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Function of Ovarian Tissue Grafts After Hypothermic Storage:
Importance of Incubation Medium Composition

Pedepar: B paboTe npoBefeH cpaBHUTENbHbIA aHanna MOpdONOrM4ecKon CTPYKTYpPbl, SHAOKPUHHON dYHKUMK 1 dorn-
NUKYNoreH3a TpaHCMaHTaTOB MONIOBO3PENON U HeOoHaTanbHOW OBapuanbHOMW TKaHWM KpbIC MOCMe TUMNOTEPMUYECKOTO
xpaHeHunsa (FX) B cpepax pasnuyHoro coctaBa. [Ons BbINONHeHUs paboTbl ObiMM MCNONb30BaHbI Crefylowme MeTOAbl:
reTepoTonuyeckas TpaHcnnaHTaumsa (MccnegoBaHUe CTPYKTYpbl U (PyHKUMWM oOBapuanbHoW Tkauu nocne [X); MMMYyHO-
(bepMeHTHbI aHanui3 (onpegeneHve KOHUEHTpauuu MOoMoBbIX FOPMOHOB B nnasme); mMopdonornyeckuii (oueHka LenocT-
HOCTU CTPYKTYpbl TpaHcnnaHTaToB TkaHu nocne [X). QkcnepuMeHTanbHO AoKas3aHO, YTO onpegenswowmm daktopom ¢on-
NUKYNSPHOTO pas3BUTUS U IHOOKPUHHOM (PYHKUMM TpaHCMNaHTaTOB OBapuanbHOW TKaHW pasnu4YHbiX CTaAWM rnctoreHesa
nocne X sBnsieTca cocTaB cpefbl MHKybauuu. YCTaHOBMNEHO, YTO Mocre npumeHeHus gocdatHo-coneBoro Oydepa ans
X 3HauMmo ymeHblancsa ONMAUKYMSPHbIA MyN U CHUXanacb cTepouaoreHHast pyHKUMsi TpaHCMIAaHTATOB Kak MOJI0BO3-
pernown, Tak U HeoHaTanbHOM OBapuanbHOW TKaHuW. MokaszaHo, YTO B pe3ynbTaTe rMNOTEPMUYECKOrO XpaHeHus B cpede, Co-
aepxalle MaHHUTOM, KONMMYecTBO (QONMNKYNOB pPa3HOW CTEMeHW 3pernocTu WM XKEeNnTbiX Ten WU 3HOOKPUHHASA (YHKUUSA
nocrne TpaHCNnaHTauuM OBapuanbHOW TKAHW OblNM CpaBHMMbI C TaKOBbIMW MOCMe TpaHCMNaHTaUUU CBEXeBblAENeHHON
TKaHW.

KnioueBble cnoBa: runotepmMmyeckoe XxpaHeHue, Mopdgonornyeckas CTpykTypa, ONmnKyrbl, NOMOBbIE FOPMOHbI, MAaHHUTON,
oBapwuanbHas TKaHb.

Pedbepar: Y poboTi npoBefeHO MOPIBHANBHUI aHania MOpdOMOoriYHHOT CTPYKTYpW, €HAOKPUHHOT YHKLIT Ta donikynore-
He3dy TpaHCcMnnaHTaTiB CTaTeBO3pinoi Ta HeoHaTanbHOI OBapianbHOI TKaHWHW LYpiB Nicns rinotepmivyHoro 3b6epiraHHa (M3) y
cepepoBuuiax pisHoro cknagy. [Ona BuKOHaHHSA poboTu Oynu BMKOPUCTaHI HaCTyMHi METOAW: reTepoToniyHa TpaHCnmaH-
Tauia ([OoCnigXeHHs CTPYKTYpwW i dyHKUii oBapianbHOi TkaHMHKU nicns 3); iMyHOMEepMeHTHUIN aHani3 (BU3HAYeHHSA KOHLLEHT-
pauii cTaTeBux ropmMoHiB y nnasmi); MopdonoriYHmin (ouiHka LiniCHOCTI CTPYKTYpW TpaHcnnaHTaTtiB TkaHuHu nicns 3). Exc-
nepumMeHTanbHO AOBEAEHO, WO OCHOBHUM (aKTOpoM OmiKynsapHOro po3BUTKY Ta €HAOKPUHHOI (DYHKUii TpaHcnnaHTaTiB
oBapianbHOI TKaHWHW Pi3HMX CTaAin rictoreHesdy nicna 3 € cknap cepeposuwia iHkybauii. BctaHoBneHo, wo nicnsa 3acto-
cyBaHHa docdaTHo-conboBoro 6Gydepa ansa 3 3Havywe 3meHwyBaBcA OMIKYNApHUMIA Myn i 3HWXyBamacsa CTepoifo-
reHHa d@yHKUia TpaHcnnaHTaTiB fK CTaTeBO3piNnoi, Tak i HeoHaTanbHOi oOBapianbHOi TkaHuHW. [lokas3aHo, wWo nig 4ac
rinotrepMiyHoro 36epiraHHa y cepefoBULLi, SKe MICTUIIO MaHITOM, KiNbKiCTb ¢OMiKymniB Pi3HOrO CTYMEHK PO3BUTKY Ta XOBTUX
Tin) i eHAOKPUHHA YHKUIA Micnsg TpaHcnmaHTauil oBapianbHOi TKaHWHM Oyny NOPIBHAHI 3 TakMmu nicna TpaHcnnaHTauii
CBI>KOBUAINEHOT TKAHUHW.

KnrouoBi cnoBa: rinotepmivyHe 36epiraHHsA, mopdornoriyHa cTpykTypa, onikynu, ctaTteBi ropMOHU, MaHiTon, oBapianbHa
TKaHWHa.

