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KaHIUIaT OHMOJIOTHYECKUX HayK H.D.
TareBocsiH
OBILIASA
XAPAKTEPUCTHKA PABOTbI

AKTYaJIbHOCTb TE€MbI

O6beM no3HaHUK B 00J1aCTH TEMATOJIOTHH OTPOMEH U MOCTOSIHHO BO3PacTaeT, SBISACH
HayKoil O KpOBW, KJIeTKaX KPOBH M KPOBETBOPHBIX OpraHax. 3apOIMBINNCH KaK pasiel
OIUCATENbHOM THCTOJIOTHU B TIepHo] OypHOTO pa3BUTHS MOP(OJIOrHYEcCKHX HayK B cepe-
quHe XIX cTonmerHs, reMaroyiorus CTaja OIOPOH B CaMOCTOSTENBHOM CTaHOBICHUHM H
Pa3BUTHU LIUTOJOTUH, YMOPHOJIOTHH, IMMYHOJIOTUH, TeHETHKH, OHKOJIOTHH U TPaHC(Y3HO-
noruu. KpoBb BO B3pOCIOM OpraHn3Me — OJjHa U3 BaKHEHIINX MHTETPHPYIOINX cucTeM. B
npolecce IMOPHOTEHe3a OHA SBISACTCS HOCHUTENEM (AKTOPOB, PETyIHPYIOIIUX MPOIECCHI
pocra u muddepeHIUpoBKH opraHoB U TKaHeil [KympukoBa .M., u coas., 2012]. IIpe-
ObIBaHHME B COCTOSIHHHM ITOCTOSTHHOHM (DPM3MOJIOTHYECKOH pereHepanuy JeiaeT KISTKH KPOBH
U KPOBETBOPHBIX OPTaHOB HCKIIOUUTENFHO YAOOHOH MOAENBIO I UCCIIE0BAHUS 3aKOMep-
HOCTell KIeTOYHOH nposudepanyy, a MHOrooopasue Mopgoorudeckux Gopm n GyHKImi
MO3BOJSIET M3ydYaTh TOHKHE MEXaHM3Mbl Jud(GEepeHIMaiud ¥ CO3PEBaHHS KIIETOK.
Bekpritie 3akoHOMepHOCTeH mponmdepanun u  Au(GHEPEHIUPOBKA T'€MOMOITHYECCKUX
KJIETOK, WIPAIOIINX J>KA3HEHHO BAXHYIO POJIb B OpraHU3Me, IPOJOJDKAET OCTaBaThCs
(yHIaMeHTaIbHOW IPO0IeMOil TeMaTOoIOTHH.

CBoeobOpa3ue CUCTEeMbI KPOBU COCTOUT M B TOM, UTO NMATOJIOTHIECKHE N3MEHEHUS B HEH
BO3HHUKAIOT BCIIEACTBUH HapyIIECHUs (QYHKIHH HE TOJIBKO OTJCIBHBIX €€ KOMIOHEHTOB, HO U
IpYTHX OpPraHOB M CHCTEM OpraHm3Ma B meioM. Jlroboe 3aboneBaHHe, MaTOJOTMYECKHUN
mporecc, a Takke ps (QU3HONOTMYECKHX CABHTOB MOTYT B TOH WIM HHOH CTEHNEHH
OTPA3UTHCS HAa KOJIWYECTBEHHBIX U KAYECTBEHHBIX OCOOCHHOCTSAX COCTaBa MUPKYINPYIOMIEi
KpPOBH. DTHUM U OHpeersieTcss OTPOMHOE 3HaueHHe HeoOXOIUMOCTH M3YYeHHUs] KPOBH (KaK
KPOBSIHOTO 3€pKaja OpraHW3Ma») M BCKPBITUS 3aKOHOMEPHOCTEH ee W3MEHEHHH IIpu
pa3mmuHbIX 3a0oneBanusix [Jleonosa E.B. u coas., 2005].

B opranusme uyenoBeka eXEIHEBHO NPOAYLHMPYETCS W OJHOBpeMeHHO mnorubaer 500
MIIpZ KJIIETOK KPOBH. DTO CTaBUT CHCTEMY TeMOII033a Ha IIEpBOE MECTO CPeH BCeX TKaHEeH 1
OpraHoOB IO TEMIIaM KIJIETOYHOro camooOHoBieHHs [Nogueira-Pedro A. et al., 2016]. B
TaKUX YCJOBHSAX JUIA TOJJEp)KaHUs KJIETOYHOro OamaHca TpeOyeTcs, Npexie Bcero,
OTpPEIETICHHOE KOJMYECTBO CTBOJIOBBIX KJIETOK C 3aKpEIUIEHHOW MeHeTHYEeCKON porpaMMoit
UX pa3BUTHA B KPOBETBOPHOM HAINPABICHHH, a TakKe HAJIMYHE SIHT€HETHYECKUX
MEXaHH3MOB, PEryIHPYIONUX pealn3aluio npoindepaTiBHOro U auddepeHInpoBoYHOr0
MOTEHIHAa TEMOTIOITHYECKUX CTBONIOBBIX KiteTok [Cemenosa H.1O. u coas., 2014].

KpoBetBopHast cucrema, mpexe BCEro KOCTHBIM MO3r, oOecrmednBaeT 00pa3oBaHHE
OTPOMHOr0 KOJHMYECTBA KJIETOK HYXXHOTO BHIA, B HY)KHOE BpeMs M B HYXXHOM Mecte. B
OCHOBE TOJIJICP>KaHUS TIOCTOSHCTBA KOJIMYECTBEHHOTO W KadeCTBEHHOTO COCTaBa KaXJIOTO
KJIETOYHOTO 3BEHAa CHCTEMBI KPOBH B YCIOBHUSX ITOCTOSHHO MEHSIOIIMXCS HOTpeOHOCTEH
OopraHn3Ma B KJETKax KpPOBHU JICKHUT COOJIOJCHHE OCHOBHOTO 3aKOHAa KMHETHKH KpOBET-
BOpeHHs: «B eNHHUIlYy BpeMEHH POXKIASTCS ¥ YMUPAET OJJHO M TO e KOJIHYESCTBO KIIETOKY.
ColumoieHne 3TOTO 3aKOHA 00ECTICUUBACTCS CIOKHBIMA MEXaHH3MaMH PETyJISIIUA KPOBET-
BOpeHHs. Boie3HH KpoOBH MOXHO paccMaTpHBaTh KaK HapyIIeHHE 3aKOHa KJIETOYHOTO
paBHoBecus [Bnagumupckas E.B., 2015].

KpoBeTBopHast TkaHb IpeCcTaBIseT co00i YHUKANBHYIO U HanOoJiee SKCIepHMEeHTAIIb-
HO NPOABUHYTYIO MOJENb )1 U3ydEeHUs MeXaHU3MOB AU(GEPEHIMPOBKY U PEreHEpaIiu.
Jnst Hee XapakTepHO MHOTOOOpa3ue KIETOYHBIX (OpM, pasiUYarOIMXCsl MO CTeNeHH
3PENIOCTH U crienupuKe 0OMEHHBIX ITPOLIECCOB, a TAKXKE JIMHMKA (pOCTKOB) qubdhepeHIpoB-
KU (9pUTPOMHAs, TPaHyJIOLHUTapHAsl, MOHOLIUTAPHAs, MerakapuoLUTapHas, TMMQOHIHAs).



B kakoii-To Mepe co3peBaHHE B KaXKIOM POCTKE KPOBETBOPECHHUS MOBTOPSET (ruioreHe3
KPOBETBOPEHHUSI: €CIIU Y IITHIL, PHIO 3PUTPOITEI CIIIE CONEPXKAT S/IPa, TO CO3PECBAHUE KICTOK
KpPacHOTO psfa y MIJICKONHMTAIOIINX IPOXOAMUT Yepe3 CTaluH SAPOCOACPIKAIIUX 3PUTPO-
KapHOIIUTOB B KOCTHOM MO3T€, a B KPOBb IOCTYIAIOT OC3bsIICPHBIC 3PEIbIC IPUTPOIIUTEIL.
TakuMm 00pa3oMm, CBOeOOpa3HBII 3MOpPHUOTCHE3 KPOBH COBEPIIACTCS HEMPEPHIBHO Ha
MPOTSHKEHUH BCEH KHU3HU YenoBeka. HecMoTps Ha 3To, ogaBistomee OONbIIMHCTBO KIECTOK
KPOBHU SIBJIAIOTCS 3pEIbIMU U HE CIIOCOOHBIMM K JaJIbHEHIIeH mponaudepanuil ¢ KOPOTKUM
JKU3HCHHBIM NUKIOM. [103TOMY B TeUeHME BCeil JKU3HHM IMPOMCXOJUT HOBOOOpa3OBaHWE
KJIETOK KPOBH.

3penocTh KIETOUHBIX AJIEMEHTOB, IUPKYJIUPYIOLINX B KPOBU, MOXKET OBITh Pa3IHMYHOM,
TaK KaKk B 3aBUCHMOCTH OT MOTPEOHOCTH M3 KPOBETBOPHBIX OPraHOB MOTYT BBIXOJHTH H
BIIOJIHE 3peNble, H TOJIBKO €Ile CO3PEBAIOIINE KIETKH, HO YK€ BBIIOIHAIOIINE CBOIO OCHOB-
HYIO 3a/a4y: (parouuTUpyIOIHe HHOPOAHBIC YACTHIBI, TPAHCIOPTUPYIOIIUE KHCIOPOJ,
00pa3oBBIBAIOINUE MTEPBUYHBIA TpoMO. bonee Toro, B KpOBH MOTYT HaXOJIHMTHCS M COBCEM
He3penble KICTOYHBIC JJIEMEHTHI, JaXX€ CTBOJIOBBIE KPOBETBOPHBIE KIETKH M MX PaHHHE
MOTOMKH, CHOCOOHBIE CAMOCTOSATENFHO MOAACPKUBATH KPOBETBOPEHUE IOCIIE TPAHCIUIAH-
TalluH PELMIIHEHTY C YHUYTOXKEHHON KPOBETBOPHOU cuctemoii [Bopooses JI.1., 2002].

Ilo aHanmoruu ¢ reMOMO3THYECKHMH CTBOJOBBIMH KIETKAMH IPEIIONAraioch, 9TO BO
TJIaBe ME3CHXMMAIbHOW HEpapXUd CTOUT ME3CHXHMalbHAs CTBOJIOBAas KJIETKa KOCTHOTO
Mo3ra (MOJIeJlb «ME3CHTUYMa»). B TeueHHe KU3HU MOTOMKHU 3TOW KJIETKH MPOXOIAT uepe3
IUCKpEeTHBIE cTagud Au((EepeHIINPOBKY, AaBas HA4YajlO PAa3IHYHBIM KIETKaM COCIHHHU-
TENBHBIX TKaHEH, a UMEHHO KOCTHOH M HUPOBOW TKAHHU, CYyXOKWIUSAM, XPAILIaM H TITaJKHM
Mmbimam [Meanrok J.U. u coasr., 2011; Illaxnazsa H.K. u coasr., 2012; Knumosuu B.b. u
coaBT., 2014]. [To3aHee KJIETKH, COBMANAIOIINE C ME3CHXUMAJIBHBIMUA CTBOJIOBBIMHU KJIET-
KaMH KOCTHOTO MO3Ta 10 CBOMM (PEHOTUITHYECKIM XapaKTepUCTUKaM H JuddepeHmpoBod-
HOMY TOTCHIIMANTY, BBIICICHBI MPAKTUYCCKH M3 BCEX AMOPHOHANBHBIX M MOCTHATAIBHBIX
TKaHeW MJICKOMHUTAIOINX, NTHIl U aMpuomii. Ha ocHOBaHMM 3THX HaOJIOJCHUI BO3HUKIA
TEOPHsT O TOM, YTO KOCTHBII MO3T CIYKHT AENO MOCTHATAJIBHBIX CTBOJOBBIX KIETOK Kak
TeMOIIO3THUECKUX, TaK U Me3eHXUMalbHbIX [3amyckasnos U.B. u coasrt., 2009; Kanununa
H.U. u coasr., 2011]. OgHako NpeAnoyokeHHe O TOM, YTO BOCCTAHOBJICHHE COEAMHHU-
TENBHBIX TKAHEH BCETO OpTaHM3Ma OMPEAEIIETCS aKTUBHOCTHIO ME3€HXHUMAaIbHBIMHU CTBOJIO-
BBIMH KJIETKAMH KOCTHOTO MO3Ta, HE TOJYYWJIO TBEPIBIX OKA3aTeNbCTB 1O CHX TIOP.
Me3eHXUMaNIbHBIE CTBOJIOBBIC KJIETKH CIIOCOOCTBYIOT POCTY TE€MOIMOITHYCCKUX Mpe-
IIECTBEHHUKOB ITYTEM CEKPEUUH psia UUTOKHHOB, MakpodaraabHOTO0 KOJIOHHUECTHMYIIH-
pytoriero ¢akropa (M-KC®D), rpanynonurapHo-MakpoQaraibHOT0 KOJIOHHECTUMYITHPYIO-
ntero dakropa (I'M-KC®), dakropa pocta cTBONOBBIX KiIeToK u jap. [Kpyrmskos I1.B. u
coaBT., 2006; Jlatromuu S1.B. u coasrt., 2009].

Crnenyer OTMETHTD, YTO Pe3yJIbTaThl OOJBITHHCTBA SKCIIEPUMEHTABHBIX UCCIICIOBAHMIMA
reMOoII033a Ha MOJIEIISIX KHMBOTHBIX OBLIM NEpeHeceHbl Ha reMornod3 4yeioBeka [Paulson R.F
et al., 2011]. Tem He MeHee CyHIECTBYIOT HEKOTOpPBIE Pa3iH4Hs B PErYISAIIHA TEMOI033a Y
YeloBeKa U TPHI3YHOB, OCOOCHHO aHATOMHYECKOE PACIOJIOKEHHE I'eMOIo33a B TEUCHHE
KU3HH. Y dYellOBeKa Cele3eHKa He O0eCIeuMBaeT JPHUTPOI0I3 MOCIHE POXKIACHUS, XOTS
9KCTPaMEAYIUIAPHBIA CEeNe3€HOUHBIH 3PHUTPOIO033 MOXKET BO3HHKATh B IEPHOJA T'€MOII0d-
THYECKOTO CTpecca. B OTIMuYMe OT 4enoBeKa, Celie3eHKa TI'PHI3YHOB TI'€MOIMOATHYECKH
AKTUBHA Ha BCEM INPOTAXKCHUU KU3HHU, 60.]'166 TOTO, BO BCEX KOCTAX prlSyHOB IPOUCXOOUT
reMorno33 ¥ JUIMHHBIE KOCTH (0COOEHHO OeapeHHas W OonblneOeploBast) SBISIOTCS
TJIABHBIMH MECTaMH H3YYEHHsl TeMOI033a. B TIpOTHBOIIOJIOXKHOCTH STOMY TIeMOII033 B
JJIMHHBIX pr6'-laT]>IX KOCTAX YCJIOBCKA, 3a HMCKIOYCHHUEM HX IMPOKCUMAJIbHBIX OTACIIOB,
MpeKpaniaeTcs B BO3pacTe 5—7 JIeT, a KPacHBIH KOCTHBI MO3T 3aMeIacTcsi Ha T'eMo-
MO3THYECKH HEaKTUBHYIO XXUPOBYIO TKaHb [Cemenosa H.10., 2014].

[TogoOHBIE SKCTIEPUMEHTANIBHBIC MOJCIH HE JAIOT CIlle MpaBa JeiaTh OKOHUYATCIbHBIC
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BBIBOJIBI OTHOCHTEIIHHO CTAQHOBJICHHUS I'€MOI033a y YEJIOBEUECKOTO AMOPHOHA, OHU JIHIIb
OTKPBIBAIOT HOBHIE BO3MOXXHOCTH [UISi NOHMMAaHHS COOBITHI paHHEro 3MOpHOreHesa y
YyeJIoBeKa.

IIpn HecoCTOATENBHOCTH TEMOIO033a, JUIL JIEYeHHS ¥ KOPPEKIHH Ppa3IMIHbIX
MaTOJOTHYECKUX COCTOSHHH OCOOCHHO aKTyalbHBIM SBISETCS MCIIOJIb30BAHHE B KauecTBE
TPaHCIUIAHTALOHHOTO MaTepHaia 3MOPHOHATIBHBIX CTBOJIOBBIX KIETOK, BBIACICHHBIX U3
TKaHel »MOpmoHOB M 1iomoB [MenkoBa K.H., 2012]. K coxaneHuro, B JOCTYIHOM
JIUTepaType HaM HE BCTPETHINCh HCCIENOBAaHHSA, B KOTOPHIX OBUIO OBl IIPUBEIECHO
KOMIUICKCHOE HCCIIeI0BaHNE TUHAMUKH MOP(O(DYHKIIMOHAIBHOTO COCTOSIHUS 3pUTPOLIUTOB,
a 3MOpHOHAIBHBI 3PUTPONO33 CBUHEH OCTaeTcs MPAaKTUYECKH HEU3YYEHHBIM C TOUKH
3pCHHS COBPEMECHHOM OMOJIOTMYECKOM HAYKH.

Henw ucciaenoBanus

M3yuenne ocoOeHHOCTEN 3pUTPOII0I3a B OHTOTCHE3€ CBUHEH.

3anaun
1. UccnenoBaTh 0COOEHHOCTH AMOPHOHAIBHOTO, IUIOJHOTO WM ITIOCTHATAIBHOTO Pa3BUTHS

KPOBETBOPHBIX OPT'aHOB.

2. BbIIBUTH 3aKOHOMEPHOCTH B XapakTepe OOHAapyKEHHBIX HHAMBUAYAIbHBIX OCOOCH-
HOCTei U Ha UX OCHOBE C(OPMYIIMPOBATH KPUTECPHH ISl OLIEHKH COCTOSTHHSI.

3. M3yunuTth MeXaHH3MBI CONPSKEHUS MOMYISIIOHHBIX ITOKa3aTeleil 1 MOp(hOIOrHIeCKUX
CIBUTOB OCHOBHBIX KJIIETOK 3pUTpomnon3a mpu Au(p(GEepeHIpOBKE M CO3PEBAHHU B
MPOIECCE OHTOTEHE3A.

4. V3yuute (HU3HOJIOTUUECKUE XapaKTEPUCTHKH OCHOBHBIX KIETOK JSPUTPONO33a B
npolecce IMOPHOHAIBHOTO M IIOCTHATAIBHOTO Pa3BUTHS.

5. BbIIBUTH OCHOBHBIE THCTOXMMHYECKHE IIOKa3aTeNn KIETOK OJPHUTPONO’3a M X
M3MEHEHUs B [TpoLiecce OHTOreHe3a
Hayunas HoBu3Ha
IIpousBeneHo meranpHOE M3ydeHHE MOP(HOIOTHUECKOTO CTPOCHUS, Pa3sBUTHA U (PyHK-

IIHOHAILHOTO CTAHOBJIEHHSI OPTAaHOB KPOBETBOPEHNUs CBHHEH. BriepBble BEIIBIECHBI BpeMeEH-

Hble CPOKH (OPMHUPOBAHUS U (QYHKIIMOHHPOBAHUS OCHOBHBIX ITAIlOB IPUTPOINOI3a (TeMaH-

THOOJACTHYECKOTO, METATO0IACTHYECKOTO U HOPMOOJIACTHIECKOT0) B OHTOTEHE3€ CBHHEM, a

Taoke ONpeJeNeHa IWHAMHKA JPUTPOIO33a CBHHEH B HOpPME MO3BOJISIOMIAS ONPEAEIUTH

3aKOHOMEPHOCTH WHUBUIyaIbHOTO PAa3BUTHSL.

BriepBbie n3zydeHa MoImyssinys Me3eHXUMAIBHBIX SPUTPOUIHBIX KIETOK Ha 15-25 cyTku
SMOpPHOHATBEHOTO Pa3BUTHS CBUHEH M OIpEeleHO COIEp)KaHHe I'eMOTTIOOMHA B Pa3HBIX
HOMYJISIIMSAX SPUTPOUHBIX KJIETOK B OHTOT€He3e CBUHEH.

