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PedepaT: BukopucTtaHHsi KOMMekcy KniTUH rpaHynbo3un Ta kymyntoca (KIK) moxe GyTu nepcnekTUBHUM NpU CRiBKYNbTUBYBaHHI
rameT Ta embpioHiB y nporpamax AOMOMIKHUX penpoAaykTuBHuX TexHonorin (APT), wo pobutb HaranbHWM iX KpiOKOHCEpPBYBaHHS.
B pob6orti BuB4anu KI'K xiHok Bikom 25-39 pokiB, siki mpoxoaunu Kypc nikysaHHsa 6esnnigas metopgom IVF. [Ans kpiokoHcepByBaHHSA
cycneHnsii KI'K sukopuctoByBanu 1,5 M posunH 1,2-MN0. 3pa3ku oxonomxysanu 3i wseugkictio 0,3 rpaa/xs Big 25 go —6°C, gani
34iNcHIOBanNM iHiuiauilo KpucTanoyTBopeHHs, Big —6 Ao —35°C wBuAKICTb OXONOAXEHHSA cknagana 1 rpag/xs; micns LbOro 3pasku
3aHyploBanu B pigkui asoT i 36epiranu npu —196°C. Micng sigirpiaHHa KK 36epiranu cBoi OCHOBHI BNacTUBOCTI: 34aTHICTb A0
apresii Ta nponidpepadii, a Takoxx ropMoHonpoAyky4y yHKUilo. [py KynsTUBYBaHHI BUSBNEHO 3aTPUMKy po3BUTKY KynbTypu KIK
Ha 1-2 pobu B MopiBHAHHI 3i cBixoBuaineHnmn knitnHamu. Yepes 7 ai6 nicns ekcnnaHTtauii KynsTypu gekoHcepBoBaHux KIK
NPaKTUYHO He BiApi3HANUCH BiA nepBuHHUX KynbTyp KIK BignosigHOro TepmiHy po3BuTKY in vitro. 3MiHMBCA piBEHb rOPMOHONPOAYKLii
KK nicns kpiokoHcepByBaHHS: ecTpagiony — 3Hu3mBcs Ha 89,9%, a nporectepoHy — nigsuwmecs Ha 81,4% BiOHOCHO MOKa3HWKIB
cBiXOBMAiINeHnx cycneHsin. OTpumaHi pesynbratu ceigyate npo Te, wo KIK moxHa oTpumyBaTtu i 36epiratu B ymoBax
HU3bKOTEMNEpPaTypHMX BaHkiB 3 METOK moganbLIoro BukopucTaHHs y OPT.

KnioyoBi cnoBa: rpaHynbo3a, KymymnocC, KynbTUBYBaHHS, KPiOKOHCEPBYBaHHS.

Pedhepar: Vcnonb3oBaHne komnnekca Knetok rpaHynesbl u kymynioca (KFK) moxeT GblTb MepCnekTUBHLIM MPU COKYNbTU-
BMPOBaHWM rameT 1 3MOPMOHOB B MporpaMmMax BCMOMOraTenbHbIX PenpoayKTUBHbLIX TexHonoruin (BPT), yTo genaeTt akTyanbHbIM
X KpuokoHcepBupoBaHue. B pabote mayyanu KK xeHwwuH Bo3pactom 25-39 net, NnpoxoamMBLUMX KypcC redyeHust 6ecnnopms
metonoM IVF. [ina kpuokoHcepsupoBaHusi cycneHsumn KIK ncnonb3osanu pacteop 1,5 M 1,2-nponaHavona. O6pasupbl oxnaxaanu
co ckopocTtbto 0,3 rpag/MuH oT 25 no —6°C, aanee ocywecTBRsAM UHMLMaUUO KpucTannoobpasoBaHus, oT —6 go —35°C ckopocTb
oxnaxaeHuns coctaensna 1 rpag/mMuH, nocne aToro obpasubl norpyxanv B XWakuid a3oT u xpaHunu npu —196°C. MNocne otorpesa
KK coxpaHsinu cBou OCHOBHblE CBOMCTBA: CMOCOBGHOCTb K aareavun u nponudepauun, a Takke ropMOHOMPOAYLIMPYIOLLYIO PYHKLMIO.
[Mpn KynbTMBMpPOBaHWUK BbiSiBNEeHa 3adepxka pa3Butus KynbTypbl KK Ha 1-2 cyTok no cpaBHEHUIO CO CBeXeBblAeNeHHbIMU
KneTkamu. Yepes 7 cyToK nocrne aKcnnaHTauuwm KynsTypbl AekoHcepBupoBaHHbiX KIK npaktuyeckn He oTnmyanucb OT NEepBUYHBIX
KyNnbTyp COOTBETCTBYIOLLIETrO CpoKa pa3BuTus in vitro. lsmeHuncsa ypoBeHb ropmoHonpoaykumm KK nocne KprvokoHcepBupoBaHWS:
acTpaguona — cHmuaunca Ha 89,9%, a nporectepoHa — noBbicuncs Ha 81,4% OTHOCUMTENbHO MOKasaTernewn CBeXeBblOeNeHHbIX
cycneH3un. MonyvyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O ToM, 4TO KK MOXHO nomny4yaTb U XpaHUTb B YCNOBUSIX HU3KOTEMMe-
paTypHbIX GaHKOB C Lienbio AanbHenwero ucnonb3osaHus B BPT.

KnroueBble cnoBa: rpaHynesa, Kymynioc, KynbTUBMPOBaHNE, KPMOKOHCEPBUPOBAHME.

Abstract: Utilization of granulosa and cumulus cell (GCC) complex could be prospective for co-culture of gametes and embryos
as a part of assisted reproductive technologies (ART), that makes important their cryopreservation. The study was performed in
GCCs of women aged 25-39, who underwent the treatment of infertility by IVF. Cryopreservation of GCC suspension was carried out
using 1.5 M 1,2-propane diol solution. The samples were cooled with rate of 0.3 deg/min from 25 down to —6°C, thereafter the ice
crystal initiation was done, from —6 down to —35°C the cooling rate was 1 deg/min, after that the samples were plunged into liquid
nitrogen and stored then at —196°C. Following thawing the GCCs retained their main features: ability for adhesion and proliferation,
and hormone production. During culture of GCCs its development was delayed for 1-2 days if compared with freshly isolated cells.
In 7 days after explanting the cultures of frozen-thawed GCCs appeared nearly the same as primary cultures of corresponding terms
of in vitro culture. The post thaw level of hormone production by GCCs was changed: decreased by 89.9% in case of estradiol, and
increased by 81.4% for progesterone if compared with the indices of freshly isolated suspensions. The obtained results testify to a
possibility to isolate the GCCs and then to store in low-temperature banks for prospective use in ART.

Key words: granulosa, cumulus, culture, cryopreservation.
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KyneruByBaHHA 0OLIMTIB Ta €eMOpPIOHIB in vitro —
cyTTeBa ckimanoBa texHomorii IVF y mikyBanni 6e3-
mrians. [IpakTHYHUM JOCBiIOM AOBEIEHO BUCOKY
e(eKTHUBHICTP BUKOPUCTAHHS KIIITHH TPaHyJIbO3H Ta
kymymoca (KI'K) y sikocTi crcteMm CItiBKyI5THBY BAHHS
JUTSL TO3PIBaHHS OOIIMTIB Ta TOCATHEHHS eMOpioHaMu
cTafii ekcnaHgoBaHoi OyactoructH [9, 16, 21, 23].

