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Pedepat: Po3pobka HOBMX MeTOAOMOrYHUX MiAXOAiB, CNpsiMOBaHWX Ha 36epexeHHs NoTeHUiNHOT depTunbHOCTI nig Yac
nnaHyBaHHSA LMTOTOKCMYHOI Tepanii y ocib6 gonyb6epTaTHOro BiKy, € akTyanbHUM HanpsiMKOM MeAMKO-BionoriyHnx AOChifXeHb.
Y po6oTi NnpoBeAeHO NOPIBHSAMBHY OLHKY BNMBY €KCMo3uLii y cepeaoBuLlax pi3HOro KOMMoO3uUiNHOro cknagy Ha MopdornorivHi na-
pameTpu Ta MeTaboniyHy aKTUMBHICTb KMITUH 3BUTUX KaHasbLiB CiM'SHUKIB CTaTEBOHE3pinux LlypiB. KpiokoHcepByBaHHSA TKaHWH
sileyka BMMarae 3acTOCyBaHHsi BiAMOBIAHMX MPOTOKOMIB, siki 3a6e3nevyoTb BUCOKI MOKa3HUKM XUTTE3AATHOCTI Ta OyHKLUiOHaNbHOI
aKTMBHOCTI Ha TNi MiHiMi3auUil NOWKOAXeHb TpaHCcnnaHTauinHoro matepiany. BctaHoBneHo, wo 30-XBUNWHHA €KCno3uuis 3paskiB
TKaHWH y CepefoBuLLAX Ha OCHOBI po34MHy XeHkca Ta 50 r/n 6uyayoro cupoBaTKkoBOro anbbymiHy 3 gogaBaHHAM 0,6 M gumeTun-
cynbdokeuay (AMCO) abo 0,7 M rniuepuHy He BUKNMKana YLUIKO4XKEHb CNIepMaTOreHHOro eniTenito Ta 3HWKEHHSI METabomMivHOT akTUBHOCTI
knitTuH (MTT-TeCcT Ta aKkTUBHICTb nakTatgerigporeHasu). Exkcnosuuis snpogosx 45 Ta 60 xB y cepepgoBuwlax i3 gogasaHHsam 0,6 M
OMCO, 0,7 M rniuepuHy, 50 r/n nonietuneHokcnay-400 Ta 0,1 M caxapo3u npusBoauna Ao AeckBamallii, nosiBu 6e3KNiTUHHUX OiNsHOK,
3HWXKEHHS LWiNbHOCTI KNITUH CnepMaToreHHoro enitenito Ta ix metaboniyHoi akTuBHOCTI. OTpMMaHi AaHi MoXyTb ByTW BUKOpUCTaHi
Onst 06r'pyHTYBaHHS Ta Po3pobku edPeKTUBHUX METOAMK KPiIOKOHCEPBYBAHHS 3BUTMX KaHasnbLiB CiM'SHUKIB CTaTEBOHE3PINUX LLypiB.

KnroyoBi crnoBa: 3BUTi kaHanbLs CiM'AHUKIB, CTAaTEBOHE3PINi LWypW, AMMeTUNcynbMoKeKua, rmiuepuH, nonieTuneHokeuna, caxaposa,
6uyaunii cupoBaTkoBUIA anbByMiH.

Pecpepat: Pa3paboTka HOBbIX METOOONOrMYECKMX MOAXOA0B, HAMpaBEHHbIX HA COXPaHEeHWe MoTeHUuanbHON (hepTUbHOCTU
npu NAaHMpOBaHUM LIMTOTOKCUYECKOW Tepanuu y nvu gonybeptaTHOro Bo3pacTa, SIBMSETCS aKTyarnbHbIM HanpaBneHnem Mefmko-
6uonornyecknx nccrnenosaHuii. B paboTe npoBefeHa cpaBHUTENbHAs OLEHKA BIUSHWSA 9KCMO3WMLUMM B Cpefax pasfnuyHoOro Kom-
NO3MLMOHHOIO cocTaBa Ha Mopdoriornyeckme napameTpbl U MeTaboNMYeckyto akTMBHOCTb KINEeTOK U3BUTbIX KaHanbLEeB CEMEHHUKOB
HenonoBo3penbix Kpbic. KpMokoHcepBrpoBaHne TkaHel snyka TpebyeT NpvMeHeHUsi COOTBETCTBYIOLMX MPOTOKOMOB, KOTOpble
obecneynBaloT BbICOKME MOKa3aTenu XU3HeCnoCOOHOCTU M (YHKLMOHANBbHON akTMBHOCTW Ha (hoHe MUHUMK3ALUKU NOBPEXAEHWUI
TpaHCNnaHTauMoHHOro Matepvana. YcTaHoBNeHo, 4To 30-MUHYTHas 3KCno3mums o6pasLoB TKaHU B KPUO3aALMUTHBIX cpeaax Ha
ocHoBe pacTBopa XeHkca v 50 r/n GblYbero CbIBOPOTOYHOrO anbbymuHa ¢ gobasnexdvem 0,6 M AMCO unu 0,7 M rnuuepviHa He
npvBoAuna K NoBpPeXAEHUsIM CMepPMaTOreHHOro 3NUTENNS U CHUXKEHUO MeTabonuyeckon akTuBHocTM knetok (MTT-TecT u akTuB-
HOCTb NakTataermgporeHasbl). Jkcnosvums B TedeHue 45 1 60 MuH B cpefax ¢ gobasnenunem 0,6 M IMCO, 0,7 M rnuuepuHa, 50 r/n
nonmaTtuneHokcnaa-400 n 0,1 M caxaposbl npuBoanna Kk AeckBamaLlun, NosiBNEHN0 6e3KNeTOUYHbIX YHaCTKOB, CHUXKEHUWIO NIIOTHOCTU
KNeTOK CrepmMaTOreHHOro anuTenus 1 ux mMetabonmyeckon akTMBHOCTU. [MonyyeHHble AaHHble MOryT ObiTb MCMONb30BaHbl Ans oboc-
HOBaHWA 1 pa3paboTkn aMDEKTUBHBIX METOAMK KPYOKOHCEPBMPOBAHMSA U3BUTbIX KaHamnbLEB CEMEHHWKOB HEMONOBO3pesbiX KpbiC.

KnioueBble cnoBa: n3BMTble KaHanbLia CEMEHHWKOB, HENOMNOBO3penble KPbIChl, AUMETUNCynbgokeuna, rnmuepuH, nonmatm-
NeHoKcua, caxapo3sa, OblYMin CbIBOPOTOYUHbIV anbbyMUH.

Abstract: The development of new methods aimed at preserving potential fertility before the cytotoxic therapy for individuals of
pre-adulthood is an actual area of medical and biological research. The research compares the effect of exposure to media of
different composition on morphological parameters and metabolic activity of cells of testicular convoluted tubules of sexually immature
rats. Cryopreservation of testicular tissues requires the use of appropriate protocols, ensuring the high viability and functional activity
at the background of minimization of damages in transplant material. It has been established that a 30-minute exposure of the tissue
samples in media based on Hanks solution and 50 g/L bovine serum albumin supplemented with either 0.6 M DMSO or 0.7 M glycerol
did not result in the damage of spermatogenic epithelium and to the decrease in metabolic activity of the cells (MTT test and lactate
dehydrogenase activity). Exposure of the testicular convoluted tubules of immature rats during 45 and 60 min in cryoprotective media
supplemented with 0.6 M DMSO, 0.7 M glycerol, 50 g/L polyethylene oxide with molecular weight 400 and 0.1 M sucrose led to the
manifested desquamation, appearance of acellular areas, reduced density of spermatogenic epithelium cells and their metabolic
activity. The findings could be used to substantiate and develop the effective techniques for cryopreservation of seminiferous tubu-
les of immature rats.

Key words: seminiferous tubules, immature rats, dimethyl sulfoxide, glycerol, polyethylene oxide, bovine serum albumin.
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I3 po3BUTKOM 010TEXHOJIOTIH Ta OLIBIT TIIHOOKUM
PO3YMIHHSIM MEXaHi3MiB pereHeparii 06i0JoriyHIX
TKaHUH B OCTaHHI POKH BISHUMH BCHOTO CBITY pO3p00-
JISIFOTBHCS I IXO/AW A0 3aCTOCYBAaHHSI KIIITHHHUX Ta TKa-
HUHHHUX TEXHOJIOTIH y PEenpoayKTHBHIM MeIUIUHI,
aHzaposorii Ta riHekoJorii. 3ycusis MEAMKIB y Hii
ranysi cupsMOBaHi, eIl 3a Bce, Ha MOI0JIaHHs Oe3-
TUTLAIS, JTIKYy BAHHSI OHKOJIOTTYHMX 3aXBOPIOBAaHb CTare-
BHX 3aJ103 ¥ YOJIOBIKIB 1 )KIHOK, TPEHATAIIbHY KOPEKIIIFO
AQHOMaJIiH PO3BUTKY IUIOAA 32 JOIIOMOT' 00 TKAHUHHHUX,
KITHHHUX 1 TEHHUX TeXHOJI0Ti [12, 25, 29].

be3cyMHIBHUM ITiITBEPIKESHHSIM TIPOTPECY KITiHIY-
HOI OHKOJIOTI{ € 301IBIIEHHS [TOKa3HUKA BH)KUBAHHS
XBOPHUX Ha 3JIOSKICHI HOBOYTBOPEHHSI BCiX THITIB i
HO30JI0T1H. 3HaYHa KUIBKICTh OHKOJIOTTYHHUX MAI[€HTIB,
SK1 IPONIIIIA TPOTHUITY XJIMHHE JIIKyBaHHS, — 1€ 0COOH
J0Iy0epTaTHOTO BiKY, SIKi pO3PaxOBYIOTh Ha BHCOKY
TPUBAIICTD 1 siKicTh x)uUTTs [2]. Hapasi kpiokoHcep-
BYBaHHSI CIIEPMH Ta OKPEMHUX CIIEPMaTO30i/iB JOCUTh
YCHIITHO TPOBOJMUTHCS 3 METOK 30epekeHHs (ep-
THIIBHOCTI Y 40JI0BiKiB [28]. OnHak naHuii miaxin e
MOke OyTH 3aCTOCOBAHWM IS MAIi€HTIB aomy0ep-
TaTHOTO BiKy, Y SIKHX CIIEpMaToreHes Ie He PO3BHU-
HEHUH, a B eSIKYJISITI BiICYTHI ClIEpMaro30imu. Y 3B’ 3Ky
3 UM HEpe KIHIIUCTaMH IOCTA€e HEIIPOCTE 3aBIaHHS,
SIKE TIOJISATAE Y pO3pO0Ili HOBUX METOAOIOTYHUX M-
XOJ1iB, CIIPSIMOBAHUX Ha 30€peKeHHS IIOTEHIIIHHOT (ep-
TUJIBHOCTI i/ Yac MIaHyBaHHS [IUTOTOKCHYHOI Tepartii
y 0ci0 AaHoi BikoBO1 rpynu. BupireHHsM 11i€i npobneMu
MOXKE CTaTH KPIOKOHCEpPBYBaHHS TKaHUH s€dka [8],
TOMY aKTyaJIbHOO € PO3pO0OKa MPOTOKOJIIB, SIKI 371aTHI
3a0€3MeYNTH BUCOKI TOKa3HUKH (PYHKI[IOHAIBHOT aK-
THUBHOCTI Ta )KUTTE34ATHOCTI Ha TIIl MiHIMIi3ail Imom-
KOJKEHb TPAHCIUIAHTALIIMHOTO MaTepiay.

