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Chronic body hyperglycemia is one of the significant medical and social problems of our time and one of the pri-
ority areas of health care in all countries. According to clinical and experimental studies, most patients with chronic
hyperglycemia have complaints from the gastrointestinal tract. Therefore, the study of the morphological orga-
nization of the small intestinal wall under the influence of chronic hyperglycemia attracts the attention of many
researchers. It is known that some organs are more sensitive to the damaging effects of high sugar levels - they suf-
fer primarily from the so-called "target organs" (retina, kidneys, vessels of the brain and heart, lower extremities).
Chronic hyperglycemia is a systemic disease that can affect many organs and systems, and the digestive system is
no exception. Therefore, our study aimed to study the microscopic structural features of the small intestinal wall of
rats under conditions of experimental chronic hyperglycemia. Studies of the layered structure of the small intestinal
wall were performed on 20 white laboratory rats, adult males, divided into control and experimental groups. On the
30th day after reproducing experimental chronic hyperglycemia, samples were taken, and histological sections were
prepared for further light microscopy. Thus, under the influence of chronic hyperglycemia on the small intestine, the
most significant changes have been made to the most functionally substantial layers: the mucous membrane and

the submucosal base.
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Relationship of the publication with the planned
research works. The dissertation is performed accord-
ing to the research plan of Sumy State University of
MES of Ukraine and is part of the research topic of the
Department of Morphology of Sumy State University of
MES of Ukraine “Morphofunctional aspects of homeo-
stasis” (Ne state registration 0118U006611).

Introduction. The prevalence of diabetes has now
reached epidemic proportions in both developed and
developing countries. Currently, approximately 463 mil-
lion people have diabetes, increasing by 5-7% annually
in all countries. Diabetes ranks 3rd place among the dis-
eases that most often affect the deterioration of quality
of life and lead to disability and death. According to the
WHO, diabetes increases mortality by 2-3 times and re-
duces life expectancy [1, 2].

Another problem today is diseases of the digestive
system [3]. Recently, this issue is becoming more acute,
especially if a person has a violation of carbohydrate
metabolism. The prevalence of gastrointestinal disor-
ders in patients with chronic hyperglycemia is higher
than in the general population and reaches about 75%
of the population [3, 4]. Diabetic enteropathy is a com-
mon complication of diabetes. Even though this compli-
cation was described several years ago, a detailed de-
scription of the small intestine morphology under the
influence of impaired carbohydrate metabolism is still
not enough, and existing data require more detailed
study [5-7].

The study aims to determine the morphological or-
ganization of the rats’ small intestine with streptozoto-
cin-induced chronic hyperglycemia.

Object and methods of research. Twenty laboratory
white male rats (7-9 months) were used for the study:
10 rats — the control group; 10 rats — the experimen-
tal group (animals with simulated chronic hyperglyce-
mia). Animal keeping and experiments were conducted
following the provisions of the European Convention
for the Protection of Vertebrate Animals Used for Ex-

perimental and Other Scientific Purposes (Strasbourg,
2005), the Law of Ukraine “On Protection of Animals
from Cruelty” (2006, p. 26), General Ethical Principles
of Animal Experiments”, approved by the Fifth National
Congress on Bioethics (Kyiv, 2013).

Simulation of chronic hyperglycemia in animals of
the experimental group was performed as follows. For
two weeks, rats consumed a 10% aqueous solution of
fructose. After that, each animal was administered a
single intraperitoneal injection of streptozotocin on ci-
trate buffer (buffer pH 4.5; streptozotocin dose 40 mg/
kg) and nicotinic acid (1 mg/kg). Material for the study
was obtained from the jejunum and ileum on the 30th
day after the reproduction of experimental chronic hy-
perglycemia. The obtained preparations were fixed in
a 10% solution of neutral formalin, then dehydrated in
alcohols of increasing concentration and poured into
paraffin to study the microscopic structure. From the
obtained preparations, sections were made on a sled
microtome MS-2 and stained with hematoxylin-eosin.
Light microscopy was performed using an Olympus BH
— 2 microscope (Japan).

Research results. Dystrophic changes were detect-
ed in experimental animals under the influence of ex-
perimental chronic hyperglycemia in the small intestine
wall. The small intestine villi changed their configuration
and size, and the relief of the mucous membrane was
smoothed. The ratio of villi height to crypt depth de-
creased significantly. The villi of the mucous membrane
shortened and reduced in thickness. Their location was
uneven; the distance between the individual villi was
almost doubled compared to the control group of ani-
mals. At the base of the villi are localized blood vessels
of different diameters. There was moderate desquama-
tion of enterocytes at the villi tips, and signs of edema
were observed in its stroma. In addition, we found an in-
crease in both the size and number of goblet cells of the
villi. The crypts were slightly deformed in cross-section,
and their lumen was somewhat narrowed. At the same
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Figure 1 — Histological section of the intestinal wall after 30 days
of exposure to chronic hyperglycemia. Staining: hematoxylin and
eosin. Magnification: x200. Marking: 1 — villi; 2 — goblet cells; 3 —
crypt; 4 — submucosal basis; 5 — serous membrane; 6 — lumen of the
blood vessel.
time, the depth was different but more significant than
the control. A thick layer of mucus was observed on the
villi surface and in the depths of the crypts (fig. 1).

