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organs. Therefore, the aim of our study was to determine the morphological changes of adrenal glands in young rats
under conditions of alloxan-induced chronic hyperglycemia.

The study was conducted on 40 white laboratory rats aged 3-4 months, which were divided into groups: | — control,
Il — experimental (with a period of chronic hyperglycemia of 30 days), Ill — experimental (with a period of chronic
hyperglycemia of 60 days). The experiment was simulated using a chemical model of type 1 diabetes (using the
chemical substance alloxan). Animals were removed from the experiment on the 30th and 60th day by decapitation,
and microscopic changes in the cortex and medulla of the adrenal gland were studied. Histological analysis and
photography of the sections were carried out using an Olympus BX63 (Japan) microscope at magnifications of
100, 200 and 400. It was established that on the 30th day of the experiment, the connective tissue capsule of
the organ was partially thickened and stratified, changes in the architecture of the organ were observed in some
places, endocrinocytes were destructively changed, nuclei some cells are pyknotic hyperchromic, there are signs of
swelling of the cytoplasm of cells, the appearance of «light» and «dark» endocrinocytes in the cortex of the gland
is established. Some chromaffinocytes of the medulla of the organ had signs of edema and vacuolar dystrophy of
the cytoplasm. The presence of blood-filled and dilated vessels indicates a violation of microcirculation in the organ.
On the 60th day of the study, more significant destructive changes were detected — the connective tissue capsule
was thickened, stratified and swollen, endocrinocytes were destructively and dystrophically changed with swelling
of the cytoplasm and pyknotically changed nuclei. A small amount of lipid droplets was found in endocrinocytes.
Vascular disorders manifested by plethora, with the phenomenon of sludge effect of erythrocytes and diapedesis
of leukocytes, perivascular edema, were accompanied by remodeling of endocrinocytes of both adrenal cortex and
medulla, which indicates significant disorders of the functional activity of the organ and exhaustion of its adaptive
reserves.
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Diabetes mellitus often leads to joint damage, the morphogenesis of which is insufficiently studied. The aim of
the study was the morphometric study of the features of remodeling of microvessels of the synovial membrane in
experimental diabetic arthropathy of the knee joint. Microvessels of the synovial membrane of the knee joint of 60
sexually mature white male rats, divided into 3 groups, were studied by morphological and morphometric methods.
The 1st group included 20 intact animals, the 2nd — 20 rats with one-month diabetic arthropathy of the knee joint,
the 3rd — 20 experimental animals with the two-month specified pathology. A single intraperitoneal injection of
streptozotocin simulated hyperglycemia from the company "Sigma" at 50 mg/kg. Rats were euthanized by bloodlet-
ting under Sodium thiopental anesthesia one month and two months after the start of the experiment. The vessels of
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the hemomicrocirculatory bed of the synovial membrane were studied by the non-injection method using impregna-
tion with silver nitrate. The diameters of arterioles, precapillary arterioles, hemocapillaries, postcapillary venules,
venules, and the density of microvessels per 1 mm? of tissue were determined on micropreparations in the synovial
membrane. The obtained morphometric parameters of blood vessels of the hemomicrocirculatory channel were
processed statistically.

It was established that diabetic arthropathy led to a pronounced structural rearrangement of the microvessels
of the synovial membrane, which was characterized by the narrowing of arterioles, precapillary arterioles, and he-
mocapillaries. The significant expansion of capillary venules and venules led to venous hyperemia and venous stasis,
violation of drainage of venous blood from the synovial membrane. Histologically, post-capillary venules and venules
are markedly dilated, with an uneven lumen, sacculations, tortuous, filled with blood, with foci of stasis, thrombosis,
plasmarrhagia, paravasal hemorrhages. Hemocapillaries are reduced in places, foci of fibrinoid edema, necrosis,
desquamation of endotheiocytes were found. Stromal and paravasal edema, foci of dystrophy and necrobiosis of
epitheliocytes, endotheliocytes, foci of infiltration and sclerosis were observed in the synovial membrane with dia-
betic joint damage. Structural remodeling of vessels of the hemomicrocirculatory bed of the synovial membrane in

experimental diabetic arthropathy of the knee joint depends on the duration of hyperglycemia.
Key words: knee joint, diabetic arthropathy, microvessels, synovial membrane.

Connection of the publication with planned research
works. The work is a fragment of the research work of
the I. Horbachevsky Ternopil National Medical University
Ministry of Health of Ukraine “Structural and functional
patterns of adaptation and compensatory processes in
organs and systems during surgical interventions on or-
gans of the abdominal and thoracic cavities under the
influence of toxic endogenous and exogenous factors”
(state registration number 0122U000031).

Introduction. Diabetes mellitus is a widespread dis-
ease that tends to increase, often leads to disability and
death of patients, and is a significant medical and social
problem [1, 2]. Joint damage in patients with hyperglyce-
mia is a fairly frequent complication. According to many
researchers, more than 50% of patients with type 1 and
type 2 diabetes are diagnosed with arthropathy, diabe-
tes-associated osteoarthritis [1, 2, 3]. In this pathology,
due to energy deficiency, carbohydrate, protein, and min-
eral exchanges are disturbed, hormonal disorders, angio-
and neuropathy, changes in rheology and hemodynamics
in the hemomicrocirculatory channel occur, which are
complicated by bone tissue resorption due to an imbal-
ance of osteoblastic and osteoclastic activity [4, 5, 6]. It
is known that the synovial membrane is saturated with
vessels, thanks to which metabolism takes place from the
joint cavity, and synovial fluid is produced. The synovial
membrane is also a certain barrier, the integrity of which
depends on the full functioning of the joint. An essential
role in the pathogenesis of diabetic arthropathies is at-
tributed to the vessels of the hemomicrocirculatory bed
of the synovial membranes, the features of which remod-
eling has not been studied enough.

The study aims to determine the morphometric fea-
tures of microvessels remodeling of the synovial mem-
brane in experimental diabetic arthropathy of the knee
joint.

Object and research methods. The microvessels of
the synovial membrane of the knee joint of 60 laboratory
sexually mature white male rats, divided into 3 groups,
were investigated using complex morphological meth-
ods. The 1st group included 20 intact, practically healthy
animals, the 2nd — 20 rats with a one-month experimen-
tal diabetic arthropathy of the knee joint, the 3rd — 20
experimental animals with the two-month specified pa-
thology. Diabetes mellitus was modeled by a single in-
traperitoneal injection of streptozotocin manufactured
by “Sigma” at 50 mg/kg [7]. One month and two months

after the start of the experiment, rats were euthanized by
bloodletting under thiopental anesthesia. The vessels of
the hemomicrocirculatory bed of the synovial membrane
were studied by the non-injection method of impregna-
tion with silver nitrate, according to V. V. Kupriyanov [8].
According to Van Gieson, Mallory, Weigert, Masson, and
toluidine blue, histological preparations of the knee joint
stained with hematoxylin-eosin were also studied [9, 10].
The diameters of arterioles (DA), precapillary arterioles
(DPA), hemocapillaries (DH), extracapillary venules (DEV),
venules (DV), and the density of microvessels per 1 mm?
of tissue were determined on micropreparations in the
synovial membrane [11, 12, 13]. Quantitative morpholog-
ical study of the blood vessels of the hemomicrocircula-
tory bed was carried out using a system of visual analysis
of histological preparations, the images of which were
displayed on a computer monitor with a MICROMED
SEOSCAN microscope and with a Vision CCD Camera. For
morphometric studies, the Video-Test-5.0 KAAPA Image
Dose program and Microsoft Excel were used on a per-
sonal computer.

