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Pedbepat: Y poboTti gocnigxeHo MOPAOOrivHi XxapaKTepUCTUKKN i (OyHKUiO OBapianbHOI TkaHuHM nicnsa 2—120-rogmHHoro 36e-
piraHHa npu 4 i 37°C y pi3HuX 3a ckrnagom cepepoBuwax iHkybauii (mManiTonosmicHuin posunH (MBP) Ta docdartHo-conbosuin By-
dep (PCB)). PyHkuito oBapianbHOI TKAHWMHM MiCAsi HOPMO- Ta TNOTEPMIYHOrO 30epiraHHs BYBYanyM METOAOM reTepoTOmniYHOT TpaHCnnaH-
Tauii TBapuHam-peuunieHTaM i3 04HOYaCHOK OBOCTOPOHHLOK OBapiOEKTOMIED. EkCnepnMeHTanbHO A0BEeAEHO, WO Micns 2-roguHHO-
ro 36epiranHa npu 37°C i 24-rognHHoro 36epiraHHsa npu 4°C y BCix AOCMiMKyBaHMX CepeaoBuLLax KOHLUEHTpauis ecTpagiony B nnasmi
TBapuWH-peuunieHTiB cknagana 18,2-27,5 nr/mn, nporectepoHy 13,5-18,5 Hr/mn (3HaveHHsi nicns TpaHcnnaHTauii CBhKOBUAINEHOI
TKaHuHK: ecTpagion (28,1 + 3,6) nr/mn, nporectepoH (19,1 + 2,8) Hr/mn). MNopoBxeHHNA Yacy 36epiraHHsA TkaHnHKM npy 37°C npu3Boanno
00 30inbLUEHHS KiNbKOCTI AereHepaTnBHMX OOrikyniB, NiABULLEHHST KOHUeHTpauii TBK-akTBHMX NpoayKTiB i 3HKEHHS PiBHSI CTaTeBUX
FOPMOHIB MiCnA TpaHcnnaHTauii 3a BukopuctaHHs sk MBP, Tak i ®CB. lNicnsa 48-rogmMHHOrO rinoTepMiyHOro 36epiraHHs oBapianbHOI TKa-
HWHW BCTaHOBMEHO MPOTEKTMBHY Aito nuwe MBP, ska Bupaxanacs y BigHOBMNEHHI eHAOKPWHHOI (DYHKUIT y TBApUH peuumnieHTiB micns
TpaHcnnaHTauii (ectpagion (13,5 = 2,5) nr/mn), 3a BukopuctaHHa PCB piBeHb ecTpagiony 3HaxoouBCS B Mexax OBapiOEKTOMOBAHMX
TBapvH ((7,1 = 1,5) nr/mn)).

KnouoBi cnosa: rinotepmivyHe 306epiraHHs, HOpMoOTepMidHe 30epiraHHs, MOpPdONOriYHi XapakTepucTuku, donikynu, cratesi rop-
MOHW, MaHITONOBMiCHUI PO3YMH.

Abstract: Morphological characteristics and function of ovarian tissue after 2-120 hrs of storage at 4 and 37°C in incubation
media with different composition (mannitol-containing solution (MCS) and phosphate buffered saline (PBS)) were investigated. The
function of ovarian tissue after normo- and hypothermic storage was studied by heterotopic transplantation to recipient animals
simultaneously with bilateral ovariectomy. After 2-hour storage at 37°C and 24-hour one at 4°C in all the studied media, the estradiol
and progesterone levels in plasma of recipient animals were experimentally proved to be 18.2-27.5 and 13.5-18.5 ng/ml, respec-
tively, (after fresh tissue transplantation these values for estradiol and progesterone made (28.1 = 3.6) pg/ml and (19.1 £ 2.8) ng/ml,
respectively). Prolongation of tissue storage time at 37°C increased the number of degenerative follicles, augmented TBARS concent-
ration and reduced sex hormone levels after transplantation using both MCS and PBS. A protective effect of MCS only, manifested
in endocrine function restoration in recipient animals after transplantation ((13.5 £ 2.5) pg/ml of estradiol) was found after 48 hrs of
ovarian tissue hypothermic storage. If PBS was used, the estradiol level was within the indices for ovariectomized animals ((7.1
+ 1.5 (pg/ml)).

Key words: hypothermic storage, normothermic storage, morphological characteristics, follicles, sex hormones, mannitol-containing
solution.

Buuenns maro¢izionoriyHuX MexaHi3MiB ile-
MIYHHX YIIKOJKCHb TKAaHUH 1 OPTaHiB IPU HOPMO- Ta
rinoTepMiYHOMY 30€piraHHi € OJHHUM i3 aKTyaJTbHHUX
3aBlaHb cy4acHoi izionorii. OCHOBHa NpUYHMHA
imemii opraHiB i TKaHWH — YacTKOBE a00 TIOBHE
MIPUITUHEHHST KPOBOIIOCTAYaHHs, IO IHIIIOE Kac-
KaI peaKIliii: 3HWKCHHS PIBHI MaKpPOEPTIIHUX
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The study of pathophysiological mechanisms of
ischemic injury in tissues and organs under normo-
and hypothermic storage is among the topical tasks
in current physiology. The main reason of organ and
tissue ischemia is a partial or complete interruption of
blood supply, initiating a cascade of such responses
as a decrease in the level of macroergic compounds,

disorder of enzyme kinetics, accumulation of decay
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HAaKOMHMYECHHSI NPOAYKTIB pO3Maay, yTBOPEHHS akK-
tuBHUX (opm kucHo [13, 29, 34, 35]. ns 3a3-
HAYeHWX BUIIE TMATOJOTIYHUX TPOLECIB Xapak-
TEPHUM € BIJKPHUTTS MIiTOXOHJAPIaIbHUX TIOp, SKe
OIIOCEPEIKOBY€E HEKpPO3 KJIITHH IiJ] Yac paHHbOI pe-
nepdy3ii, a TakoXK MOXKE CHPUUIHHSTH 3aITyCK MiTO-
XOH/IpiabHOTO MexaHi3my amorro3y [10, 11, 15, 16,
23, 36]. Y cydacHiii JiTeparypi OOTOBOPIOIOTHCS
MOXKITUBOCTI TIOTIEPEIKEHHS TIOIIKOMKCHD B IMTEMi-
30BaHMX OpraHax 1 TKaHWHAX TPU ONTHMAaIbHUX
YacOBHX Ta TEMIIEpaTypHHUX IMapaMmerpax mnepdysii,
a TakoXK NIISIXOM BBEACHHS JIO CKiIamy mepdys3iii-
HUX CEepeIOBUIIL] Pi3HUX pedoBuH [4, 8, 18, 26, 30].

Bimomo, mo mij 4Yac imIEMIYHUX YIIKOPKEHB
IHTCHCHBHICTh TIEPEKUCHOTO OKHCHEHHs JIMiziB
(ITOJT) 30inbHIyeThCS, BHACTIJIOK 4YOrO KOHIICHT-
pauis aKkTHBHHUX MPOAYKTiB Tio0apOiTypoBoi Kuc-
notu (TBK-akTuBHI nponykTn) 3poctae. UyTnuBicTh
oprasiB (TOJIOBHUI MO30K, cepiie, JereHi, HHUPKH,
ckenetHi M’s3u) g0 koHueHTpanii TBK-akrus-
HUX TPOAYKTIB BU3HAYAETHCS iX CTIMKICTIO JO Ti-
nokcii [1-3]. UyTiuBicTh penpoayKTUBHUX TKaHWH
(30Kpema, oBapiabHOI) IO iIIeMil 3aIHIIA€THCS Ma-
JIOBUBYEHOIO. BIpoBamkeHHsS METOAy TpaHCIUIaH-
Tamii oBapiaJibHOI TKAHWHU B KIIIHIYHY MPaKTUKY
3YMOBJIIOE TTIIBUINEHHS 1HTEpECY A0 BUBYCHHS 11
CTIMKOCTI TiCHs imeMiYHOrO BIUIMBY. BimHOBIEHHS
penpoayKTHBHOT (YHKIT BU3HAYAETHCS CTYICHEM
IIIEeMIYHHUX MTONIKODKEHb Y TKaHHHI, SIKi BiJJOyBatOThCS
BIIPOJIOBXK 4acy ii BUITy4eHHs1, 30epiraHHs Ta TpaHC-
ianTamii. s yHUKHEHHS HACHiAKiB imieMii y
TKaHUHI JI0 CKJIaIy 1HKYOAIIifHUX CepPeIOBUIIL JTO/1aT-
KOBO BBOJSITH PEYOBMHH 3 aHTHOKCHAAHTHUMH BIac-
TuBOCTAMH (BiTaMiH E, ackopGiHoBa KucioTa, MaHi-
Ton, Bepartomin) [12, 19, 20, 21, 25, 28]. [loka3aHo,
0 BBEACHHS MAaHITONy JI0 CKJaay penepdysiitHux
CEpEeIOBHI 3MEHIIYE 30HY HEKpPO3y B TakKux
oprasax, sk rojloBHudi Mozok [7, 17, 27], cepue
[24], mmpxm [9] Ta ckenmetHi M’sBu [29]. Pemep-
(ysis imremizoBaHoi TkaHWHH sieqHUKAa 20%-M po3-
9MHOM MaHiTony [33] 3MeHIIyBaysia CTYINHB iIIe-
MIYHOTO ypa)keHHS 1 CTIpHUsiiIa BiIHOBIEHHIO 11 (DyHK-
mii.

VY 3B’S3Ky 3 UM METOI HAIIOTO JIOCIIKEHHS
OyJIo BHBYEHHS B3a€MO3B’SI3KYy MiXK €HIOKPHHHOIO
(YHKIIEI0 Ta KOHICHTPALII0 aKTHBHUX MPOIYKTiB
Ti00apOITypOBOI KHCIIOTH y TpaHCIJIAHTaTax sey-
HUKIB 3aJIe’KHO BiJ] 4acy iHKyOauii B yMOBaX HOpMO-
Ta rinoTepMiuyHOro 30epiranHs.

Marepianu i MeTonH

006’ exToM focmimkeHHs Oyiia oBapiajdbHa TKAaHWHA
3-Mmicsyamx mrypiB JiHii Bictap (300 r; n = 138),
SKMX YTPUMYBAIH B CTaHIAPTHUX YMOBax BiBapiro
IncTuTyTy TIpOGNEeM kpiobionorii Ta KpiOMEAWIIMHA
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products, reactive oxygen species formation [8, 26,
31, 32]. The opening of mitochondrial pores, which
mediates the cell necrosis during early reperfusion and
may trigger the mitochondrial pathway of apoptosis,
is typical for the mentioned above pathological
processes [5, 6, 10, 11, 20, 36]. The current published
reports show the possible ways to prevent ischemic
injuries in organs and tissues at the optimal time
and temperature perfusion parameters, as well as via
supplementing the perfusion media with different
substances [2, 12, 14, 23, 27].

