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It is known that joints are often damaged with hyperglycemia; that is, the latter is complicated by diabetic ar-
thropathies, in which the mineral content in the bones of the joint changes, which often leads to their damage. The
study aimed to study the mineral composition of the patella in experimental diabetic arthropathy of the knee joint.
With the help of atomic absorption spectral analysis, the content of macro- and microelements of the patella with
diabetic arthropathy of the knee joint of 90 laboratory sexually mature white male rats, which were divided into
three groups, were investigated. The 1st group included 30 intact animals, the 2nd — 30 rats with one-month dia-
betic arthropathy of the knee joint, and the 3rd — 30 experimental animals with the two-month indicated pathology.
Diabetes mellitus was induced by a single intraperitoneal injection of streptozotocin from the company "Sigma" at
50 mg/kg. One month and two months after the start of the experiment, rats were euthanized by bloodletting under
thiopental anesthesia. Quantitative indicators were processed statistically. It was established that experimental hy-
perglycemia led to damage to the structures of the knee joint, in which the content of calcium, phosphorus, and
magnesium in the patella decreased unevenly and disproportionately, and the concentration of sodium increased. It
was established that with diabetic arthropathy of the knee joint, the content of iron, copper, zinc, manganese, and
lead in the bone tissue of the patella decreases disproportionately and unevenly. Diabetic arthropathy of the knee
joint leads to an uneven, disproportionate decrease in the content of macro- and microelements in the patella, ac-
companied by a violation of mineralization and osteogenesis. The most pronounced imbalance was found between

the content of macroelements in two-month diabetic arthropathy of the knee joint.
Key words: knee joint, diabetic arthropathy, patella, macro- and microelements.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work of the
I. Horbachevsky Ternopil National Medical University
of the Ministry of Health of Ukraine “Structural and
functional regularities of the course of adaptation and
compensatory processes in organs and systems during
surgical interventions on organs of the abdominal and
thoracic cavities under the influence of toxic endoge-
nous and exogenous factors,” (state registration number
0122U000031).

Introduction.

Today, diabetes is a significant medical and social
problem due to its widespread, increasing trend and
complications that often lead to the disability and mor-
tality of patients. Joint damage in patients with hyper-
glycemia is not uncommon in the clinic. According to
some researchers, more than 50% of patients with type
1 and type 2 diabetes are diagnosed with arthropathy,
that is diabetes-associated osteoarthritis [1, 2]. With
hyperglycemia, carbohydrate, protein, and mineral ex-
changes are disturbed, hormonal disorders, angio- and
neuropathy, and changes in rheology and hemodynam-
ics occur, complicated by bone tissue resorption due to
an imbalance of osteoblastic and osteoclast activity [3,
4, 5]. The patella is the largest sesamoid bone of the
human body, which participates in the formation of the
knee joint and is poorly studied when it is damaged [6].

The aim of the study.

Determination of the mineral composition of the pa-
tella in experimental diabetic arthropathy of the knee
joint.

Object and research methods.

The content of macro- and microelements in the pa-
tella was studied by atomic absorption spectral analysis

[7]. There were 90 laboratory sexually mature white male
rats divided into three groups. The 1st group included
30 intact, practically healthy animals, the 2nd — 30 rats
with one-month diabetic arthropathy of the knee joint,
and the 3rd — 30 animals with the two-month specified
pathology. Hyperglycemia was modeled by a single in-
traperitoneal injection of streptozotocin from Sigma at
50 mg/kg [8]. Animals were euthanized after one and
two months by bloodletting under thiopental-sodium
anesthesia. The patella was cleaned of soft tissues, and
the content of macroelements: calcium, phosphorus,
magnesium, and sodium, the ratio of the content of cal-
cium to phosphorus and microelements: iron, copper,
zinc, manganese, and lead were determined by atomic
absorption spectral analysis in the specified bone. His-
tological micropreparations were also made from the
patella and knee joint [9]. The obtained quantitative
indicators were processed statistically. The obtained re-
sults were processed in the department of systematic
statistical research of I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine
in the software package STATISTICA (Stat.Soft. Inc, USA).
The Student and Mann-Whitney criteria determined
the difference between comparative indicators [10, 11].
When performing the work, the main provisions of GLP
(1981), the rules for conducting work using experimen-
tal animals (1977), the Council of Europe Convention
on the Protection of Vertebrate Animals Used in Experi-
ments and Other Scientific Purposes of March 18, 1986,
Directives were observed EU Ne 609 dated November
24, 1986, and Order of the Ministry of Health of Ukraine
Ne 281 dated November 1, 2000, the Law of Ukraine
“On the Protection of Animals from Cruelty Treatment”
dated March 14, 2006, the Code of Ethics of a Scientist
of Ukraine (2009) [12].
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Research results and their discussion.

It was established that a month after streptozotocin
injection, the glucose concentration in experimental
animals’ blood increased from (3.65+0.03) mmol/I to
(17.15+0.18) mmol/l, i.e., 4.7 times, compared to the
control. After two months, this indicator increased 4.5
times and reached (16.4240.12) mmol/l. Optically, dur-
ing experimental hyperglycemia, degenerative changes
in its structures were detected in the knee joint of rats
already a month after the start of the experiment, which
progressed depending on the duration of diabetes.

