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AHHOTauus. BcnomoratenbHble penpoayKTuBHble TexHonorumn (BPT) 3aHMmMatoT Bce 6onee 3aMeTHOe MeCTo B penpo-
ayktonornn. Kpome Toro, B pa3BuTbix cTpaHax BPT obecneunBatot BocnponsBoacTso 6onee 50 % KpynHoro porato-
ro CKOTa, a B KONNEKUMAX reHETUYECKNX JINHMIA NabopPaTOPHbIX XMBOTHbIX ABASAIOTCA HEOTHEMSIEMbIM KOMMOHEHTOM
KpUoapxusmnpoBaHua 1 peaepusaumu. Mpoueaypbl BPT BKAOUAOT pa3BUTUE PaHHUX SMOPUOHOB BHE MaTEPUHCKOTO
OpraHr3mMa 1 BbICOKYIO BEPOATHOCTb HEMOJTHOM CUHXPOHM3aLUMn GU3MONOrMYECKOro COCTOAHMA CYppOoraTHON matepu
1 nepecaxrBaemMbix SMOPUOHOB. [OCKONbKY BCe 3TO NMPOUCXOAWT Ha CTaauy Hambosblueil BOCMPUUMYMBOCTY 3ap0-
OblLel K SnureHeTYeckomy nepenporpammmnpoBaHuio, TO NOMHBIN LK BPT 1 ero otgenbHble coctaBnaioLme MoryT
NPUBOANTL K YCTONYMBBIM GEHOTUNNYECKM U3MEHEHWAM MOTOMKOB. [lJaHHOE BAAHME NOATBEPXKAAIOT UCCIIeOBaHNA
MOPGOPYHKLMOHANBbHBIX XapaKTepPUCTMK NONOBO3PesbiX MOTOMKOB Mblllel ayTépeaHon nuHmum CD1, nonyyeHHbIX ¢
MCMNONb30BaHNEM Pa3HblX BapUaHTOB TPAHCMIAHTALMUIN paHHMX 3MOPMOHOB. CpaBHUTENbHbIE UCCNEA0BAHUS MACChl U
cocTaBa Tena, 6a3anbHOro ypoBHSA MMIoKO3bl U peaKLymn Ha roKO3HYI0 Harpy3ky (F1i0K030ToNlepaHTHbI TECT) BbiNoJIHe-
Hbl Ha MONOBO3pPeESIbIX CaMLiaX U CamMKax, MOTOMKax MaTeperi, He MOABEePraBLUNXCA SKCNePUMEHTaIbHbIM BO3AENCTBUAAM
B nepuog 6epeMeHHOCTU (rpyrnna KOHTPONA); ABYXKIETOUYHbIX SMOPMOHAX, BbIMBITbIX Y 6epeMEHHbIX CaMOK, MOC/IE WH-
KybrpoBaHua [0 CTaamuy 6nacTouncT 1 nepecakeHHbIX CypporaTHbIM Matepam (rpynna 2 Kn. — 611.); npy nepecafkax
[BYXKJIETOUHbIX SMOPMOHOB (rpynna 2 Kn. — 2 Ki.) n 6nactouymnct (rpynna bn. — 65.) cpa3y nocne BbiMbiBaHMA. Bo Bcex
3KCNeprMeEHTax SMOPUOHbBI Mepeca)knBasny BbiHALIMBAOLMM CaMKaM TOW »Ke IMHWUW. YCTaHOBJIEHO, YTO NOSTIOBO3pesible
NMOTOMKW, MOJTyYeHHble NPU BCEX BapUaHTax NePecajioK, XapaKTepr3yTca 60NMbLIMM MO CPaBHEHNIO C KOHTPOJIbHbIMU
0CO6AMY OTHOCUTENBbHBIM COAEPXKAHMEM XKIMpPa U1, COOTBETCTBEHHO, MEHbLLIEN TOLLEN MAacCoM Tena. ITOT 3 deKT 6bin Bbl-
pakeH cuSibHee y CaMoK, UeM y CamMLIOB. B oTnnume oT cocTaBa Tena nepecagkvi SMOPUOHOB B 60SIbLLEN CTENEHM BIVSNN
Ha 6a3asibHyl0 KOHLIEHTPaLMIO F0KO3bl M MOKa3aTenu rMioKO30TONePaHTHOro TecTa y CaMLOB, YeM y camok. [Mpu 3Tom
NMOTOMKM rpynn 2 KA. — 2 K. 1 2 KN. — 611. XxapaKTepr3oBanucb 6osiee BbICOKON TONEPAHTHOCTbIO K Harpy3Ke roKo30mM
MO CPaBHEHWIO C KOHTPOJNbHOW rpynnoi 1 rpynnoi bn. — 6n. YcToliumBble OTKNOHEHUA COCTaBa Tena 1 rokasartenemn
romMeocTasa rtoKOo3bl, BbIsIBNIEHHbIE Y MOTOMKOB MpY Pa3HbIX BapraHTax SMOPUOTPaHCIIaHTaLWIA, CBUAETENBCTBYIOT O
$EeHOTMNNYECKON 3HAYMMOCTI NPOoLeayp, NCMOJIb3yeMblX NPY BCOMOraTeNibHbIX PenpoayKTUBHbIX TEXHOOMNAX.
KnioueBble cnoBa: nepecagky SMOPUOHOB; NONIOBO3peible MOTOMKM; MeTabonnyeckunin GeHOTUM; COCTaB Tena; roKo-
30TONEPAHTHbIN TECT.

[Ana yntupoBauma: AHncumosa M.B., ToH A, l0anH H.C., MowkuH t0.M., TepnnHckas J1.A. MeTabonnueckuin ¢eHoTvn
B3POC/IbIX MOTOMKOB MbILLEN, MONYYEHHbIX MPU Pa3HbIX BapuaHTax SMOproHanbHbIX nepecafoK. Basunosckuli xypHan
2eHemuku u cenekyuu. 2020;24(7):761-769. DOI 10.18699/VJ20.671

Metabolic phenotype of adult mice offspring
obtained from different variants of embryo transfer

M.V. Anisimoval, Ya. Gongz, N.S. Yudin! @, Yu.M. Moshkin!, L.A. Gerlinskaya1

Tnstitute of Cytology and Genetics of Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia
® e-mail: yudin@bionet.nsc.ru

Abstract. Assisted reproductive technologies (ART) increasingly occupy the study of human reproduction. In addition,
in developed countries they contribute to breeding of more than 50 % of cattle. In the management of collections of
genetic lines of laboratory animals, these technologies are obligatory components of cryopreservation and rederiva-
tion. ART procedures include the development of early embryos outside the mother’s body and the high probability
of incomplete synchronization of the physiological state of the surrogate mother and transplanted embryos. Since all
this occurs at the stage of the highest susceptibility of embryos to epigenetic reprogramming, the full cycle of ART and
its individual components can lead to stable phenotypic changes in the offspring. Their reality is confirmed by studies
of the morphological and functional characteristics of sexually mature offspring of CD1 outbred mice, obtained using
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Metabolic phenotype of adult mice offspring
obtained from different variants of embryo transfer

different variants of early embryo transplantation. Comparative studies of body mass and body composition, basal
glucose level and response to glucose load (glucose-tolerance test — GTT) have been done on sexually mature males
and females. Animals were separated in 4 groups according to the variant of embryo transplantation: group (control) -
natural mating; group (2cl-bl) — incubation of 2-cell up to blastocysts; group (2cl-2cl) - removal and transplantation of
the 2-cell embryo without incubation; group (BI-bl) removal and transplantation of the blastocysts without incuba-
tion. All embryos were transplanted to recipient females of the same line. It was found that sexually mature offspring
obtained with all variants of transplantations had a higher relative fat content and, correspondingly, lower lean mass
compared to the control. This effect was more pronounced in females than in males. Unlike body compositions, embryo
transplantations had a greater effect on basal glucose concentration and GTT in males than in females. In this case, the
offspring of the 2cl-2cl and 2cl-bl groups were characterized by a higher tolerance to glucose load (GTT) compared with
the control and the BIl-bl group. Stable deviations of body compositions and glucose homeostasis indices detected in
experimental groups of progenies indicate the phenotypic significance of the embryo transplantations per se.

