https://doi.org/10.15407/cry026.02.124

YIK 611.013.15.31.085.2.089:615.014.41
M.I. Metpywko*'2, B.I. MNiHaes'2

AMiHOKUCIOTHUN npodinb cepeaoBULy CNiBKYJILTUBYBaHHS
AoiMnnaHTauinHuX eMOpioHiB nMoAuHM in vitro
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KIiTUH KyMmyriloca Ta rpaHynbo3u

UDC 611.013.15.31.085.2.089:615.014.41
M.P. Petrushko*'2, V.1. Pinyaev'?

Media Amino Acid Profile During In Vitro Co-Culture
of Human Pre-Implantation Embryos on Monolayer
of Fresh or Cryopreserved Cumulus and Granulosa Cells

Pedepar: MNpu cniBkynbTUBYBaAHHI 3 KNiTMHaMu Kymynioca Ta rpaHynbo3n (KIK) cTBOpPOETLCS MIKPOOTOYEHHS, SiKe MOxXe
3a6e3neunTy HopmarnbHWUIA PICT Ta PO3BUTOK AoiMMANaHTaUiiHUX eMOPIoHIB NOAWMHU in Vvitro. BU3HaYeHHs KinbkiCHOro Ta sikicHoro
CKMnajy Takoro cepefoBulLa Mae BaXIIMBE 3HAYEHHS Mif Yac CTBOPEHHS CUCTEM KyNnbTUBYBAHHS eMOPiOHIB MoauHu in vitro. Y
po6oTi BMKOpUCTOBYBanu emMbpioHV noavHn n'atoi gobu po3BuTKy (cTagis 6nactoumcTi), MOHOLLIAPOBI KyrbTypU CBiXXOBUAINEHUX
Ta kpiokoHcepBoBaHux KIK. [ocnigxyBanv BAAMB KynbTMBYBaHHA Ha MOHOLLAPOBIN KynbTypi CBKOBUAINEHNX Ta KPiOKOHCEPBOBAHMX
KI'K Ha MOpPOKMHETUYHI XapakTepuCTUKN AoiMNNaHTauilHUX eMOpIoHIiB NIOAUHW, OTPUMaHUX in Vvitro, Ta amiHOKUCNOTHUI Npodinb
cepefoBULL, KynbTUBYBaHHSA. BcTaHOBNEHO, WO KPiOKOHCEpBYBaHHA He BnnvBae Ha 3paTtHicTb KK nigTpumyBaTn po3BMTOK
JoimnnaHTauinHux emBpioHiB Ta nokpallye ix sikicTb. BuaHauyeHo BiAMIHHICTb aMiHOKMCNOTHOrO ckrnagy CTaHAapTHOro cepefoBulia
Ta cepenoBULY, CMiBKYNbTUBYBaHHS Ha MOHoOLIApi HaTUBHOT abo KPiOKOHCEPBOBAHOI KyrbTypu KyMyrntoca Ta rpaHynbo3u. MNpucyTHicTb
knitTnH KK 3miHoe GioxiMiyHMI Npoginb cepenoBula KynbTUBYBAHHS 3@ paxyHOK MiABULLEHHS BMICTYy Takmx aMiHOKMCMOT, siK
TpuntodaH, NposiiH, BariH, OPHITUH Ta rnyTaMiH.

KniouoBi cnoBa: kniTvHU Kymyrntoca Ta rpaHynbo3n, KpioKOHCEPBYBaHHS!, aMiHOKUCIOTa, AoiMMANaHTaliiHi eMBpioHn nanHK.

Pedhepat: lNMpu cokynbTvBUMpOBaHUM C KNneTkamu Kymyrntoca u rpaHynesbl (KIMK) cosgaetcsi MUKPOOKPY>XEHNe, KOTOpoe MOXEeT
obecneynTb HOpPMarnbHbIA POCT U Pa3BUTME AOUMMNIAHTALMOHHbLIX d9MOPUOHOB YenoBeka in vitro. OnpegeneHne KONMYEeCTBEHHOTO
N Ka4yeCTBEHHOro cocTaBa TakoW cpefbl MMeeT BakHoe 3HayeHwe Npu Co3[aHWn CUCTEeM KynbTUBMPOBAHUS SMOPMOHOB YerioBeka
in vitro. B paboTte ucnonb3oBany 3MOPMOHbI YeroBeka Ha MATble CYTKU pa3BuUTUS (CTaausi 6GnacTouncTbl), MOHOCIIOW KynbTypbl
CBEeXeBblAENeHHbIX U KpnokoHcepBupoBaHHbiX KIK. NccnegoBanu BnvsiHME KynbTUBMPOBaAHWSA Ha MOHOCIOWHOW KynbType
CcBeXeBbleNeHHbIX U KpuokoHcepBupoBaHHbIx KK Ha MopdokuHeTnyeckne xapakTepucTUKU AOMMMIAHTALMOHHBIX 3MBproHoB
yenoseka, NOMyYEHHbIX in Vitro, 1 aMUHOKUCAOTHbIV NPOMUNb cped KynbTUBMPOBaHUSA. YCTAHOBIEHO, YTO KPUOKOHCEPBUPOBaHMNE
He BnusieT Ha cnocobHocTb KK nogaepxusate passutue JOMMNNAHTaALMOHHBIX SMOPUOHOB M yny4dlaeT ux kavectso. OnpegeneHsl
OTNMNYNA aMUHOKUCINIOTHOrO cocTaBa CTaHAApPTHOW cpeAbl U cpefbl COKYNbTUBUPOBAHUS Ha MOHOCINOE HaTUBHOW UMK
KPVMOKOHCEPBUPOBaAHHON KyrbTYpbl Kymynioca v rpaHynesbl. [MpucytctBue knetok KK nameHsieT 6Guoxumumyeckuii npodunbs cpeabl
KyNbTUBMPOBaHMSA 3@ CYET MOBbILLEHWUS COAEPXaHWUsA TakMX aMWHOKUCIOT, Kak TpunTodaH, NPONnuH, BanuH, OPHUTUH W TyTaMuH.

KnioyeBble crnoBa: KneTku Kymynioca U rpaHynesbl, KpMOKOHCEPBMPOBaHME, aMUHOKUCIOTA, AOUMMNAHTaUVOHHbIE 3MOPUOHbI
yernoseka.