The obtained data on the content of macro- and mi-
croelements in the patella with simulated pathology are
shown in the table. A comprehensive analysis of the in-
dicators in the named table established that they were
changing. Thus, the calcium content in the patella de-
creased statistically significantly (p<0.01) by 7.0% in ex-
perimental one-month diabetes and by 11.2% (p<0.001)
in two-month diabetes, and phosphorus, respectively,
by 12.3 % and 17.5% (p<0.001).

It is worth noting that the uneven, disproportionate
decrease in calcium and phosphorus in the examined
bone led to changes in the Ca/P ratio. In conditions of
one-month hyperglycemia, this indicator was increased

Table — Content of macroelements
and microelements in the patella
of experimental animals (Mim)

. Observation group
Indicator
1 | 2 | 3
Macroelements
Ca, mg/g 105,5+1,2 98,1+1,2%* 93,70,93%**
P, mg/g 81,10+0,81 71,08+0,63*** | 66,90+0,60***
Ca/P 1,30+0,02 1,38+0,02** 1,40+0,02**
Mg, mg/g 1,92+0,02 1,76+0,02*** 1,62+0,02%**
Na, mg/g 6,10+0,05 6,55+0,04** 6,73+0,06***
Microelements
Fe, ug/g 62,70+0,42 60,30+0,39** 57,90+0,36***
Cu, ug/g 2,38+0,03 2,26+0,03* 2,16+0,03**
Zn, mg/g 3,3040,03 3,12+0,02** 2,96+0,02***
Mn, ug/g 1,92+0,02 1,80+0,02** 1,72+0,02%**
Pb, ug/g 0,89+0,01 0,83+0,01** 0,78+0,01***

Notes: *-p<0.05; **-p<0.01; ***-p<0.001 compared to the 1st group.

by 6.1%, and in two-month hyperglycemia — by 7.7%
(p<0.01). It is known that the basis of solid bone tis-
sue consists of calcium and phosphorus, which are the
main macroelements [7]. Changes in the content of the
indicated primary chemical agents and the relationship
between them lead to violations of bone mineralization
and osteogenesis [3, 7].

The content of magnesium in the patella during one-
month hyperglycemia was found to be with a statisti-
cally significant difference (p<0.001) reduced by 8.3%,
with two-month hyperglycemia by 15.6% (p<0.001),
and sodium concentration increased by 7.4% and 10.3%
(p<0.001).

It is known that magnesium is one of the common
macroelements in the human body, a third of magne-
sium is localized in the bones and serves as a depot [7].
A decrease in the amount of magnesium in bone tissue
is accompanied by hypocalcemia, slowing bone growth,
acceleration of resorption processes, decrease in bone
mass, and osteoporosis [7].

The conducted studies established that the content
of microelements in the patella also changed markedly
with diabetic arthropathy. Thus, the concentration of
iron in the specified bone during one-month experimen-
tal hyperglycemia decreased from (62.70+0.42) ug/g to
(60.30+0.39) ug/g, that is, by 3.8% (p<0,01), at a two-
month age — by 7.65% (p<0.001), and the copper con-
tent — by 5.0% (p<0.05) and 9.2% (p<0.01), respectively.

It should be noted that iron is not a structural ele-
ment of bone tissue, but it plays an essential role in the
processes of osteogenesis, and its reduction in the bone
can lead to bone porosity and deterioration of its bio-
mechanical properties [7].

It is known that copper in bone tissue is a catalyst
for several enzyme systems in osteogenic cells and pro-
motes their differentiation. The role of copper in the
energy transport mechanism between apatite and col-
lagen is also essential. This chemical agent takes part in
the processes of collagen and elastin synthesis and pre-
vents the processes of bone demineralization [7].

The concentration of zinc in the patella with one-
month diabetic arthropathy decreased statistically sig-
nificantly by 5.4% (p<0.01), with two-month — by 10.3%
(p<0.001). Similarly, the manganese content in the ex-
amined bone decreased with the simulated experimen-
tal pathology. Thus, the concentration of manganese in
the patella during monthly experimental hyperglycemia
decreased from (1.92+0.02) pg/g to (1.80+0.02) ug/g.
The given digital values were statistically significantly
(p<0.01) different from each other, and the last indi-
cator was lower than the previous one by 6.2%, with
two-month diabetes — by 10.4% (p<0.001), and the
lead content, respectively, by 6.7% (p<0.01) and 12.3%
(p<0.001).

It is known that a deficiency of manganese in the
body can lead to chondrodystrophies, deformation of
tubular bones, and joint pathology. Lead is a toxic ele-
ment, and its increase harms bone regeneration. At the
same time, it is vital for the body. A deficiency of this
trace element disrupts hematopoiesis and body growth
and lowers the iron level in the blood.

The performed experiments and the obtained data
indicate that diabetic arthropathy of the knee joint sig-
nificantly changes the content of macro- and microele-
ments in the patella. It is worth noting that the content
of the main macroelements (calcium and phosphorus)
in the studied bone decreases unevenly and dispropor-
tionately, significantly disrupting the balance between
them, which was adequately confirmed by changes in
the ratios between the content of the specified chemi-
cals. The content of the investigated macro- and micro-
elements in the knee pad was most markedly changed
in two-month diabetic arthropathy of the knee joint. It
should be noted that the sodium content in the stud-
ied bones increased under the conditions of the experi-
ment, significantly disturbing the imbalance between
bone macroelements. Changes in the content of micro-
elements in the patella with simulated pathology were
more pronounced than microelements. Disproportion-
ate changes of macro- and microelements in the patella
during experimental hyperglycemia are found to indi-
cate heterogeneity and disruption of the mechanisms of
osteogenesis and mineralization processes in the exam-
ined bone, which can lead to chondropathy and loss of
its functional fullness [6, 7]
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Histologically, swelling, dystrophic and necrobiotic
processes in the knee cartilage were noted. Resorption
cavities and mosaic-colored areas with a pronounced
destructive process were observed in the examined
bone.

