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Abstract. Goal. To analyze the literature sources concerning morphofunctional state of a pancreas in case of
diabetes mellitus and treatment in white laboratory rats.

Materials and methods. Generalisation of ukrainian and foreign literature data, results of meta-analyses and
randomized studies.

Results. Characteristics of main mechanisms of diabetes mellitus modeling was conducted in experimental ani-
mals. Literature data regarding the peculiarities of pancreatic islets in normal conditions, in case of diabetes mellitus and
pharmacological correction of this disease were intensified.

Anatomically, pancreas is divided into three regions: duodenal, gastric and splenic. This division in rats is some-
what conditional due to small size of organ. In some cases, highest concentration of endocrine islets is found in splenic
region of gland. Islets are formed by endocrinocytes. There are four types of endocrine cells in rats: insulinocytes, glu-
cagonocytes, somatostatinocytes and pancreatic polypeptide cells. In rats with diabetes, morphofunctional state of pan-
creas worsens. Numbers of insulinocytes and area of islets are decreases, level of glucose and glycosylated hemoglobin
increases.

Review of literature sources shows social significance of conducted research, as experimental diabetes mellitus
creates discomfort and reduces the quality and lifespan of experimental animals. Prolonged uncorrected hyperglycemia
creates the background for micro- and macroangiopathies development. Pharmacotherapy for diabetes primarily aims to
achieve normoglycemia through dietary correction in combination with pharmacological agents. This not only slows
down the progression of diabetic micro- and macroangiopathies but also extends the lives of rats. In context of absolute
insulin deficiency, a priority for correcting streptozotocin-induced diabetes remains using of insulin therapy with exoge-
nous insulin drugs and enhancing reparative processes in the gland due to improved regeneration of endocrinocytes.

The priority task for scientists still remains the development of medicines capable of promoting regeneration
processes of islets. According to literature sources, polytherapy of diabetes mellitus using pharmacological antidiabetic
drugs can be more effective as compared to monotherapy. Several authors have studied the combined effect of insulin
and exenatide (an incretin mimetic), finding that exenatide enhances the regenerative capabilities of pancreatic islets in
diabetes mellitus. However, the use of incretin mimetics in type I diabetes mellitus remains controversial and requires
further study.

Expediency of experimental diabetes mellitus modeling is based on developing new methods for type I diabetes
mellitus correction. This will promote prolonged functioning of endocrine cells, enhance regeneratory and compensatory
processes in pancreas and optimize the therapeutic effect of antidiabetic drugs in experiment.

Conclusion. The presented data establish the peculiarities of morphological changes in pancreatic islets in path-
ogenesis of diabetes, confirm the necessity of pharmacological correction of streptozotocine-induced diabetes in experi-
mental animals by normalizing carbohydrate metabolism, activating compensatory-recovery processes and regenerations
of islets with the help of nutrition and treatment. Comprehensive polytherapy and normalization of nutrition allow for the
slowing of the development of diabetic micro- and macroangiopathies and cardiovascular events in the context of diabe-
tes.

Keywords: pancreas, morphofunctional state, exocrine cells, pancreatic islets, diabetes mellitus, animals, regen-
eration, carbohydrate metabolism.

Introduction. For a long time, understanding of
morphofunctional state of the pancreas in individuals with
type 1 and type 2 diabetes has necessitated the search for
effective methods of correcting these pathologies. Experi-
mental research methods on rats have yielded numerous
conclusions that explain the genetic mechanisms of dis-
ease development, metabolic restructuring of the body dur-
ing endocrinocyte dysfunction, have introduced new tech-
nological achievements regarding the possibility of

1 (29) ciuenb-6epesens, 2024

cultivating the pancreas in vitro using a pool of stem cells,
and research on possibility of gland transplantation is also
being conducted. Despite this, many studies are subject to
doubt. In this article, we will consider researchers' data on
morphological state of the pancreas in intact rats, in exper-
imental diabetes, and methods of its correction.

Goal. To analyze the literature sources concern-
ing morphofunctional state of a pancreas in case of diabe-
tes mellitus and treatment in white laboratory rats.
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Materials and methods. Generalisation of
ukrainian and foreign literature data, results of meta-anal-
yses and randomized studies.