Key words: embryo transfer; mature offspring; metabolic phenotype; body composition; glucose tolerance test.
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BBepeHune
B mupe Gonee 45 MiH OpavHBIX Map CTANKHUBAIOTCS ¢ Oec-
woaueM. [IpeogoneTs 3Ty npodieMy NOMOTarT BCIOMOTa-
TEJIbHBIE PENPOAYKTHBHBIE TEXHOJIOTHH: 3KCTPAKOPIOPATb-
Hoe omutopoTrBopenne (OKO) 1 BHYTPHKIICTOUHAST HHBEKIIUS
cnepmaro3oua (intracytoplasmic sperm injection — MUKCH).
Co BpemeHH TiepBoro ycnemrHoro npumerenus BPT B kiu-
HU4YecKkor mpakrtuke (1978 1) umcio perei, poXKICHHBIX C
nomonrsio DKO, Bozpocio 10 7 MitH Bo BceM Mupe. Ceroans
B pa3BHTHIX cTpaHax ~1 % mereit poxxaarorcs merogom DKO
(International Committee..., 2012). BonpmmHcTBO THX JIE-
Teil oTHOCAT K Kareropuu 310poBbix (Davies et al., 2012),
XOTsl B HEKOTOPBIX HCCIIECAOBaHMUSAX OTMEUAIOTCS IMOTEHIIH-
aJbHBIE PUCKY NATOJIOTHI OEPEMEHHOCTH U HOBOPOJK/ICHHBIX
(Templeton, 2000; Hansen et al., 2013). IIpu npoBenenuu
OKO mnosrImaeTcs puck ociokHeHni 6epemenHoctu (Ro-
mundstad et al., 2008; Esh-Broder et al., 2011; Chen et al.,
2015), cpenu KOTOPHIX aHOMAJIBHBIN POCT IJIAIICHTHI, TIEpHU-
HaTaJbHasi CMEPTHOCTb, IIPEKAEBPEMEHHBIE POAIBI M HU3KUI
Bec mipu poxxaenun (Helmerhorst et al., 2004; Ceelen et al.,
2008; Rinaudo, Lamb, 2008; Haavaldsen et al., 2012). [leTw,
3agatble ¢ momMomipo DKO, B TOIPOCTKOBOM BO3pACTE IEMOH-
CTPUPYIOT CTaTUCTUYECKU 3HAUUMBIC PA3JIMYMs B JUHAMUKE
pocra (Ceelen et al., 2009), ortnoxenuu xupa (Ceelen et al.,
2007), ypOBHSIX apTEepHATBHOTO NABICHUS U KOHIICHTPAIIUN
rroko3bl B kpoBH (Ceelen et al., 2008).

IIpu ucnons3oBanun IKO y 1abopaTopHBIX )KMBOTHBIX
1 KPYITHOTO pOTaToro CKOoTa HaOIromaeTcs BHYTPUYTPOOHOE
OTpaHMYCHHE POCTa Ha PAaHHUX CpPOKax OEpPEeMEHHOCTH, 3a
KOTOPBIM CJIICAYIOT YCKOPECHHBIC TEMIIBI pa3sBUTUA I1J1I04a OT
cpenHed Mo To3IHEeH OSpeMEHHOCTH, YTO KOPPEIHPYET C
YBEJIMYEHUEM pOCTa IUTaneHThl. McenenoBanust Ha KopoBax U
OBLAX JOIOJHUTCIIbHO MOKAa3bIBAKOT, YTO ITIOTOMKH, ITOJTYYCH-
HbIe MeTooM DKO, TeMOHCTPUPYIOT YHUKAIBHBINA (DEHOTHIL,
TaK Ha3bIBAEMBIN CHHJIPOM KpyIHOTO 1otomcTBa (Young et
al., 1998; Sinclair et al., 2000; Farin et al., 2006).

YernenHocTh NPENMITIAHTALMOHHOTO Pa3BUTHS 00eCTIeUr-
BAETCS CTPOTO CKOOPMHUPOBAHHBIMHU (PM3NOJIOTUIECKUMHU U
AMUTEHETUYECKUMH TPAHCHOPMALIUSIMU B MIEPUOJL Pa3BUTHSI
OT 3UTOTHI 10 O6mactouucTsl. [Tomaepskka 3mopoBoii OepeMeH-
HOCTH 00€CIICUMBACTCSI MHOTOUYNCICHHBIMU MaTepUHCKHMH
(hakTOpamMu, KOHTPOJIUPYIOLIMMH ITPOLIECCH CO3PEBAHMUs T'a-

762

MET, OIUIOJJOTBOPEHHUE, JOUMIUIAHTAI[HIOHHOE PA3BUTHE U UM-
ranTamio Omactorucet. CornmacHo runortese bakepa, Hebma-
TOTIPHUATHBIC YCIOBHS MaTEPHHCKOM CPEJIbI UTPAIOT BEYIITYIO
pOJIb B Pa3BUTHH OTKJIIOHEHHH B NIEPHOJ BHYTPHYTPOOHOTO
pa3BUTHA U, KaK CIEACTBHE, POPMHPOBAHUH (HPHU3HOIOTH-
YECKOTO0 M METabOoIMYecKoro ()eHOTHIIA HOBOPOXKICHHBIX,
ACCOIIMUPOBAHHOTO C YBEIMYEHUEM PUCKA XPOHUYECKUX 3a-
GomeBanmit Bo B3pocioM Bo3pacte (Barker, 2007). Metabo-
JMYECKUe MOTPEOHOCTH Pa3BUBAIOLIETOCS YMOPHOHA 3aBUCST
OT CTaINM KJIIETOYHOT'O JICTICHHS U YIIOBJIETBOPSIIOTCS 32 CUET
TYMOPAJIbHOTO COCTaBa BHYTPHMATOYHOM CPEIbl, BKIIFOUAs
MUTATEJIbHbIC BEIIECTBA U (PaKTOPBI POCTA, KOTOPAsi MEHSIETCS
10 Mepe TOro, Kak 3MOPHOH IepeMelaeTcsl U3 sileBosia B
Mmatky (Leese, 2012). Ba)xHO OTMETHTH, YTO AMHAMUYHOCTD
TYMOPAJIBHOTO OKPYXXEHUS IPAKTUYECKH OTCYTCTBYET IPH
KyJIbTUBUPOBAHUU SMOPHOHOB in Vitro.

Pucku 10ATOBpeMEHHBIX HEONATOMPUATHBIX TOCIEACTBUN
nponenyp KO 3aBHCAT OT MHOTHX HEPEMEHHBIX, TAKHX
KaK KayeCTBO M CIIOCOO MOJYYCHHS OOLMUTOB; MeTon dhep-
timmsanuu in vitro (OKO/HNKCH); coctaB KyasTypanbHON
cpenbl; usnyeckue pakTopel okpysxarouei cpeasl (CO,/0,,
TeMIIeparypa, BIaKHOCTh); TPOIOIKUTEILHOCT Pa3BUTHS B
YCIOBHSIX in vitro. Kpome Toro, Ha 6epeMeHHOCTh H OHTOTE-
He3 BIMAET CHHXPOHU3ALUS CTENICHH Pa3BUTHS SMOPHOHOB
1 MOpGhO(YHKIIMOHATILHOTO COCTOSHHSI OPraHM3Ma BhIHAIIIH-
Barolel Marepu. [onoBo-MaTepruHCKast CHHXpOHHU3ALUs BO
MHOTOM 3aBHCHUT OT CTa/INA SMOPHOTeHe3a U TPAHCIUIAHTAIINI
3apoblILEH B SHLEBOJ WK MATKy.

