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OOHapyXeHO yBEeJIMYEHHE YacCTOTHl BOSHHKHOBEHHUS MHOTOSJCPHBIX 0JacTOMEpOB B AIMOpPHOHAX YeJOBEKa MOCIE
KpHOKoHcepBHUpoBaHus ¢ 2,1 no 8,2%. [lokazaHo, 4To KOJMUECTBO Anep B OnacToMepax YETKO KOPPEIUPYET ¢ UX IUIOMIHOCTHIO.
BOSMO)KHBIM MCXaHU3MOM ITOJIMITIJIONAN3AIIUH 6HaCTOMepOB SABJISACTCA CIIMAHHUEC KIICTOYHBIX MeM6paH C o6pa303aHMeM JABYXBAACPHBIX

6J1aCTOMEPOB, THOO KAPUOKHHE3 MPH OTCYTCTBUU IUTOKUHE3A.

Kniouesvie cnoga: 6ractoMepsl, IMOPHOHBI, KPHOKOHCEPBUPOBAHHIE, XPOMOCOMBI.

BusiBneHo 30i1bIIeHAS YaCTOTH BUHHKHEHHS 0aratosiiepHuX OracToMepiB B eMOpiOHAX JIFOAWHU MICIIsl KPIOKOHCEPBYBaHHS 3 2,1
10 8,2%. ITokazaHo, IO KUIBKICTB sIep Y OJacToMepax 4iTKO KOPEIOE 3 iX mIoinHicTio. MOXKIUBIM MEXaHI3MOM IMOJIIUIOI An3arii
OJacTOMEpiB € 3TUTTS KIITHHHAX MEMOpaH 3 YTBOPCHHSAM JIBOX IICpHUX OacToMepiB, a00 KapioKiHe3 IPH BiJCYTHOCTI IUTOKIHE3Y.
Knrouoei cnosa: 6nacromepu, eMOpiOHH, KPIOKOHCEPBYBAHHSI, XPOMOCOMHU.

The frequency of multinucleated blastomere appearance in human embryos after cryopreservation from 2.1 to 8.2 % was shown
to increase. There was demonstrated, that the nuclei rate in blastomeres correlated with its ploidy rate. Fusion of cell membranes or
karyokinesis without cytokinesis is the possible mechanism of blastomere poliploidy .
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KpuokoHncepBrupoBanue 3MOpHOHOB YeT0BEKa
SBISIETCS MEpPCIEKTHUBHBIM HaIpaBICHUEM BO
BCIIOMOTaTENIbHBIX PENPOIYKTHBHBIX TEXHOJIOTHUSX.
[Tocne 3amopakuBaHUA-OTTAaUBAHUS MPOU3BOIUTCS
TIIATENbHAas OLleHKa MOP(oI0ruu SMOpHOHOB: (hopMa,
pa3Mepbl, KOJIHMYECTBO, PACIOJI0KEHNE, TEMIIBI
IpobiieHust 01acTOMepoB, MPO3PAYHOCTh, CTEIICHD
(hparmMeHTaMM IUTOTIIA3MEI [5].

HecMoTpss Ha AOCTAaTOYHO BBICOKYHO BBIKH-
BaeMOCTh JIEKOHCEPBHUPOBAHHBIX 3MOPHOHOB (17-80%)
[18], gacTtoTa mx umIutaaTanuu coctasiser 10-12%
[8]. CBoii BK;1aa B CTATUCTHKY ITPEUMILTAHTAIIHOHHBIX
JIETaIbHOCTEH BHOCSAT XPOMOCOMHBIE aHOMAJIMH, KO-
TOpBIE IO JaHHBIM MHOTHX HCCIieioBaTeseld HabIo-
narorcs B 80% smOpuonoB [6, 11]. Bonbmyio gacTs
13 HUX COCTABIISIOT OJUIIOUINH.

B HOpManbHO pa3BuBaroieMcsi SMOpHOHE, HaXo0-
JsIIeMcs Ha cTaguu 2-4-x 01acToMepoB, YETKO BU-
3yanmm3upyrores sapa (puc. 1). OTMedeHO BO3HHK-
HOBEHHE MHOTOSIJIEPHBIX 0J1aCTOMEPOB B SIMOpHUOHAX
YelloBeKa Mocje X 3aMOPaKUBaHUSI-OTTanBAHMSL.