Results. The pancreas, as a component of endo-
crine system, belongs to the glands of mixed secretion.
Combining two different functions: exocrine and endo-
crine, it ensures homeostasis in carbohydrate metabolism,
participates in the processes of food digestion, etc. A large
cascade of morphofunctional, biochemical, and metabolic
changes in parenchyma, often have a systemic impact on
metabolism in general, can be trigger factors for various
pancreas diseases. A significant number of scientific pub-
lications are dedicated to morphofunctional restructuring
of pancreas in norm, in pathology, including presence of
diabetes. Using of different methods of research (histolog-
ical, electronmicroscopic, immunohistochemical, morpho-
metric, and biochemical, 3-D reconstruction of biological
objects), the possibilities for studying the morphological
peculiarities of pancreas structure in both normal and
pathological states in experiments have increased today.

Morphology of pancreas in intact animals. In
white laboratory rats, the pancreas is externally covered by
a connective tissue capsule. Interlobular septa branch of
pancreas into lobules. The lobules comprise acini with
centroacinar cells. It is known that acini contain from eight
to twelve exocrine cells. These cells have a conical shape,
and their cytoplasm is divided into two zones: apical and
basal. Zymogen granules accumulate in apical zone and
cell nucleus with membranous organelles is located in ba-
sal zone. Plasmalemma of exocrine cells forms internal
folds in basal zone and microvilli in apical zone. Intercel-
lular contacts are formed between neighboring exocrine
cells [2]. Results of studies of pancreas in animals can of-
ten be extrapolated to humans due to similarity of their
structural organization [3].

Exocrine cells of pancreas produce proenzymes
and enzymes that are secreted into the pars descendens du-
odenum through the system of excretory ducts. Intercalary
ducts are formed in terminal parts of pancreas, lined with
cubical epithelium and then merge into intra-lobular and
interlobular ducts, which are covered with a single layer of
prismatical epithelium. Exocrine cells produce a different
enzymes (amylase, lipase, carboxypeptidase, ribonucle-
ase, deoxyribonuclease, etc.) and precursors of protein
peptidases — proenzymes (trypsinogen and chymotrypsin-
ogen), which break down polysaccharides into monosac-
charides, proteins into amino acids and fats into glycerol
with fatty acids in the digestive tract [4]. In studies by Fu-
jivara S. on the effect of zinc on structure of pancreas, it
was proven that excessive zinc loading induces atrophy of
the acinar cells of the gland and increases the number of
duct-like structures. Interstitial fibrosis and macrophage
infiltration also correlated with the degree of acinar atro-
phy. The electron microscopic method allowed diagnosing
the loss of zymogen granules in apical zone of acinar cells,
proliferation of collagen fibers in the gland capsule, and an
increase in number of fibroblasts, which could subse-
quently lead to fibrous restructuring of pancreas paren-
chyma under zinc loading [5].

Anatomically, human pancreas is divided into
three regions: duodenal (head of pancreas), gastric (body)
and splenic (tail) [2, 4]. This division in rats is somewhat
conditional due to small size of organ. Duodenal part is
located in V-shaped bend of duodenum, caudally from
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common bile duct. In some cases, highest concentration of
endocrine islets is found in splenic region of gland in both
humans and white laboratory rats [3]. Several studies over
the last decade have shown that pancreas of patients with
type 1 diabetes was smaller, than in the healthy patients.
Researchers have attributed development of interlobular
fibrosis, atrophy of acini, apoptosis of exocrine cells, leu-
kocyte infiltration of parenchyma, presence of inflamma-
tory changes in parenchyma and slight fatty infiltration of
capsule over time as histological anomalies of exocrine
part of the gland in context of diabetes. Diabetes research-
ers noted biochemical changes in the levels of insulin, glu-
cagon, somatostatin and the secretion of pancreatic poly-
peptides [6-7].

