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Joint damage in patients with diabetes is a fairly common complication that has not been studied enough. The
aim of the research was to study the features of structural changes in chondrocytes of the articular surfaces of the
femur and tibia in experimental diabetic arthropathy of the knee joint.

Morphological methods were used to study the articular surfaces of the femur and tibia of 60 laboratory mature
white male rats, which were divided into 3 groups. The 1st group included 20 intact, almost healthy animals, the
2nd — 20 rats with monthly experimental diabetic arthropathy of the knee joint, the 3rd - 20 experimental animals
with two-month specified pathology. Diabetes mellitus was simulated by a single intraperitoneal administration of
streptozotocin "Sigma" at 50 mg/kg. One month and two months after the start of the experiment, rats were eutha-
nized by bloodletting under thiopental anesthesia. Diameters of young and mature chondrocytes and their nuclei,
nuclear-cytoplasmic relations in these cells, the relative volume of damaged chondrocytes, intercellular-chondrocyte
relations were determined on histological micropreparations in cartilaginous tissues of articular surfaces of femur
and tibia. Quantitative indicators were processed statistically. It has been established that prolonged hyperglycemia
leads to diabetic arthropathy of the knee joint, characterized by atrophy of chondrocytes and changes in their nucle-
ar-cytoplasmic relations, which indicates a violation of cellular structural homeostasis. In diabetic arthropathy, there
was a marked increase in the relative volume of damaged chondrocytes and the volume of intercellular substance.
The detected changes in quantitative morphological parameters depended on the duration of hyperglycemia and

dominated in young chondrocytes and the cartilaginous tissue of the tibia articular surface.
Key words: knee joint, diabetic arthropathy, chondrocytes, femur, tibia.

Relationship of the publication with the planned
research works. The article is a fragment of the research
work I. Horbachevsky Ternopil National Medical Univer-
sity of the Ministry of Health of Ukraine “Structural and
functional patterns of adaptive-compensatory process-
es in organs and systems during surgery on abdominal
and thoracic cavities under the toxic influence of en-
dogenous and exogenous factors» (Ne state registration
0122U000031).

Introduction. Diabetes is a widespread disease with
a steady tendency to increase, often leads to invalid-
ity and mortality, and is a significant medical and social
problem [1, 2]. At the specified pathology, joints af-
fected very often. According to many researchers, more
than 50% of patients with type 1 and type 2 diabetes are
diagnosed with arthropathy, i.e., diabetes-associated
osteoarthritis [2, 3, 4]. With diabetes, the human body
disrupts protein, carbohydrate, mineral metabolism,
hormonal disorders, angio- and neuropathy, changes in
blood rheology, and hemodynamics [5, 6]. These factors
lead to structural and functional changes in cartilage tis-
sue, which in diabetic arthropathy have not been stud-
ied enough [7].

The aim of the study was to determine the features
of structural changes of chondrocytes of the articular
surfaces of the femur and tibia in experimental diabetic
arthropathy of the knee joint.

Object and methods of research. A complex of
morphological methods was used to study the articular
surfaces of the femur and tibia of 60 laboratory mature
white male rats, which were divided into 3 groups. The
1st group included 20 intact, almost healthy animals,
the 2nd — 20 rats with monthly experimental diabetic

arthropathy of the knee joint, the 3rd — 20 experimental
animals with two-month specified pathology. Diabetes
mellitus was simulated by a single intraperitoneal ad-
ministration of streptozotocin “Sigma” at 50 mg/kg [8].
One month and two months after the start of the ex-
periment, rats were euthanized by bloodletting under
thiopental anesthesia. The histological microprepara-
tions [9] in the cartilaginous tissues of the articular sur-
faces of the femur and tibia determined the diameters
of young (Y) and mature (M) chondrocytes (DC) and
their nuclei (DNC), nuclear-cytoplasmic ratio in these
cells (NCRC), relative damaged chondrocytes (RVDC),
intercellular-chondrocyte ratio (ICR) [10]. Quantitative
morphological study of chondrocytes was performed
using a visual analysis system of histological specimens,
images of which were displayed on a computer moni-
tor from a microscope MICROMED SEOSCAN and using
a Vision CCD Camera. We used KAAPA Image Dose and
Microsoft Excel Video Test-5.0 on a personal computer
during morphometric studies.

Morphometric parameters were processed statisti-
cally. Statistical processing of quantitative values was
carried out in the Department of Statistical Research of
the Ivan Horbachevsky Ternopil National Medical Uni-
versity of the Ministry of Health of Ukraine in the soft-
ware package “Statsoft Statistica”. The significance of
the difference between the comparative morphometric
parameters was determined by the Student’s t-test and
Mann — Whitney U-test [11].

The research was performed following 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
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Directive 2010/63 / EU, Law of Ukraine No. 3447 — V. On
the Protection of Animals from Cruelty”, general ethical
principles of animal experiments, approved by the First
National Congress of Ukraine on Bioethics (2001) [12].

Research results and their discussion. Experimental
studies have shown that one month after the introduc-
tion of streptozotocin, blood glucose levels in labora-
tory adult white male rats increased from (3,65+0,03)
mmol/I to (17,15+0,18) mmol/l, i.e., increased by 4,7
times compared to control values, and after 2 months
this figure was equal to (16,42+0,12) mmol/l and was
increased by 4,5 times. Histologically, experimental
diabetes mellitus in the knee joint of laboratory adult
white male rats revealed degenerative changes in its
structures within a month from the start of the experi-
ment, which progressed depending on the duration of
diabetes mellitus.

The obtained morphometric parameters of chon-
drocytes are presented in the table. A comprehensive
analysis of the morphometric parameters of young and
mature chondrocytes presented in this table showed
that they did not differ in the articular surfaces of the
femur and tibia of the intact knee joint. A pronounced
structural difference was found between young and
mature chondrocytes. Thus, young chondrocytes were
characterized by smaller sizes, larger nuclear-cytoplas-
mic ratios compared to mature cells [13].

Analysis of the data in this table also showed that the
conditions of simulated diabetes changed significantly.
Thus, the diameter of young chondrocytes of the articu-
lar surface of the femur in month diabetes was statisti-
cally significantly (p<0,01) decreased from (6,10+0,05)
um to (5,80+0,04) um, ie by 4,9%, with two-month
hyperglycemia — by 17,2% (p<0,001). The diameters of
the nuclei of young chondrocytes in these experimental
conditions were reduced by 2,2% (p<0,05) and 12,8%
(p<0,01), respectively. Uneven, disproportionate chang-
es in the morphometric parameters of chondrocytes
and their nuclei led to a violation of nuclear-cytoplasmic
relations in these cells, which in monthly experimental
hyperglycemia were changed by 5,4% (p<0,01), and in
two-month — by 11,2% (p<0,001). The obtained data in-
dicated a violation of structural cellular homeostasis in
the studied chondrocytes [10], and pronounced changes
in nuclear-cytoplasmic relations indicated their damage.

Intercellular-chondrocyte ratios in the articular sur-
face of the femur in the 2nd group of observations sta-
tistically significantly (p<0,05) increased by 6,1%, in the
3rd group of observations — by 13,0% (p<0,001), which
indicated an increase in cartilage tissue of the articular
surface of the intercellular substance. The relative vol-
umes of damaged young chondrocytes increased by 6,5
and 8,9 times, respectively (p <0,001).