Human embryo cryopreservation is known to be a
perspective trend in assistant reproductive techniques.
Freeze-thawing is followed by a thorough estimation
of embryo morphology: shape, sizes, number, location,
cleavage rates of blastomeres, transparency rate, cyto-
plasm fragmentation rate [5].

Despite quite a high viability among frozen-thawed
embryos (17-80%) [ 18], the rate of their implantation
makes 10-12% [8]. Chromosome abnormalities,
observed according to the data of a number of scientists
in 80% of embryos make impact into pre-implantation
lethality statistics [6, 11]. Polyploidy is known to be a
major part among them.

In an embryo of normal development at the stage
of 2-4 blastomeres, the nuclei are clearly visualized
(Fig. 1). There was noted the appearance of multi-
nucleated blastomeres in human embryos following their
freeze-thawing.

Studying the morphological characteristics of
frozen-thawed embryos and rate of multinucleated blas-
tomeres appearance was the aim of the work.
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Lenp nccnemoBanus — u3y4deHue Mopdoioru-
YCCKUX XAPAKTCPHUCTUK ACKOHCCPBHUPOBAHHBLIX
SMOPHOHOB 1 YaCTOTHI BO3HUKHOBEHHSI MHOTOSIEPHBIX
01acToMepoB B SMOPHOHAX YeJIOBEKA MOCIIe KPHOKOH-
CEpBHUPOBaHUS.

Matepnaabl 1 meToAbI

B pabote ucnonp3oBain 3MOPHOHBI YeJIOBEKa,
KOTOpbI€ HE OBIIM MEepeHeCeHBl MalueHTKaM B
MporpaMMax JiedeHust OeCIUIOAMs METOAOM JKCTpa-
kopriopainsHoro omionorsopenus (OKO) u 6vuin
T0OpPOBOIBHO MOKEPTBOBAHBI ISl HAyYHBIX HCCIIE-
JIOBAaHHUH.

Nnaykuuio cynepoBysIiy, aCIIHPAIAIO OOLUTOB,
MIOJITOTOBKY CIIEPMHMEB K OIIOOTBOPEHHIO U KYJIBTH-
BUPOBAaHUE TaMeT U dMOPHUOHOB MPOBOAUIHU IO
CTa”IapTHOH TexHonoruu nporpammsl KO [2].

OMOpHOHBI OBIITM pa3fesieHbl Ha ABE TPYIILI: B
nepBoi — YMOPUOHBI, OCTaBLIMECS IOCIE 3MOPHO-
nepeHoca, KyJIbTHBUPOBAIIN A0 CTaHH OJIaCTOLUCTEHI.
Bropyto rpyniry s3MOprOHOB, HAXOAAIINXCS Ha CTAINN
2-8 6iracToMepoB, MOJABEPTAIN 3aMOPaAKUBAHUIO-
OTTaMBAHMIO, MTOCJIE YETO UX KyJIBTUBUPOBAIH 71 VIlro.

Kaxzapie 24 4 KyaIbTHUBUPOBAHUS OTMEYaJIU
Mopdomorndeckne 0COOEHHOCTH HAaTHBHBIX U
JEKOHCEPBUPOBAHHBIX SMOpHOHOB. K mepBoii karero-
pHUH KauecTBa OTHOCHIJIM 3MOPHUOHBI C KOJIMYECTBOM
0J1acTOMEPOB, COOTBETCTBYIOLIMM CPOKaM Pa3BUTHS,
KOTOpBIE XapaKTepU30BAINCH OTCYTCTBHEM (parMeH-
TallMd ¥ YHOPSIOYEHHBIM PACIIONIOKEHHUEM YETKHX,
POBHBIX 0JaCTOMEpPOB; KO BTOPOH — 3MOPHOHBI C
¢parmentanueit He 6osee 25% u HeOONBIIOH
3€pHHUCTOCTHIO [IUTOIIA3MBI.