Endocrine part of pancreas is represented by is-
lets, total number of islets can be from 1.0 to 1.5 million.
Islets are formed by endocrinocytes. These cells produce
hormones and play an important role in carbohydrate me-
tabolism. In humans, many types of endocrinocytes are
distinguished, including A, B, D, EC (enterochromaffin
cells), PP (pancreatic polypeptides), PYY, pancreatic gas-
trinocytes, and ghrelin-producing endocrinocytes [8-9].
There are four types of endocrine cells in rats: insulino-
cytes (B), glucagonocytes (A), somatostatinocytes (D) and
pancreatic polypeptide (PP) cells [10]

Many researchers have studied the application of
stem cells for differentiation into exo- and endocrinocytes.
Mesenchymal stem cells have a high potential for regener-
ation. These cells migrate and return to the damaged site,
restoring cells and tissues. Often, oxidative stress and in-
flammation hinder stem cell transplantation. In study by
Farid A. etal., the introduction of grape seed extract during
stem cell transplantation in streptozotocin-induced type I
diabetes was conducted, noting an improvement in the
level of pro-inflammatory cytokines, a reduction in mark-
ers of oxidative stress, which facilitates the regeneration of
the insulinocyte pool [9].

At electronmicroscopic level, Miskiv V.A. stud-
ied the changes in the qualitative and quantitative compo-
sition of four types of endocrine cells: insulinocytes, glu-
cagonocytes, somatostatinocytes and pancreatic gastrino-
cytes in animals of different age groups. It was noted that
regenerative processes in islets significantly slow down
with age, while in young rats, the highest regenerative
changes in the islets were observed [11]. The number of
islets depend on influence of exogenous and endogenous
factors. It has been proven that with age and due to the
toxic effects of certain medicinal agents, the number of is-
lets decreases [12].

Islets can be of various shapes (oval, round, star-
shaped), sizes, areas, and diameters. Firstly, we detected
an islet of triangular shape during staining with aniline
blue-orange G [13]. Tkachuk O. and co-authors [14] dis-
tinguished the following types of islets based on area:
small (100 — 1500 cm?), medium (1500 — 3500 cm?), large
(3500 — 7500 cm?) and giant (more than 7500 m?). The ra-
tio of endocrine to exocrine parts of the pancreas changes
with age towards a decrease in the number of islets. In ad-
dition to endocrinocytes, the islets include hemomi-
crovessels, nerve endings, neurons, and neuroglial cells. In
the context of diabetes, the nervous apparatus of not only
the pancreas but also other organs of gastrointestinal tract,
including duodenum, undergoes restructuring [15].
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Primary cell pool of islets is occupied by insulino-
cytes. These polygonal-shaped cells, located at the center
of islets, have secretory granules with a clear halo and syn-
thesize of insulini, proinsulini, C-peptide and GABA. Glu-
cagonocytes make up to 30% of the total cell population of
islet. They are located on periphery of islets, contain secre-
tory granules without a halo and synthesize the hormones
glucagon and pancreastatin. Some authors distinguish so-
called acino-islet cells, in cytoplasm of which have many
zymogen granules together with secretory granules of en-
docrinocytes. Electron microscopic studies have shown
the absence of a clearly defined cytoplasmic membrane in
acinar-islet cells. Some researchers found so-called "duc-
tal" insulinocytes in the ducts. Cambial "ductal" en-
docrinocytes and acino-islet cells are considered as possi-
ble sources of regeneration [13]. In several studies, it has
been noted that proliferative processes of cells accelerate
under hyperglycemia, as indicated by the detection of cy-
tokeratin — a marker of differentiation and neogenesis of
endocrine cells. Sometimes, so-called "buds" are formed,
which are local protrusions of endocrinocytes, that can fur-
ther "pinch off" from the duct, and their cytoplasm begins
to contain secretory granules characteristic for insulino-
cytes. It has been established that with age, the amount of
cytokeratin in endocrinocytes decreases [16].

Distribution and number of endocrine cells de-
pend on the type of blood supply to islets. In small islets
of isolated endocrine cells, small clusters of mantle-type
islet endocrinocytes form, where glucagonocytes are lo-
cated peripherally, so blood capillaries do not penetrate
into the middle of islet but pass over its surface. In islets
of medium and large sizes, glucagonocytes are located
both in the peripheral and central zones of the islet along
the blood vessels that permeate the islet. In large islets, in-
sulinocytes form central clusters, surrounded by glucagon-
ocytes and hemomicrovessels. Knowledge of gland's
blood supply mechanisms is of great importance in organ
transplantation [17].