Abstract: Co-culturing with the cumulus and granulosa cells (CGC) provide a microenvironment which can ensure the normal
growth and development of human pre-implantation embryos in vitro. Examining the quantitative and qualitative compositions of this
environment is of an important value to produce the systems to culture human embryos in vitro. The paper described the human
embryos of the fifth day of development (blastocyst stage), monolayer culture of cryopreserved and freshly isolated CGC. We
investigated the influence of culturing on monolayer of freshly isolated and cryopreserved CGC on morphokinetic characteristics of
human pre-implantation embryos obtained in vitro as well as the amino acid profile of the culturing media. It has been found that
cryopreservation does not affect the ability of CGC to support the development of pre-implantation embryos and improves their quality.
There was determined the difference in amino acid composition of the standard medium of those for co-culturing on monolayer of
either native or cryopreserved culture and cumulus granulosa. The presence of CGC changes the biochemical profile of culturing
medium by increasing the content of the amino acids such as tryptophan, proline, valine, ornithine and glutamine.

Key words: cumulus and granulosa cells, cryopreservation, amino acid, human pre-implantation embryos.
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JlikyBaHHs 0€3IUTI IS 3 BUKOPUCTAHHSIM JIOTIOMIK-
HUX perpoaykTuBHUX TexHomorii (JIPT) nependauae
BUJTYYEHHS OOLIUTIB 13 OIIKYJIiB Ta X 3arIiIHeHHs, a
TaKOXX KyJIbTUBYBAaHHs eMOPIOHIB B YMOBAX in Vitro.

Knituau kymymroca Ta TpaHyabo3H in Vivo OTO-
YYIOTh SHIEKIIITHHA, 3a0€3MeTyI0uH ITOKHBHUMH PEIO-
BHHAMHU Ta 3aXUIIA0YH X i1 9ac MITpaIlii 3 I€THIKA
110 MaTku. OgHaK 3aILTHEHHS TUIEKIIITHH METOL0M
IHTpanMTOIIIa3MaTUYHOI 1H €Ki in vitro nependadae
BwiydyeHHs1 KI'K, Tomy KynbTypanbHe cepefoBULIE
Ma€ BiATBOPIOBATH YMOBU OTOYEHHS in Vivo JUIs 3a-
OesrneueHHs X BIKMBaHHS, Tipotidepaii ta mudepeH-
miamii MUISXOM IMOCTa4YaHHs KIITHHAM [HOKUBHHUX Ta
perynsaTopHux pedoBrH. OHAK HE3BaXKar0uX Ha BIOC-
KOHAJICHHSI METO/IiB KyJIGTHBYBaHHS eMOPiOHIB, I1I¢ HE
BHSIBIICHO BCiX TIOYKMBHHX PEYOBHH, HEOOXITHHUX JIIIS
MIPUPOIHOTO PO3BUTKY eMOpioHa. BaxkiuBy posb y ce-
peloBHINax KyJIbTUBYBAHHS in Vitro BiIrparoTh
aMIHOKHCIIOTH, aJe iX BIJIUB HA PO3BUTOK EMOPIOHIB
OCTaTOYHO He 3’COBaHO. BBaXkaroTh, 1110 11i pEYOBUHH
€ OJTHIMH 3 HalO1JTbIIT BaXKIIMBHUX PETYISATOPIB JOIMIT-
JIAHTAIIITHOTO PO3BUTKY €MOpPiOHIB, OCKIIBKH BOHH
CTUMYITIOIOTh 1X PO3BUTOK, TU(EPEHITIaIlit0 Ta ITiIBU-
IIYIOTh IMIUTAHTALIHHUH ToTeHttian [23].

JoimmuianTaniiHUi pO3BUTOK eMOPiOHIB JIIOIUHH
MMOYMHAETHCS 3 3aIUTITHEHHS OOLMTA 1 3aKiHUY€ETHCS
YTBOpPEHHSIM OJacTorucT. B el mepiox mopsia i3
MOpGOJIOTiYHIMH Bi0yBatOTHCsI 3Ha4YHI (Pi3ionoriuni
Ta MeTaboJivYHI 3MiHM eMOpioHa: Iepexis BiJ MaTe-
PUHCBHKOTO KOHTPOJTIO A0 eMOpioHaJIbHOTO Ta Aude-
pEHIIialisl Mepunx IBOX KIITHHHUX JIiHIH, a came
BHYTPIITHLOI KIIITHHHOT MacH 1 Tpodekronepmu [3].
B otoueHHi in utero Ha HAX BIUIMBAE KOMILIEKC Mapa-
Ta ayTOKpUHHHUX POCTOBUX (PAKTOPiB, aMiHOKHCIOT
[10]. Came Tomy amnst 3a0e3ME€UCHHST YMOB, OJIM3BKUX
710 IPUPOTHHIX, BAKOPUCTOBYIOTh CITIBKYJIBTHBYBaHHSI
KT'K ta emOpioHiB [2].

OpnuM i3 eramiB JiKyBaHHS O€3ILTiIS 32 JIOTO-
moroio JIPT e kpiokoHCepBYBaHHSI OOLUTIB, 3UTOT Ta
paHHIX eMOpioHiB. J[71s1 TOJaIBIIOTO KyIETHBYBAHHS
KpPIOKOHCEPBOBAaHUX €MOPIOHIB 710 CTadii O1acTONCTH
HeOX1THE CTBOPEHHS ONITUMATLHIX YMOB. TOMY aKkTyasb-
HIM € KpiokoHcepByBaHHs KI'K Ta BU3Ha9eHHS BIUTHBY
(hakTOpiB KpPiOKOHCEPBYBAHHS HA iX 3MATHICTH Mif-
TPUMYBATH PO3BUTOK €MOpPIOHIB in vitro.

Merta poOOTH — ZOCIIKEHHS BILUTMBY CBIXKOBHILIE-
HO1 Ta KPIOKOHCEPBOBAHOI KYJIBTYp KIITHH KyMYJIIOca
Ta TPaHyIb031 Ha MOPPOKIHETHYH] XapaKTEPUCTHKH
eMOpIOHIB, OTPUMAaHUX 71 Vitro; BABHAUEHHsI 010XiMid-
HOTO podiIIo cepeoBUII KyJIbTUBYBaHHS eMOPiOHIB
13 METOIO T IBUILCHHS [TOKA3HHUKIB JTIKyBaHHs O€3111i1-
I51 3 BUKOPUCTaHHSIM JIOTIOMIXXHUX PEHPOLYKTHBHUX
TEXHOJIOT 1.

[T moCATHEHHS TOCTABJICHOT METH HeOOX1THO OyIT0
BHPIITUTH HACTYITHI 3aBIAHHS: JOCITIAUTH BILTHB Pi3HIX
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Treatment of infertility in the frames of assisted
reproductive technologies (ART) involves the removal
of oocyte from the follicles and their fertilization as
well as in vitro culturing of embryos.

