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Changes in Ovarian Tissue Structure Following Saturation with
1,2-Propanediol in Media of Various Compositions

Pecbepat: OgHoi 13 Haubornee NepcnekTUBHbLIX TEXHOMOMMIA COXPaHEHUst PEPTUINBHOCTU Y KEHLUMH MPU NaTOMNOMMSAX SSIUYHUKOB
pasnMYHOro reHesa SIBNSIETCA TPaHCNNaHTauns KPUOKOHCEPBUMPOBaAHHOW OBapuanbHOM TkaHW. [ns LWMPOKOro BHeAPEHUS JaHHOW
TEXHOMNOMMN B KIMHUYECKYI NPaKTUKy HeobxoanMo onTMMU3MPOBaTb MPOTOKOMbI 3aMOpPaXuBaHus-oTTavBaHusa. OgHMM 13 aTanos
COBEpLUEHCTBOBaHNSA npoLecca KPUOKOHCEPBUPOBaHWSA SIBMSETCS MOBbILIEHWE OCMOTUYECKOW TONEePaHTHOCTW KIEeTOK B CTPYKType
TKaHu npu gobaBneHUM pacTBOPOB KpuonpoTekTopoB. B AaHHoW paboTe Obin npoBeAeH CpaBHUTENbHbBIA aHaNM3 AUHAMUKK
06BbEMHON M Mopdonornyeckor TpaHcopmaumMm oBapuanbHOW TKaHW Npu noaTanHom Hacbiwewun 1,2-M0 (1,5-3 M) B cpegax
pa3nuYHOro coctasa. YCTAHOBMEHO, YTO COXpPaHeHMe LEeNOCTHOCTU CTPYKTYpbl (DONMMKYMOB B KOHEYHOW KoHueHTpauuun 1,2-MN0
(3 M) 3aBuceno oT KOMUYECTBEHHbIX COOTHOLIEHUN AMEKTPONIUTHBLIX U HE3NEKTPOSNIUTHbIX KOMMOHEHTOB MCXOAHOW cpefabl.
3KcnepuMeHTanbHO AoKa3aHo, YTO MOBbILLIEHNE OCMOMNSPHOCTM UCXOAHON cpefbl 3a CHET BBEAEHUSI HEINMEKTPONMTHOrO KOMMOHEHTa
(caxaposbl) NPMBOAUIIO K YMEHbLUEHNI0 06beMa OOLMTOB U COXPaHEHWUIO MEXKMEeTOYHbIX KOHTaKTOB CTPYKTYPHbIX KOMMNOHEHTOB
donnukyna.

KnioyeBble cnoBa: oBapuanbHas TKaHb, 1,2-nponaHanon, oouuT, AereHepaTuBHbIN ONNUKyn.

Pecbepar: OgHieto 3 HanbinbLL NepCneKTUBHUX TEXHONOTIN 36epexeHHst PepTUINBHOCTI Y XIHOK i3 NAaTONOrisIMU SIEYHUKIB Pi3HOTO
reHesy € TpaHCnnaHTauis KpiOKOHCepBOBaHOI OBapianbHOI TKaHWHW. [na WWMPOKOro BMPOBaMKEHHS OAaHOT TEXHOMOrT B KMiHIYHY
npakTUKy HeobXiAHO ONTMMiI3yBaTWM NPOTOKOMWU 3aMOPOXYyBaHHA-BigTaBaHHA. OQHMM i3 eTaniB y4OCKOHaNeHHs npouecy
KPiOKOHCEpBYBaHHSA € NiABULLEHHS OCMOTWMYHOI TONEPaHTHOCTI KMITUH Yy CTPYKTYpi TKAHWHW Nig Yac Ao4aBaHHSA PO3YMHIB
KpionpoTekTopiB. Y AaHin poboTi 6yno npoBeaeHo MOpPIBHAMNbHWUIA aHani3 AuHaMmiku o6'eMHoi Ta mMopdonoriyHoi TpaHchopmadii
oBapianbHOi TKaHUHK Nifg Yac noetanHoro HacuyeHHs 1,2-M0 (1,5-3 M) y cepefouuLax pisHoro cknagy. BctaHoBneHo, wo 36epexeHHst
uinicHocTi cTpykTypu dhonikynis y kiHueBin koHueHTpauii 1,2-MN0 (3 M) 3anexano Bia KinbKiCHUX CMiBBiAHOWEHb €MNeKTPONITHUX i
HeenekTPOoMiTHUX KOMMOHEHTIB MOYaTKOBOro cepegosuLla. EkcnepnmeHTanbHO AoBeAeHO, WO NiABULLEHHS OCMONSAPHOCTI BUXIOHOrO
cepefoBMLla 33 paxyHOK BBEOEHHSI HEEneKTPONniTHOro KOMMOHeHTa (caxapo3un) Npu3BOAMMO A0 3MEHLUEHHs 06'eMy oouuTiB
i 36epexeHHs1 MXKKMITUHHUX KOHTaKTiB CTPYKTYPHMX KOMMOHEHTIB dhonikyna.

KnrouyoBi cnoBa: oBapianbHa TkaHuHa, 1,2-nponaHgion, oouuT, AereHepaTtuBHUIN OOMiKyn.

Abstract: One of the most promising technologies of preserving fertility in women with ovarian pathologies of various origins is
the transplantation of cryopreserved ovarian tissue. Wide introduciton of this technology into a clinical practice requires the optimizing
of freeze-thawing protocols. One of the stages of improving the cryopreservation process is the enhancing of osmotic tolerance of
cells in the tissue when adding the cryoprotective solutions. In this research there was comparatively analyzed the dynamics of volu-
metric and morphological transformation of ovarian tissue at its gradual saturation with the 1,2-PD (1.5-3 M) in the media of different
composition. The preservation of follicle structure integrity in the final concentration of 1,2-PD (3 M) was found to be dependent on
quantitative ratios of electrolyte and non-electrolyte components of the initial medium. An increase in the initial medium osmolarity by
introducing a non-electrolyte component (sucrose) resulted in a decrease in the volume of oocytes and maintaining of cell-to-cell
contacts of the follicle structural components.

Key words: ovarian tissue, 1,2-propane diol, oocyte, degenerative follicle.

B coBpemMeHHOH penpoAyKTUBHOW MEIULIMHE
KPHOKOHCEPBUPOBAHNE U TPAHCIUIAHTAIIHSI OBApPHUAIb-
HOW TKaHW sIBIsETCS Hanbojee MepPCreKTHBHBIM
MTOAXOZOM JJII COXPaHEHHUS PEnpOayKTHBHOTO TO-
TEHIMaja y JKeHIIWH KaK Iocjie KypcOB XMMHO- U
panvoTepanuy, Tak U IPH MaTOJOTUAX SIHIYHUKOB
pasnuuHoro resesa [7]. IlpenmyiecTBaMu JaHHOTO

noaxoaa ABJISICTCA OTCYTCTBHUC MPOLCAYPLI NpCaABa-
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Current reproductive medicine utilizes the cryopre-
servation and transplantation of ovarian tissue as the
most promising approach to preserve a reproductive
potential of women after chemo- and radiotherapies,
as well as in ovarian pathologies of various origins [ 7].
The advantages of this approach are the absence of
preliminary hormonal stimulation, the possibility of