In context of development of type I diabetes, an
autoimmune destruction of insulinocytes is observed, with
activation of cellular and humoral immunity, plasma cells
begin to secrete autoantibodies to various antigens of insu-
linocytes and as a result, an inflammatory process called
insulitis develops. This condition is a cell-mediated auto-
immune reaction against one's own endocrinocytes with
mononuclear infiltration of islets. Often, exocrine disor-
ders of pancreas cause or precede the appearance of diabe-
tes, which in this context is referred to as pancreatogenic
diabetes of type II [18].

Experimental models of diabetes in rats. Simi-
larity of histological organization of pancreas in humans
and rats allows for modeling pathological processes, stud-
ying their treatment effects. Necessity to introduce indica-
tions for clinical research of hypoglycemic agents used in
context of diabetes necessitates the study of various mod-
els of insulin-dependent and insulin-independent diabetes
in animals at preclinical stage, which replicate the leading
links in development of disease in humans. The most com-
mon experimental models of animal diabetes include sur-
gical models, chemically induced or genetically deter-
mined forms of disease [19]. Latter develop in rats due to
mutations in certain genes through selection. Type I diabe-
tes is induced of the NODM (non-obese diabetic mouse)
hybrid line and Wistar rat populations. With a long latent
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period of diabetes development, it is convenient to study
the properties of antidiabetic drugs that inhibit the destruc-
tion of insulinocytes and stimulate their regeneration. Ex-
perimental type II diabetes is modeled in obese animals. In
such homozygotes for the diabetes-fat gene, a diabetic syn-
drome and characteristic clinical manifestations of the dis-
ease can develop: hyperglycemia, polydipsia, hyperpha-
gia, polyuria, progressive insulin deficiency, changes in
fur and skin, animal hyperactivity, etc. [20-21].

Chemically induced forms of diabetes are mod-
eled by the administration of highly toxic pharmacological
chemotherapeutic agents or hormones (alloxan, strepto-
zotocin, dexamethasone, oxihinoline, etc.). Chemical
models of diabetes are reproduced not only in rats but also
in dogs, rabbits. Some authors used alloxan for diabetes
modeling. Diabetogenic effect of alloxan depends on
method, speed of administration, concentration of solu-
tion; species, body mass of the animals. Toxic effect of
high-dose alloxan administration appears within a few
hours, and insulin deficiency — within a few days. A draw-
back of this model is the lack of selective impact on the
islets. Toxic changes not related to the development of the
disease occur in other organs as well. To induce alloxan
diabetes, some authors investigated the effect of phytopro-
tectors on the functioning of liver enzymes in alloxan dia-
betes. The development of alloxan diabetes in rats was ac-
companied by an increase in the activity of liver NAD"-
and NADPH"-dependent enzymes, associated with an in-
crease in the transcription rate of genes encoding these en-
zymes. Oral intake of aqueous extracts of Jerusalem arti-
choke and olive by rats with diabetes caused a noticeable
reduction in blood glucose levels and enhanced antioxi-
dant properties [22].

Dexamethasone diabetes is induced by oral, sub-
cutaneous or intramuscular prolonged administration of
drug. Prolonged high-dose administration to 18-month-old
Wistar rats led to increased levels of basal hyperglycemy,
decreased sensitivity of peripheral tissues to insulin action
and created predispositions for development of metabolic
syndrome, manifested by obesity, hypodynamy, hypergly-
cemy [23].