Morphometric parameters were processed statisti-
cally. Statistical processing of quantitative values was
carried out in the department of statistical research of
I. Horbachevsky Ternopil National Medical University of
the Ministry of Health of Ukraine in the software pack-
age “Statsoft Statistica”. The reliability of the difference
between the comparative morphometric parameters was
determined according to the Student and Mann-Whitney
criteria [14]. The research was conducted by the provi-
sions of the European Convention for the Protection of
Vertebrate Animals used for Experimental and other Sci-
entific Purposes (Strasbourg, 1986), Council of Europe Di-
rectives 2010/63/EU, Law of Ukraine No. 3447-IV “On the
Protection of Animals from Cruelty”, general ethical prin-
ciples of experiments on animals, adopted by the First
National Congress of Ukraine on Bioethics (2001) [15].

Research results and their discussion. The conducted
experimental studies established that a month after ad-
ministration of streptozotocin, the level of glucose in the
blood of laboratory sexually mature white male rats in-
creased from (3.65+0.03) mmol/I to (17.15+0.18) mmol/I,
that is, by 4.7 times, compared to the control values, and
after 2 months this indicator was equal to (16.42+0.12)
mmol/l and turned out to be increased by 4.5 times
(p<0.001). Light-optical studies in the case of experimen-
tal diabetes in the knee joint of laboratory sexually ma-
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ture white male rats revealed degenerative changes in
its structures a month after the start of the experiment,
which progressed depending on the duration of diabetes.

The table shows the obtained quantitative morpho-
logical indicators of vessels of the hemomicrocirculatory
channel of the knee joint’s synovial membrane. A com-
prehensive analysis of the given morphometric parame-
ters of microvessels established that they changed signifi-
cantly during one-month and two-month experimental
hyperglycemia. Thus, the diameter of the arterioles of the
hemomicrocirculatory channel of the synovial membrane
of the knee joint during a month of experimental hyper-
glycemia was statistically significantly (p<0.001) reduced
from (18.15+0.12) um to (17.30£0.12) um, i.e. by 4.7 %,
and at two months — by 15.1% (p<0.001).

The structural rearrangement of the precapillary ar-
terioles of the synovial membrane of the knee joint in
simulated experimental conditions was similar. With
one-month experimental diabetes, the diameter of the
precapillary arterioles decreased from (11.344+0.12) um
to (10.30+0.06) um with a pronounced statistically sig-
nificant difference (p<0.001), i.e. by 9.2%, and with two-
month experimental diabetic arthropathy — by 24.5%
(p<0.001) and reached (8.56+0.06) um.

Table — Morphometric characteristics of vessels
of the hemomicrocirculatory bed of the synovial
membrane of the knee joint in experimental ani-

mals (Mtm)
Indicator Observation group
1-st 2-d 3-d

DA, um 18,15+0,12 | 17,30+0,12*** | 15,40+0,12***
DPA, um 11,34+0,12 | 10,30+0,06*** | 8,56+0,06***
DH, um 6,20+0,06 5,87+0,05%** 5,10+0,04***
DEV, pm 13,50+0,12 15,10+0,15*** | 17,80+0,12***
DV, um 28,20+0,21 | 31,75+0,15*** | 36,18+0,24***

VD 3670,2+41,4 | 3092,6+22,3*** | 2980,5+20,4***

Note: *** — p<0.001, compared to the 1st group.

The hemocapillaries of the synovial membrane of
the knee joint also turned out to be morphologically
changed in the simulated experimental conditions. Thus,
in control observations, the diameter of hemocapillar-
ies was equal to (6.20+0.06) um in case of one-month
diabetic arthropathy of the knee joint — (5.87+0.05) um.
A statistically significant difference was found between
the given morphometric parameters of hemocapillaries
(p<0.001). At the same time, the last quantitative mor-
phological indicator was lower by 5.3% compared to
the previous one. During two-month experimental hy-
perglycemia, the diameter of the hemocapillaries of the
synovial membrane of the affected knee joint reached
(5.10+0.04) um. A pronounced statistically significant
difference (p<0.001) was established between this nu-
merical value and a similar control indicator, and the last
morphometric parameter was 17.7% smaller compared
to the diameter of the hemocapillaries of the synovial
membrane of the intact knee joint.

Venous microvessels of the hemomicrocirculatory
bed (postcapillary venules and venules) of the synovial
membrane of the knee joint expanded in diabetic ar-
thropathy. Thus, the diameter of post-capillary venules
in the 2nd observation group (monthly arthropathy
of the knee joint) increased from (13.50£0.12) um to
(15.1040.15) um with a pronounced statistically signifi-

cant difference (p<0.001), i.e. by 11.8%. In the case of
two-month diabetic arthropathy of the knee joint, the
growth of the studied vessels was 31.8% (p<0.001). The
analysis of the obtained morphometric parameters es-
tablished that the structural rearrangement of the knee
joint’s venules of the synovial membrane in the simu-
lated conditions of the experiment was similar to that
of the capillary venules. Thus, with monthly hyperglyce-
mia, the diameter of the venules of the synovial mem-
brane of the knee joint increased statistically significant-
ly (p<0.001) from (28.20+0.21) um to (31.75+0.15) um,
i.e. by 12.6%, and with two-month diabetic arthropathy
of the knee joint — by 28.3% (p<0.001).

The density of microvessels per 1 mm? of tissue of
the synovial membrane of the intact knee joint of lab-
oratory sexually mature white male rats was equal to
(3670.2+41.4), and in one-month diabetic arthropathy —
(3092.6+22.3). It should be noted that there was a pro-
nounced statistically significant difference between the
given quantitative morphological indicators (p<0.001),
and the last morphometric parameter was smaller than
the previous one by 15.7%, and in two-month diabetic
arthropathy — by 18.8% (p<0.001).

The presented and analyzed morphometric param-
eters of the microvessels of the hemomicrocirculatory
bed of the synovial membrane of the knee joint indi-
cate that in diabetic arthropathy, the remodeling of the
studied structures was characterized by the narrowing
of the vessels of the supplying (arterioles, precapillary
arterioles), exchange (hemocapillaries) links and the
pronounced expansion of its venous part (postcapillary
venules and venules) which led to venous hyperemia
and venous stasis. A pronounced decrease in the den-
sity of microvessels indicated the deterioration of hem-
omicrocirculation, transcapillary exchange, and trophic
of the studied structures [1, 8, 11]. Optically, postcapil-
lary venules and venules are markedly expanded, filled
with blood, with foci of stasis, thrombosis, and diape-
desis hemorrhages. Some of the hemocapillaries are re-
duced, their wall in places with signs of fibrinoid edema,
necrosis and hyalinosis. In diabetic arthropathy, stromal
and paravasal edema, foci of dystrophy and necrobiosis
of epitheliocytes, endotheliocytes, foci of infiltration,
and sclerosis were observed in the synovial membrane.
Identified pathohistological changes dominated in two-
month diabetic arthropathy of the knee joint.

Conclusions. Diabetic arthropathy of the knee joint
in laboratory sexually mature white male rats leads to
pronounced remodeling of the vessels of the hemomi-
crocirculatory bed of the synovial membrane, which is
characterized by a pronounced narrowing of arterioles,
precapillary arterioles, hemocapillaries and expansion
of postcapillary venules and venules, a decrease in the
density of microvessels, venous congestion, hypoxia,
disturbance trophic, dystrophy, necrobiosis of cells
and tissues, foci of infiltration and sclerosis. Structural
changes in the hemomicrocirculatory vessels of the sy-
novial membrane in diabetic arthropathy of the knee
joint depended on the duration of hyperglycemia.

