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JInHna kpbic OXYS ABnaeTcA moaenbio NpexaeBpeMeHHoro crape-
HUA. PaHee 6blIM NPOBefjeHbl MHOTOUMC/IEHHbIE NCCNe0BaHNA,
HanpaBneHHble Ha N3yYeHre ocobeHHoCTel nosegeHns 1 dGusmo-
NOTUN KPbIC 3TON IMHNN B NePUOA NOCTHATaNIbHOW XN3HWU, OAHAKO
npenmMnaaHTaLroHHoe passuTre sM6proHoB nuHuM OXYS fo crx
nop He n3yyeHo. B HacTosLeit paboTe UcceAoBaHO NPerMMIaHTa-
LMOHHOE pa3BuThe SMOPUOHOB KpbiC NHMM OXYS Kak B yCnoBUax

in vivo, Tak 1 Npu KynbTMBUPOBAHWW in vitro. B KauecTBe KOHTponA ana
BCEX dKCNepMMeEHTOB cnyxuna nuHna Kpbic WAG. [ina nccnepgosaHua
npenMnIaHTaLnoOHHOrO Pa3BUTUA in vivo y Kpbic nuHun OXYS n WAG
Ha 5-1 feHb 6epemMeHHOCTY 13 PenPOAYKTUBHDBIX NyTeN N3BNEKanu
SMOPUOHbI. Y SMOPUOHOB OLieHMBaNV CTaAMIo Pa3BUTUA 1 BOIO 3a-
pogpbileit, LOCTUMLMX CTaAMM 61acTOLMCTbI, MOACYUTLIBANIN YNCSIO
KNeTOK, BXOAALLMX B COCTaB 6nactoumcTbl. [pn nsyyeHnn ocober-
HOCTel KyNbTMBMPOBaHWA B YCOBUAX iNn Vitro SMOPUOHBI ABYX NINMHNIA
KPbIC M3BIeKanu 13 penpoayKTVBHbIX MyTeln Ha CyTKW paHblue, Ha
4-1 feHb 6epeMeHHOCTH, Ha CTaaumn APO6EHNA SMOPUOHOB. Takne
3MOPUOHbI, COCTOALME BCErO U3 BOCbMI 611aCTOMEPOB Ha flaHHOM
CTagun passBUTUA, KyNbTUBMPOBanu in vitro B TeueHne 48 4 B cpefie

P1 B npucyTcTBUM poctoBoro paktopa IGF-1 (200 Hr/mn) nubo 6e3
Hero. Mocne KynbTYBMPOBaHNA Y SMOPUOHOB KPbIC TaK Xe, Kak 1 B
JKCMeprIMeHTe Mo OLeHKe pa3BUTMA SMOPUOHOB in Vivo, NOACYNTbIBA-
N1 JON0 3apofblluelt, AOCTUMUMX CTaAun 61acToLMCTbI, U OLLeHMBaNM
UMCIO KNeTOK, NpefCTaBNeHHbIX B GnactouucTe. B cTaTbe nokasaHo,
YTO Ha 5-e CyTKM pa3BUTUA B PENPOAYKTUBHbBIX MYTAX CAMOK KPbIC
nuHnm OXYS npepacTaBneHo 6osbluee YMCI0 SMOPVIOHOB MO CPaBHe-
Huto ¢ nuHKen WAG. Pa3BuBLUMeCA B YCTOBUAX in vivo GnacTtouucTsl
KpbiC MnHUKM OXYS Ha 5-e CyTKun copep»aTt MeHblLee Y0 KNeToK No
CcpaBHeHuo ¢ sM6prioHamm nHUK WAG. KynbTrBrpoBaHmne paHHUX
3M6pUOoHOB Kpbic MHUN OXYS 1 WAG B cpepe P1 H1BenupyeT pas-
NNYMA B CKOPOCTU PA3BUTUA MeXAY STUMW JINHUAMMU, @ TPUCYTCTBUE
IGF-1 B KynbTypanbHOW Cpefie He OKa3blBaeT HU MOJIOKUTENBHOIO, HA
oTpuuaTtenbHoro sgpdeKkTa Ha X pasBuUTre B YCSIOBUAX in Vitro.
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OXYS rats are the model of precocious senescence.
Numerous studies addressed physiology and behavior
in rats of this strain during a postnatal period of their
life, however, preimplantation development in OXYS
rats has not yet been investigated. This study is address-
ing preimplantation embryonic development in OXYS
rats both in vivo and in vitro. Rats of the WAG strain were
used as controls. For studying the in vivo development,
the embryos were collected from OXYS and WAG rats
on day 5 post coitum, the stages of embryo develop-
ment were estimated, the percentage of embryos

at blastocyst stage and the cell numbers in these
blastocysts were counted. In a special experiment, for
studying in vitro development, the embryos were col-
lected from both rat strains on day 4 post coitum and
were cultured in vitro in P1 medium for 48 hours with
or without supplementation with IGF-1 (200 ng/mL).
Thereafter the percentage of embryos at blastocyst
stage and the cell numbers in these blastocysts were
counted in the same manner as for the in vivo experi-
ment. This study reports that in vivo derived blastocysts
of OXYS rats contain fewer cells on day 5 of their devel-
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opment than in vivo derived blastocysts of WAG rats. In
vitro culture of the early preimplantation embryos in P1
medium mitigated the difference in the rate of embryo
development between these two strains, the addition
of IGF-1 into culture medium exerts neither negative
nor positive effect on the rate of in vitro embryo devel-
opment in rats of both strains.

Key words: OXYS rats; WAG rats; in vivo preimplantation
development; in vitro culture; embryos; IGF-1.