sampling the tissue various layers at any convenient
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PHUTENBHON TOPMOHAIBHON CTUMYIIALIUH, BO3MOXHOCTb
3a00pa pa3IMyYHBIX CIOEB TKaHU B JI000€ ymoOHOe
JUIsl Bpada 1 MalMueHTa BpeMs, 10CTaTOuHbIN (HoIuIu-
KyJ1apHbIi 3anac (ot 15 xo 100 mpumopanansHeIx o
JHUKYITOB Ha 1 MM?), KOTOPBIH HEOOXOIMM 151 KPHOKOH-
cepBupoBanus [6, 8]. OMHAKO KOJIMIECTBO POXKICHUS
30POBBIX IETEH MOCTe TPAHCIUIaHTAIK KPHOKOHCEP-
BUPOBAHHOW OBapHaJIbHOM TKAHM OCTAETCs KpailHe
HU3KHUM [2, 6]. DTO CBA3aHO CO CIOKHOCTHIO TAHHOTO
MTOJIX0a, MTOCKOJIBKY TPEOYETCSI COXPaHUTh CTPYKTYP-
HYIO LEJIOCTHOCTh (DOJUIMKYJIA, COCTOSIILIETO U3 He-
CKOJIBKHX THUIIOB COMAaTHYECKUX KJIETOK (IpaHyJe3bl,
KyMYIIIOCa, TEKH) U MOJIOBOH KJIETKH (00IMTa), KOTO-
pBI€ OTJINYAIOTCSI MEeXIY co00i pazMepom, 00beMOM
U IPOHUIIAEMOCTBI0 MEMOPaHBI AJ1s1 BOJBI M KPUOTIPO-
tekropa (KII). Onqaum u3 ciocoOoB MOBKIIIEHUS 3¢)-
(heKTUBHOCTH MPOTOKOJIOB KPHOKOHCEPBHPOBAHUS
OBapUaIbHON TKAHU ABIISETCS CHIYKEHUE YPOBHS OC-
MOTHYECKOTO TIOBPEXKACHHUS PA3IMYHBIX TUIIOB KJIETOK
B CTPYKType TKaHH IIPH T00ABICHUN THIIEPOCMOJISP-
HbIX pactBopoB nponukatromux KII. 3BectHO, uTO
OCMOTHYECKOE TIOBPEKIEHHE OOIMTOB IPH HACHIIIIE-
HuU pacTBopamu nponukaromux KII cega3ano ¢ quna-
MHUKOH 00bEMHBIX H3MEHEHUH KIETOK, KOTOPBIC 3aBU-
CAT OT TEMIIEpaTyphl, BPEMEHH, COCTaBa CPEABI IKC-
MO3UILMH, a TaKKe MPOHUIAEMOCTH MEMOpPaHBI IS
ucnonszyemoro KII [13, 18]. B coBpeMenHoi nute-
parype omnmcaHbl SMIUPUIECKHE TOAX0Ab! 100aBIe-
uus KII (munepus, STUIIEHIIIHKOIG, 1,2-pornananon
(1,2-111), mumeruncynspokcun (AMCO)) x ¢par-
MEHTaM OBapHaJbHOW TKaHU, OCHOBaHHBIE Ha HCCIIe-
JOBaHMSIX OCMOTHYECKHX PEaKIFiA OOIIUTOB M SMOPHO-
HOB B TumneproHmdeckux pactsopax KII [1, 19].
OKCIEepUMEHTAIbHO OMpPEAEIIEHBl U TEOPETHUECKH
paccunTansl K03 PULIUEHTH TPOHUIIAEMOCTH MEM-
OpaHbl 151 MOJIEKYN BOJBI M KPUOIIPOTEKTOPOB IS
SMOPHOHOB U 00HTOB [1, 19]. DTO MO3BOMNSAET ONTH-
MU3UPOBATh BpEMS M TEMIEpaTypy SKCIO3UIUHU
3pEJIBIX OOLUTOB U 3MOPHOHOB B pacTBopax KII mpu
OJTHO- ¥ MHOTOATanmHOM X aobOaBnennu. Hamnume
IJIOTHBIX MEXKJIETOYHBIX KOHTAKTOB B CTPYKType
OBapHAJIbHON TKaHU AAa€T OCHOBAHUE MIPEIIOoaraTh,
YTO OCMOTHYECKHUE PEAKLIUH OOLIUTOB B COCTaBE TKAaHU
OyIyT HOCHUTH COBEPIICHHO APYTOi Xapakrep. ITo
00yCITOBJICHO HEpaBHOMEPHBIM IIPpOoHUKHOBeHHEM K11
B 00beM (parmenTa Tkanu [2]. CienoBaTenbHO, Po-
TOKOJIb HACBILIEHUS pacTBopamu ponukaroumx KII
JOJUKHBI OBITH CIIELUaIbHO ONTUMHU3UPOBAHBI IS
oBapuanbHON TKaHU. OJHUM U3 3TAaroOB MMOBBIILIEHUS
uX 3 PEKTUBHOCTH SIBIISIETCS TIOIXO0/, OCHOBAaHHBIN Ha
HCIIOJIb30BAaHUM MHOTOKOMITOHEHTHBIX HHKYOAIIMOHHBIX
cpen.

Ilens pa®oThl — HMccIeqOBaHUE COXPAHHOCTH
CTPYKTYpbI OBapHaJIbHON TKaHHU U XapakTepa 00beM-
HBIX U3MEHEHHUH OOLIUTOB NPH ABYXITAIlHOM 100aB-

4

for the physician and patient time, a sufficient follicular
reserve (from 15 to 100 primordial follicles per 1 mm?),
essential for cryopreservation [6, 8]. However, the birth
rate of healthy babies after transplantation of cryo-
preserved ovarian tissue has remained very low [2,
6]. This is due to the complexity of this approach, as
there is a need in maintaining a structural integrity of
the follicle, consisting of several types of somatic cells
(granulosa, cumulus, theca) and germ cell (oocyte),
which differ in dimensions, volume and permeability
of membranes for water and cryoprotective agent
(CPA). One of the ways to improve the efficiency of
the cryopreservation protocols for the ovarian tissue
is areduction of osmotic damage of different cell types
in the tissue when adding the hyperosmolar solutions
of penetrating CPA. It is known that osmotic damage
of oocytes when saturating with the solutions of
penetrating CPA is associated with the dynamics of
volumetric changes in cells, depending on temperature,
time and the exposure medium composition, as well as
the membrane permeability coefficient for the used
CPA [13, 18].Current publications describe empirical
approaches for adding the CPA (glycerol, ethylene
glycol, 1,2-propanediol (1,2-PD), dimethyl sulfoxide
(DMSO)) to ovarian tissue fragments based on the
studies of osmotic reactions of oocytes and embryos
in hypertonic solutions of CPAs [1, 19]. Permeability
coefficients of membrane for water molecules and
CPAs for embryos and oocytes were experimentally
determined and theoretically calculated [1, 19]. This
allowed to optimize the time and temperature of
exposure for mature oocytes and embryos in the CPAs
solutions during single and multi-stage adding. The
presence of dense cell-to-cell contacts in the structure
of ovarian tissue allows to assume that an osmotic
response of oocytes being inside the tissue will be of a
completely different character. This is stipulated by
an uneven penetration of CPA into a tissue fragment
[2]. Therefore, the protocols of saturating with the
penetrating CPA solutions should be specifically
improved for ovarian tissue. One of the stages to
enhance their efficiency is the approach with using
the multi-component incubation media.

