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IMenn — B pa3Hble CPOKM OCTeOpeIapaliy U3yUUTh TUCTONOIMUECKOe CTpOeHNe, XMMIYECKUIT U 3JIeMeHTHBIN COCTaB
pereHepara 60JbLIe6epI[0BOil KOCTH Tocie 60-CyTOUHOTO BO3ENCTBIS TapTPas3nHa, a TAKKe YCTAHOBUTH BO3MOXXHYIO 3¢-
(eKTUBHOCTD CeJIeHNTa HATPUSI.

Marepuanbl 1 MeTOABI. JKCIIEPUMEHT IPOBENEH Ha [EBIHOCTA OeNbIX KphbICaXx-caMIlax 3peJyioro Bospacra. Ha mpo-
TSOKEHUM 60 CYTOK KpbICaM eXeJHEBHO BHYTPIDKENYJOUHO BBOOMIM 1 M (uamosorumueckoro pacrsopa (rpymma
®us+[led) nay aHaAIOIMUHBIL 00BEM pacTBOpa TapTpasuHa B fKo3e 750 MI/KT nsoimpoBaHHo (rpymma 1750+ 0ed) nmm co-
UeTaHHO C BHYTPMMBILIEYHBIM BBeqeHMeM ceieHassl (rpymnmna T750Cen+/ed). Ha 61-e cyTku aKcriepuMeHTa BHIIOJHSIN
MOJIeNMpPOBaHMe IepenoMa GobIebepioBoil KOCTY IIyTeM HaHeCceHUs CKBO3HOro medexra. ['mcrosornueckoe crpoeHne
KOCTHOTO pereHepaTa M3yyJajay MeTOJOM CBETOBOI MMKpocKoruy 1 mopdomerpun. OnpeneneHne comepXaHus BOAbI, Op-
TaHMYECKNX, MITHEPAJIbHBIX BEILIECTB B PET€HEpaTe OCyIIECTBISIM BECOBBIM METOOOM, a COAEP)KaHMI KaJbLd, MarHusd,
LHKA B KOCTHOJ 30JI€ — METOOM aTOMHO-a06COPOIMOHHOI CIIEKTPOMETPUL.

Pesynprarel. B rpynme T750+/ed Hambosee BhIpaKeHHbIE M3MEHEHMUs OTHOCUTENBHO NAHHBIX rpymmnsl Pus+lled
3apernCTpMpPOBaHbI Ha 15-e M 24-e CyTKM SKCIIEpMMeEHTa: ILIOLIAqh TPaHyJISIMOHHON TKaHU pereHepara Oblaa GOJIbIIeE
Ha 118,06% n 84,89%, mromags rpy0OBOJIOKHIICTON, IUIACTIHYATOI TKaHeil — MeHblile Ha 28,79% u 24,13%, 24,56% u 22,00%.
Copnepxanme Boasl ObuTO BhIIEe Ha 4,50% u 12,91%, comeprkaHMe OpraHMYECKUX BELIeCTB — MeHbIe Ha 7,00% u 7,49%,
KayubLuus — Ha 6,67% u 5,89%, unaka — Ha 16,04% n 10,56%. B rpynme T750Cen+/{ed 3HaueHns mapaMeTpoB BOCCTAHABIMBA-
JIMCh 10 KOHTPOJIBHBIX GhICTpee, ueM B rpyiie 1750+ ed: ycTaHOBIEHO yBeIMUeHNe IIIOMaan rpy6oBOIOKHIICTON I I1JIa-
CTMHUATON TKaHell Ha 23,37% u 24,90% Ha 24-e CyTKM, cogepKaHMd KaJabLiud, IMHKa Ha 7,14%, 10,13% u 5,35%, 10,35% Ha
15-e 1 24-e cyTKm.

3axmroueHnne. lllecTunecarucyToyHoe Bo3aelicTBIUe TapTpasmMHa B fo3e 750 MI/KT U3MeHseT IMCTOJIOIMYeCcKOe CTpoe-
HUe, XMMIYECKUI, 3JIEMEHTHBII COCTAaB pereHepaTa B pasHble CPOKM ero (opMUpOBaHWUs, a BBENEHUE C HUM CeJleHa3bl
YMEHBIIIAET MX BBIPAKEHHOCTD.
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IlepesoMBl KOCTEJ TOJE€HM COCTaBJIAIOT IIOJIO-
BUHY BCEX IEPEJIOMOB HILKHIUX KOHEUHOCTEN I JIN-
OVIPYIOT CpeaM BCEX TPAaBM KOCTHO-MBILLIEUHO CU-
creMsl. [{nana3oH HETPYOOCIIOCOOHOCTM MPHU IEpe-
JoMax ToJIeHU BechbMa 3HAulTeJIeH: OT 5-6 Hemelb
IO 5-7 MecdlL€eB, a IIPU CI0XHBIX IIEPEIOMaX MOMXKET
mocturath 10-12 mecsiues [1]. Crparerus neueHus
IepeIoMOB 0OJIBIIEGEPIIOBOIT KOCTH OIIPENENSIeTCS
cTafyerl pereHepauMyl ¥ COOTBETCTBYIOLLVIMU
CTPYKTYPHBIMU U3MEHEHNSIMI pereHepara [2].

ITumieBble MOOGABKM ABIAIOTCI HEOTHEMIIEMOIL
YacTbl0 palliOHAa COBPEMEHHOI'O YeJIOBEKa, XOTd
MHOTHUE€ M3 HUX HE MMEIOT NUIIEBON IIeHHOCTHU.
WccnemoBaHusa Ha KMBOTHBIX M in vitro mokasanm,
YTO MCKYCCTBEHHBbIE NUILEBBIE KPACUTENI Ha OCHO-
B€ a30KpacuTesell OKa3bIBaIOT HEIIPOTOKCUYECKOE,
LIUTOTOKCMYECKOE, T€HOTOKCUUYECKOE I KaHLEPO-
TeHHOE BO3[EeVICTBME, UTO BBI3BIBAET OITACEHUS OT-

HOCHUTENBHO UX 0e30IMacHOCTI IS 3OPOBBS UEJIO-
Beka [3].

KocTb, HECMOTPS Ha KaXYLIYIOCS TBEPOOCTH I
VHEPTHOCTb, SIBIISIETCS AMHAMUUHON CTPYKTYPOIL,
KOTOpas HeIpephIBHO OOHOBIIAETCH IIyTEM PEMOJE-
JIMPOBAHUS B OHTOTEHe3e, 00eCIIeunBas MexaHmye-
CKYIO IIOAMEPIKKY MJIS pPOCTa U IIEePeIBIDKEHNS,
a Takke 3amuTy opraHoB [4]. OmmcaHsl Bo3neit-
CTBUISI JKEJITOTO IIMIIEBOTO a30KPACUTENS TapTPa3u-
Ha (E102) Ha CTpyKTypy TpabeKyJsIpHOI KOCTH,
anudu3apHOro Xpslla, OCTEOHHOTI'O cios
onadusa [5, 6], OQHAKO IMPAKTUUYECKN HE U3YUEH-
HBIM OCTAeTCS €ro BIUSHUE HA TUCTOCTPYKTYPY,
XMMMUECKUII COCTaB pereHepara, popMUPYIOLIErO-
¢ B TPyOUATHIX KOCTSIX.

Ilenp mccnenoBaHusI — B pasHbIE CPOKU OCTEO-
pemaparuu (3, 10, 15, 24, 45 cyTKM) U3yUUTH TUCTO-
JIOTMUECKOE CTPOEHME, XUMUUECKUI U 3JIEMEHTHBIIN
COCTaB pereHepaTa 6o0JbliIeGepLIOBOI KOCTU ITOCIIE
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60-CyTOUHOIr0 BO3JENICTBMA TapTpas3yHa, a TaKke
YCTaHOBUTH BO3MOXHYIO 3()(eKTUBHOCTD CeJIEHUTA
HaTpU.

MATEPHAJIBI U METOIBI
NCCIEOIOBAHUA

PacopenmeneHme 9KCIEPUMEHTANBHBIX JKUBOT-
HBIX Ha TPYILIBI, BUIBI BO3HEIICTBUIL I CPOKM DKC-
IeprMeHTa MIPeCTaBIeHbI HA PUCYHKeE 1.