HACTOsIIIIEEe BPEMsI CYIIECTBYET OOJIBIIOE pa3HOOOpasue

cpen s KyIbTHBHPOBAaHUS dMOPHOHOB MIIEKOTIHTA-

fomux. KynbTypanbHble cpezibl pa3indaloTcs Mo CBOUM
TpoduuecKuM 100aBKaM, FTOPMOHAM U IPYTHUM KOMIIOHEHTaM,
OZIHAKO JI0JIs1 PA3BUBAIOIIIXCSI SMOPHOHOB B YCIIOBUSIX il Vitro
yarie BCero HWXKE M0 CPaBHEHHIO C TAKOBBIMH B YCIIOBHAX
in vivo. Takue pa3nuuusi mokaszanbl Ha Mbimax (Harlow, Quinn,
1982), xpricax (Miyoshi et al., 1997) u smOpronax apyrux
mitekormrtaromux (Roth et al., 1994; Khatir et al., 2005). bo-
JIE€ TOTO, MEXKAY ITOJIyYEHHBIMU B YCIIOBUAX i1 VIVO U in VItro
SMOPHOHAMH UMEIOTCSI PA3IIUMsl B yPOBHE METHIMPOBAHUS
JHK (Horii et al., 2010), norpe0ieHnn TIIFOK03bI U MeTab0-
m3me amuHokuciot (Krisher, 2013). [TogpoOuee paznnuns
B MeTaboNM3Me 1 APYTHX HMapamMeTpax y SMOPHOHOB MIIEKO-
NUTAKOUX IIPU UX Pa3BUTHU B YCIOBUAX In VIVO U in Vitro
npoaHaiu3upoBansl B 003ope (bpycenues u np., 2014).

C MOMEHTa OTIIOI0TBOPEHUS M /IO UMILTAHTAILNH SMOPHOH
pa3BHBaeTCs B JKUJIKOCTH, KOTOPAs 3AIOJHSET SIMLICBOMIBI 1
MarKy, OZHAKO B YCIOBUAX In Vitro 4O CHX IIOp HE cO37aHa
YHUKaJIbHAs cpefia, KOTopas Obl MOJHOCTHIO BOCIIPOM3BOIUIIA
€CTEeCTBEHHBIC YCIIOBHS in utero (Summers, Biggers, 2003).
OTOT MOMCK MpecTaBisieTcs TpyaHoH 3anaueil (bpycenues
u ap., 2014), HO MOXHO HAWTH OTAEITHHBIE KOMIIOHEHTHI,
KOTOpBIE WIPAIOT KJIIOYEBYIO POJb B PAa3BUTHU 3MOPHOHOB,
4TOOBl MaKCUMAaJIBHO MPUOIU3UTH YCIOBHS UX PAa3BUTHSI K
TEM, UTO UMEIOTCS in Vivo.

OTKpBITHE POJIH TPAHYIOUUTAPHO-MaKpodaraIbHOro Ko-
nouuectTumysupytomiero ¢akropa (GM-CSF) B mporeccax
JIpoOIeHNS ¥ UMITJIAHTAIMH CTAJI0 HACTOSIIIUM ITPOPBIBOM B
KyJIETUBUPOBAaHNH SMOpHOHOB MiteKkonuTaronux (Robertson,
2007). Ha ocnoBe 3tux manHbIX s kauHUK OKO co3pana
cnenmanbHas cpena (EmbryoGen, Origio) ams SMOpHOHOB ¢
nobasnenneM axropa GM-CSF (Renzini et al., 2013). Uncy-
JauHONOAO0OHBIN (akTop pocta nepsoro Tuma (IGF-1) taxke
SIBJISIETCSI OMHUM U3 N3BECTHBIX (DAKTOPOB POCTa, AEHCTBYIO-
KX Ha MpeuMITIaHTalnoHHbIe 3MOpHoHbI (Velazquez et al.,
2011; Green, Day, 2013). IGF-1 oOHapy»HBaloT y pasHbIX
BUJIOB KMBOTHBIX, OH TPHCYTCTBYET y MbImei (Manabe et
al., 2013), xkpeic (Zhang et al., 1994), xopos (Xia et al., 1996),
a TaKk)Ke B peNpolyKTUBHBIX MMyTsiX uyenoBeka (Lighten et al.,
1998). Oxcmpeccust IGF-1 B penpoayKTUBHBIX Ty TSAX MBITIIEH
WJICT 110/ KOHTPOJIEM TOPMOHOB SIMYHHKA, B YACTHOCTH TIPO-
recTepoHa M 3CTPaIN0IIa,  MOBBILICHUE YPOBHS SKCIIPECCUH
9TOTO POCTOBOTO (PaKTOpa OTMEUAETCs C 4-T0 JHS TOCIIE OTLIO-
JIOTBOPEHUSI U COXpaHseTcs Ha 5-U—6-i 1eHb, T. €. UMEHHO B
nepuuMILIanTannonusiid nepuon (Kapur et al., 1992).

[Tomumo xiroueBoit poru IGF-1 B perynsmum Ki1eToO9HOTO
pocra, T GepeHINPOBKH 1 arlONTO3a, STOT POCTOBOH (haKTOp
3aJIeiCTBOBAH B IIPOLIECCaX CTAPEHHUS Y MHOTUX OPTraHU3MOB,
BKJTIOUasi KPYyIIIBIX YepBei, APO30PHI U MICKONHUTAIOMINX
(Kenyon, 2001; Berryman et al., 2008). HI3BecTHO, 9TO HU3KHI
ypoBeHb IGF-1, a Takke HOKayT ero peLenTopa B reTepo3u-
TOTE yBEIMYUBAIOT MPOAOIKUTEIBHOCTD KU3HU Y MBIIIEH
(Holzenberger et al., 2003).