Abstract: There were comparatively analyzed the morphology, endocrine function and folliculogenesis of mature and
neonatal rat ovarian tissue grafts after hypothermic storage (HS) in the media with different composition. For research
performance the following methods were used: heterotopic transplantation (study of ovarian tissue structure and function
after HS); immunoassay (determining the concentration of sex hormones in plasma); morphological method (evaluation
of tissue graft structure integrity after HS). The composition of incubation medium was experimentally proven to be a key
factor in follicular development and endocrine function of ovarian tissue grafts of different stages of histogenesis
after HS. It was found that the use of phosphate-buffered saline for HS significantly reduced the follicular pool and
decreased the steroidogenic function of grafts in both mature and neonatal ovarian tissue. It was shown that when using
the mannitol-containing solution for HS, the number of follicles of different maturity degree and corpus luteum and
the endocrine function after ovarian tissue transplantation were comparable with those after fresh tissue transplanta-
tion.

Key words: hypothermic storage, morphology, follicles, sex hormones, mannitol, ovarian tissue.
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B HacTosiee Bpems K uncity Haubosee neperek-
TUBHBIX METO/IOB BOCCTAHOBJICHUS PEIPOLYKTUBHON
(yHKIMM y KEHIIMH T0Cje KypCOB XHMHO- U pa-
JUOTEPANTUN OTHOCUTCS TPAHCIIAHTAIINS OBaApPHAIIb-
HOU Tkanu [7, 16, 24]. IIpu 3TOM K MOMEHTYy pe-
BacKyJsipu3anuy (parMeHTOB OBapUATbHON TKaHH
Habmonanace rudens ot 60-80% dommmkynoB 06-
mero myna, u3 Kotopbix 20-30% moBpeXIanoch BO
BpeMsl U3BJICUCHUSI, TPAHCTIOPTUPOBKH M XPAHCHUS
[10, 15]. 3BecTHO, YTO OAHUM U3 OCHOBHBIX METO-
JIOB XpaHEHHs OPraHOB W TKaHEW BO BpeMs TpaHC-
MOPTUPOBKU  SIBIISIETCSI THUIIOTEPMUYECKOE XpaHe-
wue (I'X) [11, 13, 25, 26]. Jua I'X oBapuaibHOi
TKaHU B OCHOBHOM HPUMEHSIOTCSI TaKUE BIIEKTPO-
JIUTHBIE Cpebl, KaKk (U3UOIIOTHYECKUI pacTBOp,
cpena 199 [18], docdarno-coneroii Oydep, pac-
TBOp bpayna-Komnunsa [9]. OnHako B cOBpeMEHHOM
JUTEepaType CBEACHUS O COXPAHHOCTH OBapHajbHON
Tkaau mociae ['X B WHKyOarmmoHHBIX cpemax [26],
coaepxantux MaHHuTOJ («Celsior», «Custodiol»), oT-
CYTCTBYIOT.

BaxxHo oTMETHTH, YTO B pe3ynbTare HCIOJIb30-
BaHMsI MaHHHUTOJNA TIPU Nepdy3uu TOJIOBHOTO MO3Ta
[8], cepana [19], ckeneTHbix Mblim [21] ymeHbIIa-
Jach 30Ha HEKpo3a B WIIEMHHHM3MPOBAHHBIX Opra-
Hax. N. Sagsoz [23] u coaBT. Ha MOJENIU MepeKpyTa
SIMYHUKA TTOKAa3aJ¥, YTO MPU BBEJACHUU B HUKHIOIO
roiryto BeHy 20%-ro pacTBOpa MaHHUTOJIA BBIPa)KEH-
HOCTh HILIEMUYECKUX TMOBPEKIACHUNW TKaHWU in VIVo
yMeHbInanach. [lomydeHHbIe HaMH SKCTIEPUMEHTAIb-
HBIE TaHHBIE CBUJIETEIHCTBYIOT O MPOTEKTUBHOM 3 (-
(bexre MmarHHTONA TP |'X HEOHATATIFHOW OBapHaib-
Ho#t Tkanum [2]. U3BecTHO, UTO B TIOJIOBO3PEIIOH OBa-
pUANbHOM TKaHM CTPYKTypa IHUTOCKeJIeTa OOILMTa
W OpraHuzalys CHUCTEMbl MHUKPOTPYOOYEK OTIH-
YarOTCsl OT TAKOBBIX B HEOHATAbHOW TKaHU, 4YTO
MOXET MPUBOANUTH K PA3IMYHBIM M3MEHEHUSM MOP-
(donornyeckoil CTPYKTypsl TKaHu B mpouecce ['X
[20, 27].

B cBs3W ¢ BBINIEH3IOKEHHBIM TIENBI0 PaOOTHI
OBLIIO MPOBEICHUE CPABHUTEIHLHOTO aHATN3a MOPQo-
JIOTHYECKON CTPYKTYPHI W DHAOKPUHHON (PYHKIIHH
TPAHCIUIAHTATOB TOJOBO3PEION M HEOHATaJIbHOU
OBAapHAIBHOM TKAHU TOCIE TUMIOTEPMUYECKOTO Xpa-
HeHus B pocdarHo-cosieBoM Oydepe 1 MaHHUTOJI-CO-
JieprKalleM pacTBope.

MarepuaJjibl U METOAbI

OOBEKTOM HCCIEOBAHMS CIIYKUJIa OBapHUaIbHAs
TKaHb 10-CyTOYHBIX U 3-MECSUHBIX KpbIC TUHUU Buc-
Tap, KOTOPbIE COAEPKAIMCH B CTAHAAPTHBIX YCIIOBH-
sax BuBapus MHctuTyTa mpobnem KproOHONIOTUH H
kpuomenunuael HAH Ykpawnnsr (1. XapbKoB).

OKCHEPUMEHTHl IPOBOJWIN B COOTBETCTBUM C
3akoHOM YkpauHbl «O 3aMMTe KUBOTHBIX OT JKEC-
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Currently, the ovarian tissue transplantation is
among the most promising methods for restoring
reproductive function in women after chemo- and
radiotherapy sessions [1, 11, 23]. Herewith, by
the time of ovarian tissue fragment revasculariza-
tion, there was observed the death of 60-80%
of follicles of the whole pool, among which 20—
30% were damaged during extraction, transporta-
tion and storage [5, 10]. Hypothermic storage (HS)
is known to be one of the main methods for organ
and tissue preservation during transportation [6, &,
24, 26]. For ovarian tissue HS one mostly applies
such electrolyte media as normal saline solution,
medium 199 [15], phosphate-buffered saline, Braun-
Collins solution [4]. However, there are no repor-
ted data on the ovarian tissue integrity after HS
in the mannitol-containing incubation media (Cel-
sior, Custodiol) [26].