CkBO3HOI medeKT B GOIBIIEOEPIIOBBIX KOCTIX
KpeIc (d=2,2 MM) HaHOCWIICS B 30HEe MEXOY IIPOK-
CUMANBHBIM 30U(1U30M 1 Auadn30M IIPY ITOMOLIN
TBEPAOCILIABHOTO Oopa qumaMeTpoM 2 MM (IIpOm3-
Bopurenb AO «0O33 Bragmusa», Benropon) u sH-
MOTOHTUYECKOTO MoTOpa (mpousBoguTenh
Dentsply, Maillefer, IIseitiiapus) mox obirest aHe-
CTe3Meil C VCIIOIH30BAaHMEM IUITILIOBOTO 3dupa.
Mecto BMeraTesapcTBa 00pabaTHIBAIM AHTMUCEIITH-
yeckuMn pactopamu (70% srtaHOJN, GeTaguH), IO-
Clle Uero Ha MeQMaIbHOI IOBEPXHOCTM IIPOKCU-
MaJIBHOW TPETU IIPaBOM U JIEBOI I'OJIEHU KPBIC BbI-

TIOJTHAJN IIPOSOJIBHBIN IIOCIIOMHBIN paspes TKaHelx,
mocturas GoiblirebeprioBoit Koctu. Ha menieHHBbIX
o6oporax 6opa IMPeoqoIEBATN CJIOM KOMIAKTHOTO U
rybuaroro BelecTBa OOJBIIEOEPIIOBBIX KOCTEVL,
Jjajiee OCYLLECTBJISIM OCTAHOBKY KPOBOTEUEHWUS U
IIOCJIOMHOE YIIVBaHUe ITOCJIeOepallliOHHOM PaHbL.
Yunryio pany o6pabaThiBayii aHTUCENTHUKAMU I
IIOMeI[JI >KUBOTHOE B KIETKY C ITOCJIEeXYIOLLVIM
HaOIIO e HIIEM.

Jlns mpoBemeHMSA TUCTOJIOTMYECKOTO aHaIM3a
BBINIMJIMBAIY (parMeHT OoJIbIIeOepLioBOl KOCTM
Ha TpaHMuIle IPOKCHMaIbHOro Metadusa u quadu-
3a, COfleprKallMil pereHepar (HIDKe ypOBHS pacIio-
JoXKeHUs MeTasnudusapHoro xpsma). OOpasiibl
mojBepraymchk ¢ukcanmu B 10% HeNTpaIbHOM
dopmannHe, mOCIeAyIOLIel AeKAIbLUMHAIMU 5%
pacTBOPOM MypaBBMHOI KICJIOTHI ¥ 00e3BOKIBa-
HMIO B VM30IIPOIMJIOBOM CIIMPTe C BO3pacTaloIlleit
KOHI[eHTpalmeil. 3aTeM IPOBOAIIIACH 3aJIMBKa 00-
pasioB B TIOMOTEHNM3NPOBAHHYIO I1apadUHOBYIO
cpeny "Histomix". I3 monyueHHbBIX GIOKOB
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Taptpazun 750 M¥/KF, 30H1, 60 CyTOK/ Tay
I'pynna ®usz+led/ Tartrazine 750 mg/kg, gastric tube, 60 days I'pynma T750Cen+dedy/
Fiz+Def group Tpyrma 1750+ e/ T750Sel+Def group
(n=30) T750+Def group (n=30)
(n=30)
HaHeceHHe CKBO3HOTO 1e- —,  3-ucyrku — ¢asa Bocnanenus/ 3rd

(exra B 00JIbIIEOEPIIOBOM
Kocty, 61 cyrku/ Make a gap
defect in the tibia, 61 day

IIpumeuanne/ Note
Taprpasun/ Tartrazine (mpoussonurens/ manufacturer Roha
Dyechem Pvt Ltd, India).

Cesntena3sa/ Selenase (MeXIyHapOHOE HEIATEHTOBAHHOE
HasBaHIeE — HATPYS CeJIEHNUT IleHTaruapar, Buocnu Apir-
HavimurTens I'MOI, Tepmanus)/ (international nonproprietary
name — sodium selenite pentahydrate, Biosin Arzneimittel
GmbH, Germany)

Puc. 1. Cxema skcnepumeHTA.

Fig. 1. Design of study.
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day — inflammatory phase
— 10-e cyTku — daza nuddepeHunpoBKH
KJIETOK U OPMHUPOBAHHS TKAHECTIEIIH-
¢uueckux cTpykryp/ 10th day — phase of
cell differentiation and formation of tis-
sue-specific structures
—15-e cyrku — ¢aza peopraHuzaniu
TKaHEBBIX CTPYKTYP ¥ MUHEPATU3AIHH/
15th day — phase of tissue structure
reorganization and mineralization
+—» 24-¢ cytku — (paza peMoaenupoBaHus/
24th day — remodeling phase
—»  45-¢ cytku — ¢asza ucxona/ 45th day -
outcome phase
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M3TOTABIMBAIIUCEH TUCTOJOTHMYECKIE CPE3BI TOJIII-
HOI 5-6 MKM, KOTOpbIE OKpallNBaJINCh IéMaTOKCH-
JIMH-303UMHOM U 0 Maccony. BusyanbHas oreHka
TUCTOJIOTUUECKUX U3MEHEHUII, M3MEPEHUE CTPYK-
TYPHBIX KOMITOHEHTOB M (oTorpadmpoBaHme oCy-
[[ECTBIISUINCH C MCIIOJIB30BAaHMEM IIPOTPAMMHO-
AIIapaTHOTO KOMILIEKCA, COCTOSIIETO M3 IIEPCO-
HaigpHOro Kommblotepa ¢ IIO "Nis-Elements BR
4.60.00", mukpockona "Nikon Eclipse Ni" u mugpo-
Boit kamepsl "Nikon DS-Fi3" (Nikon Corporation,
Japan). Mopdomerpuueckuit aHaINM3 KOCTHOTO pe-
reHepara, a UMEHHO U3MePEeHUS IUIOIIAAI TeMATO-
MBI, TPAHYJIALMOHHON, GUOPOPETUKYIIPHOI, TPY-
OOBOJIOKHIICTON, ILJIACTMHYATOM TKaHEl, a TakKxKe
IUTOIIAAY KOCTHO-MO3TOBBIX ITOJIOCTEN C KPACHBIM
KOCTHBIM MO3TOM IIPOBOQIIINCH B IIpOTpamMMe
NDP.view2 (Hamamatsu Photonics KK., EU, Japan,
UK, USA).

STampl  XMMMUECKOTO AaHaum3a pereHepara
GosplIe0epIlOBOY  KOCTM  IIPENCTABIE€HBI  Ha

CrarucTuueckyo 0o0pabOTKy IlapaMeTpoB IIO-
JIyUeHHBIX II0CJIe IIPOBefeHMsI MOPHOMeTPUUecKo-
Io U XMMMYECKOTO aHaJIM3a, OCYIIeCTBJIAIN B JIN-
LIEH3MOHHOM KOMIIBIOTEpHOIT Iporpamme «JASP»
(The JASP Team, Amsterdam, Bepcus 0.19.1.0). IIpo-
BOMMJIM OIMCATEJBHYI0 CTATUCTUKY (BBIUMCIEHUS
MeIOUaHBbI, 25-To u 75-T0 IPOLIEHTUIIEN,
Me [Q1;Q3]), mpoBepKy xapaKTepa pacIipeaeeHs
JaHHBIX (HOpMAaJbHOE pacIpefeseHNe WM pac-
npeneseHye, OTINYHOE OT HOPMAJIBHOTO) C IIOMO-
mpio Kpurtepud Ilanmpo-Yunka, ycTaHOBIeHUE
IOCTOBEPHOCTY ME>KTPYIIIOBBIX OTIMUMIL MCCIIeXy-
€MBIX ITapaMeTpoB C IcIonb3oBaHueM U-Kpurepus
ManHa-YutHnu. 3HaueHMd ITapaMeTpoOB B TIpYIIIe
T750+ed cpaBHUBAIM C aHAJIOTMUHBIMIU IIapa-
Metpamnu B rpymme Pus+/led, a mokasarenu rpyn-
nel  T750Cen+[dedp - ¢ M[aHHBIMU  TPYIIIBI
T750+ded. OTamumss cUMTaIM CTATUCTUUECKU 3Ha-
yyuMbeIMU Ipu p<0,05.

pucyHKe 2.
11 111 v Vv
( BblcyIHI/IBaHI/Ie,‘ (Osonenue, My- ) (" ) ( \
CYROKApOBHIA denbHas nedn ATOMHO-aGCOp6?I/IOHa${ CIIEK-
. 450-500°C, 6 KocrHas TPOMETpHsl (ATOMHO-
nnl(g(b (105°C, > q(aCOB) / Ashing soma/ |, a0CopOLHOHHBIH (oTomeTp
4yacoB)/ > | —P Bone Carypu-2)/ Atomic absorption
Drying, dry- muffle furnace spectrometry (Saturn-2 atomic
heat oven (450-500°C, ash absorption photometer)
(105°C, 6 hours)
12 hours) \ )

-~

Ca Mg Zn

[Mpumeuanue. | — stan Beinenenus: perenepata; 11 — stan BeicymmBaHus o6pasia; 111 — sran o3oneHust oOpasia;
IV — oTan noxydeHust KOCTHOH 3071b1; V — 3Tall aTOMHO-aCOPOIMOHHON CIIEKTPOMETPUH 30116l U OINPE/ICICHUs B Hel
% Ca, Mg, Zn. IIponeHT BOAbl, OPraHUUECKUX U MHUHEpPAJIbHBIX BEIIECTB B PereHepaTe KOCTH BBIYUCISUIA BECOBBIM
METOJIOM ITYTEM OINpe/eIeHUs] Macchl 00paslia 10 BBICYIIUBAHUS, MTOCIIE BHICYIIMBAHUS U O30JICHUSL.