TlokazaHbI CTPYKTypa M KIETOYHBII COCTaB KPOBSIHBIX OCTPOBKOB B JKEITOYHOM MEIIIKE,
a Takke BBIABIICHA IIONYILSIOUS THIEPTETPOIUIOMAHBIX T'€MAaHTHOOIACTOB, CIIOCOOHBIX K
npoindepanuy B KEITOYHOM MENIKe B MEPHOJ BHE3apPOABIIIEBOrO IPUTPOII0I3a CBUHEH.
BrisBeHO CcoBMeCTHOE (YHKIMOHMPOBAHHE ABYX IIEHTPOB APHUTPOIO33a (MKENTOUHBII
MEIIOK U Te4eHb) Ha 25 CyTKH BHYTPHYTPOOHOTO pa3BUTHS CBHHEH. BriepBbie BbIIBICHA
IKCTPY3HS siIep SPUTPOOTACTOB HA PAaHHUX CTAIMIX IPUTPOIIOI3A CBUHEH.

BriepBble mccnenoBaHBl SMOpHOHATBHBIE HSPUTPOOITACTHUECKHE OCTPOBKH II€UEHH
CBHHBH U TIPOBEICHO MX CPABHEHHUE C MTOCHATATEHBIMA PUTPOOIACTHIECKIMI OCTPOBKAMU
KOCTHOro Mo3sra. MccienoBaHbl MEXaHM3MbI PEryJSLMM 3PUTPOIO33a 3MOpHOHA CBUHEH
MaTepHHCKUMH CBHIBOPOTOYHBIMH KOJIOHHECTHMYJIHPYIOIIUMH (aKTOpaMH ¥ BBISBICHA
Bo3MoxHas pons 'M-KC® u M-KC® B dopmupoBaHnu 3pUTPOOIaCTHIECKUX OCTPOBKOB
MEeYEHH ¥ KOCTHOT'O MO3ra.

OcHOBHBIE NOJIOJKEHHS ANCCEPTAINH, BBIHOCHMbIE HA 3aIIHTY
1. VYTouHeHa mepHOAM3AIMS U JIOKAIU3ALUS SPUTPOIIOI3A CBHHEH.

2. BrIsiBIICHBI OCHOBHBIC SPUTPOUAHBIE MOITYJIAIUU CMEHAIOIINE APYT Apyra B OHTOT'€HE3E
Y CBUHEH.



3. TlomyueHBI OCHOBHBIE CTPYKTYpHBEIE, MOP(OJIOrHIEeCKHe U MOP(OMETPHIECKHE ITOKa-
3areny (OPMHUPYIOLIHECS B Pa3BUTHU SPUTPOIIOI3a CBUHEH.
4. BBIABICHBI CTPYKTYpHBIE, MOP(OIOTHYECKHE U MOP(HOMETPHUUECKHE XapaKTEPUCTHKH

CO3pEBaHUS HPUTPOII0I3A Y CBHHEH B OHTOTCHE3E.

OCHOBHBIE TOJOKEHUS UCCEPTAIIMOHHOI pabOTHl MCIOJB3YIOTCS Ha Kadeape LUTO-
JOTHH, 3MOPHOJIOTHM M THCTOJOTMM EpEeBaHCKOro rocyfapcTBEHHOTO MEAMIMHCKOTO
yHuBepcuteTa uM. M. I'epann B MaTepHanax JeKLUH, Ha IPAKTHYECKUX 3aHATHH CTYJICHTOB,
a Taroke OpAUHATOPAMU MTOCTIUILIOMHOTO 00yIeHNSI.

HayuHo-npakTnyeckasi 3HaYMMOCTb PadoThI

B Hacrosiiee BpeMs [OCTATOYHO AaKTyalbHOH SBIAETCS mpoOieMa pasBUTHA
KPOBETBOPEHHSI B IMOPHOHAILHOM IIeproze Miekonuraromux. CeeneHus o popmMoobdpaso-
BaTeJbHBIX IpOIEcCcaX, MOP(OJOTHYECKMX M THCTOXMMHYECKHX H3MCHEHHAX pOCTa U
pa3BUTHSA TKaHEH, OpraHOB M CHCTEM OpraHM3Ma CBHHEH, BOBICUCHHBIC B Da3BUTHUE
SPUTPOHA, MOTYT OBITH HCIIOJIB30BAHBI JUII PEIICHUs aKTyalbHBIX NPOOIEeM THCTOreHesa,
pereHepanyy M TPaHCIUIAHTAllMK TKAaHEH M OPraHOB; BBISICHEHWS YCIOBHH BO3HUKHOBCHUS
OITYXOJICBBIX 3a00JICBaHMIA; TO3HAHUS PETYIATOPHBIX MEXaHU3MOB Pa3BUTHS KPOBETBOPHBIX
OpraHoB.

Jl1s YyTOYHEHHs OSTHOJIOTHH M TATOTeHe3a pasiMYHbIX BHIOB AHOMAIMH Pa3BHTHS
IUIO/IOB M HOBOPOJK/ICHHBIX HEOOXOMMMBI ITyOOKHE 3HAaHUS OCHOB OCOOCHHOCTEH paHHEro
sMOpHoreHesa, a Taike Tpedyercst 6ojee AeTanbHOE U3ydeHHE MOP(OIOrHIecKOro CTpoe-
HMS, Pa3BUTHA ¥ (QYHKIHOHAJIBHOTO CTAQHOBJICHUsS OPraHOB M CHCTEM OpraHm3ma, obecrie-
YMBAIOIIUX €T0 3aIIUTY U ANTALHIO IPH BO3ACHCTBUM Pa3INYHbIX aTOTCHHBIX (GaKTOPOB.

Taroke mnpemIoKeHa MOJENb 3PUTPONO33a C HCHOIb30BAaHHEM CBHHBH Kak Ooiee
OJM3KYI0 K 4YeNoBeKy (II0 CPaBHEHHIO C HCIOJIb3YEMOH B HacTosliee BpeMs MBIIIMHOM
MOJIETIBIO).

Ponp Makpogaros B 3pHUTPOIOI3E CIOKHO NMEPEOLEHUTb, HECMOTPS Ha 3TO 3MOpHO-
HaJbHBIE Makapodarn MIEKONHTAIONIMX OCTAIOTCS CPAaBHUTEIBHO MAJI0 M3YYCHHBIMH, a
Biusiaue MatepuHcknx ['M-KC® u M-KC® Ha smOproHansHOe pa3BuTHe U TUddepeHnu-
POBKY MakpodaroB 3pUTpOOJIACTHYECKHX OCTPOBKOB MEYEHHM M Hepexony K Hopmobiac-
THYECKOMY 3PHTPONO033y y SMOpHOHA CBHHEH He Obuia u3ydeHa. MccienoBaHue BO3MOX-
HOCTH BJIMSIHUS MATEPHHCKUX CBHIBOPOTOYHBIX YPOBHEH KOJOHHECTHMYJIHPYIOMINX (HakTo-
POB Ha MpeHaTalbHBIA YPUTPOII0I3 BaXKEH C MPAKTHYECKOW TOUYKH 3PEHUSI, MOCKOJIBKY JaeT
BO3MOYXHOCTb OIIPE/ICITUTH KOPPUTHPYIONIHE (GaKTOPBI IIPH BPOXKICHHBIX aHEMHSIX.

Anpo6anust IuccepTanuu

Marepuasisl U OCHOBHBIC IIOJIOKCHHUSI JUCCEPTALIOHHOW pPabOThI OOCY)XAEHBI U
MPEACTaBICHBl Ha 3aceNaHud KadepIpl HUTOIOTHUH, SMOPHOIOTHH U TUcTONorun EpI'MY
(2015, 2017) na MexayHapoaHO# Hay4HOH KOH(EPEHINH «AKTYyalbHbIC BOIPOCH MOP(O-
reHe3a B HopMme U marosiorun» Mocksa 2016; Ha YuenHom coBere HAH PA HHctutyra
¢dusnonorun um. akan. JI.A. Op6enu (2016, 2017); Accormaunu mopdonoros PA, 2017; Ha
JIUccepTannoHHOM coBete «Teopetnyeckas meaunuHay EpI'MY, 2017,

My6auxauun
OCHOBHbBIE TIOJIOKEHHS JIHUCCEPTALMH H3JIO0KEHBI B 25 OMyONMKOBaHHBIX Hay4YHBIX
CTaThsIX B PELEH3UPYEMBIX H3JJaHUAX, PeKOMEHJ0BaHHBIX BAK.

O0beM U CTPYKTYpa JuccepTanuu

Juccepranus u3noxeHa Ha 216 crpaHuIaX KOMITBIOTEPHOTO TEKCTa M COCTOUT W3 BBE-
JeHus1, 0030pa IUTepaTypsl, 5 IiaB, CoepKalIuX Pe3yIbTaThl COOCTBEHHBIX HCCIICI0BAHHUH,
3aKJIIOYEHHs], BBIBOJIOB, CIIMCKA JUTEPATYpPhl, BKIFOYAONIEro 275 HCTOYHHKOB JIUTEPATYPHL.
Pa6ota uimroctpuposana 23 Tabaunamu, 23 rpadukamu ¥ 47 pUCYHKaMH.
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MATEPHUAJ U METOAbI HCCJIIEJOBAHUS

B omnbrte ncnonp3oBanucs 36 cBHHOMATOK NOpos! JlaHapac, KOTOpble MOKPHIBAIUCEH O
noctikeHnd uMH Beca B 130-140 xr B Bo3pacte 11-12 mecsnes. Ilocne yero Havamuch
3a00H CYNMOPOCHBIX CBMHOMATOK IS M3Yy4YEHHs POCTa W Pa3BUTHUS 3apoOJbINIel U IUIOTOB.
Jlnst u3ydeHus: MOCTHATATBHOTO 3PUTPOINO33a UCIOIb30BATUCh HOBOPOXKJECHHBIE (BO3pacT
o | Henmemu), Tpex MeCSYHBIE IOPOCATa U TOJOBO3PETbIE CBUHBU (BO3PACTOM CBBIIIE 6
MecsieB). Bee mocTHaTanbHble JKUBOTHBIE HCTIOIB30BAIHCH MO YETHIPE OCOOH.

Ilepssrii 3a60ii 06611 pou3BeneH yepe3 240 yacoB MOCie MOKPHITUS, MOCIE Yero 3a00u
crepoBanu Ha 15, 25, 35, 45, 55, 65, 75 u 90 nenp cynopocHoctu. Kaxxaplii pa3 3abuBanoch
HEe MeHee, 4eM 10 3 >KMBOTHBIX. DBTaHA3Wsl CBUHEH NPOBOAWIIACH COIJTACHO INPOTOKOITY
Guide for the Care and Use of Laboratory Animals, AVMA Guidelines (Institutional
Review Board/Independent Ethics Committee of the Institute of Molecular Biology of NAS,
IRB00004079).

Tlomyuennsle nocne 3a00s1 MAaTKK ¢ HaXOJSMIMMECS B HUX 3apOJbBIIIAMH J0CTAaBIISINCH
KaKk MOXXHO ObICTpee B JIabOpaTopuio, TAe M NMPOBOAWINCH Bce HccienoBanus. Ha Gonee
paHHUX cpokax cynopocHocTd (10-15cyTKH) 3apOMABIIIN U3BJICKAIUCH U3 POTOB MAaTKU MPH
MOMOIIY TIPOMBIBAHUS POTOB (PU3HONOTHYECKHM pacTBopoM Purrepa. [lms storo pora
MaTK{ OTAEIUINCH OT CBSA30K W YNAJLUIMCH SHIEBOJBL. POr MaTKH BBITSATHBAJICS BO BCIO
JUTMHY ¥ B HETO BBOJMIIOCH 0K0JI0 20 cM® pacTBopa IO HAIPAaBJICHUIO OT SIIeBO/Ia K MaTKe.

B kagectBe hukcaTopoB i HccIeqyeMbIX 00pa3IoB SMOPHOHOB ISl THCTOJIOTHUECKHX
HCCIIEIOBaHUN  MCHONB30BANMNCh JKUAKOCTH lleHkepa, ®nemmmura u Bysna. IIpoGsr
3aIMBAACh B MapadUH C MOCICAYIONIMM H3TOTOBICHUEM CEPHHHBIX THCTOJIOTHYECKUX
CPE30B TOJIIMHOH B 5-8 MHKPOHOB.

Mopdostoruueckmii aHAINU3 SPUTPOUIHBIX KIETOK NMeprdepuueckoil KPOBH, XKENTod-
HOTO MeIIKa, TEYCHHU, CEe3eHKM M KOCTHOTO MO3Tra Ha Pa3lMYHBIX JTallax OHTOTCHEe3a
CBHHEH IPOBOIWIM Ha TIperaparax, OKpalleHHBIX a3yp-303MHOM Mo ['mm3a, remaTroxcu-
mHOM 1o Belirepty u no Kapauu ¢ nokpackoit 203uHOM, a3aHoM 10 I'eiiieHraiiny, a Taxxe
azaHoM 1o Masutopu. M3roroBneHne OMONTAaTOB, OTIIEYATKOB M MAa3KOB IPOBOJHIIOCH
pyruHHEIM MeTozioM (Pometic b., 1953).

Oxpacka JIHK no ®@easreny n nurogoromerpust JITHK

Jns DUTOXMMHYECKHX HWCCIEOBaHNH 3a(UKCHPOBAHHBIE HAa MPEIMETHOM CTEKIIe
npenapatsl okpammBany peaktuBoM udda mo densreny. 'naponus JHK nposoxmmu B
5N HCI1 B Teuenue 1 uaca npu 22°C (Maraksnu 0., Kapanosa E.,1989). KonuuectBennoe
ompeneneane komirekca JHK-dykcnH, mmomany saep W SAPHIIIEK BCEX HCCIELYyEeMBIX
(hopM SPUTPOUIHBIX KJIETOK Ha Ma3Kax HepupeprdecKodl KPOBH M OTIIEYAaTKaX KOCTHOTO
MO3ra MPOM3BOAWIM TPH JJIMHE BOJNHBI 575 HM C BU3yanm3amueld m300pakeHus (yBEI.
100x1.30), co3mamHOM Ha 0aze MwuKpockoma-poromerpa SMP 05 (OPTON, ©@PI),
OCHAILEHHOT0 KOMIIBIOTEpOM. B kaxmom ciyyae mpousBoawiau usmepenus B 100 sapax.
Berumcnsum cpennee conepxkanne JJHK B simpe m sapeimkax (B YCIOBHO CPaBHHMBIX
€MHUIIAX), ONpEeNe/UTH IUIOMANs sAep M SAPHIIEK W BBICUMTHIBAIN CPEAHEE YHCIO
SAPBILIEK Ha AAPO.

Ha ocnoBanum momydennoro marepmana no coxepxanmio JJHK B simpax cTpommmcs
TUCTOrPaMMBbI UX pPAaclpeleieHHs Mo KiaccaM IUIOMAHOCTH. sl MX MOCTPOCHHS OIpe-
JeTsM  cTaHzapTHoe aumongHoe kommdectBo JIHK B sapax mumdonuroB mnepude-
pPHUIECKOH KPOBHU 3I0POBBIX CBHHEH, KOTOPOE CTPOTO COOTBETCTBYeT coneprkanuio JJHK B



IMIUTONAHOM nomymsinuu B dazax G, /Gy xinetouyHoro rmkia. Pacnpenenenue siaep cra-
napra (MMMQOUIHbIE KJIETKH) JEMOHCTPUPYIOT HOPMAJIbHOE paclpeleseHHe BapHalllOH-
HOT'O psifia ¢ COOTBETCTBYIOIIECH KPUBOIL.
Oxpacka Oeqka HadTONOBBIM :KeJITbIM M LHUTOCHEKTPO(OTOMETpPHSI CYyMMAapHOIO
Oeska

Jnst BeramciieHust oOmiero Oenka B 3apaHee INPUTOTOBJIEHHBIE IIpenaparsl ObLIH
OKpalIeHbl Ha)TOJNIOBBIM KENThIM. TE€XHHKAa OKpacky IMPOBOIMIACH PYTHHHBIM METOIOM
(Gaub et al, 1975). M3mMepeHre ONTHYECKOW TUIOTHOCTH Oellka KJIETKH IPOBOJMIUCH Ha
JyuHe BodHBI 434 HM Ha nurocnektpodoTomerpe SMP 05 Opton. [ HUTOMETPUIECKOTO
aHa/NM3a Pa3MepoB KIETOK HCIONb30BaNachk KOMMbIOTepHas mporpamma «lmage Jy.
Oxpacka PHK rauionuaHuH-XpOMOBBIMH KBAaClaMH H LHMTOCHEKTPodoTOMETpHUSs
PHK

HUcnonb3oBaics ramwtonnanun ¢pupmel Aldrich. Kpacurens kumsitunu 10 mun (150 mr
raJuIoIMaHuHa, 5 T XpOMOBBIX KBaciioB, 100 mu Bozbl) - o Deich R.B (1966), mocie vero
pactBop GMIBTpoBaNM mepenuBaid B cocyn odobemom 100 mim m ¢ momomnipro HCl wmm
NaOH ycranasnuBamu pH pactBopa kpacutens 1.64. /s okpalllMBaHUs HCIOJIb30BAIUCH
CBEXENPUTOTOBICHHBIE PAaCTBOPHI Kpacutels. OKpalinBaHHe NPON3BOIWIOCH B TeUeHHe 48
4acoB, 3aTeM IIpenaparbl MpOMbIBaiK B TeueHWe 30 MHUH BOAONPOBOMHON BOmoil. s
00e3BOKUBaHUS UCTIONB30BaATHCh 70%, 95% U aOCONIOTHBIA CIIUPTHI, KAXKIBIA B TCUYCHUE 5
muH. OKpamuBaHHE BCeX IIperapaTtoB IPOBOJWIOCHE OJHOBpEeMEHHO. l3mepeHwe onrH-
yeckoit miotHoctn PHK npoBoaumick Ha mmmHe BoHBL 620 HM HA IUTOCHEKTPO(OTOMETpe
SMP 05 Opton. [lias IUTOMETPUYECKOrO aHalM3a pa3MepoB KIETOK MCIIOJIb30Bajlach
KOMITbIOTepHas mporpamma «lmage J».
IuTocnekTpodoTOMETPHUS HEOKPAIIEHHOT0 reMOIJI00MHA B PA3IMYHBIX 3PUTPOUIHBIX
KJIeTKaxX

Pacripenenenne 3pUTPOIMTOB 110 COJEPKAHUIO FeMOTTIO0MHA - BEIpaKEHHAs B IHdpax
BEIIMUMHA, CBS3aHHASI CO CTETICHBIO PA3NINYHsI SPUTPOIUTOB, MO COEP>KAaHNIO TeMOTIIO0NHA,
B momyauuu. Pacder 3TOro mokasarteins HPOBOJHUTCS Ha HEOKPAIIEHHBIX IIperaparax
SMOpPHOHOB CBHHEH M Ha HEOKpAIIEHHBIX Ma3Kax INephu(epudeckoil KpoBH, HA yIbTpa-
¢uoneroBoit mmmHe BomHBI (414HM). [laHHBIH TOKa3zaTenh HEOOXOAWMO aHAIH3HPOBATH
BMECTE TMCTOIPaMMO#1 pacripeieNieHns CoJiepKaHus TeMOTJIO0NHA B O)PUTPOLIUTAX.
Pernctpupyemast kxpuBasi B HOpMe, HOJDKHA HOAYHHIETCS 3aKOHY HOPMAJIBHOTO (TayccoBa)
pacnpenenenus. [ mcrorpaMma J0/DKHAa HaUMHATBCS M 3aKaHYMBATHCS Ha 0A30BOW JIMHUU U
MEXIy HWKHHM W BEPXHUM JUCKpUMHUHATOpoM. [lo TOpW30OHTanmM  OTKIAJBI-
BaeTCs COAEP)KaHUS TEMOTJIO0MHA B TMHKOrpamMMax (IIT), BepTUKalbHas OCh Ha Tpadmuke
¢duxcupyercs kak 100% mkana. VM3MepeHne oNTHYECKOH MIIOTHOCTH eMOIJIO0MHA MPOBO-
quianch Ha nurocnektpodoromerpe SMP 05 Opton. [Ins HMTOMETPHYECKOTrO aHAM3a
pa3MepoB KJICTOK HCIIOIb30BATACh KOMIIBIOTEpHAs Iporpamma «Image J».