B nanHoi1 paboTe moKa3aHbI JOITOBPEMEHHBIE ITOCTEACTBHS
MHKYOUPOBAHWUS i1 Vitro NBYXKJICTOYHBIX SMOPHOHOB JI0 CTa-
JTUH OJIACTOIIUCT M MEPECaoK 00 NBYXKICTOYHBIX IMOPHO-
HOB B SIHI1EBOI, THOO OIACTOIMCT B MaTKy Ha METAOOTIMYEeCKHIN
(heHOTHIT B3POCIBIX TTOTOMKOB. DTH BapUaHTHI IEpecagok
MozenupyioT BPT npu: a) peaepuBanuu 1 KpuoapXuBUPO-
BaHMHU JIByXKJIETOYHBIX 3MOPHOHOB C IMOCIEyIomeil nepe-
CaJIKOH B SIM1IEBO/T; ) Pa3MHOMKEHNH CETbCKOX03HCTBEHHBIX
JKUBOTHBIX Ha OCHOBE KPHOAPXMBHPOBAHHBIX OJIACTOIHCT;
B) BemmoHeHUN DKO mmn MKCH B knmnHUYecKoi TIpakTHKE,
KOTOpBIE BKJIIOYAIOT OIIOJIOTBOPEHHE i1 Vitro, THKyOUpoBa-
HUE JIO CTa 1K ONAaCTOLMCTHI U MepecasiKy CypporarHoi mMa-
Tepu. Pe3ynbTarsl MoKa3aiy, YTO BCE BApPHAHTHI NEPECcaiok
BIIASIIOT Ha META0ONIMYECKUH (PEHOTHUII TTOJIOBO3PEIIBIX T10-
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TOMKOB, 4YTO IPOABIACTCA B CTaTUCTUYCCKU 3HAYUMBIX U3-
MEHEHHSX COCTaBa TeJla U TOJIePaHTHOCTH K ITtoko3e. Kpome
TOTO, 3TO UCCIIEIOBAHHE TTOJITBEP/IMIIO Ba)KHOCTh HCIIONIB30-
BaHUs 3a4aThIX in Vivo YMOPHOHOB C IOCIEAYyIOLIeH mepe-
CaJIKOH CypporaTHBIM PELMIIMEHTaM B KaueCTBE HaUIeKaIIIX
KOHTPOJIEH JUIsl MaJbHEHIIET0 M3yYeHHs JOJITOBPEMEHHBIX
(eHoTunryeckux 3h(HEeKTOB IKCTPAKOPIOPATBHOTO OILIOO-
TBOPEHHSI.

MaTepmanbl n Mmetoabl

YcnoBua cofgepKaHnaA 1 XKNBOTHbIE

Uccnenosanue BoinoaHeHo B LIKII «LleHTp reneTndeckux pe-
cypcos J1aboparopHbix kuBoTHEIX» UIul" CO PAH (RFME
FI161914X0005 u RFMEF162114X0010). Mpiwieii ayropen-
Hoit muaMK CD1 comepkany B KOHTPOIUPYEMBIX YCIOBHIX
cpensl: poronepuone 14C:10T, npu remneparype 22-24 °C
u BnaxHocTH 40-50 %. B xauecTBe MOACTHIIOUHOTO MaTe-
pHuasia NCIOIB30BATN 00SCIBUICHHBIE Oepe30BbIe TPAHYIBI
(OO0 «Anpbmon», HoBocubupcek). Kopm (SNIFF, I'epmanms)
1 BoAy JaBajiu 6e3 orpannueHuii. Kopm u moactunky npemo-
CTaBJIUTH KUBOTHBIM IOCie aBTokiaBupoBanus (121 °C).
[IpoToxon sKcrIeprMenTa 0100peH KOMHUCCHEH TI0 OMOITHKE
WIul" CO PAH.

Mpynnbl XXMBOTHbIX

I/ICCﬂe[[OBaHI/IH BBITIOJIHCHBI HA ITIOTOMKaX O6OCFO I10J1a TMHUH

CD1 B Bo3pacte 3—12 HeI., TOTyYEHHBIX C HCTIOIE30BAHIEM

MetonoB BPT. B cooTBeTcTBUM ¢ METOIOM MOITY4EHUS HC-

CJI€ZIOBAHHBIC )KUBOTHBIE Pa3I€IICHbI HA YETBIPE TPYIIIIbI:

1) moTomMku MaTepeil, He MOABEPTraBUINXCS HYKCIIEPUMEH-
TAJBHBIM BO3JICHCTBHSAM B MEpHOJ OEpEeMEHHOCTH (KOH-
Tpoib). JKUBOTHBIX UccleoBanu B Bo3pacte 3 (n = 113),
7m=113),10(m=111)n 12 (n = 16) Hen.;

2) OTOMKH, TIOJy9eHHBIE MOCIe KYJIbTUBUPOBAHHUS in Vitro
JIBYXKJIETOUHBIX SMOPHOHOB JI0 CTAMHU OJIACTOLMCT U TIe-
pecanku caMKaM-perunieHTaMm (2 Ki1. — 611.). JKuBoTHBIX
nccnenoBaiy B Bo3pacre 3 (n=23), 7 (n=23), 10 (n=19)
ul2 (n=16)nen;

3) MOTOMKH, TTOTy4YSHHBIE ITyTeM BHIMBIBAHHS YMOPHOHOB Ha
CTaJu1 OJIACTOLMCTHI M TIepecaiKi CaMKaM-pELUITIeHTaM
(Bit. — 611.). JKuBOTHBIX HccienoBau B Bo3pacte 3 (n=30),
T(m=19),10n=19)u 12 (n=16) men.;

4) MOTOMKH, ITOTyYEHHBIE ITyTEM BBIMBIBAHUS YMOPHOHOB Ha
CTaluM JIBYX KJICTOK MU MEPCCaIKN CaMKaM-pEIUIIUMECHTaAM
(2 . — 2 xi1.). JXMBOTHBIX MCCIIEZOBAIN B BO3pacte 3
(n=27),7(n=27),10(n=27)n 12 (n=16) nen.

DKcneprMeHTanbHble NpoLeaypbl

Baszskromus camuos. Camnam B Bo3pacte 8—10 Hen. mpous-
BOAWJIK Ba33KTOMUIO ITYTEM INEPEIKUTAHNUA CEMABBIHOCAIINX
KaHaJbIIeB. [ Iporiemypa mpoBoamiIack ox o01ei anecTe3nei
(momutop 15 mr/100 r Beca mprmu, 3ometin 3 mr/100 T Beca
MBIIIIH).

IlonroroBka caMoOK-10HOPOB YMOPUOHOB. [[111 cTUMYIIS-
LMY OBYJIALIMH TIPOBOJIMIIH IPOLIEAYPY CYTICPOBYJIAIIMN CAMOK,
KOTOPYIO BBITIOJTHSUTH B /1Ba 3Tana. Ha nepBom stare caMmkam
3a 2 1 1o BeIKtodueHus cBeTa (18:00 mo MecTHOMY BpeMeHH)
BBOIMJIM BHYTpuOpromuHHO 1o 5 [U roHagoTpomnuHa chIBo-
potk# xepedbix koobu1 (PMSG) (Intervet International B.V.,
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Hunepnanaer). Ha BTopom atarie, uepes 48 4 rociie BBeISHUS
PMSG, stum e camMKkaM BHYTPHOPIOIIMHHO BBOIUJIH TIO
5 IU wenoBedeckoro xopuonuueckoro ronagorponuaa (hCG)
(Intervet International B.V., Hunepnausr). Cpa3sy mocie BBe-
neans hCG caMok 1Mo OJHOM MOJCaKUBANN K (hepTHIIEHBIM
caMI1laM TOH K€ JINHUH 1 yTPOM CJICTYIOIIET0 JTHS CaMOK ITpO-
BEPsUTH Ha HAJIMYUE BAarHHAIBHBIX POOOK. Uepes 24 u nmociie
00Hapy>KeHNS BarMHAIILHOM MPOOKH M3BJICKAIIH SHIIEBOABI U
C TIOMOIIBIO IIPHIA BHIMBIBAIN JBYXKJICTOUHbBIC YMOPHOHBI.
UYepes 3 cyT BBLAGISIIM MaTKH, U3 KOTOPBIX BBIMBIBAIN OJa-
CTOLUCTHI. BBIMBITBIC SMOPHOHBI IOMEIIAIN B KaIlIiO Cpe-
ae1 HTF (human tubal fluid). DMOpuoHsl ¢ HOpMaNTbHOMH
Mopdosoruei mepeHoCHIM B 3apaHee NOAr0TOBJICHHYIO Karl-
o cpensl KSOM, MoKphITyI0 MUHEpaIbHBIM MacioM, U T10-
memanu B CO,-unky6arop (37 °C) 10 TpaHCIIaHTalMU 5M0-
PHOHOB I1CEBIOOEPEMEHHBIM CaAMKaM-PEIIMITUEHTaM.

