Haykosuit Bicauk BerepunapHoi meantinam, 2’2017

37. Barlow J. Mastitis therapy and antimicrobial susceptibility: a multispecies review with a focus on antibiotic treatment
of mastitis in dairy cattle / J. Barlow // J. Mammary Gland Biol. Neoplasia., 2011. — Vol. 16(4). — P. 383 — 407.

CoBpeMeHHBIE BHI30BbI IPH AHTHOHOTHKOTEPANTHH MACTHTOB Y KOPOB

Ko3nii H.B., lllaranenxo B. I'., [lnaxoruiok U.H., Ko3uii B.U.

WHekroHHbIe areHThl SBISAIOTCS OCHOBHBIMU 3THOJOTHUECKUMHU (DaKTOpaMH MAacTHTa Y MOJOYHBIX KOpoB. Tem He
MeHee, 60pb0a ¢ MacTUTaMH Ha MOJIOYHBIX (pepMax JAOJKHA OCHOBBIBATHCS HA Psiie MEPONPHATHM, BKIIIOYas BEIOOP mpemna-
para ¥ peXUM NPHUMEHEHMs, COBEPIICHCTBOBAHME METOIOB COJAEPKAHMUSA M KOPMIIEHHUS, COONIOAEHNE TPABUII TMTHEHbl Ha
(depme, cocTOsSHHEE 3TOPOBBSI KOPOB, UX BO3pacT M TOMy Iozo0HOoe. OCHOBHAS LEJIb 3TOr0 0030pa COCTOUT B OCBEIICHHH
COBPEMEHHBIX IPOOJIeM aHTHOMOTUKOTEPAHY MOJIOYHBIX KOPOB C MACTHTOM.

Bruto ycTaHOBIIEHO, UTO MCCIIEOBAHUS 10 MPUMEHEHUIO aHTUOMOTHKOB IIPH MAacCTUTaX y MOJOYHBIX KOPOB SIBIISI-
I0TCSl JOCTAaTOYHO MHOTOYHCIIEHHBIMHU. JJOMHHUPYIOIINMHI H30JIMPOBAHHBEIMH BO30YIUTEISIMH MAcTHUTA SBISIOTCS CTa-
¢unoxkokku U crpenTokokku, Escherichia coli u apyrue rpaMoTpunarenbHble SHTEpalIbHble OakTepuu. AHTUOHOTHKHU
SIBJIAIOTCS Hanbosee pacIpoCTpaHEHHOH IPYINON MpenapaToB, UCMONb3YEMBIX IPU MAcTUTaX B MOJIOUHBIX KOpOB. Pe-
3MCTEHTHOCTb M )KU3HEHHAs CHOCOOHOCTh BO30OYAMTEINCH MacTUTa M3MEHSIOTCS U 3TOT (BaKT ClefyeT y4HThIBaTh. Db-
(EeKTHUBHOCTD JICYCHHUS] MACTUTA 3aBUCUT OT IPYMIbI (AaKTOPOB. DTH (HaKTOPHI BKIOYAIOT HapabOTKy Haasiexalen cxe-
MBI JIe4eHHUS (TIPOJOKUTEIBHOCTD, CIIOCOO BBEICHHUS JIEKAPCTBEHHOTO CPEJICTBA, BBIOOD JIEKapCTBEHHOTO CPENCTBA) U
ydera (akTopoB pucKa I KOPOB (BO3PACT KUBOTHOTO, 3aJHUE WX ITepEeJIHUE JOIH BEIMEHH, XapakTep HHOEKINN) u
Ha (epMe (aJTOPUTM TUTHEHBI).

JlanpHeiimee uccieioBaHNe HEOOXOIMMO HATIPABISATh HAa OLEHKY OTHAJICHHOTO BIUSHUS JIeUYeHUS (KOPOTKOE MM JUTH-
TeJIbHOE, JO3UPOBKA, YaCTOTA UCIOIb30BAHHUS) HA YCTOHUHBOCTh MATOTEHOB M KOJIMYECTBO PEIUMBOB.

KnroueBble c10Ba: KOpoBa, MacTUT, JICUEHUE, aHTUOMOTHK, PEKHUM, PE3UCTEHTHOCTb.

Modern challnges in antibiotic treatment of mastitis in dairy cows

Kozii N., Shaganenko V., Plachotniuk 1., Koziy V.

The infection agents are the major ethiological factors of mastitis in dairy cows. Yet, the control of mastitis on dairy
farms has to be grounded in a number of measures including drug choice and application regime, keeping and feeding sys-
tems, farm hygiene procedures, cows' health status and parity etc. The main purpose of this review was to evaluate the
modern challenges of antibiotic treatment of dairy cows with mastitis.

It was found that the research on antibiotic use in mastitis cases in dairy cows is numerous. The dominant isolated
mastitis pathogens are Staphylococcus and Streptococcus spp., Escherichia coli and some other gram negative enteric
bacteria. Antibiotics are the most common medicines used in mastitis cases in dairy cows. Resistance and survival
properties of mastitis causative pathogens are changing and the fact has to be taken into account. The treatment of
mastitis depends on a group of factors. These factors include treatment regimen (duration, method of drug input, drug
choice) and risk factors on cow (parity, rare or front quarters involvement, infection recurrences) and on farm (hygiene
algorithm) level.

