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Summary

The study of pathohistological and morphofunctional changes in the endocrine pancreas is an integral part of experimental
diabetology, which allows obtaining a significant amount of information on various aspects of the etiology and pathogenesis of
diabetes and its complications using experimental animal models.

Aim of the study was to conduct a comprehensive evaluation of histostructure peculiarities of the pancreas and the reparative
potential of the affected pancreatic islets of Langerhans in rats with alloxan-induced experimental diabetes mellitus (EDM) of
different duration.

Materials and methods. The experiments were performed on 63 white non-linear adult male rats, experimental diabetes mellitus
(EDM) was induced in 53 of them (10 intact rats served as control group). At 10, 20, 25, 30, 40 and 45 days after the administration
of the diabetogenic substance, the experimental animals were withdrawn from the experiment, the pancreas was removed and serial
sections were made, stained with hematoxylin and eosin according to the standard technique, as well as with aldehyde fuchsin —
for the identification of s-cells of the islets of Langerhans. To quantify the endocrine part of the pancreas, the average diameter
of the islets of Langerhans (um), the average number of cells in the islets of Langerhans in the profile of the histological section,
as well as the specific volume of the islets of Langerhans in the pancreatic tissue (%) were studied in serial histological sections.

Results. The course of alloxan-induced EDM was accompanied by significant destructive-degenerative changes in the pancreatic
islets during all observation periods. On the 11th day after alloxan administration, most of the cells of the islets of Langerhans were
in a state of necrosis with signs of karyopyknosis and karyorrhexis. As a result of alterative processes, the number and size of islets of
Langerhans, their specific volume in the pancreatic tissue, and the average number of cells in them were greatly reduced. No specific
staining of $-cells with aldehyde fuchsin was detected. Moderate swelling of the pancreatic interstitium, focal dystrophic processes in the
epitheliocytes of the exocrine pancreas, sometimes with pronounced microcystic formations, were found on the 11th day of the experiment.

On the 21st and 26th day after alloxan administration, the specific volume, the size of the pancreatic islets of Langerhans and
their cellularity parameters continued to decrease reliably. The majority of Langerhans islets were in a state of necrosis, but signs of
karyolysis, observed mainly in the center of the islets, were added to the previously existing signs of karyopyknosis and karyorrhexis.
The cells of the exocrine pancreas showed no visible signs of alteration, indicating their recovery after the 11th day of the experiment.

In the 31-day EDM, all the main trends observed in the previous stages of the experiment were maintained, with the exception of
necrotic changes in the cells of the islets of Langerhans — no necrotic insulocytes were detected. However, no S-cells were detected in the
pancreatic islets, similar to the situation on days 21 and 26 of the experiment. Similar histologic and morphometric results were obtained
on day 41 of the experiment. The decrease in cytarity of the preserved islets was maximal in the 46-day EDM for the entire duration of the
experiment, and aldehyde-fuchsin staining of histological sections did not reveal even single s-cells in the pancreatic islets of Langerhans.

Conclusions. A single intraperitoneal administration of alloxan solution at a dose of 160 mg/kg bw to experimental animals
induced pathomorphologic changes in the islet part of the pancreas, which had a significant degenerative-destructive character
already on the 11th day of the experiment, increased and persisted at all its stages. The diabetogenic cytotoxin alloxan caused
severe dystrophic changes in the pancreatic islets of varying intensity at all stages of the experiment — from karyopyknosis/
karyorrhexis beginning on the 11th day of observation to their burden with karyolysis beginning on the 21st day of observation.
The necrobiotic processes led to a reliable decrease in the endocrine parenchyma and a decrease in the specific volume of the islets
of Langerhans in the pancreatic tissue, a decrease in the average size of the islets of Langerhans with a significant reduction in
their cellular composition. The beta-cells of the islets of Langerhans exceptionally served as a morphofunctional substrate for the
pancreatotoxic effect of alloxan, while the cells of the exocrine pancreas did not show any significant signs of alteration already
after the 11th day of the experiment. The absence of even single S-cells in the pancreatic islets at all time points of the experiment
(when histological sections were stained with aldehyde-fuchsin) indicates the irreversibility of their damage and the absence
of reparative regeneration. Alloxan-induced destruction of s-cells with subsequent loss of their secretory activity confirms the
validity of the simulated experimental model for the development of decompensated diabetes in animals due to insulin deficiency.
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Introduction At this time, nearly half a billion people worldwide are