Binomo, 110 KIiTHHU TpaHyIbO3H Ta KyMYJIIOCa €
MeziaTopaMu BITMBY TOPMOHIB HA MEHOTHYHI TIepe-
TBOPEHH: XpOMOCOM B ooruTax. Tak, pasirie 6yio Bu3-
HAueHO, L0 KIITHHHU TPaHyab03H OepyTh ydyacTb Y
MPOBEICHHI PEryasSTOPHUX CUTHAIIB IPOJAKTHHY Ta
COMATOTPOMIHIB Y KIIITHHHA KyMYITIOCA, SIKi IO-Pi3HOMY
Bi/IIOB11afOTh HA CUTHAJIM X TOPMOHIB [2, 15].

OcTaHHIM 9acoM y KOMIUIEKC] JTiKyBaHHS Oe3IUTif-
151 13 3acTocoByBaHHsAM [ VF TexHomorili Bce yacTine
BHKOPHCTOBYIOTh KPIOKOHCEPBOBaHI penpoAyKTHUBHI
KITITUHH, 1[I0 BUMArae iX aJleKBaTHOTO KyJIbTHBYBaHHS
micis po3MopoxyBaHHs [1, 4, 5]. Byno 6 mouinsHIM
30epesxxens KI'K s momanbmioro ix BUKOpUCTaHHS
[IpH KyJIBTHBYBaHHI IEKOHCEPBOBAaHNX eMOpioHiB. Of-
Hak, ICHy€ JIUIIIe He3HaUYHa KITbKICTh OMyOIIiKOBAaHUX
po0it mono kpiokoHcepByBaHHs Komiutekcy KI'K [10,
22].

Bumie 3a3HaueHe CBiAUNTH MPO T€, IO BHKOPHC-
tanHs Komiiekcy KI'K micns 3aMoposkyBaHHS MOXKE
OyTH IIEpCIIEKTUBHUM IPHU CIiBKYJIBTHBYBaHHI raMeT
Ta eMOiOHIB y porpaMax JOHOMIKHHUX PENPOTyKTUB-
HUX TEXHOJIOTIH.

I3ompoBani KI'K 3 mpeoBynsitopaux ¢omiKyiB sed-
HUKa JIFOJIMHU — BIZTHOCHO HOBHH 00’ €KT 15 Kpio0ioo-
TYHUX JOCIIKEHD. PaHille BUBYaIM KOMIUIEKCH 3 KITi-
THH CTPOMH SIEYHHKIB, TPAaHYJIBO3H 1 TEKH, SIKi OTPUMY-
Baym 3 QoJiKyIiB pizHOI cramii po3Butky [17, 19].
Hapasi 3aBasku nporpecy B TOOMIXKHUX PEeNpoOayK-
TUBHUX TEXHOJIOTisX, 30kpeMa [ VF, 3’ sBunacs Moxiu-
BicTh oTpumanHs okpemux KI'K y gocrarHpromy
00Cs31 I JOCIHiKEHHS, KPIOKOHCEPBYBaHHS Ta
3aCTOCYBaHHS Y IporpaMax IITYYHOTO 3arJIiTHeHHS.
OpHak akTyalbHHUMHU 3aJIUIIAIOTHCS MUTAHHS MO0
30epexeHHsT MOP(OIJIOTIIHOT IITICHOCTI ITUX KJIITHH,
MO>KJTUBOCTI IXHBOTO BiJIHOBJICHHS MICJISI 3aMOPOXKY-
BaHHS-BIIrpiBY, CHHTE3y Ta CEKpeLii cTaTeBUX TOp-
MOHIB.

Krituan kymystoca € 0coOIMBOIO CyOTOMyISIIE0
KIIITHH TPaHyIbO3H, TU(EePEHIIIOBaHHS SIKOI CIIPSMO-
BY€ETBCS 1 MIATPUMY€ETBCs oouToM [2, 20]. Y poborti
Y. Liu [18] 3a3HauaHo, M0 KyMYJIIOC, OTPUMaHUH 3
OOITUTIB Ha CTaJlii FepMiHATHBHOTO BE3UKYJIa Ta METa-
(hazu |, BimpizusaeThCS 32 cCBOTMEU MOPPODYHKITIOHATb-
HUMH XapaKTEPUCTHKAMH BiJ] KyMyJIOCa 3piIHX
OOIIUTIB Ta IEMOHCTPYE BUCOKUH piBEHB aromnTo3y. by-
JI0 TI0Ka3aHo, mo MopdodyHkmionansHui ctad KI'K
MOJKE KOpPEJIOBaTH 3 SIKICTIO OOIUTY Ta MOTO 37aT-
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Culturing of oocytes and embryos in vitro is essen-
tial component of IVF technique when treating infer-
tility. High efficiency of using the granulosa and cumu-
lus cells (GCCs) as the system of co-culture to provide
maturation of oocytes and development of embryos to
expanded blastocyst has been proved practically [5,
14,20, 23].

It is known that granulosa and cumulus cells are
the mediators of hormone effect on meiotic transfor-
mations of chromosomes inside oocytes. For instance,
it found previously that granulosa cells participated in
conducting regulatory signals of prolactin and soma-
totropins to the cells of cumulus, having the mixed
reception of the signals from these hormones [13, 17].

Recently, the complex of infertility treatment in the
frames of IVF actively involves the cryopreserved
reproductive cells, and therefore an adequate culturing
after thawing is nessessary [3, 6, 7]. There would be
expedient to preserve GCCs for their further applica-
tion during culturing of frozen-thawed embryos. How-
ever, there are only a few published reports concerning
cryopreservation of GCCs complex [8, 22].

Above mentioned testifies to the fact that use of
complex of GCCs after freezing can be prospective
during co-culturing of gametes and embryos in assisted
reproductive technologies.

The GCCs isolated from human ovary preovulatory
follicles are quite new objects for cryobiological stu-
dies. Previous investigations were conducted in cellular
complexes of ovarian stroma, granulosa and thecas,
which were procured from the follicles of various
development stages [15, 18]. Nowadays, due to the
progress in assisted reproductive technologies, IVF in
particular, the possibility arised to obtain some GCCs
in the volume sufficient for experimental studies, cryo-
preservation and application in the programs of artificial
fertilization. However, the tasks of preserving morpho-
logical integrity of these cells, their possible restoration
after freeze-thawing, synthesis and secretion of sexual
hormones have remained actual.

Cumulus cells are a special subpopulation of granu-
losa cells, differentiation of which is directed and sup-
ported by oocyte [17, 19]. Liu [16] demonstrated that
cumulus, derived from oocytes at the germinal vesicle
stage and metaphase I, differed by its morphofunctional
characteristics from the one of mature oocytes, and
showed a high level of apoptosis. It has been shown
that morphofunctional state of GCCs could correlate
with the quality of oocyte and its ability to fertilization,
and early apoptosis of GCCs might accompany low
quality of embryos in vitro [13].

Owing to the complicated obtaining, uniqueness and
deficit of ovarian tissue, in particular GCCs, which are
derived from a body during laparotomy, laparoscopy,
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HICTIO 70 3aIuTiqHeHHs, a paHHiN amonTo3 KI'K —
3 HU3BKOIO SIKICTIO eMOpioHiB in vitro [15].

VY 3B’s13KY 31 CKJIQAHICTIO OTPUMaHHSI, YHIKaIbHiC-
TIO 1 1e(DIUTHICTIO TKAHWHU sie4HHKa, 30kpeMa KI'K,
AKi BUTy4aroTh 3 OPTaHi3My IIpH JIaapoToMii, Jarapoc-
Korii, a Takox npoBeneHHi [VF, koHCepByBaHHS X
KIIITHH 3 METOIO MMOAAJIBILIOTO 1X 32CTOCYBaHHSI € BaXK-
JIMBHUM 3aBIaHHIM KpioOionorii.

