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IpexacraBneHsl pe3yabTaThl KPHOKOHCEPBUPOBAHHS IMOPHOHOB YEIOBEKA, HAXOASAIINXCS Ha CTaIMU 3UTOTHI. M3ydeHo BIHUsSHUE
MOP(OJIOrUH MPOHYKJICYCOB Ha BEDKMBAEMOCTh 3UTOT MOCIIE 3aMOpaKUBaHHsI-0OTTauBaHus. OmpeieneHa poiib (a3 KICTOYHOTO UK

B 9 (EKTHBHOCTH KPUOKOHCEPBUPOBAHMSI 3UTOT.

Knroueswie crnosa: 3urora, Mophosioris NPOHYKIEYCOB, KPHOKOHCEPBHPOBAHHE.

IIpencrarieHo pe3yabTaTH KPiOKOHCEPBYBaHHS eMOPIOHIB JIFOMWHH, SKi 3HAXOAATHCS Ha CTai1 3UroTH. BUBYEHO BILTHB MOPHOIOTii
NPOHYKJICYCIiB Ha BIXKMBAHHS 3UTOT HiCIIsl 3aMOPOXKYBaHH-BiirpiBaHHs. Bu3HaueHa ponb a3 KIITHHHOTO LUKy B e()eKTUBHOCTI

KPiOKOHCEPBYBaHHSI.

Kniouosi cnosa: 3urora, MopQoIorisi IPOHYKIEYCiB, KPIOKOHCEPBYBaHHSI.

The cryopreservation results of human embryos being at zygote stage are presented. There was studied the effect of pronuclei
morphology on zygote survival after freeze-thawing. The role of cell cycle phases in the zygote cryopreservation efficiency was

found.
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[loHnmMaHne TOHKMX MEXaHU3MOB PaHHET0 IMOPHO-
reHe3a 4eJ0BeKa CTaJl0 BO3MOXKHBIM C BHEJIPEHHEM
METOJOB BCIOMOTATENIbHBIX PENPONYKTUBHBIX
texaonoruit (BPT), B wacTHOCTH, OTIIONOTBOpEHHE
OOLIMTOB in Vitro, KyJIbTUBUPOBAaHUE 3MOPHUOHOB,
WHTpALUTOIIa3MaTHUECKasd UHBEKIUA CIEepMUs B
OOLIUT, TOMMIIIAaHTAllMOHHAsI TEHEeTHYECKasl auar-
HOCTHKA.

B nacrosimee Bpemsi ams JIedeHHs] O€CIIIOAMS
pa3paboTaHbl METOABI, MO3BOJISIONINE COXPAHUTD
ceMmeitnbIit reHoora. OMHAKO 3T TEXHOJOTHH, B
YaCTHOCTH, KPMOKOHCEPBUPOBAHUE IMOPHUOHOB
YeloBeKa, TPeOyIOT MOCTOSTHHOTO COBEPIIEHCTBOBA-
HUSI, 9TO 0OECIIEYUT HE TOJIHLKO BHICOKYIO BBDKHBae-
MOCTh AMOPHOHOB TOCJIE 3aMOpPaKHBAaHUSI-OTTaNBa-
HUS, HO ¥ X TeHETUYECKYTO TIOJTHOLIEHHOCTD, TaK KaK
MPOSIBIEHUS MOBPEXKAAIOIIEr0 AEHCTBUA Ipolecca
KPHUOKOHCEPBHPOBAHMSI MHOTOOOPA3HBI U BIMAIOT Ha
pa3nIu4yHbIE YPOBHHU OHMOJOTHYECKON CTPYKTYPBHI
KJIETKH.

[Ipumensiemble B HacTosimee BpeMsi Mopdo-
JOTHUYECKHE KPUTEPUH IJIsI JEKOHCEPBUPOBAHHBIX
SMOPHOHOB YYUTHIBAIOT TOJIBKO KOJINYECTBO OIACTO-
MEpOB U CTENeHb (pparMeHTanuy MUTOIUIa3MbI [8].
OTKpPBITBIM OCTaeTCsI BONMPOC ONTHMAIbHOM CTaInuu
Pa3BUTHA JOUMIUIAHTAITHOHHBIX SMOPHOHOB YeJIOBEKa

Understanding of intimate mechanisms of early
human embryo genesis has become possible with
introducing the methods of assisting reproductive
technologies (ARTs), in particular, fertilization of
oocytes in vitro, culturing of embryos, intra-
cytoplasmatic injection of spermatozoa in oocyte,
pre-implantation genetic diagnosis.

