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Annotation: in studies conducted on animals using histological and electron-microscopic methods
of study, analysis of the peculiarities of the reconstruction of pancreatic islets in 3-month-old rats on
the 70-th day of the course of experimental diabetes was carried out. Because this period of diabetes
in rats is a critical time to study morphofunctional changes, especially in immature rats, where the
endocrine and metabolic systems are still developing and interacting with diabetes-induced changes.
Ultrastructural features of the pancreas were studied under a PEM-125 K electron microscope at
an accelerating voltage of 75 kV. Microphotography of the sample was performed using a Leica
DM 750 light microscope and photographed using a digital SSD camera (Industrial digital camera
UHCCDO05100KPA-U-NA-N-C-SQ-NA). Morphometry was performed on micropreparations using the
Bio Vision 4.1 program in automatic or manual mode, taking into account the magnification of objects.
Structural changes at each stage of the study were analyzed in 50 fields of view on an area of 0.1 mm? of
the studied sample. The obtained data were evaluated using parametric and nonparametric statistical
methods. It was established that on the 70th day of experimental streptozotocin-induced diabetes, the
average amount of pancreatic islets per 1 mm2 probably decreases compared to control indicators
and is (4.62+0.19) (p<0.05). The area of islets decreases to (5956.84+£547.35) um2 (p<0.001), the
same trend is characteristic of B-cells, the number of which decreased to (19.7+0.41) per 0.1 mm?.
It is experimentally proven that under conditions of diabetes mellitus there is a morphofunctional
transformation of the parenchyma of the islets of the pancreas, manifested by the ultrastructural
restructuring of the existing B cells, in which the nuclei change: they acquire small size, blurred
contours due to the thinning up to the disappearance of the perinuclear space, a large amount of
condensed chromatin in which a significant number of small vesicles is detected. The amount of
condensed chromatin directly depends on the number of secretory granules in the cytoplasm — the
more granules, the more condensed chromatin and the smaller the size of the nucleus. Thus, the
introduction of streptozocin causes irreversible changes in the islets of the pancreas, namely their
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cellular composition decreases by 21%, which is mainly due to a decrease in the number of Insulin
cells. Along with this, existing cells are reconstructed in the direction of increasing their functional

activity.

Keywords: Pancreas; Insulin-Secreting Cells; Islets of Langerhans; Blood Vessels; Diabetes

Mellitus.

Introduction

According to the International Diabetic
Federation (IDF) by 2022, 537 million people in
the world suffered from this pathology, of which
more than 90% (more than 483 million patients)
had type 2 diabetes mellitus (DM). According
to IDF forecasts, by 2030 up to 643 million
people, and by 2045 every eighth adult (about
783 million people) will live with DM, that is,
a 46% increase in incidence is predicted [1]. In
Ukraine there are about 1 million patients with
DM, so the current situation with this pathology
in the world and in Ukraine calls attention to
the current state of the problem [2]. Analyzing
data from the Center for Medical Statistics of the
Ministry of Health of Ukraine, at 2019 in Ukraine
registered 207 383 patients with diabetes mellitus
(data provided without taking into account the
statistics of Crimea and the occupied territories
of Donetsk and Luhansk regions), taking
insulin preparations (58 954 — type 1 diabetes,
138 563 — type 2 diabetes, 9 886 — pediatric
patients) [3]. As a result of the findings of the
International Diabetic Federation, the prevalence
of diabetes in Ukraine is 7.3%. The percentage
of undiagnosed diabetes is 65% [4]. Diabetes
is ranked 3rd in prevalence after cardiovascular
diseases and cancer. According to World Health
Organization, diabetes increases mortality by
2-3 times and shortens life expectancy [5]. The
number of people with diabetes (20-79 years of
age) in Ukraine is 2 million 325 thousand, of
which 1,23 million have been diagnosed. These
are the data of the 10th edition of the Diabetes
Atlas of the International Diabetic Federation
for 2021. It is worth noting that 90% have a
type 2 DM. Diabetes is the cause of 6.7 million
deaths in 2021, one person every 5 seconds.
Approximately 44% of the adult population with
diabetes (240 million people) are undiagnosed,
almost 90% of them living in low- and middle-
income countries. The prevalence of diabetes

in the population, on average, is 1-8.6%, and
among children and adolescents about 0.1-0.3%,
and taking into account the undiagnosed cases,
in some countries the prevalence can reach 6%
[6]. In Ukraine, more than 1 million patients with
DM have been registered, another 2-3 million
already have diabetes in the developmental
stage, but do not suspect the presence of this
disease [7].