Note. I - stage of regenerate isolation; II — stage of sample drying; Il — stage of sample ashing; IV - stage of bone ash produc-
tion; V — stage of ash atomic asorption spectrometry and determination of percentage of Ca, Mg, Zn in it. The percentage of
water, organic and mineral substances in the bone regenerate was calculated gravimetrically by determining the mass of the

sample before drying, after drying and ashing.

Puc. 2. 9ranel XMMI4YeCcKoOro aHanu3a pereHepara 60s1bI1e6epIioBol KOCTH.

Fig. 2. Stages of tibia regenerate chemical analysis.

PE3VJIbTATHI NCCJIENOBAHUA
N X OBCYXIEHUE

IIp m3ydyeHMM TUCTOJIOTMUYECKOTO CTPOEHMUS
pereHepara OoibinebeprioBoii  koctu (puc. 3)
Ha 3-M CyTKM 3aXMBJIEHUSA IIepejioMa B TpYIIIIe
T750+ed mmomanb rpaHyIaUMOHHON TKaHK ObLIa
CTAaTUCTUYECKN 3HAUMMO OOJIbIllE AHAJIOTMYHOTO
napamerpa B rpymme dus+[ed na 38,88%, a mwo-
magb QuUOPOPETUKYISIPHON TKAHU — MEHbIIlE Ha
23,35%. B aToil rpymnie B IPOLIEHTHOM OTHOIIEHUN
IJIOLAnb TeMaTOMBI cocTaBisia 60% oT oOIelt
wroranu pererepara (11,21 [10,74; 11,60]), mwro-
L[aab TPaHYJIALUVOHHON TKaHU - 22%, IUIOILAIb

¢bubpopeTukyIsspHOI TKaHM — 11%, rpyOOBOIOKHNI-
croit Tkauu — 7%. B rpymnme T750+ded comepxkanue
LMHKa OBLIO JOCTOBEPHO MeEHBbIIle, YeM B KOCTHOJI
30JIe MMHepaja pereHepara 0OJIbIIeGepIIOBOI KO-
ctu Kpoic rpynnbl Ous+/led Ha 19,57%, a Maraus,
HAIIPOTHUB, ObLIO Gosblite HA 6,07%.

B rpymnme, B KOTOpOii BO3HOENICTBME TapTpa-
3MHA COIPOBOXKAATOCH BBEIEHNUEM  CeJleHa3bl
(T750Cen+ed), ycTaHOBIEHO YMeHBIIEHIE CO-
Iep>KaHud BOOBI Ha 3,36% U yBeJMUEHNE COOEPKaA-
HMS LMHKa B MuHepaje Ha 7,46% (tabm. 1). Ilpnm
mopdomMerpun pereHepara 60JIbIIEOEPIIOBOIT KOCTH
kppic rpymmsl  T750Cen+[ed  craTmcTmdecku
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Puc. 3. Yuactkum pereHepara O0o0sblIeGepIIOBBIX KOCTEN II0JIOBO3peNbIXx Kpbic B rpymnme T750+ed
(I - ua 3-u cytku, III - Ha 10-e cyrku, V — Ha 15-e cytku, VII — Ha 24-e cyTKu ITOCIIe BBIBEIEHUS KMBOTHBIX 13
akcriepumenta) u B rpymme T750Cen+ded (I - Ha 3-u cyrku, IV — Ha 10-e cytkn, VI — Ha 15-e cytku, VIII - Ha
24-e cyTKM IIOCJIe BBIBEIEHMS KMBOTHBIX U3 9KCIIEpUMEHTA), COeprKalllyie a — reMaToMy, 6 — IeTPUT B TpaHy-
JILMOHHOM TKaHMU, B — KOCTHbIE OTJIOMKI, T — MBIIIIEUHbIe BOJIOKHA, I — IPaHyJISUMOHHYIO TKaHb, € — (puopo-
PETUKYJIIPHYIO TKaHb, K — IPyOOBOJIOKHICTYIO TKaHb, 3 — IUIACTVHYATYIO TKaHb, I — KPACHBI KOCTHBII MOST.
Oxpacka: remarokcuiaud u 303uH (I, IL, IV, V), mo Maccony (I, VI).

Fig. 3. Areas of tibia bone regenerate of mature rats in T750+Def group (I - on the 3rd day, I - on the 10th day, V - on the 15th day,
VII - on the 24th day after the animals were remove from the experiment) and in T750Sel+Def group (Il - on the 3rd day, IV - on the 10th
day, VI - on the 15th day, VIII - on the 24th day after the animals were remove from the experiment), containing a - hematoma, 6 - detritus
in granulation tissue, B - bone fragments, r - muscle fibers, x - granulation tissue, e - fibroreticular tissue, x — woven bone, 3 - lamellar
bone, u - red bone marrow. Staining: hematoxylin and eosin (I, II, IV, V), Masson stain (III, VI).

3HAUMMBIX OTJIMUYUIL OT ITapaM€TpOB T'PYIIIIBI OoJbllle 3HAUEHMS AaHAJIOTMUHOTO ITapaM€Tpa B

T750+ed Ha 3-u CyTKM 9KCHEpUMeHTa HeE yCTa-
HOBJeHO (Tabm. 2). B mpolleHTHOM OTHOIIEHNU
IUJIOLAAb TeMAaTOMBI COCTaBigia 61% oT oOIuet
wromanyu peredepara (10,48 [10,32;10,71]), mwio-
IIafb TPaHYJISLMOHHOM TKaHuM — 21%, momiags
¢bubpopeTukyaIpHON TKaHU — 11%, TpyOOBONIOKHU-
CTOJ TKaHU — 7%.

B rpynme T750+[ded Ha 10-e CyTKM 9KCIIEpU-
MeHTa IUIOIIaAbh TPAHYJAMOHHON TKAHU ObLIA

32

rpyme us+/led Ha 143,72%, a wowmans pubpope-
TUKYJSIPHOJ, TPyOOBOJOKHMCTOM, ILIACTMHUATON
TKaHell M IIJIOIIaab KOCTHO-MO3IOBBIX IIOJIOCTEN
C KpaCHBIM KOCTHBIM MO3TOM — MeHbIlle Ha 28,81%,
26,79%, 43,72% n 34,37%. B IpoLleHTHOM OTHOIIIe-
HUMY IUIOLIA[b T€eMaTOMBI COCTaBJIsIa 2% OT OOLLeit
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Tabmua 1
Table 1

HuHaMuKa M3MeHEeHUII [I0Ka3aTeNeil XMMIUECKOTO U 9JIEMEHTHOTO COCTaBa pereHepara 60Jbie0epIioBoit

KOCTU Ha 3-1 CyTKU ¢ MoMeHTa omepanuu (Me [Q1; Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 3 after surgery (Me [Q1; Q3])

[TapamMeTphl XMMIUUECKOTO ¥ 3JIEMEHTHOTO COCTaBa pereHepara 6oJIbLIeOepIioBOl KOCTI
Parameters of chemical and elemental composition of tibial regenerate
I'pynma opraHmyue- MUHepa-
Group BOOA, % CKue JIbHBIE Ca, % Mg, % 7n, %
Water, % BEILleCTBA, % | BellecTBa, %
Organic matter, % | Mineral matter, %
CI>I/I3.+I[e(b 36.84 26.41 36.81 16.30 3.57 3.95
, [36.22; [25.87; [36.23; [15.92; [3.51; [3.88;
Fiz+Def 37.44] 26.82] 37.51] 16.63] 3.67] 4.04]
37.30 25.20 37.90 16.10 3.80 3.16
T750+Ted [36.72; [24.57; [37.29; [15.80; [3.72; [3.11;
T750+Def 37.50] 25.63] 38.43] 16.49] 3.86] 3.26]
Pa=0.710 Pa=0.053 Pa=0.097 Pa=0.620 Pa=0.026 Pa<0.001
36.05 26.12 38.30 16.53 3.63 3.43
T750Cem+ [35.11; [25.37; [37.57; [16.11; [3.54; [3.30;
Tled 36.35] 26.55] 38.93] 16.73] 3.73] 3.49]
T750SelDef | 5 _0.026 p5=0.165 p5=0.535 p;=0.383 p;=0.073 p5=0.017

ITpumeuanue: 3mech M pajee: p, O3HAUAET CTATUCTMUYECKM 3HAUMMOE OTJIMUME IApaMeTpa B TPYIIIE
T750+ded or anamormyuoro B rpymie Pus+ed, ps — CTATUCTUUECKM 3HAYMMOE OTIIYNE TIapaMeTpa B TPYIIIe
T750Cen+[ed ot ananormyuoro B rpyirte 1750+ Jed.

