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JO3PEBAHUE OOLIUTOB KOPOB B CPEJE FERT-TALP ITOBBITIHAET
NX KAYECTBO 1 KOMIIETEHTHOCTD K PA3BUTHUIO in vitro®

I''H. CHHI'MHA, E.H. HIETOBA

DKcTpakopnopajbHoe co3peBanue (in vitro maturation, IVM) — BakHblii 3Tanm MoJy4eHUS
amMOpuoHoB in vitro (in vitro embryo production, IVP). YciaoBus cpenpl, okpyxKamieii 0OnMTbI BHE
OpraHu3Ma, KpUTHYECKH BJIMAIOT HA KAYeCTBO SLEKIETOK, YTO JeJaeT 3TH YCJIOBUSA 00bEKTOM HAmpas-
JenHoro BoszaeiicTeus. Yame Bcero miss IVM oonnToB KOpoB MCnoJb3yeTcs: oqHo¢a3Hoe KyJIbTHBHPO-
panue B cpene TC-199, nomonHennoi ¢eraibHoii Obrubeit coiBopoTKOilt (PBC) M ronagoTponHBIMH
ropmonamu. [IuddepeHumpoBanHoe co3peBaHne, YYUTHIBAIOIEE ACHHXPOHHOCTb MEXKAY SIEPHBIMH M
HUMTOMIA3MATHYECKMMH NPeoOPa30BAHMAMM B OOLMTAX, CJedyeT PACCMATPMBATH B KayecTBe ajbTepHa-
THBHOTO W 00Jiee eCcTeCTBEHHOr0 moaxona K moaydenuio IVP smopnonos. B HacTosimem mnccienoBannu
BIEpPBble NMPOBeAEHO cpaBHeHne AByx(a3ubix IVM nmpoTokoJioB, mpeanoiaraiomux co3peBaHne 0OUUTOB
KOpPOB HA HAYaJbHOM J3Tane B CTAHIAPTHOI cpelie M HA 3aBepUIAIOIIEM dTame — B OAHOI M3 JBYX Cpex
0e3 ropmonoB (TC-199 u Fert-TALP — cpenbl, TpaIMIMOHHO HMCHOJIb3yeMOil HA MOCJIEIYIOMIEM JTane
omwnonoreopennsi). Ileap mpeacTaBieHHOil paGoThI 3aKJII0YAJach B M3YYEHHHM BJIMSAHHSA TeCTHPYEMBIX
YCJIOBHii HA COCTOSIHME XPOMOCOM M CTeNeHb anoNTOTHYECKON JAereHepaunu B CO3PEBAIOMNX OOIUTAX, a
Takke Ha pa3BuTue U kKadectBo IVP amopuonoB. Qomur-kymymocubie kommiekesl (OKK) cospesanu B
Teyenne 16 u B cpene TC-199, monosnnennoii 10 % PBC, 10 MKr/Mia (hoJUIMKYJIOCTHMYIHPYIOILETO
(®CI) u 10 mxr/ma mortennusupyiomero (JII') ropmonos. 3atem OKK nepenocuin B cpeny TC-199,
COJepKANIYI0 TOJIBKO ChIBOPOTKY (1-s1 cuctema), oo B cpeny Fert-TALP (2-s1 cucrema) W KyJIbTHBH-
poBaju eme B Teyenne 8 4. YacTh co3peBUIMX OOUMTOB MCIOJIb30BAIH ISl AHAJM3A COCTOSIHUSA SIEPHO-
ro matepuaia (okpammsanne DAPI) u crenenn anonro3a (Meron TUNEL). JIpyryio yacTs moasepraam
OILIOZIOTBOPEHHIO /JIsi OLIEHKM KOMIETEHUMH K IMOPHOHAJIbHOMY passutuio. IluTojormyeckumii aHaam3
He BbISIBUJI BJIMSIHUSI CHCTeMbl KyJIbTHBHPOBAHMS HAa 3aBepuieHue siiepHoro co3peBanms. Jomns MII
00IMTOB Yepe3 24 4 co3peBaHus ObLIa CXOQHOW B 00EeHMX rpymmax W cocTasisuia B 1-it m 2-it cucreme
coorsercTBenno 83,3 u 84,7 %. B 1o ke Bpems MPOIEHT OOUMTOB C MPU3HAKAMH AaMONTO3a NMPH MX
nospeBanus Bo 2-ii cucreme Obl1 Hmke (11,710,7 %), yem B 1-ii cucreme (19,411,1) (p < 0,05).
Takke 00HApYKEHO BJIMSHHE YCJIOBHMii CO3PEBAHMS OOLUMTOB HA WX PA3BUTHE 10 CTAJUH 0JACTOLMCTHI
nocJjie OII0A0TBOpeHus in vitro. B ciydae mepenoca OKK cmycts 16 4 kyabtuBupoBanus B cpeay TC-
199 Bbixon osmactouucr cocrapasi 17,4+0,4 %. Wcnosnb3oBaHue B COOTBETCTBYIOMIMIA MEPHOI KYJIbTH-
pupoBanus cpeasl Fert-TALP mosbimano 3tor nokasareab 10 30,0+2,9 % (p < 0,05). IIpu 3Tom He
ObLIO OOHAPYKEHO PA3MYMii MeXKIy CPABHMBAeMbIMH BapuaHTaMu no jaoJe (%) HavaBuIMX ApoOJieHue,
o0LIeMy 4YHMCJIy filep M CTemeHM amonTo3a B Ogacromuctax. IlosydenHble NaHHbIe CBHAETEIbCTBYIOT O
TOM, 4T0 mpu AByxda3nom IVM KyJibTHBHPOBAHME OOLMTOB BO BTOPYIO a3y co3peBanus (8 1) B cpene
Fert-TALP Gouiee npeanoururesbho, yeM B cpeae TC-199, comepxameii ®BC. Mcnosb3oBanne yka-
3aHHBIX YCJIOBHil MOHMKAET ANoNTo3 B 3PEJbIX OOUMTAX M MOBBIIIAET MX CHOCOOHOCTH K 3MOPHOHANb-
HOMY Pa3BHTHIO NOCJIE OIUIOAOTBOPEHHs in vitro.