D¢ dexrsr IGF-1 npoaemoncTprpoBanbl Ha IMOpHOHAX
meimieii (Harvey, Kaye, 1992; Heyner et al., 1993; Lin et al.,
2003), xpynHoro poraroro ckora (Velazquez et al., 2011),
yesoBeka (Lighten et al., 1998) u nomaineii komku (Thong-
kittidilok et al., 2014), Ho Ha KpBIcaX TOAOOHBIE UCCIIETOBA-
HUs He npoBoguauck. Hecmorps Ha To uto kpeickl OXYS

BbicokoTexHonornuyeckoe ¢eHOTVII1I/IpOBaHI/Ie

SBIISIIOTCSl YHUKAJIBHON MOJIENIBIO CTapeHusi, CyLIeCTBYEeT
JMIIb OJJHA paboTa, B KOTOPOH U3y4eHO IPEUMILIAaHTAI[MOH-
HOE pa3BHUTHE KPBIC 3TOH JIMHUM in vitro (bpyceHues u 1p.,
2015). B aroii padote nokaszano, uto GM-CSF He BiusieT Ha
CKOPOCTB pa3BUTHSA IMOpHOHOB KpbIc THHUN OXY'S, HO B HEH
HE HCCIIeIOBAHO BIIMSHUE Ha pa3BUTHE YMOPHOHOB (hakTopa
IGF-1, 3ageiicTBOBaHHOTO B MPOLIECCAX CTApEHUsI.

Ilenap HACTOSIIETO MCCIEAOBAHUSA — M3YUCHHE IPEUM-
ITaHTalMOHHOro pa3Butust kpbic OXYS in vivo u in vitro
B CpaBHEHHHM ¢ Kpbicamu WAG, B TOM 4Hciie NIPU y4acTHU
(haxtopa pocra IGF-1.

MaTtepwuanbl n metopbl
JKcNnepUMeHTalbHbIe KUBOTHbIe. B KauecTBe MOHOPOB
SMOPHOHOB HCIIOIB30BAN MTOJIOBO3PEIBIX CAMOK KPBIC JIH-
Huit WAG u OXYS (Bo3pact 10-14 nen). s cnapuBanus
C 1IETBIO MOTy4eHHs SMOPHOHOB UCTIOIb30BAIN CAMIIOB TEX
K€ JIMHNAH TOTO ke Bo3pacTa. JKHBOTHBIX COAEpIKali B CTaH-
JIAPTHBIX YCIIOBUSIX KOHBEHI[MOHAIBLHOTO BUBapust IHCTHTYTA
muronorun u reaetnkn CO PAH (Hosocubupck, Poccus).
Bce skcriepuMeHTHI Ha XKUBOTHBIX 07100peHsl Komucceneit mo
6uostuke Mucrtutyra nuronorun u renetuku CO PAH (mipo-
Toxon Ne 5 ot 13.05.2011) u coorBercTBYIOT EBponeiickoit
KOHBEHIIMH O 3aIIUTE TT03BOHOYHBIX KHBOTHBIX.

Mosnyuyenue in vivo SMOPHMOHOB KpbIC HA cTaauu OJia-
CTOUMCTHI. /7151 cCpaBHEHHS TEMIIOB PA3BUTHSI SMOPHUOHOB y
kpbic muand WAG 1 OXY'S npoanann3npoBaHbl SMOPHOHEI
Ha CTaauM OJIACTOLUCTBI, MOJY4YEHHbIC B YCIOBUSX i1 VIVO.
[t aTOro MONMOBO3peNnsIx caMok Kpeic auHANR WAG (9) n
OXYS (7), HaxoaAmuUXCsi B COCTOSIHUN 3CTPycCa, KOTOPBIH
ONpPEAESAIN C MOMOINBIO aHANIM3a BIATaJHIIHBIX Ma3KOB,
CCaKMBAJIM HAa HOYb C CAMIIAMH COOTBETCTBYIOIIUX JIMHUI.
Jlenb oOHapy>keHHs CIIepMaTO301/10B BO BIIAraJUIIHOM Ma3-
K€ CYMTAJIU TEPBBIM JHEM OepeMEHHOCTH. DMOPHOHBI BbI-
MbIBanH depe3 120 g mocine oOHapyKeHHS CIIepMaTO301I0B
B Ma3ke y KpbIc. CaMOK KpbIC TIO/IBEPTajId 3BTAaHA3UH ITyTEM
nomemenus B CO,-kamepy. OMOPHOHBI TI0JIydau IIyTeM
MIPOMBIBAaHMS SIMIIEBOIOB C TIOMOIIBIO HMHCYIMHOBBIX IITIPHLIEB
¢ umoit auamerpom 0.3 mm co cpenoit FertiCult Flushing
medium (FertiPro, benbrus).

bracTonucTsl, MoMy4eHHbIE in Vivo, KIacCH(pUIIMpOBaIN B
3aBUCHMOCTH OT pa3Mepa ux nonocty. Ecim nonocts Gracro-
1ucThl Obu1a MeHee 50 % oT Bcero 00beMa SMOPHOHA, TO TAKKE
SMOpPHOHBI OTHOCWIIM K Kareropuu 1, eciu 6onee 50 %, — k
kareropuu 2. [Tociie oneHku sMOproHbI puKcupoBain B 4 %
pactBope Qopmanbaeruna (Merk, I'epmanusi) U XxpaHuiu
npu Temreparype +4 °C mns manpHEHIIero mojacyeTa saep
B OJacTOLHMCTAX.