Note: hereafter: pa means a statistically significant difference between the parameter in the T750+Def group and the one in the
Phys+Def group, pb means a statistically significant difference between the parameter in the T750Cel+Def group and the one in the

T750+Def group

Ha 3-u cyTku ¢ MoMeHTa omepaunu (Me [Q1; Q3])

Tabnuna 2
Table 2
[uHaMuKa M3MeHEeHUII II0Ka3aTeJIeil TUCTOJIOIMUECKOTO CTPOEHNS pereHepaTa 00IbIIebepIioBOIT KOCTI

Dynamics of changes of the histological structure parameters of tibial regenerate on day 3 after surgery (Me [Q1; Q3])

[TapamMeTpBI IMCTOJIOTMUECKOTO CTPOEHMS pereHepaTa GoJIbIeOepLioBOil KOCTI
Parameters of the histological structure of the tibial regenerate
A L ™% g ~ . g
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§ = g 25 g 2 Eﬁ Bla « o L i g
e | Bf: | EEF | SEw | EEE|EREw.
I'pynma e £ =S 8 O g = \gmg 5= £ 2 532§ ¢
=, & = S ¥ o5 ag g s S E| 2827 %
Grou, Vg Q, < E = B 3 [ 5 g 8 = T
p ~ & g =28 = 3 A 8 E T2 |la, s 2 8
a & 5 o B = g o £ =5 o a2 5| H8 28 g
¢ 3 H.y 2 s T 5 s 2 8 HES |S3E 3§
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< < SR < < < E
dus.+[ed 6.25 ) ) 0.89
- 5oa651] | 170 (170188] | 162 [L53169] | 1 oo oey
6.71 2.50 1.21 0.79
T750+]led [6.52; 6.91] [2.38; 2.57] [1.11; 1.30] [0.73; 0.82] - -
T750+Def pa=0.093 Pa=0.009 Pa=0.009 Pa=0.109
6.88 2.37 1.25 0.80
T750Cen+led | ¢ 207 03] [2.28; 2.46] [1.08; 1.39] [0.74; 0.86] - -
T750Sel+Def D,=0.240 Dy=0.132 D,=0.818 P5=0.699
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wrorangyu perexepara (9,03 [8,47; 9,64]), mwiomangs
IpaHyJSIUMOHHON TKaHU — 25%, moinans ¢ubpo-
PeTUKYJIIPHOV TKaHU — 19%, IpyOGOBOJIOKHICTOI
TKaHu - 12%, mjacTuMHYaATOM TKaHM — 23%, a
OCTJIPHYIO ILIOINAABL 3aHUMAJM KOCTHO-MO3TOBBIE
IOJIOCTY C KPACHBIM KOCTHBIM MO3roM (19%).

Ha 10-e cytku B rpynme T750+ed comeprxanue
OpPTaHUYECKUX BEILECTB, KAJBIMA U IMHKA OBLIO
MEHbIIIE, UYeM B I'PyIIIIE <I>M3+,[[e(b Ha 4,25%, 5,01% n
20,06%, a Maraug — OoJblIe Ha 6,01%.

B rpymnne T3750Cen+/led Ha 10-e cyTKu 9KcIe-
PMMeHTa 3aperCTPUpPOBAHO yMeHbIIeHNe IIIO0IIa-
OV TPaHYJSAMOHHOM TKAHM pereHepara OoJblie-
6epIi0BOIT KOCTU IO CPABHEHUIO C HAHHBIMU TPYII-
nst T750+0ed Ha 8,22% (Tabn. 3). B mpouenTHOM
OTHOILIEHNN TIJIOIIaab TeMaTOMBbI COCTaBJIsIA 2% OT
obrreit mromangyu perexepara (11,29 [10,88; 11,74]),
IJIOLIAAb TPAHYIALMOHHONM TKaHU — 23%, IUIoIlalb
¢bubpoperukyaspHoil TkaHu — 20%, TpyOOBOIOKHN-
cTOM TKaHU — 13%, ITIaCTMHYATON TKaHU — 23%,
a OCTAIBHYI0 IUIOHIAb pereHepara 3aHMMalu
KOCTHO-MO3TOBBIE€ IIOJIOCTM C KPacCHBIM KOCTHBIM
mosrom (19%).

B rpymne T750Cen+[e¢ comepskaHme BOMIBI
B pereHepare yMEHBIIAJIOCh B CpaBHEHUM C JaH-
ueiMu rpynmsl T3750+Jed Ha 4,23%, a comepikaHue
KaJIbLYA U UMHKA YBEJINYUBAJIOCh Ha 6,38% n 9,31%
(tabur. 4).

B rpymnme T750+[ed Ha 15-e CyTKM 3KCIepu-
MeHTa IUIOINAAb I'PAHYJIALMIOHHOM TKaHU pereHe-
para Gosbire6epIioBoil KocTu ObLta GoJIblile 3HAUe-
HUI aHAJOTUYHOTO MapameTpa B rpymme Ous+/led
Ha 118,06%, a wromans GUOPOPETUKYISIPHOIL, TPY-
OOBOJIOKHIICTONM M ILIACTMHYATONM TKAHE — MeHb-
e Ha 30,95%, 28,79% u 24,56%. B mpoueHTHOM OT-
HOIIIEHUN IUIOHIANb TPAHYJIAIMOHHON TKaHM CO-
craBisia 18% oT oOIelt IUTOLIafM pereHepaTa
(9,10 [8,60; 9,68]), mmowmanpy GUOPOPETUKYIIPHO
TKaHM — 18%, IpyOOBOJIOKHNMCTOV TKaHM — 16%,
IJTACTMHYATON TKaHU — 18%, KOCTHO-MO3TOBBIX II0-
JIOCTEI ¢ KPAaCHBIM KOCTHBIM MO3roM — 30%.

B rpynme T750+[ed Ha 15-e CyTKmM coxpaHsi-
JIOCH IOBBIILLIEHNE COXep:KaHMA Boxbl Ha 4,50% n
CHIDKEHJIE COMOepKaHMSI OpPTraHUMUECKUX BEIEeCTB,
KanpLysa U UMHKa Ha 7,00%, 6,67% n 16,04% B cpas-
HeHMN ¢ rpymmoit Pus+/ed.

B rpymnme T750Cen+ed Ha 15 cyTKU 9KCIIEpU-
MeHTa IUIOIIaAbh TPAaHYJISMOHHON TKAaHU ObLIA
MeHblle 3HaueHNs B rpymme T1750+ded Ha 16,87%
(rabx. 5). B mporeHTHOM OTHOIIEHMM ILIOMIANb
IPaHyJISUMOHHON TKaHMU COCTaBisIa 15% OT o6Lueit
wrorangyu perexepara (9,23 [8,66; 9,77]), mwiomangs
¢bubpopeTuKyIIpHOI TKaHM — 19%, IPyOOBOIOKHNI-
CTOM TKaHU — 17%, ITIACTMHYATON TKaHU — 19%,
KOCTHO-MO3TOBBIX IIOJIOCTENI C KpPacHBIM KOCTHBIM
mo3roM — 30%. B rpymnme T750Cen+[ed comepska-
HUEe BOOBI ¥ Maruus ObLIO MEHBIIE, YUeM B TPYIIIIE
T750+L[e(b Ha 4,75% n 6,98%, comepkaHye OpraHu-
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YEeCKMX BEIECTB, KaJbIM, LMHKA — OOJIbIIIEe
Ha 6,30%, 7,14%, 10,13%, uro ykasbiBaeT Ha Goiee
ObICTpblE TEeMIIBI BOCCTAHOBJIEHUS WX YPOBHEN
B 9TOI1 TpyIe (Tadir. 6).