The further study needed to evaluate the distant influence of treatment regimen (short or prolonged duration, dosage,
frequency of use) on pathogen resistant properties and mastitis reoccurrence rate.
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MOJIEKYJAPHO-BIOJIOT'TYHI MEXAHI3MH
PEITAPATUBHOI'O OCTEOI'EHE3Y

KicTkoBa penapatisi € CKJIagHUM Oi0JOTIYHUM MPOLIECOM BiJHOBIICHHS MOIIKO/PKCHOI TKAHHHH, SIKAa CYIPOBOKYETHCS
TPUBAIUMH TiIEPKOATYJISAUiHHUMH 3pYILICHHSIMH B CHCTEMi reMOCTasy y BUIJISAI Pi3HOrO CTYIEHsS PO3BHTKY KOAaryJomarii,
eHIoTemanbHOl IMChYHKIIT Ta 3HIKCHHSM CHHTE3y OKCHIY a30Ty, LIO HEraTHBHO BIUIMBA€ Ha aHTIOTCHE3 i pernapaTHBHI
npouecu. Lle cynpoBomKyeThCS HaAMIPHEM HPOSBOM peakmii rocTpoi a3y i3 3HaYHUM MiIBUIIEHHSM PiBHS OLIKIB rocTpol
¢a3u (rantornobiny, nepysomiasMiny, GidpuHoreHy, C-peakTHBHOTO OifIka Ta MapKepiB CIIOIYYHOI TKAHMHH), 1[0 yIOBLIb-
HIOE KOHCOJIALI0 yaaMKiB KicTok. [Ipu 1boMy peryJsiiisi pernapaTHBHOTO OCTEOTeHe3y BiOYyBAa€ThCs Ha CHCTEMHOMY Ta
JIOKAJIbHOMY PIBHSIX, IO 3/iHCHIOETHCS 13 3ay4SHHSIM PSIIy PI3HUX CHCTEM OpraHi3My Ta YHCICHHHX Oi0JIOTiYHHUX PEYOBHH
Ha PiBHI PELENTOPHOrO anapary.

Knaro4oBi cioBa: penapaTHBHUI OCTEOreHe3, KiCTKOBa pereHepallisi, 3ar0€HHs IepesoMiB, PeryJIsiiis 0CTeoreHe-
3y, TBapUHH.
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KoHcomimamis mepenoMy — 1e CKJIagHuil O10JI0TIYHIH MPOIIeC, KU MPOXOAUTh HU3KY IMOCIIIOB-
HUX CTafiil i 3aBepuIyeTbcsi GOPMYBaHHSAM B 30HI (paKkTypH KICTKOBOi TKAHWHH 1EHTUYHOI TiH, LI0
iCHyBaja J10 TepeyioMy 3aBIsKH MPUTAMAHHOMY JIMIIE JUIS KICTKOBOT TKaHWHU KIITHHHOMY THITY pe-
redepairii. [Tpu upomy pi3Hi gocaignuku [1-3] BUAUIAIOTE Bia TPhOX 0 I’ SATH cTaii (ha3) KOHCOIi-
narii Gpakryp.

[epeOir pemapaTHBHOTO OCTEOTCHE3Y 3aJICXKUTh BiJ| 3araibHUX (BiK, CTaTh, TIMOBITAMiIHO3, aHEMIl
TOIIO) 1 MiCIIEBUX (TMOPYILIEHHS KPOBOOOIrY B MiCIIi MEPEIIOMY, CTAOUIBHICTh (iKcallii KICTKOBUX yia-
MKiB Ta HasBHICTh KICTKOBUX Ac(eKTiB) GaKTOPiB Ta Mae CKJIAMHY peryismiro. KoHcoumimaris nepemno-
MiB KiCTOK BiJIOYBA€EThCS MUITXOM IEPBUHHOTO 200 BTOPUHHOTO 3policHHs [4, 5].

[lepeunne (6e3 yTBOpeHHS (hiOPO3HO-XPSAIIIOBOTO MO30JIs1), MOXKIIMBE 3a CTa0LIBHOI (ikcallil KicT-
KOBHIX YJIaMKIB 3 BiACTaHHIO MK HUMH MeHIne 0,1 MM. Y 1IbOMy BHTIAZKY OCTEOKIIACTH ITEPETUHAIOTH
JiHifo nepenoMy Ta (GOpMyIOTh 3ariuMONeHHs (JIaKyHH), SIKI OCTEOOJACTH 3alOBHIOIOTH KiCTKOBOIO
TKaHUHOIO, 32 PaXyHOK YOr0 BiIOYBA€ThCS OJHOYACHO 3POILICHHS MEPEIoMy Ta YTBOPEHHS TraBepco-
BHX KaHaJiB [6].

BropunHe 3polieHHs] XapakTepHe AJS CKJIAAHUX OCKOJKOBHX IEPEIOMiB, 3a HAasBHOCTI AiacTaszy
Ta HaBiTh HE3HAYHHMX MIKPOPYXiB MiX KiCTKOBUMH yJaMKaMH. B Iux BHITagKax penapaTuBHUI 0CTeo-
reHe3 MPOXOAMTh Y PsI MOCHIIOBHMX cTadii (($ha3) i CynpoBOIKYeThCS (OpMyBaHHIM (iOpO3HO-
XpSIIIOBOTO pereHepaTry. O0’eM yTBOPEHOTO MO30JIS 3aJICKHUTh Bil CTa0LIFHOCTI MepeioMy Ta 30111b-
LIYETHCS 3a 3MEHIIEeHHS 11 piBHA [7].

HecTaliapHICTE KICTKOBUX yJIaMKIB ITiJT 4ac KOHCOIiAamii pakTyp € HalHOUIbII IMOITMPEHOIO TIPH-
YHHOKO PO3BUTKY YCKIIQJHEHb (HE3pOIleHb, (POPMYBAHHS IICEBJOCYTIO0IB) pEMapaTHBHOTO OCTEOre-
Hesy [, 6].

PenapatuBHuii octeorenes 3a GpakTyp TpyOUacTUX KiCTOK CYyNPOBOIKYETHCS TPUBAIUMH, 10
JIBOX THKHIB ITICJIS TPaBMH, T1MIEPKOATYIISIIHHUMHA 3pYIIIEHHIMA B CUCTEMI reMoCTa3y, sSKi Xapak-
TePU3YIOTHCA K KOAryJiomaTisi CioXuBaHHs. [Ipu IbOMY pO3BUBAETHCS SHAOTENIAbHA TUC]YHK-
IS 13 3HIKCHHSAM CHHTE3y OKCHAY a30Ty, 10 HETaTHBHO BIUIMBA€ HAa aHTIOT€HE3 1 permapaTHBHI
nporiecu. TakoX TepIna cTamis penapaTHBHOTO OCTEOTEHE3Y 3a MepeioMiB TPyOUacTUX KiCTOK Y
cobak CympoBOKYETHCS HAAMIPHOIO 3alajJbHOI0 PEaKIli€lo 13 3HAYHUM ITiIABUIICHHSAM pPiBHS O11-
KiB roctpoi ¢asu (rantornodiny, uepyiomiasminy, pidpunoreny, C-peakTuBHOro Oijika Ta Map-
KepiB CIOJy4YHOI TKaHuHM). HamMipHu# mposiB peakiiii roctpoi (a3u yrnoBUIbHIOE KOHCOJIAIli0
nepenomy [8—10].

