Probl Cryobiol Cryomed 2018; 28(4):278-292
https://doi.org/10.15407/cry028.04.278

YK 612.617.1:615.014.41:539.21-022.532
H.O. Bonkosa*, M.C. KOxTa, J1.I. YepHuLueHko,
J1.B. Ctenantok, J1.B. Cokin, A.M. lNonbues

KpiokoHcepByBaHHS1 CiM’IHUX KaHarnbLiB WYpiB i3 3aCTOCyBaHHAM
GiononimepiB Ta NOBINIbHOrO HEKOHTPONbLOBAHOIO OXONOAKEHHSA

UDC 612.617.1:615.014.41:539.21-022.532
N.O. Volkova*, M.S. Yukhta, L.G. Chernyshenko,
L.V. Stepanyuk, L.V. Sokil, A.M. Goltsev

Cryopreservation of Rat Seminiferous Tubules Using Biopolymers
and Slow Non-Controlled Rate Cooling

Pedepat: OgHMM i3 cyyacHMxX HanpsAMKiB MeanKo-6ionoriyHMx AocnigXxeHb € 3acTOCyBaHHSA HOBITHiIX BiomaTtepianis i kpio-
GionoriyHix TexHonorin 3 MetTok 36epexeHHa PepTUNbHOCTI, 0cobNMBO 3a HEOOXiIAHOCTI NpoBeAEeHHS] LUTOTOKCUYHOI Te-
panii. IcCHylo4i NPOTOKOMM KPiOKOHCEPBYBaHHSA TECTUKYMSPHOT TKAHMHU NOTPeOyloTh Noganblwoi onTuMisauii Ta yaockoHaneH-
HA. Y poboTi npoBeaeHO MOpPiBHANbHY OUiHKY BnnuBy Giononimepis (6uyaunin cmpoBaTKoBUIM anbbyMiH, KonareHoBuW i
hi6puHoBUI reni) B kombiHauii 3 0,6 M gumetuncynedokcmgom abo 0,7 M rniuepmHoM Ha MopdOdYyHKLUiOHanbHi xapakTte-
PUCTUKWN CiM’SSHUX KaHanbLiB CTaTeBOHE3PINMX LLYypiB NiCNs KPiOKOHCEpPBYBAHHSA 3 BUKOPWCTAHHAM MNOBiNMbHOI HEKOHTPO-
NbOBaHOI WBUAKOCTI oxonoaxeHHs Ao —70°C BnpogoBx 40 xB Ta HAacCTYNHWM 3aHYypeHHsIM 3paskiB y piakvin asoT. Ha ocHoBi pe-
3ynbTaTiB aHanidy Noka3HUKIB XXUTTE3AATHOCTI, 3aranbHoi akTUBHOCTI nakTaTaerigporeHasn, MTT-TecTy Ta ricTomopdomeTpuy-
HUX AaHux (CTymiHb peTpakuii KniTWH, YyacToTa geckBamalii enitenito, KinbKiCTb KMiTUH i3 KOHAEHCOBaHWM SAPOM, HasfBHICTb
nedekTiB cnepMaToOreHHoro Lapy) BCTAHOBMEHO, WO Hanbinbw OnTMManbHWM i3 ycix AocnigxeHux kombiHauin Giononimepis
Ta KpionpoTekTopiB 6yno noegHaHHsa ¢ibpuHosoro rento 3 0,7 M rniuepvHom. OTpumaHi AaHi MOXyTb BMKOpPUCTOBYBaTUCH ONS
0Or'pyHTYyBaHHA Ta po3pobKy ePpeKTUBHUX METOANK KPIOKOHCEPBYBAHHSA CiM’'SHUX KaHanbLUiB NIOAWHN 3 BUKOPUCTaHHAM Gio-
nonimepis.

Knro4yoBi cnoBa: ciM’siHi KaHanbLs, cTaTeBOHe3pini Lypu, KpionpoTekTopu, 6udaunini cupoBaTKOBUIA anbbyMmiH, KornareHoBuWiI
renb, iOpMHOBUIA renb.