Today for infertility treatment there have been
developed the methods enable preserving the family
gene fund. However these technologies demand a
constant improvement and, in particular, cryo-
preservation of human embryos providing not only
high survival of embryos after freeze-thawing but
also their genetic integrity, because the mani-
festations of cryopreservation damaging effect are
versatile and affect different levels of cell biological
structure.

Applied now morphological criteria for frozen-
thawed embryos take into account only the number of
blastomeres and degree of cytoplasm fragmentation
[8]. The question of optimal development stage of
human embryos for cryopreservation has remained
open, since cleavage at later stages for human embryos
is of asynchronous character and some blastomeres
being either at S interphase stage or at the metaphase
stage will occur to be sensitive to cryodamage factors.
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JUTST KPUOKOHCEPBHUPOBAHMS, TIOCKOJIBKY JIpOOJIeHNE
Oosee MO3MHUX CTaANil SMOPHOHOB YeIOBEKa HOCUT
ACHHXPOHHBIA XapaKTep U HEKOTOphIE OJIacTOMEpHI,
HaxozAsmuecs Ha ctanauu S uHTEepdaszbl, 1100 Ha
cTaguu Metadasbl, OKaXyTcsl 00Jiee UyBCTBUTEIbHBI
K (akropam kpuomospexaeHus. Co cranguu 2-X
O1acToMepoB SIMOPHOHBI YETIOBEKA XaPAKTEPU3YIOTCS
npoueccoM (pparMeHTaLH, KOTOPbIA HeOIaronpusTHO
BIIUSIET HA X KPHOPE3UCTEHTHOCTSH [1] .

Leunb nccnenoBanuii — n3ydeHue BIUSTHAS MOPQO-
JIOTHH 3UTOT, HaXOJAUIUXCS B pa3HBIX (ha3ax Kie-
TOYHOTO IIMKJA, HAa UX BBDKMBAEMOCTH IOCIE
3aMOpPaKUBAHUSI-OTTABAHMS.

Matepnaabl 1 meToAbI

OMOpHOHBI YenoBeKa, HAXOASIIUECS HA CTAIUH
3UTOTHI, OBUIH MTOYYEHBI y MAUEHTOK, TPOXOANBIINX
Kypc JeueHus Oecrionus METOAOM 3KCTPaKOpIIO-
pansHoro omtonorsopenus (9KO). Ilo crangapTHOit
TEXHOJIOTHH [2] 3UrOTHI OBUIN pa3/iesieHbl Ha 4 TPyIIbL.
Nzyuanu mopdonormueckne XxapakTepuCTUKN IPOHYK-
JIEyCOB KOHTPOJIBHOM TPyTIThl K SMOPHOHOB uepe3 24 1
KyapTuBUpOBaHus. llepBas rpynmna (KOHTpPOIB) —
KJIETKH 0€3 KPHOKOHCEPBHUPOBAaHUSA. 3UTOTHI BTOPOH
TpyHIbl KPUOKOHCEPBHUPOBAIN depe3 18, TpeTreit —
yepe3 22 U 4eTBepTOil — depe3 26 4 mocie HWHce-
MUHAIIWH.

Mopdornoruyeckre 0coOEHHOCTH MPOHYKIIEYCOB
(puc.1) knaccuduuuponanu o Scott [7]: [ —3urora c
PaBHBIM KOJIMYECTBOM HYyKJIeoser (3-7), KoTopele
BBICTPOEHBI JJISI CIUSHHUSA B 30HE KOHTAKTa INPO-
HykjaeycoB; Il — 3urora ¢ paBHBIM KOIHMYECTBOM
HYKJICOJIEH, KOTOpPbIE PacCesHbl MO IMIOMAId HYK-
sneycos; III — 3urora ¢ npoHykieycamu, oTiuya-
FOLLIMMHUCS 10 KOJIMYECTBY U pa3Mepy Hykieycos; [V—
3UTOTa C HEPAaBHBIM KOJUYECTBOM IPOHYKIEYCOB,
KOTOPBIE PAcIIoararoTcs 1o nepudepuu.

