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EVALUATION OF THE RADIOGRAPHIC PICTURE IN THE AREA OF A BONE DEFECT FILLED
WITH OSTEOPLASTIC MATERIAL BASED ON HYDROXYAPATITE

Svetlana VI. Chernigova, Dr.Habil. of Veterinary Sciences
Valeria Olegovna Savidi
Omisk State Agrarian University named after P.A. Stolypin, Russia

Reparative regeneration of bone tissue occurs by activating complex biological processes. In some cases, there is a
need to stimulate these processes using biomaterials. One of the suitable biomaterials that has a stimulating effect on osteo-
genesis is hydroxypatite doped with silicate ions (silicate-substituted hydroxyapatite). Analogues of this biomaterial are
used to replace bone tissue in clinical practice and show relatively high efficiency of use, which makes it possible to im-
prove the structure by introducing various components into it. Thus, the osteoplastic material we proposed is being studied
for the efficiency of use and evaluation of stimulation of reparative regeneration. Preclinical study was conducted on the
basis of the Institute of Biomedical and Biological Sciences of the Omsk State Agrarian University named after P.A. Stoly-
pin. In vivo studies were conducted using granules of silicate-substituted hydroxyapatite in a ratio of 50/50 to wollastonite
with a diameter of 0.5 mm. The objects of the study were laboratory rabbits with models of bone defects performed in the
form of an induced fracture of the proximal third of the tibia diaphysis with subsequent fixation by transosseous introduc-
tion of pins. Groups of animals were formed: experimental with the introduction of silicate-substituted hydroxyapatite
granules into the defect cavity and control without defect replenishment. To assess the course of reparative regeneration
and osteogenesis, an X-ray examination was performed on the 7th and 21st days, and an assessment of the clinical condi-
tion of the animals was carried out for 30 days. According to the X-ray images obtained on the 7th day, the following
changes were revealed: the experimental group of animals showed signs of new bone tissue formation, as well as full con-
tact of the defect cavity with the studied osteoplastic material, while in animals from the control group, clearly defined
edges of the defect zone are visualized without signs of bone regenerate formation. Repeated X-ray examination on the
21st day showed pronounced signs of bone callus formation in the experimental group, while in the control group the re-
generation process was slower, the formation of bone regenerate was less pronounced, and initial signs of fibrocartilagi-
nous bone callus formation were noted. The data obtained during the study suggest that silicate-substituted hydroxyapatite
has a stimulating effect on reparative regeneration and requires further study.

Key words: silicate-substituted hydroxyapatite, bone defect, osteoplastic material, reparative regeneration, veterinary
traumatology.
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KIMHNYECKOE ITIPUMEHEHHUE
ME3EHXHMAJIbHBIX CTPOMAJIBHBIX KJIETOK
Y JIOIHAZEUA ITPU OPTOHEINYECKHUX 3ABOJIEBAHUAX

Yepuueosa C.B. ], Cyukog M. B., 3axaposa A. B., [Iniowuu U. B, 3ybrosa HB.'
' Omexuii 2ocyoapemeennviii aspapmuiii ynugepcumem um. I1LA. Cmonvinuna, Omck, Poccust

PE®EPAT

Pa3paboTka criocoba jeueHust OpTONEANYECKUX 3a00IeBaHIH JIOIIAIEH C NCIOJIb30BAaHHEM CTBOJIOBBIX KIIETOK, B
YAaCTHOCTH AJUIOTCHHBIX ME3EHXMMAJbHBIX CTPOMAIBHBIX KIIETOK, SIBIISIETCS aKTyalbHOM Hay4HO-NPUKIAIHON 3a/a-
yell BeTepuHapHOi MeauiuHbl. [1Ipokoe mpuMeHeHne TKAHEMHKEHEPHBIX TEXHOJIOTUH OrpaHHYEHO OTCYTCTBUEM
OOLIMPHBIX KIIMHUYECKNX UCCIIEIOBAaHHH, KOTOPbIE MOITBEP A ObI 3(h(EKTUBHOCT 1 OE30M1acHOCTh JJAaHHO! Tepa-
. Llens ncemenoBaHus — onpeeyieHne TepaneBTHUecKOoi A(h(HEeKTHBHOCTH MapeHTEPAITLHOTO BBEJCHHS JIIOTEH-
HBIX ME3EHXUMAIBHBIX CTPOMAIBHBIX KJIETOK JIOIIAIAM TIPU OPTONEIMYECKHX 3a001eBaHmsIX. B rcciaenoBanmy mpu-
HSUTM yJacTue 4 JIOImaIy C ISCMUTOM TOJIBEIIMBAIONICH CBSI3KH (MEKKOCTHON TPEThel MBIIIIIBI). Me3eHXuMabHbIe
CTPOMAJIbHBIE KJIETKH, BBIZICIICHHBIC M3 KUPOBOW TKAHHM JIOHOPA, BBOJWIIM B 30HY TOBPEKICHNS MOABEIIMBAIONICH
CBSI3KH JIBYXKPATHO C MHTepBaNoM 14 cyrok B jo3e 2x10° kietok, cycrenupoBassbix B 2-15 M 0,9% pactBopa
Hatpusl xJa0puaa. HbeKIMN He BBI3BIBAIN Pa3BUTHE BOCTIAMTENBHBIX peakiuid. CorlacHO pe3ynbTaTaM HCCIIeI0Ba-
HMS BCE JIOIIAU BEPHYIIUCH K ITOJHOLEHHON TPEHUPOBKE B cpetHeM uepes 3,2+0,01 MecsieB nocne Hayano Tepanyu.