It is known that during ischemic injuries, the
intensity of lipid peroxidation (LPO) rules, as a
result of which the concentration of thiobarbituric
acid reactive substances (TBARS) increases. The
sensitivity of organs (brain, heart, lungs, kidneys,
skeletal muscles) to TBARS concentration is de-
termined by their resistance to hypoxia [4, 34, 35],
whereas the one of reproductive tissues (ovarian,
in particular) to ischemia has still remained poorly
understood. The introduction of ovarian tissue trans-
plantation in clinical practice stipulates an increased
interest in studying its resistance after ischemic
exposure. Restoration of reproductive function is
determined by the degree of ischemic injury in tissue,
occurring during its removal, storage and trans-
plantation. In order to avoid the consequences of
ischemia, the substances with antioxidant properties
(vitamin E, ascorbic acid, mannitol, verapomil) are ad-
ditionally introduced into incubation media [7, 15, 17,
18,22, 25]. The mannitol supplement into reperfusion
media was shown to reduce the necrosis area in such
organs as the brain [33, 11, 24], heart [21], kidneys
[3] and skeletal muscles [26]. The reperfusion of
ischemia-affected ovarian tissue with 20% man-
nitol solution [30] decreased the level of ischemic
injury and restored its function.

In this context, the aim of this study was to
investigate the relationship between the endocrine
function and thiobarbituric acid reactive substan-
ces concentration in ovarian grafts depending on
incubation time under normo- and hypothermic
storage.

Materials and methods

The research object was the ovarian tissue of
3-month-old Wistar rats (300 g; n=138), housed under
standard conditions in animal facility of the Institute
for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine (IPCC
of NAS of Ukraine). The experiments were carried
out in accordance with the Law of Ukraine ‘On the
Protection of Animals Against Cruelty’ (Ne 3447-
IV of February 21, 2006) agreed with the provi-
sions of the ‘European Convention for the Protection
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HarioHanpHOI akagemii Hayk Ykpainu (IITKiK HAH
Vkpainn). ExcriepuMeHTH NpPOBOIWIN BiIIOBIIHO
1o 3akoHy Ykpainu «IIpo 3axuct TBapuH Bif *opc-
TOKOTO TOBOKEHHD» (Ne3447-1V Bim 21.02.2006)
3 IOTpUMaHHSIM BHUMOT komitety 3 Oioetmku ITTKiK
HAH VYkpaiau (Ilpotoxon Ne4 Bix 26.11.13), y3roa-
JKEHUX 13 TTOJIOKCHHSAMH «CBpPOTEHCHKOT KOHBEHIIIT
PO 3aXHCT XpeOCTHUX TBAPWH, SKI BHKOPHUCTO-
BYIOTbCSl Ul CKCIIEPUMEHTAJIbHHUX Ta IHIIMX Hay-
xoBuX misei» (CtpacOypr, 1986).

Jia oTpuMaHHS (parMeHTIB CTaTeBO3PijOi OBa-
plaJibHOI TKaHWHU SIEYHUKH TOAPIOHIOBAIN HOXH-
waMu Uit Mikpoxipyprii (0,5-1 mm?®) i momirmanu
B CTepWJIbHE >KUBHWIBHE cepefoBuiie. Ha wnpomy
eTami iHKyOalilo (parMeHTIB SI€YHUKIB MPOBOAMIH
pu 4 i 37°C nmpotsirom 2, 4, 6, 24, 48, 72 1 120 ro-
IUH Yy PI3HUX 3a CKJIaJ0M po3uuHax (Mmonb/n): [ —
(hocoarno-comboBuit Oypep (PCh): NaCl — 130,
KCI - 20, docoarauii Oydep — 20, pH 7.4; I —
MaHiToloBMicHUN po3uuH (MBP): manitomr — 250,
NaCl — 10, KCl — 20, docharamit 6ydpep — 20,
pH 7,4.

KonnenTpamiro axkTHBHHX TPOIYKTIB TioOap-
6itypoBoi kucnotu (TBK-aktuBHI mpomykTH) y ro-
MOTECHaTi TKaHWHW BH3HAYalld 3a PEaKIi€l0 MiX
MaJIOHOBHUM JiaJIbJIeTiJOM Ta Tio0apOiTypOBOIO KHC-
JIOTOIO, sIKa B YMOBaxX BHCOKOI TeMIlepaTypu Ta
kucioro cepenosumia (pH 3,0) yTBoproe Tpumeru-
HOBHH KOMIUIEKC POXKEBOTO KOIbOpy. Bemnumny
MOIIMHAHHS 3a0apBJICHOTO PO3YMHY BHUMIpIOBaJIH
Ha crekrpodoTtomerpi «CD-46» («JIOMO», Pocist)
npu A = 532 uM. Pesysnbraru Bupakaau B MKMOJIB/MT
tkaHuHU. Konnenrtpamniro ThK-akTHBHUX MTPOAYKTIB
y TOMOreHari oBapiajbHOI TKAaHMHHM BU3HAYaIU OJI-
pasy micis iHKyOarii.

Ominka GYHKITT oBapiaIbHOI TKAaHWHHM, ITiIIaHid
HOPMO- Ta TIMOTEPMIYHOMY 30€piraHHIO ¥ PO3UMHAX
I a6o II, Oyma MOWINBEHOO JHINE Yy BHITAIKaX, KOIU
piBeHb 30epekeHHS HOpMaIbHUX (ONIKYTiB y il
CTPYKTYpi cTraHOBHB He MeHIe 50%.

OyHKIII0 OBapiallbHOI TKAHWHU MICIS HOPMO-
Ta TINOTEPMIYHOrO0 30epiraHHs BHUBYAIM METOIOM
reTepOTONIYHOT TPaHCIUIAHTALIl i Karcyny JiBoi
HUPKH IIypiB OJHOYACHO 3 JABOCTOPOHHBOIO OBapio-
exTomieto. [l mpoBemeHHS eKCHepUMEHTaIbHOT
poboTu TBapuH Oys10 PO3AiJIeHO Ha rpynu: 1 — KOHT-
ponb (iHTaKkTHI TBapuHM); 2 — TBApUHH 3 OBapioeK-
TOMI€10; 3 — TBApUHHU 3 TPAHCIUIAHTAINIEI CBIKOBH/II-
JICHOI OBapiajbHOI TKAaHWHHU; 4 — TBapUHM 3 TPaHC-
IJTAHTAIIEI0 OBapiajbHOI TKAHWHU TICIS 2-TOIUHHOT
inkyOartii mpu 37°C (a) B pozunnax i3 ®Cb — (4a (I))
ta MBP (4a (II)) abo micns 24-roguHHOi iHKYyOAil
mpu 4°C (B) — (48 (I)) Ta (48 (II)) BiamoBimHO; 5 —
TBapWUHU 3 TPAHCIUIAHTAINIEIO OBApiadbHOT TKAHWHU
micist 4-ronuHHOI iHKYOarii mpu 37°C (a) y po3uu-

of Vertebrate Animals Used for Experimental and
Other Scientific Purposes’ (Strasbourg, 1986). The
performance of experiments was approved by the
Bioethics Committee of the [PCC of NAS of Ukraine
(Record Ne4 of November 26, 2013).

To obtain the fragments of mature ovarian tis-
sue, the ovaries were cut with microsurgical scissors
(0.5-1 mm?®) and placed into sterile nutrient medium.
At this stage, the ovarian fragments were incu-
bated at 4 and 37°C for 2, 4, 6, 24, 48, 72 and 120 hrs
in the solutions with different composition (mmol/1):
the solution I was the phosphate-buffered saline
(PBS), consisted of 130 NaCl, 20 KClI, 20 phosphate
buffer, pH 7.4; the solution II, mannitol-containing
solution (MCS), comprised 250 mannitol, 10 NacCl,
20 KCl, 20 phosphate buffer, pH 7.4.

The TBARS concentration in tissue homogenate
was determined by the reaction between malonic
dialdehyde and thiobarbituric acid, which under high
temperature and acid medium (pH 3.0) produced
a pink trimethine complex. The absorption coef-
ficient of stained solution was measured with spectro-
photometer SF-46 (LOMO, Russia) at A = 532 nm.
The results were expressed in pmol/mg of tissue.
The TBARS concentration in ovarian tissue homo-
genate was determined immediately after incubation.

Only in cases when the level of normal follicle
preservation within ovarian tissue structure was not
less than 50%, it was expedient to assess the function
of the ovarian tissue, subjected to normo- and
hypothermic storage in the solutions I or II.

The function of ovarian tissue after normo- and
hypothermic storage was studied using the heterotopic
transplantation under the left kidney capsule of rats
simultaneously with bilateral ovariectomy. To perform
experiments, the animals were divided into the
following groups: the group 1 was the control (intact
animals); the group 2 comprised the ovariectomized
animals; in the group 3 were those with transplan-
ted fresh ovarian tissue; the group 4 consisted of
animals with transplanted ovarian tissue after 2-hour
incubation at 37°C (a) in the solutions with PBS and
MCS — (4a (1)) and (4a (1)), repsectively, or after 24-
hour incubation at 4°C (b) — (4b (1)) and (4b (1)),
respectively; in the group 5 were the animals with
transplanted ovarian tissue after 4-hour incubation at
37°C (a) in the solutions with PBS and MCS — (5a (1))
and — (5a (1)), correspondingly, or at 4°C for 48 hrs
(b)—5b (I) and 5b (1) for PBS and MCS, respectively.

Endocrine function of ovarian tissue grafts was
analyzed to day 30 after transplantation. Animals
were sacrificed by decapitation.

Estradiol and progesterone levels in blood
plasma of recipient animals were determined with
chemiluminescent enzyme-linked immunosorbent
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Hax i3 ®CB — (5a (I)) ta MBP — (5a (II)) abo mpu
4°C Brponosx 48 ronuH (B) i3 ®Ch — (58 (1)) Ta
MBP — (58 (II)) BiamoBigHO.

AHani3 eHJoKpuHHOI (YHKII TpaHCIUIAHTATIB
OBapiaNbHOI TKAaHWHH 31ilicHIOBaIM Ha 30-Ty 100y
Tmicist TpaHcIiaHTamii. TBapiH BHBOANIIN 3 €KCTIEPH-
MEHTY METOJIOM JIeKariTailii.

KonmenTpamiro ecTpamiony Ta TIpOTeCTepOHY
B TUTa3Mi KPOBI TBapHH-PEIUIIIEHTIB BU3HAYAITH
METOIOM XEMITIOMIHECIIEHTHOTO iIMyHO()EepPMEHTHOTO
aHal3y 3 BHUKOPHCTaHHSM CTaHJApTHUX TECT-Ha-
oopiB «ST AIA-PACK hsE2 G» ta «ST AIA-PACK
PRO» («Tosoh Corporation», SInoHist) 3rigHo 3 iHCT-
PYKII€I0, a TaKoX 3a JIOMOMOTOK IMYHO(pEPMEHT-
Horo anamizaropa «Tosoh AIA 1200» («Tosoh Cor-
porationy, SImnoHis).