The diameter of mature chondrocytes of the articu-
lar surface of the femur in the control observations was
equal to (12,20+0,12) um, with monthly experimental
hyperglycemia, it was statistically significant (p<0,01)
decreased by 4,1% and reached (11,70£0,12) um, in
two-month diabetes mellitus — by 10,2% (p<0,001),
which indicated their atrophy. Nuclear-cytoplasmic ra-
tios in these cells in monthly arthropathy of the knee
joint changed by 4,7% (p<0,01), and in two-month — by
10,6% (p<0,001). Intercellular-chondrocyte relations
in these experimental conditions increased in monthly
diabetic arthropathy by 9,4%, in two-month — by 14,8%

Table — Morphometric parameters of chondrocytes
of the articular surfaces of the knee joint
of experimental animals (M £ m)

) Observation group
Indicator st | >d | 3-d
Femoral articular surface
DCY, um 6,10+0,05 5,80+0,04** 5,05+0,04***
DNCY, um 4,07+0,03 3,98+0,03* 3,55+0,02***
NCRCY 0,446+0,003| 0,470+0,003** | 0,496+0,004***
ICRY 0,115+0,001| 0,122+0,001* | 0,130+0,001***
RVDCY, % 2,20+0,02 | 14,30+0,12*** | 19,60+0,15%**
DCM, pm 12,2040,12 11,70+0,12* 10,95+0,011%**
DNCM, um | 6,16+0,04 6,01+0,04* 5,81+0,02***
NCRCM 0,255+0,002 | 0,267+0,002** | 0,282+0,003***
ICRM 0,148+0,001 | 0,162+0,002 *** | 0,170+0,002***
RVDCM, % | 2,10+0,02 | 10,80+0,12*** | 15,10+0,15%**
Tibial articular surface

DCY, um 6,08+0,04 5,75+0,04** 4,98+0,04***
DNCY, um 4,05+0,03 3,95+0,02* 3,52+0,02***
NCRCY 0,445+0,003 | 0,470+0,004** | 0,499+0,004***
ICRY 0,115+0,001| 0,124+0,001** | 0,132+0,001***
RVDCY, % 2,22+0,02 | 15,10%0,12*** | 20,30+0,15***
DCM, um 12,1840,12 11,65+0,12* 10,68+0,09***
DNCM, um | 6,10+0,04 6,04+0,04 5,70+0,03***
NCRCM 0,256+0,003 | 0,269+0,003** | 0,285+0,003***
ICRM 0,148+0,001 | 0,164+0,001*** | 0,174+0,002***
RVDCM, % | 2,15+0,02 | 14,80+0,15*** | 16,20+0,18***

Notes: * — p<0,05; ** —p<0.01; *** — p<0,001, compared with 1 group.
(p<0,001), and the relative volumes of damaged ma-
ture chondrocytes in 5,1 and 7,2 times, respectively
(p<0,001).

The structural rearrangement of chondrocytes of the
articular surface of the tibia in the simulated experimen-
tal hyperglycemia was more pronounced than in the
above data. Thus, the diameter of young chondrocytes
of the articular surface of the tibia in simulated month-
ly hyperglycemia decreased statistically significantly
(p<0,01) by 5,4%, at two months — by 18,1% (p<0,001),
and the diameters of the nuclei, respectively — by 2,5%
(p<0,05) and 13,1% (p<0,001). Nuclear-cytoplasmic ra-
tios in young chondrocytes changed by 5,6% (p<0,01)
and 12,1% (p<0,001).

Intercellular-chondrocyte ratios and the relative
volume of damaged young chondrocytes in the studied
experimental conditions increased. Thus, in monthly
experimental hyperglycemia, intercellular-chondrocyte
ratios increased by 2,4% (p<0,05), and the relative vol-
ume of damaged chondrocytes increased by 6,5 times
(p<0,001), in two-month diabetes mellitus, studied mor-
phometric parameters changed respectively by 13,0%
and 8,9 times (p<0,001).

The degree of remodeling of mature chondrocytes
of the articular surface of the tibia in diabetic arthropa-
thy of the knee joint was less pronounced than in young
chondrocytes. Thus, the diameter of mature chondro-
cytes of this joint surface in experimental monthly hy-
perglycemia decreased by 4,3% (p<0,05), in two-month
— by 12,3% (p<0,001), and nuclear-cytoplasmic ratios
increased by 5,1% and 11,3% (p<0,001). In addition,
intercellular-chondrocyte ratios in these experimental
conditions were increased in monthly diabetes by 8,1%
(p<0,001) in two-month — by 17,6% (p<0,001), and the
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relative volume of damaged chondrocytes increased by
6,9 and 7,5 times (p<0,001).

The presented and analyzed morphometric parame-
ters of chondrocytes indicate that the most pronounced
degree of their remodeling was in two months of dia-
betic arthropathy and dominated the cartilaginous tis-
sue of the articular surface of the tibia of the knee joint.
Furthermore, it was found that the degree of remodel-
ing (structural rearrangement) of young chondrocytes
was higher compared to mature cartilage cells, which
was objectively confirmed by changes in nuclear-cyto-
plasmic relationships in the studied cells and the rela-
tive volumes of damaged chondrocytes.

The obtained morphometric parameters indicate
that the degree of chondrocyte remodeling depends
on the duration of hyperglycemia. Structural changes
of the studied cells in the conditions of simulated pa-

thology predominate in the cartilaginous tissue of the
tibia, which is associated with more pronounced loads
exerted by this bone [8].

Conclusions. Prolonged hyperglycemia leads to
diabetic arthropathy of the knee joint, characterized
by atrophy of chondrocytes, violation of their nuclear-
cytoplasmic relations, an increase in the relative vol-
umes of damaged chondrocytes. The detected changes
in quantitative morphological parameters depended on
the duration of hyperglycemia and were dominated in
young chondrocytes and cartilage of the articular sur-
face of the tibia.

Prospects for further research. A detailed, com-
prehensive morphological study of the structural rear-
rangement of chondrocytes of articular bone surfaces
in diabetic arthropathies will significantly improve their
diagnosis, correction and prevention.
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KIZIbKICHAN MOP®ONONYHUIA AHANI3 CTPYKTYPHUX 3MIH XOHOPOLMUTIB CYINTOBOBUX MOBEPXOHb
CTEFHOBOI TA BE/IMKOrOMIJIKOBOI KICTOK NPU EKCMEPUMEHTA/IbHIN AIABETUYHIA APTPONATII KONIHHO-
ro CYIMoOBA

MaTtiok M. C., MoHactupcbKa H. fl., Tatapuyk /1. B., Baastok H. C.

Pestome. [iabeTnyHi apTponaTii y XBOPUX HA LKPOBUI AiabeT HepiAKO 3yCTPivatoTbCA Yy KNIHIYHIA NpaKTuUL.
0co6MBOCTI CTPYKTYPHMX 3MiH XOHAPOLMTIB CYyr1060BMX NOBEPXOHb CTErHOBOI Ta BE/IMKOTOMINIKOBOT KiCTOK i CTPYK-
Typa KoniHHOro cyrnoba npwu LyKpoBoMy AiabeTi BUBYEHI HEAOCTATHLO.

Mema 0ocnidxceHHs — BU3HAYeHHA 0COHIMBOCTEN CTPYKTYPHUX 3MiH XOHAPOLMTIB CYrN060BMX NOBEPXOHb CTer-
HOBOI Ta BE/IMKOTOMIZIKOBOI KiCTOK MpY eKCnepuMeHTabHIM AiabeTnyHiin apTponarii KosiHHOro cyrnoba.