Of note is the fact that the mannitol use for
brain [2], heart [16] and skeletal muscle [18] perfu-
sion entails the reduction of necrotic zone in
ischemized organs. N. Sagsoz [22] et al. in ovarian-
torsion model demonstrated the administration
of 20% mannitol solution into the inferior vena
cava to decrease the severity of ischemic tissue
injuries in vivo. Our findings testify to a protective
effect of mannitol in HS of neonatal ovarian tis-
sue [13]. It is known that in mature ovarian tissue,
the structure of oocyte cytoskeleton and the orga-
nization of microtubule system are different from
those in neonatal tissue, which may result in diffe-
rent changes in morphological structure of tissue
during HS [17, 27].

Proceeding from the mentioned above this re-
search was aimed to comparatively analyze the
morphological structure and endocrine function of
mature and neonatal ovarian tissue grafts after hy-
pothermic storage in phosphate-buffered saline and
mannitol-containing solution.

Materials and methods

The research object was the ovarian tissue of
10-day and 3-month-old Wistar rats, housed in
the animal facility of the Institute for Problems of
Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkiv).

The experiments were carried out in accor-
dance with the Law of Ukraine 'On Protection of
Animals Against Cruelty' (Ne3447-1V of Februa-
ry 21, 2006), agreed to the statements of Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scien-
tific Purposes (Strasburg, 1986) in compliance
with the requirements of the Bioethics Committee
of the Institute for Problems of Cryobiology and
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Tokoro obOpamienus» (Ne3447-1V ot 21.02.2006) u
MOJIOKEHUAMH «EBpOnEencKkoil KOHBEHIIMM O 3allld-
T€ ITO3BOHOYHBIX JXUBOTHBIX, HCIONB3YEMBIX IS
AKCIEPUMEHTAIBHBIX W JIPYTHX HAy4YHBIX IIeJei»
(CrpacOypr, 1986) n mo paspernieH’u0 KOMUTETa 10
o6uostnke WHCTHUTYTa TpOoOIEeM KpHOOHWOJIOTHH |
kpuomenuunasl HAH VYkpaunsl.

HeonaranbHyio oBapuanbHYIO0 TKaHb BBIJIEISUTH
n3 10-cyTrounbIX Kpeic moj mMukpockorom MBC-10
(ITO «Pybun», CCCP), 3aTem ee IepeHOCHIIN B Yall-
Ky Iletpu ¢ Qu3HONOrHUECKUM pacTBOPOM, COAep-
x)aiuM neHuwuuH U crpentomunuH (100 En Ha
100 mm). OBapuanbHYIO TKaHb MOJOBO3PENIOTO KH-
BoTHOTO (parmentupoBamu (0,5-1 mMM?) HOXKHHIA-
MU JIJIS MUKPOXHPYPTMH M TIOMEIIAd B CTEPUIIb-
HYI0 TIUTarenbHyto cpeny. OOpasis! monsepramm ['X
B Teuenne 24 1 mpu temneparype 4°C B MHKyOa-
IHOHHBIX Cpelax pa3jIudHOro cocTaBa: (ocdaTHO-
coneBoit Oydep (PCB) —130 MM NaCl, 20 MM KClI,
20 MM docdarnoro Oydepa npu pH = 7,4; maHHUTON-
cogepxamuii pacteop (MCP) —250 MM manHuTONA
(«Ininpodapm», Ykpaina), 10 MM NaCl, 20 MM
KCl, 20 MM ¢ocdarnoro Oydepa mpu pH 7,4.

J1J1s OLleHKM poCTa ¥ SHJIOKPUHHOMN (DYHKIIMH OBa-
puasibHOM TKaHW mociie ['X MCrnonb30BaIM METO.
reTepOTONNYECKON TpaHCIIAaHTALMK T0J  Karcy-
Jy JIeBOW TOYKW. TpaHCIIAHTalMIO OBapUaib-
Hoit TkaHu (0,15 Mr/r Macchel Tella KUBOTHOTO) BO
BCEX TPYIMaxX OCYIIECTBISIN TOJIOBO3PEIBIM KpbI-
caM OJHOBPEMEHHO C JBYXCTOPOHHEH OBapHOIKTO-
MHEH B CTEPHJIBHBIX YCIOBHSAX W TIOA HApKOTH3a-
uueil. BpeMsa npoBejeHus TpaHCIUIAHTAIMA COCTaB-
ns10 20 MUH.

OKCrepUMEHTAJIbHBIE KUBOTHBIE OBbUTM pa3/ieNieHbI
Ha CIIeAyIOUIMe Tpynibl: | — TpaHCIUIAHTAIUs CBe-
JKEBBIJICJICHHON HEOHATAJIbHOW OBapuaibHOM TKaHU
(momrpynma 1A) W MOJOBO3pENOi OBapHalIbHOM
Tkauu (moarpynmna 1B), 2 — TpaHcruianTanust oBa-
puansHO# TKanu nocie I'X B ®Ch (HeonaranbHON —
noArpymmna 2A ¥ moioBo3penoil — moarpymma 2B),
3 — TpaHCIUIaHTalMs OBapualibHOM TKaHM mocie I'X
B MCP (meonarampHOIl — moarpymma 3A W IOJO-
Bo3penoi — noarpymma 3B). KoHTponbHYyIO TpyIImy
cocTaBMIM KpbIchl 6e3 oBapuoskromun (K1) u ¢ nByx-
croporreit (K2) oBapmoskrtomueit. Ha 30-e cyTkm
rocJie TpaHCIUIaHTAllUK JKUBOTHBIX ITOJIBEPrajiy 3B-
TaHa3uu.