TpaHcmianTaT il TICTOJOTIYHOTO JIOCIiPKSHHS
BHJIyYaJId Pa3oM i3 HUPKOIO Ta (iKCyBadu y PO3-
yuHi 10%-ro dopmaiiny. 3 KO)KHOTO 3pa3ka poOuiH
cepiiiHi 3pi3n ToBHIMHOK 10 MKM, siKi 3a0apBirto-
BaJId TEMaTOKCHJIIHOM Ta €o3uHOM [5, 6, 14]. I'icTo-
JIOTIYHUN aHAaJIi3 MperapariB 3iHCHIOBAIH 3a JOTO0-
MOTOI0 MIKpOCKOMa 3 BOYZOBaHOK KaMeporw «AXio
Observer Z1» («Carl Zeiss», Himeuunna) 3 00’ek-
tuBamu «Plan Fluory (x20, x40) i makera mpuK-
JIATHUX TporpaM It 0OpoOKU 300pakeHHsT «AXio-
Vision Release 4.7.2» («Carl Zeiss»). Ctaaii po3BUTKY
(dostikyaiB i1eHTU(IKYBAIN BIAMOBITHO 10 Kiacu(i-
karii A.P.R. Rodrigues [32].

Craructnany oOpoOKy pe3ynbTaTiB MPOBOAMIH
3a pomomororo mporpam «Excely («Microsofty,
CIIA) rta «Statistica» («StatSoft», CLIA). 3anex-
HO BiJ pO3MOIUTY JaHWX sl OPiBHSHHS BUOIPOK
BUKOPHUCTOBYBaJIM MapaMEeTPHUYHUN t-KpUTepiit
Creronenta abo HemapamerpuuHuid U-xputepiid
Manna-BirtHi. Jlani npencrasmsiu y Bursiai M £ m
(» <0,05).

Pe3yiabTaTn Ta 00roBOpeHHs

Ha puc. 1 mpeacraBieno 3MiHy MopdoaorigaHoi
CTPYKTYpH OBapiaJlbHOI TKaHWHHU 3aJICKHO Bij dYa-
cy imewmii npu 37°C y ®Cb (pozuun I). Bugno,
oo B HOpMi (OJNIKYIM MalTh CHEPUUHHIA OOIUT
i3 omHOpimHOK nuTorazmoro (puc. 1, A). 3oBHI
OOIIUT OTOYCHHUH IIIKOIPOTETHOBOK OOOJOHKOK —
Zona Pellucida (ZP), sixa Mae 0JJHaKOBYy TOBLIMHY i
TOMOTEHHICTh 10 BCbOMY IEpUMETPY KIITHHH (puc. 1,
A). 1o ZP minpHO NpuUisraoTh KIITHHA TPaHyIbO3H,
SIKi KOHTaKTYKTh MK €000 Ta BHYTPIIIHBOIO
CTOpOHOIO iX 0a3anpHOi MeMOpaHH. 3 30BHIIIHBOI
CTOpOHU 0a3aJibHOI MEMOpaHM 3HaXOIATHCS TEKa-
KITITHHH.

[licns 2-rommuHOI iHKYOamii ¢parMeHTiB oBa-
pianpHO1 TKaHWHY 11pH 37°C y po3uuHi | BinOyBaroTh-
Csl HE3HauHI 3MiHH MOP(OJIOTIYHOI CTPYKTYpH (o-
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assay using the standard test kits ‘ST AIA-PACK
hsE2 G’ and ‘ST AIA-PACK PRO’ (Tosoh Corpo-
ration, Japan) according to the instructions, and Tosoh
AIA 1200 enzyme immunoassay analyzer (Tosoh
Corporation, Japan).

Grafts for histological examination were remo-
ved together with the kidney and fixed in a 10%
formalin solution. Serial sections with 10 pm thick-
ness were made from each sample, then stained
with hematoxylin and eosin [9, 16, 33]. Histological
preparations were studied using Axio Observer Z1
microscope (Carl Zeiss, Germany) with Plan Fluor
x20 and 40 lenses, using the Axio-Vision Release
4.7.2 image processing software (Carl Zeiss). Sta-
ges of follicle development were identified accor-
ding to the Rodrigues classification [29].

The results were statistically processed using
the Excel (Microsoft, USA) and Statistica (StatSoft,
USA) software. Depending on the data distribution,
either Student’s t-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

Fig. 1 shows the change in ovarian tissue mor-
phology depending on time of ischemia at 37°C
in PBS (solution I). It reveals that normally the
follicles have a spherical oocyte with a homogeneous
cytoplasm (Fig. 1A). Externally, the oocyte is sur-
rounded by a glycoprotein layer: Zona Pellucida
(ZP), which has the same thickness and homogeneity
around the entire perimeter of the cell (Fig. 1A).
Granulosa cells, being in contact with each other and
internal side of their basement membrane, are tightly
adjacent to ZP. There are the theca cells outside
the basement membrane.

Follicle morphology was slightly changed (Fig. 1B)
and granulosa cells were somewhat compressed
after 2-hour incubation of ovarian tissue fragments
at 37°C in the solution I. Herewith, the granulosa
cells were in a close contact with the oocyte of
spherical shape and with slightly granular cytoplasm.
The structure of theca cells remained unchanged,
the contact between them was preserved and they
were tightly adjacent to the basement membrane.
Prolongation of ischemia time up to 4 hrs at 37°C
in the solution I (Fig. 1C) disrupted the contacts of
granulosa cells between themselves and oocyte, and
accumulated fluid between granulosa cells. Herewith
there were no visible changes in theca cell layers.
After 6-hour incubation of ovarian tissue fragments
at 37°C in the solution I, the fluid content between
all the structural tissue elements increased (Fig. 1D).
In this case the oocyte was further compressed and
its contour was deformed, and the cell-to-cell con-
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Puc. 1. Tictonpenapat dparmeHTiB CTaTeBO3PINoi oBapiarnbHOi TKaHWHKU nicnsa iHKy6auii B po3vmHi | npu 37°C: A —
cBiXkoBMAineHa TkaHnHa; B — nicna 2 roguH iHkybauii; C — nicns 4 rogmH iHky6auii; D — nicnga 6 roguH iHky6auii. O — oouur,
ZP — Zona Pellucida, G — rpaHynbo3Hi knituHu, BM — 6asanbHa membpaHa, T — Teka-KniTuHW, * — akyMynsuis piguHu.

3abapBntoBaHHSA TONYiAVMHOBUM CUHIM, N = 7.

Fig. 1. Histology of mature ovarian tissue fragments after incubation in the solution | at 37°C: A — fresh tissue; B — after
2-hour incubation; C — after 4-hour incubation; D — after 6-hour incubation. O — oocyte, ZP — Zona Pellucida,
G — granulosa cells, BM — basement membrane, T — theca cells, * — fluid accumulation. Staining with toluidine blue,

n=7.

nikyaiB (puc. 1, B) Ta He3HaYHE CTUCHEHHS KJIITHH
rpanyinbo3u. [Ipu boMy OcCTaHHI 30epiratoTh MIiib-
HUM KOHTAaKT i3 OOLMTOM, SIKHH Mae cdepuuHy
dopMy Ta HE3HAYHO TIpaHYJbOBaHY IMTOILIA3MY.
CrpyKTypa TeKa-KIiTHH 3aJIMLIA€THCS HE3MIHEHOIO,
BOHHM 30epiraloTh KOHTAaKT MK €000 1 IILIBHO
NpWISIraloTh 10 Oa3anpHOi MeMOpanu. IlomosxkeH-
Hs yacy imeMii 1o 4 rogun npu 37°C y posuuHi |
(puc. 1, C) BuKIMKae MOPYLICHHS! KOHTAKTIB KIIITHH
TpaHyIbO3H MK COOOI0 Ta OOIUTOM, a TAKOXK aKy-
MYJISIII0 PIAMHA MK KIITHHAMHU TpaHyiapo3u. llpn
bOMY IIapu KJIITHH TEKW 3aHIIAIOThCS 0e3 BUIH-
Mux 3MiH. [licns 6-roguHHOT 1HKYOaIii (pparMeHTiB
oBapianbHOi TKaHuHU npu 37°C y po3umHi I BMicT
PIAMHMA MIX ycCiMa CTPYKTYPHHUMH €JICMEHTaMHU TKa-
HuHHM 30ibmyeTbest (puc. 1, D). ¥V npomy BUmaaky
CIIOCTEPITalOThCS MOJAIBIIE CTHCHEHHS OOIHTY Ta
nedopMaltiisi HOro KOHTYpY, & TaKOK HOPYIICHHS
MDKKJIITHHHUX KOHTaKTiB MK yciMa CTPYKTYPHUMH
eneMeHTamMu (oikyra.

IakyOamisi ¢parMeHTiB cTaTeBO3piyiol OBapialib-
Hoi TkanuHM npu 4°C y pozunni | BukimMkana Hes-
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tacts among the entire structural follicular elements
were disrupted as well.

Incubation of mature ovarian tissue fragments
at 4°C in the solution I slighty transformed the
follicle structure after 48-hour hypothermic storage
(Fig. 2).

A 24-hour incubation in the solution I at 4°C
displayed no change in ovarian tissue morphology
and it was close to the physiological norm (Fig. 2A).
The oocyte, surrounded by ZP of uniform thickness,
maintained a close contact with granulosa cells.
In this case, there were observed the tight contacts
between granulosa cells and the basement membrane,
as well as between the basement membrane and
theca cells. A slight compression of granulosa cells
occurred. The prolongation of incubation time up to
48 hrs at this temperature distorted the oocyte nuc-
leus contour, decreased ZP thickness (Fig. 2B),
slightly compressed granulosa cells and formed
a space with fluid between them. To the 72" hour
of incubation at 4°C in the solution I, no ZP was
present, a blurred oocyte contour and disorder in
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HayHy TpaHCHOpMAIiio CTPYKTYpH (omikymiB micis
48 ropuH rinotepmiuHoro 30epiranus (puc. 2).