06’ekm i memoodu docnionceHHA. Komnnekcom mopdonoriyHNMX MeToAiB A0CAiAXKEHO cyrnoboBi NOBEPXHI cTer-
HOBOI Ta BE/IMKOTOMINIKOBOI KicTOK 60 nabopaTopHuMX cTaTeBO3pinux 6inmx wypis-camuis, Aki 6yan posaineHi Ha 3-u
rpynu. 1-a rpyna BkAoYana 20 iHTAaKTHUX NPaKTUYHO 340POBUX TBAPUH, 2-a — 20 WwypiB 3 MICAYHOK eKcnepumeH-
Ta/IbHOO AiabeTUYHO apTponaTieto KosliHHOro cyrnoba, 3-a — 20 eKcnepumMeHTaNbHUX TBAPUH 3 ABOMICAYHO BKa-
3aHoto natosorieto. Llykposuit giabeT mogentoBanm WAAXOM OAHOPA30BOr0 BHYTPILLHbOOYEPEBUHHOIO BBEAEHHSA
cTpenTto3oTounHy dipmu «Sigma» y go3i 50 mr/Kkr. Yepes micaub Ta ABa MicALi Big NOYaTKy EKCNEPUMEHTY BUKOHY-
Ba/IN €BTAHA3i0 LLypiB KPOBOMYCKAaHHAM B YMOBAX TiOMEHTA/N0BOro HapKo3y. Ha rictonoriyHnx mikponpenaparax y
XPALLOBUX TKAHMHAX CYyrn1060BUX NOBEPXOHb CTErHOBOT Ta BE/IMKOrOMIZIKOBOI KiCTOK BU3HA4Yanun giameTpu mMoaoamnx
i 3piNNX XoHAPOUMTIB Ta iX AAep, ALEPHO-LUTOMNNA3MATHUYHI BiAHOWEHHA Yy UMX KAITUHAX, BigHOCHMI 06’eM noLKo-
OKEHUX XOHAPOLMUTIB, MiPKKNITMHHO-XOHAPOUMTAPHI BigHOWeEHHA. KifbKiCHI NOKa3sHMKK 06pobasiv cTaTUCTUYHO.

Pe3yniomamu 0ocnioxceHHA ma ix o62o8opeHHsA. BcTaHOBNEHO, UTO TPUBana rinepraikemia npusBoauTb A0 Aia-
6eTMYHOI apTponaTii KoNIHHOTrO cyrnoba, fiKka XapaKTepu3yeTbCcsa aTPOdiED XOHAPOUMTIB | 3MiHAMU B HUX A4EPHO-
LMTOMNA3MaTUYHMX BiJHOLIEHD, WO BKA3yBasio HA NMOPYLUEHHA KAITUHHOIO CTPYKTYpHOro romeoctasy. BuasneHo,
O AAEPHO-LMTONIa3MaTUYHI BiIHOLWEHHS B MOMOAUX XOHAPOLUMTaX Cyr1060BOi NOBEPXHi CTErHOBOT KiCTKM Npwu
MICAYHIl eKcrepMMeHTaNbHIl rinepraikemii BUABUAUCA 3MiIHEHUMU Ha 5,4% (p<0,01), npu ABOMicAYHIl — Ha 11,2%
(p<0,001), y 3pinunx xoHapouuTtax — Ha 4,7% (p<0,01) Ta 10,6% (p<0,001), y cyrnoboBiit noBepxHi BEAMKOrOMiNKOBOT
KiCTKM gaHi MopdoMeTpUYHI MapameTpu BigNoBiAHO 3MiHMAKCA Ha 5,6%, 12,1% (p<0,001) Ta 5,1% i 11,3% (p<0,001).
Mpw piabeTnyHii apTponartii BiamiYanoca BMpaxKeHe 3pOCTaHHA BiAHOCHOrO 06’eMy MOLIKOAMKEHUX XOHAPOLMUTIB i
06—€eMY MiXKKNITUHHOI Pe4YOBUHU. BUABNAEHI 3MiHW KiNbKiCHUX MOP)ONOTiYHUX MOKA3HMKIB 3a01eXKa/u Big TPUBANOCTI
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rinepraikemii i LOMiHyBaIM B MONOANX XOHAPOLMTaX Ta B XPALLOBIi TKAHWHI cyr1060B0OT NOBEPXHi BE/IMKOTOMI/IKOBOI
KICTKW.
Kntouosi cnosa: KoniHHMI cyrnob, aiabeTnyHa apTponartia, XOHAPOLMUTH, CTEFTHOBA, BE/IMKOTOMINIKOBA KiCTKMU.

QUANTITATIVE MORPHOLOGICAL ANALYSIS OF STRUCTURAL CHANGES OF CHONDROCYTES OF ARTICULAR
SURFACES OF THE FEMUR AND TIBIA AT EXPERIMENTAL DIABETIC ARTHROPATHY OF THE KNEE JOINT

Hnatjuk M. S., Monastyrska N. Ja., Tatarchuk L. V., Vadzyuk N. S.

Abstract. Diabetic arthropathies in patients with diabetes are often found in clinical practice. Features of
structural changes of chondrocytes of articular surfaces of femur and tibia and structure of knee joint at diabetes
mellitus are insufficiently studied.

The purpose of research — to study the features of structural changes of chondrocytes of the articular surfaces of
the femur and tibia in experimental diabetic arthropathy of the knee joint.

Methods and Material. The articular surfaces of the femur and tibia of 60 laboratory mature white male
rats, which were divided into 3 groups were studied by morphological methods. The 1 group included 20 intact
practically healthy animals, the 2 — 20 rats with monthly experimental diabetic arthropathy of the knee joint,
the 3 — 20 experimental animals with two-month specified 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. Diameters of
young and mature chondrocytes and their nuclei, nuclear-cytoplasmic relations in these cells, relative volume of
damaged chondrocytes, intercellular-chondrocyte relations were determined on histological micropreparations in
cartilaginous tissues of articular surfaces of femur and tibia. Quantitative indicators were processed statistically.

Results and Discussion. It is established that prolonged hyperglycemia leads to diabetic arthropathy of the
knee joint, which is characterized by atrophy of chondrocytes and changes in their nuclear-cytoplasmic relations,
which indicated a violation of cellular structural homeostasis. It was found that nuclear-cytoplasmic ratios in young
chondrocytes of the articular surface of the femur in monthly experimental hyperglycemia were changed by 5.4%
(p<0.01), in two-month — by 11.2% (p<0.001), in mature chondrocytes — by 4.7% (p<0.01) and 10.6% (p<0.001),
in the articular surface of the tibia these morphometric parameters changed by 5.6%, 12.1% (p<0.001) and 5.1%
and 11.3% (p<0.001). It was found that nuclear-cytoplasmic ratios in young chondrocytes of the articular surface
of the femur in monthly experimental hyperglycemia were changed by 5.4% (p<0.01), in two-month — by 11.2%
(p<0.001), in mature chondrocytes — by 4.7% (p<0.01) and 10.6% (p<0.001), in the articular surface of the tibia
these morphometric parameters changed by 5.6%, 12.1% (p<0.001) and 5.1% and 11.3% (p<0.001). In diabetic
arthropathy, there was a marked increase in the relative volume of damaged chondrocytes and the volume of
intercellular substance. The detected changes in quantitative morphological parameters depended on the duration
of hyperglycemia and dominated in young chondrocytes and cartilage of the articular surface of the tibia.