HNuayxums ncepao0epeMeHHOCTH Yy CAMOK-pelUITHeH-
TOB 3MOpPHOHOB. [lepes BHIKIIIOUEHHEM CBETa B KOMHATE
cozep:kaHus >kuBOTHBIX (17:00) B KJIETKY ¢ M30JIMPOBAHHO
COZIepKAINMCS Ba33KTOMHPOBAHHBIM CAMIIOM MOICAKUBAIIH
TpeX caMOK. YTPOM CJIEAYIONIErO JHS CaMOK IPOBEPSUIN Ha
HaJIM4ue BarvmHaJIbHbIX Hp06OK. CaMOK ¢ BarmHaJbHBIMU
MpoOKaM1 OTCaXHUBAJIN B OTAEIBHBIE KIETKH.

KyabruBupoBanue 3MOpHOHOB. HacTb BYXKIETOYHBIX
3M6pl/IOHOB, TOJIYUYCHHBIX OMMMCAHHOM BbIIIIE METOI0M, B TC-
yeHne 3 THel HHKyOMpOBaIH B KyabsTypaibHO# cpene KSOM
AA nipu 5 % CO, n 37 °C. bracrouuctsl 6e3 Mopdosoruye-
CKHUX J1e()eKTOB NEePEeCaKMBaIN CAMKaM-PELUITUEHTaM.

Iepecaaku 3MOpuoHOB. CaMOK-PEIIUITHEHTOB JIBYXKJIE-
TOYHBIX SMOPHOHOB (12 ¥ TOCIE MMOACAaAKN CaMOK K Ba3dK-
TOMHPOBAHHOMY camily) u Onacrouuct (3—3.5 cyT mocie
MOZICA/IKA CaMOK K Ba3dKTOMHPOBAHHOMY CaMILy) YCBITLIS-
JM TIpH TIOMOIIM WHTAJISIIHOHHOTO HapKo3a — M30(IypaHa
(Baxter, CIIIA). HapkoTu3upoBaHHBIM CaMKaM MOJICAKUBAIH
JIBYXKJICTOYHBIE SMOPHOHEI Uepe3 BOPOHKY B Si1IeBO, a Omac-
TOLIMCTHI — B MAaTKy 4epe3 HaJIpe3 co CTOPOHBI CMHBI. [Tocie
nozcanku 8—10 SMOPHOHOB CaMOK OTCA)KHUBAJIU B MHIHBH-
JyaJIbHbIE KJIETKH M COZIEPXkAJIM OANHOYHO HA MPOTSHKEHUU
0GEepeMEHHOCTH 1 BHIKAPMITUBAHUSL.

WccnepoBaHme noToMKoB
B3BemmBanue noToMkoB. [I0TOMKOB B3BeIINBaIM B BO3pac-
Te 3 (mpu orpeme oT Marepeit), 7 u 10 Hen.

Omnpenenenne cocrapa Teqa. M3mMeperus oOmero xxupa u
TOIIEH Macchl IMTPOBOIMIIN MOJIOBO3PEIBIM ITOTOMKAM B BO3-
pacte 7 u 10 Hen. mpu MOMOIIM HU3KOMOJIBHOTO MarHUTHO-
pesonancHoro Tomorpada (EchoMRI, CIIA).

I'moko30ToiepanTHLIN TecT. ToNepaHTHOCTE K TIIIOKO3€E
HCCIIEZIOBAIM Y MOTOMKOB B Bo3pacte 11-12 nen. 3a 16 u
JI0 MHBEKIIUH TIIIOKO3bl U3 KIETOK COJCP)KaHMs MBIIIEH n3-
BJIeKaJIM KOpMyHIKy. [mroko3y («ITanOko», Poccust) BBoumm
BHYTpuOpromurHHO 13 pacuera 10 mki 20 % miroko3sl Ha 1 T
Beca MbIi. KpoBe Opanm n3 KOHIHKA XBOCTA B 5 BDEMEHHBIX
Toukax: (0 — 0a30BbIi yPOBEHH IIFOKO3BI /IO BBE/ICHHS U I10-
cie, 1 —uepe3 15 muH, 2 —uepes 30 MuH, 3 — yepe3 60 MUH U
4 —gepe3 120 mun. M3MepeHne ypoBHS TITFOKO3EI TIPOBOIMIA
¢ nomosio mrrokoMeTpa Contour TS (Bayer, IIselinapus).
B xauecTBe HHTErpaNbHOTO MOKA3aTesIs [NI0KO30TOICPAaHTHO-
ro tecta (I'TT) paccunThIBaIIN TUTOMA T TIO KPHBOM KOHIICH-
Tpaiyy ToKo3sl (average under curve — AUC).
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CraTnctmyecknin aHanus

[IpoBepka Ha HOPMATBHOCTH PACTIPEICIEHHUS SIMITUPUIECKIX
JAaHHBIX IOKa3aja, YTO JJISI BCEX M3Y4aeMBIX IapaMeTpoB
MO>KHO MCIOJIB30BaTh TApaMeTPHUYECKYIO CTaTHCTHKY. Mex-
IPYIIOBbIE CPABHEHUS CPEIHUX IPOBOAMIN C TOMOILIbIO
OIHO(AKTOPHOTO IUCIIEPCHOHHOTO aHAIIN3a, OTIPEAEIISS Han-
MEHBIIYIO JIOCTOBEpHYIO pazHocTh (least significant differen-
ce — LSD). CraTrcTuueckyro 3aBHCUMOCTD IOKa3atesei ¢e-
HOTHIIA OT YKCJIa HOBOPOXKAECHHBIX M MACCHI TeJIa IIPH OThEME
OT Marepeil OLICHHBAJIN HAa OCHOBE JIMHEHHBIX KOPPEISIINH.
BrnustHre BapHaHTOB MepecajKy | 1ojia IOTOMKOB Ha Maccy 1
COCTaB TeJa AHAJTM3UPOBAIIH ITyTEM IBYX()aKTOPHOTO KOBapH-
armonHoro aHanmza (ANCOVA) ¢ daxropaMn «1om» 1 «Ba-
pHaHT Hepecaiku» U KoBapUaTaMH «UUCI0 HOBOPOKACHHBIX)»
U «Macca Telaa» MpH oTbeMe. [l IIIOKO3Bl U MOKa3aTenen
TECTa TOJIEPAHTHOCTH K INTIOKO3€ MMPUMEHSUTH 1By X(DaKTOPHBII
nucnepcuoHHbl aHamm3 (ANOVA).

