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Ilems — B pasHBIe CpOKN ocTeoperapalyl U3yUNTh I'MCTONOIUecKoe CTpoeHNe, XMMIUecKIil I 31eMeHTHBII CcoCTaB
pereHepara GosbieGepLoBOIl KOCTH IIoce 60-CyTOUHOro BO3HeCTBIS TapTpasuHa, a TakKe yCTAHOBUTEH BO3MOXKHYIO 3¢-
(eKTUBHOCTD celeHUTa HATPUA.

Martepuansl M MeTOObL. JKCIIEPUMeHT IIPOBefeH Ha OeBIHOCTA OesIbIX KphIcax-caMilax spenoro Bospacra. Ha mpo-
TSDKeHMM 60 CyTOK KphbIcaM eXeZHEBHO BHYTPIDKeTYZOUHO BBOZIIM 1 MI (M3MONOTMUEeCKOro pacTBopa (IpyIila
®us+[ed) nmy aHANOMMUHEI 06HeM pacTBOpa TapTpasyHa B fose 750 MI/KT MsoiupoBaHHo (rpymmna T750+ded) nmu co-
YeTaHHO ¢ BHYTPUMEILIEUHEIM BBefeHMeM celeHashl (rpynna T750Cen+/ed). Ha 61-e cyTku skclepmMeHTa BBITONHAIN
MOZeNMpOoBaHMe IlepelloMa DONbIeOeplIoBOIl KOCTY IyTeM HaHeceHUS CKBO3HOTO medekra. ['mcromoruueckoe cIpoeHue
KOCTHOIO pereHepaTa M3ydanl MeTOZOM CBeTOBOI MUKpocKoIyuy 1 MopdoMeTpuu. OnpeneseHle COfepKaHI BOTEL, Op-
raHuuecKX, MUHepaldbHEBIX BeIllecTB B pereHepaTe OCYILeCTBIAAMN BeCOBBIM MeTOMOM, a COfep:KaHMA KanbI[Ud, MarHud,
LIMHKA B KOCTHOII 30JIe — MeTOLOM ATOMHO-a6CcOpOIIMOHHOI CIIeKTPOMeTPIUIL.

PesyabTarsl B rpynme T750+ed Hambosee BRIpaKeHHBIEe M3MeHEHMS OTHOCUTENBHO NAHHBIX rpynnsl Pus+/led
3aperucTpUpOBaHbl Ha 15-e M 24-e CyTKM SKCIepMMeHTa: ILIOIIANs IPaHyJIALMOHHOM TKaHM pereHepaTa Oblua Gonblile
Ha 118,06% u 84,89%, mmomanb rpyGoBONOKHICTOM, IMIACTUHIATOI TKaHell — MeHbIlle Ha 28,79% u 24,13%, 24,56% u 22,00%.
Cogmepsxkanue Bomel OvIIO BhIITe Ha 4,50% u 12,91%, comepikaHMe OpraHMUecKMX BeLecTB — MeHbIlle Ha 7,00% u 7,49%,
KaJb1ud — Ha 6,67% u 5,89%, uueka — Ha 16,04% u 10,56%. B rpynme T750Cen+/ed sHaueHNsa napamMeTpoB BOCCTAHABINBA-
JIUCH O KOHTPONBHBIX ORICTpee, ueM B rpymne T750+/Ied: ycTaHOBIeHO yBeIMUeHMe ILTOMATY IPyO0BOIOKHUCTON 1 I1Ia-
CTMHUYATON TKaHell Ha 23,37% u 24,90% Ha 24-e cyTKH, cofep:aHMs KaabLyd, LMHKa Ha 7,14%, 10,13% u 5,35%, 10,35% Ha
15-e u 24-e cyTKu.

3akmroueHne. [llecTuaecaTucyToUHOe BO3[elicTBIe TapTpaslHa B fo3e 750 MI/KT M3MeHdeT IMCTOJMOTueckoe CTpoe-
HIe, XUMHIUeCKIUI, 5JIeMeHTHBIII COCTAB pereHepara B pasHEBIE CPOKM ero (GopMMpoBaHNS, a BBeJeHMe ¢ HUM CelleHasbl
yMeHBIIIaeT UX BhIPaKeHHOCTE.

KnroueBrle ciroBa: 60mpliebepiioBas KOCTb; pereHepar; IMCTONOTIIeCKOe CTPOoeHMe; XUMIUeCKIIT 11 9JIeMeHTHEII Co-
CTaB; TapTpa3NH; ceJIeHasa.
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ITepenoMbl KocTell TOJIEHM COCTaBIFIOT IIOJIO-
BUHY BceX IIepeIoOMOB HIDKHUX KOHeUHocTell 1 Jn-
JUPYIOT cpeM BceX TpaBM KOCTHO-MBIIIEUHON CH-
creMsbl. [{uanasoH HeTPy4OCIIOCOBHOCTU IIPHU Iiepe-
JoMaX TOJIeHU BechbMa 3HAUUTeJIEH: OT 5-6 Hedelb
Jo 5-7 MecdlleB, a IIPU CI0KHBIX IlepeloMaxX MOKeT
mocturath 10-12 mecanes [1]. Crpaterusa ieueHus
TepesIoMOB 00IBIIeGepIIOBOI KOCTH ONPEeIenseTcsa
cTagMell pereHepallMM U COOTBETCTBYIOLIMMU
CTPYKTYPHBIMM U3MeHEeHWIMHU pereHepara [2].

[Inuiesble mOoGaBKMU IBIAIOTCI HEOTHEMIIEMOI
YacThI0 palllioHa COBPEMEHHOTO UeJIoBeKa, XOTg
MHOTMe M3 HUX He MMeIOT IIMIIeBOM IIeHHOCTH.
HccnemoBaHmna Ha >XMBOTHBIX M in vitro mokasaim,
YTO MCKYCCTBeHHbIE MUIIIeBble KpacUTeNIl Ha OCHO-
Be asoKpacuTesell OKas3bIBalOT HelpoTOKCHUUecKoe,
IIUTOTOKCHUEeCKoe, TeHOTOKCHMUecKoe U KaHIepo-
TeHHOe BO3JIelICTBIEe, UTO BBI3ZHIBAET OMIACEHMA OT-

HOCHUTENBHO UX 6e30IMacHOCTH I 3JOPOBBI UEJIO-
Beka [3].

KocTp, HecMoTpd Ha KasKyLIyloci TBEPAOCTEH I
MHEPTHOCTD, ABIAECTCA AVHAMWYHOM CTPYKTYPOIL,
KOTOpas HeIIpepbIBHO OGHOBIIAETCI IIyTEM peMojie-
JMPOBAHUA B OHTOTeHese, o0ecIieunBas MexXaHuue-
CKYI0 IOONEPKKY MJIL pocTa M II€PEABIDKEHN,
a TaKXe 3alUTy opraHoB [4]. OmmcaHBI Bo3gelt-
CTBMS JKEJITOTO MUILEBOrO a30KpacKUTeNd TapTpasu-
Ha (E102) Ha cIpykrypy TpabGeKkyIIpHOM KOCTH,
anudu3apHOro XpAIIa, OCTEOHHOTO ciIod
nunadusa [5, 6], 0OJHAKO IPAKTUUECKU He M3YUeH-
HBIM OCTaeTCI €ro BIMAHMNE Ha TUCTOCTPYKTYpY,
XMMMUECKUII COCTaB pereHepara, GpopMupyIOIero-
¢ B TpyOUAaThIX KOCTAX.