IcHyr0Th 1Ba BapiaHTH KP1OKOHCEPBYBaHHS TECTH-
KyJISIPHOT TKAaHWHU Y BUIVISII CyCIIeH31i TepMIHOTEHHUX
KIIITHH 200 (parMeHTIiB 3BUTHX CiM' SHUX KaHAJIBIIIB.
[Ticns po3MopoXxyBaHHS CycHeH3ii TepMiHOTEHHHUX
KJITHH MOXJMBA il ayTOTpaHCILUIAHTALIS MIISIXOM
1H' eKUil y TKAaHUHY CiM’ SHUKIB JJ151 3aCENICHHS 3BUTUX
KaHaJIbLIB 3JOPOBOIO MOMYJISILIIEI0 CIIEPMATOTeHHUX
KiiThH [2, 19]. V pasi kpioKoHCepBYBaHHSI [ILTMX 3BUTHX
KaHaJIbLIiB MOXJIMBE MPOBEICHHS TPaHCIIAHTAL]
Oilonrary ans iHinianii cnepmarorene3y. OtTpumani
TaK{M YHHOM CIIEpMAaTOo30111 MOXYTh OyTH BUKOPHC-
TaHl I 3aIUTiTHCHHS 32 IOMOMOTOI0 IHTPAITUTO-
mra3MigHoi in’ exmii criepmu [ 14]. Kpim Toro, mocomi-
HHUKaMH aKTHBHO PO3TIIAIAETHCS MOYKITUBICTE IHIYKIIIT
CIIepMaToTeHe3y in Vitro, y TOMY YHCJi 3 BHKOPHC-
TaHHSM JIEKOHCEPBOBAHOT'O MaTepiaily, aje sl TEXHO-
JIOTisI 3HAXOIUTKCS TIOKH Ha CTaii pO3pOOKH.

Crin 3a3Ha4MTH, 1O MiJ 9aC KPiOKOHCEPBYBaHHS
TKaHUH SI€YKa, OTPUMAaHUX BiJl MAIIEHTIB J0MyOepTaT-
HOTO BiKY, KOJIU TIOBHOI[IHHU ClIepMaTOreHes IIe He
chopMyBaBCs, OCHOBHHM 3aBJIaHHSM € HE TUTbKH (i-
3U4He 30epeKeHHs CliepMaToroHii 1 kiitud CepTodi,
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The development of biotechnology and a better
understanding of the mechanisms of regeneration of
biological tissuesallowed thescholarsall over theworld
to develop the approaches to apply the cell and tissue
based therapies in reproductive medicine, andrology
and gynecology. Theeffortsof physiciansinthisfield
are aimed, above all, at overcoming infertility, trea-
ting cancer diseases of the sexual glandsin men and
women, as well as prenatal correction of fetal abnor-
malitiesby means of tissue, cell and gene based techno-
logies[8, 23, 29].

Definite evidence of the progress of clinical onco-
logy isanincreased survival of patientswith malignant
neoplasms of all types and nosologies. A significant
number of oncology patients undergoing antitumor
treatment are those of a pre-adulthood, hoping for
along active life [5]. Currently cryopreservation of
sperm and individual spermatozoais very successful
tomaintain fertility in men [28]. However, thisapproach
can not be used for patients of prepubertal age, because
their spermatogenesisis not yet developed, and there
are no spermatozoa in gaculate. In this regard, the
cliniciansfaceadifficult task, whichisto develop new
methodological approaches aimed at preserving the
potential fertility during planning of cytotoxic therapy
in individuals of this age group. Cryopreservation of
testicular tissues could solve this problem [3], there-
fore the development of appropriate protocols is
needed, which will provide high levels of functional
activity and viability together with minimal transplan-
tation impairments.

There are two options to cryopreserve atesticular
tissue: either as a suspension of germinal cells or as
the fragments of convoluted spermatic tubules. After
thawing the suspension of germinal cells, it can be
autotransplanted by injection into testicular tissue to
popul ate the convol uted tubuleswith ahealthy popul a-
tion of spermatogenous cells[5, 15]. If whole convo-
luted tubules are cryopreserved, the biopsy material
may be transplanted to initiate spermatogenesis. The-
reby obtained spermatozoacan be used for fertilization
by means of intracytoplasmic sperminjection[10]. In
addition, researchersare actively considering the possi-
bility of in vitro induction of spermatogenesis, including
the application of frozen-thawed material, but this
technology isstill under development.

It should be noted that during cryopreservation of
testicul ar tissue obtained from the pre-pubertal patients
with non-active spermatogenesis, the main task is not
only physical preservation of spermatogoniaand Ser-
toli cells, but also keeping aproper contact in between,
as it plays an important role in further maturation of
the spermatogeni ¢ epithelium cells. Therefore cryopre-
servation of testicular tissue as convoluted tubulesis
considered asapromising method to preservetesticular
tissuefor itsfurther autotransplantation and restoration
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a ¥ ITIOBHOIIIHHNUX KOHTAKTIB MK HUMH, OCKIJILKH BOHU
BiJIITPAIOTh BAJKJIMBY POJIb Y HACTYITHOMY JI03piBaHHI
KIIITHH CIIEPMaTOT€HHOTO eTiTeNiro. ToMy KpioKOHCep-
BYBaHHS TKAaHWH sl€YKa y BUIJISA/ 3BUTUX KaHAJIbIIIB
BBaXXA€THCSI NIEPCIEKTUBHUM METOJOM 30€peeHHS
TpaHCIUIAHTALLii Ta BiZTHOBJICHHSI PEIPOYKTUBHOI ()yHK-
uii [2]. Y po6ori V. Kerosi ciBasr. [18] nokasaHo, mo
B 3pa3Kax TECTUKYJIIPHOI TKAHUHH, KPIOKOHCEPBOBAHUX
iz 3axucrom 0,6 M mumernncyibdokceury (IMCO),
BIZICYTHI ITOPYIIICHHS 3B’ 13Ky CIIEPMAaTOTOHiH 13 6a3ab-
HOIO MEMOPAHOIO Ta CYCIIHIMH KIIITHHAMH y TTOPiB-
HAHHI 31 CBIXO i30160BaHOI0 TKaHUHOM. F. |zadyar i
cmiBaBT. [15] y AIKOCTi Kpio3axMCHOTO CepeIOBHUINA Ta-
Kok BukopucroByBanu JIMCO, ane y koHUeHTpamii
10%. Lle 3abe3neuyBaino 30epexeHHss MOp¢ooriu-
HUX MOKa3HUKIB 1 PYHKIIOHAJIHHOT aKTUBHOCTI CIiep-
MaTOTOHIl NP HU3BKOTEMIIEpaTypHOMY 30epiraHHi.
OnHak, He3Baxkarouu Ha Te, o JIMCO BracTuBa OLIbIII
BUpa)KEHA [ATOTOKCHYHA Jist, Iesiki aBTopu [ 18] Biami-
YaroTh, 10 HOT0 3aCTOCYBAaHHS Y SIKOCTI KPiOTPOTEK-
topa (y koHueHrparitii 0,7 Mosb/1) 103B0JIsIE 30€perTu
CTPYKTYpY TKaHHUHH si€9dKa (0OCOOIMBO CIIEPMATOTOHIiB)
Kparile, Hi’xk BUKOpucTaHHA 1,2-iponaniony abo rii-
LEPUHY.

He 3Baxxaroun Ha ONTHMICTHYHI pe3yabTaTH Kpio-
KOHCEPBYBaHHS TECTHKYJISIPHOI TKAaHWHH, PO3po0OKa Ta
BI0CKOHAJICHHSI TIPOTOKOJIIB HU3BbKOTEMIIEPaTyPHOTO
KOHCEPBYBaHHS 3aJIUIIAIOTHCS aKTYaIbHUMHE HaTIPSIM-
kamu. Cltiji BpaXxoByBaTH, IO [TPY BUTOTOBJICHHI Kpio3a-
XHUCHUX cepeoBuiil Ha 0cHOBI JIMCO HeoOXiTHO 3HIKY-
BaTH Or0 KOHIICHTPAIII0 Ta CKOPOUYBaTH 3arajibHUN
gac eKcrmo3uIlii. OJHUM 13 TIEPIINUX ETaIiB PO3pOOKHU
IIPOTOKOJIB KPIOKOHCEPBYBAaHHS TKAaHUH € BU3HAYCHHS
BIUIMBY €KCIIO3ULI] y KPi03aXUCHUX CEPEIOBUIIAX HA
ix MopdQororivyni Ta GpyHKIIOHANEHI TapameTpu. Ha
croroaHi mireput i JIMCO BBaXarOThCsI KITACHIHUMH
KpIOIIPOTEKTOpaMH, sIKi BUKOPHCTOBYIOTHCS IIIE 3 CEpe-
JmHA MuHYIoro crofitts [ 10]. 3 Toro yacy 10 mpakTHKH
KPIOKOHCEpPBYBaHHs Oy10 BBEIEHO Oararo iHIINX eHJI0-
Ta EK30LEIIOJIIPHUX KPIOPOTEKTOPIB (METAHOII, IIPO-
MaHIi0J1, ETWIICHIJIIKOIb, AMMETUIIOBHHN alleTalIbACTi/,
caxapo3a, JIeKCTpaH, MOJIBIHIIIIPOIIIOH, TiIPOKCH-
etunkpoxmanb, [TEO-400 Tomio). He3paxkaroun Ha
Kpi03aXUCHUH MOTEHLiaM [IUX PEUYOBHH, BOHH MAlOTh
P o0iYHNX eeKTiB, OCHOBHUM i3 SIKHX € ITATOTOK-
CHYHICTh. TONEPaHTHICTh TKAHHUH JI0 HECTIPUATIUBUX
YMOB KPiOKOHCEPBYBaHHS 0OMEKEHA 1 3aJICKHUTH BifT
TUNY TKAaHWUHU Ta i1 moyaTkoBoro crany. [Ipu npomy
JTOTaBaHHS KPIOMIPOTEKTOPIB O CEPEIOBUII Y PIZHUX
KOHIICHTpAIIisX, a TAKOK ONITUMI3aIlis Yacy eKCIO3HITIT
MOXYTb 3HU3UTH iX TOKCHYHHI BIUTMB HA TKAaHHUHY.

Merta poboTH — BU3HAYCHHS MOP(OIOTiYHUX 3MiH
Ta MeTa00JIIYHOT AKTUBHOCTI 3BUTUX KAHAJIBLIB CIM’ sI-
HUKIB CTaTEBOHE3PLINX IIyPiB 3aJ€KHO BiJl KOHIICHT-
pauii kpionporekropis (JIMCO, rniuepuny, [IEO-400
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of reproductivefunction[5]. V. Keroset al. [14] repor-
ted about the absence of the disorders in binding the
spermatogoniawith basal membrane and adjacent cells
compared to freshly isolated tissue in the samples of
testicular tissue cryopreserved under protection of
0.6 M dimethylsulfoxide (DM SO). F. |1zadyar et al. [11]
aso used DM SO as a cryoprotective medium, but at
10% concentration, which ensured the preservation
of morphological parameters and functional activity
of the spermatogonia during their low-temperature
storage. However, despite the fact that DM SO has a
more pronounced cytotoxic effect, some authors [14]
noted that its use as a cryoprotective agent (at a con-
centration of 0.7 mol/L) allows the tissue structure of
the testis (especially spermatogonia) to be preserved
better than using 1,2-propanediol or glycerol.