Prospects for further research. A comprehensive
morphological study of the features of the structural
rearrangement of the microvessels of the synovial
membrane of the joints in diabetic arthropathies will
significantly improve their diagnosis, correction, and
prevention.
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MOP®OMETPUYHI ACMEKTU BUBYEHHA OCOBJ/IMBOCTEN PEMOZAE/IOBAHHA MIKPOCYAUH CUHOBIA/Ib-
HOT OBO/IOHKM KO/IIHHOTO CYI/TI0BA MPU AIABETUYHINA APTPONATII

MHaTioK M. C., Baasiok H. C., Tatapuyk J1. B., MoHactupcbKa H. ., KoHoBaneHKo C. O., ficiHoBcbKuii O. b.

Pe3tome. YparKeHHA cyrnobiB y XBOPMX Ha LYKPOBMUI AiabeT € AOCUMTb YacTUM yCKnaZHeHHAM. OcobamnsocTi
CTPYKTYPHUX 3MiH CYAUH reMOMIKPOLIMPKYNATOPHOIO pycaa CMHOBIaibHUX 060N10HOK Npu aiabeTuyHin apTponartii
[OCNiAXKeHi HepocTaTHbo. Mema docnidnceHHs — MopdoMeTpUYHe BM3HAYEHHS 0COBAMBOCTEN PEMOAENOBAHHSA
MiKPOCYAMH CMHOBIa/IbHOT 0B60N0HKM NPU eKcnepuMeHTaNbHil AiabeTuUyHil apTponaTii KoniHHoro cyrioba.

06’ekm i memoodu docnidnceHHsa. Komnnekcom mopdonoriyHnX MeToAiB A0CNIANKEHO MIKPOCYAUHM CUHOBIaNb-
HoT 060/10HKM KoniHHOro cyrnoba 60 nabopaTopHMX CTaTEBO3PINMX BiNUX WypiB-camLiB, AKi Byan po3aineHi Ha 3-u
rpynu. 1-a rpyna Bkatovana 20 iHTaKTHMX TBapuH, 2-a — 20 LypiB 3 micaYyHO AiabeTyHO apTponaTielo KoNiHHOro
cyrnoba, 3-a — 20 eKcnepMMeHTasIbHUX TBAPUH 3 ABOMICAYHOI BKa3aHOt natonorieto. Llykposuii aiabet moaento-
Ba/IM WIAXOM OAHOPA30BOr0 BHYTPILIHbOOYEPEBUHHOIO BBEAEHHA CTpenTo30TouuMHy dipmu «Sigma» y gosi 50
Mr/Kr. Yepes micaupb Ta ABa MicALi Bif, NOYaTKy eKCNepuMeHTY BUKOHYBAIM €BTaHasito LLypiB KPOBOMYCKaHHAM B
YMOBax TiONEeHTanoBOro Hapko3sy. CyaAMHM reMOMIKPOLMPKYAATOPHOTO pycia CMHOBIaNbHOI 06OMIOHKM BMBYAM
6e3iH’eKUiiHMM MeToAoM iMNperHauii a30THOKUC/IMM cpibaiom. Ha mikponpenapaTtax y CMHOBianbHil 06010HLUi BU-
3Ha4YaAWn AiameTpu apTepion, nepegKaniNApHUX apTepion, reMoKaniNAapie, 3aKaniNAPHUX BEHY/, BEHYA, LWiNbHICTb
MIKPOCYAMH Ha 1 MM? TKaHMHM. KisIbKiCHI MOKa3HUKM 06p06s/In CTaTUCTUYHO.

Pe3ynemamu 0ocnidxeHHA ma ix ob2osopeHHA. JiabeTnyHa apTponaTia npM3Boauaa A0 BUPAXKEHOTO pemose-
NOBAHHA MIKPOCYAMH, AKE XapaKTepu3yBasnoca 3BYXKEHHAM apTepion, nepeaKaniNApHUX apTepion, reMoKaninapis
Ta 3HAYHOrO PO3LIMPEHHA 3aKaAMINAPHUX BEHYN Ta BEHYA, LLO NPU3BOAMIO 4O BEHO3HOIO NMOBHOKPOB'A Ta BEHO3-
HOro 3acToto. LLiNbHICTb MiKpocyauH Ha 1 MM? TKAHUHWM CMHOBIaNbHOI 060/IOHKM KONIHHOTO cyro6a Npu MiCAYHIN
eKCnepuMeHTaNbHIN rinepraikemii BusBMAaca MeHWwow Ha 15,7%, a npu asomicayvHin — Ha 18,8% (p<0,001). Bu-
pakeHe 3MeHLEeHHA LWiIbHOCTi MiKPOCYAMH CBiAYMA0 MPO NOTipWaHHA reMOMIKPOLMPKYAALLT, TPaHCKaNiNApHOro
06MiHY Ta TpodiKkM A0CNiAXKYBAHUX CTPYKTYP. CBITIOONTUYHO 3aKanifApHi BEHY/M Ta BEHYIN BUPAXKEHO PO3LLMPEHI,
nepenoBHEHi KPOB'to, 3 ocepeaKamu CTasiB, TPOMbO3iB, Aianeae3HMX KPOBOBUAMBIB. YacTMHA remoKaninapis pe-
AYKOBaHa, BOHM Bi3yanisyBanucs y BUrNsi TOBCTOCTIHHMX $GibpO3HMX yTBOPIB i3 03HAKaMW rianiHo3y, Biamivanaca
TaKOX iX TOoTanbHa abo HenoBHa obiTepauia NpocBiTiB. B ymoBax 3moaenboBaHOI NaTo/orii cnocTepirasca CTpo-
MaNbHWI Ta NapaBa3a/ibHUN HABPAKK, BOrHMLWA ANCTPOdii Ta HEKPODio3y eniTeniounTiB, eHAOTENIOLUTIB, Ocepes-
KU1 iHinbTpaLii ckneposy. BuasneHi mopdonoriyHi 3MiHWM MIKpOCyANH SOMIHYBaAM NPU ABOMICAYHIN AiabeTUYHIN
apTponarTii KosiHHoro cyrnoba.

KnrouoBi cnoBa: KoniHHWUI cyrnob, aiabetnyHa apTponaria, MiKpoCyAnHKU, CUHOBIa/IbHa 060/10HKa.

MORPHOMETRIC ASPECTS OF STUDY OF FEATURES OF REMODELING OF MICROVESSELS OF SYNOVIAL
MEMBRANE OF THE KNEE JOINT AT DIABETIC ARTHROPATHY

Hnatjuk M. S., Vadzyuk N. S., Tatarchuk L. V., Monastyrska N. Ja., Konovalenko S. O., Yasinovskyi O. B.

Abstract. Joint damage in patients with diabetes is a fairly frequent complication. Features of structural changes
of blood vessels of the hemomicrocirculatory bed of synovial membranes at diabetic arthropathy have not been
sufficiently investigated. The purpose of research—morphometric study of the features of remodeling of microvessels
of the synovial membrane at experimental diabetic arthropathy of the knee joint.

Methods and Material. The microvessels of the synovial membrane of the knee joint of 60 laboratory sexually
mature white male rats, which were divided into 3 groups, were investigated using a complex of morphological
methods. The 1 group included 20 intact animals, the 2 — 20 rats with one-month diabetic arthropathy of the knee
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joint, the 3 — 20 experimental animals with the two-month indicated pathology. Diabetes mellitus was simulated by
a single intraperitoneal injection of streptozotocin by Sigma at a dose of 50 mg/kg. One month and two months after
the start of the experiment, rats were euthanized by bloodletting under thiopental anesthesia. The vessels of the
hemomicrocirculatory bed of the synovial membrane were studied by the non-injection method of impregnation
with silver nitrate. The diameters of arterioles, precapillary arterioles, hemocapillaries, postcapillary venules,
venules, and the density of microvessels per 1 mm? of tissue were determined on micropreparations in the synovial
membrane. Quantitative indicators were processed statistically.