Experimental models of diabetes in animals,
especially rodents, are widely used to study the
pathophysiology of diabetes. For example, a
study [8] highlighted that STZ-induced diabetes
in rats leads to selective beta-cell damage with
subsequent islet atrophy and a marked reduction
in islet mass. Day 70 of experimental diabetes
in rats is a critical time point for studying
morphofunctional changes, especially in sexually
mature rats where the endocrine and metabolic
systems are still developing. Puberty plays
a critical role in how the pancreas and islets
respond to diabetic conditions. Sexually mature
rats develop an endocrine system that interacts
with the changes caused by diabetes. Hormonal
fluctuations, particularly those related to growth
factors, estrogen, and testosterone, are thought to
modulate the progression of diabetes and its effects
on the pancreatic islets [9]. found that insulin-
like growth factors (IGFs) play an important role
in beta-cell survival and proliferation. In sexually
mature rats, the absence of a fully developed
IGF system can accelerate islet destruction in
diabetic patients. Furthermore, [10] observed
that sexually mature animals show a delayed
compensatory response to insulin deficiency
compared to sexually mature animals, suggesting
that the hormonal environment affects the rate of
islet degeneration.

Analyzing the literature available to us,
we can comfirm that the age characteristics
of rats obviously affect the degree of islet
transformation, probably due to the interaction

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

62


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
https://meshb.nlm.nih.gov/record/ui?ui=D010179
https://meshb.nlm.nih.gov/record/ui?ui=D050417
http://meshb.nlm.nih.gov/record/ui? ui=D007515
https://meshb.nlm.nih.gov/record/ui?ui=D001808
https://meshb.nlm.nih.gov/record/ui?ui=D003920
https://meshb.nlm.nih.gov/record/ui?ui=D003920

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

between hormonal development and the diabetic
state. Future studies aimed at the role of puberty in
the progression of diabetes may help to improve
the understanding and strategies for the treatment
of juvenile diabetes, and the issue of the course
of experimental diabetes, in particular, the state
of the endocrine part of the pancreas of immature
rats, is poorly studied [11, 12].

The aim of the work was to establish the
features of the structure of the pancreatic islets
(PI) of the pancreas of 3-month-old rats, and their
morphological transformation on the 70-th day of
the development of experimental diabetes.

Material and methods

The work was carried out on 25 white nonlinear
male rats weighing 40-80g. 3 months of age, kept
in compliance with all ethical requirements and in
accordance with the provisions of the European
Convention on the protection of vertebrate animals
used for research and other scientific purposes
(Strasbourg, 1986), the Law of Ukraine «On the
protection of animals from cruel treatment» of
December 15, 2009, Directive of the Council of
Europe 86/609/EEC (1986). For the experiment
animals were divided into two groups: 1 — intact
(8 animals), 2 — experimental (17 animals), in
which simulated experimental DM by a single
intraperitoneal injection of streptozotocin
(SIGMA, USA) in 0.1 M citrate buffer pH 4.5
at a dose of 7 mg per 100 g of body weight
[13] with the study of the structure of PI on the
70-th day of the experiment, of which 5 animals
served as control. Ultrastructural features of
the software were studied under the electron
microscope PEM — 125 K with an accelerating
voltage of 75 kV. Microphotography of the
sample was carried out with the help of the Leica
DM 750 light microscope and photographed
using the digital SSD — camera (Industrial
digital camera UHCCDO05100KPA-U-NA-
N-C-SQ-NA). Morphometry was performed
on micropreparates using the program «Bio
Vision 4.1» in automatic or manual mode,
taking into account the enlargement of objects.
The structural changes at each stage of the study
were analysed in 50 fields of vision on an area of
0.1 mm? of PI. The data obtained were evaluated
using parametric and non-parametric statistical
methods.

ISSN 2786-6661
eISSN 2786-667X

Results and discussion

Beginning of hyperglycemia leads to
extensive damage to the islets, primarily through
the destruction of beta cells. Studies have
consistently demonstrated a reduction in the size
and number of pancreatic islets in diabetic rats.
For example, a study by authors [8] emphasized
that STZ-induced diabetes in rats results in
selective damage to beta cells, with subsequent
islet atrophy and a marked reduction in islet
mass.