Despite the optimistic results of cryopreservation
of testicular tissue the development and improvement
of low-temperature preservation protocolsisstill rele-
vant trend. It isbelieved that when preparing the cryo-
protective media based on DM SO its concentration
should be reduced aswell asitsoverall exposuretime
has to be decreased. One of the first stages of deve-
loping the cryopreservation protocols for tissuesisto
determinetheeffect of exposureto cryoprotectivemedia
on their morphological and functional parameters.
Today DM SO and glycerol are considered to be classic
cryoprotective agents used since the last midcentury
[6]. Since that time numerous endo- and exocellular
cryoprotectants (methanol, propanediol, ethyleneglycal,
dimethyl acetaldehyde, sucrose, dextran, polyvinyl-
pyrrolidone, hydroxyethyl, PEO-400, ezc.) were also
introduced into the practice of cryopreservation. In
spite a cryoprotective potential of these agents, they
have a number of side effects, the main of which is
cytotoxicity. Tolerance of tissuesto adverse conditions
of cryopreservation is restricted and depends on the
type of tissue and its original state. Herewith the
addition of cryoprotectants to the media at various
concentrations and exposure time optimization can
reduce their toxic effects on atissue.

In connection with the above, the research purpose
wasto determine morphological parametersand meta-
bolic activity of convoluted tubules of immature rat
testes depending on the concentrations of cryopro-
tectants (DM SO, glycerol, PEO-400 and sucrose) and
the time of exposure to cryoprotective solution based
on Hanks solution and 50 g/L of bovine serum albumin
(BSA).

Materials and methods

The experiments were carried out in accordance
with the General Principlesof Experimentsin Animals,
approved by the 6 National Congress in Bioethics
(Kyiv, 2016) and with the statements of the European
Convention for the Protection of Vertebrate Animals
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Ta caxapos3u), a TaKOXK 4acy iX eKCIO3HIlii y Kpio3a-
XHUCHUX PO3YMHAX Ha OCHOBI po3unHy XeHkca ta 50 /i
OMYa40ro CUPOBATKOBOTO aJIbOYMiHY.

Marepianu Ta MeToaH

ExcniepuMeHTH NPOBOAMIM 3TiAHO 3 «3araibHu-
MU IPUHLIUIIAMH €KCTIEPUMEHTIB Ha TBapHHAX», CXBa-
neanmu V| HamioHanbHUM KOHTpecoM i3 010€THKH
(Kwuis, 2016) Ta y3ropKeHIMHE 3 MOJIOKEHHIMHU «EBPO-
MeChKOi KOHBEHIIIT PO 3aXUCT XpeOSTHNUX TBAPHH, K1
BUKOPUCTOBYIOTHCS IS eKCIIEPUMEHTAIBHIX Ta IHIINX
HayKoBHX Ii1ein» (CtpacOypr, 1986).

PoGoty BukonyBaiu Ha 50 Oe3mopiaHux Oimux cra-
TEBOHE3pLINX MIypax-camirsgx Macoro (50  15) r Bikom
7—8 TkHIB. 3BUTI KaHAJBIISI OTPUMYBAIH 3 000X Ci-
M’ SIHMKIB IIYPiB MEXaHIYHUM [UIIXOM Ta TOMIIIaIHN y
posunn Xenkca («I[TanEko», Pocis). Y gocmipKeHHIX
BUKOPHCTOBYBAJIM HABICKH 3BUTHX CIM' STHUX KaHAJIbI[IB
ex tempore macorw (75 £ 5) mr.

Tokcu4HUI BINIMB KPIOMPOTEKTOPIB BU3HAYAIHU Y
cepenonuinax i3 gomasauasM; JIMCO («ITanExo») y
KinmeBux koHmeHtpamisx 0,6; 1,2; 1,8 ta 2,4 M,
rninepuny («Dow Chemical», Himeuunna) y KiHIieBux
rxoHnentpanisx 0,7; 1,4; 2,1 ra 2,8 M; [IEO-400 y
kinmeBux korenrtparisx 50, 100, 150 Ta 200 r/im;
caxaposu («[TanEko») y kinteBux konmentparisx 0,1;
0,5;1,0ta 1,5M. TepmiH eKCIO3HUIIIT 3BUTUX KAHAJIBIIIB
CiM’ SIHUKIB Iy PiB y KPI03aXHCHHUX CEPETOBUIIIAX CKJIa-
naB 30 xB 3a Temmnepatypu 4°C [17].

Basyrounch Ha pe3ynbrarax mig0opy HalMEHII TOK-
CHUYHUX KOHILIEHTPAIH JOCITIHKYBAaHUX KPiOMIPOTEK-
TOpiB, BU3HAYAJIH BIUIMB Yacy €KCIO3HUIii Ha MOpQo-
(YHKIIOHATBHI TOKa3HUKH 3BUTUX KaHAJBINB CiM’ sI-
HUKIB IIypiB. BUKOPUCTOBYBalM KPiOMPOTEKTOPH Y
HACTYITHHX KIHIIEBUX KOHIIEHTpaLisx: cepenopume 1 —
0,6 M JIMCO; cepenosume 2 — 0,7 M rminepuny;
cepenosuiie 3—50 r/n [TEO-400; cepenosuiie 4—0,1 M
caxaposu. KonTpornem Oyrio cepenoBuiiie 6e3 101aBaHHs
KpIOMPOTEKTOPiB. EKCIIO3MITISI 3BUTHX KaHAJIBLIIB CIM’ I
HUKIB 11ypiB cknanana 15, 30,451 60 xs (4°C).

Kpio3axucHi cepenoBuILa BUTOTOBIISUIH ex tempore
Ha OCHOBI po3unHy XeHkca 3 nonaBadusM 50 r/i1 ou-
4yaqoro cupoBarkoBoro anpOyminy (BCA) ta Biamo-
BiIHOT KOHLIEHTpaLii KpionpoTtekTopa. [licist excro3uiii
B yCiX cepeloBHIIAX BHIAISIIM KPiOMPOTEKTOPH 3i
3pa3KiB HUIIXOM TPbOXETAITHOI 3MIHU CEpeIOBHINa
KpIOKOHCEpBYBaHHS Ha PO3YHH XEHKCA.

TToka3sHUK KATTE3AATHOCTI KIIITHH BU3HAYAIIN ITICIIS
roMOTeHi3aIlii 3pa3KiB 3a METOJOM CYIPaBiTAILHOTO
3a0apBIIIOBAHHS TPUIIAHOBUM CHHIM [4].

JI7Ts TICTONTOTIIHUX TOCTIIKSHD BUTOTOBJIISUTH TTapa-
(hiHOBI 3pi3U 3BUTHX KaHAJIbBLIB TOBLIIMHOIO 7 MKM, sIKi
(hapOyBany reMaToOKCHUIIHOM 1 €03MHOM. MiKpO3HOMKY
IpernapariB 341MCHIOBAIN 3 BUKOPUCTAHHSAM MiKpocC-
xona «Carl ZeissAxio Observer Z1» («Carl Zeiss», Hi-
Me44HHa). Y MOJajIbIIOMY I1i 300pakeHHS BUKOPHCTO-
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Used for Experimental and Other Scientific Purpo-
ses (Strasbourg, 1986).

The work was performed in 50 outbred white,
sexually immature malerats of (50 + 15) g weight and
aged 7-8 weeks. Convoluted tubules were obtained
mechanically from both testes of rats and placed into
a Hanks solution (PanEco, Russia). The ex tempore
suspensionsof (75 + 5) mg of convol uted seminiberous
tubules cells were used in the studies.

Toxic effect of cryoprotectants was assessed in
the media containing DM SO (PanEco) at final con-
centrations of 0.6; 1.2; 1.8 and 2.4 M; glycerol (Dow
Chemical, Germany) at final concentrations of 0.7;
1.4; 2.1 and 2.8 M; polyethylene oxide with mole-
cular weight of 400 (PEO-400) at final concentra-
tions of 50, 100, 150 and 200 g/L ; sucrose (PanEco) at
final concentrations of 0.1; 0.5; 1.0 and 1.5 M. The
exposure time of convoluted tubule tissues of rats
in cryoprotective media was 30 min at a temperature
of 4°C[13].

Proceeding from the sel ection of theleast toxic con-
centrations for the investigated cryoprotectants, the
effect of exposure time on the morphofunctional cha-
racteristics of the testicular convoluted tubule tissues
of rats was determined. For this aim the cryopro-
tectantswere used at thefollowing final concentrations:
medium 1—-0.6 M DM SO; medium2 —0.7 M glyceral;
medium 3 — 50 g/L PEO-400; medium 4 — 0.1 M
sucrose. The control wasthe medium without the cryo-
protectants added. Exposure of testicular convoluted
tubules of ratswas 15, 30, 45 and 60 min at atempe-
rature of 4°C.

Cryoprotective media were prepared ex tempore
using Hanks solution supplemented with 50 g/L BSA
as the base and the corresponding cryoprotectant con-
centration. After exposureto al themedia, the cryopro-
tectants were removed from the samples by three-step
change of cryopreservation medium to Hanks solution.

Thecell viability was examined by meansof supra-
vital staining using Trypan blue after homogenizing the
samples [18].

For histological studies, the paraffin sectionswere
made of convoluted tubules of 7 um thickness, which
were stained with hemotoxylin and eosin. Microscopy
of the preparations was performed using a microsco-
pe Axio Observer Z1 (Carl Zeiss, Germany). Subse-
guently, these images were used to evaluate the his-
tological structure of convoluted tubule tissues of rat
testesusing the Axiovision v. 4.8 (Carl Zeiss), in par-
ticular, theaverage density of spermatogenic epithelium
cellswas determined with the method of G.G. Avtan-
dilov [2] by counting the number of nuclel per unit of
the section area with the subsequent recalculation
to 1 mm?.

Metabolic activity of the samples of rat testes con-
voluted tubuleswas assessed by total activity of lactate
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BYBAJI /IS OLIHKHY TICTOJIOTIYHOI CTPYKTYPH 3BUTHX Ka-
HAJIBITIB CiM’ STHHAKIB ITyPiB 32 JOTIOMOTOI0 TIPOTPaMHOTO
3abe3neueHHs «Axiovisionv. 4.8» («Carl Zeiss»), 30k-
peMa BU3HAYaIN CEPEHIO IITBbHICTD KIITHH CliepMa-
TOTEHHOTO eriTeito 3a Metogom I.I. ABraninosa [1]
[IUISIXOM MiIPaXyHKY KUTBKOCTI Si7iep Ha OMHUII TITOII
3pi3y 3 HACTYIHHUM MepepaxyHKoM Ha 1 Mm2.