3aMopaxuBaHHE-OTTAMBAHUE IIPOBOJUIH TIO
Lassalle ¢ momudukarueii [ 10]. B kauecTBe Kpromnpo-
TEKTOPOB HCIOIB30BayM 1,5 M 1,2-nponanauon u
caxaposy.

OMOPHOHBI OXJTKIAIHN CO CKOPOCTHIO 2°C/MUH OT
22 10 5,5° C. Ilocne “cumuHra’ OXJIa)KICHHE BEJIH CO
ckopocthio 0,3°C/mMuH no -35°C. 3arem maiiersl
MOTPY>KAJIH B )KUAKUH a30T.

OTtTranBanue 3MOPHOHOB MPOU3BOAMIN OBICTPO
HHKYOUpOBaHUEM COJIOMHHOK IPU KOMHATHOM
temnepatype B TedeHue 30 c. [Tociie BEICBOOOKACHNUS
SMOpPHOHOB U3 HaieThl UX MEPEHOCUIH B CPEXbl C
yOBIBaOIEeH KOHIICHTpAIHEl pacTBOPOB KPHO-
IIPOTEKTOPOB.

OteHKy MOP(]OJIOTHH IEKOHCEPBUPOBAHHBIX IMO-
PUOHOB MPOU3BOIWIHN MPHU IMOMOIIN MHKPOCKOIIH-
poBanus (x400). [luToreHeTHYECKHE TpEmapaTsl
roToBuiH 1o Metoay Tapkosckoro [15]. FISH-ananu3
nposoauiu 1o E. Coonen [ 4 ].

Pe3yAbTaTbl M 00Cy)XA€HHe
briun MMpoaHaJIN3UPOBaHbl HATUBHLIC U JICKOH-
CEpBUPOBAHHBIC SMOPUOHEI 1TOCIIE 24 YaCOB KyJIBTHBH-
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Puc.1. DMOpuoOH YenoBeKa Ha CTaguu 2-X 0JaCTOMEPOB.
Bnacromepsr ogHOsIepHBIE (X400).

Fig. 1. Human embryo at the stage of 2 blastomeres. Uninu-
clear blastomeres (x400).

Materials and methods

Human embryos, which had not been transferred
to the patients during infertility treatment programs
using the method of in vitro fertilization (IVF) and
donated for the research were used in the work.

Superovulation induction, oocytes aspiration, sper-
matozoa preparing to gametes and embryos fertilization
and culturing were accomplished according to the
standard IVF program technique [2].

Embryos were divided into two groups: the first
one comprised the embryos left after embryo transfer,
cultured up to the stage of blastocyst. The second group
of embryos at the stage of 2-8 blastomeres underwent
freeze-thawing followed by in vitro culturing.

Every 24 hours of culturing we noted morpho-
logical characteristics of native and frozen-thawed
embryos with the number of blastomeres corresponding
to the development terms characterized by the absence
of fragmentation and an ordered location of distinct,
smooth blastomeres; the second group comprised the
embryos with the fragmentation not less than 25% and
a slight cytoplasm granularity.

Freeze-thawing was performed according to Lasalle
with a modification [10]. As cryoprotectants there were
used 1.5M 1,2-propane diol and sucrose.

Embryos were cooled with the rate of 2°C/min
from 22 down to 5.5°C. After “seeding” the cooling
was performed with the rate of 0.3C/min down to
-35°C. Straws were immersed into liquid nitrogen
afterwards.