Results and Discussion. Diabetic arthropathy led to pronounced remodeling of microvessels, which was
characterized by narrowing of arterioles, precapillary arterioles, hemocapillaries and significant expansion of
postcapillary venules and venules, which led to venous congestion and venous stasis. The density of microvessels
per 1 mm? of tissue of the synovial membrane of the knee joint was lower by 15.7% during one-month experimental
hyperglycemia, and by 18.8% during two-month hyperglycemia (p<0.001). A pronounced decrease of the density
of microvessels indicated the deterioration of hemomicrocirculation, transcapillary exchange and trophicity of the
studied structures. Optically, postcapillary venules and venules are markedly expanded, filled with blood, with foci
of stasis, thrombosis, and diapedesis hemorrhages. Some of the hemocapillaries were reduced, they were visualized
in the form of thick-walled fibrous formations with signs of hyalinosis, their total or incomplete obliteration of
the lumens was also noted. Stromal and paravasal edema, foci of dystrophy and necrobiosis of epitheliocytes,
endotheliocytes, and foci of sclerosis infiltration were observed in the conditions of simulated pathology. Identified
pathohistological changes dominated in two-month diabetic arthropathy of the knee joint.

Key words: knee joint, diabetic arthropathy, microvessels, synovial membrane.
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MOP®OMETPUYHI ACNEKTU BUBYEHHA OCOB/IMBOCTEN PEMOJE/TIIOBAHHSA
MIKPOCYANH CUHOBIA/IbHOT OBOTIOHKW KOJIIHHOIO CYI/I0BA
NPU AIABETUYHIN APTPONATIT

TepHONINbCbKUIA HAaLiOHaNbHUIA MeaAUYHUA YHiBepcuTeT imeHi . fl. Top6aueBcbkoro MO3 YKkpaiHu
(m. TepHoninb, YkpaiHa)
hnatjuk@tdmu.edu.ua

Llykposuli Odiabem Hepidko npu3sodumse 00 ypaxeHHA cyenobis, MopgozeHe3 AK020 8us4YeHull
HedocmamHbo. Memow 00cnidxeHHAa 6yn10 MopgomempuyHe eus4YeHHA ocobausocmell pPemoOento8aHHs
MIKpOCYOUH CUHOBIaAbHOI 060A0HKU MpU eKcriepumMeHmasnsHili diabemuyHili apmponamii KoniHHo20 cyenoba.
MopgonoziyHUMU ma Mopghomempu4yHUMU MemMoOaMuU 8UBYEHI MIKPOCYOUHU CUHOBIAbHOI 060A0HKU KOMIHHO20
cyenoba 60 cmameeso3pinux binux wypie-camyis, Aki byau po3dineHi Ha 3-u epynu. 1-a 2pyna Hapaxosyeand
20 iHmaKkmHux meapuH, 2-a — 20 wypie 3 Mmica4Horo diabemuy4Ho apmpornamiero KoniHHo20 cyenoba, 3-9 — 20
eKcrepumeHmasnbHUX MeapuH 3 080MICAYHOK BKA3AHOK namosnoeieto. inepanikemito Mooenosanu 00HOPA308UM
B8HYMPIWHbOOYEPEBUHHUM 88€0EHHAM CMpPenmo3omouyuHy gipmu «Sigma» y 003i 50 me/ke. EsmaHasito wypie
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BUKOHY8A/U 3a O0MOMO20K KPOBOMYCKAHHA 8 YMOBAX MiONeHMan-Hampieso2o HapKo3y Yyepes micayb ma 08a
micayi 8i0 noyamky 0ocnidy. CyOuHU 2eMOMIKPOYUPKYAAMOPHO20 pPycad CUHOBIanAbHOI 060/10HKU 8usyanu
besiH'ekyiliHum mMemodom 3a O00MOMO20K iMMApez2Hayii a30MmHOKuUcAuM cpibsom. Ha Mmikponpenapamax
Yy CcuHosianeHili 060a0HYi 6U3HaYanu Oiamempu apmepios, NepeodKaninapPHUX apmepios, eemMoKaninapis,
30KANiAAPHUX 8eHYs, 8eHYA, WinbHicme MikpocyOuH Ha 1 Mm? mkaHuHuU. OmpumaHi mopgomempuyHi napamempu
CYOUH 2eMOMIKPOUUPKYAAMOPHO20 pycaa 06pobasanu cmamucmuyHo.

BcmaHosneHo, wo OiabemuyHa apmpornamis npu3soousna 00 BUPAXeHOi cmpykmypHoi nepebydosu
MIKPOCYOUH CUHOBIabHOI 0O0MOHKU, AKA XApPAaKmMepu3lysasocsa 38YHEHHAM apmepios, nepedKaninapHUx
apmepiosn, eemokaninApie. BuAssneHe 3HAYHE PO3WUPEHHA 3AKAMIAAPHUX 6EHYA ma 8eHysn npu3soousno 00
8eHO3H020 MOBHOKPOB'A MA 8€HO3HO20 30CMOH0, MOPYWEHHA OPEHAMHCY BEHO3HOI Kpo8i 8i0 CUHOBIA/bHOI 060/0HKU.
Ficmono2iyHo 3aKaninApHi 8eHyAU Ma 8eHYAU 8UPAXHCEHO PO3WUPEHI, 3 HEPIBHOMIPHUM MPOC8IMOM, CAKKYAAYIAMU,
38uBUCMI, NepernosHeHi KPos’to, 3 Bo2HUWAMU cmasis, mpombo3sis, naasmopazili, NapasasasnbHUX KPo8osunUsis.
lemokanindapu Micuamu pedyKOoBaHI, 8UABAAAUCA OcepedKu ibpuHoiOHo20 HABPAKY, HeKpo3y, Oeckeamayili
eHOomeoioyumis. B cuHosianbHili 060a10HYi Npu diabemu4Homy nopaxceHHi cy2noba criocmepiaascs cmpomasnbHUli
ma napasasaneHuli HAbPAKU, 8o2HUWAG ducmpogii ma Hekpobio3y enimenioyumis, eHOomesnioyumis, ocepedKku
iHinempauii ma cknepo3y. CmpykmypHa rnepebydosa cyOuH 2eMOMIKPOYUPKYAAMOPHO20 PyCcad CUHO8IaAbHOT
0060/10HKU Mpu eKcriepumeHmMasnsHili diabemuyHili apmponamii KoniHHo20 cy2noba 3anexcums 8i0 mpusasocmi

2inepeanikemii.

Knruoei cnosa: KoniHHUl cy2nob, diabemuyHa apmpornamis, MiKpocyOUuHU, CUHOBIanbHA 060/10HKQ.

38’A30K ny6iKauii 3 nN"aHOBMMM HayKOBO-A0CIA-
HUMKU poboTamu. PoboTa € pparmeHTOM HayKOBO-A0-
cniaHoi pob6otn TepHOMINbCbKOrO HauioHaNbHOrO Me-
AMYHOTO YHiBepcuTeTy imeHi |. fl. TopbayeBcbkoro MO3
YKpaiHn «CTpYKTypHO-OYHKLIOHaNbHI 3aKOHOMIPHOCTI
nepebiry aganTauiiHO-KOMNEHCATOPHUX MpoLeciB B
OpraHax Ta cMcTemax Mpu onepaTUBHUX BTPYYaHHAX Ha
OpraHax 4YepeBHOI Ta rPyAHOI NOPOXKHMH B yMOBax Aji
TOKCUYHWUX EHAOFEHHUX Ta eK30oreHHux daktopis» (Ne
AeprkaBHOT peecTpauii 0122U000031).