MeTaboniuHy aKTUBHICTb 3pa3KiB 3BUTHX KaHaJIb-
IIiB CIM’ STHHKIB IIIyPiB OI[IHIOBAJIN 32 3aTaJIbHOIO aKTHB-
HicTro makraraeriaporenasu (JIZII) Ta 3a 10mmoMororo
MTT-tecty («Fluka», Himeuunna). Aktuaicts JIJIT
y 3pa3Kkax 3BUTHX KaHAJBIIB CIM SHHKIB IIypiB Ha
3a3HAUYCHUX TEPMiHaX EKCIO3HWINi y cepemoBHUIIax
KpIOKOHCEPBYBaHHS BUMIPIOBAIN 32 IOTIOMOTOIO T€CT-
HabopiB peakTuBiB («dimicT-/liarHocTHKa», YKpaiHa)
3 BUKOPUCTAHHSM METOJy 3aIlyCKy peakiii 3pa3koM.
Jisi mpoBeIeHHS TECTY 3pa3Ky rOTYBAIIH 31 IIMATOYKIB
TKaHWH, SIKi TOMOT€Hi3yBalu, QiIbTPYyBaH, LEHTPHU-
¢yrysamu (1000 g nporsrom 10 xB) Ta BigOupamu
cynepHarant. Jlo 20 Mkn cymepHaraHTa I0JaBaJIH
1 M1 MOHOpPEaAKTHBY, TTepeMimTyBaan Ta depe3 1 xB
3YNTYBaJIM 3MIHCHHS €KCTUHIII 3 iHTepBasioM 1 XB mpo-
TArOM 3 XB 110 BIIHOLICHHIO 10 JUCTUJIBOBAHOT BOAU
TP TOBXKKHI XBUJIi 365 HM Ha (GOTOCTIEKTPOKATIOPH-
metpi «kKDK-2» (30M3, Pocis).

Binomo, mo mpuanmn MTT-TecTy 3acHOBaHMiT Ha
3JIATHOCTI JIETiJpOreHa3 )KUBUX KIIITHH BiJIHOBJIIOBATH
3-(-4,5- numeTnnTiazonin-2)-2,5-nudeninreTpazomii
OpomucTHii y ONIaKUTHI KpUCTanu QopmaszaHy, sKi
HEPO3UMHSIOTHCS Y BoAi [22]. [lyis npoBenernss MTT-
TECTY KOKEH 3pa3oK repeHocin B 1 mit cepenoBuia
Xewnkca, 10 sikoro BHocwin 1o 0,5 min po3unay MTT
(5mr/mn). Yepes 3 roaunn inky6anii (5% CO,, 37°C)
yTBOpEHH (popMazaH pO3YMHSIIH IUISTXOM PeCyCIIeH-
myBaHHs 3paszka y JIMCO mo moBHOTO HOT0 3HE0APB-
moBaHHA. Big ocany, skuif yTBOPUBCS B pe3yJbTari
nperumitamnii 0imkiB y IMCO, 3BUTHHSUTHCS IITXOM
10-xBrmmaHOTO ieHTprdyryBanHs mpu 1 000 g. Onrrany
IIUTBHICTH pO3YMHY (popMazaHy B CyliepHATaHTI BUMI-
proBanu Ha hortoenekTpokanopumerpi «KOK-2» npu
JoBxuH1 xBrIti 540 HM IPOTH XOJI0CTOT MPOOH — KYJIBTY-
pasibHOTO cepeloBHIIa O€3 KIIITHH.

AHaJi3 JaHUX TPOBOIMIIN 3 BAKOPUCTAHHSM ITAKETIB
nporpam «Excel» («Microsoft», CILIA) Ta «Statistika8»
(«StatSoft», CIIIA). lns BU3HAYEHHSI CTaTUCTHYHOI
3HAYYIIOCTI BIIMIHHOCTEH Oe3MepepBHUX BETUINH TIPH
MDKTPYTIOBOMY TTOPIBHSHHI 3aJISKHO BiJ TTapaMeTpiB
po3moiny 3actocoByBaiu t-kputepiit CTpromeHTa a00
U-kpuTepiit Manna-YiTHi, mpu MHOXHHHHX (OibIe
IIBOX) TOPIiBHAHHAX — MeTomau one-way ANOVA a6o
Kruskal-Wallis ANOVA.

Pe3yabTatu Ta 00roBOpEeHHS

Ha nepmomy etani po6oTu Oyi1o mpoBeneHo miaodip
HaWMEHIII TOKCUYHUX KOHILIEHTPALIIH JI0CIIKYBaHUX
KPIOTIPOTEKTOPIB /Il 3BUTUX KAHAJIBI[IB CiM’ SIHUKIB
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dehydrogenase (LDH) and by MTT test (Fluka,
Germany). LDH activity in the samples of the rat
testes convoluted tubules in these terms of expo-
sure to cryopreservation mediawas measured using
test kits reagents (Felicit Diagnostika, Ukraine) by
means of reaction triggering by the sample. For the
test we prepared the samples from pieces of tis-
sue which were homogenized, filtered, centrifuged
(1,000 g for 10 min) and then the supernatant was
studied. One milliliter of monoreagent was added to
20 ml supernatant and stirred, one minute later the
extinction change was recorded a 1 min intervals for
3 min with respect to distilled water at 365 nm wave-
length with photoelectrocalorimeter KFK-2 (ZOMZ,
Russia).

Itisknownthat the MTT test isbased on the ability
of dehydrogenases in living cells to restore 3-(-4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
to blue crystals of formazan, which are insoluble in
water [20]. For the MTT test, each sample was trans-
ferred to 1 ml Hanksmedium, towhich0.5ml of MTT
solution (5 mg/ml) was added. After 3 hrsof incubation
(5% CO,, 37°C), the formed formazan was dissol ved
by re-suspending the sample in DMSO until it was
completely discolored. The sediment, whichwasformed
asaresult of precipitation of proteinsin DM SO, was
disposed by 10-minute centrifugation at 1,000 g. The
optical density of formazan solution in supernatant
was measured with a photoel ectrocal orimeter KFK-2
at 540 nm wavelength against a blank sample i. e.
culture medium without cells.

Datawere analyzed using Excel (Microsoft, USA)
and Statistics 8 (StatSoft, USA) software. To deter-
mine the statistical significance of the differencesin
continuous variables when comparing between the
groups, depending on the distribution parameters,
the t-criterion of the Student or the Mann-Whitney
U-criterion were used, with multiple (more than two)
comparisons one-way ANOVA or Kruskal-Wallis
ANOVA tests.

Results and discussion

At the first stage of the research the least toxic
concentrations of the investigated cryoprotectantsfor
the convoluted tubule of the testes of immature rats
were selected. It has been established, that at the 30-
min exposure, the best viability of cellsin the Trypan
blue exclusion test was found using 0.7 M glycerol
and 50 g/L PEO-400 (Fig. 1). At the same time, the
decrease in viability for the control was 13.2% and
14.0%, respectively. Inthe case of using 0.6 M DM SO,
the cell viability of convoluted tubules of testes in
rats was 18.4% compared to the control. With an in-
crease in the concentration of cryoprotectants, the
percentage of viable cellsafter a30-min exposure was
likely to declinein all the cases.
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CTAaTeBOHE3PIINX IIypiB. BCTaHOBIEHO, IO TiCIS
30-XBUIIMHHOT €KCITO3UIIIT HAWKpPAIIli TOKa3HUKH JKUT-
TE3JATHOCTI KJIITHH 32 TECTOM BUKIIFOYCHHS TPHIIa-
HOBOTO CHHBOT0 Oynu nipu BukopuctanHi 0,7 M riine-
puny i 50 r/n ITEO-400 (puc. 1). [Ipu upomy 3HH-
JKEHHSI TIOKa3HUKA KHUTTE3JATHOCTI MO0 KOHTPOITIO
ckianano 13,2 i 14,0% BiamosigHo. Y pasi 3acrocy-
BaHHs 0,6 M JIMCO 3HIKEHHS TTOKa3HUKA KUTTE-
3IaTHOCTI KJIITHH 3BUTHX KaHAIBITIB CiM’ STHUKIB IITyPiB
cxinanano 18,4% mopiBHSIHO 3 KOHTpoJieM. 3i 301j1b-
IIICHHSM KOHIICHTPAIIii KPiOMPOTEKTOPIB BiICOTOK KHT-
Te3MaTHUX KIITUH micisd 30-XBUIJIMHHOI €KCIO3UIIT
BipOT1THO 3HM)XYBABCS B YCiX BUMAIKaX.
[IuTOTOKCHYHNN BIUIMB BIACTUBHUU SK €HIOIIC-
JIFOJISIPHUM, TaK 1 €K30LETIOJISIPHUM KPiOTPOTEKTO-
pam, a HOTO CTYIIiHb 3aJIS)KHUTh BiJ] TUITY, KOHIICHTPA-
1ii, 4acy Ta TeMIeparypHl eKCIO3HUIii, a TaKOoX Bij
XapaKkTepUCTUK caMoro 01000’ ekTa. 3 JmiTepaTypHUX
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Cytotoxic effect isinherent to both endocel lular and
exocellular cryoprotectants, and its degree dependson
thetype, concentration, exposuretime and temperature,
aswell asthe features of biological objects. From the
published reports it is known that DM SO toxicity is
associated with protein denaturation and destabiliza-
tion of phospholipid bilayer [9, 12, 14], aswell aswith
the possible caspase activation and apoptosis [1, 4,
30]. Toxic effectsof glycerol depends on equilibration
period and is manifested in a change of permeabi-
lity of cell membranes, concentration of osmiophilic
granulesin nucleus, pinocytosis, appearance of cisterns
and vacuoles in cytoplasm, damage of mitochondria
and endoplasmic reticulum dehydration[7, 19]. Polye-
thylene oxide dueto the presence of low fractions par-
tially penetrates into the cells and the remains are
adsorbed on the cell membrane, leading to acell dehyd-
ration [24]. Likeother non-penetrating protective agents,
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Puc. 1. XXuttesgaTHiCTb KMiTUH CiM'AHMKIB WypiB nicns 30-XBUNMHHOI ekcno3uuii y cepegoBuLlax i3 gogaBaHHAM
kpionpoTtekTopis: A — IMCO; B — rniyepuHy; C — NMEO-400; D — caxaposu; * — pi3HMLSa CTaTUCTUYHO 3HaYyLla BidHOCHO

nonepenHbOi KoHUeHTpauii (p < 0,05; n = 5).

Fig. 1. Viability of rat testes cells after the 30-min exposure in cryoprotective media supplemented with: A — DMSO;
B — glycerol; C — PEO-400; D — sucrose; * — the difference is statistically significant if compared with the previous

concentration (p < 0.05; n = 5).
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JUKEepen BigoMo, mo TokcndHicTs JIMCO moB’ s3aHa
3 JeHarypami€eo O0iIKiB 1 gecradimizariero dpocdori-
migHoro oinrapy [13, 16, 18], a Takox i3 MOXKITUBICTIO
aKTHBAIll Kacma3 Ta iHayKiii anonTosy [7, 9, 30]. Tok-
CUYHA JIisl DTIEPUHY 3aJIeKUTh BiJl eKBITIOpaIiitHOro
MIepioy Ta MPOSIBISETHCS B 3MiHI TPOHUKHOCTI MEMO-
paH KJIITHH, KOHIIEHTpAaLii 0cCMiO(UIBHUX TPaHyI Y SIpi,
MIHOITUTO31, ITOSIB1 IIUCTEPH Ta BaKyOJIeH Y IIUTOILIA3Mi,
YITKO/KEHHI MITOXOHIPiit Ta 3HEBOHEHH] €HIOTIIA3-
MarngHoTo peTukynymy [11, 21]. TTomieTHeHOKCH T
3aBISIKHA HAsSBHOCTI HU3BKOMOJICKYISIPHUX (paKIIiit
JaCTKOBO MIPOHUKAE Y KITITHHH, & 3aJIUIIOK aICOPOYETh-
s Ha KITITHHHIN MeMOpaHi, 10 TPU3BOIUTE J0 AETi-
paraii kaitud [5]. Caxaposa, SK i iHII HETPOHUKAIOYI
MIPOTEKTOPH, Y BUCOKUX KOHIEHTPAIIISIX CTBOPIOE Ti-
MEPTOHIYHE CEpPEOBHUIIE, 110 CIPUYUHSIE KIITHHHY
nerinpataiito [24].

