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CTPYKTYPHBIE U PUBUNKO-XUMHNUYECKHUE ITPEOBPA3OBAHU A
IHNEPUKAPIAUAJIBHBIX UMIIJIAHTATOB,
MOJIUGUIIMPOBAHHBIX INMIOKCHUJIHOMW CMO.JIO1

AHHoOTanmus. MeTogaMu CKaHUPYIOLICH JICKTPOHHOM MUKPOCKOMKUH, peHTreHo(ha30Boro ananusa, MK-cnekrpockonuu,
nuGepeHInaIbHO-TEPMHUUECKOT0 aHAIN3a U3y4YCHbI 00pasiibl ObIUYBUX MEPHUKAPIOB, MOAU(DUIIUPOBAHHBIC ITUTIIALICAHIIO-
BBIM 3(UPOM STUIICHIIIMKOJS, MPEIHA3HAYCHHBIC JJISI XUPYPTUUCCKONH KOPPEKIIMKH BPOXJACHHBIX TOPOKOB CEpalia U KPyIi-
HBIX KPOBCHOCHBIX COCYIOB. B HCXOMHBIX 00pa3nax nmepruKkap/oB 10 UMIUIAHTAIIME OOHAPYKEHBI Ie30praHu3aIus KoJare-
HOBOI MaTpPHUIbI, XPYNKUH MEPEIOM KOJUTArCHOBBIX (PUOPUIUT U pa3pylICHHE CTPYKTYPbl HHTCPCTHIIHAIBHBIX MEMOpaH,
CHOCOOCTBYIOIIMX MPOHUKHOBCHUIO HMMYHOILIUTOB B MIYOOKHE CIIOM NMEpUKapaa. B UMIUIAHTHPOBAHHBIX 00pa3uax Mepu-
KapJIOB BBISBJICHBI OCCUDUIIUPYIONIHI KaTbIIMHO3 C OTIOKECHUEM aMOP(GU3UPOBAHHOTO THAPOKCHANIATUTA U (OPMUPOBAHHU-
€M KOCTHOU TKaHH, & TAK)KE MHO)KECTBCHHBIC OPO3UHU U THIIEPTPOPUUCCKIE pa3pacTaHus B SHI0TEIHAIBHON MeMOpaHe.

KuroueBble cj10Ba: neprukapauaibHbli HMILIAHTAT, STIOKCUIHASI CMOJIA, KOJIJIATCHOBBIC BOJOKHA, aMOP(hU3NPOBAHHBII
TUAPOKCHANATHUT, KOCTHASI TKAHb

Just uurupoBanusi: CTPyKTYypHbBIC B PU3UKO-XHMMHYCCKHUE MPEOOPa30BaHUs MEPHUKAPIUATBHBIX HMILIAHTATOB, MO/IH-
(DUIMPOBAaHHBIX 3MOKCHIHOW cmouoii / A. A. Taitnam [u np.] / Hokn. Hau. akan. Hayk benapycu. — 2018. — T. 62, Ne 6. —
C. 703-711. https://doi.org/10.29235/1561-8323-2018-62-6-703-711

Alexander A. Gaidash', Corresponding Member Anatoly I. Kulak?, Konstantin V. Drozdovski',
Vladimir V. Kazbanov', Valentina K. Krut’ko?, Olga N. Musskaya?, Yury I. Linnik', Katarina V. Skrotskaya?

!Republican Research and Practical Center for Pediatric Surgery, Minsk, Republic of Belarus
’Institute of General and Inorganic Chemistry of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
SResearch Institute for Physical Chemical Problems of the Belarusian State University, Minsk, Republic of Belarus