Embryos were thawed by quickly incubating the
straws at room temperature for 30 s. After the embryos
removal out of straws they were trans-ferred into the
media with slowly decreasing concentrations of
cryoprotectants solutions.
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poBanust: 143 smOproHa nepBoi rpynmsl 1 146 BTOpOi.
Cpennee KoanuecTBO OJacCTOMEpPOB 3MOPHUOHOB
nepsoi rpynmnsl — 3,7+0,07. IlepBoii kareropuu Ka-
yectBa 128 (89,5%) smOpuonos u 15 (10,5%) — BTopoii.
Ilepen xpuokoHCEPBUPOBAHUEM CPEIHEE KOTUYECTBO
0J1aCTOMEPOB BO BTOPOI Ipyriiie cocTaBuiio 3,73+0,08.
Bce aMOpHOHBI OBLTH OTHECEHBI K IEPBOM KaTErOPHH
kaudecTBa. [lociie jekoHCcepBUPOBaHUS CPEIHEE KOIU-
4ecTBO 0JIaCTOMEPOB B JaHHOHU IpyIIe COCTaBHIIO
2,84+0,1. CamkeHnEe KOJIMYECTBA 0JIaCTOMEPOB B
SMOpHOHAX MOCIIE 3aMOPAKUBAHUSI-OTTaUBAHUSI CBSI-
3aHO C JIU3UCOM OTAENBHBIX 0JaCTOMEPOB IOCIE
KpHrokoHcepBrpoBaHus. [locie KpuokoHCepBUPOBaHUS
74,7% >MOpPUOHOB COOTBETCTBOBAJIH TIEPBOM KaTETo-
puu kayectsa u 25,3% — Bropoil. Mopdonornueckuit
aHaJu3 SMOPHOHOB KOHTPOJIBHOM TpyNIbl depes 24 u
48 4 KyIbTUBUPOBAHHUS BBISBUI MHOTOSJIEPHBIE
omactomepsl B 3-x amMbpuonax (2,09 %). OctanbHble
9MOPUOHBI XapaKTEPU30BAIUCh HATMUUEM OHOS -
HBIX U 0e3bsIIepHBIX 0JIACTOMEPOB.

Mopdosorrueckas oleHKa 3MOPHOHOB Yepes 24 u
KyJbTUBUPOBAHUsI BbISIBUIA HAJIMUUE MHOIOSIEPHBIX
6mactomepos B 12 (8,2%) nekoHcepBHPOBaHHBIX IMO-
puonax. Hamu ObulM OTMEUYEHBI pa3lUYHbIE MeXa-
HU3MBI 00pa30BaHKsl MHOTOSJICPHBIX OJaCTOMEPOB:
IBYXbsIEPHBIE MaKpOOJIACTOMEPHI, BO3HHUKILIUE, OUe-
BHUJHO, 3a CUET CIMSHHUSA OTACIBHBIX KIETOK B 3-X
smbpuoHax (puc.2); npobienue siaep 0e3 pasneneHus
IIUTOIUTa3MEI B 9 aMOproHax (puc.3).

HaGitoneHue 3a qajbHEHIIMM pa3BUTHEM SMOPH-
OHOB C aHOMAJIbHBIM KOJIMUECTBOM fJ€p I03BOJIMIIO
YCTaHOBUTB, YTO TEMITBI IPOOJICHUS TAKHX SMOPHOHOB
OTJIMYAIOTCS OT HATUBHBIX. Tak, 5 u3 12 sMOPHOHOB He
IpoOwinck depe3 24 4 KyAbTHBUPOBaHMS, 7 — OCTaHO-
BWJIMCH B Pa3BUTHHU Ha CTAAUH 8-MHU OJ1aCTOMEPOB.

Puc. 2. DMOpHOH YenoBeka 1ocjie KpHOKOHCEPBUPOBAHHSI.
O6pazoBanune makpobiaactomepa (%300).

Fig. 2. Human embryo following cryopreservation.
Macroblastomere with two nuclei formation (x300).
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Morphology of frozen-thawed embryos was evalua-
ted using microscope (X400). Cytogenetic preparations
were prepared according to Tarkovsky’s method [15].
FISH analysis was accompli-shed on E. Coonen [4].

