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ITpoBeneHO UMMYHOTHCTOXMMHUYECKOE BbISIBJIEHUE MAaTPUKCHBIX MeTayutonnpoTtenHas (MMP) 2 u 9 B muoxkapne
JIEBOTO KeJIyIouKa cepilla MpexXaeBpeMeHHO poxXIeHHbIX (21 1 21.5 cyT 6epeMeHHOCTH) 1 JOHOIIEHHBIX (22 CyT
GepeMeHHOCTU) KpbICc Ha 42, 56 u 180 cyT ImocTHATAILHOTO Meproaa OHTOTeHe3a. MHTEHCUBHOCTh UMMYHOIIO31 -
TUBHOTO OKpAaIlIMBaHMS OLIEHUBAJIM MOJyKOJIMYeCTBeHHO. [IpexkneBpeMeHHOe poXIeHe MPUBOJIUT K MOBbIIIIE-
HUIO WHTEHCHBHOCTM WMMYHOMO3UTUBHOI peakiiuu Ha MMP-2 u MMP-9 B creHke JieBoro xemayaouka
cepaua Kpuic. [ToBellIeHHe MHTEHCUBHOCTU MO3UTUBHOM peakuuu Ha MMP-2 B 1eBOM KenyIouke cepalia Kpbic
HabJIIomaeTcsl TeM paHbllle, YeM OoJIbIle CTeTlieHb HeJOHOIIEHHOCTH. MHTEeHCMBHOCTD MO3UTUBHOM peakiuy Ha
MMP-9 B ieBOM XkeTymouke cepliia CaMIIOB KPBIC pacTeT C yBeJIUUYEHUEM CTeIIeHU HeloHOoIIeHHOCTH. [1oBblie-
HHUE MHTEHCUBHOCTHU ITO3UTUBHONI peaknuy Ha MMP-2 u MMP-9 B cTeHKe J1€BOro Xelxygodka caMOK KPBIC
BCJIEZICTBUE MTPEXIEBPEMEHHOTO POXKICHUS ONIPEIeIsIeTCs UCKITIOUUTEBHO Y )KMBOTHBIX, POXKIEHHBIX Ha 21-€ CcyT
6GepeMEeHHOCTH, TO €CTh ITpU OOJIBIIIEeH CTeTIeHU HETOHOIIIEHHOCTH.

Karoueevie caosa: IPEXIAECBPEMECHHOC POXKICHUE, KPBICHI, JIeBbIA KEITYOOUYCK, CEPALEC, MATPUKCHBIC MCTAJIJIOIIPO-
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IIpexneBpeMeHHOE POXACHYE ITIPUBOIUT K peMoe-
JIMPOBAHUIO MUOKApJa B MOCTHATAILHOM IIepPUOAEC OH-
TOTeHe3a, YTO CIIYXKUT MPEANOCHUIKOM ISl paHHETro pa3-
BUTHS 3a00JIEBAHWI CepIeYHO-COCYIUCTOM CUCTEMBI Y
HeaoHolneHHbIX neteit (Burchert, Lewandowski, 2019).
OnHOM U3 OCHOBHBIX TIPUYUH PEMOIEIMPOBAHUS MUO-
Kapja sBIISIeTCsl HapyllleHue GajlaHca MeXay CUHTE30M
M Aerpajaliieil MeXKJISCTOYHOTO BelllecTBa. M3BecTHO,
4TO MaTpUKCHBIE MeTautonporenHassl (MMP — matrix
metalloproteinase) He TONBKO pa3pylIaloT OCIIKA MEX-
KJIETOYHOTO BEIIEeCTBA, HO U MOIYJIMPYIOT CUHTE3 KOJI-
JIATEHOBBIX BOJIOKOH B cTpoMe Mmmokapma (Li et al.,
2000). B n30bITOYHOM HAKOIUIEHUN KOJIJIAT€HOBBIX BO-
JIOKOH B MUOKapje MpU CTApEHUH, a TaKKe ITpU 3a00J1e-
BaHUSIX CEPIEUYHO-COCYINCTOM CHUCTEMBI KIIIOUEBYIO
poiab urpatoT MMP-2 u MMP-9 (Matsusaka et al., 2006;
Meschiari et al., 2017; ITomoB u ap., 2023). BersiBaeHnue
MMP-2 u MMP-9 B Muokapae npexaeBpeMeHHO POXK-
JIEHHBIX JIIO/Ieii 3aTPyAHEHO, TaK KakK TpeOyeT rnpoBeie-
Hug omoricuun. OnipeneneHne KoHIeHTpauuu MMP-2 n
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MMP-9 B 11azmMe KpoBU MPOCTO B UCIIOTHEHUM, HO HE
JaeT JEeTaJbHOIO IPeacTaBlieHUs1 00 UX TKAHEBOM MC-
TOYHUKE.

Takum obpaszom, BeisiBieHUe MMP-2 1 MMP-9 B
MUOKape TpeXIeBpeMEeHHO POXICHHBIX KUBOTHBIX B
KCIIEPUMEHTE SIBJISIETCS aKTyallbHON 3amadeii. 3HaHue
KOHKPETHBIX MEXaHU3MOB PEMOACIUPOBAHUS CTPOMBI
MUOKapJa BCJIEICTBUE IIPEKIAESBPEMEHHOTO POXICHUS
HeoOXoanMOo IJ1s1 onpeaesieHusI 3(PpGEeKTUBHBIX Mep ITPO-
GUIAKTUKY WU Teparnuu 3a00IeBaH1i cepaa y mpexk-
JIeBpeMeHHO poxneHHbIX Ttoaei (Gongalves et al., 2022;
Villano et al., 2022).