The research aim was to assess the preservation
of ovarian tissue structure and the nature of volumetric
changes of oocytes during a two-stage addition of 1,2-
PD hyperosmolar solution depending on the exposure
medium composition.

Materials and methods

The experiments were carried out in accordance
with the General Principles of Experiments in Animals,
approved by the 5™ National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
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JIEHUHU rumnepocMmossipHoro pactsopa 1,2-11]1 B
3aBUCHMOCTH OT KOMIIO3MLIMOHHOTO COCTaBa CPEAbl
9KCIIO3UIIUN.

MaTepuajbl 1 MeTOAbI

DKCHEePUMEHTH TIPOBEACHBI B COOTBETCTBUH C
«O0muMH TIPUHITUTIAMHA SKCIIEPUMEHTOB HA KUBOT-
HBIX», 0T0OpeHHBIMU V HarmoHamsHBEIM KOHTPECCOM
no ouostuke (Kues, 2013) u cormacoBaHHBIMH C
MOJ0XXEeHUSIMU «EBpOTNENCKON KOHBEHIIMHU O 3alllUTe
[I03BOHOYHBIX YKUBOTHBIX, HCTIOJIb3YEMBIX JJIs DKCIIE-
PUMEHTAIBHBIX U JIPYTHX Hay4dHBIX Ienei» (Crpac-
oypr, 1986).

OOBEKTOM HCCIICIOBaHUS CIYKUIH (hparMeHTHI
(0,5—1 mm?*) OBapuasbHO# TKaHH KPbIC JIHHIU BrcTtap,
KOTOPBIE COJEPKANUCH B CTAHIAPTHBIX YCIOBHUSIX
BuBapusi UIIKuK HAH Ykpaunsr.

Hacrwimenne ¢parMeHTOB OBapUaIbHONW TKAHU
MIPOBOVIIN B Cpe/iax pa3iIlMyHOro cocTasa: cpena 1 —
DMEM (300 MOcmons/n), pH 7,4; cpena 2 — DMEM,
comepxamas momonHuTenarHO 100 MM NaCl
(496 mOcmounsw/n), pH 7,4; cpena 3 — DMEM,
conepxkamasa gonoanutensHo 200 MM caxapossl
(534 MmOcmons/n), pH 7,4. OcMoTHYECKOE daBIICHUE
HCXOAHBIX PACTBOPOB OMPEACISIIN C MOMOIIBIO
OCMOMETpA.

B kauectse KII ucnonszosanu 1,2-I1J1. ®parmen-
THI OBapHAJIbHOW TKaHU TIOMeNIay B 1 M1 pacTBopa.
Ho6asnenne KII ocymecTsmsinu B 1Ba 3tana (0 M —
1,5M - 3 M KII) npu 22°C. Bpems 3kcnio3unuu Ha
KaXXKJOM 3TaIe HachIeHus coctaBisio 30 muH. s
MOp(]OIOTHUECKUX 1 00BEMHBIX UCCIEI0OBaHNUMN PO-
BOJWIIH (PUKCAITHIO (parMEHTOB OBapHAILHON TKaHU
Ha Ka)KJJOM 3TaIe HaChIIICHUS BO BCEX HCCIETYEMBIX
cpenax.

Jist Mopdonornyeckux UcciaeI0BaHui TKaHb (PUK-
cupoBanu 2%-M pacTBOPOM IIIyTapOBOTO allbJIeTUAA
Ha 150 MM ¢ocdarnom Oydepe. [locne gero roto-
BUJIY MOJTYTOHKHE CPE3bl MO CTAaHAAPTHON METOIUKE
[9]. C xaxmoro obpasiia faenany CepuitHbIC CPE3bI TO-
mUHOM 5 MKM. Kaxknplid TpeTui cpe3 oKpalivBain
TONYUIUHOBBIM CHHUM. AHAJTM3UPOBAITH TOJIBKO (OJI-
JIAKYJBI C BUAUMBIM SIIPOM JIJTST HCKITFOUCHHUS TIOBTOP-
HOTO cueTa OJHOTO M TOTO ke (poimukyna B cpese.
KonmuecTBo HOpMaIBHBIX W JETEHEPATHBHBIX (OJI-
JIUKYJIOB BBIPQXKAJTH B ITPOIEHTAX 110 OTHOIICHHUIO K UX
oOmiemMy grciy B oOpasie. JlecTpyKTUBHBIC U3MEHE-
HUA HOIMKYIOB (puc. 1) ObLIM OLIEHEHEHBI TI0 CIIeLYIO0-
et knaccudukaruu [10, 17]: HopMaibHBIE — OOLUT
LIEJIOCTHBIN C KPYIJIBIM SIIIPOM | SPBIIIKOM, OKPYKEH-
HBIW XOPOIIIO OPTaHM30BaHHBIMH KJICTKAMH I'PaHyJIe3bI
1 [IEJIOCTHOM Oa3aibHOM MeMOpanoii (puc. 1, A); nere-
HEpaTUBHBIN THN | — YMEHBIIIEHHEIH B 00bEME OOITHT,
CoepIKaIii MTUKHOTHYECKOE SIIPO M XOPOIIIO OpPTaHH-
30BaHHBIC KJIETKH TpaHyie3sl (puc. 1, B) u nerenepa-
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Animals Used for Experimental and Other Scientific
Purposes (Strasburg, 1986).

The research object were the ovarian tissue frag-
ments (0.5-1 mm?®) derived from Wistar rats kept
under standard animal house conditions at the IPC&C
of the NAS of Ukraine.

Ovarian tissue fragments were incubated in various
media: medium 1 was DMEM (300 mOsm/1), pH 7.4;
medium 2 comprised DMEM additionally supplemented
with 100 mM NaCl (496 mOsm/1), pH 7.4; medium 3
was DMEM additionally supplemented with 200 mM
sucrose (534 mOsm/1), pH 7.4. The osmotic pressure
of the stock solutions was determined using an
osmometer.

As the CPA we used 1,2-PD. Ovarian tissue
fragments were placed into 1 ml of solution. The CPA
was added in two stages (OM - 1.5M - 3 M CPA)
at 22°C. Exposure time at each stage of saturation
was 30 min. For morphological and volumetric studies
the ovarian tissue fragments were fixed at each stage
of saturation in all the investigated media.

For morphological studies the tissue was fixed by
2% solution of glutaraldehyde in 150 mM phosphate
buffer. Afterwards the semi-thin sections were prepa-
red in a standard way [9]. Each sample was cut for
5 um serial slices. Every third section was stained with
Toluidine blue. Analysis was performed only in the
follicles with a visible nucleus to avoid double counting
of the same follicle in the section. The numbers of
normal and degenerative follicles were expressed as
a percentage vs. the total number of follicles in the
sample. Destructive changes of the follicles (Fig. 1)
were estimated as follows [10, 17]: as normal were
defined the integral oocytes with a round nucleus and
nucleolus, surrounded by a well-organized granulosa
cells and a valid basal membrane (Fig. 1A); degene-
rative type 1 cells were the oocytes with reduced
volume containing pyknotic nucleus and well-organized
granulosa cells (Fig. 1B) and degenerative type 2
comprised shrunk oocytes surrounded by disorganized
and swollen granulosa cells (Fig 1C). Intact tissues
served as the control.

Histological preparations were examined using
Axio Observer Z1 microscope equiped with camera
(Carl Zeiss, Germany), Plan Fluor x20 and x40 lens.