B rpymnme T750+[ed Ha 24-e CyTKM 3KcIepu-
MeHTa IUIOLIAagb I'PAHYJALUMOHHON TKaHU pereHe-
pata Gosbire6epIioBoit KocTu Obuta GoJIblile 3HAUe-
HUI aHAJIOTMYHOTO noKa3areyd B rpymie Ous+/ed
Ha 84,89%, a momiagb rpy60Bon0KHMCTor71 " ILIa-
CTUHUATOM TKaHel — MeHbIle Ha 24,13% u 22,00%.
B mpoueHTHOM OTHOLIEHUM ILIOIIAAb TPaHyJIAL-
OHHOJII TKaHM cocTaBiaia 11% oT oOLIey ILIOoManmn
perenepara (10,91 [10,37; 11,67]), mwiomans ¢udpo-
PeTUKYJIIpHOV TKaHM — 3%, IpyOOBOJOKHMCTOJ
TKaHU — 4%, IMJIacTUHYATOM TKaHU — 15%, KOCTHO-
MO3TOBBIX IIOJIOCTEl C KpacHBIM KOCTHBIM MO3-
roM — 67%.

B sroit xe rpynme Ha 24-e CyTKU COJep;KaHIe
BOABI yBEJIMUMBAJIOCh B CPaBHEHUM C IJAaHHBIMU
KOHTPOJIBHOM TIpymnnbl Ha 12,91%, Maramsa -
Ha 5,24%, a TakXe YMEHBIIAJIOCH COOEpPKAaHUE OpP-
TaHMYeCcKUX BelllecTB Ha 7,49%, Kanbuusg — Ha 5,89%
u unHka — Ha 10,56%.

B rpymnmne T750Cen+[le¢d Ha 24-e cyTKu 3KcIe-
pUMMeHTa ILIOIIaAh IPyOOBOJIOKHIUCTON U IJIACTUH-
yaroil TKaHell ObUta GOJIbIlle SHAUEHUIT ITapaMeTpa
B rpyme 1750+ ded nHa 23,37% n 24,90%, a mIoIagsb
IPaHyJISLMOHHON TKaHM OblTa MeHbllle Ha 20,44%
(rabn. 7). B mpomeHTHOM OTHOIIEHMM ILIOLIANb
IPaHyJISLVOHHON TKaHU COCTaBIANA 9% OT OOIIeit
wroraay peresepara (10,62 [9,89; 11,33]), mwiomans
¢bubpopeTukyIgpHOI TKaHU — 4%, TPyOOBOJIOKHM-
CTOM TKaHU - 5%, miacTmHYaTOM TKaHUM — 19%,
KOCTHO-MO3TOBBIX IIOJIOCTEII C KPacCHBIM KOCTHBIM
MO3TOM — 63%. B maHHOII rpynne 3aperucTpupoBa-
HO YMeHBbIIIeHlE COJep;KaHMsg BOABI B KOCTHOM pe-
reHepare Ha 9,43%, yBelIuueHEe COAEPKAaHNI Opra-
HUUECKUX BEIeCTB, KaJblMId U IUHKA Ha 6,12%,
5,35% 1 10,35% (Tabu. 8).

B rpymnme T750+[ed Ha 45-e CyTKM 3Kcrepu-
MeHTa B CTPYKType pereHepara OoJblieGeplioBOiL
KOCTU COXpaHAeTCd IpaHyJIALMOHHAasd TKaHb B OT-
Jy4ye OT TPYIIIbI <I>M3+/Z[e(b, U ee IUIOLIAOb CO-
crasiger 0,13 [0,11; 0,14] MM IInomans miacTmH-
Yyaroit TKaHU ObLIa MeHbllle KOHTPOJBHOIO 3Haye-
Hug Ha 13,95%. B IpoleHTHOM OTHOLUIEHUMU ILJIO-
L[aab IPaHYJIALUMOHHON TKaHM COCTaBiAna 1% oT
obrreit mwromanu pereHepara (11,52 [10,29; 12,36]),
IIomanas GuOpopeTUKyISIPHON TKaHU — 4%, Tpy0o-
BOJIOKHUCTONM TKaHU — 3%, IJIAaCTMHYATOM TKaHU —
22%, KOCTHO-MO3T'OBBIX IIOJIOCTEN C KPACHBIM KOCT-
HBIM MO3TOM — 70%.

B aroit xe rpynmne cogepykaHue BOIbI OCTAETCH
BBIIIIE 3HAUEHUII TPYIIIIbI <I>M3+/:[e(b Ha 10,98%,
a cofiep;KaHNe OpTraHMYEeCKUX BEILleCTB, MIHEpaJb-
HBIX BeIeCTB, KaJibLMS W IIMMHKA — MeHbIIe
Ha 4,59%, 4,95%, 5,33% u 7,30%.
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Tabauna 3
Table 3

[uHaMuKa M3MeHEeHUII II0Ka3aTeJIeil TUCTOJIOIMUECKOTO CTPOEHNS pereHepaTa 00IbIIebepIioBOIT KOCTI
Ha 10-e cyTku ¢ momeHTa oneparuu (Me [Q1; Q3])
Dynamics of changes of the histological structure parameters of tibial regenerate on day 10 after surgery (Me [Q1; Q3])

[TapaMeTphI I'MCTOJIOIMYECKOTO CTPOCHMS pereHepara 00JIbIe6epIoBOil KOCTI

Parameters of the histological structure of the tibial regenerate

IJIOIIAnb
KOCTHO-
romans | TUOMATE Hmémanb TLIOLIANb IOk MOBTOBBIX
Tpymma/ FeMaI;ghbe rpaHyJIALN- ¢ubpope- . rpy6oBo- IJIACTUHYA- moJocTeit
Group 2 OHHOI TUKYJIAP HO? JIOKHIICTOM TOJ TKaHMU, C KPaCHBIM
MM 2 TKaHU!, MM 2 2
TKAaH, MM TKAaH, MM MM KOCTHBIM
Area of henéa— A ¢ 1 Area of fibrore- A ¢ A £l 1 2
toma, mm \rea of granu a ticular tissue, rea of woven rea of lamellar MO3TOM, MM
tion tissue, mm m’ bone, mm bone, mm Area of bone
marrow cavities,
mmZ
S“;:ﬂe(b 0.14 [0.12:0.17]| 0.89 [0.81;1.02] | 2.37 [2.30;2.63] | 1.72 [1.66;1.82] | 3.63 [3.51:3.73] | 2.54 [2.45:2.71]
1Z+1D)e
0.22 2.24 1.76 1.11 2.03 1.68
T750+0ed | 1 15006] | [218:220] | [162188] | [102:122] | [195214] | [152 1.85]
T750+Def pa=0.054 pa=0.002 pa=0.002 pa=0.005 pa=0.002 pa=0.002
T750Cen+ 0.19 2.05 1.78 1.22 2.08 1.64
Tled [0.13; 0.22] [1.99; 2.11] [1.64; 1.92] [1.10; 1.30] [1.98; 2.20] [1.59; 1.70]
T750Sel+Def pB=0.485 pB=0.041 pB=0.699 pB=0.394 pB=0.589 pa=0.818
Tabnuna 4
Table 4

HuHaMmka M3MeHeHUII II0Ka3aTeseil XMMIUeCKOTO I 3JIeMEeHTHOT'O COCTaBa pereHepara 60JIbIiIe6epIioBoit

koctu Ha 10-e cyTku ¢ momeHTa onepaunu (Me [Q1; Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 10 after surgery (Me [Q1; Q3])

[TapamMeTphI XMMUUECKOTO U 3JIEMEHTHOTO COCTaBa pereHepara 00Jbie6epioBoil KOCTI

Parameters of chemical and elemental composition of tibial regenerate

I'pynma opraHuye- MIHepa-
Group BOOA, % CKue JIbHBIE Ca, % Mg, % 7n, %
Water, % BEILeCTBA, % | BellecTBa, %
Organic matter, % | Mineral matter, %
dus.+[ed 38.48 25.82 35.50 15.53 3.71 4.10
Fiz+Def [38.04; 39.19] | [25.27; 26.44] | [35.10;35.85] | [15.23; 15.82] [3.64; 3.82] [4.02; 4.16]
38.37 24.70 36.50 14.70 3.92 3.26
T750+Ted [37.92; [24.31; [36.10; [14.38; [3.84; [3.20;
T750+Def 38.97] 25.25] 37.23] 15.08] 4.04] 3.33]
Pa=1.000 Pa=0.047 pa=0.110 pa=0.038 pa=0.035 Pa<0.001
36.83 25.74 37.23 15.67 3.77 3.58
T750Cen+ [36.34; [25.20; [36.72; [15.23; [3.64; [3.48;
Tled 37.40] 26.22] 38.02] 16.01] 3.88] 3.67]
T750SelDef | 5 _0.011 p;=0.128 P5=0.456 P5=0.026 p;=0.128 P;=0.004

B rpymnmne T750Cen+[e¢d Ha 45-e cyTKu 3KcIe-
pUMeHTa IUIONIAAb IUIACTMHUATON TKaHM ObLIa

OoJbllle 3HAUEHUS AaHAJOTUYHOTO IIapaMe€Tpa B

rpymnme T750+ded nHa 13,64% (tabn. 9). B mporent-
HOM OTHOIUEHUM IUIOI[anb (UOPOPETUKYIAPHON
TKaHY COCTaBisIa 4% OT OOIIell IUIoIafN pereHe-

KOCTHO-MO3TOBBIX IIOJIOCTEIl C KpacHBIM KOCTHBIM
MO3IroM — 67%.