Llenbio HACTOSIIIETO UCCIEN0BAHUS SIBJISIETCS UMMY-
Horucroxumuueckoe BbisiBieHue MMP 2 u MMP 9 B
MUOKap/ie JIEBOTO XeJlyIouKa cep/ia MpexaeBpeMeHHO
poxnaeHHBIX (21 1 21.5 cyT 6epeMeHHOCTH) U JOHOIIEH-
HBIX (22 cyT 6epeMeHHOCTH) KpbIc Ha 42, 56 u 180 cyr
MOCTHATAJIbHOTO TIEpUO/ia OHTOTEeHE3a.
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Ju3zaiin ucciaenoBanua. DKCIEPUMEHT IIPOBEIeH Ha
KpbIcax Bucrap o6oero moja, KOTOpble COCTABUJIM IPYII-
IBl: KOHTPOJIbHA rpyIma (n = 24, JOHOLIIEHHBIE XKUBOT -
HBIE, MPOIOJLKUTEIILHOCTh OepeMeHHOCTH 22 CyT),
rpymma 1 (n = 30, npexxaeBpeMeHHO POXIEHHBIE KPbI-
Chbl, TIPOJAOJIKUTENILHOCTh OepemMeHHocTu 21.5 cyT),
rpynna 2 (n = 30, npexXneBpeMEeHHO POXIASHHBIC KPbI-
Chl, MPONOIKUTENbHOCTL OepeMeHHOCTH 21 cyT). [loHO-
IIEHHOE U IIPEXIECBPEMEHHO POXICHHOE ITOTOMCTBO
MOJYy4EHO OT MHTAKTHBIX CAaMIIOB 1 caMOK Kpbic Bucrap
B Bo3pacte 2 Mec. 1 BecoMm 180—200 r. CamMOK KphBIC CO-
IepXajlu B UHAUBUAYAIbHBIX KJIETKaX, €XEIHEBHO Ha
OCHOBE IIMTOJIOTMYECKOTO aHajM3a BJIATaJIMIIHOIO CO-
JIeP>XKUMOTO OIPENEISIIM CTaaUIO 3CTPaJIbHOTO LIMKJIa. B
CTaguIO IIPO3CTpPyca K CaMKe Ha HOYb MNOACAXUBaIU
caMmlia. YTpOM CJIEAYIOLIEro OHs caMIla OTCaXKMBAJIM,
I BepuduKaluy KOUTyca IPOBOAMIIM LIMTOJIOTUYE-
CKUIi aHaJIM3 BJIATAJIMIIHOIO COHEPKMMOIO Kphic. B
cliydyae oOHapyXeHHUSI CIIEpMaTO30MIOB BO BJIarajiMiil-
HOM Ma3Ke KPbIC, CUMTAJIU TOT JACHb ITIePBbIM THEM Oe-
PEMEHHOCTH.

IMonHast MpOAOIKUTETLHOCTL OepeMeHHOCTH KpbIC Br-
crap cocrapiseT 22 cyt (Saito et al., 2010; Shynlova et al.,
2010). B pe3ynbTaTe eCTECTBEHHBIX POAOB B CPOK ObLIN
MHOJIYYEeHBI JOHOIIECHHbIE XXWBOTHBIE (KOHTPOJbHAS
rpyra). s monydeHus npexaeBpeMeHHO POXIASHHO-
ro MOTOMCTBa OepeMeHHbIM KpbICaM OTHOKPATHO MO/~
KOxXHO BBogwiIn muderpuctoH (1 mi, 10 MmrHa 1 KT mac-
cel Tena; Sigma-Aldrich, CIIIA) (Dudley et al., 1996).
Bsenenue mudernpucrona kpeicaM Ha 20.5 cyT bepemMeH-
HOCTHU TIPUBOAWJIO K IIOSIBJICHUIO MOTOMCTBa Ha 21.5 cyT
oepemenHoctu (Tpyrnma 1). BBemeHme MuernpucToHa
KpbicaM Ha 20 cyT 6epeMEeHHOCTH TTPUBOIWIIO K TIOsIBJIe-
HUIO ITIOTOMCTBA Ha 21 cyT OepeMeHHOCTH (rpyImna 2).

IIpexxneBpeMEHHO PpOXIEHHBIX W JOHOIIEHHBIX
KpBIC COJlepXKali B CTAHAAPTHBIX YCIOBUSIX BUBApUS U
BBIBOJIWJIV M3 3KCIIepuMeHTa Ha 42, 56 1 180 cyT mmocT-
HaTaJIbHOTO MepUOJia OHTOTeHe3a ac(hUKCUen yriaeKuc-
JeiM razoM. Cepitie Kpbic (DMKCUPOBAIM B 3a0ydepeH-
HOM dopmanuHe pH 7.0 (buoButpym, Poccust) He 6omee
24 4. 3ateM 0Opas3nbl NPOMBIBAIN, 00E3BOXKMUBAJIN U 3a-
JuBanu B napaduHoBylo cmech Histomix (buoButpym,
Poccwust). Cpesbl TOMIMHON 5 MKM MOJTydaad HAa aBTO-
matuyeckoM Mukporome HM335S (Thermo Fisher Sci-
entific, Kuraii).