KioueBbie cjioBa: 0omMThI KOPOB, KYJbTHBMPOBAaHHE in Vitro, cpeabl CO3peBaHHs, anomTo3,
3MOpPHOHAJIbHOE pa3BUTHE.

Y KpyImHOro poratroro ckora pernpomyKTUBHbIE KJIETOUHbIE TE€XHOJOTUM, B
TOM 4YHUCJIe MOJydeHue 3MOPUOHOB in vitro (in vitro embryo production, IVP),
HWMEIOT IIIMPOKKE MEePCIEeKTUBbI NMPUMEHEHUs] B HAYYHBIX MCCIEAOBAHUSIX, a TaK-
Xe IJIST TIonAepKaHUsl BOCIPOM3BOJCTBA, COXpAaHEHUST TeHETUUECKOTO pa3HOoOpa-
31 W CO3MaHMs XXKUBOTHBIX C 3amaHHbIMU cBoiicTBamu (1-3). K Hacrosiuemy
BPEMEHHU OCTUTHYT CYIIECTBEHHBII mporpecc B paspadborke IVP TexHonoruwm,
OJIHAKO TTOJIHOLIEHHOCTb 3MOPHMOHOB, PAa3BUBIIMXCS in Vitro, Mo-mnpexkHeMy 3Ha-
YUTEIbHO HUXKE, YyeM in vivo. Kpome Toro, MHorue mnpoOieMbl, CBSI3aHHBIE C
>KM3HECIIOCOOHOCThIO POKIEHHOTO IMOTOMCTBA, A0 CUX MOp He pelleHsbl (4, 5).

CranpaptHas IVP TexHoMOrMsI COCTOUT M3 HECKOJIBKUX 3TAIOB, MEPBBI
U3 KOTOPBIX — 3KCTpaKOpIIOpaJbHOE CO3peBaHUe SIHIIEKIEeTOK. B He3pesbix 00-
LIMTax B OTBET Ha BblAeJeHUE U3 (OJUIMKYJA U MOMELIEHUE B COOTBETCTBYIO-

* PaGora BbimonHeHa mpu (uHaHcoBoit momaepxkke PODU (mpoekt 17-29-08035) m MuHuCTepCcTBa HAayKu U
BbICIIETO o6pasoBaHust PD.
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LIYIO Cpeay KyJbTHBUPOBAHUSI BO3OOHOBIISIETCS MEMO3 U 3aIlyCKAIOTCS SIepHbIC
npeoOpa3oBaHusl OT CTaAMU AUILIOTeHBbI 10 cTaauu Metadassl 11 (MII). Takke
B OOLIMTAaX IPOUCXOIST pa3IuYHbIe CTPYKTYpHbIE U MOJEKYISIpHBIE TpaHChOp-
MallMd Ha YpOBHE LMTOIUIa3Mbl (LIMTOILJIA3MAaTUYECKOE CO3peBaHUE), KOTOpPhIE
HEeOOXOAVMBI 7151 TIOATOTOBKU OOLMTA K OIJIOAOTBOPEHUIO U MOCIEAYIOLIEMY SM-
OpuoHasbHOMY pa3BuTHio (6). Kak u3BeCTHO, KOTIa OOLUThI BO30OHOBJISIOT
Melo03 in vitro, B HMX IMPOUCXOISIT T€ XK€ MPOLECChl CO3PEBAHUS sIpa, YTO U B
OOLIMTaX in Vivo, OJHAKO CTeNeHb CO3PEeBaHMWS LIUTOIUIa3Mbl OKa3bIBAaeTCsS He-
JIOCTATOYHOM, YTO BJIMSIET Ha KauyecTBO SIMIIEKIETOK, a IOCje UX OIUIOAOTBOpE-
HUSI — Ha HoJHOLEeHHOCTb IVP smMOpuoHOB. IlomBITKM pelnTh 3Ty OpoOeMy,
HECMOTpPSI Ha MHOTOJIETHHE YCUJIMS UCClIeAoBaTeseil, ToKa He MPUBOIAT K XKeJa-
€MOMYy pe3yJibTaTy. YCJIOBMS, B KOTOPBIX CO3PEBAIOT OOLIMTHI, OCTalOTCs Cy0Oo-
OTUMAJIBHBIMU U TPeOYIOT JajibHeilero Moaenuposanus (4, 7, 8).