IMosyyeHue IMOPUOHOB KPBIC HA CTAAMHU APOOTEHHUS U
AajibHeiillee KyJbTHBUPOBAHNE int Vitro M B IPUCYTCTBUH
(haxropa pocra IGF-1. JIns sxcniepumeHTa in vitro noay4anu
AMOPHUOHBI KPBIC Yepe3 96 4 nociie oOHapyKeHHs CriepMaro-
30HMI0B BO BJIATaJMIIHOM Ma3ke. B pa0Oore mcronabp30BaHbI
TOJIBKO BOCBMHKJIETOUHBIE 3MOpHoHbI Kpbic OXY'S 1 WAG.

AHau3 Moy YeHHBIX SMOPHUOHOB ITPOBOJIMIIH C HCIIOJIB30-
BaHMeM ctepeomukpockoma Leica S8 APO (Leica Micro-
systems, I'epmanus) ¢ ysennuenuem go x80. KauectBo
HMOPUOHOB OIIGHUBAJIM 10 TAKUM KPHUTEPHUSIM, KaK CTaJusl
SMOPHOHAIEHOTO Pa3BHUTHS, IETOCTHOCTE OnecTsmeid 000-
JIOYKH Y YMCIIO HETTOBPEKACHHBIX 0JIaCTOMEPOB.
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Puic. 2. Yncno kneTtok B 6nactoyncTax (6es pas-
[eneHus Ha Kateropuwn) y Kpbic nuHuin WAG n
OXYS, nonyyeHHbIX in vivo, a Takxe nocse Kysnb-
TUBMPOBaHVSA B YCNIOBUSAX in Vitro, c go6aBneHn-
em IGF-1 nnu6o 6e3 Hero.

Puc. 1. bnactounctbl kKpbic nnHun WAG n OXYS, nonyueHHble in vivo Ha 5-e CyTKu pa3Butus. *p < 0.05 N0 CpaBHEHMIO € BRACTOLICTAMIA JNHUN

IMBPUOHBI KPbIC: @ — KM WAG; 6 — nukumn OXYS. OnyopeciieHTHas MUKpockonus, okpalumeanve sgep  WAG, nosyyeHHbiMu in vivo; "p < 0.05 no cpasHe-

DAPI. LLIkana 50 MKM. Huto ¢ 6nactoynctamu nHUKM OXYS, nonyyeHHbl-
Mwm in vivo.