BunHo, 1o micnst 24-ronuHHo1 iHKyOarrii B po3unHi
I npu 4°C mopdonoriuna cTpyKTypa OBapiaibHOL
TKaHWHU 3ajuianacs ONM3bpKor A0 (iziomorigHoi
HopMu (puc. 2, A). Oouut, OTOYCHUH pPiBHOMIp-
HOIO 3a TOBHIMHOIO ZP, 30epiraB mIiTbHUI KOHTaKT
13 KIIITHHAMH TPaHylb03u. B 1ipoMy BUManmKy croc-
TEpITarOThCS IMIITBHI KOHTAKTH MK KIITHHAMH Tpa-
HYJIbO3H 1 0a3aJbHOI MEMOpPaHOI0, a TaKK MIK
0a3abHOI0 MEMOpPaHOIO Ta TeKa-KIiTHHaMHU. Binly-
BA€ThCS HE3HAYHE CTHCHEHHS KJIITHH TPaHyIbO3H.
30uIbIIeHHsT Yacy iHKyOarii no 48 roauH 3a i€l
TEMIIepaTypy BHUKIHUKAIO JedopMalito KOHTYpY siIi-
pa oouuty, 3MeHIeHHs ToBIMHU ZP (puc. 2, B), He-
3HAuUHE CTHCHEHHS KJIITHH TIpaHylbo3u Ta (opmy-
BaHHs MPOCTOPY 3 piAMHOI0 MiX HuMmH. Ha 72-ty
ronuny inkyOauii npu 4°C y pozuuni I ZP Oyna Bin-
CYTHsSI, BHSIBJSUIMCSI PO3MHTHUI KOHTYP OOLHUTY Ta
MOPYIICHHSI BCIX MIDKKJIITHHHHX KOHTAaKTIB CTPYyK-
TypH TKaHuHU (puc. 2, C).

Mopdonoriuni 3MiHE B CTPYKTYpi (ONIKyIa ITiJ
yac 30epiraHHs oOBapiabHOI TKAHWHU B PO3YMHI
II mpencrasneno Ha puc. 3 Ta 4. Ilicns 2-roquHHOI
inkyOartii B po3unHi Il mpu 37°C domikynmm micTumm
cepudyHHil OOIMT i3 BEIMKUM EKCHEHTPHYHUM
SAIpOM, OTOYEHHM IIOMIPHO TpPaHYISPHOIO LIUTO-
a3Moro (puc. 3, A). 30BHI OOLIUT MaB PiBHOMIpHY
ZP, MDKKITITUHHI KOHTakTH 30epiraimucs B YCii
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the whole cell-to-cell contacts of tissue structure
were revealed (Fig. 2C).

Figs. 3 and 4 illustrate morphological changes in
follicular structure during storage of ovarian tissue
in the solution II. After 2-hour incubation in the
solution II at 37°C, the follicles contained a sphe-
rical oocyte with a large eccentric nucleus surrounded
by moderately granular cytoplasm (Fig. 3A). Ex-
ternally, the oocyte had a uniform ZP, the cell-to-
cell contacts were preserved in the entire structure of
the follicle (Fig. 3A). A change of rounded contour
of oocyte to a concave one occurred to the 4™ hour
of incubation at 37°C in the solution II (Fig. 3B).
Herewith the ZP was of uniform thickness throug-
hout the oocyte contour. It should be noted that the
contacts between granulosa and theca cells, and
basement membrane were preserved. When the
incubation time was prolonged up to 6 hrs at 37°C
in the solution II, the transformation of follicle struc-
ture continued.

Histological analysis slides showed the defor-
mation of oocyte contour, a coarse-grained cyto-
plasm, thinning of ZP and loss of its contour
(Fig. 3C). Herewith the granulosa cells were se-
parated from oocyte. Granulosa and theca cells
were compressed, the fluid between them was
accumulated, resulting in granulosa cells separa-
tion and detachment from the basement membrane
(Fig. 30).

Puc. 2. TicTtonpenapatn dparMeHTiB CTaTteBo3pinoi osa-
pianbHOi TKaHWHW nicnsa iHKybauii B posunHi | npn 4°C:
A — nicns 24 roguH iHkyGauin; B — nicna 48 roguH iHKy-
bauii; C — nicns 72 roguH iHKkybauii. O — oouut, N —
anpo, ZP — Zona Pellucida, G — rpaHynbO3Hi KNiTUHW,
BM — 6asanbHa membpaHa, T — Teka-KniTuHn, * — akymy-
nauis  piguHn.  3abapenioBaHHA  TOMYIOMHOBUM  CUHIM,
n="7.

Fig. 2. Histology of mature ovarian tissue fragments
after incubation in the solution | at 4°C: A — after 24-
hour incubation; B — after 48-hour incubation; C — after
72-hour incubation. O — oocyte, N — nucleus, ZP — Zona
Pellucida, G — granulosa cells, BM — basement memb-
rane, T — theca cells, * — fluid accumulation. Staining with
toluidine blue, n = 7.




cTpykTypi Qomikyna (puc. 3, A). 3MiHa OKpyIIO-
o KOHTYypy OOIUTY Ha YBITHYTHH BimOyBayiacs
Ha 4-Ty romuHy iHKyOamii mpu 37°C y pozumni 11
(puc. 3, B). Ilpu npomy ZP mama piBHOMIpHY TOB-
IUHY TI0 BChOMY KOHTOpy oommty. Crmix 3a3Ha-
YUTH, 110 KOHTAKTH MDK KJIITHUHAMH TPaHY/IbO3H,
TeKH Ta 0a3aJIbHOI MeMOpaHOW 30epiranucs. 3a
YMOB 301IbIIEHHS Yacy iHKyOamii 10 6 ToAMH TpU
37°C y po3uuni Il Tpancdopmarist ctpykrypu ¢odi-
KyJla IPOJIOBKYBaIaCs.

[Ncromoriunmii aHai3 mpenapariB TOKas3aB, IO
KOHTYp 0oLHTy Ae]opMyeTbcs, Mae rpyOo3epHHC-
Ty uutoruiazmy, ZP CTOHIIyeTbCSl Ta BTpadae CBiit
koHTYDp (puc. 3, C). Ilpu 1poMy KITITHHH rPaHyIbO3H
BiJIOKPEMITIOIOTHCS BiJl 0OIUTY. BinOyBaeThcst cTHC-
HEeHHS KIITHH TPaHYJIbO3H Ta TEKH, aKyMYJIHOETbCS
piavHAa MK HUMH, BHACTIJOK YOTO KIIITHHH Tpa-
HYJbO3H PO3’€THYIOTHCS Ta BiJIOKPEMITIOIOTHCS BiJl
6azanpHOT MemOpanu (puc. 3, C).

3HIKEHHS TeMrieparypH iHkyOamii no 4°C Buk-
JIUKAJIO aHaJoriyHy Moaudikamiro Mopdomoriaaoi
cTpyKTypH Goikyina B po3uuHi Il 3aiexH0 Bij yacy
excrniosuilii (puc. 4).

[Micns 24 ropuH iHKyOanii TKaHUHKA B po3unHi 1
BigOyBajHcsi HE3HAYHE CTHCHEHHSI OOLUTY Ta Jie-
¢dopmarisi Horo KOHTYpy, ajie Ipu LbOMY 30epira-
JIUCS TIUIBHI KOHTAaKTH MK OOIIMTOM Ta KIIITHHA-
MU rpaHyinbo3u (puc. 4, A). Cnig 3a3Ha4dTH, IO
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Puc. 3. TicTtonpenapatn dparmMeHTiB CTaTteBO3pinoi oBa-
pianbHOi TKaHWHW nicns iHkybauii B posdumHi Il npu 37°C:
A — cBixoBuaineHa TkaHuHa; B — nicna 2 roguH iHky-
Gauii; C — nicns 4 roauH iHky6auii; D — nicns 6 roguvH
iHkybauii. O — oouut, N — sagpo, ZP — Zona Pellu-
cida, G — rpaHynbo3Hi knitTuHu, BM — 6a3ansHa membpaHa,
T — Teka-kniTMHU. 3abapBnioBaHHA TONYiAMHOBUM CUHIM,
n="7.

Fig. 3. Histology of mature ovarian tissue fragments
after incubation in the solution Il at 37°C: A — fresh
tissue; B — after 2-hour incubation; C - after 4-hour
incubation; D — after 6-hour incubation. O — oocyte,
N — nucleus, ZP — Zona Pellucida, G — granulosa cells,
BM — basement membrane, T — theca cells. Staining
with toluidine blue, n = 7.

When the incubation temperature was reduced
down to 4°C, a similar modification of follicle
morphology in the solution II depending on expo-
sure time occurred (Fig. 4).

After 24-hour tissue incubation in the solution II,
the oocyte was slightly compressed and its contour
was distorted, but the tight contacts between oocyte
and granulosa cells were preserved (Fig. 4A). Notably,
that despite the oocyte compression, all somatic cells
within the follicle structure were connected to one
another. Prolongation of exposure time up to 48 hrs
in the solution II resulted in further deformation
of rounded contour of oocyte to a concave one
(Fig. 4B). In this case, no space filled with substances
of protein origin close to ZP was formed, conversely,
the contact between oocyte and granulosa cells was
preserved. The granulosa and theca cells were lin-
ked to each other and to the basement membrane.
The results of study of follicle morphology after
a 72-hour hypothermic storage showed a distorted
contour and coarse-grained cytoplasm in oocyte
(Fig. 4C). Granulosa cells were compressed and se-
parated from the oocyte. Granulosa cells were in
contact with each other and the basement memb-
rane, to which the theca cells were tightly adjacent
(Fig. 4C).

Comparison of morphological changes in follicle
structure under normo- and hypothermic storage
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MONIPH CTHUCHEHHSI OOLUTY BCi COMAaTW4HI KIITHHH
B CTPYKTypi Qoimikynaa Oyiau MoeAHaHI MiX co00I0.
[IpononryBanHs wacy ekcrnosmiii g0 48 roawH y
po3uuHi Il mpu3Beno mo moganemoi aedopmartii ok-
PYIVIOro KOHTYpPY OOLMTY Ha yBirHytuil (puc. 4, B).
VY npomy Bumaaky 6:1am3bpko 1o ZP mpocrip i3 pedo-
BHH O1JIKOBOTO TIOXOKEHHS He (hopMyBaBcsl, a, HaB-
MaK, 30epiraBcst KOHTAKT MiXK OOIIUTOM 1 KIITHHAMHU
rpanynpo3d. KIiTHHM TpaHynbo3W Ta TEKHd Oyln
MmoeHaHI MK C000r0 Ta 0a3aabHOK MEMOPaHOI0.
Pesynbratu  gociipkeHHST MOP(OJIOTIYHOI  CTPYK-
Typu (Gomikyna micis 72-TOMUHHOTO TilNoTepMid-
HOTO 30epiraHHs MOKa3ajH, 10 OOLUT Mae jaedop-
MOBaHUH KOHTYp 1 TIpyOO3EpHUCTY IHUTOILIA3MY
(puc. 4, C). KniTiHHU TpaHy 16031 CTUCHEHI Ta BiJIOK-
pemiueni Big oonuty. KIiTHHH TrpaHynbo3u KOH-
TaKkTYIOTb MDK c000r0 Ta 0a3anpHOI0 MeMOpa-
HOIO, A0 SIKOT IMIIBHO MPHJISTAlOTh KIITHHU TEKH
(puc. 4, C).