Yame Bcero sl co3peBaHUSI OOLIMTOB KOPOB in Vitro MCMOJb3YyeTCs On-
HodazHoe KyabTuBUpoBaHUe B cpene TC-199, nonoaHeHHOH (heTaabHOU Oblub-
eii ceiBopotkoil (PBC) u roHagoTponHbIMU ropMoHaMu. IlokazaHo, 4TO B Ta-
KUX YyCIoBMSX B cpemHeM 80 % He3penbIX OOLMTOB HOCTUIaloT meradasbl 11
BTOpOTro JeneHns Mmeio3a (9), Ho ymiab 15-40 % pa3BuBaeTcd o0 cragvuu Ona-
crouucthl (10, 11). Huszkuii BeIxom 3MOPHMOHOB MOXET OOBSICHSATHCSI COBOKYII-
HOCTbIO (pakTOpOB. Bo-nepBhix, omHO(Ma3HOe KyJbTUBUPOBAHME HE YUYUTHIBACT
BPEMEHHYIO HECOIJIACOBAHHOCTb (ACMHXPOHHOCTbH) MEXAY SIEPHBIMU U LIMTO-
IJ1a3MaTUYecKUMu TpeobdpazoBaHusiMu. Bo-Bropeix, TC-199 npeacrasiser co-
00i1 KOMILJIEKCHYIO Cpely, pa3pa0OTaHHYIO IJisl KyJbTUBMPOBAHUSI coMaTuye-
CKUX KJIETOK, a comepxKalllasicsl B Heil ChIBOPOTKA, XOTS M CIYXKUT UCTOYHHUKOM
(GakTopoB pocTa, AMUHOKHUCIOT U SHAOTOKCUHOB (12) (4TO BaxkHO IJISI CTeNEHU
co3peBaHUsl), MpeACTaBIsIeT co00il BapuaOebHbII KOMIIOHEHT UM MOXET OBITh
NpUYUHON cHUXeHust kauectBa IVP smOpuonHosB (13).

Panee MblI BriepBble MOKa3aau, 4To IByX(a3HOE KYJIbTUBUPOBAHME OOLU-
TOB KOPOB, KOIJIa CHayaja MCIOJb3YeTCs CTaHAapTHas CUCTeMa, a 3aTeM OOLMTHI
MEePEeHOCST B HOBYIO Cpelly, He COIepXKalllyl0 FOHaIOTPOIHbIE TOPMOHBI, TTO3BO-
JISIET TIOBBILIATH YUCJIO siiep B AMOpUoOHax Ha ctaauu Ojgactouuctel (14). Takoe
YIIy4lIEeHUEe MOIJIO OOYCIOBIMBATHCS COOTBETCTBYIOIIMMU LIUTOILIA3MaTUUYEeCKU-
MM MpeoOpa3oBaHUSIMU, MPOUCXOMSAILIMMU Ha 3aBepllialolleM 3Tare Cco3peBa-
HUs, OT KOTOPbIX B KOHEYHOM HUTOT€ 3aBHCUT CIIOCOOHOCTbH OOLIMTOB K dMOpU-
OHAJIBHOMY Pa3BUTHUIO. MBI NIPeANOJOXWIN, YTO ABYX(a3HOe KyJIbTUBUPOBAHUE
B pa3HbIX IO COCTaBY Cpelax Ha HayajJbHOM M 3aBepllaolleM 3Talle co3peBa-
HUS OOLIMTOB MOXET OBbITh aJlbTepHATMBHBLIM (AuddepeHIMPOBaHHBIM) TTOAX0-
JIOM K TIOJy4YeHH1I0 SMOPHMOHOB in Vitro, W sl MOBBILIEHMS €ro 3¢ (PEeKTUBHOCTH
HeoOXoauMBbl AanbHelle uccaegoBanus (14).

B Hacrosieii paboTe BlepBble OlIEHEHA 1IEJIeCO00Pa3HOCTh MCIOJIb30-
BaHUs BO BTOpYyIo a3y co3peBaHust cpeanl Fert-TALP (15), kotopas B oTinuue
ot TC-199 npencrapiser coboil pacTBOp MEHee CJOXHOIO CocTaBa M HE CO-
nepxut ceiBopoTKu. Kpome Toro, B cpene Fert-TALP 3ateM mpoucxogut oIuio-
JIOTBOPEHME CO3PEBILUX SHUIEKIETOK, CJIEAOBATEIbHO, €€ MCIOJb30BaHUE B ITe-
pMoI TO3peBaHUSl MOXET CHWXKATh CTPECC, BOZHUKAIOIIMI B OOLIMTAX IpPU BbI-
HYXXIEHHOI CMEeHEe OJHUX YCIOBUI KyJbTUBUMPOBAHMS Ha APYyrue IMpU Iepexone
OT 3Tana co3peBaHMs K OIUIOAOTBOPEHMIO in vitro.

Llens mpeacTtaBieHHON pabOTHI 3aKiIloyasach B M3YYEHUU COCTOSTHUS
XPOMOCOM M CTEIEeHM aloNTOTMYECKOM JereHepaluu B OOLMTaX, CO3PEBAIOLINX
B IBYX pPa3iW4yHbIX cUCTeMax ABYX(ha3HOIro KyJbTHUBUPOBAHUS, a TAaKXKe B OLIEH-
K€ BJIMSHMS UCCAeIyeMbIX YCIOBUIM Ha pa3BUTUE U KayecTBO IVP sMOpuoHOB.