Dimensions of oocytes were analysed using Axio
Vision 4.7 (Carl Zeiss) software, the cell volume was
calculated according to the following formula [20]:
V'=0,75225(A)"°, where A is oocyte cross-section
area. Oocyte volume changes in the solutions contai-
ning 1,2-PD were defined as Vexp/ V epWhere Vexp is
oocyte volume in experimental group, ¥ —volume
of intact oocyte.

Statistical processing of the results involved a multi-
factor analysis of variance and Student’s t-test using

55



Puc. 1. TuctonpenapaT HeoHaTarnbHOM OBapuarnbHOW TKAHW NOCNE OKpaLIMBaHUS TONYMAMHOBLIM CUHUM: A — HOpMarb-
HbI chonnukyn; B — gereHepatusHbin TMN 1; C — gereHepatmBHbIN TUN 2; O — ooumnT, G — kneTku rpaHynessl, N — 8apo,
ZP — 30Ha nenntoumnaa, T — KNETKN TEKN, * — aKKYMYTALUS XXUOKOCTU.

Fig. 1. Histopreparation of neonatal ovarian tissue after staining with toluidine blue: A — normal follicle; B — degenerative

type 1; C — degenerative type 2; O — oocyte, G — granulosa cells, N — nucleus, ZP — zona pellucida, T — theca cells,
* — fluid accumulation.

THBHBIH THNI 2 — OOIHUT C)KaT, KIETKH T'paHyJIe3bl
ne3oprann3oBansl 1 Habyxmue (puc. 1, C). MaTakT-
HbIE TKaHH CITY>KUJIH KOHTPOJIEM.

UccnenoBanus rucTojorHYecKUX MpenapaTos
OCYILECTBIISUIH C TOMOLIBIO MUKPOCKOIIA CO BCTPOCH-
HOH Kamepoiri «Axio Observer Z1» («Carl Zeissy,
I'epmanus) ¢ oobektuBamu «Plan Fluor» x20 u x40.

Pazmep oounTOB aHAIM3KMPOBANM C UCIONB30Ba-
HUEM KOMIIBIOTEPHOM IporpaMmbl «Axio Vision 4.7»
(«Carl Zeiss»), 00beM KJIETOK paCCUUTHIBAIIN COITIAC-
Ho dopmye [20]: V=0,75225(A4)"*, rne A — maormazis
MIOTIEPEYHOT0 CEYeHHUs oonuTa. M3meHenns oobema
00ITUTA B pacTBOpax, coaepkanux 1,2-11J1, onpemens-
mikak V =/ mep%, e V. —o00beM 0OLHUTA B OIBIT-
HOU TpyIiIe, onmpu,qb — 00bEM MHTAKTHOTO OOIIMTA.

[Ipu cratucTuueckoit 00paboOTKe pPe3yabTaTOB HC-
MOJIb30BAJI MHOTO()aKTOPHBIN ANCIIEPCHOHHBIH aHa-
113 ¥ t-kputepuii CTBIOIEHTa ¢ HOMOILBIO PO PaMMBbI
«Excel» («Microsofty, CIIIA). Jlanable mpencras-
neHsl B BuAe M + m. Paznuuus Mexay rpynnamu
CUMTANH CTATUCTUYECKHU 3HaYMMBbIMU Tipu p < 0,05.

Pesyabrarsl M 00cyxneHue

Ha puc. 2 npencrasiieHa JUHAMUKa CTPYKTYPbI
OBapHUaJIbHOM TKAHU IIPY HACBIIIIEHUH BO3PACTAIOIINMU
koHIeHTparusamu 1,2-11J1 B 3aBECEMOCTH OT cOcTaBa
Cpelbl.

[TokazaHo, 4To B HOpME (OJUIMKYIBI COAEPKAT
chepruecKrii OOLUUT C KPYMHBIM 3KCHEHTPUYHBIM
SIIPOM, OKPY>KCHHBIM YMEPEHHO I'paHyJIIpHOI LUTO-
wia3moii (puc. 2). CHapy>KH OOLIUT OKPYKEH paBHO-

Excel software (Microsoft, USA). The data were
presented as M + m. The differences between the

groups were considered as statistically significant at
p <0,05.

Results and discussion

Fig. 2 presents the changes in ovarian tissue
structure during incubation with increasing concentra-
tions of 1,2-PD depending on the medium composition.

It is seen that normal follicles contain a spherical
oocyte with large eccentric nucleus surrounded with
moderately granular cytoplasm (Fig. 2). Outside the
oocyte is surrounded with uniform glycoprotein shell
(zona pellucida) tightly adjacent with granulosa cell
layers, contacting with each other as well as with the
inner side of basal membrane. Theca cells are outside
the basal membrane (Fig. 2A).

During stepwise addition of 1,2-PD solution (0 M —
1.5 M - 3.0 M) the nature of morphological trans-
formations of ovarian tissue was determined by
a saturation medium composition. Thus, use of DMEM
(medium 1) as a saturation solution resulted in minor
changes of follicle structure: a coarse-grained granu-
larity of oocyte cytoplasm appeared following addition
of increasing concentrations of 1,2-PD (Figure 2B, C).
At the same time there was still a contact between
the granulosa cells and oocyte, which remained
spherical, zona pellucida was clearly defined and
uniform. No change in structure of the theca and
interstitial cells was found. Theca cells were in contact
with each other and basal membrane.

npo6nemMbl KpMOO6MONOrMM U KpPUOMeAULIMHbDI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016



! Puc. 2. Mopdonoruyeckas CTpyKTypa oBapuanbHOW TKaHU NOCHe HacCbIWeHUs
BO3pacTalLmmMm KoHueHTpaumamm 1,2-M4 (0M - 1,5M - 3,0 M): A — KOHTpOnb;
HacblweHue B cpeage AMEM: B —-1,5M 1,2-M[4; C — 3,0 M 1,2-M[1; HacbiweHne B
a8} cpepe JMEM + NaCl: D—-1,5M 1,2-1NM4; E - 3,0 M 1,2-N[; HacbiweHne B cpeae
' OMEM + 200 mM caxaposbl: F—1,5M 1,2-MN0; G-3,0 M 1,2-MNA; G — rpaHynesa,
ZP — 3oHa nenntouunga, O — oouut, T — Teka, N — aa4po, * — akkymynsumsa
XUAOKOCTHU.
Fig. 2. Morphological structure of ovarian tissue after saturation with increasing
I concentrations of 1,2-PD (OM - 1.5M - 3.0 M): A — control; saturation in DMEM:
B-15M1,2-PD; C - 3,0 M 1,2-PD; saturation in DMEM + NaCl: D — 1,5 M
1,2-PD; E-3,0 M 1,2-PD; saturation in DMEM + 200 mM sucrose: F—1,5 M 1,2-
PD; G-3,0 M 1,2-PD; G — granulosa, ZP — zona pellucida, O — oocyte, T — theca,
N — nucleus, * — fluid accumulation.

MEPHOH IITUKOTIPOTENHOBOM 0007109KOH (zona pelluci-
da), X KOTOpO#l TIOTHO MPHUJIETAIOT CIOU KJICTKHU
rpaHyJie3bl, KOHTAaKTHPYIOIIHE MKy COOO0M U ¢ BHYT-
peHHelt cTopoHol 6a3anbHOI MeMOpanbl. C BHEITHEH
CTOPOHBI 0a3aJbHON MeMOpaHbl HAXOASTCS KIETKH
Teku (puc. 2, A).

