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PedrepaT: Po3pobka HOBMX MeTOAOMOrYHUX MiAXOAiB, CpsiMOBaHWX Ha 36epexeHHs NoTeHUiNHOT depTunbHOCTI Nig Yac
nnaHyBaHHS LMTOTOKCMYHOI Tepanii y ocib6 gonyb6epTaTHOro BiKy, € akTyanbHUM HanpsiMKOM MeAMKO-BioNoriYyHnX AoChiaXeHb.
Y po6oTi npoBeAeHO MOPIBHSMbHY OLHKY BMIMBY €KCMo3uLii y cepefoBuLLiax pisHOro KOMMO3ULINHOMO ckrnagy Ha mMopdornoriyHi na-
pameTpu Ta MeTaboniyHy akTMBHICTb KNITUH 3BUTUX KaHanbLiB CiM'SHUKIB CTaTEBOHE3pINux LypiB. KpiokoHcepByBaHHS TKaHWH
sle4ka BUMarae 3aCTOCYBaHHsSI BiAMOBIAHMX MPOTOKOMIB, siki 3a6e3nevyoTb BUCOKI MOKa3HUKM XUTTE3LATHOCTI Ta PyHKLUiOHaNbHOI
aKTMBHOCTI Ha TNi MiHiMi3auUil NOWKOAXeHb TpaHCcnnaHTauinHoro matepiany. BctaHoBneHo, wo 30-XBUNMHHA €KCno3uuis 3paskiB
TKaHUH y cepefoBuLLAX HA OCHOBI po3vnHy XeHkca Ta 50 r/m 6uyayoro cupoBaTkoBOro anbbymiHy 3 AogaBaHHsM 0,6 M gumeTtun-
cynbdokeugy (AMCO) abo 0,7 M rniuepuHy He BUKNMKana yLUIKOAXKEHb CNIePMaTOreHHOro eniTenito Ta 3HKEHHSI MeTaboMNivHOT aKTUBHOCTI
KnitTuH (MTT-TecT Ta aKkTUBHICTb nakTatgerigporeHasu). Excnosuuis snpogosx 45 ta 60 xB y cepepgoBulax i3 gogasaHHsam 0,6 M
OMCO, 0,7 M mniuepwuHy, 50 r/n nonietuneHokcnay-400 Ta 0,1 M caxaposu npussoauna Ao AeckBamallii, nosiBu 6e3KNiTUHHUX OiNsHOK,
3HWXKEHHS! LWiNbHOCTI KNITUH cnepMaToreHHoro enitenito Ta ix metaboniyHoi akTUBHOCTI. OTpMMaHi gaHi MoXyTb ByTW BUKOpUCTaHI
Onst 06r'pyHTYBaHHSI Ta PO3pobku edEKTUBHUX METOAMK KPiIOKOHCEPBYBAHHS 3BUTUX KaHarnbLiB CiM'SHAKIB CTaTEBOHE3PINMX LLypiB.

KnroyoBi crnoBa: 3BUTi kaHanbLs CiM'AHWKIB, CTAaTEBOHE3PINi LWypW, AMMETUNCynbMoKeua, rmiuepuH, nonieTuneHokema, caxaposa,
6u4aunii cupoBaTKoBUI anbOyMiH.

Pecpepart: Pa3paboTka HOBbIX METOOONOMMYECKMX MOAXOA0B, HAMpaBEHHbIX HA COXPaHEHUe MOoTeHUUanbHON hepTUNbHOCTU
npu NIaHMpoBaHMK LIMTOTOKCUYECKOW Tepanuu y nvu gonybeptaTHOro Bo3pacTa, SIBMAETCS aKTyarnbHbIM HanpaBneHnem Mefuko-
6uonornyecknx nccnenoBaHuii. B paboTe npoBefeHa cpaBHUTENbHAs OLEHKAa BIUSHWSA 9KCMO3MLUMM B Cpefax pPasfnuyHoOro Kom-
NO3NLMOHHOIO cocTaBa Ha Mopdoriornyeckme napameTpbl U MeTabonMyeckyto akTMBHOCTb KNEeTOK M3BUTbIX KaHasnbLieB CEMEHHUKOB
HenonoBo3penbix Kpbic. KpMokoHcepBupoBaHne TkaHel sinyka TpebyeT NpYMeHeHUsi COOTBETCTBYIOLMX MPOTOKOMOB, KOTOpble
obecneynBaloT BbICOKME MOKa3aTenu XU3HeCNoCOOHOCTU M YHKLMOHANBbHON akTUMBHOCTW Ha (hoHe MUHUMK3ALMU NOBPEXAEHWUI
TpaHCNNaHTauMoHHOro Matepuana. YcTaHoBneHo, 4to 30-MUHYTHasa 3KCnosuuus obpasuoB TKaHW B KPMO3ALUMTHBIX cpedax Ha
ocHoBe pacTtBopa XeHkca v 50 r/n 6blYbero cbIBOPOTOYHOro anbbymuHa ¢ go6asnexdvem 0,6 M AMCO unu 0,7 M rnuuepviHa He
npvBoAuna K NoBpeXAeHUsIM CNepMaToOreHHOro 3NUTENNS U CHUXKEHUO MeTabonuyeckon akTuBHOCTM knetok (MTT-TecT u akTue-
HOCTb NakTaTaermgporeHasbl). Okcnosuums B TedeHne 45 n 60 MuH B cpepax ¢ gobasnennem 0,6 M IMCO, 0,7 M rnuuepuHa, 50 r/n
nonuaTtuneHokenaa-400 n 0,1 M caxaposbl NnpuBoanna k AeckBamaLlun, NosiBNEHNI0 6E3KNETOUYHbIX YHaCTKOB, CHXKEHUWIO NIIOTHOCTU
KNeTOK CrepmMaTOreHHOro anuTenus 1 ux metabonmyeckon akTMBHOCTU. [MonyyeHHble AaHHble MOryT GbiTb MCMONb30BaHbl Ans oboc-
HOBaHMA 1 pa3paboTkyn aPPEKTUBHBIX METOAMK KPUOKOHCEPBMPOBAHWUA U3BUTLIX KaHamnbLEB CEMEHHWKOB HEMonoBO3penbiX KpbIC.

KnioyeBble cnoBa: v3BUTble KaHarnblLa CEMEHHWKOB, HEMOMOBO3perble KPbIChbl, AUMETUNCYNbMOKCUA, TMULEPUH, NONN3TK-
neHokeua, caxapo3sa, Bblunil CbIBOPOTOYHbINA anbOyMuH.

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 GIOTEXHOJIOTIH Ta OLIBII ITHOOKUM
PO3YMIHHSIM MEXaHi3MIB pereHeparii 06i0J0riYHIX
TKaHUH B OCTaHHI POKH BISHUMH BCHOTO CBITY PO3p00-
JISIFOTBHCS i IXO/AU A0 3aCTOCYBAaHHSI KIIITHHHUX Ta TKa-
HUHHHUX TEXHOJIOTIH y pPenpoayKTHBHIM MeIWIUHI,
aHAPOJIOTii Ta TiHeKoJorii. 3yCHuis MEIUKIB y il
ranysi cpsMOBaHi, TIepIll 3a Bce, Ha MOA0IaHHs 0e3-
LTI, JTIKY BAHHS] OHKOJIOTTYHUX 3aXBOPIOBAHb CTATe-
BHX 3aJ103 Y YOJIOBIKIB 1 )KIHOK, IPEHATAITbHY KOPEKIIII0
aQHOMaJIil PO3BUTKY IIJI0/1a 32 JIOTIOMOT 00 TKAHWHHHUX,
KJIITUHHUX 1 TEHHUX TEXHONIOT1i [12, 25, 29].

be3cymHIBHIM MiATBEPHKEHHSAM TPOTPeCcy KIIiHIY-
HOT OHKOJIOT1 € 301JIbIIIeHHS TOKa3HUKA BY)KUBAHHS
XBOPHX Ha 3JI0SKICHI HOBOYTBOPEHHS BCIX THIIIB 1
HO30JI0T1#. 3HaYHa KIIbKICTh OHKOJIOTTYHHUX MAII€HTIB,
SIK1 TPOUIIIIM MPOTHUITYXJIMHHE JIIKyBaHHS, — i€ 0COON
J0IyOepTaTHOTO BiKY, SIKi pO3PaXxOBYIOTh Ha BUCOKY
TPHUBAJICTH 1 sIKicTh ®UTTA [2]. Hapasi kpiokoHcep-
BYBaHHSI CLIEPMH T2 OKPEMHUX CIIEPMaTO30i/iB JOCUTD
YCHINIHO MPOBOJUTHCS 3 METOK 30€peKeHHS (ep-
TAILHOCTI Y 4oJOBIKiB [28]. OmHaK maHWi miaxin He
MO)ke OyTH 3aCTOCOBAHHUH IJISl MAIIEHTIB JOIMyoOep-
TaTHOTO BiKY, Y SIKHX CIIEpMaroreHes3 Ie He PO3BH-
HEHHUH, a B esIKyJISTI BiICYTHI CLIEpMaro30inu. Y 3B’ 3Ky
3 IIAM TIepe] KITIHIITUCTaMU TIOCTA€ HEMPOCTE 3aBIaHHS,
SIKE TIOJISITAE Yy PO3pOOIIi HOBUX METOAOIOTIUHUX ITiJT-
XOZiB, CIIPSIMOBAHUX Ha 30e€pekeHHs TOTEHLHOT (ep-
THJIBHOCTI 1111 4ac IyIaHyBaHHS LIUTOTOKCUYHOI Tepamii
y 0ci0 1aHoi BiKOBO1 Ipynu. BupiteHHsM wiei mpodremu
MOYKE CTaTH KpiOKOHCEpPBYBaHHs TKaHUH sieuka [8],
TOMY aKTyaJIbHOIO € PO3p0oOKa MPOTOKOIMIB, AKi 31aTHI
3a0€e3MeUNTH BUCOKI TOKa3HUKH (PYHKLIOHAIBHOT aK-
TUBHOCTI Ta JKUTTE3AATHOCTI Ha TJI1 MIHIMI3aLii IomI-
KOJKEHb TPAHCIUIAHTAIIHOTO MaTepiay.