Memoouka. Bo Bcex sKcnepuMMeHTaX, KpoMe CIELMaJbHO YyKa3aHHBIX
clyJyaeB, ObUIM MCIOJIb30BaHbl peareHThl pupMel «Sigma-Aldrich» (CIIA).
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Anunuku KopoB (Bos taurus taurus), oToOpaHHbIe TOCae y0OsI, JOCTaB-
nsd B naboparopuio B TeueHue 3-5 4 npu 30-35 °C, ocBoboxaanu oT mpue-
ralolux TKaHe M MHOTOKPATHO OTMBIBAIM B CTEPUIILHOM (DU3UOJIOIMYECKOM
pacTBope ¢ aHTMOMOTMKaMU (neHuUWuIMH — 100 ME/mn, ctpenToMuuuH —
50 mkr/mi). Qouut-kymynocHble koMruieKchl (OKK) Bbiaenasiiu U3 SSMUHUKOB,
paccekast cTeHKU (OJUIMKYJIOB JIe3BueM, MpombiBamu 3 pasza B cpene TC-199,
comepkaiteit 5 % deranpHoil Obrubeil chiBOpoTKU (PBC), remapun (10 MKr/Mmi),
nupysaT Hatpus (0,2 MM) u reHTaMuuuH (50 MKr/Mi1) U poBoaAUAn MOpGOI0-
rMYecKkylo oleHKy usBiaeuyeHHbix OKK. Jns manbpHeillero KyJbTHBUPOBAaHMS
OTOMpaIn OOLMThI OKPYIJIONH (hOPMBI, C TOMOTEHHOM LIUTOIUIa3MOM, paBHOMEP-
HOIl 1O IIMPUHE 30HOM MEeJUTIoNUIA, OKPYKEHHbIE MHOTOCJIOMHBIM KOMIAKTHBIM
KyMmyocoM. Bce MaHUNy/ISIIMM ¢ OOLIMTAMM OCYLIECTBJISLUIA IO CTEPEOMUKPO-
ckonoM SMZ («Nikon», SInonus) ipu 37 °C.

IMocne cenekumn OKK kynbTuBupoBanu rpymnamu 1o 20-30 wT. B
500 mxuT cpensl nipu TeMmnepaTtype 38,5 °C B atmocdepe ¢ 5 % CO, npu 90 %
BJIAXKHOCTU. [IJ1s1 TIOJydeHUsI CO3PEBIIMX OOLIMTOB NMPUMEHSIM ABYX(a3HYIO CHU-
creMy KynabruBupoBaHust. OKK nHkyouposaau nepBbie 16 4 B cpene TC-199,
comepxamieit 10 % ®BC, nmupysar HaTpust (1 MM), reHramuiH (50 MKT/M),
®OCI" (10 mxr/ma) n JIT (10 Mxr/mMia) (cTaHgapTHasi cpefa co3peBaHMs), Tocie
Yero ux NMepeHOCWIM B CBEXYIO Cpedy M KyJIbTMBMPOBAIU elle B TedyeHue 8 4. Ha
BTOPOM 3Talle co3peBaHusd npuMmeHsun cpeay TC-199 ¢ 10 % ®BC, nupyBaToM
Hatpust (1 MM) u reHramuuuHoM (50 MKr/Mj) WU cpedy AJis MOCEAYIOLIETo
omnogotBopenuss — Fert-TALP (15), B coctaB kotopoii Bxogunu 114 MM
NaCl, 3,2 MM KCI, 0,4 MM NaH,PO4, 2 MM CaCl,, 0,5 MM MgCl,, 25 MM
NaHCO;, 10 MM HEPES, nakrar Hatpust (10 MM), nupysar Hatpust (0,25 MM),
ObIuMii CHIBOPOTOUHBIN anmsoymuH (BCA, 6 mr/mir) u reHTamuiH (50 MKT/Mi).

Yepes 24 4 co3peBaHUs YaCTh OOLIMUTOB OCBOOOXKIAIU OT KJIETOK KyMYy-
Joca, (pMKCUpOBaad M MCHOJb30BAIU IJIS LIMTOJOTMYECKOrO aHajau3a CTeleHU
CO3peBaHMs U amoITo3a IO paHee OMUMCAHHOMY IpoTokoiay (16). JApyryio yacTh
nepenocun B cpeny Fert-TALP, momonxennyio BCA (6 mr/mi), renapyuHOM
(10 mxr/mn), nenuuuinamuHoM (20 MxM), runoraypuHoM (10 MxM) u snu-
HedpuHoMm (1 MKM) g in vitro OmiogOTBOPEHUS U OLEHKUA KOMIETEHTHOCTU
K TocJenyoleMy 3MOpMOHATbHOMY Pa3BUTHUIO.

3a 1,5 4 10 OIUIOOOTBOPEHMS OOLIMTOB COJOMMHKU C 3aMOPOXKEHHOM
CIIepMOi1 pa3MOpaXkKMBaJld, aKTUBHbBIE CIIEPMATO30MIbI MTOJYyYaJId METOIOM «SWim-
up» ¢ ucnonb3oBanueM cpeabl Sperm-TALP (17), cogepxaiieit mupyBar HaTpusl
(1 MM) u BCA (6 mr/mi). JIJIg 3TOro coaepXUMoe COJOMUHOK ITOICTauBaIN
mo 220 Mk B npobupku oobemoM 1,8 mir («Nunc», Jlanus), comepxaiue 1 M
cpenbl Sperm-TALP, u nomMeiwanu B unkybdarop (MCO-18AIC, «Sanyo», Ano-
Hust) Ha 50 MuH. B KoHIIe MHKyOauuu M3 NpoOupoK oTompanu 750 MK Bepx-
HEro cjosi, pa30aBlIsuIM CBexXeil cpenoil u neHtpudyruposanu mnpu 300 g B Te-
yenue 10 muH. ITonydyeHHBIN ocamok, comepKalllvii MOABVKHBIE CIIEPMUM, BHO-
CWIU B Cpedy OILIONOTBOPEHMS C IpeaBapuTebHO nepeHeceHHbIMU Tyna OKK
(KOHEeYHasl KOHLIEHTpaLusl crepMaTo3ounos 1,5x106/m).