[opiBHsIHHS MOP(OJOTTYHHUX 3MiH CTPYKTYPH (o-
JiKy/la TIpyd HOPMO- Ta TiloTepMiuHOMY 30epiraHHi
BHSIBIJIO, IO XapakTep TpaHchopMarlii CTpyKTyp-
HUX €JIeMEHTIB (DOINIKYNiB BHU3HAYAE€THCSA, B TIEPIILY
Yepry, CKJIaJJOM PO3YHHY 1HKyOarrii.

Pesynbrari KiIbKiCHOTO aHaNi3y 30epexeHHs §o-
JIKYJIIB y CTPYKTYpl OBapiajibHOI TKAHMHU 3a YMOB
ireMii 3aJIe)KHO Bij Yacy, TeMIIepaTypH i CKIIaay ce-
penoBuiia iHKyOarii npeacrasicHo Ha puc. 5. Kiib-
KiCTh MOP(OJIOTIYHO HOpMAIBHUX (DOJTIKYJIIB Y (par-
MEHTaX TKAHWHU S€YHUKA 3aJIUIIIaJIacs BUCOKOO (80—
90%) B ycixX JOCHIIPKYBaHUX CEPEHOBUINAX IICIs
2-romuaHoi HOopMoTepmii (37°C) 1 2-24-roguHHOL
rinorepmii pu 4°C. 30UIbIIeHAS Yacy 1HKyOarii 10
4 rogun nipu 37°C 1 no 48 rogun nipu 4°C 3HadyIIe
3HMKYBAJIO KUIBKICTh HOPMaJbHUX (OINIKYIiB 110
45-65%. KputnunuMm wacoM iHKyOauii anst ¢par-
MEHTIB OBapianbHOI TKAaHUHHM BBaXA€TbCA O TOOUH
(mpu 37°C) i 72 romunu (mpu 4°C), 3a IMX yMOB pi-
BeHb 30epexeHHs QouikyniB craHoBuB 30-35%.
Crix 3a3HaunTH, 110, TOTPH PI3HUIIO B TpaHCHOp-
Mariii Mopdornorianoi cTpykTypu orikyna 3anex-
HO BiJl KOMITO3HIIHHOTO CKJIATy PO3YHHY, TPOIEHT
HOpMaJIbHUX (OJIKYIIB y CTPYKTypi (parMeHra
TKaHUHU 3aJIe)KUTh BiJ] YaCOBHX 1 TEMIEpaTypHHX
[IOKa3HUKIB MOJEJIIOBAHHA IimieMil Ta He 3aJIEKUTh
BIJI CKJIaJly CepelIOBHINA 1HKyOaIlil.

ImremMiyHe MOMIKOMKEHHS KIIITHH 1 TKAaHHH Xa-
PAKTEpU3YEThCS aKTHBAIIEI0 aHACPOOHOTO IILISAXY
MeTaloi3My, 3HW)KEHHSM BMICTY MaKpOEPridHHX
CTIOJIYK, MOPYILICHHSIM (EPMEHTATHBHOI KiHETHKH,
BHACIiOK Yoro Hakonuuyrotecsi ThK-aktuBHi mpo-
OyKTH. Y HacTymHid cepii eKCIepUMEHTIB HaMH
Oyno mposeneno aHaiiz Bmicty TBK-aktuBHuX mpo-
IYKTiB y TOMOTEHATi OBapiallbHOi TKAaHWHU TIiC-
7 IMIEMIYHOTO BIUIMBY B THX EKCIIEPHMEHTAb-
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Puc. 4. lictonpenapatn ¢parMeHTiB CTaTeBO3pifoi oBa-
pianbHOi TKaHWHW nicnsa iHKybauii B posuuHi Il npu 4°C:
A — nicnsa 24 roguH iHky6auin; B — nicna 48 roauH iHky6alii;
C — nicna 72 roguwH iHky6auii. O — ooumnt, N — aapo, G —
rpaHynbo3Hi kNitHn, BM — 6asanbHa membpaHa, T — Teka-
KniTuHW. 3abapBnoBaHHSA TONYiAMHOBUM CUHIM, n = 7.

Fig. 4. Histology of mature ovarian tissue fragments
after incubation in the solution Il at 4°C: A — after 24-
hour incubation; B — after 48-hour incubation; C — after
72-hour incubation. O — oocyte, N — nucleus, G — granulosa
cells, BM — basement membrane, T — theca cells. Staining
with toluidine blue, n = 7.

revealed the nature of transformation of follicular
structural elements to be primarily determined by the
incubation solution composition.

Fig. 5 presents the results of quantitative ana-
lysis of follicle preservation within the ovarian tis-
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HUX TOYKaxX, B SIKUX PiBEHb 30epe:keHHs (OIiKyIIiB
oyB moHan 30% (puc. 6). Konmenrpamis TBK-ak-
TUBHHMX MPOIYKTIB 3pocTajia BiTHOCHO KOHTPOJIO
B 3—4 i 6-8 paziB uepe3 4 i 6 ronuH iHKyOAIl npu
37°C BimnosimHO (puc. 6, A). 3a 1iei Temmeparypu
BMicT TBK-akTHBHUX TPORYKTIB OyB OXHAKOBUM Y
BCiX JOCTiKyBaHHMX cepenoBumax. [lig gac rimo-
TepMmiuHOTO 30epiranus (4°C) Oylio BHSBICHO 3a-
JICXKHICTh IHTEHCUBHOCTI TIporiecy yrBopeHHs TBK-
AaKTUBHHUX TPOAYKTIB BiJ CKJIamy cepemoBuiia. B
IbOMY BHUIAJKy BiIMIHHOCTI 3HAYEHHS BiI3HAYCHO
Ha TPUBAJIMX TEPMiHAX 1MIEMIYHOTO BILIUBY (pHC. 6,
B). Tak, micist 48 ronuH rinmorepmiyHoro 30epiraH-
Hsl TKaHWHU y po3unHi I xonuenTpanis TBK-akrus-
HUX npoxaykriB cranosuiaa (0,13 + 0,05) aMons/mr,
mo B 2,5 paza Hmwxkue, HDK y posumni [ (0,31 +
+ 0,06) HMONB/MI. AHaNoOriyHa 3aJIeKHICTH 30epi-
rajacss ¥ 3a yMOB 30iJbIIIEHHS yacy iHKyOarii J0
120 ronuH.

B3aemMo3B 30K MK CTyNEHEM JOCIIKEHUX BU-
e iMmeMiYHUX YITKOKEHb 1 BiTHOBICHHSM €HIIOK-
puHHOI (PyHKIIIT OBapiathbHOT TKAHUHH BUBYAIH METO-
JIOM TeTepOTOMIYHOI TpaHCIDIaHTaIlii, sika Oyia mpo-
BeneHa Ticis 2- 1 4-romuHHO1 iHKyOamii mpu 37°C i
24- 1 48-romquaMHAHOI 1HKyOarii npu 4°C. Y nmux BU-
najKax, He3BaKalouW Ha 301JbIIEHHS KOHIIEHTpa-
uii TbK-aktuBHUX mponykTiB, 30epiranocs IMOHAT
50% dostikyiB 3 HOPMaJILHOK MOP(OJIOTIYHO OY-
JIOBOIO.

Qomnikysipauid  poinbk TpaHCIUIAHTATiB  OBa-
pianbHOi TKaHuHM Ha 30-Ty 100y criocTepeXeHHs
yCiX AOCHIKyBaHUX TPYI MPEACTABICHO B TAOIUIII.
[Ticnsa Hopmotepwmii (37°C) ynponosxk 2 Ta 4 roauH
KUTBKICTB (DOTIKYIIB y TpaHCIJIaHTaTi BU3HAJajacs
gacoM 30epiraHHss Ta He 3ajekana BiJ CKIaxy
cepenoBuia iHKyOarii. Tak, TpaHCIUTAHTaTH CBIXKO-
BH/JIIICHOT OBapiaiibHOT TKaHWHU (Tpyma 3) Ta micis
2-ropuHHOI imemii B po3umHax | (rpyma 4a(l)) ta
Il (rpyna 4a(Il)) Oymm mpencraBieHi QOmiKyIaMu
PI3HOTO CTYTCHS 3PIJOCTi, @ TAKOX KOBTUMH TiJTaMH
(tabmurr). Cmin 3a3HaundTH, MmO IDToma ¢idpo-
3y TPaHCIUIAHTATIB IMIEMi30BaHOT TKAHWHU CTAaHO-
Buna Ommspko (10,2 £ 1,9)% Ttineku B rpymi 4a(l).
B ycix ekcriepuMeHTaNbHUX TpyIax TpaHCITaHTaIlis
OBapiabHOT TKAHWHHU ITiCJIsl 4-TOMMHHOT ilIeMii mpus3-
BOJIWJIA JIO TOBHOTO ii ckiiepo3yBaHHs Ha 30-Ty 100y
CIIOCTEPEIKEHHSI.

[Micns imkyOanii ¢parMeHTiB oBapiaqbHOI TKa-
HUHHM 32 yMOB rinotpemii (4°C) domikynspauii mpo-
¢inp TpancmianTaris (30-ta moba crocTepexeHHs )
BM3HAUaBCsl 4YacoM TimoTepMii 1 CKiagoMm cepe-
noBuia iHKyOamii (Tabmuist). KinbkicTe pizHHX
3a CTyHEeHeM 3piIocTi (ONIKYNIB Ta >KOBTUX TiT Y
TpaHCIJIAHTAaTaX CBIKOBHIIJICHOT OBapialbHOI TKa-
HuHU (Tpyma 3) Tta micns 24-ropmHHOI iHKYyOAarrii

334

bz
E

120

100 A

(@)
o
1
rd
'

N
o
1

N
o o
1
] 4
L
A
N !
FF
- :I
1
_ ’/ //

2 4 6 24 48 72
Yac iHky6aLii, roamHm
Incubation time, hrs
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(37°C); 2 — posuunH Il (37°C); 3 — po3uuH | (4°C); 4 —
posuyuH Il (4°C), p < 0,05, n = 8.