Results and discussion

There were examined native and cryopreserved
embryos following 24hrs of culturing: 143 embryos of
the 1% group and 146 ones of the second group.
Average number of blastomeres in the first embryo
group made 3.7+0.07, 128 (89.5%) among those were
of the 1% quality grade and 15 (10.5%) of the 2™ one.
Prior to cryopreservation an average number of
blastomeres in the 2™ group made 3.73+0.08. All the
embryos were referred to the 1% quality grade.
Following freeze-thawing an average number of
blastomeres in this group was 2.84+0.01. Fall of blasto-
mere number in the embryos after freeze-thawing is
related to lysis in some blastomeres following cryopre-
servation. After cryopreservation 74.7% of embryos
corresponded to the 1* quality grade and 25.3% to the
2" quality grade. Morphological analysis of the control
group embryos in 24 and 48 hrs of culturing revealed
multinucleated blastomeres in 3 embryos (2.09%). All
the rest of the embryos were characterized by the
presence of uninuclear and nucleus-free blastomeres.

Morphological estimation of the embryos in 24
hrs of culturing revealed the presence of multi-nuc-
leated blastomeres in 12 (8.2%) of frozen-thawed
embryos. We noted various mechanisms for multi-
nucleated blastomere formation: binuclear macro-
blastomeres which may have appeared due to the
fusion of some cells in 3 embryos (Fig. 2); nucleus
cleavage with no cytoplasm division in 9 embryos

(Fig. 3).

st TR L
Puc. 3. DMOproH 4yenoBeka Ha cTaanuyu 2-X GJIACTOMEPOB.
Bnacromeps! BoceMmusiiepHsie (%600).

Fig. 3. Human embryo at the stage of 2 blastomeres. Eight-
nuclear blastomeres (X600)

PROBLEMS
OF CRYOBIOLOGY
2004, N1



MophodyHKIIMOHATBHBIH, IUTOT€HETUIECKUH 1 MOJIEKYJISIPHO-TeHETHIECKHH aHaJIN3 MHOTOSICPHBIX
JIEKOHCEPBHUPOBAHHBIX 3MOPHOHOB YeJIOBEKA

Morphofunctional, cytogenetic and molecular-genetic analysis of multinucleated frozen-thawed human embryos

Kareropus KaTeropus kauecTsa
Koanuectso KayuecTBa KoanuecTtso CoxpaHHOCTh
9MOPHOHOB o
KAETOK 9MOpPUOHOB KAETOK Embryo qualit OracTomMepos,% Ka FISH
Cell amount Qualitygrade Cell amount 4 (;I y Blastomeres integrity,% puoTH = -
of embryos grade [MpPOBaHIe aHaAu3
Karyotyping FISH — analysis
AO KOHCEPBUPOBAHUS oCAe KPUOKOHCEPBUPOBAHNUS
prior to cryopreservation following cryopreservation
_ Terpamaonp, 4n
2 1 2 1 100 Tetraploidy 4n
Mosauk 2n/6n
4 1 4 1 100 - Mosai cism
2n/6n
Mo3sauk 2n/4n
8 1 8 1 100 - Mosai cism
2n/4n
2 1 2 1 100 92, XX -
4 1 3 2 75 - -
4 1 4 1 100 - -
4 1 3 2 75 - -
4 1 2 2 50 - -
2 1 2 1 100 oy -
4 1 4 1 100 - -
4 1 4 1 100 92,XX -
2 1 2 1 100 - -

MBI IpOBENTH HUTOTCHETHUECKUI 1 MOJIEKYIISIPHO-
TeHETUYECKUN aHaJIN3 JeKOHCEPBUPOBAHHBIX IMOPH-
OHOB, B KOTOPBIX OBbLITH OOHAPYKEHBI JIBYXbsIICPHBIC
Omactomepsl (Tabmuia).

Takum o6pa3zom, MHOTOsIIEpHBIE 0JIaCTOMEPHI
cofiep KaT MOJIUILIONTHOE KOTMIECTBO XPOMOCOM: 5 —
TeTparyIonHoe, 1 — reKcarionaHoe.

[Honunnonaus — AOCTAaTOYHO PEIKO BCTpeda-
IOLIAsACs CIIOHTAHHAsl TeHOMHasi abepparusi B SMOpHO-
rerese yenoseka [ 1]. JlanHas XxpoMOCOMHast aHOMaJI-
1Sl MOXKET BO3HUKHYTH B PE3YJIbTaTe IMaTOJIOTHI CO3pe-
BaHMsI TaMET, OTJIOOTBOPEHHS Y HAPYILLIEHUS Hayallb-
HBIX CTaaui pa3BuTHs 3apofpima. [Ipu 3ToM MoryT
BO3HUKATh MMOJUIUIONIHBIE SMOPHUOHBI K MO3aWKH, T.€.
SMOPHOHBI C TUTUIOU/IHBIMH, AHEYTUTOMTHBIMH H TTOJTH-
IUIOUAHBIMU OJlacCTOMEpaMH.