It was found that the endocrine part of the
pancreas of 3-month-old nonlinear rats male
is represented by pancreatic islets, formed by
accumulation of cells surrounded by thin layers
of connective tissue, separating them from the
exocrine part of the gland. Such islets have
predominantly oval or round shape and uneven
contours, the average number of pancreatic islets
per 1 mm? of parenchyma is (13,62+0,43), and
their diameter in animals of this age group is
(39,6+0,48) um, theareais(6754,05+£566,31) pm?.
Pl consist of endocrine cells, which on histological
preparations look light against the background of
a dark exocrine parenchyma. In the cytoplasm of
endocrine cells there is a well-developed protein-
synthesizing apparatus which includes: Golgi
complex, granular endoplasmic reticulum and
secretory granules. According to the properties,
endocrine cells are divided into four main types:
B cell, A cell, D cell, PP cell (Fig. 1).

By the 70th day, morphological changes in
the islets of Langerhans are evident, with loss of
beta cells leading to decreased islet size and a
reduction in their cellular density. Microscopic
analyses [14, 15] demonstrated increased fibrosis
and disorganization within the islets, along
with infiltration by immune cells, indicating
ongoing autoimmune responses and chronic
inflammation.

The main mass of PI in rats of this age are
Insulin cells, which is 27.4+0.57 per 0.1 mm?
(69.4%). They are mostly located in the center
of PI, surrounding the course of blood vessels.
These cells have a polygonal shape and are darker
compared to other endocrinocytes (fig. 1).

At the ultrastructural level, the cytoplasm of
B cells contains numerous secretory granules
(SGs), which consist of a moderate electron-optic
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Fig. 1. Cellular composition of the pancreatic islet of a 3-month-old rat. A) Semi-thin cut, stained with
toluidine blue. B) Hematoxylin-eosin staining.
1 — exocrinocytes; 2 — B cell; 3 — A cell; 4 — D cell; 5 — capillary of visceral type.

density of the matrix, a membrane and a wide
light submembrane curve. In addition, the matrix
of the granules is placed somewhat eccentrically.
Such granules by the peculiarity we will call in
the future secretory granules of the B- type.
Functional changes in insulin secretion
The functional capacity of pancreatic islets
in diabetic rats is severely impaired. Insulin
secretion, the primary function of beta cells, is
greatly reduced or completely absent by day 70
of diabetes in many experimental models. Some
researchers [16] observed that the remaining
beta cells displayed altered insulin granules
and impaired insulin secretion in response to
glucose stimulation. This finding is supported by
other studies [17] who showed that a prolonged
hyperglycemic state results in beta-cell depletion
with reduced responsiveness to glucose and
other insulinotropic stimuli. Glucagon cells
make up 25% of the total number of endocrine
cells (9.9+£0.37) per 0.1 mm? and are localized,
as a rule, on the periphery (Fig. 1). Their sizes
are smaller than those of insulin cells, and
there is less heterochromatin in the nuclei. An
imbalance between insulin and glucagon leads to
increased hyperglycemia. Some researchers [18]
highlighted the role of glucagon in worsening
hyperglycemia by promoting hepatic glucose
production, thus exacerbating the diabetic state in