B manHOI rpymnme 3aperuMcTpMpoOBaHO YMeHb-

LIIEHIEe COMAEp>KaHUA BOABI B KOCTHOM pereHepare
Ha 8,58% M yBeIMUEHME COIEpKaHUA MIHEPAb-
HBIX BellleCTB, KaJblLMI U LIMHKA Ha 4,45%, 5,40% n

para (11,05 [10,19; 11,90]), rpyGOBOJIOKHICTOI TKa-
HM — 3%, IIIacCTMHYATOM TKaHM — 26%,

6,89% (Tab:. 10).
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Tabauna 5
Table 5

[uHaMuKa M3MeHEeHUII II0Ka3aTeJIeil TUCTOJIOIMUECKOTO CTPOEHNS pereHepaTa 00IbIIebepIioBOIT KOCTI
Ha 15-e cyTku ¢ momeHTa oneparuu (Me [Q1; Q3])
Dynamics of changes of the histological structure of tibial regenerate parameters on day 15 after surgery (Me [Q1; Q3])

[TapaMeTpBI TUCTOJIOIMUECKOTO CTPOEHMS pereHepara 60JIbIIe6epIioBOIl KOCTI

Parameters of the histological structure of the tibial regenerate

ILIOIAOb
ILIOIAOb ILIOIAOb KOCTHO
IIoIaab IIoIaab IIoImaab MO3T'OBBIX
I'pynma reMaTOMBI, P aHynHuH " mGpope- . rpy6oBo- IUTaCTHYA- IIOJIOCTEI C
Group MM OHHOM | THKYJAPHON JIOI(HI/ICTOI‘/% TOI TKAHIL, KPaCHBIM
. Are? of TKaii’ ::M TKaii’ ::M TKaHU, MM MM KOCTHBIM )
en;ln(l)zma, granulation ﬁbroreticulezlr Ar;jn(;f::llgfzen Arf)i:l)ef lilllllﬁzuar MO3roM, MM
tissue, mm' tissue, mm' > ’ Area of bone
marrow cgvities,
mm
S“;:ﬂe‘b - 0.77 [0.64;0.86] | 2.45 [2.31;2.51] | 2.07 [1.99;2.17] | 2.16 [2.03;2.30] | 2.93 [2.77;3.05]
1Z+1D)e
1.65 1.66 1.48 1.63 2.69
T750+led ] [157:1.72] | [154176] | [140:159] | [157:172] | [2.53: 2.90]
T750+Def pa=0.002 pa=0.002 pa=0.002 pa=0.002 pa=0.261
T750Cen+ 1.37 1.79 1.55 1.73 2.80
Ted - [1.30; 1.44] [1.63; 1.92] [1.45; 1.62] [1.63; 1.85] [2.65; 2.95]
T750Sel+Def pB=0.004 pB=0.310 pB=0.589 pB=0.485 pB=0.485
Tabauna 6
Table 6

HuHaMmka M3MeHeHMII II0Ka3aTeseil XMMIUeCKOTO I 3JIeMEeHTHOT'O COCTaBa pereHepara 60JIbIIe6epIioBoit

KocTu Ha 15-e cyTkn ¢ momeHTa onepaunu (Me [Q1;Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 15 after surgery (Me [Q1;Q3])

[TapamMeTphI XMMUUECKOTO U 3JIEMEHTHOI'O COCTaBa pereHepara 00JbIIe0eplioBOil KOCTI

Parameters of chemical and elemental composition of tibial regenerate

I'pynma
Group Boma, % OpTaHNYeCKNe | MIHEpAIbHbIE
Water. % BellecTBa, % | BeIecTBa, % Ca, % Mg, % n, %
’ Organic matter, % | Mineral matter, %

Ous.+TTed 36.06 27.03 36.97 16.52 3.89 3.40

e [35.82; [26.61; [36.19; [16.12; [3.81; [3.35;

Fiz+Def 36.44] 27.60] 37.81] 16.85] 4.00] 3.46]

38.08 25.18 37.32 15.26 4.05 2.84

T750+ed [36.59; [24.85; [36.27; [14.93; [3.98; [2.80;

T750+Def 38.20] 25.54] 37.98] 15.67] 4.14] 2.93]
Pa=0.026 Pa=0.004 pa=0.805 P.=0.007 pa=0.128 Pa<0.001

35.82 26.80 37.38 16.32 3.78 3.14

;zlfbocem [35.12; [26.26; [36.63; [15.97; [3.70; [3.08;

rsaSelaDet 36.63] 27.22] 38.44] 16.72] 3.85] 3.20]
ps=0.017 ps=0.026 Ps=0.620 P»=0.013 p»=0.009 P5=0.002

B npomsBoncrse
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00paboTaHHBIX IUIIEBBIX
MPOAYKTOB IIMPOKO IPUMEHSIOTCS Pas3jinyHble 10-
OaBKM, IPUYEM HEKOTOPBIE M3 HUX HE MMEIOT IN-
TATEJIBHON IeHHOCTH. VX OCHOBHast QYHKUMA —
yJIyullleHIie TIOTPEOUTENBCKIUX CBOJICTB IIPOYKTOB:
HACBILLIEHHOCTI LIBETA, KOHCUCTEHIIUN, TPOJJIEHIE
CPOKOB XpaHEHMs, yJIyullleHre apomara. [lesTeinb-

HOCTbh PEryJIMPYIOIINX OPTaHOB 3aKJII0YAETCSI B BBI-
Jaue paspelleHMII Ha JCIIOJIb30BaHME ITUX Be-
IIIeCTB, YCTAHABIMBAsA IIPU 3TOM HOIIYCTUMBIE KO-
JIMYeCTBEHHbIE OTPAHUYEHNs, CUUTAioIIecs Oes3-
onacHbIMU. IIpy 3TOM MHOrOUNCIeHHBIE HayuHBIe
nyOoaMKAMY BBICKA3BIBAIOT OIACEHUST OTHOCU-
TEJIPHO HETAaTMBHOIO BJIMSIHUS TaKuUX TOOABOK,
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Tabauna 7
Table 7

[uHaMuKa M3MeHEeHUII II0Ka3aTeJIeil TUCTOJIOIMUECKOTO CTPOEHNS pereHepaTa 00IbIIebepIioBOIT KOCTI
Ha 24-e cyTku ¢ MmoMeHTa oneparmu (Me [Q1; Q3])
Dynamics of changes of the histological structure parameters of tibial regenerate parameters on day 24 after surgery (Me [Q1; Q3])

[TapaMeTphI I'MCTOJIOIMUECKOTO CTPOCHMS pereHepaTa 00JIbIIe6epIoBOil KOCTI

Parameters of the histological structure of the tibial regenerate

IUIOLIAIE
KOCTHO-
TOLALE TToIIAb Hn‘émanb IIoNTAAb IIoNIAAb MOBTOBBIX
I'pyrnma reMaITJf)NIIIm rpaHyJIALN- ¢ubpope- 3 rpy6oBo- IJIACTITHYA- moocTeit
Group 9 OHHOM TURYJSIPHOM | o kHmcTol TOM TKaHI, C KpacHBIM
MM 2 TKaH, MM 2 2
TKaHI, MM TKaHI, MM MM KOCTHBIM
Area of henéa— A Area of fibrore- 2
toma, mm rea of granula- ticular tissue Area of woven Area of lamezllar MO3TOM, MM
tion tissue, mm?® 2 bone, mm?® bone, mm
mm Area of bone
marrow cavities,
mmZ
CI>]/I3.+[[e(b } 0.66 0.43 0.58 2.12 6.51
Fiz+Def [0.59;0.75] [0.41;0.49] [0.51;0.64] [2.09;2.24] [6.03;7.11]
1.24 0.35 0.43 1.67 7.23
T .
T750;er(b - [1.18; 1.25] [0.29; 0.42] [0.39; 0.48] [1.58; 1.77] [6.92; 7.75]
70+ De pa=0.005 Pa=0.127 p,=0.025 P,=0.002 Pa=0.132
T750Cen+ 0.98 0.42 0.54 1.99 6.70
[[e(b - [0.93; 1.03] [0.36; 0.46] [0.50; 0.57] [1.88; 2.11] [6.23; 7.18]
T750Sel+Def pB=0.005 ps=0.394 Ps=0.041 Ps=0.009 ps=0.180
Tabauna 8
Table 8