Bctyn. LlykpoBuii AiabeT € po3noBCloaKeHNUM 3aXBO-
pHOBaHHAM, AIKE MA€E TEHAEHLLIO 0 3pOCTaHHA, HEPiIAKO
npM3BOAUTbL A0 iHBANIAHOCTI Ta CMEPTHOCTI XBOPUX i €
Ba*K/IMBOIO MEAMYHOI Ta colianbHO npobnemoto [1,
2]. MowkKoaKeHHA cyrnobiB y NaLLEHTIB 3 rinepraikemieto
€ AOCUTb YaCTUM YCKAAZHEHHAM. 3a AaHUMK BaraTbox
OOCNiAHMKIB, Binblue HiX y 50% XBOPUX Ha LYKPOBUIA
Aniabet 1 Ta 2 TMNY AiarHocTyoTb apTponarito, TobTo aia-
6eT-acoujinoBaHunit octeoapTpur [1, 2, 3]. Mpu BKa3aHil
natonorii BHacnigok eHepreTuyHoro gediuuty nopyLy-
H0TbCA BYIN1€BOAHUMN, GiIKOBUIM, MiHEPANbHUI OOMIHM,
BMHMKAOTb FOPMOHA/IbHI pPO3n1aaun, aHrio- i Heliponarii,
3MiHW peonorii i reMogMHAMIKM Y FTeMOMIKPOLUPKYANA-
TOPHOMY PYC/i, WO YCKNAAHKETbCA pe3opbuieto KicT-
KOBOI TKAHWHW BHACNiAOK AucbanaHcy octeobnacTHOI i
OCTEOKNACTHOI akTMBHOCTI [4, 5, 6]. Bigomo, wo cuHo-
Bia/ibHa 060/I0HKA HacUYeHa CyAMHaAMM, 3aBAAKU AKUM
NPOXoAnTb 06MiH PEYOBMH 3 MOPOKHUHM cyrnoba, Npo-
OYKYETbCA CMHOBIaNbHa pigMHa. CMHoBiIasibHa 06010H-
Ka € TaKOX NeBHUM Bap’epom, Bif LinicHOCTI AKoi 3ane-
KWUTb MOBHOLiHHE QYHKLiOHYBaHHA cyrnoba. Baxnusy
ponb y naToreHesi giabeTnyHux apTponaTiii BiABOAATbL
CYAMHAM reMOMIKPOLMPKYNATOPHOrO pycaa CUMHOBIaNb-
HUX 060/10HOK, 0COBNMBOCTI pemoaeNtoBaHHA AKUX NPU
LbOMY A0CANIAXKEHI HEAOCTATHbO.

Merta gocnigeHHa — moppomeTpUUYHe BU3HAYEH-
HA 0COBNNBOCTEN PEeMOAENOBAHHA MIKPOCYAMH CUHOBI-
a/bHOT 060/TOHKM NPU EKCNEPUMEHTA/IbHIN AiabeTUYHIl
apTponartii KoniHHoro cyrnoba.

O6’€eKT i meTogu pgocnipKeHHA. Komniekcom mop-
$OoNoriYHNX MeToAiB AOCNIAKEHO MIKPOCYANHU CUHOBI-
anbHOi 060/10HKM KoNiHHOTO cyrnoba 60 nabopaTopHMX
CTaTeBO3PiNNX BiNKX WypiB-camuiB, AKi 6ynu posgineHi
Ha 3-u rpynun. 1-a rpyna BKkAtoYana 20 iHTAaKTHUX NpakK-

TUYHO 340POBUX TBAPUH, 2-a — 20 WypiB 3 MICAYHOIO
eKCcrnepMmeHTanbHOW [AiabeTMyHOl apTponaTieto Ko-
niHHoro cyrnoba, 3-1 — 20 eKcnepuMeHTa/bHUX TBa-
PUH 3 ABOMICAYHOI BKa3aHOl naTosorieto. Llykposuit
OiabeT moaentoBanu LWAAXOM OA4HOPA30BOro BHYTPIL-
HbOOYEPEBMHHOIO BBEAEHHA CTPENTO30TOLMHY dipmu
«Sigma» y gosi 50 mr/kr [7]. Yepes micaup Ta gsa mi-
CAL Big, MOYaTKy eKCnepMMeHTY BUKOHYBa/IM eBTaHasito
LLYpPiB KPOBOMYCKaHHAM B yMOBax TiONEHTa/N0BOro Hap-
K03y. CYAMHN reMOMIKPOLIMPKYNIATOPHOIO pyc/iia CUHO-
Bia/IbHOI 060/I0HKKN BUBYANU 6e3iH'eKLiiHUM MeToaom
imnperHauielo a3oTHOKUCIMM cpibaom 3a B. B. Kynpis-
HoBMM [8]. [locniasKyBannca TaKoX ricTONOriYHI npena-
paTn KoniHHOro cyrnoba, 3abapsieHi reMaToKCUAIH-e0-
3MHOM, 3a BaH-li30H, Mannopi, Belireptom, MaccoHoMm,
TonyianHoBmMm cuHim [9, 10]. Ha mikponpenapaTax y
CMHOBIaNbHIN 060NOHL BM3HAYanu AiameTpu apTepion
(OA), nepeakaninapHux aptepion (AMNA), remokaninapis
(Ar), sakaninapHux seHyn (43B), BeHyn (AB), winbHicTb
MmikpocyamH Ha 1 mm? TkanuHu [11, 12, 13]. KinbkicHe
MopdooriYyHe BMBYEHHA CYAWH TEMOMIKPOLMPKYIA-
TOPHOrO pycna 34iMCHIOBa/ I BUKOPUCTOBYIOUMN CUCTe-
MYy Bi3yaslbHOrO aHani3y rictonoriyHMX npenaparis, 30-
6pakeHHsA 3 SIKUX Ha MOHITOp Komn'toTepa BMBOAMAN
3 mikpockona MICROMED SEOSCAN Ta 3a 4ONOMOrow
Bigeokamepwu Vision CCD Camera. Mpu mopdomeTpuy-
HUX OOCNIOXKEHHAX BUKOPUCTOBYBaAM nporpamy Bigeo-
Tect-5,0 KAAPA Image Dose Ta Microsoft Excel Ha nep-
COHa/sibHOMY Komn'toTepi.

MopdomeTpuyHi napametpu obpobnanu cratuc-
TUYHO. CTaTUCTUYHA 06POOKa KiNbKICHWUX BENMYMH NpPO-
BeEeHa y Big4ini CTaTUCTUYHUX AOCNIAKEHDb TepHOoNinb-
CbKOrO HaLiOHa/IbHOrO MeAUYHOro YHIBEPCUTETY iMEHI
I. A. TopbayeBcbkoro MO3 YKpaiHM y nporpamHomy
nakerti «Statsoft Statistica». [locTOBipHICTb pPi3HULi MixK
NopiBHIOBaZIbHUMU MOPGOMETPUYHUMM NapameTpamm
BM3Ha4Yann 3a Kputepiamu CTblogeHTa Ta MaHHa-YiTHi
[14]. focnigskeHHA NpoBOAMAM 3riQHO 3 MOMOMKEHHS-
MU «EBPONENCbKOT KOHBEHLLT OO0 3aXMCTy XpebeTHMX
TBApWH, AKUX BUKOPUCTOBYHOTb B EKCMEPUMEHTAIbHUX
Ta iHWWX Haykosux uinax (Ctpacbypr, 1986), Aupek-
TmBamu Pagun €sponu 2010/63/EU, 3akoHOM YKpaiHu
Ne3447-1V «Ipo 3axucT TBapWH Bifg, *KOPCTOKOrO Mno-
BOZKEHHA», 3aralbHUMU €TUYHUMU NPUHLMMNAMU eKC-
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NepMMeHTIB Ha TBapuHax, yxBaneHumu lMepwnm Hau,i-
OHA/lbHUM KOHTpecom YKpaiHu 3 b6ioeTukm (2001) [15].