[Ncronoriune qoCiiKEHHS TOKa3aJ1o, 1110 BIacHa
000JI0HKa KO)KHOTO KaHallblsl Oyna mpeacTaBieHa
[IAPOM MiOTHUX KJTITHH 1 BOJIOKHAMH CIIOJTy4HOT TKa-
HUHH. BeepennHi BiacHo1 0007I0HKH, BiTOKpEMIIEHOT
0a3abHO0 MEMOPaHOI0, PO3TAIIOBYBABCS CIIEPMATO-
TeHHUH eriteniii. Ha koyKHii QUTSHIN 3BUTOr0 KaHAJIBIIT
Y3I0BXK 0a3abHOT MeMOpaHH 3HAXOAMIIUCS OKPYTIT
KITITHHY 3 TITEPXPOMHHUM SIPOM 1 TOHKAM 001IKOM ITH-
TOILTa3MH — CIIEPMATOTOHI1, HaJ[ SIKMH PO3TaIIOBYBa-
JIUCS KUTbKA PSIJIIB CTIEPMATOLIUTIB — KITITHH 13 BEJTMKHM
SZIPOM 1 ITUPOKUAM 001IKOM UTOTLIa3MH (puc. 2).

[Ticnst excrio3uii B cepepoBuiii 1 (puc. 3) 3BuTi
KaHaJIbILI CiM' THHUKIB IIIyPiB PO3TAIIOBYBAINCS BUTLHO,
3 HEPIBHOMIPHUM PO3MOIIOM AUISHOK IHTEPCTHUIIIIO
MK HUMH. Ha BCiX TepMiHax criocTepeskeHHs B CKIIaIi
CIIEPMATOTEHHOTO APy BH3HAYAIIHCS KITITHHU 3 Tilep-
XPOMHHM SIIPOM 1 Pi3KO €03MHO(]IITEHOO ITOILIA3MOFO,
10 MOYKe OyTH TMOB’ SI3aHO 3 PO3BUTKOM Y HUX HEKPO-
THyHKX 3MiH. KpiMm Toro, Bike uepes 15 xB ekcrio3utii
y cepeoBuiIi 1 3pijKa BUABIISIIMCS HEBEINKI O€3KTi-
THHHI JUTTHKH CIIEPMATOTeHHOTO ermitenito (puc. 3, A),
9acTOTa 1 PO3MOBCIOMKCHICTD SKUX 301TBITYBATUCS 3
MOJIOBKEHHSIM Jacy excrosuilii (puc. 3, B-D). Miciisimu
crioctepiranacs JieCKBamallisi CliepMaTOTeHHOTO eITi-
TEJI0 Y MPOCBIT KaHAJIBIIIB.

[Ticns excrio3uuii y cepenouii 2 (puc. 4) 3BUTI
CiM’ sIHI KaHaJbIl HEU[IJbHO MPWISITAIN OJUH 10
OJIHOTO, MaJIM OKPYTJTy (POpPMY Ta HeUiTKi KOHTypH. [li-
JITHKA IHTEPCTHUIIIIO MIXK KaHATBIISIMA TTPAKTHIHO OYITH
BIJICYTHI Ta PO3TAIIOBYBAJIMCS BUTHHO 1 HEPIBHOMIPHO.
CriepMaToreHHUH emiTeii 30epiras 3B’ s130K i3 6a3aib-
HOI0O MEMOpPaHOI0, MPOTE TOBIIWHA EIITENiaIbHOTO
mapy OyJsia HepiBHOMIPHOIO, a HOTO MeXa — HEUiTKO¥O.
Uepes 15 XB ekcIo3wminii cTaTeBi KIITHHH BTpadain
OprasizaIfito BCepeiiHi CIIEpMATOTEHHOIO MIapy Ta
BI/IIApOBYBAJIMCS B TPOCBIT KaHabI (puc. 4, A). Ha
45-1i XBUJIMHI CIIOCTEPEXKEHHSI B OUIBIIIN YacTHHI 3BU-
THX CiM’ THUX KaHAJIBIIIB CIIOCTEPIraiu OCEPEIKH HEK-
po3y criepmatoruTis (puc. 4, C).
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Puc. 2. 3BUTi kaHanbL4 CiM'AHUKIB CTaTeBOHE3PINuX LWypis
nicng 30-XBUAUHHOI eKcrno3uuii y po34nHi XeHkca 3
popasaHHsaM 50 r/n 6ryayoro cMpoBaTKOBOrO anbOyMiHy.
3abapBntoBaHHA reMaToKCUIiHOM Ta €03UHOM.

Fig. 2. Convoluted tubules of testes in immature rats after
30-min exposure in Hanks solution supplemented with
50 g/L of bovine serum albumin. Hematoxylin and eosin
staining.

sucrose in high concentrations creates a hypertonic
medium, causing acell dehydration[22].

Histological study showed that the own membrane
of each tubule was represented by a layer of myoid
cells and connective tissue fibers. Inside of its own
membrane, separated by a basal one, there is a sper-
matogenic epithelium. On each section of convolu-
ted tubule along abasal membrane, the rounded cells
with a hyperchromic nucleus and a thin rim of cyto-
plasm, i. e. spermatogonia, over which there were
several rows of spermatocytes, the cells with alarge
nuclues and awide rim of cytoplasm (Fig. 2) were ob-
served.

After exposureto medium 1 (Fig. 3) the convoluted
tubules of rat testes were freely located with uneven
distribution of interstitium sites between them. At all
the observation terms in the composition of sperma-
togenic layer there were found the cells with hyper-
chromic nucleus and well-marked eosinophilic cyto-
plasm, that may be associated with the development
of necrotic changesin them. In addition, after 15 min
exposurein medium 1 therewere occasionally observed
small areas of acellular spermatogenic epithelium
(Fig. 3A), theincidence and prevalence of those were
increased with a rise in exposure time (Fig. 3B-D).
Somewherethe desquamation of spermatogenic epithe-
lium in alumen of the tubules was observed.

After exposure to medium 2 (Fig. 4), convoluted
seminiferoustubules cellswereloosely adjoining each
other, and had arounded shape and dim contours. The
sites of interstitium between the tubules were very
seldom and located freely and unevenly. The sperma-
togonal epithelium was not exfoliated from the basal
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Puc. 3. 3BuTi ciM'aHi kaHanbus CTaTEBOHe3piJ:IVI-X wypiB nicnst ekcno3uuii y cepeposuwi 1 (0,6M OMCO): A — 15 xs;
B — 30 xB; C — 45 xB; D — 60 xB. 3abapBntoBaHHs reMaToOKCUMiHOM Ta €03MHOM.

Fig. 3. Convoluted tubules of testes in immature rats after exposure in the medium 1 (0.6 M of DMSO): A — 15 min;
B — 30 min; C — 45 min; D — 60 min. Hematoxylin and eosin staining.

VY pasi BukopucTanHs cepenonuiia 3 (puc. 5) 3Buti
CiM’ sIHI KaHAJIBIIS MaJIH YiTKiI OKPYIIIi KOHTYpH. Bijb-
LIICTh KJIITHH CIIEPMATOTEHHOTO EMITENII0 Ha PaHHIX
TepMiHAX CIIOCTEPEIKECHHS 30epiraan 30HATBHICTh Ta
3B'S130K 13 OazanpHOI MemOpanor. Ha 30-# xBumuHi
CIIOCTEPE)KEHHS MICISIMU BUSIBJISIIHCS HEBEITHKI
OCepeIKN HeKPO3y 3 ABHIIAMH JeCKBaMallii crepma-
TorenHoro emirenito (puc. 5, A). [logoBkeHHs Yacy
eKCTO3UMLiT 10 45 XB MPU3BOIUIIO JI0 TTOSIBU OKPEMHUX
KaHaJbIIiB i3 TOTAJILHUM HEKpo3oM (puc. 5, B).

[Ticna 15-xBunuHHOI ekcro3uii y cepenoBuii 4
(puc. 6, A) BUSBIIEHO XaOTHYHE PO3TAIlyBaHHS CTaTe-
BUX KIIITHH yCEpe1HI CIIEpMaTOreHHOTO Iapy Ha T
PO3BOJIOKHEHHS Ta Je30praHizarii 6a3aapHoi MeMO-
panu. OnrcaHi 3MiHH MiATBEPIKYIOTh PO3BUTOK HEK-
P03y CTaTeBOTO eMmiTeNito. Mexa MiX IapaMu B CTIep-
MAaTOTEHHOMY eITiTeNlifo Oyna HediTkoro. 31 3011b-
IIEHHSIM 9acy eKCITO3UIIiT ITOCTYTIOBO 3MEHIITyBaIacs
3aranpHa KinbKicTs kiaiTuH (puc. 6, B, C). Ha 6inbIn
ITi3HIX TEPMiHAX CIIOCTEPEIKCHHS BUSIBIISUTUCS KaHAJIBIIS
3 MPaKTUYHO TOTATBHUM HEKPO30M CIIEPMATOT€HHOTO
emirenito (puc. 6, D).
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membrane, but the thickness of the epithelial layer
was uneven and its fringe was vague. After 15 mi-
nutes of exposure, the cells lost their organization
within the spermatogenic layer and disintegrated into
the lumen of the tubule (Fig. 4A). At minute 45 of
observation in the majority of the convoluted sper-
matic tubules the foci of necrosis of spermatocytes
were observed (Fig. 4C).

When medium 3wasused (Fig. 5), the seminiferous
tubules had clear rounded contours. Most cells of sper-
matogenic epithelium in the earliest terms of obser-
vation retained zonation and contact with the basal
membrane. At the minute 30 of observation, small areas
of necrosis with desguamation of spermatogenic epi-
thelium appeared (Fig. 5A). Prolongation of the expo-
sure time up to 45 min resulted in the appearance of
individual tubuleswith total necrosis(Fig. 5B).