rats. At day 70 of diabetes, sexually mature rats
show a marked increase in the number and size
of alpha cells compared to beta cells, indicating
a change in islet cell composition. Studies [19]
have confirmed alpha cell proliferation in
diabetic rat models with increased glucagon sec-
retion, contributing to dysregulation of glucose
metabolism. Somatostain cells in young rat
islanders are (0,26+0,15) at 0.1 mm?, they are
star-shaped and are located, mostly, on the
periphery of the island, although they can also
be found between B cells. Pancreatic polypeptide
cells have a polygonal shape, located, mainly,
on the periphery of the island between A cells.
These cells are characterized by a well-developed
granular endoplasmic reticulum and small SGs
located along the cytoplasmic membrane. The
average number of these cells in PI is (2.1+0.16)
per 0.1 mm?, that is, 5.2% of the total number of
islet cells. On the 70-th day after the simulation
of streptozotocin DM in each PI of 3-month-old
rats, the decrease in the total number of cells is
massive. The average amount of PI per 1 mm?
significantly decreases compared to the control
indicators and is (4.62+0.19) (p<0.05). The area
of the islets decreases to (5956,84+547,35) um?
(p<0,001), the same trend is typical for B cells,
the number of which decreased to (19,7+0,41) on
0.1 mm? of the area of pancreatic islets, number
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of A and PP cells decreasing respectively to
(9.3+£0,12) and to (3.8+0,11) on 0.1 mm? area
of pancreas islands, and the amount of D cells
is practically unchanged. Ultrastructurally in
existing Insulin cells, the nuclei change: they
have small sizes, blurred contours due to the
disappearance of the perinuclear space, a large
amount of condensed chromatin, in which a
significant number of small vesicles are revealed
(Figure 2). The content of condensed chromatin
directly depends on the number of secretory
granules in the cytoplasm — the more granules,
the more condensed chromatin and the smaller
the size of the nucleus. The organelles in the
cytoplasm of such cells are not detected, except
for certain fragments of the granular endoplasmic
reticulum. Along with this, there are B cells with
less SGs and «dark» cytoplasm. In these cells
between secretory granules, mitochondria with
vague crystals can be detected. The nuclei of such
cells are larger, but in the areas of the location
of heterochromatin, vesicles are determined,
which are primarily detected in the peripheral
condensed chromatin. Secretory granules differ
from each other in both size and content — there
are almost normal structure, separate with a pale
core, some empty, there are reduced, there is —
enlarged, somewhere defined A type SGs.

On the periphery of the islands in the Glucagon
cells are first of all changes in the nuclei. The

Fig. 2. Ultrastructure of the islet of a 3-month-old
rat on the 10-th week of modeling streptozotocin
DM
1 — granular endoplasmic reticulum;

2 — B cell nucleus; 3 — B cell cytoplasm; 4 — SGs;
5 — expanded intercellular gap.
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structure of which does not correspond to the
normal: they lose a rounded shape and acquire
an irregular. In a condensed chromatin, the
boundaries of which are blurred, vesicles are
determined. The secretory granules do not have
a clear lining, the illumination zone around the
matrix of the secretory material granules is thin,
the internal contents have different electron-
optic density. SGs are absent around the nucleus
and are located mainly on the periphery of the
cytoplasm. Intercellular gaps sharply expand
with the formation of uneven contours. In the
cytoplasm mitochondria with preserved structure
are determined.

Fig. 3. Ultrastructure of the PI of a non-mature rat
on the 70-th day after simulation of streptozotocin
DM.

1 — capillary lumen; 2 — endotheliocyte nucleus;
3 —nucleus of A cell; 4 — secretory granules of the
B-type; 5 — intercellular gap.

The cells located on the periphery of the
islands contain secretory granules of both A-type
and B-types, intercellular gaps- expanded.

The extrusion of the content of secretory
granules occurs not only in the expanded
pericapillary space, but also in locally expanded
intercellular gaps (Figure 3).

Conclusion

Therefore, the introduction of streptozotocin
causes irreversible changes in the pancreatic islets
of the drug, namely their cellular composition
decreases by 21%, which is mainly due to a
decrease in the number of B cells. Along with this,
existing cells are reconstructed in the direction of
increasing their functional activity.
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Address for correspondence:
Miskiv Vasyl

E-mail: miskivv@gmail.com
+380979217969

Anomauin: Y 00cniodxcenuax npogeoeHux Ha meapuHax 3 8UKOPUCTAHHAM 2IiCMON02IUHUX
ma eneKmpoOHHO-MIKPOCKONIUHO20 Memo0i8 OO0CHIONCEHHA NPOBEOEHO AHANI3 0COONUBOCMEl
nepedy0osu namkpeamuuHux ocmpisyie y wypie 3-x micaunoeo 6iky Ha 70 000y nepebdizy
EeKCNepUMeHmMalbHo20 YyKkposozo diabemy. OcKitbKu came Oanull nepioo odiabemy y wypie €
KPpUMUYHUM MOMEHMOM OJI5l BUBYUEHHS MOPPODYHKYIOHATLHUX 3MIH, OCOONUBO Y HECAMEeBO3PIIUX
wypis, 0e eHOOKpUHHA Ma MemaboniuHa cucmemu 6ce wje po3sUeacmvCs ma 63acmMo0i€ 3i SMIHAMU,
BUKIUKAHUMU OiaDemoM.

