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Pedepar:

1. B po6oTi npoaHasnizoBaHO peaxliii OpraHi3amy Ta TKAaHWH Ha OPTONENVYHI iIMIIJIAHTAaTH Ta PO3IJISHYTO Pi3Hi MeTOAU
IiarHOCTUKM Ta JIiKyBaHHSI, 1[0 6a3yI0TbCSl HA Cy4aCHOMY PO3yMiHHi 110ro eTioJiorii Ta nepe6iry. EkcnepumeHTanbHa
yacTHHA POOOTHU CKJIANAEThCS 3 IBOX PO3AisiB. B nepmomy poszisi nociigkenHs 6ysa 3acTocoBaHa MoaudikoBaHa
Mozeb ceHenbinizallii Ha Hikeslb Ha 1ab0paTOPHUX 1ypaXx, SIKa I10JIraia y OJHOKPaTHOMY
BHYTPIIlIHbOOYEPEBUHHOMY BBeJleHHi po3unHy NiSO4 y HermoBHOMY afi'toBaHTi dpeiiHaa Ta JBOKPATHOMY
BHYTPIIIHbOLIKIDHOMY BBeJIeHHi OycTepHux 103 NiSO4 y noBHOMy af ' 1oBaHTi OpeiiHa 115 BilHOBIEHHS iIMyHHO]
Bianosigi. lle 703BosMI0 BiATBOPUTU MOZeNb ceHcubinizanii Ha Ni. ExcriepuMeHT npoBeneHuit Ha 25 mypax
caMKax, Jinii Wistar. CriouyaTKy BUIIaJJKOBUM YMHOM TBApUH PO3IOLiNIEHO HA TpU rpynu: 1) iHTakTHA rpyna - 6
1IypiB, SIKUM OIepalilo He BUKOHYBaJIY; 2) KOHTPOJIbHA Tpyna - 6 1ypiB 6€3 nonepeaHboi ceHcubinizaliero

ap’roBanToM ®peiinaa 1o Ni ta BctaHoBneHHSM Ni-BMicHoro imnanTy; 3) jociinHa rpymna - 13 mypis 3