ITosoBbIe KIETKM COBMECTHO MHKYyOUpoBaau 18-20 4, 3aTemM mpearosara-
eMbl€ 3UTOThl MEPEHOCUIM B Cpedy ISl pa3BUTUSI SMOPUOHOB (14) U KYyJIbTUBU-
poBaiu B TeueHue 7 cyT. Ha 2-e cyT mocyie oriogoTBOpeHUsI OOLUTOB MTPOBOAM-
JI1 MOP(OJIOTMUYECKYIO OLIEHKY pa3mpOOMBILIMXCSI 3UTOT, B KOHIIE KYJIbTUBUPOBA-
HUS ONpeaesisUId YMCIIO SMOPUOHOB, Pa3BUBILMXCS IO CTAAWM OJACTOLIMCTHI.

IMonyyennble OGmacTomucThl (uKcupoBaiu 4 % pactBopoM Iapadop-
MaJIbAETHIE U MOIBEeprajau Ipoleaype nepmeaduauzanuu B pactBope Triton X-
100. CreneHb anonTOTUYECKUX U3MEHEHMH SIEpPHOTO MaTepualia B SMOpHUOHAxX
onpenensiin meronoM TUNEL ¢ ucnonb3oBanneM Ha6opa In Situ Cell Death
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Detection Kit, fluorescein («Roche Diagnostics», IlIBeitliapust) corjacHoO MH-
CTPYKLIMU KOMITAHUM-TIPOM3BOAUTENSA. 3aTeM SMOPUOHBI OKpAalllMBaJIu pac-
tBopoM DAPI (1 MKr/mi) anst JokKaliu3aluu saep M IEPEHOCWIM Ha CTEKJIO
o1 aHaiauza. MukpodortorpadgupoBaHue M OLEHKY IIPENnapaToB BbIITOJIHSIIN
non ayopeclieHTHbIM MUKpPOCKonoMm Axio Imager.M2, ocHallleHHBIM (bUIb-
TpoM 65 HE (mmg TUNEL, Bo3byxnenue mpu A = 445-470 um) u 49 (mig
DAPI, Bo30yxaeHue mpu A = 365 HM), ¢ UCIOJIb30BaHKEM LIM(PPOBOI Kame-
pel Axiocam 506 u mporpammbl ZEN 2 pro («Carl Zeiss», I'epmanus). Cre-
MeHb anmonTo3a B aMOpuoHax oueHuBanu no gojse TUNEL-MO3UTUBHBIX siaep
OT OOLLEro yucia saep.

IIpu craTucTryeckoit 0OpabOTKe AAHHBIX MPUMEHSIM OAHO(MAKTOPHBIN
JIHCIIEPCYOHHBIN aHamu3 (mporpaMMbl SigmasStat, «Systat Software, Inc.», CIIA).
Pesynbrarhl npeacTaBieHbl B BUIE CPeIHMX 3HaYeHUil (M) U cTaHAAPTHBIX OIM-
0ok cpenHux (ZSEM). [Ins oueHKU AOCTOBEPHOCTHU Pa3IMUMii MeXIy CpaBHU-
BaeMbIMU CPEIHMMM 3HAUYECHUSIMU MCHOJb30BAIM KpUTepril ThioKM.

Pezyasomamot. YcaoBuUs cpelbl, OKpPYKalOlIeld OOLUTHI in Vitro, KpuTU4e-
CKM BJIMSIIOT Ha KayecTBO SIMILEKIETOK, YTO JAeJIaeT 3TU YCIOBUS OOBEKTOM
HaIpaBJeHHOIO BO3aeiCcTBUS. B mpenacraBieHHON paboTe mJsi CO3peBaHMST 0O-
LIMTOB KOPOB BMECTO CTaHIAPTHOIO ogHoda3Horo nporokona IVM Mbl UCTIONb-
30Bajii JByx(a3zHOoe KyJbTUBUPOBAHME OOIIMTOB, KOTOpOE IIpearnojaraao Mx
co3peBaHue B TeueHue TepBbIx 16 4 B cpeme TC-199, comepxameit 10 % OBC
U TOHAIOTPOMHBIE TOPMOHBI, U Tociaenyomux 8§ 4 — uad B TC-199, Ho 6e3
ropmoHOB (1-a cucrema), unu B cpene Fert-TALP (15) (2-2 cucrema). Bpems
CMEHBI cpeibl 16 4 ObLIO BRIOpAaHO HAa OCHOBAaHMU IOJYYEHHBIX paHee TaHHBIX
0 TEPBbIX MpPU3HAKaX YXYIIIEHMS KayecTBa OOLIMTOB, MPOUCXOASIIUX K 3TOMY
Mnepuoay Mx co3peBaHus in vitro (18).

Puc. 1. Muxpodororpadun IHMTOJIOIMYECKHX NPENApaToB 3peJibIX O0OUUTOB KopoB (Bos taurus taurus)
gepe3 24 4 co3pesanns in vitro: A, [ — mopdonorus oouura; b, /I — oxpaimBaHue SiIEPHOTO Ma-
Tepuana ¢ nomoinbio DAPI (cunuit uset), MII — xpoMocoMbl Ha ctaguu MeTacda3bl BTOPOTO Je-
neHust Meiosa, [T — monsipHoe Tenblie; B, E — okpaluuBaHue simepHOro maTepuaia MeTOIOM
TUNEL, BBepxy (B) — oouuthl 6e3 mpu3HakoB aronTo3a, BHu3y (E) — ¢ mpu3Hakamu amorrosa
(TUNEL-nosutuBabie MII xpomocombl u IIT okpaieHsl B 3ejieHbINd 1LBeT). YBenuueHue %400,
duyopecueHTHbI MUKpockorn Axio Imager.M2, ocHaueHHbiii puiasrpom 65 HE (mis TUNEL,
BO30yxneHue npu A = 445-470 um) u 49 (mis DAPI, Bo30Oyxnenue npu A = 365 HM) C LIBETHOMI
urdpoBoit kKamepoit Axiocam 506 («Carl Zeiss», I'epmanust).