Fig. 5. Level of normal follicle preservation within ova-
rian tissue structure after 2—120-hour ischemic expo-
sure at 37 and 4°C, 1 — solution | (37°C); 2 — solution I
(37°C); 3 — solution | (4°C); 4 — solution Il (4°C), p < 0.05,
n=8.
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sue structure under ischemia depending on time,
temperature and incubation medium composition.
The number of morphologically normal follicles in
ovarian tissue fragments remained high (80-90%)
in all the studied media after 2-hour normother-
mia (37°C) and 2—-24-hour hypothermia at 4°C. Pro-
longing the incubation time up to 4 hrs at 37°C and
up to 48 hrs at 4°C significantly reduced the num-
ber of normal follicles down to 45-65%. The incu-
bation time of 6 hrs (at 37°C) and 72 hrs (at 4°C)
for ovarian tissue fragments is considered as critical,
and under these conditions the level of follicle
preservation was 30-35%. It should be noted that,
despite the difference in transformation of follicle
morphology depending on solution composition,
the percentage of normal follicles within the tissue
fragment structure was determined by time and
temperature indices of ischemia simulation and
did not depend on incubation medium composi-
tion.

Ischemic injury of cells and tissues is characterized
by activation of anaerobic metabolic pathway, a
decreased content of macroergic compounds, im-
paired enzyme kinetics, resulting in TBARS accu-
mulation. In next series of experiments, we analyzed
the TBARS content in ovarian tissue homoge-
nate after ischemic exposure at those experimental
points where the level of follicle preservation was
higher than 30% (Fig. 6). The TBARS concentra-
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B YCIX JOCHI[UKYBaHHX pPO3YMHAX

Oynu TopiBHsIHI Mix coOoro. Tpanc- E % 0.9
IUTaHTAaLig OBapiajlbHOI TKAHUHU MiCIIs g = 08
48-ropuHHOI 1HKyOAaMii npu3BoAUIIa 10 2 _ 2 07
MOBHOTO ii ckiepo3yBaHHs Ha 30-Ty %g 3 g6
no0y crocrepexenns y rpynax Sa(l) ,"S_J‘g g_ '
i 58(1). ®omikynu Ta XKOBTI Tijla BHA- E 55 0.5
BUWINCS B TpaHCIUIaHTaTax rpynu (82 8 04
5e(Il). Crmimg 3a3Ha4UTH, MO TUTOIIA -g% g 03
$iGposy TpamcrutamTari miei rpyma & 8 oo
cranoBuna 6mm3bKo (30,6 + 3,3)%. s 2 o4

TToka3aHo, IO y TBAPHH-PELMITIEH- & é ‘0

TiB piBEHb €CTPAIIONY i IPOTECTEPOHY
micyisl TpaHCIUIaHTAIll TKAaHWHH, ilie-
Mi30BaHOI TIPOTSATOM 2 TOAWH MpHU
37°C, cmiBrnajaB 3 piBHEM THX CaMHX
TOPMOHIB Ticysl TpaHCIJIAHTalii CBi-

xoBujiienoi Tkauuau (puc. 7). Tak, & 9 09
KOHLEHTpalis ecTpajiony B IUIa3Mi £ 3 o8
KpoBi craHoBmia (22,9 + 3,2) nr/miu g % 0.7
y mypiB rpymu 4a(l), (27,5 + 3,3) nr/ E s g 06
ma — y rpyni 4a(ll), mo 3Hauyme é% g '
HE B.i,Z[piZj’,HHJ'IOCﬂ BiI piBHSA IMX Top- %E g 0,5
MOHIB TIiCJsl TpaHCIDIAHTAIlli CBIXKO- %2 % 04
BHJIIEHOT TKaHWHM sieuHuka (28,1 + Eé S 03
+ 3,6) nr/mn (rpyma 3) (puc. 7A). 36imb- 3= g 02
MICHHS Jacy 1meMii TKaHWHH! 10 4 TOIMUH '% a
npu 37°C (rpynu 5a (1) i 5a (1)) npus- z % 0.1
BOJUIIO JI0 3HIDKCHHS EHJOKPMHHOI X F 0

¢yHKii imemizoBaHOT OBapianbHOT
TKaHUHW Ticis 11 TpaHCIUIAHTAIlil,
Tax, KOHIIEHTpAIlisl €CTPaAIONy B IIa3Mi
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Incubation time, hrs
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KpPOBi IIypiB-PELMIIIEHTIB CTaHOBH-
ma (9,1 £ 2,1) ta (11,9 £ 2,31) nr/mna
(rpymu Sa(l) i 5a(Il) BiamoBigHO) TI0-
piBusiHoO 3 (7,1 + 1,5) nr/ma y oBapio-
€KTOMOBAHUX TBapHH; IPOTeCTEPOHY —
(3,4 +1,2) ta (4,8 = 0,8) Hr/mi (rpynu

Puc. 6. KoHueHTpauia TBK-akTMBHMX NpPOAYKTIB y dparMeHTax
oBapianbHOi TKaHMHW nicng iHkybauii npu 37°C (A) i 4°C (B) y pos-
ymHax | (m) Ta Il (m), pisHMLS 3Ha4YyLWa BiAHOCHO iIHTAKTHUX TBapWH
(*), p<0,05 n=09.

Fig. 6. TBARS concentration in ovarian tissue fragments after incubation
at 37°C (A) and 4°C (B) in the solutions | (m) and Il (m), difference is
significant relative to the intact animals (*), p < 0.05, n = 9.

S5a(I) 1 Sa(Il) BimIOBITHO) MTOPIBHSIHO
3 (3,1 £ 0,9) HI/™MT ¥ OBapioE€KTOMO-
BaHMX TBapwH (puc. 7, B).

BigmiaHoCTI cTepoimorenHol GyHKITIT TpaHCIIIaH-
TaTiB y PI3HMX 3a CKIAJOM CEpelOBHINAaX IHKyOarii
Oy BUSIBJICHI MMICIS TpaHCIUIAHTALlll TKAHWHH, i11e-
mizoBanoi npu 4°C mpotarom 24 TOAWH y rpymnax
48(1) ta 4B(Il) (puc. 8). BuxopucraHus po3UMHY
II s rimorepmiyHOro 30epiraHHs CTaTEBO3PLIOT
OBapiaJibHOT TKAHWHU MPOTATOM 24 TOOWH CIPHLIIO
BiTHOBJICHHIO ii cTepoigoreHHoi QyHKHii B Mexax
¢izionoriunoi Hopmu (ectpamiony (23,4 £ 34)
mpotu (30,1 + 3,1) nr/mn Ta nporecrepony (17,5 +
+ 3,0) mpotu (25,8 + 3,1) ar/miu, rpynu 48(1l) Ta 1
BinmoBimHO) (puc. 8). ImkyOarisi ¢parmMeHTiB OBa-
pianpHOi TKaumHU Tpu 4°C ympomoBk 24 roauH
y posumHi | 3Hauyme 3HHMXKyBajJa CHIOKPHUHHY
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tion increased relative to the control by 3-4 and
6-8 times after 4 and 6 hrs of incubation at 37°C,
respectively (Fig. 6A). At this temperature, the
TBARS content was the same in all the studied
media. Hypothermic storage (4°C) revealed the
dependence of TBARS formation intensity on the
medium composition. In this case, the differences
in values were observed at long periods of ischemic
exposure (Fig. 6B). For example, after 48-hour
hypothermic storage of tissue in the solution II, the
TBARS concentration was (0.13 + 0.05) nmol/mg,
that was in 2.5 times lower than in the solution I
(0.31 + 0.06) nmol/mg. A similar dependence was
kept when extending the incubation time up to
120 hrs.
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licTonoriyHuMiA aHani3 TpaHcnaHTaTiB OBapianbHOT TKaHWHW, siki 6yny iHky6oBaHi npu 37°C (ynpoaoBx 2 Ta 4 roaunH)
Ta npu 4°C (ynpogosx 24 1a 48 roguH) (30-Ta goba cnocrepexeHHs, n = 6)

Histological analysis of ovarian tissue grafts incubated at 37°C (for 2 and 4 hrs) and 4°C (for 24 and 48 hrs)
(day 30 of observation, n = 6)

Mpynu

MopdomeTpuyHi NoKasHNKN Groups

Morphometric indices

3 4a(l) 4a(ll) 4s(l) 4s(Il) 5a(l) 5a(ll) 58(l) 58(ll)

KinbKicTb aHTpanbHux donikynis
Ha TiCTONOriYHUA 3pi3
Number of antral follicles per
histological section

KinbkicTb npeaHTpanbHux conikynis
Ha TiCTONOriYHUIA 3pi3
Number of preantral follicles per
histological section

23+03 1,8 £ 0,2 2,2 +0,2 1,6 + 0,1* 23+0,2 o* o* 0* o*

KinbKicTb »0OBTUX Tin

Ha ricTONori4yHuiA 3pi3
Number of corpora lutea per

histological section

3,1+03 26 +0,2 3,7 +0,4 25 +0,3 34 +0,2 o* o* 0* 1,2 +0,1*

Mnowa ¢ibpo3y TKaHWHW BiA
3aranbHoi nnowli TpaHcnnaHtaty, %
Area of tissue fibrosis
of total graft area, %

0* 10,2 + 1,9% 0 20,1 +£24% | 10,7 = 1,1* 100* 80,2 = 7,7* 100* 30,6 + 3,3*

MpumiTKa: *— BiAMIHHOCTI 3HauyLLi NOPIBHSAHO 3 KOHTponeMm, p < 0,05.
Note: *— differences are significant if compared with the control, p < 0,05.

¢yHkuito ii TpaHCIIIAaHTATiB TOPIBHAHO 31 CBIXKO- The relationship between the degree of the above
BuAiIeHMMHU (pparmentamu 1 Qizionoriynoro Hop-  studied ischemic injuries and the restoration of
Mmoro0. Tak, piBeHb cTaTeBHX TOPMOHIB BiAMoBigaB Ha-  ovarian tissue endocrine function was investigated
CTYIHUM 3HadeHHsM: ecTtpaaion (18,2 + 2,1) nr/mn  using heterotopic transplantation, implemented after
y tBapuH rpynu 48(I) ((28,1 £ 3,6) nr/ma y mypiB  2- and 4-hour incubation at 37°C and after the ones
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Puc. 7. KoHueHTpauis ectpagiony (A) Ta nporectepoHy (B) B nnasmi TBapuH: iHTakTHUX (1); 3 oBapioekTomieto
(2); 3 TpaHcnnaHTauieo CBiXXOBUAINEHOT TKaHUHKM (3) Ta TpaHcNNaHTalielo oBapianbHOI TKaHWHKU nicnsa iHKybauii
npu 37°C ynpoaoBx 2-x roauH (4) i 4-x roguH (5) y posunHax | (m), Il (), pisHMUSA 3HayyLa BiAHOCHO iHTAKTHUX
TBapwH (*), TBapuH nicnsa opapioekTomii (¥) Ta nicna TpaHcnnaHTauii cBixoBuaineHoi TkaHmHu (%), p < 0,05, n = 7.