Hapasi ans kpiokoHCEepBYBaHHS OBapialibHOI TKa-
HUHY BUKOPUCTOBYIOTH TIEPEBAYKHO J[BA KPiOMPOTEK-
TOpH — AuMeTuicyib(oxen i 1,2-nponanmion (1,2-I11).
UYucreHHi ekcriepuMeHTabHi AaHi, otpumani D.A. Gook
3i ciBaBTOpamu [11-14], mokasanu ycminrHe Kpio-
KOHCEepBYBaHH: ()parMeHTIB OBapiaIbHOI TKAHWHU ITi/T
3axuctom 1,2-I1J1. Ane He 3po3ymisno, uu Oyae ycmim-
HUM 3aCTOCYBaHHS L[bOTO MPOTOKOIY AJSI CyCIeH3ii
i3ompoBanmx KI'K.

Buxonsuun 3 116010, METOI0 pobOTH Oyra OIliHKa
MOp(OoPYHKIIIOHATTBHUX BIACTUBOCTEH KIITHH rPaHy-
JBO3M Ta KyMYJIOCa SIEYHUKA JIOAWHU JIO Ta IiCIs
KpioKoHCepByBaHH: i 3axuctom 1,2-11/1.

Marepianu Ta MeToaH

VY po0oTi MM BHKOPHCTOBYBAJIM JIMIIEC KyMYJIIOC,
SIKUH OTPUMYBAJIH ITiCTIS IEHYAIlii OOIIHTIB, IIO TIepe-
OyBanu Ha ctamii metadasu Il meiiosy.

KniTunu rpanynpo3u Ta KyMyaioca OTpUMYBaIIH 3
SIEYHUKIB ’KIHOK BIKOM 25—39 POKiB, SIKi IPOXOIHIIN KYpC
nmikyBaHHs Oe3rmnimas meronoMm IVF 3 ix iHdbopmo-
BaHO1 MUCHMOBOI 3rofu. [HAYKIIiI0 CyMepoBYIIAIil
MIPOBOAMIIM 32 KJIACHYHUM JIOBTHM CEPEIHBOIIOTETHO-
BUM IIPOTOKOJIOM, 3 BUKOPUCTAHHSIM aroHiCTiB roHa 0~
TpOTiH-peNi3inT ropMoHy «/lexamentm («Ferringy,
Himewunna) y nosi 3,75 Mr ta pekoMOiHaHTHOTO (o-
JiKyaocTuMyaroo4oro ropmony «lonan Fy («Seronoy,
ITanis). ¥V gxocTi TpUrepy ocTaTOYHOTO J103piBaHHS
(homikyiiB BUKopucTOBYBas «OBiTpem» («Serono»)y
no3i 250 mxr. TpancBariHanpHy MyHKIIIO (OTIKYIiB
BUKOHYBAJIH ITiJ1 KOHTPOJIEM YIIETPa3ByKOBOi CKAHYIOUOi
cuctemu «Phillips HD-11» (Himeuuunna).

[Ticnsa BumiIeHHS OOIUTIB (POTIKYIAPHY PIAUHY 3
PEIITO0 KIITHH MEPEeHOCHITN B KOHIYHI ITaCTUKOBI ITPO-
OipKH Ta 3aUILAIY 32 KIMHATHOI TeMIIepaTypHy Ha TO-
nuny. [licas ocamkeHHs KIITHH CyTliepHaTaHT BUAAIISITH
Ta mpoBoaAnIH TpukpatHe BinmMuBanHsa KI'K Bix eput-
POLIMTIB Ta IHIHUX KITITHH IeOPUCY IIISIXOM PeCcyCIeH-
IOyBaHHS ocaay B | M KyJIbTypajbHOTO CepeJOBHUIIA
(«Fertilization medium «COOK», ABctpaiist). Po3mi-
pu ¢parmentiB TkanumHn KI'K cxmamanm (3,2 +
0,6) mm?2.

[lepBunny cycnensito KI'K orpumyBany nuisixom
nesarperauii ¢parmentis TkaHuHu KI'K y pozunni
riamyponinasu («Toskani», Icnanis). Cycnensis Oyna
posmonisieHa Ha n1Bi rpynu. [lepury rpymy (KOHTPOJIB)
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as well as during IVF, the preservation of these cells
with the aim of further their use is an important task
of cryobiology.

Nowadays, two cryoprotectants are widely used
to cryopreserve ovarian tissue: dimethylsulfoxide and
1,2-propane diol (1,2-PD). Numerous experimental data
obtained by Gook et al. [9-12] have shown a success-
ful cryopreservations of ovarian tissue fragments under
protection of 1,2-PD. However, it is unclear if these
protocol could be successfully applied to cryopreserve
suspension of isolated GCCs.

On that basis, the research aim was to estimate
morphofunctional properties of human granulosa cells
and ovarian cumulus prior to and after cryopreservation
under protection of 1,2-PD.

Materials and methods

The experiments were performed only in the
cumulus obtained after denudation of oocytes being at
the meiosis metaphase I1.

The cells of granulosa and cumulus were obtained
from the ovaries of women aged 25-39, treated for
infertility by IVF with their informed written consent.
Superovulation was induced by means of traditional
long-term mean lutein protocol using agonists gonado-
tropin-releasing hormone Decapeptyl (Ferring, Germa-
ny) in a dose of 3.75 mg and recombinant follicle-stimu-
lating hormone Gonal-F (Serono, Italy). As the trigger
for complete maturation of follicles we used Ovitrelle
(Serono) in a dose of 250 mg. Transvaginal puncture
of follicles was performed under the control of ultra-
sound scanning system Phillips HD-11 (Germany).

After isolation of oocytes the follicular fluid with
the rest of cells was transferred to cone-like plastic
tubes and was kept at room temperature for one hour.
After sedimentation of cells the supernatant was
removed and three-fold washing of GCCs to remove
erythrocytes and other debris cells was carried-out by
re-suspending the sediment in 1 ml culturing medium
(Fertilization medium, COOK, Australia). The sizes
of GCCs tissue fragments were (3.2 + 0.6) mm?.

Primary suspension of GCCs was obtained by
means of desaggregation of GCCs tissue fragments in
hyaluronidase solution (Toscani, Spain).

Suspension was divided into two groups. The first
group (control) comprised freshly isolated GCCs, the
second one were the GCCs cryopreserved under the
protection of 1,2-PD. The solution of 1.5 M 1,2-PD
was added to GCC suspension slowly during 5 min up
to 1:1 ratio, then incubated at 20°C during 20 min. The
suspension was thereafter transferred to 5 mm poly-
ethylene straws and frozen with the device Cryo Logic
CK 8800i (Australia) using the following protocol:
cooling rate of 0.3 deg/min from 25 down to —6°C,
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cximagamu ceixxosuaiuteHi KI'K, npyry — KI'K, ski kpio-
koHcepByBanu B posumHi 1,2-I1J1. Pozunn 1,5 M
1,2-I1]] nomaBanu o cycnensii KI'K noBinsHO BIIpo-
JOBX 5 XB y cmiBBigHOWIEHHI 1:1, iHKyOyBamu 3a
temnepatypu 20°C Bnpoxosx 20 xB. Jlami cycnensito
[IEPEHOCHIIH B TIOJIIETHIIEHOBI COJIOMUHH /IiaMETPOM
5 MM Ta 3aMopoxyBaiu B mpuctpoi «Cryo Logic CL
88001» (ABcTpatist), BUKOPUCTOBYIOUYH HACTYITHY HIPO-
rpaMy: MBHAKICTH oxonomkeHHs 0,3 rpan/xs Big 25
10 —6°C, iHimiamig KpUCTaI0y TBOPEHHS BIIPOAOBIK 5 C,
BiJ—6 10 —35°C 0XO0NMoKeHHS 31 IMBHUAKICTIO 1 Tpajy/XB;
Jaii 3pa3Ky 3aHypIOBaIM B PiAKKH a30T 1 30epiraim 3a
—196°C. ColoMUHKH BimirpiBaiv Ha BOJISHIN OaHi 3a
37°C.