LlnTonornyeckuii aHajlu3 HE BBISIBWJ BIMSHUS CUCTEMBI KYJbTUBHUPOBA-
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HUSI Ha 3aBepllieHMe SIIEPHOIro co3peBaHMs. 101 OOLIMTOB, HAXOMSIIMXCS Ha
cramnn MII meitoza (puc. 1, Bb-J1), yepe3 24 u co3peBanust (16 + 8 4) Obula
CXOIHOM B 0b6enx Tpymmax 1 coctabisia 83,3 u 84,7 % (ta6m. 1). B To ke Bpemst
JTOJIS OOLIUTOB C MpU3HaKaMu arrornro3a (cMm. puc. 1, E) 6puta ke (11,7£0,7 %)
npu pospeBaHuun B cpeae Fert-TALP, Ttorma kak mpu KyasTuBupoBaHuu B TC-
199, conepxxameit @BC, mokaszarenp ysemmunBaics Ha 7,7 % (p < 0,05) (tab6m. 1).
1. CocTosiHue XpOMOCOM M YACTOTA ANMONTOTHYECKOi JereHepaiMd B OOLUTAX KOPOB

(Bos taurus taurus) nocjie 103peBaHUs] B TeuyeHHe 8 4 B Pa3IMYHbIX CHCTEMax
KyasruBupoBanus (M+SEM)

Yucio Hounst, %
DKcrnepuMeHTalIbHast
9KCIEPU- |OOLMTOB OOLIUTOB MII oouuroB
rpymma (cucrema)
MEHTOB  |BCero Ha ctaguu MII C MIpM3HAKaMU aronTo3a
1-a cucrema 4 85 83,3+5,6 19,4+1,1
2-4 cucrema 4 83 84,712.,4 11,7£0,7*

Mpumeuanue MII — meradasa II; 1-a cucrema: co3peBaHie OOLUTOB B TeueHue mepBbix 16 4 B cpexe TC-
199, conepxaueit 10 % deranbHoit Obiubeii cbiBopoTkr (PBC), a Takxke HOMTMKYIOCTUMYIUPYIOLIMIA 1 JTIOTEH-
Husupyowmii ropmonsl (PCI u JIT), u nocnenytoume 8 4 — B TC-199, HO Ge3 rOpMOHOB; 2-51 cUCTeMa: co3pe-
BaHME OOLIMTOB B TeueHMe 16 U B YCIOBMSIX, aHAJIOTMYHBIX TaKOBBIM B 1-il cucreMe, W mocienyiouime 8§ 4 — B
cpene orutonorBopenusi Fert-TALP, He conmepxarieii renapuH, TMIoTaypuH U SnuHeDpUH.

* Paznuuusi MeXa1y CpaBHMBAEMbBIMU TPYNIaMy CTaTUCTUYeCKH 3HAUMMbl mipu p < 0,05.

KomneTeHT-
HOCTb 3peJIbIX OOLU-
TOB K Pa3BUTUIO TO-
cJie OIJIOMOTBOPEHMS
in vitro, Kortopas
CIIyXKUT KpUTEPUEM
CTEeNeHU LIMTOIIa3-
MaTUYeCcKOro co3pe-
BaHYs1, OLIEHMBAIU T10

Puc. 2. MukpodoTtorpadun pa3apoGHBIXCS NOC]He OMIOJOTBOPEHHS in CIIOCOOHOCTH  OOLH-

vitro oouutoB KopoB (Bos taurus taurus) (A) u 3MOPHOHOB, pa3BUBIIMXCA TOB BCTyNaTh B Iep-
X 1 1-

o cramuu 0xacrouuctsl (Bb) (yBenmmuenune X200, mukpockon Eclipse Ti BOE JleJICHNUE ,I[p06-

U, «Nikon», SImoHwust).
neHust (puc. 2, A) u
JIIOCTUTaTh CTaAUU OlacTOUUCTHI (cM. puc. 2, b) (Tadn. 2).

2. CniocoOHOCTb 00UUTOB KOPOB (Bos taurus taurus) K SMOPUOHAILHOMY PA3BUTHIO B
pa3HbIX cHCTeMax Jo3peBaHus in vitro (MESEM)

Yucno PasButue oo craguu 61acTOLUCTBI, %
DKcrnepuMeHTalIbHast Honst npobieHust
9KCIEePU- | OOLIMTOB
rpymma (cucrema) 00LIMTOB, % OT YHMCJIa OOLIMTOB | OT YKMC/Ia SMOPHOHOB
MEHTOB | BCETO
1-a1 cucrema 5 150 65,4t1,1 17,4+0,4 26,6+0,9
2-1 cuctema 5 123 71,7+£1,7 30,0+2,9* 42,1+4,9**

IIpumeyanue. OnucaHue cpea U CUCTEM CM. B Tabnuie 1.
* %% Pazmuuusi MEXIy CPaBHMBAEMBIMU TPYIIIIAMU CTATUCTUYECKH 3HAYMMBbI COOTBeTCTBeHHO Tipu p < 0,05 m p < 0,01.