STRUCTURAL AND PHYSICO-CHEMICAL TRANSFORMATIONS OF MODIFIED
WITH EPOXY RESIN PERICARDIA IMPLANTS

Abstract. Bovine pericardium samples modified with ethylene glycol diglycidyl ether, designed for surgical correction of
congenital heart defects and large blood vessels, were studied by scanning electron microscopy, X-ray diffraction, IR
spectroscopy, and differential thermal analysis. It was found that the initial samples of pericardium, before implantation,
contain sites of disorganization of the collagen matrix, fragile fracture of collagen fibrils and destruction of the interstitial
membranes promoting the penetration of immunocytes into the deep layers of the pericardium. Ossifying calcification with
amorphized hydroxyapatite deposition and bone tissue formation as well as multiple erosions and hypertrophic proliferation
in the endothelial membrane were detected in the implantation pericardium samples.
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BBenenue. IlepukapauanbHble UMILIAHTATBI, MOAU(MUIIMPOBAHHBIC ATIOKCUIHONW CMOJIOW, JOCTa-
TOYHO JAABHO UCHOJB3YIOTCS MPU XUPYPrUUECKOU KOPPEKIIMU OPOKOB CEpAlla U KPYIHBIX KPOBEHOC-
HBIX cocyioB [1—4]. OcHOBHBIE MOTUBBI MOJU(MUKAIIMK SITOKCUIHON CMOJIOW TIPH JUIMTEIbHOW MHTEP-
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MO3UIIMK CBOASTCS K HCKIIOUYEHUIO MHTPAONEPALMOHHBIX KPOBOTEUCHHH W TPoMOO30B, MpenoTBpa-
LIEHUIO PECTEHO30B U KaJbLU(UKALUH, YIPOIHEHNUIO U CHUKXEHUIO PUCKOB, OOYCIIOBICHHBIX MEXaHU-
yeckuMH AedopmanusamMu (ycaaka WIIM PacTSIKEHUE) UMILJIAHTATOB ¢ HEM30EKHBIM 0OpaTHBIM 3a0po-
coM KpoBHU (perypruramnuu) U oOpa3zoBaHueM rncenoaneBpusM. B crpanax CHI' (bemapycs, Poccus)
pa3paboTaHbl U BHEAPEHBI B MPAKTUKY KapAUOXUPYPIHH UMIIJIAHTATHl HA OCHOBE TENISTYbUX MEepHKap-
JIOB, MOIH(DUIIMPOBAHHBIX 3MOKCHIHON CMOJIOW — IUTIHICIUIOBEIM 3(QUPOM ITHICHTIUKONIS [5; 6].
OnHako 10 HACTOSALIETO BPEMEHHU OCTAIOTCSI HE ICHBIMHM MEXaHU3Mbl MOAU(UIIUPYIOIIETO BO3ICHCTBUS
SMOKCUAHOW CMOJIBI HA CTPYKTYPY (GHOPHILT KOJJIAar€HOBOI'O Kapkaca nepukapaoB. OTCyTCTBYIOT CBejie-
HUS 0 XUMUYECKOM COCTaBE U CTPYKTYPHBIX (hopMax KabLuiihocdaToB, 0CakAAIOINXCS B MHTEPCTULIMH
nepuKapIUaIbHbIX UMILTaHTAaTOB. Cephe3HOl MpoOIIeMOi, CHUKAOLICH JOJITOBEYHOCTh UMILJIAHTATOB,
SIBIIsIeTCs. U30BITOUHOE pa3pacTaHHE SHAOTEINATIBHOM BBICTHIIKM IEPUKApAHATIBHBIX HUMIUIAHTATOB,
MIPUPOa KOTOPOH OcTaeTcs Hen3BeCTHON. HepemeHHOCTh IepedrcIeHHbIX TPO0IIeM 3aTPpyAHAET alal-
TAIUIO UMIUIAHTATOB B PeaOMIMTALlMOHHOM TIEPHOJIE U TIPUBOIUT K PA3IUYHBIM OCJIOKHEHHSIM.

Lenb nanHo pabOTHI — U3y4YUTh CTPYKTYPHO-(YHKIIMOHAJIBHBIE IPE0Opa30BaHMs IepUKapAHaIIb-
HBIX MMILIAHTATOB, MOIU(PHUIIMPOBAHHBIX JIIOKCUIHON CMOJIOW, MOJ BO3/AEHCTBHEM (DU3MKO-XHUMHYE-
CKUX (paKTOPOB KapAHaIbHOH Cpebl.

Martepuajbl M MeTOIbI HccJief0BaHUsA. V3yUueHb! onepanmoHHble OMONTAThl MepUKAPIHATbHBIX
HUMIIJIAHTATOB, MOAU(PHUIIMPOBAHHBIX AMOKCHIHON CMOJION W BHEAPEHHBIX B BBIXOIHOW TPAKT MPaBOro
JKETyIOUKa, STTUKAPIHATIBHBINA JTUCTOK CePACIHON COPOUKH, MEKITPEACEPIHBIN nedekT. Bce Omonrarsl
[IOJIyYEHBI B XO/I€ TOBTOPHBIX ONEPATHBHBIX BMEIIATEIbCTB, CBA3AHHBIX C 3aMEHON MMIIIaHTaToB. Mc-
CJICZIOBaHMSI TIPOBEJCHBI HA OCHOBE MH(OPMHUPOBAHHOI'O COIVIACHS POACTBEHHUKOB MALUCHTOB U yT-
BepKJeHbI aTndeckuM KomuteToM PHIIL] nerckoit xupypruu. O0pasiubl ObLIN pacrpeaesieHbl B IpyTl-
IBI: UICXOJIHBIE — KOMMepYeCKHe 00pasLbl HepUKapAOB KPYITHOI'O pOraToro CcKoTa, MOIAU(pHIIMPOBAHHbIE
SMOKCUIHONU cMoJIol (OmorpoTe3 «bruokapmy), HHTpaonepalliOHHbIe OMONTATHI, U3BJICUCHHBIC Y 00JTb-
HBIX B X0JI€ KAPIUOXUPYPrUUECKUX BMEIIATENbCTB (MMITAaHTAIIMOHHBIN «brokapa»). B mepBoii rpymnme
Ob1TM U3y4eHsl 4 o0pa3na bruokapmaa, a BO BTOpoii — OMOIITaThl IepUKapANAIbHBIX HMIUIAHTATOB § Ta-
nueHToB. [lepen ¢ukcanueii o0pas3ipl 000MX THIIOB OTMbIBAJIM B (pusuonoruueckom pactsope 0,9 %
NaCl, pa3zmensinu Ha yacTH, MpeJHa3HAUYCHHBIC A1 MOP(HOJIOrHUECKUX U PU3UKO-XUMUYECKUX HCCIIe-
noBaHu. [{ns ckaHupyromei anekTpoHHoi Mukpockonuu (COM) o0pa3nbl HABUISUIH 30JI0TOM U HU3-
yuanu Ha Mukpockore LEO 1420, coBmenienHOM ¢ npucTaBkoii Rontec (I'epmanusa) MUKpO3IEMEHTHO-
ro pentrenoduroopuciienTHoro ananm3a (EDAX). ®a30BbIif cocTaB 00pa3IioB, BBICYIICHHBIX Ha
BO3/IyXe, OIPEICIISLIH METOIOM peHTreHo(da3oporo aHanu3a (PM®A) Ha nudpakromerpe ADVANCE D8
(Bruker, I'epmanns) npu Cu, = 1,5405 A. VIK-criekTpsl 3ammchiBamy Ha crektpomeTpe Tensor-27
(Bruker, I'epmanusi) B nuanazone 400—4000 cm' (2 mr nopomka Ha 800 mr KBr) 6o ¢ mieHOuHBIX
obpasuoB Ha UK ¢dypee-muxpockone Hyperion, Gir-objective (15x) Ha oTpaxkenue. Auddepenunans-
HO-TepMuuecknid ananus (/ITA) oO6pas3moB MpoBOAMIM HA COBMEUIEHHOM TEPMHYECKOM aHAJIN3aTOpe
NETZSCHSTA 409 PC LUXX (I'epmanust) npu ckopoctu Harpesa 10,0 °C/mun Ha Bo3nyxe. B xaue-
CTBE ITAJIOHA CPABHEHUS HCIOJIB30BAJIN MOPOLIOK CHHTETHYECKOro aMophHU3MPOBAHHOTO I'MIIPOKCH-
amatuta (I'A) Ca, (PO,),(OH),, Bbicymennoro npu 60 °C, MaKCUMaIbHO TIPUOJIHIKEHHOTO MO0 CTPYKTY-
p€ U CBOMCTBAM K MUHEPAJIbHOW COCTABIISIIOLIEH KOCTHOU TKaHu [7-9].