Conclusions.

Diabetic arthropathy of the knee joint leads to an un-
even, disproportionate decrease in the patella’s content
of macro- and microelements. The most pronounced
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imbalance was found in the studied bone between the
content of macroelements in two-month diabetic ar-
thropathy of the knee joint.

Prospects for further research.

A comprehensive study of the mineral composition
of the bones of the knee joint in diabetic arthropathies
will significantly improve their diagnosis, correction, and
prevention.

MoHacmupcoKa H. ., KoHoeaneHko C. O., fAiciHoacbkuii O. b.

3MIHU MIHEPAZIbHOIO CKNAAY HAOKONMIHHUKA
NPU AIABETUYHIA APTPONATII KONIHHOTO CYI/IOBA

TepHONiNbCbKMIT HALiOHANbHUIA MeAUYHUIA YHiBEpcUTET
imeHi I. fl. Top6aueBcbkoro MO3 YkpaiHu (M. TepHoninb, YKpaiHa)
hnatjuk@tdmu.edu.ua

Bidomo, w0 cyenobu HepiOKO MOWKOOHYIOMbCA Mpu 2inepasaikemii, mobmo O0CMaHHA YCKAAOHEMbCA
diabemuyHuMU apmponamismu, npu AKUX 3MIHIOEMbCA emicm MiHepanie y KicmKkax cy2noba, wjo Hepioko
npu3so0ums 00 ix ywKoOHeHHA. Memoro 0ocnidneHHA byano sUBYEHHA MIHEPAIbHO20 CKAAOY HAOKOMIHHUKA npu
eKkcriepumeHmaneHili diabemuyHili apmponamii KoniHHo20 cyznoba. 3a 0onomoz20t0 amomHo-abcopbyiliHoz2o
CreKMpanbHO20 aHAI3y 0O0CAIOHEeHO 8MiCm MAKpo- ma MiKpoeanemeHmis HAOKOoMAIHHUKA npu OiabemuyHili
apmpornamii KoniHHoz2o cyenoba 90 nabopamopHux cmameso3pinux binux wypis-camuis, AKki 6yau po3dineHi Ha
3-u epynu. 1-a epyna skaoyana 30 iHmakmHux meapuH, 2-a — 30 wypis 3 mica4Hor diabemuyHOr apmponamiero
KosiHHO20 cyanoba, 3-a — 30 eKkcrniepumeHmanbHUX MeapuH 3 080MICAYHOIO B8KA3AGHOK rnamosoziero. Llykposuli
diabem crnpu4vyuHBAAU OOHOPA308UM BHYMPIWHbLOOYEPEBUHHUM B88E0EHHAM CMPernmo30moyuHy gipmu
«Sigma» y 003i 50 me/ke. Yepes micaub ma 08a MmicAyi 8i0 MoOYAMKy eKcrnepumeHmy BUKOHY8A/U e8MAaHa3ito
wypie KpoBOrNyCKAHHAM 8 yMO8aX MiorneHmasn08020 HAPKO3y. KinbkicHi MoKa3HUKU ob6pobaaau cmamucmu4Ho.
BcmaHo8a1€eHOo, Wo eKcrnepuMeHmasbHa 2inepaaikemis npu3eoousna 00 ypameHHs CmpyKmyp KoniHHo20 cyenoba,
npu AKOMY HepigHOMIPHO ma AucnponopuyiliHo y HAKOMIHHUKY 3MeHWYy8ascs emicm Kasbyito, hocghopy, mMazHiro,
36inbwysanaca KoOHYeHmpauis Hampir. BcmaHosneHo, wo npu diabemuyHili apmponamii KoniHHo20 cyznoba
ducnpornopyiliHo ma HepisHOMIPHO 3MeHWYEMbCA 8micm 3asi3a, Midi, YUHKY, MAP2aHYto, CBUHUI Y KicmKosili
MKOHUHI HAaOKoniHHUKa. [iabemuy4yHa apmpornamis KoniHHo20 cyenoba npu3sodums 00 HepisHOMIPHO20,
oucnpornopyiliHo2o 3HUMCEHHA 8Micmy MAKpo- ma MiKpoenemeHmis y HOOKOAIHHUKY, W0 Cyrnpo8o0XyemMbcA
MopyweHHAM MiHepanizayii ma ocmeozeHe3y. HalisupaxeHiwuli ducbanaHc eusasneHull MiX 6mMicmom

MaKpoesnemeHmis rnpu 08oxmica4Hili diabemuyHili apmponamii KoniHHo20 cyznoba.
Knro4oesi cnosa: KoniHHUU cy2n06, diabemuyHa apmpornamis, HAOKOMIHHUK, MAKpPO- i MiKpoesnemeHmu.

38’A30K ny6niKauii 3 n1aHOBMMMU HAayKOBO-A0C/IA-
HUMM poboTamu.