Streptozotocin has gained widespread use in ani-
mal experiments. It is important to remember that high sin-
gle doses of drug induce absolute insulin deficiency. Es-
tablishment of stable hyperglycemia lasts about two
weeks. In our observations, 6% of rats die from pancreone-
crosis or hypoglycemic coma after drug injection, in most
(80%) animals, hyperglycemia develops, however, 14% of
Wistar rats were insensitive to the drug's action, such ani-
mals are excluded from experiment due to absence of dis-
ease onset. Relative insulin deficiency can be modeled
with low subdiabetogenic doses of streptozotocin. Upon
repeated intraperitoneal administration of drug over 5
days, intensive infiltration by macrophages and lympho-
cytes is noted in islets of rats, insulitis develops, with is
maximum expression forming 12-14 days after injections.
Experimental studies have shown that cytogenetic effects
in insulinocytes are realized in different ways of disease
due to formation of free radicals, active forms of oxygen,
and hydrogen peroxide with damage of cell DNA, oxida-
tion of SH-groups of aminoacids and activation of TRAIL-
mediated apoptosis mechanisms. Against background of
administering animals with streptozotocin-induced diabe-
tes with an alcoholic extract of Alhagi camelorum, some
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authors identified a significant reduction in levels of hy-
perglycemia and hyperlipidemia associated with diabetes
[24].

Against the backdrop of development of strepto-
zotocin-induced diabetes, pathways of diabetic microangi-
opathy and macroangiopathies have been identified [25].
Specifically, presence of endothelial dysfunction, hem-
orheological disorders (stasis, sludge of blood formed ele-
ments), narrowing of lumen arterioles and precapillaries,
dilation of lumen of postcapillary vessels and venules have
been established. It has been found that in conditions of
streptozotocin-induced diabetes, these changes are mani-
fested not only in hemomicrovessels of pancreas, but also
in other organs, including the hypothalamo-hypophisary
system, liver, salivatory, adrenal glands and spleen.

Features of experimental diabetes develop-
ment. Many researchers have studied the impact of vari-
ous factors and pharmacological agents on morphofunc-
tional state of pancreas in experiments. In pathogenesis of
development of experimental type 1 diabetes, main mech-
anism for reduction in number of insulinocytes is apopto-
sis. This process is characterized by an increase in elec-
tronic density of cytoplasm, formation of apoptotic bodies
in endocrine cells and their phagocytosis. Average term of
cell apoptosis is about 15-20 minutes. This mechanism is
implemented with the involvement of plasma membrane
receptors and mitochondrial cytochrome-C. Surface cell
receptor CD-95 interacts with the ligand of the transmem-
brane protein, activating a cascade of specific reactions in-
volving cysteine proteases. The viability of cells depends
on the ratio of activator and inhibitor proteins of apoptosis
(Bax and Bcl proteins) [26].

An application of gene therapy with introduction
of PEI-pDNA (a complex carrying the proinsulin gene) to
animals (40 mg/kg of streptozotocin) allowed reducing of
intensity apoptosis and activating compensatory-adaptive
mechanisms in islets of pancreas. To assess the degree of
apoptosis, the immunohistochemical TUNEL- method
was used. The number of TUNEL-positive cells in islet un-
der gene therapy conditions was 1.22[27]. In histological
sections of pancreas from a patient with a long, progressive
course of type 1 diabetes, it was found that endocrine part
of human pancreas, unlike in animals, presents a mosaic
pattern with areas containing only insulinocytes and, con-
versely, areas of islets without insulinocytes. These results
indicate the heterogeneity of disease and are evidence of
high frequency of a latent autoimmune course in humans
[28].

Several scientists have studied the impact of cell
culture transplantation on course of diabetes in experi-
ments. It was proven that transplantation of stem cell cul-
tures led to a gradual reduction in glycemia levels and nor-
malization of HOMA- index. The ability of stem cells to
differentiate into insulinocytes remains a matter of debate.
Through directed differentiation, insulin-like cells can be
obtained, which begin to synthesize secretory granules.
Stem cells enhanced regeneration by synthesizing stimu-
lating factors (cytokines, growth factors, adhesion mole-
cules, integrins), locally suppressing apoptosis and colla-
gen formation, improving vascularization and cell differ-
entiation (so-called "trophic" effect of stem cells). Mul-
tipotent precursors of insulinocytes and oligopotent cells
possessed high regenerative potential and their pharmaco-
logical stimulation into insulin-secreting cells could
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become an alternative to pancreas transplantation. How-
ever, transplantation leads to a relatively high level of sur-
gical complications. Patients with excessive weight more
often require a robotic approach to pancreas transplanta-
tion, which, moreover, currently has more disadvantages
than advantages [29].