The connective tissue of the own plate of the mu-
cous membrane and submucosal base showed signs of
edema. Dilated lymphatic and full-blooded blood vessels
were visualized, which may result from adaptive chang-
es in the small intestinal wall to the effects of chronic
hyperglycemia. Polymorphonuclear infiltration was ob-
served, characterized by a significant number of neutro-
phils and a slightly smaller number of eosinophils, lym-
phocytes, and histiocytes. More myofibroblasts were
found than in control animals, and muscle layer thicken-
ing due to muscle fiber hypertrophy. Smooth myocytes
were slightly altered. In this case, the serous membrane
has not undergone significant changes (fig. 2).

Discussion of research results. Diabetic gastroen-
teropathy is a common complication that is poorly di-
agnosed in patients with long-term disease. An NHANES
study found that 25% of people with diabetes had
gastrointestinal symptoms [4]. According to other re-
searchers, the prevalence of gastrointestinal disorders
in patients with diabetes is higher than in the general
population, which reaches 70% of the population [3].

A layered study of the small intestinal wall made it
possible to identify the main changes in its structure in
the modeling of chronic hyperglycemia on the prepara-
tions of experimental animals.

Thus, in our study, we found dystrophic changes in
the small intestine under the chronic hyperglycemia in-
fluence, which consisted of moderate smoothing of the
mucosa due to reduction and shortening of intestinal
villi, swelling of the lamina propria and submucosa. We
also found full-blooded blood vessels and thickening of
the muscle layer due to hypertrophy of muscle fibers
due to adaptive changes in the small intestinal wall to
the effects of chronic hyperglycemia.

Figure 2 — Histological section of the ileum after 30 days of exposure
to chronic hyperglycemia. Staining: hematoxylin and eosin.
Magnification: x400. Marking: 1 — intestinal crypt; 2 — muscle plate;
3 — submucosal basis.

According to Min X. H., the intestinal mucosa had in-
creased thickness, damaged dense joints, excessive pro-
liferation of villi and crypts, and decreased membrane
fluidity in mice with diabetes [8].

Lisnyanska N.V. and co-authors determined that in
diabetes mellitus under the background of hyperpro-
duction of active oxygen forms, structural changes in
the small intestinal wall of white rats are characterized
by the prevalence of dystrophic processes that can be
considered a morphological reflection of enteropathy. In
animals with chronic enterocolitis, high concentrations
of tumor necrosis factor-alpha determine the morpho-
logical picture of inflammation. In chronic enterocolitis
on the background of streptozotocin diabetes, there is a
combination of enteropathy signs and enteritis with the
maximum values of reactive oxygen species and tumor
necrosis factor-alpha, with a higher degree of pathologi-
cal changes than in isolated modeling of these patho-
logical conditions [9].

According to Romanyuk S.P. and others, enteropa-
thy manifestations due to dystrophic changes in experi-
mental diabetes mellitus are prevalent in the wall of the
rats’ small intestine. Focal signs of enteritis dominated
the simulation of chronic stress after 56 days in the in-
testine. With the combined effect of these pathological
conditions after 28 days of the experiment, focal signs
of enteritis and enteropathy were observed, progress-
ing to the 56th day of the experiment [10].

Conclusions. Chronic hyperglycemia led to structural
changes in the small intestine, which were reduced villi
size, smoothness of the mucous membrane, a plethora
of blood vessels, edema of the connective tissue of the
lamina propria and submucosa, and muscular layer hy-
pertrophy.

Prospects for further research. To study the ultra-
structural characteristics of the rats’ small intestinal wall
with streptozotocin-induced chronic hyperglycemia.
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CTPYKTYPHA XAPAKTEPUCTUKA TOHKOTKMULLKWN 3A YMOB EKCNEPUMEHTA/IbHOTXPOHIYHOI FINEPIIIKEMIT

MypascbKuii . B.

Pe3tome. BMBUYEHHSA CTPYKTYPHOI Nepebya0BKM OpraHiB i TKAHWH OpraHiamy 3a yMOB BMN/IMBY XPOHIYHOI rinepriike-
Mil € OAHIET i3 cepMo3HMX MeANKO-CcoLiaNbHMX NPO6eM CbOrofeHHs Ta MalibyTHbOro B CUCTEMI OXOPOHM 340POB’A
BCiX KpaiH CBITYy.

Memoto Haworo aocniaxKeHHA 6yno BUBUMTU MOPDONOFIYHY XapaKTePUCTUKY CTIHKM TOHKOI KMLLKM TBAapUH MpK
CTPENTO30TOUMH-IHAYKOBAHIN XPOHIYHIi rinepraikemii.

06’ekm | memoOdu 0ocnioreHHA. JocniaxKeHHs npoBoaMaum Ha 20 6innx nabopaTopHUX Lypax-camusax 3pino-
ro BiKy. XpOHiuHy rinepraikemito TBapMHam MOAEN0BaAN LUJAXOM BBEAEHHA CTPEnTo30TOUMHY (40 Mr/Kr) Ta Hiko-
TUHOBOI Kncnotn (1 mr/kr). Ha 30 aoby nicna BiATBOPEHHA eKCnepuMMeHTaNbHOI XPOHIYHOI rinepraikemii TBapuH
BMBOAMAN 3 EKCNEPUMEHTY ANA NOAANbLIONO AOCNIAXKEHHSA NOPOXKHbLOI Ta KNy6OBOI KMLWKK. 3 BUAANEHUX 3Pa3KiB
KMLLUKM rOTyBanW FiCTONOTIYHI 3pi3K, AKi 3ab6apsatoBann reMaToKCUNiIH-€03MHOM Ta AOCANIAKYBaAN 3 BUKOPUCTAHHAM
cBiTnoBoro mikpockona Olympus BH-2 (AnoHis).