MopdomMeTprnuecKnii aHATIN3 U3MEPEHHS U MOACYET MOP(OIOTHIESCKHX MapaMeTpOB
Ha cpe3ax MpernapaToB KPOBETBOPHBIX TKAaHEH AMOPHOHAIBHOW II€UEHH, CEJIC3CHKH H
KOCTHOTO MO3Ta OTPEIENSICS C UCIONb30BaHHEM CTaHJapTHON KOMITBIOTEPHOH MPpOrpaMMBbI
OTKpBITOrO jnoctyna «lmage J». B kaxaom ciydae HCIOIB30BAJIOCh HE MEHee 4 cpes3oB
OpTaHOB, a B Ka)XIOM cpe3e paccMatpuBaiock He MeHee 30 moneil 3peHHs Ha MajloM
yBemuaennn 0.4 mv®. TIomst 3peHust BHIGHPATHCH CTyYaifHBIM IyTeM, MCKIIOUas KAICYILy
OpTraHoB.



HccienoBanne NNTOKHHOB B ChIBOPOTKe NMepudepuyecKoii KpoBu

H3ydeHne CHIBOPOTOUHBIX YPOBHEIH MAaTEPUHCKHUX KOJOHUECTUMYIHPYIOLUIUX (AKTOPOB
(KC®) mpoommnocs ¢ momormpio uMMmyHo(depmenTHoro ananmza (ELISA). M3ydamuichk
Hanbonee BaxkHble mis mponudepanuud U aAndpdepeHunpoBkH MakpodaroB (akTopsl -
rpanyaonuT-Makpodar kononuectumynupyromuii paxrop (I'M-KC®), makpodar konoHue-
crumynupyrommid pakrop (M-KC®). Taxke ucciemoBaics 3pHUTPONOITHH - BaKHCHIITUI
IIUTOKUH, SIBIISTFOIINIICS OCHOBHBIM PETYIISITOPOM 3PUTPOIIO33a.

Hcnons3oBamncy kommepueckue Habopsl ¢pupmel Elabscience Biotechnology Co., Ltd.
YpOBHH BCeX KOJOHHECTUMYIUPYIOMUX (BaKTOPOB OIEHUBAIHICH B IIT/MIJI, @ 9PUTPOIIOITHHA
B Hr/Mi1. Dputponodtud E-EL-P1509; M-KC® E-ER-P0845; TM-KC® E-EL-P2267

Omnpenernenre KOJOHHECTUMYIUPYIOMHUX (aKTOPOB W SPUTPOIOITHHA IPOBOIMIOCEH B
CBHIBOPOTKE HepH(pepruueckod KPOBH YETHIPEX 3IOPOBBIX CBHHOMATOK 10 OEpeMEHHOCTH
(ucxomHas rpymnma) U B mpouecce 6epeMeHHOCTH. OKoo 4Mi KpOBH Opanu W3 TJa3HOU
BEHBI BCEX yYaCTBYIOLIMX B OIBITe CBUHOMATOK. OT/eleHHe CHIBOPOTKH AT UMMYHO(ep-
MEHTHOTO aHalM3a PEeaKIUU OCYLIECTBIAIOCH ITyTeM OCaXICHUS (POPMEHHBIX 3IEMEHTOB
KpoBH. Jl0 mpoBeneHMS HMMMYHO(EPMEHTHONH pEaKIMH CHIBOPOTKHM XPAaHWIN IIpH
temmeparype -85°C kak KOHTPOJNBHBIX, TAK M OEPEMEHHEIX JKHBOTHBIX. MaKCHManbHBI
CPOK XpaHEeHHUs CHIBOPOTOK 60 THEH.

Crarucruyeckasi 06padoTka

Bce moiyueHHBIE dKCIIEpHMEHTaIbHBIE JaHHbIE OBLIM 00pabOTaHBI METOJaMH BapHa-
IIMOHHON CTaTUCTUKH C HCIONB30BAHHEM IIaKeTa MNPHUKIAJHBIX IPOrpaMM ISl CTaTHC-
truueckoir obpaborku Microsoft Excel 2010. B kaxmoii rpyrmme mjis BceX HNPU3HAKOB
BBIYMCIBUIH CpefHee apu(METHIecKoe, CTaHAapTHOE OTKIOHEHHWE M CPEIHIOI ONIHOKY
CpeaHero apupMeTHUEcKOro. JlOCTOBEPHOCTh pPAa3NHUYUi ONpEeNeIsUIA IO  t-KpUTepHIo
CTbIOJIcHTa, TpH HENapaMeTPUUECKOM paclpesieNieHu IPHU3HAKOB Hcmonb3oBancs U-
Kputepuit Bunkokcona-Manna-Yutau. Koppensunonssiii ananus nposoauiics no [Tupcony
¢ momonipio mporpammer SPSS 17.0 (SPSS, INC., Chicago, IL) ¢ ouenkoit ko3h¢unenta
KOppessiuuu-T.

COBCTBEHHBIE UCCJIEJOBAHUA

Iepnonu3amusi SMOPHOHAIHLHOTO Pa3BHTHSI CBUHEIA.

IIpoananu3npoBaB IHTEpaTypHBIC NaHHBIE U OCHOBBIBAsCh HA COOCTBEHHBIE, MBI Pa3-
JETMIA YMOPHOHANBHBIM OTPE30K JKH3HU JKMBOTHOTO Ha 2 OONBIIMX INEpHOjA: 3apobl-
LIEBBIN U IUIOAHBII.

3apooviuiesnslii nepuod pactipoCTpaHseTcs Ha OTPE30K IMOPHOHAIBHOTO Pa3BHTHS
CBHHBH OT MOMEHTA OILJIOZOTBOPEHHMS 10 (POPMHUPOBAHHUS OCOOHM, B OCHOBHBIX YepTax CBOE-
TO CTPOCHHS CXOJHOH C MOJOJBIM OPTaHU3MOM JIAaHHOTO BU/A. DTOT MEPHOJ IPOTOIKACTCS
y cBuHell mpuMmepHO 10 45-ro mHSA BHyTpmyTpoOHOrOo passutus. [lo mopdomormaecknm
IpH3HAKaM 3apO/IBIIIEBBIA IEPHO/] Pa3BUTHsSI CBUHBH JiennTcs Ha 5 das3:

1. ®aza npobieHns U 3aKJIAJKH 3a9aTKOB 3apPOBIIIEBOTO y3€lKa i TpododiacTa, KOTOPHIi
MPOJOIDKACTCS IO 5-X CYTOK BKIIOUHTEIHHO C MOMEHTA OIIOTOTBOPEHHUS.

2. ®da3a 3aKJIaJIKH U Pa3BUTHS 3aPOBILIEBBIX JINCTKOB, LIEIOMHYECKON ME30AepMBI U 00pa-
30BaHUS HEPBHOW IUIACTHKH, KOTOpas MpoJODKaercs ¢ 5-X 10 10-X CyTOK BKIIOYH-
TEINBHO.

3. ®a3a nepsuuHoi nuddepennmanuu 3apoapiuia. Jures ¢ Hagana 10-x 1o 15-x cyrtok
3apO/IBIIIEBOTO PA3BUTHUS. XapaKTEPU3yeTCsl TEM, UTO 3a 3TOT CPABHUTENHFHO KOPOTKHH
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HEepUO/ NMPOUCXOJMT 3HAUMTEIbHOE YBEIMYEHHE Pa3MepoB 3apoipliuia. B sToil ¢ase
OCYLIECTBIIsiETC 00pa3oBaHME OCEBbIX OpPraHOB, NPUMHUTHUBHAS U HepeHIpPOBKa
TOJIOBHOTO MO3Ta, COMHTOB, (OPMHpPYETCS IIEpBHYHOE CEpjlle, BIEpPBbE HAUYMHAET
(YHKIMOHMPOBATh CHCTEMa 3apOJIBILIEBOr0 KPOBOOOpAIIEHHUS, 3aKIabIBACTCs EYCHb
U TIEpBUYHAS I10YKA, OCYIIECTBIACTCS paHHAA AU((depeHIpoBKa MUIEBAPHTEILHOTO
kaHana (puc. 1).

4. ®aza BropuuHO# quddepeHay 3apobliia Wi opraHoreHes. Pacnpocrpansiercst Ha
OTPE30K 3apOABIIIEBOTO pa3BUTHUS MPUMEPHO ¢ 15-x no 35-x cytok. B Teuenue stoit
(a3pl, 0COOEHHO K KOHIly €e, IOSBIISIOTCS Pa3HOOOpas3Hble NPH3HAKH OpraHH3alliH,
TUMUYHBIE JUI BBICIIMX MIIEKOMHTAIONINX, 3aKIaAblBacTCsl BTOPUYHAS IIOYKA, pa3-
JeTsieTcsl BEPTUKATBHON MEeperopoIKoi KeTyJoYKOBEIH OTIeT Cepla, peaynupyercs
JKaOepHBIH KPYT KpOBOOOpAICHHsS, 3aK/Ia bIBACTCsl CelIe3eHKa U ITODKENTyJ0uHas JKe-
ne3a (puc. 2).

5. ®a3a nepexoja OT 3apOABIIIEBOTO K INIOAHOMY Ieproay. PacnipoctpaHsercs Ha 0Tpe3ok
BpeMeHH ¢ 35-X 1o 45-i neHp cynopocHocTH. K KoHITy 3Toi (ha3pl mosBIsAIOTCS HpU3-
HaKH, crerupuIecKkue A JaHHOTO BUAA XHUBOTHBIX. DopMupyeTcst XpsIeBoOi CKeneT
W HAYMHAIOTCSI HPOLECCHl OKOCTEHEHHMs, 3aBepluaeTcs (pOpMHPOBaHHE MYCKYyJIaTyphl
CTEHOK Tela, ompepensercss moi, u T.4. K 3ToMy BpemeHum HaumHaercs Iuddepen-
OUanus HeHTPAIBHON 1 nepudepuaeckoi HEpBHOH cucTeMbl. JTol (a3oii 3aBepLIaeTcst
3apOJBIIICBBIA TIEPHOJ Pa3BUTHSI CBHHBH, IIOCIE€ YEro MBI HMEEM Jel0 YKE CO
c(OPMHUPOBAHHBIM IIJIOZOM.

ITnoonwtit nepuoo pactipocTpaHseTcst Ha OTPE30K BHYTPUYTPOOHOTO Pa3BUTHSI CBUHBI
OT KOHIIa 3apOJIBIIIEBOr0O NEPUOJA 10 MOMEHTA POKACHUS. DTOT IEPUOJ XapaKTepU3yeTcs
nanpHenmed quddepeHpOBKO BHYTPEHHUX OPraHoB IUIOJA U €ro TKaHeH, 3aBepIIaeTcs
(hopMHpPOBaHUE CTPYKTYP, ONIPEACIISIONIUX ero )KU3HECTIOCOOHOCTh BO BHEYTPOOHOH )KU3HH,
T.e. CIIOCOOHOCTb K JIBIXaHHIO, IHUIIEBAPEHUIO, TEPMOPEryIsuy, (QyHKIMOHAILHOI
JEeATeIbHOCTH OPTaHOB YyBCTB M SHAOKPHHHBIX OPTaHOB.

CoOCTBEHHBIE THCTOJIOTHYECKUE HCCIICI0BaHNS BHYTPEHHUX OPTraHOB IUIOZ0B CBHHBH,
MO3BOJISIOT NMPEANONOKHUTE Hau4Ke 2 (a3 B pa3BUTHH IJI0/1a CBUHBH:

1. ®a3a Havana GyHKIMOHATBHOMN NEATENEHOCTH OOJIBIIMHCTBA TKaHEH M BHYTPEHHUX
OpraHOB IUIOJA, DPACHPOCTPAHSETCS Ha OTPe30K BpeMeHHM ¢ 45-ro mo 65-ii neHb
cynopocHocTd. TkaHN ¥ BHYTpEeHHHE OPTaHBI CBUHBU B T€UEHHE 3TOH (ha3bl MpuodpeTaroT
Ty CHENUGHUIHOCTH B CBOMX (YHKIMSIX, KOTOpas MHPHCYIIa MM B MOCTIMOPHOHAIBHBIHA
nepuon (puc. 3).

2. ®a3a MHTEHCHBHOTO a0COJIOTHOTO POCTa IUIOJA M JajbHEHINIEH crennann3anun
¢yHKIMH, pacmpocTpaHseTcss HAa OTPE30K ¢ 65-T0 JHA CYIMOPOCHOCTH OO MOMEHTa
poxnaenus. Haubosnee xapakTepHOW 4epToil ans HaHHON (as3hl pa3BUTHs IUTOAA SBISECTCS
WHTCHCHBHOE YBEIHMYEHHE ero aOCONIOTHBIX Pa3MepoB M Beca, HapaCTAaHHWE MacChl Tena,
OBICTPBIIl TIPOIIECC OKOCTEHEHUs, CHeLHaNn3alus, YCIOKHEHHEe (YHKIMH HEpBHOW U
JOPYTMX CHCTEM OpTaHOB, B pe3yjbTare 4ero (GpopMupyercs >KHM3HECHOCOOHbBIH, B 3HAUYM-
TENPHOW CTENeHN MPHUCIOCOONECHHBIH K CaMOCTOSTENPHOMY O0pasy XH3HH U (QYHK-
IMUOHAJIBHO HE3aBHCUMBIHN K MOMEHTY POXACHUA, OPTaHU3M.
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Pucynoxk 1. CaruraisHbli cpe3 SMOpHUOHA CBUHBH Ha 15 CyTKH BHYTPHYTPOOHOTO
pazButus. Okpacka reMaTOKCUINH-303UHOM. Y BenuueHue 15X.
B

\
Caed

PucyHok 2. BHyTpeHHHE OpraHbl Ha CaruTAIbHOM paspes3e SMOpHOHa CBUHBH Ha
25 cyTKu BHYTpUYTPOOHOTO pa3BUTHS. |- MO3BOHOYHUK, 2- NIEUCHb, 3 - cepALe, 4 - meTIis
cpenneit kutuku /hernia umbilicalis/, 5- mepBuuHas mouka, 6 - erkoe.
Oxpacka azaHoM 1o Mautopu Okyisip 10X, 00beKTHB 4X.

v TE

Pucynok 3. CaruranbHsli cpe3 a0OMHHAIBHON YacTH IUIOAa CBUHBY Ha 45 CyTKH
BHYTpHyTpoOHOTO pa3sutus. Okpacka azanom mo ['eiinaenraiiny. Okymsp 10X,
o0bekTHB 4 X. 1 - cepatie, 2- nedeHs, 3- ierkoe, 4- BTOpUYHAst I0YKa, 5- MO3BOHOYHUK.

IposiBneHne QasHOCTH, NEPHOJUYHOCTH WIM CTAAUHHOCTH B PAa3BHUTHU JKHBBIX
HHAUBUIYYMOB BBIpaXKaeT OOLIEOMOJIOTNYECKYI0 3aKOHOMEPHOCTb, HMPHCYIIYI0 BceM 0Oe3
HCKITIOUCHUS] OPTaHU3MaM. DTH CTAAUH SBISIOTCS TEMH HEOOXOANMBIMH 3TAllaMH CMEHBI U
YCIOXKHEHHs QYHKINH, Ha OCHOBE KOTOPBIX MMPOUCXOJUT pa3BUTHE ()OPM TKaHEH W OPTraHOB
JKUBOTHBIX. [IpoXoXJeHHe OTHenbHBIX (a3 M IEepHOAOB, KaKk MBI BHIUM, HIET B
OIIPE/IENICHHOH MOCIIEIOBATEIFHOCTH CMEHBI (POPM M MX (YHKIHUH, X yCIOKHEHHS, a TaKKe
YCJIOXKHEHHS OMOXMMHMYECKMX M (DU3MONOrMYEcKHX mpoueccoB. IIpeanoikeHHas BBbIIIe
CHCTEMa NEPUOAN3ALMU BHYTPUYTPOOHOTO Pa3BUTHS CBHHBU HE SIBIACTCS IOJHOLEHHOM,
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MPOBE/IEHa HAMHU B CBSI3H C MCCIEJOBAHUAMH BCEX KPOBETBOPHBIX OPraHOB, KOTOPHIE MBI
TIPOBENH NIPH M3YyUESHUH IPUTPOII0I3a Ha BCEX ITarax SMOPHOHATIBHOTO Pa3BUTHS CBUHBH.

Me3eHXHMAJIbHBII 3PUTPON033 B 3MOpPHOreHe3e CBHHbH.

C ToukH 3peHHsT MOpP(OIOTHYECKOTO aHaHM3a, THUCTOJOTHMH M LUTOJIOTHH KIIETOK
SMOPHOHAIBHOTO I'eMOI033a Y CBUHEH MBI COWIN yJOOHBIM Pa3/eluTh €ro Ha CIEIyIoIIue
OTHENBI: 3TO MHTpa’MOpUOHANbHAs caMas PaHHAS 30Ha JOKAaIM3alMM T'€MOMO3THYECKHX
KJIETOK, KOTOpasi BKJIFOUYAET MapaaopTaibHyro Me3eHXxuMy 1 AGM-061acTh (MeCTo 3aKIaKu
AOpTHI, TOHAJ M MEPBHYHBIX MOYEK B 00JNACTH Me30Hedpoca). DTOT ME3CHXUMAIbHBIHN
TIPUMHATHBHBIA 3PHUTPOI033 y CBHHEH ObUI 3admMKcupoBaH Hamu Ha 13-15 nHuM recrammwy,
3areM, HaunHas ¢ 15-20 qHA recTanuy, K HeMy yXe IIPHCOSINHSICTCS IKCTPadMOPHOHAIBHOE
KpPOBETBOPEHHE B JKEITOYHOM MEIIKE M BILIOTH 10 30 THS OHO HOCHUT CMEIIaHHBIH Xapak-
Tep. B nanprelimem, ¢ 25 cyTok BHYTpHYTpOOHOTO Pa3BUTHSI HAYNHACTCSI KPOBETBOPEHNUE B
MEeYEeHH M Cele3eHKe, KOTOPOE MIUTCS BIUIOTh 70 poXkaeHHs. KocTHOMO3roBoil remomnoss
HayMHaeTcs Ha 45 CyTKH BHYTPUYTPOOHOTO Pa3BUTHUS U AOCTHIaeT 3HAYMMBIX MOKa3aTelen
TIPUMEPHO K 65-75 THAM recTalum.

HccnenoBanus mokasainy, 9T0 y 15-W CYTOYHOTrO 3apojbllia CBHHEH, B ME3EHXUME
HepUKapIUATFHOH 00JaCTH BHAHBI BKPAIUICHHS SPUTPOUIHBIX KIETOK, KOTOpBIE 00pa3yioT
TaK Ha3bIBaeMble KPOBSIHBIE OCTPOBKH. Hamo 3aMeTHTh, 4TO y CBHHEH KPOBETOBPEHHE B
SMOPHOHATBEHOI Me3eHXHMME IMOJIOCTH TeJla HAllOMUHAET KPOBSIHBIE OCTPOBKH KEITOYHOTO
MeIIKa, TOJbKO MEHBIIETO pa3Mepa, M COOTBETCTBEHHO COAEPKAT MEHBIIEE YHCIIO KIIETOK.
OTH 0Yard PUTPOIII3a XOPOIIO 3aMETHHI Y 15 1 25 1HeBHOro 3MOpHOHA CBHHBHU, OJTHAKO
TIPAaKTUIECKH MOJHOCTBIO UCYE3AI0T y 35 IHEBHOTO 3apObIIIa CBUHBH.

B cTpykType Me3eHXMMAalbHOTO KPOBSHOTO OCTPOBKAa 3MOPHOHA CBHHBH, XOPOIIO
BUJIHBI DPUTPOUIHBIE KIIETKH KPOBH, KOTOpBIE INPHHATO Ha3blBaTh I'€MaHTHOOJIAaCTaMH.
Tloutn Bce OHU comepiKart sapa U HaxoIATCsl Ha pa3HbIX cTamusax quddepeHumposkn. Cpenu
HHX €CTh Kak Maynou(dpepeHIMpoBaHHEIE, TaK M 0oJiee NIPOABUHYTHIE B TU(depeHIpoBKe
6sacTHbIC QOPMBIL, @ TAKKe sIepHBIC (HOPMBI IPUMUTHBHBIX SPUTPOLUTOB (PHC. 4).