Perynsuist penapaTHBHOTO OCTEOTeHE3Y BiAOYBAa€ThCS HA CUCTEMHOMY Ta JIOKaJIbHOMY piBHsX. bi-
OJIOT1YHI PEUYOBHHH, AKi OEpYTh YUaCTh y JOKaJIbHIN perysii KiCTKOBOI penapariii, MogiIfI0Ts Ha TPU
IPYyIH: MPO3anajibHi HUTOKIHY, (PaKTOPU POCTY, aHrioreHHi GakTopu [11].

[pozananeHi rurokinu (IL-1, IL-6) i dakTop HEKpo3y myXiauH-ajbda, SKi MPOAYKYIOTHCSI Mak-
podaramu i HeTpodinaMH, CTUMYITIOIOTH XEMOTAaKCHC ME3EHXIMAIBHUX Ta KJIITHH BOTHUINA 3aIlalieH-
Ha. Hurokiam TNF-a ta IL-1 iggykyrots IL-6, skuii ctuMymioe ¢hopMyBaHHS XPSIIIOBOI MO30JIi, aHT10-
redes Ta AudepeHIiroBaHHS 0CTeO0IaCTIB 1 ocTeokacTis [12-13].

Hamu BcTanosneHo [14], mo 3a iHTpaMenyasipHOTO OCTEOCHHTE3Y B COOAK CIOCTEPIraeTbes TPH-
BaJie MiABUIICHHS PiBHSA y KpOBI Mpo3anajbHUX LUTOKIHIB, MOYMHAIOUM 3 1-01 1o0u, 3 mikoMm st
TNF-o — na 10-1y, a IL-1B — Ha 30-Ty 100y micas TpaBmu. [Ipu nmboMy MakcHMaiabHa KOHIICHTPAITis
npoTu3anaibHoro nutokiny — IL-10, cnocrepiranacs numie Ha 30-Ty 100y, MO CBITYHUTH MO aucOa-
JIAHC aHTarOHICTHYHUX CHUCTEM ITUTOKIHIB Ha €TaIli OCTEOIHIYKINI 3a KJIACHYHOTO 1HTpaMeIyJIIpHOTO
OCTEeOCHHTE3y. B CBOIO uepry HEeKOHTPOJIHOBaHA ITUTOKIHOBA PEAKIlis 3yMOBIIOE EHAOTEMIAIbHY AHC-
¢dbyuakmiro [9] Ta MPU3BOIUTE IO TINIEPAKTUBAIIIT CYTHHHO-TPOMOOITUTAPHOTO Ta MaKPOIIUPKYJISIIITHO-
ro remocTasy [15, 16], mo yckinagHioe nepedir pernapaTHBHOTO OCTCOTEHESY.

dakropu pocTy — K creru@ivHi 0i0JOriYHO aKTHBHI PEUYOBHUHHU, CTHUMYIIIOIOTH OCTCOICHE3 Ha
pI3HUX CTamisax KoHcomimarii mepermoMy. Jlo HMX HajeXaTh: KIiCTKOBI MOPGOTeHETHYHI OiIKH
(bonemorphogenetic proteins — BMPs), tpanchopmyroui daxtopu pocty (transforming growth
factor-beta — TGF-bl, -b2, -b3), TpombonuTapuuii paxrop pocry (platelet-derived growth factor —
PDGF), daktop pocty ¢ibpobdmacti (fibroblast growth factor — FGFs), incyminononioauii dpakrop
pocty (insulin-like growth factors — IGFs), audepenuirorounii ¢akrop pocty (growth and
differentiation factors — GDF-1, -5, -8, -10). [Ipu upomy HalOinbII TOTY>KHUMH OCTEOIHAYKTOPAMHU,
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SIKI CTUMYJTIOIOTHh THQEPEHITIIOBAHHS ME3CHXIMAIBHUX CTOBOYPOBHX KIIITHH B OCTE00JIACTH € KiCT-
KoBi Mop¢oreHeTnyHi 6inku. Tak, y Mumiei 3 iHakTuBoBaHOIO MyTaniero BMP-2 kicTkoBa M0307b
He yTBOoproetbes [11, 17, 18].

AmnrioreHHi (GaKTOpH BiAIrparOTh MPOBITHY POJIb Y MPOIEC] BACKYISIPH3aIlii KICTKOBOTO pereHepary,
SIKUAHM PEeTYMIOETHCS aHTIOMOCTHHAMY Ta CyJUHHO-CHAOTENanbHIM (pakTopoM pocty (vascular-endothelial
growth factor — VEGF). Anrionoernny, y nepury yepry 1 i2, € cyIMHHIMH MOP(OTeHETHYHUMU OLTKaMu,
iX eKcrpecis IHIYKye BacKyJISApU3aIlil0 pereHepary Bia CyawH oOkicTsa. OmHaK KIIOYOBHM PETYIISTOPOM
IILOT'0 MPOIIECY € (haKTOP POCTY SHAOTENIII0, OCKLIBKY BiH O€3M0CEPEIHBO CTUMYJIFOE aHTIOreHe3, HAKOIIH-
YeHHs 1 mpotidepallito Me3eHXIMaJIbHIX CTOBOYPOBHUX KJITHH Y CYAMHHI creTiHHs [19-21].

BaknvBe 3HaUCHHS y TIPOIIECI pEapaTUBHOTO OCTEOTEHE3Y BiMIrparoTh Me3eHXIMaJIbHI CTOBOYpO-
Bi kimiTuHU (mesenchymal stem cells — MSCs), siki MOTpamIsAioTh y MIISHKY TPaBMH 3 KICTKOBOTO MO3-
Ky, OTOUYIOUUX M’ SIKHX TKaHHH, CUCTEMHOTO KPOBOOOITY Ta OTU(EPEHLIIOI0THCS 32 XOHAPOTCHHUM 1
OCTEOTeHHHMM IIIAXaMH. IX HaJXO/KEHHS y 30HY MOLIKOKEHHS PEryJIol0Th KiCTKOBI MOP(OreHeTH-
yhi Outku (BMP-7 ta BMP-2). Ilpu 1isomy ctpomansuuii kimituHHUER ¢daktop (SDF-1) 3 moasidiHum
G-6inkoBumM penentopoM CXCR-4 € KII0U0BUM PErysisiTOPOM HaIXOIDKEHHS crelu(iyHuX Me3eHXi-
MaJIbHUX CTOBOYPOBHX KIIITHH 0 TUISHKHA TPaBMOBAHOI KiCTKH [22-24].