NmvmyHorncroxummueckoe ucciaenosanmne. [locie ne-
napadMHU3ALUKU U peruapartaluu cpe3bl MOABEpTraiu
BBICOKOTEMITEpATypHOUM JIeMacCKUPOBKE aHTUTEHOB B
mutpatHoM 6ydepe pH 6.0 (Abcam, Benmukobputanus).
B kauecTBe mepBUYHBIX aHTUTEJT UCITOJB30BAJIM MOHO-
KJIOHaJIbHBIe MbIHbBIe aHtutena NCL-MMP-2-507
(Novocastra, Bemukooputanus) u NCL-MMP-9-439
(Novocastra, Bexukoopuranusi) B pazsegenun 1 : 500.
Jns BU3yanu3allM¥ WMMYHOTHCTOXMMUYECKON peak-
Uy ucnonb3oBany Habop Mouse and Rabbit Specific
HRP/DAB IHC Detection Kit — Micro-polymer (Ab-
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cam, BemukoOpuraHus). fnpa KiaeToK mOKpaiiuBaiud
remaTokcunuHom xwmia (buosutpym, Poccust).

MopdomeTpusi M CTATHCTHYECKASA 00PAOOTKA TAHHBIX.
Pa3BuTre UMMYHHOTO OKpalllMBaHUS aHAJIU3UPOBaU B
CTEHKE JIEBOTO XKeJlylouKa ceplilia Ha MOoTNepevyHbIX cpe-
3aX Ha YpOBHE COCOYKOBBIX MBIIIL. WMHTEHCUBHOCTH
MUMMYHOTHMCTOXUMUYECKON peaKIMu OLIEHUBAIW MOIy-
KOJIMYecTBEHHO: ) — OTCYyTCTBME UMMYHOTUCTOXUMUYE-
CKOM1 peakiuu, 1 — UMMYHOTUCTOXUMMUYECKAST peaKLIus]
HU3KOM MHTEHCUBHOCTU (MMMYHOIIO3UTHMBHBIE CTPYK-
TypHI 3aHUMaIOT MeHee 20% Tutomanu cpesa), 2 — yme-
peHHasi UHTEeHCUBHOCTb (MMMYHOMNO3UTUBHBIE CTPYK-
TypsI 3aHnMaroT 20—70% mrormany cpe3a), 3 — BEIcOKas
MHTEHCUBHOCTb (MMMYHOIO3UTUBHBIE CTPYKTYPbI 3a-
HuMarT 6osee 70% moinaau cpe3a). MHTeHCMBHOCTD
MMMYHHOTO OKpalllMBaHUS OTPeneisiii BU3yalibHO, He
MeHee yeM B 10 mmosgx 3peHus Kaxkmoro cpesa. ITomyko-
JINYeCTBEHHBIE JaHHBIC aHAJIM3UPOBAJIU C UCITOJIb30Ba-
HueM KputepueB lllanupo—Yunka u MaHHa—YuUTHU
(Oopwun, 2020), mpumenss SPSS 16.0 (IBM, CIIA).
JaHHBIC peACTaBJICHBI B BUIE MeAaHbl 1 UHTEPKBap-
TwibHOrO pazMaxa: Me (Q;; Q;). Paznuuusa mexny no-
KazaTeJas MU CUMTAJIM JOCTOBEPHBIMU TPU YPOBHE 3Ha-
yumoctu p < 0.05.

PE3VJIBTATBI

ITony4yenune npekneBpeMeHHO POKIEHHOTO IOTOMCTBA.
BBeneHue 6epeMeHHBIM cCaMKaM aHTUITPOTECTUHOB SIB-
JIsieTcsl (U3MOJI0TrMIECKOo, 6e301nacHO (HETOKCUIHOI )
JIJISI TIOTOMCTBA M HAAEKHOM MOAEbIO MHIYKIIAY TIPEXK-
IeBpeMeHHbIX ponoB y Kpbic (Cadepond et al., 1997;
Kysbmunbix, ITetpocsiH, 2009). Bo Bcex ciydyasix uyepes
20—24 4 mocyie UHBEKIIMM OepeMeHHBIM KpbIicaM Mude-
MIpHUCTOHA HAOJIOgAIM Havajo poigoB. B rpymre 2 Ha-
Orogany rudesib OTACIbHBIX 0CO0€ei B TIOTOMCTBE B Te-
yeHue 1—2-X CyT IMOCTHATAJIBbHOTO TTIepUOAa OHTOTEHE3a,
KOTOpasi 00bSICHSIETCSI BIpaXKEHHOI CTENeHbIO HETOHO-
IIEHHOCTU M TPYAHOCTBIO IIOCTHATAJbHOI amanTaluu
POXIESHHBIX HA 21-€ CYyT mpeHaTaJIbHOTO TIeproia OHTO-
reHe3a KpbIC.