88 HopmaruBHO-1IpaBoBoe perynupoBanue B Berepunapun / Legal regulation in veterinary medicine, Ne 3, 2024 r.



KiaroueBble ciioBa: jJomraab, ME3CHXUMAJIBHBIE CTPOMAJBHBIC KIETKH, CYXOXHIHE, pEreHepanusd,

oproneans, CTBOJIOBBIC KIIETKHU, 1ECMUT.

BBE/IEHUE

MesenxumaiibHbIe cTBOJIOBBIC KieTku (MCK) —
9TO MYNbTHUIOTCHTHBIE TIPOTCHUTOPHBIC KICTKH,
KOTOPBIE BBIJEISAIOTCS U3 Pa3IMYHBIX TKaHEH B3pOC-
moro opraam3ma. MCK momy4aroT w3 pa3sIHdHBIX
TKaHe: KOCTHBIM Mo3r [6], »upoBas TKaHb [3],
TKaHb MyNOBUHEI [7], mynmoBuHHAs KpoBb [4]. Koct-
HBI MO3T COJEPKUT ymepeHHoe konndecTBo MCK
U UX KOJIMYECTBO CHUKACTCS Y TMOXKHIBIX >KMBOT-
HBIX. JKHpoBas TKaHb COJCPIKHUT BHICOKYIO KOHIICH-
tpanuto MCK, tak B 200-500 pa3 Gombmie, 4eM B
actimpare koctHoro mosra. MCK, momyueHHsle u3
TKaHeH MyNoBUHBI U MYNOBHHHON KPOBHU, 00J1a1at0T
BBICOKUM IOTEHIMAJIOM mpoiudepanuu [5]. 3pernbie
MCK Hanum pasiaudHble 00JIaCTH TepaneBTHUECKO-
ro TPUMEHEHHs, BKIIOYas pereHepanyio TKaHeH,
AaHTUOTCHE3 U IMMYHOMOAYIALII0. B KOHHO# Memu-
unHe MCK 1mupoKO HCHONB3YIOTCS JJIs JICYEHHS
OpPTOIIEANICCKUX TPABM CYXOKWIINH, CBS30K, Xpsi-
mei u kocreu [1,2].

MCK MoryT OBITh HMOJy4Y€HBI U3 KYIbTYpHI COO-
CTBEHHBIX TKaHEW MalMeHTa, OJTHAKO UCTOIb30BaHUE
AyTOJIOTUYHBIX KIETOK JJIs JICUSHHUS TMAlMEHTOB UMe-
€T CBOM orpaHuyeHus. Tak, JedyeHHe OCTPBIX IMopa-
JKCHUH HE TPEACTAaBIIICTCS BO3MOXKHBIM, TTOCKOJBKY
BolpanBanue MCK 3anumaer B cpegHem ot 12 1o
21 cyTok. ANbTepHAaTUBHBIM BapUaHTOM CIIY’KUT HC-
noJsib3oBaHue amoreHHbIX MCK, B3sTBIX OT OHOpA.
OnHako 3G (GEKTUBHOCTh aJUIOTCHHBIX KJICTOK MPU UX
BBEJICHUH JIOIIAJSIM TOKa HE JO KOHIA M3y4eHa M
SIBJISIETCSI MPEUMYIIIECTBEHHBIM HAIPABICHUEM.