Pe3yabmamu. Mpw ricTonoriYyHOMy AOCNigKEHHI NpenapaTiB BUABAEHO 3HAYHi MOPdONOTiIYHI 3MiHW CTIHKMU TOH-
KOi KULWKN. Byno BuABNEHO 36iNbLUeHHA NOBEPXHi Ta PiI3HOMAHITHICTb penbedy cM30B0T 06ONOHKN TOHKOI KULLIKK:
MiCLAMW BOPCUMHKM Ta KPUNTU CAM30BOI 06010HKM ByNnM HEOAHAKOBUX PO3MIpPiB, Maau Pi3Hy WKpKUHY. CnocTepi-
ranocs 36inblieHHA KiNbKOCTi KeANXOMNoAibHMX KNITUH. Ha NnoBepxHi BOPCUMHOK Ta y 3arinMbuHax KpMnT Biamivasca
TOBCTMI Wap cn3y. B 0oCHOBI BOPCUMHOK N0KaNi3yBaanCsa PisHi 3a AiaMeTpoM KPOBOHOCHI CyANHW. BUABNEHO 03HAKM
3ananbHOro npouecy. Y cn13oBsili 06010HUi Ta NiACANM30BOMY LIApPi CnocTepiranncs 03Haku HabpsaAky. Biamivana-
ca iHoinbTpauia HelTpodinamm, nimbountTamm Ta eosnHodinamu. Y NigcIM30BOMY LApi cnocTepiraamca 3HavyHo
po3wupeHi nimdaTUYHI Ta KPOBOHOCHI CyAUHU. BMABNEHO MOTOBLLEHHA M’S30BOrO LWapy 3a pPaxyHOK rinepTpodii
M’A30BUX BO/IOKOH.

BucHosKu. XpOoHiyHa rinepraikemia npussena A0 CTPYKTYPHUX 3MiH TOHKOI KULLKK, AKI NOMATANN Y 3MEHLUEHHI
PO3MipiB BOPCUHOK, 3rNaaKeHOCTi penbedy cnM30B0i 060N0HKM, MOBHOKPIB'T CyAnH, HAOPAKY CNONYYHOT TKAHUHK
BJ1aCHOI NNACTUHKM CIM30BOT 060I0HKM Ta NiACAN30BOI OCHOBM, FinepTpodii m’A3oBoro wapa.

KntouoBi cnoBa: xpoHiyHa rinepraikemis, TOHKa KULLIKa, CTPENTO30TOLMH.

STRUCTURAL CHARACTERISTICS OF THE SMALL INTESTINE IN CONDITIONS OF EXPERIMENTAL CHRONIC
HYPERGLYCAEMIA

Muravskyi D. V.

Abstract. The study of the structural rearrangement of organs and tissues of the body under the influence of
chronic hyperglycemia is one of the major medical and social problems of the present and future in the health care
system of all countries.

The aim of our study was to examine the morphological characteristics of the small intestinal wall of animals
with streptozotocin-induced chronic hyperglycemia.

Materials and methods. The study was performed on 20 white laboratory male adult rats. Chronic hyperglycemia
in animals was simulated by administration of streptozotocin (40 mg/kg) and nicotinic acid (1 mg/kg). On the 30th
day after the reproduction of experimental chronic hyperglycemia, the animals were removed from the experiment
for further study of the colon and ileum. Histological sections stained with hematoxylin-eosin were prepared from
the removed intestinal samples and examined using an Olympus BH-2 light microscope (Japan).

Results. Histological examination of the drugs revealed significant morphological changes in the wall of the small
intestine. An increase in the surface and diversity of the relief of the mucous membrane of the small intestine was
found: in places the villi and crypts of the mucous membrane were of different sizes, had different widths. There was
an increase in the number of goblet cells. A thick layer of mucus was observed on the surface of the villi and in the
recesses of the crypts. At the base of the villi localized blood vessels of different diameters. Signs of inflammatory
process are revealed. Signs of edema were observed in the mucous membrane and submucosal layer. Infiltration
by neutrophils, lymphocytes and eosinophils was noted. Significantly dilated lymphatic and blood vessels were ob-
served in the submucosal layer. Thickening of the muscular layer due to hypertrophy of muscle fibers was revealed.
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Conclusions. Chronic hyperglycemia led to structural changes in the small intestine, which were reduced villi,
smoothness of the mucous membrane, plethora of blood vessels, edema of the connective tissue of the lamina
propria and submucosa, muscular layer hypertrophy.

Key words: chronic hyperglycemia, small intestine, streptozotocin.

ORCID and contributionship:
Muravskyi D. V.: 0000-0002-0693-3149 #B<PF

Corresponding author

Muravskyi Dmytro Valeriyovych

Sumy State University

Ukraine, 40018, Sumy, 31 Sanatorna str.
Tel: 0509378053

E-mail: muravskyid@gmail.com

A —Work concept and design, B — Data collection and analysis, C — Responsibility for statistical analysis, D — Writing the article, E — Critical review,
F —Final approval of the article.
Received 28.11.2021
Accepted 02.05.2022

DOI 10.29254/2077-4214-2022-2-2-165-102-108
YOK 611.341- 591.4- 616-01/-099-616.3+616-02+616-092
Mypascokuii . B.
CTPYKTYPHA XAPAKTEPUCTUKA TOHKOI KULLKK 3A YMOB EKCMEPUMEHTA/IbHOI
XPOHIYHOI MNEPIAIKEMIT