PesyabraTsl M UX o0cy:kaeHue. Muxpocmpykmypa u (u3uKo-xumudecKue c8oucmed UCXOOHbIX
00pa3yo8 nepuxkapo0s, MoOOUPUYUPo8aHHvlx dnoxkcuonou cmonou (buoxapo). Ilo nanapim COM B Koi-
JareHoBoM Kapkace bruokapna oOHapyskeHbl Ae)OpMallMOHHBIE CTPYKTYPbI: «CKJIEEHHbIE» KOJLIareHO-
BbI€ BOJIOKHA ¢ MOP(OJIOTMUECKUMU TPU3HAKAMU XPYTKOTO pa3pyIlleHus, MIICHKA, COCTOSAIAs U3 TIIa-
CTHYECKUX MacC Ha TOBEPXHOCTH KOJJIAICHOBBIX (UOpHILI, AedopManus GUOPHILISIPHON MaTpPHIThI
nepukapioB. «CKJIeeHHBIE» KOJUIAr€HOBBIE BOJOKHA MPEACTABISIOT COOON CIUIIIMECS NCTOHUCHHBIC
¢ubpumteL. [Ipu 3TOM 00pazyeTcst 60BIIOE KOTUIECTBO IIOTHBIX, OECCTPYKTYPHBIX (QHOPHILTIPHBIX
KoHTJIOMepaToB nuaMeTpoM 10 30—40 MrM. « CKIIeeHHBIS» MUKPOBOJIOKHA CXKATHI H OTCTOST OT OCHOB-
HOU Macchl KojutareHoBbIX (Guodpuia (puc. 1, a, b). OcHOBHAs YacTb BOJIOKOH C MOAOOHBIMH U3MEHEHU -
MH pacIiojlaraeTcs B Hapy >KHOW BOJOKHUCTOH IUTacTHHKE (PHOPHIIIAPHON YacTH TIepuKapaoB. Bemien-
CTBHE CXKaTHsl U JIeOpMallii KOJIJIAreHOBBIX MUKPO(UOPHILIT B CPeJHEM CJI0€ TIEPHUKAPAOB BBISIBICHBI
MATOJIOTNYECKH PACLIMPEHHBIE MHTEPCTHIMAIBHBIE IeN (IIHPOKOIOpUCTast TpaHCHOPMALIHS).
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Puc. 1. COM wu3o0paxeHns1 HCXOAHBIX BHOKapI0B: TOMOreHH3alus KOJUIareHOBBIX BOJIOKOH (&), «CKJIGEHHBIE» KOJIareHOBbIC
BojiokHa (b), Pa3BONIOKHEHHE KOJUIAr€HOBBIX (GUOpMILT (¢), XPYNKHH IEepeoM KOJIareHOBOro BOJOKHA (d), OTIOKEHHE
[UIACTHYECKUX MAcC Ha TIOBEPXHOCTH KOJUIATCHOBBIX BOJIOKOH (€) ¥ QHIOTEIUOLUTOB (f)

Fig. 1. SEM images of the original Biocards: homogenization of collagen fibers (a), «glued» collagen fibers (b), collagen fibril
splitting (c), brittle fracture of collagen fiber (d), deposition of plastic masses on the surface of collagen-new fibers (e) and en-
dotheliocytes (f)