Impact of stress of bodies of laboratory animals is
adequately reflected in scientific studies. Under chronic
stress, concentration of adenylatecyclase and glucose in
the blood of rats decreases, but insulin level does not
change significantly. The stimulation of anaerobic glycol-
ysis in insulinocytes is a manifestation of compensatory
restructuring under enhanced ATP-dependent processes.
Using of immunomodulators under conditions of pre-
slaughter stress in animals did not observe significant
changes in morphostructure of pancreas. Restructuring of
endocrine apparatus under chronic stress characterized by
degenerative changes in nuclei of endocrinocytes, an in-
crease in volume of stroma, damage to insulinocytes.
Therefore, prolonged stress can become a precursor to de-
velopment of diabetes in experiments [30].

Using of exenatide and insulin glargine in dia-
betes correction. Pharmacotherapy for diabetes primarily
aims to achieve normoglycemia through dietary correction
in combination with pharmacological agents. This not only
slows down the progression of diabetic micro- and macro-
angiopathies but also extends the lives of patients. Given
the multifactorial nature of hyperglycemia development
(absolute or relative insulin deficiency), modern hypogly-
cemic drugs should exert their glucose-lowering effect
through various pathways. Thus, in the context of absolute
insulin deficiency, the priority for correcting streptozoto-
cin-induced diabetes remains the use of replacement insu-
lin therapy with exogenous insulin drugs and enhancing
reparative processes in the gland due to improved regener-
ation of endocrinocytes [31].

Traditional short and intermediate-acting insulin
drugs, administered by injection in various regimes, are
not fully capable of normalizing the daily insulin profile
and require multiple administrations throughout the day.
Currently, one of "peakless" long-acting insulin drugs is
insulin glargine (Lantus), a biosynthetic analogue of hu-
man insulin. It is synthesized through three DNA modifi-
cations of human insulin: a) attaching two molecules of ar-
ginine to B-chain of insulin (shifting isoelectric point pH,
thus reducing its solubility at the physiological pH of sub-
cutaneous adipose tissue); b) replacing asparagine with
glycine in the A-chain (the molecule acquires a neutral
charge, which increases the bioavailability of insulin); c)
adding Zn?" to stabilize contacts between hexamers. These
modifications of insulin glargine result in prolonged ab-
sorption at injection site, a peakless action profile, and a
consistently reproducible glucose-lowering effect for at
least 24 hours, reducing the frequency of nocturnal hypo-
glycemias [32].

Regeneration is an ability of cells, tissues, organs,
and the organism as a whole to recover after damage, given
favorable external or internal factors. Ongoing research
seeks medicinal forms capable of activating intracellular
regeneration mechanisms in type 1 diabetes. Many studies
focus on finding means to activate regeneration of insulin-
producing islet cells and inhibit their apoptosis. An ability
to enhance plastic processes in pancreatic islets and adapt
the number of insulinocytes to insulin requirement by
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reducing their damage or restoring functional volume of
islets becomes the main goal of diabetes therapy [33-34].

In recent years, a new group of drugs, incretin mi-
metics, has been used for treating type 2 diabetes. Incretins
are endogenous insulinotropic peptides involved in physi-
ological regeneration of glucose homeostasis. This group
includes glucagon-like peptide-1 (GLP-1), produced by in-
testinal L-cells in response to food intake and stimulates
glucose-dependent insulin secretion, enhancing the regen-
eration of pancreatic endocrinocytes. However, native
GLP-1 is rapidly degraded by the enzyme dipeptidyl pep-
tidase-4 (DPP-4), leading to development of its analogue,
exenatide (Byetta, Eli Lilly, USA), resistant to DPP-4 ac-
tion. Exenatide is a synthetic form of the hormone exen-
din-4, derived from the saliva of the Gila monster lizard.
Clinical studies have shown that exenatide increases the
HOMA-B index, indicating enhanced secretory capacity of
insulinocytes. For this reason, the drug is recommended
for patients with type 2 diabetes whose level of glycated
hemoglobin is more than 7.1%. The application of this
drug in type 1 diabetes, where preserving the ability of un-
damaged insulinocytes to synthesize the amount of insulin
that would optimally maintain glucose levels in the com-
pensation stage, remained unexplored [35, 41].