Today, diabetes mellitus occupies a leading place in
the structure of endocrine pathology and is one of the
most important scientific and medical problems. Diabetes
mellitus is considered a «non-infectious pandemic»,
affecting more than 170 million people worldwide at the
beginning of the 21st century. The silent, non-infectious
diabetes epidemic claims 4.2 million lives annually, three
times more than COVID-19 in 2020 [1].
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living with diabetes. Experts predict that by 2030, the total
prevalence of diabetes could reach 438 million patients, or
6.6 % of the world’s population. Experts predict that this
number will increase and that by 2045, one in ten people
on the planet could be living with diabetes [2].

In addition to the rapid increase in morbidity, the priority
of diabetes in health care practice is associated with early
disability of patients due to severe diabetic complications.



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OOCIIAHUX POBIT

Despite a large number of comprehensive studies on
the etiologic, pathogenetic, functional and morphologic
aspects of diabetic complications, there are still open and
controversial questions that require detailed investigation. In
this regard, experimental diabetology is of great importance
because a significant amount of information on various
aspects of the etiology and pathogenesis of diabetes mellitus
and its complications has been obtained precisely as a result
of preclinical studies using experimental animal models [3].

Among the variety of experimental models of diabetes
mellitus, non-genetic experimental models of diabetes
using hydrophilic B-cell glucose analogues, such as alloxan,
streptozotocin, chlorozotocin, cyproheptadine, etc., are
considered the most easily reproducible [4-7]. In this category
of DM models, the use of alloxan is the most widespread — it
allows to unambiguously determine the type of DM induced
in the experiment, since it has cytostatic properties with
respect to pancreatic islet B-cells, thus providing an objective
assessment of the processes studied [8-11].

There are a large number of modifications of alloxan
diabetes, the severity of which varies depending on the
method of alloxan administration and its dosage [12, 13].
At the same time, clinical and biochemical signs of diabetes
(hyperglycemia, glucosuria, polyuria, polydipsia, weight
loss, decrease in the concentration of C-peptide and insulin,
increase in the concentration of glycated hemoglobin, etc.)
do not allow to reliably assess the degree of damage to
endocrinocytes of pancreatic islets [12, 13]. Meanwhile,
the determination of pathohistological, morphofunctional
changes in the endocrine pancreas has become an integral
part of experimental diabetes research [14-16].

Considering that the objectives of the study were to
perform a comprehensive evaluation of the histostructural
peculiarities of the pancreas and the reparative potential
of the affected pancreatic islets of Langerhans in rats with
alloxan-induced experimental diabetes mellitus (EDM) of
different duration.

Material and methods

The experiments were performed on 63 white non-linear
adult male rats, weighing 0.18-0.20 kg, maintained under
identical standard vivarium conditions. Experimental DM
was simulated by intraperitoneal administration of alloxan
solution (alloxan monohydrate, Acros Organics, Belgium)
at a dose of 160 mg/kg to 53 animals after 12 h of food
deprivation with maintained access to water ad libitum.
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At 10, 20, 25, 30, 40 and 45 days after administration
of the diabetogenic substance, 53 animals with EDM and
10 (intact) rats of the control group were removed from the
experiment — euthanasia was performed by decapitation
under light ether anesthesia. The level of glucose in the
blood samples taken at the moment of decapitation of the
animals was determined and only those with persistent
hyperglycemia exceeding 7.0 mmol/L were considered.

The pancreas was removed after the animals were
decapitated. Paraffin-embedded material was serially
sectioned at 5 um thickness and stained with hematoxylin
and eosin using standard techniques [17-19] and with
aldehyde-fuchsin to identify beta cells of the islets of
Langerhans [20-22]. To quantify the endocrine part of the
pancreas, the mean diameter of the islets of Langerhans
(um), the mean number of cells in the islets of Langerhans
in the profile of the histological section, as well as the
specific volume of the islets of Langerhans in the pancreatic
tissue (%) were studied in serial histological sections.
Morphometric results were obtained using the open-source
software ImageJ 1.52 (National Institutes of Health, USA).

The data obtained were statistically processed using
the licensed software Statistica for Windows 8.0 (Stat.soft.
Inc., USA) with determination of the mean (X), standard
error of the mean (Sx), interquartile range (Q25-Q75).
Reliability of between-group differences was assessed
using the nonparametric Mann-Whitney rank test [23].