Ilenp mccaegoBaHUA — B pasHble CPOKIU OCTEO-
penapanun (3, 10, 15, 24, 45 cyTKI/I) U3YUNUTDh TUCTO-
JIOTHMYECKOE CTPOEHNE, XMMMUECKIIL 1 3JIEMEHTHBII
COCTaB pereHepaTa GonblIeGepIIOBOIl KOCTHM IIOCIIE
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60-cyTOYHOro BO3JeicCTBMS TapTpasumHa, a TakXe
YyCTAHOBUTb BO3MOXHY 3((HEeKTUBHOCTb CefeHUnTa
HaTpuA.

MATEPWAJIbI N METO /bl
MCCNEOOBAHNA

PacnpefeneHne 3KCNepUMeHTaNlbHbIX XWBOT-
HbIX Ha TPynnbl, BUAbl BO3LEACTBUIA U CPOKMU 3IKC-
nepumeHTa NnpeAcTaBiaeHbl Ha pucyHke 1.

CKBO3HOW pedekT B 601bwebeplLoBbiX KOCTAX
Kpbic (d=2,2 MM) HaHOCKUANCA B 30HEe MeXAy MNpoOK-
CUManbHbIM 3NUGPN3OM U Anathn3om Npu NOMOLWn
TBEpAocnnasHoro 6opa guameTpom 2 MM (Npous-
Boautens AO «O33 Bnagmusa», benropog) u 3H-
LOAOHTUYECKOTO mMoTopa (nponssoguTens
Dentsply, Maillefer, LU Beiiuapuda) nopg obueir aHe-
cTe3uell C MCNONb30BaHMeEM AW3TUNOBOro 3dwupa.
MecTo BMewaTtenbcTea ob6pabaTbiBann aHTUCENTU-
yeckumu pactsopamu (70% astaHon, 6eTaguMH), no-
CNe 4Yero Ha MeAnanbHOW MOBEPXHOCTU MPOKCU-
ManbHOW TpeTU NpaBoil U NEBOW FONEHW KPbIC Bbl-

MONHANW NMPOAONbLHBLIA NOCNOWHBLINA pa3pe3 TKaHeln,
pocturas 6o0nblwebepyoBoii KOCTU. Ha MefneHHbIX
o6opoTtax 6opa npeofosieBanyt CNON KOMNAKTHOTIO ”
rybyatoro BewectBa 60nbwebepuoBbIX KOCTeN,
fanee OCYWeCTBNANN OCTAHOBKY KPOBOTEYEHUS U
MOCNONHOE YW MMBaHWe NOCMEeoNepaLnoHHON paHbl.
YwunTyto paHy obpabaTbiBanm aHTWCENTUKaAMMU U
nomel,anm XWBOTHOE B KNeTKYy C MOCAeAyHLWMUM
HabnwaeHneM.

[Ona npoBefeHWa rMCTONOINMYECKOro aHanmsa
BbiNMAMBanu ¢parMeHT 60nbWebepLOBOA KOCTHU
Ha rpaHuue NpoKCUManbHOro metadusa n gnadu-
3a, cofjepxawuii pereHepat (HWXe ypoBHSA pacno-
noXeHuna MetasnudusapHoro xpawa). Ob6pasybl
nogsepranncb ¢ukcaymm B 10% HelTpanbHOM
thopmanuHe, nocneaylouwen pekanbuumHaumm 5%
pacTBOPOM MypaBbWHOW KWCNOTbl M 06e3BOXUBa-
HWKO B M30NPONUAOBOM CNUPTE C BO3pacTatouiei
KOHLUeHTpaunein. 3aTem nposogmnacb 3anmBka 06-
pasuoB B TOMOFeHU3NPOBAHHY napapuHOBYLO
cpepy "Histomix". M3 nony4yeHHbIX 6/10KOB

Benas 6ecnopofHas Kpbica-
camel} 3penoro BospacTa /
white outbred male mature rat
(200-210 r./g.) (n=90)

TapTtpasuH 750 mr/kr, 30H4, 60 cyTok/

Tartrazine 750 mg/kg, gastric tube, 60 days

HaHeceHWe CKBO3HOIO fie
(hekTa B 60/1bLLIEOEPLOBOIA
KocTn, 61 cyTkn/ Make a gap
defect in the tibia, 61 day

MpumeyaHune/ Note

TapTtpasunH/ Tartrazine (nponssoguTens/ manufacturer Roha

Dyechem Pvt Ltd, India).

CeneHasal Selenase (MeXxAyHapofHOe HenaTEHTOBaHHOe
Ha3BaHuWe - HaTpuUA CeNleHUT NeHTarnapat, buocuH Apu-
HamnTTenb MmoIT, Fepmanus)/ (international nonproprietary
name - sodium selenite pentahydrate, Biosin Arzneimittel

GmbH, Germany)

Puc. 1. Cxema akcnepumeHTa.

Fig. 1. Design of study.

Tpynna T750Cen+Oed/
T750Sel+Def group
(n=30)

M cyTKu - (asa socnanenuns/ 3rd
day - inflammatory phase
10-e cyTKM - (hasa AU hepeHLNPOBKY
KNeToK U (hOpMUPOBaHUA TKAHECMeLn-
(huueckunx cTpyktyp/ 10th day - phase of
cell differentiation and formation of tis-
sue-specific structures
—>» 15-e CyTKM - (ha3a peopraHusaLmum
TKaHEBbIX CTPYKTYpP U MUHepanusaumm/
15th day - phase oftissue structure
reorganization and mineralization
» 24-e cyTKu - (hasa pemogennpoBaHus/
24th day - remodeling phase
-» 45-e cyTKu - hasa ucxopgal/ 45th day -
outcome phase



M3roTaBNUBAaINCb TMCTONOTUYECKNE CPe3bl TONLWMU-
HOl 5-6 MKM, KOTOpPble OKpallWBaanuCb FreMaToKCK-
NWH-303MHOM K no MaccoHy. BusyanbHas oueHkKa
TMCTONOTNYECKUX WM3MEHEHWI, U3MepeHWe CTPYK-
TYPHbIX KOMMOHEHTOB M (oTorpagupoBaHue ocy-
WecTBNANNCL C WCNONb30BAHWEM MPOrpamMMHO-
annapaTHOro KOMMAeKca, COCTOALWEro M3 nepco-
HanbHOro kKomnbtoTepa ¢ MO "Nis-Elements BR
4.60.00", mukpockona "Nikon Eclipse Ni" n uungpo-
Boli kamepbl "Nikon DS-Fi3" (Nikon Corporation,
Japan). MopdhomMeTpuyecknis aHanu3 KOCTHOTFO pe-
reHepara, a UMEHHO M3MepeHMsa naouiagmnm remarto-
Mbl, TPaHYNALNOHHOW, QUBPOPETUKYNAPHON, FpY-
60BONOKHWNCTON, MAACTUHYATOW TKaHelh, a Takxe
nnowagn KOCTHO-MO3FOBbIX MOJIOCTENA C KPacHbIM
KOCTHbIM MO3roM MpPOBOAMNMCL B MpOrpamme
NDP.view2 (Hamamatsu Photonics K.K., EU, Japan,
UK, USA).