Hois pa3anpoOUBIIMXCSI OOLUTOB, OIpeAelisieMast Ha 2-€ CyT KyJIBTUBHUPO-
BaHMSI, HE pa3jiMyajach MEXIY SKCIEPUMEHTAIbHBIMKM TPYIIIAMU U COCTaBJIsLIa
cooTBeTcTBeHHO 65,41+ 1,1 u 71,7+1,7 % s 1-it u 2-ii cuctembl. TeM He MeHee
00HapyXeHO BIMSHME YCJIOBUI Ha BTOPOM 3Talle CO3pEBaHMS OOLIMTOB (8 4) Ha
WX pa3BUTHE A0 cramguu OnmactomucTehl. B ciaydgae mepenoca OKK wepes 16 u
KyibpTuBHUpoBaHus B cpexy TC-199 Beixonm Gnactoumcr cocrapisun 17,410,4 %.
Hcnonp3oBaHre B COOTBETCTBYIOIIWIA IEPUOI KYJIBTUBMPOBaHMS cpedbl Fert-
TALP moBbIazo 3toT nokasatenb 10 30,0+£2,9 % (p < 0,05) (cm. Tabm. 2).

Hcnonp3oBaHue IBYX CpaBHMBACMBIX IIPOTOKOJIOB ABYX(Pa3HOIO KYJIb-
TUBUPOBAHMS OOLIMTOB CYLIECTBEHHO He M3MEHsI0 KadecTBa IVP sMOpuoHOB,
KOTOpOE OLIEHMBAJIM II0 YMCIY SIIeP Ha 7-€ CYT MOCJIe OILUIOAOTBOPEHMS (PHC.
3, b), omHako B ciy4yae KyJbTHMBHPOBAaHMSI BO BTOPOM IIEpHOHA CO3PEBAaHUSI B
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cpene Fert-TALP nHabmomanach TeHACHLIMSI K YBEJIMYSHUIO 3TOrO ITOKA3aTeIsI
(tabn. 3). Jlons saep B AMOpMOHaxX ¢ IpM3HaKaMu amnonro3a (cM. puc. 3, B)
TaKXKe He pa3inyajach MEXIY SKCIIepMMEHTAIbHBIMU IPYIIIAMM M COCTaBIIsIA
mns 1-it m 2-i cucteMbl cooTBeTcTBeHHO 5,1£0,9 u 4,6+0,4 % (cMm. Tabm. 3).

Puc. 3. Mukpodororpaduu muToI0rM4ecKHX NpPenapaTos 3MOPHOHOB KPYIHOro poraroro ckora (Bos
taurus taurus) Ha 7-e CyT KyJibTHBHpOBaHHSA: A — mopdoiorus Onacrouuctel; b — okpainmBaHue
spaep B 6macrouucte ¢ momoinbio DAPI (cunmii uBet); B — okpammBaHue anmonTOTUYECKUX sSIEP B
omactommcre merogoM TUNEL (TUNEL-no3uTuBHBIE siapa OKpallleHbl B 3e€JICHBII 1IBET). YBEIu-
yenue X200, ¢ayopecueHTHBIE MUKpocKom Axio Imager.M2, «Carl Zeiss», 'epmaHus.

3. KavectBo smoOpuonoB IVP (in vitro embryo production), moy4eHHbIX mocJe 8-
4acoBOro J103peBaHUs1 OONUTOB KOPOB (Bos taurus taurus) B pa3siM4HbIX CHCTEMAaX
KyJbTHBHPOBAHHUSA C MOCJHEAYIONHMM in vitro omioxorBopenueM (MESEM)

Cpena no3peBaHus O6uiee YnuciIo Yucno simep B Giacroumcre

(cucreMa) Hueno sKenepumenTos OracTomcT BCETO |aHOHTOTI/I‘{6€KI/IX, %
TCM + 10 % ®BC (1-s1) 5 26 62.9+5,2 5,1£0.,9
Fert-TALP (2-51) 5 37 72,2+5,1 4,610,4

IIpumeuanue OnucaHue cpea U CUCTEM CM. B Tabiuiie 1.

Llenecoobpa3HocTh NMpuMeHeHUs aByX(gasHoro mporokoja IVM kopos
aKTUBHO H3y4yaeTcs B TMOCJAEAHWE HECKOJbKO JeT. Jasg pelieHus MmpoOjeMbl
ACUHXPOHHOCTU MEXIY SIACPHBIM W LUTOIIa3MaTUYECKUM CO3PEBAaHUEM Bble-
JeHHble U3 osukyiaoB OKK HekoTopoe BpeMsl KyJbTUBUPYIOT B Cpelie co3pe-
BaHUs c Ao0aBJIeHMEM MHrUOUTOPOB Meiio3a, a 3atem 0e3 Hux (19). OmHako
LIMTOIIa3MaTUYeCKKe TpeoOpa3oBaHMsl, OT KOTOPbIX B KOHEYHOM MTOIE 3aBU-
CUT KOMIMETEHLUSI OOLIMTOB K Pa3BUTHIO, IIPOMCXOOUT HE Ha HAayaJbHOM, a Ha
3aBepluatoieM atarne VM, uto ykasbiBaeT Ha HEOOXOAMMOCTb M3y4aTb CIIELIU-
¢uueckre NOoTpeOHOCTU XKEHCKUX FaMeT UMEHHO B 3TOT nepuof, (4).