Pe3ynbratbl

MnopoBUTOCTb U Macca Tena Npu oTbeme OT MaTepeii

Ha pa3mep noMeToB npu 0TheMe OT MaTepeil 3HAYUMO BITHSLT
croco0 ux nonyuenus (taoun. 1). [Ipu nepecaakax sMOPHOHOB
OTMEYEHO CYNIECTBEHHOE CHIDKCHHE pa3Mepa MOMETOB IO

Metabolic phenotype of adult mice offspring
obtained from different variants of embryo transfer

CPaBHEHMIO C KOHTPOJIBHOH Ipymioi. Bmecte ¢ Tem pas3Hble
CTIIOCOOBI TIEpECaIOK HE BIMSUIN Ha CPETHEE YHCIO HOBOPOXK-
neHubix (p > 0.05, LSD-tecrt, cM. tabn. 1). CooTHomenne
TIOJIOB ITPU Pa3HBIX BApHAHTAX ME€PECaIOK U B IIEJIOM 10 BCEM
9KCTIEPUMEHTAILHBIM TPYIIIAM XOTS U OBIIO CABHHYTO B
MOJIb3y CaMIoB (45 camIioB, 35 caMOK), HO 3TOT CIIBUT HE ObLT
cTarucTHIecKn 3HaUUMBIM: > = 0.63, p = 0.43 npu cpaBHECHUH
¢ TeopeTHyecKu okumaeMbM 1:1. KoBapnamoHHbIH aHATN3
(ANCOVA) n3MEHYHBOCTH MacChI TeJa TPEXHEACThHBIX IT0-
TOMKOB € (DaKTOpaMH «IPYIIIay, «I10J» U pa3MepOM MOMEeTa B
KauecTBE KOBapHaThl MOKa3all 3HaYMMbIe 3 (EKTHI TPYIIIIBL:
F, = 11.42,p <0.001. ®akrop mosa NOTOMKa, a TAKKE B3a-
numoieiicTBie (PaKTOPOB IPYIIIbI U 110J1a HOBOPOXKACHHBIX HE
BIIMSJI HA MacCy MOTOMKOB B 3ToM Bospacte: F| ., = 0.671,
p=0414ul,  =0597, p=0.618 coorsercreenHo. [Ipu
CPaBHEHHH MACChl TPEXHEEIbHBIX TOTOMKOB, ITOJYyYEHHBIX
IIPU pa3HbIX BapUaHTaX IMepecagok, OTMEYECHO, YTO CaMIIbl U
CaMKH B Ipymmax 2 KiI. — 0. ObUIM CaMbIMHU TSDKEIBIMH, a B
2 KJI. — 2 KJI. — CaMbIMH JICTKUMHU (cM. Tab. 1).

Pa3mep momeTa u Macca Tena B BO3pacTe 3 Hell. KOppemn-
pOBaM C MacCoi Tesla, OTHOCUTENLHBIM COAEP KaHUEM KUPA
U TolIeH Maccoil MoTOMKOB B Bozpacte 7 u 10 Hex. (Tadm. 2),
HO HE KOPPEIMpOBali ¢ KOHLEHTPALNEH TIIIOKO3bI U MOKa-
sarensimu I'TT. Mcxons U3 9TUX pe3yabTaToB, BCE BAPUAHTHI

Table 1. The size of the litter and body mass when weaned in mice obtained at different variants of embryonic transfers

Group Litter size, _Bodymass (g), Average£SE (n) e
Average £ SE (n) Males Females
L e e g o
e S oo gl
o o
T ooy by a0 e

Note. Group designations here and beyond: Control — descendants derived from natural mating; 2 cl - 2 cl - descendants obtained by washing embryos at
the stage of two cells and transplantation to female recipients; 2 cl - bl - descendants obtained after in vitro cultivation of two-celled embryos to the stage of
blastocysts and transplantation to female recipients; Bl - bl - descendants obtained by washing embryos at the blastocyst stage and transplantation to female
recipients.

A B, G D _ different letters indicate significantly different arithmetic means (p < 0.05, LSD-TecT); SE - standard error; n — number of animals in the group.

Table 2. Correlation of body composition and glucose tolerance test with litter size and body mass of mice
when weaned (combined sample data)

Indices Litter size, r; p Body mass, r; p

Ma|es ............................. F emales ......................... M a|e5 ............................. F emales ......................
............................................................................................................. A ged7weeks
B odyma SS ........................................................................ - 061 < 0001 ................ - 045 < 0001 ................ o 6 0 < 0001 .................. 0 39 < 0001 ................
Fat ( %) .............................................................................. - 026 0015 .................. - 054 < 0001 ................ o 25 01 9 ...................... 0 45 < 0001 ................
. |_ ea n : body m ass (%) ........................................................ 0 46 < 0001 .................. 0 70 < 0001 .................. - 049 < 0001 ................ - 064 < 0001 .............
............................................................................................................ A ged1oweeks
B odyma SS ........................................................................ - 060 < 0001 ................ - 048 < 0001 ................ o 53 < 0001 .................. 0 31 0003 ..................
Fat ( %) .............................................................................. - 043 < 0001 ................ - 061 < 0001 ................ o 35 oo 01 ..................... 0 45 < 0001 ................
. |_ ea n : body m ass (%) ........................................................ o 43 < 0001 .................. 0 60 < 0001 .................. - 031 0003 .................. - 041 < 0001 .............
GlucoseconcentranonandGTT ..............................................................................................
. G |ucose basal Ie V e .| ......................................................... o 03 08 80 .................... o 1 0 0599 .................... - 01 o 0565 .................. o 03 0860 ..................
 Area under the glucose concentration curve 0220218 0240195 0080664 - 031;0090

Note.r - correlation coefficient, p - significance level.
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M Males
r M Females
86t A
° AB
g’ a 82
ey ©
o X IS
g 3 2>
©
> L S 78
o c
= g
— 74
70
Control  2cl-2cl  2cl-bl Bl-bl Control  2cl-2cl  2cl-bl Bl-bl Control  2cl-2cl  2cl-bl Bl-bl
Factor Body weight, g Fat, % Lean body mass, %
Group F3177=160 p=0.192 F3171=755 p<0.001
Sex Fy171=1053 p<0.001 Fi171=106.0 p<0.001
Group X sex F3177=534  p<0.002 F3,71=438 p<0.005

Fig. 1. Body weight and relative values of fat and lean mass as % of body mass in the offspring of mice at the age of 7 weeks.

Hereinafter the table shows the effects of the experimental group and the sex. ANCOVA with covariates (effects not shown) by the litter size and body weight at

*%%

the age of 3 weeks. * p < 0.05; ** p < 0.01;

p <0.001 compared with control group. Different letters indicate significantly different arithmetic means (p < 0.05,

LSD test). ANCOVA calculated for males and females of each experimental group.

MEKIPYIIIOBBIX CPABHEHHH MacChl U COCTaBa TeJa BBITIOJI-
HSUTH C TIOMOIIBIO KoBaprarmonHoro aHanmmza (ANCOVA), B
KOTOPBIN HAPSIY C aHATTM3UPYEMBIMHU (PaKTOpaMH BKITFOYAITH
JIBE KOBApHaThl — «pa3Mep MOMETa» U «BeC IMOTOMKOBY» MPH
OThEME OT Marepeil.

Macca 1 cocTaB Tefia MOIOBO3PesibiX MOTOMKOB
Komapuarmonnsnii anann3 (ANCOVA) moxa3an 3Ha9uMoe
BIIMsTHUE (PaKTOPOB IPYIIIBI, 11012 U MX B3aUMOJCHCTBHS Ha
Maccy M COCTaB Teja MOTOMKOB B Bo3pacte 7 Hen. (puc. 1).
CTaTuCTUYECKYIO 3HAUMMOCTD OTIIMYMI CaMIIOB M CAMOK KasK-
JIOH SKCTICPUMEHTAIIBHON TPYIIIBI OT KOHTPOJIBHON TPYIITBI
Takke oreHnBaiu ¢ nomoipio ANCOVA. Y camiioB B Bo3pac-
Te 7 HEZI. yCTaHOBJICHO JI0OCTOBEPHOE ITPEBBIIIEHNE KOHTPOIIb-
HBIX 3HAUCHUH MACChI TeJla ¥ OTHOCUTEIBHOTO COZICPKAHUS
JKHpa B rpye 2 Ki1. — 6;1. Macca Tenia caMoK B 3TOM BO3pacTte
B KOHTPOJILHOM ¥ SKCIIEPUMEHTATIBHON IPyTIITax 3HAUNMO He
paznnyanack. BMmecre ¢ TeM coepykaHue )upa y caMok, MoJTy-
YEHHBIX IIPYU Pa3HbIX BAPUAHTAX MIEPECATOK, TOCTOBEPHO IIpe-
BOCXO/IMJIO 3Ha4YEHMsI, HAOIIOIaeMblIe Y KOHTPOJIBHBIX 0COOEH.
CoOTBETCTBEHHO, TOIIasi Macca CaMOK KCIEPHUMEHTAIBHBIX
rpymn Obljla HUKE TAaKOBOHM B IpyIiie KOHTpost. Paznuynas
(eHOTHIIUECKAST PEAKIUs HA MEPECATKN CAMIIOB U CAMOK
MIO/ITBEPK/ICHA CTATHCTUYECKH 3HAYNMBIMH 3(h(heKTaMu B3au-
MozieicTBUS (haKTOPOB «rpymma» u «moi» (cM. puc. 1). O0b-
€IMHEHME B OOIIYI0 TPYTITY JaHHBIX 110 BCEM MePeCaKeHHBIM
MOTOMKaM MOKa3aJI0, YTO COJICPKAHME JKUPa 1 TOILEH Macchl
CTaTUCTUYCCKU 3HAYUMO OTJIIMYAJIOCh OT I'PYIIIbI KOHTPOJIA
TOJBKO y camok: xup — 16.8+0.54 mporus 12.5+0.39 %
(p < 0.05, ANCOVA); Tomas macca — 75.4+0.60 nporus
81.9+£0.43 % (p < 0.05, ANCOVA).