[Ipu nostannom noGaBnenun pactsopa 1,2-T1[]
(OM - 1,5M - 3,0 M) xapakTep MOpHOTOTHIECKUX
TpaHcopManii OBapHaIbHONH TKAHU OIPENEIsICs
KOMIIO3UIIMOHHBIM COCTaBOM Cpeibl HachleHus. Taxk,
ucrionp3oBanue JIMEM (cpena 1) B kauecTBe pacTBo-
pa HaChILEHUs IPUBOIMIIO K HE3HAYUTEIbHBIM U3Me-
HEHUSM CTPYKTYpH (doinukyna: HabIomanoch
rpy0o3epHHCTast IPaHyIIIPHOCTh LIUTOILIA3MbI OOLIUTA
pu 100aBJICHUU BO3pacCTAIOUUX KOHIEHTpaLU
1,2-I11 (puc. 2, B, C). IIpn 3ToM coxpaHsuICs KOHTAKT
MEXIy KIETKaMu I'paHyle3bl U OOLUTOM, KOTOPBIH
octaBajics cepryeckuM, 30Ha MeJTonUaa Oblia
YETKO BBIpa)XEHHOW M paBHOMepHOU. M3MeHeHue
CTPYKTYPBI KJITOK TEKU U HHTEPCTUIHABHBIX KIETOK
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Rise in osmolarity of initial saturation medium by
supplementing with electrolyte component, 230 mM
NaCl (medium 2), or non-electrolyte, 200 mM sucrose
(medium 3), caused a change in the ovarian tissue
structure when incubated with increasing concentra-
tions of 1,2-PD. Fig. 2D shows, that following the first
stage of incubation (1.5 M in 1,2-PD) in the medium 2
no significant morphological changes were observed.
Herewith zona pellucida, cell-cell contacts between
oocyte and granulosa, as well as granulosa and theca
were preserved (Fig. 2D). Increasing the CPA con-
centration up to 3 M resulted in accumulation of fluid
between structural components of the tissue, cell
shrinking and loss of cell-cell contacts in the follicle
inner layer. Outer follicular layer preserved the contact
of granulosa cells with the basal membrane and theca
cells (Fig. 2E).

Supplementing of saturation medium with sucrose
(medium 3) caused an accumulation of fluid in the
ovarian tissue stroma even at the first stage of




He oTMeuanock. KIeTkn TeKr KOHTaKTUPOBAIN MEX-
Iy co0oi 1 6a3abHOW MeMOpPaHOi.

[ToBbIIEHNE OCMOJISPHOCTH MCXOOHOU Cpenbl
HACBIIIEHUS BBEACHUEM 3JIEKTPOIUTHOTO KOMIIOHEH-
ta — 230 MM NaCl (cpena 2) u HEINEKTPOIUTHOTO —
200 MM caxapo3sl (cpena 3) BBI3BIBAIO N3MECHECHHE
CTPYKTYPBl OBapHAIBHOW TKaHH MPH MHKYOAIMH C
Bo3pacTalomuMu kKoHneHTtpanusmu 1,2-11J1. Ha
puc. 2, D moka3zaHo, 4TO Ha IEPBOM 3Tarle HHKyOarmu
(8 1,5 M 1,2-I1/]) B cmydae mpuMeHEHHUS cpenabl 2
3HAYUTENBHBIX MOP(OIOTHIECKUX M3MEHEHUH HE
Habmronanock. [Ipu 3ToM coxpaHsiack 30Ha MEJUTIO-
LU/1a, MEKKJIETOUHBIE KOHTAKTHI MEXIY OOILIMTOM H
IpaHyJe30i, a TaKKe Tpanyse30i 1 Tekol (puc. 2, D).
VYeennuenne konueHTpanuu KII o 3 M npusoguio x
AKKyMYJSAIUN )KHAKOCTH MEXAY CTPYKTYPHBIMU
KOMITOHEHTaMH TKaHHU, CKAaTUIO KJIETOK U IMOTepe
MEKKJIETOYHBIX KOHTAaKTOB BO BHYTPEHHEM CJIOE
(hommmkyia. Bo BHEIITHEM CIT0€ (POIUTHKYIIA COXPAHSIICS
KOHTAaKT KJIETOK IpaHyJie3bl ¢ 0a3aabHOU MeMOpaHoi
Y KJIEeTKaMH TekH (puc. 2, E).

JoGaBnenne B cpedy HACHIIMIEHHUS Caxapo3bl
(cpema 3) BBI3BIBANIO AKKyMYJSLHIO KUIKOCTH B
CTpOME OBapHaJBLHON TKAaHH YK€ Ha IEPBOM dTare
nnkyOamuu ¢ 1,2-I111 (puc. 2, F). B aTom ciyuae He
Ha0JII0AaNn0Cch HAPYLUICHUH MIJIOTHBIX KOHTAKTOB B
cTpykType hormukyos (puc. 2, F). Ctpykrypa oouura
COOTBETCTBOBaIA (U3NOJIOTUIECKOH HOpME. YBEIH-
genue kounenrpanuu 1,2-11J1 7o 3 M npuBoamiio k
00pa3oBaHUI0 CBOOOTHOTO MPOCTPAHCTBA MEXKIY
KIJICTKaMU TPaHyJe3bl U CTPOMAaIbHBIMH 3JIEMEHTaMH
oBapuabHON TKaHU (puc. 2, G). [Ipu 3TOM IITOTHBIH
MEXKKIICTOUHBIH KOHTAKT MEKAY CTPYKTYPHBIMU die-
MeHTaMH (OJUTMKYNa (OOLUTOM, KIETKaMHU TpaHy-
ne3bl, TeKH U 0a3anbHOH MeMOpaHBl) COXpaHsIICS
(puc. 2, G).

B Haueii paboTe ObLI TPOBECH aHATIN3 00 BEMHBIX
HW3MEHEHHUH OOLMTOB B CTPYKTYpe TKaHH NpPHU €€
nHKyOauuu. Kak cnenyer us puc. 3, uaMeHenue oone-
Ma OOLIMUTOB OIIPENEIISIIOCH KaK OCMOJIIPHOCTBIO, TaK
1 KOMITO3UIIMOHHBIM COCTaBOM CPEJIbl HACHIILICHHUS.

BunHo, 4To HackleHUE TKAHU B Cpesiax, CoJleprKa-
X 1,5 M 1,2-T11]1, npuBOAMIIO K 3HAUUMOMY YMECHbB-
MIEHUI0 00BEMa OOIMTOB B Cpelie 3, HApsIy C ATHM,
B cpenax | m 2 JaHHBINA TOKa3aTelh HAXOIHJICS B
npenenax pusnonornueckoit HOpMeL. [Ipu yBenmuenun
koHneHTpauu 1,2-I1/] no 3 M oTMevanoch cxarue
oouuToB B cpeaax 2 u 3 Ha 30-36%, a B cpene 1 Ha
15%. HeoOXomuMo OTMETUTb, YTO aMILTUTY/a H3MEHe-
HUS 00beMa IpH MOIIAroBoM HackilieHnH TKaHu KIT
(OM - 1,5M - 3,0 M) B cpenax 1 u 3 Obuia He3Ha-
gutenbHa (5-7%), B TO BpeMs Kak B cpene 2 HabIo-
JTAJIOCh YMEHbIIIeHHEe 00bemMa 00IUTOB 10 28%.