Pe3yAbTatbl M 0OCYXAeHHe

B nanHOM HCclenoBaHUM KOHTPOJBHYIO TPYIITY
coctaBunu 149, BTopyro u Ttperbto — no 113,
yerBepTyio — 80 3urot. B coorBeTcTBHU ¢ MOpdo-
JIOTHEW MPOHYKJIEYCOB 3UTOTHI OBLIH pacipeaesICHbI
cieayomuM obpasom (puc. 2): I Tun mopdonoruu
3UTOT OBUI CPAaBHUM BO BCEX IPYIIIax U cocTaBui 27,5;
26,6;21,2117,4%;11-32,9; 38,9; 24,8 u 28,8%; 111 —
22,8;20,3; 30,1 1 28,8%; IV —-16,8;14,2; 23,9 u25%
B IIEpPBOM, BTOPOH, TPEThEl U YETBEPTOM IpynIax
COOTBETCTBEHHO.

Uepes 24 4 B KOHTPOJBHOM TpymIie HOPMAIHHO
pa3BuBaiuch Oosiee 87% kierok ¢ I Tunom mopdo-
JIOTHH IPOHYKJICYCOB. AHAIOTUYHbIE JaHHBIC OBLTH
xapakTepHsl a7 [11 rpymnmel, B TO BpeMst Kak 3UTOTHI
Il rpynnel pa3BuiIMCh B HOpMajbHblE SMOPUOHBI
TOJIBKO B 25%, OcTabHbIE ObUTH TM00 3a0I0KMPOBAHBI
Ha CTa/IUH 3UTOTHI, TUO0 XapaKTePHU30BaINCh BBICOKOI
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Starting from the stage of two blastomeres, human
embryos are characterized with the fragmentation
which unfavorably affects their cryoresistance [1].

The research aim was to study the effect of
morphology of zygotes being at various phases of cell
cycle on their survival after freeze-thawing.

Materials and methods

Human embryos being at stage of zygote have been
obtained from patients being treated of infertility by
IVF using standard technique [2]. Zygotes were divided
into 4 groups, there were studied morphological
characteristics of pronuclei of the control group ard
those for embryos in 24 hrs of culturing. The first group
(control) comprised the cells with no cryopreservation.
Zygotes of the second group were cryopreserved in
18hrs, ones of the third group in 22hrs and the forth in
26hrs after insemination.

Morphological peculiarities of pronuclei (Fig. 1) was
classified by Scott [7]: I — zygote with equal number
of nucleoli (3-7) which are ordered for fusion in
pronuclei contact zone; 11 — zygote with equal number
of' nucleoli which are disseminated along nuclei area;

II1 — zygote with pronuclei differing on the number
and size of nuclei; IV — zygote with unequal number
of pronuclei which are located along periphery.

Results and discussion

In given study the control group comprised 149
zygotes, 113 for the second and third one each, 80 for
the forth group. On pronuclei morphology these zygotes
were distributed (Fig. 2) by the following way: zygote
morphology type I was comparable in all groups and
made 27.5, 26.6, 21.2 and 17.45; type Il made 32.9,
38.9, 24.8, 28.8%; type III did 22.8, 20.3, 30.1 and
28.8% and type IV made 16.8, 14.2, 23.9 and 25% in
Ist, 2nd, 3rd and 4th groups, correspondingly.

In 24 hrs in the control group normal development
was found in more than 87% cells with pronuclei
morphology type I. Similar data were characteristic
for the third group meanwhile zygotes of the second
group developed into normal embryos only in 25% of
cases, the rest were either blocked at zygote stage, or
were characterized with a high degree of cytoplasm
fragmentation. The same picture was observed at
following development of zygotes of the forth group.

Similar results were demonstrated for type II
pronuclei. As for pronuclei morphology type III and
IV in the control group only a half of all zygotes
developed into morhologically integral embryos, whilst
in the second group 99.7 and 100% of all zygotes of
types III and IV did not renew mitosis.

The capability to endure the effect of cryo-
preservation factors depends on morphological,
physiological, metabolic and genetic peculiarities of
preimplantation embryos [6]. Consideration of nucleolus
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Puc 1. Mopdornoruueckre 0COOEHHOCTH IPOHYKIIEYcoB 3uroT: 1 — [ tuma; 2 — Il tumna; 3— 11 tuna; 4 — IV Tuma. HatueHbIH

.:.\. "‘-- 4

Fig. 1. Morphological peculiarities of pronuclei: 1—zygote of type I; 2 —zygote of type II; 3 — zygote of type III; 3 — zygote

of type IV. Native preparation. x 600.

CTeNeHbI0 (hparMeHTanuu mutonnasMel. CxomHas
KapThHa HaOmromanach MpH JajbHEUIIeM pa3BUTHH
3urot IV rpynnel.