Jla ompenesneHuss KOHLIEHTPALUU TOJIOBBIX TOp-
MOHOB KPOBb OpajH BHYTPUCEPACUYHOW IMyHKIHEH,
uentpudyrupoanu 20 mun npu 3000g mis nomy-
YeHHs TUTa3MBl. YPOBEHb OCTPajuoia W Iporec-
TEpOHa B IUIa3M€ KPOBH YKMBOTHBIX-PEIHITIEHTOB
OTIPE/IEISIA  METO/IOM  XEMIJTFOMHUHECIIEHTHOTO MM~
MyHO()EpPMEHTHOTO aHaIn3a C MCIONb30BaHUEM CTaH-
nmaptHeIX TecT-HabopoB «ST AIA-PACK hsE2 G» u
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Cryomedicine of the National Academy of Sciences
of Ukraine.

The neonatal ovarian tissue was isolated from
10-day-old rats under MBS-10 microscope (PA Ru-
bin, USSR), then it was transferred into a Petri
dish with saline, containing penicillin and strepto-
mycin (100 U per 100 ml). Ovarian tissue of ma-
ture animal was fragmented (0.5-1 mm?®) with
microsurgery scissors and placed into a sterile
nutrient medium. The samples were subjected
to HS for 24 hrs at 4°C in incubation media of
different composition: phosphate-buffered saline
(PBS) —130 mM NaCl, 20 mM KCI, 20 mM phos-
phate buffer at pH = 7.4; mannitol-containing so-
lution (MCS) — 250 mM mannitol (Dniprofarm,
Ukraine), 10 mM NaCl, 20 mM KCI, 20 mM phos-
phate buffer at pH 7.4.

To assess the growth and endocrine function
of ovarian tissue after HS, the method of heteroto-
pic transplantation under the left renal capsule was
used. The ovarian tissue transplantation (0.15 mg/g
of animal body weight) in all the groups was carried
out to adult rats simultaneously with bilateral ova-
riectomy under sterile conditions and anesthesia.
The transplantation procedure lasted 20 min.

Experimental animals were divided into the fol-
lowing groups: the group 1 — the transplantation of
fresh neonatal ovarian tissue (subgroup 1A) and
mature one (subgroup 1B), group 2 — transplantation
of ovarian tissue after HS in PBS (neonatal and
mature ones — subgroup 2A and 2B, respectively),
group 3 — transplantation of ovarian tissue after
HS in MCS (neonatal and mature ones — subgroup
3A and 3B, respectively). The control group com-
prised non-ovariectomized rats (Cl) and those
with bilateral ovariectomy (C2). To day 30 after
transplantation the animals were sacrificed.

To determine the concentration of sex hormones,
the blood was taken by intracardiac puncture,
then centrifuged for 20 min at 3000g for plasma
procurement. The estradiol and progesterone levels
in blood plasma of recipient animals were deter-
mined with chemiluminescent enzyme immunoas-
say using the standard test kits ‘ST AIA-PACK
hsE2 G’ and ‘ST AIA-PACK PRO’ (Tosoh Corpo-
ration, Japan) according to the instructions and en-
zyme immunoassay analyzer (Tosoh AIA 1200,
Japan).

For morphological studies of grafts, the kidney
was removed from a recipient animal, fixed for
48 hrs in 10% formalin solution, then dehydrated
and embedded in paraffin blocks [14, 20]. Serial
sections of the entire graft of 10 um thickness were
made from each kidney. Every third section was
stained with hematoxylin and eosin. For histological
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«ST AIA-PACK PRO» («Tosoh Corporation», fmo-
HUs1) COMIACHO MHCTPYKIUU U UIMMYHO(DEPMEHTHOTO
anamm3zaropa («Tosoh AIA 1200», SmoHus).

Jus Mopdonmoruyecknx WcCCleIoBaHUA TpaHC-
IJTAHTATOB y KUBOTHOTO-PEIIUITMHTA U3BJIEKAIN TI0Y-
Ky, pukcupoBanu B Teuenne 48 1 B 10%-Mm pactBope
(hopmanuHa, NErHIpPaTUPOBAINA W 3aKIOYajd B Ta-
paduHoBbie O0ku [3, 4]. C KaxIOW MOYKHU JeIain
CEepUMHbIE Cpe3bl BCEro TpaHCIUIAHTAaTa TOJIIMHOM
10 mxM. Kaxaelii TpeTuil cpe3 OKpallnBalM rema-
TOKCHUJIMHOM W 903MHOM. [l THCTOIOTrHYECcKOro
aHaJIM3a CYUTAIH TOJBKO (POJUTUKYIBI C BUIUMBIM
SIIIPOM JIJISI ICKJTFOYCHHUST TIOBTOPHOTO CYETa OHOTO H
TOTO e (hOJUTHKYJIA.

DommuKyIpl HASHTH(PHUIIMPOBAIHN COTTIACHO KJIac-
cudpukamm A. Gougeon [12]: mpuMoOpauaNbHBIA —
OOITUT OKPYXXEH OJHWUM CJIOE€M YIUIOMIEHHBIX Tpa-
HYJIE3HBIX KJIETOK; MEPBHYHBIH — OOIMT OKPYXEH
OJIMHOYHBIM CJIOEM KyOMYECKHX KJIETOK TpaHyJie-
3bl; TIPEAHTPAIBHBII — OOIUT OKPYXEH Ooliee uem
JIBYMsI CIIOSIMH TPaHyJe3HbIX KJIETOK, pPacroio-
JKCHHBIX Ha 0a3alibHOW MeMOpaHe, BOKPYT KOTOPOM
HaXOJISITCS SIMHUYHBIC TEKa-KJICTKH; aHTPAJIbHBIN —
OOIIMT yBENHUYeH B 00beMe, OKPY)KEH HECKOJIbKUMH
CJIOSIMHM TPaHYJE3HBIX KIETOK, (DOpMUpPOBAHUE TI0-
JIOCTH, copepkameil GpoINTuKyIIPHYIO )KUIKOCTb.