HuHaMmka M3MeHeHMII IT0Ka3aTeseil XMMIUeCKOTO I 9JIeMEHTHOT'O COCTaBa pereHepara 60JIbiIe6epIioBoit

KoCTU Ha 24-e cyTku ¢ MoMmeHTa onepaunu (Me [Q1; Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 24 after surgery (Me [Q1; Q3])

[TapamMeTphI XMMUUECKOTO U 3JIEMEHTHOI'O COCTaBa pereHepara 00JbIIebeplioBOil KOCTI

Parameters of chemical and elemental composition of tibial regenerate
I'pynmna
Group BoRa, % opraHIYecKye | MIHepaJbHbIe
Water, % BellecTBa, % | BellecTsBa, % Ca, % Mg, % n, %
Organic matter, % | Mineral matter, %
Oz +Ted 31.00 30.43 38.61 17.62 3.79 3.08
o [30.45; [29.79; [37.81; [17.21; [3.72; [3.02;
31.68] 31.19] 39.37] 18.07] 3.85] 3.15]
34.90 28.15 36.95 16.56 4.05 2.76
T750+led [34.40; [27.34; [36.15; [16.30; [3.98; [2.69;
T750+Def 35.84] 28.92] 37.42] 16.98] 4.14] 2.84]
Pa<0.001 Pa=0.007 Ppa=0.053 Ppa=0.017 Pa=0.026 Pa=0.001
31.74 29.87 38.50 17.52 3.80 3.05
}[Z?boccen T [30.93; [29.32; [37.49; [16.95; [3.71; [2.96;
IS 32.41] 30.48] 39.49] 17.94] 3.94] 3.11]
ps=0.001 ps=0.035 ps=0.073 ps=0.038 ps=0.073 ps=0.002
KaK JICKYCCTBEHHBIE KpPaCUTEJIN, KOHCEPBAHTHI, HeCTu HOTeHLU/IaJIbHLH?I KaHLIepOI’eHHLIf/l PUCK [3]

TOMCJIACTUTENN, SMYJIbraToOpbl. Y TBEPKIAeTCs, YTO
OHU MOTYT CIOCOOGCTBOBATH PA3BUTHUIO IICUXIUE-
CKIX PaCcCTPOIICTB, CMHApPOMA AeUIINTa BHUMAHNSI
M TUIIEPAKTUBHOCTY, CEPHIEUHO-COCYIUCTHIX 3a60-
JIleBaHUIT, MeTabOJMUECKOT0 CHUHAPOMA, a TaKXKe

B nocenHee BpeMs IOSIBIIsIeTCS Bce OOJIbIIIe Hayd-
HBIX paboT, OIMCHIBAIOIINX HeOIaronpusaTHOe BIIN-
AHME TapTpa3MHa Ha KOCTHYIO cucreMy. Tak, mus-
BECTHO, UTO BBeJIeHINE B TeUeHNe Bcell GepeMeHHO-
CTM KpbICaM TapTpasMHa B [03€e 7,5 MI/KT BbI3bIBAaeT

37




Meoduxo-6uomnoeuueckue nayku / Medico-biological sciences

Tabaumna 9
Table 9

[uHaMuKa M3MeHEeHUII II0Ka3aTeJIeil TUCTOJIOIMUECKOTO CTPOEHNS pereHepaTa 00bIIebepioBOIl KOCTI
Ha 45-e cyTku ¢ momeHTa oneparuu (Me [Q1; Q3])
Dynamics of changes of the histological structure of tibial regenerate parameters on day 45 after surgery (Me [Q1; Q3])

[TapamMeTphI IICTONIOTMUECKOTO CTPOEHS pereHepara 60JbIie6epoBoil KOCTI
Parameters of the histological structure of the tibial regenerate
IUIOLIAIE
KOCTHO-
OLALE TToIIAb Hn‘émanb IIoNTAAb IIoNIAAb MOBTOBBIX
I'pyrnma reMaITJf)NIIIm rpaHyJIALN- ¢ubpope- 3 rpy6oBo- IJIACTITHYA- moocTeit
Group 9 OHHOII TUKYJSIpHON JIOKHIICTOM TOM TKaHI, C KpacHbIM
MM 2 TKaH, MM 2 2
TKaHI, MM TKaHI, MM MM KOCTHBIM
Area of henéa— A ¢ 1 Area of fibrore- A £ A £ lamell 2
toma, mm \rea of granula- ticular tissue, rea of woven rea of lamellar | mMo3rom, Mm
tion tissue, mm 2 bone, mm bone, mm
mm Area of bone
marrow cavities,
mmZ
CI>]/I3.+L[e(b } _ 0.42 0.40 2.85 7.32
Fiz+Def [0.37;0.50] [0.37;0.50] [2.73;3.04] [6.51;8.21]
0.43 0.37 2.48 8.13
2750_;);[:(1) - [0 1(1.-13 14] [0.37; 0.47] [0.32; 0.44] [2.34; 2.64] [7.16; 8.68]
720+De b Pa=0.873 Pa=0.521 Pa=0.015 Pa=0.485
T750Cen+ 0.43 [0.35; 0.39 [0.34; 2.83 [2.71; 7.41
I[e(b - - 0.48] 0.43] 2.90] [6.79; 8.10]
T750Sel+Def ps=0.394 ps=0.699 ps=0.015 ps=0.485
Tabauna 10
Table 10

HuHaMmka M3MeHeHMII IT0Ka3aTeseil XMMIUeCKOTO I 9JIeMEHTHOT'O COCTaBa pereHepara 60JIbiIe6epIioBoit

KocTu Ha 45-e cyTkn ¢ momeHTa onepaunu (Me [Q1;Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 45 after surgery (Me [Q1;Q3])

[TapamMeTphI XMMUUECKOTO U 3JIEMEHTHOI'O COCTaBa pereHepara 00JbIIebeplioBOil KOCTI

Parameters of chemical and elemental composition of tibial regenerate
I'pynmna
Group BoRa, % opraHM4ecKye | MUHepajIbHbIe
Water, % BellecTBa, % | BellecTsBa, % Ca, % Mg, % n, %
Organic matter, % | Mineral matter, %
Oz +Ted 29.94 30.08 39.43 18.32 3.73 2.84
o [29.59; [29.44; (38.67; [17.81; [3.63; [2.76;
31.15] 30.85] 40.17] 18.82] 3.80] 2.92]
33.85 28.60 37.40 17.30 3.87 2.63
T750+led [33.36; [28.20; [36.85; [17.06; [3.83; [2.58;
T750+Def 34.00] 29.40] 37.96] 17.81] 3.97] 2.70]
Pa<0.001 Pa=0.038 Pa=0.029 Ppa=0.026 Ppa=0.053 Pa=0.007
30.88 30.04 39.15 18.27 3.75 2.81
;zlfbocem [30.40; [29.17; [38.59; [17.94; [3.64; [2.75;
T750Sel+Def 31.29] 30.94] 39.71] 18.64] 3.86] 2.87]
ps<0.001 ps=0.084 ps=0.035 ps=0.017 ps=0.128 ps=0.013

yMeHBIIIeHIe TOJIIVHBI I'y0uaToro BelllecTBa KO-
cTell, o0beMa KOCTHOJ TKaHM, M3MeHeHUs XIMUJe-
CKOTO COCTaBa KOCTHOT'O MATPMKCA, a TaKKe CHMI-
JKeHJEe YCTOMYMBOCTY KOCTell K IlepesioMaM y MX
rmoTomMcTBa [6]. ABTOpBI pabOTBHI CBS3BIBAIOT yKa-
3aHHBIe M3MEHEHNUS C YCTAHOBJIEHHOI 3SKCIIepU-

38

Hue xoctu [7].