Pe3ynbratv AocnigyKeHHs Ta ix o6roBopeHHs. Mpo-
BEAEHUMWN  EeKCMEPUMEHTAZIbHUMKN  AOCIAKEHHAMM
BCTAHOB/IEHO, L0 Yepe3 MicALb Nicia BBeAEHHA cTpen-
TO30TOLMHY PiBEHb [OKO3M B KPOBi y SlabopaTopHuMx
cTaTeBO3piNnX Binmx wypis-camuis 3pic 3 (3,65+0,03)
mmonb/n go (17,15+0,18) mmonb/n, T0670 y 4,7 paswy,
NOPIBHAHO 3 KOHTPO/JIbLHUMM BeEAMYMHAMM, 3 Yepe3
2 MicAaui AaHMi NOKasHUK pgopisHioBaB (16,42+0,12)
MMOsb/N | BUABKBCA 36inbwerHnm y 4,5 pasu (p<0,001).
CBIiTNOONTUYHUMU AOCNIAKEHHAMU MPU EeKCNepUMeH-
Ta/lbHOMY LYKpPOBOMY AiabeTi y KojiHHOMy cyrnobi
nabopaTopHUX CTATEBO3PINMX BiNKX LypiB-cCamuiB BU-
ABNIEHO ereHepaTMBHI 3MiHM AOr0 CTPYKTYP BXKe yepes
MicAUb BiZ, NOYATKY EKCNePMMEHTY, AKi NporpecyBanu B
3a/1IEXKHOCTI BiZ, TPMBANOCTI LLyKpOBOro fiaberty.

OTpuMaHi KinbKicHi MopdonorivyHi NoKasHWKK CyamH
reMOMiKPOLIMPKYIATOPHOFO pycna CUHOBIaNbHOI 060-
JIOHKM KOMiHHOro cyrnoba nokasaHi y Tabauui. Ycec-
TOPOHHIM aHani3om HaseAeHUX MOPPOMETPUUHUX
napameTpiB MiKpOCYAMH BCTAHOB/IEHO, LLLO BOHU MPU Mi-
CAYHIN Ta ABOMICAYHIN eKcnepuMMeHTanbHIl rinepraike-
Mii CyTTEBO 3MiHIOBanmca. Tak, giameTp apTepion remo-
MIKPOLMPKYNATOPHOFO Pycna CUHOBIANIbHOI 0O0NOHKM
KoJliHHOrO cyrnoba npu MicAYHIA ekcnepumeHTasbHil
rinepraikemii ctaTUcTMYHO gocToBipHO (p<0,001) 3meH-
wueca 3 (18,15+0,12) mkm o (17,30+0,12) MKm, To6TO
Ha 4,7%, a Nnpv ABOMIcAYHI — Ha 15,1% (p<0,001).

Tabnuua — MopdpomeTpuuHa XapaKTepuUCTUKa
CYAWH reMOMIKPOLMPKYNATOPHOrO pycna
CMHOBiIaNbHOT 060/10HKM KONIHHOTO cyrioba y
eKcnepumeHTanbHUX TBapuH (Mim)

Observation group
MoKa3HMK
1-a 2-a 3-a
OA, MKM 18,15+0,12 | 17,30+0,12*** | 15,40+0,12***
ONA, mkm | 11,3440,12 | 10,30+0,06*** | 8,56+0,06***
AT, MKm 6,20+0,06 5,87+0,05%** 5,10+0,04***
3B, MKm 13,50+0,12 15,1040,15%** 17,80+0,12***
[B, MKM 28,20+0,21 | 31,75+0,15*** | 36,18+0,24***
Lc 3670,2+41,4 | 3092,6+22,3*** | 2980,5+20,4***

Mpumitka: *** — p<0.001, nopiBHAHO 3 1-t0 rpynoto.

CTpyKTypHa nepebyaoBa nepeakanifapHUX ap-
Tepion cuMHOBIaNbHOI 0BONOHKM KOMiHHOro cyrnoba y
3MOAENbOBAHUX eKCMepuMeHTaNbHUX ymoBax byna
aHanoriyHoto. Mpu MicAYHOMY eKcnepumMeHTaNbHOMY
LyKpoBOMYy paiabeTi giameTp nepeakaninapHux apre-
pion 3 BUPAXKEHOK CTAaTUCTUYHO [AOCTOBIPHOK pi3-
Huuet (p<0,001) smeHwwmsca 3 (11,3410,12) mKm ao
(10,3040,06) mKkm, To6TO Ha 9,2%, a NpU ABOMICAYHIN
eKCnepuMeHTaNbHIN giabeTnyHi apTponartii —Ha 24,5%
(p<0,001) i pocsaras (8,56+0,06) mKkm.

MopdonoriyHo 3MiHEHMMM Yy 3MOAENbOBAHUX EKC-
nepMMeHTasIbHUX YMOBAX BUABUINCA TaKOXK remMokani-
NAPU CUHOBIaNIbHOT 060/10HKM KoNiHHOrO cyrnoba. Tak, y
KOHTPO/IbHWUX CNOCTEPEXKEHHAX [iaMeTp remokaninapis
AopiBHIOBaB (6,20+0,06) MKM, Npu MicauyHiin aiabetmu-
Hi apTponarTii KoniHHoro cyroba — (5,87+0,05) MKm.
Mix HaBeZeHUMW MOPOOMETPUYHUMK MapamMeTpamm
remoKaninApis BUABMEHA CTaTUCTMYHO AOCTOBIpPHA pi3-
HuuA (p<0,001). Mpu UBOMY OCTaHHIN KiNbKiCHUIA MOp-
$ONOTiYHNI NOKA3HUK BYB MEHLWWM Ha 5,3% nopiBHAHO

3 nonepegHim. MNMpu ABOMICAYHIA eKcnepuMeHTasbHIl
rineprnikemii - giametp remokaninAapis CUMHOBIANbHOI
060/I0HKM ypaXKeHOro KoniHHOro cyrnoba pocsaras
(5,10+0,04) mkm. Mix gaHoOO UMPPOBOIO BEIUUYMHOLD i
QHaNOrYHUM KOHTPOJIbHUM MOKa3HMKOM BCTaHOB/IEHA
BMpaKeHa CTaTUCTMYHO AO0CTOBipHa pi3HMuA (p<0,001)
i OCTaHHI MOpdOMETPUYHUIA MapameTp BUABUBCA MEH-
LWMM MOPIBHAHO 3 AiamMeTpoOM remoKaninApis CUHOBI-
a/bHOT 060NOHKN HeyLIKOAXKEHOro KoNiHHOro cyrnoba
Ha 17,7%.