['ncronoruueckue mpenaparbl HCCISIOBAN C I10-
MOIIIbI0O MUKPOCKOTIA CO BCTPOCHHOM KaMepon «AXio
ObserverZ1» («Carl Zeissy», I'epmanusi) ¢ 00bEKTH-
Bamu «Plan Fluor» %20 u 40, ucnons3ys makeT mpu-
KJIATHBIX TPOTpaMM 1T 00pabOTKH W300paKeHUS
«Axio Vision Release 4.7.2» («Carl Zeiss»).

Pa3zBuTue TpaHcmiantara OBapUajbHOMW TKaHU
OLICHMBAJIM 0 M3MEHEHHUIO ero oObema (uiMHa X
mupuHa X TonumHa X 0,523) n xonuuecTBy (ouiu-
kyiaoB B 1 mm® [6]. JIns mopdomeTpudeckoro aHa-
JU3a UCIOJNB30BaIN KOMIIBIOTEPHYI TPOTpamMmy
«AxioVisionRelease 4.7.2» («CarlZeissy).

CratrcTuieckyro 00paboTKy pe3ylbTaToB IMPOBO-
UK ¢ ToMotibio mporpamm «Excel» («Microsofty,
CIIIA) m «Statistica v.6.0» («StatSoft», CILIA). B 3a-
BHCHMOCTH OT PAcCIpe/IeIeHus TaHHBIX ISl CpaBHe-
HUS BEIOOPOK HCIIONB30BaNH f-KpuTepuii CThIOIEHTA
n u U-xputepuid Manna-Yutau [1]. Pesymbsrars
npeacTasisin B Bunge M + m (p < 0,05).

Pe3yabTarsl u o0cyxkneHue

Ha 30-e cytku HaOmioneHusi yCTaHOBJIEHO, YTO
CTPYKTypa TPaHCIUIAHTaTOB CBEXEBBIJEIEHHON He-
OHATaJbHOW OBapHalbHOM TKaHu (moxurpymnma 1A)
u oBapuanbHO Tkanm mocie I'X B MCP (moa-
rpymma 3A) TKaHH UMEET CXOTHBIN Xapakrep (puc. 1,
A, C).

Ha rucromormdeckux cpesax oOHapy>KeHBI (oJI-
JIMKYJIbl, XapakTepHbIE KaK JUId PaHHUX (TIpUMOp-
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analysis, only the follicles with a visible nucleus
were counted to exclude re-counting of the same
follicle.

The follicles were identified according to the
A. Gougeon’s classification [7], where primordial
follicle was the oocyte, surrounded by one layer of
flat granulosa cells; primary one was the oocyte,
surrounded by a single layer of cuboidal granu-
losa cells; preantral one represented the oocyte,
surrounded by more than two layers of granulosa
cells, located on basal membrane, surrounded by
single theca cells; antral one was the oocyte, increa-
sed in volume, surrounded by several layers of
granulosa cells with formation of the cavity, con-
taining follicular fluid.

Histological preparations were studied using
AxioObserverZ1 microscope (CarlZeiss, Germany)
with PlanFluor x20 and 40 lenses, using the Axio-
VisionRelease 4.7.2 image processing software
(CarlZeiss).

The ovarian tissue graft development was as-
sessed by the change in its volume (length x width x
thickness x 0.523) and the number of follicles in
1 mm?® [25]. The AxioVisionRelease 4.7.2 software
(Carl Zeiss) was used for morphometric analysis.

The results were statistically processed using the
Excel (Microsoft, USA) and Statistica v.6.0 (StatSoft,
USA) software. Depending on the data distribution,
either Student’s #-test or Mann-Whitney U-test [3]
were used to compare the samples. The results were
presented as M £ m (p < 0.05).

Results and discussion

To day 30 of observation, the structure of
grafts from fresh neonatal ovarian tissue (sub-
group 1A) and ovarian tissue after HS in MCS
(subgroup 3A) was established to have a similar
character (Fig. 1A, C).

Histological sections revealed the follicles, inhe-
rent to both early (primordial and primary) and
later (preantral and antral) stages of folliculoge-
nesis, as well as the corpus [uteum. When ana-
lyzing the morphological structure of the grafts of
subgroups 1A and 3A there were revealed the fol-
licular cysts, the inner wall of which was lined
with several layers of elongated fibroblast-like cells
with content (transparent or pale-stained with eosin)
[21]. When using PBS as HS medium (Fig. 1B), the
tissue grafts (subgroup 2A) showed both sclerotic
sites and well vascularized ovarian stroma, where
the growing follicles were located.

The analysis of morphological structure of ma-
ture ovarian tissue grafts in animals of all the stu-
died groups demonstrated the presence of follicles
of different maturity degrees and corpus luteum.