IcHyr0Th 1Ba BapiaHTH KP1OKOHCEPBYBAHHS TECTH-
KyJISIPHOT TKAHWHH: Y BUIVIA/I CyCIIeH31i TepMIHOTeHHUX
KIIITHH 200 ()parMeHTIB 3BUTUX CiM’SIHUX KaHAIBIIIB.
[Ticns po3MopoxyBaHHS CycHeH3ii TepMiIHOTE€HHHUX
KJIITUH MOXJHWBA ii ayTOTpPaHCILIAHTAIIS MUITXOM
iH’ €K1 y TKaHUHY CiM’STHUKIB JIJISl 3aCEJICHHS 3BUTHX
KaHAJIbLIB 3JOPOBOIO MOMYJSILIIEI0 CIIEPMATOTCHHUX
KiitHH [2, 19]. Y pasi KpiokoHCepByBaHHS LIUTNX 3BUTHX
KaHaJIbLIIB MOXJIMBE MPOBEACHHS TPaHCILIAHTAL{
Oilonrary ans iHinianii cnepmarorenesy. OTpumani
TAKUM YUHOM CIIEPMATO30111 MOXKYTb Oy TH BUKOPHUC-
TaHl JUIsl 3aIUTIHEHHS 33 JOMOMOIOK 1HTPAIUTO-
1a3mMigHoi in’exii ciepmu [ 14]. Kpim Toro, gociia-
HUKaMHU aKTUBHO PO3TIISIAETHCS MOMKIIUBICTD 1HIYKITIT
CIIEPMATOTCHE3Y i Vitro, y TOMY YHCJi 3 BUKOPHC-
TaHHSIM JIEKOHCEPBOBAHOTO MaTepiaiy, ale sl TEXHO-
JIOTisl 3HAXOJIUTHCS ITOKH Ha CTAJIi1 pO3pOOKH.

Crig 3a3Ha4MTH, TIO MiJ] Yac KPIOKOHCEPBYBaHHS
TKaHUH S€YKa, OTPUMAaHUX BiJl MAIIEHTIB AOMyOepTaT-
HOTO BiKY, KOJIM IOBHOL[IHHUH CIIEPMAaTOTeHe3 111e He
chopMyBaBCsl, OCHOBHHM 3aBJIaHHSIM € HE TUTbKH (i-
3U4He 30epeKeHHs criepMaToroHii 1 kimitud Ceprodi,
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The development of biotechnology and a better
understanding of the mechanisms of regeneration of
biological tissues allowed the scholars all over the world
to develop the approaches to apply the cell and tissue
based therapies in reproductive medicine, andrology
and gynecology. The efforts of physicians in this field
are aimed, above all, at overcoming infertility, trea-
ting cancer diseases of the sexual glands in men and
women, as well as prenatal correction of fetal abnor-
malities by means of tissue, cell and gene based techno-
logies [8, 23, 29].

Definite evidence of the progress of clinical onco-
logy is an increased survival of patients with malignant
neoplasms of all types and nosologies. A significant
number of oncology patients undergoing antitumor
treatment are those of a pre-adulthood, hoping for
a long active life [5]. Currently cryopreservation of
sperm and individual spermatozoa is very successful
to maintain fertility in men [28]. However, this approach
can not be used for patients of prepubertal age, because
their spermatogenesis is not yet developed, and there
are no spermatozoa in ejaculate. In this regard, the
clinicians face a difficult task, which is to 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 a testicular
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
populate the convoluted tubules with a healthy popula-
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 spermatozoa can be used for fertilization
by means of intracytoplasmic sperm injection [10]. In
addition, researchers are actively considering the possi-
bility of in vitro induction of spermatogenesis, including
the application of frozen-thawed material, but this
technology is still under development.

It should be noted that during cryopreservation of
testicular tissue obtained from the pre-pubertal patients
with non-active spermatogenesis, the main task is not
only physical preservation of spermatogonia and Ser-
toli cells, but also keeping a proper contact in between,
as it plays an important role in further maturation of
the spermatogenic epithelium cells. Therefore cryopre-
servation of testicular tissue as convoluted tubules is
considered as a promising method to preserve testicular
tissue for its further autotransplantation and restoration
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a 1 TOBHOIIIHHUX KOHTAKTIB MK HUMH, OCKIJTbKH BOHH
BiJIIrpaloTh BXKJIMBY POJIb Y HACTYITHOMY J03piBaHHI
KIIITHH CTIEPMaTOTEHHOTO eTiTeNir. ToMy KpioKOHCep-
BYBaHHS TKAHWH sl€YKa y BUIJISAI 3BUTUX KaHAJbIIIB
BBAYKAETHCS MEPCIEKTUBHUM METOJIOM 30€pesKeHHS
TpaHCIUIAHTALi Ta BiTHOBJICHHS PEPOLYKTUBHOI (PyHK-
ii [2]. Y po6oti V. Keros i ciiiBasr. [ 18] mokasaHo, 1o
B 3pa3Kax TECTHKYJISIPHOT TKAaHUHH, KPIOKOHCEPBOBAHHX
min 3axuctom 0,6 M mumetuncynbdoxcuny (IAMCO),
BiZICYTHI TOPYIIIEHHS 3B’ SI3Ky CIIEPMAaTOTOHiH 13 0a3aib-
HOIO MEMOPAHOIO Ta CYCITHIMHU KIIITHHAMH Y TTOPiB-
HSIHHI 31 CBIXKO 130J1b0BaHOI0 TKaHWHOMO. F. [zadyar i
criBaBr. [ 15] y AKOCTI Kpi03aXHCHOTO CEPEOBHUIIA Ta-
Kok BukopucroByBanu JIMCO, ane y koHueHTpamii
10%. Lle 3abe3neuyBaiio 30epekeHHsT MOpdooriu-
HUX MOKa3HUKIB 1 QyHKLIOHAIBHOT aKTUBHOCTI CHiep-
MaTOrOHil PHU HU3bKOTEMIIEpaTypHOMY 30epiraHti.
OpnHak, He3Bakaroun Ha Te, 1110 JIMCO BiacTHBa OLTBIIT
BHUpaXCHA IUTOTOKCHYHA [Tisl, esiki aBTopH [ 18] Biami-
YaroTh, 10 1OT0 3aCTOCYBAaHHS Y SIKOCTI KPIOTPOTEK-
topa (y koHteHTpartii 0,7 MoJib/11) 103BOJISIE 30eperTu
CTPYKTYPY TKAaHHHH sT€9Ka (0COOIMBO CIIEPMATOTOHIIB)
Kpaiile, Hi’>k BAKOpHCTaHHA 1,2-mponanaiony ado rii-
LEPUHY.

He 3Baxxaroun Ha ONTHMICTHYHI pe3yabTaTH Kpio-
KOHCEpBYBaHHS TECTUKYJISIPHOI TKAHWHH, PO3poOKa Ta
BJIOCKOHAJIEHHSI IPOTOKOJIiB HU3bKOTEMIIEPATYPHOTO
KOHCEPBYBaHH;I 3aJIMIIAIOTHCS aKTyaJIbHUMH HaIIPSM-
kamu. C1iJ1 BpaxoByBaTH, 1110 IPY BUTOTOBJICHHI Kpio3a-
XHUCHUX cepeoBrIll Ha ocHOBI JIMCO HeoOXiTHO 3HIKY-
BaTH HOTO KOHLIEHTPALIIO Ta CKOPOUYBATH 3arajbHUH
yac exkcno3uuii. OAHNM 13 mepIuX eTaniB po3pooKu
IIPOTOKOJTIB KPIOKOHCEPBYBaHHS TKAHUH € BU3HAYCHHSI
BIUTUBY €KCIIO3HMIII{ Y KPI03aXHUCHUX CepeIOBUIIIAX Ha
ix Mop¢ooriuni Ta GyHKIIOHANBHI MapameTpu. Ha
croroai mirepud 1 JIMCO BBax)arOThCs KITACHIHUMHE
KpIOIIPOTEKTOpaMH, sIKi BUKOPHUCTOBYIOTHCS IIIE 3 CEepe-
JHU MAHYITOTO cToiTTs [ 10]. 3 TOTO Yacy /10 mpakTuku
Kp1OKOHCEpBYBaHHs Oy10 BBEIEHO Oararo iHIIHX eHJI0-
Ta EK30LEIIOJIIPHUX KPIONPOTEKTOPiB (METaHOJI, IPO-
MaHIi0JI, ETUIICHIIIIKOIb, IMMETUIIOBUHN alleTaJIbACTi,
caxaposa, JeKCTpaH, HOJIBIHIIIIPOIIiOH, T1APOKCH-
etwikpoxmaib, [IEO-400 tomo). He3Baxaroun Ha
Kpi03aXUCHUHN MOTEHLiaJ IIMX PEUYOBHH, BOHH MAlOTh
psit TOOIYHUX ePEeKTiB, OCHOBHHM 13 SIKUX € IIATOTOK-
CUYHICTh. TONEPaHTHICTh TKAaHHUH JI0 HECTIPUSTIIMBUX
YMOB KPIOKOHCEPBYBaHHS 0OMEKeHA 1 3aJI€KUTh BiJl
TUIYy TKAaHUHU Ta 11 moyaTkoBoro crany. [Ipu nupomy
JI0JITaBaHHS KPIOMPOTEKTOPIB /10 CEPEAOBHUII y PI3HUX
KOHIICHTpAIIISX, 8 TAKOK ONTUMI3aIlis 9acy EKCIO3HITIT
MOXYTb 3HU3UTH 1X TOKCUYHHI BIUIMB HA TKAaHUHY.