[Tomy4ennble SMOPHOHBI POMBIBAJIK B Tpex Kamisix cpeapl FertiCult Flushing  PesynbraTbl
medium 1 pacnpeeNsum o rpymnmam (3—5 sMOproHOB B 50 MK IATAaTENBHOM cpe-  TlokasaHo, uto uepes 120 1 mociie o6Ha-
1b1). KyneTuBupoBanue SMOPHOHOB KPBIC MPOBOIIIIN B Karuisix cpeabl P1 (Cosmo PY)KEHUs CIIEpMATO30MI0B BO BJara-
Bio, CIIA) mon munepanbabiv MacioM (Sigma, CHIA). JlanbHeliee pasBUTHE  TUIIHOM Ma3Ke B PENPOAYKTUBHBIX
sMOproHOB poxomiio B ycnosusax CO,-unkybaropa (Galaxy 48R/48S, Eppendorf-  myrax kpeic nuaun OXYS mpucyt-
MG), npu remneparype 37 °C, 5 % CO, u Bnaxknocta 90 %. B skcriepuMenTe mo  creyer Gombliee YUCI0 SMOPUOHOB O
BIIMSIHUIO (pAKTOPOB POCTA Ha KPBICHHBIE SMOPHOHBI OBLIO C(HOPMUPOBAHO YETHIPE  cpaBHEHHIO ¢ auHMeil WAG: 9.7+0.9
TpyTIbE: SMOpHOHBI Kpbic uHMKn WAG Ge3 nobGasnenns Qaxtopa (KOHTponbHasA) (n = 7) u 7.2+0.4 (n = 9) cooTBeT-
u ¢ o6asnennem IGF-1 (200 ur/mn), a Takxe sMOprons! kpbic unuu OXYS 6e3  crenno (p < 0.05). Jlonst SMOPHOHOB,
nmobasneHus akropa (koHTponbHas) U ¢ fobasnernem IGF-1 (200 ar/mm). JIOCTUTAIOIINX CTaJANH OI1aCTOIMCTHI Ha
OnerKy pa3BUTH SMOPMOHOB MPOU3BOMIIA KaXK/Ible 24 4 KYJIBTHBHPOBAHHMS,  5-¢ CyTKH Pa3BUTHSA i Vivo, HE OTIIHYA-
(OTOIOKYMEHTHPOBaHNE SMOPHUOHOB MPOBOIMIIM TP X250 yBEJTMYESHUH C UCTIONb-  eTcs y kpeic uHAR OXYS 1 WAG (61.8
3oBanueM Mukpockona M205 FA (Leica Microsystems, 'epmannst). [1o okonuannn — u 69.8 % coorsercTBenH0). IIpu 3TOM
KyJIBTHBHPOBAHHS SMOPHOHBI (PUKCHpOBaH B 4 % pacTBope popmanbaernaa (Merk,  maGmrogarorcs 3HAYNTENBHEIE PA3THUHS
I'epmanus) u xpanunu npu Temneparype +4 °C i jaabHeHIIero nojcyeTa siIep B yycie KISTOK, BXOAAIINX B COCTaB
B OyacTonucre. omacrouuct (puc. 1, 2; Tabm. 1). Brus-
Oxpacka naTepPasHbIX siiep B KIETKAX NMPEHMIIAHTAMOHHBIX SMOPHO-  Hye GaKTOPOB WIHHHS» H «yCTIOBUS Pa3-
HOB. biacrouuctel nomemanu B 1 Ma gocdarro-conesoro Oydepa Hronb0€KKO  BuTHs» Ha 3TOT IOKA3aTe)b HE OBLIO
(DPBS) (Sigma, CILIA), conepxarmero 4 % dopmanbaeruna (Merk, ['epmanust) mpu  noctoBepHbIM. Post hoc aHau3, TEM He
pH 7.4-7.6. Ilocne purcanmn sMOpHOHBI TpoMbIBaii Tpu pasa B 500 mxn DPBS,  menee, mokasan, uto SMOPHOHBI KPbIC
BeiiepkuBain B 0.3 % pacteope Triton X-100 B Tedenue 5 Mun u noasepraan  muaun OXYS Ha 5-e CyTKH pa3sBUTHS
BO3JIEHCTBHIO 2 MKI/MII 4.6-1namuinHo-2-gpenununanona (DAPI) (Sigma, CIHA)  cocTosT M3 MEHBIIEro 4Hcia KIETOK,
B DPBS B Teuenue 10 MUH npu KOMHAaTHOM TEMIEPAType W 3aT€M MPOMBIBAIA  yem y kpbic muann WAG (p < 0.05)
B DPBS. Okpamennsie 5MOproHbI oMemanu B karwio DPBS wa uncroe npen-  (cm. puc. 2).
METHOE CTEKJIO M HAKPBHIBAJIHM MOKPOBHBIM CcTeKJIOM. CTEKIIa ¢ mpernaparaMi ObLTH CrieflyeT OTMETHTD, YTO TAKHE MEK-
TPOaHAIM3MPOBAHBI M MOJCYMTAHO YMCIIO KIETOK C MCHIOIB30BAHHEM MUKPOCKOTIA  JTHHEHHBIC Pa3NUuns MpPOSBISIOTCS
M205 FA (Leica Microsystems, ['epmMaHusi) ¢ COOTBETCTBYOIIMMU (HUITBTPAMHE JIJIsI (p <0.05) 1 IpH OTAETEHOM CPaBHEHUH
okpammBanuss DAPI. TToxcuer uucna sijep B SMOpHUOHE TTPOM3BOAMIN BPYYHYIO  ypcja KIETOK IO BTOPOW KaTeropuu
IIyTEM BU3YaJIbHOM OLCHKH MPEHApaToB. 01aCTOINCT (T. €. CTAJANH MTO3THEH U DKC-
Crarucruyueckuii anams. Pe3ysbTarhl 110 MOJICYETY YUCIIa KIETOK B OaCTOLM-  maHAMPOBAHHOMN G1ACTOLMCTHI, CTAIHH
CTax KPbIC B 3aBUCUMOCTH OT UX KATETOPUH U aHAJ3Y OOIIETO YMCIIa TIOMYYEHHBIX  XeTuuHra) (cM. Tabm. 1).
SMOPHOHOB MPEACTABJICHBI Kak cpeiHee + ommnoKa cpeaero. CpaBHEHHE POBOIMIN MesKIMHENRHbIE Pa3IMuus 110 YKMCITY
C HCIOJIb30BAHUEM /[-KPUTECPUSI CTblOfIeHTA. I[JI)I aHaJin3a JaHHBIX 110 YU CJTY KJIIETOK KJIETOK, BXOJIAIINX B COCTaB 6HaCTOL[I/I-
B 6HaCTOLU/ICTaX oe3 pasaciICHusd UX 110 KaT€ropusaM HUCII0JIb30BaIn JIByX(I)aKTop- CTBI, HUBEJIUPOBAINCH B DKCIICPUMCHTE
HBIH tucriepcuonnbii ananns (ANOVA). B kadecTBe (akTOpOB MCTIONB30BaHBl 110 KyAbTHBHPOBAHUIO IPOOSIIMXCS
WIMHUS» U «YCJIOBUsI pa3BUTUs». Post hoc ananus OCYHIECTBIISIIM C ITOMOIIBIO 3M6pI/IOHOB KpBIC B YCIIOBHSX Iin Vitro
kputepust umepa. [IporeHTs SMOPHOHOB, TOCTUTAIONINX CTAIUH ONACTOIINCTEl B TeyeHue 48 u (cMm. puc. 2). [Tocne
B Pa3HBIX DKCIIEPUMEHTAIBHBIX I'PYINAX, CPABHUBAIH C IIOMOIIBIO KPUTEPHS X Ky/JIbTHBHPOBAHHS YHCIO KIETOK B 61a-
Craructiueckyro 06paboTKy NPOBOIMIIU € UCTIOJIB30BAHMEM CTAH/IAPTHOTO MAKETA  cTonucTax Kpbic auaun OXYS He oT-
nporpaMMHOTro obecnievenns Statistica 8.0 (StatSoft, Inc). Pasnuums cuurany 10-  nuuanock OT TAKOBOIO Yy KpPbIC TUHHUH
CcTOBEpHO 3HaYMMbIMU Tipu p < 0.05. WAG (34.5+4.2 u 33.7+1.1 coorser-
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Ta6nuua 1. Yncno Knetok B smbpuroHax Kpblc nnHnin WAG 1 OXYS, nonyuyeHHbIX in vivo Ha 5-11 ieHb 6epemeHHOCTH,

B 3aBUCUMOCTW OT KaTeropumn 6J'IaCTOL|,VICTbI

JInHuna BnactouucTbl
Kareropua1(6) | Kateropua2(%) K
. WAG ...................... 9 (17 O) ............................... 2 8 (528) ................................
. OXYS ................... 1 4 (206) ............................... 2 8 (41 2) ................................