Jlokammzamua MMP-2 u MMP-9 npu umMmyHHOM
OKpAIMBAHUM B CTEHKE JIEBOTO XKeJylA0uKa cepaia KpbiC.
B creHke jieBOro Xejymouka cep/iia caMlloOB U CaMOK
KPbIC KOHTPOJILHO Tpyniibl, rpymnil 1 1 2 ¢ 42 o 180 cyT
MOCTHATAJILHOTO Tlepuofa OHTOTeHe3a TMO3UTUBHO
okpamieHHble Ha MMP-2 1 MMP-9 cTpykTypsl J10Ka-
JusytoTcsl 1ud@dy3HO, OTHAKO KOJIMYECTBO OKpallleH-
HBIX CTPYKTYP BU3yaJbHO 0O0Jbllie B CyOaHIOKapAUaTb-
HBIX yYacTKax MUOKap/ia U COCOYKOBBIX MbllI1ax. B uc-
cleayeMble CPOKM TMO3WTUBHOE OKpallluBaHUE Ha
MMP-2 u MMP-9 B cTeHKe J1IeBOTro Xeayaouka KpbIC
KOHTPOJIbHO Ipymnbl, rpymi 1 u 2 onpenensiercs B 1u-
TOTJIa3Me HIOTEJIMOLIMTOB 9HI0KapAa U KPOBEHOCHBIX
cocynoB Myokapaa, ¢pudpo0bjaacToB MUuoKapaa, Me3oTe-
JIMOLIMTOB 3MUKap/a, TYYHBIX KJIETOK U Makpodaros
MHOKap/aa, a TakKe B MEXKKJIETOYHOM BellleCTBE Tepu-
BacKyJIsIpHOI U MHTEPCTULIMATBLHON CTPOMBI MUOKapa
(puc. 1). Kpome TOro, B JIeBOM XKeJTyI0ouKe KpbIC TpyTm 1
Ne5 2023
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Puc. 1. Cpes cTeHKM JIeBOT0 XeJy1ouKa cepiia caMioB KpbIc Ha 180 cyT MOCTHATAIbHOTO MepHUOa OHTOTEHEe3a B KOHTPOJIBHOM IpyIi-
ne (a, 22 cyt 6epeMeHHOCTH ), rpymniie 1 (6, cpok 6epeMeHHOCTH 21.5 ¢yT) U B rpy1e 2 (8, cpok 6epemeHHOCcTH 21 cyT). UMMyHOTH-
croxumuyeckasi peakuust Ha MMP-2, nokpacka remaTokcriinHoM Jxwiina. ¢ — UMMYHOTIO3UTUBHBI MEXKKJIETOUHOE BEILIECTBO U MH-
TePCTULIMATbHBIE KJIETKU NEPUBACKYJISIPHON CTPOMBI MMOKAap/ia, UHTEHCUBHOCTb UMMYHOIO3UTUBHOM peakiuu — 1 6a. 6, 6 — Um-
MYHOITO3UTUBHBI 3HIOTEJIMOLMUTBI KPOBEHOCHBIX COCYIOB M MEXKJIETOYHOE BELIECTBO MHTEPCTULIMAIBHON CTPOMBI MUOKap.a,

MHTEHCUBHOCTD peakuuu — 2 Oaia.

Puc. 2. Cpes cTeHKM JIeBOTO XeJlyJouKa cep/iia caMioB KpbIc Ha 180 cyT MOCTHATAIbHOTO MepHUOa OHTOTEHe3a B KOHTPOJIBbHOM IpyIi-
ne (a, 22 cyt 6epeMeHHOCTH), rpymiie 1 (6, cpok 6epeMeHHOCTH 21.5 ¢yT) U B rpy1e 2 (8, cpok 6epemeHHOCTH 21 cyT). UMMyHOTH-
croxummuyeckas peakius Ha MMP-9, nokpacka remaTokcunmmHoMm Jxxuiia. a — UMMyHOTIO3UTUBHO MEXKJIETOUHOE BEIECTBO TepU-
BAaCKYJISIPHOM CTPOMbI MUOKapJa, MTHTEHCUBHOCTb peakiuu — 1 6aut. 6, 6 — UMyHOMO3UTUBHBI 9HAOTETUOLUTHI KPOBEHOCHBIX COCY-

JOB 1 KapAUOMUOLUTHI, MYHTCHCUBHOCTb PCAKIIUU — 3 baia.

n2Ha42, 56 n 180 cyT mocTHATAJIBLHOIO IIEPHUOIA OHTO-
reHesa HaOJIogaeTcsl TMO3UTMBHOE OKpalllMBaHWE Ha
MMP-9 nutornnasmsl KapauoMuoLuToB (puc. 2). Ha-
OaromaeMoe pacrpeneieHre oKkpamBanus Ha MMP-2
u MMP-9 B Muokape commacyercsi ¢ JaHHBIMU U3 JINTE-
patypsl (Bellafiore et al., 2003).

M HTEHCMBHOCT HMMYHHOTO OKpammBanusa Ha MMP-2 B
CTEHKe JIEBOro XKeJylA04Ka KpbiC. VIHTEeHCUBHOCTD MO3U-
TUBHOM peakuiu Ha MMP-2 B cTeHKe JIEBOTO XKeTymod-
Ka MpeXIeBPEMEHHO POXIEHHBIX U JOHOIIEHHBIX KPBIC
npencrasieHa B Tadi. 1. UHTEHCMBHOCTD OKpallluBaHUs
Ha MMP-2 B jieBoM XeyIouKe cepialla caMOK KpbIC
KOHTPOJIbHOI TPYIINbI MPEBHIIIAET TAKOBYIO Y CaMIlIOB
KPBbIC KOHTPOJIbHOI rpymIibl Ha 180 CyT MOCTHATAILHOTO
nepuoaa oHToreHe3a. Y Kphic TpyIil 1 1 2 He oOHapyxKe-
HO CBSI3aHHBIX C TOJIOM OTJIMYMiT MHTEHCUBHOCTU peak-
i MMP-2 neBoro keaynouka ¢ 42 o 180 ¢yt moctHa-
TaJILHOTO TIEpUOJIa OHTOreHe3a. ¥ caMlIOB KPBIC TPYIITHI |
MHTEHCUBHOCTb MTO3UTUBHOI peakuiuu MMP-2 B cTeH-
KE JIEBOTO 3KEeJIyJIOouKa BhIIIE, YEM Y CAMIIOB KPbIC KOH-
TPOJIbHOI IpyIbl U Tpymnbl 2 Ha 42 1 180 cyT mocTHa-
TaJILHOTO MEPUOJIa OHTOreHe3a. Y caMI1IOB 1 CAMOK KPhIC
Irpynnbl 2 MHTEHCUBHOCTh peaknuu MMP-2 B cTeHKe
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JIEBOTO 3KeJIyIOYKa Ceplla BHIIIE, YeM Y CAMIIOB M CaMOK
KPbIC KOHTPOJIbHOM IPYIIIIbL M IPYIINbI 1 Ha 56 cyT moct-
HaTaJbHOIO Iepuoaa oHToreHe3a (tadJ. 1).