npo6nemu Kpiobionorii i kpiomeanUMHN
problems of cryobiology and cryomedicine

Tom/volume 29, Ne/issue 1, 2019



2qg|||m

JOUIIbHBIE W NIEPBUYHBIC), TaK U Ui OoJyiee MO3AHUX
(mpeanTpanbHBlE W aHTpaJbHBIE) CTaguil (HouH-
KyJOreHe3a, a Takxke eirele Tena. llpm ananu-
3¢ MOP(OJIOrMYECKOH CTPYKTYpbl TPaHCIIJIAHTaTOB
moarpynmn 1A, mw 3A BBIABICHBI (DOJUTHKYIISIPHBIC
KHCTBI, BHYTPEHHSISI CTCHKA KOTOPBIX BBICTIAHA He-
CKOJIBKUMH CJIOSIMUA BBITSHYTBIX (QrOpOOIacTOmno-
JOOHBIX KIJIETOK C COAEPKUMBIM (ITPO3payHbIM JINOO
OJIeIHO OKpaIleHHBIM 303uHOM) [5]. Ilpu ucmons-
3oBanun OCH B kauectBe cpeabl ['X (puc. 1, B)
B TpaHCIUIaHTaTax TKaHW (moxarpynma 2A) orme-
YaJuch KaK CKJIEPO3UPOBAHHBIC YYacTKH, TaK M XO-
pOLIO BAacKyJIsSpU3UPOBaHHAs CTPOMa SIMYHMKOB,
B KOTOPOH pacrosarajuch pacTymue QoIuKyIbl.
AHanmm3 MOpP(]OIOTHYECKOH CTPYKTYphl TpaHC-
IJIAHTATOB TIOJOBO3PEJION OBApUAIBHOM TKaHU Yy
JKMBOTHBIX BCEX HCCICOBAHHBIX TPYIMI TOKa3al
Hann4yue (QOJUIMKYJIOB Pa3HOW CTENCHU 3PENOCTH M
KenTbiX Tes. ClemyeT OTMETHUTh, YTO MOCIE OAHUX
cyrok I'X pa3BuTHE TPAHCIUIAHTATOB IOJOBO3PEIION
oBapuaibHoil TKanu kak B @CB (moarpymma 2B),
tak 1 B MCP (moarpynma 3b) umeer 30HanbHBIN
XapakTep, KOTOPBIH MOXKET CBHUACTENIBCTBOBATH O
MOBPEKICHUU TOBEPXHOCTHOIO CJIOSi ()parMeHTOB
oBapuaibHO# Tkanu nociue ['X (puc. 2).
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Puc. 1. Mopdonornyeckas CTpykTypa TpaHcnnaHta-
TOB HeoHaTarnbHOW oBapuanbHOn TkaHn Ha 30-e CyTKu:
A — cBexeBblgeneHHas (nogrpynna 1A); B — nocrne X
B ®CBb (nogrpynna 2A); C — nocrne 'X B MCP (nog-
rpynna 3A). A — npumopauaneHbii donnvkyn, B —
npeaHTpanbHbin  onnukyn, C — aHTpanbHbi on-
nukyn, D — xentoe Teno, E — kpoBeHocHbIN cocyq, F —
nonocTb KUCTbl, G — TkaHb No4vkn, H — yyactok pnubposa
TKaHW.

Fig. 1. Morphological structure of neonatal ovarian tissue
grafts to day 30: A — fresh (subgroup 1A); B — after HS in
PBS (subgroup 2A); C — after HS in MCS (subgroup 3A).
A — primordial follicle, B — preantral follicle, C — antral
follicle, D — corpus luteum, E — blood vessel, F — cyst cavity,
G - kidney tissue, H — site of tissue fibrosis.

It should be noted that after one day of HS the
development of mature ovarian tissue grafts in both
PBS (subgroup 2B) and in MCS (subgroup 3B) is
of zonal character, which may indicate a damage of
surface layer of ovarian tissue fragments during HS
(Fig. 2).

In addition, the fibrosis of about 5-10% of tissue
was revealed in the subgroup 2B graft, that was
probably due to its lower survival rate during HS in
PBS (Fig. 2B).

The follicle development in ovarian tissue grafts
after HS in the media with different composition
was assessed by the follicle number per 1 mm?.
In the grafts of subgroups 3A and 3B, the number
of follicles per 1 mm?® was 30.4 + 5.2 and 36.5 +
5.8, respectively, which was comparable to that in
subgroups 1A and 1B, i. e. 38.6 £ 5.2 and 49.1 + 7 4
respectively. At the same time, the studied index in
subgroups 2A and 2B was significantly lower vs. the
control subgroups 1A and 1B (Fig. 3).

The analysis of steroidogenic function of fresh
ovarian tissue grafts and those after HS in the media
of different composition showed the level of sex
hormones in recipient animals of subgroups 1A
and 1B after transplanting the fresh ovarian tissue
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[Tomumo 3TOrO B TpaHcmiIaHTare NOArpynmsl 2B
BbIsIBIICH (huOpo3 okoso 5—10% TkaHu, 4TO, BO3MOXK-
HO, CBA3aHO C MEHBIIEH CTENEHBIO €€ COXPAaHHOCTH
npu I'X B @Cb (puc. 2, B).

PaszButne QosnukysaoB B TpaHCIUIaHTaTax OBa-
puanbHOi TKaHu nocie I'X B cpegax ¢ pa3HbIM CO-
CTaBOM OIICHUBAJIH M0 KOJMYECTBY (DOJUTHKYIOB
Ha 1 mm3. B Tpancmmantarax moarpymnm 3A u 3B
KOJMM4ecTBO (Ho/UTMKYJI0B Ha 1 MM® COCTaBIsIO
30,4 £ 5,2 u 36,5 = 5,8 COOTBETCTBEHHO, YTO CpPaB-
HUMO C TakoBbIM B noarpynmnax 1A u 1B 38,6 £ 5,2
u 49,1 = 7,4 cooTBeTCTBEHHO. B TO e Bpems uc-
cleqyeMblid Tokas3arenb B moArpymnmax 2A u 2B
ObUl 3HAaYMMO HM)KE OTHOCHTEIBHO KOHTPOJIBHBIX
noarpyni 1A u 1B (puc. 3).

AHanu3 CTepOMAOreHHOW (YHKIIMH TpPaHCIUIaH-
TaTOB CBEXKEBBIJECIIEHHOW OBapHadbHONM TKaHU U
nociie I'X B cpemax pas3jiMuHOIO cocTaBa IOKa3al,
YTO YPOBEHbB I10JIOBBIX TOPMOHOB Y ’KMBOTHBIX-PELIU-
nueHToB noxarpynn 1A u 1B mocne TpaHcmiaHTa-
UM CBEXKEBBIICICHHBIX (ParMeHTOB TKaHU SIHY-
HUKa HaXOAWTCS B mpeaenax (U3NOIOrHYeCcKOM
HopMEI (puc. 4). CiaenyeT OTMETHTb, 4TO Tocie 24-
gacoBoro ['X sHpoKpuHHass (YHKLHsSI OBapHaIbHOM
TKaHU ONpeesiach COCTaBOM CpPEAbl MHKYOaIHu.
Tak, koHnenTpauus scrpaguona (puc. 4, A) u npo-
recrepona (puc. 4, B) B KpoBU KpBbIC MOCIE TpaHC-

Puc. 2. Mopdonornyeckas CcTpykTypa TpaHchnaHTa-
TOB NMONOBO3pPENoW oBapuanbHou TkaHu Ha 30-e CyTKu:
A - cBexesbligeneHHas (noarpynna 1B); B — nocne
X B ®CB (noagrpynna 2B); C — nocne N'X 8 MCP (nog-
rpynna 3B). A — npumopananbHbeii dponnukyn, B — npe-
aHTpaneHbin  donnukyn, C — aHTpanbHbin donnu-
kyn, D — xenToe Teno, E — kpoBeHocHbIN cocya, F— no-
noctb knctbl, G — TKaHb Noyku, H — yvactok cdunbposa
TKaHW.