Cumulus and granulosa cells in vivo surround the
ova, provide the nutrients and protect them during the
migration from the ovary to uterus. However, ferti-
lization of oocytes by intracytoplasmic injection in vitro
involves the removal of CGC, therefore the culture
medium should reproduce the conditions of an envi-
ronment in vivo needed for their survival, proliferation
and differentiation by supplying the nutrients and
regulatory substances. Despite the continuous improve-
ment of the embryo culture methods there have not
yet been found all the nutrients necessary for the nor-
mal embryo development. An important part of in vitro
culturing media is taken by amino acids, but their impact
on the development of embryos is not completely un-
derstood. These substances are believed to be among
the most important regulators of pre-implantation
embryos because they stimulate their development,
differentiation and increase an implantation potential [23].

Pre-implantation development of human embryo
starts with fertilization of oocyte and ends with the
formation of blastocyst. During this period, along with
morphological, significant physiological and metabolic
changes in embryo took place: the transition from pa-
rent control to embryonic one and the differentiation
of the first two cell lines, i. e. the inner cell mass and
trophectoderm [1]. They are influenced in utero by
the complex of para- and autocrine growth factors,
amino acids [9]. Therefore, the creation of the con-
ditions close to the natural ones could be achieved
through the co-culturing of CGC and embryos was
used [5].

One of the stages of infertility treatment using the
assisted reproduction is cryopreservation of oocytes,
zygotes and early embryos. For further cultivation of
cryopreserved embryos up to the blastocyst stage it is
crucial to provide the optimal conditions. That is why
it is important to cryopreserve CGC and to determine
the impact of cryopreservation factors on their ability
to support the development of embryos in vitro.

The research aim was to investigate the effect of
freshly isolated and cryopreserved cell cultures of
cumulus and granulosa on the morphokinetic chara-
cteristics of embryos obtained in vitro; to elucidate
the biochemical profile of embryo culture media to
improve the treatment of infertility in the frames of
assisted reproductive technologies.

To achieve this goal it was necessary to solve the
following tasks: to investigate the influence of different
culturing conditions on morphokinetic parameters of
human pre-implantation embryos; to determine the
amino acid composition of the standard culture medium
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Tabnuusa 1. KniHiyHi xapakTepuCcTUKM NauieHTOK AOCNiAXKYBaHMX rpyn
Table 1. Clinical characteristics of patients of studied groups

and the media of co-culturing of embryos
with either freshly isolated or cryopreser-

KniHi4Hi xapakTepucTukm pyna 1 Ipyna 2 lpyna 3 ved CGC.
Indices Group 1 Group 2 Group 3
Materials and methods
Bik naviieHToK, . . . .
Ag{;‘(,”fa;‘;i?;ﬁt"s,py‘;“a”rs 31,6 + 2,1 31,6 + 22 30,8 + 2,7 All the manipulations with pre-implan-
tation embryos were performed in accor-
| Crax Geannians, poky 6.7+ 1.2 6,5 « 1.2 52 + 0,9 dance with the European protocol on
nfertility experience, years . ..
embryo protection [20] and a decision of
CepepnHa KinbKkicTb onikynis the Committee in Bioethics of the Institute
Ha nauieHTKy, abc. of. .
Average Xumbe_, 86 +13 93+ 14 91 x1.2 for Problems of Cryobiology and Cryome-
of follicles per patient dicine of the National Academy of Scien-
CepefHA KifbKiCTb 00UUTIB Ha ces of Ukraine.
nauieHTky, abc. oa. _; :
Averags numbor 7,1 +0,9 7,5 + 1,1 73+ 1,0 Gametes and hu'man pre implantation
of oocytes per patient embryos were derived in the cycles of

YMOB KyJbTUBYBaHHsS Ha MOP(OKMHETUYHI XapaKTe-
PUCTUKH OIMIUTAHTAI[IHHUX eMOpiOHIB JIOAUHU;
BU3HAYUTH aMIHOKHMCIIOTHUN CKJIaJ] CTaHAapTHOIO
CepeIOBUIIA KYJIbTUBYBaHHS Ta CEPEIOBHII] CITIBKYIIb-
THUBYBAaHHS eMOpPiOHIB 31 CBIKOBHUIIIEHNMH a00 Kpio-
koHcepBoBaHumu KIT'K.

Marepianu Ta MeTOaU

VYei MaHinmyssiLii 3 JoiMIUIaHTaLiHHIME eMOpioHaMH
MIPOBOIMIIH BiAOBiIHO 10 EBponelicbkoro mpoToKomy
3 3axucTy emOpioniB [20] Ta pimieHHs, 3aTBepKe-
Horo Komitrerom i3 Gioetuku IHCTHTYTY mIpoOiem
KpioGionorii Ta kpiomenuuran HAH Yipainu.

l'ameTn Ta moiMrutaHTaritHi eMOpPIOHH JIFOMUHU
OTPUMYBAJIN B MUKJIAX JIIKYBaHHS OC3IUTI AN 3 BUKO-
pucranssm JIPT.

EmOpionwn, 3a1exH0 BiJ CE€pelOBHINA KyJIbTHBY-
BaHHS, OyJIH po3/1iieH] Ha Tpymu: | —y cTaHIapTHOMY
cepeznoBuii; 2 —Ha MoHomapi ceikosuainennx KI'K;
3 — Ha MoHo1api kpiokoHcepBoBaHux KI'K.

Kuniniyai noka3HUKH HaIl€HTOK HaBeIeHo B Ta0II. 1.

BunydeHHsS 00LUT-KOPOHA-KyMYIIOCHUX KOMII-
JICKCIB, OIIHKY 3pUIOCTI SHIEKITITHH, 3aILTiTHEHHS in
Vitro Ta KyJbTHBYBaHHsS €MOpiOHIB MPOBOAMIH 3a
CTaHJAPTHOI0 MeToaukoro [19].

MopdodyHKITIOHATEHI TOKa3HUKH TOIMITTAHTAITIH-
HUX eMOpioHIB omiHtoBaH 3a MeTosoM D. Gardner [8].