st oinku MOPGODYHKIIOHAIEHOTO CTaHy CBIXKO-
BULIEHO] 1 KpiokoHcepBoBaHoi cycniensii KI'K i mepe-
HocwiH B 0,8 MIT KylTBTypajIbHOTO CEpPEeIOBHINA 1 KyITh-
THUBYBAJIH 1] MiHEPAIHHIM MacCJIOM y 4-TyHOTHOMY
ianmeTi («Nuncy, Himeuunna), He 3MiHIOIOUH cepe-
nosuie npotsarom 14 1i6 y CO,-inky6aropi («Sanyo»,
Snonis) npu 6% CO,, 37°C ta Bomorocti 95%. Koxwi
24 romuam oniHroBam Mopdonoriuamii cran KI'K, Buko-
puctoBytoun Mikpockor «Olympus [X-71» (Smowis).

OyHKIIOHAIBHI TOKa3HUKHU KIIITHH, 4 CaMe PIBEHb
CEKpeTIii ecTpaIioNy Ta IPOTeCTEPOHY IO CEPEAOBHUIIIA
KyJILTHBYBaHHS, OIIIHIOBAJTH 32 JIOTTOMOTOFO iIMyHOdep-
MEHTHOT0 aHali3y, 3acrocoBytoun Habopu «Estradiol
Elisa kit» i «Progesterone Elisa kit» («<DRG», CLLA).

Jly1st BCTAaHOBJICHHS HASIBHOCTI JITTITHUX Kpameb,
0 MOXYTh OyTH OMOCEPENKOBAHUM TOKa3HUKOM
MOXKJIMBOCTI CTEPOiJOreHe3y, BUKOPUCTOBYBaJIH (pi1yo-
pecuieHTHUI OapBHUK HUIbChbKHU yepBoHUU (HY).
OyopecneHIlito KIITHH PeECTpyBad Ha 7-y 100y
kynbTuByBaHHS KI'K 32 momomororo koH(OKaIsHOTO
Jla3epHOro CkaHyr4doro Mikpockomna «LSM 510
META» («Carl Zeiss», Himeuunna). dixyopecieHirito
30yKyBaJIH TEIII-HEOHOBUM JIa3€POM 13 JIOBKHUHOO
XBWI 543 HM, €MICil0 PEECTPYBAIH B YEPBOHOMY
niana3oHi 3 MakcuMymoMm 631 HMm.

OTtpumaHi UMCIIOBI pe3yabTaTH 0OPOOIISITH CTaTHC-
TAYHO 32 IOTIOMOTOI0 KOMTI IOTEPHUX mporpam «Mic-
rosoft Excel» ta «Origin 6.1». [lani npencrasieHi B
BHIIISAII CEpelHE + TMOMHIIKA cepeaHboro. Biporia-
HICTh PO301KHOCTEH OLIHIOBAIN 3 BUKOPUCTAHHIM
kputepist CreronenTa-dimepa.

Pe3syabTat Ta 00roBOpeHHH

[Ticns BUiNneHHA Ta epMEHTATHBHOI ie3arperarii
¢parmentie KI'K nmepBuHHA CycneH3isi OTpUMaHHUX
KJIITHH SBJsATa COO0I0 CyMilll i30ThbOBaHUX KIIITHH
HEOJHAKOBOI BEJIMYMHHU 3 MEPEBaXXHO OKPYIIOIO
(hopMOIO Ta KINITUHHHUX arperaris, sSKi MalH Pi3HUH
po3mip. Y ckiani Takoi reTeporeHHoi cycrnensii croc-
Tepiraarch NOOAMHOKI epuTporuTh (puc. 1, A). Crix
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induced ice crystal initiation for 5 seconds, from —6
down to —35°C cooling with the rate of 1 deg/min,
then the samples were plunged into liquid nitrogen and
stored at —196°C. The straws were warmed in water
bath at 37°C.

To assess morphofunctional state of freshly isolated
and cryopreserved suspension the GCCs were trans-
ferred into 0.8 ml of culturing medium and cultured
under mineral oil in 4-well plate (Nunc, Germany)
without changing the medium during 14 days in CO,
incubator (Sanyo, Japan) at 6% CO,, 37°C and 95%
humidity. Each 24 hrs the morphological state of GCCs
was estimated using microscope Olympus IX-71 (Japan).

Functional parameters of cells, viz. the estradiol
and progesterone secretion to culture medium, were
assessed with immune enzyme analysis using Estradiol
Elisa Kit and Progesterone Elisa Kit (DRG, USA).

To determine the presence of lipid drops, which
could be an indirect index of possible steroidogenesis,
the GCCs were stained with Nile red (NR). Fluores-
cence of the cells was performed to the 7 culturing
day by means of confocal laser scanning microscope
LSM 510 META (Carl Zeiss, Germany). The fluores-
cence was excited by He-Ne laser with 543 nm wa-
velength, emission was recorded in red band with maxi-
mum at 631 nm.

The numerical data were processed using the com-
puter software Microsoft Excel and Origin 6.1. The
data are presented as mean + error of the mean. Signi-
ficance of the differences was estimated using Student-
Fisher criterion.

Results and discussion

After isolation and enzymatic disaggregation of
GCCs fragments the primary suspension of the ob-
tained cells represented the mixture of isolated cells
of various size with predominantly round shape and
cell aggregates with various dimensions. Only single
erythrocytes were found in this heterogeneous sus-
pension (Fig. 1A). It should be noted that together with
the cells with distinctly contoured membrane, nucleus
and light, somewhere granular cytoplasm the aggre-
gates comprised dark coloured dead cells with impaired
membrane and cell detritus.

Explantation of such primary suspension of GCCs
in described conditions resulted in sedimentation of cell
elements and aggregates to the bottom of cultural plate
and adherence to it. During first day of culturing the
majority of elements of primary suspension adhered
to the bottom of cultural plate (82.0 & 0.7)%. Herewith
cell aggregates looked like round formations consisted
of dark granulated cells. The part of cells preserved a
rounded shape the rest demonstrated initial signs of
flattening on a substrate (Fig. 1B).
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3ayBa)kKUTH, 110 A0 CKJIQAy arperaris,
KpiM KIIITHH 3 YITKO KOHTYPOBaHOIO
MeMOpaHoIo, SAPOM Ta CBITIIO, TOAE-
KyAX 36pHUCTOIO LIMTOIJIa3MOI0, BXOIH-
JIY 3aru0;1i KIIITHHE TEMHOT'O KOJIbOPY 3
MOPYIICHOI MEMOPAHOIO Ta KIIITHHHUHN
JETPHUT.

ExcrutanTariist Takoi HepBUHHOI Cyc-
nien3ii KI'K 3a yMOB KyJIsTHBYBaHHS IpH-
BOJIMJIA JI0 OCIJAHHS KIIITHHHHX €JIeMEeH-
TiB Ta arperaris Ha THO KyJIBTYPaIbHOTO
IUIEHTY 1 IPUKPITUIeHHs 10 HBorO. [Ipo-
TATOM Iepiuoi 700N KyIbTHBYBaHHS
OUTBIICTh €JIEMEHTIB TIEPBUHHOT CyC-
neH3ii agre3yBaiy 40 IHa KyJIbTypab-
Hoi vamku ((82,0 £ 0,7)%). Knitunni ar-
perary py bOMY MaJIi BUIVISLIT OKPYT-
JIMX yTBOPEHB, K CKIAIANNCS 3 TEMHUX
IpaHyJIbOBaHUX KIITHH. YacTHHA KITITHH
30epiranu okpyrnty ¢opmy, pemra jae-
MOHCTPYBAJIM TIOYaTKOBI1 O3HAKH PO3-
I1acTyBaHHs Ha cyocrpari (puc. 1, B).