Amnarmi3 ypoBHS COXPaHHOCTH (POJUTIKYIIOB TIOCIIC Ha-
cemmenns K11 mokazan (puc. 4, A), 9T0 MaKCHMaJTbHAS
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incubation with 1,2-PD (Fig. 2F). In this case, there
was no disorders of tight contacts in the structure of
follicles (Fig. 2, F). The oocyte structure corresponded
to the physiological norm. Increasing the concentration
of 1,2-PD up to 3 M resulted in the formation of free
space between the granulosa cells and stromal
elements of ovarian tissue (Fig. 2G). Herewith a tight
cell-cell contact between structural elements of the
follicle (oocyte, granulosa cells, theca and basal mem-
brane) was kept (Fig. 2, G).

Our research included the analysis of oocyte volu-
metric changes in the tissue structure during its
incubation. As follows from Fig. 3, the change in
volume of oocytes depended both on osmolarity and
composition of saturation medium.

It is seen that incubation of the tissue in the media
containing 1.5 M 1,2-PD resulted in a significant
decrease in the volume of oocytes in the medium 3, in
the media 1 and 2 this index was within the physiolo-
gical limits. Increasing of 1,2-PD concentration up to
3M led to shrinking of oocytes in the media 2 and 3 by
30-36% and by 15% in the medium 1. It should be
noted that the amplitude of the volume change during
stepwise saturation of tissue with CPA (0 M -
1.5M - 3.0M) in the media 1 and 3 was insignificant
(5—7%), while in the medium 2 there was observed a
decrease of oocytes volume by 28%.

Analysis of the integrity of follicles after saturation
with CPA showed (Fig. 4A) that the maximum
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Puc. 3. OTHocuTenbHbI 06BEM OOLIMTOB NPU MHKYOaLMm
B pasnunyHbIX cpefax npwv Hacelwenun 1,2-M4 (O - 1,5 M;
O- 3 M) B 3aBUCMMOCTM OT TUMA UCXOAHON cpefbl: K —
KoHTpone; 1 — AMEM, 2 — OMEM + 100 mM NaCl, 3 —
OMEM + 200 mM caxapo3sbl; * — pasnmuuns ctaTucTuyeckn
3Ha4YMMbl NO CpaBHEHMUIO C KOHTponewm, p < 0,05.

Fig. 3. Relative volume of oocytes following incubation in
various media with 1,2-PD (O - 1.5 M, O - 3 M) depending
on basic medium type: K — control; 1 — DMEM, 2 - DMEM +
100 mM NaCl, 3 — DMEM 200 mM sucrose; * — statistically
significant difference compared to the control, p < 0,05.
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Puc. 4. AHanu3 ypoBHs1 coxpaHHOCTU chonnukynos npu HacelweHun 1,2-M4 (O - 1,5 M; O - 3 M) B paznuuHbix cpegax:
K — koHTpons, 1 — AMEM, 2 — AMEM + 100 mM NaCl, 3 - AMEM + 200 mM caxapo3bl; A — HopMarnbHble PONNNKYbI U
nereHepaTtuBHble honnukynbel Tvna 1; B — donnumkynbl AereHepaTUBHOIO TUNa 2, * — pasnuynsa cTtaTucTUYECKN 3Ha4YMMbl
Nno CpaBHEHWIO C KOHTporewMm, p < 0,05.

Fig. 4. Analysis of preservation rate of follicles at saturation with 1,2-PD (O - 1.5 M, O — 3 M) in various media: K — control
1-DMEM, 2 - DMEM + 100 mM NaCl, 3 - DMEM + 200 mM sucrose; A — normal follicles and degenerative type 1, B —

degenerative type 2 follicles; * — statistically significant difference compared to the control, p < 0,05.

COXPaHHOCTb (POJUTMKYITOB PA3IUYHBIX THUITOB 3PEIOCTH
npu HacbieHnn Tkadu KIT ormeuena B cpenax 1 u 3.
[Ipu 3TOM ypOoBeHH (OJTHUKYIOB C HEOOPATUMBIMU
M3MEHEHUSMH (TUIl 2) ObUT HE3HAUYUTENBHBIM, a B
ClIyuae MPUMEHEHHUS CpeIbl 2 UX KOIMYECTBO COCTAB-
15110 (29,72 +52)m (39,3+£6,5)% B 1,5u3 M 1,2-11]]
COOTBETCTBEHHO.

DKcrnepuMeHTalbHEIC aHHBIE, MMPUBEICHHEIC
BBIIIIE, CBH/IETEIHCTBYIOT O TOM, YTO OCHOBHBIM (haK-
TOPOM, OMPEACIIIONIUM COXPAaHHOCTh CTPYKTYPHI
OBapUajbHOU TKAHU B YCJIOBHSX JIEUCTBUSA T'HIEp-
OCMOJISIpHOTO pacTBopa nmponukaromiero KI1, ssnser-
cs1 cocTaB cpeibl HachleHus. [oBblieHne ocMosp-
HOCTH UCXOIHOM cpenbl 3a cueT BBeAeHust NaCl (cpe-
Ja 2) ¥ HEMPOHUKAIOIIETO KOMIIOHEHTa — CaXapo3bl
(cpena 3) — BRI3BIBANIO pa3mMyHbIe MOp(dOIOrHYECKUe
1 00bEMHBIC H3MEHEHHS OBAPUAITLHOM TKaHH, a TIpU
HCMOJIB30BaHUH MCXOAHOM M30TOHHYECKOW Cpeasl
(cpena 1) 0ObeM OOITUTOB ITPH yBETMYESHNH KOHLIEHTPa-
umu 1,2-I1]] ocraBancs B mpenenax GuU3N0IOrHIECKIX
3Ha4eHnH. Hacwimenne Tkanu cpenoi 3 mpuBOAwIIO K
CKATHIO KJIETOK YK€ Ha IEPBOM ATare IKCIIO3UIIIH C
KII (1,5 M 1,2-11J]) m ocraBanoch TakOBBIM MpH
JaTbHEHIIIeM YBEITMYCHNN €T0 KOHIICHTPAITUH 110 3 M,
TOTJIa KaK B CJIy4ae MCIIOJIb30BaHUs CPebl 2 00beM-
HbIC U3MEHEHUS OBLITH BBISBICHBI TOJBKO B 3 M pacT-
Bope 1,2-I1J1. YkazaHHbIe BbIIlI€ OTIUYUS, BEPOATHO,
CBS3aHBl C Pa3JIUYHBIM OCMOTHUYECKHUM OTBETOM
KJIETOK Ha IMOBBIUICHUE OCMOJISIPHOCTH CpEJbl MpHU
BBEJACHUU SJICKTPOJUTHOTO WIH HEIIEKTPOIUTHOTO
KOMITOHEHTa. beimo mokazano [11, 12, 16], uto
M3MEHEHHE OCMOTHYECKOTO JIaBJICHHS BO BHEKIIETOY-
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preservation of the follicles of different maturation
types at tissue saturation with CPA was found in the
media 1 and 3. In particular, the level of follicles with
irreversible changes (type 2) was negligible, while when
using the medium 2 their number made (29.72 £ 5.2)
and (39.3 £6.5)% in 1.5 M and 3 M 1,2-PD, respec-
tively.