QOoNIKYISAPHY PIAMHY OTPUMYBAJIH y KIHOK BIKOM
20-42 poxu Ha 12—14-#1 neHs MEHCTPYaTBHOTO ITUKITY
uIsTXoM actipartii (omikyiiB gepe3 34—35 roauH micis
i’ exii 50 000—-10 000 of. TFOICHKOTO XOPIOHITHOTO
roHafotporiny. [licis BuninenHs ooyTiB QOMIKyISIpHY
piavHY noMimany B KOHIYHI HEHTPUQY>KHI TPOOIpKH 1
3aJIMILIAH 32 KIMHaTHOI TeMnepaTypu Ha roauny. [licis
OcaKeHHsI KIITHH (0e3 HeHTPU(YTyBaHHs ) HaJ0Ca]
Bugansui. Kiituan pecycnenayBanu B 3 MII KyJIbTY-
panbHoro cepenosuma «Sydney IVF Fertilization
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infertility treatment using the ART.

Depending on the culture medium the
embryos were divided into groups: 1 —
cultured in standard medium; 2 — on monolayer of
freshly isolated CGC; 3 — on monolayer of cryopreser-
ved CGC.

The characteristics of participating patients are
shown in Table 1.

Removal of oocyte-crown-cumulus complexes,
assessment of oocyte maturity, in vitro fertilization and
culturing of embryos were performed by the standard
method [18].

Morphofunctional indices of pre-implantation emb-
ryo were estimated by D. Gardner method [7].

Follicular fluid was obtained in women aged of 20—
42 years to days 12—14 of menstrual cycle by aspiration
of the follicles in 34—35 hrs after injection of 50,000—
10,000 units of human chorionic gonadotropin. After
removal of oocytes the follicular fluid was divided and
placed into conical centrifuge tubes and left at a room
temperature for one hour. After deposition of the cells
(with no centrifugation) the supernatant was removed.
Cells were re-suspended in 3 ml of Sydney IVF Ferti-
lization Medium (Cook, Australia) and washed three
times to remove erythrocytes and debris. The cells
were placed in a well and 1 ml culture medium was
layered under mineral oil (Cook, Australia). The CGC
were cultured in a CO, incubator (Sanyo, Japan) at
37°C, 5% CO, and 95% humidity [6].

Cumulus and granulosa cells were transferred into
a 250 ml of 2 M solution of 1,2-propane diol (Dow
Chemical, Germany) and frozen in plastic straws with
an outer diameter of 2.5 mm, 133 mm length, 0.47 ml
volume ( CryoBioSystem, France) with programmable
device (CryoLogic CL 8800i, Australia) using a prog-
ram: cooling rate of 0.3 deg/min from 25°C down to
the point of the crystallization onset. Ice seeding was
performed at —6°C for 45 seconds. The samples were
cooled then from —6 down to —35°C with the rate of
1 deg/min, afterwards they were immersed into liquid
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Medium» («Cook», ABcrpaiis), Tpudi
BiIMHBAJIM BiJ] EPUTPOLUTIB Ta AeOpHuCy.
KrniTuan nomimany B JIyHKY 1 Hamapo-

Tabnuusa 2. MopdoKiHETUYHI XapaKTepuCTK1n eMOpioHiB
[OCHifXYBaHNUX rpyn

Table 2. Morphokinetic characteristics of embryos of studied groups

ByBaJI1 1 KYyJIBTypaJIbHOTO CEPEIOBU- MokasHukn lpyna 1 lpyna 2 lpyna 3

ma mig MinepanbHoro odiero («Cooky, Indices Group 1 Group 2 Group 3

Ascrpamnis). Kynsrusysanus KI'K poso- Kinuicrs suror. ade. o

OUIn 'y COZ-iHKy6aTOpi («Sanyo 5MO)>, Number of zyylgote.s . 6.0x08 58+08 59 %07

Snonis) npu 37°C, 5% CO, T1a 95%

BoJstorocTi [7]. ”aFceTr‘;ﬂ?zgi‘igﬂﬂ';‘t’g’”;;% 84,5 11,6 77,3 + 14,4 | 80,8 % 13,9
KnitTnau Kymynroca Ta rpaHyiabo3H

neperocuin B 250 M1 koHIeHTpatii 2 M 2-4 kniTkn, % 988 + 3.9 981 + 5.2 100 + 0.8

pozunny 1,2-nponanniony («Dow Chemi- 24 celle, % ' I ' I ’

cal»', Himeuyunna) ta 3aMOPOKYBAIHA y 88K”iT"'”'o% 081 5 45 067 + 6.7 087 + 1.55

MTOJTIETUIIEHOBUX COJOMHHAX, SKI Malln cells, %

30BHIIIHIN iiaMeTp 2,5 MM, ToBKHHY 133 MM, 16 ki %

06’em 0,47 Mt («CryoBioSystemy, ®pan- 16 cells, 5 769 = 6.9 95,3 +7,2% | 98,7 % 4,0°

11isT) Ha mporpamMoBanoMy amnaparti («Cryo

Logic CL 88001», ABcTpasisi) 3a mOBiJIb- ",('A‘Lprt’]faa;f’ 73,0 £ 5,9 95,3 = 7,2* 98,1 + 4,5*

HOO IIPOIPaMOFO: IIBHIKICTh OXOJIO/IMKEH-

g 0,3 rpaa/xB Bix 25°C 1o moyaTky Bnactouucra, % 282 + 53 736 + 7.9% 740 + 7.7%

kpucTarizarii. CHIiHT TIPOBOIIITH 33 TEM- Blastocyst, % ' I ’ ' ’ l

nepatypu —6°C npotsarom 45 c¢. 3pa3ku
oxosiojkyBanu Big —6 no —35°C 3i
LIBUAKICTIO 1 rpaji/XB, Micis 4Oro iX 3aHy-
proBanu B pigkui a3or. COJIOMUHKHU
BigirpiBanu Ha BogsHii 6ani mpu 37°C [1].

KinpkicHu#l aHami3 BITBHHX aMiHO-
KHCIIOT Ha 11’ SITy 100y KyJIbTUBYBaHHS BUKOHYBAITH 32
MetogoM PICO-TAG Ha aMiHOKHMCIIOTHOMY aHaji-
3aropi « Waters» («Waters Corporation», CILIA) [14].
BuBuanu kinbkicHui cknaza 20 aMiHOKUCIIOT y Pi3HUX
CepeloBHIIAX KyJIbTHBYBaHHSI.

Crartuctnany oOpoOKy eKCIIepUMEHTATBHUX TaHUX
npoBouiu 32 MeToioM CThIOIEHTa 3 BUKOPHCTaH-
HsMm niporpamu «Excel» («Microsofty, CILIA). Pesyns-
TaTW MPUBENCHI y BUIIAII CEPEIHBOTO 3HAUCHHS =+
CTaHIAPTHE BiAXWICHHS. BiAMIHHOCTI Mi>kK BUOOPKaMH
BBKQJIM CTAaTUCTUIHO 3HATYIUMHU TIpH p < 0,05.

