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eKCIlepUMEeHTaJIbHE JTOCIiTKeHHST)

2. Morphofunctional features of reparative osteogenesis under conditions of chronic hyperglycemia (anatomical-
experimental study)

Pedepar:

1. Incepraujiiina po60Ta IpUCBIY€Ha BU3HAYEHHIO MOPQOJIOTiYHMX OCOOIMBOCTEN penapaTUBHOIO OCTEOreHe3y y
IIypiB i3 XpOHIYHOIO rinepriikemielo, a TAKOX 3'1CYBaHHIO MOKJIMBOCTI 3aCTOCYBaHHS 30araueHoi TpOMOOLIUTaMU
I1J1a3MU KPOBI AJ151 KOPEKL{i IIpoLeCy pernapaTuBHOI pereHepaii 0Broi KiCTKU ypiB 3a YMOB BIUIMBY XPOHIYHOI
rinepryikemii. EkcrieprMeHTanbHe KOCiIpKeHHs 0y10 nmposeneHo Ha 380 6inx 1a60paTOPHUX LIypax — CaMISIX
3piJIOro BiKy, SIKi 6yJIM PO3MOAiIEHi HAa YOTUPU Ipynu: I rpyna — KoHTposibHA (120 11ypiB) i3 MOJ€/IbOBaHUM
IipyactuM JgedekroM aiadiza BeJnKorominkoaoi Kictky; 11 rpyna - 120 mypiB i3 XpOHIYHOIO TilepriikeMiero Ta
3MOJI€IbOBAaHUM JedeKTOM Iiadisa BeIMKOrominKosoi Kictky,; 11l rpyna - 120 mypiB, SIKUM MOJEJII0BAJIA XPOHIUHY

rinepriikemito, gipyacTuil fedeKkT BeJIMKOTOMINIKOBOI KiCTKY Ta BBOOWIIN Y edeKT 306aradyeHy TpoMOoLuTaMu