BaxHoil CTpyKTYpHOH OCOOCHHOCTHIO SIBJISIOTCSI pa3pbIBBI MHTEPCTHUIIMATBLHEIX MeMOpaH. B Ha-
THBHOM OBIYbEM MEPUKAPAE, B3ITOM Y 3/I0POBBIX JKUBOTHBIX, MHTEPCTUIIMATIFHBIE MEMOpaHBI pacrona-
raloTcs MPEMMYIIECTBEHHO MEPIEHANKYIISIPHO 10 OTHOIIEHUIO K JITTMHHBIM OCSM KOJJIAT€HOBBIX HU-
TEH, ymopsimodeHHO MOBTOpss X xoA. Ilo mamapiM COM MeMOpaHBI MPEACTABISIIOT COO0H TIIIOTHO
yHaKoBaHHbIC TOHKHUE Tiep(HOpUpOBaHHbBIE MIIACTUHKH. J[namMeTp MeMOpaHHBIX OTBEPCTHH BapbUpyeTCs
B mipenenax 1-2 mxm. O4eBUIHO, YTO MOMOOHAS OpraHU3aIlds HHTCPCTUITNAIBHBIX KaHAJIOB YIIOPSIIO-
YUBAET IUPKYISINIO TKAHEBOW JKUAKOCTHA M OPTaHU3yeT HAIPaBJICHUS NePEABHUKCHHS KIETOK. B nc-
XomHOM brokapie nHTepcTHIIMaNbHbIe MEMOpPAHbI MPEICTABIEHBI TIIIACTHHKAMH C JIE3MHTETPHUPOBAH-
HBIMH KOJIJIAaT€HOBBIMH HUTSIMU. [Ipr 5TOM oTMeuaeTcst pe3koe pacimupeHne MeMOpaHHBIX OTBEPCTHIH,
JIMaMETP KOTOPBIX MOXKET JoCcTUTaTh 5—7 MKM. Takne TpanchopMannyu NOPUCTHIX CTPYKTYP HHTEPCTHU-
[IMAJFHBIX MEMOpaH MOTYT BBI3BIBATh JI€30PTaHU3AINIO MUTPAIMH KJIETOK MO0 MEXKIETOYHBIM KaHa-
JlaM, IeTal0T XaOTHYHBIM U 0oJjiee CBOOOIHBIM MPOHUKHOBEHHE MMMYHOIIMTOB B TITYOMHHBIC YYACTKH
MEePUKap/IOB, Yero He JIOJHKHO MPOUCXOIHUTD B YCIOBHSIX (PH3HUOIOTUISCKOW HOPMBI.
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W36bITOYHAsT MUTpaLMsi MMMYHOIIUTOB B MHTEPCTULIMU TEPUKAPAOB CO3/1AET CTPYKTYPHBIE Mpe-
MOCBUIKH JJISI JIOKAJTbHBIX MMMYHHBIX KOHQJIHKTOB. BaKHBIM 00CTOSTENIECTBOM SIBIISICTCSI Pa3BOJIOKHE-
Hue GUOPHUILT KOJUIareHOBOTO Kapkaca. [Ipexe Bcero, pa3BOJIOKHEHHIO TTOJIBEPTalOTCsl OTHOCUTEIBHO
TOJICTHIE (AMaMEeTPOM 5—7 MKM) KOJJIAT€HOBBIE BOJIOKHA, COOpaHHBIC B ITHYPBI», MPEACTABISIIONINE
co00¥ KOMITaKTU3UPOBaHHBIE KOJUIATEHOBBIE HUTH TOoMmuHOW 10 1 MkMm. «IlIHYypbI», oABeprimecs
Xa0THYHOH JIe30praHu3aluy, paciagaoTcs Ha KOJIJIareHOBbIe HUTH U UX 00OpBIBKH (pHC. 1, ¢).

3HauMTEeNbHAS YacTh CIUIIINXCA KOJIJIAT€HOBBIX BOJIOKOH DPa3jaMbIBAaeTCsl Ha OCTPOKOHEUHBIE
(parMeHThl, YTO COMPOBOXKIACTCS CKPYUHBAHUEM M MHOKECTBEHHBIMH MHKPOPa3pbIBAMH OT/ACITBHBIX
Hutel (puc. 1, d). Takoro poaa nedopMalivsi CBUIETEILCTBYET O pa3pyLICHUH KOJJIAr€HOBBIX BOJIOKOH
MIPENMYIIECTBEHHO M0 MEXaHW3MY XPYIIKOTO pachaja, 0OyCIOBICHHOTO HAJUTIAHUEM CIIOEB DIOKCH/I-
HOW cModsI (pHc. 1, e).

Ha noBepxHOCTH 3HIOTEIMAILHOM MOBEPXHOCTH NEPUKAPIOB OOHAPYKEHBI OTIOKEHHUS B BHIE
IIJICHOK, TMOKPBIBAIOIIKX J0CTaTOYHO MPOTSKEHHBIE yuacTku (puc. 1, f). Kpome Toro, Ha moBepXxHOCTH
OHAOTCIMOLUTOB BbIABJICHBI CETYATBIC HAJIOKCHM A, ITPEATIOJIIONKUTECIBHO COCTOAIINE U3 YIIJIOTHCHHOI'O
U MOZAU(PHUITIPOBAHHOTO SMOKCHIHOM CMOJION TJIMKOKAJIUKCA.