The research was conducted in accordance with the
provisions of the EU Directive No. 609 (1986) and the
Order of the Ministry of Health of Ukraine No. 690 dated
23.09.2009 «On Measures for Further Improvement of
Organizational Norms for Work with Experimental Animals».

Results

The results of our research showed no pathological
changes in both the exocrine and endocrine pancreas of intact
rats (Fig. 1A, 1B). The islets of Langerhans were mostly
oval and round in shape, and only sometimes irregularly
shaped. Very elongated islets were occasionally found, but
not in every rat. The islets were clearly separated from the
surrounding acinar parenchyma. Epitheliocytes in the islets
were arranged in strands separated by capillaries. According
to the literature, these characteristics of islet cells are typical
forrats [11, 14, 16]. The cytoplasm of Langerhans islet cells
was generally quite homogeneous, almost homogeneous,
when stained with hematoxylin and eosin.

—>

C

Fig. 1. The pancreas of an intact rat. Islet of Langerhans: A — of maximal size, staining of the histological
section with hematoxylin and eosin, Ob.20%. Oc.10%; B — of minimal size, staining of histological section
with hematoxylin and eosin, Ob.20%. Oc.10%; C — staining with aldehyde fuchsin, Ob.40%. Oc.10*.
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The central part of the islets is densely and uniformly
filled with B-cells (80-90 % of the total number of
insulocytes) and the periphery with a-cells. On average,
48.0£1.20 B-cells per islet were found in the islet portion
of the intact rat pancreas. In the majority of islets, B-cells
maintained a normal structure without dystrophy and signs
of destruction, filling the islet evenly and maintaining the
typical arrangement by strands. (Fig. 1B).

The course of alloxan-induced EDM was accompanied
by significant destructive-degenerative changes in the
pancreatic islets during all observation periods (Table). On
the 11th day after alloxan administration, most of the cells
of the islets of Langerhans were in a state of necrosis with
signs of karyopyknosis and karyorrhexis (Fig. 2). As a result

of the alterative processes, the number and size of the islets
of Langerhans were greatly reduced. Their mean diameter
was found to be twice lower in 11-day EDM than in controls,
while the specific volume of Langerhans islets in pancreatic
tissue was four times lower. The majority of the islets acquired
an irregular shape, a clear border with the surrounding acinar
parenchyma was often absent. The perimeter of islets mostly
did not coincide with their cellularity — the average number
of cells in the composition of islets of Langerhans, profiled
by histological section, significantly decreased — by 68 %
in 11-day EDM in comparison with the index of intact
animals. In some places the islets practically disappeared.
The parameters of islets of Langerhans did not depend on
their location in the pancreatic tissue.

Table

Morphometric indices of endocrine pancreatic islets of animals with alloxan-induced experimental diabetes
mellitus (X£Sx [Q1; Q3])

Groups, number of animals

Indices Cr?;“lrg \ [11-day EDM.| 21-day EDM, | 26-day EDM. | 31-day EDM. | 41-day EDM, | 46-day EDM.
n=10 n=9 n=8 n=10 n=8 n=8
Average 128,0+9,24 | 41,0+4,94 25,0+3,22 23,0£3,97 26,0+4,16 21,7+4,19 20,3%4,31
number of cells | [74,9; 181,1] | [20,1; 61,9] | [10,6; 39,4] [7,2; 38,8] [4,5; 47,5] [4,0; 40,8] [5,0; 38,7]
in the islets of p<0,001 p<0,001 p<0,001 p<0,001 p<0,001 p<0,001
Langerhans in p,<0,05 p,<0,05 p,=0,05 p,<0,05 p,<0,05
the profile of p,>0,8 p,>0,7 p,>0,5 p,>0,3
the histological p,>0,5 p,>0,8 p,>0,5
section p,>0,4 p,>0,4
p,>0,7
Average 447,1+27,0 |223,2423,53 | 23,4%+3,15 22,243,74 25,3+3,91 21,1+3,25 20,2+3,67
diameter of [311,0; 583,0] [[117,4; 328,6]| [8,0; 41,0] [7,9; 40,1] [8,5; 46,5] [7,0; 38,0] [7,7; 35,3]
the islets of p<0,001 p<0,001 p<0,001 p<0,001 p<0,001 p<0,001
Langerhans, p,<0,001 p,<0,001 p,<0,001 p,<0,001 p,<0,001
pm p,>0,5 p,=1,0 p,>0,4 p,>0,5
p,>0,5 p,>0,9 p,>0,8
p,>0,4 p,>0,4
p.>0,9
Specific volume [0,989+0,0190(0,247+0,0161|0,121+0,0137(0,122+0,0130|0,123+0,0138(0,120+0,0135|0,118+0,0142
of the islets of [[0,902; 1,076][0,159; 0,335]|[0,056; 0,186]([0,063; 0,181]|[0,055; 0,191]|[0,062; 0,178]|[0,061; 0,175]
Langerhans in p<0,001 p<0,001 p<0,001 p<0,001 p<0,001 p<0,001
the pancreatic p,<0,001 p,<0,001 p,<0,001 p,<0,001 p,<0,001
tissue, % p,>0,9 p,>0,7 p,>0,9 p,>0,8
p,>0,8 p,>0,8 p,>0,7
p,>0,7 p,>0,7
p5>0,8