Pe3syabTat Ta 00roBOpeHHH

3a pesynbratamMu MophoyHKIIOHATIBHOTO aHAMI3Y
eMOpiOHiB, SIKi PO3BUBAIIUCS i1 Vitro B CTAHIAPTHOMY
CepeJIOBUIIi, HA MOHOIIAPI CBIKOBHUAIIEHUX a0b0
kpiokorcepBoBanux KI'K BcraHoBIEHO, 110 iX HasB-
HICTh HE BIUTHBAJIA HA YACTOTY 3aIUTiTHCHHS.

YIIpomoBK MepImx MBOX 10 3HAUYIINX BiIMiHHOC-
TeH y pO3BUTKY eMOPIOHIB yCiX TOCIIKyBAaHUX TPYT
He Biamivanocs. Ha Tpetio 100y KyIbTUBYBaHHS OyII0
BCTAHOBJICHO, ITI0 PO3BUTOK eMOpioHIB rpymu 1 dac-
Tille 3yMTUHSABCS HA CTalii BOCBMH OJIACTOMEPIB, a IS
eMOpioHiB Tpyn 2 Ta 3 OyB XapaKTEepHUH IIBUAKHHA
TeMIl ipoOieHHs (Tadm. 2).

[1ig yac cniBKyJABTUBYBAaHHS Ha IIapi CBIKOBHII-
nenux Ta kpiokoHcepoBanux KI'K cranii mopynu Ha
4eTBepTy 100y nocsrio BiamnosinHo Ha 22,3 ta 25%
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MpumiTka: * — BiAMIHHOCTI 3Ha4yLLi Y NOPIBHSIHHI 3i CTaHAAPTHUM cepefoBULLEM
KyneTuByBaHHsA, p < 0,01.

Note: * — the differences are statistically significant if compared the standard
culture medium, p < 0.01.

nitrogen. The straws were thawed in water bath at
37°C[19].

Free amino acids to day 5 of culturing were quan-
titatively analyzed as reported by M. Kuran [13] using
Waters PICO-TAG amino acid analyzer (Waters
Corporation, USA). The quantitative composition of
20 amino acids in the culturing media was studied.

The findings were statistically analyzed using the
Student’s test and MS Excel (Microsoft, USA)
software. The results were presented as the mean +
standard deviation. The differences between data were
considered as statistically significant at p <0.05.

Results and discussion

The results of morphofunctional analysis of the
embryos developed in vitro in standard medium on
monolayer of either fresh or cryopreserved CGC
demonstrated that their presence did not affect the
fertilization rate.

During the first two days no crucial differences for
all the investigated groups of embryos were found. To
day 3 of culturing there was found that the development
of embryos of group 1 stopped at 8-cell stage blasto-
meres on a more frequent basis and for the embryos
of groups 2 and 3 a fast cleavage rate was inherent
(Table 2).

During co-culturing on the layer of fresh and
cryopreserved CGC the morula stage to day 4 was
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Em6pioHn nogvHu Ha 4eTBepTy 00y KynbTUBYBaHHSA: A — KOMMakTM3oBaHa
mMopyna Ha moHowwapi KI'K; B — 6rnok po3Butky embpioHa Ha cTagii BocbMu
6nactomepiB y cTaHOapTHOMY CEpPAOBULL KyNbTMBYBaHHSA. HaTMBHUI Npenapar,
x400.

Human embryos on day 4 of culturing: A — compacted morula on CGC
monolayer, B — embryo development block at stage of eight blastomeres in

standard culturing medium. Native preparation, x400.

eMOpioHiB Oiiblle, HIK Y CTaHAAPHOMY CEPEIOBHILI.
VY cepenoBuInax 31 CBIXKEBUIUICHUMH Ta KPIOKOHCEP-
BoBanuMH KI'K Ginpuricte eMOpioHIB KOMIAKTH-
3yBajiacs, Ha BiAMiHY BiJl KyJIETUBYBaHHS eMOPiOHIB y
CTaHJapTHOMY cepeaoBuii (puc. 1).

Hami nani ciiBmamaroTs i3 pesyasraramu D. Car-
rell Ta criBaBr. [6]. Ha 1X yMKy, B OCHOBI I[bOTO SIBHIIA
JISKATH TIOKPAIIEHHS ayTO- Ta MapaKpUHHOI PeTyIIsiii
PO3BUTKY eMOPIOHIB y IPHUCYTHOCTI KJIITHH TPaHYITbO3H.

3Hady1i BiAMIHHOCTI 30epiranucs i Ha 1’ ATy 100y
KyJbTHBYBaHHs. Tak, i1 4ac CTaHAAPTHOTO KyJIETHBY-
BaHHsS CTajil 0JaCTOIMCTH JocAnIo ywuire (28,2 +
5,3)% emOpioHiB. Y 000X cucTeMax CIiBKYJIbTHBYBaH-
HS LIeH MOKa3HUK OyB 3Hauy1e BuIuM. KpiokoHcep-
ByBanHs kinitTuH KI'K He BrumBano Ha iX 31aTHICTb
MiATPUMYBATH PO3BUTOK €MOPIOHIB in Vitro, OCKiTbKH
craaii omactouuctu gocsario (74,0 £
7,7)% eMOpioHiB, IO CTATUCTUYHO HE
BiAPI3HAJTIOCA Bijl pe3ysbTariB CIiBKYIIb-
TUBYBaHHS HA MOHOIIIAP1 CBIXKOBHIIICHNX
KTK.

Ha m’sity 100y KylbTHBYBaHHS KiJlb-
KicTh 0JIACTOLMCT BHCOKOI KaTeropii

reached by respectively 22.3 and
25% more embryos versus those
for the standard medium. In media
with fresh and cryopreserved CGC
most of the embryos were compac-
ted unlike the case of embryos cul-
tured in a standard medium (Fig. 1).

Our data are consistent with
results of D. Carrell ef al. [4]. In
their view, this phenomenon can be
explained by an improved auto- and
paracrine regulation of embryos in
the presence of granulosa cells.

Significant differences were also
kept on day 5 of culturing. Thus,
during the standard culturing only
(28.2 £5.3)% of embryos reached
the blastocyst stage. For both
systems of co-culturing this value
was significantly higher. Cryopre-
servation of CGC did not affect their ability to support
the development of embryos in vitro, as (74.0 = 7.7)%
of embryos reached the blastocyst stage, that was not
statistically different from the results of co-culturing
on monolayer of freshly isolated CGC.

On the fifth day of culturing the number of high
quality blastocysts (AA, AB, BA) was two times higher
in groups 2 and 3 if compared with group 1 (Table 3).