Yncno Knetok B 6J'IaCTOU,VICTaX

* p < 0.05 MO CPaBHEHMIO C YNCTIOM KNETOK y Kpblc WAG B 6bnactoLcTax 3Toi e KaTeropuu.

Ta6nuua 2. CpaBHeHVe TEMNOB Pa3BUTKA SMOPNOHOB Kpbic uHM WAG 1 OXYS B ycnoBuax in vitro

1 npu gobasneHnn paktopa pocta IGF-1

lpynna Kon-Bo ambpuoHoB Crapua 6nactounctbl (%)
(WHCHO KMBOTHBIX-OHOPOB) qepe324q .................................. q epe348q ...............................
nMHMﬂWAG ............... K OHTponb ......................... 2 1(6) .................................................... 3 (143)7(333) ....................................
200Hr/Mn|GF1 ................ 16(4)4(25)6(375) .....................................
n,,,H,,, H . o xyg .............. |< OHTponb ......................... 2 8 (7) .................................................... 0 (0) ............................................. 1 3 (46 4) ...................................
zooHr/Mn|GF1 ................ 14(4) .................................................... 2 (143)4(236) .....................................

CTBEHHO). Post hoc aHaiau3 1mokasai, 4To NpH J100aBJICHUH
taxropa IGF-1 mpu KynsTUBHPOBaHUH in Vitro SMOPHOHOB
kpbic mHIKA OXY S 4nciio Ki1eTok B OJacTonucTax He OTIIN-
4aJI0Ch OT TAKOBOT'O IIPH KyJIETUBHPOBAHHUHU 0€3 (hakTopa, XOTsI
65110 MOcTOBepHO Oobie (p < 0.05) mo cpaBHEHHUIO C IMO-
PHOHAMU TOH e JIMHNH, TIOJTy4YeHHBIMH in vivo (cM. puc. 2).
Bonee Toro, 1omst pa3BUBAIOLIMXCS OIACTOIMCT NPH 100aB-
JICHUH K APOOSAIINMCS BOCBMHUKIETOYHBIM 3MOPHOHAM KPBIC
IGF-1 B no3e 200 Hr/mi He OTIMYAIACh OT KOHTPOIBHBIX
rpyni in vitro (Tadmn. 2).

O6cyxpeHue

B mpoBeneHHOM HaMM HKCIEPUMEHTE IO TOJCYETY KIIETOK
B OyacTonucTax KpbIC, MOITYyYCHHBIX MOCHE MATH JAHEH pas-
BUTHS in Vivo, UX YUCIIO BapbupoBano oT 23 no 31, a npu
Pa3BUTHH in vitro (TPU JHS PAa3BUTHUSA in Vivo IUTIOC JBa JHS
pasBuTHS in Vitro) cocTaBisuio 33—38 KIIETOK Ha SMOPHOH. DTH
pe3yabTaThl He TPOTUBOPEYAT JaHHBIM JuTeparypsl (Schiff-
ner, Spielmann, 1976; Kito et al., 2008; Popova et al., 2011),
HECMOTPSI Ha TO YTO KyJITHBHPOBAaHUE SMOPHOHOB IIPOXONIIO
Ha Hecriennpraeckoii it Kpsic cpeze P1, kotopast o cBoemy
cocraBy oim3ka k cpezie R1ECM, pa3paboranHoii crieralibHO
Jutsl SMOPHOHOB Kpbic. [1o maHHBIM JHTEpaTyphl, HA Cpene
R1ECM npu KynbTHBUPOBaHUN SMOPHOHOB KPBIC CO CTAINHU
JIBYX KJIETOK JIOJIsl pa3BUBAIOIINXCS OJIACTOLHCT COCTABIISICT
32.7 % (Popova et al., 2011), uTo comacyercs ¢ TeMIaMu
pa3BUTHSI SMOPHOHOB KPBIC B HAIleM dKCIIEpUMEHTe, 28.6—
46.4 % mpu KyAIbTUBUPOBAHUU CO CTAJMH BOCHMH KJIETOK.
Taxmm 06pazom, KoMMepUecKyto cpeny P, mpumensemyro B
kanHukax DKO mis yenoBeka, MOXKHO TaK)Ke HCIOIb30BATh
Kak anpTepHaTuBy cpene R1IECM nns xynsTHBHpOBaHUS
SMOPHOHOB KPBIC.

B pab6ote (Scott, Whittingham, 1996) yka3siBaercsi, yTo
Cpe/r MBIIIEH CyIIECTBYIOT TaK Ha3bIBaCMbIE «MEJICHHBIE) 1
«OBICTpPBIC INHUIY»: SMOPHOHBI TAKHX JINHUH IEMOHCTPUPYIOT
pa3Iuuus B TEMIIaX SMOPHOHAIILHOTO PAa3BUTHS B YCIOBHAX

BbicokoTexHonornuyeckoe ¢eHOTVII1VIpOBaHVIe

Kak in vivo, TaK U in vitro. ITOT *e KPUTEPUN MOXKHO MPH-
MEHUTH U MO OTHOIIEHMIO K KpbicaM. OOHApyKeHHbIE HAMHU
MEKJIMHEHHBIE Pa3Inyuysl 0 YHCITy KJICTOK B OIaCTOINCTAX
kpsic uHUM OXYS 1 WAG, 1o Bcelt BUAUMOCTH, 00yCIIOB-
JICHBI U3MEHEHUSIMH B MaTOYHOM >KHIKOCTH, U3 KOTOPOH
SMOPHOHBI TTOTYYAIOT MTUTATEIbHBIC BEIIECTBA 10 MOMEHTA
uMmiutanTanuy. Ilockonsky nuaus kpeic OXYS sBusercs
MOJIENBIO0 PAHHETO CTapEeHNs, a B CTAPCHUM 3a/1€H{CTBOBAHbI
MeXaHHU3MBbI ¢ yaacTieM ¢akrtopa pocra IGF-1 (Kenyon, 2001;
Berryman et al., 2008), MbI TPEATOIOKUIIH, YTO Y KPBIC JIUHUU
OXY S xoHIEHTpawus 3Toro hakTopa MOYKET OBITH H3MEHEHA
M 3a CYCT HTOT0 HAOIIOAACTCS CHHKEHHOE YHCIIO KIICTOK B
OracTouucTax, MOMyUYeHHBIX i Vivo.