CymMmcbKui gepaBHuii yHiBepcuteT (M. Cymu, YKpaiHa)
muravskyid@gmail.com

XpoHiuHa 2inepenikemisa opzaaHiamy € 0O0Hi€l0 3 ceplio3HUX MeOUKO-CoUianbHUX npobaem HAwoz20 4acy, AKa
g8iOHOCUMbCA 00 fpiopumemHuUX HANPAMKI8 cucmem O0XOpoHU 300p08's 8Cix KpaiH ceimy. 32i0HO OaHUX K/iHiKO-
eKkcriepumMeHmMasnbHUx 00CioxeHb binbwicms nayieHMie 3 CUHOPOMOM XPOHIYHOI 2inepanikemii Maroms ckapeu 3
OOKy WIYHKOBO-KUWKOB020 mMpakmy. Y 38’43Ky 3 UUM 8UBYEHHS MOPGhOs02iYHOT 0peaHi3ayii cmiHKU MOHKOI KUWKU
30 YMO8 81/1U8Yy XPOHIYHOI einepanikemii npusepmarome yeazy 6azameox 0ocnioHukie. Bidomo, wo desKi opeaHu €
binbW yymausuMu 00 yWKOOXYro4YOi Oii BUCOKO20 piBHA UYyKpPY — BOHU Cpaxdarome 8 nepwy yepey, byoyyu mak
38AHUMU «O0P20HAMU MilWeHAMU» (CIMKIBKA OKQ, HUPKU, CyOUHU 20/108HO20 MO3KY Ma cepus, HUMCHIX KiHUYiB8OK).
XpOHi4Ha 2inepanikemisa € cUCMeMHUM 30X80PHOBAHHAM, AKE MOXe 8nausamu Ha 6aeamo opaaHie ma cucmemu, i
mpasHa cucmema He € BUHAMKOM. ToMy mMemotro Hawo2o 00CidOHeHHA b6yan0 sus4uMU MiKPOCKOMIYHI CmMpyKmMypHi
0cobsusocmi CMiHKU MOHKOI KUWKU Wypie 3a yM0o8 eKCriepuMeHmasbHOI XpoHiYHOI einepanikemii. JocnioweHHs
nowaposoi 6y0osu CMiHKU MOHKOI KUWKU nposoduau Ha 20 6inux 1a60pamopHUX Wypax camusax 3pino2o siky,
M00ineHUx Ha KOHMPOsbHY Ma eKcriepuMeHmaneHy epynu. Ha 30-my 006y nicna eidmeopeHH:A ekcrepumeHmanbHoT
XPOHIYHOI 2inepanikemii BUKOHy8aU 3a6ip Npenapamie ma 20myeasu 2icmosoaivHi 3pi3u 015 Nodab6woi ceimsaosor
MiKpockonii. Omce, 30 yM0o8 8Msusy XPOHIYHOI 2inepenikemii HO MOHKY KUWKY, HAlbinbWux 3MiH 303HAAU Wapu,
AKi € Halibinbw PyHKUIOHAIbHO 3HAYYWi: cU308a 060/0HKG Ma nidc/au308a OCHOBA.

Knrouoei cnoea: xpoHivyHa 2inepanikemis, MOHKA KUWKA, c1u308a 060/0HKA, MiKPOCKOMIA.

38’A30K ny6niKauii 3 nAaHOBMMM HayKOBO-A0-
cnigHiumu pobotamu. [ucepTauiiHa poboTa BMKOHa-
Ha 3rigHO 3 NIAHOM HAyKOBMX gocnigxeHb CymcbKoro
neprkaBHoro yHisepcutety MOH YKpaiHu i € cKnagosoto
YaCTUHOK HayKoBO-AOCAIAHOT Temu Kadegpu Mop-
¢donorii CymcbKoro pep:kaBHoro yHisepcutety MOH
YKpaiHm Ta «MopdodyHKLiOHaNbHI acneKkTn nopyLleH-
HA romeocTtasy opraHiamy» (No geprkaBHOI peecTpauji
0118U006611).

Bcryn. MowmpeHicTb LyKpoBoro Aiabety Ha AaHWUi
yac gocsarna macwrabis enigemii, iK y po3BUHEHUX, TaK i
B KpaiHax, Wo po3BmMBatoTbcA. Ha AaHunit Yyac npnbaunsHo
463 MiNbHOHKU NtoAel CTparkAatoTb Bif, LLYKPOBOro Aia-
6eTy, Npy LbOMY 3aXBOPIOBAHICTb LWOPIYHO 36i1bLIYETH-
€Ay BCiX KpaiHax Ha 5-7%. Llykposuit giabet nocigae 3
Micle cepef, 3aXBOPHOBaHb, WO HaMbinbWw YacTo BRAM-

BalOTb Ha MOFiPLIEHHA AKOCTI XWUTTA, @ TAaKOXK MPU3BO-
OATb [0 iHBanigM3auii HaceneHHA Ta CMepTi. 3a AaHu-
mu BOO3, uyKkposuit giabet 36inbLlye CMepTHICTb B 2-3
pasu i CKopoYye TpMBanicTb Kutra [1, 2].