Thus, culturing on monolayer of both fresh and
cryopreserved CGC increased the number of embryos
which reached the blastocyst stage, as well as provided
high morphological parameters of inner cell mass and
trophectoderm.

One of the factors, affecting morphological chara-
cteristics of embryos during co-culturing may be the
change of their biochemical environment, including

Ta6nuusa 3. MopdonoriyHi xapakTepucTuku emopioHis
Ha cTagii bnacToumcTu pisHMX 4OCHIAXKYBaHUX rpyn

Ha N'ATy AO6Y KyNbTUBYBaHHS

Table 3. Morphological characteristics of embryos at blastocyst
stage of different studied groups on day 5 of culturing

SKOCTI (AA, AB, BA) 6YJIa B/ABiYi Oi1b- KaTeropia AkocTi Mpyna 1 Mpyna 2 Mpyna 3
0K y Ipynax 2 ta 3 HOpiBHS[HO 3 Grades Group 1 Group 2 Group 3
rpynoto 1 (tabin. 3).

OTike, KyTBTHBYBAHHS HA MOHOIIADI AA, AB, BA 25,5 + 9,3 48,8 + 8,4* 49,2 + 9,7*
SIK CBDKOBHJIIJICHHX, TaK 1 KPiIOKOHCEp-
BoBaHux KI'K cnpusie 30inbieHH0 BB, BC, CB 44,4 £ 12,7 39,0 £ 9,7 36,9 + 6,6
KIJIBKOCT1 eMOpiOHIB, SIKi TOCSATIIH CTaii
OmactomucTH, Ta 3a0e3meuy€e BUCOKI D, DC, DD 31,1 + 2,3 12,2 + 0,9* 13,9 + 2,2
MOp(}oIOTiuHI MOKa3HUKNA BHYTPIITHBOT

KJIITHHHOI MacH Ta TPO()EKTOICPMHU.
OJHUM 13 YMHHUKIB, K1 BILTHBAIOTH Ha
Mop(dooTiuHI XapaKTepUCTHUKH eMO-
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MpumiTka: * — BiAMIHHOCTI 3HauyLLi y NMOPIBHSHHI 3i CTaHAAPTHVMM CepefoBULLEM
KynbTvByBaHHs, p < 0,01.

Note: * — the differences are statistically significant if compared the standard
culture medium, p < 0.01.
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PIOHIB ITiz1 Yac CIiBKYJIBTHBYBAaHHS, MOXE
OyTH 3MiHa 1X 010XIMIYHOTO OTOYEHHS,
30KpeMa aMiHOKHCIIOTHOTO CKJIamy, siKa
Bukikana npucytHicTio KI'K.

V xoml DOCHIKEHHS aMIHOKHUCIIOT-

Tabnuusa 4. AMIHOKMCNOTHUI cknag (MMonb/n) cepenoBuLla
KynbsTUBYBaHHSA eMOpIOHIB nMtoanHu in vitro Ha n'aty noby

cniBkynbTUBYBaHHA (M £ m)

Table 4. Amino acid composition (mmol/L) of culturing media of human
embryos in vitro on day 5 of co-culturing (M £ m)

HOTO CKIazly CepetoBuIIL Ha ATy 706y Ainencrer et | ez | fomed
KYJIBTHBYBaHHS OyJI0 BCTAHOBJICHO, 1110 Y
CTaHJAPTHOMY CepeoBHIIIi OyIiu BiACYT- Kpeam - 0,134 + 0,012* | 0,124 + 0,001*
Hi KpeaTHHiH, CepHH, JIi3HH.
VY cranmapTHOMY cepenoBHIi (Tpy- Senu - 0,019 + 0,007 | 0,012 + 0,001
na 1) BMicT miinuHy Ta jeduuHy OyB
BUILUM, HIX Yy CEPENOBHIII KYyIbTUBY- ﬁscp”aarzzm 0,055 + 0,004 | 0,088 + 0,006 | 0,086 = 0,004
BaHHS B NPUCYTHOCTI CBIKOBUAIJICHUX
a6o kpiokoncepBoBannx KI'K, 1o cBin- Grl’ll‘gam"’l”n”e 0,073 + 0,009 | 0,517 + 0,039* | 0,536 = 0,022*
YUTHh PO JOJATKOBY YTHIII3alil0 LHUX
aminokucnor KI'K. gf;;‘rn”e 0,05 £ 0,002 | 0,019 + 0,008 | 0,013 = 0,006
KonnenTpartist nmpoiiHy, OpHITHHY
Ta rytaminy y cepeposumax i3 KI'K ficrannn + Taypuu 0,031 + 0,002 | 0,234 + 0,034 | 0,230 + 0,027
30UTBIITYBaJIacs, 110, MOYKIIUBO, TIOB s13a-
HO 31 CEKPCLIEI0 HUX aMiHOKHCIOT Tpuntodan 0,009 + 0,008 | 0,244 + 0,176 | 0,222 + 0,010
(Ta6ﬂ. 4) Tryptophane ! ! ! ! ! !
IixaBiM hakTOM € 301TbIIEHHS KOH- PO 0,282 + 0,032 | 0,271 £ 0,030 | 0,257 = 0,023
LHeHTpanii He3aMiHHUX aMiHOKHCIIOT
(Ba}ﬂiHy Ta TPHHTO@aHY) B CCpeoBHUIIAX Dponi 0,017 + 0,004 | 0,299 + 0,111% | 0,296 + 0,092
CTIIBKYJIETUBYBaHHSI, OCKUIBKHU PiBEHb BCIX
IHIIMX HEe3aMIHHUX aMiHOKHCIIOT 3MEH- Tupoauk 0,056 + 0,003 | 0,038 + 0,002 | 0,034 + 0,001
LLIYBABCL. Thyrosine
TloxasaHo, 1O 10 MPOLECY PO3BATKY Banin 0,063 + 0,002 | 0,300 + 0,011* | 0,298 = 0,010
eMOpioHa JIIOIMHY 3a]Ty4aloThCs CEPUH, Valine
apriHiH, METIOHIH, BaJiH Ta JeHIuH [9], MerTiomin 0017 + 0001 | 0026 « 0002 | 0024 = 0001
TOMY TIiIBUIICHHS KOHIICHTpAIlil IIIX Methyonine ' I ' I ' '
aMIHOKHCIIOT y TIPOIIECi CIiBKYJIBTHBY- LivcTein 0018 + 0002 | 0015 + 0001 | 0016 + 0.001
BAHHS Ha CBKOBHUILIEHUX 200 KPiOKOH- Cysteine ' ' ' ' ' '
cepBoBanux KI'K nmo3urtuBHO BrmnBae Ha lsonetiuus 0.054 + 0004 | 0082 + 0004 | 0077 + 0.021
PO3BHUTOK eMOpiOHIB i MoKpamye ix Isoleucine ' ' ' ' ' '
AKICTB. o Neiiuun 0,159 + 0,01 | 0,060 + 0,014* | 0,059 + 0,022*
3aMiHHi Ta He3aMiHHI aMiHOKHCIIOTH
BIIIrPAIOTE PI3HY POIIb Y MPOLIECT PO3BUT- derinanari 0,077 + 0,001 | 0,035 + 0,011 * | 0,054 + 0,032*
Ky eMOpioHiB. 3aMiHHI aMiHOKHCIIOTH Phenylalanine : : : : : :
TPHCKOPIOKOTE ALNICHHS BHYTPILIHBO Kiti- Spuiran 0,091 % 0,008 | 0,233 = 0,029* | 0,199 + 0,04*
THHHOI MacH 1 IiJABHUIIYIOTH 3JaTHICTb
eMOpioHa JI0 PO3BUTKY IiCJIs IMILIaH- I _ 0,081 £ 0,023 | 0,080 0,02
tanii [11]. He3aminni amiHOKHCIOTH Lysine