Ha ocHoBe 3T0ll runoTessl NPOBEIAEH SKCIEPUMEHT 110
KyJIETUBHPOBAHMUIO i Vitro BOCBMHKIJICTOYHBIX IMOPHOHOB
KpbIC 00eux JIuHMi ¢ yuactueM dakropa pocra IGF-1. Hama
TUIOTE3a 00 N3MEHEHHOM yPOBHE JaHHOTO (haKTOpa y KPBIC
OXY'S He moaTBepAMIIaCh, HOCKOIIBKY B OTCYTCTBHE (haKkTOpa
pocra IGF-1 nocrne KynsTUBHpOBaHus B TeueHHe 48 1 sMOpuo-
HbI THHAN OXY'S «1oTHATNY 110 YUCITY KIeTOK JTnHII0 WAG.
Cxopee Bcero, B MaTOUHOM JKUAKOCTH y KpbIc TuHUU OXY'S
CYIIECTBYET HEXBaTKa JAPYrux, 0ojee 3HaYMMbIX KOMITOHEH-
TOB CpPEbl, HAIPUMEP aMUHOKHCIIOT W OEJIKOB, MOCKOIBKY
MOKA3aHO, YTO ONTHMAJIbHBIC KOHIIEHTPAIIMH ATHX 0a30BBIX
KOMIIOHEHTOB O4Y€Hb Ba)KHBI [T Pa3BUTHS SMOPHOHOB MJe-
kormTaromux (Summers, Biggers, 2003).

B Hammx skcriepuMenTax oOHapyKeHO, YTO MOTECHIHAb-
Hasl IUT0JI0OBUTOCTb, OLICHEHHAs! 110 YHUCITy SMOPHOHOB, U3BJIE-
YEHHBIX M3 PENPONYKTUBHBIX ITyTEH, B pacueTe Ha CaMKy
Ha 5-i neHb OepeMeHHOCTH y Kpbic uHMN OXY'S BbIIIE 110
cpaBHeHuIo ¢ muHuelt WAG, HO ocie poskAeHuUs IeTeHbIIIeH
9TH IBE INHUU HE PA3JINYaIOTCs 110 YHCITy MBIIIEH B TOMETE
(Igonina et al., 2017). DTo, BO3MOXKHO, CBSI3aHO € 00JIe€ BBICO-
KHM YPOBHEM MOCTUMILIAHTAIIMOHHBIX ITOTeph Y Kpbic OXY'S.

B Gonee pannem uccnenosannu (bpycenmes u ap., 2015)
nokazato, uto podasneane GM-CSF B cpeny npu Ky16THBH-
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POBaHUH i71 Vitro IPUBOAUT K BO3PACTAHUIO JOJIH SMOPHUOHOB,
JIOCTHTAOIIHNX CTaJUX OJIACTOIMCTHI y MBIIIEH, OTHAKO (ak-
TOp HE OKa3bIBAET KAKOTO-TN00 BIMSHUS HA Pa3BUTHE KPBICH-
HBIX SMOPHOHOB. B HacTosIel paboTe He OOHAPYKEHO TAKKE
sty pakropa IGF-1 Ha pa3BuTHE MPENMILTAHTAITIOHHBIX
9MOPHOHOB KpEIC in Vitro.

[TpenBapuTenbHBIN aHANIN3 PA3IMYHBIX 103 (hakTopa poc-
Ta MPOBOIWICSA HaMHU B paboTe ¢ SMOpPHOHAMH MBIIIEH, MC-
nob3oBany 103upoBku 10 1 20 Hr/mi. [Ipu sTOM B Hammx
MPEIBIIYIINX UCCICIOBAHMIX Ha MBIIIAX BIUSHUS 3THUX
Manbix 103 IGF-1 Ha ckopocTh pa3BUTHA SMOPUOHOB in Vitro
He 00HAPY>KEHO, XOTSI ITPY OMHOYHOM KYJIBTHBHPOBAHHIHN 3MO-
PHOHOB KOIIIEK TOKA3aHO, YTO JOOABICHUE B KyIETYPAJIBHYIO
cpeny IGF-1 B xonnentpammu 25 u 50 HI/MII TPUBOAMIO K
YBEIMUMUYCHUIO JIOIU SMOPHOHOB, JIOCTUTIINX CTAJANHU Oia-
CTOITUCTBI, TOrNa Kak Oosiee Bbicokue koHueHTparuu IGF-1
He okaspBas 3HaumMoro 3¢dexra (Thongkittidilok et al.,
2014). B pabore M.A. Velazquez ¢ xomreramu (2011) nc-
nonb3oBanu IGF-1 B konuentpaunu 100 u 1000 Hr/ma npu
KyJIbTUBUPOBAHUN SMOPHOHOB KPYIHOTO POraTtoro CKOTa.
B omimmune ot 6ornee HU3KOH 103b1, IPIMEHEHHE MaKCHMaJTb-
HOMW JT03MPOBKM MTPUBOIMIIO K BO3PACTAHUIO YHUCIIA KJICTOK B
BKM u B iennom B sMOproHax. BeiOpanHast HAMH T0CTaTOYHO
BbIcoKast to3upoBka IGF-1 (200 ar/mir) He oka3biBaia 3P Qek-
Ta Ha 3MOPUOHBI KpbIC. [lanpHelmi hapMaKoIOrnieCcKuii
aHAJIM3 C TPUMEHEHHUEM JIPYTUX J03UPOBOK M CHCTEM KYJlb-
TUBHPOBAHMS MIO3BOJIMT OKOHYATEIHHO YOS TUTHCS B TOM, UTO
IGF-1 He oxa3bIBaeT 3aMETHOTO BIMSHUSA HA TEMITBI Pa3BUTHS
SMOPHOHOB y KPBIC.