Note: intergroup differences were assessed using the non-parametric Mann-Whitney test; p — probability of discrepancy

of indices relative to control group; p, — probability of discrepancy of indices relative to group 1; p, — probability of discrepancy
of indices relative to group 2; p, — probability of discrepancy of indices relative to group 3; p, — probability of discrepancy

of indices relative to group 4; p, — probability of discrepancy of indices relative to group 5; n — number of animals.
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A

—>

B

Fig. 2. The pancreas of a rat with 11-day experimental diabetes mellitus. Islet of Langerhans:
A —located in the central parts of the pancreas, B —located under the capsule of the pancreas. Islet
cells are mostly in a state of necrosis (karyopyknosis and karyorrhexis). Staining of histological
section with hematoxylin and eosin. Ob.20*. Oc.10*.
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A

B

Fig. 3. The pancreas of a rat with 11-day experimental diabetes mellitus. Islet of Langerhans. A —islet
cells are mostly in a state of necrosis (karyopyknosis, sometimes — karyorrhexis). Noticeable swelling
of the interstitium of the pancreatic tissue (expansion of the interstitium without growth of fibroblasts
and connective tissue fibers). The epithelium of the exocrine pancreas is in a state of dystrophy
(marked darkening or excessive lightening of the epitheliocytes cytoplasm). A large number
of microcystic expansions are visible in the area of the exocrine pancreas. Separate extensions
are more visible (B). Staining of histological section with hematoxylin and eosin. Ob.20*. Oc.10~.

In addition to the above-mentioned histological and
morphometric evidence of significant changes in the insular
apparatus of the pancreas, it should also be noted that on
the 11th day of the experiment a moderate swelling of
the pancreatic interstitium was observed, ranging from
minimal (Fig. 2) to more pronounced (Fig. 3). It should
also be noted that there were focal dystrophic processes
in the epitheliocytes of the exocrine pancreas, sometimes
with noticeable microcystic formations (Fig. 3). In these
areas, the dystrophic process in the exocrine pancreatic
epitheliocytes was considerable.

No specific staining of B-cells with aldehyde-fuchsin
was detected on day 11 of the experiment due to widespread
necrotic processes.

On the 21st day after alloxan administration, the
specific volume, the size of pancreatic islets and their
cellularity parameters continued to decrease reliably

A

(Fig. 4) in comparison with intact animals as well as with
the morphometric data of animals with 11-day EDM. In
particular, on the 21st day of the experiment, the average
number of cells in the composition of islets of Langerhans,
profiled by histological section, decreased by 39.0 %
compared to the previous term of the experiment, the
average diameter of islets of Langerhans —by 89.5 %, and
the specific volume of islets of Langerhans in the pancreatic
tissue of experimental rats — by 51.0 % compared to the
corresponding index in case of 11-day EDM.

Similar to the 11th day of observation, the majority of
Langerhans islet cells in the 21-day EDM were in a state
of necrosis, but signs of karyolysis, mainly in the center
of the islets, were added to the previously existing signs of
karyopyknosis and karyorrhexis (Fig. 4A, B). The cells of
the exocrine pancreas showed no visible signs of alteration,
indicating their recovery after day 11 of the experiment.