Viempacmpykmypni  ocobnueocmi  niOwliynkogoi 3ano3u  eusuanu nio  eleKmpOHHUM
mikpockonom IIEM — 125 K npu npuckoprosanvriu nanpysi 75 kB. Mixpoghomoepagito 3pasxa
npoBOOUNU 3a O0NOMO20I0 CB8imN08020 Mikpockona Leica DM 750 i ¢omoepaghysaru 3a
oonomozoro yugpposoi SSD — xamepu (Industrial digital camera UHCCDO5100KPA-U-NA-N-
C-SQ-NA). Mopgomempito nposoounu na mikponpenapamax 3a npoepamoro «Bio Vision 4.1» 6
asmMoMamu4HoMy abo pyuHOMY Pexrcumi 3 ypaxyearHHam 30inouienus 00 ekmie. CmpykmypHi sMiHu
HA KOXCHOMY emani 00caiodcenHs ananizysanu 8 50 nonsx 3opy na niowi 0, 1 mm? 0ocnioxcysamnoco
spaska. Ompumani Oaui OYIHIOBANU 3a OONOMO2010 NAPAMEMPUYHUX | HenapamempuiHux
CMamucmuyHux mMemoois.

Bcmanosneno, wo wna 70 000y eKcnepumMeHmanibHO20 —CMpenmo30moyuHiHOYKOBAHO20
YyKposoco Odiabemy cepeons Kinokicmov 10 na 1 mm? 8ip0o2iOHO 3HUINCYEMBCS NOPIGHAHO 3
KOHMPOIbHUMU NOKASHUKAMU | cmanosums (4,62+0,19) (p<0,05). Ilnowa ocmpisyie smeHuyemobcs
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00 (5956,84+547,35) mxm? (p<0,001), maxa s mendenyis xapakmepua 01 B-knimun, Kintokicmo
axux smenwunacs 0o (19,7+0,41) na 0,1 mm?.

ExcnepumenmanvHo 008edeHo, wo 3a YMO8 YYKposozo Jdiabemy cnocmepiedcmuvcsi mopgho-
@yHkyionanbha mpancopmayis napeHximu ocmpieyie NiOULIYHKOBOI 3a103U, WO NPOSGISAEMbCS
VIbMPACMPYKMypHOIO nepedy0080i0 ICHYIOYUX B-xnimuwu, y sakux 3sminwowomscsi a0pa: 60HU
Haby8amov HeGeNUKUX POSMIDIB, HEeUIMKUX KOHMYPIE 3a PAXYHOK 8UMOHULY8AHHS AX*C 00 SHUKHEHHS
NEepUHYKIeapHO20 NPOCMOPY, BeIUKOI KLIbKOCI KOHOEHCO8AHO20 XPOMAMUHY, 68 AKOMY GUABTIAECINbCA
SHA4HA KibKicmob OpioHux ee3uxyi. Kinbkicms KoOeHCcO8aH020 XpOMAMUHY NPAMO 3ANeHCUMb 8i0
KIIbKOCMI CeKpemOopHUX 2panyl 8 YUMoniasmi — yum Oinbuie epanyi, mum Oiivuie KOHOeHCOBAHO20
XpOMamuHy i mum MeHuii posmipu s0pa.

Omoice, 66edeHHsi Cmpenmo30moyuHy UKIUKAE He360POMHI 3MIHU 8 NAHKPEAMUYHUX OCMPIGYSX
niOwyHKo8oi 3anosu, a came: Ha 21% 3menwiyemvcs ix KAIMUHHULL CKAAO, WO 6 OCHOBHOMY
00yMo81eH0 3MeHuenHAM yucia B-xknimun. [lopao 3 yum icHyroui K1imunu nepedy0o8yiomucs 6
HANPAMKY Ni08UWEHH iX YHKYIOHAIbHOT aKMUBHOCHII.

KuarouoBi ciioBa: nmianuryHkoBa 3ano3a, B-KIiTHHH, OCTpiBLI MiJIUTYHKOBOI 371031, KPOBOHOCHI
CYIIMHU, IIyKPOBUH /ia0eT.
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