Pobota € ¢pparmeHTOM HayKoBO-AOCNigHOT pobo-
TV TepHONINbCbKOrO HaLiOHAaNbHOMO MEAWUYHOTO YHi-
Bepcutety imeHi I. fl. Topbauyescbkoro MO3 YKpaiHu
«CTPYKTYpHO-PYHKLiOHaNbHI 3aKOHOMIpHOCTI nepebiry
aAanTauiiHO-KOMMNEHCAaTOPHUX MPOLLECiB B OpraHax Ta
CMCTeMax Npu onepaTMBHUX BTPYYAHHAX Ha OpraHax ye-
PEeBHOI Ta rPyAHOI MOPOXKHUH B YMOBAX Aii TOKCUYHUX
€HJIOTEHHUX Ta eK3oreHHUX ¢akTopis» (N2 aeprkaBHOI
peecTpauii 0122U000031).

Bcryn.

CbOroZHi LlyKpoBuiA iabeT € BaXK/MBOKO MeANYHO
Ta coujanbHO Npobaemoto, y 38’A3KY 3 LLUIMPOKO PO3-
NOBCIOAKEHICTIO, TEHAEHLLO A0 3POCTaHHA Ta yCKNaa-
HEHHAMM, fAKi YacTo NpM3BOAATb A0 iHBANIAHOCTI Ta
NeTanbHOCTi XBopuX. [NowwKoaKeHHA cyrnobis y naui-
€HTIB 3 riNepraikemiero HepigKo 3yCTPIYAETLCA Y KAiHiL.
3rifiHO AaHUX OEeAKMX AOCNiAHUKIB, Binblue HixK y 50%
XBOPWUX Ha LYKpPOBWUI AjabeT 1 Ta 2 TMNy AiarHOCTYHOTb

apTponartito, TobTo AgiabeT-acouiioBaHWn OCTEoapPTPUT
[1, 2]. Npw rinepraikemii NopyLWwyOTbCA BYIEBOAHWUM,
6inKkoBMIA, MiHEepanbHWA OBMIHM, BMHMKAIOTb FOPMO-
HanbHi po3nagm, aHrio- i HeliponarTii, 3miHK peonorii i
remoAMHamMiku, WO YCKNaAHIETbCA pe3opbuieto KicT-
KOBOiI TKaHWHM BHac/igoK aucbanaHcy octobnacTHOI i
OCTEOKNACTHOI akTuBHOCTI [3, 4, 5]. HaaKoniHHMK Halt-
6inblua cecamonogibHa KicTouKa /IloACbKOro opraHiamy,
wo 6epe yyacTb B YTBOPEHHi KONiHHOrO cyrioba i npu
MOro yLWKOAKEHHAX € MaOBMBYEHOIO [6].

Merta gocnig)eHHs.

BM3HAYeHHA MiHepanbHOro cknagy HaAKONIHHWMKA
npu ekcnepMmeHTanbHil giabeTuuHin apTponarii KoniH-
Horo cyrnoba.

O6’eKT i meTOAU AOCNIAKEHHA.

JocnifeHo BMiCT MaKpO-Ta MiKpOe/IeMeHTIB y Haj-
KONIIHHWKY aTOMHO-abcopbuiHMM cneKkTpanbHUM aHa-
nisom [7]. 90 nabopaTopHMX CTaTeBO3PINNX BiNKX LLy-
piB-camuiB, AKi 6ynn posaineHi Ha 3 rpynu. B 1-y rpyny
BX0amMN0 30 iIHTAaKTHMUX NPAKTUYHO 340POBUX TBAPUH, 2-y

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunu — 2022 — Bun. 4 (167) / Bulletin of problems in biology and medicine — 2022 - Issue 4 (167)

287



MOP®O0/10rf1 / MORPHOLOGY

— 30 wypiB 3 MicA4yHOlO pfiabeTMyHOW apTponaTieto
KoniHHoro cyrno6a, 3-to — 30 TBapuH 3 [ABOMICAYHONO
BKa3aHoWw natonorieto. [linepriikemito moaentoBanu
LUNAXOM OZHOPA30BOro BHYTPILLIHbOOYEPEBNHHOTO BBE-
OEHHA CTPenTo30ToUMHY dipmn «Sigma» y ao3i 50 mr/
Kr [8]. EBTaHa3ito TBapMH 34iMCHIOBAAN Yepes micAalb Ta
[Ba MicALi KPOBOMYCKaHHAM B yMOBax TiOMeHTas-Ha-
TpieBOro HapKosy. HaaKoNiHHUK ounLlanu Big, m'SKUX

Tabnauus — Bmict makpoenemeHrTis
i MiKpoenemeHTiB y HaAKONIHHUKY
eKcnepMmeHTanbHUX TBapuH (Mim)

[pyna cnocTtepexkeHHA
MoKasHuK
1-a 2-a | 3-a

MakpoenemeHTn
Ca, mr/r 105,5+1,2 98,1+1,2** 93,70,93***
P, mr/r 81,10+0,81 71,08+0,63*** | 66,90+0,60***
Ca/P 1,30+0,02 1,38+0,02** 1,40+0,02**
Mg, mr/r 1,92+0,02 1,76+0,02*** 1,62+0,02%**
Na, mr/r 6,10+0,05 6,55+0,04** 6,7310,06***

MikpoenemeHTu
Fe, MKr/r 62,70+0,42 60,30+0,39** | 57,90+0,36***
Cu, MKr/r 2,38+0,03 2,26+0,03* 2,161+0,03**
Zn, mr/r 3,30+0,03 3,12+0,02** 2,96+0,02***
Mn, mKkr/r 1,92+0,02 1,80+0,02** 1,72+0,02%**
Pb, mKr/r 0,89+0,01 0,83+0,01** 0,78+0,01***

Mpumitkn: *-p<0,05; **-p<0,01;

***_p<0,001 nopisHAHO 3 1-t0 rpy-

noto.