OtcyterBue d3pdexroB u GM-CSF, u IGF-1, mo-Buaumomy,
MOXKET OBITh CBSI3aHO C 0COOCHHOCTSIMU NTPEUMILIAHTAIINOH-
HOTO Pa3BUTHA Y KpbIC. BO3MOXKHO, 4TO pernenTops! K poc-
TOBBIM (pakTOpaM MOSBIAIOTCS Y KPBIC Ha Oojee MO3JHHUX
CTaJMsIX, YEM y MBIIIeH. DTO NMPEIoNoKEeHHE HYKaeTCsl B
9KCHEPUMEHTAJILHON ITPOBEPKE, TAK KaK B MUPOBOM JIUTEpa-
Type HaM He YJ1aJI0Ch HalTH HH(OpPMAINH 110 JMHAMUKE TOSIB-
JICHUSI PELETITOPOB K 3TUM (haKTOpaM pocTa B IPEUMILIAHTa-
IIMOHHBIX SMOPHOHAX KPBIC.

Hecmotpst Ha MHOTOUHCIICHHBIE MCCIIEIOBAHUS BIUSHUS
IGF-1 na pa3BuTHe NpeMMIUIaHTAIHOHHBIX SMOPHOHOB, TIPO-
BEJICHHBIX TNIAaBHBIM oOpa3om Ha Mbmmiax (Schultz, Heyner,
1993; Bpycenues u ap., 2014), ero pons B mponeccax paH-
HEro SMOPHOHAIBHOTO PAa3BUTUSA HeoAaHO3Ha4yHAa. ONHU HC-
CJIEZIOBATENN OTMEYAIOT €T0 MOJIOKHUTENbHBIE 3()(EeKTs Ha
nporeccsl ApobieHust 1 odpasoBanus Oiactonuct (Harvey,
Kaye, 1992), npyrue — tonbko Ha xetuusr (Lin et al., 2003), a
HEKOTOopbIe He 0OHapykuBaroT 3hdexroB BoBce (Green, Day,
2013). [To-BuamMomy, Takue HEOTHO3HAYHBIC BBIBOIBI MOTYT
OBITH 00YCIIOBJIEHBI HE TOJIBKO Pa3JIMuUEM JJO3UPOBOK, HO U
YCIIOBUSIMU KyJIBTHBHPOBAHUS, IOCKOJIBKY TTOKa3aHO, YTO Ha
SKCHPECCUI0 TEHOB, B TOM YHCIIE U DKCIPECCUI0 PELIENITOPOB
k IGF-1, moxer Bnusath coctas cpensl (Ho et al., 1995).

B HacTosmei pabote BriepBbIe H3yYSHO pa3BUTHE SMOPHO-
HoB KkpbIc TuHuK OXY S Kax in vivo, Tak U in vitro, B TOM YUCIIE
u nipu ydactuu ¢akropa pocta IGF-1. Pesynbrars! Hamrero
WCCJICZIOBAHMSI TIOKA3bIBAIOT, YTO SMOPHOHBI KPBHIC JINHUHU
OXYS B ycnoBusx in vivo cofep’KaT MEHbILIEE YUCIIO KIETOK
Ha CTaMH OJIACTOLMCTHI M MX MOYKHO OTHECTH K «MEIJICHHO
nHNH, a muans WAG B cpaBaennu ¢ muaner OXY'S sBiseTcs
«OwIcTpOit». Bonee Toro, Kak Mokasanu HeJaBHHUE HCCIIENO-
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BaHM, KpbIchl OXY'S XapakTepu3yroTcs CHHYKEHHBIM BECOM
B HEOHATAJIbHBIN NTEPUOA U Y HUX MeJICHHEE (DOPMUPYIOTCS
HEKOTOpBIE peIIeKChl, CBUACTENBCTBYIOIIHNE 00 MX 3aMeIJICH-
HOM Pa3BUTHUH 110 CpaBHEHHUIO ¢ kpbicamu WAG B xofie paH-
HETo MocTHaTanbHOTo oHTOoTeHe3a (Igonina et al., 2017). Bee
9TH HAONIONEHMS MOATBEPXKJIAIOT TUIIOTE3y O T€HETHUCCKH
00yCIIOBJIIEHHOM 3aME/IJICHUH Pa3BUTHS B SMOPHUOHAIBHBIH 1
paHHMI HEOHATAJIBHBINA MEPHO/BI, YTO MOKET OBITH CBA3aHO C
N3MEHEHHBIM NPOQHIEM KOMITOHCHTOB MaTOUHOM JKH/IKOCTH,
KK/l 13 KOTOPBIX OYEHb BaXKEH JIJIsl Pa3BUTHSI SMOPHOHOB

(Summers, Biggers, 2003; bpycenmnes u np., 2014).
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