AHaJOTUYHBIE PE3yIAbTAaThl OBLIM MPOJEMOH-
ctpupoBansl Juid I Tuna nponykiieycos. Uto kacaer-
cs Il u IV tumoB Mopdonoruu mpoHyKIEyCcoB, TO B
KOHTPOJILHOU TPYIIIE TOJNBKO MOJOBHHA BCEX 3MIOT
pa3Buiiack B MOP(HOIOTHYECKH MOITHOIIEHHBIE SMOPHO-
HBI, TOTAa Kak Bo BTopoit rpynne 99,7 u 100% Bcex
surot III u IV tumnoB He Bo300HOBMIM MUTO3 (Tal-
JIUIIA).

CrnocoOHOCTh MEPEHOCUTh BIUSHUE (HAKTOPOB
KPHOKOHCEPBUPOBAHUS 3aBUCHUT OT MOP(HOIOTHIECKHX,
(U3NOTOTUYECKIX,, METAOOTTHMYECKUAX M TeHETHIECKUX
0COOCHHOCTEH JOMMILTAHTAIIMOHHBIX 3IMOPHUOHOB [6].
VYder MOpPQOIOTHU SAPBIIIEK UMEET CYIIECTBEHHOE
3HauYeHHE B MOP(PO(PYHKIMOHAIBLHON OLIEHKE COC-
TOSIHUS KJICTKH, TaK KaK C SAPBIIKAMU CBS3aHbI
IIPOIECCHI TPAHCKPHUITIIUHU U TpaHCPOpMAaIuu puOOCo-
manbHoii PHK [4]. Pa3smeps! u cTpykTypa O0nbmInH-
CTBA SIIPBIIIECK KOPPETUPYIOT C 00BEMOM KJIETOYHOTO
0CITKOBOIO CHHTE32, BEISIBIISIEMOT0 OMOXMMHUYCCKUMHU
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Fig. 2. Presence of various zygote types in the groups un-
der study: @— I type; &A— I type; OO0 — I type; ®— IV type.
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MeTtogaMu. Pa3mepsl SApBIMIEK 3aBHCIT TaKXKe OT
(yHKIIMU W THTIA KJIETOK. DMOPHOHAIBHBIN TEHOM,
WTPaOLIUi BaXXKHEHUIITYIO POJIb CAMBIX NIEPBBIX ITAIOB
pPa3BUTHSA, ABISAETCS BENYIUM 3BEHOM B PETYISLHH
sMmOpuorenesa. Sapo CiIyXUT eJUHCTBEHHBIM HOCH-
TeneM MHQOpPMaLMK yXe Ha JOMMIUIaHTALMOHHOM
CTaJIuy U Y€pe3 €ro B3auMOAECHCTBUE € IIUTOILIa3MON
peanu3yercsl mporpaMmma 3MOpHOTreHe3a.

BbiBOADI

B mpoBeieHHOM HaM¥ UCCIICIOBAHUH BHISIBUIIOCH,
4TO0 MOP(OJIOTHS SAPBILIIEK KOPPEIUPYET C BBIKH-
BAEMOCTBIO 3UTOTHI IOCJIE KPHOKOHCEPBUPOBAHMS.
OdeBUIHO, HHANBUIYAIbHBIC XapaKTEPUCTUKU B
KayeCTBEHHBIX U KOJTMYECTBEHHBIX XapaKTEPUCTUKAX
cunte3a PHK u OenkoB BIUAIOT Ha KpUOpE3HC-
TEHTHOCTh 3UTOT YEJIOBEKA.

[TonyueHHble pe3ynbTaThl CBUAECTEILCTBYIOT O
HE00X0IUMOCTH KPUOKOHCEPBHPOBAHUS 3UTOT Yepe3
22 4 mocje MHCEMUHALMHU, KOrja YeTKO BU3yau-
3UpPYIOTCA 2 TpoHyKieyca. B 3To BpeMs 3urora
Haxoautcs B G2 ¢asze KIeTOYHOro mukia. PanHue
3UTOTHI 00JI€e YyBCTBUTEIBHEI K IPOIECCY 3aMO-
paXUBaHUS-OTTAUBAHUS, YEM 3UTOTHI, HAXOISIITNECS
B ¢aze G2. 3uroTel, HAXOMAIIUECS B CTaIUH, TIPEI-
IeCTBYIOMENH MUTO3Y (26 9 TMOCIe WHCEMHUHAINN),
HauboJIee BOCIPUMUMYHUBHI K TOBPEXKIAIOIIEMY TCHCT-
BHIO (DAKTOPOB KPHOKOHCEPBUPOBAHUS, UTO BhIpa-
JKaeTCsl B TalibHEHIIIEM OJIOKHPOBAHUU UX PA3BHUTUA.
Hamu naHHBIE TO3BOJISIOT OOBSICHUTH POTHUBOPE-