TKAHWH i aTOMHO-abcopbLiiHMM CneKkTpaabHUM aHani-
30M Y BKa3aHil KicTui BU3Ha4YaM BMIiCT MaKpoOesieMeH-
TiB: Kanbuito, ¢ocdopy, marHito, HaTpito, BigHOWEHHA
BMICTy KanblLito A0 dochopy Ta MiKpoenemeHTiB: 3ani-
33, MifZi, UMHKY, MapraHuto, CBUHLULO. I3 HagKONIHHWKA
Ta KONIHHOro cyrnoby BUroOTOBAANAM TAKOX riCTONONIYHI
Mikponpenapatv [9]. OTpMMaHi KiNbKiCHI MOKa3HWUKMK
06pobnsnmn cTtatucTnyHo. O6pPobKY OTPUMaHUX Pe3y/ib-
TaTiB BUKOHAHO Y Big4ini CUCTEMHUX CTaTUCTUYHUX [0-
cnigeHb TepHONINbCbKOrO HaLiOHA/IbHOMO MeAMUYHOTO
yHiBepcuTeTy imeHi |. . fopbayeBcbkoro MO3 YKpaiHu
y nporpamHomy nakeTi STATISTIKA (Stat.Soft. Inc, CLLA).
Pi3HMLIO MiXK NOPiBHIOBAaNbHMMM NOKAa3HWKaMU BU3Ha-
Yanu 3a Kputepiammu CTblogeHTa Ta MaHHa-YiTHi [10,
11]. Mpu BUKOHaHHI pobOTM [OTPUMAHI OCHOBHI no-
NoXeHHs GLP (1981 p.), npaBuaa npoBeAeHHA pobiT 3
BMKOPUCTAHHAM eKCNepPUMEHTAIbHUX TBapUH (1977 p.),
KoHBeHLii Pagn €Bponu npo oxopoHy xpebeTHux TBa-
PWH, WO BMKOPWUCTOBYIOTb B €KCMEepMMEeHTax Ta iHLIMX
HaykoBux wuinax Big 18.03.1986 p., Aupektnsm €EEC
Ne609 Big 24.11.1986 p. i Hakazy MO3 YkpaiHn Ne281
Big 01.11.2000 p., 3akoHy YKpaiHu «po 3axmcT TBapUH
BiJ, YKOPCTOKOro nosogxeHHa» Big 14.03.2006 p., eTny-
HOTO KoZeKcy yyeHoro YKpainu (2009 p.) [12].
Pe3ynbTaty AocnigKeHHA Ta iX 06roBopeHHs.
BcTaHoBNEHO, WO Yepes Micsaub nicas iH' ekuji ctpen-
TO30TOLUMHY KOHLIEHTPALiA [/IIOKO3M B KPOBi eKcnepu-
MeHTaIbHUX TBapuH 3pocna 3 (3,65+0,03) mmonb/n Ao
(17,15+0,18) mmonb/n, 10670 y 4,7 pasu, NOPiBHAHO 3
KOHTpONEM, a Yyepes 2 MicAli AaHUA NOKA3HWK 36inb-
wueca y 4,5 pasu i gocaras (16,42+0,12) mmonb/n. CaiT-
NIOONTUYHO NPU eKCNepuMEeHTasIbHIN rinepraikemii y Ko-
NiHHOMY cyrnobi LWypiB BUSIBNIEHO AereHepaTUBHI 3MiHN
MOro CTPYKTYp BXe Yepes MicAub Big noyaTKy ekcnepu-

MEHTY, AKi NporpecyBann B 3a/1€XHOCTI Bif TPUBANOCTI
LyKpOBOTroO giabeTy.

OTpMMaHi gaHi NPO BMICT MaKpo- Ta MiKpoenemeH-
TiB Y HAaZ4KONIHHUKY NpW 3MoAeNboBaHil naTosorii no-
KasaHi y Tabnuui. BcecTopoHHIM aHanisom HaBeaeHMX
y Ha3BaHili TabauLi NOKa3HWKIB BCTAHOBNEHO, L0 BOHM
3MiHOBanMcA. TaK, BMICT KanbLito y HAAKONIHHUKY Mnpu
eKCMepMMEeHTaNbHOMY MiCAYHOMY LyKpoBoMy fiaberi
CTaTUCTUYHO A0CTOBIpHO (p<0,01) 3meHwwnBCA Ha 7,0%,
a npu agBomicayHomy — Ha 11,2% (p<0,001), a docdopy
BignosiaHo —Ha 12,3% 1a 17,5% (p<0,001).

BapTo 3a3HauuTK, WO HepiBHOMIpHE, Aucnponop-
LilHEe 3HUXKEHHA B A0CNIAKYBaHIN KicTUi KanbLito i poc-
dopy npussoanao Ao 3MiH BiaHoweHHs Ca/P. B ymoBax
MicAYHOI rineprnikemii BKa3aHMM MOKA3HWK BUABMBCA
36inbleHNM Ha 6,1%, a npu ABOMICAYHIN — Ha 7,7%
(p<0,01). Bigomo, wo ocHoBy TBepAOi PEYOBUHU KicT-
KOBOI TKAHMHM CKNafatoTb KabLiil Ta docdop i BOHU €
OCHOBHMMMK MaKpoenemeHTamu [7]. 3miHM BMicTy BKa-
3aHMX 6A30BUX XIMIYHUX CEpPeaHUKIB Ta BiAHOLWEHb MiXK
HUMM NPU3BOAMUTbL A0 MOpPyLeHb MiHepanilauyii KicTKu
Ta ocTeoreHesy [3, 7].