ITockonbKy pa3Mep MOMETa JOCTOBEPHO HE Pa3IHUalCs
MEXIY AKCIIEPUMEHTAIBHBIMU TPYIIAMH, /ISl BBISBICHHS
3¢ dekToB, 00yCIIOBICHHBIX Pa3HbIMU BapHaHTaMH Iepe-
CaJI0K, CTaTUCTUYECKUE CPABHEHHSI MEXKy THMH I'PYIIIaMHU
MIPOBOIMIIN OTJIEITBHO VISl CAMIIOB M CAMOK C ITOMOIIIBIO OJTHO-

(haxTOpHOTO MCHIEPCHOHHOTO aHanu3a. Hanbosbne 3Haue-
HHSI MAaCCHI TeJIa yCTAaHOBIICHBI y 0c00eii 000ero 1mosa B rpyTie
2 KJ1. — OJ1., HAaUMEHBIIINE — B rpy1e 2 KiI. — 2 K. (cM. puc. 1).
OTHOCHTENILHOE COJIepIKaHKe JKUpa, KaK U Macca Tela, ObUIH
HAauOOJNBITUMHU y CaMIIOB M CaMOK TPYMIBI 2 KI. — O1., a
3HAYEHUS! TOMIEH MAcChl, COOTBETCTBEHHO, HANMECHBIINMH.

CrarucTuueckuil aHaIu3 MEXTPYIIOBBIX Pa3IHUUil B BO3-
pacte 10 Hex., BRIOTHEHHBIH 110 H3JI0KEHHOW BBIIIIE CXEME,
MOKa3aJl 3HAUUMOE BIIMSIHAE 3KCHEPHUMEHTAIBHOM I'PYIIIHI,
ToJIa ¥ B3aMMOZAEHCTBUS (hakTOPOB (TPyYIIIBI U 110J1a) Ha 00-
IIyI0 ¥ TOIIYIO Maccy moToMKoB (puc. 2). Ha conmepxanme
JKHupa (PaKToOp «TpyIIia» HE OKa3blBaJl 3HAYUMOT'O BIMSHHS,
HO JIOCTOBEPHO BJIMsJI (akTOp I0JIa, a TAaKXKe B3anMOJIeH-
cTBHE (HaKTOPOB — «II0J» U «rpymmay. IIpu cpaBHEHNH 3KC-
MEPUMEHTAIBHBIX TPYII ¢ KOHTPOJIBHOM YCTaHOBJIECHO, YTO
y CaMIOB JI0JIsl )KMPa MpPEBBIIIaia KOHTPOJIbHbIE 3HAYCHUS
TOJBKO B IpyTIIie 2 K. — 2 KII., a ToIas Macca ObLIa HIDKe, 9eM
B KOHTpOJIE, B Tpymmax 2 KiI. — 0. u bi. — 611. Y camok Bcex
OKCHECPUMCHTAJIBHBIX T'PYHII OTHOCUTCIBHOE COACPIKAHUEC
JKHPA MPEBBIIIAN0 KOHTPOIbHBIE 3HaueHNs1. COOTBETCTBEHHO,
TOIIasi Macca ObliIa HIPKE, YeM B KOHTPOJIE, HO CTATHCTHYECKH
3HAUUMBIM 3TO pa3jMyue ObUIO TOJIBKO B rpynrme bi. — O
Kak u B Bo3pacte 7 Hell., ©3MEHEHHE COCTaBa Tea, 00yCIoB-
JICHHOE TIepecaakoil SMOPHOHOB, OBUIO OoJiee BEIPaXKEHHBIM
y CaMoOK, 4eM y camIoB. [Ipi 00beJMHEHHN NaHHBIX TPy
MOTOMKOB Pa3HbIX BAPHAHTOB 3MOPHOHAIBHBIX MEPECaTOK
CTAaTHCTHYECKH 3HAYMMBbIE OTJIMYHSI OT KOHTPOIBHON IPYIIITBI
OBUIN BBISIBJICHBI TOJIBKO Y caMoK: xup — 19.54+0.65 nporus
13.4£0.46 % (p <0.05, ANCOVA); Tomtas macca— 71.8+0.65
npotus 77.5+0.46 % (p < 0.05, ANCOVA).

DKCrepUMeHTAIbHbIE TPYIITBI 000€ro T0J1a MEXIY Co00M
JIOCTOBEPHO HE Pa3NYaINCh. DTU PE3YIbTaThl TTOKa3bIBAIOT,
YTO €CJIM BIMSHHE CIOC00a MOTyUeHHs] OTOMKOB Ha Maccy
TeJa HUBEJIUpyeTcs B Bo3pacte 10 Hell., To pa3iuyus B KUpe
1 TOLLEH Macce M0 CPaBHEHHUIO C TPYIIION KOHTPOJIS COXpa-
HSIOTCSL U B 3TOM BO3pacTe.
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Metabolic phenotype of adult mice offspring
obtained from different variants of embryo transfer
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Fig. 2. Body weight and relative values of fat and lean mass as % of body mass in the offspring of mice at the age of 10 weeks.

*p < 0.05;** p<0.01 compared with control group. ANCOVA with covariates by the litter size and body weight at the age of 3 weeks.

[MoKo30TONEpPaHTHDbIN TecT

‘YpoBeHb IITIOKO3HI /10 ¥ BO BpeMs Harpy304uHo# ipoOst (['TT)
HE KOPPEJIUPOBAJ C YHCIOM ITOTOMKOB B TIOMETaxX M Maccoi
Tela py 0ThbeMe OT Marepeid. ITO 0OCTOSTENBCTBO TTO3BOJIHIIO
MIPOAHAN3HPOBATh BIMSIHUE ITEPECcaiOK 1 MOJIa, He Iproerast
K MCIIOJIb30BAaHUIO KoBapHart. J[ByxdakropHbIil aucnepcu-
OHHBII aHaJIU3 MOKa3aj, 4T0 0a3aJbHBIA YPOBCHD IITFOKO3BI
CYHIECTBEHHO 3aBHCEIN OT I0Ja MOTOMKOB (F| 5, = 19.74,
» <0.001) n B3auMoneHcTBHS (HAaKTOPOB KIIOTI» M «TPYTIIIa»
(F556=3.69,p=0.017) (tabmn. 3). CobcTBeHHBIH (D deKT dKC-
MEPUMEHTAIBHON IPYIITIBI OBIIT CTATUCTHIECKH HE3HAYNMBIM
(F5 5= 1.90, p = 0.14). Konnenrpanus III0KO3bl B Pa3sHbIE
cpoku Harpy3ounoi npoOsl (I'TT) OblTa TOCTOBEPHO HUKE
y caMOK Pa3HBIX TPYyMIL, 4eM y camioB (puc. 3). BapuaHTs

Males

Glucose, uM/I
=)

8 L

6}

4 " " " " "

0 15 30 60 120
Time, min

Factor df 0 min 15 min
Group 3.56 F=1.90 p=0.139 F=0.58 p=0.631
Sex 1.56 F=19.74 p<0.001 F=9.22 p=0.004
Group X sex 3.56 F=3.69 p=0.017 F=1.09 p=0.361

Fig. 3. Glucose concentration after carbohydrate load.