[Tpu nopanbmIOMy KyJIBTHBYBaHHI
nepBuHHOI KynbTypH KI'K BinOyBanucs
PO3ILIACTYBAHHS MOOANHOKUX KJTITHH, SIKi
OyJu MPUKPIIUIeH] 1o cyOcTpary, a Ta-
KOXX Mirpallisi KJIITHH i3 arperaris Ta iX
pO3IUIacTyBaHHSI HaBKOJIO arperary
(puc. 1, C).

IMTopanpire KyIbTUBYBaHHS ITPU3BO-
o 10 po3Butky kyneTypu KI'K. Ha 7-my noOy
KyJIBTUBYBaHHsI BiJIOYBaIOCS 301TbIIICHHS TPAHYJISIIIT
KIIITHH, SKi cKiaganu arperatu. LleHTp arperary y
OinbIIOCTI BUNAAKIB OyB OararomapoBui 1 yTBOpeHHH
3 KJIITHHHUX €JIEMEHTIB 3 MEMOPaHOI0, siKa He MaJia
yiTkoro koHTypa. Ha mepudepii arperaris posrario-
BYBAJIHCSI PO3ILIACTaHI EPEBAXKHO EMiTeNionoNiOHi Kiti-
THHH, SIKi MIrpyBaJIH 110 MOBEPXHi cyOcTpary i popmy-
BaJu 30HY pocty (puc. 1, D).

V nesikux BUIaKax, 0COOIMBO KOJIM arperar CKiia-
JaBCS 3 HEBEJIHMKOI KIJTLKOCTI KJIITHH, Bil0OyBaJOCh
MPaKTHYHO IMOBHE HOTO PO3IIACTYBAHHS HA MOBEPXHI
JIHA KYJIBTYypaJIbHOTO IUICHTY 3 (hOpMyBaHHSIM MOHO-
IIaPOBOTO OCEPE/IKa IPaHyIbOBAHUX KIIITHH.

Micna 7-i nobu xynsruByBanusa KI'K y xkyneTypi
CIOCTEPITraNoch MOCTYTIOBE ii CTapiHHS, O3HAKAMH KO-
ro OyJTM KOMITAaKTH3AIlist KIIITHHHOTO Marepiairy 3 yTBO-
peHHSM nuTOoCcdep Ta iX BiIKPIIICHHS BiJ] THA KYJBTY-
PaNbHOTO IJIEHTY.

YKurresnarHicts nekorcepBoBanux KI'K, siky orri-
HIOBJTH IIUTIXOM 3a0apBJIeHHS KIIITHH TPUIIAHOBHUM CH-
HIM 0j1pa3y micyst BiirpiBanus, ckianana (72 +4,5)%.

[Ticna posmopoxxyBanns cycnensii KI'K ii Bursig
Ta CKJaja BiIpi3HSNMCS BiJ MEPBUHHOI CycHeH3ii,

D —x400.
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Puc. 1. CeixoBugineHa nepsuHHa cycneHsis KI'K (A). MNepBuHHa KynbTypa
KrK vepes 1 (B), 3 (C) ta 7 (D) ni6. MpwxutteBe cnoctepexeHHs; A —
x200; B, C, D — x400.

Fig. 1. Primary suspension of GCCs (A). Primary culture of GCCs follow-
ing 1t (B), 3 (C) and 7" (D) day. Supravital observation; A — x200; B, C,

Further culturing of primary culture of GCCs was
accompanied with the flattening of several cells,
adhered to substrate as well as migration of cells from
aggregates and their flattening around an aggregate
(Fig. 1C).

Following culturing resulted in the development of
GCCs culture. To the 7" culturing day the granulation
of cells inside the aggregates enhanced. Centre of
aggregates was as a rule multilayered and formed of
cells with non-distinct contoured membrane. Periphery
of aggregates was occupied mainly by flattened
epithelioid cells, which migrated on a surface of sub-
strate and formed a growth zone (Fig. 1D).

In some cases, especially when an aggregate comp-
rised a small number of cells, these flattened nearly
completely on a bottom surface of cultural plate,
forming the monolayer areas of granulated cells.

After the 7" day of GCCs culturing, their culture
demonstrated gradual ageing, which signs were
compactization of cells in terms of cytospheres for-
mation and their detachment from the bottom of cultural
plate.

Viability of GCCs estimated immediately post thaw
by staining of the cells with trypan blue made (72 +4.5)%.
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301IbIITYBaIacs KUTbKICTh 3pyHHOBAHUX
KJIITHH 1 CIOCTEPIraBcst KIIITHHHUM JeT-
pur (puc. 2, A).

[lepeOyBaHHS KJIITHH B yMOBax
KYJbTHBYBaHHSI TIPU3BOAMIO JIO Ce-
JUMEHTAIIIT Ta MPUKPIIUICHHS KITITHH-
nux enemeHTiB KI'K mo cybcrpary
(puc. 2, B).

[Ipotsirom 2-3 Ai0 KyJIbTHBYBaHHS
ITICJIS eKCIUIAHTALIIT CYCIIEH31T OLIBIIICTh
KIITHH Ta arperaTiB ajaresyBajia 0
cyOctpary, i Ha nepudepii arperaris
3’ SIBJISUTHCS TTOOIMHOKI KITITHHH, K1 BH-
CEITUITUCH 1 PO3ILIIACTAIUCS HA IOBEPXHI
KyJbTYpaJIbHOTO IacTuky (puc. 2, C).
i mporiecu mpoTiKaH MOBLIBHIIIIE, HIX
y niepBuHHUX Kynbrypax KI'K, o nae
MiZICTaBH JUIS PHUITYIIEHB 100 HasB-
HOCTI (ha3u 3aTpUMaHHS PO3BUTKY Kpio-
koHcepBoBaHux KI'K in vitro, min gac
SIKOT y KJTITHHAX MOJKJIMBO BiJI0YBa€ETHCS
pemapaitist HeJleTATbHUX YITKOJKECHb.

3 yacoM mporiecu Mirpariii Ta pos-
ruacTyBaHHA KpiokoHcepBoBaHux KI'K
IiICHITFOBAJIUCH, 1 Yyepe3 7 ai0 micis
eKCIUTaHTallii KyJIbTYpH JICKOHCEPBOBA-
nux KI'K npakTuyHO He Bigpi3HIIUCH
Big nepBuHHUX KynbTyp KI'K Bigmosin-
HOTO TepMiHy mepeOyBaHHS in Vitro.
[pu Ky IBTHBYBaHHI IPOTSITOM HACTYTI-
HUX 7 Ai0 CrMoCTepiragoch MOCTYMOBE CTapiHHS
nexkorceproBanux KI'K, moaiOHe 10 BiAMOBIAHUX 3MiH
y MEPBUHHIH KyJBTYpi y TOH e TEPMiH, SKe BUpaKa-
JI0CSI IEPEBAKHO Y BIIKPIIUICHH] KIIITUHHUX €JIEMEHTIB.