Key words: knee joint, diabetic arthropathy, chondrocytes, femur, tibia.
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KINbKICHUA MOP®ONOMNYHUA AHANI3 CTPYKTYPHUX 3MIH XOHAPOLMUTIB
CYINNOBOBUX NOBEPXOHb CTEFHOBOI TA BE/IMKOTOMIJIKOBOI KICTOK NPU
EKCMEPUMEHTA/IbHIN AIABETUYHIA APTPONATII KONIHHOIO CYINOBA

TepHONiNbCbKMI HaLiOHANbHUA MeAUYHUA YHiBepcuTeT imeHi |. fl. Top6aueBcbkoro MO3 YKkpaiHu
(m. TepHoRNinb, YKpaiHa)
hnatjuk@tdmu.edu.ua

lMowkKoOxeHHA cyznobis y xeopux Ha uykposulli diabem € docums 4ACMUM YCKAAOHEHHAM, WO B8UBYEeHi
HedocmamHbeo. Memoto docnioxceHHa byno sus4yeHHs ocobausocmeli cmpyKmypHUX 3MiH XoHOpoyumis cy2nobosux
108epPXoHb CMe2HOB80I Ma 8e/1UK020MINIKOBOI KICMOK rnpu ekcriepumeHmansHil diabemuyHil apmponamii KoniHHo20
cyenoba.

3a donnomozoo mopgosnoziyHUX memodig 0ocnidneHo cy2n0608i NogepxHi cme2HO80I Ma 8eaUKO020MinKosoT
kicmok 60 nabopamopHux cmamego3pinux binux wypis-camuyis, AKi 6ynu nodineHi Ha 3-u 2pynu. 1-a 2pyna ska4Yana
20 iHMaKmMHuUX NPaKkmu4yHo 300posux meapuH, 2-a — 20 wypie 3 MiCAYHOK eKcrepuMeHmasnbHor diabemu4Horo
apmponamieto KoniHHo20 cyznoba, 3-a — 20 ekcriepumeHmasabHUX meapuH 3 080MICAYHOK BKA3AHOK AMO/O02IEIO.
Llykposuli diabem mo0dentosasnu wiaaxom 00HOPa308020 BHYMPilWHbO0Yepe8UHHO20 88e0EHHA CMPENMOo30MoyuHy
ipmu «Sigma» y 003i 50 me/ke. Yepes micayb ma 08a micauyi 8i0 mo4amky eKkcriepumeHmy 8UKOHY8A/IU e8MAHA3it0
wypie KpoB8OrnyCKaHHAM 8 YyMO0B8AX MiOeHmasn08020 HAPKO3y. Ha 2icmono2iyHuUx mMiKkponpenapamax y XpAauj08ux
MKAHUHAX cy210608UX M0B8EPXOHb CMe2HO80I Ma UBesUKO20MIfIKOBOI KICMOoK su3Ha4vanu diamempu mosnooux i
3pinux xoHOpoyumie ma ix Adep, A0epHO-YUMONAA3IMAMUYHI 8IOHOWEHHA Y UUX KAIMUHAX, 8i0HOCHUU 06’em
MOWKOOEHUX XOHOpOYUMI8, MiHKAIMUHHO-XOHOPOUUMapHi 8i0HoweHHA. KinbKicHi MoKasHUKuU o06pobnasnu
cmamucmu4Ho. BcmaHosneHo, wo mpusana 2inepanikemisa npuzsodums 0o diabemuy4Hoi apmponamii KoniHHo20
cyenoba, AKa XapakmepulyemMosCA ampoghiero XoHOpouyumis | 3MiHOMU 8 HUX A0epHO-UUMONAa3MamuyHUX
8iOHOWEHb, W0 BKA3YB8A10 HA NOPYWeEHHA KAIMUHHO020 cmpyKmypHo2o 2comeocmasy. [pu diabemuyHili apmponamii
giomiyanoca supaxeHe 3pOCMAHHA 8i0HOCHO20 06’eEMY MOWKOOMHEeHUX XOHOpoyumis | 06’emy MiHKAiMUHHOI
peyvyosuHuU. BussneHi 3MiHU KinbKiCHUX MOP@O02iYHUX MOKA3HUKI8 3aaexanu 8i0 mpusasocmi zinepanikemii i
0OMiHy8a1U 8 MOMOOUX XOHOPOUUMAX Mma 8 XpAw08ili MKAaHUHI cy2n06080i NosepxHi 8eaAUKO20MinKO8OI KiCMKuU.

Kntouoei cnoea: KosniHHul cyenob, diabemu4Ha apmpornamis, XoHOpPoOuUMuU, Cmez2Ho8a, Be/UKO20MINKo8d

KicmKu.

38’A30K ny6nikauii 3 Nn1aHOBMMM HayKOBO-AOCNIA-
HUMKU pob6otamu. PoboTa € dparmeHTOM HayKOBO-A0-
cnigHoi poboTn TepHOMINbCbKOrO HalioHasbHOMO Me-
ANYHOro yHiBepcuTeTy imeHi |. . TopbayeBcbkoro MO3
YKpaiHn  «CTpYKTYPHO-OYHKLiOHaNbHI  3aKOHOMIPHOCTI
nepebiry aganTauiiHO-KOMNEHCATOPHMX MpoLeciB B
opraHax Ta cMcTemax Mpu onepaTMBHUX BTPYYAHHAX Ha
OpraHax 4YepeBHOI Ta FPyAHOI MOPOMKHWH B YMOBax Aji
TOKCUYHUX EHOOTEHHWX Ta eK3oreHHux ¢aktopis» (N
OeprKaBHOT peecTpauii 0122U000031).

Bctyn. LlyKpoBuii fiabeT € WMPOKO PO3NOBCIOAXKe-
HOO XBOPOOOLIO, fiIKAa MaE CTilKy TEHAEHLLI0 40 3pOCTaH-
HA, HepiAKO NPU3BOAUTL A0 IHBANIGHOCTI Ta CMEPTHOCTI
HacCeneHHa i € BaXX/IMBOKD MEAMYHOK Ta COLia/NbHOH
npobnemoto [1, 2]. Mpu BKasaHin naTtonorii HepigKo
ypaxatoTbca cyrnobu. 3a gaHnmu HaraTbox JocCniaHu-
KiB NOLUKOAMKEHHSA cyrno6iB HinbLw Hix y 50% xBopux Ha
LyKkposuii giabet 1 Ta 2 TMNIB AjarHOCTYOTb apTponartii,
To6TO Aiabert-acouiioBaHuii octeoapTput [2, 3, 4]. Mpwn
LyKpoBOMY AiabeTi B OpraHiami Nl0AMHM NOPYLLIYOTHCA
6iNKOBUIA, BYINEBOAHWUI, MiHEpPanbHUIA OOMIHW, BUHMK-
KaloTb rOPMOHa/IbHI PO3/1aaM, aHrio- i Helponartii, 3MiHK
peonoriit Kposi i remoguHamikm [5, 6]. MepepaxoBaHi
baKkTopn Npu3BOAATb A0 CTPYKTYPHO-PYHKLiOHANbHUX
3MiH XPALWOBOI TKAHUHW, AKI Npu AiabeTnuHi apTponaTii
[ocniaxKeHi HegocTaTHbo [7].

MeTa AocnigeHHAa — BM3HayeHHA ocobausocTel
CTPYKTYPHUX 3MiH XOHAPOLMTIB CYrN060BUX MOBEPXOHb
CTErHOBOI Ta BE/IMKOTOMINKOBOI KiCTOK Mpu eKcnepumeH-
TaNbHiN AiabeTnyHiin apTponartii KoniHHoro cyrnoba.