Fig. 2. Morphological structure of mature ovarian tissue
grafts to day 30: A — fresh (subgroup 1B); B — after HS in
PBS (subgroup 2B); C — after HS in MCS (subgroup 3B).
A — primordial follicle, B — preantral follicle, C — antral
follicle, D — corpus luteum, E — blood vessel, F — cyst
cavity, G — kidney tissue, H — site of tissue fibrosis.

fragments to be within the physiological norm
(Fig. 4). It should be noted that after 24-hour HS,
the endocrine function of ovarian tissue was deter-
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Puc. 3. MNnoTtHocTb donnukynos (konmyecTBo connu-
kynos B 1 MM®) B TpaHcnnaHTaTax oBapuarnbHOW Tka-
HU: CBEeXeBblAeNeHHoN (KoHTponb) — nogrpynnbl 1A u
1B; nocne 'X B ®CB — nogrpynnel 2A n 2B; nocrne N'X B
MCP — nogrpynnsl 3A 1 3B. * — pa3Huua cTaTtucTnyecku
3Ha4yMma No CpaBHEHUIO C KOHTpornem, p < 0,05.

Fig. 3. Follicle density (number of follicles per 1 mm?) in
ovarian tissue grafts: fresh (control) — subgroups 1A and
1B; after HS in PBS — subgroups 2A and 2B; after HS in
MCS - subgroups 3A and 3B. * — difference is statis-
tically significant vs. the control, p < 0.05.
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Puc. 4. KoHueHTpaLums nonoBbIX FOPMOHOB Y XUBOTHbIX-PELUNMEHTOB NOCHEe TpaHCNnaHTauum oBapuansHON TKaHu.
*#_ pasHuua cTaTMCTMYEecKn 3HauymMma no cpaBHeHuto ¢ K1 n K2 cootBeTcTBeHHO, p < 0,05.

Fig. 4. Concentration of sex hormones in recipient animals after ovarian tissue transplantation. *, # — difference is statistically

significant vs. C1 and C2, respectively, p < 0.05.

IJIAHTAIlUM OBapUAIIbHOM TKaHHU, TOJBEPKEHHON
I'X B ®bC (monrpynmsr 2A u 2B), 3HaunMo HE OT-
JUYajach OT TaKOBOM y OBapHOAKTOMHPOBAHHBIX
JKUBOTHBIX, Tora kak nocie I'’X B MCP (moarpym-
mel 3A u 3B) 3TOT mokaszarenb OBUI COMOCTAaBUM
C TAKOBBIM y KMBOTHBIX C TPAHCIUIAHTALlMEH CBEXe-
BbIJICJICHHOH TKaHU (oarpymnms! 1A u 1B).
[IpuBeneHHbIE 3KCIIEPUMEHTAIBHBIE JaHHBIE OJI-
HO3HAYHO YKAa3bIBAIOT HA TO, YTO (HAaKTOPOM, Ompe-
JeTSomnM (OIHKYISIPHOE Pa3sBUTHE M SHAOKPHUH-
Hy!0 (DYHKLUHMIO TPaHCIUIAHTaTOB OBAPHAJIBHOM TKa-
HH, SIBIISIETCA COCTaB cpenbl MHKyOauuu. Ilpumene-
e ®Cb B kadecTBe MHKYOAITMOHHOW Cpempl MpH
I'X 3HaumMoO CHIWXKaNO (PONIUKYISIPHOE pa3BUTHE U
CTepOHIOTEHHYIO (PYHKIIMIO TPAHCTJIAHTATOB KaK I0-
JIOBO3PEJION, TaK U HEOHATAIbHONH OBapUaJbHOU
TKaHH, a 1pu ucnonb3zoBanuu MCP nns I'X mannbie
MoKa3aTeau ObUIM COMOCTaBUMBI C KOHTPOJBHBIMH
(momrpynmel 1A u 1B). Cnenosarensno, mpu ['X
JNECTPYKTUBHBIE TMOBPEXKICHUS WHKYOMPOBAaHHOH B
@®Cb oBapuanbHOH TKaHW MMEIOT OOIIMI Xapakrep
U HE CBS3aHBl C pa3HOH MOP(OIOrHUECKON CTPyK-
TYpoil (OJIMKYISIPHONH EOUHUIBI M KOJIMYECTBOM
¢dommukynoB Ha 1 MM® mcxomHOro marepuana [14].
CHIKEHHE CTENeHNW TOBPEKICHUN OBapHaIbHOMN
TKaHu Tpu ucrmoinb3oBanmun MCP mis I'X MoxHO
OOBSICHUTh TPOTEKTUBHBIM JIEHCTBHEM MaHHHUTOJA
MpU MIIEMHH, KOTOPOE OOYCIIOBJIEHO €ro OCMOTH-
yeckuMu cBoiictBamu. R.P. Paczynski u coast. [22]
9KCIIEPUMEHTAIIBHO JIOKa3aJiH, YTO B PE3y/bTare MHO-
TOKpPaTHOTO BBEJEHUS MaHHMUTOJA B MOCTHUIIEMH-
YECKOM TE€pPHO/IE€ YMEHBIIAETCS KOJINYECTBO BOIBI
B MAapEHXMME MO3ra U CHUXKAETCS BHYTPUTKAHEBOE
nasieHue. R.J. Andrews u coaBT. [8] mokasaim, 4to
[IOCJIE BBEJCHHUA MAaHHHUTOJIA YCHIMBAETCS MO3TOBOE
KPOBOOOpAILICHHE M CHIKAeTCsl apTepualbHOE [JaB-
JICHWE B HMIIEMU3MPOBAHHOM TKaHW, HO CHHAIITHUEC-
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mined by the incubation medium composition.
Thus, the concentration of estradiol (Fig. 4A) and
progesterone (Fig. 4B) in rat blood after transplan-
ting the ovarian tissue, subjected to HS in PBS
(subgroups 2A and 2B) was not significantly diffe-
rent from that in ovariectomized animals, whereas
after HS in MCS (subgroups 3A and 3B) this index
was comparable to that in animals with fresh tissue
transplantation (subgroups 1A and 1B).