Merta po6oTu — BU3HaYSHHS MOP(OIIOTIYHUX 3MiH
Ta MeTa0O0JIIYHOT AKTUBHOCTI 3BUTUX KAHAIBIIIB CiM’ sI-
HUKIB CTaTEBOHE3PIJINX IIIYPiB 3aJI€KHO Bil KOHIICHT-
pauii kpionporekTopis (AMCO, miuepuny, [IEO-400
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of reproductive function [5]. V. Keros et al. [ 14] repor-
ted about the absence of the disorders in binding the
spermatogonia with basal membrane and adjacent cells
compared to freshly isolated tissue in the samples of
testicular tissue cryopreserved under protection of
0.6 M dimethylsulfoxide (DMSO). F. Izadyar et al. [11]
also used DMSO 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 DMSO 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-propane diol or glycerol.

Despite the optimistic results of cryopreservation
of'testicular tissue the development and improvement
of low-temperature preservation protocols is still rele-
vant trend. It is believed that when preparing the cryo-
protective media based on DMSO its concentration
should be reduced as well as its overall exposure time
has to be decreased. One of the first stages of deve-
loping the cryopreservation protocols for tissues is to
determine the effect of exposure to cryoprotective media
on their morphological and functional parameters.
Today DMSO and glycerol are considered to be classic
cryoprotective agents used since the last midcentury
[6]. Since that time numerous endo- and exocellular
cryoprotectants (methanol, propane diol, ethylene glycol,
dimethyl acetaldehyde, sucrose, dextran, polyvinyl-
pyrrolidone, hydroxyethyl, PEO-400, efc.) 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 tissues to 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 a tissue.

In connection with the above, the research purpose
was to determine morphological parameters and meta-
bolic activity of convoluted tubules of immature rat
testes depending on the concentrations of cryopro-
tectants (DMSO, 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 Principles of Experiments in 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 caxapo3M), a TAKOXK Yacy iX eKCIIO3HIlii y Kpio3a-
XUCHHUX PO3YMHAX HA OCHOBI po3unHy XeHkca ta 50 r/i
OMYa40ro CUPOBATKOBOTO aJILOYMiHY.

Marepianu Ta MeToaHn

ExcniepuMeHTH TPOBOAMIM 3TiJHO 3 «3araibHu-
MU IPUHLMIIAMH €KCTIEPUMEHTIB Ha TBapUHaX), CXBa-
neanMu VI HanioHanbHUM KOHIpecoM i3 010eTHKH
(KuiB, 2016) Ta y3romKeHIMH 3 TIOJIOKEHHIMHI «EBPO-
neiicbKoi KOHBEHIIIT ITPO 3aXUCT XpeOSTHNX TBAPHUH, SKI
BUKOPHCTOBYFOThCS ISl eKCIIEPUMEHTAIBHUX Ta THIIHNX
HaykoBuX misei» (Ctpacoypr, 1986).

PoGoty BukonyBasu Ha 50 Oe3mopiHuX OLIMX cTa-
TEBOHE3PUTHX IIypax-caMIsix Macoro (50 & 15) T Bikom
7—8 THKHIB. 3BUTI KaHAJIBIIsSI OTPUMYBaIHX 3 000X Ci-
M’SIHMKIB IIYPiB MEXaHIYHUM LUIIXOM Ta IOMIIIaIN y
po3unn Xenkca («[lanEko», Pocis). ¥ mocmimkeHHsIX
BUKOPHCTOBYBAJIM HABICKH 3BUTHX CIM STHUX KaHAJIbLIB
ex tempore macoro (75 £ 5) mr.

TokcuuHUil BIJIMB KPiONPOTEKTOPIB BU3HAYAIHU Y
cepenosumax i3 nogasanuam: JIMCO («ITanEko») y
KiHmeBuX koumeHtpamisx 0,6; 1,2; 1,8 ta 2,4 M;
rrinepuny («Dow Chemicaly, HiMmeuunna) y KiHIEBUX
kounentTparnisx 0,7; 1,4; 2,1 ta 2,8 M; I[IEO-400 y
KiHIeBUX KoHleHTpalisx 50, 100, 150 ta 200 r/m;
caxapo3su («I[lanExo») y xinteBux xonmenTpaisax 0,1;
0,5; 1,0 ta 1,5 M. TepMiH eKCIIO3HUIIi1 3BUTHX KAHAITBITIB
CiM’SIHUKIB Iy PiB y KPi03aXHCHHUX CEPEIOBUIIAX CKJIa-
naB 30 xB 3a Temnepatypu 4°C [17].

bazyrounce Ha pe3ynbrarax miaoopy HaiMEHII TOK-
CHUYHUX KOHLEHTPALill AOCTIKYBaHUX KPiOIIPOTEK-
TOPiB, BU3HAYAJIM BIUIMB Yacy €KCIO3ULii Ha MOpdo-
(hyHKITIOHATIbHI TTOKa3HUKHU 3BUTUX KaHAJIBIIB CiM 51~
HUKIB IIypiB. BUKOPUCTOBYBaIN KpPIOMPOTEKTOPH Y
HACTYITHUX KIHIIEBUX KOHIICHTpAITisX: cepenoBuiie 1 —
0,6 M IMCO; cepenosutmie 2 — 0,7 M mrinepuny;
cepenonuiiie 3 — 50 1/1 [TEO-400; cepenosuie 4 —0,1 M
caxapo3u. Korrposem Oyiio cepeoBuiiie 0e3 01aBaHHs
KpIOIMpOTEKTOPiB. EKCIIO3MIIis 3BUTHX KaHAJIBLIIB CiM 5
HUKIB 11ypiB ckianana 15, 30,451 60 xB (4°C).

KpiozaxucHi cepeioBuIia BUTOTOBIISUIN ex tempore
Ha OCHOBI po3unHy XeHKca 3 JojaaBanHsaM 50 r/m ou-
yagoro cuposarkoBoro ansOyminy (BCA) ta Bigmo-
BiZIHOI KOHIIEHTpaIlii KpiornpotekTopa. [ licis excrio3uirii
B YCIX CepeloBHILAX BUAAISUIM KPIOMPOTEKTOPH 3i
3pa3KiB MUIAXOM TPbOXETANTHOI 3MIiHU CepeIOBHINA
KpIOKOHCEPBYBaHH: Ha PO3YHH XEHKCA.

TToka3HUK KUTTE3AATHOCTI KIIITHH BU3HAYAIIN ITICIIS
FOMOI'€HI3alli1 3pa3KiB 3a METOJIOM CYIPaBIiTaIbHOIO
3a0apBIIIOBaHHS TPUITAHOBUM CUHIM [4].

J1J1s1 TICTOJIOTYHKX TOCITI/PKEHD BUTOTORBJISUIN T1apa-
(biHOBI 3pi3U 3BUTUX KAHAJIBIIIB TOBIIMHOIO 7 MKM, SIKi
(hapOyBaJI TeMaTOKCUIIIHOM 1 €03WHOM. MiKpO3HOMKY
IpernapariB 3iCHIOBAINA 3 BUKOPUCTAHHIM MiKpOC-
kora «Carl Zeiss Axio Observer Z1» («Carl Zeiss», Hi-
MEY4MHA). Y TONAIBIIOMY Ll 300pa)KeHHSI BUKOPUCTO-
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Used for Experimental and Other Scientific Purpo-
ses (Strasbourg, 1986).

The work was performed in 50 outbred white,
sexually immature male rats 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
suspensions of (75 £ 5) mg of convoluted seminiberous
tubules cells were used in the studies.

Toxic effect of cryoprotectants was assessed in
the media containing DMSO (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 selection of the least 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-
tectants were used at the following final concentrations:
medium 1 —0.6 M DMSO; medium 2 —0.7 M glycerol;
medium 3 — 50 g/L PEO-400; medium 4 — 0.1 M
sucrose. The control was the medium without the cryo-
protectants added. Exposure of testicular convoluted
tubules of rats was 15, 30, 45 and 60 min at a tempe-
rature of 4°C.

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

The cell viability was examined by means of supra-
vital staining using Trypan blue after homogenizing the
samples [18].

For histological studies, the paraffin sections were
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-
quently, these images were used to evaluate the his-
tological structure of convoluted tubule tissues of rat
testes using the Axiovision v. 4.8 (Carl Zeiss), in par-
ticular, the average density of spermatogenic epithelium
cells was determined with the method of G.G. Avtan-
dilov [2] by counting the number of nuclei per unit of
the section area with the subsequent recalculation
to 1 mm?2,

Metabolic activity of the samples of rat testes con-
voluted tubules was assessed by total activity of lactate
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BYBAJIM /I OLIHKH TICTOJIOTIYHOI CTPYKTYPH 3BUTHX Ka-
HAJIBIIIB CiM STHAKIB ITyPiB 32 JOIIOMOTOI0 TIPOTPaMHOTO
3a0e3neueHHs «Axiovision v. 4.8» («Carl Zeiss»), 30k-
peMa BU3HAYAIN CEPEIHIO IUTbHICTD KIITHH ClIepMa-
TOTEHHOTO eriTenito 3a MetonoM [.I. ABranzinosa [1]
[UISIXOM MiJPaXyHKY KUTBKOCTI si7iep Ha OMHUII TLTOTI
3pi3y 3 HACTYIHUM NepepaxyHKoM Ha 1 Mm?.