Fig. 7. Estradiol (A) and progesterone (B) levels in plasma of animals: intact (1); ovariectomized (2); with transplanted
fresh tissue (3) and ovarian tissue after incubation at 4°C for 24 (4) and 48 hrs (5) in the solutions | (m), Il (m),
the difference is significant relative to the intact animals (*), ovariectomized ones (¥) and those transplanted with
fresh tissue (%), p<0.05,n=7.
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Puc. 8. KoHueHTpauia ectpagiony (A) Ta nporecTtepoHy
(B) B nnasmi TBapuH: iHTakTHUX (1); 3 oBapioekToMieto
(2); 3 TpaHcnnaHTauiel CBIKOBMAINEHOT TKaHUHKU (3)
Ta TpaHcnnaHTauielo oBapianbHOI TKAHWHY NiCAs iHKY-
6auii npu 37°C ynpogosx 2-x roguH (4) i 4-x roguH (5)
y posymHax | (m), Il (m), pisHMUSA 3Ha4yLlla BiAHOCHO
iHTaKTHMX TBapuH (*), TBapuH nicns osapioekToMii (¥)
Ta nicnsa TpaHcnnaHTauii ceixxoBuaineHoi TkaHuHu (%),
p<0,05n=7.

Fig. 8. Estradiol (A) and progesterone (B) levels in plasma
of animals: intact (1); ovariectomized (2); with transplanted
fresh tissue (3) and ovarian tissue after incubation at 4°C
for 24 (4) and 48 hrs (5) in the solutions | (m), Il (=), the
difference is significant relative to the intact animals (*),
ovariectomized ones (*) and those transplanted with fresh
tissue (&), p<0.05,n=7.

rpymu 3); nporectepon (13,5 + 2,8) ur/miu y TBapuH
rpymu 48 () ((19,1 £ 2,8) ur/ma y urypis rpynu 3).
30inbIIeHHs Yacy iHKyOarii 1o 48 roquH mpu 4°C
CHPUSIIO YaCTKOBOMY 30€pekeHHIO (yHKIi oBa-
pianbHOT TKaHWHU ITCHS TPAHCIDIAHTAIl TITBKH Y
BHITJKy BHKOpHcTaHHS pozumHy Il (rpyma 58 (I1)).
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of 24 and 48 hours at 4°C. Above 50% of follicles
with normal morphology were preserved in this
cases, despite an increased TBARS concentration.

A follicular profile of ovarian tissue grafts to day
30 of observation of all the studied groups is shown in
the Table. After normothermia (37°C) for 2 and 4 hrs,
the number of follicles in graft was determined by the
storage time and did not depend on the incubation
medium composition. The grafts of fresh ovarian tissue
(group 3) and after 2-hour ischemia in the solutions I
(group 4a (I)) and II (group 4a (II)) were represented
by follicles of different maturity rate, as well as
the corpora lutea (Table). Notably, that the fibrosis
area of tissue grafts subjected to ischemia was about
(10.2 £ 1.9)% in group 4a (I) only. In all the experi-
mental groups, the ovarian tissue transplantation
after 4-hour ischemia resulted in its complete scle-
rosis to day 30 of observation.

After incubation of ovarian tissue fragments under
hypothermia (4°C), a follicular profile of grafts (day
30 of observation) was determined by hypothermia
time and incubation medium composition (Table).
The number of follicles with different maturity
rate and corpora lutea in fresh ovarian tissue grafts
(group 3) and after 24-hour incubation in all the
studied solutions were compared with each other.
Ovarian tissue transplantation after 48-hour incu-
bation resulted in its complete sclerosis to day
30 of observation in groups 5a (I) and 5b (I).
Follicles and corpora lutea were found in group 5b
(IT) grafts. Of note that the fibrosis area of grafts
in this group was about (30.6 & 3.3)%.

After transplanting the tissue, subjected to ische-
mia for 2 hrs at 37°C, the recipient animals demons-
tated the estradiol and progesterone levels to coin-
cide with those after fresh tissue transplantation
(Fig. 7). For example, the estradiol level in blood
plasma in rats of group 4a (I) and 4a (II) was (22.9 +
+ 3.2) and (27.5 £ 3.3) pg/ml, respectively, that did
not significantly differ from the level of these hor-
mones after fresh ovarian tissue transplantation
(28.1 = 3.6) pg/ml (group 3)(Fig. 7A). Prolon-
gation of tissue ischemia time up to 4 hrs at 37°C
(groups Sa (I) and 5a (I1)) entailed a decrease in en-
docrine function of ischemia-affected ovarian tissue
after its transplantation. For example, the estradiol
level in blood plasma in recipient rats was (9.1 £
+ 2.1) and (11.9 £ 2.31) pg/ml (groups 5a (I) and
Sa (1), respectively) vs. (7.1 + 1.5) pg/ml in ovariec-
tomized animals; the progesterone one made (3.4 +
+ 1.2) and (4.8 £ 0.8) ng/ml (groups 5a (I) and 5a (II),
correspondingly) as compared with (3.1 + 0.9) ng/ml
in ovariectomized animals (Fig. 7B).

Differences in steroidogenic function of grafts
in the incubation media with different composition




KoHnentparisi cTareBUX TOPMOHIB y TBapWH-pELH-
Mi€HTIB Wi€l Tpynu Oyna 3HAYyIle HIDKYE, HIK Y
TBapuH Trpyn 1 Ta 3, aje 3Hadylle BUIIE BiJIHOCHO
rpymu 2 (oBapioeKTOMOBaHi TBapuHM). Tak, y TBapuH-
PELMITIEHTIB TiCHs TpaHCIUIaHTALil TKaHWHHU, 1HKY-
6oBanoiy po3unHi Il mpu 4°C npotsirom 48 ronuH, KOH-
LeHTpalis ectpaniony cranosuna (13,5 £ 2.5) nr/mn
((7,1 £ 1,5) nr/mMma y oBapio€KTOMOBAaHHX IIIypiB),
nporectepony — (8,6 £ 1,9) mr/mi ((3,1 + 0,9) ur/mn
y oOBapioeKTOMOBaHHMX TmypiB). [licis TpaHcruTan-
tamii (parMeHTiB TKaHWHH, IHKYOOBAaHOI y pPO3UH-
Hi | npu 4°C mporsirom 48 romuH, €HIOKPHHHA
dbyHKIis HE BigHOBIOBanacs. KoOHIEHTparlis cTa-
TEBUX TOPMOHIB y TBapHH-PEIMITMEHTIB BiAMOBIIA-
Jla TaKiil y oBapioeKToMOBaHMX (pHC. 8).

TakuM YHHOM, OCHOBHOIO TIPUYMHOIO HE3BO-
POTHOTO iIIEMIYHOTO MOIIKO/KEHHsSI OBapiajbHOT
TKaHUHU € HakonnueHHs TBK-akTHBHUX MPOAYKTIB,
sIKe TPU3BOAWUTH O TOBHOTO MPUTHIYEHHS €HIOK-
punHOI (yHKLIT 3a yMOB ii peBackyisipu3zanii. Tak,
[IOBHE BiTHOBJIEHH: TOPMOHaNBHOI PyHKLIT y oBapio-
E€KTOMOBAHUX TBAPUH-PEIMITIEHTIB BiJ3HAYEHO 3a
YMOB TpaHCIUIAHTAIlil (parMeHTiB SE€YHUKA TiCIs
2-ropuaHO] imemii mpu 37°C i 24-romuaHOoi ipu 4°C
(muB. puc. 7, 8). PiBenn 30epexeHHS MOpPQOIIOTIU-
HOI TIimicHOCTI QomikyniB 1 koHmeHtpamis THK-
aKTMBHUX HPOAYKTIB 3aMLIATHMCA y MEXaxX KOHT-
POJBHUX 3HAYCHb.

ITomomxxennst wacy iHkybamii 70 4 TOmWH TpH
37°C 30inmblnyBajo KiIBKICTh TMOMIKODKEHHX (OJIi-
KYJiB (IUB. pUC. 5), @ TAKOXK ITiIBUIILYBaJIO KOHICHT-
pauito TBK-aktuBHUX mponykTiB y 3—4 pas3u (auB.
puc. 6). MoxHa MPUITYCTUTH, 1110 Y JJAHOMY BHUIAJKY
Ji€ MITOXOHJpiaNbHUM MEXaHi3M afonTo3y, SKHH
BUKJIMKae MOpP(}oJoriuHi i 6ioximMiuHi 3MiHH y TKa-
HUHI, BHACIIOK YOTO 3HMKYETHCS IyJ HOPMAJIbHO
(GyHKIIOHYI0UMX (OTIKYIIB MICIs BiJHOBICHHS KPO-
BOIIOCTAYaHHSI.

3HmwkeHHS Temreparypu a0 4°C i 30imblIeHHs
yacy iHKyOamii 10 48 TOMUH MPU3BOIWINA JO TIOII-
KOJDKEHHS cTpYKTypH y 50% domikymis (auB. puc. 5).
Crmin 3a3HaYWTH, IO TiJ Yac iHKyOarlii TKaHWHU Yy
pozunHi Il xormnenTpamist TBK-akTuBHUX MPOTYKTIB
Oyna B 2,5-3 pasu HMWXKYE, HIK 32 YMOB BHKOPHC-
TaHHA po3uuny | (muB. puc. 6). 3HWKEHHS KOHIICHT-
pauii TBK-akTuBHUX MpomyKTiB mijg vac 48-roauH-
Hoi iHKyOanii TkauuHu y po3uuHi Il npu 4°C cmis-
najago 3i 3HAYYIIAM IMiJBUIICHHSIM KOHIIEHTpAIii
€CTpa/ioiy i MPOrecTepOHy Y TBAPUH-PEIHITIEHTIB.

OTxe, BUKOpUCTaHHS po3unHy Il 3HWKYye ime-
MiYHI YIIKO/PKEHHS OBapianbHoi TKaHuHH. Lle MokHa
MOSICHUTU SIK OCMOTHYHHMMH BJIACTHUBOCTSIMH MaHi-
TONy, TaKk i HOro aHTHOKCHAAHTHOIO nicr0. B mes-
KUX JOCHIDKCHHAX JOBEICHO MPOTEKTHBHY IO
MaHiTony [22, 24, 29]. 3okpema, R.P. Paczynski
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were found after transplanting the tissue exposed
to ischemia at 4°C for 24 hrs in groups 4b (I) and
4b (II) (Fig. 8). Using the solution II for mature
ovarian tissue hypothermic storage within 24 hrs
promoted to restore its steroidogenic function wi-
thin the physiological norm ((23.4 + 3.4) pg/ml of
estradiol vs. (30.1 =3.1) pg/ml and (17.5 = 3.0) ng/ml
of progesterone vs. (25.8 + 3.1) ng/ml in groups
4b (II) and 1, respectively) (Fig. 8). Incubation of
ovarian tissue fragments at 4°C for 24 hrs in the
solution I significantly reduced the endocrine func-
tion of its grafts if compared with fresh frag-
ments and physiological norm. For example, the
level of sex hormones corresponded to the follo-
wing values: (18.2 £ 2.1) and (28.1 = 3.6) pg/ml
of estradiol in animals of group 4b (I) and group 3,
respectively; (13.5 + 2.8) and (19.1 £ 2.8) ng/ml
of progesterone in animals of group 4b (I) and
group 3, correspondingly

Prolonging the incubation time up to 48 hrs at
4°C promoted a partial preservation of ovarian tissue
function after transplantation only in case of using
the solution II (group 5b (II)). The concentration of
sex hormones in recipient animals from this group
was significantly lower than in animals of groups 1
and 3, but significantly higher relative to the group 2
(ovariectomized animals). For example, in recipient
animals after transplanting the tissue incubated
in the solution II at 4°C for 48 hrs, the estradiol
level was (13.5 £ 2.5) pg/ml ((7.1 £ 1.5) pg/ml
in ovariectomized rats), the progesterone one made
(8.6 £ 1.9) ng/ml ((3.1 £ 0.9) ng/ml in ovariectomized
rats). After transplantation of tissue fragments
incubated in the solution I at 4°C for 48 hrs, an en-
docrine function was not restored. The concentra-
tion of sex hormones in recipient animals corres-
ponded to that in ovariectomized ones (Fig. 8).