m1asmy; IV rpyna — 20 TBapuH 4715 OLIHKY CTaHY IVIIOKO3HOT'O TOMEOCTA3y Ta MigTBEPIKEHHSI HAsSABHOCTI
rinepriikemii, y SKuxX BU3HAYaJIM BMICT IJII0KO3H HATILE, iHCYJIiHY, ITIKO3UJIbOBAHOTO reMorio6iny Ta C-ienTumy B
I1a3Mi KpOBi. XpOHIYHY TilePriikeMilo y TBAPUH MOJEJII0BAJIM IIJISIXOM JIBOTKHEBOrO HaBaHTaKeHH: 10 % BOIHUM
PO34MHOM (PYKTO3U, OJHOPA30BUM BHYTPIlIHLOOUEPEBUHHUAM BBEIEHHSIM CTPENTO30TOLMHY HA LUTPATHOMY
oydepi (pH 6ydepa - 4,5; nosa crpentozoTonuny — 40 Mr/Kr) Ta HIKOTMHOBOI KHcs10TH (1 Mr/KT). Ha 60-Ty 106y
nicsis mifTBepIKeHHsI XpOHIUHOI rinepriikemii TBaprHam 6yB 3MOJi€/IbOBaHU AipyacTuil gedekT piadiza
BEJINKOTOMIJIKOBOI KiCTKU. JloctimpkeHHsI MOP(OJIOTiYHUX 0COOJIMBOCTEN OCTEOreHe3y NPOBOAWIIN Ha 3-TIO, 7-My,
14-1y, 21-my ta 30-Ty BoOOY Micjsi HAHECEHHS TPaBMU, 2 BU3HAUE€HHSI MAKpO- Ta MIKPOEJIEMEHTIB pereHepary
npoBonuan Ha 3-Ti0 Ta 30-Ty 100y. [J1s1 LIbOro BUKOPHCTOBYBAJIM MiKDOCKOIIIYHUIA, YIbTPaMiKpPOCKOIIIYHUH,
MopdOMeTpUYHUM, XiMiKO-aHaTITUYHUI Ta CTAaTUCTUYHUI MeTogu. PerapaTuBHUI OcTeoreHe3 y KOHTPOJIbHUX
LIyPiB XapaKTepU3yBaBCs HM3KOIO NOCIIAOBHYX CTaAii. Ha paHHIX eTamnax npouecy y pereHepari Bigmidanucs
3anasbHi 3MiHK, POpMYyBaHHS MOCTTPABMAaTUYHOI reMaTOMHU, ajie BKe Ha 14-Ty 1oy JocCiIKeHHs iX He 6yJ10
BusiBsieHO. Ha 30-Ty 1o6y penapaTuBHOIO OCTEOTeHe3y Bifj0yBasioCh iHTEHCUBHE PEMOLEIOBAHHS
peTuKys0¢ibpo3HOI KiCTKOBOI TKAHMHU Y IVIACTUHYACTY. MOp(pOMETPUYHUM aHAIi30M OyJI0 BCTAHOBJIEHO, IO Y
KiHIIi €EKCIIEPUMEHTY pereHepar 6yB yTBOPEHUI peTUKy10(piOPO3HOIO Ta MIACTUHYACTOIO KiCTKOBOIO TKAHUHOIO,
nsoma sKux ckiana (84,44 +1,03) % Bin yciei 300U ocTeopenapariii. MopdomeTpuyHUM aHasi3oM 0yJI0 BUSIBIIEHO,
110 KiCTKOBUI pereHepar Ha 21-u1y o6y y 1ypiB i3 XpOHiuHO!O rinepriikemiero me mictus (4,52 + 0,67) %
3anajabHOro iHQINBTpaTy, WO NifTBEPIKy€e YIIOBIIbHEHHS IPoLiecy ocTeopenapauii. Jlume Ha 30-Ty 100y 03HaK
3anajieHHs y pereHepari He 6yJI0 BUSIBJIEHO 32 YMOB BILJIMBY XPOHIUHOI rinepriikemii Ha opraniam. OKpiM 3aTpUMKU
perpecii 3ananpHoro iHdinbTpaty, Ha 21-1my 700y ocTeopenapaliii y KicTkKoBOMY pereHepari TBapH1H i3 XpOHIYHOIO
rinepriikemieio IpoJoBsKyBasacs 36i1bLIyBaTHACS M7I011a XPSI0Boi TKaHUHU (Ha 115,55 % (p < 0,001)) nopiBHSHO 3
nonepenHiM TEpMiHOM OCIIKeHHS, aje Ha 30-Ty 700y Binoyaocs 3MeHIIeHHs ii niomi, ane aume Ha 40,66 % (p <
0,001) nopiBHsHO i3 21-010 7,06010. BCTaHOB/IEHO, 1110 3aCTOCYBAaHHS 30arayeHoi TPOMOOLUTAMU I171a3MU Y IIYPiB i3
XPOHIYHOIO TilepriikeMielo Ha pPaHHIX CTaligX PENapaTuBHOIO OCTEOTEHE3y, He IIPU3BOIUTD 4O 3HAYHOTO
IIPUIIBUAJIMIEHHS eJliMiHalii KiCTKOBOTO Ta 3allajlbHOTO AETPUTY. Pa3oM 3 TUM, Ha 7-My 1,00y 30i/IbIIyBaIach
KiJIbKiCTb OCT€06JIaCTiB Ta OCTEOKIIACTIB, a IPaHyJIsliliHa TKAHWHA PEOpraHi3oByBasacs y (piopopeTuKyIsipHy
CIIOJIy4YHY TKaHUHY. AJie Bce X TaKy 3a/IMLIAJINCS O3HAaKU 3anajeHHs. Ha 14-Ty no6y 3ayiuiKiB KiCTKOBOTO IETPUTY
He OyJ10 BUSIBJIEHO. BMicT HaTpilo, Kasbliilo, 3a71i3a Ta Mifii y pereHepari Lypis i3 XpOHIYHOIO TinepriikeMielo, SKuM
BBOAWJIM 36aradyeHy TpoMOOLMTaMu I71a3My Ha 3-TI0 10Oy ocTeoreHesdy 3aMmeHImuBcs Ha 37,47 % (p < 0,001), 22,21 %
(p = 0,115), 33,66 % (p < 0,001) Ta 14,33 % (p = 0,136) BinnoBigHO TBapyH i3 XPOHIYHOIO rirnepriikemieo 6€3 Kopekiii.
Ha 30-1y 106y KOHLeHTpallisl HaTpito O6ysa MeH1Iow Ha 25,98 % (p < 0,001), a mizni Ha 29,74 % (p = 0,001) y
pereHepari TBapyH i3 XpOHIUHOIO rinepriikeMielo, SKUM BBOAWIIM 30araueHy TpOMOOLMTaMU I171a3My NOPIBHSIHO 3i
1[ypamH i3 XpOHIYHOIO rinepriikemieto 6e3 kopekiuii. KoHLeHTpallis 3aiza y pereHepari TBapyH i3 rpynu KOpekuii
Oyia 6inbie Ha 19,48 % (p = 0,005) BinnoBiIHO KOHTPOJIBHOTO ITOKA3HUKA, OJIHAK JOCTOBIpHO He Bimpi3Hsacs Bif
rpymu MypiB i3 XPOHIYHOIO rinepriikemielo 6e3 3acToCyBaHHA 36arayeHoi TpoMoouuTamu niasmu. OpepskaHi
pe3yJIbTaTy MOKa3yIoTh, 10 32 YMOB BILJIMBY XPOHIUHOI rinepriikemii Ha OpraHism Bifi0yBa€eTbCs 3aTPUMAHHS
sikBigauii nepioi ¢asu 3anaaeHHs y OiISHI KicTKOBOTo aedeKTy, 10 IOOBXYE MPOLeC PernapaTuBHOrO
oCTeoreHesy. 3aCTOCyBaHHS 36ara4eHoi TPOMOOLUMTAMU I1J1a3MU J1Ia€ MOKJIMBICTh KOPUTYBAaTU HETAaTUBHUI BIJIAB
XPOHIYHOI rinepriikeMii Ha pernapaTuBHUAN OCTEOTE€HES, @ TAKOXK CIIPHUs€E WBUINIOMY 3BiJILHEHHIO Bif] 3a11aJIbHOTO
iHginbpTpaTy 3 Micug AedeKTy KiCTKH, POPMYBAHHIO OCTEOTEHHOTO AU (PEPOHY Ta PEMOETIOBAHHIO
rpy6OBOJIOKHUCTOI KiCTKOBOI TKAHMHU Y IIOBHOLIIHHY IJIACTMHYACTY KiCTKY, HOpMaJizallii MaKpo- Ta

MiKpO€eIeMeHTHOrO CKJIaJly pereHepary.