DpakTypH KiCTOK CYIIPOBOKYIOTHCS TTOIIKODKEHHSIM KiCTKOBHX 0ajloK, KICTKOBOTO MO3KY, OKiC-
To, CyJIH, M SKHUX TKaHUH Ta 1HIIHX MOP(OJIOTIYHUX CTPYKTYD, SKi 3HAXOASATHCS B 30HI MEPEIIOMY.
TpaBMa CyquH CympOBOIXYETHCS KPOBOBHIMBOM, aKTHBALI€I0 KOAryJsIIMHOTO Kackaxy Ta (opmy-
BaHHSIM KPOB’STHOTO 3TyCTKY B 30Hi IepeIoMy, KU MMOBHICTIO a00 9aCTKOBO 3aIllOBHIOE HABKOJIOBII-
JIAMKOBHH TIPOCTip. YHACIIIOK IHOTO MOPYIIYETHCS KPOBOOOIT, PO3BUBAIOTHCS PI3ZHOTO CTYTICHS -
CTPYKTHUBHI MpOILIECH, HEKPO3 KIIITHH 1 TKAaHUH Y OUISHLI [EpeIoMy Ta Ha JesKiil BiZicTaHi BiJ HBOTO,
IO € MMyCKOBUM MEXaHi3MOM JUIS PO3BUTKY 3alajieHHs 1 IepIloio CTaAi€l0 PenapaTHBHOTO OCTEOTeHe-
3y, sIka TpUBae OJU3bpKO 5-TH 1mib [25, 26].

Haii0inbme po3di>kHOCTEH Y qOCHiAHUKIB [, 7, 27] BUHHKae caMe 3a TIIyMadeHHs Mepuioi craii
(dasm). Bigrak ii Ha3MBarOTh MO-Pi3HOMY — pelapaTHBHA PEaKilisl, paHHI MOCTTPAaBMAaTHYHI 3MiHH, 3a-
naneHHs, GopmyBaHHsS (GiOpHUH-KPOB’THOTO 3rycTKy. HeyckmamaeHnid mepeOir i€l crafii € Haa3Bu-
JaifHO BaXKIMBUM, OCKIJTBKH OUTBIINICTE IMOPYIIEH KICTKOBOT pemnapaliii 3aKi1afaloTbCsl caMe B IIeH Tme-
pion. 3a pi3HHX BapiaHTIB AWCpEreHepalii BiAMiYa€ThCsl MOMIOHICTh TiCTOJIOTIYHOI KAPTHHH, SKa Xa-
paKTepU3yeThCA HASBHICTIO B pereHeparax 3HaYyHMUX AUISHOK BOJOKHHUCTOI CIOJIyYHOI TKAaHUHHM, IO
CBITYUTH PO MOPYIIECHHS AU(EPCHIIIFOBAHHS OCTECOIC€HHUX KIIITHH B OCTEOOJIACTH.

I'emaToma, sika yTBOpWIIACh B 30HI MEPETIOMY, Ma€ BaXXJIMBE 3HAYECHHS IS MOJAIBLIOTO Mepediry
pemapaTuBHOTO OCTEOTEHE3Y, OCKIIBKH BOHA € JDKEPENIOM OCTEOreHHHX KIITHH Ta (DakTOpiB poCTy
(PDGF, VEGF, TGF-b), sixi cTUMyJTI010Th (h)OpMYBaHHS KiCTKOBOI TKaHUHH. Ll miaTBepIKy€eThCs 10-
CTiaMul 3 TpaHCIDIAHTAIlil TEMaTOMH 3 JUISHKH TMEPEJIOMy — B CKTOIIYHHX MICISIX BOHA 3YMOBIIOE
SHIOXOHApaIbHUI ocTeoreHes [28].

[Nepimmu KIIITHHHAME €JIEMEHTaMH, SIKI BUSIBJISIFOTBCSI B MICI TPaBMH € HEUTPOQIIM, BOHU CEKPETY-
F0Th YHCJICHHI LIMTOKIHM, IO PEryJIoITh 3alajbHUIN mporiec, mpoiidepario Ta qudepeHIiOBaHHs Kili-
THH. Jlemo mi3Hime 3’ sBIsI0ThCS MaKpogary, IMOCTYIIOBO MO X0y CyJWH NPHEIHYIOTHCS TTIOOIUHOKI Ma-
noaudepeHLiiioBaHi CTOBOYpPOBI KIITHHH, SKi MAIOTh BUCOKY Ipoiid)epaTUBHY akTHBHICTS [29, 30].

Perymroerbes nett mporec IL-1, IL-6, TNF-a, ski BUAIIAIOTECS MakpodaramMu, 3amajbHAMH KITITH-
HaMH Ta CTHMYJIOIOTH XEMOTAKCHC IHIIMX 3alajJbHUX 1 ME3eHXIMaJbHHUX KIITHH. PakTopu pocTy
PDGF ta TGF-b BUIUISIOTECS A€TpaHyIbOBAaHUMH TPOMOOLIMTAMH Ha PaHHIX CTalisX perapaTUBHOIO
OCTEOTCHE3Y 1 CTUMYJIIIOIOTh MITOTE€HE3 ME3CHXIMAIBHAX KIIITHH Ta OCTEO0JIACTIB, & TAKOXK XEMOTaK-
CHC 3alajbHUX 1 ME3CHXIMaJIbHUX KIITHH. BMP-2 — mepmiuii i3 KicTKOBUX MOP()OreHeHESTHUHUX O1J1-
KiB, SIKMH 3’SIBIIIETBCS B MICIIl MEpeoMy i 3allyCKae Mpolec KOHCOMalii, CTUMYJIIOE XOHAPOTeHE3,
perymioe ekcrnpecito iHmux BMP (-2, -6, -9), ski € HalO1IpIII BATOMUME 1HAYKTOpaMH IH(EpeHIIito-
BaHHS ME3eHXIMaJIbHUX CTOBOYPOBHX KIIITHH B ocTeoOmactu [24, 31].