MpumiTka: * — BiAMIHHOCTI 3Ha4yLLi Y NOPIBHSIHHI 3i CTaHOAPTHUM cepefoBuLLEM
KyneTuByBaHHs, p < 0,01.

Note: * — the differences are statistically significant if compared the standard
culture medium, p < 0.01.

CIIPUSIOTH PO3BUTKY eMOpPiOHA Bij] 3UTO-
TH 0 0JaCTOIMCTH, 30KpeMa 301Jb-
LIYIOTh KUIBKICTh KJIITUH TpodobiacTta
Ta MiIBUIIYIOTH 31aTHICTh OJIACTOIIMCTH
JI0 BUITYTUICHHSL.

VY nonuHA eKCIpecis TeHOMa MOYHHAETHCS 3
BOCBMH KIIITHH, TOMY PO3BHTOK eMOpIOHIB Tij 4ac
KyJBTUBYBAHHSI 71 Vitro HauacTille 3ynuHAETbCS Ha
uiid craxii [15]. Biox po3BUTKy miJ yac akTWBarii
eMOpioHaJIbHOT'O TeHOMa TOB’ sI3aHMi, IMOBIpHille, 3
OJI0KOM TPaHCKPHIILI] Ta TPAHCIIALIT, yHOBITbHEHHAM
MeTabomizmy eMOpioHiB. EMOpioH stoanHu 10 cTamii

amino acid composition, which is caused by the CGC
presence.

As aresult of studying the amino acid composition
of media on day 5 of culturing there was found the ab-
sence of creatinine, serine, lysine in a standard medium.

In a standard medium (group 1) the content of
glycin and leucine was higher than in culture medium
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OJaCTOLMCTH 3HAXOAMTHCA Y MPOCBITI (anomieBux
TpyO, NpH KyJIBTUBYBAHHI in Vitro —y CUHTETUYHUX
cepenoBuInax. BicyTHICTD y cepeoBuUIlli KyJIbTHBY-
BaHHS KJIITHH MaT€pPUHCHKOTO ITOXOIKEHHSI, OYEBHTHO,
€ TPUYMHOI0 3MEHIIEHHS KITBKOCTI KUTTE3TATHUX
emOpioniB. ToMy cucTema CriBKyJIbTHBYBaHHS Ha MO-
Hourapi kinituH KT'K 3a0e3neuye MakciuMansHe HaOu-
JKEHHSI YMOB KYJIbTUBYBAHHS JI0 CUCTEMH in vivo [4].

VY sitneBoni, GomikynapHid Ta MaTKOBiM piguHi
3HAXOIUThCS BEJIMKA KIJIbKICTh BUIBHUX aMIHOKHCIIOT,
SIK1 € BOKIIMBUMH JUISI PO3BUTKY €MOPiOHIB, OCKITBKH
OepyTbh y4acTh y ByIJICBOAHOMY OOMiHi, PEryIIOBaHHI
OCMOTHYHOTO THCKY, OcMomsipHOCTi Ta pH KutitH [ 16,
17].

D. Khan ra cniBabr. [13] BusBwin, mo KI'K in
Vitro Ta in vivo yTBOPIOIOTH IUTOIIA3MaTHYHI MiCTKH,
yepes 5K Bi10yBaeThCI 0OMIH HU3bKOMOIIEKYIISIPHIMU
peuoBruHamu. Ile cTBOprOE YMOBY Tak 3BaHOI «MeTa-
OOJTIYHOT KOOoTIepartii.

Braxaetncs, mo KI'K 6epyTh ygacTh y AE€TOKCH-
KaIli1 JKUBIIILHOTO CEPEIOBHIIA ITUISTXOM XeJlaTyBaHH:I
10HIB BKKHX METaJIIB, 3HIKYIOTh KOHIICHTPAIIIO Pedo-
BUH, SIKi IPUTHIYYIOTh PO3BUTOK eMOPiOHIB, CEKpETY-
I0Th y CEpEIOBHIIE KYIbTHBYBaHHS aMiHOKHCIIOTH Ta
(bakTOpH POCTY, 1110 CTUMYJIIOE PO3BUTOK eMOpioHiB [ 18].

3a pe3ynbraTaMu aHaji3y piBHS ITyjla aMiHOKHCIIOT
y CepeOBHIII KyIbTUBYBAaHHS MU BCTAHOBHIIH, 110 B
CepeIoBHIIAxX CIiBKYJIFTUBYBAaHHS PiBEHb acliapariny
T IBUTIYETHCSI, @ PIBEHB DIIUHY Ta JICHITUHY 3HATYIIE
3MEHIIYETHCS.

Harmmri nani y3roukyroThes 3 pe3ynsTaTaMy JOCITi-
mxeHHs D. Brison [5] miomo xopemsimii Mix 3MeH-
MIEHHSM PiBHS DIIIUHY W JIEHIIMHY B CEPEIOBHINAX
KyJBTHBYBaHHsI, MMiJIBULICHSM PiBHS acmapariHy Ta
301TBILICHHSIM YaCTOTH HACTaHHSI KJIIHIYHOI BaTiTHOCTI.
AHaJIOTi4yHI pe3yabTaTH B IPOLECi KyIETHBYBaHHS KpPio-
KOHCEpBOBaHMX eMOpioHiB oaeprkas R. Sturmey [22].