EHT=2000kv  DWe 20 Apr2018 EWT=2000Ky  Date 21 Apr 2018

Time :1:3648 | E—— | Time :12:0623

EHT=2000ky  Date 21Apr2018 EHT=2000ky  Date 21 Apr2018
fime -1 ime :14:
Time :13:36:00 Time :14:2234

EHT=2000kv  Dste 24 Apr 2018 EHT=2000kv  Ose 24 Apr 2018
Apm* 100um*
[l

Time :19:27:61 —A Time :19:13:03

e S

Puc. 2. COM u3o0paskeHusi MMILIAHTHPOBAHHBIX BHOKApIOB: POCT OCTPOKOHEYHBIX KPHCTAJUIMTOB HA MOBEPXHOCTH BOJOKOH
KOJUTAreHOBOTO Kapkaca (a), mepdopupyromas spo3us (b), pereHepanusi 3po3un (c¢), AMUTSTHATIBHBIA BBIPOCT (d), XpyImKoe
paspylIeHne [UTOILIA3MbI SIMUTEIHONNTA (&), OCTEOUIHBIC CTPYKTYPHI B BHJIE KOCTHBIX 6asIoK (f)

Fig. 2. SEM images of implanted Biocards: growth of pointed crystallites on the surface of collagen skeleton fibers (), perforat-
ing erosion (b), erosion regeneration (c), epithelial growth (d), brittle fracture of epitheliocyte cytoplasm (e), osteoid structures
in the form of bone beams (f)
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CmpyxkmypHele npeobpasosanus umniaumuposeanno2o buoxapoa. B Tonle nepukapioB BbISBIIS-
I0TCSl KPUCTAJIIONOJO0HBIE YaCTHIIBI OCTPOKOHEUHON (OPMBI, pacTyllire B IPOCBET HHTEPCTULHATb-
HBIX IIeJIeH WK B CBOOOIHBIE TPOCTPAHCTBA, PACHONArasich Ha IOBEPXHOCTH BOJIOKOH KOJIJIAr€HOBOTO
kapkaca (puc. 2, a). [lo nanaeim EDAX cootnomenne Ca/P B aTuX yactunax xojeOnercs B mpeaenax
or 3 :1 o 5 : 1. BHe mogoOHBIX YacThLl OOHAPYIKEHBI IIOTHBIE KaJbUUuH(oOchaTHbIE MeTPU(YUKATHI
C BBIPKEHHBIM SHIAO(MHUTHBIM POCTOM, HAIPABJICHHBIM B CTOPOHY SHA0TEINATBHON MEMOPaHBI.

Poct netpuukaToB OCIOKHAETCS SPO3UPOBAHUEM SHAOTEIUAIBHBIX MeMOpaH. JJHo Oombiueii va-
CTH 3pO3MH BBINOJIHEHO JETPUTOM, COCTOALIUM M3 Pa3AapoOIeHHBIX KalbLUUH(OCHATHBIX YaCTHIL
(puc. 2, b). bonee arpeccuBHBIC p0O3UN UMEIOT MepHOpUPOBAHHOE THO, C TIYOOKO PacroioKeHHbIMH
(parmMeHTaMu AETpUTA. DPO3UU PEreHEPUPYIOT MyTeM 00pacTaHUsl SHIOTEIHEM BILIOTH JI0 TIOJIHOTO
BOCCTaHOBJICHHSI SHI0TEIUAIBHON MeMOpaHsbI (puc. 2, ¢).

B nenom snuTenuit sHA0TENMATBHONH MEMOpaHbl HAXOAUTCS B COCTOSIHUM MTPOIH(epaTuBHOTO BO3-
OyxaeHusi. Ha 5To yKka3pIBaeT yBeJIM4YEeHUE YUCICHHON MIIIOTHOCTH SIZEP SMUTEITHOLUTOB, HAXOASLINX-
Csl B COCTOSIHUM MHUTO3a, CONMPOBOXKJalommeecs GOPMUPOBAHNEM MHOXKECTBEHHBIX STIHUTEIHAJIBHBIX
BBIPOCTOB. B OCHOBHOM SnUTeNIMaIbHBIE BEIPOCTHI PEACTABICHBI INIACTUHYATEIMHE CTPYKTYPaMH pas-
MepaMHU OT HECKOJBKUX IECATKOB MHKPOMETPOB (pHC. 2, d) 10 AECATKOB MUJUIMMETPOB. B snurenu-
QJIBHBIX BBIPOCTaX KOHIIEHTPUPYIOTCS HOHBI Ca?’, OTHOCHTENIBHOE COACPIKaHHE KOTOPBIX CYIIECTBEHHO
BBIILIE, YEM B OKPY KAIOLIEeM dHI0TEeTUH. Ha MoBepXHOCTH SMUTENHS are3UPYIOTCS YaCTULBI, TOXOKHUE
Ha STMOKCHIHBIE MacChl, TPEUMYIIECTBEHHO HaJ siepHON 00nacThio. [Ipr 9TOM nuTomiIa3Ma 3MuTeIno-
LUTOB TOJIBEPraeTcs pa3pyLICHHUIO 110 XPYyIIKOMY MEXaHU3MY (pHUC. 2, €), 4TO MOKET OBbITh 00YCIIOBJICHO
KaJbU(pHUKAIMeld U MPONUTHIBAHHEM KJIETOK SMOKCHIHON cMoiioi. DyHaaMeHTanbHbIM (akToM SBIS-
ercst GopMUpOBaHUE HAa MOBEPXHOCTH SHAOTEIUATBHBIX MEMOpPAaH OCTCOMAHBIX CTPYKTYpP B BHJE BbI-
TAHYTBIX KOCTHBIX 0allOK ¢ TUIUYHBIMHU TaBEpPCONONOOHBIMU OTBEPCTHSIMU B 1ieHTpe (puc. 2, f). Ha
MOBEPXHOCTH AAHHBIX CTPYKTYP MPHUCYTCTBYIOT MTOJbUAThie pa3pacTaHUs, XapaKTepHbIE IJIsl pocTa
MUKPOKpUCTAIITUTOB ['A.