VY nopanbioMy B reMaTtoMmi BiiOyBaeThes Aerpaaalisi GOpMEHUX €IeMEHTIB KpoBi Ta GopMyeTbCs
Oarara (iOpuHOM TpaHyJIsLiiiHAa TKAHIHA, B MEXKaX SIKOi YTBOPIOETHCS M SIKUH KiCTKOBHH Mo30ib. Ha
MOJEIISIX TBapHH (KPOJIi, IIypH) Tk ii popMyBaHHS mpumianae Ha 7-9 moOy. Lle apyra cramis penapa-
TUBHOTO OCTEOTEHE3Y, SIKY AOCIiAHUKN HAa3WBAIOTh — Mirpamis i mpoiidepariss Me3eHXIMaIbHUX KITi-
THH a00 AudepeHitoBaH s KIITHH Ta (JOpMYyBaHHs TKAHWHHOCTIEHM(IYHUX CTPYKTYp Y 30HI Ieperno-
My. 3a pi3HUMH JaHUMHU BoHA TpuBae 4—10, 2-30 mi6 [27, 32].
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VY 1eif mepios HABKOJIO KiICTKOBHX yJIaMKiB MmodynHae GOpMyBaTHCh MAaH)KETKa 3 KiCTKOBOTO pe-
reHepary, sfika BUKOHYe (QyHKUiro ctalimizamii nepenomy. Lle BinOyBaeTbes 3aBasiku mposmideparnii
KJIITHH KaMOiaJbHOTO Mapy KiCTKOBOiI TKAHWHH B CKJIai CTPOMH KiCTKOBOTO MO3KY, OCTCOTCHHHX
KJIITHH TIEepIOCTy, OCTEOHIB 1 eHmoocTy. Halibinpma mBuakicTe mposideparii CIOCTEpiracThCs B
IIIMOOKOMY IIapi OKicTs, SIKe po3TamoBaHe Oils Micus mepenoMmy. BHacmimoKk akTHBHOTO PO3MHO-
KEHHS KaMOiaJIbHUX KIIITHH OKICTSI NOCTYNOBO (OPMYETHCS MepiocTalbHA YacTHHA KiCTKOBOI MO-
3omi [11, 33].

PicT ocTeoreHHUX KIIITHH, pO3TAIIOBAHNX Y TIOBEPXHEBUX IIapaxX KiCTKOBOTO pereHeparTy BimOyBa-
€THCS MIBUJIIIIEC, HIK KAIUIAPIB 13 OKICTS, TOMY Ili KJIITHHUA ONHHSIOTHCS B YMOBaX HEIOCTATHHOI OKCH-
reHamii Ta MaloTh TEHICHIII0O MEPETBOPIOBATUCH Y XOHIPOIUTH, IO MPHU3BOAUTH A0 (HOpMyBaHHS
XpsIllla B 30BHIMIHIA YaCTHHI KICTKOBOTO MO30J1s1. HaToMicTh OCTEOTeHHI KIIITHHH, PO3TAlIOBaHi OJIH-
K4Ye O KPOBOHOCHHMX CyOUH ITEPIOCTY B YMOBax OINTHMalbHOI OKCHIeHalil AudepeHiloThe B
octeobmactu [34].

Ha yTBOpeHHS TKaHMHHM KiCTKOBOT'O MO30JIS BIUIMBA€E KITBKICTh ME3EHXIMAIBHHX CTOBOYPOBUX
kiiTuH. [Ipy 1boMy BakiIMBe 3HAUYEHHs BilirpatoTh TpaHchopmytounii gakrop pocty (TGF-B) ta wie-
HU i€l cyneppoaunu — B2, -3, GDF-5, siki perynoloTs XOHAPOTeHe3 Ta SHI0XOHApalbHy ocHika-
miro. B meit mepion 3HWKYIOThCS piBHI iHTepaeikiaiB (IL-1, 1L-6), HATOMICTh IiIBUNTYETHCS aKTHB-
HICTh KICTKOBUX MOpdoreHeTHIHHX OUTKiB (BMP-5 1 -6), K1 iHAYKYIOTh KIITHHHY Hpoidepariiio 3a
iHTpamMeMOpaHHoi ocu(ikawii. AHTiOT€He3 y LI0 CTail0 PerynoeThes anrionoetnHom-1 [5, 35].

MamkeTH KiCTKOBHX YJIAMKIB IIPOJOBXKYIOTh POCTH 3aBASKH Mpomidepaliii OCTEOreHHUX KIITHH Y
30BHIINHIX IIapax i, MEHIIIOI0 MipOI0, IHTEPCTHUIIIATFHOMY POCTY XpSAIlla B CEpEIHIX mapax KiCTKOBOI
MO30Ii. 3aBASKH LbOMY MaHXeTH 000X yJIaMKiB IMOTOBIIYIOTECS 1 BUIT SIYYIOTHCS Ha3yCTPid OJHA OJ-
Hill, 10 MPUBOAMTE 10 iX 3’eAHaHHS. KIITHHH €HAOOCTY TakoX MpoiiepyroTh, aje BHPa)KEHICTh
IIHOTO TPOTIECY JIET0 MEHINa, HiX y mepiocTi. KpiM TOro, 0cTeoTeHHI KIITHHH 1 KaIsIph TaBEPCOBUX
KaHaJiB IPOPOCTAIOTh Y MPOMDKOK MiXK KICTKOBUMH YJIaMKaMH i TaKoX (POPMYIOTh BHYTPILIHIO Yac-
THUHY KiCTKOBOTO MO30Jist [36].