C oToif 1eabl0 B HACTOSIIEH paboTe BIEPBbIE IPOBEIECHO CpPaBHEHUE
nByxda3Hbix IVM NpoTOKOJIOB, Mpeanojaralolyx CO3peBaHUE OOLMTOB KOPOB
Ha HayaJbHOM 3Tale — B CTAaHAAPTHOM cpelae M Ha 3aBepllialolleM d3Tare — B
onHoit u3 aByx cpen 6e3 ropmoHoB (TC-199 u Fert-TALP). Xota cpena TC-199,
comepxaiiasgs ®BC, TpagMIIMOHHO MCIONbL3YeTCSI B OOJBIIMHCTBE OTHOG(A3HBIX
npotokosioB IVM M cnocobHa moaaepkuBaThb BbICOKYIO KOMIIETEHTHOCTD SIiLIE-
KJIeTOK K JajbHeiemy passutuio (15), B Haiueil aByxc¢as3HON cucTteMe Ha 3a-
BeplIAIOLIEM JTalle CO3peBaHMsI OHAa oKazajach MeHee 3(PHEeKTUBHOM C TOUKHU
3peHusl Bbixoga sMOpuoHoB, yeM cpega Fert-TALP. Takke ee ucnoiab3oBaHue B
AHAJIOTUYHBIX YCIOBMSIX HETaTUBHO IMOBJIMSJIO Ha arlONTOTUYECKYIO JereHepaluio
B giiuexieTkax. [IpuunHON Takoro yxydilieHus, BO3MOXHO, CTajJO HE TOJbKO TO,
yto cpeaa TC-199 B ornmuue ot Fert-TALP npeacrapiser coboii KOMITJIEKCHBIM
pacTBOp, HO U TO, YTO B KauyecTBE MCTOYHMKA OejKa B HEil MCIOJIb3yeTCsl ChIBO-
potka kpoBu, a He BCA. Cuutaercs, 4ro moOaBJIeHUE CHIBOPOTKM MPUBOIUT K
HeoIlpele/eHHBIM U U3MEHYMBBIM YCJIOBUSIM KyIbTUBUpOBaHUS KieTtok (11, 13,
20, 21). Kpome Toro, rnokaszaHo, 4To Jo0aBJeHUE CHIBOPOTKU B Cpely KyJbTUBU-
poBaHMSI dMOPHMOHOB HETaTMBHO BJMsSET HAa WX Pa3BUTHE HA PAHHMX CTaaUsIX
IpoOJIeHNMsI, a TaKKe M3MEHSIET YIbTPaCTPYKTYpy U XapakKTep SKCHpPEeCCUU TeHOB
Ha MOCIEAYIOIMX 3Tanax SMOPHMOHABHOTO pa3BUTHS in vitro (22-24).
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Takum o0OpazoMm, mpM IBYX(Pa3HOM 3KCTPAKOPIOPAIbHOM CO3pEeBaHUU
(in vitro maturation, IVM) KyJIbTUBUpPOBaHHUE OOLIUTOB BO BTOPYIO a3y co3pe-
BaHus (8 4) B cpeae Fert-TALP Oonee npeanouturensbHo, yeM B cpene TC-199,
coiepxalei (eTtanbHyl0 ObIUbIO CHIBOPOTKY. Mcronb3oBaHMe 3THX YCIOBUI
MOBBIIIAET Ka4eCTBO 3PEJbIX OOLIMTOB M MX CIIOCOOHOCTh K 3MOPHOHAJILHOMY
Pa3BUTUIO TIOCJIE OIJIONOTBOPEHUS in Vitro.
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Abstract

In vitro maturation (IVM) of the oocytes is an important step for in vitro embryo produc-
tion (IVP). In vitro culture during maturation decreases oocyte quality and therefore, IVM condi-
tions need to be improved. Routinely, IVM of bovine oocytes is performed using one-step medium,
the TC-199 complemented with fetal bovine serum (FBS) and gonadotropins. However, the asyn-
chrony of oocyte nuclear and cytoplasm maturation processes may require the differential hormonal
environment during IVM. In the present work, for the first time we have compared the efficiency of
the two-step IVM protocols, which include the first step in standard conditions and final maturation
in hormone-free mediums TC-199 or Fert-TALP; the last one is a routine medium for in vitro ferti-
lization (IVF). The objective was to study the effects of two-step IVM protocols to chromosome
modifications and apoptotic events in mature oocytes and a quality of in vitro produced embryos.
Oocyte-cumulus cells complexes (OCC) were in vitro matured during 16 h in medium TC-199 com-
plemented with 10 % FBS, 10 ug/ml follicle-stimulating hormone and 10 pg/ml luteinizing hormone,
and then transferred to either medium TC-199 without gonadotropins (System 1) or Fert-TALP medi-
um (System 2) for additional 8 h of IVM. After final IVM, nuclear state and apoptosis were checked in
a part of the mature oocytes. IVF was performed on remaining OCC to analyze in vitro embryo devel-
opment. No difference was observed in nuclear maturation rates between the systems 1 and 2 after 24 h
IVM: 83.3 % and 84.7 % of the oocytes reached metaphase-I1. Apoptosis rate were significantly lower
(p < 0.05) in the oocytes matured in System 2 (11.7£0.7 %) compared to System 1 (19.4£1.1 %). In
addition, blastocyst rate after 7 days of in vitro embryo development was significantly higher (p < 0.05)
in System 2 (30.0£2.9 %), than in System 1(17.410.4 %). Oocyte cleavage rate, cell number and apop-
tosis rate in the blastocysts were similar in both IVM systems. In conclusion, two-step IVM system
using final 8-hour maturation in Fert-TALP medium is more advantageous compared to a system in-
cluding hormone-free TC-199 medium at the end of IVM. Fert-TALP IVM system decreased apoptosis
rate in the oocytes and increased their competence to in vitro embryo development after IVF.

Keywords: bovine oocytes, in vitro maturation, maturation media, apoptosis, embryo de-
velopment.
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