HMnTeHcMBHOCTD MIMMYHHOTO OKpammBanus Ha MMP-9 B
CTEHKe JIeBOT0 XKeJIyJI04Ka cepana Kpbic. THTEHCMBHOCTh
MO3UTUBHOI peakiiuu MMP-9 B cTeHKe J1€BOro Xejy-
JlouyKa MPEXIEBPEMEHHO POXIEHHBIX W TOHOIIEHHBIX
KpBbIC TIpeACcTaByieHa B Taby. 1. B KOHTpoOIbHOI TpyIiTe
HE BBISIBJICHO CBSI3aHHEBIX C IIOJIOM OTJIMYMUA MHTCHCUB-
HocTUu peakuuu MMP-9 B neBoM Xenynouke Kpbic. Y
CaMI1IOB KPBIC TPYIHIbI 1 MTHTEHCUBHOCTD OKpAaIlIMBAHUS
Ha MMP-9 B teBOM XeTyIouKe cep/iia BhIllIe, YeM y ca-
MOK KpbIc rpyrmibl 1 Ha 180 cyT mocTHaTaasHOTO TIeproaa
OHTOreHe3a. B rpyrine 2 MHTeHCMBHOCTD OKpAaIlIMBaHUS HA
MMP-9 B 1eBOM XKeJTyI0uKe CaMIIOB IPEBbILIACT aHAIO-
TUYHBINA TTOKa3aTelb caMOK Ha 42 CyT MOCTHATaJIbLHOTO
nepuoja OHToreHe3a. MIHTEHCHMBHOCTh OKpalllBaHUS
Ha MMP-9 B 1eBOM XeJTyIOo4Ke cepalla caMllOB KPBIC
rpynnbl 1 BEINIE, YeM y CaMIIOB KPBIC KOHTPOJLHOM
rpymmrsl Ha 42 n 180 cyT IMocTHATaIbHOTO ITEPHUOAA OHTO-
reHesa. HampoTuB, umcciaemyeMblili MokasaTelb CaMOK
KpbIC TPYHITHI 1 HE OTJIMYAETCSI OT TAKOBBIX CAMOK KPbIC
KOHTPOJIBHOI TPYMITbl HA BCEM MPOTSIKEHUU 3KCTIEpU-
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Ta6mmma 1. JIluHamMuKa mmokasaTesieit ”THTEeHCUBHOCTH UMMYHOTHCTOXMMHMYECKOM peaKIIuy B JICBOM XeIyIO4YKe cepria KpbIC
KOHTPOJILHOI Ipynmnbl (22 cyT 6epeMeHHOCTH) U MpeXIeBPEeMEeHHO pOXIeHHbIX Ha 21.5 cyT (rpynma 1) u Ha 21 cyT (rpynmna 2)

O0epeMEHHOCTU

I'pymma

IMocTHaTanbHBII IEPUON OHTOTEHE3a, CYT

42

56

180

caMIbl

CaMKH

caMIbl

CaMKH

caMIbl

CaMKHM

NurencuBHocTh MM P-2-1103UTUBHOI peakiinu

U JTOHOUIEHHBIX KPbIC, OaJLIbI,
KonTponbHas 1.0 (0; 1.0) 1.0 (0; 1.0) 1.0 (0.8; 1.3)
1 1.0 (1.0; 2.0)"® 1.0 (1.0; 1.3) 1.0 (1.0; 1.0)
2 1.0 (0; 1.0)" 1.0 (0; 1.0) 2.0 (1.0;2.3)%®T
HMHuTeHcuBHOCT MM P-9-1103UTUBHOI peakinu
Y TOHOIIEHHBIX KPbIC, OAJLIBI,
KonrponbsHas 0.5 (0; 1.0) 1.0 (0; 1.0) 0(0; 1.0)
1 1.0 (1.0; 1.3)® 1.0 (1.0; 1.0) 1.0 (0; 1.0)
2 2.0 (2.0; 3.0)>T 1.5(1.0; 2.0)*®| 2.0(1.0;2.3)®T

B CTCHKE JICBOI'O KE€JIya0o4YKa cepala

B CTCHKE JICBOT'O X€JIyaoUuKa cepana

Me (Qy; Q3)
1.0 (1.0; 1.3)
1.0 (1.0; 1.0)

2.0 (1.8; 3.0 5"

Me (Q;; Q3)
1.0 (1.0; 1.0)
1.0 (1.0; 2.0)
1.0 (1.0; 2.0)