A mechanism of action of incretin mimetics in-
volves stimulating glucose-dependent insulin secretion,
enhancing insulinotropic activity of glucose, slowing
down transit rate of substances through gastrointestinal
tract, reducing gastric secretion. Effect of incretin mimet-
ics in regulation of digestion through medulla oblongata
has been proven. Pharmacological mechanisms of ex-
enatide action are realized through modulation of drug's
activity, enhancing the secretion and release of insulin;
however, the normalization of insulin levels occurs not due
to hypertrophy of endocrine cells but due to an increase in
GLP-1 levels and regeneration. Several studies have fo-
cused on effect of GLP-1 on course of immunological re-
actions in type 1 diabetes. GLP-1 has ability to influence
number of circulating T-killers and modulate secretion of
monocytes, which reduces autoimmune damage to pancre-
atic islets in diabetes. In mice receiving exenatide for type
2 diabetes, a decrease in body weight and blood glucose
levels was observed, along with reduced local motor activ-
ity and stress levels [36].

Besides of it the proven favorable effect of ex-
enatide on carbohydrate metabolism parameters, along
with using of insulin therapy, this drug can also provide
indirect positive effects on different metabolic indicators.
Exenatide is a synthetic peptide, allowing it to act as a po-
tent agonist of GLP-1 receptors in humans. Animal studies
have shown that GLP-1 is one of important regulators of
food intake, enhances the feeling of satiety, and reduces
the sensation of hunger [37]. At the same time, an analysis
of results of long-term treatment with exenatide within the
framework of randomized studies showed a statistically
significant improvement in blood lipid profile indicators,
manifested by a reduction in triglycerides, total cholesterol
and low-density lipoproteins, an increase in high-density
lipoproteins. In the group of patients receiving exenatide
treatment, a reduction in total cholesterol was noted. It's
important to highlight that the improvement in blood lipid
profile indicators occurs not only with significant weight
loss but also in patients without significant body mass loss.
Thus, long-term therapy with exenatide allows for an
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improvement in blood lipid profile in patients with diabe-
tes [38].

Considerable attention by researchers has been
devoted to studying effect of exenatide on blood pressure
indicators in type 2 diabetes. Long-term studies of ex-
enatide use in patients with type 2 diabetes noted a favor-
able effect of the drug on systolic and diastolic blood pres-
sure indicators. Insulin administration did not cause
changes in blood pressure. Therapy with exenatide for 82
weeks as part of an open study following patients' partici-
pation in phase III double-blind placebo-controlled studies
led to a statistically significant reduction in diastolic blood
pressure by 2.7 mm Hg. The effect of exenatide on blood
pressure indicators in patients with type 1 diabetes and ar-
terial hypertension requires further study [39].

Therefore, long-term therapy with exenatide has
a beneficial effect not only on glycemia indicators but also
on all other risk factors for cardiovascular pathology pre-
sent in most patients with type 2 diabetes (excess body
weight, dyslipidemia, arterial hypertension). However, the
application of exenatide in the development of type 1 dia-
betes remains a relevant issue in contemporary diabetol-
ogy [40, 41].

Conclusion. The presented data establish the pe-
culiarities of morphological changes in pancreatic islets in
pathogenesis of diabetes, confirm the necessity of pharma-
cological correction of streptozotocine-induced diabetes in
experimental animals by normalizing carbohydrate metab-
olism, activating compensatory-recovery processes and re-
generations of islets with the help of nutrition and treat-
ment. Comprehensive polytherapy and normalization of
nutrition allow for the slowing of the development of dia-
betic micro- and macroangiopathies and cardiovascular
events in the context of diabetes.
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Pe3ome. Mera. [IpoanarnizyBati HayKoBi JKe-
pena npo MophodyHKIIOHAIEHHUH CTaH IiJIUTYHKOBOI 3a-
JI03U TIPY IIYKPOBOMY AiabeTi Ta JiKyBaHHI y Oiiaux mabo-
paTOpHUX IIypiB.

Marepianu i Mmerogu. Y3aranpHeHHs iHpopMa-
il yKpalHChKOI Ta 3apyODKHOI JiTepaTypH, pe3yJbTaTiB
METaHaJIi3iB 1 paHAOMi30BaHUX JOCIiPKEHb.