BMIiCT MmarHito y HaZKOMIHHUKY MpU MIiCAYHINA Ti-
nepraikemii BUABMBCA 3 BUPAXKEHOK CTAaTUCTUYHO [0-
cToBipHOM pisHuuUeto (p<0,001) 3meHwWweHUM Ha 8,3%,
npv ABomicAYHii — Ha 15,6% (p<0,001), a KOHUEHTpa-
Lia HaTpito BignosiaHo 36inbleHoto Ha 7,4% Ta 10,3%
(p<0,001).

BiZoMO, WO MarHin — oguH 3 NOLIMPEHUX MaKpo-
€/1eMEeHTIB Yy JII0ACbKOMY OPraHi3mi, TPeTMHA MarHito
/IOKani3oBaHa B KiCTKax i BUKOHYE dyHKLUito geno [7].
3MeHLUEHHS KiNbKOCTi MarHito B KiCTKOBI TKaHWHI cy-
NPOBOAXKYETLCA  FiMNOKA/NbLLEMIEID,  CNOBiZIbHEHHAM
POCTYy KiCTOK, MpUWBMALIEHHAM MNpoueciB pe3opbui,
3MEHLLEHHAM MAacK KiCTOK, ocTeonoposom [7].

MpoBeaeHNMM [OCNIAKEHHAMMU BCTAHOBNEHO, LIO
npu aiabetuyHin apTponatii BMICT MiKpoenemeHTiB
Y HAAKONIHHMKY TaKOX BMpPArKeHO 3MiHIOBaBCA. Tak,
KOHLeHTpaLia 3anisa y BKasaHil KicTui npu Mmicsay-
Hii  eKcnepMMeHTanbHin rinepraikemii  3meHLWwwMnaca
3 (62,70+0,42) mkr/r go (60,30+0,39) mkr/r, To6TO Ha
3,8% (p<0,01), npu ABoMmicAYHIl — Ha 7,65% (p<0,001),
a BMICT Migj BignosigHo — Ha 5,0% (p<0,05) Ta 9,2%
(p<0,01).

BapTo BKasaTu, WO 3ani30 He € CTPYKTYpPHUM ene-
MEHTOM KiCTKOBOI TKaHWHMW, NpOTe Bigirpae Baknuey
poNb y MpoLecax OCTeoreHesy i 3MeHLEeHHA Moro vy
KiCTUi MOXKe NpM3BOAMTM A0 NOPUCTOCTI KiCTKM Ta no-
ripwaHHaA ii 6iomexaHiuHWUx BnactueocTel [7].

BifoMo, Lo Miapb y KICTKOBIV TKaHWHI Bigirpae GpyHK-
Lito KaTanizatopa pagy GepMeHTHUX CUCTeEM B OCTEO-
reHHUX KNITUHAX i cnpusae ix audepeHuialii. Baxknumea
TaKOX PO/b Mifli y eHepreTMYHOMy TPaHCMOPTHOMY Me-
XaHi3Mi MiXK anaTuTom i KonareHom. JaHW XimiuHUI ce-
peAHMK NPUIMAE y4acTb Y NPOLECax CUHTE3Y KoMareHy
1 enacTuHy i NnepeLLKoAXKae npouecam gemiHepanisauii
KicTku [7].

KoHLUeHTpaLuia LMHKY B HAAKONIHHMKY NPU MicAYHIN
niabeTnyHin apTponartii CTaTUCTUYHO AOCTOBIPHO 3HU-
3unaca Ha 5,4% (p<0,01), npu aBomicadHii — Ha 10,3%
(p<0,001). AHanoriyHo NpW 3MOLENbOBAHI eKcnepu-
MEHTA/IbHI/ MaTo/orii 3MEeHLWYBABCA BMICT MapraHLto
B OOCHigKyBaHiN KicTui. TaK, KOHLEHTpauia mapraH-
L0 B HAAKONIHHWKY MPU MICAYHI eKcnepumeHTaslb-
Hilt rinepraikemii 3meHwmnaca 3 (1,92+0,02) mkr/r ao
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(1.80+0,02) mKkr/r. HaBeaeHi UMPPOBI BEAUYMHM CTaTUC-
TUYHO AocToBipHO (p<0,01) BiapisHANMCA MiXK coboto i
OCTaHHIN NOKAa3HUK BUABMBCA MEHLUMM 33 MonepeaHin
Ha 6,2%, Npu ABOMICAYHOMY LlyKpPOBOMY AiabeTi — Ha
10,4% (p<0,001), a BMICT CBMHLO BignoBiagHO — Ha 6,7%
(p<0,01) Ta 12,3% (p<0,001).

Bigomo, wo gediumt mapraHulo B opraHiami moxke
npu3BOAMTN OO0 XoHApoaucTpoodii, aedopmauii Tpyb-
YacTux KicTok, naTonorii cyrnobis. CBUHeLb BiAHOCUTLCA
00 TOKCUYHWUX e/leMEeHTIB, Moro 36inblleHHA HeraTms-
HO BM/IMBAE Ha pereHepay,ito KicTok. B Tol e yac BiH
€ KUTTEBO HEObXiaHUM Ansa opraHismy. JediumT Lboro
MiKpoenemeHTa MOPYLUYE remornoes, pPicT OpraHismy,
3HUXKYE piBEHb 3aMi3a B KPOBI.