Xpsmr KICTKOBOTO MO30JIS iCHY€ THMYACOBO 1 B TIOJIAIBIIIOMY, B Mipy POCTY CYIHH YCEPEANHY pe-
TeHEepaTy Ta MOKpPAIIEHHS OKCHTEHAIlli HOTO BHYTPIMIHIX IIapiB, XPSIIOBI KIITHHH, K1 PO3TAIIOBaHI
HaiOMmK49e 10 HOBOYTBOPEHOI KiCTKH, TiNEPTPOPYIOThCS, a MKKIITHHHA PEUOBUHA MiHEPaJi3y€eThCs,
10 TIPU3BOAUTH J0 iX armonTo3y. B pe3ymbTari Bech XPSIIl 3aMINTy€e€ThCS PETUKYIT0(i0OPO3HOI0 KiCTKO-
BOIO TKaHuHOIO [37, 38].

Mexanizm Kanpuudikamii xpsma 3a0e3neuyioTh MITOXOHIPIT, AKi HAKONMYYIOTh KalbLi€BMICHI
TpaHyly B TINOKCHUYHOMY cepeoBulli nepenomy. [licns pe3opOuii XpsmoBoro Mo30s, TpaHyiu Ka-
JBIII0 TPAHCIOPTYIOThCS B CKCTPAICTIONSAPHUI MaTpUKC, MPEIUITITYIOThCS i3 Pocdarom Ta CTarOTh
sIpoM it GOpMyBaHHS KPHCTATIB rigpokcuanatuty. Li mpoiecu 00’ €qHyIOTh Y TPETIO CTail0 pera-
PaTHBHOTO OCTEOr€HE3y — YTBOPEHHsI KICTKOBO-XPAILIOBOr0 pereHepary abo peopraHizallisi TKAHHHHUX
CTPYKTYp Ta iX MiHepaui3aris, ska TpuBae Big 9-25 mi6 no 16 TwkHiB micis tTpasmu [27, 30]. Omxaak
iHIm pocaigauky [38, 39] 00’ €qHyIOTh APYry Ta TPETIO CTail y a3y penapariii.

PerymioeTbes TpeTs cTafis penapaTHBHOTO OCTEOTeHE3y Makpodar-KoJIHIECTUMYIIOIOYHM (PaKTo-
pom (M-CSF), TNF-0, RANKL i ORG, sxki iHiIiforoTh pe3opO1iro MiHepanizoBaHoro xpsma. [Ipu
1IbOMY BOHH CTHMYJIIOIOTh aKTUBHICTh KICTKOBUX KIITHH, IPUCKOPIOIOYHM (POPMYBaHHS KiCTKOBOI TKa-
HuHU. Tak, ¢axTop Hekpo3y nmyxiuH — TNF-o ctumymroe audepeHiitoBaHHsS Me3eHXiMaTbHUX CTOB-
OypOBHX KJIITHH B OCTEOT€HHI Ta iHILIIOE amonTo3 XOHAPOLMTIB. Y LeH Mepio] 3HMKYETbCS aKTHUB-
Hicts (akrtopiB pocty TGF-B, 2, -3 ta GDF-5, HaTOMICTh HiJABHMIIYETHCS aKTHUBHICTh KiCTKOBHX
MopdoreHeTHIHNX OUTKIB (BMP-3, -4, -7, -8), sSKi pery;Iol0Th IPOIeCcH pe30pOIlil XpsIma Ta MiHepa-
JTi3arii KiCTKOBOro M030J1s. PicT Ta pO3BHTOK Cy/IMH Yy KiCTKOBOMY pereHepaTi B Iel MepioJ peryIiro-
€ThCS 3a PaxXyHOK aKTHBaLil CyIWHHO-CHIOTEIIaNbHOrO (DakTopa pocTy. 3a HAHOUIBII AKTHBHOTO
OCTEOTeHE3y IMOBTOPHO MiABUINYETHCS aKTUBHICTH IL-1 Ta TNF-0, piBeHb SKUX 3aJUIIAETHCS TOCUTH
BHCOKHM 1 IiJ] 4ac peMoJIeIIOBaHHs KiICTKOBOTO pereHepary [7, 40, 41].

Jnist 3aBeplUICHHS pernapaTHBHOTO OCTEOTeHe3y HeoOXinHO, 00 y MOIIKOMKEeHIH AUISHIN KiCTKH
Oyna BigHOBIIeHa 11 opraHocnenudiuHa cTpykrypa. [Ipu oMy 3MEHIIYETHCS 00’ €M MEPIOCTAIBHOTO
MO30J1s, a Ty04yacTa KicTKOBa TKaHMHA 3aMiLyeThCsS Ha KOMIAKTHY. B pe3ynbrari KicTKa ctae Oiibin
MilHima 1 Tpabekynu, sKi 3HaXOAAThCS 10 nepudepii KICTKOBUX YIaMKiB, OilbIIe HE YKPIIUTIOIOTH X,
a TOMY ITOCTYTIOBO Pe30pOYIOThCS. TaKoK BITHOBIIOETHCS CIIOIYUYEHHS OCTEOHIB KiCTKOBHX YJIAMKIB,
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€HI00CTAIbHA YaCTHHA KiCTKOBOTO pEreHepaTy pe30pOyeThCS 1 BITHOBIIOETHCS MPOXITHICTH KaHATY
KICTKOBOTO MO3KY [4, 7, 42].

VY pe3ynbraTi HOro Mpoiecy KOHGIrypaiis KiCTKHA MOBHICTIO BiJHOBIIOETHCS, a MICIE MIEPEIOMY
PEHTTEHOJIOTIYHO HE BHUIJISAAA€ K MOTOBIICHHA. lle derBepra cramis, abo Tpets dasza koHcosimamii
nepenomy, Ky OUTBIIICTD AOCIiAHUKIB Ha3MBaIOTh — PEMOJICNIOBaHHs a00 (YHKLIOHATBHOIO ajanTa-
uiero. Bona 3aiiMae 6mu3bko 70 % ycboro TepMiHy KOHCOMIJAIIl mepeaoMy Ta MOKe 3HA4HO BapiroBa-
TH — BiJ] KITBKOX MicsIIiB 10 6-9 pokiB [4, 27, 32, 43].