2. The dissertation is devoted to the determination of morphological features of reparative osteogenesis in rats
with chronic hyperglycemia, as well as to the possibility of using platelet-rich plasma to correct the process of
reparative regeneration of long bone of rats under the influence of chronic hyperglycemia. The experimental study
was performed on 380 white laboratory male mature rats, which were divided into four groups: Group I - control
(120 rats) with a simulated perforated defect of the tibia; Group II - 120 rats with chronic hyperglycemia and a
simulated defect of the tibial diaphysis; Group III - 120 rats, which simulated chronic hyperglycemia, perforated



defect of the tibia and injected into the defect platelet-rich plasma; Group IV - 20 animals to assess the state of
glucose homeostasis and confirm the presence of hyperglycemia, which determined the content of fasting glucose,
insulin, glycosylated hemoglobin and C-peptide in blood plasma. Chronic hyperglycemia in animals was simulated
by two weeks of watering with 10% aqueous fructose solution, a single intraperitoneal injection of streptozotocin
on citrate buffer (buffer pH 4.5; dose of streptozotocin 40 mg / kg) and nicotinic acid (1 mg / kg). On the 60th day
after confirmation of chronic hyperglycemia, the animals were simulated perforated defect of the tibia. Studies of
morphological features of osteogenesis were performed on the 3rd, 7th, 14th, 21st and 30th days after injury, and
the determination of macro- and microelements of the regenerate was performed on the 3rd and 30th days.
Microscopic, ultramicroscopic, morphometric, chemical-analytical and statistical methods were used for this
purpose. It was found that reparative osteogenesis in rats without chronic hyperglycemia was characterized by
timely change of all phases of regeneration. In the early stages of the process, inflammatory changes were
observed in the regenerate, but on the 14th day of the study they were not detected. On the 30th day of reparative
osteogenesis, intensive remodeling of reticulofibrous bone tissue into lamellar tissue took place. Morphometric
analysis revealed that bone regenerate on the 21st day in rats with chronic hyperglycemia contained (4.52 + 0.67)
mm?2 inflammatory infiltrate, on the 30th day in rats with chronic hyperglycemia no signs of inflammatory reaction
in the regenerate . On the 21st day of the process of osteoperation in the bone regenerate of animals with chronic
hyperglycemia, the area of cartilage increased by 115.55 % (p <0.001) compared with the previous study period, but
on the 30th day - decreased by 40.66 % (p <0.001) compared with the 21st day. The area of reticulofibrous bone
tissue in the regeneration of rats with chronic hyperglycemia was lower by 50.72 % (p <0.001), respectively, the
control group. Morphometric analysis revealed that bone regenerate on the 21st day in rats with chronic
hyperglycemia still contained (4.52 + 0.67)% of inflammatory infiltrate, which confirms the slowing of the
osteoreparation process. Only on the 30th day, no signs of inflammation in the regenerate were detected under
the influence of chronic hyperglycemia on the body. It was found that the use of platelet-rich plasma in rats with
chronic hyperglycemia in the early stages of reparative osteogenesis does not significantly accelerate the
elimination of bone and inflammatory detritus. At the same time, there was an increase in osteoblasts and
osteoclasts, and the granulation tissue was reorganized into fibroreticular connective tissue. On the 14th day, no
bone detritus residues were detected.The content of sodium, calcium, iron and copper in the regenerate of rats
with chronic hyperglycemia, which was injected with platelet-rich plasma on the 3rd day of osteogenesis
decreased by 37.47 % (p <0.001), 22.21 % (p = 0.115), 33, 66 % (p<0.001) and 14.33% (p = 0.136), respectively, of
animals with chronic hyperglycemia without correction. On the 30th day, the concentration of sodium was lower
by 25.98% (p <0.001) and copper by 29.74% (p = 0.001) in the regenerate of animals with chronic hyperglycemia,
which was injected with platelet-enriched plasma compared to rats with chronic hyperglycemia without
correction. The concentration of iron in the regenerate of animals from the correction group was higher by 19.48%
(p = 0.005) according to the control indicator, but did not differ significantly from the group of rats with chronic
hyperglycemia without the use of platelet-rich plasma. The obtained results show that under the influence of
chronic hyperglycemia on the body there is a delay in the elimination of the first phase of inflammation in the area
of the bone defect, which prolongs the process of reparative osteogenesis.The use of platelet-enriched plasma
makes it possible to correct the negative impact of chronic hyperglycemia on reparative osteogenesis, and also
promotes faster release of inflammatory infiltrate from the site of the bone defect.
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