[lenbl0 MaHHOTO MCCIIENOBAHUS SBISUIOCH OIpe-
JIeTICHUE TEPareBTHYCCKON I(PPEKTHBHOCTH TMapeH-
TepasibHOTO BBeAeHUs aoreHHbIx MCK nowmaasm
P OPTONIETNICCKAX 3a00TICBAHUSX.

MATEPHAJIBI H METO/bI

3abop JKMPOBOH TKaHU IPOBOIMIM B 00NacTH
ocHOBaHUS XxBocTa. Jlomaneil (n=7) BHYTPHUBEHHO
ceaarupoBau keunazuHom 10% (0,5 mr/kr) ¢ moce-
JOYIOIIMM BBEJICHHEM WHBEPTHPOBAaHHOTO L-Oi0Ka
MECTHOTO aHECTETHKa C HCIOJIb30BaHUEM 2%-T0 JH-
JOKauHa Tuapoxiopuaa. [IpuMepHo 2-5 T KHUPOBOI
TKaHM ObUIa ITOMEIEHA B CTEPMIIbHYIO KOHHYECKYIO
npoOupky odbemMoM 50 MII, comepiKamiei CTepuib-
HBI pacTBOp ¢ aHTHOWOTHKamu. OOpaser KupoBOi
TKAQHW TPWKIBI IPOMBIBAI PACTBOPOM, COJIEprKa-
LIMM aHTUOMOTHKH, U Jlajee MOJBEeprajin MexaHhde-
CKOMY Pa3JeNICHHIO C TIOMOIIBIO CKAJIBIIeNs M aHATO-
MHYECKUX MIWIIOB, 3aTeM IIOMENIald B pacTBOpP
0,05% xomnarenassr | tuma npu 37°C Ha 30 MHHYT.
[To ncTedeHnn 3TOro BpeMEeHU pacTBOp (GHIBTPOBAIN
n pobasisuin DMEM, nentpudyruposain pacTsop.
Knerku KynbTHBHPOBAIU MPH MIOTHOCTU HNPUMEPHO
7-10x103 kieTok/cM2 B KyJIBTYPAIBHBIX (IaKOHAX
IJIOMIAIBI0 25 ¢M2 ¢ KyJbTypalbHOU cpenoit ipu 37
°C B yBnaxkHeHHOU aT™Moctepe 5 % CO2. KynsTyp-
HYIO CpeIy MEHSIM KaXKJble JABa-TPH THS JI0 JOCTH-
JKeHHs KOH(UTI09HTa KiteTok >80% (puc. 1).

VimmanTanust mpoBoAWNIach MOA cejanued u/
WM MECTHOM aHecTe3ueil. BBeneHue ajioreHHbIX
MCK npoBoauiu B 30HY MOpPaXKEHUsI IBYXKPAaTHO C
naTepBasioM 14 cytox B mo3e 20 x106 xieTok, cyc-

MIEHAUPOBaHHBIX B 2-15 i 0,9% pactBopa HaTpust
xyopuaa. Bee nomanm exeqHEBHO OCMAaTpHBAIINCH
BpauoOM Ha IpeaMeT KIMHUYECKHUX MPU3HAKOB BOC-
nasieHust (oTek, 0OJb NpU HAJABIMBAHMU, MECTHAs
TeMIieparypa), BKJII04as NOTCHI[HAIbHOE BOSHUKHO-
BEHHUE TI000T0 SBHOTO AHOMAJIBHOTO O00Opa30BaHUA
TKaHHU. YJIbTPa3BYKOBOE HCCIEIOBAHNE IPOBOAN-
JIOCh C WCTIOJB30BAaHUEM JHMHEHHOTO naTdnka Min-
dray DP-50 VET mo u moce poBeIeHHO Teparui.
OueHnBaNM XapaxkTep BHIPAaBHUBAHHS BOJIOKOH, 9XO-
TeHHOCTh, pa3Mep MOPaskeHHUs.

PE3YJIBTATBI U ObCY/K/I[EHHE

Hccnenyemyro rpynmy cocTtaBunu 4 jomand B
Bo3pacte 5-10 nmer. B 100% cnydaeB BocmaneHue
MEKKOCTHOTO TPEThEro MYCKysa ObLIo 00ycioBlie-
HO TPaBMOM BO BpeMs TPEHHPOBOK (Tadu. 1).