nornepeHbOI0 ceHerbinizanieo agoBanToM OpeiiHaa 1o Ni ta BctaHoBieHHsAM Ni-BMicHoro immnanty. Yepes 2
TV>KHI TTCJI OCTaHHBOI iIMyHi3allii TBaprHaM KOHTPOJIBHOI Ta JOCiIHOI Py BUKOHYBAJIACh OIEPaTUBHE
BTPY4YaHHs - iMIIJIaHTAaLis1 HiKeJIeBUX IMJIACTHH. B meHb npoBefeHHs iMnnaHTalji, yepes 3 Ta 5 MicsLiB TBapUHaAM
IIPOBOJMBCS 3a0ip KPOBi 1J1s1 NPOBEIEHHS NOJAJIBIINX JOCiIKEeHb: OTPMMAHHS 3Pa3KiB JIEUKOLUTIB 3
nepudepruyHoi KpOBi MypiB, AOCTiIXEHHSI XeMOKIHOBOTO MPOdiio y cupoBaTKax KpOBi IypiB, OTPUMaHHS 3pa3KiB
CHUPOBATKU KPOBIi IypiB, OTpPUMaHHS 3pa3KiB IgG i3 cupoBaTKU KPOBi LIyPiB, IPOBENEHHS OLiHKYU BMiCTy IgG
crenudiyHUX N0 6iIKOBUX KOMILJIEKCIB (arperariB) y CpoBaTKax KpoBi IypiB. B ;pyromy po3szini yepes 5 Mics1iB
Bif iMIIJIaHTAaLlil TRAPMH BUBOAWJIM 3 €KCIIepUuMeHTy. Kancysly Ta napakarncyJsisipHi TKaHUHY BUTATSIIMCE [J1S
[I0/IAJIBIIOTO IIPOBEEHHS riCTOJIOTiYHOTO Ta MOPYOMETPUYHOTO OCTIiI>KeHb. BuslydeHi iMINIsIaHTH BifmaBany Ha
IOCJiI)KEHHSI METOLIOM €JIeKTpOoHHOI Mikpockoriii (CEM). 3 orpumanumu IgG npoBoguiy TeCTYBaHHS 32
IOTIOMOTOI0 aTOMHO-CUJI0BOI Mikpockomii (ACM). B mocifkeHHi i3 BUKOPHUCTaHHSIM IPOTOKOBOI HUTOMIIypPOMETPiii
BM3HAYE€HO KOHLEHTPALlil0 TAKUX LIUTOKIHIB, HE OYJI0 BUSIBJIEHO CYTTEBOTO MifBuIeHHs oka3HukiB IFN-o, IL-4, TNF-
O, ajne OyJio BUsIBJIEHO 3pocTaHHs piBHs MCP-1y nocninHux TBapuH. [Ipu nposenieHH] iMyHO(pEepMEHTHOro aHami3y
IgG B KOHTPOJIBHIN IPYIIi Ta ZOCIIAHIN TPYII HE CIIOCTEPIraeTbCs JOCTOBIPHOI BiIMIHHOCTI MiXK pi3HUMU TEPMiHAMM
3260py CUPOBATKY, 1ie CBiAUNUTh PO Hecnenudiyne 38'a3yBanHs IgG i3 Hikenem Ta copbenToM. Iin vac
FiCTOJIOTIYHOTO NOCiIKEHHS JOBENEHO PO3BUTOK 3aMajIbHOI peakllii Ha HiKeJIeBUU iMIIJIaHT B €KCIIEPUMEHTI,
peakuii nonioHi A0 TUIYy NOGIYHMX MiCLIeBUX TKaHMHHUX peakliil (ALTR) i mo6iyHux peakuiil Ha MeTasleBi ylaMKu
(ARMD). KnitTuHHO-3ananbHa peaklis HaBKOJIO HiKeJIeBUX IMIJIAHTIB MicJg ceHcubinizalii Ta 6e3 Takoi masa
inTeHcuBHY iH}inpTpauito CD44+ kiiTuH i 3HauHO MeHy nosiBy CD68+ makpodaris ta CD3e+ niMpoLuTiB 3
HACTYITHOIO 3aKOHOMIPHICTIO IUTOMOI IIIJIBHOCTI y CTiHLi Karcynu. [1ig yac gocsiigkeHHI METOIOM €JIEKTPOHHOI
MIKpOCKOIIii 6yJ10 BUSBJIEHO KOPO3il0 IMIJIAHTY B KOXKHOMY BUJIyY€HOMY 3PasKy, ajle 6ijbll BUPaKEHO!o Oysa B
TpyIi TBapyH 3 NONePeHbOI0 ceHcubinizauieto 1o Ni, 3'Bs10Tbes BigaaneHi yacTouku (Ni), Mo MoXXHa
OXapaKTepU3yBaTH, SIK I0YATOK pyiHaLjil iMmianTy. [Ticas ounineHHs Ta po3BeIE€HHS [0 BifIOBiHOI KOHIIEHTpallii
IgG nanocunu Ha 3084 ACM. [IpoBoauaMCh NOCiIPKEHHS cuiu 6ioanre3auBHUX B3aemoiit IgG, BUnineHux 3
CHAPOBATKU KPOBi PELIUIII€HTIB, 10 iIMIJIAHTaTiB. JJOCiI)KEHHS BK/II0YaIM KOHTPOJIb HaHOpeJbe(y IOBEPXHI Ta
crieKTpockorito cui aaresii ynctux ACM 30H7IB Ta 30HTIB i3 6iIKOM 3 iHAMBiAyanbHOI IPOGY KPOBi PELUITiEHTA.
30HaMu 3 HaHECEHUMH iMYHOTI00y liHaMy ITPOBOJIMJIM TECTYBaHHS Ha CyMICHICTh MaTepiasy iMIIJIaHTaTy 3
OpraHizaMOM. 3Hau€HHs CUJIM BiJJpMBY 30H]ly IOBEPXHEIO iMIIJIAaHTATY 3 iIMyHOIJI00y/IiHAMU peluIlieHTa BBaXKaJIX 32
OLIiHKY CYMiCHOCTi MaTepiajly 3 opraHiamom. Uum Bulle 6yJi0 3HaYEHHs CUJIY BiIpUBY TUM MMOBipHille OyB
PO3BUTOK peakuii Ha iMIIJIaHTaT opra"ismoM. Cama peakliis OpraHiamy peasizoByBasach SIK (GOPMYBaHHS CIIOIyYHO]
TKaHMHU HAaBKOJIO iMILJIAHTAaTy 3 BTPATO0 QYHKIIOHATIBHUX BIACTUBOCTEN OCTAHHBOTO, 3 PO3BUTKOM aCENTUYHOTO
3arajieHHs B MiClli BCTAHOBJIEHHS IMILIAHTATy, Y PyMHYBaHHI caMoro iMIiantary. Cliupaloyuch Ha pe3yJibTaTh
HAIIOTO IUCEPTALIMHOTO JOCIII)KEHHS MOKHA CTBEPIKYBATH, L0 3aIIPOIIOHOBAHUI METO, TECTYBAHHS HA OCHOBI
aTOMHO-CHUJIOBOi CIIEKTPOCKOIIii ITpy KOpeJisLii MiXKMOJIEKyJISIpHOi B3aeMo[iii 6iomosiekyst (Ha 30HIi ACM) i
KOHQoOpMaliliH1X 3MiH 6iJIKiB, a7icOPOOBAaHMX Ha MaTepiasax iMILJIaHTIB, € IEPCIIEKTUBHUN €KCIIPECHUM METOLIOM

TeCTyBaHHs1 6iomMarepiasiB Ha CyMiCHICTb 3 OPraHi3MOM KOHKPETHOTO PEeLUITi€HTa.