3Tanbl  XMMWYECKOro aHanmsa pereHepara

Cratuctuyeckyto o6paboTky napameTpoB no-
NYYEHHbIX Nocne NpoBefeHNsa MOP(HOMETPUYECKO-
rO » XMMWUYECKOro aHanmsa, OCyLW eCTBAANMN B NN-
LEeH3WOHHOW KOMNbIOTEPHON nporpamme «JASP»
(The JASP Team, Amsterdam, sepcus 0.19.1.0). Mpo-
BOAWNM OMMCATENIbHYO CTaTUCTUKY (BblUMCNEHUA
MeauaHbl, 25-ro " 75-ro npoueHTnEeN,
Me [Q1;Q3]), npoBepKy XxapakTepa pacnpefeneHus
JaHHbIX (HOpManbHOe pacnpejeneHve UM pac-
npefeneHne, oTANYHOE OT HOPManbHOro) ¢ NOMO-
Wb Kputepus LWanupo-Yunka, ycTaHOB/eHue
[OCTOBEPHOCTM MEXTPYNMnoBbIX OTAUUYUNA nccnemy-
eMbIX nMapaMeTpoB C ucnonb3osaHnem U-kputepusd
MaHHa-YuUTHU. 3HayeHWs napaMeTpoB B rpynne
T750+[e¢ cpaBHMBaANM C aHanorMyHbIMM napa-
meTpamu B rpynne ®wus+/[ed, a nokasatenum rpyn-
nel  T750Cen+fed - C [aHHbIMW  rpynnbl
T750+0ed. OTAMUYmMg cymTanyu cTaTUCTUYECKU 3Ha-
YumMblMun npu p<0,05.

6onbwebepLoBoi KOCTU npeAcTaB/ieHbl Ha
pucyHke 2.
| Il ] v \
MpumeyaHue. | - atan BbigeneHus pereHepata; Il - atan BbicywmBaHusa o6pasua; Il - atan o3oneHusa obpasua;

IV - aTan nony4yeHns KOCTHOW 30/bl; V - 3Tan aTOMHO0-acOp6LMOHHOM CNeKTPOMETPUN 30/1bl U ONpefeneHns B Hel
% Ca, Mg, Zn. NMpoueHT BOAbI, OPFraHNYECKUX N MUHEPANbHbIX BELLECTB B pereHepaTe KOCTW BbIYMC/ANN BECOBbLIM
MeTOAOM MyTeM OonpegeneHns maccbl 06pasua Ao BbICYLUWBaHUS, MOCNe BbICYLLUWBAHWUA 1 0301EHUS.

Note. | - stage of regenerate isolation; Il - stage of sample drying; 11l - 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. 3Tanbl XMMWYECKOT0 aHanm3a pereHepata 60nbwWe6epLoOBO KOCTHU.

Fig. 2. Stages of tibia regenerate chemical analysis.

PE3YNbTATbHI MCCNEAQOBAHNA
M NX OBCYXAEHWE

Mpn un3yYyeHUM TUCTONOTMYECKOTO CTPOEHUA
pereHepata 6onbwebepyoBoit koctu (puc. 3)
Ha 3-M CYTKM 3aXWBMEHWA nepenoma B rpynne
T750+[ed nnowafb rpaHyNALMOHHON TKaHM 6bina
CTaTUCTMYECKM 3HayumMo 60/blue aHanornyHoro
napameTpa B rpynne ®dus+ed Ha 38,88%, a nno-
Wwagb GUOPOPETUKYNAPHOA TKaHW - MEeHblle Ha
23,35%. B 3T0oi rpynne B NPOLEHTHOM OTHOLW EHUN
nnowaab remaToMbl cocTaBnana 60% oT ob6uiei
nnowann pereHeparta (11,21 [10,74; 11,60]), nno-
Wwafb rpaHynauMOHHON TKaHuW - 22%, nnowagb

hnbpopeTUKYNAPHON TKaHM - 11%, rpy60BONOKHN-
CTON TKaHW - 7%. B rpynne T750+[ed cofepxaHue
LMHKa O6blNO JOCTOBEPHO MEHbLIE, YeM B KOCTHOW
30/e MuUHepana pereHepaTta 60nbwebepy0BOii KO-
CTW Kpbic rpynnbl ®u3+fed Ha 19,57%, a marHus,
HanpoTue, 6bi10 60nblWwe Ha 6,07%.

B rpynne, B KOTOpOil BO3jeiicTBue TapTpa-
3MHa CONPOBOXAAaNoCb BBefeHWEM  CefieHassbl
(T750Cen+[e¢), ycTaHOBAEHO YMEHbLEHWE CO-
fepXaHuna BoAbl Ha 3,36% ¥ yBennyeHune copepxa-
HWA UWHKa B MWUHepane Ha 7,46% (tabn. 1). Mpwu
MoptomMeTpuun pereHepata 60nbWwWebepLOBO KOCTH
KpbiC  rpynnsl T750Cen+[ed cTaTUCTUUECKMU



Puc. 3. YyacTkm pereHepaTa 60/1bwebepLoBbIX KOCTeA N0OM0BO3PenbiX Kpbic B rpynne T750+0ed
(I - Ha 3-u cyTku, Il - Ha 10-e cyTku, V - Ha 15-e cyTku, VII - Ha 24-e CYTKMN Nocne BbIBEJEHNA XUBOTHbLIX U3
akcnepumeHTa) U B rpynne T750Cen+4ed (Il - Ha 3-u cyTku, IV - Ha 10-e cyTku, VI - Ha 15-e cyTku, VIII - Ha
24-e CYTKMN nocne BbIBELEHMNSA XUBOTHbLIX U3 3KCMepUMeHTa), cofepxawme a - rematomy, 6 - JeTpuT B rpaHy-
NALVNOHHON TKaHW, B - KOCTHble OT/IOMKWU, I - MblLlEeYHbl€ BONOKHA, [ - TPAHYNALNOHHY TKaHb, € - (unbpo-
PeTUKYNAPHY TKaHb, XX - TPy60OBONOKHUCTYH TKaHb, 3 - MNACTUHYATY TKaHb, U - KPACHbIA KOCTHbIW MO3T.
Okpacka: rematokcunuH n 3ao3uH (I, I, 1V, V), no Maccony (lll, VI).

Fig. 3. Areas of tibia bone regenerate of mature rats in T750+Def group (I - on the 3rd day, Il - 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, g - granulation tissue, e - fibroreticular tissue, » - woven bone, 3 - lamellar
bone, u - red bone marrow. Staining: hematoxylin and eosin (I, I, IV, V), Masson stain (111, VI).

3HAYMMbIX OTAMYMIA OT mMapamMeTpoB Trpynnsbl 6onblle 3HayeHWA aHanoOrM4YHOro napameTpa B
T750+0ed Ha 3-M CYTKM 3KCMepuMMeHTa He ycTa- rpynne ®uns+fed Ha 143,72%, a nnowafb pubpope-
HoBNeHOo (Tabn. 2). B NpOLEHTHOM OTHOLWEHUMN TUKYNAPHOW, Tpy6OBONOKHUCTOW, NAACTUHYATOW
nnowagb remarombl cocTaBnsana 61% oT ob6uweli TKaHel W nnowafb KOCTHO-MO3TOBbIX MONIOCTEN
nnowann pereHeparta (10,48 [10,32;10,71]), nno- C KPaCHbIM KOCTHbIM MO3roM - MeHblWe Ha 28,81%,
Wwagb rpaHynAuMOHHOW TkKaHuW - 21%, nnouwapgb 26,79%, 43,72% wn 34,37%. B npoueHTHOM OTHOLWE-
hn6popeTUKYNAPHOWN TKaHU - 11%, rpy60BONOKHU- HUW Naowagb rematoMbl cocTaBnsana 2% oT o6 el

CTOW TKaHu - 7%.
B rpynne T750+deth Ha 10-e cyTKM aKcnepwu-
MeHTa nnouwagb rpaHynALWOHHON TKaHW 6bina
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Tabauma 1
Table 1

HuHaMuka M3MeHeHUII OKa3aTeseil XMMIUeCKOTo U 3JIEMEHTHOTO COCTaBa pereHepara 6osbireGeprioBoit
KOCTH Ha 3-1 cyTKu ¢ MoMeHTa omepauuu (Me [Q1; Q3])