B

Fig. 4. The pancreas of a rat with 21-day experimental diabetes mellitus. Islet of Langerhans.
A — staining of histological section with hematoxylin and eosin, Ob.20*. Oc.10%; B — staining of
histological section with aldehyde fuchsin, Ob.40*. Oc.10*.

In the case of 26-day alloxan-induced EDM, all
previous trends were maintained. Thus, the size of islets of
Langerhans and their cytology parameters on day 26 of the
experiment were as small as in the intact animals and in the
experimental animals with 11-day EDM as in the previous
term of the experiment (Fig. 5A). In particular, the average
number of cells in the islets of Langerhans composition
profiled by histological section in 26-day EDM was 82.0 %
lower than the control level and 43.9 % lower than that of
rats with 11-day EDM. The average diameter of Langerhans

islets decreased by 20.1 times compared to the level of
intact animals and by 10.1 times compared to the 11-day
EDM index. The specific volume of islets of Langerhans
in the pancreatic tissue of experimental rats at this stage of
observation remained 87.7 % lower than the control level.
On day 26 of the experiment, the majority of Langerhans
islet cells were in a necrotic state, but in addition to the
karyopyknosis and karyorhexis observed previously, signs
of karyolysis were observed here, as well as on day 21 of
the experiment, mainly in the center of the islets (Fig. 5A).
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Fig. 5. The pancreas of a rat with experimental diabetes mellitus: A —on 26" day of the experiment;
B — on 31t day of the experiment; C —on 41% day of the experiment. Staining of histological section
with hematoxylin and eosin. Ob.20*. Oc.10*.

It should be emphasized that the cells of the exocrine
pancreas showed no visible signs of alteration, indicating
their stable recovery after 11 to 21 and 26 days of
experimental alloxan diabetes and confirming the B-cell
selectivity of the pancreatotoxic effect of alloxan.

On the 31st day after alloxan administration, all the main
trends found on the 21st and 26th days of the experiment
were preserved, with the exception of necrotic changes in
the cells of the islets of Langerhans (Fig. 5B). Therefore,
on the 31st day of the experiment, an average number of
cells in the composition of islets of Langerhans, profiled
by the histological section, was 4,9 times less than that of
intact animals, an average diameter of islets of Langerhans
was 17,7 times shorter, and the specific volume of islets of
Langerhans in the pancreatic tissue of experimental rats
with 31-day EDM - by 8 times, respectively. At the same
time, no necrotic insulocytes were detected on the 31st
day of the experiment (Fig. 5B). However, no B-cells were
found in the pancreatic islets, similarly to the 21st and 26th
day of the experiment. Therefore, despite the cessation of
the progression of the changes in the islets of Langerhans
on the 31st day of the experiment, there is no evidence of
restoration of B-cells. 1t should also be noted that the cells of
the exocrine pancreas showed no visible signs of alteration
on the 31st day of experimental alloxan diabetes, which
confirms the stable repair of these cells after the damage
caused during the first 10 days of the experiment.

—>
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On the 41st day of the experiment, all the main trends
determined on the 31st day after alloxan administration
were maintained (Fig. 5C). The above refers to both
endocrine and exocrine pancreas of experimental animals.
Morphometric analysis showed that in response to alloxan
administration after 41 days in rats there was a statistically
significant decrease in the number of pancreatic islets,
a significant reduction in the cytarity of the preserved
islets, and necrosis of their cells. Thus, the average number
of cells in the composition of islets of Langerhans, profiled
by histological section, in case of 41-day EDM was 83,1 %
less than that of intact animals, the average diameter
of islets of Langerhans was 21,2 times shorter, and the
specific volume of islets of Langerhans in the pancreatic
tissue of experimental rats was reduced by 8,2 times,
respectively.

At the end of the experiment, the specific volume of
islets in rat pancreatic tissue was reduced by an average
of 8.4-fold compared to intact animals (Figure 6A). Since
the diameter of the islets was also significantly reduced, on
average by 22.1-fold, the area of all islets per unit area of
the gland is reduced even more. The decrease in cytarity
of the preserved islets was maximal for the entire duration
of the experiment — the average number of cells in the
composition of Langerhans islets, profiled by histological
section, was 84.1 % less than the control index on the 46th
day after alloxan administration.