Ha pentrenogudpakrorpammax o0pas3inoB ucxonHoro buokapna BUAHBI TPH BBIPaKCHHbIE PEHTTe-
HOoaMOpQHBIe rajo B oomacTu yrios 20 npu 15-25° 25-34° u 38—46° (puc. 3, a). Ha pentrenogudpax-
TorpaMme o0pasia UMIUIAHTUPOBAaHHOrO brokapaa mosiBisieTcst peHTreHoaMop(Hoe Taio, CBI3aHHOE
c I'A, ipu 20 31,79° (puc. 3, a, 2). Jlnsg noareepkaeHUs HAIMYUS KpUCTAILIOB ['A B 3THX 00pa3nax ux
noaseprayiu Tepmoodpadorke npu 500 °C B TeyeHue 5 4, B pe3ysbraTe KOTOPOH peHTreHoaMopQHast
¢aza nmepexonuia B KpUucTasindeckyto ¢azy crexuomerpuueckoro ['A (puc. 3, a, 3), pediekcsl KOTopo-
ro Ha peHTreHoan(pakTorpaMme coBnagaroT ¢ pediaekcamu stanonHoro [01-084-1998] cuarernyecko-
ro I'A (puc. 3, a, 4). D10 cBUAETENBCTBYET O GOPMHUPOBAHUH B TKAHSIX UMIIJIAHTHPOBaHHOTO bruokapaa
KanpIuiQochaTHbIX BKIIOYEHUH B BUJIE CTEXHMOMETPHUECKOro aMmopdusnpoBaHHoro ['A.
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Puc. 3. Pentrenomudpaxrorpammel (a) u UK-criektpser (h) oOpa3noB brokapaa: / — UCXOMHBIH; 2 — UMIUTAHTUPOBAHHBIN; 3 —
MMIUTAaHTUPOBAHHEI mocie Tepmoodpadotku pu 500 °C; 4 — cuareTnyeckuii [A
Fig. 3. X-ray diffraction patterns (@) and infrared spectra (b) of Biocard specimens: / — initial; 2 — implanted; 3 — implanted by
heat-treated at 500 °C; 4 — synthetic HA
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Ha HK-cnekTpe ncxognoro oopasua buokapna (puc. 3, b, /) npucyTCTBYIOT: LIMPOKas MoJ0ca Mo-
riorienus mpu 3680-3270 cm! BaseHTHBIX KOJeOaHH I BOIBI U MEKMOJICKYIISIPHOW BOJJOPOTHON CBSI3H,
nosoca rpu 2150 cm ™! BaneHTHBIX Koniebanmii cBsizu CN Gerika, mosoca npu 1680 cM ™' BaeHTHBIX KoJIe-
Oanwuit csizu C=0 (amun 1) [10; 11], xapaktepHas jiist 0e1KoB (KOJIareH, 3JacTHH) U SIOKCUTHOM CMO-
ab1. Kpome Toro, mpucyTtcTByet nosioca npu 1570 cm™' BajgeHTHBIX Kostebanuit cesizu CN u gedopmariu-
oHHBIX KosteObanuii cBs3u NH (amun 11). JIunuabl npeacTaBieHbl ClieAyIOMMMHE IT0JIOCAMU MOTTIOICHUS:
1740 cm™! konebaHus CIOKHOI(PHUPHOW CBSA3M B TpUIIMLEepUaax, 1474 cm' nedopmanmonHsie Konebda-
nus CH -rpynn B nenoukax, 1130 cm™ BanentHble konebanus C—O-cBA3u CI0KHO(QUPHON TPyHIIbI,
776 cm ' konebanus CH,-rpynn B LeNoYKe AJTMHHEE TPEX YIJIEPOIHBIX aTOMOB.