MeTabo1iuHy aKTUBHICTb 3pa3KiB 3BUTHX KaHaJIb-
I1iB CIM’STHHKIB IIIyPiB OI[IHIOBAJIN 3 3aTaJIbHOIO aKTHB-
HicTIO TakTaTaeriaporenasu (JIJII') Ta 3a momomororo
MTT-tecty («Fluka», Himeuunna). AkrusHicts JIJIT
y 3pa3Kkax 3BUTHX KaHAJBIIB CiM SHHUKIB IIypiB Ha
3a3HAUYCHUX TEPMiHAX EKCHO3WINi y cepemoBHUIax
Kp1OKOHCEPBYBaHHS BUMIPIOBAJIH 3a JIOTIOMOTOIO TECT-
HabopiB peaktusiB («Pinict-/liarHocTrka», Ykpaina)
3 BUKOPUCTAHHSIM METOY 3aIlyCKy peakii 3pa3koMm.
J7ist mpoBeIeHHS TECTY 3pa3Ky rOTYBAJIH 31 IIMATOUKIB
TKaHHH, IKi TOMOT€Hi3yBau, QiIbTPYyBajH, LEHTPHU-
¢yrysanu (1 000 g npotsirom 10 xB) Ta BizOupanu
cynepHarant. Jlo 20 MKJ cynepHaraHTa JoJaBaliu
1 M7 MOHOpEaKTHBY, TMEpeMilTyBain Ta depe3 1 XB
3YUTYBAJIM 3MiHEHHS €KCTHHIIIT 3 iHTepBaioM 1 XB mpo-
TATOM 3 XB [0 BITHOIIEHHIO 0 AUCTUIHOBAHOI BOIH
IIpH JIOBXKKHI XBWITI 365 HM Ha (DOTOENIEKTPOKAIOpH-
metpi «KDPK-2» (30M3, Pocis).

Bigomo, mo npunmun MTT-tecty 3acHOBaHuMit Ha
3IaTHOCTI IeTiApOreHas )KUBUX KIITHH BlTHOBIIIOBATH
3-(-4,5-mumeTritia3onin-2)-2,5-nudeninrerpasomnii
OpomucTHil y OJIakKMTHI KpUCTanu Qopmaszany, siKi
HEPO3UUHSIOTHCS Y BoAi [22]. nst mpoBenenns MTT-
TECTY KOKEH 3pa30K IEPEHOCHIIH B 1 MJI cepeaoBHIIa
XeHkca, 10 sikoro BHocriu 1o 0,5 mut pozunny MTT
(5 mr/mum). Yepes 3 roaunu inky6auii (5% CO,, 37°C)
yTBOpEHU (popMazaH pO3YMHSIIH IUITXOM PeCyCIIeH-
myBaHHs 3paszka y JIMCO mo moBHOTO HOT0 3HE0APB-
JoBaHHA. Big ocany, skl yTBOPUBCS B pe3yJbTari
nperumitamnii 0inkiB y IMCO, 3BUTHHSUTHCS IITXOM
10-xBumuaHOTO HIEHTpHGyTYBaHH: T1py 1 000 g. Onrrudmy
LIUTBHICTH PO34YHMHY (JOpMa3aHy B CyliepHATAHTI BUMi-
proBanu Ha hotoenekTpokanopumerpi «KOK-2» npu
JOBXHHI XBUIT 540 HM IPOTH XOJIOCTO! MPOOH — KYJIBTY-
paJIbHOTO cepeoBHIIa Oe3 KIITHH.

AHaJi3 JaHUX TPOBOMIIN 3 BAKOPUCTAHHSM ITAKETIB
nporpam «Excel» («Microsoft», CILIA) Ta «Statistika 8»
(«StatSoft», CIIIA). Jlns BU3HAYEHHS CTAaTHCTUYHOI
3HAYYIIOCTI BIIMIHHOCTEH Oe3rmepepBHUX BETMYHH MIPU
MDKTPYIOBOMY TODPIBHAHHI 3aJIe)KHO BiJ] TapaMeTpiB
po3moiny 3acTocoByBau t-kputepiit CThroneHTa abo
U-kpurepiii ManHa-YiTHI, Tpy MHOXUHHUX (O17TbIIIE
JIBOX) TOPIBHAHHAX — MeTonu one-way ANOVA a6o
Kruskal-Wallis ANOVA.

Pe3syabTat Ta 00roBOpeHHH

Ha nepmomy etani po6oTu 0yi1o npoBeneHo miadip
HalMEHII TOKCHYHUX KOHIICHTPALIH 10 CITiDKYBaHUX
KpIOMIPOTEKTOPIB Ul 3BUTHX KaHAJBIIB 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 media was 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 at 1 min intervals for
3 min with respect to distilled water at 365 nm wave-
length with photoelectrocalorimeter KFK-2 (ZOMZ,
Russia).

It is known that the MTT test is based 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 Hanks medium, to which 0.5 ml of MTT
solution (5 mg/ml) was added. After 3 hrs of incubation
(5% CO,, 37°C), the formed formazan was dissolved
by re-suspending the sample in DMSO until it was
completely discolored. The sediment, which was formed
as a result of precipitation of proteins in DMSO, was
disposed by 10-minute centrifugation at 1,000 g. The
optical density of formazan solution in supernatant
was measured with a photoelectrocalorimeter KFK-2
at 540 nm wavelength against a blank sample i. e.
culture medium without cells.

Data were analyzed using Excel (Microsoft, USA)
and Statistics 8 (StatSoft, USA) software. To deter-
mine the statistical significance of the differences in
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 cryoprotectants for
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 cells in 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. In the case of using 0.6 M DMSO,
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 cells after a 30-min exposure was
likely to decline in all the cases.
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CTAaTeBOHE3PIIUX IIypiB. BCTaHOBIEHO, MO MiCIIS
30-XBIJIMHHOT €KCITO3UITiT HAWKpaI TOKa3HUKH KUT-
TE€3MATHOCT] KIIITHH 32 TECTOM BUKJIIOYEHHS TpUIa-
HOBOTO CHHBOTO Oynu nipu BuKopuctanHi 0,7 M rine-
puny i 50 r/n [TIEO-400 (puc. 1). [Ipu upomy 3Hu-
JKEHHS TOKAa3HHUKa KUTTE3NATHOCTI II0J0 KOHTPOJIIO
cxinagano 13,2 1 14,0% sinnosinHo. Y pasi 3acTocy-
BanHs 0,6 M IMCO 3HuXeHHSI MOKa3HUKA KUTTE-
3/IaTHOCTI KJIITHH 3BUTUX KaHAJBIIIB CiM’ STHUKIB IIypiB
ckmanano 18,4% mopiBHAHO 3 KOHTpoyeM. 3i 301b-
HIEHHSIM KOHIIEHTpaIlii KpiOTPOTEKTOPIB BiICOTOK JKHUT-
Te3MaTHUX KINTUH miciad 30-XBHJIMHHOI €KCITO3UINT
BIpOTiTHO 3HM)KYBABCS B YCIX BUTIAIKAX.
IIuTOTOKCHYHHMN BILUIMB BIIACTUBHI SK €HIOIIC-
JEOJIIPHUM, TakK 1 €K30LENIOSIPHUM KPiOIpPOTEKTO-
paM, a oro CTymiHb 3aJIeKUTh BiJ TUILY, KOHLIEHTpa-
uii, yacy Ta TeMIeparypu eKCIO3HULii, a TaKoX Bix
XapaKTepUCTHK caMoro 01000’ekTa. 3 JmiTepaTypHUX
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Cytotoxic effect is inherent to both endocellular and
exocellular cryoprotectants, and its degree depends on
the type, concentration, exposure time and temperature,
as well as the features of biological objects. From the
published reports it is known that DMSO toxicity is
associated with protein denaturation and destabiliza-
tion of phospholipid bilayer [9, 12, 14], as well as with
the possible caspase activation and apoptosis [1, 4,
30]. Toxic effects of glycerol depends on equilibration
period and is manifested in a change of permeabi-
lity of cell membranes, concentration of osmiophilic
granules in nucleus, pinocytosis, appearance of cisterns
and vacuoles in cytoplasm, damage of mitochondria
and endoplasmic reticulum dehydration [7, 19]. Polye-
thylene oxide due to the presence of low fractions par-
tially penetrates into the cells and the remains are
adsorbed on the cell membrane, leading to a cell dehyd-
ration [24]. Like other non-penetrating protective agents,
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Puc. 1. XuttesgaTHicTb KMiTUH ciM'aHMKIB wWypiB nicns 30-XBUNMHHOI ekcno3uuii y cepegoBuLlax i3 gogaBaHHAM
kpionpotekTtopis: A — IMCO; B — rniuepuHy; C — NMEO-400; D — caxaposu; * — pi3HMUSA CTaTUCTUYHO 3HaYyLla BigHOCHO
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 JieHaTypali€eo OUIKIB 1 gectabinizamieto pocdori-
migHoro Oimmapy [13, 16, 18], a Takoxk 13 MOXKIIUBICTIO
aKTHBAIlii Kacma3 Ta iHaykuii anonTosy [7, 9, 30]. Tok-
CUYHA JIisl DTIEPUHY 3aJIeKUTH Bijl eKBITIOpaIiitHOro
MepioAy Ta MPOSIBISETHCS B 3MiHI IPOHUKHOCTI MEMO-
paH KJIITHH, KOHIIEHTpAaLii 0cCMiO(UIBHUX IpaHyI y spi,
MIIHOITUTO31, ITOSIB1 IUCTEPH Ta BaKyOJIeH Y IIUTOILIA3MI,
VITKOKEHH1 MITOXOHIPiH Ta 3SHEBOAHEHHI €HAOIIIAa3-
MatugHoro petukynymy [11, 21]. IomieTunenokcun
3aBASKH HAsABHOCTI HU3BKOMOJEKYISIPHUX (hpakiiii
YaCTKOBO ITPOHHKAE Y KIIITHHH, & 3aJIMIIOK aJICOPOYETh-
Cs1 Ha KJIITUHHIA MeMOpaHi, 1110 MPU3BOAUTH JI0 IETiJI-
pararmii kmitud [5]. Caxapo3sa, sIK 1 iHIIT HeTPOHUKAIOU1
MIPOTEKTOPH, Y BUCOKHUX KOHIIEHTPALISIX CTBOPIOE Ti-
MEPTOHIYHE CEPEOBUIIE, 110 CIPUUYMHSAE KIITHHHY
Jerigparartito [24].