B

Fig. 6. The pancreas of a rat with experimental diabetes mellitus on 46" day of the experiment: A —two
adjacent islets of Langerhans, staining of histological section with hematoxylin and eosin, Ob.20*.
Oc.10% B —islets of Langerhans, staining of histological section with aldehyde fuchsin, Ob.40*. Oc.10~.

It is important to emphasize that in the case of
46 days of alloxan diabetes, as well as on the 11th,
21st, 26th, 31st, and 41st days of the experiment, the
applied histochemical staining technique with aldehyde-
fuchsin did not reveal even a single B-cell in the islets
of Langerhans of the pancreas (Fig. 6B). Selective
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damage to islet B-cells by cytotoxic alloxan resulted in
their death. This fact reliably confirms the adequacy
of the simulated model of alloxan diabetes in terms of
irreversible limitation of the functional capabilities of
the endocrine pancreas and induction of absolute insulin
deficiency in experimental rats.
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Conclusions

1. A single intraperitoneal administration of an
alloxan solution at a dose of 160 mg/kg of body weight to
experimental animals induced pathomorphologic changes
in the islet part of the pancreas, which had a significant
degenerative-destructive character already on the 11th
day of the experiment, which increased and persisted at
all subsequent stages.

2. The diabetogenic cytotoxin alloxan caused
severe dystrophic changes in the pancreatic islets of
varying intensity at all stages of the experiment — from
karyopyknosis/karyorrhexis already from the 11th day
of observation to their burden with karyolysis from the
21st day of observation. The necrobiotic processes led
to a reliable decrease in the endocrine parenchyma and
a decrease in the specific volume of the islets of Langerhans
in the pancreatic tissue, a decrease in the average size of
the islets of Langerhans with a significant reduction in their
cellular composition.

3. B-cells of the islets of Langerhans exceptionally
served as a morphofunctional substrate for the pancreatotoxic
effect of alloxan, whereas the cells of the exocrine pancreas
did not show any noticeable signs of alteration already after
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TICTOMOP®OJOTTYHI OCOBJNUBOCTI MAPEHXIMHU MIAIIJIYHKOBOI 3AJ103H1 IIYPIB
TP ATOKCAH-THIYKOBAHOMY JIIABETI PI3HOI TPUBAJIOCTI

0. A. Onenosuu, T. M. Boiiuyk, I. C. [lasuoenko, O. M. /lasudenko

BykoBHHCBHKHIi Aep:kaBHMIT MeTUYHMIT YHiBepcUTeT
(m.YepniBui, Ykpaina)

Pesrome.

BuBUEHHSI MATOTICTONION YHIX, MOP(ODYHKIIOHATBHIX 3MiH B €HIOKPUHHOMY arapari mianutyHkoBoi 3a103u (IT1I3) € 0608’ s13k0BO0O
YaCTHHOIO €KCIIePUMEHTAIBHOT J1iabeTolIorii, sika J03BOJIsiE OTPUMATH 3HAYHUIT 00’ €M iH(pOpMaIil CTOCOBHO Pi3HOMAHITHUX aCHEKTIiB
eTioJorii Ta maToreHe3y IyKpoBOro jaiabeTy Ta Horo yCkiaJJHeHb 4epe3 BUKOPUCTaHHS eKCIICPUMEHTAILHIX MOJIeNIeil Ha TBapUHAX.

MeTta pocJigxeHHs — TPOBEICHH KOMIUICKCHOI OI[IHKH ocoOmuBocTel ricroctpykrypu 1113 Ta penapamiiiHoro noreHmiamy
YpakCHUX MaHKPEATHYHHUX OCTPiBIiB JIaHrepraHca y mypis 3 aJlOKCaH-iH/IyKOBaHHM EKCIIEPHMEHTAIBHUM I{yKpoBHM jiadetom (EI]/T)
Pi3HOT TPUBAJIOCTI.