Pucynok 4. IlepBuuHbBIi TPUMUTUBHBIN PUTPOII033 B IPEKapANaIbHON 001acTH
15 cyrounoro sm6prona cBuHbN. OKpacka reMaTOKCIIIMH-3031HOM 110 Kapauwn (A)
u a3zaHoM 1o [eiinenraitny (B). Macmtab 10 pm

TomynAnMOHHBIA COCTaB MPECTABICH CIEAYIOMNM 00pa3oM, MOAABIISIONIEe YHUCIIO
(oxo10 63%) COCTAaBISIIOT TeMAaHTHOONACTE, W 37% NPHUXOTUTCS Ha TEPBUYHBIE 3PHTPO-
mutsl (Tabmn.1). Y3 37% nepBUYHBIX SPUTPOIMTOB B IO 15 THEBHBIX 3apOJbIIIeit
28% mnpuxoauTcss Ha KpymHble sputpouutsl 1 9% Ha Gonee menkue. OOe momyssLUH
SPUTPOUIHBIX KIETOK OTIMYAIOTCA M MO pa3MepaM. [Ipw 3TOM, Ba)KHO 3aMETHUTh, UYTO
IUIOIIA/b SIIeP MEJKHX M KPYIHBIX 3PUTPOOIACTOB, a TAKKe NMPUMHTUBHBIX dPUTPOLMTOB
HE3HAUYNTENFHO OTJIMYAeTCs Kak APYr OT Jpyra, Tak M Mexmy coboil. B To e Bpems
IUIONIAb IUTOIIA3MBI KPYIHBIX METajJo01acTOB M NMEPBHYHBIX 3PHTPOLHUTOB JIOCTOBEPHO
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GoJIblIle MX MENKHX aHAJIOTOB, HO Pa3iMyMsl B IUIOLIAAHM LMTOIUIA3MBI U KJICTOK B LIEJIOM
MESKILY 9pHTPOOIACTAMH U IPUTPOLIMTAMH HE3HAYUTEIbHA.
Tabauna 1.
TonyIAuHOHHBINH aHAIN3 H3MEHEHHUs IUIOIATH s1/1epP, IUTOMIA3MbI H
SIIePHO- LM TONIA3MEHHbIX OTHOLIEHHUI JPUTPUTPOUIHBIX KJIETOK 3apObIILIeii
cBuHbH (Um°) Ha 15-¢ cyTkH BHYTpHyTpoGHOro paseutus (M+SD)

SnepHo-
Tune! K1EeTOK % Knerxn SAnpo [uronnasma LUTOILIL.
OTHOLIEHHUSI

Menkue GracTht 5.0 54.6£2.4 18.0£4.0 | 36.6+1.9 0.5
Kpymuble 6iacTst 58.0 83.3+5.2 22.944.1 | 60.44+3.2* 0.4
Vcpe . moKasaTelb 63.0 | 80.8+15.8 | 22.544.1 | 58.3+13.5 0.4
MenKue SpUTPOLHUTHI 9.0 54.1+44.3 15.2+2.6 | 38.9+2.7 0.4
Kpynnesie spurpormtel | 28.0 86.1£8.1 23.244.0 | 62.946.7* 0.4
VcpeaH.nokasarenn 37.0 | 82.6£21.0 | 224452 | 60.2+17.9 0.4

Ipumeuanue: *oocmosepno (p<0,05) no cpasHenuro ¢ MeaKuUMU KIemKamu

JlaHHBIe, TTOy4YeHHbIE HAMH 110 AMHAMUKE N3MEHEHUS COZepIKaHHs reMOrIo0nHa
B ME3CHXHMAJBHBIX OSPUTPOUIHBIX KIETKax BBIIBHIM, YTO HauOOJbIIee COAepIKaHHE
reMorioOrnHa npoxoautes Ha 15-e cyTku smOpuoreHesa. [Ipu 3Tom, Kak paHee HaMH OBLIO
MOKa3aHO, YHUCIIO OMAaCTHBIX (OPM B CpeHEM B [1Ba pa3a OoJIbIle KOJMYECTBA 3PUTPOLIUTOB,
HO COJIEp’KaHie reMOTJIOONHA B HUX IPHMEPHO OJIHO U TO ke (Tadi. 2).

Tabauna 2.
Copnepxanue remoriodouna (Hb, nk/r) B Me3eHXHMaJIbHBIX 3pUTPoOIacTAX U
PUTPOLUTAX IMOPHOHOB CBHHBHU Ha 15-¢ cyTku Gepemennoctu (M+SD)

bnactsl OpUTPOLUTEI
Tumns! K1eToK % Ab % Hb
Menkue 5.0 34.8+0.9 9.0 34.5+1.2
Kpynuble 58.0 53.1+1.2% 28.0 54.8+2.3%
YcpenH. nokasarenb 63.0 51.5+1.7 37.0 52.6+£2.3

Ipumeuanue:*docmosepno (p<0,01) no cpasuenuio ¢ meaKumu Kiemxamu

BaxHO 3aMeTHTh, 4TO MPU 3TOM MOJAABISIONIEE YHCIO COCTABISIOT KPYITHBIE IPUT-
POUJHBIE KJIETKH, B KOTOPHIX KOJINYECTBO FEMOTTIOONHA MPEBOCXOJAUT KOJMYCTBO I'eMOTIO0-
OWHA B MEJIKHX MX aHAJOTax.

HccnenoBanue pacmpeneneHus siep Me3eHXHMaTbHBIX 3PUTPOUAHBIX KIETOK IO
KJaccaM IIongHOCTH (Tpad. 1) BRIIBHIO, YTO OCHOBHYIO Maccy SPHUTPOUIHBIX KJICTOK Ha
15-e cyTku BHYTpHYTpOOHOTO pa3BUTHS 3apojbimel (okoio 80%) cocTaBiseT MUIIONIHAS
MOMyJISIUUs, YHUCIO THIEPAUMUIONIHBIX KIETOK He mpeBblmaeT 15%, a KoIM4ecTBO
TETPATUIOUIHBIX KIIETOK COCTaBJIseT He Ooiee 5% oT Bcelt momynsiuuu. Yke Ha 25 CyTKu
pa3BUTHA SMOpHOHA TETPAIUIOWJAHBIE KIETKH IIOJHOCTBIO OTCYTCTBYIOT, a YHCIIO
TUNEPMIUION/IHBIX KIIeTOK He mpesblmaetT 10%. Ha Gonee mo3mHMX CpoKax pa3BUTHS
SMOPHOHOB ME3CHXUMANBHBIE OSPUTPOUIHBIE KIETKH IIPEACTABICHBl JUILIOMITHON
nomyJisuueit.
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I'paduxk 1.
PacnpeneseHus siiep Me3eHXHMAJIbHBIX 3PUTPOUIHBIX KJIETOK 10 KJaccaMm
IJIOMAHOCTH.

004 100 100 4

%

) <l = &k de< <2 2c 4 de<

A — 15 cymku enympuympobnozo pazeumus smbpuona; b - 25 cymxu enympuympo6rozo
pazeumus smbpuona; B - 35 cymku enympuympobnozo pazeumusi SMOPUOHA.

BaskHO 3aMeTHTB, UTO O Mepe yBEJIMYEHHS BO3pacTa ’0MpHOHA HAOII0aeTCs Ta Ke
TEHJCHIUS K YBEIMUYCHUIO 4YHCIA MEJNKHX OJPHTPOLUTOB, YTO BEPOSTHO CBSI3aHO C
3aTyXaHHEeM II0 Mepe pa3BHTHA SMOpHOHA aHTHOOIACTHYECKOrO NEpHOAa KPOBETBOPEHHS.
Ha 25-e u 35-e cytkn Hamu ObUTH OOHApYKEHBI B HEOOJBIIOM KOJIHMYECTBE U Oe3bsIIepHBIC
SPUTPOIMTHI, KOTOPBIE MBI HE YIUTHIBAIIH.

CpaBHEHHE NONYJSIIHOHHOTO COCTaBa M IUIOIMIAAN SPUTPOUIHBIX KIETOK ME3CHXH-
MaJbHOTO KPOBETBOPEHHS M KPOBETBOPEHHMS B JKEITOYHOM MEIIKE BBIIBUIIO, YTO C yBEIH-
YeHHEM Bo3pacTa SMOPHOHA COJep)KaHHe TeMOTJIOONHA B KJIETKaX MMEET He BBIPAKCHHYIO
TEHJICHIIMIO K CHIDKEHUIO, B TO BpeMs Kak yxe Ha 25-e u 35-e CyTKH coJepKaHue reMoro-
OWHA JIOCTOBEPHO yMeHbIIaercs (Tadi. 3).

Ta6muna 3
Conepixanne remorioouna (Hb) B Me3eHXHMAIBHBIX 3PUTPOGIACTAX M IPUTPOLMTAX
Imopuona ceunbu (M+SD)

Kietku 15 nueBHBIE 25 nHEBHBIE 35 nHEBHBIE
Dputpobiact 39.44+6.3 35.2+4.4 33.2+43.1
Be3wsaaepHslit 3puTpOLUT 30.7+4.8 28.5+£5.0 22.3+2.6*

Ipumeuanue :*p<0.1 menoenyus no cpagreruto ¢ 15 cymxkamu

TakuM 00pa3oM, B OTJINYKE OT OONICTIPHHSATOTO OMHMCAHUs (POPMUPOBAHUS OCTPOB-
KOB KpOBH, B KOTOPOH MPUMHUTUBHBIA JPUTPOINOI3 BO3ZHUKAET BHYTPUCOCYIUCTO B
JKEJITOYHOM MEUIKE, HAIllK JaHHBIE OKA3bIBAIOT, YTO Y CBUHEH OH HAuMHAETCs SKCTpaBac-
KYJISIPHO B mapaaopTanbHoii Me3enxume 1 AGM-oGnactu.

OMOPHOHATBHBII FeMOM033 B :KeJITOYHOM MelIKe

Haunnas ¢ 15-20-x cyTok BHYTPHYTPOOHOTO Pa3BHTHs, HAUMHAETCS IKCTPaIMOPHO-
HaJIbHOE KPOBETBOPCHHE B JKCITOYHOM MEIIKE, IJe KIETKH KpOBH 0O0pasyloT Tak
Ha3bIBACMBIC KPOBSHBIE OCTPOBKHM. B NPUMHUTHBHBIX KPOBSIHBIX OCTPOBKAX JKEITOYHOTO
MeIIKa KIeTKH AupPepeHIupyoTcs Ha INIOCKHE W OKPYIJble KIeTKH. IIIOoCKHe KIICTKH,
pacHonaraiomyecs I0 Iepupepuy KPOBSHBIX OCTPOBKOB, TEPSIOT CBS3b C KIETKaMH,
pacHoIAraloOIMMUCS B LEHTPe U IPEBPAIIAIOTCA B SHIOTENHANbHBIE KIeTKH (pHC. 5). A
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OKpYIJIble KJIETKH, PACIIOJOKCHHbIC B ILIEHTPE KPOBSIHOIO OCTPOBKA, INPEBPALIAIOTCS B
HPUMHUTHBHBIE KJIETKU KPOBH.

Pucynok 5. [IpuMUTHBHBII KPOBSHOW OCTPOBOK B JKENTOYHOM Mellke, 15-e cyTkm.
BBISIBISIIOTCSl IPUMHUTHBHBIE S)PUTPOMIHEIE KIIETKH, OKPY>KECHHBIE SHIOTENINEM (IIpO3payHbIe
CTPEJIKH), PACIIOIOKEHHBIE MEX]y SHTOIEPMOH (YepHBIE CTPEIIKH) M ME30TeIHAIbHBIMU
KIeTkaMu (TpeyronHuku). Oxpacka azanom mo Mammopu. Macmrab 10 pm

Ha navanpHOM 3Tame KpoBeTBOpPEHHUS y 15-THEBHBIX 3apObIIIeii KEATOUHBIH MEIIOK
JIOCTUraeT OPOMHOM BEIMYHMHBI C CHJIBHO Pa3BUTON KpoBeHocHOH cuctemoi. K 25 nHro
3apO/IBIIICBOTO Pa3BHUTHS, B CBSI3U C OBICTPHIM YBEIHYEHHEM aJUIAHTOMCA M aJUIAHTOMJHOTO
KpPOBOOOpAIIEHHsI, JKSNTOYHBIH MEIIOK 3HAYHUTENBEHO peaylupyercsi, a Ha 35-CyTKH OH
CHJIBHO CXAaT U 3aKJIFOYEH B IIyIIOBUHE.

Ilpn ouenke conepxkanus JJHK B sgpax HPUMUTHUBHBIX SPHTPOHUIHBIX KIETOK
JKENITOYHOTO MEIIKa BBIABICHO, YTO Ha 15 CyTKH BHYTPHUYTPOOHOTO pa3BUTHA SMOpHOHA
CBHHBH TIOITYJIAIS MPEACTaBIeHa aKTHBHO NPONH(EpUpPYIOINMI KIETKaMH, O YeM CBHJE-
TENBCTBYET HAIMYHE THIEPAUTIIONTHON, TeTPAIUIONIHOM, a Takke M TUIEPTETPAILIONIHOM
TIOTYJISIIAN KIIETOK (Tpad. 2).

I'paduxk 2.
Pacnipenenenne npuMUTHBHBIX 3PUTPOUIAHBIX KJIETOK MO KJIaccaM MJIOUTHOCTH
JIHK Ha 15 u 25 cyTKu BHYTPUYTPOOHOT0 Pa3BUTHS IMOPHOHA CBUHBM.

100 - ‘ 100 4 i
80 80 4
60 60 4

® ES
40 - 40 4
20 20 4
0 0
<2 2c 4c 4c< <2 2c 4c 4e<

A - lpumumuenvie spumpoudnvie kiemxu na 15 cymku;
b — Ipumumugrule 3pumpoudHsie Kiemku Ha 25 cymku.
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OcHOBHasg K€ MOMYJSILUA KIETOK Ha 25 CyTKH 5SMOPHOHAIBHOTO Pa3BUTHS
MpeCTaBIeHA IUIUIOUAHBIMU, IPH 3TOM BBIBIAIOTCS TAKKE U TMIEPIUNIOUIHBIE KIETKH,
a TeTPAIUVIOUAHBIE KIETKH HCUE€3al0T M3 OOIeH MOMy/sIUMH, 9TO CBHIETEIBCTBYET O
yracaHWU HPONUQEPaTHBHON aKTUBHOCTU SPUTPOUTHBIX KIETOK.

I'padux 3

Iony/IsINMOHHBIHA COCTAB IPUTPONIHBIX KJIETOK B PAHHMII IepHo/
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15 25 25

Ilo ocu abcyuuc — o3pacm smMOpUOHO8 (cymixu)
Io ocu opouHam — nOnYIAYUOHHBLI COCMAS SPUMPOUOHBIX K1emOoK %

CoriacHO HamlUM JaHHBIM OSKCTPa’MOpPHOHAIBHOE KPOBETBOPEHHE B KPOBSIHBIX
OCTPOBKaxX JKEITOYHOTO MEIIKa SIBISIETCS JOMHHUPYIOIIUM THIIOM KPOBETBOpEHMs Ha 15
CYTKH BHYTPHYTPOOHOTO pa3BUTHsI SMOPHOHA CBUHBH, Ha 25 CYTKH OCTAeTCsl 3HAUYMMBIM (He
menee 40%), a Ha 35 CyTKH KpOBETBOPEHHE B JKEITOYHOM MEIIKE NMPAKTHICCKH HCUe3aeT

(rpadux 3).

OMOpPHOHATBHBIN IPUTPONO0I3 B EYEHU CBUHBH
Haunnas mpumepro ¢ 20 CyTOK BHYTPHYTPOOHOTO pa3BUTHA SMOPHOHA, T'€MOII033
MOCTETICHHO IepeMeNaeTcss B IeYeHb, KOTOpas CO BPEMEHEM CTAHOBUTCS OCHOBHBIM
KPOBETBOPHBIM OPTaHOM M SIBJISICTCS aKTHBHOH B 9TOM OTHOIICHHH (BIIPOYEM IOCTEHEHHO
CHI)KAsICh) 710 MOMEHTA POJXK/ICHUSL.

I'padux 4.

JpHUTPON033 B MeYeHH HA MPOTSKEHHH BCEro mepHoaa IMGpUoHaabHoro pa3sutus (%)

10

= [

15 25 35 45 55 65 75 90 mosopown. Inec.

CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH TOPOCEHOK OPOCEHOK

Ilo ocu abcyucce — 8o3pacm smoOpUoHO8 6 cym.
ITo ocu opounam — 06vem apumponodza 6 neuenu 8 %
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OpUTponod3 B IEYEHH, HAYMHASCh, MPUMEPHO, C 25 CYTOK BHYTPHYTPOOHOTO
pasBuTHsA SMOpHOHA, AOCTUTAaeT MakcUMyMa y 45-65 HHEBHOTO IUIOJa CBHUHBH, a 3aTeM
MOCTEIIeHHO CHIKaercs (rpagux 4). Bopodem, axe y HOBOPOXKIECHHOTO MOPOCEHKA
SPUTPOIO33 B NEYEHH IPOJOIKAET (YHKIHOHMPOBATH M MOJHOCTBIO HCYE3aeT JIMIIb K
MEPBOMY MeCsIly IIOCTHATAIBHOTO Pa3BUTHS CBUHBH (pHC. 6).

Pucynok 6. [Teyenb 55-qHEBHOTO MJI0/1a CBUHBH, 3aMETHBI MHOYKECTBEHHBIC OYaru
SKCTPABACKYIIPHOTO SPUTPOII033a (A), a TakKe MOJHOE OTCYTCTBHE IPUTPOIIOI3A Y
MecstaHbIX TopocArt (B). Oxpacka reMaTOKCHIMH-303UHOM, C JOKpackoil cynanom I11.
Oxkynsp 12.5%, 00beKTHB 25X.

JlaHHbIE B3BEMIMBAHUH II€UEHHM IUIOAOB CBHHBHM Ha Pa3IHYHBIX CpPOKax 3MOpHo-
HaJIBHOTO Pa3BUTHSA, TOBOPST O CHIKEHUH HHTEHCUBHOCTH POCTA M OTHOCHTEIILHOTO BECa €€
B T€UCHHE BHYTPUYTPOOHOTO pa3BUTH (rpaduik 5). ITO CHUKEHHE CBOHCTBEHHO HE TOJIBKO
MEeYeHH, HO W BOOOIIE BCEM TEM BHYTPEHHHM OpraHaM, KOTOpbIe OYeHb paHO, elle B
3apO/IBIIIEBOM TIEpPHOJIe, IOCTHUral0oT MaKCHMAaIbHOH WHTEHCHBHOCTH CBOETrO pOCTa M
pa3BUTHS, KaK HallpuMep, TOJIOBHOI MO3T, cepALe U Jp.

I'papux S
JlnHaMuKa a0COJIIOTHOTO M OTHOCHTEIBLHOI0 Beca NMe4eHH CBUHLU B SMOPHOHATBLHOM M
HEOHATAJILHOM IIepHO/Ie

30 20
—=—a6c () - © - ot (%)
18
. 16
14
12
10 8

o N & o

Ilo ocu abcyuce — 6o3pacm smopuonos (cym). Ilo npasoii ocu opounam — 0ons nevenu 6
obweti macce amopuona (%). Ilo nesoui ocu opounam abconromuas macca nevenu (2)
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Takoii cBOe0Opa3HbIil POCT MEYCHH B TEUCHHE BHYTPUYTPOOHOI JKU3HU U M3MEHEHHE
THCTOCTPYKTYPBI €€ B IOCIECAHUI MECSL] IUIOJHOTO PA3BUTHS MOXXHO OOBSICHUTB NIEPECTPON-
KOM, IPOUCXOJALIEN B MEUYEHU 3a 3TO BpeMsi. bypHBIH pocT meueHu B NMEPBYIO MOJOBUHY
SMOPHOHAIBHON JKH3HH OOBSICHICTCS, KaK yxe ObUIO CKa3aHO, pa3BUTHEM €€ KPOBETBOPHOI
JeATeNbHOCTH. B mocnemnne »xe Mecsbl BHYTPHYTPOOHOH XHM3HH M IIOCIE POXKICHUS
TJIaBHBIMH (DYHKIMSIMU TT€YSHN CTAHOBSATCS IHIIEBAPHUTEIbHAS U 3aIIUTHASL, B CBSI3H C YeM U
MIPOUCXOJUT U3MEHEHHE TMCTOCTPYKTYpHI IeueHHu. VIHTepecHO, B CBSI3U C 3TUM OTMETHTb,
4YTO B IEpBBII Mecdll MOcIe POKACHUS IEYCHb, [0 HAIMM JaHHBIM, CHOBA IOBBIIIACT
MHTEHCHBHOCTb CBOETO POCTa, OIaroiaps 4eMy yBEIMIUBAETCSA U €€ OTHOCUTEIbHBIH Bec.