After al15-minute exposureto medium 4 (Fig. 6A),
the chaotic location of the germ cellsinside the sperma-
togeniclayer was observed on the background of fusion
and disorgani zation of the basal membrane. The descri-
bed changes evidenced the development of necrosis
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[inpHICTh po3TalIyBaHHS KIITHH CIIEPMATOTEH-
HOTO eriTenito Oya GBI 9y TIIMBOIO JI0 €KCIO3HIII Y
JOCIIPKyBAaHUX KPi03aXHUCHUX cepenoBuinax. Tak, y
BCIX CEpelloBUINAX, OKpIM cepepoBuiia 3, 31 3011b-
LICHHSIM Yacy eKCIO3MMLii MidbHICTh PO3TALIyBaHHS
KIIITHH CIIEPMATOTEHHOTO CIITeNiI0 3HAYyIle 3MCH-
nryBanacs (puc. 7) Ta 3ajexana BiI CKIaay Kpiosa-
XHMCHOTO cepeopuia. Hait0inbIr HU3bKi TOKa3HUKU
Ha Kiners excrosuitii (60 xB) Oyiu oTpuMmani B pasi
3actocyBanus JIMCO, mpu mpoMy MIUIBHICTH PO3-
TalTyBaHHs KJIIITHH CIEPMATOTEHHOTO CITTENiI0 3Ha-
gyIe 3HmKyBanacs (y 2 pa3u) MOPiBHAHO 3 MOKas3-
HHUKOM Ha TTOYaTKy eKkcrepuMenTy. HaiimeH Tokcuy-
HUAW BIUIMB Ha KJIIITHHU CIIEPMATOTEHHOTO CITITEIiI0
3TiJIHO 3 IUM TIOKa3HUKOM MaJlo CePEOBHUIIE 3 J0/a-
BanHsM [TEO-400, npu 1ipoMy JOCTiKYBaHUH T10-
Ka3HHUK He 3MiHroBaBcs. [1ix yac 30-XBIIIMHHOI €KCITIO-
3MIIi1 3BUTUX KaHAJIBIIB Y CEPENOBUIII 2 3HAYYIIOTO
3MEHIIICHHS IUILHOCTI KJIITUH CIIEPMATOI'€HHOTO €ITi-
Teiro He 0yJ10, a micyist 60-XBUIMHHOT €KCTIO3HITIT 1Ter
IMOKa3HUK cTaHoBUB 29,5% BimHocHo 15-1 XxBuanHM

CIIOCTEPECIKCHHA.
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Puc. 4. 3BuTi CiM’aHi KaHanbLsa cTaTeBOHE3PINUX LWYypiB nicnsa ekcnosuuii y cepegosuwi 2 (0,7 M rniuepuH):

of the epithelium. The boundary between layersinthe
spermatogenic epithelium was unclear. Asthe exposure
timeincreased, thetotal number of cellsgradually de-
creased (Fig. 6B,C). At later stages of the observation
the tubules with almost total necrosis of the sperma-
togenic epithelium appeared (Fig. 6D)

Thedensity of spermatogenic epithelium cellsarran-
gement was more sensitive to exposure in the cryo-
preservation mediaunder study. Thus, inall themedia
except medium 3, with increasing an exposure time
the density of spermatogenic epithelium cells signi-
ficantly decreased (Fig. 7), also the extent of reduction
depended on the composition of cryoprotective medium.
Thelowest values at the end of the exposure (60 min)
were obtained with DM SO, the density of sperma-
togenic epithelium cellswas significantly reduced (two
times) compared with the values at the beginning of
the experiment. The least toxic effects on the cells of
spermatogeni ¢ epithelium according to thisindex was
the medium supplemented with PEO-400, with an
average index of spermatogenic epithelium cell den-
sity was not significantly reduced. During the 30-min

. -~ ;" .. 4'. 200

A — 15 xB;

B — 30 xB; C — 45 xB; D — 60 xB. 3abapBntoBaHHs1 reMaTOKCUIHOM Ta €031HOM.

Fig. 4. Convoluted tubules of testes in immature rats after exposure in the medium 2 (0.7 M of glycerol): A — 15 min;
B — 30 min; C — 45 min; D — 60 min. Hematoxylin and eosin staining.

npo6nembl KpMOGUONOrMM U KPUOMEAVLMHDI

problems of cryobiology and cryomedicine
Tom/volume 27, Ne/issue 3, 2017




AT -

Puc. 5. 3BuTi CciM'AHI kKaHanbLUda cTaTeBOHE3PINMX LWypiB nicnsa ekcnosuuii y cepeposui 3 (50 r/n NMEO-400): A — 15 xB;
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B — 30 xB; C — 45 xB; D — 60 xB. 3abapBreHHs reMaToKCUIiHOM Ta €03VHOM.

Fig. 5. Convoluted tubules of testes in immature rats after exposure in the medium 3 (50 g/L of PEO-400): A — 15 min;
B — 30 min; C — 45 min; D — 60 min. Hematoxylin and eosin staining.

Pe3ynpratn mocnmimkeHHS BIUIMBY KpPiO3aXHCHHUX
cepenoBuil Ha akTuBHICTH JIJII" HaBeaeHO Ha puc. 8.
Excnozutist mporsirom 15 a6o 30 XB y BCix 3acTocoBa-
HUX KPi03aXHMCHUX CEPEeOBHUIIAX HE MPU3BOAMIA JI0
3HaUYyIIUX 3MiH oKa3Huka akruBHocTi JIJII y mopis-
HSHHI 3 KOHTpoJeM (cepenosuine Xenkca + 50 r/n
BCA). IIpu excrio3uii npotsrom 45 XB croctepiraiu
TEHJICHIIIO JI0 3HUKCHHSI JIOCITIPKEHOT0 TTOKa3HUKA B
ycix cepemoBuiax, a came: y 1 ta 2 — Ha 47,2 ta
48,1% signosinuo; 3 — Ha 24,3%; 4 — Ha 30,2% y
mopiBHsHHI 3 TortepeaniM ctpokoM (30 xB). ITicis 60-
XBHJIMHHOI €KCIO3MIIii TKAaHWH B YCiX CEpelOBHUIIAX
CTIOCTepiTaiy 3HIKEeHHS akTUBHOCTI JIJ[I” 6imbIm1e Hix
y 2 pa3u y MOPIBHSAHHI 3 BiANOBIIHUMHU [MOKa3HUKA-
mu Ha 15-1 xBrmmai. TakuM 4iMHOM, TTOJOBKEHHS Ya-
Cy ekcro3ullii TkaHuH Oubine 30 XB MPU3BOAMIO JI0
cyrreBux 3miH aktuBHocti JIJIT, 10, iMOBipHO, CBijI-
YHUTH PO MIPUTHIYCHHS METa0OIIYHUX MPOLIECIB Y KITi-
TUHAX.

3a pesynbraramu MTT-tecty (prc. 9) BcTaHOBIICHO,
o 15-XBWIMHHA €KCIIO3HUIlisS Y KPiO3aXUCHHUX Cepe-
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exposure of convoluted tubulesin medium 2 no signi-
ficant reduction of spermatogenic epithelium cell
density wasfound, and after 60-min exposurethisindex
made only 29.5% to minute 15 of observation.

Theresultsof the study of theinfluence of cryopro-
tectivemediaon the LDH activity areshowninFig. 8.
Exposureeither for 15 or 30 mininall cryopreservation
media tested did not lead to strong changes in LDH
activity if compared to the control (Hanks + 50 g/L
BSA) aswell asbetween theinvestigated media. During
exposure for 45 min there was atendency to adecrease
intheinvestigated index inall themedia, namely: 1 and
2—hy 47.2 and 48.1% respectively; 3—by 24.3%; 4 —
by 30.2% compared to the previous exposure period
(30 min). At 60-min exposure of tissuesinall investi-
gated media, we observed lowering of index by more
than 2 times if compared to the corresponding values
at minute 15. Thus, anincreasein the tissue exposure
time of more than 30 minutes resulted in significant
changesin LDH activity, which probably indicated the
damage to metabolic processesin the cells.
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JIOBHILIAX HE MPU3BOIMIIA J0 3HAYYIIUX 3MIH IMOKa3-
HUKa METa0O0JIIYHOT aKTUBHOCTI Y TTOPIBHSIHHI 3 KOHT-
poJieM Ta Kpio3axMCHHMH cepenoBumamu. Ilix gac
excrio3utlii npotsirom 30 XB criocTepiraiu TCHCHIIIIO
JI0 3HMKEHHSI JIOCITI/PKEHOTO TIOKa3HUKA B YCIX PO3IIIS-
HYTHX BUTIQJIKAX y MOPiBHSHHI 3 IONEPEIHIM CTPOKOM
(15xB), a came: koHTpOIb (cepenoBuie Xenkca + 50/
BCA) —na 11,2%, cepemosuitie 1 —na 12,4%; cepe-
nosuiie 2 — Ha 10,2%; cepenosumie 3 — Ha 15,1%;
cepenosuiiie 4—na 13,5%. ITicist 45-XBUITMHHOT €KCIT0-
3WIIiT TKAHWH METa00TiYHa aKTUBHICTB B yCIX PO3TIITHY -
TUX BUTIaKaxX OyI1a 3HIKEHOTO TOPIBHSHO 3 ITOTICPETHIM
crpokoM crioctepeskerns (30 XB), a caMme: KOHTPOITh —Ha
13,1%; cepenosume 1 —Ha 14,2%; cepenonuiie 2 —
Ha 14,8%; cepenouie 3 —Ha 15,6%; cepenosuiie 4 —
Ha 13,1%. 30inbIlIeHHs Yacy €KCHO3UINT TKaHHH JI0
60 xB HE MPHU3BOIKJIO JIO 3MiH JOCIIIPKYBaHOTO ITOKa3-
HUKa y MOPIBHSHHI 3 TONEPEIHIM CTPOKOM CIIOCTepe-
xeHHs (45 xB). Omxke, ekcro3uiist TkanuH noHas 30 XB
MIPU3BOIMJIA JIO 3HIKEHHS METa0O0IIYHOT aKTUBHOCTI
KIIITHH B yCiX CEpeNOBHUIIAX, 30KpeMa B KOHTPOIII.
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The results of the MTT test (Fig. 9) indicate that
the 15-min exposure in studied cryopreservation me-
diadid not lead to a significant change in metabolic
activity if compared to the control and between the
investigated cryoprotective agents. During the expo-
sure for 30 min there was atendency to a decreasein
theinvestigated index for all considered casesif com-
pared to 15-min exposure, namely: control (Hanks +
50g/L BSA) —by 11.2%, medium 1 —12.4%; medium
2—10.2%; medium 3—by 15.1%; medium 4—by 13.5%.
At 45-min exposure of thetissuetheinvestigated index
in all considered cases was lower if compared to the
previous observation term (30 min), namely: control —
by 13.1%; medium 1—by 14.2%; medium 2—by 14.8%;
medium 3 — by 15.6%; medium 4 — by 13.1%. An
increase in the tissue exposure time of up to 60 mi-
nutes did not lead to changes in the investigated in-
dex compared with the previous observation period
(45 min). Consequently, the tissue exposure of more
than 30 min led to adecrease in the metabolic activity
of cellsinall investigated media, including the control.

14 Y
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Puc. 6. 3BuTi cimM'AHI KaHanbLs cTaTeBOHE3PINuX LWypiB nicnga ekcrnoauuii y cepegosuii 4 (0,1 M caxaposa): A — 15 xs;
B — 30 xB; C — 45 xB; D — 60 xB. 3abapBntoBaHHs reMaTOKCUIHOM Ta €03MHOM.

Fig. 6. Convoluted tubules of testes in immature rats after exposure in the medium 4 (0.1 M of sucrose): A — 15 min;
B — 30 min; C — 45 min; D — 60 min. Hematoxylin and eosin staining.
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Otpumani Hamu nani 32 MTT-tec-
ToM Ha 60-ii XBUIUHI Y3TOJXKY-
I0TBCS 3 pe3yJibTaTaMH BHUMIpIO-
BaHHA akTuBHOCTI JI/II" Ha TOMY X
CTPOKY , IIIO0 CBITYUTH TIPO MPUTHi-
YEeHHsI METaOOJIIYHUX TPOIECIB Y
KJIITHHAX, 00YMOBJICHIX TPHBAJIICTIO
eKCIO3HULI.