The above described experimental data demonstra-
te that the main factor determining the preservation
of ovarian tissue structures under the effect of hyper-
osmolar solution of penetrating CPA is the saturation
medium composition. Increasing the osmolarity of initial
medium by supplementing with NaCl (medium 2) and
non-penetrating component, 7. e. sucrose (medium 3),
caused different morphological and volumetric changes
in ovarian tissue, and when using the basic isotonic
medium (medium 1) the volume of oocytes remained
within physiological values following 1,2-PD concen-
tration increasing. Saturation of the tissue with the
medium 3 resulted in the cell shrinkage even at the
first stage of the incubation in CPA (1.5 M 1,2-PD)
and remained the same during further rise in the
concentration up to 3 M, whereas when using the
medium 2 the volumetric changes were found only in
3 M solution of 1,2-PD. The above-mentioned diffe-
rences are likely to be associated with various osmotic
cell response to the increase in osmolarity of the
medium when introducing either electrolyte or non-
electrolyte component. The change of osmotic pressure
in extracellular medium due to the introduction of
organic and inorganic ions has been shown [11, 12,
16] to lead to distortion of cell ion homeostasis, resulting
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HOMU cpeJie 3a CUeT BBEACHUS OPraHUYECKUX U HEopra-
HUYECKUX MOHOB MPUBOAUT K HAPYIICHUIO HOHHOTO
roMeoCTa3a KJIETKHU, B pe3ybTare Yero MpoOUCXOIUT
BKJIIOUEHUE aJalTallMOHHBIX MEXaHU3MOB MOJIIEPKa-
HHS KieTouyHoro oosema RVD (regulatory volume
decrease) u RVI (regulatory volume increase). Tax-
KE TIPY BBEJICHUHN BO BHEKJIETOUHYIO CPEITy POHUKAIO-
X KIT 00beMHBIE I3MEHEHUS KIETOK OTIPEIEIISIOT-
s K03 (HHUIMEHTOM TPOHUIIAEMOCTH MEMOPaHBI s
BOBI ¥ KprorpoTekropa [13, 18]. B Hacrostiee Bpemst
YCTaHOBIICHO, YTO JUISI OOLIUTOB KO3 (DUITUCHT MTPOHU-
[IaeMOCTH MEMOPAaHHI JIJIsl MOJICKYII BOJIBI BEIIIIC, YeM
st KIT (AMCO, 1,2-11]1) u muHaMuka 00beMa KICTOK
MIPU SKCIIO3UILIMU B THIIEPOCMOIISIpHBIX pacTBopax KII
umeert AByxQas3Hblii xapaxrep [ 14, 21]. Ilokazano, 4ro
B T€UEHHE MEPBBIX MUHYT 3KCIO3ULIMU 0OLUTOB B 1,5 M
KII (ICMO, 1,2-I1]1) mponcxoauT nepBoHadaIbHOE
C)KaTue KJIETOK, CBA3aHHOE C BBIXOIOM OCMOTHYECKH
AKTHBHOW BOJIBI, TIOCIIC YETO0 BOCCTAHABINBACTCS UX
06veM 10 90-95% 3a cueT mudPy3un MOIEKYIT BOIBI
u KII BHYTpH KJICTKH 1O TPAAMCHTY KOHIICHTPAIIH
[20]. YcTanoBieHO, 4TO cOXpaHeHUE MOPGOITOTHIEC-
KO LEIOCTHOCTH CTPYKTYPHI (POJUIMKYNA MPU HC-
MOJIB30BaHUU MCXOAHON M300CMOJSIPHOU cpefnl 1
CBSI3aHO C BOCCTAHOBIIEHUEM 00heMa KIIETOK 3a CUET
npouukHoBeHus KI1 (30 MuH) u BKITFOUCHHMS aganTa-
LIMOHHBIX MEXaHU3MOB PETyJISIIUY 00beMa. AHATIOT Y-
HBIH Pe3yNbTaT ObLI OTYYeH PU TPUMEHEHUH HCXO]I-
HOM THIIEPOCMOIIAPHON 3TIEKTPOIUTHOM Cpeibl 2 IpH
Haceimennu 1,5 M 1,2-I1J]. Onnako yBenwmdeHue
xonteHTpanuu KI1 B aToi cpeae 10 3 M nmpuBoInio K
3HAYMMOMY YMEHBIICHHIO 00beMa 00LIUTOB, KOTOPOE
COTIPOBOXKIAJIOCH 3HAYUTEITHHBIM KOJTUIECTBOM TIOB-
PEXICHHBIX (OJTUKYIIOB (JereHepaTuBHBINA THIT 2).
B 3TuxX yciioBusix BOCCTaHOBICHHE 00beMa HE TIPOUC-
XOJIUT 3a cueT BhICOKO# koHIeHTpanuu NaCl Bo
BHEKJIETOYHOHN cpene, KOTopas HapylIaeT MOHHBIN
romeoctas [4]. ConocTaBisisi JaHHBIC, IPUBEICHHBIC
Ha puc. 2 u 4, HEOOXOIUMO OTMETUTh, YTO B CIIy4ae
ACXOAHOU THIIEPOCMOJIIPHON cpensl 3 momoOHOoe
YMEHBIIIEHUE 00heMa OOITUTOB HAOMIONAIOCh yKe Ha
IIEpBOM 3Tarle HaCHIMECHUS TKaHu pacTBopoMm 1,2-11/]
(1,5 M). OToT hakT MOXKHO OOBSCHHUTH TEM, UTO
MTOBBIIIIEHNE OCMOJIIPHOCTH HCXOTHOUW CPEbI yTEM
n00aBJICHHS CaXapo3bl MPUBOJUT K CKATHIO KIETOK
KaK 3a CYET OCMOTUYECKOTO JaBJICHUS, CO3JJaBAEMOT0
KII, Tak u BBIXO/a BHYTPUKJICTOYHBIX aHUOHOB U
KAaTHOHOB IO TPAAUCHTY KOHI[CHTPAIIUH B HEIEKTPO-
nutHOM cpene [3, 15]. OgHako B 3TUX IKCIEPUMEH-
TaJbHBIX yCIOBUAX (pUC. 2 U 4), HECMOTPSI HA aKKYMY-
JSIUI0 KUAKOCTA B CTPOME TKAHU, COXPAHSIOTCS
CTPYKTypa OOLIMTA U IDTOTHBIE MEKKIIETOUHBIE KOHTAK-
THI B porutukyie. R. Comizzoli 1 coaBt. [5] momyaniu
AHAJIOTUYHBIE JaHHBIE HAa OOIHWTaX. ABTOpaMH TIO-
Ka3aHOo, YTO OOIMTHI B THIIEPTOHMYECKHUX PACTBOpax,
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in triggering the adaptive mechanisms for maintenance
of cell volume of RVD (regulatory volume decrease)
and RVI (regulatory volume increase). In addition,
when introducing penetrating CPAs into the extracel-
lular medium the volumetric changes of cells were
determined by the coefficient of permeability of
membrane for water and CPA [13, 18]. In oocytes,
the coefficient of membrane permeability for water
molecules has been established to be higher than for
CPAs (DMSO, 1,2-PD) and the dynamics of cell
volume upon exposure to hyperosmolar solutions of
CPA was biphasic [14, 21]. It has been demonstrated
that within the first minutes of exposure of oocytes to
1.5M CPAs (DSMO, 1,2-PD) an initial shrinkage of
the cells occured, associated with the release of
osmotically active water, afterwards their volume
recovered up to 90-95% due to the diffusion of water
and CPAs molecules into a cell by the concentration
gradient [20]. The preservation of morphological
integrity of the follicle structure using the basic iso-
osmolar medium 1 has been found to be associated to
the reduction in cell volume due to the CPA penetration
(30 min) and activation of adaptive mechanisms of
volume regulation. Similar results were obtained when
applying the basic hyperosmolar electrolyte medium 2
with 1.5 M 1,2-PD. However, a rise in CPA concent-
ration in this medium up to 3 M resulted in a significant
decrease in the volume of oocytes, accompanied by
appearance of a big number of damaged follicles
(degenerative type 2). Under these conditions, the
volume recovery does not occur due to a high concent-
ration of NaCl in extracellular medium, breaking the
ionic homeostasis [4]. Comparing the data shown in
Figs. 2 and 4 one may note that for a basic hyper-
osmolar medium 3 such a decrease in oocytes volume
was observed already at the first stage of tissue
saturation with 1,2-PD solution (1.5 M). This can be
explained by the fact that the increase in osmolarity of
the initial medium by adding a sucrose results in cell
shrinking both due to osmotic pressure produced by
the CPA, and release of intracellular anions and cations
to non-electrolyte medium by concentration gradient
[3, 15]. However, in these experiments (Fig. 2 and 4),
despite the accumulation of fluid in the tissue stroma
the oocyte structure and dense intercellular contacts
in the follicle were preserved. R. Comizzoli et al. [5]
obtained similar data in oocytes. The authors have
shown that the oocytes in hypertonic solutions prepared
by adding various concentrations of sucrose (0.2—
1.4 M) to the isotonic solution of phosphate buffered
saline (290 mOsm/1), exhibited an osmotic resistance
ranging from 200 to 750 mOsmol/l. Under these
conditions, there was a reduction in their volume by
40%, but the structural and functional integrity was
retained as well as the blastocysts were formed in
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NPUTOTOBICHHBIX MyTeM 100aBIEHUS Pa3IuIHOU
KoHIleHTpanuu caxapossl (0,2—1,4 M) k U30TOHH-
yeckoMy pactBopy (ocdarno-coneBoro Oydepa
(290 MOcMoB/11), JIEMOHCTPUPYIOT OCMOTUYECKYIO
ycToiurBOCTb B rpeenax ot 200 mo 750 MOcmonb/m.
B 3THX yCIOBHSAX IPOUCXOJNT YMEHBIIEHUE UX 00be-
Ma Ha 40%, oIHAKO COXpaHSEeTCA CTPYKTypHas u
(YHKIIMOHAIBHAS IIETTOCTHOCTh, & TAKXKE TPOUCXOTUT
(hopmupoBaHUe OIACTOITUT B YCIOBUSX i Vitro TIOCIE
nporeaypsl IKO. CnemoBarensHo, cKaThe KIECTOK B
OTCYTCTBUE JIeTreHEPATUBHBIX (POJUTMKYIOB TUTA 2 IPH
SKBUIMOPALIH TKAaHH C BO3PACTAIOIINMH KOHIIEHTPa-
usivu 1,2-ITJ1 (1,5-3 M) B runepocMoIsipHBIX cpenax,
COAEpIKaIIMX caxapo3y, SBISIETCs 00paTUMBIM HpO-
LIECCOM TIPH BO3BpaTe B (PU3HOIOTHUECKUE YCIOBHSL.
Takum 00pa3zom, cocTaB HCXOIHBIX THIIEPOCMOIISIPHBIX
cpen nipu HachiieHnn Tkanu KI1 siBisieTcst OCHOBHBIM
(hakTOpOM, OTIpPEeNEIAIONINM €€ COXPAaHHOCTb.