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

HapaMeprI XMMIYECKOTO 1 3JIEMEHTHOTO COCTaBa pereHepara 60JIbI_HC6CpL[0BOI7I KOCTIN
Parameters of chemical and elemental composition of tibial regenerate
I'pynma opraHmnye- MUHepa-
Group BOMdA, % CKHe JIbHBIE Ca, % Mg, % Zn, %
Water, % BeIlleCTBa, % | BeEILleCTBA, %
Organic matter, % | Mineral matter, %
CDI/IS.+,[[C(1) 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 DPa<0.001
T750Cen+ 36.05 26.12 38.30 16.53 3.63 3.43
e [35.11; [25.37; [37.57; [16.11; [3.54; [3.30;
36.35] 26.55] 38.93] 16.73] 3.73] 3.49]
T7508el+Def | 1, 0 026 Py=0.165 Py=0.535 Ps=0.383 Ps=0.073 Py=0.017

Hpumeual-tue: 30eCh M [ajiee: P, O3HavaeT CTAaTUCTMYECKHM 3HaudlIMoe OTJINUMe IIapaMeTpa B TPYIIIIE

T750+ded or anamorumunoro B rpyiie ®us+led, ps -

T750Cen+[e¢ ot ananormunoro B rpymie 1750+ Jed.

CTaTUCTUUYECKN 3HAUVMOE OTJINUMNE IIapaMeTpa B TPYIIIIE

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

Tabauma 2
Table 2

L[I/IHaMI/IKa U3MEHEeHII IToKa3aTesell TUCTOIOTIUECKOTO CTpOEHM: peTeHepaTa 60JILI_HC6CPLIOBOI‘/'I KOCTU

Ha 3-u cyTKu ¢ MoMeHTa omeparuu (Me [Q1; Q3])

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

[TapamMeTpBI IMCTOJIOTMUECKOTO CTPOEHM pereHepaTa 6oble6eplioBoil KOCTI
Parameters of the histological structure of the tibial regenerate
o L 2 E s & , :
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Ipyrma s & = o & g5 < S EE | 52 Z|SESEE
2o E s @ = S 8B oy g 85 2|z 8= 5
Group L% A< B = B~ [T E B 2 = :"E
~ g [ a8 & a 2 FEdt |8 =23
a B g q B = g S % HS o a2 5 [T 3 38 ¢
¢ S H o 2 < T 5 © g H B g mT 2 5
g £ S o & q &= g o 3 S £ |28 8¢9 2
= .- H 5 & 5 B E o 5 = Ho 2 |9 & s =&
Q o o I « G e o B w é o Oy =]
© o © é 5\ S é ¥ © =} C
= s | £ ° ¢ 5 3 g |2 E| o g
< < B 2 < < < g
dus.+[ed 6.25 0.89
FizsDef [5.94;6.51] 1.79 [1.70;1.88] | 1.62 [1.53;1.69] [0.81:0.93] - -
6.71 2.50 1.21 0.79
T750+ ey [6.52; 6.91] [2.38; 2.57] [1.11; 1.30] [0.73; 0.82] - -
1750+ Def P,=0.093 Pa=0.009 Pa=0.009 Pa=0.109
6.88 2.37 1.25 0.80
T750Cen+Tled | 4 7q.7 03] [2.28; 2.46] [1.08; 1.39] [0.74; 0.86] - -
1750SelDef P5=0.240 Py=0.132 P;=0.818 P;=0.699
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wrouagu perenepara (9,03 [8,47; 9,64]), mnoiranb
TpaHyJIAUMOHHON TKaHM — 25%, IUtomags ¢pubpo-
PETUKYJIAPHON TKaHU — 19%, Ipy6GOBOJIOKHIICTOIM
TKaHU - 12%, IDracTMHUaTo TKaHM - 23%, a
OCTaJIbHYIO ILTIOIIaAb 3aHMMalM KOCTHO-MO3TOBBIE
IIOJIOCTH € KPACHBIM KOCTHBIM Mo3roM (19%).

Ha 10-e cytku B rpymnne T750+ded comeprxaHue
OpPTaHWUECKNX BEIeCTB, KAJIBIMA M LMHKA OBLIO
MeHs1re, ueM B rpynne ®us+ded Ha 4,25%, 5,01% u
20,06%, a MarHug — OoJplle Ha 6,01%.

B rpynme T3750Cen+[ed Ha 10-e cyTKM 3KCIIe-
PMMEHTa 3apeTMCTPUPOBAHO YMeHBIIeHNE ILIOIIa-
OV TPaHYJIAIMOHHOJ TKaHU pereHepara OoJblIe-
6epII0BOIT KOCTU II0 CPaBHEHMIO C JaHHBIMU TIPYII-
nel T750+[ed Ha 8,22% (Tabn. 3). B mporenTHOM
OTHOLIEHNM ILIOIIAAb TeMaTOMBI COCTaBIIANA 2% OT
obureit mnomaan pereHepara (11,29 [10,88; 11,74]),
ILIOIIAdb TPaHYIALMOHHONM TKaHK — 23%, IUIOIIAdb
¢ubpopeTnkyIapHON TKaHU — 20%, TPYOOBONIOKHN-
cTOM TKaHU — 13%, IDIacTMHYATON TKaHU — 23%,
a OCTaJIbHYIO ILIOLIaAb pereHepaTra 3aHMMAalK
KOCTHO-MO3TOBBI€ IIOJIOCTM C KpPacHBIM KOCTHBIM
mosroMm (19%).

B rpynme T750Cen+[ed comepkaHUe BOIEBI
B pereHepare yMeHBIIAJIOCh B CPaBHEHMM C HOaH-
HBIMU Tpynbl 13750+ Jed Ha 4,23%, a comep:kaHue
KaJIbLMA M IIMHKA YBeJINUMBAJIOCh Ha 6,38% 1 9,31%
(tab. 4).

B rpyume T750+[ded Ha 15-¢ CyTKM 3KCIIEpU-
MeHTa IIOIanb I'PaHyJIALMOHHON TKaHM pereHe-
pata GomplreGepIioBoit KocTu ObL1a Gonblile 3HAUe-
HMII aHAJOTMYHOTro mapaMerpa B rpymme dus+/ed
Ha 118,06%, a mioians GuOPOPEeTUKYIIPHOI, TPY-
GOBOJIOKHMCTON M IIIACTMHYATON TKaHel — MeHb-
ure Ha 30,95%, 28,79% u 24,56%. B mpolieHTHOM OT-
HOLIEHNM ILIOIIagb TpaHyJIALMOHHON TKaHM cCO-
cTaBlIAna 18% oT oOIIell ILTOIIagM pereHeparta
(9,10 [8,60; 9,68]), mwrowmags GUOPOPETUKYIIPHOIL
TKaHu — 18%, TpyGOBONOKHMCTON TKaHU — 16%,
ILTaCTMHYATON TKaHM — 18%, KOCTHO-MO3TOBBIX IIO-
JIoCTell ¢ KPacHBIM KOCTHBIM M03ToM — 30%.

B rpynme T750+[ded Ha 15-e cyTKM coxpaHi-
JIOCH IOBBIIIEHNE COAEep;KaHMA BOoObl Ha 4,50% m
CHIDKEHME COIep>KaHMA OpPTaHNUECKMX BeIlecTs,
KaJIbIIMA M IMHKa Ha 7,00%, 6,67% u 16,04% B cpas-
HeHun c rpynnoit Pus+led.