Takum YMHOM, TIPOTATOM HEPUIUX 7 10 KYJIBTHUBY-
BaHHs CBIKOBHIICHI Ta KpiokoHcepBoBaHi KI'K fe-
MOHCTPYBAJIU 3[aTHICTb JI0 aare3ii, po3IiacTyBaHHs
i mirpauii 3 BUABICHHSM NEBHOTO IUTOTUILY (KITITHHH
OKpyDIIoi opMH 3 BETUKUM SIPOM Ta 3EPHUCTOIO
[IATOTUTa3MOI0). 3aTPUMKa Y PO3BUTKY KYJIBTYpH Je-
KOHCEPBOBAHUX KIIITHH Ha 1—4-y 100y eKCIIepUuMEHTY
MOJKE CBITYHMTH ITPO BHHUKHEHHS HEJIETAIBHUX YIITKO-
JUKEHb y KIIITHHAX B MPOLIECi KPIOKOHCEPBYBAHHS, 30-
Kpema B iXx MeMOpaHax: 3MiHH ()a30BOT0 CTaHy JIiIiIiB
KIITHUHHUX MeMOpaH, IOpYyIIeHHS aKTHBHOCTi MeMO-
paHo3B’sA3aHUX (epMeHTIB Tomo. [Ipu mogampmomy
nepeOyBaHHI KIITHH Y KyJIBTYpi Il MOPYIICHHS 3HH-
KaloTh, MPO IO CBITYaTh CIIOCTEPEKEHHSI 32 KYJIBTY-
poto KI'K Ha 7-y 10Oy KynbTHBYBaHHSI.

Y noBHiii Mipi GyHKIIOHATBHUHN CTaH, criequiuHnit
st KI'K, Moke OyTH OI[iHEHMI JIMIIIE 3a 37aTHICTIO
JI0 TOpPMOHOTeHe3y. AHali3 TOPMOHONPOAYKYIOUOT
(byHKIIiT CBIXKOBUILIICHHX Ta KPIOKOHCEPBOBAHUX KITITHH
KT'K na 1-y, 3-10, 7-y 100u KyJIbTUBYBaHHsI IT0OKa3aB,
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Puc. 2. lekoHcepBoBaHa cycneHsis KI'K (A); x200. KyneTypa aekoHcep-
BoBaHux KK yepes 1 (B), 3 (C) Ta 7 (D) gi6; x400. MpwkutTtese cnocre-
pexeHHsi; A, B — x200; C, D — x400.

Fig. 2. Frozen-thawed GCCs one hour post thaw (A). Culture of frozen-
thawed GCCs following 1%t (B), 3 (C) and 7" (D) day. Supravital
observation; A, B —x200; C, D — x400.

Appearance and composition of thawed GCC
suspension changed as compared to primary sus-
pension, the number of destroyed cells increased and
cell detritus was found (Fig. 2A).

Staying of the cells under culture conditions led to
sedimentation and adherence of cell elements of GCCs
to a substrate (Fig. 2B).

During 2-3 days after start of explantation the
majority of cells and aggregates of the suspension
adhered to the substrate and single cells appeared in
the periphery of aggregates which migrated and
flattened thereafter on a cultural plastics surface
(Fig. 2C). These processes proceeded more slowly
than those in primary cultures of GCCs, this enabled
to suppose the presence of delayed in vitro develop-
ment phase in cryopreserved GCCs, which was
nessessary for reparation of non-lethal impairments.

Over time the migration and flattening of cryo-
preserved GCCs strengthened and 7 days later the
initiated explantation the frozen-thawed GCCs culture
had almost no differences from primary cultures of
GCCs of the same in vitro culture terms. Following 7
days of culture were accompanied with gradual ageing
of frozen-thawed GCCs, similar to corresponding
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BmicT ropmoHiB y cepeaoBuLLIi KynbTUBYBaHHSA CBIXOBUAINEHMX Ta KpiokoHcepBoBaHnx KK
Content of hormones in culturing medium of freshly isolated and cryopreserved GCCs

Ectpapion, nr/mn
Estradiol, pg/ml
TepMiH KynbTUBYBaHHA,

MporecTepoH, HMonb/N
Progesterone, nmol/l

c noba g KynbTypa Kynetypa
uture term, days lMepBuHHa KynbTypa nexkoHcepsoBaHux KI'K [MepBuHHa KynbTypa nekoHcepsoBaHux KI'K
Primary culture Culture of frozen-thawed Primary culture Culture of frozen-thawed
CGCs CGCs
1 22730 + 58,1 377 + 22,3 8,0 £ 2,8 55,2 + 2,4*
3 50390 + 165,9 7140 + 71,9¢ 70,1 £ 5,6 100,0 + 8,1*
7 22280 + 706,5 3190 + 161,3* 10,2 + 0,09 90,1 + 7,8

*

MpumiTtka:

— 3Ha4yLi BiAMIHHOCTI B MOPIBHSHHI 3 NMEPBUHHOI KyNbTYpoOK Ha BiAMOBIAHMX CTpOKax KynbsTuByBaHHs, p < 0,05.

Note: * — the differences are statistically significant if compared with primary culture of corresponding culture terms, p < 0.05.

110 piBEHB CEKpEILil TpOorecTepoHy AEKOHCEPBOBAHUMH
KI'K 6yB cTarucTi4HO 3Ha4yILIE BUILUM, Hi)K y CBIXKO-
BUJIIEHHUX KIIITHH, a €CTPaAioNy — CTATUCTUYHO 3HU-
’KyBaBc (Tabmuist). SIK BUAHO, CIIIBBIIHOMIEHHS TIPO-
nykiii ecrpagiony i mporectepony KI'K 36epiraerbcs,
aJie 3MiHIOIOTHCS TTOKa3HUKH KUTBKOCTI MPOAYKIIT X
ropMoHiB kiiTuHamu. Tak, piBeHb cekpelii ecTpamiony
TTiCTIs KPIOKOHCEPBYBaHHS 3HU3MBCA Ha 89,9% BiTHOCHO
LIMX TIOKa3HHUKIB JI0 KPIOKOHCEPBYBaHH. Y TOM caMuid
Yac piBeHb CEKpeLii MporecTepoHy JEKOHCEPBOBAHUMHU
KI'K migBummuscsa Ha 81,4% BIZHOCHO HOKa3HUKIB
[IEPBUHHOI KYJIBTYpH.

Mo>KHa IPUITYCTHTH, IO HEJIeTAIbHI YIIKOIKESHHSI
mra3matuaHoi MemOpann KI'K, siki BUHMKaIOTH mix
4ac KpiOKOHCEPBYBaHHS, MOXKYTh 3MiHIOBAaTH IPOHUK-
HICTh MEMOpaH 0 TOPMOHIB Ta B LIJIOMY BIUIMBAaTH
Ha CTepOoioreHe3, aje MeXaHi3M I[bOT0 SBUINA OTpe-
Oy€e OKpeMHUX AOCIIKEHb 1 TOJANBLIOTO 3’ ICYBaHHSI.

Bimomo, mo nutoruazma KI'K y Hopmi MicTuTh
3HaYHY KUTBKICTH JIMIAHUX TPaHYIN, AKi JETIOHYIOTh
XOJIECTEPHH, 1110 € CyOCTPaTOM ISl CHHTE3Y CTEpOiI-
HuX ropMmoHiB. Ix HasBHicTe B KI'K MoxuBo Bcra-
HOBHTH 32 JOTIOMOTOI0 (DIyOpECeHTHOro OapBHHUKA
HY.

Sk BUIHO, Ha 7-y 10Oy KyJIbTUBYBaHHS iHTCHCHB-
HICTB CBITiHHSI B OKPEMHX KITITUHAX IEPBUHHOI KYJIETYpH
MOXe OyTH pi3HOIO, 0, IMOBIPHO, 3aJIC)KUTH BiJl KiJTb-
KOCTI Ta pO3TalryBaHHsI JIITiAHAX Kparenb (puc. 3, A).