BoiBoabI

B ycnoBusix aeiicTBUS TUIIEPOCMOJIIPHBIX PACTBO-
poB KII HapylieHHne CTpYKTYpbl OBApUAIbHOM TKaHU
u 00beMHBIE U3MEHECHHUS KJIETOK ONpeaeNsIoTCs
COCTaBOM CpPEJbl HACBIILECHHUS.

MaxkcuManbHbIA YPOBEHb COXPaHHOCTH (POIITHKY-
JIOB OTMEYAJICS IIPU UCTI0Ib30BAHNH KaK H300CMOJISIP-
HOM 3JIEKTPOJIUTHOM CPeJIbl, TaK M THIIEPOCMOJIIPHON
NP BBEAEHUH HEIJIEKTPOJIUTHOTO KOMIIOHEHTA —
caxapo3bl. IIoBBIIIEHHE OCMOJISPHOCTH Cpenbl 3a
cuet snekTponuta NaCl BrI3bIBaNO MOBpEXKACHUE
CTPYKTYypHI ¢hommmkynoB B 3 M 1,2-T1/1.

Nurepatypa

1. Amorim C.A., Rondina D., Rodrigues A.P.R. et al. Cryopreser-
vation of isolated ovine primordial follicles with propylene glycol
and glycerol // Fertil. Steril. — 2004. — Vol. 81, Ne1 — P. 735-740.

2. Andersen C.Y., Rosendahl M., Byskov A.G. et al. Two success-
ful pregnancies following autotransplantation of frozen/
thawed ovarian tissue // Hum. Reprod. — 2008. — Vol. 23,
Ne10. — P. 2266-2272.

3. Banderali U., Roy G. Activation of K* and CI- channels in MDCK
cells during volume regulation in hypotonic media // J. Mem-
brane Biol. — 1992. — Vol. 126. — P. 219-234.

4. Bortner C.D., Hughes F.M., Cidlowski J.A. A primary role for K*
and Na* efflux in the activation of apoptosis // J. Biol. Chem. —
1997. — Vol. 272, Ne51. — P. 32436-32442.

5. Comizzoli P., Wildt D.E., Pukazhenthi B.S. Impact of anisosmotic
conditions on structural and functional integrity of cumulus-
oocyte complexes at the germinal vesicle stage in the domestic
cat // Mol. Reprod. Dev. — 2008. — Vol. 75, Ne2. — P. 345-354.

6. Demeestere |., Simon P., Buxant F. et al. Ovarian function and
spontaneous pregnancy after combined heterotopic and
orthotopic cryopreserved ovarian tissue transplantation in a
patient previously treated with bone marrow transplantation:
case report // Hum. Reprod. — 2006. — Vol. 21. — P. 2010-2014.

7. Demeestere ., Simon P., Emiliani S. et al. Options to preserve
fertility before oncological treatment: cryopreservation of

npobnembl Kpuobuonorum 1 KpuomegULINHbI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016

vitro after IVF procedure. Therefore, the cell shrinkage
in case of absence of type 2 degenerative follicles
following incubation of the tissue with increasing
concentrations of 1,2-PD (1.5-3 M) in sucrose-
containing hyperosmolar media, is reversible when
returning to physiological conditions. Thus, the
composition of initial hyperosmolar media when
saturating the tissue with CPA is the main factor
determining its safety.

Conclusions

Under the effect of hyperosmolar solutions of the
CPAs the disorder of ovarian tissue structure and
volumetric changes of the cells are determined by the
saturation medium composition.

The maximal preservation rate of the follicles was
observed when using both iso-osmolar electrolyte
medium and hyperosmolar one when introducing a non-
electrolyte component, i.e. sucrose. Rise in the medium
osmolarity due to electrolyte NaCl caused an injury of
the structure of follicles in 3 M 1,2-PD.
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