B rpynne T750Cen+/ded Ha 15 CyTKM sKCIIepu-
MeHTa ILIOIIaAb TPaHYIAUMOHHON TKaHM OBLIa
MeHbIlIe 3HaueHUs B rpymne 1750+ed Ha 16,87%
(rabm. 5). B mpolleHTHOM OTHOIIEHWUM ILION[Afdb
TpaHyJIAUMOHHON TKaHM COCTaBIANa 15% oT ob1eit
wiouagyu perenepara (9,23 [8,66; 9,77]), mnoianb
¢bubpopeTMKYIAPHON TKaHU — 19%, TPYOOBONIOKHU-
cTOM TKaHU — 17%, IIAaCTMHYATON TKaHU — 19%,
KOCTHO-MO3TOBBIX IIOJIOCTEI ¢ KPAaCHBIM KOCTHBIM
mosroM — 30%. B rpymme T750Cen+[ed comepsxa-
HIe BOABI ¥ MarHu:A ObLIO MeHBIIIe, YeM B IPYIIIIe
T750+ed Ha 4,75% u 6,98%, cogep>kaHUe OpPTaHM-
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UYECKIX BEIleCTB, KaJbIMA, IMHKA — OOJbIIIe
Ha 6,30%, 7,14%, 10,13%, 4TO yKa3bIBaeT Ha 6osee
OBICTpBIe TEMIIBI BOCCTAHOBJIEHUA WX YPOBHEI
B 9TOI1 TpyIime (Tabi. 6).

B rpyume T750+[ded Ha 24-e CyTKM 3KCIIEpU-
MeHTa IIOIagb I'PaHyJIALMOHHON TKaHM pereHe-
pata GomplreGepIioBoit KocTu ObL1a Gonblile 3HAUe-
HUIT aHAJIOTMYHOTO IIokasaress B rpynie dus+led
Ha 84,89%, a moniagb I‘py60BOJIOKHI/ICTOI7I U IjIa-
CTMHUATOM TKaHell — MeHbIlle Ha 24,13% u 22,00%.
B mpolteHTHOM OTHOLIEHMM ILIOIIAAb IPaHyJIALIN-
OHHOII TKaHU CcOCTaBJIwIa 11% oT o6Iell ILToIIagn
perenepara (10,91 [10,37; 11,67]), mrowmags ¢pucpo-
PeTUKYJIAPHON TKaHM — 3%, TPyOGOBOIOKHMCTOI
TKaHU — 4%, IIJJacTMHYATOM TKaHM — 15%, KOCTHO-
MOSTOBBIX IIOJIOCTEl € KpacHBIM KOCTHBIM MO3-
roM — 67%.

B aroil e rpymnne Ha 24-e CyTKHM cofep KaHMNe
BOOBI YBEJNUMBAJIOCH B CpPaBHEHUN C HAaHHBIMU
KOHTPOJIBHOJM TIpynnel Ha 12,91%, wMarHmua -
Ha 5,24%, a TaKXe YMEHBIIAJIOCH COOEp;KaHIE Op-
TaHNUYeCcKUX BelllecTB Ha 7,49%, KajplMA — Ha 5,89%
1 UMHKa — Ha 10,56%.

B rpynme T750Cen+[ed Ha 24-e cyTKM 3KCIe-
PUMeHTa ILTOIIAab IPyOOBOIOKHUCTON U IJIACTUH-
yaroil TKaHell ObL1a GosbIlle 3HAUECHUI IIapaMeTpa
B rpymne T750+ded Ha 23,37% u 24,90%, a II0OIAAb
TPaHyJALMOHHON TKaHU Oblna MeHblle Ha 20,44%
(rabm. 7). B mpoIleHTHOM OTHOIIEHWUM ILUION[Afdb
TPaHyJIAUMOHHON TKaHM COCTaBIANa 9% OT oOIeit
wroutagy pereHepara (10,62 [9,89; 11,33]), mioianb
¢bubpopeTMKyIApHON TKaHU — 4%, TPYOOBONOKHU-
CTOM TKaHU — 5%, IITacTMHYATOM TKaHU — 19%,
KOCTHO-MO3TOBBIX IIOJIOCTEI ¢ KPAaCHBIM KOCTHBIM
MO3TOM — 63%. B jaHHOII TpyIllle 3apeTUCTpUPOBa-
HO YMeHBIIIeHNe Cofep>KaHNA BOIABI B KOCTHOM pe-
reHepare Ha 9,43%, yBeJIMUeHNE COOEPKAHMI Opra-
HIIecKNX BeIllecTB, KaJbliMa M IMHKaA Ha 6,12%,
5,35% u 10,35% (Tab. 8).

B rpyume T750+[ded Ha 45-¢ CyTKM 3KCIIEpU-
MeHTa B CTPYKType pereHepara GoJblieGeplioBOiL
KOCTHM CcOXpaHfAeTcs TPaHyJIAUMOHHad TKaHb B OT-
anuue ot rpynnel Oms+[ed, n ee miomragp co-
crasiaet 0,13 [0,11; 0,14] MM IInoianp IJIacTUH-
yaTOll TKaHM OBLIa MEHBIIIe KOHTPOJIBHOTO 3Haue-
Hug Ha 13,95%. B mpolieHTHOM OTHOIIEHUM ILIO-
Iagbk TPaHYJIALMOHHON TKaHM COCTaBiAna 1% oOT
obureit mnomtagn pereHepara (11,52 [10,29; 12,36]),
mwioianb GuOPOPeTUKYIIIPHOIN TKaHU — 4%, Tpy6o-
BOJIOKHUCTON TKaHM — 3%, ILJTACTMHYATOM TKaHM —
22%, KOCTHO-MO3TOBBIX IIOJIOCTeIl ¢ KPaCHBIM KOCT-
HBIM MO3TOM — 70%.

B srolt e rpynie comep)XaHMe BOIBI OCTaeTCH
BeIlle 3HaueHuit rpynnel Pus+Jedp Ha 10,98%,
a cofep>KaHMe OpPTaHMIeCKUX BeIleCTB, MIHepasb-
HBIX BEI[eCTB, KaJblMA M IMHKa — MEHBIIIe
Ha 4,59%, 4,95%, 5,33% u 7,30%.
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Tabauma 3
Table 3

[uHaMuka u3MeHeHUII TOKa3aTesell TIUCTOJIOTMUECKOTO CTPOeHNS pereHepaTa 6obiebepIioBoil KOCTI
Ha 10-e cyTku ¢ MmoMeHTa omeparnu (Me [Q1; Q3])

Dynamics of changes of the histological structure parameters of tibial regenerate on day 10 after surgery (Me [Q1; Q3])

[TapaMeTpBI TUCTOIOTMUECKOTO CTPOEHNS pereHepaTa 00JIbIeO6epIioBOI KOCTI

Parameters of the histological structure of the tibial regenerate

IIoIagb
KOCTHO-
romrany | TUTOIIATE mgmanb IO TTOMIA b MO3TOBBIX
Tpymma/ Han TpaHyJIAN- ¢uSpope- rpy6oBo- IIacTMHYA- TIOJIOCTEI
Grou reMaTOMEI, " THUKYJISPHOM . .
p 2 OHHOM JIOKHIMICTOM TOM TKaHMU, ¢ KpacHBIM
MM 2 TKaHU, MM 2 2
TKaHM, MM TKaHM, MM MM KOCTHBIM
Area of hen;a— A ¢ 1 Area of fibrore- A ¢ A £ lamell 2
toma, mm \rea of granu az— ticular tissue rea o Wovzen rea o ame2 ar MO3TOM, MM
tion tissue, mm 2 bone, mm bone, mm
mm Area of bone
marrow cavities,
l’Ill’Il2
dus.+[ed
FigsDef 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+1)€e
0.22 2.24 1.76 1.11 2.03 1.68
T750+led [0.18; 0.26] [2.18; 2.29] [1.62; 1.88] [1.02; 1.22] [1.95; 2.14] [1.52; 1.85]
1750+Def pa=0.054 pa=0.002 pa=0.002 pa=0.005 pa=0.002 pa=0.002
T750Cenm+ 0.19 2.05 1.78 1.22 2.08 1.64
Hed [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
Tabauia 4
Table 4