3a manumu [32] BHIOIISIOTH I ¥ STy CTAiI0 — PO3PIIICHHS, KA XapaKTEePU3y€EThCs HASBHICTIO
ICTHHHOT'O OcTeoreHe3y 1 (hopMyBaHHSIM KiCTKOBOI TKaHWHH, 110 HE BiAPI3HAETHCA BiJl OTOUYIOUOi He-
TTOTITKO/KEHOT KiCTKH 3 BiJHOBIICHHAM i1 popmu 1 GyHKITI.

[porec peMoEMOBaHHS CYIPOBOMKYETHCS 3HIKCHHSIM aKTHBHOCTI (hakTopiB pocty — TGF-bl-b3,
GDF-10 Tta GinpmocTi KicTKoBUX MopdoreHeTnyHux OinkiB. [Ipu mpoMy croctepiraerbes miJBUILCH-
Hs1 aktuBHOCTI IL-1, TNF-0. Ta BMP-2, siKi TOKaJIbHO PETYIIOI0Th Mepedir pernapaTHBHOTO OCTEOTeHe-
3y B 11e# nepiox [10, 44, 45].

Xoua penapaTUBHUH OCTEOT'€HE3 IEPEBAXKHO PETYIIOETHCS JIOKAJIBHO, HAa HOTro mepedir Takoxk
BIUIMBAIOTh CUCTEMHI ()aKTOPH — MapaTropMOH, COMAaTOTPOIIH, €CTPOreHH, KOPTUKOTPOIIHI TOPMOHH.
Tak, Bimpa3y micis TpaBMu B 14 pa3iB migsumtyetses KoHmeHTpamnis AKTI ta BTpudi piBeHb ambaoc-
TepOHY. AKTHBHICTh KAIBIIUTOHIHY TIOCTYIIOBO MiABUINYETHCS B 4 pasu 3 miKkoM Ha 42-49-y moby 1mic-
151 TpaBMU. OCHOBHA HOTO Aist — akTHBaLisl O10CHMHTE3Y JIy>KHOI ocdaraszu i cTUMyIsinis npoiidepa-
1ii ocreobactiB. EcTporenn, B CBOIO 4epry, iHAyKYyIOTh a3y pereHeparlii Ta eHIOXOHIPaIbHY OCH-
(hixarriro, IPUCKOPIOIOYH KOHCOMInaIlito ¢hpaktyp [46]. [lapatropMoH OmOCEPEAKOBAHO CTUMYITIOE aK-
TUBHICTb OCTEOKJIACTIB, SIKi pe30pOYIOTh Ha MOYATKOBUX €Tamax HeKPOTH30BaHi (parMeHTH KiCTKOBUX
yIIaMKiB, a y a3y peMoeNoBaHHs — HaAMIPHHUH MepiocTalbHUI Ta €HAOOCTAIbHUN pereHepaT. AK-
THBHICTH MTapaTrOPMOHY 30UIBITYETHCS B 3,5 pa3y MPOTATOM IEPIIOTO THXKHS MIiCIIA TPaBMH 3 MaKCH-
MaJbHOIO aKTUBHICTIO Ha 14 100y [47].

3a3Buuail A KOHTPOJIO MMepediry penapaTHBHOTO OCTEOreHe3y BHKOPHCTOBYIOTH PE3YJbTaTH
KJTIHIKO-PEHTI€HOJIOTIYHUX, 3HAYHO PiJIIIie ToMorpadidHmX 1 TiCTOMOTIYHUX nociimkeHs [48]. [Ipore,
1oro o0’€KTHMBHA OIliHKA HEMOXUIMBA 0€3 BHU3HAUCHHS MATOXIMIUYHUX KPHUTEPIiB 3amaibHO-pernapa-
TUBHOTO MPOIIECY Ta KICTKOBOrO MeTa0omi3My. B 3B’ 513Ky 3 MM, TOCTiIHUKAMH BCTAaHOBJICHO IiarHO-
CTUYHO-TIPOTHOCTUYIHE 3HAYCHHS MapKEepPiB CIOIYYHOI TKaHUHHU [49], TOKa3HUKIB CHCTEMH TeMOCTa3y
[15] Ta dyHKIIIOHANTBHOTO cTaHy eHmoTemiro [50].

OpnHak, nuIIe HEeMIOAAaBHO IS OLIIHKH MeTa00Ii3My KiCTKOBOI TKAaHWHH Y TBApUH 3alPOMIOHOBAHO
pan cnenmdivyHUX 10 KICTKOBOI TKaHMHM Ol0XIMIYHHMX MapKepiB: JyxkHa (ocdaTaza Ta ii KiCTKOBHN
130(pepMEHT, OCTCOKAJBIINH, C-TePMIHATBHUN TemonenTua kojareHy [ twmmy [51], Taptpat-
pesucTenTHa Kucia docdarasa [52], a Hamu [48] nmpoBeneHa mepBUHHA X KOMIUIEKCHA OITIHKA B JH-
HaMilli BUKOPUCTaHHSI TiIPOKCHANaTUTHUX MaTepiajiB Ui 3aMillleHHS KiCTKOBHUX Je(EKTiB y coOax.

TakuM 9uHOM, penapaTUBHHI OCTEOTEHE3 MPOXOIUTH Psi/i TIOCTIIOBHUX CTafiil Ta Mae HaJ3BU-
JaifHO CKJIAIHy MOJIEKYJSIPHO-O010JIOTIUHY peryJisimio. Pi3sHOMaHITHI MicIieBi 1 3araibHi (haKTOpH MO-
KYTh HETaTHBHO BIUIMBATH Ha Horo mepelir Ta MpOBOKYBATH PO3BHTOK ycKiaaHeHb. OIHAK MOJIEKY-
JSIpHO-010JIOTIYHI MEXaHI3MH PeNapaTHBHOTO OCTEOICHE3y B PI3HUX BHIIB TBApPHH Ta iX MaTOXiMidHi
MapKepH Ha MOYaTKOBOMY €Talli BUBYEHHS.
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Mo.JiekyJIsIpHO-0HOIOrHYeCKHe MeXaHH3MbI PeNapaTHBHOI'0 0CTEOreHe3a

Py6aenko M.B., Cemensik C.A., Auapuen B.I'.