E. Seli Ta cniBaBr. [21] BCTaHOBHIIU 3B’SI30K MiXkK
BHCOKHM piBHEM IIyTaMiHY B KyJIbTypajibHOMY cepe-
JIOBHIII Ta KJIIHIYHUMH ITOKa3HUKAMH BariTHOCTI.

N. Kattal Ta cmiBaBt. [12] po3KpuBatOTh MPUINHY
PI3HOI IKOCTI eMOPiOHIB, STKi PO3BUBAIIMCS HA MOHOIIIAP1
KI'K. Ha mymKy aBTOpiB, Y CEpemOBUII KYIBTHBY-
BaHHA L-rmyramiH po3najgaeTrbcs 3 yTBOPEHHAM
aMOHII0, IKMI € TOKCUYHUM Ta HEFATUBHO BIUIMBAE HA
PO3BHUTOK eMOpioHa.

Juist BU3HAUCHHS pojii 010XiMiYHOTO OTOYCHHS
eMOpiOHIB B yMOBax CHiBKYJIbTUBYBaHHS Ha CBIKO-
BuzieHnx abo kpiokoncepoBanux KI'K BBaxkaemo
JOLUTBHUM JOCTIANTH 1HII1 «eMOpioTpodiuHi pakTo-
pu», 30KkpeMa GpakTopu poCTy.

BucHoBkH
CHiBKyJIETHBYBaHHS TOIMIUTAHTAIIMHIX €MOpPiOHIB
JIFOMUHA Ha MOHOITIAP1 CBIKOBHUIUICHIX a00 KPiIOKOHCEP-
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in the presence of either fresh or cryopreserved CGC,
indicating further utilization of amino acids by CGC.

The concentration of proline, ornithine and glutamine
in the media with CGC increased, that could be due to
the secretion of these amino acids (Table 4).

Of interest was the fact of increased concentration
of essential amino acids, i. e. valine and tryptophan in
the co-culturing media, since the level for all other
essential amino acids decreased.

Serine, arginine, methionine, valine and leucine have
been shown to be involved into the development of
human embryos [8], therefore increasing the concen-
tration of amino acids during co-culturing on either
fresh or cryopreserved CGC positively influenced the
development of embryos and their quality improves.

Essential and non-essential amino acids play a
different role in development of embryos. Essential
amino acids accelerate dividing the inner cell mass and
increase the ability of post-implantation embryo
developing [10]. Non-essential amino acids contribute
to the embryo development from zygote to blastocyst,
i. e. increase the number of trophoblast cells and
enhance the blastocyst ability to hatch.

In humans the genome expression starts from eight
cells, so the development of embryos during in vitro
culturing often stops at this stage [14]. The deve-
lopment block during the embryonic genome activation
is likely related with the terminated transcription and
translation, slowing down of embryo metabolism.
Human embryo up to the blastocyst stage is located in
the lumen of fallopian tubes, while if in vitro cultured
it is found in synthetic media. The absence in a culture
medium of the cells of maternal origin is obviously the
reason of reduced number of viable embryos.
Therefore, the co-culturing on monolayer of the CGC
ensures the maximum approaching to culturing in vivo
[2].

In the oviduct, follicular and uterine fluids there is a
large number of free amino acids, which are essential
for embryonic development, as they are involved into
carbohydrate metabolism, regulation of osmotic
pressure, osmolarity and pH of the cells [15, 16].

D. Khan et al. [12] found that the CGC in vitro
and in vivo formed cytoplasmic bridges through which
the exchange of low molecular weight substances was
performed. This creates the conditions for so-called
‘metabolic cooperation’.

The CGC are believed to take part in detoxification
of the nutritive medium by chelating the heavy metal
ions, to reduce the concentration of substances
inhibiting the embryonic development, to secrete amino
acids into the culture medium and growth factors, that
stimulates the development of embryos [17].

The analysis of a pool of amino acids in the culture
medium enabled us to find out that in co-culturing media
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BoBaHuX KI'K si€uHUKIB MIOIUHK CHIpHUsiE PO3BUTKY
eMOpioHiB in vitro. HasgsBHICTh IMX KJIITHH y Cepenio-
BUIL KYJIGTUBYBaHHSI 3MiHIO€ HOTO O10XiMIYHHHI TPodiib
3a paxyHOK ITiIBUIIEHOTO BMIiCTy TAKHX aMiHOKHCJIOT,
AK TpunTo(aH, IPOIiH, BajiH, OPHITHH, IITyTaMiH Ta
JICUTIVH.

Jani, orpuMani B Hamiiii poOOTi, MOXYTh MaTH
MPAaKTUYHY 3HAYYIIICTh JIJIS YIOCKOHAJICHHS] CUCTEMH
KYJIBTUBYBaHHS IOIMITTAHTAIITHIX eMOPi10HIB JIFOMUHN
in vitro 3 METOI0 ONTHUMI3allii pO3BUTKY eMOpIOHIB,
MOKpAIEHHS 1X MOP(OIOTTYHUX MOKAa3HHUKIB Ta 301716~
LICHHS YaCTOTH HACTAHHS BAariTHOCTI.
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the level of asparagine was increased and the one of
glycine and leucine was significantly reduced.

Our findings are consistent with results reported
by D. Brison [3] as for the correlation between the
reduced levels of glycine and leucine in the culture
medium, increased levels of asparagine and increased
frequency of clinical pregnancy. Similar results were
obtained by R. Sturmey when culturing the cryopreser-
ved embryos [22].

E. Seli et al. [21] established a link between high
levels of glutamine in the culture medium and clinical
pregnancy rates.

N. Kattal et al. [11] revealed the cause of varying
the quality of embryos which developed on monolayer
of CGC. The authors believe that L-glutamine in the
culture medium decomposes to form ammonia, which
is toxic and affects the embryo development.

To determine the role of biochemical environment
of embryos during co-culturing on either fresh or
cryopreserved CGC it is expedient to discover other
‘embryotrophic factors’, in particular, growth factors.

Conclusions

Co-culturing of pre-implantation human embryos
on monolayer of either fresh or cryopreserved ovarian
KGC promotes human embryos in vitro. The presence
of these cells in culture medium changes its bioche-
mical profile due to a rising content of amino acids
such as tryptophan, proline, valine, ornithine, glutamine
and leucine.

The data obtained in our study may be of practical
significance for improving the co-culturing protocols
of pre-implantation human embryos in vitro to optimize
the development of embryos, improving their morpho-
logical parameters and frequency of pregnancy.
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