L[I/IHaMI/IKa U3MEHEeHII IToKa3aTeell XMMIMUeCKOTO U 3JIeMEHTHOT'O COCTaBa perenepara 60JILI_HC6CPLIOBOI‘/'I

Kocty Ha 10-e cyTku ¢ MmoMeHTa omeparmu (Me [Q1; Q3])

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

HapaMeprl XMMHIYECKOI'0 M 2JIEMCHTHOT'O COCTaBa pEereHepaTa GOHLHICGCPLIOBOIZ KOCTHN

Parameters of chemical and elemental composition of tibial regenerate

I'pynna opraHuue- MUHepa-
Group BOJa, % CKIIE JIBHEBIC Ca, 7 Mg, 7 Zn, 7
Water, % BeIlleCTBa, % | BeEIIleCTBa, %
Organic matter, % | Mineral matter, %
dus.+ed 38.48 25.82 35.50 15.53 371 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]
3837 24.70 36.50 14.70 3.92 3.26
T750+ed [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 P,=0.038 Pa=0.035 Pa<0.001
36.83 25.74 37.23 15.67 377 3.58
T750Cem+ [36.34; [25.20; [36.72; [15.23; [3.64; [3.48;
Jled 37.40] 26.22] 38.02] 16.01] 3.88] 3.67]
T750el+Def | 1, 0011 P,=0.128 Py=0.456 P5=0.026 pP,=0.128 P5=0.004

B rpynme T750Cen+[ed Ha 45-e cyTKM 3KCIle-
pUMeHTa IUTION[afb IUIACTMHUATON TKAaHM OBLIa

OoJIpllle 3HAUYEHNT AaHAJIOTMUHOIO ITapaMeTpa B

rpymme T750+ded Ha 13,64% (1ab1. 9). B mporenr-
HOM OTHOIIEHNM IUIOMIafb (PUOPOPETUKYIIIPHOIL
TKaHM COCTaBJIsAIa 4% OT obIell IJIOafN pereHe-

KOCTHO-MO3TOBBIX IIOJIOCTEIl ¢ KpacHBIM KOCTHBIM
MO3IOM — 67%.

B mamHOl rpymnme 3saperMcTpMpoBaHO yYMeHb-

LIEHNE COMEpP;KaHMA BOJbI B KOCTHOM pereHepare
Ha 8,58% ¥ yBeJMUEHWNE COOEeP:KAHUA MUHEPAb-
HBIX BellleCTB, KaJblIMI U IIMHKA Ha 4,45%, 5,40% un

parta (11,05 [10,19; 11,90]), rpy6OBOIOKHUCTON TKa-
HUM — 3%, IIJIacCTMHYATON TKaHM — 26%,

6,89% (Tab. 10).
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Tabauma 5
Table 5

L[]/IHaM]/IKa U3MEHEeHII IToKa3aTesell TUCTOIOTIUECKOTO CTpOE€HM: pEeTeHepaTa 60J’Ib].He6epL[0B0]7[ KOCTUI
Ha 15-e cyTku ¢ MmoMeHTa omeparnu (Me [Q1; Q3])
Dynamics of changes of the histological structure of tibial regenerate parameters on day 15 after surgery (Me [Q1; Q3])

[TapaMeTpBI IMCTOIOTMUECKOTO CTPOEHM peTeHepaTa GoIbIe6eplioBOil KOCTH

Parameters of the histological structure of the tibial regenerate

IUIOIIANb
IUIOIIANb IUIOIIANb ROCTHO-
IUIOIIaab DAl HJIIHII - ‘bm 6mo IL_ Iromangb Ionmagb MO3T'OBBIX
I'pymnna reMaToOMBl, pary vu Pop . rpy6oBo- ITacTMHYa- IIOJIOCTE C
Group MM TK;):]I:O;IMz TT]/IIS};IJ;HPDI:;M JIOKHMCTOI”/; TOM TKeleI/I, KPaCHBIM
Area of A ’ ; A ’ ; TKaHV, MM MM KOCTHBIM
h t , rea o rea o 2
enrfn?zma granulation fibroreticular Ar;a of woven Aria of lamezllar MO3roMm, MM
tissue, mm’ tissue, mm? one, mm one, mm Area of bone
marrow cavities,
l’Ill’Il2
SM?I;-‘;HC@ - 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+1)€e
1.65 1.66 1.48 1.63 2.69
T750+ ey ] [157:1.72] | [154176] | [140:159] | [157:172] | [2.53; 2.90]
1750+ 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
Tled - [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
Tabauia 6
Table 6

L[I/IHaMI/IKa U3MEHEeHII IToKa3aTeell XMMIMUeCKOTO U 3JIeMEHTHOT'O COCTaBa perenepara 60JILI_HC6CPLIOBOI‘/'I

KocTH! Ha 15-e cyTku ¢ MmomeHTa oneparuu (Me [Q1;Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 15 after surgery (Me [Q1;03])

HapaMeprl XMMHMYECKOI'o 1 2JICMCHTHOTI'O COCTaBa pereHepaTa GOHLHICGCPLIOBO]Z KOCTHI

Parameters of chemical and elemental composition of tibial regenerate

I'pynma
Group o, % OpraHnYecKye | MIHepaJIbHEIE
Water. % BellecTBa, % BellleCcTBa, % Ca, % Mg, % n, %
’ Organic matter, % | Mineral matter, %

Ous.+Tled 36.06 27.03 36.97 16.52 3.89 3.40

Fiz+D'ef [35.82; [26.61; [36.19; [16.12; [3.81; [3.35;

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 p.=0.805 Pa=0.007 p.=0.128 Pa<0.001

35.82 26.80 37.38 16.32 3.78 3.14

EZ‘;’OCC“ [35.12; [26.26:; [36.63; [15.97; [3.70; [3.08;

T750Sels Def 36.63] 27.22] 38.44] 16.72] 3.85] 3.20]
Pe=0.017 Pe=0.026 ps=0.620 pe=0.013 p:=0.009 Pe=0.002

B mpousropacTse
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006paBoTaHHBIX IUIIEBBIX
MPOAYKTOB LIMPOKO IPUMEHIIOTCI pasiNyHble J0-
GaBKM, IpUUeM HEKOTOpBIe M3 HUX He MMEIOT IN-
TATeJIBHOM IeHHOCTH. VX ocHOBHas QyHKIMI —
yIyullleHe IOTPeGUTeNbCKUX CBOJICTB IIPOIYKTOB:
HACBIIIEHHOCTH 11BeTa, KOHCUCTEHIUH, IIPOJICHIe
CPOKOB XpaHeHWsd, yiyullleHue apomara. [lesTess-