[Ticns kpiokoHcepByBaHHs Omr3bKo (70,0 +7,1)%
KI'K manu sickpaBy ¢uyopecuenuito (puc. 3, B).
[aTencuBHiCTH CBiTIHHS KpiokoHCcepBoBaHUX KI'K Oyrna
Ha piBHI CBIKOBUIUICHHUX 3pa3KiB. HasBHICTS JIiITiTHIX
BiiroueHb y KI'K micist kpiokoHCcepByBaHHSI MOXe
OTIOCEPEIKOBAHO CBiTUYUTH MPO HAsIBHICTH AETO XO-
JIeCTEPOIY, SIKMI € HEOOX1THOIO CKJIAI0BOIO MPOILYKIIii
CTEepOiTHIX TOPMOHIB.

Bimomo, 1110 HaBITH 32 ONTUMAIEHUX YMOB KP1OKOH-
cepByBaHHs B 30€peXECHUX KIITHHAX BUSBISIOTHCA
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changes in primary culture at the same term, and which
was mainly manifested in detachment of cell elements.

Thus, during first 7 days of culture the freshly
isolated and cryopreserved GCCs demonstrated the
ability to adhere, flatten and migrate with the appea-
rance of certain phenotype (cells of roundish shape
with large nucleus and granular cytoplasm). Delay in
culture development of the frozen-thawed cells from
1* through 4" experimental days could testify to the
appearance of non-lethal impairments of cells resulted
from the cryopreservation, in particular of their
membranes, e. g. to the change in phase state of cell
membrane lipids, disordered activity of membrane-
bound enzymes etc. During further staying of cells in
the culture conditions these impairments disappeared,
which was confirmed with observation of the GCCs
culture to the 7% culture day.

The functional state specific for GCCs could be
properly estimated only considering hormonopoiesis.
Analysis of hormone producing function of freshly
isolated and cryopreserved GCCs to the 1%, 3%, 7%
culture days has shown that the secretion level of
progesterone by frozen-thawed GCCs was significantly
higher than in freshly isolated cells and estradiol one
was significantly reduced (Table). It could be seen,
that ratio between the values of estradiol and pro-
gesterone production by GCCs was kept, but the
absolute indices of hormone production by the cells
altered. For instance, the secretion rate of estradiol
following cryopreservation reduced by 89.9% in
respect of these indices prior to cryopreservation. At
the same time, the secretion level of progesterone in
thawed GCCs increased by 81.4% vs. indices observed
in the primary culture.

It could be assumed that non-lethal impairments of
GCCs plasma membrane appearing during cryopre-
servation could change the permeability to hormones
and generally affect steroidogenesis but the mecha-
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Pwuc.3. dnyopecueHuis B KI'K Ha 7-y o6y KynbTuByBaHHA: A — y NEPBUHHIN
KyneTypi; B — y kynbtypi AekoHcepBoBaHux KIK. KoHdokanbHa mikpo-
ckonisi; 3abapeneHHa HY; cymilwleHHa 300paxeHb dnyopecueHii Ta B

npoxigHoMy CBiThi.

Fig. 3. GCCs fluorescence to the 7" culturing day: A — prior to cryopre-
servation, B — after cryopreservation. Confocal microscopy; staining with
Nile red; merged images of fluorescence and transmitted light.

HeJIeTallbH1 YIIKOIKeHHS, SIKi iCTOTHO 3HMXKYIOTH 0i0-
JIOT14HI BIaCTUBOCTI KIITUHHUX KYJbTYp [3]. Ane mi
MOLIKOKEHHS MOXYTh OyTH YCYHEHI 3a IEBHUX YMOB
KyJITUBYBaHHS, TOOTO KOJIM KJIITUHU 3/1aTHI BiJHOBHTH
cBoi Mop(hodyHKIIIOHATBHI BIACTHBOCTI.

Jotemep y cydacHii JiTepaTypi 3aMalio TaHUX I110-
JI0 BIUTUBY (haKTOPiB KPiOKOHCEPBYBaHHS Ha MOPQO-
(yskuionanpHi Xxapakrepuctiku okpemux KI'K 1 Born
MaloTh PO3pI3HEHHI XapakTep, aje ICHyE YMMalo
MOBiZIOMJIEHb CTOCOBHO KPIOKOHCEPBYBaHHS (hparMeH-
TiB TKAHWHH SI€YHUKIB.

Tax, Gy;n0 BcTaHoBIeHO (haxT 301IbIIeHHS poTide-
paTHBHMX BJIACTHBOCTEW Ta XUTTE3JATHOCTI (par-
MEHTIB TKaHWHH SIEYHUKIB JIOAUHU MiCII KPIOKOHCEp-
ByBaHHS [8]. B iHIIomMy ngociikeHH] miggaBany mo-
BUJIBHOMY 3aMOPOKYBaHHIO (PparMeHTH SIETHHUKIB KO3U
B PO3YMHAX, 5IKi MICTATB Pi3Hi BHYTPIIIHBOKITITHHHI Kpio-
MIPOTEKTOPH, a cCaMe eTHUIICHIVIIKOIb, MTPOIAaHAi0T 200
TUMETIICYIbGOKCH [23]. YIBTpacTpyKTypHUI aHATI3
BHSIBUB MOP(OJIOTTYHO HOpMAITBHI TpeaHTpasbHi (oJti-
KyJIM B KOHTPOJIi Ta KyJTBTHBOBAaHUX (pparMeHTax 1o i
TTicIIs KpiOKOHCEPBYBaHHSI Ta KOPOTKOCTPOKOBOTO KYJIb-
THUBYBaHHA [7].

Panime Oyno mpoaeMOHCTPOBaHO 3MEHILCHHS
IIUTBHOCTI MKKITITHHHUX KOHTAKTIB ITiCIIS KPIOKOHCEP-
ByBaHHS i301p0BaHuX KI'K [6]. V Toii camwuii uac ic-
HYIOTb JJaHi MO0 BIUIUBY PO3YHHIB KPiONPOTEKTOPIB
Ha ymkomkenas JIHK [17]. LlixaBo, 1o micis exkBinio-
pauii KI'K i3 po3unnamu erunenrimikointo (40%) ta
orinepoiny (28%) xinmpkicts ymkomkens JJHK Gyma
HIDKYOI0, HK Y CBDKOBHIUICHHX KITiTHHAX. ToOTO micms
eKBiNTiOparii 3 KPIOMPOTEeKTOpaMH Ta MICIs MOJallb-
I0T0 KPIOKOHCEPBYBAHHS aBTOPaMH OyJIO BiIMIYEHO
BHCOKY XHUTTE3AATHICTD KIIITHH.

VY naniii poboti Mu BuBUau MOphoyHKIIOHAIBHI
BrnactuBocTi KI'K He y cknaai ¢pparmMeHTiB sieuHuKa,
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nisms of such phenomena require sepa-
rate studies and further elucidation.

It is known that cytoplasm of GCCs
normally contains a significant amount
of lipid granules which depot choles-
terol, which is a substrate to synthesize
steroid hormones. Their presence could
be visualised using fluorescent dye Nile
red.

It is seen, that to the 7" culture day
the fluorescence intensity in individual
cells could be different, depending likely
on number and location of lipid drops.

After cryopreservation about (70 +
7.1)% GCCs had bright fluorescence
(Fig. 3B). The fluorescence intensity
of cryopreserved GCCs was at the
level of freshly isolated samples. The
cells were of round shape with mani-
fested granular cytoplasm. The presence of lipid inclu-
sions in GCCs after cryopreservation could indirectly
testify to a possible presence of cholesterol depot being
an essential component to produce steroid hormones.