Thus, the accumulation of TBARS, resulting in
a complete suppression of endocrine function under
its revascularization, is the main cause of irreversible
ischemic injury of ovarian tissue. So, a complete
restoration of hormonal function in ovariectomized
recipient animals was observed during ovarian
fragment transplantation after 2-hour ischemia at
37°C and 24-hour at 4°C (see Figs. 7, 8). The level
of preservation of follicular morphological integrity
and TBARS concentration remained within the
control values.

Prolonging the incubation time up to 4 hrs at
37°C augmented the number of injured follicles (see
Fig. 5), and increased the TBARS concentration
by 3—4 times as well (see Fig. 6). It may be assumed
here the action of mitochondrial pathway of apop-
tosis, which induces morphological and bioche-
mical changes in tissue, resulting in a decreased
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Ta criBaBT. [31] excnepuMEHTaJbHO HPOJEMOHCT-
pyBaIH, 110 BBEICHHS MAHITONY MOCHIIIOE MO3KOBHIA
KpPOBOOOIT 1 3HWXY€E apTepiaJbHUN THUCK Y TKaHHHI
micist imemivaoro BrumBy. J. Suzuki Ta cmiBaBT. [35]
3a JIOIIOMOTOI0 XEMITIOMIHECLIEHTHOIO CIIEKTpOaHa-
T3y JTOBEINH, 110 MaHITOIN 3B’SI3YETHCS 3 T1IPOKCHII-
paaukanoM i 3HMWKYye KoHneHTpamnito ThK-aktuBHUX
MPOAYKTIB B YMOBaxX EKCIIEPHUMEHTAIBHOI immemii
MO3KY.

3riHO 3 HAIMUMU CKCIIEPUMECHTATBHUMHE PE3yiTh-
TaTaMy aHTHMOKCHJAHTHA [isl MaHITOJIy BiJI3HAYa€Thb-
csi TUTBKM TIpU TinmorepMmiuHoMy 30epiranui (4°C)
(muB. puc. 6, B), a HOpMOTEepmiuHe 30epiraHus
(37°C) miBemoe et edexr (muB. puc. 6, A), 110,
WMOBIPHO, MOYKHA TMOSICHUTH JAC(IIMTOM KHCHIO.
3a miei TemmeparypH KiHETHKA peakiiid, sKa Io-
B’Si3aHa 3 TMOPYIIEHHSM KIITHHHOTO MeETaboii3My,
Habarato Buma, HiX npu 4°C. PobGora akTHBHHX
TpaHcHOpTHUX cucteM npu 37°C 1 3MiHa 10HHOL
IIPOHUKHOCTI MeMOpaHU (3 OTHOTO OOKY, MOCHIICHHS
MPOLECIB pO3May MAKPOSPITUHUX CHONYK, 3 1HILOTO —
HaKOMMYCHHS TPOMYKTIB Jerpajarlii) MOCHIIIOTh
peaxuio BUTbHOPAJAUKAILHOTO OKHUCHEHHS 1 IOpY-
IIYIOTh TIPO- 1 AaHTHOKCHAAHTHUM Oananc. Braci-
JIOK OITMCAHUX TPOLECIB YTBOPEHHS aKTHBHHUX (HopM
KHCHIO HACKIJIBKH 1HTEHCUBHE, 110 aHTHOKCUIAHTHOT
Iii MaHITOTy HEIOCTaTHRO. BiporigHo, MO 3HIDKEH-
Hs TeMmmeparypu a0 4°C yIOBINBHIOE IIi TPOIIECH,
TOMY MAaHITOJ SIK OCHOBHUH KOMITOHEHT Cepesio-
BUIA iHKyOalii mnpurHiyye HaxornnveHHs TBK-
ATUBHUX TPOAYKTIB.

OTxe, B ONMCAaHUX yMOBAaxX IOETHYETHCS MPO-
TEKTUBHA JIis TINOTepMii i MaHITOIY, IO CHIBIAJa€e
3 pesynsraramu H. Karibe Ta criBasr. [18].

st excnepuMmeHTanbHOro BUKopucTanHs MBP
y KIIHIYHINA MPAKTHUIl HEOOXiqHE MO/IabIlle BUBYCH-
HSl EHJOKpUHHOI (YHKLII OBapiaJbHOI TKaHWHH,
sika 30epiranach y TilTOTEPMIYHHUX yMOBaxX OLIBII
TpuBanuit ac (60, 90 1i0) micis TpaHCIUIAHTAIII].

BucHoBkn

1. Kputnune 3umkenHs 10 30-35% HopManbHUX
(hoMKyITIB Yy CTYKTypi OBapiadbHOI TKAaHWHHU BCTa-
HOBJIEHO Micas 6 TOOAUH HOpPMOTepMil Ta 72 romuH
rinorepmii. Mopdonoriuna crpykrypa (osikyiis
y MeXax KOHTPOJbHUX 3Ha4eHb 30epiranach Micys
2-romunHOI 1HKYyOamii (37°C) 1 2—-24-roguHHOI 1HKY-
Oarii (4°C) B yCiX JOCIIPKYBaHUX CEPEAOBHUIIIAX

2. AHTHOKCHJIaHTHI BIIaCTUBOCTI MaHITOJy TIOCH-
JIOBai TPOTEKTHBHY Ait0 Tinmotepmii (48 roauH,
4°C), sika TpOSBISUIACS HHU3BKOIO KOHIICHTPALIEO
TBK-aktuBHuX mponykris. [Ipu npomy BigzHayanocs
3HauyIle MiABUIICHHS KOHLEHTPALil cTaTeBUX rop-
MOHIB y TBapUH-PEIHITIEHTIB BiTHOCHO OBapio-
CKTOMOBAHHX.
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pool of normally functioning follicles after blood
supply restoration.

Temperature decrease down to 4°C and exten-
ding the incubation time up to 48 hrs entailed the
structure injury in 50% of follicles (see Fig. 5).
Notably, that during tissue incubation in the so-
lution II, the TBARS concentration was 2.5—
3 times lower than using the solution I (see Fig. 6).
A decreased TBARS concentration during tissue
incubation within 48 hrs in the solution II at 4°C
coincided with a significant increase in estradiol
and progesterone levels in recipient animals.

Thus, the application of solution II reduced is-
chemic injuries of ovarian tissue. This can be
explained by both osmotic properties of mannitol
and its antioxidant action. Some studies have proven
a protective effect of mannitol [19, 21, 26]. In
particular, R.P. Paczynski et al. [28] experimentally
demonstrated the mannitol introduction to enhance
cerebral blood flow and reduce blood pressure in
tissue after ischemic exposure. J. Suzuki et al. [32]
using chemiluminescence spectral analysis proved
the mannitol binding to hydroxyl radical and reduc-
tion of TBARS concentration under experimental
cerebral ischemia.

According to our findings, an antioxidant effect
of mannitol was observed under hypothermic sto-
rage (4°C) only (see Fig. 6B), whereas a normo-
thermic storage (37°C) levelled this effect (see
Fig. 6A), that could be probably explained by
oxygen deficient. At this temperature, the kinetics
of responses associated with impaired cell meta-
bolism was much higher than at 4°C. The function
of active transport systems at 37°C and changes in
membrane ion permeability (enhancement of mac-
roergic compound decay on the one hand, and
accumulation of degradation products on the other
hand) strengthened the free radical oxidation and
disrupted the pro- and antioxidant balance. As a re-
sult of the described processes, the formation of
reactive oxygen species was so intense, that the
antioxidant action of mannitol occurred to be in-
sufficient. Temperature decrease down to 4°C was
likely to slow down these processes, and so the
mannitol as the main component of the incuba-
tion medium inhibited the accumulation of TBARS.

Thus, under the described conditions, a protective
effect of hypothermia and mannitol was combined,
that coincided with the results reported by H. Karibe
etal. [12].

For experimental implementation of MCS into
clinical practice, the study of endocrine function of
ovarian tissue, stored under hypothermic conditions
for a longer time (60, 90 days) after transplantation
should be continued.
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3. Konmentpamiss TBK-akTHBHHX TpPOAYKTIB Yy
TpaHCIUIAaHTaTaxX OBapialibHOI TKAHWUHU MPU IPH
HOPMO- Ta TiMOTepMiuHOMY 30epiraHHi € OCHOBHUM
MOKa3HUKOM HE3BOPOTHUX YIIKOMKEHb. Y TBApHH
yCiX eKCIIEPUMEHTAJIbHUX T'PYN BCTAHOBJICHO B3a€-
MO3B’S30K MK KoHIeHTpauiero TBK-aktuBHHX
MPONYKTIB 1 CHJOKPHUHHOIO (YHKIIEK 1imemizo-
BaHMX TPAHCIUIAHTATIB OBapiajlbHOI TKAHUHU.
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Conclusions

1. A critical decrease of normal follicles within
the ovarian tissue structure down to 30-35% was
found after 6-hour normothermia and 72-hour hypo-
thermia. Follicle morphology was preserved within
the control values after 2-hour incubation (37°C)
and 2-24-hour incubation (4°C) in all the studied
media.

2. Antioxidant properties of mannitol enhanced
a protective effect of hypothermia (48 hrs, 4°C),
manifested by low concentrations of TBARS.
Herewith, a significant increase in sex hormone
concentration in recipient animals relative to the
ovariectomized ones was observed.

3. TBARS concentration in ovarian tissue grafts
under normo- and hypothermic storage is the main
index of irreversible damage. The relationship
between TBARS concentration and endocrine func-
tion of ischemia-affected ovarian tissue grafts was
found in animals from all experimental groups.
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