O6’eKT | meToaMn AoCNigKeHHA. Komniekcom mop-
donoriyHnx MeToAiB AocC/iaKeHO CyrnoboBi NMoBepxHi
CTErHOBOI Ta BEJIMKOrOMINKOBOI KicTOK 60 nabopatop-
HUX CTaTeBO3PINNX BiNnMX WypiB-caMmuiB, AKi 6yin pos-
AineHi Ha 3-m rpynu. 1-a rpyna Brkatovana 20 iHTaKTHUX
NPAKTUYHO 340POBUX TBAPUH, 2-a — 20 LypiB 3 MiCAYHOO
€KCMepUMEHTAIbHOK AiabeTUYHOK apTPONaTIED KOJiH-
Horo cyrnoba, 3-a — 20 eKcnepuMeHTa/ibHUX TBapWH 3
ABOMICAYHOIO BKa3aHOl natosorieto. Llykposuin aiabet
MOZe/0BaNN LAAXOM OL4HOPA30BOro BHYTPiLHbOOYepe-
BMHHOIO BBEAEHHA CTPENnTo30ToUMHY dipmn «Sigma» y
003i 50 mr/kr [8]. Yepes micaub Ta ABa micaL,i Big noyaTKy
eKCMepuMeHTy BUKOHYBaAW eBTaHas3ilo LLypiB KpoBOMy-
CKaHHAM B YMOBaXx TiONEHTaN0BOro Hapko3sy. Ha rictono-
riYHMX Mmikponpenapatax [9] y XpALLOBMX TKAHWUHAX CYIN0-
60BMX NOBEPXOHb CTErHOBOT Ta BE/IMKOTOMI/IKOBOT KiCTOK
BM3HaYanu giametpu monoamx (M) i 3pinux (3) xoHgpo-
umTie (OX) Ta ix agep (OAX), aaepHo-UMTONAa3MaTUYHI
BigHOLWEHHA Yy UMx KaiTuHax (ALUBX), BigHOCHMIA 06’em
NOLKOAMKEHUX XoHApounTiB (BOTMX), MiXKKAITUHHO-XOH-
ApountapHi BigHoweHHs (MXB) [10]. KinbkicHe mopdo-
JIOriYHEe BMBYEHHA XOHAPOLMTIB 34iMCHIOBAIN BUKOPUC-
TOBYIOYM CUCTEMY BIi3yaNbHOrO aHanisy ricToNOrvYHUX
npenapariB, 306paXeHHA 3 AKMX Ha MOHITOP Komn'toTepa
snsoaunm 3 mikpockona MICROMED SEOSCAN Ta 3a go-
nomoroto Bineokamepwu Vision CCD Camera. Mpu mopdo-
METPUYHUX AOCNIAKEHHAX BUKOPUCTOBYBAAN Nporpamy
Bineo-Tect-5,0 KAAPA Image Dose Ta Microsoft Excell Ha
nepcoHasabHOMY Komn'toTepi.
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MopdomeTpuruHi napameTpu ob6pobasaan CTaTUCTUY-
Ho. CTaTUCTMYHa 06pobKa KiNbKiCHMX BEMYMH NpoBeae-
Ha y BiAAini CTaTUCTUYHKUX A0CNIAKeHb TepHOMNiNbCbKOro
HaLiOHANIbHOTO MegMYHOro yHiBepcuTteTy iMmeHi |. A. fop-
6ayescbkoro MO3 YkpaiHu y nporpamHomMy nakeTi «Stat-
soft Statistica». [10CTOBipHICTb Pi3HMLL MiXK NOpiBHIOBab-
HUMWU MOPGOMETPUYHUMM MapaMeTpamm BM3HaYaAM 3a
Kputepiammu CTbrogeHTa Ta MaHHa-YiTHi [11].

JocniaykeHHA BMKOHYBaAnAW 3rigHO 3 MOMOXKEHHAMMU
«EBPOMNENCbKOT KOHBEHLii LL0A0 3aXMCTy XpebeTHMX TBa-
PWH, AKUX BUMKOPUCTOBYIOTb B EKCMEPMMEHTANIbHUX Ta
iHWWX HaykoBmx Linax (Ctpacbypr, 1986), AupeKtTneamm
Paan €sponu 2010/63/EU, 3akoHoM YKpaiHn Ne3447-1V
«Mpo 3axmCT TBApWH Bif, }KOPCTOKOTO NMOBOAMKEHHAY, 3a-
ranbHUMW E€TUHHUMW MPUHLMNAMU EKCNEePUMEHTIB Ha
TBaApWHaXx, yxBaseHnmM lMNepLumMm HaLioHaNbHUM KOHrpe-
com YKpainu 3 6ioetukm (2001) [12].

Pe3ynbtati pocnigrKeHHA Ta ix o6roBopeHHs. Mpo-
BEAEHUMU  EKCMEePUMEHTAZIbHUMM  AOCHiIAXKEHHAMMU
BCTAHOB/IEHO, L0 Yepes MicALb MiCNA BBEAEHHA CTPenTo-
30TOLMHY piBEHb [HOKO3M B KPOBi y 1abOpaTopHMX cTaTe-
BO3piNnX BiAnX Wwypis-camuis 3pic 3 (3,65+0,03) mmonb/n
o (17,15+0,18) mmonb/n, To6TO y 4,7 pasu, NOPIBHAHO
3 KOHTPONbHUMW BEZIMUMHAMM, A Yepes 2 micAui gaHui
NoKasHUK aopisHioBas (16,42+0,12) mmonb/n i BUABMBCA
36inbweHum y 4,5 pasu. FicTonoriyHo Npu ekcnepumeH-
Ta/NIbHOMY LlyKpOBOMY AiabeTi y KoniHHOMY cyrnobi nabo-
paTOpHUX CTaTeBO3PINNX BiNX LLypiB-CamMLLiB BUABIEHO
AereHepaTuBHI 3MiHW MOro CTPYKTYP BXKe Yepes MicAub
BiZL MOYATKY EKCMepUMEHTY, AKi NPOrpecyBasiv B 3anex-
HOCTI Bif, TPMBaNOCTI LlyKPOBOTO AiabeTy.

OTpuMaHi MOpPPOMETPUYHI MapaMeTPU XOHAPOLMTIB
npeAcTaBeHi y Tabauui. YcecTopoHHIM aHanisom npea-
CTaBNEHMX Y BKa3aHil Tabamui mopbomeTpmuyHMx napa-
METPIB MONOAMX | 3PIINX XOHAPOUMTIB BCTAHOBAEHO, LLLO
BOHW Y CYyrn060BUX NMOBEPXHAX CTErHOBOI Ta BENNKOro-
MIi/IKOBOT KiCTOK HEYLLKOZXEHOro KoNiHHOTO cyrnoba mixK
coboto He BigpisHANUCA. BupaxkeHa CTPYKTYpHa pisHULUA
BUABJIEHA MiX MOJIOAMMMU Ta 3PINMMU XOHAPOLMUTAMMU.
Tak, MonoAj XOHAPOLUMUTN XapaKTepU3yBaanca MeHLLMMMN
po3mipamu, 6GinblMMK  AAEPHO-LUTOMNNA3ZMATUYHMMMU
BiAHOLWEHHAMM NOPIBHAHO i3 3piAUMM KniTHamu [13].