It is known that even optimal cryopreservation con-
ditions could lead to appearance of non-lethal injuries
in the survived cells, which considerably reduce the
biological properties of cell cultures [21]. However,
these damages could be eliminated under certain cultu-
re conditions, allowing the cells to recover their morpho-
functional features.

To date there are not enough reported data about
the effect of cryopreservation factors on morphofunc-
tional characteristics of isolated GCCs and these are
of odd character, however, the cryopreservation of
ovarian tissue fragments is described widely.

For instance, the fact of increasing proliferative
properties and viability of fragments of human ovarian
tissue fragments after cryopreservation has been found
[4]. In other study, goat ovarian fragments were slowly
frozen in the solutions containing different intracellular
cryoprotectants, namely ethylene glycol, propane diol
and dimethyl sulfoxide [23]. Ultrastructural analysis
revealed morphologically normal preantral follicles in
the control and cultured fragments prior to and after
cryopreservation and short-term culturing [2].

Reduced tightness of intercellular contacts in GCCs
was demonstrated after cryopreservation of some
GCCs there [1]. At the same time there are data as
for the effect of cryoprotective solutions on DNA
damage [15]. Of interest is the fact that after
equilibration of GCCs with the solutions of ethylene
glycol (40%) and glycerol (28%) the number of DNA
damages was lower than in freshly isolated cells.
Moreover, after equilibration with cryoprotectants and
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a BIIacHe y cycreHsii nux KiaiTiH. byno BctaHoBneHo,
IO TPU KYJIBTUBYBaHHI CBIXKOBUAIICHUX KIITHH aj-
resiro 1 Mirpauiro Bigmivanu Ha 2-y 100y. B Toii cammii
Yac micis KpiokoHcepByBaHHs i 3axuctoM 1,2-TTJ1
MophodyHKITIOHAIbHY AKTUBHICTb KJIITHH CIIOCTEPI-
raym npotsiroM 3- ta 4-1 nodbu. Ha 7-y 100y KyiasTuBYy-
BanHs KI'K micist kpiokoHCepBYBaHHS BiA3Hadasu
MHOXKHHHY MITpariro KJIITHHHUX €JIEMEHTIB y MOHO-
mapi. [ pu mogansimomMy KyasTHBYBaHHI KPIOKOHCEPBO-
Baaux KI'K 1o 14-i noGu OiIbITICTh KIIITHH i arperaTiB
BIJIKpITUTFOBAIACS BiJl THA YAIIKH, 10 OYJI0 03HAKOIO
CTapiHHS KyJIbTYpH.

Opnepykani pe3yabratu cBiggars npo Te, mo KI'K
MOYXHA OTPUMYBATH i 30epiraru B yMoBax HU3bKOTEM-
nepaTypHuX OaHKIB 3 METOIO MMOJAJIBIIOTO0 BUKOPHC-
TaHHS JUIA CIIiBKYJIBTUBYBaHHs TaMeT Ta eMOPIOHIB in
Vitro y TOTIOMIXKHUX PETPOTYKTHBHUX TEXHOIOTISIX.

BucHoBku

Hussroremneparypue xoHcepByBanHs KI'K mix
3axuctoM po3unny 1,5 M 1,2-11]] 3 BuUKOpHCTaHHAM
MTOBLIBHOTO 3aMOPOXKYBaHHS T03BOJISIE 30€PETTH MOP-
¢onoriuny HidgicHiCTh Ta PyHKIIOHATBEHY aKTUBHICTD
KITIITHH, 03HAKOIO YOTO € 3aTHICTh 1X 0 anaresii, po3-
IUIACTYBaHHsI, Mirpatii Ta mposideparii B yMoBax KyJib-
THUBYBaHHS, @ TAKOXK MTPOAYKIIii CTEPOTAHUX TOPMOHIB.

NiTtepartypa

1. Tpuwenko B.WN., Napawyk KO.C., OaxHo ®.B., KOpyeHko I.T.
Kpnobuonorus u npobnembl 6ecnnoaus. — K.: Hayk. gymka,
1990. - 135 c.

2. lebepeBa WN.10., KubapgunHa T.B., KyabmuHa T.U. Yuactue
KMeToK rpaHynesbl B ONoCpefoBaHUW AeVWCTBUS NPonakTuHa
M COMaToTPOMMHa Ha OOLMT-KYMYIOCHbIE KOMMIIEKChbI KOPOB
in vitro // Uutonorusa. — 2005. — T. 47, Ne10 — C. 882-888.

3. MetpeHko A.1O. U3yyeHne penapaumu mMmembpaH MUTOXOHA-
puin nocne 3amopaxwuBaHusi-otorpesa // Kpuobuonorusa. —
1987. — Ne2. — C. 24-29.

4. dynnep b., I'puH K., MNpuweHko B.N. KpnokoHcepBupoBaHune
Ans cosfaHus 6aHKka KNeToK: COBPEMEHHbIe KOHLenuuu Ha
py6exe XXI ctonetus // Npobnembl kpuobuonorum. — 2003. —
Ne2. — C. 62-83.

5.4y6 H.H., llo6biHuesa I.C., OemuHa J1.I. BnusHne kpuonpoTtek-
TOPOB Ha MOPMONOrMYECKYI0 LeNOCTHOCTb U (DYHKUMOHANb-
HYI MOSTHOLEHHOCTb OBapuanbHON TKaHu 4venoBeka //
KpunokoHcepBupoBaHue knetok u TkaHen: C6. Hay4. Tp. —
Xapbkos, 1989. — C. 118.

6. Alisch A., Ruping K., Koster F. et al. Cumulus cell apoptosis as
a predictor for oocyte quality in artificial reproduction techni-
que // Zentralbl. Gynakol. — 2003. — Vol. 125, Ne11. — P. 452—
457.

7. Castro S.V., de Carvalho A.A., da Silva C.M. et al. Freezing
solution containing dimethylsulfoxide and fetal calf serum main-
tains survival and ultrastructure of goat preantral follicles after
cryopreservation and in vitro culture of ovarian tissue // Cell
Tissue Res. — 2011. — Vol. 346, Ne2. — P. 283-292.

8. Isachenko V., Isachenko E., Mallmann P., Rahimi G. Increasing
follicular and stromal cell proliferation in cryopreserved human
ovarian tissue after long-term precooling prior to freezing: in

npobnembl Kpuobuonorum 1 KpuomeaULINHbI
problems of cryobiology and cryomedicine

Tom/volume 24, Ne/issue 1, 2014

after further cryopreservation the authors have noted
a high cell viability.

In the present study we assessed morphofunctional
properties of GCCs, which were not the part of ovarian
fragments, but represented the suspension of isolated
cells. It has been established that during culture of
freshly isolated cells their adhesion and migration were
found to the 2™ day. At the same time after cryo-
preservation under 1,2-PD protection the morphofunc-
tional activity of cells was observed during the 3 and
4™ days. To the 7% day of GCCs culture post thaw,
numerous cells migrated to monolayer. Following
culturing of cryopreserved GCCs till the 14™ day was
accompanied by detachment of most cells and aggre-
gates from the plate bottom which was the sign of
culture ageing.

The findings testify to the fact that GCCs could be
obtained and preserved under low temperature bank
conditions with the aim of their further application for
in vitro co-culture of gametes and embryos as a part
of assisted reproductive technologies.

Conclusions

Low temperature preservation of GCCs under
protection of 1.5 M 1,2-PD solution using slow freezing
enabled the preservation of morphological integrity and
functional activity of cells, the features of that were
the ability of their adhesion, flattening, migration and
proliferation under culturing conditions, as well as
producing of steroid hormones.
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