The presented findings make it clear that the
incubation medium composition is a key factor, de-
termining follicular development and endocrine
function of ovarian tissue grafts. The use of PBS as
an incubation medium at HS significantly reduced
the follicular development and steroidogenic func-
tion of the grafts from both mature and neonatal
ovarian tissue, but when using MCS for HS, the-
se indices were comparable to the control ones
(subgroups 1A and 1B). Consequently, under HS
the destructive damages of the PBS-incubated ova-
rian tissue are of common character, having no
relation to different morphological structure of fol-
licular unit and the follicle number per mm? of the
initial material [9]. A decrease in the injury rate
of ovarian tissue when using MCS for HS may
be explained by a protective effect of mannitol
during ischemia, which is due to its osmotic proper-
ties. R.P. Paczynski et al. [19] experimentally proved
the fact, that a multiple injection of mannitol in
a postischemic period entailed the reduction of
water amount in brain parenchyma and a decrease
in interstitial pressure. R.J. Andrews et al. [2] de-
monstrated the mannitol administration to result
in strengthened cerebral blood circulation and a
decreased blood pressure in ischemized tissue,
but no recovery of synaptic transmission of nerve
impulses occurred. G.J. Magovern et al. [16] found
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Kasi repeiadya HepPBHBIX MMITYJIbCOB HE BOCCTaHABIIHU-
Baercs. G.J. Magovern u coast. [19] ycranoBuiu,
410 penepdy3us cepana THIePOCMOIIIPHBIMU pac-
TBOpaMH MAaHHHTOJNA YIydIlaeT JIHacTOIUYECKYIO
(hyHKIMFIO JKelyJaodKa MO CPaBHEHUIO CO CTaHIapT-
HBIMH KpHUCTALTOMAHBIMU pacTtBopamu. H.I. Karibe
Y COAaBT. BBISBWIN TPOTEKTUBHBIA d(PPEKT MaHHH-
TOJIa B YCJOBHUAX THIOTEPMHUH W TOKa3ajH, 4TO B
pe3yibprare WX COYETaHOTO NPUMEHEHHS HE TOJb-
KO yMEHBIIIAeTCs 30HAa HEKpo3a TOJOBHOTO MO3ra
[pU WIIEMUH, HO U CHIKACTCS HEHPOPYHKIINO-
HaJbHBIA nedunut [17].

CrnenoBarenbHO, UCCIICIOBAHUE BIIMSHUS Pa3jIny-
HBIX MHKYOAIIMOHHBIX CpeJl Ha MOP(OJIOTHIECKYIO
CTPYKTYpy (hparMeHTOB HEOHATATBHON W TOJOBO3-
penoit oBapuansHOU Tipu ['X, a Takke Ha MX (yHK-
IAOHUPOBAHWE B OPTaHU3ME PEIHUITHEHTa I0CIe
TeTepOTONMMYECKON TPaHCIDIAHTAIMK TIPH  DKCTIe-
pUMEHTAJIbHOM JIByCTOPOHHEW OBapHOIKTOMHUM aK-
TyajabHO I PENPOAYKTHBHON MEIUIIMHBI M KPHO-
Ouonoruy.

BriBoABI

UcnonszoBanne MCP g I'X oBapuanbHO# TKa-
HU UMEET CYILECTBEHHBIC MPEUMYIIECTBA O CpaB-
Henuto ¢ OCh. DKcnepuMEHTaIbHO T0KA3aHO, YTO
B TpaHCIUIAHTaTax oBapualbHOU TKaHu mocie ['X B
MCP nabmromaercs (QOUTUKYISIPHOE pa3BUTHE, CO-
[IOCTaBUMOE C TAaKOBBIM IIOCJE TpPaHCIIAHTALUU
CBEXKEBBIJICICHHOW TKaHU. Y OBapHOIKTOMHUPOBAH-
HBIX KUBOTHBIX-PELUIIMEHTOB IIPU TPaHCIJIAaHTALUU
OBapHaIbHOM TKaHW mocie 24-gacoBoro I'X Boc-
CTaHABJIMBACTCS DHAOKPUHHAS (DYyHKIIHS.
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that cardiac reperfusion with hyperosmolar man-
nitol solutions improved the ventricular diastolic
function compared with the standard crystalloid
solutions. H.I. Karibe et al. revealed a protective
effect of mannitol under hypothermia and showed
their combined use to entail not only a decrease
in brain necrotic zone during ischemia, but the
reduction of neuro-functional deficiency as well
[12].

Consequently, the study of the effect of various
incubation media on morphological structure of
neonatal and mature ovarian tissue fragments
during HS, as well as on their functioning in a reci-
pient’s body after heterotopic transplantation in
experimental bilateral ovariectomy, is relevant for
reproductive medicine and cryobiology.

Conclusions

The MCS use for ovarian tissue HS has signifi-
cant advantages as compared to PBS. It was ex-
perimentally proven that in the ovarian tissue
grafts after HS in MCS, a follicular development
comparable to that in fresh tissue grafts was obser-
ved. In ovariectomized recipient animals, transplanted
with the ovarian tissue after a 24-hour HS, the
endocrine function was restored.
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