Marepiaau Ta Metoau. J{ociipKeHHs poBe/ieHi Ha 63 cTaTeBO3PIIMX HENMHIHHUX caMIpiX OLMHX HIypiB, y AkuX 53-X SKUX MO-
JIeITFOBAJIN aJIOKCAHOBHIA eKcrepuMenTanbuuii iykposuit aiadet (ELM) (10 intakTHux TBapuH ciayryBanu koutposiem). Yepes 10, 20,
25, 30, 40 ta 45 n1i6 micns yBeaeHHs iabeTOreHHOT peYOBUHN €KCIICPIMEHTAIBHUX TBAPHH BUBOIMIIH 3 €KCIICPHMEHTY, BIITYJaJIH ITiJI-
1uTyHKOBY 3ai03y (ITLL3), BuroToBsutu cepiiiti 3pizH, KOTpi 3a6apBIOBAIH FeMaTOKCUIIIHOM Ta €03MHOM 3a CTaHIapPTHO METOHKOIO,
a TAKOXK aJIbJIeTiA-QyKCHHOM — Jutsl inenTrdikanii B-xiitna octpiuis Jlanreprauca. [J1s KibKiCHOT OLIHKH eH10KpuHHOT yactrau [TI113
Ha CEepiHHMX TiCTONOTIYHMX 3pi3ax BUBYAIM Cepe/Hiil aiamerp ocTpiBiiB Jlanrepranca (MKM), CEpeIHIO KITbKICTh KIIITHH OCTPIBIIB
Jlanreprasca y npodini ricTooriaHoro 3pisy, a TakoK MUTOMUN 06’ €M ocTpiBIiB JIaHrepraHca B TKaHHHI ITiIIUTYHKOBOT 3a5103H (%).

PesyabTaTu nocaimxkenns. [lepe6ir anokcan-inaykoanoro ELJ] y Bci TepMiHH CIIOCTEPEKEHHS CyTPOBOKYBABCSI BUPKSHUMHU
JIeCTPYKTHBHO-/IeTeHEPAaTHBHUMH 3MiHAMHM [TAaHKPEATUIHHUX OCTPiBILiB. Bike Ha 11-y 100y miciist BBECHHs aJlOKCaHy OUIBIIICTD KIIITHH
octpiBuiB Jlanrepranca nepeOyBaiu y CTaHi HEKpO3y 3 03HaKaMH KapioIiKHO3Y Ta KapiopeKcucy. BHACTiIOK anbTepaTHBHUX MPOIECIB
Pi3K0 3MEHITYBaJIUCS KUIBKICTB 1 po3Mipn ocTpiBuiB Jlanrepranca, ix nmuromuii 06’em y trkanuni [1I113, cepequs KUTBKICTD KIITHH
y HuX. CrienmgiuHoro 3a6apBieHHs B-KIITHH anbaerii-gpykciuHoM He BusBieHo. Ha 11-Ty 100y ekcriepuMeHTy BigMideHH MoMipHUI
Habpsik inTepcruiito 113, ocepenkosi auctpodidni nporecu B emitenionurax ek3okpuunoro anapary 113, iHoai — 3 moMiTHUMEU
MIKpPOKICTO3HUMH YTBOPECHHSIMH.

Ha 21-mry ta 26-1y 100y miciist BBeIGHHS aJOKCaHy MUTOMUM 00’ €M, po3mipu octpiBiis Jlanrepranca 11113 Ta mapamerpu ix me-
JIIOJSIPHOCTI MIPOJOBXKYBAJIKCS JOCTOBIPHO 3MeHIIyBaTHCs. binburicts kiiThH octpiBiiB Jlanrepranca nepeOyBaiu B cTaHi HEKPO3Y,
ajie 10 HasIBHUX paHille 03HaK KapiomiKHO3Y Ta KapiOpeKCUCY JOAAINCS L€ i 03HAKK Kapiomi3ucy, siki OyIIi MOMITHUMH MEPEBAYKHO
y HeHTpi ocTpiBUiB. KIITHHU €K30KpUHHOTO armapary IMiJIUTyHKOBOI 3aJI03M HE MaJli TIOMITHUX O3HAK ajbTepallii, o BKa3ye Ha iX
BiHOBIICHHS 3 11-1 TOOM EKCIIEpUMEHTY.