2. In the state of research on the organism's and tissues' reactions to orthopedic implants has been analyzed, and
various diagnostic and treatment methods based on a modern understanding of its etiology and course have been
considered. The experimental part of the work consists of two sections. In the first section, a modified model of
sensitization to nickel was applied to laboratory rats. It involved a single intraperitoneal injection of a solution of
NiSO4 in incomplete Freund's adjuvant and a two-time intradermal injection of booster doses of NiSO4 in
complete Freund's adjuvant to restore the immune response. This allowed the reproduction of the sensitization
model to nickel. The experiment was conducted on 25 female Wistar rats. Initially, the animals were randomly
divided into three groups: 1) intact group - 6 rats that did not undergo surgery; 2) control group - 6 rats without
prior sensitization with Freund's adjuvant to Ni and without the installation of a Ni-containing implant; 3)
experimental group - 13 rats with prior sensitization with Freund's adjuvant to Ni and the installation of a Ni-
containing implant. Two weeks after the last immunization, surgical intervention was performed on animals from

the control and experimental groups - nickel plate implantation. On the day of implantation, and at 3- and 5-



months post-implantation, blood samples were taken from the animals for further research. This included
obtaining leukocyte samples from the peripheral blood of rats, examining the chemokine profile in rat blood sera,
obtaining serum samples from rats, extracting IgG samples from rat serum, and assessing the content of IgG
specific to protein complexes in rat blood sera. In the second section, 5 months after implantation, animals were
removed from the experiment. The capsule and paracapsular tissues were removed for subsequent histological
and morphometric studies. The extracted implants were subjected to examination using SEM. The obtained IgG
samples were tested using AFM. In the study using flow cytometry, the concentration of cytokines, there was no
significant increase in the levels of IFN-n, IL-4, and TNF-g, but an increase in the MCP-1 level was observed in the
experimental animals. In the enzyme-linked immunosorbent assay analysis of IgG in the control and experimental
groups, no significant difference was observed between different serum collection times. During the histological
examination, the development of an inflammatory reaction to the nickel implant in the experiment was confirmed
of the inflammatory reaction were similar to the type of ALTR and ARMD. The cell-inflammatory reaction around
nickel implants, both with and without sensitization, exhibited a less intense infiltration of CD44+ cells and a
significantly lower presence of CD68+ macrophages and CD3e+ lymphocytes, with subsequent regularities in the
relative density in the capsule wall. During the investigation using EM, corrosion of the implant was observed in
each extracted sample, but it was more pronounced in the group of animals with prior sensitization to Ni. Distant
particles (Ni) appeared which can be characterized as the beginning of implant breakdown. After purification and
dilution to the appropriate IgG concentration, it was applied to the AFM probe. Investigations of the bioadhesive
interactions strength of IgG, isolated from the blood serum of recipients, to implants, were carried out. The study
included control of the nanorelief of the surface and spectroscopy of the adhesion forces of pure AFM probes and
probes with protein from an individual recipient blood sample. Probes with applied Ig were used to test the
compatibility of the implant material with the organism. The value of the force of detachment of the probe from
the surface of the implant with recipient Ig was considered an assessment of the compatibility of the material with
the organism. The higher the value of the detachment force, the more likely the development of a reaction to the
implant by the organism. The organism's reaction itself manifested as the formation of connective tissue around
the implant with the loss of its functional properties, the development of aseptic inflammation at the site of
implantation, and the destruction of the implant. In our work, when implementing physical methods for
determining the biocompatibility of materials for medical purposes, theoretical models describing the influence of
amplitude and spectral parameters of the relief of real surfaces on the nature of capillary force interactions probe-
surface were significantly supplemented and further developed. Based on the results of our dissertation research,
it can be argued that the proposed testing method based on AFM for correlating the intermolecular interaction of
biomolecules and conformational changes of proteins adsorbed on implant materials is a promising rapid method
for testing biomaterials for compatibility with the body of a particular recipient.
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VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI Hepwiit Boiopgumup Iy

roJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Hepnitt Bononumup Iiv

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBizansHMIL 32 HiATOTOBKY Hanuenko Jliana €preniizHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