Hu nposenenne OnONCHM >KUPOBOM TKaHU, HU
BBeneHne MCK He conpoBOXIanock pa3BUTHEM
MOOOYHBIX PEAKIMH, a TaKXKe HE OBUIO OTMEUYCHO
aHOMAJIBHOTO 00pa30BaHMs TKAHEH B IOABEIINBAIO-
IeH CBSI3KM TOCTIE MHBEKIUH Yy JII000# U3 jomaaei.
Knunuueckoe HaOIoIeHHE MOKA3aJI0, YTO NPHUITYX-
JIOCTh B 00JIaCTH MHBEKIMU HAOI0Ia1ach Ha CiIe/y-
IOIMH AeHp mocie nepBuUuHOro BBeaeHuss MCK.
[Ipn3Haku BocCHaieHUWs y Jomazeld 3HAYNTEIHHO
yMeHbIIMIUCh uepe3 7+0,1 cyTok, a xpomora mpu
JBIDKCHUH IIArOM M PBICBIO OTCYTCTBOBAsla Uepes3
3840,2 cyrok nocne uabekuun MCK.

Pe3ynbraThl BU3yanu3anuu 4epe3 3 mecsua Io-
cie noetopHoro BBeaenus MCK mokazanu cxoxwue
TEHJICHIIUM CO 3HAYUTEIbHBIM yIy4lICHUEM IOKa3a-
TeJsl YIbTPAacOHOTrpauu: OTCYTCTBHE OTeKa, AeeKT
3aIl0JJHEH TKAaHbIO, BOJIOKHA IapajuIeNbHbI, IUIOT-
HOCTb yJIOBJIETBOpHUTENbHAS (pHC.2).

[oce nByX JHEH MOJHOTO MOKOS B JAEHHUKE OT
MoMmeHTa noBTopHoro BeeAeHuss MCK nomanu npu-
CTymaqiu K TporpaMMe peadbuianuTaiuu, KoTopas
BKJIIOYAa B ce0sl 11aroBble MPOBOJKH «B PyKax» ¢
MOCTETIEHHBIM HapalldBaHUEM BPEMEHH Harpy3KH U
B TCUCHHWM MeECSIa MOJTHOE BBEIEHHE B IOJHOICH-
Hyto paboty. Tak, jJomaan BepHYJIUCh K TPEHHPOB-
KaMm, BKJIOYas rajom, B cpeaHeM uepe3 3,2+0,01
MECSIeB HAOJIO/ICHHS, HE TMOJYyYHB ITOBTOPHOM
TPaBMBI JI0 KOHIIa HaOmoaeHus B 12 Mecsues.

[IpuHuMas BO BHUMAaHME TEKYyIIHE PE3yIbTaThl
JIeYeHHs paHHETO TEUCHMs BOCHAJICHHS MOJBEIINBa-
IOMIeH CBSA3KH, KOTOPBIE BKJIIOYAIOT CHUXKECHHE KITH-
HUYECKUX MPU3HAKOB BOCHAJICHHS, MOYKHO HHTEp-
MIPETHPOBaTh KaK INPHU3HAKK 3(P(PEKTHBHOTO HMMY-
HOMOAYJIUPYIOIIEro AeNCcTBUA. BplIo mokaszaHo, 4To
B TKaHAX 3TOT 3((eKT onocpenoBaH Makpodaramu
1 TaKXe CBSA3aH C BPEMEHHBIM YBEJIMYCHHEM BACKY-
nspu3anyun 1 nep¢ysun [5]. Pannee BpeMeHHOE yBe-
nryeHne nepdy3uu KpoBU M TOJITOCPOYHOE CHIDKE-
HUE BOCHAJICHUS CIy’KaT OCHOBOW ISl YIYYIIEHHOMN
pereHepanyy TKaHew.