3a 31-ngennoro EILJ] 36eperiucs BCi OCHOBHI TCH/CHIIIT, BCTAHOBJICHI HA TIOMEPE/IHIX CTAIsIX EKCIICPUMEHTY, 38 BUKIIOUCHHSIM
HEKPOTHYHUX 3MiH y KJIITHHAX OCTpiBLiB JIaHrepranca — He BUSBIICHO IHCYJIOLUTIB Y CTaHi HEKPO3Y, OHAK B-KITITHH y MaHKPEATHIHHX
OCTPIBIISIX TAKOXK HE BUSBIICHO, TaK CaMo, 5K i Ha 21-y ta 26-y nobu excriepumenTy. [TomiOHi ricTonorigai Ta MOpHOMETPUYHI Pe3ylIbTaTh
oTpuMaHo i Ha 41-my 100y excrepuMenTy. 3HIDKEHHS IUTApHOCTI 30epeKeHNX OCTPIBINIB BUSIBIIIOCS MAaKCUMAILHUM 3a 46-1eHHOTO
EL/I 3a BeCh TepMiH EKCIICPUMEHTY, a 3a0apBJICHHs TiCTOJOTTYHUX 3pi3iB i3 aibJeria-(QyKCHHOM He BHSBMIIO HaBITh MOOJHHOKHX
B-kmituH y octpiBipix Jlanrepranca ITII3.

BucHoBku. OnHOpa3oBe BHYTPIIIHHOOUCPEBUHHE BBEACHHS JTaOOPATOPHUM TBApHHAM PO3UUHY ajlokcaHy y 1031 160 mr/kr macu
TiJIa TIPU3BOAMIIO /IO MAaTOMOP(OJIOTIYHUX 3MiH B OCTPIBIEBiil YaCTHHI IiIIUTYHKOBOI 3aJI03H, 10 MaJIM BUPAKEHUI JIeTeHepaTHBHO-
JICCTPYKTUBHUIT XapakTep Bke Ha 11-Ty 100y eKCIiepUMEHTY, HApOCTANH 1 30epirarcs Ha yeixX ioro craaisx. JliabeToreHHui IIMTOTOKCHH
QJIOKCaH BUKJIMKAB BUPAKEHI AUCTPOQIuHI 3MIHH TAHKPEATUYHHUX OCTPIBLIB Pi3HOTO CTYIEHs IHTEHCHMBHOCTI Ha YCIiX CTaisIX eKCIepH-
MEHTY — BiJ] KapiomikHo3y/kapiopekcucy Bike 3 11-1 obu criocTepexeHHs 10 X 00TsDKeHHs KapiomizucoM 3 21-1 1061 eKCIiepHMeHTY.
HexpobioTraHi IporiecH Mpr3BeiH 0 BipOTiHOTO 3MEHIIICHHS YaCTKH €HIOKPUHHOI AapeHXIMH 1 perpecii muToMoro 06’eMy OCTpiBIIiB
Jlanrepranca y tkanui [11113, 3MeHIIeHHs cepeTHBOrO po3Mipy ocTpiBLiB JlaHrepraHnca 3 JOCTOBIPHUM 3MEHIIEHHSM 1X KIITHHHOTO
cknaxy. MophodyHKIIOHATEHIM CyOCTpaToM st peatizallii TaHKPeaToTOKCHYHOTO BIUTHBY aJIOKCaHy CIIYTyBaJI BUKITIOUHO [3-KIITHHU
ocTpiBuiB JlaHTepranca, TOAI K KIITHHH €K30KPHHHOTO amapary IMiJIUTYHKOBOI 3aJI031 HE JEMOHCTPYBAJIN MOMITHUX O3HAK aJbTe-
pauii Bxe micast 11-1 1obu excriepuMenTy. BincyTHICTh HaBiTh TOOMMHOKKX P-KITITHH y MAaHKPEATHYHHUX OCTPIBILIX HA BCIX TepMiHAX
eKCIIepUMEHTY (IpH 3a0apBIICHHI MCTOIOTIYHUX 3pi3iB anberia-(hyKCHHOM) 3aCBiI4y€ HE3BOPOTHICTH 1X MOMIKO/KCHHS 1 BiICYTHICTH
penapaTiBHOI pereHeparii.

AJTOKCaH-1H/TyKOBaHa JeCTPYKIis B-KIITHH 3 HACTYITHOIO BTPATOIO 1X CEKPETOPHOI aKTUBHOCTI CBITYUTH PO BANTIAHICTD BiATBOPEHOL
eKCIEPUMEHTAIILHOT MOJIEII MO0 PO3BUTKY Y TBAPHH JICKOMIIEHCOBAHOTO IIyKPOBOT'O AiabeTy BHACIIIOK IHCY/IIHOBOI HEIOCTATHOCTI.

Kuro4oBi cj10Ba: anokcan; ekcriepuMeHTaIbHAI IyKpOBHH MiabeT; MmiauuIyHKoBa 3a7103a.
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