HOCTD PETYJINPYIOINX OPTAaHOB 3aKJIIOUA€TCA B BbI-
Jgaue paspemeHI/H?[ Ha MCIIOJIb3OBaHME 3TUX BeE-
I1eCTB, YCTaHaBJIMBaAd IIPMT 3TOM HOITyCTMMBbIE KO-
JIMYEeCTBEHHBIE OIPAaHNYCHNA, CUMNTAIOINECH Ges-
OIIaCHBIMMN. Hp]/[ 9TOM MHOTOUYIICJIEHHbIC Hay4HBbIC
r[y6m/n<au1/m BBICKA3bIBAKT OIlaCEHMA OTHOCI-
TE€JIBbHO HETAaTUBHOI'O BJIMAHWMA TaKNX ):[06a1301<,
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Ha 24-e cyTku ¢ MoMeHTa omeparnu (Me [Q1; Q3])
Dynamics of changes of the histological structure parameters of tibial regenerate parameters on day 24 after surgery (Me [Q1; Q3])

Tabauma 7
Table 7

HuHaMuka u3MeHeHUII OKas3aTeseil XMMIUeCKOTO U 3JIEMEHTHOTO COCTaBa pereHepara 6osbireGeprioBoit
KOCTH Ha 24-e cyTku ¢ MoMeHTa omeparu (Me [Q1; Q3])

[TapaMeTprI TUCTOJIOTUUECKOTO CTPOCHUS pereHepara 00JIbIIe6epIIoBOIT KOCTH
Parameters of the histological structure of the tibial regenerate
IIoIIaab
KOCTHO-
TOLALE TITOTIAMb mgmam’ TTOTIAMb TToTIAMb MO3TOBBIX
['pynna man rpaHyJIAIy- ¢ubpope- ) rpy6oBo- IJIaCTUHYA- momocTelt
Group réMaTOMBI, " TUKYJIIPpHOM - 7
2 OHHOMN JIOKHIICTOM TOM TKaHMU, ¢ KpacHBIM
MM 2 TKaHU, MM 2 2
TKaHM, MM TKaHM, MM MM KOCTHBIM
Area of hen&a— A f la- Area of fibrore- A ¢ A £ lamell 2
toma, mm \rea of granula; ticular tissue, rea of woven rea of lamellar | Mo3roM, MM
tion tissue, mm 2 bone, mm bone, mm
mm Area of bone
marrow cavities,
mm’
CI)I/IS.+,[[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
T750
o ;ﬂfe‘b - [1.18; 1.25] [0.29;0.42] | [0.39;0.48] | [1.581.77] | [6.92;7.75]
e pa=0.005 pa=0.127 Pa=0.025 Pa=0.002 pa=0.132
T750Cenm+ 0.98 0.42 0.54 1.99 6.70
Hed - [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 px=0.180
Tabauia 8
Table 8

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

HapaMeprI XMMHMYECKOI'o 1 2JICMCHTHOTI'O COCTaBa pereHepaTa GOHLHICGCPHOBO]Z KOCTHI
Parameters of chemical and elemental composition of tibial regenerate
I'pynma
Group BOMIA, % OpTaHMYCCKMEC | MITHEpAJIbHBIC
Water. % BeIleCTBa, % | BelllecTBa, % Ca, % Mg, % n, %
Organic matter, % | Mineral matter, %
Ous.+Jled 31.00 30.43 38.61 17.62 3.79 3.08
FigsDef [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+ed [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 pa=0.053 Pa=0.017 Pa=0.026 Ppa=0.001
31.74 29.87 38.50 17.52 3.80 3.05
EZ‘;’OCC“ [30.93; [29.32; [37.49; [16.95; [3.71; [2.96:
T7505els Def 32.41] 30.48] 39.49] 17.94] 3.94] 3.11]
px=0.001 px=0.035 ps=0.073 px=0.038 ps=0.073 px=0.002
KaK MCKYCCTBEHHBIE KpaCUTeEJIM, KOHCEPBAHTHI, HeCTu HOTCHLU/I&.TIBHBH?[ KaHHepOI‘CHHbH?[ PUCK [3]

MO CIACTUTENN, 3MYJIbraTopel. Y TBEPXKAaeTCa, UTO
OHM MOTYT CIIOCOGCTBOBATh PAasBUTUIO IICUXIUe-
CKUX PacCTPONCTB, CMHApPOMa AeuIuTa BHUMAHNT
VM TUIIEPaKTUBHOCTY, CEPAEUHO-COCYAMCTBIX 3a60-
JIeBaHUII, MeTaboNNUeCKOTo CHHApPOMA, a TaKKe

B mocnegHee BpeMs mogBinAeTcd Bce GOJIbIIe Hayd-
HBIX paboT, OIIMCHIBAIOIINX HeGIaronpUATHOE BIIN-
AHMe TapTpa3MHa Ha KOCTHYIO cucTeMy. Tak, ms-
BECTHO, UTO BBeJIeHIEe B TeUeHNe Bcell GepeMeHHO-
CTH KphbICaM TapTpasMHa B J03€e 7,5 MI/KT BbISBIBAET
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Tabauia 9
Table 9

L[]/IHaM]/IKa U3MEHEeHII IToKa3aTesell TUCTOIOTIUECKOTO CTpOE€HM: pEeTeHepaTa 60J’Ib].He6epL[0B0]7[ KOCTU
Ha 45-e cyTku ¢ MoMeHTa omeparnu (Me [Q1; Q3])
Dynamics of changes of the histological structure of tibial regenerate parameters on day 45 after surgery (Me [Q1; Q3])

[TapaMeTpBI TUCTOJIOTNUECKOTO CTPOCHMS pereHepaTa 60JIbIIeOepIIoBO KOCTHU
Parameters of the histological structure of the tibial regenerate
IIoIIaab
KOCTHO-
TOLALE TITOTIAMb mgmam’ TTOTIAMb TToTIAMb MO3TOBBIX
['pynna man rpaHyJIAIy- ¢ubpope- ) rpy6oBo- IJIaCTUHYA- momocTelt
Group réMaTOMBI, " TUKYJIIPpHOM - 7
2 OHHOMN JIOKHIICTOM TOM TKaHMU, ¢ KpacHBIM
MM 2 TKaHU, MM 2 2
TKaHM, MM TKaHM, MM MM KOCTHBIM
Area of hen&a— A f 1 Area of fibrore- A ¢ A £ lamell 2
toma, mm \rea of granula- ticular tissue, rea of woven rea of lamellar | Mo3roM, MM
tion tissue, mm 2 bone, mm bone, mm
mm Area of bone
marrow cavities,
mm’
CDM3.+,[[C(1) ; ; 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
275(’;/1;‘1’ ] o 1‘1'.13 | [037.047) | (032040 | [23260] | [7.16; 868
720+De B Pa=0.873 Pa=0.521 p.=0.015 Pa=0.485
T750Cenm+ 0.43 [0.35; 0.39 [0.34; 2.83 [2.71; 7.41
,[[e(b - - 0.48] 0.43] 2.90] [6.79; 8.10]
T750Sel+Def ps=0.394 ps=0.699 p:=0.015 ps=0.485
Tabauma 10

Table 10

L[I/IHaMI/IKa U3MEHEeHII IToKa3aTeell XMMIMUeCKOTO U 3JIeMEHTHOT'O COCTaBa perenepara 60JILI_HC6CPLIOBOI‘/'I

KocTH Ha 45-e cyTku ¢ MoMeHTa oneparmu (Me [Q1;Q3])

Dynamics of changes of the chemical and elemental composition parameters of tibial regenerate on day 45 after surgery (Me [Q1;03])

HapaMeprl XMMHMYECKOI'o 1 2JICMCHTHOTI'O COCTaBa pereHepaTa GOHLHICGCPLIOBO]Z KOCTHI