AHani3oM AaHMX BKa3aHOI TabAuui Tako)K BCTaHOB-
NIEHO, LLO B YMOBAX 3MOAENbOBAHOrO LlYKpOBOro Aiabe-
TY BOHW CYTTEBO 3MiHIOBanucA. Tak, AiameTp monoamx
XOHApPOUMTIB cyrI060BOI NOBEPXHI CTErHOBOI KiCTKMN Npw
MiCAYHOMY LlYyKpOBOMY AiabeTi cTaTUCTUUYHO AOCTOBIPHO
(p<0,01) 3meHwmBscs 3 (6,10+0,05) mkm ao (5,80+0,04)
MKM, TO6TO Ha 4,9%, Npv ABOMICAYHIN rinepraikemii — Ha
17,2% (p<0,001). fiameTpu saep MONOAMX XOHAPOLMTIB
Y OQHUX eKCMepUMEHTANIbHUX YMOBAX BUABU/IUCA Bigno-
BiAHO 3HMXeHUMM Ha 2,2% (p<0,05) Ta 12,8% (p<0,01).
HepiBHOMIpHI, AMCNPONOpPLINHI 3MiHM MopdoMeTpuY-
HUX MapameTpiB XOHAPOLMTIB Ta iX A4ep NPU3BOAMAN 00
NOPYLUEHHA B LUUX KNITUHAX A4EPHO-LMUTONAAa3MaTUYHUX
BiZiHOLWWEHb, AKi NPY MICAYHI eKCnepuMeHTanbHiIn rinep-
rnikemii BUABUAUCA 3MiHEHMMM Ha 5,4% (p<0,01), a npu
ABomicauHin — Ha 11,2% (p<0,001). BuasneHe csigunno
NpPO MOPYLUEHHA CTPYKTYPHOTO KAITUHHOTO rOMeocTasy
y AocnigxyBaHUX xoHapoumtax [10], a BUparkeHi 3miHM
AAEPHO-LUUTOMNIAa3MaTUYHUX BiAHOLWEHb BKa3yBaiuM Ha ix
YPaXKeHHs.

MiXKKNITUHHO-XOHAPOLMTAPHI BiAHOWEHHA Yy CYyr10-
60Bil NOBEPXHi CTErHOBOI KiCTKM y 2-i rpyni cnoctepe-
YKeHb CTaTUCTUYHO AocToBipHO (p<0,05) 3pocan Ha 6,1%.

Tabnuua — MoppomeTpuyHi NOKasHUKKU
XOHAPOLMUTIB CYyrno60BUX NOBEPXOHb KONIHHOTO
cyrnoba ekcnepumeHTanbHUX TBapuH (Mm)

lpyna cnoctepeskeHHs

MoKkasHuk 1a | 72 | 3
CyrnoboBa NoBepxHA CTEFHOBOI KiCTKK

OXM, mkm | 6,10+0,05 5,80+0,04** 5,05+0,04***
OAXM, mkm| 4,07+0,03 3,98+0,03* 3,55+0,02%**
ALBM 0,446+0,003| 0,470+0,003** | 0,496+0,004***
MXBM 0,115+0,001| 0,122+0,001* | 0,130+0,001***
BOMXM, % | 2,20+0,02 | 14,30+0,12*** | 19,60+0,15%**
AOX3, mkm | 12,20£0,12 11,70+0,12* 10,95+0,011***
[OAX3, mkm | 6,16+0,04 6,01+0,04* 5,81+0,02***
AUB3 0,255+0,002| 0,267+0,002** | 0,282+0,003***
MXB3 0,148+0,001 | 0,162+0,002 *** | 0,170+0,002***
BOMNX3, % 2,10+0,02 | 10,80+0,12*** | 15,10+0,15%**

Cyrno6oBa NoBepxHs BEANKOTOMIZIKO

BOI KiCTKMN

OXM, mkm | 6,08+0,04 5,75+0,04** 4,98+0,04***

[OAXM, mkm| 4,05+0,03 3,95+0,02* 3,52+0,02***

ALUBM 0,445+0,003 | 0,470+0,004** | 0,499+0,004***
MXBM 0,115+0,001 | 0,124+0,001** | 0,132+0,001***
BOMXM, % | 2,22+0,02 | 15,10£0,12*** | 20,30+0,15%**
AX3, mkm | 12,1840,12 11,65+0,12* 10,68+0,09***
[OAX3, mKkm | 6,10+0,04 6,04+0,04 5,70+0,03***

ALB3 0,256+0,003 | 0,269+0,003** | 0,285+0,003***
MXB3 0,148+0,001 | 0,164+0,001*** | 0,174+0,002***
BOMX3, % 2,15+0,02 | 14,80+0,15*** | 16,20+0,18***

Mpumitku: * — p<0,05; ** — p<0.01; *** — p<0,001, nopisHAHO 3 1
rpynoto.

y 3- rpyni cnoctepexeHb — Ha 13,0% (p<0,001), wo cBia-
4Ynio Npo 36iMblEHHA Y XPALLOBIMA TKaHUHI cyrnoboBoi
NOBEPXHI MiXKKNITUHHOT pe4yoBUHN. BigHOCHI 06’emu no-
LUKOZMKEHNX MONIOAMNX XOHAPOLMTIB MPK LbOMY 36inbLUn-
/vcsa BignosigHo y 6,5 Ta 8,9 pasu (p<0,001).

[LiameTp 3pinvx xoHApoumTiB cyrnoboBOi NOBEPXHi
CTErHOBOI KiCTKM Y KOHTPOJ/IbHUX CMOCTEPENKEHHAX [O0-
piHtoBaB (12,201+0,12) MKM, npu MicAYHIN eKkcnepu-
MEHTaNbHIN rinepraikemii BiH CTaTUCTUYHO AOCTOBIPHO
(p<0,01) 3meHwwmBca Ha 4,1% i pocaras (11,70+0,12)
MKM, NPU ABOMICAYHOMY LlyKpoBOMY aiabeTi — Ha 10,2%
(p<0,001), wo BKasyBasno Ha ix aTpodito. AaepHO-LMUTO-
NAa3MaTUYHI BIAHOLWEHHA Y UMX KAITUMHAX Npu micad-
Hilt apTponaTii KoniHHOro cyrnoba 3miHuauca Ha 4,7%
(p<0,01), a npu gomicayHin — 10,6% (p<0,001). Mix-
KNITMHHO-XOHAPOLMTAPHI Y AAHMX eKCMepuMeHTaIbHUX
YMOBaX 3p0C/IM NpU MiCAYHIN aiabeTnuHili aptponartii Ha
9,4%, npwv gBomicAYHiN — Ha 14,8% (p<0,001), a BigHOCHI
06—€eMM NOLWIKOAMKEHUX 3PINNX XOHAPOLUMTIB BiAMNOBIAHO
y 5,1 71a 7,2 pasu (p<0,001).

CTpyKTypHa nepebypoBa XoHApPOUMTIB cyrnoboBoi
NOBEPXHi BE/IMKOTOMI/ZIKOBOI KiCTKM B yMOBax 3mope-
NIbOBaAHOI eKCnepuMeHTaNbHOI rinepraikemii BuABMAa-
€A GiNbll BMpPaAXKEHOK MOPIBHAHO 3 HaBEAEHWMW BULLE
JaHumn. Tak, AiaMeTp MOMOAMX XOHAPOLMTIB cyrnobo-
BOi MOBEPXHi BEMKOTOMIZIKOBOI KiCTKM MpPU 3MOAENbOo-
BaHIM MIiCAYHIM rinepraikemii CTaTUCTMYHO [OCTOBIPHO
(p<0,01) 3meHwwmBCA Ha 5,4%, Npu ABOMICAYHIN — Ha
18,1% (p<0,001), a aiameTpu Aaep BiANOBIAHO — Ha 2,5%
(p<0,05) Ta 13,1% (p<0,001). AgepHO-UMTONNA3MATUYHI
BiJHOLEHHA Y MOMIOAMX XOHAPOLMTAX NPU LibOMY 3MiHW-
mcsa Ha 5,6% (p<0,01) Ta 12,1% (p<0,001).