[Ncronoriune qociKEHHS TOKa3ao, 0 BlacHa
000JI0HKa KOXKHOTO KaHalblLs Oyna mpeacTaBlieHa
LIapOM MiOTAHUX KIIITHH 1 BOJIOKHAMHM CIIOJTY4HOT TKa-
HuHH. Beepenuni BiiacHOi 000JI0HKH, BIIOKPEMIIEHOT
0a3aIbHOI0 MEMOPAHOIO, PO3TAIIIOBYBABCS CIIEPMATO-
TeHHUH ermiTenii. Ha KoyKHIH QUTSHIN 3BUTOr0 KaHAIBIIT
y3I0BXK 0a3abHOT MEMOpaHU 3HAXOIWIINCS OKPYIUI
KIIITHHY 3 TIIEPXPOMHHUM SIIPOM 1 TOHKUM 001IKOM ITH-
TOTUIA3MH — CIIEPMATOTOHI1, HaJl IKHUMH PO3TaIlIOBYBa-
JIUCS KUThKA PSJIiB CIEPMATONUTIB — KITITHH 13 BEJTMKHM
SIIPOM 1 ITMPOKUM 001IKOM IIUTOIIa3MH (pHC. 2).

[Ticns excrnosumii B cepenoputi 1 (puc. 3) 3BUTI
KaHaJIbLS CiM’STHUKIB IIypiB PO3TALLIOBYBAINCS BUILHO,
3 HEPIBHOMIPHUM PO3MOAIIOM AUITHOK 1HTEPCTHUIIIO
MK HUMH. Ha BCiX TepMiHax criocTepeXeHHs B CKIIai
CIIEPMATOreHHOTO [apy BU3HAYAINCS KIITHHY 3 Tinep-
XPOMHHM SIJIPOM 1 Pi3KO €03HHO(LITBHOIO IIUTOILIA3MOIO,
10 MOKe OyTH TOB’5I3aHO 3 PO3BUTKOM Y HUX HEKPO-
TUYHUX 3MiH. KpiM Toro, Bxke uepe3 15 XB ekcro3uii
y cepeoBuili 1 3pijKka BUSBISIIMCS HEBEIINKI O€3KITi-
THHHI TUITHKH CIIEPMAaTOT€HHOT0 eriTedifo (puc. 3, A),
4acToTa 1 PO3MOBCIOKEHICTD SIKMX 301IbIIYBAIUCS 3
IOJIOBKEHHSM 4acy ekcriosutlii (puc. 3, B-D). Miciisimu
criocTepiraiacs JecKkBamallisi CIepMaToreHHOro eri-
TEJIi0 Y IPOCBIT KaHANbLIIB.

[Ticna excnio3umii y cepenosuii 2 (puc. 4) 3BuTi
CiM’SIHI KaHaIbI HEU[IbHO MPWISITAIN OAUH JI0
OJIHOTO, MAJIX OKPYIITy OpPMY Ta HEUiTKI KOHTYpH. [i-
JITHKHY IHTEPCTHIIIFO0 MIXK KaHAJIbLISIMU TIPAKTHYHO OYJIH
BiZICYTHI Ta PO3TaIIOBYBAIUCSI BUTLHO 1 HEPIBHOMIPHO.
CrniepmaToreHHuii eriteniii 30epiras 38’130k 13 0a3alib-
HOI MeMOpPaHO, IPOTE TOBIIMHA CHITETIAIBHOIO
mrapy Oyia HepiBHOMIPHOR0, 8 HOTO MeKa — HEUITKOIO.
UYepes 15 xB ekcrio3wuilii cTaTeBi KJIITHHH BTpavajiu
OpraHizamilo BCEpeIHHI CIIEPMATOICHHOrO 1Iapy Ta
BiJIIIIApOBYBAJIUCS B IPOCBIT KaHabLs (puc. 4, A). Ha
45-#1 XBUJIMHI CTIOCTEPEKECHHS B OB YaCTHHI 3BH-
THX CIM’SHUX KaHaJIbLIiB CIIOCTEPIrajiv OCEPeaKH HEK-
po3y criepmaTtouuTis (puc. 4, C).
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nicng 30-XBUAWHHOI eKkcno3unuii y po34unHi XeHkca 3
popasaHHsaM 50 r/n 6ryayoro cMpoBaTKOBOrO anbOyMiHy.
3abapBntoBaHHSA reMaToKCUIiIHOM 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 a cell 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 a basal 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 a large
nuclues and a wide rim of cytoplasm (Fig. 2) were ob-
served.

After exposure to 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 changes in them. In addition, after 15 min
exposure in medium 1 there were occasionally observed
small areas of acellular spermatogenic epithelium
(Fig. 3A), the incidence and prevalence of those were
increased with a rise in exposure time (Fig. 3B-D).
Somewhere the desquamation of spermatogenic epithe-
lium in a lumen of the tubules was observed.

After exposure to medium 2 (Fig. 4), convoluted
seminiferous tubules cells were loosely adjoining each
other, and had a rounded 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 CTaTEBOHé3piJ:IViX LypiB nicnga ekcno3uuii y cepegosuwi 1 (0,6M ,EI,-MCO): A — 15 xB;

iy

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 BukopucranHs cepefosuiia 3 (puc. 5) 3BUTi
ciM’sTHI KaHaJIBIIS MaJIM 9iTKi OKPYTJIi KOHTYpH. bifb-
LIICTh KJIITHH CIIEPMATOTEHHOTO EMITENII0 Ha PaHHIX
TEPMiHAX CHOCTEPEIKEHHS 30epiranu 30HAIbHICTh Ta
3B'S130K 13 Oa3anbpHOI0 MeMOpaHow. Ha 30-i xBuinHi
CIIOCTEPE)KEHHS MICISIMU BUSIBJISUIHCS HEBEITHKI
OCepeIKK HEKpOo3y 3 SBHIAMHU JIeCKBaMallii criepma-
TOreHHOTro enirenito (puc. 5, A). [logoBxkeHHs yacy
eKCHO3ULIi 10 45 XB MPU3BOIUIIO J0 TTOSIBU OKPEMHUX
KaHAJBI[IB i3 TOTATBHUM HEKPO30M (puc. 5, B).

[Ticns 15-XBUIUMHHOI eKCco3uIii y cepeoBuIii 4
(puc. 6, A) BUSIBIICHO XaOTHYHE PO3TAIIlyBaHHS CTaTe-
BUX KJIITHH yCEePE/IMHI CIIEPMAaTOTeHHOT0 Iapy Ha T
PO3BOJIOKHEHHS Ta Je30praHizaiiii 0a3aabHoi MeMO-
pann. OnrcaHi 3MiHH MiTBEPIKYIOTh PO3BUTOK HEK-
O3y CTaTEeBOTO eMiTelNitn. Mexa Mixk apamH B criep-
MaTOTEHHOMY eIiTellio Oysia HeuiTKor. 3i 30111b-
HICHHSIM Yacy eKCIIO3UIIiT MOCTYIOBO 3MEHIITyBaacst
3arajibHa KUIbKicTh KIiTHH (puc. 6, B, C). Ha Ginbi
ITi3HIX TePMiHaX CIIOCTEPEIKEHHS BUSBIISUTUCS KaHAJIBLIS
3 MPAKTUYHO TOTATBHUM HEKPO30M CIIEPMaTOr€HHOTO
enitenito (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 3 was used (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 arcas
of necrosis with desquamation of spermatogenic epi-
thelium appeared (Fig. 5A). Prolongation of the expo-
sure time up to 45 min resulted in the appearance of
individual tubules with total necrosis (Fig. 5B).