PesyabraTtn. [IpoBeneHO XapakTepUCTHKY OC-
HOBHHMX MEXaHI3MIB MOJICITIOBAHHS I[YKPOBOTO Iia0eTy.
VY3aragpHeHO JIiTepaTypy MIOJA0 OYIOBH OCTPIBIIB
I IIDTYHKOBOI 3aJ103d B HOPMI, NPH I[yKpOMy niabeTi i
JIIKYBaHHI.

OrJsi HAyKOBUX ITpalb IMiATBEPIDKYE COIlialIbHE
3HAYEHHS JOCIIKEHb, OCKIILKU I[yKPOBHUH JiabeT HpH3-
BOJIUTH JI0 PO3BUTKY MIKpPO- 1 MaKpOaHTiOIMaTIH.

BaxmBuM 3aBIaHHSM HAYKOBIIB € CTBOPEHHS
JKapChKHUX 3aC00IB, SKi HOCHIIIOBATUMYTh ITPOLIECH Pere-
Hepalii B OCTPIBISIX. 32 HAYKOBUMH JDKEPEIaMH, MOJiTe-
partis IIyKpoBOTo iadeTy 3 BAKOPUCTaHHSIM KUTBKOX (hap-
MAaKOJIOTIYHUX aHTH1a0ETHYHUX MpernapariB 3apeKOMEH-
nyBasa ceOe Kpalle, HbK MOHOTepamis. barato aBropis
BUBYAJIM KOMIUJICKCHHH BIUIMB IHCYJIIHY Ta €KCEHAaTHUIy
(MiMeTHKa IHKPETHHY) 1 BCTAHOBHIIM, IO EKCEHATH]
MIiJBUIIYE PETEHEPATOPHI MOXKJIMBOCTI OCTPIBIIB B YMO-
Bax niabety. [IpoTe muTaHHS 3aCTOCYBaHHS MpeNaparis 3
TpYIY iHKPETUHOMIMETHKIB 32 YMOB IIYKpOBOTO Aiadety |
TUITY 3aJIMILIAETHCS AUCKYCIHHUM 1 TOTpeOye MoJaIbIIoro
BHBYEHHSL.

JIOWIMBHICTE  €KCIIEPUMEHTAIBHOTO  MOJIEITIO-
BaHHs ia0eTy IPYHTYEThCS HA HEOOXITHOCTI PO3POOKHU
HOBHX HIAXOMIB J0 Kopekilii miadety I tumy. lle cnpus-
THME MaKCUMAaJIbHO TPUBAJIOMY 30€PEKCHHIO (QYHKITIH ¢H-
JIOKPUHHHUX KJITHUH, TIOCHJICHHIO PEreHepaTOpPHUX, KOM-
MIEHCATOPHO-BIIHOBHUX MPOLECIB Y MANLTYHKOBIH 3211031,
a TaKOK ONTUMI3Y€E TeparneBTHYHNH e(heKT aHTUAia0eTHY-
HUX MPENapaTiB B eKCIIEPUMEHTI.

BucHoBok. Harenena ingopmaltis miaTBeppKye
(YHKIIOHAIIBHI 3MIHU MANLTYHKOBOI 321031 MPH IIYKpPO-
BOMY Jia0eTi, aKI[EHTY€E Ha BaXKJIMBOCTI HOTO JTIKYBaHHS B
€KCTIEPUMEHTAIFHUX TBapHH JJIsl HOpMaTizallii ByTJIeBoI-
HOTO O0MiHY, KOMIIEHCATOPHO-BIIHOBHHX ITPOIIECIB 1 pe-
reHepallii minuyHKOBOI 31031 NPU Xap4yBaHHI Ta JiKy-
BaHHI.

KirouoBi cjioBa: miaumiyHkoBa 3aj03a, Mopho-
(YHKIIOHAIBHUH CTaH, eK30KPHHOLUTH, OCTPIBII, I[yKpO-
Buil niabeT, TRAPUHH, pereHepallisi, ByTJIeBOJHUIT OOMIH.
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