Y mpencrapieHii poOoTi mpoBe-
JIEHO TTOPIBHSILHY OIIHKY BIUIUBY
EKCITO3HIIIl Y CepeIOBHUIIAX Pi3HOTO
KOMITO3HIIIHOTO CKJIaTy Ha MOp(o-
JIOTIYHI TapaMeTPpH Ta METaOOIITHY
AKTUBHICTB KJIITUH 3BUTHX KaHAJIBIIIB

LinbHicTb KMiTKMH, x10%/MMm?2
Cell densitv. x103/mm?2

*
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CiM’ THUKIB CTaTEeBOHE3PLIMX LIy PiB.
Bcranosneno, o 30-XBUIMHHA €KC-
MO3UILis 3pa3KiB TKAHHUH Y Cepeio-
BHUIIAX HA OCHOBI po3unHy XeHKCa
ta 50 r/n Gu4auoro CHPOBATKOBOTO
anpOyMminy 3 monaBanusm 0,6 M
JAMCO ab6o 0,7 M mminepuny He
BUKJIMKAJIA YHIKOAXKEHb CIepMa-
TOTEHHOTO eITITENII0 Ta 3HIKEHHS
MeTaboIIYHOT aKTUBHOCTI KIIITHH
(MTT-recr ta aktuBHicTs JIT). Pa-
Hirre OyJ10 MoKa3aHo, Mo KPiOKOH-
cepByBaHHs ()parMeHTiB TKaHWH
sl€4Ka y MMOPIBHSHHI 31 CyCIIEH3I€10
KJTITHH IPU3BOAUTH 10 30€pEeIKeHHS
OLIBIIOTO BiJICOTKY CIEPMAaTOTEHHUX CTOBOYPOBHX
KJIITHH y 3araibHii momysiii [ 20, 23, 27]. Leii epexr
OB’ I3aHUH 13 HETaTUBHUM BILIMBOM IPOTEOIITHY-
HUX (QepMeHTIB ipu (hepMeHTaTUBHINA 00poOIIli Tec-
TUKYJISIPHOT TKAHUHU, MIHIMI3aI1li€10 TPOCTOPY HABKO-
JIO TePMIHATHBHMX KJIITHH 3aBJISKH 1X acoIiarii Mix
co0oro, kiTuHamu Ceproii, 6a3aIbHOI0 MEMOPAHOIO
Ta NepuTyOyIAPHUMHU MiOiTHUMHU KJIITHHAMH, a TAKOX
13 HasiBHICTIO Kommareny |V turmy B 6a3anbHiil MeMOpaHi
KaHAJIBIIB, 1[0 TAKOK MOXXE BHKOHYBAaTH JIOJJATKOBY
KpIOMpOTEKTOPHY (DYHKIIIFO.

Sk BiZoMo, mpolLec HU3BbKOTEMIIEPAaTyPHOTO KOH-
cepBYBaHHs 01000’ €KTIB CKJIQAE€THCS 3 KiJIbKOX €Ta-
MiB: BUAUJICHHS, €KCIIO3ULIIS Y KPi03aXUCHOMY CEpeo-
BHILI, 3aMOPOXKYBaHHs, 30epiraHHs Npu HU3BKUX
TeMIIepaTypax Ta po3sMopoxxyBanHsa. Ha ycix eramax
01010T1YHUN 00’ €KT MiATAETHCS BIUIUBY ITOMIKOI-
Kyrounx (axropis. Ha mocmimxkenomy B Hamiid po-
00Ti OTHOMY 3 TIEPIITUX eTaiB KPiOKOHCEPBYBAHHS —
EKCIIO3UIIi1 TKAaHWHU 3 KPi03aXUCHUMHU CEepPEeIOBHIIA-
MU — HaHOUTBIII BATOMUMH TTapaMeTpaMu, STKi MOXKYTh
CTIPUYMHHUTH TOIIKOKYIOUY Iif0, € TPUBAIICTH 00-
poOKH, TeMIeparypa, TUI Ta KOHLEHTpallisi Kpionpo-
TEKTOpa.

VY Hawiit po6oti Oylio TOCIHIIKEHO BIUIMB Pi3HUX
KiHneBux kourentpaiit JIMCO, riuepuny, [IEO-400
1 caxaposH, a TAKOXK Yacy eKCIO3HUIIT y Kpi03aXHUCHUX

n=5).
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Puc. 7. CepeaHs LWIiNbHICTL po3TallyBaHHS KNiTUH CepMaTOreHHoro enite-
nito nicns ekcnosuuii y Kpio3axucHuMx cepegoBullax y AvHamiui: 1 — O,
2-0 3-M 4-; *— pisHMUA CTAaTUCTUYHO 3HaAYyLla OO MOMNepeaHbOro
TEPMiHY CMOCTEPEXEHHS; # — Pi3HMLSA CTaTUCTUYHO 3HaYyLla BigHOCHO 15-xBu-
JIMHHOT ekcno3uuii y BiAMNOBIAHOMY Kpio3axucHomy cepegoBuui (p < 0,05;

Fig. 7. Average density of location of spermatogenic epithelium cells after
exposure in cryoprotective media in dynamics: 1 - 0,2 -0, 3 - M, 4 - £,
* — the difference is statistically significant in accordance with the previous
observation period; # — the difference is statistically significant relative
to 15-min exposure in applicable cryoprotective medium (p < 0.05; n = 5).

The data obtained by the MTT test for 60 min are
consistent with the results of measurements of LDH
activity at the sametime of exposure, which indicates
theinhibition of metabolic processesin cellsduetothe
exposure duration.

In the present work the effect of exposurein media
of different composition on morphologica parameters
and metabolic activity of thecellsof convoluted tubules
of immature rat testes was comparatively assessed. It
was found that 30-min exposure of tissue samples to
Hanks and 50 g/L bovine serum abumin with either
0.6 M dimethy! sulfoxide (DM SO) or 0.7 M glycerol
did not impair the spermatogenic epithelium and de-
creasethe metabolic activity of thecells(MTT test and
LDH activity). Previously it wasreported [17, 21, 27],
that cryopreservation of testicular tissue fragments if
compared with cell suspension resulted in preserva-
tion of a larger percentage of spermatogonial stem
cellsintotal population. Thiseffect wasassociated with
negative effects of proteolytic enzymes during enzy-
matic treatment of testicular tissue, minimizing the
space around the germinal cells due to their associa-
tion between each other, Sertoli cells, basal membrane
and peritubular myoid cells, as well as the presence
of type IV collagen in basal membrane of tubules,
which also may perform an additional cryoprotective
function.
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posunHax (Ha ocHOBI po3unny Xenkca Ta 501/1 BCA)
Ha JKUTTE3NATHICTL KIITHUH 3BUTHX KaHAJBIIB CIM -
HUKIB CTaTEBOHE3PIIMX IIyPiB Ta iX MopdooriuHi na-
pameTpu. 3a pe3yibpTaTaMy JOCIiHPKSHHS ONITHUMAaThb-
HUMH HAa €Talll EKCIIO3ULIIT 3BUTUX CIM STHUX KaHAJbI[IB
CTaTeBOHE3PUINX IIYpiB MOKHA BBa)KaTH HACTYIIHI
KoHLeHTpaii kpionporektopis: AMCO —0,6 M; rii-
neput — 0,7 M; ITEO-400—50 r/11; caxaposa —0,1 M.
[pu 30-XBUIMHHIN SKCIIO3HUIIIT 3BUTHX KAHAJIBIIB CIM’ SI-
HHKIB ITypiB Y CEPEAOBHINAX i3 BHKOPUCTAHHSIM 3a3-
HaYCHUX KOHIICHTPAIIH KPiOMIPOTEKTOPIB MOKa3HUKH
JKHUTTE3TATHOCTI KIITHH 32 TECTOM BUKIIOUCHHS TPH-
[IAaHOBOI'O CHHBOT'0 30epiranucst Ha piBHi 65—69% B ycix
JIOCIII/DKEHUX BUMNAIKaX. 3OUIBIIEHHS KIHIIEBOI KOH-
LEHTpAaIlii KPIOIPOTEKTOPIB HETaTUBHO BIUIMBAJIO HA
JKATTE3IATHICTD KIIITHH.

JocniakeHHs TPUBAIOCTI €KCIO3HLIT y cepejoBu-
max Mokas3alo, [0 BUKOPUCTAHHS CEPEIOBUII Ha
ocHoBi po3unny Xenkca ta 50 /i BCA 3 nomaBanusM
0,6 M JIMCO a6o 0,7 M miiuepuHy HE MPU3BOIH-
JIO IO YIIKOIPKEHB CIIEPMATOT€HHOTO EMiTelNilo Mpu
TpuBasiocTi excrno3uii He Oinbine 30 XB. 3a JaHUMHA
TICTOJIOTIYHUX JIOCIHI/PKEHB IOJOBKEHHS 4acy eKc-
MO3HUIIT BUKIUKAIO YIIKOMKCHHS TKAHWH 3BUTHUX
KaHaJBI[IB CIM’ STHHUKIB, a caMe. JIeCKBaMaIlifo, MOSIBY
OE3KIITUHHUX JUISHOK Ta 3MEHIIICHHS [IIIILHOCTI KJTi-
THH CIIEPMATOreHHOTro enitenito. Citij| 3a3Ha4uTH, 110
BHKOPHUCTAHHS CEPEIOBUII HA OCHO-
Bi po3unHy Xenkca Ta 50 r/n Onya-
YOro CHPOBAaTKOBOI'O albOyMiHY 3

L ow-temperature preservation of biological objects
is known to consist of several stages. selection, expo-
sure in cryoprotective medium, freezing, storage at
low temperatures and thawing. At all the stages biolo-
gical object isexposed to harmful factors. Inthisresearch
we considered one of the first stages of cryopreserva-
tion, i. e. exposureof tissueto cryoprotectivemedia. The
most crucia factorswhich are capable of damaging the
tissue are asfollows: treatment duration, temperature,
type and concentration of cryoprotective agent.