Parameters of chemical and elemental composition of tibial regenerate
I'pynma
Group BOMIA, % OpTaHMYCCKMEC | MITHEpAJIbHBIC
Water. % BelllecTBa, % | BelllecTBa, % Ca, % Mg, % n, %
’ Organic matter, % | Mineral matter, %
Ous.+Jled 29.94 30.08 39.43 18.32 3.73 2.84
FigsDef [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+ed [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 Ppa=0.029 Pa=0.026 pa=0.053 Pa=0.007
30.88 30.04 39.15 18.27 3.75 2.81
EZ‘;’OCC“ [30.40; [29.17; [38.59; [17.94; [3.64; [2.75;
T7505els Def 31.29] 30.94] 39.71] 18.64] 3.86] 2.87]
Pps<0.001 ps=0.084 px=0.035 ps=0.017 ps=0.128 px=0.013

yMeHBIIIeHIEe TONIMHBI I'y6uaToro BellleCcTBa KO-
cTell, 06beMa KOCTHOI TKaHU, U3SMeHEeHII XUMUe-
CKOTO COCTaBa KOCTHOTO MATpMKCa, a TaKKe CHMU-
KEeHMe yCTONUMBOCTY KOCTeil K IepeoMaM y MUX
nmoToMcTBa [6]. ABTOpBI paBOTHI CBASBIBAIOT yKa-
3aHHble M3MEHEHMS C YCTaHOBJICHHON SKCIIepU-
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Hue koctu [7].

MeHTaJIbHO MHAYKIMel MeTaboInTaMy TapTpasuHa
MPOAYKIMM aKTUMBHBIX (GOPM KICIOPOAa, KOTOPEIE,
KaK W3BECTHO, Y4acTBYIOT B AuddepeHUNpPOBKe
OCTEOKJIACTOB ¥ Pe30pOLMNM KOCTH, a TaKXKe pery-
JIUPYIOT aKTMBHOCTH OCTe06JacTOoB M popMUpoBa-
YcraHOBIEHO, YTO M3GBITOUHOE
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NPUCYTCTBME aKTMBHBIX (HOPM KICIOpPOJa BHI3HIBA-
€T OKUCINTEIBHBIN CTpecc, KOTOPBIl MOXKET Hapy-
mIaTh (OPMUPOBaHME KOCTEll, BBISBIBATH IIOTEPIO
KOCTHOII MacChl U IIPMBOAYUTH K OCTeOII0po3y [8].

Taxcke BHemIHMIT ¢pusmueckuii gakTop — Iep-
dopamua xocTu caM 1o ce6e COIPOBOXKIACTCA pas-
BUTMEM OKCUIATHBHOTO CTpecca [9], KOTOPEIiL, Kak
M3BECTHO, fABJIAETCA IIPWIMHON WMHIUOMPOBAHUI
pocta u mpommdepanuy KIETOK, CTUMYJIALINN
amomnrosa [10].

Bosee 6GrpicTpoe HMBeIMpOBaHMUE BHILIECYKa3aH-
HBIX W3MEHEHWII TUCTOJIOTMYECKOTO CTPOEHMI
(HaumHasg ¢ 10-X CYTOK), XMMMUUECKOTO M 3JI€MEHT-
HOTO cOCTaBa KOCTHOTO pereHepara (HauMHafg C
3-X CyTOK) B CIyuae NCIIONIb30BaHUI CeJIeHUTA
HaTpMA B KauecTBe KOPPEKTOpa MOXeT OOBACHATD-
cd HaJINUIMEM y HETO aHTMOKCUIAHTHBIX CBOJICTB,
IIOCKOJIBKY MMKPOSJIEMEHT CeJIeH BXOAUT B CTPYK-
Typy (epMeHTOB aHTMOKCUOAHTHOM 3alllUThl —
IJIIOTaTUOHIIEPOKCUAA3El M TUOPEeTOKCUHpPeTyKTa-
3bI [11].

Taxum o6pasoM, MBI IPUILIM K CIETYIOLINM
BBIBOJAM:

1. B pasHbIe CpOKM IIOCJIE OIepallMM II0 MOJe-
JIMPOBAaHMIO IepesioMa Gomplre6epIioBoil KOCTU U
IIEeCTUAECATUCYTOUHOTO BO3HEIICTBMA TapTpasWHa
B Jo3e 750 MI/KT KOCTHBII pereHepaT XapaKTepusy-
eTcad M3MeHeHMeM MOop(dOMeTPUUeCKUX IlapaMeT-
POB GOPMUPYIOIINX €To TKaHell U MX IPOIIeHTHOTO
COOTHOIIIEHN, a TaKXXe Auc6araHCOM XMMIUECKOTO
M 3JIEMEHTHOTO COCTaBa 3a CUET CHIDKEHNT MUHe-
PaJIbHOM M OPTaHWUYECKON COCTaBJIAIOLIEN M IIO-
BBIIIEHN COEP>KAHUA BOJBI.

2. B rpynne T750+Jed B dasy peopranmsanun
TKaHEBBIX CTPYKTYyp, MUHepanusaumu (15-e cyTkm)
u ¢dasy peMoaeanpoBaHNs (24-e CyTKM) U3MEHEHNS
TYICTOJIOTMUECKOTO CTPOEHMA, XMMIIECKOTO M 3JIe-
MEHTHOTO cOCTaBa KOCTHOTO pereHepara GoJiee BbI-
PakeHHBIE M PETUCTPUPYIOTCA [ajee OO Hadaja
dassI ucxona (45-e cyTKm).

3. CemeHNT HaTpua IpM BBeNeHMHM B HO3€
40 MKI/KT IOKa3bIBaeT (apMaKOJIOTMUECKYIo 3¢-
(GeKTMBHOCTD B OTHOIICHUM YMEHBLICHNS BBIpa-
KEHHOCTY WM3MEHEHWII, BbI3BAHHBIX 60-CyTOUHBIM
BO3JeJICTBMEM TapTpasMHa U (PaKTOPOM TpPaBMEI,
HauMHafA ¢ pasel BocmayeHNs (3-1 CyTKM — HJIT XU-
MUYECKOTO ¥ 3JIEMEHTHOTO COCTaBa pereHepata) 1
¢ ¢daser guddepeHINPOBKMU KIETOK ¢ PopMuUpoBa-
HMeM TKaHecIleIMpUUuecKux cTpykTyp (10-e cyTkmu
— JJI7 TUCTOJIOTUYECKOTO CTPOEHMS pereHepaTa).

COOTBETCTBHME IMPUHIOMIIAM 9THUKH
[V «Jlyranckuit rocymapCTBeHHBII MeIVIUWIHCKII
yHuBepcuteT uM. Catutend Jlyku», Komuccus IIo
6103TMKe, 25.03.2022 r., mpoToKom Ne 2.

KOH®JIUKT MHTEPECOB
ABTOpEI MEKIAPUPYIOT OTCYTCTBME SIBHBIX M IIOTEH-
LIMATBHEIX KOH(QIMKTOB MHTEPeCcoB, CBA3AHHEIX C IIy0-
JMKaIMell HacTOgIIell CTaTbil.

HCTOYHUKY PMMHAHCHPOBAHUS
ABTOpEBI 3adBNAIT 06 OTCyTCTBUM (UMHAHCMpPOBa-
HIA.

JIMYHBIM BKJIA]T ABTOPOB
Hosux E.C. — mouck 1 aHanms AUTepaTyphl, IIpoBe-
IeHHe 3KcIepMMeHTa, MHTepIpeTalid pe3ylIbTaToB Jc-
cIeTOBaHM, CTaTUCTHUecKasn o6paboTka DaHHBIX, HaIll-
caHMe TeKcTa cTaTkl; MoposoB B.H. — paspaboTka KoH-
LlelILMMY, OU3aliHa MccleqoBaHUd, pefJaKIpoBaHle TeK-
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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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