[Ipu HOpMaTEHOM Pa3BUTHH, B PE3YyJIbTATE IEPBOTO
neneHus, oopasyrorcst 2 61actoMepa, siapa KOTOPBIX
TUIUTONIHBL. ECITi OJaBUTh M TOTOMMIO TIOCIIE TOTO,
KaK [IPOHYKJIEYCBI OCyLIecTBIIH pexyrumkarmio JTHK,
OHM MOTYT CIMBaThCS B OJTHO TETPAIUIOUAHOE Ao,
MIPH TIOCIIEAYIONIEM POOJICHUN BBISBISIOTCS TETpa-
IouaHbIe Oactomepsr [13].
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Observation of further development of the oocy-
tes with abnormal nuclei amount allowed to reveal
the cleavage rates in such embryos to be different
from the native ones. Thus 5 among the 12 embryos
did not cleave in 24 hrs of culturing, 7 of them stop-
ped the development at the stage of 8 blastomeres.

We carried out cytogenetic and molecular-genetic
analysis of frozen-thawed embryos, where binucleated
blastomeres were found (Table).

Thus multinucleated blastomeres were found to
contain polyploidal number of chromosomes: 5 —
tetraploidal, 1 —hexaploidal.

Polyploidy is known to be quite rare spontaneous
genomic aberration in human embryogenesis [1].
Such a chromosome abnormality may appear as a
result of pathologies of gamete maturation, fertili-
zation and impairment of the initial stages of embryo
development. In this case polyploidal embryos and
mosaicism may appear, that is embryos with diploidal,
aneuploidal and polyploidal blastomeres.

During normal development as a result of the 1*
cleavage there are formed 2 blastomeres, nuclei of
which are diploidal. If we suppress cytotomy after the
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Cxopee Bcero, 00pa3oBaHre MHOTOSIJIEPHBIX OJac-
TOMEpOB CBs3aHO ¢ NedeKToM HHuTOocKenera. Y
MJIEKOTIUTAIOIINX alIMTOKWHE3 MOKET BOSHUKATh U3-32
nedexToB MukpodmiaMmenTos [ 13]. AHoManu Bepe-
TEHa JIeIEHUs] MOTYT BKITFOYATh U apTe(aKThl B PyHK-
[IMOHUPOBAHUT MUKPOTPYOOUEK.

BTopbiM MexaHH3MOM JABYXBSACPHOCTH SBISETCS
CIUsSHUE OTACIBHBIX OslacToMepoB. Psia aBTOpOB
CUUTAET, UTO CIAUsIHUE OIacCTOMEpPOB MPOUCXOIUT
TOJILKO Y MOP(OJIOTHYECKH aHOMAJILHBIX SMOPHOHOB
[3, 6,7, 17]. Munne okazai, uto 57% Takux SMOPHOHOB
OCTAHABJIMBAIOTCS B PA3BUTHH HA PAHHUX CTAIUSIX U
TONBKO 14% npobsTcs g0 craguu 6mactomuctsl [11].
Cuwuraror [6, 7, 9], 4TO MEXaHU3M CIIUSIHUS 0JacTo-
MEpOB BO3MOXEH B JIFOOBIX KJIETKaX, HE3aBHCUMO OT
X MOP(OIOTHIECKUX OCOOEHHOCTEH, ITOCKOIIBKY B €T0
OCHOBE JIeKaT JAe(eKThl KIeTOYHOW MeMOpaHHI,
BO3HHUKAIOIINE NIPH JEHCTBUH TaKUX (PaKTOPOB, KaK
KPUOTIPOTEKTOPHI TUO0 HU3KHE TeMmmeparypsl. B
MIpolLiecce ETHIpaTaluy MeXy OJlacToMepaMH BO3-
HUKAIOT ITUTOIIa3MAaTHIECKIE MOCTBI, 30HA ITIOTHOTO
KOHTAKTa KJIETOK BO3PACTAET, UTO, BO3MOXKHO, TIPUBO-
JIUT K UX JaibHememy ciustauio [16, 17].