KpoBeTBopeHHe B KOCTHOM MO3re

V cBHHEH KOCTHBIH MO3T MOSIBISETCS Ha HAaYalbHOM JTare dMOpHOreHe3a K KOHILY
MEepPBOTO Mecsia pa3BUTHs 3MOpuoHA. KOCTHBIH MO3r MOSBISAETCS BIEPBbIE B IUIOCKHX
KOCTSIX U TTO3BOHKAX, a 3aTe€M B TPyOUaThIX KOCTSIX KOHEUHOCTEH.

VYV 25-mHeBHOTO SMOpHOHA CBHHBH B XPSINEBOM CKeJleTe ITOSBIAETCS IIOJIOCTH, B
KOTOPOil BBIIBILIFOTCSI OCTEO0JIACTHI M PETHKYJISIPHBIE KIIeTKH. Heo0XoauMo oTMeTHTh, 4To
Ha JIAHHOM JTalle HaMH BBISIBJICHA JOCTATOYHO MHTEHCHUBHAsS Npoiudepanys CTpoMaIbHBIX
KJIETOK OyIyIIero KOCTHOTO Mo3ra. 3aTeM, BOKPYT (OPMHUPYIOIIHXCS COCYIIOB MHUKPOIUP-
KyJISITODHOTO pyclla IPOUCXOAUT YCHJIEHHOE 00pa3oBaHHE T'€MOMOATHYECKUX KIETOK,
BXOJASIINX B COCTAaB MHENOUAHON TKaHH. K MOMEHTY pOXICHHS BCe KOCTHBIE MOJIOCTH
3aMOTHEHBl KPAaCHBIM KOCTHBIM MO3TOM, COXPAHSIOIIMMCS y TPBI3YHOB M BO B3POCIOM
COCTOSIHUM. Y OONBIIMHCTBA MIIEKONHTAOMNX B JUadH3aX KOHEYHOCTEH M XBOCTOBBIX
MO3BOHKAX KPaCHBIH KOCTHBIN MO3T IIPEBpaIaeTcs B XKENTHIH (KUPOBOIT).

Hauunas ¢ 55-65 nHs recranuu B cTpoMe KOCTHOIO MO3ra BO3HUKAIOT OT/EIIbHBIC
oYaru reMoron3a, HO IPU 3TOM YPOBEHb SPHUTPOII0332 OTHOCUTEIHLHO HE3HAUYNTENBHBIH (B
npe/enax HeCKOJIBKUX MPOLICHTOB OT OOLIETo YKclia KIETOK) (puc. 7).

i ) RS
Pucynok 7. HauanpHbIi 5Tam pa3BUTHS MApEHXHUMBI KOCTHOTO MO3Ta IIO3BOHKA CKEJIeTa
45 nreBHOTO SMOpHOHA cBUHBH. OKpacka azaHOM 110 ['elneHTaliHy.

A - Okymsp 12.5x, o6bextuB 25x. b - Okymsp 12.5x, o6sextus 100x.

Hano oTMeTHTh, YTO Kak M B JPYTrHMX Odarax reMoriossa, B KOCTHOM MO3re Hayalo
KPOBETBOPDHOW (YHKIMHM 3aKJIa/bIBAeTCS TEPBUYHBIMHU JPUTPOOIACTaMH, HMEIOIIUMU
XapakTepHblii BuA. OJHaKO MEepBHYHBIE SPUTPOOIACTBI OBICTPO HCUE3AIOT U ykKe y 65-u
JHEBHOTO 3MOpHOHAa WX HeT. TeM caMbIM, MOXKHO IOJiaraTh, 4TO HECMOTps Ha Ooiee
MO3JHee pPa3BUTHE OHPHUTPONO33a B KOCTHOM Mo3sre, HeOoibpmas (CTaTUCTHYECKH
HEBBISBIISIEMas) YaCTh KJIETOK MEPEXOAUT B siiepHbIe (HOPMBI SpUTPOLUTOB (Tabiuua 4).
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Taoauua 4.
IMonyJIsIMOHHBIN COCTAB KJIETOK KOCTHOro Mo3ra (%) B oHTorenese ceuHbu (M£SD)

1 o 4-x
Knerku 25- 45 - 65" - cyTkn HoBoposneHHEIR | o ourvrp i
CYTKH CYTKH TTopocenok [OPOCEHOK
MoHonuThI - - 1+0.1 4402 3+09
MoHo01acThI - 3+0.1 14 £2.1 9+£1.1 4+0.7
JImmdormTe - - 2+0.1 8+1.7 20 +1.5
JIumdobacTel - 1(?) 11+1.4 7+0.9 6=+1.0
Muenouassie - 22 £3.0 34+3.9 12 +£1.8 9+1.8
Hag"l“‘"’mep’“"e - - 140.1 12422 10 1.3
edTpoduITBI
CerMeHTosiepHbIC ) _ ) 6+1.0 4414
Hetitpodus ) >
D03uHOGHITBI - - 1+0.1 41+1.4 8.5+1.9
Bbazobuisl - - - 0.9 +0.1 1.5+0.6
[Ipoapurpobdaacts - - 1+0.1* 5+0.9* 6.0 £0.9*
Bonbmme 6macte - - 2+0.2* 7+1.3* 11£1.1*
Mauible OnacTsl - - 2+£0.1* 10 £1.5* 14 £2.7*
Ocrteob1acTsl 100 74 4+5.7 314+4.3 15+2.6 3+0.8
Ipumeyanue:

*docmosepro (p <0.05) no cpasnenuio ¢ bonee pannumu cpokamu
b -na dannbix cpokax uccaed06amUCh, NO360HKU XPAUEE020 CKelema dIMOPUOHA

OHTOreHe3 3pUTPOGJIACTHYECKUX OCTPOBKOB CBUHbH.

Ha nayansHOM 3Tane (25 mHEBHBIH SMOPHOH) MEYEHOYHOTO TEMOI033a TMPOUCXOIUT
(hopMupOBaHNE MPUMUTHBHBIX SPUTPOUIHBIX KIETOK, KOTOpBIE BCKOpe (HOPMHUPYIOT Odard
kpoBerBopenusi [Ferkowicz M., Yoder M., 2005; Isern J. et al, 2011; Tatoyan M. et al.,
2015]. D10 KpOBETBOPECHUE SABISETCSI ME300IACTUYECKUM, HACHTHYHBIM KPOBETOBOPEHHIO B
JKEITOYHOM Merike. Ha 3TH CpOKM SpUTpPONO33 B MEYEHH HPOUCXOAUT B KPOBSHBIX
ocTpoBKax 0e3 ydacTust Makpodara.

W3ydeHne sMOpHOHAIBHOTO SPUTPOIIO33a Y CBUHEH BBIIBIIIO HATHUUE 0E3bsIIEPHBIX
NPUMUTHBHBIX 3PHUTPONUTOB HAa CAMBIX PaHHUX CTagusAxX sMOpuoreHe3a — 15 m 25 cyTtkm
BHYTpHyTpoOHOTO pa3sutus cBunei [Tatoyan M. et al., 2015]. ITosBierne Ge3bsaepHBIX
SMOPHOHATBHBIX SPUTPOIMTOB B COBPEMEHHOW JINTEPAType 9acTO CBSI3BIBACTCS C HAYAIOM
¢opMupoBaHUS ¥ (QYHKIMOHHPOBAHHS I€YEHOYHBIX 3PHUTPOOIACTHIECKHX OCTPOBKOB.
VIMEHHO B HUX MPOMCXOMT DKCTPY3Hs sijep aputpodiaacros [Sonoda Y.et al, 1998].

OpHako, HAIlM JaHHBIE YKa3bIBAIOT HA TO, YTO JIPHUTPOOIIACTHYECKHE OCTPOBKH C
LEHTPaIbHBIM MakpodaroM y 15 cyrodyHoro sMOpHOHa CBHHEIl OTCYTCTBYIOT, a IE€pBbIE
MOp(OJIOTHYECKH CXOAHBIE 00pa3oBaHus (0e3 (arouUTHPOBAHHOTO spa) BBIIBISIOTCS
TOJBKO Ha 25 CYTKHM BHYTPHYTPOOHOTO pa3BHTHS >MOpHOHA, KOTJa B II€U€HH HAUYMHAIOT
HOSIBIISITECSL MAaKpO(aromnoJ00Hbe KJIETKH, MOP(OIOTHIECKH OTIMIHBIC OT T'€MOIIO3TH-
YEeCKUX. DTH KPYITHbIE KIETKH, UPPETyIIpHON (hOopMEI, o0naatomue GoNbIIon, crabookpa-
muBaeMoii (1o I'mm3a) muronma3Moi. Snpo 3Tux KieTok 601ee HHTEHCHBHO OKPAIIHBACTCS
IPH CPABHEHUH C FEMOIOITHUECKUMH KIIETKaMH (puc. 8).

B 5MOpHoHanpHO# TE4YeHH CBHUHBU SPUTPOOTACTUUECKHE OCTPOBKH HAYMHAIOT
(dopmupoBathcst ¢ 35 qHs recrauuy, a Ha 45-55 cyTku 3MOpPHOHABLHOTO PAa3BUTHsI CBHHEH B
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[EYCHH BBIIBILIETCS 3HAYMMOE KOJIMYECTBO IPUTPOOIACTHYECKUX OCTPOBKOB C LIEHTPAIb-
HBIM MaKkpo(arom.

A
e L
a L V8 o #
Pucynok 8. Ileuens 25-nHeBHOTO SMOpHOHa CBUHBEN. MakpodaromnonoOHas KieTka

(Yka3aHa CTPEJKOi) B OKPY)KEHUH T'€MOIIO3THYECKUX KIIETOK.
Oxkpacka o 'mm3a. Macmra6 10pum.

Hamu Taroke moka3aHa XxapakTepHast JJIs SPUTPOOIACTHIECKHX OCTPOBKOB IKCTPY3HS
sapa apurpobiiacta ¢ €€ TOCIeAyIomuM (arouTo30M I[IEHTPAIbHBIM Makpoharom
octpoBka (puc. 9). CiemnoBaTesbHO, MOSABICHAE OE3bIEPHBIX IPUTPOOIACTOB HA JAHHON
CTaJIUH SBISIETCS PE3YJIHTATOM (DOPMUPOBAHUS IPUTPOOIACTHYECKUX OCTPOBKOB. Takum
00pa3oMm, B IEYEHH TOCIIEN0BATENBHO CMEHSIOTCS JIBA TUIIA SPUTPOII033a — IPUMHUTHBHBIN 1
Je(UHUTHBHBIH.

PucyHok 9. [TeueHb 55-1HEBHOTO IUI0/1a CBUHBH. DpHTPOOIacTHYECKUit ocTpoBok (A, B).
3aMeTHO (haronuTHPOBAHHOE PO IpUTPoOIAcTa (yKazaHo cTpenkoif). Okpacka
TeMaTOKCHIINH-303HHOM, ¢ JIoKpackoi cynaHom III. MacmTa6 10pm.

IIpn cpaBHEHHM NMEYEHOYHBIX U KOCTHOMO3TOBBIX IPHUTPOOIACTHYECKHX OCTPOBKOB
CIIelyeT OTMETHTh, YTO IUIOMIAh MAaKpodaroB 3pUTPOOIACTHYECKUX OCTPOBKOB, PacHo-
JIO)KEHHBIX B KOCTHOM MO3r€ MPEBOCXOJUT Oojiee YeM B JiBa pasa IUIONIaab Makpodaros B
MEYCHOYHBIX JPUTPOOIACTHYECKUX OCTPOBKOB. IIpH 3TOM, B OKPYKEHHH LEHTPAIBHOTO
Makpodara 3puUTpPOOIACTHYECKOTO OCTPOBKA B KOCTHOM MO3I€ HAaXOJiTCS B JBa pasa
Gosblile  SAPOCOACPXKAILMX JPUTPOMIHBIX KIETOK, IO CPABHEHHIO C IEYCHOYHBIMH
IPUTPOOIACTUIECKUMH OCTPOBKaMH (TabIL. 5).
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Ta0amna 5.
IlutodoTomerpnyeckue n GyHKIHOHATLHBIE OKA3ATEH IPUTPOGIACTHIECKUX
OCTPOBKOB IeYeHH U KOCTHOro mo3ra cuueii (M+SD)

Komuuectso
IInomane CymmapHoe
SIIPOCOEPIKAIINX
Pacnonoxxenne Mmakpoara cojiepxkanue Oenka
SPUTPOHUIHEIX KIIETOK
(um?) B Makpodare (cu)
B DO
OMOpHOHATIHHEIC
IPUTPOOTACTUUECKUE 702.2+69.7 188.1£53 4.4+1.1
OCTPOBKH MEYCHU
OpurpobiaactTuyeckue
OCTPOPKH KOGTEOLO 1613.5+352* 271.4+68 9.0+1.9%
MO3Ta TPEX MECSIHBIX
TOPOCST
Ipumeuanue:

* 00CcmogepHo 8 CpasHeHul ¢ NeYeHOUYHbLLMU Ipumpoobracmuyeckumu ocmposkamu (p<0.05)

Ha pucynxke 10 npuBeieH THITMYHBIA 3pUTPOOIACTHIECKHH OCTPOBOK KOCTHOTO MO3ra
TPEXMECAYHOr0 IOPOCEHKA, TI[e 3aMeTHa THUIIMYHAS KOPOHA 3PUTPOOIIACTUUECKOTO
OCTPOBKA, C COZIEPKAHUEM PA3IMYHBIX SIPOCOACPIKAILUX SPUTPOUTIHBIX KIETOK.

Pucynok 10. Dputpobnactuueckue octpoBkr (30) KOCTHOIO MO3ra 3-X MECSYHOTO
MOpOCEHKa. DPUTPOOIIACTHI TOKA3aHbl YePHBIMHU CTpPeIKaMH, (harolMTHPOBaHHbIE SIpa -
npo3payHbiME cTpenkamu. Otredatku acnimpata (A) Oxpacka o ['mm3a.

Cpes D0 kocraOTO Mo3ra (b.) Okpacka reMaTOKCHIIMH — S03HHOM, C JOKPACKOI CyTaHOM
I1l. Macmra6 10 pm.

IMomysanus MakpogaroB NEYEHOYHBIX IPUTPOOIIACTHUECKHX OCTPOBKOB B OCHOBHOM
JUIUTOWHAS M JIMIIb HeOobIuas YacTh Ha 55-65 CyTKHM BHYTPHYTPOOHOIO pa3BHUTHS ILIOJA
runepaumionana (rpag. 6). C y4eToM DaHHBIX IO BOBJICYCHHIO TKAHW IIEYCHH B IPUTPO-
11033, MOKHO TIOJIarath, 4to yBenmdenue copepxanus JJHK B sapax makpodaros medenou-
HBIX 3PUTPOOIACTHUECKIX OCTPOBKOB CBS3aHA C BO3PACTAHHMEM yJacTHs II€YeHH B O0IeM
spuTponosse, a cHmwkeHne coxepxanus JJHK B siipax Makpotaros coBmamaer ¢ yracaHuem
MIEYEHOYHOT'0 HPUTPOII0I3A.
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I'paguk 6
Pacnpenenenne sigep Makpodaros mo KjaaccaM IJIOHJIHOCTH B
IpuTpOdIACTHYECKHX O0CTPOBKaX (I0) 3MOPUOHAIBbHOI eYeHHU U B KOCTHOM MO3re.

100 Al b
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® @
® @
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. PR . 2 x4 4 s
100 I[ 100 E

2 x 4 i< e 2 ok 4 a 8

A. 45 -cymxu maxpoghaeu newonounvix 20, b. 55-cymxu maxpoghaeu nevonounvix 30,
B. 65-cymku makpogpazu newonounwvix 20, I'. 15-cymru maxpogazu nevonourwvix I0,
. maxpogazu KocmHo20 M032a HOBOPOICOEHBIX NOPOCAN,

E. maxpopazu kocmmnozo mosea 3 —x mecsunvix nopocam

Jnst momymsamuu MakpodaroB KOCTHOMO3TOBBIX 3PHTPOOIACTHUECKHX OCTPOBKOB,
XapaKTEepPHO HAJIMYME KaK JUIJIOUAHBIX U THIEPAUIUIOUIHBIX, TaK U TeTpa- U THIepTeTpa-
IUIOW/THBIX KJIETOK. A C YBEJIMYEHHEM CpOKa T'eCTallid B KOCTHOMO3TOBBIX 3pHTpoOIac-
THYECKMX OCTPOBKax Bo3pactaeT cozepxkanne JJHK B smpax meHTpambHBIX Makpodaros.
Ecnn y HOBOPOXXKIEHHBIX HOPOCAT B 3PUTPOOIACTHIECKIX OCTPOBKAX KOCTHOTO Mo3ra Ooiee
80% MakpogaroB AWIUIOMIHBL, TO Y TPEXMECSYHBIX MOPOCAT AUILIOMAHBI okono 50%
Makpodaros. BepostHo, moBsieHne coaepxanus JJHK B sapax makpogaros, mpuBOAUT K
YBEIMYHCHUIO (DYHKIIMOHAIPHOH aKTHBHOCTH BCETO APHTPOOIACTHIECKOTO OCTPOBKA
KOCTHOT'O MO3Ta, T.€. K IIOBBIIIEHHOH MPOAYKIIMH 3PUTPOOIACTOB.

31ech BO3HUKAET OJIHA M3 BXHBIX MPO0OIEM 3MOPHOHAIBHOTO 3PUTPOII033a, 3 UMEHHO
OTIPEZIEeNICHNE CPOKOB BO3HHMKHOBEHHS JPUTPOOIACTHYECKHX OCTPOBKOB. Hamm maHHBIE
YEeTKO YKa3hIBAlOT Ha BO3HHKHOBEHHE 3PHUTPOOIACTHIECKHX OCTPOBKOB B MedeHH Ha 45
CYTKU W HaJIWYUE€ CXOXHUX CTPYKTYp, B HE3HAUYUTCIBbHOM KOJIMYECTBE, Ha 35 CYTKH
BHYTPHUYTPOOHOTO Pa3BUTHS CBUHBU.

