts, numer-

Figure 2. Areas of epitheliocyte desquamation at the apex
of the villi (1), edema and histiolymphocytic infiltration of
the villous stroma in the duodenal wall (2) 28 days after the
onset of experimental STZ-induced DM. Hematoxylin and
eosin staining. Magnification: ×400. Scale bar: 10µm.
Fifty-six days after the onset of STZ-induced DM, we
found destructive and dystrophic changes in the surface epithelium of the duodenal wall (Fig. 3). There was observed
the desquamation of the surface epithelium on most of the villi.
Partial loss of the striated border and enlightened amphiphilic
cytoplasm were evident in epitheliocytes. The basally located
nuclei were round, contained homogeneous chromatin; its
slight compaction was observed. The reduction in the mucous
membrane was characterized by changes in both the length
of the villi and the depth of the crypts. There was a further
shortening of the villi and a decrease in their width, elongation
of the crypts and increase in their depth. The lamina propria
of the duodenal mucosa was characterized by an increase
in cellular infiltration, a significant increase in the number
of lymphocytes, plasma cells, tissue basophils, mostly on
the apex of the villi. In the crypt lumen, an accumulation of
the mucus and necrotic cells of the surface epithelium was
found. The vessels of the lamina propria of the mucosa and
the submucosal layer had the signs of uneven mosaic vascularization manifested as decreased blood supply to the venules
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Figure 3. Destruction of the villi (1), histiolymphocytic
infiltration of the villous stroma (2), edema of the interstitium
of the lamina propria of the duodenal mucosa (3) 56 days
after the onset of experimental STZ-induced DM.
Hematoxylin and eosin staining. Magnification: ×200. Scale
bar: 10µm.
and a pronounced narrowing of the arteries. The individual vessels were unevenly thickened, with a homogeneous
eosinophilic wall.
Smooth myocytes of the lamina muscularis mucosae and
the muscular membrane were elongated; the cytoplasm was
homogeneous eosinophilic, non-vacuolated; the nuclei were
oval with homogeneous chromatin and a clear nuclear membrane.

Discussion
The complications caused by DM (including diabetic enteropathy) are becoming increasingly common [6, 9, 16].
Gotfried J et al. indicated that the latest scientific results
are promising, but there is still a need for further studies on
the pathogenesis and morphological changes in the intestinal
wall in diabetic enteropathy [14].
Histological study of the duodenal wall under the influence
of experimental DM revealed significant structural changes
mainly in the epithelial components of the mucous membrane.
Fourteen days after the development of experimental STZinduced DM, there were observed a slight shortening of the villi
in the duodenal mucosa, an increase in the number of goblet
cells; cells with indistinct borders were found; the ciliated
border on the apical side was occasionally absent. Similar
changes in the duodenal mucosa were found in rats with skin
burn in experimental STZ-induced DM [15]. The vessels of
the lamina propria were thin-walled; a pronounced arteriolar spasm with lumen expansion in the capillaries was observed which was consistent with the studies conducted by
Onysko RM et al. [18].

Twenty-eight days after the development of experimental STZ-induced DM, there were observed a shortening and
flattening of the mucosal villi with the destruction and desquamation of the epithelium, crypt elongation and increase in
their depth. There was an increase in the number of goblet exocrinocytes. Similar changes were found in the small
intestine of rats with chronic enterocolitis in experimental
DM [11], which was most likely due to the development of
microangiopathy and metabolic disorders. Among the cells
of the villous stroma, fibroblasts, numerous lymphocytes and
macrophages predominated. The cells of the villous epithelium increased in size due to uneven vacuolation; increased
basophilia of their cytoplasm was seen; the striated border was
occasionally not defined. The vessels of the lamina propria of
the mucous membrane were characterized by the expansion
of the venules and narrowing of the arteries in hemomicrocirculation that was confirmed by the study on the peculiarities of changes in the microstructural organization of tissues
and hemomicrocirculatory bloodstream in the small intestine
of rats at different stafes of developing experimental STZinduced DM conducted by Onysko RM et al. [18].
Fifty-six days after the onset of STZ-induced DM, further villous shortening and crypt elongation were observed;
the phenomena of diffuse histiolymphocytic infiltration of
the villous stroma progressed. The shift of the nuclei of epitheliocytes located basally towards the apical side of the cells,
creating a picture of pseudo-stratification of the single-layered
villous epithelium, was found. There was observed loose connective tissue swelling in the lamina propria. In the duodenal
mucosa, hemodynamic disturbances in the form of edema
and uneven vascular congestion were registered. These conclusions corresponded to the conclusions made by Lisnyanska NV et al., Onysko RM et al. [11, 18], which was most
likely due to abnormal processes of restoring the integrity of
the endothelial and epithelial layers, the decrease in the number of endothelial cells and their dysfunction.
According to the study of morphological changes in the duodenal mucosa at different stages of developing STZ-induced
DM, the dystrophic and destructive processes in the duodenal
wall were more pronounced than adaptive ones, manifested
themselves as capillary lumen expansion and enterocyte hypertrophy. According to the results of our research, histological study of the duodenal wall revealed the deformation and
destruction of the villi and crypts, numerous areas of dystrophy and necrosis of columnar epitheliocytes, swelling and
enlightenment of loose connective tissue of the lamina propria
of the mucosa, histiolymphocytic infiltration of the villous
stroma. The results obtained were consistent with the results obtained by Lisnyanska NV et al., Krivonosova EM,
Silvia Pellegrini et al., Onysko RM et al. [11–13, 18].
Changes in the structural components of the duodenal
mucosa of rats at different stages of developing experimental STZ-induced DM we identified significantly deepened
the understanding of reconstructing the intestinal wall in hyperglycemia being the morphological basis for understanding
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the pathogenesis and clinical course of diseases caused by
DM.
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Conclusions
Histological study of the duodenal wall of diabetic animals
showed significant dystrophic and destructive changes.
1. Fourteen days after the onset of experimental DM,
a slight shortening of the villi and the expansion of
the crypt lumen were observed. There were found
changes in columnar epitheliocytes with the striated
border in the vilus covering: there was a shift of the nuclei located basally towards the apical side of the cell.
The number of goblet cells increased both in the villi
and in the crypts.
2. Twenty-eight days after the development of experimental STZ-induced DM, more significant changes in
the structure of the duodenal mucosa were detected by
histological study. There was observed a shortening
of the villi; their stroma was swollen and infiltrated
with leukocytes; the epithelium covering was discontinuous; numerous areas of desquamation were visualized
at the apex of the villi. Swelling and enlightenment of
loose connective tissue of the lamina propria of the mucosa were found.
3. Fifty-six days after the onset of STZ-induced DM, a shortening and flattening of the mucosal villi was observed
indicating their atrophy, while the crypts elongated,
their depth increased; consequently, the surface of the duodenal mucosa smoothed down. The destruction and
desquamation of the epithelium of the villi and crypts
were observed. The cells of the villous epithelium increased in size due to uneven vacuolation; increased
basophilia of their cytoplasm was seen. There was
found diffuse histiolymphocytic infiltration of the villous stroma.
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