Je3arperanuu 5SMOprOHOB ueoBeka Ha 207 Gnac-
TOMEPOB, KOTOPHIE KyJIFTUBUPOBAIIH Pa3AeIbHO B TEUe-
HHe 24-X 4acoB, IO3BOJIMIH BEIIBUTH 76% MHTOTHU-
YECKU pa3ieJICHHBIX KIETOK, B OCTAIbHBIX HAOIO-
nanu 0e3bAepHOCTh U MHOTOSIIEpHOCTh. YacToTa
IBYXBSIICPHBIX OnmacToMmepoB cocTtasuia 5,7% [12].

B namem naOmroneHuu 5 u3 12 3MOpPUOHOB C
MHOTOSJICPHBIMHA OJJACTOMEPaMH TPEKPATHIIN CBOE
pasButue. ToT GaxT, 9To OONBIINHCTBO MOJHSIEPHBIX
SMOpPHOHOB OCTaHABIIMBAETCS B Pa3BUTHH HA CTaIUU
8-Mu 61acTOMEpPOB, CBUIETEIHCTBYET O I'€HETH-
YEeCKOM MEXaHU3ME KOPPEKIHHU OIMUOOK paHHETO
aMOpHoreHe3a. XpoMOCOMHBIN aHaJIM3 IBYXbSICPHBIX
0J1acToMEpOB SMOPHOHOB YEJIOBEKA TTOKA3aJ, YTO OHU
COJICPIKAT MOJUILUIOUIHBIN HA0OP XPOMOCOM.

Habnronennst 3a 1eTbMU, POAUBIIUMUCS TOCIIE
IepeHoca JIEKOHCEPBUPOBAHHBIX AYMOPHOHOB, TTOKA-
3BIBAIOT, YTO YACTOTA XPOMOCOMHBIX TTATOJIOTHIA HAX0-
TUTCSI B TIpeieNiaX oOIenomyIsIIIHOHHON HOpMBI [ 14].
WHTepecHbIM sBNIsIETCS chnydail 0OHapyX)eHUus 2-X
ITyCTHIX TETPAILIOWIHBIX TUIOJHBIX IYy3BIPEH IMocIe
repeHoca IeKOHCEPBUPOBAHHBIX SMOPHUOHOB, HAXOIS-
IIUXCS HA CTaAUH 3UroThl [6]. Bo3aMoXkHO, B TaHHOM
CIIydae UMeJ MECTO MEePEHOC YMOPHUOHOB C ABYyXbsICP-
HbIMH OJIACTOMEpaMHI.

[Toka3zaHo, 4TO MHOTOSJCPHBIC 0JacCTOMEpPBI MO-
TYT 3JIUMUHUPOBATH (YPArMEHTHUPOBAHUEM HJIH OJIOKH-
poBanueM murtoTuueckoro aenenus [3]. Ilockompky
SMOPHOHBI YelIOBeKa 10 CTaJAUU 8 OIIACTOMEPOB SIB-
JISTFOTCS. TOTUTIOTEHTHBIMU, ITPOUCXOIUT UX KOMIICH-
caIysi OCTaBITUMICS HOPMAIIbHBIMH KJIETKaMH.

Takum 006pa3oM, OCHOBHBEIMH MEXaHU3MaMH,
JIeXAIMMA B OCHOBE 00pa30BaHUS MHOTOSIEPHBIX
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pronuclei have accomplished DNA reduplication, they
may fuse into one tetraploidal nucleus, and at further
cleavage there are revealed tetraploidal blastomeres [13].

The formation of multinucleated blastomeres is
thought to be related to a cytoskeleton defect. In mam-
mals acytokinesis may appear due to microfilaments
defects [13]. Abnormalities of the cleavage spindle
may also include artifacts in microtubes functioning.