OHToOreHe3 3pUTPOUAHBIX KJIETOK CBUHBH
V3BEeCTHO, YTO SPUTPOIO33 MIICKOIHUTAIONIMX OHTOTEHETHYECKH U MOP(OIOrHYecKH
YeTKO pa3JessieTcsl Ha IB€ IPYIIbL: 3TO NPUMHUTHUBHBINA SMOPUOHANBHBIN U OKOHYATEIbHBINA
B3pOCIBIA 3PUTPOIO033, KOTOPHIH, OBLT OMMCAaH Ui SMOPHOHOB MIIEKOIHTAIONMX Ooiee
BeKa Ha3aj]. Bo Bpems SMOPHOHAIBHOTO Pa3BUTHSI KPOBETBOPEHHE OCYIECTBISIET QYHKINU
OBICTPOrO MPOM3BOJCTBA OOJBIIOr0 KOJMYECTBA IPUTPOUIHBIX KIIETOK, MMOISPKUBAIOIINX
pOCT W BBDKHMBaHHME SMOpHOHA, a 3aTeM IIOSIBISAETCS IOKOJEHHE T'€MOMOATHYECKUX
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ctBonioBbIX KiIeTok (I'CK), koTopble COXpaHSIOTCS B TEUEHHE BCEH JKM3HU B3POCIBIX
JKMBOTHBIX. KpoBeTBOpeHHE B Pa3BUBAIOIIMXCS SMOPHOHAX MO3BOHOYHBIX MPOUCXOAUT B
HECKOJIBKO JTAlOB M B Pa3IMYHBIX JIOKANU3anusx. Jloiroe BpeMsi CUMTaNOCh, YTO HEPBEIH
9Tall OCYIIECTBIICTCS B JKEITOYHOM MEIIKE W BO3HHMKAIOT, B OCHOBHOM, IPUMHTHBHEIC
SPUTPOHUIHbIE KIETKH, a Takke Makpodard M MerakapuoruTsl. Bropoil sTanm Bo3HHMKaeT
TaKke B JKEITOYHOM MeEIIKe, 00pasys SpHUTPOHIHbIE, METaKapHOLUTHBIE, U HECKOJIBKO
MuenonaHbix JuHuil. Tperuit sran BeixoguT u3 I'CK, mojgyyeHHBIX B pamMKax OCHOBHBIX
apTepuil SMOpPHOHA JKENTOYHOTO MEIIKa, YBEINYNBAIOTCS B IIEYEHH IUIOJA M B KOHEYHOM
cuere B KOCTHOM Mo3re. JlepUHUTHBHBIE S3PUTPOUIHBIE KIETKH HETIPEPHIBHO 00pa3yroTCs U3
TeMOIIOATHYECKNX CTBOJIOBBIX KJIETOK B KOCTHOM MO3Te Ha HPOTSDKCHHH BCeH IOCTHa-
TaJIbHOW JKM3HU JKUBOTHBIX.TakuMm 00pa3oM, MOXHO CYHTAaTh, YTO IPUMHUTHBHEBIE SPHT-
pOHUIHbIE KIETKH MOANEPKUBAIOT XKH3HB OBICTPO pACTyLIEro IUIOJA, B TO BpeMs Kak
Je(UHUTUBHBIE SPUTPOIMTHI MMEIOT PEHIAIONIee 3HAUCHHE MPU Mepexoje OT BHYTPUYT-
POOGHOH JKM3HU K POXKICHUIO.

Hamm nccnenoBaHus OKa3bIBAIOT, YTO MEPBBIE KIETKH KPOBHU BIIEPBBIC MOSBIISIOTCS
B Hayajge TracTPy/SiUd U HMEIOT HHTPa’MOpPHOHANBHYIO JoKamm3anuioo. Ilocmennss
BKJIFOUAeT MapaaopTaibHylo Me3eHxuMy u AGM-oOmacte. Bech mepmon cymiecTBOBaHHS
ME3eHXHMAJILHOTO 3PUTPOII033a y CBUHEH 3aHUMAeT OKOJIO TPeX HEIEeNb - OH IOsBIIETCS Ha
13-15 cytku BHYTpUYTPOOHOTO pa3BHTHsI SMOpHOHA W Hcde3aeT K 35-37 cyTkam.
IIponmucepaTuBHAs aKTHBHOCTH TE€MOMOATHYECKUX KIIETOK ME3€HXHMAJIBHOTO 3PHTPOI033a
CHIDKAETCsI K 25 CyTKaM M NMPaKTHYECKH Hcue3aeT K 35 CyTKaM BHYTPHYTPOOHOTO Pa3BUTHS
3apoxpima cBuHBM. Copep)kaHue TeMOIJIOOMHA BO BCEX HCCIEAYyEeMBIX KIETKax He
OTJIMYAETCS CYIIECTBEHHO OT aHAJOTUYHBIX KIETOK >KENTOYHOTO Memka. Mx KommdecTBo
HEBEJIMKO U OOJNBIINX Pa3pacTaHUil KIETOK KPOBH, MOAOOHBIX KPOBETBOPHBIM OCTPOBKAM
JKENITOYHOTO MEIIKa, B ME3CHXHMME MOJOoCTU Tena He dopmupyercs [Tatoyan M. et al.,
2016].

CremyromuM OpraHoM 3pUTPOI033a SBISETCS KEITOTHBIH MEIIOK, B KOTOPOM KIIETKH
KpPOBH 00pa3yroTCsl BHE Tella 3apo/Ibllia B MecTax HeOOJIBIINX CKOIUICHHH Me301epMalbHBIX
KJIETOK, Ha3bIBAEMBIX KPOBSIHBIMH OCTPOBKaMH. B paHHHMX KpOBSIHBIX OYarax »KeJITOYHOI'O
MEIIKa BBUIBISIIOTCS KpYITHBIE, OBaJbHBIE HeAu((GEepeHINPOBAHHBIE T'eMOIOITUIECKHE
KJICTKH, ITUPUHA WX OBAJBHBIX siep cocraBimsuia 5-7 pum. [lpu mameHeimen auddepen-
IUPOBKE Yy 3apoAbIICH CBUHEH HPOUCXOAUT OKPYIJICHHE TEMOIOITHYECKHX KIETOK M
(bopMHpOBaHHE MPUMHUTHBHBIX PUTPOUIHBIX KIETOK (prc. 11).

-~
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Pucynok 11. [IpuMHUTHBHBIE TEMONOATHYECKUE KIICTKH B KPOBSIHOM OCTPOBKE JKEJITOYHOT'O
Mellka HalS-e CyTKH BHYTpHUYTPOOHOTO pa3BUTHs CBUHBU. BBIABISIOTCS Aemsinecs
wietku. Okpacka azaHom mo Mamtopu. Macmra6 10 pm.
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IIpoBeneHHbIH HaMM aHANN3 H3MEHEHHs MOMY/USIMOHHOTO COCTaBa IPHTPOMAHBIX
KJIETOK Ha BCEM MPOTSDKCHHWH TECTALMHM, NPEACTAaBICHHBIM B Tabnuue 6, BBIIBAUI 4TO, B
cocyZiax JKEITOYHOrO MeIKa Ha 25 CYTKH BHYTPHYTPOOHOTO Pa3BHTHSI YHCIO ONACTHBIX
(GopM IOCTENIEHHO YMEHBINACTCS, COCTABISST 58% JPUTPOMAHBIX KIECTOK IOMYJIALMH, a Ha
APUTPOIMTEl TpuXxomuTcs 42% KieTok. [TOCTEMeHHO TakKe YBEIHYHBAETCS KOIMIECTBO
HOPMAJIBHBIX (OPM KaK CpelH OIIaCTOB, TAK U CPEIH SPUTPOIIUTOB, YTO BEPOSTHO CBA3AHO C
3aTyXaHHeM [0 Mepe PasBUTH SMOPHOHA aHIHOBIACTHIECKOTO TIEPHO/Ia KPOBETBOPEHHS.
Tadamnma 6.
H3MeHeHUs1 NOMYJISIUIMOHHOIO COCTABA IPUTPOUTHBIX KJIeTOK (%0) Ha pa3HBIX CTATMSAX
IMOpuHOHAILHOr0 pa3BuTus cBuHeil (M+SD)

JlHu rectamuu

THnbI KIETOK

15cytkn | 25 cyrku | 35cyrku | S55cyrku 65cyrku | 75cyrkn | 90 cyTkn
Merikue 0macTb 5.0+0.6 22.0£2.5*% | 20.0£1.5*% | 10.5+1.0% 11.542.0* 5.1+0.8 0.8+0.003*
KpymnHsle Gmacts! 58.0£6.1 | 36.0+1.9*% | 18.0+1.5% | 5.9+0.05* 0.6£007* | - -
Yepen. mokasarens 63.0+3.3 | 58.0+2.3 38.0+1.5 16.4+1.0 12.1£1.6 5.1+0.8 0.8+0.003
Menie 9.040.5 | 32.0£1.8* | 540+1.5% | 76.6£10.1% | 83.3:8.5% | 92.148.8% | 956455
IPHUTPOLHTHI
Kpymisie 28032 | 10.0£0.8% | 80£0.9% | 7.040.8* | 46:0.5% | 2.8+11* | 16£0.7*
OPUTPOIIHTHI
Vepenn.mokasatelnp 37.0+4.1 | 42.0+1.3 62.0+2.8 83.6+10.1 87.9+7.9 94.9+9.3 98.2+4.6

Ipumeuanue: * docmosepHo, no cpagreruio ¢ 15 onesHvim amopuorom (p<0,05)

HeobOxomumo 106aBUTh, YTO HaMH BBISIBIICHO 3HAUYUTENFHOE YMEHBIICHHE KOJIMYECTBA
KaK KPYITHBIX, TaK ¥ MEJIKUX OJacCTHBIX ()OPM, BIUIOTH JJO HOYTH MOJHOTO MX MCUC3HOBEHHS
(0.8% ot ofmero uyucia SPUTPOMIHBIX KJIETOK IIONMYJSIIUM) Ha STare SMOPHOHAIBHOTO
KOCTHOMO3TOBOTO KpoBeTBOpeHUs (90 CyTKH recTanuu).

Tabauna 7.
IomyasiHMOHHBIA COCTAB IPUTPOMIHBIX KJIETOK B SMOpHOreHe3e 1Jjioja,
HOBOpPO:xkIeHHOiT 1 30 1HeBHOIT cBUHBU (M£SD)

Enersm
(D)

Cpozz

"

pazsmTEs (TEE)

25

45

55 (5]

75 90

95.0£2.1 | 42,0435

0.1:0.01

0.01+0.0001

0.001+0.0001

2003 | 0.01£0.001

0.0010.0001

6.0:08

1502

0.2+0.01

0.1+0.01 0.1+0.02

0.010.001

31.0°:34

0.4+0.01

0.30.07 0.2+0.02

0.1:0.03 0.1:0.02

0.010.001

BLE64T

6213

5510 12401

0.10.01 0.1:0.01

0.010.001

0.001'£0.0001

11513

27+33

228445 113228

4811 26+0.7

1104

1703

0.8:0.05

4307

66248 1

TL1zl0.1 87279

94.9+0 3 972446

98.9+13

98318

[Ipumeyanue:
Hanuuue OpmMoXpoOMHbIX Ipumpodracmos 8 kposu 30 OHegHbIX NOPOCAM OMMEYAemcs JUutb Y
OMOCNBHBIX HCUBOMHBIX
omauuue NOMUXPOMAMOPUILHBIX U  OPMOXPOMHLIX IPUMPOOIACTNOE HA OAHHOM Ddmane
3am€ybnum6ﬂbﬂo
Ha 25 cymku GHYPMUYMPOOHO20 PpA3GUMUSL CEUHEll  PEemuKYIOYunivl
IpUMPOOIACTIBLL OMAUNAIOMCSL TUULL NO KOTUYECMBY 2eMO2TI00UHA
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Ilpu >5TOM, Ha BCEM INPOTSHKCHUH OSMOPHOHAIBHOIO 3PHUTPOIO33a KOJIMYECTBO
SPUTPOLIMTOB CHIIBHO YBEIMYMBACTCS, B OCHOBHOM 3a CYET MeJIKHX (OpM, a 4YHUCIOo
METaJONUTOB 3HAYUTEIBHO, Oosiee 4eM B 17 pa3 ymeHsInaercs, najgas ¢ 28% mo 1.6%. Oto
CBUJICTENILCTBYET O 3aTYXaHUU PaHHUX (OPM SMOPHOHAIBHOIO 3PUTPOINO33a, U yXKe K 55
CYTKaM JIBE TPETH IPUTPOMIHBIX KJIETOK SIBISIFOTCS 3peNBIMH, a K 90 cyTKaM recTariu OHU
COCTABIISIIOT TTOJABJIAIONIee OOMBIIHHCTBO (Oostee 95% MOIMyNAIMN SPUTPOUIHBIX KICTOK B
IMOpHOTeHe3e CBHHEH).

IIpn momymsAMOHHOM aHanM3e SPUTPOUIHBIX KIETOK CBHHBH B SMOPHOHATEHOM
HEepUo/ie, HAaMH BBISABJICHA MOCIEA0BATEIBHOCTh 3aMEHbI IPUMHUTHBHOTO ME3EHXHMAaIbHOTO
SPHUTPOIIO33a HA SPUTPOIIO33 B HKEATOYHOM MEIIKE, 3aTeM B IICYCHH, CEIE3CHKE M HAKOHEIl
JNe(UHUTHBHBIN SPUTPOII033 B KOCTHOM Mo3re (Tadi. 7).

Ha panHeM 3Tarne 3puUTpoOIO33a B )KEJITOYHOM MELIKE HaMH ObLIO MOKa3aHo, 4To Ha 15 —
25-¢ cyTku (M eAMHHWYHBIE KJICTKM Ha 35) HEKOTOpas 4acTh Merajgo0nactoB (MO HALIMM
JaHHBIM OKOJIO 2,2%) mpeBpamiaercsi B Oe3bsiiepHbIe NepBHYHBIC SPUTPOLUTEI — MeTrajo-
muTel. Pa3sMmepbl MOMOOHBIX JPHUTPOLMTOB, (HOPMHUPYIOIIUXCS B IKEITOYHOM MEIIKe,
3HAQUUTENBFHO IPEBBIMIAIOT pa3Mepbl HE TOJBKO 3pENbIX JPUTPOLMTOB KOCTHOMO3TOBOTO
MPOUCXOXKICHHS, HO ¥ 3PUTPOIUTOB, 00Pa3yIONIUXCS B PAHHUX SMOPHOHAIBHBIX 3PHTPO-
0JIACTHYECKHUX OCTPOBKAX C HEHTPAIBHBIM Makpodarom (Tadi. 8).

Tauuua 8.
LinToMopdoMeTpHst GPUTPOUAHBIX KIETOK (m?) B oHTOreHe3e cBUHBLH (M£SD)
Bospact 3apoasiieii u Tun KIeToK Tokamsarst ITnomans ITnomans
HOpPOCSIT siapa KIIETKU
IIpumuTHBHBIE
15 cytkun OPUTPOUJIHBIE Kentounsrif memok | 21.1£3.1 72.7£12.9
KIIETKH
15 cytkm TpumnTHBHEf KenTounplii Memox | - 58.9+4.2%
9PUTPOLUT
25 cyTku DpuTpouut [eyenn - 52.1+5.3**
35 cyTkmn Oputpouur Ieuens - 45.2+3.5¢
45 cytku Dpurpouut [leyens, ceneseHka - 45.7+4.17
55 cyTkmn Oputpouur Ieuens, cene3eHka - 47.2+5.1¢
65 cytku Dpurpouut [leyens, ceneseHka - 46.1+£2.87F
75 cyTKH Oputpouut Ieuens, cene3eHka - 46.2+4.41
90 cyTku DpUTPOLUT Teuerm, kocTrE - 45.3+£3.3F
MO3T
HoBopoxaeHHbIi SpuTpOLHT ITeueHn, KOCTHBIHM ) 44.8+4.0
HOPOCEHOK MO3T
TpexmecsunIi Oputpouut Kocrhblii M0O3T - 35.4+1.6
TIOPOCEHOK
Ipumeuanue:

* 00CMOBEPHO NO CPABHEHUIO ¢ NOCMHAMATLHbIMU Spumpoyuman - coomeemcmeero p<0.05

** menoenyus no cpasnenuio ¢ nocmuamansbimu spumpoyumam (p<0.1).

7 0bwas mendenyus K CHUNCEHUIO NO CPABHEHUIO C NPUMUMUBHBIMU IPUMPOYUMAMU, YUCTO UHBEPCULL
no u- kpumepur pagHo 2.

HccnenoBanue pa3MepHBIX MMOKa3aTeNeil 3pUTPOUIHBIX KIETOK YMOPHOHOB CBHHBH Ha
15- e, 25-e u 35-¢ CyTKH pa3BHUTHUS BBISIBUIIO, YTO CPEIHNUE 3HAYCHUS IUIOMIAJICH BCEX BUIOB
SpUTPOOIIACTOB, UX SIEP M IHUTOIDIA3MBI Ha 15-¢ M 25-¢ CYTKM JOCTOBEPHO OTIMYAIOTCS
JIpyr OT Apyra, HO IPU 3TOM pa3id4usi MEXIy UX pasMepamu Ha 25-e U 35-e CyTKH He
oOHapy>KeHbl. AHAJIOTHYHBIC JaHHBIC HAMH MOJIYYeHBI U 10 3puTpouutam (tabm. 1,9).
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Tadauua 9.
Iony siMOHHBIA AHAJIM3 HU3MEHEHUs IUIOINA/IM sIAeP, HUTOILIA3MBI U SI/IEPHO-
IHTOIIA3MEHHBIX OTHONICHHIT SPUTPUTPOMIHBIX KAETOK (um’) 3apojbinieii CBHHbM
Ha 25-e u 35-e cyTkH BHYTpUYTpoOHOro passutusi (M+SD)

25 35
Tun Knetku LUTO- sl LATO- sl
KJICTKa A0po KJIETKa Aapo
Tiasma OTHOLICHUA T1asMa OTHOILICHHS
05 04
Meskue 365:2.0 | 12.3:06 | 24.2:18 361220 | 109435 | 252+2.0
61acThl
04 03
Kpymnsie 50.8+1.4 | 16809 | 43.1%1.5% 62.147.5 | 14306 | 47.8£7.3%
611acThI
i 04 0.35
Cymmapustit | e no | 146607 | 328519 49.1446 | 12680.6 | 36.5:4.0
I10Ka3aTeilb
0.4 03
Meiue 358517 | 113206 | 24.5:15 300546 | 8228 | 21.8+338
SPUTPOLIUTHI
0.4 03
Kpymnsie 60.9:25 | 17.8:1.9 | 4l1.14.1% 61.7:53 | 117607 | 50.045.8
SPHUTPOLIMTHI
i 04 03
Cymmapustit | ) grn | 133409 | 285418 45846 | 100806 | 35.9:4.2
I10Ka3aTeCJIb

Ipumeuanue: *oocmosepro no cpasnenuio ¢ meakumu kiemxamu (p<0,05)

BaxHO OTMETHTBH, YTO AJEPHO-TIIA3MEHHBIE OTHOIICHUS y BCEX BUIOB 3PUTPOUIHBIX
KJIETOK C BO3PAaCcTOM YMEHBIIAIOTCS, HO IIPH 3TOM Y MENKUX IPUTPOOIIACTOB ¥ SPUTPOIIUTOB
Ha 25-e cyTku oHHU jgocturarot 0.5, a y KpyIHBIX UX aHanoros He npesbimaroT 0.4. OnHako
Ha 35-e CyTKH sIepHO-IUTOIIIa3MEHHbIE OTHOLIECHHS SPUTPONUAHBIX KJIETOK CBHHEH MaaaloT,
nmoxoxas 10 0.3 u geprkaTcst Ha STOM YPOBHE /10 55 cyTok rectauuu (Tadi. 9). B nansHeiimem
C YBEJIMYEHHEM CPOKa IeCTalluy IUTOLIAb SAEp SPUTPOLUTOB BCIEICTBIE HE3HAYUTEILHOTO
UX KOJIMYECTBA HE M3MEPSIach.

IIpu uccnenoBanuM comepKaHHUS TeMOIIOOMHA B SPUTPOHUIHBIX KIETKaX B OHTOTEHE3e
CBHHBHM BHJHO, YTO NPHMHTHBHBIE SPUTPOOIACTBI W DPUTPOLMUTHI Ha 15 CyTkM 3MOpHo-
reHe3a CoJep)kaT HECKOJIBbKO OOJIbIle TeMOIJIO0MHA, YeM NMPUMHTHBHBIE UX aHAJIOTW Ha 25
CYTKH BHYTpUyTpoOHOro pasButus (Tabm. 10). Korma k >KenTOYHOMY KPOBETBOPEHHIO
HPUCOEANHSETCS IEYCHOYHOEe KPOBETBOPEHHUE, KOJIMUECTBO TEMOTTIOONHA HA KIIETKY, Kak B
paHHMX, TaK ¥ B MO3JHUX dPUTPOOIACTAX M IPUTPOLUTAX CHIKAaeTcs Ooiee yeM B 2 pasa.
BaxxHO 3aMeTHTh, YTO B JaJbHEHIIEM C YBETMYCHHEM IepHoja T'eCTAal[Md TeMOTJIOONH
OTIPEEISUICS. TONBKO B JPUTPONUTAX, B KOTOPHIX €ro KONMYECTBO, HAYMHAs C 35-T0 IHA
recTally OCTaBaJIOCh NMPAaKTHYECKH HEM3MEHHBIM. Hao 3aMeTHTh, 4TO XOTs MPUMUTHBHbIE
TeMOIIO3THYECKUE KIETKH COJepkaT B JBa pasa OoJjblle TIeMOIIoOMHAa 4YeM 3pelible
SPUTPOIMTHI, OJJHAKO MX IUTOMIAb MPEBHIIIACT IUIOMA/Ab 3pEeIIbIX KIETOK TaKkke Ooliee 4eM B
IIBa pa3a, a CJIEIOBATEIFHO NX 00BhEM MPEBBIIACT 0OBEM 3PENBIX IPUTPOLUTOB OOJIee YeM B
TpPH pa3a He YUUTHIBasi HMEIOIIeecs spo.