MpeXAeBPEMEHHO POXKIEHHBIX

1.0 (1.0; 1.3)
2.0 (2.0;3.0)%-®
1.0 (1.0; 2.0)"

2.0 (1.0; 3.0)»°
2.5 (1.0; 3.0)°
1.5 (1.0; 2.3)

IIPEXKACBPEMEHHO POXKICHHDBIX

1.0 (1.0; 1.0)
2.0 (1.8; 3.0)%®
2.0 (1.0; 2.3)"

1.0 (1.0; 2,0)
1.0 (1.0; 2.0)
2.0 (1.0; 2.0)

IIpumeuanue. lanHble npencrasieHsl B BUuae meauaHbl (Me), HuxHero (Q) u BepxHero (Q3) kBaptuieil. Pasnuuusa nocrosepust pu p < 0.05

IIpY CPABHEHUU C COOTBETCTBYIOIMM ToKa3arteneM: (?) — y caMIoB KpbIC, (

rpymre 1.

MeHTa. IHTeHCUBHOCTb OKpalliuBaHust Ha MMP-9 B jie-
BOM 3XeJTyTouKe CaMIIOB KPbIC TPYMIIbI 2 BhIIIE, YEM CO-
OTBETCTBYIOLIUI TOKa3aTelb CaMIIOB KPbIC KOHTPOJb-
Holi rpynIibl B nepuon ¢ 42 no 180 cyT, a Takke BbIIlIe
COOTBETCTBYIOILIETO MTOKa3aTessl CaMIIOB KPbIC IpyTinbl 1
Ha 42 ¥ 56 cyT ITOCTHATAJIBHOIO IIeproAa OHTOreHe3a.
HMHTeHcuBHOCTh OKpalmuBaHus Ha MMP-9 B teBoM XKe-
JIyIouKe cepilla CaMOK KpPbIC TPYTbl 2 BbIle, YeM B
KOHTPOJIbHOI IpyIiIie Ha 42 CyT MMOCTHATAJIbHOTO MepH-
oJa oHToreHe3a (Tab. 1).

OBCYXIEHHUE

MeXKIeTOUYHOE BEIIECTBO HE TOJBKO OIpenesisieT Me-
XaHWYECKYIO IIPOYHOCTh MMOKapaa, HO W (opMupyeT
MUKPOOKPYXKEHVE, OKA3bIBAIOIIEE PETYIISITOPHOE BIVISTHUE
Ha KJIETK MUOKapaa. MexXKJIETOUHOE BEILIECTBO paboTaeT
KakK pe3epByap LUTOKWHOB, MAaTPUKCUHOB, HEKOIUPYIO-
nmmx PHK, Momympyronix pa3nmdHble KJIIETOYHBIE TIPO-
LIECChl: KJIETOYHBIM IUKI, AudhhepeHIIMpOBKY, MUTpa-
uto u tubenb kietku (Silva et al., 2021). IIpeobpasoBaHue
MEXKJIETOYHOTO BEIIeCTBAa BaXKHO U151 (DyHKIIMOHMPOBA-
HUS MUOKapJia B HOpMe U Mpu Tatojioruu. OgHako uccie-
JIOBaHMSI IKCIPECCUM U akTUBHOCTM MMP B Muokapne
IpeXIeBPEMEHHO POXICHHBIX IeTeil enmHW4YHbL. B Ha-
CTOsIIIIee BpeMsl Y TIPEXAEBPEMEHHO POXICHHBIX IeTei
MU3y4eHa TOJIbKO ChIBOPOTOUYHAsi KOHLIeHTpauus MMP-2
u MMP-9 B nepuon HoBopoxaeHHocTH (Schulz et al.,
2004; Yan et al., 2020).

B paHHeM rmocTHaTaJIbHOM ITEPUOE OHTOTEeHEe3a Mpe-
oOpa3oBaHUE MEXKJIETOYHOIO BeIleCTBa CBSI3aHO, B
MHEPBYIO OUepelb, C MPOIOIKAMIINUMUCI MpolieccaMu
KapauoMopdoreHesa. IlpexmeBpeMeHHOEe pOXICHUE

— Ha npenpaymeM cpoke, (°) — B KouTponbHoii rpynme, (7) — B

aCCOLIMMPOBAHO CO CTPYKTYpPHOU U (hyHKIIMOHAJIbHOM
HE3peJIOCTbI0O MUOKapJa, BEreTaTUBHOUW W DHAOKPUH-
HOM CUCTEM, aHTUOKCUIAHTHOW CUCTEMBI, YTO MOXET
MPUBOAUTH K OCOOEHHOCTSIM (DOPMUPOBAHUSI U POCTA
cepaua (XoakeBud u np., 2020). JIjis1 OLleHKW BIUSTHUS
NpeXIEeBPEMEHHOTO POXIECHUSI Ha MOCTHATAJIbHbIN
KapanoMopdoreHes paHee Mbl TPOAHATU3UPOBAJIN UH-
TEHCHMBHOCTh UMMYHHOIO OKpamuBaHus Ha MMP-2 n
MMP-9 B Muokapae KpbiC B paHHHE CPOKHU ITOCTHA-
TaJIbHOTO Tiepuoaa oHtoreHe3a (MBaHoBa u np., 2022).
YcTaHOB/IEHO BIAUSIHUE MPEXAEBPEMEHHOTO POXIEHUS
WUCKJIIOYUTEIbHO HA UHTEHCUBHOCTh UMMYHHOTO OKpa-
muBaHusi HAa MMP-9 B Muokapae kpbic ¢ 7 o 21 cyT
MOCTHATAJILHOTO TlepuoAa OHTOTeHe3a, Toraa Kak WH-
TEHCHUBHOCTbD ITO3UTUBHOTIO OKpaluBaHusg Ha MMP-2 B
MUOKape TMpeXIeBpeMEeHHO POXIEHHBIX U JTOHOIIEH-
HBIX KphIC He oTiimyaiack (MBanosa u np., 2022).