morphology is of great importance in morphofunctional
evaluation of cell state, as the processes of ribosomal
RNA transcription and transformation are asso-ciated
with nucleoli [4]. Sizes and structure in most nucleoli
correlate with volume of a cell protein synthesis,
detected with biochemical methods. Nucleoli sizes
depend on cell function and type as well. Embryonic
genome, playing an important role at first stages of
development, is a guide link in regulating embryo-
genesis. Nucleus is a unique carrier of information even
at preimplantation stage and via its interaction with
cytoplasm the program of embryogenesis is realized.

Conclusions

In our research the morphology of nucleoli was
revealed to correlate with zygote survival after
cryopreservation. Evidently, individual features in
qualitative and quantitative characteristics of RNA and
proteins synthesis affect cryoresistance of human
zygotes.

The results obtained testify to the fact that zygotes
need to be cryopreserved 22 hrs after insemination,
when 2 pronuclei are distinctly visualized. In that time
zygote is in G2 cell cycle phase. Early zygotes are
more sensitive to freeze-thawing, than those in G2
phase. Zygotes, being in stage, preceded mitosis (26 hrs
after insemination), are the most susceptible to a
damaging effect of cryopreservation factors, that is
manifested in following blocking of their develop-ment.
Our data enables to explain the contradictory results

Yacrora 06paSOBaHI/I$I MOp(i)OHOFI/I‘I@CKI/I HOPMAJIbHBIX U AaHOMAJIbHBIX 3M6pI/IOHOB B HATUBHBIX
1 KPUOKOHCEPBHUPOBAHHBIX 3UTOTaX YCJIOBCKA B 3aBUCUMOCTH OT UCXOAHOI'O THUIIA MOp(I)OJ'IOFI/II/I IIPOHYKIJICYCOB

Frequency of formation of morphologically normal and abnormal embryos in native and cryopreserved human zygotes
depending on an initial type of pronuclei morphology

HaTusHBIE 5DMOPHUOHBI
(KOHTPOAB) KpurokoncepBupoBaHHbBIE 9MOPUOHBI
Native embryos Cryopreserved embryos
(control)

Tun 18 u (1-a rpymnma) 22 4 (2-a rpymnma) 26 4 (3-s1 rpymma)
3UTOT 18 hrs (1st group) 22 hrs (2nd group) 26 hrs (3rd group)
Zygote

type Hgg;v]{aaé\;; é) © A;Igg«;;ﬁ;lge AnomanbHOE AHOMaAbHOE AHOMaAbHOE

Normal | Abnormal | Hopwwwsioe | paspiruc/ | Hopuamnoe | paspurue/ | Hopuassnoe | paspirue/
1 1
development development Normal Abnormal Normal Abnormal Normal Abnormal
development development/ development | development/ development development/
block block block
I 36 (87,8) 5(12,2) 6 (25)" 18 (79) 24 (80) 6 (20) 2 (14,3)" 12 (85,7)
1I 40 (81,6) 9(18,4) 4 (14.3)" 2 (857) 30 (68,2) 14 (31,8) 4 (117,4)" 19(82,6)
11T 20 (58,8) 14 (41,2) 1(0,3)* 33 (99,7) 10 (43,5) 13 (56,5) 1(4,3)" 22 (95,6)
v 13 (52,0) 12 (48,0) 0 (0)* 27 (100) 2 (12,5 14 (87,5) 0 20 (100)

Ipumeyanus: *— OTINYNSA JOCTOBEPHBI IO CPABHEHHUIO C KOHTPOJIEM B BTOPOH IPpyNoi; **— OTIINYNs JOCTOBEPHBI IO CPABHEHUIO C

KOHTPOJIEM.

Notes: * — differences are statistically significant in comparison with the control and the 2" group; ** — differences are statistically

significant in comparison with the control.
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YUBBIC PE3yJIbTaThl MHOTHUX HCCJIEIOBATENICH O Ipe-
nMytiecTBax [3] mmbo OecrepCIieKTUBHOCTH [ 5] KpHo-
KOHCEpBHUPOBaHUS SMOPUOHOB YEIOBEKAa HA CTaJlUU
3UTOTEHI.
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of many researchers on the advantages [3] or pers-
pectiveless [5] of human embryo cryopreservation at
zygote stage.
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