BeHO3Hi MiKpoCcyauHM TeMOMIKPOUMPKYAATOPHOIO
pycna (3aKkaninspHi BeHyu i BeHynn) cMHOBIaNbHOT 060-
JIOHKWU KoJliHHOro cyrnoba npu aiabetnyHiit aptponartii
po3wuptoBanmca. Tak, AiameTp 3aKaninApHUX BEHYN Y
2-14 rpyni cnocTepekeHb (MicsuHa apTponatia KoAiHHO-
ro cyrnoba) 3 BUPAKEHOI CTAaTUCTUYHO [OCTOBIPHOM
pisHuueto (p<0,001) 36inbwmeca 3 (13,50+0,12) mKm
80 (15,10+0,15) mkm, To6TO Ha 11,8%. Mpu gBOMICAY-
Hii giabeTnyHiin apTponaTii KoniHHOro cyrnoba BuAB-
JleHe 3pOCTaHHA AO0CAIAXKYBaHUX cyamH cknano 31,8%
(p<0,001). NpoBegeHUM aHaNi3oM OTPUMaAHUX Mopdo-
METPUYHMX NapaMeTpiB BCTAHOB/IEHO, WO CTPYKTypHa
nepebynoBa BEHYN CMHOBIa/IbHOT 060/MOHKM KONiHHO-
ro cyrnoba y 3mozenboBaHWX YMOBAX EKCMEePUMEHTY
byna TaKolo K 3aKaninapHUX BeHy. Tak, Npu micadHil
rineprnikemii giameTp BeHyn CMHOBIaZIbHOI 06ONOHKM
KoniHHoro cyrnoba cratMcTM4HO aocTtoBipHo (p<0,001)
3pic 3 (28,20+0,21) mkm go (31,75+0,15) MmKm, TO6TO Ha
12,6%, a npu gBomicayHil fgiabeTnuHin apTponarii Ko-
NiHHOro cyrnoba — Ha 28,3% (p<0,001).

WinbHicTb MikpocyanH Ha 1 mm? TKaHWHU CMHOBI-
aNbHOT 060NOHKN HEYLIKOAKEHOIO KONiHHOro cyrioba
nabopaTopHUX CTaTeBO3PINMX Binnx WypiB-camLiB Ao-
piBHtoBana (3670,2+41,4), a npu MicAYHIN AiabeTnyHil
aptponartii — (3092,6+22,3). HeobxigHo BKaszaTtu, LWO
MiXX HaBegeHUMU KinbKiCHUMKM MOpPHONOriYyHMMKU Mo-
Ka3HWMKaMW iCHyBana BMpPaKeHa CTAaTUCTUYHO [AO0CTO-
BipHa pisHuMUA (p<0,001) i ocTaHHiN MOpdpOMETPUUHNIA
napameTp BUABUBCA MEHLIMM 3a nonepeaHin Ha 15,7%,
a Npu ABOMICAYHIN AiabeTnyHin apTponaTii — Ha 18,8%
(p<0,001).

HaBegeHi Ta npoaHanisoBaHi mopdomeTpuyHi napa-
METPU MIKPOCYANH FeMOMIKPOLMPKYNATOPHOrO pycna
CMHOBIaNbHOT 060/I0HKK KoniHHOro cyrnoba ceigyathb,
wo npu giabeTnuHin apTponatii pemoaentoBaHHA A0-
CNiAXKYBAHUX CTPYKTYP XapaKTePU3yBaoCA 3BYKEHHAM
CyAuH MPUHOCHOI (apTepionun, nepeakaninapHi apTepi-
0onun), obMiHHOT (remoKaninapu) NaHOK Ta BUPAXKEHUM
PO3LWMPEHHAM MOro BEHO3HOI YacTUHW (3aKaninsapHi
BEHY/IM Ta BEHy/M), WO NPM3BOAMNO A0 BEHO3HOMO
NMOBHOKPOB’A Ta BEHO3HOrO 3acTo. BupaxeHe 3meH-
WEeHHA LWiNbHOCTI MIKpOCYyAUH CBig4YMa0 npo norip-
WAHHA TFeMOMIKPOLMPKRYNALii, TpaHcKaninspHoro o06-
MiHYy Ta TpodikM AocnigxKyBaHux cTpyKtyp [1, 8, 11].
CBITIOONTUYHO 3aKaNiNAPHI BEHYNW Ta BEHYAW BUpa-
YKEHO PO3LWMpPEHi, NepenoBHeHi KPoB'lo, 3 ocepeaKamm
cTasis, Tpombo03iB, AianegesHNX KpoBoBUIMBIB. YacTu-
Ha remokaninapis peaykoBaHa, ix CTiHKa micuamM 3 03-
Hakamu pibpuHOIAHOro HabpsKy, HEKPO3Y Ta rianiHo3y.
Mpwu piabeTnyHin apTponarii y cMHOBIaNbHIN 060NOHL
CnocTepiraBcs CTPOMasbHUIM Ta NapaBas3a/ibHUIN Ha-
6pAKK, BOTHULWA AMcTpodii Ta HEKpobio3y eniTenioun-
TiB, eHAOoTeniouunTiB, ocepeaKu iHiINbTpaLii, ckaeposy.
BuABneHi naTorictonorivyHi 3amiH1 4OMiHYBaAn Npu ABO-
MicAYHIN aiabeTnyHilt apTponarii KoniHHOro cyrnoba.
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BucHoBKM. [liabeTnyHa apTponartisa KONiHHOrO Cyr/io-
6a y nabopaTopHUX cTaTeBO3PiNUX 6iAnx LLypiB-camLiB
NpW3BOAMTbL [0 BMPAXKEHOTO PEMOAE/NOBAHHA CyAUH
reMOMIKPOLMPKYNATOPHOrO pycia CUHOBianbHOI o6o-
JIOHKM, AKE XapaKTePU3YETbCA BUPAKEHUM 3BYKEHHAM
apTepion, nepeAKaninApHUX apTepion, remoKaninapis Ta
PO3LIMPEHHAM 3aKaNiIAPHUX BEHY/ | BEHY/, 3MEHLUEH-
HAM LWiNIbHOCTi MiKPOCYAMH, BEHO3HUM MOBHOKPOB'AM,
rinoKcCieto, NopyweHHAM TpodikM, ANcTpodieto, HEKPO-
6i030M KNITWH | TKaHWH, ocepeAkamu iHInbTpaLii Ta

CKNepo3yBaHHA. CTPYKTYPHi 3MiHW CYAWH FemMOMiKpo-
LMPKYNATOPHOIO pyc/ia CUHOBiIaNbHOI 0BONOHKK Npu
niabeTnyHil apTponarii KoniHHOro cyrnoba 3anexkanu
Bif, TPMBaNOCTI rinepraikemii.

MepcnekTMBM NOJANbLUMX BOCAIAKEHDb. BcecTOpoH-
HE KomnieKkcHe mMopdosioriyHe BMBYEHHA 0cobamBoc-
TeW CTPYKTypHOI NnepebyaoBu MiKpoCyauH CUHOBIaAbHOI
06010HKM cyrnobis nNpu giabeTMyHUX apTponaTiax Ao-
3BO/IMTb CYTTEBO MOKPALLMTM iX AIarHOCTUKY, KOPEKL,it0
Ta NpodinakTuKy.
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MOP®OMETPUYHI ACMIEKTU BUBYEHHA OCOBJIMBOCTEN PEMOZAENIOBAHHA MIKPOCYAUH CUHOBIA/b-
HOI OB0/IOHKM KO/IIHHOTO CYINOBA NPU AIABETUYHIA APTPONATII

FHaTioK M. C., Baasiok H. C., Tatapuyk J1. B., MoHactupcbKa H. ., KoHoBaneHKo C. O., ficiHoBcbKuii O. b.

Pe3tome. YparkeHHs cyrnobiB y XBOPMX Ha LYKPOBMUI fiabeT € AOCUTb YacTUM ycKnazHeHHaMm. OcobamnsocTi
CTPYKTYPHUX 3MiH CYAUH reMOMIKPOLMPKYNATOPHOIO pycaa CMHOBIaibHUX 060NOHOK Npu AiabeTuuHin apTponatii
OOCNiAXKeHI HeaoCTaTHbo. Mema 0ocnioneHHs — MopGOMETPUYHE BU3HAUYEHHA 0COBAMBOCTEN pemMoaentoBaHHsA
MIiKPOCYAMH CMHOBIaIbHOI 0B60NIOHKM NPU eKCNepUMEeHTaNbHIN aiabeTuuHin apTponaTii KoniHHoro cyrnoba.