3AK/IOYEHUE

IIpoBenennoe KJIMHUYECKOE HCCIICOBAHUE
MPEAOCTABISAET YHUKAJIBHYIO BO3MOKHOCTH MOJIEp-
HU3AIMd M MaclITaOHpOBaHUS B KOHHOM MEIUIIMHE
croco0a JICYCHUs JIOMAACH C OPTOIEIMYCCKUMU 3a-
0O0JIEBAHMSIMU C HCITOIB30BaHreEM ayutoreHHsIx MCK.
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Pucynox 1. MCK, noxy4eHHbIE U3 )KHPOBOH TKaHHU (KOH(PIIOIHTHOCTH >80%)

Tab6muma 1.
Cricok jomaei, 0ToOpaHHBIX [UTS KITMHUIECKUX HCCIIEIOBAHIHA
Krmuka Yectep Kamuran Kgaiit Jlepoii
Bospacr, aer 7 10 9
IIOMEChb BEPXOBOU 1
IMopona o TOJIIITHHCKAS BecT(ambCKas TOJIIITHHCKAS
TPAKEHEHCKOH
JIECMUT C HAJAPHIBOM JICCMAT € Ha/IPBIBOM JIECMHT C HAAPBI JECMHUT C HAJPHIBOM
P 0K0J10 15% BOJIOKOH Dbl P
MPOKCUMAIIBHOTO o BOM MeNaIbHON MIPOKCUMAJILHOTO
Jlnarnos naTepagbHON HOXKKH
OT/ZIeINa MO/BEIINBa- o HOYKKH T10J[BEIIIH- OT/IelNa MOBEIINBAIO-
- TIOJIBEIINBAIOIICH CBSI3- - -
IOIIEeH CBA3KH BAroIIeH CBA3KU el CBSI3KI
Jloxamrsans npaBas Has mpaBas TpyJHas npaBas Hasl IpaBasi Ta30Bast
(KOHEUHOCTD) p rpyAa p pyA p rpyAa p
O1eHKa XpOMOTBI,
Oasut (mkana 2 3 2
AAEP)

Pucynok 2. YibprpacoHorpaduecKiUe CHUMKH MECTa MOBPEKICHHUS JIoMaau o kiudke Kamuran mo (A) u
nocie (b) napexmuit MCK uepes 2,5 mecana.
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CLINICAL USE OF MESENCHYMAL STROMAL CELLS IN HORSES WITH ORTHOPEDIC DISEASES

S.V. Chernigoval, M.V. Suchkov, A.V. Zakharova, I.V.Plyushchii, N.V. Zubkova'
Omsk State Agrarian University, Omsk, Russia

The development of a method for the treatment of orthopedic diseases of horses using stem cells, in particular allogene-
ic mesenchymal stromal cells, is an urgent scientific and applied task of veterinary medicine. The widespread use of tissue
engineering technologies is limited by the lack of extensive clinical studies that would confirm the effectiveness and safety
of this therapy. The aim of the study was to determine the therapeutic efficacy of parenteral administration of allogeneic
mesenchymal stromal cells to horses in orthopedic diseases. The study involved 4 horses with desmitis of the suspensory
ligament (interosseous third muscle). Mesenchymal stromal cells isolated from donor adipose tissue were injected into the
area of damage to the suspensory ligament twice with an interval of 14 days at a dose of 2x106 cells suspended in 2-15 ml
of 0.9% sodium chloride solution. Injections did not cause the development of inflammatory reactions. According to the

results of the study, all horses returned to full training on average 3.2 + 0.01 months after the start of therapy.

Key words: horse, mesenchymal stromal cells, tendon, regeneration, orthopedics, stem cells, desmitis.
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IIo 3asBkam BETCIICHUAJIUCTOB, I'PakAaH, IOPUINYCCKHUX JIHIY

MPOBOAMM KOHCYJbTAallUH,

CeMHMHaPbI

10 OpPraHv3aluoOHHO-

MPaBOBBIM BONPOCAM, KACAKIIMXCH COACPKATEIbHOI0 U TEKCTY-
AJIbHOT0 AHAJIN32 HOPMATHUBHBIX NIPABOBbIX AKTOB 110 BeTePUHA-
pHYH, NMPAKTUKHA UX HMCIOJIb30BAHHMS B OTHOLICHUM IJIAHUPOBA-
HHSl, OPTAHU3ALUN, IPOBEICHN S, BETEPUHAPHBIX MEPONPUATHIX

IPHU 3aPa3HbIX U He3aPa3HbIX 00JIe3HSIX )KUBOTHBIX U NTHIL.
KoncyabTanum m cemMuHaApbl MOryT ObITh NpPOBeleHbI Ha 0a3se
Cankr-IleTepOyprckoro yHuBepcurera BeTepUMHAPHON MeIULIU-
HbI WM C BbIE3IOM CIIEHUAJTUCTOB B JIKO00H cyObeKT Poccum.
Tea/daxc (812) 365-69-35, Mo0. Ten.: 8(911) 913-85-49,
e-mail: 3656935@gmail.com
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