Fusion of separate blastomeres is the 2™ mechanism
of binuclear characteristics. A number of authors
consider the blastomeres fusion to occur only in mor-
phologically abnormal embryos [3, 6, 7, 17]. Munne
demonstrated that 57% of such embryos stopped their
development at early stages and only 14% cleaved up
to the stage of blastocyst [11]. Mechanism of
blastomeres fusion is considered to occur in any cell
independently on their morphological peculiarities, as
in its base there are the defects of cell membrane
appearing under the effect of such factors as cryo-
protectants or low temperatures. During dehydration
cytoplasmatic bridges are known to appear between
blastomeres, zone of dense contact expands, that may
result in their further fusion [16, 17].

Disaggregations of human embryos per 207
blastomeres being cultured separately within 24 hours
allowed to reveal 76% of mitotically separated cells,
in the rest there were observed nucleus-free and
multinucleated cells. The rate of binucleated blasto-
meres made 5.7% [12].

During our observation 5 embryos among the 12
ones with multinucleated blastomeres stopped their
development. The fact that the majority of multi-
nucleated embryos terminate the development at the
stage of eight blastomeres proves the existence of
genetic mechanism for an error correction during early
embryogenesis. Chromosome analysis of human
embryo binucleated blastomeres demonstrated them
to contain a polyploidal chromosome set.

Observation of the children which were born
following the transfer of frozen-thawed embryo,
showed the rate of chromosomal pathologies to be
within the general populational norm [14]. There was
an interesting case of finding two empty tetraploidal
fetal vesicles after having transferred frozen-thawed
embryos being at the stage of zygote [6]. In this case
there probably occurred the embryo transfer with
binucleated blastomeres.

It was shown that multinucleated blastomeres
might eliminate by fragmentation or blockage of mitotic
cleavage [3]. Though human embryos are known to
be totipotent up to the stage of 8 blastomeres there
occurs their compensation by the normal cells left.

Thus either blastomeres fusion or cytokinesis
suppression after genomic duplication are the main
mechanisms lying in the base of formation of multi-
nucleated human embryos following cryopreservation.
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SMOPHOHOB YeNOBeKa MOCIe KPUOKOHCEPBUPOBAHMSI,
SIBJISIIOTCSI CIIMSTHUE OJIACTOMEPOB JIUOO CyIpeccHs
LIUTOKHUHE3a MO0CJIe TEHOMHOM AYTUTUKAITUH.

BbiBOADI

BeposATHOCTh BO3HUKHOBEHHS MHOIOSIEPHBIX
OnacToMepoB YMOPHUOHOB YEIIOBEKA MTOCIIE KPHOKOH-
CEepBUpPOBaHUS HaxoAuTca Ha ypoBHe 8§%. MHoro-
sIEpHBIC 0JacTOMEpHl CONCPIKAT MOJTUTLIOUTHBIN
Habop XpOMOCOM.

B penpoaykTHBHBIX TEXHOJIOTUSX HAPSLY C 00IIIe-
pU3HAHHOH Mopdonorudeckoil oleHKOH OmacTo-
MepoB (KOJIMYECTBO, YETKOCTh KOHTYPOB, Chepud-
HOCTb, CTETICHh (DparMeHTAITNH, TPO3PATHOCTH, 3€P-
HUCTOCTB IIUTOTLIA3MbI ) HEOOXOIUM CTPOTHI MOpdo-
JIOTHYECKUH KOHTPOIh KOJIMYECTBA A/Iep O1acTOMEpOB
IO CJI€ KPHOKOHCEPBUPOBAHUSI.
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Conclusions

Probability of the appearance of multinucleated
blastomeres of human embryos after cryopreservation
is at the level of 8%. Multinucleated blastomeres
contain polyploidal set of chromosomes.

Reproductive technologies along with generally
accepted morphological estimation of blastomeres (the
number, distinct contours, sphericity, fragmentation
rate, transparency, cytoplasm granularity) should
require a thorough morphological control of blastomeres
nuclei number following cryopreservation.
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