CHC}IOBaTeJ'IbHO, HAaCBIIICHOCTh FCMOFHO6I/IHOM NOPUMUTHUBHBIX TE€MOIIOITHYCCKUX
KJIETOK, IPUMUTUBHEIX 3PUTPOIUTOB U 3peNbIX (IIOCTHATATBHBIX) SPUTPONUTOB MPUOIH3H-
TENBPHO OMHAKOBAst. TakuM 00pa3oM, IOIydeHHbIC HAMU AAaHHBIC IO ANHAMUKE H3MEHEHHS
coJiep)KaHKsl TeMOTJIOONHa B SpUTPOUIHBIX KJIETKaX Ha pa3sHbIX CPOKax pa3BUTHA SMOpHOHA
CBHHBH, BEIIBIUIN HanOOJIbIIee COJepKaHUe reMOoryIoOnHa Ha 15-e cyTkn smOpuorenesa, B
TO BpeMs Kak yxe Ha 25-¢ M 35-e CyTKH copepKaHHe TeMOTJIOOWHA JIOCTOBEPHO
ymenbiiaercs. C yBeJIM4eHHEM BO3pacTa IMOpPHOHA CO/epKaHHEe TeMOTIIOOMHA B KIIETKaX
UMEET HE BBIPAXKEHHYIO TCHACHIINIO K CHUKECHUIO.
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Tao6auna 10.
Cozep:xanue reMorj1001uHa (Ir) B 3pUTPOMIHBIX KJIETKAX B OHTOreHe3e CBUHbI

(MSD)
Bo3pact sMOpOHHOB 1 Tu K1eTox Tlokamsatus ConeprxaHue
MIOpPOCAT reMoryioouHa
15 cytku ITpumuTHBHI 3pUTpOOIACT JKenTouHblil MeLIOK 40.2+7.4*
15 cytku TIpUMUTUBHBIN 3pUTPOLIUT JKenTouHblil MeLIOK 33.749.0*
25 cyTtku ITepBuuHEI 9pHTPOOIACT JKenTouHslii Memok 33.4+5.1%*
25 cyTku IlepBUuHbL SpUTPOLIUT JKenTouHblil MeLIOK 41.445.2%
25 cyTtku Pannuii sputpobmact Ileyens 14.94+4.1
25 cyTku ITo3Huii sputpodnact [eyens 15.54¢3.2
25 cyTku Oputponut IMeuens 20.3+0.5%*
35 cytku DpHUTPOLUT Ieuens 21.1+£1.2%*
45 cytku Opurpouur Ieyens, cene3eHka 19.9+1.1
55 cyTkun DpUTPOLUT Ileuens, cenezeHka 19.2+1.4
65 cytku Opurpouut [leyens, cene3eHka 18.7£1.0
75 cyTku Opurpouut Ileuens, cenezeHka 19.1+0.9
90 cyTku DpUTPOLUT Ileuens, kocTHbI MO3r | 18.9+1.5
Hosoposien. DpuTpouuT ITeueHb, KOCTHBIN MO3T 18.6+0.8
HIOPOCEHOK
Tpexmecsumsiii DpuTpouut Kocrhbliit MO3r 18.2+2.1
HOPOCEHOK

Ilpumeyanue:* docmoeepHo gvluie, no cpasuenuio ¢ nocmHamansHuiMu spumpoyuman (p<0.05).
** 00Was No CPAGHEHUI0 CO 3PENbIMU IPUMPOYUMAMY, HYUCTO UHGEPCULl NO U-
kpumepuito pasgro 2-3 (p<0.1).

Kak cnexyer u3 rpaduka 7A, HanbOonbIee conepkaHie TeMOTTIOONHA TPUXOIUTCS
Ha paHHHME, NPUMUTHUBHBIC SPUTPOUIHBIC KIETKH OOpa3yIOIIHEcs B JKEITOYHOM MEIIKe.
Hano 3ameTHTh, YTO 3Ta MOMYISIMS JOCTAaTOYHO FeTepOreHHas!, B Heil BBIIEISIOTCS KIETKU
CO 3HAYUTENBHO OOJIBIINM COEPIKAaHHEM IeMOTI00HHa.
I'padux 7.
Pacnpenenenne 0CHOBHBIX 3PHTPOUIHBIX KJIETOK SMOPHOHA CBUHBH M 3peJIbIX
3PHUTPOLHTOB CBHHLH MO COAEPHKAHUIO reMOrI00MHA

» — A 0 B - B » l"

" |- i i

T 1 g T T T r —r T g5
080 280 W00 6N B0 WK 2000 WM 000 2080 MO0 GO 9000 10000 2000 10N 000 M0 1080 000 M0 1000 100 1600 AN BN QN BN NN BN ee

I1o ocu abcyuce — cooeporcanue eemoenobuna (Hb, ne).
Ilo ocu opounam — wacmoma (%).
A. [pumumuenas spumpoudnas kiemka, b. Pannuil 50epublii dMOPUOHATbHBILL SPUMPOYUm,

B. Ilo30Huii sm6puoHansusiil s3pumpoyum, I". 3penvie spumpoyumel
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Ha Gonee mo3mHuX CpoKax OHTOreHe3a TaKOe FeTePOreHHOe PacipeieieHue TeMOrIo-
OMHa uncuye3aeT, U COOTBETCTBYeT HOPMAallbHOMY BapualuMoHHOMY psnxy. Heobxomumo
00aBUTh, YTO MOBBIIICHHOE COAEp)KaHHE reMOrIoOuHa He NPUBOIUT K Oonee 3¢ deKTuB-
HOMY TPaHCIIOPTY KHCJIOpOJa HM3-3a MaJoro (1o CpaBHEHHIO ¢ Ooiee MO3AHUMH CPOKAMH)
KOJIMYECTBA KJIETOK, a N3-3a CHIKEHMSI CyMMapHOH IIIOIIay 3aMeyisieTcss 0OMEeH KUCIopaa
B TKaHJX, MOTOMY TAaKOH THII PPHUTPOINIOI3a BO3MOXKEH B JIMIIb B MajJoM IO 00beMy
3apoibIIIIe.

[MoxgBons WTOrM W3yYeHHS] SMOPHOHAIBHOTO SPUTPOIO33a Yy CBHHEH, HaMH Oblia
CYMMHUPOBaHa U paclpejielieHa 110 BPEMEHHU, UHBIMU CIIOBaMH JlaHa BpEeMEHHasl JIOKaln3a-
Ml KPOBETBOPHBIX TKAHEH M MX JOJSI B OOIIEM 3PUTPOINO33€ CBUHBU BO BPEMSI BHYTPHYT-
po6Horo passutus (rpaduk 8).

ITpu 3TOM BBIABIEHO, YTO B NEPBBIH TPUMECTP OEPEMEHHOCTH OCHOBHBIM 3PUTPO-
MOATUUECKUM OPTaHOM SIBIISIETCS JKEITOYHBINH MEIIOK, 3aTeM 3PUTPOI033 MepeMelnaeTcs B
HeYeHb, JOCTUTras CBOETO NMHKa K 45-65 cyTKaM recTaliiy, OCTaBasCh aKTHBHOH 10 MOMEHTa
poxaeHus. B cepenuHe BTOpOro TpHMecTpa OGEpEeMEHHOCTH SPUTPOINO13 BO3HHKAET U B
celle3eHKe, KOTOpas SIBISETCS ONHUM H3 OCHOBHBIX OPraHOB JHMM(QOII033a W Hrpaer
MaJIO3HAYUMYIO POJIb B OPUTOIO033€, H 00BEM IPUTPOIOI3A B CENE3CHKE 3HAYUTEIILHO YCTY-
MaeT TAaKOBOMY B IIEUEHH.

I'padux 8.
BpemenHas 1oxajau3anus KpOBeTBOPHBIX TKaHell BO BpeMsi
BHYTPHYTPOOHOI0 Pa3BUTHSI CBUHBH

120 4

KEATOUNBII MEHIOK -~ neuenn celesenKa —----KOCTHBII MO3r

100

80

60

40

20 +

0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% NB
Tecranus

Ilo ocu abcyucc - dona ywacmus opeana 6 kposemaopenuu (%),

Tlo ocu opounam - cpok 6HYmpuympo6H020 paseumus, BbIPAHCEHHDII 8 NPoyeHme om bepemeHHOCmu
(6cs bepemennocmo ycpeonena 6 115 oneii; NB — nogopooicOennbiil.

1lo ocu opounam — o3pacm smopuona (cym.)

HpI/IMepHO C CEpEANHBI reCTalluu, SPUTPOII033 BO3ZHUKACT B KOCTHOM MO3I€, KOTOpI)II71
OTIIMYACTCA OT MNPEALICCTBYIOUIUX THUIIOB JIOKAJIMU3allUU IIPEXKAE BCETO TEM, 4YTO 31ECh
JOMUHHUPYET 06pa3013aH1/Ie MHUCJIOUTHBIX KJICTOK. OI[HaKO, YPOBEHBL 3pUTPOII033a B KOCTHOM
MO3Ir€¢ yBEJIMIUBACTCA CO CPOKOM IreCTallii U OCTACTCsA €AUHCTBEHHBIM MHUEIONOITHICCKUM
OpraHoM B NOCTHATAJIbHOM II€PHUOIEC.
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Perynsinus 3MOpHOHA/ILHOIO 3PUTPON033a cBUHel MaTepuHckumu KCD

Makpodaram OTBOAUTCS 3HAYUTENBHAS POJIb B PEryISIIUN (YHKIMOHAIBHON aKTHB-
HOCTH TEMOIOITHYECKUX KJIETOK. M3BecTHa Bemymas poib MakpodaroB B CO3ZaHHH
IPUTPOOIACTHYESCKUX OCTPOBKOB, 00ECIICYMBAIOIIMX Hponudepauo U 1udhhepeHIIpOBKY
IPUTPOUAHBIX KIETOK. B 3MOPHOHAIPHOM MEpHOAEC CTAHOBICHHE APUTPOOIACTHICCKHX
OCTPOBKOB TIPHUXOJUTCS HA HAYAJIO EYCHOYHOr'0 ATalla Pa3BUTHS SPUTPOIIOI3A.

Ilpy W3MEpeHHH CBHIBOPOTOYHBIX YPOBHEH KOJOHHECTUMYJIUPYIOIHX (DAKTOPOB B
KPOBH CBMHOMATOK BO BpeMs GEpPEeMEHHOCTH, HaMH BBISBICHO IOCTOBEPHOE MOBBIIICHHE
YPOHsI TIPaHyJIOLUT-Makpodar KoloHHecTHMyHpyomero ¢dakropa Ha 25 u 90 cyTtku
recraiun. Ha 85 cyTku oTMeueHa BeIpakeHHas TEHICHIMS K HOIbeMy. Y POBEHb Makpodar
KOJIOHHECTHMYJIHPYIOIIEro (hakTopa HE BBISBHJI JOCTOBEPHBIX H3MCHEHHI B CHIBOPOTKE
CBHHOMATOK, OJIHAKO HaMH OblLia BBIIBICHA BBIpa)KCHHas TeHAeHUWs K pocty M-KCD na
45, 85 1 90 cytku 6epemenHocTH (rpaduk 9).

I'pagux 9.
VYPOBHH KOJOHHECTUMYIUPYIOIINX (GAKTOPOB B KPOBH GepeMeHHBIX
CBHHOMATOK B THHAMHKE (GepeMEHHOCTH.

a0 - * - 3 wn ww
. I'M-KC® d M-KC®
T ﬁ
30 é 06
10~ 04-
o] 034 ﬁ
T T T . T T T T T T T T

T T T T T
Koutpoms 15 25 45 65 75 85 90 Kontpoms 15 25 45 65 75 85 90
CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH CYTKH

= pg/ml

Ilpumeyanue: * docmosepHo no cpasmenuro ¢ konmponem (p<0,05)
** menoenyus no cpasuenuio ¢ konmpoaem (p<0,1)

TakuM 00pa3oM, MOBHIICHHE YPOBHEH MaTEpUHCKAX MaKpOQaraJbHBIX KOJOHUECTH-
mynupytomux (akropos (KC®) mpemmiecTByeT mepexopy 3pUTPOIOI3a B IKEITOTHOM
MEIIKe K IIEYEHOUYHOMY SPUTPOINO33Y, a 3aTeM COBMAJAaeT C MEpPeXOoAO0M 3PHUTPOIOI3a B
KOCTHBIH MO3T 3apojbiiia. [1ogyueHHbIe TaHHbIC CBUACTEIBCTBYIOT 00 acCOIMAIlUM MaTe-
puHCKHX MakpodaranbHbix KCO ¢ BakHEHIITMMHU 3TanaMi 3MOPHOHAIBHOTO 3PUTPOII033a Y
CBUHEH.

B ormmmume ot yposueit KC®, ypoBeHb SpUTPONOITHHA OCTABAICS NPAKTHICCKU
HEM3MEHHBIM, ITOYTH JI0 KOHIIA TeCTalluy, Koraa Ha 90-e cyTku Hamu 3a(pUKCHPOBaH JOCTO-
BEPHBI POCT COAEPIKAHKS IPUTPOIIOITHHA B CHIBOPOTKAX GepeMeHHbIX cBuHei (Tpad. 10).
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I'pa¢uk 10
YpoBeHb 3PUTPONOITHHA B KPOBU OepeMeHHbIX CBHHOMATOK
B IMHAMUKe OepeMeHHOCTH.

204
DPHTPONOITHH

b of

0.0+

T T T T T T T T
Kourpoms 15 25 45 65 75 85 90
CYTKH CYTKM  CYTKM CYIKH CYTKH CYTKH CYTKH

Tpumeuanue: *oocmosepro no cpasnenuro ¢ koumponem (p<0,01)

Takum oOpa3om, 006001Iast BCe BBIINIE WU3JI0KCHHOE, MOKHO MPHUUTH K 3aKIFOUCHHIO,
YTO HaMM BIEPBBIC YNAJOCh Hauboiee IOJHO BBLIBUTH BPEMEHHBIE paMKH U (pH3HOJIO-
THYECKHE OCOOCHHOCTH OCHOBHBIX OHTOT€HETHYECKHX STANOB Pa3BHTHA 3PUTPOIOI3A
cBuHed. Oka3ajoch, YTO HECMOTPsl Ha OOIIHOCTH Pa3BHUTHS SPUTPONO33a C APYTHUMH
MJICKOIIMTAIOIINMY, Y CBHHEH OH UMEET Psii 0COOEHHOCTEN.

[IpoBeneHHOE HaMM HCCIIEIOBAaHHE BIIEPBBIE ITOKA3aJI0, YTO B 3MOPHOTEHE3€ CBHHBH
BHavaje GOpMHUPYETCS HHTPA3IMOPHOHATbHAS 30Ha JIOKATU3ALMH TeMOITOITHYECKUX KIIETOK,
KOTOpass BKIIOYAeT IapaaopTaNbHYI0 ME3€HXHMY W aopTO-TOHAA0-Me30He(paIbHYIO
obmacte. B pmampHedmem ¢ 15-25 cyTok rectamumM Hapsgy ¢ WHTPadMOPHOHAIBHBIM
HNPOUCXOAUT SKCTPAIMOPHOHAIBHOE JKEITOYHOE KPOBETBOPEHHE, KOTJa KIETKH KpPOBU
00pa3yroTcs 3a HpeeNaMH 3apojblllla B CTCHKE JKENTOYHOTO MEIIKa, riae (GOopMHPYIOTCS
o4aru KpOBETBOPEHUS - KPOBSIHBIE OCTPOBKH.

[onyuyeHHbIe HAMU JaHHBIE N0 COJAEPIKAHHIO TeMOTJIOOMHA B DPUTPOUIHBIX KIETKaX
JKEITOYHOTO MEIIKA, CBHIETEIBCTBYET O HEIOCTOBEPHOCTH pPAa3lH4YMii B COAEPKAHUH
reMOrI00MHa B IPUMUTHUBHBIX 3PUTPOUIHBIX KJIETKaX U B IPUMHUTUBHBIX SPUTPOLUTAX 15 1
25 nHeBHBIX 3apopplreil cBuHbHM. OJHAKO STH KIETKM COAEPXKAT 3HAYMTENHHO OOJbIie
remoriobuHa (p<0.01), mo cpaBHeHHIO ¢ HenupPepeHINPOBAHHBIME MPEAIIECTBCHHUKAMH
FEMOMOATUYECKUX KJICTOK JKEITOYHOro Melika. Hamu He BBIIBIICHA pasHula B COACPKaHUU
TeMOrJIOONHA B IU- ¥ TETPAIUION/IHBIX KJIETKaxX y 15 mHeBHOro sMOpHOHA CBHHBH. PasHuia
B coziepKaHMU oOrmmero Oenka B HeanQepeHINPOBAHHBIX MPEAIIECTBEHHHKAX T'eéMOII03-
THYECKUX KIIETOK JKCJITOYHOI'O MCEIIKa, Y NPUMUTUBHBIX DJSPUTPOUIHBIX KIETOK H Y
HNPUMUTHBHBIX SPUTPOIUTOB TaKKe HEJOCTOBEPHA.

BriepBble HaMu MMOKa3aHO, YTO B MErano0JIaCTHYECKOM SPUTPOIOI3e CBUHEH Yy 4acTu
KJICTOK BO3MOXKHA SKCTPY3Hs sifep M (HOpMHUpOBaHUE OE3bsIICPHBIX MPHUMHUTHBHBIX SPUT-
pormToB. [lo HamMM JaHHBIM y CBHHEH OHH COCTABISIOT HE Oornee 2-2,5% SpUTPOHIHBIX
KJIeTOK. JIaHHBIH TUI KIIETOK ompenesnsiercs Ha 15-25 cyTku pa3BUTHs SMOpHOHA CBUHBU U
MIOYTH TOJIHOCTBIO UCYe3aeT K 35 cyTKaM recTalu.
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CpaBHUTENBHBIM aHANIN3 BPEMEHHOU JOKAIN3AlMKM KPOBETBOPHBIX TKAaHEH BO BpeMs
BHYTPHYTPOOHOTO Pa3BUTHSI CBUHBU IIOKa3al, YTO B OTJIMYHE OT YENOBEKA, Y CBUHBU
MPOHCXOAUT Ooyiee paHHEe ydacTHE IEYEHH B 3PUTPOINO33e, yke HauuHasi ¢ 20 mHA
rectaiud. B Buay TOro, 4TO OTAENBHBIE OYarM NPHMHUTHBHOTO 3PUTPOIO33a y CBHHEH
COXPAHSIOTCS BILIOTH 10 35-45 CyTOK recTanuy, Ha paHHUX CPOKaX Pa3BHTHS 3PHTPOIOI3A
(25-35 cyrku recraimu) y 3MOPHOHOB CBHHEH B KPOBCHOCHOH CHCTEME OJHOBPEMEHHO
[UPKYJIUPYIOT JIBE pa3HbIe CHCTEMBI IPUTPOIIOITHIECKHUX KJICTOK, 3 UMEHHO IIPHMHUTHBHBIN
Merajo0IacTHIecKnil 1 HOpMOOIaCTUUECKU THITEI SpUTpoIiod3a. OKa3aiock, 4TO y CBHHEH
SPUTPOINO33 B KEATOUYHOM MEIIKE MIPOJIOKAETCS JOCTATOYHO JOJTO TOCIe BO3HUKHOBEHHS
KPOBETOPEHHMSI B IICUCHHL.