e oaHieto Npobaemoto CbOrofEeHHsA, € 3aXBOPHO-
BaHHA TpaBHOI cuctemm [3]. OcTaHHIM Yacom, Le nu-
TaHHSA HabyBa€ rocTporo Xxapaktepy, ocobanBo AKLLO
NOAMHA MA€E NOpPYLUEHHA BYrNeBoAHOro obmiHy. Mowu-
PEHICTb LWNYHKOBO-KULIKOBMX PO3/1aZiB Yy MALIEHTIB i3
XpOHiuHoto rinepraikemieto (XI) BULLA, HiXK Y 3aranbHii
nonynawi Ta gocarae 6113bKo 75% cepen HaceneHHs [3,
4]. fiabeTnyHa eHTeponaTia € YaCTUM YCKNAaAHEHHAM
LyKpoBoro fiabety. Hesakatoum Ha Te, WO Le ycKAaa-
HEHHs B6y/10 ONMCAHO AEKiNbKa POKIB TOMY, AeTaNbHOMO
onucy mopdonorii TOHKOT KMULKM 33 YMOB BMNINBY NOpPY-
LUEHHA BYr1€BOAHOIO 06MiHY BCE K TaKM HE AOCTATHbO,
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PucyHoK 1 — lictonoriyHmii 3pi3 CTiIHKM NOPOXKHbOT KULLKK
yepes 30 4i6 BNAMBY XpOHiYHOT rinepraikemii. 3abapBneHHs:
remaToKcuMniHoM Ta eo3nMHOM. 36.: x200. Mo3HaueHHA: 1 —-BOPCUHKaA;
2 — 60KanoBUAHI KNiTUHU; 3 — KPUNTa; 4 — NiACIM30Ba OCHOBA;

5 — cepo3Ha 060/10HKa; 6 — NPOCBIT KPOBOHOCHOT CyAUHM.

a icHytoumM gaHi noTpebytoTb 6iNbl AETaNbHOTO BUBYEH-

HA [5-7].

MeTta. BusHauntM mopdonoriyHy opraHisauito TOH-
KOi KMLUKM LLypiB NPU CTPEnTO30TOLMH-IHAYKOBaHIM
XPOHIYHil rinepraikemii.

O6’eKT i meTogu pocnigKeHHA. [na focnifxKeHHnA
6yno BuKkopucTaHo 20 nabopaTopHux Binunx wypis-cam-
uis 3pinoro Biky (7-9 micauis): 10 wypiB — KOHTPO/IbHA
rpyna; 10 wypiB — gocnigHa rpyna (TBapuHK 3i 3moge-
/IbOBAHOK XPOHIYHOW Tinepriikemieto). YTpumaHHA
TBAPWH Ta EKCNepUMEeHTU NPOBOAUNMUCA BiAMOBIAHO
00 TONOXeHb «EBPONENCbKOI KOHBEHLi npo 3a-
XUCT XpebeTHWX TBapWH, AKi BUKOPUCTOBYHOTbCA ANA
EeKCNepMMEHTIB Ta iHLMX HayKoBux Lineny (Ctpacbypr,
2005), 3akoHy YKpaiHu «[1po 3axXmcT TBAapUH Bif, KopcTo-
Koro nosogyeHHa» (2006, cT. 26), «3aranbHUX ETUYHUX
NPUHLMMIB €KCNEPUMEHTIB Ha TBapuHax», yXBaJieHUX
MM’'ATUM HauiOHAaNbHUM KOHrpecom 3 bioeTnkn (Kwuis,
2013).

MogentoBaHHA X[y TBapuH [OCAIAHOI rpynn npo-
BOAUAM HACTYMHUM YMHOM. [pOTArom ABOX TUMKHIB
wypwu BxuBann 10% BoaHWN po3umH GpykTo3un. Micna
LbOro KOMHi TBAapuHi 6yNn0 OAHOPA30BO BUKOHaHe
BHYTPiLWHbOOYEPEBMHHE BBEAEHHA CTPENTO30TOLUHY
Ha uMTpaTHomy bydepi (pH bydepa —4,5; Ao3a cTpenTo-
30TOUMHY — 40 Mr/Kr) Ta HIKOTMHOBOI KncaoTK (1 mr/Kr).
Martepian gna pocnigKeHHAa oTPMMYBaN 3 MOPOXKHbLOI
Ta KNyb60BOi KMWOK Ha 30-Ty Aoby nicns BiATBOPEHHA
ekcnepumeHTanbHoi XI. 3 MEeTOK BMBYEHHA MIKPOCKO-
niyHoi 6yaoBM oTpuMaHi npenapatn ¢ikcysanmn y 10%
PO34YMHi HelTpanbHOro GopmaniHy, NoTiM 3HEBOAHIOBA-
ZIN y cNUpTax 3pOCTaloyO0l KOHLLEHTpaUii Ta npoBoguan
3anuBKy B napadiH. 3 ogeprkaHMx nNpenapaTis pobuan
3pi3n Ha caHHoMy MmiKpoTomi MC-2 Ta 3abapsntoBanu
reMaToKCuNiH-eo3mHom. CBITA0BY MiKpOCKOMit0o NpoBO-
OUNN 3 BUKOPUCTAHHAM Mmikpockony Olympus BH — 2
(AnoHis).

Pesynbratv pocnigeHHA. 3a BN/MBY eKcnepu-
MeHTanbHOi XI' B CTiHLj TOHKOI KMLWKK y NiaA0CAiAHNX
TBapuH Bynn BuABNEHHI AUCTPODIYHI 3MiHU. BOPCUHKM
TOHKOI KMLUKM 3MiHIOBaNIM CBOKO KOHirypauito Ta pos-
Mipu, penbed cnm3oBoi 06010HKM 3ragxyBasca. Cnis-
BigHOLEHHA MOKA3HMKIB BUCOTM BOPCUHOK A0 MUBUHMU
KPUMT 3HAYHO 3MeHLLyBasocsA. BOPCUHKKM can30B0i 060-

PucyHoK 2 — lFictonoriuHmii 3pi3 cTiHKM KNy60BOT KULWIKK yepes 30
Ai6 BNAMBY XpOHiuHOI rinepraikemii. 3a6apBaeHHA reMaTtoKcuniHom
Ta eo3uHOM. 36.: x400. Mo3HaYeHHA: 1 — KULIKOBA KpUNTa;

2 — m’A30Ba NNACTUHKA; 3 — NiAcAM30Ba OCHOBaA.