After a 15-minute exposure to medium 4 (Fig. 6A),
the chaotic location of the germ cells inside the sperma-
togenic layer was observed on the background of fusion
and disorganization of the basal membrane. The descri-
bed changes evidenced the development of necrosis
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[inpHICTh po3TalIyBaHHS KIITHH CIIEPMATOTEH-
HOTO eITiTe1i0 OyJia OUIBIIT Yy TIIMBOIO JI0 €KCIO3MIIIT Yy
JOCIIKYBaHUX KPi03aXUCHUX cepeoBuiax. Tak, y
BCIX CEpelloBUINAX, OKpIM cepepoBuIa 3, 31 3011b-
LICHHSIM Yacy eKCHO3MLIi IiIbHICTh PO3TAIIyBaHHS
KIITHH CIIEPMATOT€HHOTO EMiTeNi0 3Havylle 3MEeH-
mryBanacs (puc. 7) Ta 3ajexana Bil CKIagy Kpioza-
XUCHOTO cepenopuina. HaiOinbIn HU3bKI TOKa3HUKH
Ha KiHenb ekcmo3uIlii (60 xB) Oynu oTpuMaHi B pasi
3actocyBanug JIMCO, mpu 1[pOMy IIJIBHICTH PO3-
TallyBaHHA KJIITHH CIIEPMATOTEHHOTO EMiTeNii0 3Ha-
yymie 3HWKyBaiacs (y 2 pa3u) MOPIBHAHO 3 MOKa3-
HHKOM Ha IIOYaTKy ekcrepuMeHnTy. HaliMeH Tokeuy-
HUH BIUIMB Ha KJIITHHU CIIEPMATOTEHHOTO EIITEeNiIo
3riHO 3 MM MOKAa3HUKOM Majio CEpefoBHILE 3 A0/a-
BanHsM [IEO-400, npu npoMy IOCTiIKyBaHUH TO-
Ka3HUK He 3MiHtoBaBcs. [1ix yac 30-XBUIMHHOT eKkcHo-
3MLIT 3BUTUX KaHAJIbBLIB Y CEPEAOBUILI 2 3HAYYIOTO
3MEHILEHHS IIITBHOCTI KJIITHH CIEPMAaTOT€HHOTO eITi-
Teito He Oyi1o, a micis 60-XBUIMHHOT €KCIIO3ULIT LeH
MMOKa3HUK CTaHOBHUB 29,5% BimHOCHO 15-1 XBHIIMHU
CIIOCTEPEIKCHHSI.

Puc. 4. 3BuTi CiM’aHi KaHanbLa cTaTeBOHe3pinux Wypis nicnsa ekcnosuuii y cepegosuwi 2 (0,7 M rniuepuH): A — 15 xB;

of' the epithelium. The boundary between layers in the
spermatogenic epithelium was unclear. As the exposure
time increased, the total number of cells gradually 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)

The density of spermatogenic epithelium cells arran-
gement was more sensitive to exposure in the cryo-
preservation media under study. Thus, in all the media
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.
The lowest values at the end of the exposure (60 min)
were obtained with DMSO, the density of sperma-
togenic epithelium cells was significantly reduced (two
times) compared with the values at the beginning of
the experiment. The least toxic effects on the cells of
spermatogenic epithelium according to this index 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

.
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B — 30 xB; C — 45 xB; D — 60 xB. 3abapBntoBaHHs1 reMaTOKCUMIHOM 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.
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B — 30 xB; C — 45 xB; D — 60 xB. 3ab6apBrneHHs reMaToKCUiHOM 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 mocmimKeHHS! BIUIMBY KpPiO3aXHCHHUX
cepenoBuin Ha akTuBHICTE JI/II” HaBeaeHo Ha puc. 8.
Excrnozutist mpotsirom 15 abo 30 XB y Bcix 3acTOCOBa-
HUX KpPi03aXHMCHHUX CEpeIOBHUILAX HE MPU3BOAMIIA 10
3HaYyIIUX 3MiH oka3Huka akruHocTi JIJII' y mopis-
HSIHHI 3 KOHTposieM (cepenosuiie XeHkca + 50 r/n
BCA). Ilpu excrio3uii npotsirom 45 XB ciocTepiraiu
TEHJICHIIIIO 10 3HMKEHHS JOCIIHKEHOT0 TOKa3HHUKA B
yCixX cepemoBuIiax, a came: y 1 ta 2 — Ha 47,2 Ta
48,1% Bignosinuo; 3 — Ha 24,3%; 4 — Ha 30,2% y
nopiBHAHHI 3 monepeaniM crpoxoM (30 xB). [Ticist 60-
XBHJIMHHOI €KCITO3|IIi TKAHWH B YCIX CEePEIOBHIIAX
CriocTepiraiy 3HmKeHHs akTuBHOCTI JI/II OinbImie Hixk
y 2 pa3u y MOpIBHSAHHI 3 BIANOBIIHUMHU MOKa3HHUKA-
MM Ha 15-i XxBunuHI. TakuM YHMHOM, TTOJOBKEHHS Ja-
Cy eKCHO3uIIlil TKaHuH OinbIie 30 XB MPHU3BOIMIIO JI0
cytreBux 3MiH aktuBHOCTI JIJII, 1110, TiIMOBIpHO, CBijI-
YHUTH PO MIPUTHIYCHHS META00IIYHUX MIPOLIECIB Y KIi-
THHAX.

3a pesynsraramu MTT-tecty (puc. 9) BCTaHOBIIEHO,
mo 15-XBWIMHHA KCIIO3HUIlIS Y KPiO3aXUCHHUX Cepe-
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exposure of convoluted tubules in medium 2 no signi-
ficant reduction of spermatogenic epithelium cell
density was found, and after 60-min exposure this index
made only 29.5% to minute 15 of observation.

The results of the study of the influence of cryopro-
tective media on the LDH activity are shown in Fig. 8.
Exposure either for 15 or 30 min in all cryopreservation
media tested did not lead to strong changes in LDH
activity if compared to the control (Hanks + 50 g/L
BSA) as well as between the investigated media. During
exposure for 45 min there was a tendency to a decrease
in the investigated index in all the media, namely: 1 and
2 —by 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 tissues in all investi-
gated media, we observed lowering of index by more
than 2 times if compared to the corresponding values
at minute 15. Thus, an increase in the tissue exposure
time of more than 30 minutes resulted in significant
changes in LDH activity, which probably indicated the
damage to metabolic processes in the cells.
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JIOBUIIIAX HE MPU3BOJIMIIA JI0 3HAYYIIUX 3MiH IMOKa3-
HUKa METa0O0JIIYHOT AKTUBHOCTI Y TTOPIBHSIHHI 3 KOHT-
poJieM Ta Kpio3axUCHUMH cepemoBuiiaMu. Ilig gac
eKcro3uIlii mpoTsirom 30 XB criocTepiraiu TeHISHIII0
710 3HMKEHHS 1OCIIDKEHOTO MOKA3HUKA B yCIX PO3IIIsi-
HYTHUX BUMAJKaX y TOPiBHSHHI 3 TOIEPEIHIM CTPOKOM
(15 xB), a came: KOHTPOITH (cepenopuiie XeHkea + 50 /i
BCA) — na 11,2%, cepenosumie 1 — Ha 12,4%:; cepe-
nosuie 2 — Ha 10,2%; cepenopuie 3 — Ha 15,1%;
cepenosuttie 4 —na 13,5%. I[1icis 45-XBUIMHHAOT €KCTIO-
3WIIi1 TKAHWH MeTa00JiYHa aKTUBHICTH B YCIX PO3IVISHY-
THUX BHTIIKaX OyJ1a 3HIDKEHOIO TIOPIBHSHO 3 TIOTIEPEeTHIM
cTpokoM crioctepeskeHns (30 XB), a came: KOHTPOJIb — Ha
13,1%; cepenoute 1 — Ha 14,2%; cepenopurie 2 —
Ha 14,8%; cepenosuiie 3 — Ha 15,6%; cepenopuiie 4 —
Ha 13,1%. 30inbuIeHHs Yacy eKCHO3ULil TKAaHUH J10
60 XB HE IPU3BOAMIIO J10 3MiH IOCIIPKYyBaHOT'O IIOKa3-
HUKA y MOPIBHSAHHI 3 IONIEPEIHIM CTPOKOM CIIOCTepe-
»keHHsI (45 xB). OTKe, eKCIO3HIIis TKaHUH oHaa 30 XB
MPU3BOMIIA IO 3HIDKEHHSI METa00I14HOT aKTUBHOCTI
KJIITHH B yCiX CEPEeIOBHUINAX, 30KpeMa B KOHTPOJI.

The results of the MTT test (Fig. 9) indicate that
the 15-min exposure in studied cryopreservation me-
dia did 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 a tendency to a decrease in
the investigated index for all considered cases if com-
pared to 15-min exposure, namely: control (Hanks +
50 g/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 the tissue the investigated 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 a decrease in the metabolic activity
of cells in all investigated media, including the control.

X A. -4 N fi ’:.v “ ’ ¢
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Puc. 6. 3BuTi cimM'AHi KaHanbLs cTaTeBOHE3pINuX LWypiB nicnsa ekcrnoauuii y cepegosui 4 (0,1 M caxaposa): A — 15 xs;
B — 30 xB; C — 45 xB; D — 60 xB. 3abapBntoBaHHs1 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 fnani 32 MTT-tec-
ToM Ha 60-# XBWJIMHI y3TOJKY-
I0TBCS 3 pe3yJibTaTaMH BHUMIpIO-
BaHHA akTuBHOCTI JI/II" Ha TOMY X
CTPOKY , 1110 CBiTYUTH PO MPUTHi-
YeHHsI METaOOJIIYHUX HPOLECIB Y
KJIITHHAX, 00YMOBJICHUX TPHBAJICTIO
EKCIO3HULIj.

Y mpencrapieHii poOoTi mpoBe-
JIEHO TTOPIBHSUIbHY OIIHKY BIUIUBY
EKCITO3HUIIIl Y CepeTOBHUIIAX PI3HOTO
KOMITO3HIIIHOTO CKJIaTy Ha MOP(O-
JIOTiYHI TapaMeTpH Ta METaOOIIYHY
AKTHUBHICTD KJIITHH 3BUTHX KaHAJIBLIIB

LWinbHicTb kniTwH, x10%/MMm?
Cell densitv. x103/mm?