Bo3HUKHOBEHHE 3PUTPOOIACTHUECKHX OCTPOBKOB CJIeAyeT OTHeCTH K 35-40 mHro
sMOpHoreHesa, Korja oOpasyeTcs 3Ha4MMasl MOMYJSIIUs Oe3bSAECPHBIX SPUTPOLUTOB. A
HayuHas ¢ 45 THs SMOpHoreHe3a B IIeYeHN 00HApYKUBAIOTCS SPUTPOOIACTHIECKUE OCTPOB-
KU C IEHTPaIbHBIM MaKpo(aroM, a TakKe BBIABICHA XapaKTepHas AT SPUTPOOIACTHIECKIX
OCTPOBKOB JKCTPY3Usl sapa 3puUTpodnacto. [Ipyn cpaBHEHHM NEYEHOYHBIX M KOCTHOMO3-
TOBBIX Makpo(aroB 3pUTPOOIACTHYECKUX OCTPOBKOB OKa3al0Ch, YTO SPUTPOONACTHUECKUE
OCTPOBKH, PAacCIIOJIOKEHHBIE B KOCTHOM MO3Tre IPEBOCXOIAT Oojiee 4eM B JBa pas3a IO
IUIOIIAAN TICUYCHOYHBIE JPHUTPOOIACTHYECKHE OCTPOBKH. IIpH 3TOM B OKpY)XEHHH
LEHTPAJIbHOr0 Makpogara 3puTpoOIIACTHYECKOr0 OCTPOBKA B KOCTHOM MO3re HAaXOIATCS B
JBa pa3a OoJbIIE SIPOCOAEPKALINX IPUTPOHIHBIX KIETOK, IO CPABHEHHIO C TIEICHOYHBIMU
SPUTPOOTACTUYECKUMH OCTPOBKaMH. Hamu Takke BBIIBICHO, 4YTO JUIL CO3PEBAHHS
HEHTPAIbHBIX MAaKpo(aroB 3pUTPOOIACTHUECKUX OCTPOBKOB KOCTHOTO MO3ra CBUHEH
XapakTepHo Bo3pactanme conepkanus JHK B sapax, Bmiote 10 QopmMupoBaHUs
HOJUIIONTHOH TTOITYJISIIIIH.

Hamu mpoBemeHO Takke HCCIEJOBAaHME MEXAHH3MOB DETYISIIMH SPUTPOIO33a B
Hpollecce OHTOrEHe3a M MOKAa3aHO y4acTHe MAaTePHMHCKUX KOJIOHHECTUMYJIUPYIOUIMX (ak-
TOPOB B NPEHATaJIbBHOM 3PUTPONO33e cBUHEH. OKa3alock, YTO CTUMYNIHUpYIOLIee AeiicTBue
TPaHyJIONUT-MaKpodar KOJOHHECTHMYIUPYIOIIETro (akTopa MO BPEMEHHOW IMKaje COBMa-
naeT He ¢ nuddepeHINPOBKON SPUTPOUIHBIX KIIETOK, a ¢ aKTHBAIMel 1 1uddpeHIpoBKoit
Makpogaros, B TOM YUCJI€ U LEHTPATBHBIX MaKpo(aros s3puTpoOIaCTHIECKIX OCTPOBKOB.

BBbIBO/1bI

1. BeBIEHO, UTO BECh MEPHO ME3EHXHMAIBHOTO SPUTPOIOA3a Y CBUHEH 3aHIMAeT OKOJIO0
TpeX HeZAeNb - OH MOoSABIsAeTCs Ha 13-15 cyTKM BHYTPHUYTPOOHOTO pa3BUTHS SMOpUOHA,
3areM Ha 25 cyTku npoiudepaTUBHAS aKTUBHOCTh T'€MOIIO3THYECKUX KIETOK HAUYMHAET
CHIDKAETCSI U IPaKTUYECKU Hcde3aeT Ha 35-37 cyTKU pa3BUTHS 3apOJbIIa CBUHbBH.

2. BeisBieHsl Oonee paHHHE CPOKHM DPa3BHTHsI SPUTPOIO33a B IKEITOYHOM MEIIKE IT0
CPaBHEHUIO C JaHHBIMU JIUTEPATYPHIL.

3. OcHOBHasg 4YacTh NPHUMHUTHBHBIX OSPUTPOUIHBIX KIETOK B JKEITOYHOM Memnike 15
JTHEBHOTO YMOpHOHA Tpe/CTaBiIeHa aKTHBHO MPONN(EpPUPYIOLIMMH KIeTKaMu, Ha 25-¢
CYTKH MPOWCXOAWT YaCTHYHOE yracaHue NposudepaTHBHOH aKTHBHOCTH U IIOJHOE
MICYE3HOBEHUE KIICTOUHON MOMYJALMU JKEJITOYHOTO MelIKa Iocie 35 CyTOK pa3BUTHSA
SMOpHOHa.
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10.

BrlsiBiIeHO cOBMeCTHOE (PyHKIIMOHMPOBAHHUE JIBYX LIEHTPOB KPOBETBOPEHHS HA 25 CyTKH
BHYTPUYTPOOHOTO pa3BUTHS IMOPUOHA (B JKEJITOYHOM MEIIKE U B IIEYECHH).

B meramoGmactiudeckoM spuTporodse cBHHeW Ha 15-25 cyTku pas3BuTHA 3MOpHOHAa,
oOHapyxeHbl 0e3bsJepHble NPHUMUTUBHBIE SPHUTPOLUTHI, KOTOPBIE MOYTU IOJHOCTBHIO
MCUE3aroT K 35 cyTkam.

3penble Oe3bsAepHBIE APUTPOUUTHI (MEHBIIETO pa3Mepa MO CPaBHEHUIO C HNPHUMHTHB-
HBIMH 3PUTPOLIUTAMH) B HE3HAUUTENbHBIX KOJIMYECTBAX, OOHAPYKUBAIOTCS B COCYAAX
SMOpHOHA yXe Ha 25 CyTKH BHYTpUYTPOOHOTO pa3BUTHS SIMOpPHOHA.

DpUTPONO33 B cele3eHKe, BO3HUKAET Ha 45-55 cyTkaMm pa3BUTHS 3MOpPHOHA, JOCTHTAeT
MakcuMyMa K 65 cytkam. OO0beM 3pHUTPOII033a B CEIEe3€HKE 3HAUYUTENIBHO YCTYMaeT
TaKOBOMY B II€UCHH, H3-3a OOJIBLINX Pa3MEpOB IEYEHH U e¢ GOJIbIIeii BOBICUCHHOCTH B
KPOBETBOPHBIE NPOLECCHI.

DOpHUTPOI033 B KOCTHOM MO3Te CBUHEH BO3HHKACT Y 45 MTHEBHOTO SMOpPHOHA M 10 KOHIIA
TeCTalliM B HEM IPeo0IaatoT MPOLECChl MUEION0d3a.

BBISBICHO, YTO IUIONIAAb LEHTPAIBHBIX MaKpo(haroB 3pHUTPOOIACTHYECKUX OCTPOBKOB
pACIIOJIOKEHHBIX B KOCTHOM MO3re INPEBOCXOJAT Ooiee 4eM B J(Ba pasa ILIOIIAJb
SMOPHOHATIBHBIX Makpo(aroB 3pUTPOOIACTUIECKUX OCTPOBKOB medeHu. [Ipu atom, B
OKPYXXEHHH LEHTPAJIbHOTO Makpodara 3puTpoOIACTHYECKOT0 OCTPOBKA B KOCTHOM
MO3Te HaXOJATCs B /1B pa3a OOJbIIe SAPOCOACPKAIIUX SPUTPOUIHBIX KIETOK.

TloxazaHo BOBIE€UEHHE MATEPUHCKUX KOJIOHHECTUMYIUPYIOINX (PaKTOPOB B IpeHaTalb-
HBIH SPHUTPOIOI3, CTHUMYNHpYIOIee AEHCTBHE KOTOPHIX CBSI3aHO He C IuddepeH-
IIUPOBKOM IPUTPOUIHBIX KIIETOK, a C aKTHBanued n aupGpeHIPoBKOil Makpodaros, B
TOM YHCJIE U IEHTPAIBHBIX MaKpo(haroB 3puTPOOIACTHIECKAX OCTPOBKOB.
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uurhLu NU2URYk RUBNSUL

ErhEHrNMNE2R $Sh2hNL NAPUHUL dNONRNEF @3SNELLENC
RN2trk ovsnatutanru

uvonouahkr

Runwgnunuyuwl wp fuunwupp byhpyws E fungbph oluwngbubgnid
Ephppnwntqgh ntunLdbwuhpnL ey wlp: Unwp wnnpywé fuunph
ntunLdbwuhpnt Ry wl hwdJ wn hpwywlwgyb E pwgdwynndwluh
hGuwgnuniL ey netl, Yphpwntby ny wvwpptp dGpnnlUtp® Jdnp$np nghwyuwl,
dnp$nphdphwywl, ghundnundnpbndbuwphly U w U: JGuwwgnunc ) wl
wnnynrupnid hbwpwdnp Gnw] pwgwhw wk| fingbiph Ephppnwntgh
hhdUwywlu olUwngtUbwhy thnepGph dwdwlbwyw hu  uwhdwllUbph
hwdGJwinwpwn wdpnng wywl wwnyGpp: IGunwgnune p) wdp wwnqdbp E, np
fungtph EdpphngtlutgnLJ wnwp hlu htGnppehlu duwdnpync dJ E
UGpuwnUUw hu hGdnwntqp, npu hp JGg UGpwunnid E  wwpwwnpuwyg
dGqbUuphJdwl L wnpun-gnUwnn-dGgnutdnw, 2 pguwlp:

Rwdwdwy U Yhpwndws dJGpnnutph gnijg E wpdbp, np hinqgbphp
dtgbUpthdw, Ephppnwntgnid wwppbpwyynid E pghglUbph Gpync
mGuwy® fiznp wphdhwhy Ephepnhn pehelbp U hwdbdwnwpwn thnpp®
dGguw, npp wuwbbp: SUj w wp fuwnwupne d wnwp hU wuguwd hwy wbwpbpyb
E,npwnynitUbw hU yngywyutpp dbwdnpdned GU wpntEU huly uwndUw hlu
2ngwlh 13-15-nn onp, w uncthbGwlh 25-pn opp hGunwnbwhly pghglUbph
wnnp h$bpwwhy wywhynipe)nilp wuwhdwlwpwp gwSpwuncd E, hul
hnhnLpejwl 35-nn opnp wuhGuwwunctd E, hugu Ef hwuwwwnne d E funqgbnph
dtgbUpshdw, Epphppnwntgh wjwpumdwl JwuhlU Jdep Yynndhg uwnwgyws
) w ubpny:

ALwgpuwy E w U thwuwp, np hnhniopej wu 15-25-nn opywuhg uluws
UGpuwnUUw hU wpynLrlUwuwmtnédwlu hGwn dGywbtn wenh E niluUGUncd
wpunwuwnUUuwy hu nEnunctgw hu wpjnrlbwuwmtnédwl gnpéplpwg, npwkn
EL dbwgnpynrtd GU wpynilwuwbnédwl oguwhiuGp® wnyniluw hl
Ung) wyutp: Snnnrluw hu pgheutph Jh Jwup JGpwsynrd E funznp
pwandhy Ephpepnhn pehgltnh, npnUp huwtUuhynptblU puwqdunid GU
hUuswou wnynitUuw hU  Yngjuwyutpnid, wlwtu £ Unpwuwtné
wnpj nLUwwwn wunpUuGpned, pun npned Upwug U666 Jwul wuwnh§ wlwp wp
Unpglbtind pwandhphul® dJGpwsynLd E opuhdhy pghgltph: Un
gnnpéplpwgp ww Juwbwynpyws E ghunw wquwy ntd hGUdngyrnphlUh
uhUpbgny nL YnLuwvwynr dny:

Utp Yynnudhg hw wbwptpyb; E ULwl, np fungbph JGgquwy npp wuwhyy
Ephppnwntgnid h hwy wwkE qw, hu Ynphqutph EpuwpnLghw b wWuynnhq
wphdhwhd  Ephppnghwttph weyuwynieynil:  Ubp  wdyw Ubpny
hwuwmwindtp E, np fungbph dnn U2 Jws pehoUtph pwbwyp Yuwgunied Gl
Ephepnhn pehgUtinh wdt| h pwl 2-2.5%-p: Iwnywlz wywl £, np pgheltiph
wu whwp npnwyhwunctd £ hungbph EdpphnUh quwpgquwgdwu 15-25-nn
opbphubgptpt wipnngnyhU wuhGuwwuntJd E hnhno ey wu 35-pnopp:

Utp Unndhg gnijg t wnydb, np fwngbph EdpphnUncd | jwnpnp
duwdnpdyned E hnhniepjwl 15-pn opywuhg, huy wnynrbwuwtnénudp®
20-nn opyuwuhg ubuws: Lywpnned wpyntbwuwmenéddwl gnpéplupwgubph
wnwyb wgnej U wywhdnirpyntlt ubuyntd E  4565nn onpp: Wl
hwunhuwuntd E EdpphnUw, 2pguwlnctd Ephppnwnbgh  wnwe wnwp
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onpguwup, wpnyjntlbw htu Yyngjyuwyubpp wwhwwuynitd GU | jJwpnnid Lwlu
fungtph §unLunhg htun:

SRwny E UG, np pJwnnuw hU Ephppnwntqh Jun tniopbpnod
wnynebw hu Yngyuwyubpned wphdhwhyd Ephppnhn pghelUutph hbwn
Jtywen bhw wbwpbpytbp GEU Uwu thnpp swhtiph pghelUbp® hlUsuwtu
Unpunpp wuwlbpn, w bwbu Ep wuynphqg Ephppnghwubn: lunqtph Edpphn-
UnLtd Ephppnhn pghgUubph Gpyne whwh wnwy nL ey nL U hwuwp yywy no v
w U dwuhU,np pJwnnnid wyphdhwhy Ephppnwntgh htunmJdhwdwlwluwy h
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PHYSIOLOGICAL CHANGES OF ERYTHROPOESIS
IN ONTOGENESIS OF PIGS

TATOYAN MARINA. R.

SUMMARY

The research work is dedicated to the study of erythropoieses in ontogenesis of the
pig.A comprehensive study was conducted to investigate the problem, using different
methods: morphological,morphometric,cytophotometric and e.t.c.As a result of the study,we
were able to most fully reveal the time frames of the main ontogenetic stages of the
development of the porcine erythropoiesis.

Our study for the first time showed that in the embryogenesis of the pig is first
formed, an intraembryonic zone of hematopoietic cell localization, which includes the para-
aortic mesenchyme and the aorto-gonado-mesonephrine (AGM) region. Investigating the
functional activity of hematopoietic cells, we first showed that in mesenchymal
erythropoiesis morphologically, morphometrically and cytophotometrically distinguished
two cell lines - large primitive erythroid cells and relatively small megaloblasts.
Hematopoietic foci are found from 13-15 days of gestation, then gradually decreasing to 25
days, practically disappear by 35 days. The proliferative activity of hematopoietic cells of
mesenchymal erythropoiesis also decreases in 25 days and practically disappears in 35 days
of gestation, which confirms the data on the completion of mesenchymal erythropoiesis in
pigs that we have found. These data coincide with the results of the study of the distribution
nuclei of the mesenchymal cell in the ploidy class.

15-25 days of gestation, extraembryonic yolk sac hematopoiesis occurs, where similar
to the intraembryonic hemopoiesis are formed - blood islands. As a result of the connection
of the initially isolated islats, a vascular network of the yolk sac is formed. Part of the stem
cells is converted into large basophilic cells, the so-called primary blood cells. Erythroid
cells of the yolk sac actively proliferate not only in the blood island, but also in the lumen of
the blood vessel and most of them gradually lose basophilia and are intensively increasingly
colored with acidic dyes. This occurs in connection with the synthesis and accumulation of
hemoglobin in the cytoplasm.

We have shown that in the megaloblastic erythropoiesis of pigs, in part of the cells,
extrusion of nuclei and the formation of nuclear-free primitive erythrocytes is possible.
According to our data, in pigs they make up no more than 2-2.5% of erythroid cells. This
type of cells is determined on the 15-25th day of embrional development and completely
disappears in 35 days of gestation.

We have shown that the liver of pig embryos is formed on the 15th day, and the
hematopoiesis in it begins to developes from the 20th day. The hematopoietic stem cells
migrate from the yolk sac on day 25 to occupy the liver and grow together with the
mesenchyme into the hepatic lobules. The maximum activity of hematopoiesis in the liver
on 45-65 days. The liver is the leading organ of embryonic erythropoiesis, the individual
islats of which are preserved in the liver after birth. Then the hematopoiesis in the liver
gradually dissappeared and replaced by bone marrow hematopoiesis.

It should be noted that in the early stages of liver erythropoiesis in the blood islands
along with primitive erythroid cells, are found cells of the much smaller size, both
normoblasts and non-nuclear erythrocytes. The presence of two types of erythroid cells in
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embryos testifies not only to the emergence of a new (proper hepatic) cell generation, but
also to the ability of these cells to undergo maturation in the structure of erythroblastic
islands (EI).

The emergence of erythroblastic islats should be attributed to the 35-40 day of
embryogenesis, when a significant population of non-nuclear erythrocytes is formed. And
starting from the 45th day of embryogenesis, erythroblastic islats with a central macrophage
are found in the liver, as well as extrusion of the erythroblast nucleus with its subsequent
phagocytosis by the central macrophage of the islat. Thus, in the liver, two types of
erythropoiesis - primitive and definitive - are consistently replaced.

The most important stage is erythropoiesis in the bone marrow. The formation of red
bone marrow in pigs begins in the early period of embryogenesis, during the formation of
the cartilaginous skeleton. Already on the 25th day of the embrional development of the pig
embryo in the cartilaginous skeleton, a cavity appears in which the stromal cells actively
proliferate. The bone marrow parenchyma occurs much later. The erythroblastic islands in
the bone marrow of the pig embryo begin to form only on the 45+5" day of the embrional
development. The embryonic bone marrow differs markedly from the other centers of
hemopoiesis by the fact that the formation of myeloid cells here is particularly
predominates.

We also found that maturation of central macrophages of erythroblastic ilates of the
bone marrow is characterized by an increasing in DNA content in nuclei, up to the formation
of a polyploid population, and after birth in the bone marrow of pigs there are tetraploid,
hypertetraploid and even octaploid macrophage populations. Polyploidization of
macrophages is probably associated with the activation of erythropoiesis, when the
increasing size of the nuclei is associated with an increasing of cell size as a whole. The
latter leads to accelerated phagocytosis, and in erythroblastic islands, respectively,
accelerates the extrusion of nuclei and maturation of erythroblasts surrounding the
macrophage. Consequently, we can assume that the polyploidy of macrophages of
erythroblastic islets is associated with the functional activation of erythropoiesis.

The main functional index of erythroid cells is the content of the hemoglobin. It
turned out that early, more primitive cells contain more hemoglobin, compared with mature
ones, however, it should be noted that their sizes also significantly exceed those of mature
cells. As a consequence, the efficiency of oxygen transfer, and even more so of gas
exchange due to the larger total surface, is undoubtedly much higher in mature cells.

We also carried out a study of the mechanisms of the regulation of embrional
erythropoiesis and demonstrated the involvement of maternal colony-stimulating factors in
prenatal erythropoiesis of pigs. It turned out that the stimulating effect of granulocyte-
macrophage colony-stimulating factor on the time scale coincides not with differentiation of
the erythroid cells, but with the activation and diffraction of the macrophages, including the
central macrophages of erythroblastic islats. In this case, levels of maternal erythropoietin
do not play a significant role in the regulation of erythropoiesis.

Thus, we managed to clarify, and in some cases also reveal the time frame and the
localization of the main stages of erythropoiesis in the ontogenesis of the pig. We show new
aspects of maturation of primitive erythroids cells. For the first time, erythroblastic islats of
the liver and mechanisms of regulation of prenatal erythropoiesis of the pig have been
studied.
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