We investigated the effect of different final con-
centrations of DM SO, glycerol, PEO-400 and sucrose
and the time of exposure to cryoprotective solutions
(based on Hanks solution and 50 g/L. BSA) on viability
of the cells of convoluted tubules of immature rats
testes and their morphological parameters. According
to the findings the following concentrations of cryo-
protectants can be considered asoptimal at the exposure
stage of convoluted seminiferous tubules of sexually
immaturerats: DMSO —0.6 M; glycerol —0.7 M; PEO-
400 — 50 g/L; sucrose — 0.1 M. At 30-min exposure of
the convoluted tubules of rat testes in the media using
the indicated concentrations of cryoprotectants, the
viability of cellsin the trypan blue exclusion test was
maintained at 65-69% for all theinvestigated options.
Anincrease in the final concentration of cryoprotec-
tants negatively affected cell viability.

nonasanHsam 50 r/a TTEO-400 abo 70
0,1 M caxapo3u TakoX HETaTHBHO 60 4
BILTUBAJIO Ha JIOCIIPKEHI TiCTOJIO-

TIYHI TTapaMeTpu Ta 31 30LTBIICHHIM & 5 lT
Yacy ekcrosuii 10 45 XB mpu3Bo- gg

JIAJIO 10 TOTAJIBHOTO HEKPO3y CIep- E E 404
MaroreHHoro emitenito. He nusms- E[‘?
YUCh HA PI3HMW MPUHLMII Iii J0C- g*g 30 -
JipKeHnX KpionpoTektopis (JIMCO I

Ta TIILEPUH € SHAOLCTIOISPHUMH, =9 20 |
a [TEO-400 ta caxapo3a — eK3011eITI0- <
JSIPHUMHM), MH OTPUMAJIH OJHAKOBHI 10 -
HETraTHBHUH e(DeKT Ha TepMiHax eKc-

no3utiii, ski nepepuinyBamu 30 XB. 0

MoyKHa PUTTYCTHTH, IO TaKi Pe3yib-
TaTH TTOB’ s13aHi 3 Pi3HOIO MIBUIKICTIO
MIPOHUKHEHHS KPIOTMPOTEKTOPIB Y
TKkanuHM. Tak, Bigomo, mo AMCO
HaCHYy€ KIITHHU TiANUTYHKOBOT 3a-
so3u 3a 10-15 xB, a minepuH — 3a
180 xB [26]. Bymno mokazano [3], mo
30iJbIICHHST CTYNEHs JAeriapaTarii
Ta 4acy 3HaXOJPKEHHS TelaTOLUTIB
y 3HEBOJHCHOMY CTaHi MiABUIIYE
PU3UK X MOIIKOKEHHS B PE3yIib-
TaTi OCMOTUYHOTO IOKY. 3HUKCHHS
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Puc. 8. JuHamika akTMBHOCTI NakTaTAerigporeHasun y KriTuHax 3BUTUX
KaHarnbLiB CIM'SIHUKIB CTaTEBOHE3PINMX LLYypiB NPU eKCro3uLii y Kpio3axmcHUX
cepepoBuax: koHTpornb — 0O, 1 — M, 2 — @, 3 — W, 4 — E. CyuinbHa niHis —
MOKAa3HUK iIHTAKTHOrO KOHTPOJO; * — pPi3HULUA 3HAuyLla BiAHOCHO BiOMNoBia-
Horo koHTponto (p < 0,05; n = 5).

Fig. 8. Dynamics of activity of lactate dehydrogenase in the cells of convo-
luted tubules of testes in immature rats under exposure in cryopreservation
media: control -0, 1 — W, 2 -, 3 - MW, 4 — . Solid line shows the level of
intact control; * — the difference is significant relative to the corresponding
control (p < 0.05; n=5).

215



PIBHS )KHUTTE3NATHOCTI 8-KIITHHHUX eMOpIOHIB MU-
111 IPY MOJO0BKEHHI 9acy eKBiIiOparrii y cepeoBHIIi
3aMOPOXKYBaHHA 710 3 XB, HA JYMKY ACSIKUX aBTOPIB
[6], 0OymOBIIEHO 30iMBIICHHSIM TPUBAIOCTI Mepe-
OyBaHHsI eMOPIOHIB y 3HEBOAHEHOMY CTaHi MiJl Ai€l0
BHCOKMX KOHUEHTpaLill KOMIIOHEHTIB CEepelloBHUIIA
3aMOpoKyBaHHs. Lle mpu3BOAUTH 10 MOpYLICHB 3a-
rajgbpbHOI IHTErpagbHOI HUTICHOCTI Ta B3a€MO1H BHYT-
PIITHBOKIITUHHUX CTPYKTYp. Takum 94nHOM, IIBUA-
KICTh HaCH4YEHHS 01000’ €KTa KPiOMPOTEKTOPOM, a OT-
XKe, 1 TOKCHYHA Jis1 OCTAHHBOTO 3aJIeXKaTh HE TIIbKH
BiJl CTPYKTYpPHOI opranizarii camMoro o0’ €xrta, aje
1 BiJl BUXITHUX XapaKTEPHUCTHUK 3aCTOCOBAHOTO KPio-
MIPOTEKTOpa

BusiBneHi iy gac rictToMophOMETPUIHOTO JTOCHTII-
KEHHS 3MIHH y3TOJUKYBaIHCS 13 JaHUMH, OTpUMa-
HUMH II1J 9aC BUBYEHHI META0O0IIYHOT aKTUBHOCTI.
Byno moxazaHo, mo 301IbIIEHHS Yacy €KCIO3ULil
TkaHuH Oinbire Hik 30 XB y BCiX IOCIHiIKyBaHUX
CEpeIOBUINAX, Y TOMY YUCHI W Y KOHTPOJIBHHX 3pa3-
Kax, MPU3BOIMIIO O 3HIKCHHS METa0OIdHOI aK-
tuBHOCTI KiiTHH 32 MTT-TecTtoM Ta aKTHBHOCTI
JIAT. e, #iMOBipHO, CBITYMIIO TIPO TIOYATOK PO3ZBUTKY
HEKPOTHYHUX TPOIECIB Yy TKaHWHI, 00yMOBIECHHUX
TPUBAJICTIO eKCIo3uIii. TakuM 4iMHOM, pe3yibTa-
TH TIPEICTaBIEHOT POOOTH MOXYTh OYyTH BHUKOPHC-
TaHi y HaCTYNHHUX JOCHI/PKCHHSX Ta IiJ Yac po3-
poOKHM eeKTHBHHX MPOTOKOIIB KPiOKOHCEPBYBaH-
HSl 3BUTHX KaHAJBI[IB CIM’ SHUKIB CTATEBOHE3PIINX
IIypiB.

Study of the exposuretimein theinvestigated media
showed that the use of mediabased on Hanks solution
and 50 g/L BSA supplemented with either 0.6 M
DMSO or 0.7 M glyceral did not cause damageto the
spermatogenic epithelium with an exposure duration
of not longer than 30 min. Anincreasein the exposure
timeresulted in injury to the tissues of the convoluted
tubule of the testes according to histological studies,
namely, desquamation, the appearance of cell-free
areas, and reduced cell density of the spermatogenic
epithelium. It should be noted that the use of the me-
dia based on Hanks solution and 50 g/L bovine se-
rum albumin supplemented with 50 g/L PEO-400 or
0.1 M sucrose aso negatively affected the histol ogical
parameters studied and with an increase in exposure
time of up to 45 min led to an appearance of total
necrosis of the spermatogenic epithelium. Despitethe
different principle of the action of the investigated
cryoprotectants (endocel lular DM SO and glycerol, and
exocellular PEO-400 and sucrose), we obtained the
same negative effect at exposure terms, which ex-
ceeded 30 min. It can be assumed that these results
are related to different rates of penetration of cryo-
protectants into a tissue. So, DMSO is known to sa-
turate pancreatic cellsfor 10—15 minutes, and glycerol
didfor 180 min[25]. It was shown [16] that increasing
the dehydration rate and the time of staying the hepa-
tocytesin adehydrated state enhanced therisk of their
damage asaresult of osmotic shock. Some authors [26]
reported that the decrease in viability of 8-cell mouse

embryoswith anincreaseinthe equili-
bration time in a freezing medium of

up to 3minwas dueto arisein dura-
tion of the embryos’ staying in ade-
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Puc. 9. MeTaboniyHa akTUBHICTb (ONTUYHA LWiMNbHICTb PO34NHY hopMasaHy
B MTT-TecTi) KNiTUH 3BUTUX KaHanbLiB CiM'SHUKIB CTaTEBOHE3PINMX LLypiB
npu ekcnosuuii y kpiozaxncHux cepeposuiLax: koHtpons — O, 1 — M, 2 — @,
3 - M 4 - A CyuinbHa niHiA — NOKa3HUK iHTAKTHOTO KOHTPOSIO.

Fig. 9. Metabolic activity (absorbance of formazan solution in MTT-test) of
convoluted tubules of testes in immature rats under exposure in cryopro-
tective media: control -, 1 -, 2 —E, 3 — M, 4 —K. Solid line is an indicator

of intact control.
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hydrated state under the influence of
high concentrations of the components
of the freezing medium, which led to
disordersin integrity and interactions
of intracellular structures. Thus, the
rate of bioobject saturation by cryo-
protectant, and, consequently, thetoxic
effect of the latter, depended not only
on structural organization of the object
itslf, but also oniinitial characteristics
of the applied cryoprotectant.

The observed histomorphometric
60 changeswere consistent with the data
obtained during investigation of me-
tabolic activity. It has been shown that
an increase in tissue exposure time
longer than 30 min in al the studied
media, including the control samples,
led to adecrease in metabolic activity
of cellsby MTT test and LDH activity,
which probably indicated the begin-
ning of the development of necrosis
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BucnoBku

BuxopuctanHs Kpio3aXUCHAX CEPEIOBHUII Ha OCHOBI
posunny Xenkca ta 50 1/ 6Myayoro CHPOBATKOBOTO
anpOyminy 3 goxasanusm 0,6 M JIMCO a6o 0,7 M
DIIEPUHY HE TPU3BOIAUTH J0 3MiH HIUIBHOCTI KIIi-
THH CIIEPMATOTEHHOTO EIMITEeNiI0 Ta IX MeTa0oIIuHOT
AKTUBHOCTI MiJ] 4ac €KCIIO3HIIIT 3BUTUX KaHAJIBI[IB Ci-
M’ SIHMKIB ITypiB He Oinbine Hixk 30 XBUIIHH.

Excnozuttis BripoioBk 45 Ta 60 XB TKAaHWH 3BUTHX
KaHAJBIIIB CiM THUKIB CTaTEBOHE3PLINX IIyPiB y Kpio-
3aXMCHUX CEPEJOBUIIAX 13 BUKOPUCTAHHSIM PO3UNHY
Xenkca Ta 50 r/n BCA 3 nomasanusam 0,6 M JIMCO,
0,7 M rminepuny, 50 r/n ITEO-400 ta 0,1 M caxapo3u
MPU3BOAMIIA A0 SBUI JIECKBamaii, MOsIBH AiJISTHOK
HEKPO3Y, 3HaYYIIOr0 3HIKEHHS IIUTHHOCTI KIIITHH CIIep-
MAaTOT€HHOTO EITITENi0 Ta iX MeTabOoTiYHOT AKTUBHOCTI.

Otpumani JaHi MOXYTb OyTH BUKOPHCTaHI IS
OOIpyHTYBaHHS Ta pPO3pOOKH e(hEKTUBHUX METO/UK
KpIOKOHCEepPBYBaHHS 3BUTHX KaHAJbIIIB CiM’ THUKIB CTa-
TEBOHE3PIINX IIYyPiB.
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processes in tissues due to the duration of the expo-
sure. Thus, the results of the presented research could
be taken as a basis for subsequent studies and du-
ring the development of effective cryopreservation
protocolsfor convoluted tubul e tissues of the sexually
immature rats.

Conclusions
Use of cryoprotective media solution based on
Hanks and 50 g/L of bovine serum abumin supple-
mented with 0.6 M DM SO or 0.7 M glycerol did not
result in the changesin spermatogenic epithelium cell
density and their metabolic activity during exposure of
convoluted tubules of ratsfor not longer than 30 min.
Exposure of the tissue of convoluted tubules of
immature rat testes within 45 and 60 min to cryopro-
tective mediabased on Hanks solution and 50 g/L BSA
supplementedwith0.6 M DM SO, 0.7 M glycerol, 50 g/L
PEO-400 and 0.1 M sucrose led to desguamation,
emergence of necrosis areas, significant reduction in
spermatogenic epithelium cell density and their meta-
bolic activity.
The datacould be used to investigate and develop
effective methodsto cryopreserve the convol uted tubules
of the immature rat testes.
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