Table 3. Basal glucose levels
in mature male and female mice
obtained at different variants of embryonic transfer

Males, Females,
Average = SE (n) Average + SE (n)

Group

A B _ different letters indicate significantly different arithmetic means (p < 0.05,
LSD test); SE - standard error, n - number of animals in the group.

r  Females —e— Control
--@-- 2cl-2cl
—o— 2cl-bl
Bl-bl
6 1.5 3.0 6.0 12.0
Time, min
30 min 60 min 120 min
F420 ................................................................ F=122 .........................
F=256 ................................................................ F=1742 ..... p<0001
............................................................................... F—103

The table below shows the effect of the experimental group and sex on glucose concentration at different times after carbohydrate load. ** p < 0.01 compared

with control group (Student’s t-test).
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Factor df Area under curve (AUC)

Fig. 4. Areas under the glucose increase curve in the descendants of
experimental groups.

The table below shows the effect of the experimental group and sex on AUC
values. Differing means (p < 0.05, LSD test) are marked by different letters.

repecagok CTaTUCTHUECKH 3HAYMMO BIIVSIIM Ha YPOBEHB TITIO-
k03bl, u3MepeHHbli Ha 30-i mun ['TT. [Ipu aToM HanbonkIme
3HAUEHHs] OTMEUEHBI y KOHTPOJIbHBIX 0CO0EH, a HAUMEHb-
M€ — y TOTOMKOB I'PYIIIBI 2 KII. — OJ1.

Ilnomanp nox KpUBOU MpUPOCTA KOHUEHTPALUHU TITFOKO3bI
(AUC) BapbupoBaa B 3aBHCHMOCTH OT IT0JIa )KMBOTHBIX U B3a-
nmosieicTBus pakTopoB rmosa u rpynisl (puc. 4). [locnennee
00CTOSITENIBCTBO BBIPAKAIOCH B TOM, YTO BAPHAHTHI I1EPECATOK
s Ha AUC Tombko y cammoB. [Tpu sTom HambombIme
3HayeHust AUC oTMedeHBl Y KOHTPOJIBHBIX )KUBOTHBIX M TIO-
TOMKOB, IOJIYUYEHHBIX IPH BBIMBIBAHUHU M Iepecajike Oiyac-
tonucT (rpymma bi. — 6m.). Y camros rpymm 2 KII. — 2 KI1. 1
2 ki1 — 611. 3HaueHUst AUC OBUIH JOCTOBEPHO HUXKE.

O6¢cyxpeHue

Pe3ynbTaThl HAIMX KCCIICA0BAHMIT TOKA3AITH, YTO TIepecaKa
9MOPHOHOB CyppOraTHOM MaTepH Jiaxke 6e3 npeBapuTeIbHON
MHKYOAaI[M1 OKa3bIBaeT JOJITOCPOYHOE BIMSHUE HAa METabo-
JIMYECKUHA (PEHOTHI B3POCIBIX TOTOMKOB. DTH JTAaHHBIEC MOJI-
TBEPIKJAIOT MOJIOKEHHUE O BEICOKOH BEPOSITHOCTH SITUTCHETH-
YeCKOTo IepenporpaMMUPOBaHUS Ha TOMMILIAHTALMOHHOM
cramun pa3Butus (Fleming et al., 2004; Rehfeldt, Kuhn, 2006;
Burdge et al., 2007; Nelson, Lawlor, 2011; Fleming et al.,
2012; Mulligan et al., 2012). CnegyeT OTMETUTH, YTO B IIO-
JABIISIOIIEM OOJIBLIIMHCTBE UCCIICIOBAHUI IOTOBPEMEHHBIX
nocunenctuiit KO B kauecTBe I1aBHOTO (hakTopa paccMarpu-
BAaIOT COCTaB KyNIbTypainbHO cpexasl (Fernandez-Gonzalez et
al.,2004; Dumoulin et al., 2010; Bouillon et al., 2016). Hamre
HCCJICAOBAHUEC TTOKA3bIBACT, YTO BJIMAHUC KYJIBTUBUPOBAHUA
9MOPHOHOB i7 Vitro OT ABYX KJIETOK /10 OJIaCTOLUCTBI IIPOSIBIIS-
eTCsl ITaBHBIM 00pa30M B OOJIbILCH Macce Tela U COACPKaHUH
JKHpa y CaMILIOB B BO3pacTe 7 HeJl. [0 CPABHEHHUIO C CaMIiaMH,
HOJIy4E€HHBIMH €CTECTBEHHBIM CII0co00M. B oTimame ot cam-
[JOB Macca Telia CaMOK, MOTyYCHHBIX TIPH Pa3HBIX BapHaHTaX
nepecajiok, He OTJMYaiach OT IPYIIIBI KOHTPOJISI B BO3pacTe
7 u 10 Hex. OHAKO CAMKH SKCTIEPUMEHTATBHBIX TPYIIT IMEITH
Oosbliee, 4eM B TpyTITe KOHTPOJISI, OTHOCHTEIIFHOE COIeprKa-

2020
24.7

MeTabonunueckunin peHoTHN B3POC/bIX MOTOMKOB MbiLLEN,
MOJYYEHHbIX NMPU Pa3HbIX BapriaHTax SMOPU1OHasbHbIX Nepecasiok

HHE ’KMpa ¥ MEeHbIIINe 3HauyeHUs Toueil macchl. [lockonbky
9TH K€ OTIMYIHUS OT KOHTPOIBHBIX 0CO0eH OBLTH CTaTUCTHYE-
CKH{ JJOCTOBEPHBIMH KaK B HKCIIEPHMEHTAaX C KyJbTHBHPOBA-
HHEM 5MOPHOHOB OT JIBYX KJIETOK JI0 OJIACTOLMCT, TaK U MPH
nepecagKax AByX KIETOYHBIX YMOPHOHOB 1 Oi1acTonucT 0e3
KyJIETHBUPOBAHHS, MOYKHO 3aKJIFOYHTh, 4TO caMa MpoLeaypa
9SMOPHOTPAHCIUIAHTALMK BHOCUT BKJIaJl B MeTa0OIMYEeCKHe
M3MEHEHHUS TIOTOMKOB JKEHCKOTO TIOJTA.