UK-cnekTpsl MMIUIaHTHPOBaHHOIO bHoKapaa CylIeCTBEHHO MHBIE, B YaCTHOCTH, 3HAYUTEIBHO
YMEHBIIAETCSI HHTEHCUBHOCTH MOJOC OPraHUYECKOH COCTaBISIOUICH, HEKOTOPbIE MOABI B 00JIacTH
2300-1630 cm ! mosHOCTBEO Hcue3aroT (puc. 3, b, 2). DTo 00YCIOBICHO yMEHbIICHUEM 00beMa OpraHu-
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Fig. 4. Derivatograms of Biocard specimens: original () and implanted ()
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4yecKoil (ha3bl, BOBMOXKHO, B CBSI3U C aKTHBanKel TkaHeBbIX npoTea3. Ha MK-cnekTpe uMIiaHTHpoBaH-
Horo bruokapaa npucyTCTBYyeT mupoKas nojoca noromenus npu 35003280 cm ' BaseHTHBIX KoJeba-
HUU Bonbl U moJioca npu 1613 cm! nedopmanoHHbIX KoJeOaHUIl BOJBI, 4TO 00YCIIOBICHO TKAHEBBIM
OTEKOM B TaTOMOP(OJIOTHIECKOM MMOHUMaHUH. [[pHHIIMTTHATIFHO BaKHOW CTPYKTYPHOM 0COOEHHOCTHIO
HK-crnekTpa uMIIIaHTHPOBAHHOTO brokapa sBAsAIOTCS XapaKTepUCTUIHBIE TOIOCH ['A py BOJTHOBBIX
uncnax 1025, 865, 604 u 560 cvm ' (BaneHTHBIX U JehOpMALMOHHBIX Kojlebanuii Terpasapos PO,) u mpu
3540 cm! (ctpykrypHble OH-rpynibl) KOOpIUHHUPOBaHHBIC KATHOHOM U HE CBS3aHHBIC BOIOPOIHBIMH
ces3smu. [locite TepmoobpadoTku Takoro oopasma npu 500 °C va UK-criektpe ncuesaeT mupokas mo-
JI0ca BaJICHTHBIX KoJieOaHUI1 BObI, @ ”HTEHCUBHOCTH I10JI0C MOMJIOLIEHUS B 001acTH Ae(hOpMaLlMOHHBIX
xonebanuii Terpasapos PO, npaktudeckn He usmensieTcs (puc. 3, b, 3). Oro cormacyeres ¢ MK-
CIEKTpaMU CTaHJIapTHOro cunrerudeckoro ['A (puc. 3, b, 4), 0coOeHHO B 007aCTH JIehOpMaI[HOHHBIX
xonedanuii rerpasapos PO, u ¢ BeimenpuseneHHbIME JaHHbIME POA. [IpuHIMIHATIBLHO BAKHO TO, YTO
B KPUCTAJIJTMYECKON peleTke 0OHapyskeHHOTo ['A OTCYTCTBYIOT KapOOHATHBIE TPYIIIIBI, YTO OTPa)KaeT
€ro MEHbLIYI0 XMMHUYECKYI0 aKTHBHOCTb, [0 CPAaBHEHUIO ¢ KapOoHaT-I'A (ZajminuToMm), SBIISIOLIMMCS
€CTECTBEHHBIM MHHEPAIBHBIM KOMITOHEHTOM 3PEJION KOCTHOM TKaHU [12].

ITo manueM [ITA ucxomgusix o0pasios brokapaa B remneparypHomM unTepsasie npu 25-200 °C BbI-
CcBOOOXKIaeTCsl aJicOpOMpOBaHHAs BOJIa U MPOMCXOAMT JieHaTypauus kojuiarena [13; 14]. Ha npucyt-
CTBHE 3MOKCUIHOM CMOJIBI B 00pasiie yKaspiBaeT Hanuune cooTBeTcTByomero JTT nuka mpu 260 °C.
Ha BTopoii ctaguu npu 200—480 °C mporcXoauT TEPMUUECKHH pacal MOJIEKYJ KoJlareHa, a B MHTep-
Baste ripu 480—800 °C cxxurarorcs ocTaTOYHbIe KOMIIOHEHTHI Opranudeckoi ¢asbl. [lociie Tepmoobpa-
o6otkm ncxomxHoro brokapma g0 1000 °C o6paszerr moTHOCTEIO BEITOpaeT (puc. 4, d), 9TO CBUACTEILCTBY-
€T 0 HAJIMYMH TOJIBKO OpraHu4eckoi ¢aspl. B 00pasnax uMIjIaHTHPOBaHHOT0 bruokapia B aHaJIOTMYHbIX
YCIIOBUSIX TEPMOOOPAaOOTKH MOJHOW JECTPYKIIUU HE POUCXOAUT M MAcca CyXOro OCTaTKa COCTaBISET
32 % (puc. 4, b), uTO yKa3pIBaecT Ha MPHUCYTCTBHE HeOpraHudeckoi ¢asel ['A u cornacyercs ¢ pe3ynbTa-
tamu PDA u UK-criekrpockonuu. OHAKO B 3THX 00pa3iiax HaOIIJaeTCs HE3HAYUTEIbHBIN TeMIepa-
TYPHBIHA COBUT pactajia KoymareHoBeixX (pudpuin (200—420 °C), 9To CBUIETENHCTBYET O Je30praHm3a-
A CBsI3eH B mHTEepdeiice kourareH—['A u MOXeT OBITH OOYCIIOBJICHO CTPYKTYPHOU HE3PEIOCTHIO
HOBOOOpa30BaHHBIX KOJIareHoBbIX (uoOpuiu. Kpome Toro, oOpaiiaeT Ha ceOs BHUMaHHE perpeccus
nuka Ha JITT" xpuBoil B Temneparyprnom auanaszone npu 230-280 °C (puc. 4), 4To CBUAETEIBCTBYET
0 pa3pyIleHUH 3MOKCUIHOHN (a3pl. BO3MOKHO, YTO B TKaHSIX MMIIAHTHPOBAHHOTO bHokapaa 3mok-
cuaHas gaza yTHIM3UpyeTcs 3a cueT parountosa Makpodaramu. OTMETHUM, YTO HAKOIJICHHE MaKpo-
(aro B TKaHSIX UMIJIAaHTUPOBAaHHOro buokapna, oOHapyXEHHOE T'MCTOJOTMYECKH, ITOATBEPIKAAET
9TO TIPEATIOIOKEHHE.