B oTnaneHHOM NOCTHATAILHOM MEPUOIE OHTOTeHEe3a
peMoaenupoBaHUe MMOKapaa SIBISIETCS OTpaXeHUeM
JIENCTBUS CTPECCOBBIX (haKTOPOB (HAmpUMeEp, MOBbI-
IIEHHBIX TeMOAMHAMUWYECKUX HATPy30K), a TAKXKe CJIe -
CTBHMEM 3aKOHOMEPHBIX IPOlieccoB cTapeHus. M3BecTeH
3(pPeKT KEeHCKUX ITOJIOBLIX TOPMOHOB Ha PEMOIEIINPO-
BaHWE COCOWHMUTENbHOW TKaHM Muokapaa (Volos-
henyuk, Gardner, 2010), ogHako ucclieqoBaHUSI COAep-
KaHUs Wi aktTuBHocT MMP-2 1 MMP-9 B Muokapae
YeJIOBEeKa WM XXUBOTHBIX C PA3HOI CTEIEHbIO HEIOHO-
LLIEHHOCTH C yY4€TOM IFeHIePHbIX Pa3Iu4YMii He MPOBOAU-
JINCh.

B HacTosImx 3KCIrepuMeHTax MpoaeMOHCTPUPOBa-
HO, YTO IIPEXKAECBPEMEHHOE POXICHNUE MPUBOAUT K I10-
BBILIEHUIO MTHTEHCUBHOCTU UMMYHOITO3UTUBHOI peak-
1y Ha MMP-2 1 MMP-9 B cTeHKe JIEBOTO XelyaouKa
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cepla MOJI0BO3PEIbIX XKUBOTHBIX. BeIpaxkeHHOE ITOBBI-
II€HWE MHTEHCUBHOCTU peakiiuu MMP-2 B ieBoM ke-
JIyooYKe cepAlia KpbIC HAOIIOJAeTCS TEM paHbIIe, YeM
OOoJIBIlIe CTEIIEHb HEOOHOIIEHHOCTH. MHTEHCHMBHOCTH
peakuuu MMP-9 B 1eBoM Xejylouke cepilla caMIiloB
KpbIC 0OJbIIE IIpU 00Jiee BHIPAXKECHHOM CTEIIEHU HEIO-
HomeHHOCTH. [loBhIlIeHE MHTEHCMBHOCTH OKpAaIllu-
BaHus Ha MMP-2 u MMP-9 B cTeHKe JIeBOro XKeJlyao4-
Ka cepAlia caMOK KPBIC BCJIEACTBUE MPEXKIeBPEMEHHOIO
POXIEHUS OIpeAesIeTCs UCKIIOYUTEIbHO B Ipynme 2,
TO €CTh IIPU OOJBIIIEH CTEIIEHW HEeIOHOIIEHHOCTU. Ta-
K1M 00pa30oM, MOLYJIMPYIOIINiA 3 dEKT KEHCKUX ITOJIO-
BBIX TOPMOHOB Ha peMOAeINpOBaHNEe MHOKapaa HUBE-
JIMPYETCs MpU OOJIbIIEH CTENEHU HETOHOIIEHHOCTH.

JlaHHBIC SKCMIEPMMEHTOB 1 KJIMHUYECKNX HAOII0Ie-
HUI YKa3bIBaIOT Ha pa3BUTHUE Y TIPEXKISBPEMEHHO POX-
JIEHHBIX )KMBOTHBIX 1 YeJIOBEKa B OTAAJIEHHOM Iepuo/ie
MOCTHATAJILHOTO OHTOreHe3a aU(@Py3HOTO MHOKap-
nuanbHoro ¢uoposa (Bertagnolli et al., 2014; Lewand-
owski et al., 2021). MMP-2 u MMP-9 oka3bIBaloT 1BOSI-
KOe NeMCTBME Ha MEXKJIIETOUYHBI marpukc. C omHOI
ctopoHbl, MMP-2 u MMP-9 pazpymatot Hepuodbpui-
JISIpDHBIE KOJUJIareHbl, JeHAaTypupOBaHHbIe (HUOPUIIISP-
Hble KoJulareHbl, (GUMOPOHEKTUH, JJAMUHUH, JIACTUH U
np. (DeCoux et al., 2014). C npyroii CTOpOHBI, B pe3yJib-
TaTe Aerpajgaliii KOMIIOHEHTOB MEXKJIETOYHOTO Bellle-
cTBa 00pa3yloTcs OMOJOTrMUECKM aKTUBHbBIE MPOIYKThI —
MaTPUKCUHBI, MHOTUE U3 KOTOPBIX SIBJISIIOTCSI CTUMYJISI-
TopaMu KoJuiareHoreHeza. K mpumepy, BHAOCTaTUH,
KOTOpBI1 0Opa3yeTcsi B pe3yjbTare Aerpaialiui KoJjia-
reHa XVIII tuna nocpencteBom MMP-9, uHayuupyet
npoJimdepanno 1 MUrpanuio Mmuopuopoodiaactos (Sugi-
yama et al., 2018). ®@parmenr pl1158/59 — npomykT me-
rpaganmu kosuiareHa I tuna npu neiicteBun MMP-2 u
MMP-9 — ctumynupyer oOpa3oBaHuE TpaHYJISILIMOH-
Hoil TKaHu Tipu moBpexaeHuu (Lindsey et al., 2015).
Kpowme Toro, MMP-2 ciocoOGCcTBYeT aKTUBAIMU TpaHC-
dopmupylolero pakTopa pocra 6era, OmHOI U3 (HyHK-
LIMI KOTOPOTO SBJISIETCS MHAYKIIMS SKCIIPECCUU KOJlla-
reHa u pudbponekTHa (Wang M. et al., 2006).