BMKOHaHI eKcnepMmeHTM Ta OTpMMaHI AaHi cBia-
yaTb, WO AiabeTMyHa apTponaTia KoJsiHHOro cyrnoba
CYTTEBO 3MIHIOE BMICT MaKpO- Ta MIKPOENEMEHTIB Y
HaAKONIHHMKY. BapTo 3a3Ha4YUTM, LWLO BMICT OCHOBHMX
MaKpoenemeHTiB (KanbLito i pochopy) y AocniaskysaHii
KICTLi 3HUKYETbCA HEPIBHOMIPHO Ta AMCMPONOPLLIHO,
CYTTEBO MOPYLUYOYM BANAHC MiK HMMM, WO aJEKBAT-
HO MiATBEPAXKYBA/IOCA 3MiIHAMM BiAHOLWEHb MiX BMiC-
TOM BKa3aHMX XiMiYHMX peyoBWH. Halbinblw Bupaxke-
HO BMICT [OCNIAKYBAHUX MAKPO-Ta MIKPOENEeMEHTIB Y
HAKOJIIHHUKY BMABMBCA 3MIHEHMM MPWU ABOXMICAYHIN
AiabeTuyHil apTponarii KoniHHoro cyrnoba. HeobxigHo
333HAYMTH, LLO BMICT HATPIlO B YMOBAX AOCAIAKYBAHOTO
eKCNepuMMEeHTY B AOCAIAKYBAHWUX KiCTKax 3pocTaB, BW-

paXKeHo MOopyLUYyYM AMCOaNnaHC MiXK KiCTKOBUMMK Ma-
KpoenemeHTamu. 3MiHW BMICTY MiKpoesieMeHTIB Yy HaA-
KOMIHHWKY NpW 3MOAEeNbOBaHii naTtonorii BUABMAUCA
BUPAXKEHIWMMM NOPIBHAHO 3 MiKpoenemeHTamu. Buas-
NleHi gMcnponopuinHi 3MiHM MaKpo- Ta MiKpoenemeHTiB
Y HaZKOMIHHUKY NPU eKcnepuMeHTanbHil rinepraikemii
CBig4aTbh NPO HEOAHOPIAHICTb Ta NOPYLIEHHA MEXAHI3-
MiB nepebiry npouecis octeoreHesy Ta MiHepanisaLii y
OOCNIAXKYBaHIN KiCTUi, WO MOXYTb NPU3BOAUTM [0 XOH-
AponaTii Ta BTPaTu 11oro ¢pyHKLioHaIbHOT NOBHOLLIHHOC-
Ti [6, 7]

FictonoriyHo BigMmiyanuca Habpsk, aucTpodiuHi Ta
HEeKpPObIOTUYHI NpouecH y XpALL HaKONiHHKUKA. Y aochi-
OXKYBaHIl KicTui cnocTepiranmca noporKHUHKU pe3opbuii,
MO03ai4yHO 3abapBieHi AiNSHKN 3 BUPAXKEHUM AECTPYK-
TUBHUM NPOLECOM.

BucHoBKM.

[iabeTnyHa apTponartia KoniHHoro cyrnoba npusso-
OUTb A0 HEePIBHOMIPHOro, AMCMNPONOPLIMHOrO 3HUXKEH-
HA BMICTYy MaKpO- Ta MiKpOeNnemeHTIB Y HaZKONIHHUKY.
HaliBuparkeHiwnin gucbanaHc BUABAEHUN Y JOCAIAKY-
BaHil KiCTLi MiX BMiCTOM MaKpoeneMeHTIB Npu ABOXMi-
CAYHIN fiabeTnyHin apTponaTii KosiHHOro cyrnoba.

MepcnekTMBM NOAANbLUNX [OCNIAMXKEHD.

BcecTopoHHE KOMMNEKCHE BUBYEHHA ocobansocTem
MiHEepaNbHOro CKNaAy KiCTOK KosliHHoro cyrnoba npu ai-
abeTnyHMX apTponaTisx JO3BOAUTb CYTTEBO NOKPALLUTH
X AiarHOCTUKY, KOpEeKLito Ta NPodiNnaKTUKYy.
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3MIHW MIHEPAZIbHOTO CKNALY HALKO/TIHHUKA MPU AIABETUYHIA APTPOMATIi KOJIIHHOMO CYINOBA

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

Pe3stome. [liabeTnyHi apTponaTii HepiAKo 3ycTpiyatoTbCa y KAiHIYHIM npakTuyi. Mpu AiabeTUYHUX yparkeHHsX cy-
rno6iB 3MiHIOETLCS BMICT MiHEpaniB y KicTKax cyr06a, Lo NPU3BOAUTL A0 iX YIKOAKEHHS.

Mema 0ocnioxeHHS — BUSHAaYEeHHA MiHepaibHOro CKAaAy HaZKONIHHUKA NPU eKCnepuMeHTabHil AiabeTuyHil
apTponartii KosliHHOrO cyrnoba.