Kpowme Toro, ycioBus NpeMMILTaHTAIIMOHHOTO 3Tara 1 CTa-
TSI Pa3BUTHS B MOMEHT M1€PECaIK1 BIUSUTH HA TOJIEPAHTHOCTh
K TJIIOKO3€ TTOTOMKOB MY)KCKOTO TI0JIa, IOyYeHHBIX MOCIe
repecasioK JIByX KJICTOYHBIX SMOPHOHOB 1 OJIaCTOIMCT U TIO-
cJie KyJAbTUBUPOBAHUS in Vitro. IIpu 3TOM ciienyeT OTMETUTD,
YTO CaMIIbI, POXKICHHBIE TIOCTIe TIepeca oK HHTAKTHBIX OJa-
CTOLMCT, HE OTIMYAIIUCH [10 TOMY MPU3HAKY OT KOHTPOIBbHBIX
ocobeii. [Tony4eHHbIe B HallIeM UCCIIEIOBAHNH JaHHBIE MACChI
TeJa ¥ TOJIPAHTHOCTH K IIIFOKO3€ JEMOHCTPHUPYIOT HEKOTOPYIO
CXOJKECTb JOJITOBPEMEHHBIX ITOCIIEICTBUI KYJIBTHBHPOBAHUS
Ha MPEUMIUIAHTAIIMOHHON CTaJIMM Pa3BUTHS ¢ MeTadoInye-
CKUMH M3MEHEHHSIMH Yy B3pOcibIX motoMkoB (Donjacour et
al., 2014; Lopez-Cardona et al., 2015). AHanu3 naHHBIX JTH-
Teparypsl 0 BiussHuU BPT Ha nipe- 1 IOCTUMIUIAHTallMOHHOE
pa3BUTHE, a TaK)Ke MOCTHATAIBHBINA (DEHOTHI TOKa3hIBACT,
uro Bo3xelictBue BPT 3aBucuT OT BHaa MIICKOIIMTAOIINX,
110J1a, UCII0JIb3yEMOH KYJIBTYPAJIbHOM CPEJIbl, @ TAKIKE BO3PAC-
Ta MojeNbHBIX BUIoB (Duranthon, Chavatte-Palmer, 2018).
IIpu 5TOM aBTOPBI NOAYEPKUBAIOT, YTO OUEHB TPYAHO CAEIATh
00111e BBIBO/IbI, 32 HCKIIFOYEHHEM TOTO (haKTa, YTo IPOIIELyphI
BPT Baustror Ha TMIAAHEIN 0OMEH 1 META00IM3M TIIFOKO3EI.
[IpeanoxeHO HECKOJIBKO CBA3aHHBIX MEXly COOOI rHIoTes,
OOBSICHAIONINX, KAKUM 00pa3oM HeOIaronpusTHbIe PakTopbI
Ha paHHMX 3Tarax pa3BUTHI MOTYT OKa3bIBaTh JOITOCPOIHOE
BIIMSTHHE Ha 370poBbe ToToMKOB (Feuer, Rinaudo, 2012, 2017).

l'nnore3a HayaJIbLHOTO TPUITEPA MPEAIoNaraet, 4To B OC-
HOBE OTHOCHTEIHFHO CXOIHBIX META00INIeCKIX (DEHOTHIIOB
(MeTa00IM3M TITIOKO3BI, JIMIUAHBIH 0OMEH M U3MEHEHHUS ap-
TEpUASIbHOTO JABJICHUS) JIEXKAT SITUTEHETHYECKNE MEXaHU3MBI
MpOTpaMMHPOBaHUS TeHoMa. [lepron pa3BUTHS OT CTaaWuU
3UTOTHI JI0 OJIACTOIMCTHI SBIISCTCS] HAMOOJIEE SIINTCHETHIECKI
YSI3BUMBIM, TIO9TOMY CUMTAETCs, YTO peaklus IMOpHOHA Ha
HCKYCCTBEHHYIO CPey MTPUBOIUT K H3MEHEHHSM YKCIIPECCHU
TEHOB, KOTOPBIE BKIJIIOYEHBI B IporpamMmy (hOpMHpPOBAHUS
obmeHa BemecTB. COIIacHO CIIEYIOLIEeH IHITOTe3€e, BIUSHUE
MaHUNYJSIIAHA in Vitro Ha SKCIPECCHIO KIFOYEBBIX TCHOB,
BBITIOJTHAIOMINX (DYHKINH PETYISATOpa TPAHCKPHUIIIIUHK B TIpe-
JMIUIQHTAIIMOHHBIX SMOPHOHAX, MOXKET I10-Pa3HOMY BIIHSITh
Ha THIBI KJIETOK U OOBSICHUTH CHENH(DUIHOCTH MpoduIei
9KCIIPECCUU TCHOB B Pa3HBIX TKAHIX, HAOIOTACMBIX TPH
ucnonb3oBanuu BPT. Hakonen, npeanonaraercs BiIusHUE
YCIIOBHI MPEUMITIAHTAIIIOHHOTO Pa3BUTHSA Ha II00ATBHYIO
9KCITIPECCUIO TEHOB, 00YCIOBICHHOE TPAHCKPUIIIMOHHBIMHU
M3MEHEHUSMH, KOTOPBIE AMUICHETHUECKU MOAIePKUBAIOTCS
B HECKOJIPKHUX JIOKyCaxX, B TOM YHUCIIE TPH TU(PepeHITNPOBKE
kierok (Feuer et al., 2014).

Crnemyer OTMETUTh, YTO 3HAYUTENIHO MEHbIIIE BHUMAHUS
yaenseTcs JoATOBpeMeHHBIM nocnencTsusiM BPT, oGycmos-
JICHHBIM PEaKIiel CypporaTHON MaTepu Ha SMOPHOHATEHBIC
AHTUTEHBI, (POPMUPYIOIIEH I'YMOpPalIbHOE 00ecCHeYeHHe st
HOPMAaJILHOTO pa3BUTHS MJI010B. CeromgHs y>kKe HeT HUKAKIX
COMHEHUH, 4To MarepuHckue T- u B-kieTkn pacno3HaioT
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AQHTUTEeHBI IUI0/1a U PEarupyroT Ha ero NpUCyTCTBHE. DTO SB-
JICHUE TIOATBEPXkKICHO Ha HKCIIEPUMEHTAIBHBIX MOJEIIX, B
KOTOPBIX OTBETHI T- 1 B-KJIETOK Ha IPUPOTHBIC WK MOJICIIb-
HbI€ aHTUT'€HBI TIPOCIICKUBAIUCH in vivo U in vitro (Molden-
hauer et al., 2010; Taglauer et al., 2010). Kpome Toro, Hamm4me
AQHTUTCH-PEaKTUBHBIX T-TMM(pOIMTOB ¥ aHTUTEJI K TeHaM T'HC-
TOCOBMECTUMOCTH XOPOILIO U3BECTHO U 3310KyMEHTHPOBAHO
y 6epemenHbIX xeHIMH (James et al., 2003; Kahn, Balti-
more, 2010). Pe3ynbrarel HammMX paHee OMyOIMKOBAHHBIX
UCCJIEIOBaHNI TIOKa3bIBAIOT JIOJITOBPEMEHHBIE (P PEKThI M-
MYHOTEHETHUECKHX Pa3INIUi MEKTY CyppOraTHON MaTephio
1 SMOPHOHOM Ha CTAIMAX JABYX KJICTOK M OIAaCTOLMCTHI Ha
MeTa0OJIMUECKUIl U MOBEIEHYECKUH (EHOTUIT B3POCIBIX
moromkoB (Gerlinskaya, Evsikov, 2001; Gerlinskaya et al.,
2019). Bimsiane $pakTopoB NMMYHOTCHETHYECKOTO JHAIIOTa
Marepy U Iuioja Ha EHOTHII IIOTOMKOB MOKET OTJIMYaThCSI
IIPU TIepecasikax, BHIMOIHIEMBIX Ha ayTOPEIHbIX (B HAIIEM
ciryyae A CD1) 1 nHOpEeHBIX IMHUSAX MBIIICH.

3aknioyeHune

Takum 00pa3om, pa3BUTHE TOUMILIAHTAIIHOHHBIX SMOPHOHOB
in vitro 1 Aaxe UX nepecajky 0e3 MpeaBapuTeIbHOTO KYJIbTH-
BUPOBAHMS BIUSIOT HA META0OIMYECKUI ()EHOTHIT TOTOMKOB.
Ortu kmoueBble nponeaypsl BPT MoryT cymiecTBeHHO BIHSTH
Ha BOCIPOHU3BOJUMOCTb PE3yJIbTAaTOB MPHU HCIOIB30BAHUU
TEXHOJIOTHH KPHOAPXUBUPOBAHUS [Tl BOCIPONU3BOJICTBA I'e-
HETHYECKUX JIMHUH J1a00PaTOPHBIX )KUBOTHBIX, XO35IHCTBEH-
HO 3HA4YMMBbIE MPHU3HAKH U PENPOLYKLHUIO IIEHHBIX MOPOJ
CeJIbCKOXO3AHCTBEHHBIX JKUBOTHBIX, @ TAK)KE BEPOSTHOCTD
METabOJIMUECKUX OTKIOHCHUH Y HOBOPOXKJCHHBIX, 3a4aThIX
C TIOMOMIBIO IKCTPAKOPIOPATHHOTO OIJIOAOTBOPEHHUS.
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