JIOHKM BKOPOYYBa/MCA Ta 3MEHLUYBA/NNUCA Y TOBLUMHI.
Po3TalwoByBaHHA iXx Oyno HepiBHOMiIpHMM, BiACTaHb
MiX OKPEeMMMW BOPCUHKAMU BUABAANACL 36iNblUeHO0
MaliXKe BABIYIi NOPIBHAHO i3 KOHTPOABLHOM TPYMNOK TBa-
pUH. B OCHOBI BOPCMHOK NOKanisyBaauca pisHi 3a fgia-
METPOM KPOBOHOCHI cyanHKW. CnocTepiranaca nomipHa
[EeCKBamaLifi eHTepPOLUTIB Ha BepXiBKax BOPCUHOK, a Y
il cTpomi Biamivanncb o3HakKM Habpsaky. Kpim Toro, mu
BUABW/IM 30i/bLUEHHS, SIK Y PO3Mipax TaK, i Y KiZIbKOCTi
60KaNoBUAHUX KNITUH BOPCUMHOK. KpunTu nigaasanuncs
He3HauHilt aedopmauii Ha nonepeyHomy nepepisi, ix
NpocsiT gelo 6yBs 3By»KeHUI. Mpu ubomy, rmmbuHa byna
HEeO/IHAaKOBOD, ase y MOPIBHAHHI i3 KOHTponem 6ifb-
woto. Ha nosepxHi BOPCMHOK Ta y 3armnbuHax Kpunt

BiAMiuaBca TOBCTUI Wwap camsy (puc. 1).

CnonyyHa TKaHWHA BAACHOI MNAACTUHKU CAU30BOI
060/10HKM Ta NifgCAM30BOT OCHOBM Masia 03HaKW HabpA-
Ky. BisyanisyBanuca poswmpeHi nimpaTtuyHi Ta NOBHO-
KPOBHi KPOBOHOCHI CYyAMHU, WO MOXe ByTn HacaigKom
aganTauiHMX 3MiH Yy CTiHLi TOHKOI KMLIKKM Ha BM/MB
XPOHiYHOI rinepraikemii. CnocTepiranaca nonimopo-
HOK/ITUHHA iHINbTPaALiA, AKA XapaKTepusyBanaca Ha-
ABHICTIO 3HAYHOI KiNbKOCTi HelTpodinis, AeWO MeHLW Ol
KinbKocTi eo3nHodinis, nimpoumTie Ta rictioyunTis. byno
BUABNEHO MoABY 6inbloi KinbKocTi miodibpobnacris,
HiX Y KOHTPO/IbHUX TBApUH Ta MOTOBLLEHHA M'A30BOrO
Lapy 3a paxyHoK rinepTpodii m’a30BMUX BONOKOH. MNaKi
MiounTn 6ynM 3miHeHi He3HauyHow mipoto. Mpu ubomy,
cepo3Ha 060/10HKa He 3a3Hana CyTTEBMX 3MiH (puc. 2).

O6roBopeHHA pe3ynbTaTiB gocnigxeHHA. [iabe-
TUYHA racTpOeHTeponaTiA € YaCTUM YCKIAAHEHHAM, AKe
NOraHoO AiarHOCTYETbCA Yy MALLEHTIB i3 TPMBAZIMM 3aXBO-
ptoBaHHAM. JdocnigxxeHHs NHANES nokasano, wo 25%
XBOPUX Ha LyKPOBUI AiabeT manu WAyHKOBO-KULLKOBI
cumnTomu [4]. 3a AaHMMM iHLWKX AOCNIAHMKIB Nowwunpe-
HIiCTb LUJIYHKOBO-KMLIKOBMX PO3/1aAiB Y MALEHTIB i3 Ly-
KpOBUM AiabeTom BULLA, HiXK y 3ara/ibHili nonynauyi, aka
pocsrae go 70% cepeg HaceneHHs [3].

MowapoBe BMBYEHHA CTIHKM TOHKOI KULIKW Aano
MO/NBICTb BUAINNTN OCHOBHI 3MiHM Y Ti CTPYKTYpi Npun
MOZENIOBaHHI XPOHIYHOI rinepraikemii Ha npenaparax
nigaocnigHNX TBApUH.

TakK, y HawWomy AOCAigXKEHHi, M1 BUABUAN AUCTPO-
diuHi 3MiHKM Yy TOHKIM KMWLi 32 yMOB BMN/IMBY XPOHIYHOI
rinepraikemii, AKi nonaraam y nomipHin 3rnagsKeHocTi
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penbedy cAn30BOi 0OONOHKM, BHACNIAOK 3MeHWeEHHA  GOpM OKCUreHy i ¢dakTopa HeKposy nyxaunH-anbda,
Ta BKOPOYEHHA BOPCUMHOK KULIKM, HAaBpAKaHHI BNAaCHOT  npu LbOMY CTYMiHb BMPAXKEHOCTi MaToNOrMYHMUX 3MiH