06’ekm i memoodu docnionceHHsA. Komnnekcom mopdonoriyHnMX MeToAiB A0CNIANKEHO MIKPOCYAUHM CUHOBIaNb-
HOT 060/10HKM KoniHHOro cyrnoba 60 nabopaTopHMX CTaTEBO3PINMX BINNX WypiB-camLiB, AKi Byan po3aineHi Ha 3-u
rpynu. 1-a rpyna Bkatoyana 20 iHTaKTHMX TBapuH, 2-a — 20 LypiB 3 micaYyHO AiabeTUyHO apTponaTielo KONiHHOro
cyrnoba, 3-1 — 20 eKcnepMmeHTalbHUX TBAPUH 3 ABOMICAYHOI BKa3aHO natonorieto. LlykpoBuii aiabet moaento-
Ba/IM W/IAXOM OAHOPA30BOr0 BHYTPILIHbOOYEPEBUHHOIO BBEAEHHA CTpenTo30TouMHy dipmu «Sigma» y gosi 50
Mr/Kr. Yepes micAupb Ta ABa MicALi Big, NOYaTKy eKCnepuMeHTy BUKOHYBa/IM eBTaHas3ilo LypiB KPOBOMYCKaHHAM B
yMOBaXx TioneHTanoBoro Hapkosy. CyaAuHM reMOoMiKPOLMPKYNATOPHOrO pycaa CMHOBIaNbHOI 0O0O/IOHKM BUBYAAM
6e3iH’eKLiiHMM MeToZOM iMMNperHau,ii a3oTHOKUCIMM cpibaom. Ha mikponpenapaTtax y CMHOBianbHiM 06010HLi BU-
3Ha4YaAKn AiameTpu apTepion, nepegKaninApHUX apTepion, remoKaninAapie, 3akaniNAPHUX BEHY/, BEHYA, LWiNbHICTb
MIKPOCYAMH Ha 1 MM? TKaHMHM. KiZIbKiCHI MOKa3HUKM 06p06s/IM CTaTUCTUYHO.

Pe3ynbmamu docnidxceHHs ma ix o62o8opeHHA. liabeTnyHa apTponaTia Np1M3BOAMAA 40 BUPAXKEHOrO pemoge-
JIIOBAHHA MIKPOCYAMH, AKE XapaKTepu3yBanoca 3BYKEHHAM apTepion, nepesKaninApHUX apTepion, remokaninapis
Ta 3HAYHOrO PO3LUMPEHHA 3aKaNiNAPHUX BEHYN Ta BEHYA, LLO NPU3BOAMIO 4O BEHO3HOIO NMOBHOKPOB'A Ta BEHO3-
Horo 3acToto. LLinbHICTb MiKpocyauH Ha 1 MM? TKAHUHWM CMHOBIaNbHOI 060/IOHKM KONIHHOTO cyrio6a Npu MicCAYHIN
eKcrnepuMMmeHTaNbHIN rinepraikemii BUABMAacs MeHwow Ha 15,7%, a npu ABomicavHii — Ha 18,8% (p<0,001). Bu-
parkeHe 3MeHLUEHHA WiNbHOCTI MIKPOCYAMH CBiAYMAO NPO NOTipWaHHA reMOMIKPOLMPKYAALIT, TPAaHCKaNiAApHOro
06MiHY Ta TPOdiKM A0CNIAKYBAHUX CTPYKTYP. CBITNIOONTUYHO 3aKaniNApHi BEHYM Ta BEHYIM BUPAXKEHO PO3LLUMPEHI,
nepenoBHeHi KPoB'to, 3 ocepeaKamu CTasiB, TPOMbOO3iB, Aianeae3HMUX KPOBOBUAMBIB. YacTMHA remoKaninapis pe-
[AYKOBaHa, BOHM Bi3yanisyBanucs y BUrNsi TOBCTOCTIHHMX GiBpO3HUX yTBOPIB i3 03HAKaMW rianiHo3y, Biamivanaca
TAKOXK iX ToTanbHA abo HenoBHa ob6iTepaLia NpoceiTiB. B ymoBax 3moaenboBaHOI NAToNOri cnocTepirasca cTpo-
Ma/IbHWI Ta NapaBa3a/ibHUI HAbPAKKM, BOrHMWA ANCTPOdii Ta HEKPObio3y eniTeniouunTiB, eHAOTENIOLUTIB, Ocepes-
K1 iHdinbTpauii ckneposy. BussneHi mopdonoriyHi 3miH1U MiKpOCYAWH AOMiIHYBaAW NPU ABOMICAYHIN AiabeTuuHil
apTponarTii KosliHHoro cyrnoba.

KnrouoBi cnoBa: KoniHHWUI cyrnob, aiabetnyHa apTponaria, MiKpoCyAnHKU, CUHOBIasIbHa 060/I0HKa.
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MORPHOMETRIC ASPECTS OF STUDY OF FEATURES OF REMODELING OF MICROVESSELS OF SYNOVIAL
MEMBRANE OF THE KNEE JOINT AT DIABETIC ARTHROPATHY

Hnatjuk M. S., Vadzyuk N. S., Tatarchuk L. V., Monastyrska N. Ja., Konovalenko S. O., Yasinovskyi O. B.

Abstract. Joint damage in patients with diabetes is a fairly frequent complication. Features of structural changes
of blood vessels of the hemomicrocirculatory bed of synovial membranes at diabetic arthropathy have not been
sufficiently investigated. The purpose of research—morphometric study of the features of remodeling of microvessels
of the synovial membrane at experimental diabetic arthropathy of the knee joint.

Methods and Material. The microvessels of the synovial membrane of the knee joint of 60 laboratory sexually
mature white male rats, which were divided into 3 groups, were investigated using a complex of morphological
methods. The 1 group included 20 intact animals, the 2 — 20 rats with one-month diabetic arthropathy of the knee
joint, the 3 — 20 experimental animals with the two-month indicated pathology. Diabetes mellitus was simulated by
a single intraperitoneal injection of streptozotocin by Sigma at a dose of 50 mg/kg. One month and two months after
the start of the experiment, rats were euthanized by bloodletting under thiopental anesthesia. The vessels of the
hemomicrocirculatory bed of the synovial membrane were studied by the non-injection method of impregnation
with silver nitrate. The diameters of arterioles, precapillary arterioles, hemocapillaries, postcapillary venules,
venules, and the density of microvessels per 1 mm? of tissue were determined on micropreparations in the synovial
membrane. Quantitative indicators were processed statistically.

Results and Discussion. Diabetic arthropathy led to pronounced remodeling of microvessels, which was
characterized by narrowing of arterioles, precapillary arterioles, hemocapillaries and significant expansion of
postcapillary venules and venules, which led to venous congestion and venous stasis. The density of microvessels
per 1 mm? of tissue of the synovial membrane of the knee joint was lower by 15.7% during one-month experimental
hyperglycemia, and by 18.8% during two-month hyperglycemia (p<0.001). A pronounced decrease of the density
of microvessels indicated the deterioration of hemomicrocirculation, transcapillary exchange and trophicity of the
studied structures. Optically, postcapillary venules and venules are markedly expanded, filled with blood, with foci
of stasis, thrombosis, and diapedesis hemorrhages. Some of the hemocapillaries were reduced, they were visualized
in the form of thick-walled fibrous formations with signs of hyalinosis, their total or incomplete obliteration of
the lumens was also noted. Stromal and paravasal edema, foci of dystrophy and necrobiosis of epitheliocytes,
endotheliocytes, and foci of sclerosis infiltration were observed in the conditions of simulated pathology. Identified
pathohistological changes dominated in two-month diabetic arthropathy of the knee joint.

Key words: knee joint, diabetic arthropathy, microvessels, synovial membrane.
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