MiKKNITUHHO-XOHAPOUMTAPHI BigAHOWEHHA Ta BiA-
HOCHU 06’€EM MOLIKOAMKEHUX MONOAMUX XOHAPOLMUTIB Y
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[OCNIAXKYBaHUX eKCNepuMeHTabHUX YMOBaxX 3pOCTanu.
TaK, Npu MicAYHiM eKcnepuMmeHTanbHIN rinepraikemii
MiXKKNITUHHO-XOHAPOLMTAPHI BiAHOWEHHS 36inblwmnan-
cs Ha 2,4% (p<0,05), a BigHOCHUIA 06’€M MOLIKOAMKEHMX
XoHApouuTie y 6,5 pasu (p<0,001), npu ABomicAYHOMY
LyKpoBoMy aiabeti gocnigskysBaHi mopdomeTpuyHi na-
pameTpu 3miHMAKCA BianoBigHO Ha 13,0% Ta y 8,9 pasu
(p<0,001).

CTyniHb pemoaentoBaHHA 3PiINX XOHAPOUMTIB Cy-
rno6oBOi MOBEPXHI BEIMKOTOMI/IKOBOT KiCTKM Npu aiabe-
TUYHIN apTponaTii KoniHHOro cyrnoba BUABMBCA MEHL
BMPAXKEHUM MOPIBHAHO 3 MONOAMMMU XOHLPOUMTAMM.
Tak, AiamMeTp 3pinX XOHAPOLMTIB BKasaHoi cyrnobosoi
NOBEPXHi MPU EKCNEPUMEHTAIbHIA MiCAYHIN rinepriike-
Mii 3meHWwmnBcA Ha 4,3% (p<0,05), npu ABOMICAYHIN — Ha
12,3% (p<0,001), a agepHO-UUTONIA3MATUYHI BiAHO-
LEeHHsA 3pocan BignosigHo Ha 5,1% Ta 11,3% (p<0,001).
MiXKKNTUHHO-XOHAPOUMTAPHI BIAHOLWEHHA Y AAHUX eKC-
nepuMMeHTa/IbHUX YMOBAX BUABMANCA 36iNnblUEHNUMM NPU
MiCAYHOMY LyKpoBomy giabeTi Ha 8,1% (p<0,001) npu
ABomicauHomy — Ha 17,6% (p<0,001), a BiagHOCHMI 06'em
NOLUKOAMKEHUX XOHAPOLMTIB 3pic BignosigHo y 6,9 1a 7,5
pasu (p<0,001).

HaBepeHi Ta npoaHanizoBaHi mopdomeTpuyHi napa-
METPU XOHAPOUMTIB CBiAYaTb, WO HalbiNbl BUPAXKEHI-
LWMM CTYMiHb IX PEeMOAE/OBAaHHA BUABMBCA MPU ABOMI-
CAYHIN AiabeTnyHin apTponaTii Ta 4OMIHYBAB Yy XPALLOBIl
TKaHWHI cyrnoboBoi NOBEpPXHi BE/IMKOrOMI/IKOBOI KiCTKM
KoNiHHOro cyrnoba. BctaHOBAEHO, WO CTYNiHb pemose-

NIOBaHHA (CTPYKTYpHOI nepebynoBM) MOMOAMX XOHAPO-
umMTiB Npy ubomy 6yB 6inblUMM MOPIBHAHO i3 3piAMMMK
XPALLOBUMM KNITUHAMM, WO 06’EKTUBHO NiATBEpPAXKYBA-
N0CA 3MiHAMK AAEPHO-LLUTONNa3MaTUYHUX BiAHOLLEHb Y
[OCNIAXKYBaHMX KAITMHAX Ta BiAHOCHMMK 06’emamu no-
LUKOAMKEHUX XOHAPOLUTIB.

OTprMaHi MopbomeTpUYHi NapameTpu CBiAYaTb, WO
CTYyMNiHb PEeMOAENOBAHHA XOHAPOLMUTIB 3a/eXUTb Big,
TpuBanocTi rinepraikemii. CTPYKTYpHi 3MiHW JoCnigxKyBa-
HUX KNITUH B YMOBAX 3MOZe/1b0OBaHOI NaToNorii nepeBa-
YKaOTb Y XPALLOBIM TKAHMHI BE/IMKOTOMIZIKOBOI KiCTKM, LLLO
noB’A3ytoTb 3 Hiibll BUPAXKEHUMM HABAHTAXKEHHAMM, AKi
BMKOHYE AaHa KicTKa [8].

BucHoBKK. TpuBana rinepraikemia npussBoguTb 40
niabeTnyHoi apTponarTii KoniHHOro cyrnoba, AKa xapak-
TepU3yeTbCA aTPOdiet0 XOHAPOLMTIB, MOPYLUEHHAM Y HUX
ALEPHO-LUUTONNA3MATUYHUX BiOHOLWEHb, 3POCTaHHAM
BiHOCHMX 06’€EMIB MOLUKOAKEHUX XOHAPOLMTIB. Busas-
JIeHi 3MiHM KifIbKiCHUX MOPGOMOFYHUX MOKa3HMKIB 3a-
NleXKanun Big, TPMBANOCTI rinepraikemii Ta 4OMIHYBaan y
MOJIOANX XOHAPOUMTAX i XPALLOBIMA TKaHUHI cyrnoboBoi
NOBEPXHiI BE/IMKOrOMINKOBOI KiCTKM.

MepcnekTMBM NoAanbluMxX AochigKeHb. [leTanbHe,
BCECTOPOHHE KOMMJieKCHe MopdonoriyHe BUBYEHHA OCO-
611BOCTEN CTPYKTYPHOI NepebynoBM XOHAPOLMTIB Cyrio-
60BMX NOBEPXOHb KICTOK Npu AiabeTnyHux apTponaTiax
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KITbKICHUA MOP®ONOTNYHUA AHANI3 CTPYKTYPHUX 3MIH XOHAPOLUMTIB CYI/IOEOBUX MOBEPXOHb
CTErHOBOI TA BE/IMKOrOMIZIKOBOT KICTOK MPU EKCNEPUMEHTAJ/IbHIA AIABETUYHIA APTPONATI KO/IIHHO-
ro CYMoBA

MHaTtiok M. C., MoHactupcbKa H. f., Tatapuyk /1. B., Baastok H. C.

Pe3stome. [iabeTnyHi apTponaTii y XBOPMX Ha LKPOBUIA AiabeT HepiaKo 3yCTpivyatoTbCa Yy KAIHIYHIA NpaKkTuLi.
Ocob11MBOCTi CTPYKTYPHUX 3MiH XOHAPOLMTIB CYyr/TI060BUX NOBEPXOHb CTEFHOBOI Ta BE/IMKOTOMIZIKOBOT KIiCTOK i CTPYK-
Typa KoniHHOro cyrnoba npwu LyKpoBoMy AiabeTi BUBYEHI HEAOCTATHLO.

Mema 0ocnidieHHA — BU3HAYEHHS 0COBIMBOCTEN CTPYKTYPHUX 3MiH XOHZAPOLUTIB CYyrnoH60BMX NOBEPXOHDb CTer-
HOBOI Ta BE/IMKOTOMIZIKOBOI KiCTOK MpY eKCnepuMeHTabHIl AiabeTnyHin apTponarii KosiHHOro cyrnoba.