NAaCTUHKM CN30B07 060N0HKM Ta NiAC/N30BOI OCHOBU.  BULMIA, Hi3K NPM i30/1bOBAHOMY MOZE/I0BaHHI BKa3aHMX
TakoX, Hamu 6yn0 BMABAEHO NOBHOKPOBHI KPOBOHOCHI  maTosoriuHMX cTaHis [9].
CYAMHM Ta MOTOBL4EHHA M’A30BOrO LWapa 3a PaxyHoK 3a gaHumum Pomartoka C. 1. Ta iH. BUABAEHO, WO Npu
rinepTpodii M’A30BMX BO/MOKOH, AK PE3YNLTAT AfANTa-  ekcnepUMEHTaNbHOMY LiyKPOBOMY AiabeTi y CTiHL TOH-
ufiﬁme.3MiHmy CTiHUi TOHKOI KWLUKM Ha BMINB XPOHIYHOT  yoi kpwKum LLPiB CMOCTEPIraeTbCA MepesBaKaHHA Npo-
rinepraikemi. . ABiB eHTeponarTii, 3yMOBAEHOT AUCTPODIUHUMM 3MiHAMM
6 3a panvummn Min X. H., cimsosmii tap RMWRA MaB v yii Mpu mogentosaHHi xpoHiuHoro cTpecy 4Yepes 56
zazﬁrjg;gﬂgg‘oﬂ}é;:::;o,g,g&s:VI‘HL;I(ﬂ::lK;Sﬁ:a:::: ﬁi6 Y KM nepeBamanM'Boeru.l,eBi 03Har.<m eHTepMT}/.
pyY NOEAHAHOMY BMNAMBI AAHWX NATONOMYHMX CTaHIB

YKEHHA MIMHHOCTI MembpaHu y mMUWeN i3 LyKpoBUM . ) )
yepes 28 Aib eKcnepMMeHTY cnocTepirasy BOTHULLEBI

Aiabetom [8]. .
- . 03HAKW eHTepUTY Ta eHTeponarTii, AKi Nnporpecysanun Ao
JNlicHAHcbKa H. B. Ta cniBaBTOpW BM3HAuYMAM, WO 56- 1061 excnepumenTy [10]
npu Lykposomy giabeTi Ha ¢oHi rinepnpoayKLuii akTmB- BA )F() - Y o . .
HUX GOPM OKCUTEHY CTPYKTYPHi 3MiHW CTiHKM TOHKOI UCHOBKM. _pOH'qH? rlneprangmm npussena Ao
KULWKK BinUX LLypiB XapaKTepusyloTbea npesantosan-  CTPYKTYPHWX SMIH TOHKOI KMLIKM, AKI NONIATANN Y SMEH-
HAM AMCTPOGIYHNX NPOLLECIB, AKI MOXKHa BBasKaTh mop-  UEHHI PO3MIpiB BOPCUHOK, 3rnaspkeHocTi pensedy cau-

$ONOTIUHMM BiLOBPaXKeHHAM eHTeponaTii, Y TeapuH i3 30BOT 0BONIOHKM, NOBHOKPIB'T CYANH, Habpsaky cnonyy-
XPOHIYHWUM EHTEPOKO/ITOM BUCOKi KOHLEHTpaL,ii pakTo-  HOI TKAHMHM BNACHOI NNACTUHKM CIM30BOI 06010HKM Ta
pa HeKpO3y MyxAnH-anbda 3yMOB/IIOIOTE MOpdonoriyHy  MACNN30BOI OCHOBY, rinepTpodii M’A30BOrO Wapa.
KapTUHY 3ananeHHs. Mpu XpOHIYHOMY EHTEPOKOAITI Ha MNepcnektMBn noAanblimMx AocniaxXeHb. Busun-
dOHi  CcTpenTo30ToUMHOBOro fAiabeTy crnoctepiraeTbca  TW YIBTPACTPYKTYPHY XapaKTEPUCTUKY CTiIHKWM TOHKOI
MOEAHAHHA O3HAK eHTeponaTii Ta eHTEePUTY 3 MaKk-  KULUKM LIypiB Npu CTPEnTO30TOLMH-iHAYKOBaHIA Xpo-
CUMaNbHUMM  3HAYEHHAMM  MOKA3HWKIB  aKTMBHWUX  HiYHIiW rinepraikemii.
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CTPYKTYPHA XAPAKTEPUCTUKA TOHKOT KULLKWN 3A YMOB EKCMEPUMEHTA/IbHOT XPOHIYHOI FINEPIIIKEMIT

MypascbKuii . B.

Pe3tome. B1BYEHHSA CTPYKTYpHOI NepebyoBm opraHiB i TKAHWH OpraHisMy 3a YMOB BIJIMBY XPOHIYHOI rinepriike-
Mii € OfHi€l i3 cepMO3HNX MeaUKO-CoLiabHUX Npobiem CborogeHHs Ta MalnbyTHbOIO B CUCTEMI OXOPOHM 340POB’S
BCiX KpaiH CBITY.

Memoto Haworo AocniAKeHHA 6yno BUBYUTU MOPGONOFIYHY XapaKTePUCTUKY CTIHKM TOHKOI KULLKM TBapUH MpK
CTPEeNTO30TOLMH-IHAYKOBaHIN XPOHIYHil rinepraikemii.