KocTHOe 3a)KHBIICHHE SIBISETCS CJIOKHBIM OHOJIOTHYECKHM ITPOLIECCOM BOCCTAHOBIICHUS TIOBPEXACHHOM TKaHU, KOTOpAst
COIPOBOKAACTCS AIUTCIBHBIMU TUIICPKOArYJSIIHOHHBIME CIBUTAMH B CHCTEME I'€MOCTa3a B BHIC Pa3iIMYHOM CTEHECHH pas-
BUTHS KOATyJIONATHH, SHAOTCIMAIBHON TUCOYHKINHM U CHIDKEHHEM CHHTE3a OKCHJA a30Ta, YTO OTPHUIATEIBHO BIMSET Ha
AQHT'MOTEHE3 U PernapaTHBHbIE MPOLECChl. DTO CONPOBOKAAETCS YPE3MEPHBIM NPOSBICHUEM PEAKLUH OCTPOii (ha3bl CO 3HAUH-
TEJILHBIM TIOBBILICHHEM YPOBHs OelIKOB OCTpoii (a3sl (ranTorinobuHa, nepyiomiasmMuta, puopuHoreHa, C-peakTUBHOTO Oe-
Ka U MapKepoB COCAMHHUTEIbHON TKaHM), 3aMeUIeT KOHCOIMIALNIO OTJIOMKOB KOCTeH. [Ipy 3TOM peryisius pernapaTuBHOrO
0CTEOreHe3a MPOUCXONT Ha CUCTEMHOM H JIOKQJIbHOM YPOBHSIX, OCYIIECTBIISCTCS C IPUBJICYCHUEM Psifia PA3IMYHBIX CHCTEM
OpraHu3Ma i MHOTOYHCIICHHBIX OHOJOTHYECKUX BEIIECTB HA YPOBHE PELICIITOPHOTO alapara.

KiroueBbie c10Ba: penapaTHBHbBIA OCTEOreHe3, KOCTHAS PEreHeparus, 3a)KHBICHHE [IEPEIOMOB, PErYIISILUI 0CTEOreHe-
3a, )KUBOTHBIC.

Molecular and biological mechanisms of reparative osteogenesis

Rublenko M., Semeniak S., Andriiets V.

Fracture consolidation is a complex of biological process that passes through a series of successive stages and ends
by a bone formation in the zone of fractures. At this time, various researchers distinguish between three to five stages
(phases) of fractures consolidation. Reparative osteogenesis depends on the general factors (age, sex, hypovitaminosis,
anemia, etc.) and local factors (disturbances of blood circulation at the place of fracture, the stability of fixation of bone
fragments and presence of bone defects) and has a complex regulation. Consolidation of bone fractures occurs by primary
or secondary repair. The regulation of reparative osteogenesis occurs at the systemic and local levels. Biological sub-
stances that are involved in local regulation of bone repair are divided into three groups: proinflammatory cytokines,
growth factors and angiogenic factors.

Previously we have established the prolonged increasing of proinflammatory cytokines in the blood at intramedular os-
teosynthesis in dogs. It began from the first day after surgery and taking of peak on the 10th day — for TNF-o, and taking of
peak on the 30th day — for IL-1f. At the same time, the maximum concentration of anti-inflammatory cytokine, IL-10, was
observed only at the 30th day, that indicated an imbalance of antagonistic cytokine systems at the stage of osteoinduction in
case of classical intramedullary osteosynthesis methodology. In turn, uncontrolled cytokine reaction causes endothelial dys-
function and leads to hyperactivation primary and secondary hemostasis, which can complicate of reparative osteogenesis. In
this case, the most powerful osteoinductors are bone morphogenetic proteins (BMP) that stimulate a mesenchymal stem cells
differentiation into osteoblasts. Thus, in mice with inactivated mutation of BMP-2 bone callus are not formed.

Angiogenic factors play a leading role in vascularization of bone callus/ This process regulated by angiopoietins and
vascular endothelial growth factor (VEGF). Angiopoietin, especially 1 and 2, is a vascular morphogenetic protein, their
expression induces vessel grows in the callus from the vessels of the periosteum.

Mesenchymal stem cells (MSCs) play an important role in the process of reparative osteogenesis. They fall into the area
of trauma from the bone marrow and systemic circulation and differentiate thru chondrogenicor osteogenic ways. The first
cellular elements that are detected at the site of the injury are neutrophils. They secrete a numerous of cytokines that regulate
the inflammation, proliferation and cell differentiation. This process regulates by IL-1, IL-6, TNF-a. which secreted by
macrophages and inflammatory cells and stimulates a chemotaxis.

Subsequently, the blood cells are degrade making new fibrin-rich tissue in a hematoma, which converts into a soft cal-
lus.On animals models (rabbits, rats) the peak of callus formation occurred on 7-9 days. During this period, a bone cuff be-
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gins to form around the broken bone and performs stabilization of the fracture zone.This is due regarding cells proliferation
of the bone cambial layer of bone marrow, osteogenic cells of the periosteum, osteons, and endosteum.

A new bone tissue formation depends on number of mesenchymal stem cells. In this case, the transforming growth factor
(TGF-B) and the members of this superfamily 2, -B3, and GDF-5 plays an important role and regulate chondrogenesis and
endochondral ossification.

The third stage of reparative osteogenesis regulated by macrophage colony-stimulating factor (M-CSF), TNF-a, RANKL
and ORG, which initiate resorption of mineralized cartilage. At the same time, they stimulate the activity of bone cells, accel-
erating the formation of bone tissue. The process of remodeling is accompanied by a decrease in the activity of growth fac-
tors — TGF-b1 -b3, GDF-10 and most of bone morphogenetic proteins. In this case, there is an increase in the activity of IL-1,
TNF-0, and BMP-2, which locally regulate reparative osteogenesis during this period.

However, only recently, the specific biochemical markers of bone metabolism: alkaline phosphatase and its bone isoen-
zymes, osteocalcin, c-terminal telopeptide of type I collagen, tartrate-resistant acid phosphatase have been proposed for eval-
uation of bone tissue metabolism. We conducted the initial comprehensive assessment of specific biochemical markers in the
dynamics of the use of hydroxyapatite materials in case of bone defects replacing in dogs.

Key words: reparative osteogenesis, bone regeneration, fracture healing, regulation of osteogenesis, animals.
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