06’ekm i MemoOu 0ocnidneHHA. ATOMHO-abCcopOLiMHMM CNEKTPAIbHUM aHaNi30M AOCAIAKEHO BMICT MaKpo- Ta
MiKpOenemeHTiB HagKONIHHWKa Npu AiabeTuyHilt apTponaTii KoniHHOro cyrioba 90 nabopaTopHMX CTaTeBO3PINNX
6innx Wwypis-camu,is, Aki 6ynn posgineHi Ha 3-u rpynu. 1-a rpyna Brkatovana 30 iHTaKTHMX TBapuH, 2-a — 30 wypis 3
micayHol giabeTnyHolo apTponaTieto KoniHHoro cyrnoba, 3-a — 30 eKcnepMMeHTabHUX TBAaPUH 3 ABOMICAYHOO
BKa3aHO naTtonorieto. Llykposuin piabeTr cnpuvynHioBannM O4HOPA30BMM BHYTPILUHbOOYEPEBUHHUM BBEAEHHAM
cTpenTo3oTouuHy dipmmu «Sigma» y Ao3i 50 mr/kr. Yepes micaub Ta ABa MicAL Big, NOYaTKy eKCNepuMeHTy BUKO-
HyBa/IM €BTaHa3ilo LypPiB KPOBOMYCKaHHAM B YMOBaX TiONEHTA/I0BOro HapKo3y. KinbKicHi MoKasHUKM 06pobnsnu
CTaTUCTUYHO.

Pe3ynbmamu 0ocnioxeHHs ma ix 062080peHHA. BCTaHOB/IEHO, L0 EKCNEPUMEHTA/IbHA Tinepriikemis cynposa-
O)KyBanacs ypaxKeHHsAM CTPYKTYp KoniHHoro cyrnoba. Mpu giabeTnyHin aptponaTii gocaigxysaHoro cyrnoba y Haa-
KOMIHHWKY HEPIBHOMIPHO 3MEHLLIYBABCS BMICT KanbLito, dochopy, marHito, 36inbluyBanaca KOHLEHTpaLia HaTpito.
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3HUMKEHHA KOHLEHTPaLLi OCHOBHMX MaKpoenemeHTiB NPU3BOAMIO A0 NOPYLUIEHHS BigHowWweHHA Ca/P, ke npu mi-
CAYHIN rinepraikemii 36inbwmnoca Ha 6,1%, Npu ABOMICAYHIN —Ha 7,7% (p<0,01). BcTaHOBAEHO, WO NpU AiabeTUyHin
apTponaTii KoMIIHHOTO cyrnoba y KiCTKOBIM TKAHMHI HAAKOMIHHMKA AUCNPOMNOPLIAHO Ta HEPIBHOMIPHO 3MEHLUYETHCA
BMICT MiKpoe/sieMeHTiB: 3a/i3a, Mifi, UMHKY, MapraHuto, cBMHU0. [iabeTnyHa apTponaTia KojliHHoro cyrnoba npwm-
3BOAMTb 40 HEPIBHOMIPHOIo, ANCNPONOPLIMHOIO 3HUKEHHA BMICTY MaKpo- Ta MiIKpOenemMeHTiB Y HaZKOMIHHUKY 3
[OMiHYBaHHAM 3MiH MiKpoesiemeHTiB. HaliBuparkeHiwnin gucbanaHc Mixk BMICTOM MaKpoenemeHTiB Ta Mikpoene-
MEHTIB BUABJIEHWUI NPU ABOXMICAYHII AiabeTWYHil apTponaTii KoniHHoro cyrioba.
Kntouosi cnosa: KoniHHMI cyrnob, giabeTnyHa aptponartia, HaAKONIHHUK, MaKpOo- | MiKpoeneMeHTH.

CHANGES IN THE MINERAL COMPOSITION OF THE PATELLA IN DIABETIC KNEE ARTHROPATHY

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

Abstract. Diabetic arthropathies are often encountered in clinical practice. The content of minerals in the bones
of the joint changes in diabetic lesions of the joints, which leads to their damage.

The purpose of research — study of the mineral composition of the patella in experimental diabetic arthropathy
of the knee joint.

Methods and Material. The content of macro- and microelements of the patella in diabetic arthropathy of the
knee joint of 90 laboratory sexually mature white male rats, which were divided into 3 groups, was investigated by
atomic absorption spectral analysis. The 1-st group included 30 intact animals, the 2-nd — 30 rats with one-month
diabetic arthropathy of the knee joint, the 3-rd — 30 experimental animals with the two-month indicated pathology.
Diabetes mellitus was induced 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 thio-
pental anesthesia. Quantitative indicators were processed statistically.

Results and Discussion. Experimental hyperglycemia was accompanied by damage of structures of the knee
joint. The content of calcium, phosphorus, and magnesium decreased unevenly, and the concentration of sodium
increased in the patella of the studied joint in diabetic arthropathy. A decrease of the concentration of the main
macroelements led to a violation of the Ca/P ratio, which increased by 6.1% in one-month hyperglycemia, and by
7.7% in two-month hyperglycemia (p<0.01). It has been established that the content of microelements: iron, copper,
zinc, manganese, lead, is disproportionately and unevenly reduced in the bone tissue of the patella in diabetic
arthropathy of the knee joint. Diabetic arthropathy of the knee joint leads to an uneven, disproportionate decrease
of the content of macro- and microelements in the patella, with the predominance of changes in microelements.
The most pronounced imbalance between the content of macroelements and microelements was found in two-
month diabetic arthropathy of the knee joint.

Key words: knee joint, diabetic arthropathy, patella, macro- and microelements.
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