3akJirouenue. [lepukap/pl, MOTU(PUIIMPOBAHHBIC ATOKCHTHON CMOJION ¥ UMILJIAHTHPOBAHHBIE B T10-
JIOCTh CEepALA, MOABEPralOTCs CTPYKTYPHBIM U (PU3UKO-XUMHUYECKUM MPEOOPa30BAHUSM, COIIPOBOXK 1a-
IOIIMMCSI, TIPEKJE BCETro, OPMHUPOBAHUEM OCCUPHIHMPYIOMNXCS KadblHK(pochaToB CO CTPYKTYpPOH
aMOp(U3UPOBAHHOIO CTEXMOMETPHUECKOIO T'MJPOKCHanaTuTa. MUKpPOKPUCTAIIIBI THAPOKCHANIATUTA
HIPEUMYIIECTBEHHO PACIOJIaratoTCsl B CPEAMHHBIX CIIOSIX IEPUKAPAOB U B XOJ€ AaJIbHEHIICH IBOITIOLUY
MpOpacTaroT B SHIOTEIHATBHYIO MeMOpaHy. OOpasyromuecs IpU 3TOM DPO3UU PEreHEPHPYIOT 10
MEXaHM3MY «KpOIOIIEro IjlacTay. B 1enoM sHAOTEINI0 CBOMCTBEHHO AMCIIACTUYECKOE IMOBEICHHE
¢ GOpMHUPOBAHUEM MHOXKECTBEHHBIX AMUTEIHAIBHBIX BHIPOCTOB. MUKPOKPHUCTAIIIBI THAPOKCHATIATHTA
MHTEHCUBHO 00pa3yloTCsl B MHTEPCTHLIMH, @ ME30TelUaIbHbIC BBIPOCTHI SBJISIOTCS MOIUMOP(HBIMH
U UMEIOT YETKO CTPYKTYypPHUPOBaHHYIO Oa3ainbHyro MeMOpany. [Iponudeparusaoe Bo3OykaeHNE 3HI0-
TEJIMOLMTOB OIPaHUYMBAETCSA TEPPUTOPUATBHBIMY NIPEEIaMU AU TEIHAIBHBIX 1U((HEPOHOB, IIIE TAK-
JK€ BBIABIISIOTCS KJIETKH B COCTOSIHMHM JNeCTPYKUUU. OCOOCHHOCTHIO Pa3pylICHUs 3HIOTEIHATbHBIX
KJICTOK SIBJISICTCS IIHPOKOMOPUCTAst TPaHCPOPMALIUS IIUTOIIa3Mbl ¢ 00pa30BaHUEM IJIOTHBIX, PUTU-
HBIX MHKPOKaHAJIOB, IPONUTAHHBIX SIMOKCHIHOW CMOJIOH, YHOPSIOYCHO HAIPABICHHBIX K Nepudepu-
YECKUM OTJIeJIaM KJIETOK. YTIOpsAOUCHHAsi OPraHU3altsl KaHAJIOB CO3aeT CTPYKTYPHBIC TPEINOCHIIKH
JUTs1 OBICTPOTO BBIBOJA BEILECTBA Pa3pyILAlOIIEiics LUTOMIA3MbI, YTO IPOUCXOJUT 10 MEXaHU3MY BbI-
Opoca, BOBMOXHO, B CBSI3W CO CKAYKOOOpa3HBIM PACKPBITHEM MEeMOpaHHBIX op. [Ipupoma mpoaudepa-
THUBHOTO BO30YXICHUS dHIOTENNs He n3BecTHa. Ho mokaibHOE HaKOMIEHHE KIIETOK, pa3pyIIaionuXxcs
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BCJICACTBUC IPAMOIO ,E[eﬁCTBPIH BHOKCHHHOﬁ CMOJIBI U TPOTPECCUPYIOUICTO KOHUCHTPHUPOBAHU A NOHOB
C3,2+, MOXKET CIIPOBOLMPOBATH ,Z[I/ICHJ'IEICTI/I‘-ICCKI/If/i OTKJIUK SHAOTCIHA. B Takoit CUTyalluu 5HAO0TCIIN-
AJIBHBIC pa3pacTaHus €CTh IIPOABJICHUC a,[[aHTI/IBHOﬁ pcaknuuu, HaHpaBJ’ICHHOﬁ Ha yAaJICHUC HU30BITKOB
TKAaHCBbIX MOHOB KaJIbIIU .
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