W
N

AN

NN
N

A.MMMMIMUOMDIODOINY

7
g/,

L MMMUIDIY

CiM’SIHUKIB CTaTEBOHE3PLIMX LIy PiB.
Bceranosaeno, 1110 30-XBHIMHHA €KC-
MO3MLIIs 3pa3KiB TKAHUH Y cepello-
BHIIIaX Ha OCHOBI pO34MHYy XEHKCa
ta 50 /71 OM4a40ro CUPOBATKOBOTO
anpOyMiHy 3 monaBanasMm 0,6 M
AMCO a6o 0,7 M mminepuny He
BHKIIMKAJla YIIKO/DKeHb CIiepMa-
TOTEHHOTO EIITENII0 Ta 3HIKEHHS
MeTaboII9HOT aKTUBHOCTI KIIITHH
(MTT-tecr ta aktuBHicTs JI/II). Pa-
Himie OyJ10 TOKa3aHo, M0 KPIOKOH-
cepByBaHHS ()parMeHTIB TKaHUH
si€dKa y MOPIBHSIHHI 31 CyCIIEH31€10
KIIITHH TIPU3BOJIUTH JI0 30€peKEeHHS
O1MBIIOTO BiJICOTKY CIEPMATOTEHHUX CTOBOYPOBHX
KJIITHH y 3aranbHii nomyssmii [20, 23, 27]. Lei edexr
OB’ sI3aHUH 13 HETaTUBHUM BIUIMBOM IPOTEOJITHY-
HUX (epMeHTIB npu GepMeHTaTUBHINA 00poOIi Tec-
TUKYJISIPHOT TKAHWHU, MiHIMI3aIli€10 TPOCTOPY HABKO-
JI0 TePMIHATUBHUX KIIITHH 3aBJSKH iX acoliamii Mix
co0oto, kiiTuHaMu CepTodi, 0a3aIbHOI0 MEMOPAHOIO
Ta NePUTYOYISAPHUMU MiOiTHUMH KIIITHHAMH, & TAKOK
13 HasiBHICTIO Kosareny [V Turry B 6a3anbHili MeMOpaHi
KaHaJIbLIB, 10 TAKOXX MOXKE BUKOHYBAaTH 10JaTKOBY
KpIOMPOTEKTOPHY (YHKIIIO.

Sk BiOMO, IpoIeC HU3BKOTEMIIEPaTyPHOTO KOH-
CepBYBaHHS 01000’ €KTIB CKIAMAETHCS 3 KUTBKOX €Ta-
MiB: BUIUICHHS, €KCIIO3HUIIIS Y KPi03aXUCHOMY Cepelio-
BHIIli, 3aMOPOKYBaHHA, 30epiraHHs IpPU HU3BKUX
TeMIlepaTypax Ta po3MopoKyBaHHs. Ha ycix eTamax
OiosioriyHul 00’€KT MiIIa€ThCS BIUIUBY ITOIIKOJI-
Kyrouux (akropiB. Ha mocmimpkeHnomy B Hamiil po-
0O0Ti OZTHOMY 3 TIEPIITUX ETariB KPIOKOHCEPBYBaHHS —
EKCHO3MLIT TKAHMHHU 3 KPi03aXUCHUMHU CEPeAOBHUINA-
MU — HaMOUTBIII BATOMAMH MTapaMeTPaMH, SKi MOXYTb
CIIPUYUHUTH TIONIKOJDKYIOUY JIit0, € TPUBAIICTh 00-
poOKu, TeMmeparypa, TUI Ta KOHIIEHTpallisd Kpionpo-
TEKTOpa.

Y Hamrii po6oTi Oys10 JOCTIHKEHO BIUIUB Pi3HUX
KiHeBux koHrentparii JJMCO, rminepuny, [IEO-400
1 caxapo3u, a TAKOX 9acy eKCIO3HIii Y Kpi03aXUCHUX

n=25).
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TepMmiH cCnocTepeXeHHs!, XB
Observation time, min

Puc. 7. CepeaHs WIiNbHICTb po3TallyBaHHA KNiTUH CNepMaTOreHHoro enite-
nito nicns ekcno3uuii y Kpio3axucHUx cepenoBuilax y auHamiui: 1 — O,
2- 0 3- MW 4-B; *- pisHnus ctaTUCTMYHO 3Hadylla [0 nonepeaHboro
TEPMiHY CMOCTEPEXEHHS; # — Pi3HMLA CTaTUCTUYHO 3Ha4yLla BiAHOCHO 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 - W, 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 same time of exposure, which indicates
the inhibition of metabolic processes in cells due to the
exposure duration.

In the present work the effect of exposure in media
of different composition on morphological parameters
and metabolic activity of the cells of 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 albumin with either
0.6 M dimethyl sulfoxide (DMSO) or 0.7 M glycerol
did not impair the spermatogenic epithelium and de-
crease the metabolic activity of the cells (MTT test and
LDH activity). Previously it was reported [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
cells in total population. This effect was associated 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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po3unHax (Ha 0CHOBI po3unHy XeHkca Ta 50 /1 BCA)
Ha JKUTTE3AATHICTh KIITHH 3BUTHX KaHAJbBIB CIM f-
HUKIB CTAaTEBOHE3PIIMX IIYPiB Ta iX MopdooriuHi na-
pameTpu. 3a pe3yibpTaraMu JOCIiPKEHHS OITUMAb-
HUMM Ha €Talll EKCITO3HU LT 3BUTHX CIM THUX KaHAJIbI[IB
CTaTeBOHE3PIIUX LIYpiB MOKHA BBa)KaTH HACTYIIHI
KoHLeHTpauii kpionporekropis: AMCO — 0,6 M; rii-
uepus — 0,7 M; ITEO-400 — 50 1/11; caxapo3za — 0,1 M.
[Tpu 30-XBIITHHHIH €KCITO3HIIIT 3BUTHX KAHATBITIB CIM 5T~
HUKIB IIIypiB Y CEPEIOBHIAX 13 BUKOPUCTAHHSAM 3a3-
HauYeHUX KOHIIEHTPAIi} KPIOMPOTEKTOPIB MOKA3HUKN
JKUTTE3IATHOCTI KITITHH 332 TECTOM BHKJIFOUCHHSI TPH-
MTAaHOBOT'O CHHBOTO 30epiranucs Ha piBHI 65-69% B ycix
JOCIII/UKEHUX BUMNAAKaxX. 3OUIBIIEHHS KIHIIEBOI KOH-
LEHTpaIlii KPIONPOTEKTOPiB HETraTUBHO BILUIMBAJIO HA
JKUTTE3NATHICTD KIIITHH.

JocnigkeHHs TpUBaIOCTi eKCIO3ULIT y cepeoBuU-
max IMokas3alo, 0 BUKOPUCTAHHS CEPEJIOBUI Ha
ocHOBI po3unHy XeHkca Ta 50 /1 BCA 3 nonaBaHHsIM
0,6 M IMCO a6o 0,7 M miiuepuHy He NPU3BOIH-
JIO 70 YIIKO/DKEHB CIIEPMATOTCHHOTO CTITENII0 MPH
TpUBajoCTi excro3uiii He 6ubme 30 xB. 3a JaHUMHU
TICTOJIOTIYHUX JOCIIHKEHb TTOJOBXKECHHS 4acy eKc-
MO3UIIT BUKJIMUKAIO YUIKOKECHHS TKAaHWH 3BHUTHUX
KaHAIBIIB CiM’SHUKIB, a caMe: JAeCKBaMaIlilo, TOsBY
OE3KIITUHHUX JUISHOK Ta 3MEHIIEHHS IIIIILHOCTI KJTi-
THH CIIEPMAaTOreHHOro enitenito. Citij| 3a3Ha4uTH, 1110
BHKOPHCTAHHS CEPEIOBUII HA OCHO-

Bi po3unHy XeHkca ta 50 r/n 6uva-
YOro CHPOBAaTKOBOI'O allbOyMiHY 3 20

Low-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 is exposed to harmful factors. In this research
we considered one of the first stages of cryopreserva-
tion, 7. e. exposure of tissue to cryoprotective media. The
most crucial factors which are capable of damaging the
tissue are as follows: treatment duration, temperature,
type and concentration of cryoprotective agent.