MEHTAJIBHO MHAYKIMEN MeTaboIuTaMu TapTpasnHa
MIPOAYKIMI aKTUBHBIX (OPM KUCIOPOAA, KOTOPHIE,
KaK J3BECTHO, y4YaCTBYIOT B and¢epeHIpOBKe
OCTEOKJIACTOB M Pe30pOLMM KOCTHM, a TaKkKe pery-
JUPYIOT aKTUBHOCTb OCTe00JacTOB M (PopMUpOBa-
YcTaHOBIEHO, UYTO WM3OBITOYHOE
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MIPUCYTCTBIE aKTUBHBIX (JOPM KUCIOPOMA BBHI3bIBA-
€T OKVICJIUTENBHBIN CTPecc, KOTOPBINI MOXKET Hapy-
math (GOPMMUPOBAHME KOCTEN, BBI3BHIBATH IIOTEPIO
KOCTHOJT MacChl ¥ IIPUBOINTD K OCTEOIIOPO3y [8].

Taxxe BHelrHuUil ¢usnuecknit GpaxTop — mep-
dopauysa xocTu caM 10 cebe COIPOBOXKIALTCS pas-
BUTHEM OKCUAATUBHOTO cTpecca [9], KOTOpsIii, Kak
M3BECTHO, SBJISAETCI IMPUUMHON WMHIMOMPOBAHUS
pocta u mnponudepanuy KIETOK, CTUMYJIALIUN
amomnrosa [10].

Bosnee GbicTpoe HUBEIMPOBAaHUE BBILIEYKA3aH-
HBIX M3MEHEHUI TUCTOJIOTMYECKOTO CTPOEHUSI
(maumHzas ¢ 10-X CYTOK), XMUMUYECKOTO U IJIEMEHT-
HOTO COCTaBa KOCTHOTO pereHepara (HaumHas C
3-X CyTOK) B Ciyuae MCIIOJIb30BAHUSA CeJIeHUTa
HATPUS B KAueCcTBE KOPPEKTOPa MOKET OOBACHITH-
csl HaJNM4YMeM y Hero aHTMOKCUIAHTHBIX CBOJICTB,
TIOCKOJIBKY MMKPO3JIEMEHT CEJIeH BXOIOUT B CTPYK-
Typy ¢GepMeHTOB AHTMOKCHUIAHTHON 3alllUTBl —
TUTIOTATMOHIIEPOKCUA3bl U THMOPEIOKCUHpeIyKTa-
3nI [11].

Takum 006pasoM, MbI NPULUIA K CIERYIOLIIM
BBIBOJIAM:

1. B pasHbIle cpokM IIocjie omepanuu II0 Moje-
JUPOBAaHMIO IIepesioMa GOJIbIIeGepIiOBOII KOCTU U
LIeCTUIECATICYTOYHOTO BO3IEVICTBMS TapTpasuHa
B go3e 750 MI/KT KOCTHBIN pereHepaT XxapaKTepu3y-
eTcs M3MeHeHUeM MOp(POMeTpUUeCKUX IapaMer-
PpoB GOPMUPYIOIIMX €ro TKAHeN U UX IIPOLIEHTHOTO
COOTHOIIIEHNS, & TaKXKe TUCOUTAHCOM XMMIUIECKOTO
¥ 3JIEMEHTHOI'O COCTaBa 3a CUeT CHIDKEHUS MIHe-
paNbHOM M OPTraHMUYECKOV COCTaBJIAIOLIEN M II0-
BBIIIICHNSI COJIEPKAaHNS BOIBL.

2. B rpynne T750+Jed B dhasy peopranmsamumn
TKaHEBBIX CTPYKTYp, MuHepanmusauuu (15-e cyTkm)
n a3y pemonenupoBanus (24-e CyTKI) M3MEHEHUS
TUCTOJIOTMYECKOT'O CTPOEHMS, XMMIYECKOT0 U 3JIe-
MEHTHOTO COCTaBa KOCTHOTO pereHepara (oJiee BbI-
paKEHHBIE ¥ PETUCTPUPYIOTCS majee N[O Hauvala
dassr ucxoma (45-e cyTKmM).

3. CeneHur HaTpug IIpM BBEJEHMM B [03€
40 MKI/KT IIOKa3bIBaeT (HapMaKOJIOTUUECKYI 3¢-
(EeKTMBHOCTH B OTHOLIEHUM YMEHBIIEHNS BBIpa-
JKEHHOCTU M3MEHEHUI, BbI3BAaHHBIX 60-CYyTOUHBIM
BO3[ECTBMEM TapTpasmHa U (HPAKTOPOM TPABMEI,
HaumrHas ¢ passl BocraseHus (3-1 CyTKU — A XU-
MUYECKOTO ¥ 3JIEMEHTHOTO COCTaBa pereHepara) u
¢ ¢daser quddepeHUNPOBKM KIETOK ¢ PopMupoBa-
HHUeM TKaHecnenuduuecknx cTpykryp (10-e cyTku
— [T TUCTOJIOTMUECKOTO CTPOEHNUS pereHeparTa).

COOTBETCTBHME ITPUHIIUIIAM 9TUKU
I'Y «Jlyranckmuit rocymapCTBEHHBII MeTUIMHCKUI
yHuBepcutrer uM. Caarurens Jlykum», KoMMCCHS IIO
6mosTtuke, 25.03.2022 r., TIPOTOKOJ Ne 2.

KOH®JIUKT UHTEPECOB
ABTOpBI JeKJIapUPYIOT OTCYTCTBYE SBHBIX U IIOTEH-
UMAIbHBIX KOH(QJIMKTOB MHTEPECOB, CBSI3AHHBIX C IIy0-
JIMKAaIMe HACTOSII e CTaThI.

NCTOYHUKN ®PMHAHCHUPOBAHUA
ABTOpBI 3asgBIAIOT 00 OTCYTCTBMU (PUHAHCUPOBA-
HUA.

JINYHBIN BKJIAL] ABTOPOB
Hosux E.C. — mouck n aHanms amuTepaTyphl, IpoBe-
JeHMe 9KCIepMMeHTa, MHTepIpeTauls pe3yIbTaToOB JIC-
CJIeJOBaHMs, CTATUCTIUeCKass 00paboTKa MaHHBIX, HAIIN-
caHMe TeKcTa crarby; MoposoB B.H. — paspa6oTka KoH-
LIeNIIY, QU3aliHa MCCIeNOBaHUs, pefaKTUpPOBaHNE TeK-
CTa CTaThI.
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FEATURES OF THE HISTOLOGICAL STRUCTURE, CHEMICAL AND ELEMENTAL
COMPOSITION OF THE REGENERATE FORMED IN THE TIBIA AFTER PROLONGED
EXPOSURE TO TARTRAZINE AND CORRECTION WITH SODIUM SELENITE

© Novik E.S., Morozov V.N.

Belgorod State National Research University (NRU BelSU)
85, Pobedy Str., Belgorod, Belgorod region, 308015, Russian Federation

Objective - to study the histological structure, chemical and elemental composition of the tibial regenerate after 60-day
exposure to tartrazine at different times of bone healing, as well as to establish the possible effectiveness of sodium selenite.

Materials and methods. The experiment was carried out on ninety mature white male rats. For 60 days, rats were dai-
ly intragastrically injected with 1 ml of saline solution (Fiz+Def group) or a similar volume of tartrazine solution at a dose
of 750 mg/kg in isolation (T750+Def group) or combined with intramuscular administration of selenase (T750Sel+Def group).
On the day 61 of the experiment, a tibial fracture was simulated by applying a through defect. The histological structure
of bone regenerate was studied by light microscopy and morphometry. The content of water, organic, and mineral substanc-
es in the regenerate was determined by the weight method. The content of calcium, magnesium, and zinc in bone ash was
determined by atomic absorption spectrometry.

Results. In the T750+Def group, the most pronounced changes relative to the Fiz+Def group were recorded
on the 15th and 24th days of the experiment. The area of the regenerate granulation tissue was higher by 118,06% and
84,89%, the area of woven bone, lamellar bone was lower by 28,79% and 24,13%. The water content was higher by 4,50% and
12,91%, the organic matter content — by 7,00% and 7,49%, calcium content — by 6,67% and 5,89%, zinc content — by 16,04% and
10,56%. In the T750Sel+Def group, the parameter values rose to the control values faster than in the T750+Def group. An
increase in the area of woven and lamellar bones was found by 23,37% and 24,90% on 24th day, the content of calcium and
zinc - by 7,14%, 10,13% and 5,35%, 10,35% on 15th and 24th days.

Conclusion. Sixty-day exposure to tartrazine at a dose of 750 mg/kg changes the histological structure, chemical, and
elemental composition of the regenerate at different times of its formation, and the introduction of selenase with it reduces
their severity.

Keywords: tibia; regenerate; histological structure; chemical and elemental composition; tartrazine; selenase.
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