06’ekm i memoOdu docnionceHHsA. Komnnekcom mophonoriYHMX MeToAiB A0CAIAXKEHO CyrnoboBi NOBEpPXHI cTer-
HOBOI Ta BE/IMKOTOMIZIKOBOI KicTOK 60 nabopaTopHuMX cTaTeBO3pinmnx 6inmx wypis-camuis, AKki 6yamn posaineHi Ha 3-u
rpynu. 1-a rpyna skatoyana 20 iHTAaKTHMX NPAKTUYHO 340P0BUX TBAPUH, 2-a — 20 LWypiB 3 MICAYHOIO eKcnepumeH-
TaZbHOO AiabeTUYHO apTponaTierd KONIHHOTO cyrnoba, 3-1 — 20 eKcnepMmeHTa/IbHMX TBaPUH 3 ABOMICAYHOO BKa-
3aHoto natonorieto. Llykposuii giabet moaentoBanu WAAXOM OL4HOPA30BOr0 BHYTPILUHBOOYEPEBUHHOTO BBEAEHHA
cTpenTo3oToumHy dipmu «Sigma» y A03i 50 mr/Kr. Yepes micaub Ta ABa MicAL Big, MoYaTKy eKCnepumMeHTY BUKOHY-
Ba/IM €BTAHA3il0 LypiB KPOBOMYCKAaHHAM B YMOBAX TiOMEHTA/IOBOro HapKo3y. Ha rictonoriyHmx mikponpenapaTax y
XPALLOBUX TKAHUHAX CYr1060BMX NOBEPXOHb CTEFHOBOI Ta BE/IMKOFOMIZIKOBOI KICTOK BU3HAYaAun AiaMeTpn MoogmnxX
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i 3piNNX XOHAPOUMTIB Ta iX A4ep, AAEPHO-LUTONIA3MATUYHI BIAHOWEHHA Y LMX KAITUHAX, BIGHOCHUI 06’em NoLKo-
OYKEHUX XOHAPOLMTIB, MiXKKAITUHHO-XOHAPOLMTAPHI BigHOWeEHHA. KinbKiCHI NOKa3HMKK 06pobasim cTaTUCTUYHO.

Pe3ynibmamu 0ocnioxceHHA ma ix o62o8opeHHsA. BCTaHOBEHO, YTO TPUBAsa rinepraikemia npru3BoauTbL A0 Aia-
6eTMYHOI apTponarii KoniHHOro cyrnoba, Aka xapaKTepusyeTbca aTpodietd XOHAPOUMTIB | 3MiHAMM B HUX AAEPHO-
LMTOMIAa3MaTUYHMX BiJHOLLEHb, WO BKAa3yBa/io HA NOPYLUEHHA KAITMHHOIO CTPYKTYpHOro romeoctasy. BuasneHo,
WO AAEPHO-LMTOMNIA3MATUYHI BiAHOLWEHHS B MOMOAMX XOHAPOLMTaX Cyr/ioboBOi NOBEPXHi CTEFHOBOI KiCTKM Npu
MICAYHI eKcnepuMeHTanbHil rinepraikemii BUSBUAMCA 3MiHEHMMK Ha 5,4% (p<0,01), npu aBomicaYHii — Ha 11,2%
(p<0,001), y 3pinux xoHapounTtax — Ha 4,7% (p<0,01) Ta 10,6% (p<0,001), y cyrnobosii nosepxHi BEMKOroMinKoBoi
KiCTKM AaHi MOppOMETPUYHI MapameTpu BiANoBIAHO 3MiHMAKCA Ha 5,6%, 12,1% (p<0,001)Ta 5,1%i11,3% (p<0,001).
Mpwv giabeTnyHilt apTponarii BiAMiYanoca BMpaxeHe 3pOCTaHHA BiAHOCHOrO 06’eMy NOLUKOAMKEHUX XOHAPOLMTIB i
06—€emy MiXKKNITUHHOT pe4OBUHU. BUABNEHI 3MiHM KinbKiCHUX MOpPdONOriYHNX NOKA3HUKIB 3a/1€eXKanu Big TpMBanocTi
rinepraikemii i 4JOMiHYBasnM B MONOANX XOHAPOLMTaX Ta B XPALLOBil TKAHWHI cyrno60B0Oi NOBEPXHi BEJIMKOrOMINIKOBOI
KICTKW.

KntouoBi cnoBa: KoniHHWI cyrnob, aiabetnyHa apTponaTia, XOHAPOLLMTHU, CTEFTHOBA, BE/IMKOTOMINIKOBA KiCTKW.

QUANTITATIVE MORPHOLOGICAL ANALYSIS OF STRUCTURAL CHANGES OF CHONDROCYTES OF ARTICULAR
SURFACES OF THE FEMUR AND TIBIA AT EXPERIMENTAL DIABETIC ARTHROPATHY OF THE KNEE JOINT

Hnatjuk M. S., Monastyrska N. Ja., Tatarchuk L. V., Vadzyuk N. S.

Abstract. Diabetic arthropathies in patients with diabetes are often found in clinical practice. Features of
structural changes of chondrocytes of articular surfaces of femur and tibia and structure of knee joint at diabetes
mellitus are insufficiently studied.

The purpose of research —to study the features of structural changes of chondrocytes of the articular surfaces of
the femur and tibia in experimental diabetic arthropathy of the knee joint.

Methods and Material. The articular surfaces of the femur and tibia of 60 laboratory mature white male
rats, which were divided into 3 groups were studied by morphological methods. The 1 group included 20 intact
practically healthy animals, the 2 — 20 rats with monthly experimental diabetic arthropathy of the knee joint,
the 3 — 20 experimental animals with two-month specified 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. Diameters of
young and mature chondrocytes and their nuclei, nuclear-cytoplasmic relations in these cells, relative volume of
damaged chondrocytes, intercellular-chondrocyte relations were determined on histological micropreparations in
cartilaginous tissues of articular surfaces of femur and tibia. Quantitative indicators were processed statistically.

Results and Discussion. It is established that prolonged hyperglycemia leads to diabetic arthropathy of the
knee joint, which is characterized by atrophy of chondrocytes and changes in their nuclear-cytoplasmic relations,
which indicated a violation of cellular structural homeostasis. It was found that nuclear-cytoplasmic ratios in young
chondrocytes of the articular surface of the femur in monthly experimental hyperglycemia were changed by 5.4%
(p<0.01), in two-month — by 11.2% (p<0.001), in mature chondrocytes — by 4.7% (p<0.01) and 10.6% (p<0.001),
in the articular surface of the tibia these morphometric parameters changed by 5.6%, 12.1% (p<0.001) and 5.1%
and 11.3% (p<0.001). It was found that nuclear-cytoplasmic ratios in young chondrocytes of the articular surface
of the femur in monthly experimental hyperglycemia were changed by 5.4% (p<0.01), in two-month — by 11.2%
(p<0.001), in mature chondrocytes — by 4.7% (p<0.01) and 10.6% (p<0.001), in the articular surface of the tibia
these morphometric parameters changed by 5.6%, 12.1% (p<0.001) and 5.1% and 11.3% (p<0.001). In diabetic
arthropathy, there was a marked increase in the relative volume of damaged chondrocytes and the volume of
intercellular substance. The detected changes in quantitative morphological parameters depended on the duration
of hyperglycemia and dominated in young chondrocytes and cartilage of the articular surface of the tibia.

Key words: knee joint, diabetic arthropathy, chondrocytes, femur, tibia.
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