We investigated the effect of different final con-
centrations of DMSO, glycerol, PEO-400 and sucrose
and the time of exposure to cryoprotective solutions
(based on Hanks solution and 50 g/LL 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 as optimal at the exposure
stage of convoluted seminiferous tubules of sexually
immature rats: 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 cells in the trypan blue exclusion test was
maintained at 65—69% for all the investigated options.
An increase in the final concentration of cryoprotec-
tants negatively affected cell viability.

nonpasanaaM 50 r/a TTEO-400 a6o
0,1 M caxapo3u TakoX HEraTHBHO 60 -
BIUIMBAJIO HA JOCTIKEHI TiCTOJIO-
TiYHI TapaMeTpH Ta 31 30UTbIIEHHAM & 50 dTF
yacy eKcrosuilii 10 45 XB mpu3Bo- §§
JIIIO JI0 TOTAIBHOTO HEKPO3y Crep- - E 44 |
MaToreHHoro emiteniro. He nuBmns- g2
o =
YUCh HA PI3HMW MPUHLIMI Iii J0C- 28
. . . O ® 30 7
JipKenux kpionporekropis (JIMCO Ir
Ta TIILEPUH € CHIOLETIONSIPHUMH, =9 20
E -
aIEO-400 Ta caxapo3a — €K3011eII0- <
JISIPHUMU ), MU OTPUMAJIH OTHAKOBUI 10 -
HEeraTHBHUH e()eKT Ha TepMiHax eKc-
no3wilii, siki nmepeBurryBanu 30 XB. 0

MoskHa TIPUTTY CTHTH, IO TaKi Pe3yilb-
TaTH TIOB’s3aHi 3 PI3HOIO MIBUAKICTIO
MPOHUKHEHHS KPiOMPOTEKTOPIB Y
TKaHuHH. Tak, Bigomo, mo JIMCO
HacUYy€ KJIITHHU TiANUTYHKOBOI 3a-
no3u 3a 1015 xB, a miinepuH — 3a
180 xB [26]. bysno mokasano [3], mwo
301IIBIIEHHST CTYIICHS JeriapaTarii
Ta 4acy 3HAXO/DKEHHS TelaTOIUTIB
y 3HEBOJIHEHOMY CTaHI IiJBUIIYE
PHU3HK iX MONIKOKEHHS B Pe3yJib-
TaTi OCMOTHYHOTO HIOKY. 3HUKEHHS
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Puc. 8. [JuHamika akTMBHOCTI NakTaTAerigporeHasun y KriTuHax 3BUTUX
KaHarnbLiB CiM'SHUKIB CTaTEBOHE3PINMX LLypiB NPU eKCro3uLii y Kpio3axmMcHUX
cepepoBuax: koHTpornb — 0O, 1 — M, 2 — @, 3 — W, 4 — E. CyuinbHa niHis —
MOKa3HUK iIHTAKTHOrO KOHTPOJO; * — Pi3HULUA 3HAuyLla BiAHOCHO BiOMNoOBia-
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 — M, 4 — 2. Solid line shows the level of
intact control; * — the difference is significant relative to the corresponding
control (p < 0.05; n = 5).
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PIBHS )KHUTTE3NATHOCTI 8-KIITHHHUX eMOpIOHIB MU-
111 TPY MTOJOBKEHHI Yacy eKBiTiOparii y cepe1oBuIIIi
3aMOpOKYBaHHS JI0 3 XB, HA IYMKY JIESKHX aBTOPiB
[6], 0OyMOBIEHO 30iJBIIEHHSIM TPUBAJIOCTI Mepe-
OyBaHHsI eMOPiOHIB y 3HEBOAHEHOMY CTaHi MiJ Ai€l0
BHCOKHMX KOHIICHTpAIliii KOMIIOHEHTIB CEpEIOBHUIIA
3aMOpOXyBaHHA. lle MpU3BOAUTH O MOPYIICHb 3a-
TaJIbHOT IHTErPaIbHOI IIJIICHOCTI Ta B3aEMOJI1H BHYT-
PIIHBOKIITHHHUX CTPYKTYp. TakuMm 4uHOM, IIBUJ-
KiCTh HacH4YeHHS 01000’ €KTa KPiOTIPOTEKTOPOM, a OT-
K€, 1 TOKCUYHA Jis1 OCTAaHHBOT'O 3aJI€)KATh HE TIIbLKU
Bl CTPYKTYpHOI oprani3amii camoro o0’ekra, aie
1 BiJl BUXIJHUX XapaKTePUCTHK 3aCTOCOBAHOTO KPio-
MIPOTEKTOpa

Businesi mij 9ac rictoMophOMETPUIHOTO TOCHTI -
JKEHHSI 3MIHM y3TOJ[)KyBajuCs i3 JaHUMH, OTpUMa-
HUMH II1J] 4aC BUBYEHHI META00IIYHOT aKTUBHOCTI.
Byno mokazano, 110 30ibIICHHST Yacy €KCITO3HIIii
TKaHUH Oinbire Hix 30 XB y BCIX JOCHTIIKYBaHHUX
CEpeIOBUINAX, Y TOMY YHCIi W y KOHTPOJIBHHX 3pa3-
Kax, MPU3BOJMIIO IO 3HIKEHHS METa0OIdHOI aK-
THUBHOCTI KJIITHH 3a MTT-TecToM Ta aKTUBHOCTI
JIAT. Le, #iMOBipHO, CBTYHIIO TIPO TIOYATOK PO3BUTKY
HEKPOTUYHHUX TPOIECIB y TKaHUHI, 00yMOBIEHHUX
TPHUBAIICTIO eKcmo3uIlii. TakuM 4uHOM, pe3yibTa-
TH TIPEACTaBICHOI pOOOTH MOXYTh OyTH BHKOpPHC-
TaHi y HACTYIMHHUX JOCIIKEHHSAX Ta MiJ 4ac po3-
poOKU epeKTUBHHUX MPOTOKOJIB KPiOKOHCEPBYBaH-
HS 3BUTUX KaHAJBI[IB CiM’SHUKIB CTATEBOHE3PIINX
IIypiB.

Study of the exposure time in the investigated media
showed that the use of media based on Hanks solution
and 50 g/L BSA supplemented with either 0.6 M
DMSO or 0.7 M glycerol did not cause damage to the
spermatogenic epithelium with an exposure duration
of'not longer than 30 min. An increase in the exposure
time resulted 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 also negatively affected the histological
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. Despite the
different principle of the action of the investigated
cryoprotectants (endocellular DMSO 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 cells for 10—15 minutes, and glycerol
did for 180 min [25]. It was shown [ 16] that increasing
the dehydration rate and the time of staying the hepa-
tocytes in a dehydrated state enhanced the risk of their
damage as a result of osmotic shock. Some authors [26]
reported that the decrease in viability of 8-cell mouse

embryos with an increase in the equili-
bration time in a freezing medium of

up to 3 min was due to a rise in dura-
tion of the embryos’ staying in a de-
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Puc. 9. MeTaboniyHa akTMBHICTb (ONTUYHA LWiMNbHICTb PO34NHY hopMasaHy
B MTT-TecTi) KNiTUH 3BUTUX KaHamnbLUiB CiM'SAHUKIB CTaTEBOHE3PINuX LLypiB
npuv ekcrnosuuii y kpio3axmcHux cepenosuLlax: koHTpons — O, 1 — M, 2 — 0,
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 —H, 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
disorders in integrity and interactions
of intracellular structures. Thus, the
rate of bioobject saturation by cryo-
protectant, and, consequently, the toxic
effect of the latter, depended not only
on structural organization of the object
itself, but also on initial characteristics
of the applied cryoprotectant.

The observed histomorphometric
60 changes were 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 all the studied
media, including the control samples,
led to a decrease in metabolic activity
of cells by MTT test and LDH activity,
which probably indicated the begin-
ning of the development of necrosis
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BucHoBku

BukoprcTaHHs Kpi03aXHCHHUX CEPEIOBHIIL HA OCHOBI
po3unny Xenkca ta 50 r/1 OM4a4oro CUPOBaTKOBOTO
anpOyminy 3 nomasanusMm 0,6 M IMCO a6o 0,7 M
[IIEPUHY HE MPU3BOAUTH J0O 3MiH HIUIBHOCTI KIIi-
THH CIIEPMATOTCHHOTO €MiTEeNit0 Ta IX MeTadoaiuHOl
AKTUBHOCTI 1111 4aC €KCIIO3MIIIT 3BUTUX KaHAJIBI[IB Cl-
M’SIHUKIB LIypiB He Oinbiue Hixk 30 XBUIIHH.

Excrmozuttist BripoaoBxk 45 ta 60 XB TKAHUH 3BUTHX
KaHAJBIIIB CIM STHUKIB CTATEBOHE3PUIHX Iy PiB y KPio-
3aXMCHUX CEPEJIOBUIIAX 13 BAKOPUCTAHHSIM PO3UNHY
Xenkca Ta 50 r/n BCA 3 qogasanusm 0,6 M JIMCO,
0,7 M riinepuny, 50 r/n ITIEO-400 ta 0,1 M caxapo3u
MIPU3BOAWIIA JIO SIBUI JECKBAaMAaIlii, MOSBY JiTSTHOK
HEKPO3Y, 3HaUYII0r0 3HIKEHHS ILITbHOCTI KIIITHH CIIep-
MaTOTEHHOTO EMITeNit0 Ta IX MeTa0O0IYHOT aKTUBHOCTI.

OTpumaHi JaHi MOXYTb OyTH BHKOPUCTAHI IS
OOIpyHTYBaHHS Ta pO3pOOKH e(PEeKTUBHUX METOAUK
KPIOKOHCEPBYBaHHS 3BUTHX KaHAJIBLIB CiM’STHUKIB CTa-
TEBOHE3PUINX LIYPiB.
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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
protocols for convoluted tubule tissues of the sexually
immature rats.

Conclusions
Use of cryoprotective media solution based on
Hanks and 50 g/L of bovine serum albumin supple-
mented with 0.6 M DMSO or 0.7 M glycerol did not
result in the changes in spermatogenic epithelium cell
density and their metabolic activity during exposure of
convoluted tubules of rats for not longer than 30 min.
Exposure of the tissue of convoluted tubules of
immature rat testes within 45 and 60 min to cryopro-
tective media based on Hanks solution and 50 g/LL BSA
supplemented with 0.6 M DMSO, 0.7 M glycerol, 50 g/L
PEO-400 and 0.1 M sucrose led to desquamation,
emergence of necrosis areas, significant reduction in
spermatogenic epithelium cell density and their meta-
bolic activity.
The data could be used to investigate and develop
effective methods to cryopreserve the convoluted tubules
of the immature rat testes.
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