06’ekm i memoodu docnidxceHHA. JocnigxeHHs npoBogunun Ha 20 6inmMx NabopaTopHUX LLypax-caMusax 3pino-
ro BiKy. XpOHiuHy rinepraikemito TBaprHam MOLENI0BAMN LWAAXOM BBEAEHHA CTPENTO30TOUMHY (40 Mr/Kr) Ta Hiko-
TMHOBOI Kmncaotu (1 mr/kr). Ha 30 goby nicns BiATBOPEHHA eKCnepuMeHTasIbHOi XPOHIYHOI rinepraikemii TBapuH
BUBOAMAMN 3 €KCNEPUMEHTY A4 NOAANbLIOIO AOCNIAMKEHHSA NOPOXKHLOT Ta KNyBOBOI KULLKW. 3 BUAANEHUX 3pa3sKiB
KMLLUKM rOTyBaAW FiCTONOTIYHI 3pi3u, AKi 3abapsatoBaNM reMaToOKCUNiIH-€03MHOM Ta AOCNIAKYBaAN 3 BUKOPUCTAHHAM
cBiTI0BOro mikpockona Olympus BH-2 (AnoHis).

Pe3ynbmamu. Mpwu ricToNnoriyHOMy AOCAiAXKEHHI NpenapaTiB BUABAEHO 3HAYHIi MOPGONOriYyHi 3MiHW CTIHKW TOH-
KOT KULWKK. Byno BUSIBNIEHO 36i/blUEHHS NOBEPXHi Ta Pi3HOMaHITHICTb penbedy CM30BOT 060IOHKN TOHKOT KULLIKK:
MiCLLAMWM BOPCUHKM Ta KPUNTU CAM30BOI 060/I0HKK ByNM HEOAHAKOBUX PO3MIipiB, Maau pisHy wupuHy. CnocTtepi-
ranocs 36inblIeHHA KibKOCTI KeANMXONoAibHMX KNITUH. Ha NoBepxHi BOPCUMHOK Ta y 3arnnMbuHax KpunT Biamivascs
TOBCTWUI Wap cAun3y. B ocHOBI BOPCMHOK NI0KanNi3yBanuncsa pisHi 3a AiaMeTpom KPOBOHOCHI CyauHU. BUsBieHO 03HaKK

ISSN 2077-4214. BicHuk npo6nem 6ionorii i meguumum — 2022 — Bun. 2, Tom 2 (165) 107



MopPoONOrIA

3ananbHOro npouecy. Y ca1308ii 060M0HLUI Ta NiACNAM30BOMY LWApi cnocTepiraanca o3Haku HabpsAky. Biamivana-
ca iHoinbTpauia HelTpodinamm, nimbountTamm Ta eosnHodinamu. Y MigcAM30BOMY LLApi CNocTepiraamnca 3HavyHo
po3LwupeHi nimpaTUUHi Ta KPOBOHOCHI CyAMHU. BMABNEHO NOTOBLLEHHA M'A30BOro Wapy 3a paxyHoK rineptpodii
M’A30BWX BOJIOKOH.

BucHosKu. XpoHiyHa rinepraikemia npussena A0 CTPYKTYPHUX 3MiH TOHKOI KULLKK, AKI NOAATANN Y 3MEHLUEHHI
PO3MipiB BOPCUHOK, 3r1aaKeHOCTi penbedy cM30B0i 060N0HKM, MOBHOKPIB'T CyAuH, HAbPSAKY CNOMYYHOT TKAHUHK
B/1ACHOI NJIACTUHKM C/IN30BOT 060N0HKM Ta MifcAnM30B0OT OCHOBY, rinepTpodii m’A30Boro wapa.

KnrouoBi cnoBa: XxpoHiyHa rinepraikemis, TOHKa KMLKA, CTPENTO30TOLMH.

STRUCTURAL CHARACTERISTICS OF THE SMALL INTESTINE IN CONDITIONS OF EXPERIMENTAL CHRONIC
HYPERGLYCAEMIA

Muravskyi D. V.

Abstract. The study of the structural rearrangement of organs and tissues of the body under the influence of
chronic hyperglycemia is one of the major medical and social problems of the present and future in the health care
system of all countries.

The aim of our study was to examine the morphological characteristics of the small intestinal wall of animals
with streptozotocin-induced chronic hyperglycemia.

Materials and methods. The study was performed on 20 white laboratory male adult rats. Chronic hyperglycemia
in animals was simulated by administration of streptozotocin (40 mg/kg) and nicotinic acid (1 mg/kg). On the 30th
day after the reproduction of experimental chronic hyperglycemia, the animals were removed from the experiment
for further study of the colon and ileum. Histological sections stained with hematoxylin-eosin were prepared from
the removed intestinal samples and examined using an Olympus BH-2 light microscope (Japan).

Results. Histological examination of the drugs revealed significant morphological changes in the wall of the small
intestine. An increase in the surface and diversity of the relief of the mucous membrane of the small intestine was
found: in places the villi and crypts of the mucous membrane were of different sizes, had different widths. There was
an increase in the number of goblet cells. A thick layer of mucus was observed on the surface of the villi and in the
recesses of the crypts. At the base of the villi localized blood vessels of different diameters. Signs of inflammatory
process are revealed. Signs of edema were observed in the mucous membrane and submucosal layer. Infiltration
by neutrophils, lymphocytes and eosinophils was noted. Significantly dilated lymphatic and blood vessels were ob-
served in the submucosal layer. Thickening of the muscular layer due to hypertrophy of muscle fibers was revealed.

Conclusions. Chronic hyperglycemia led to structural changes in the small intestine, which were reduced villi,
smoothness of the mucous membrane, plethora of blood vessels, edema of the connective tissue of the lamina
propria and submucosa, muscular layer hypertrophy.

Key words: chronic hyperglycemia, small intestine, streptozotocin.
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