WM3BecTHO, UTO MOBBIIIEHHAsT aKTUBHOCTH MMP-2
MPUBOAUT K YBEJIMYEHUIO KECTKOCTU U CHUKEHUIO CO-
KpatutenpHOl (pyHkumu muokapaa (Wang G.Y. et al.,
2006). BoIpaxkeHHOCTb MHTEPCTULIMAIBHOTO (PUbpPo3a,
BBI3BAHHOTO TOBBIIIIEHHO! IOCTHATPy3KOM Ha JieBblit
KeJlymoueK cepalla, 3HAUUTEIbHO HUXKE Y >KMBOTHBIX,
HoKayTHbIX 10 MMP-2 (Matsusaka et al., 2006). Bos-
pacTHbIe UBMEHEHUsI MUOKap/ia, 3aK/Iovalolmecs B Ha-
KOITJICHUM KOJUUTaTeHOBBIX BOJIOKOH B €r0 CTPOME, pea-
JIM3YIOTCS, B TOM 4yucie, 3a cuer MMP-9. I1pu crapenun
yIeJbHbIII 00BEM KOJUIAT€HOBBIX BOJIOKOH B CTpOME
MHMOKapja JIEBOTO XKeJTyIoJKa CepAlla U ero KeCTKOCTh ¥
SKMBOTHBIX TWKOTO TUIIA BHIIIIE, YEM Y (KMBOTHBIX, HOKa-
yTHBIX o MMP-9 (Chiao et al., 2012; Padmanabhan et
al., 2016). EcThb MHeHMe, YTO MOBBIIIECHHAS KOHLIEHTPA-
st MMP-9 B CBIBOPOTKE MOXKET UCIIOJIb30BaThCs B Ka-
YyecTBe TpeaukTopa (pudbposa MyuokKapaa JeBOTO XKey-
IoYKa y TMAIlMeHTOB C CEpIEeYHON HeoOCTAaTOYHOCTHIO
(Celik et al., 2020).
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ITo pesyabTaTaM HACTOSIIIETO UCCIEIOBAHUS MOXHO
3aKJII0YUTh, UYTO IIPEXIEeBpEeMEHHOE POXIACHUE TTPUBO-
JIUT K YBEJIMYEHUIO MHTEHCUBHOCTA UMMYHHOI'O OKpa-
muBanus MMP-2 u MMP-9 B Muokapie 1eBOTo xKeJjry-
JOo4YyKa KpbIC B OTHJAJICHHOM IIEPUOAC IMTOCTHATAJIbHOI'O
OHTOreHEe3a, KOTOPOEe BHOCUT BKJad B PEMOIEINPOBa-
HUE cepaia.

BaxxHo 3amMeTUTb, 4YTO MMMYHOTHMCTOXUMWUYECKOE
BeIgBiIeHNe MMP-2 1 MMP-9 He no3BossIeT caenaTth
BBIBOI 00 UX akKTUBHOCTU. MccinenoBaHue aKTUBHOCTU
MMP, a Takke nzyuyeHue cootHoleHuss MMP u ux nH-
TUOUTOPOB HEOOXOIMMO IJIs1 O0Jiee TyOOKOro MoHUMa-
HUS MeXaHM3Ma peMOICINPOBAaHMS MUOKApAa Y Ipex-
JIEBpEMEHHO POXICHHBIX SKUBOTHBIX.
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Immunohistochemical Study of Matrix Metalloproteinases 2 and 9 in the Left Ventricle
of Preterm Rats Heart in the Late Postnatal Development

V. V. Ivanova® *, O. N. Serebryakova®, A. V. Erokhina?, A. D. Nikonova“®, and 1. V. Milto* *
4Siberian State Medical University, Tomsk, 634050 Russia
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Immunohistochemical detection of matrix metalloproteinases (MMP) 2 and 9 was carried out in the myocardium
of the left ventricle of prematurely born (21 and 21.5 days of gestation) and full-term (22 days of gestation) rats at 42,
56 and 180 days of the postnatal period of ontogenesis. The intensity of immunopositive staining was assessed by a
scoring system. Preterm birth leads to an increase in the intensity of the immunopositive reaction to MMP-2 and
MMP-9 in the wall of the left ventricle of rats. An increase in the intensity of the MMP-2 positive reaction in the left
ventricle of rats is observed the earlier, the greater the degree of prematurity. The intensity of the MMP-9 positive reaction
in the left ventricle of male rats is greater with a more pronounced degree of prematurity. An increase in the intensity of the
MMP-2 and MMP-9 positive reaction in the wall of the left ventricle of female rats due to preterm birth is determined
exclusively in animals born on the 21st day of pregnancy, that is, with a greater degree of prematurity.
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