Pedepat: OgHMM U3 COBPEMEHHbIX HanpaBneHnin meanuko-bnonornyecknx nccneaoBaHun SBNAETCA NpUMMEHEHNEe HOBEMLLINX
6rvomartepuranoB U KPMOBGMONOrMYECKUX TEXHOMOIUIA C LieNbio CoOXpaHeHus hepTUNbHOCTU, OCOBEHHO NpU HEOBX0AUMOCTH Npo-
BeAEeHNs LuMToToKCcUYeckon Tepanun. CyliecTBylowWwmne NPOTOKOMbl KPUOKOHCEPBMPOBAHUS TECTUKYMSIPHOW TKaHW Hy>XAalTcsa B
AanbHenwen onTuMmU3aumMm 1 ycoBeplueHcTBoBaHUK. B paboTe npoBedeHa cpaBHUTENbHas OLeHKa BNUSHMA Guononumepos
(6bl4MiA CbIBOPOTOYHBIN anbbyMuUH, KOnnareHoBbI U PUGPUHOBLIN renn) B kombuHauyum ¢ 0,6 M gumeTuncynbdokcuaom unm
0,7 M rmnuyeprmHoM Ha MOPOPYHKLNOHAMNbHbIE XapakTePUCTUKN CEMEHHbIX KaHarnbLeB HEeNonoBO3penbliX KPbiC Nocne Kpuo-
KOHCEPBMPOBAHUA C UCNOSIb30BAaHMEM MEANEHHOW HEKOHTPONMPYyEeMOW CKOpPOCTU oxnaxaeHus go —70°C B TeyeHne 40 MUH 1
nocneaytowero norpyxeHuss obpasuoB B XuAKUA a3oT. Ha ocHoBe pe3ynbTaToB aHanuaa nokasaTtenei xu3HecrnocobHocTw,
o6Len akTMBHOCTU NakTataermaporeHasbl, MTT-TecTa n rucToMopOMeTPUYECKMX NoKa3aTenen (CTeneHb peTpakLmm KneTok, Ya-
cTOTa AeckBaMauuWu ANUTENusi, KONMMYECTBO KMEeTOK C KOHAEHCUMPOBAHHLIM SIAPOM, Hannumm AeddeKkToB cnepmaToreHHoro
CNnosl) ycTaHOBMNEHO, YTO Hanbonee onTMManbHbIM U3 BCEX MCCNEAOBaHHbIX KOMOMHALUWUI GUONONUMEPOB 1 KPMONPOTEKTOPOB
6bIn0 coyetaHue pubpuHooro rensa ¢ 0,7 M rnuuepuHom. MonyveHHble AaHHbIe MOTYT MCMOMb30BaTbCA Arsi 060CHOBaHUS 1
pa3paboTkn ahPEeKTUBHBIX METOANK KPUOKOHCEPBMPOBAHNSI CEMEHHbIX KaHanbLeB Yenoseka c NpuMeHeHnem brononumepos.

KntouyeBble cnoBa: ceMeHHble KaHasbLa, HENonoBO3perble KPbIChl, KPMONPOTEKTOPLI, Obl4MIn CbIBOPOTOYHBLIN anbbyMuH, konnare-
HOBBbIN renb, PUOPMHOBLIN renb.

Abstract: One of the current trends in biomedical research is the use of novel biological products and cryotechniques to
maintain fertility, especially in case of planned cytotoxic therapy. Existing protocols of testicular tissue cryopreservation require
further optimization and improvement. This study represents a comparative evaluation of the effect of biopolymers (bovine
serum albumin, collagen and fibrin gel) in combination with either 0.6 M dimethylsulfoxide or 0.7 M glycerol on morphofunctional
characteristics of seminiferous tubules of immature rats after cryopreservation using slow non-controlled cooling down to
—70°C for 40 min with following immersing the samples into liquid nitrogen. Based on the results of the analysis of viability,
total activity of lactate dehydrogenase, MTT-test and histomorphometric data (cell retraction degree, epithelium desquamation
frequency, number of cells with condensed nuclues, existing spermatogenic layer deffects), the combination of the fibrin
gel with a 0.7 M glycerol has been found to be the most optimal among all the studied combinations of biopolymers and
cryoprotectants. The obtained data can be used for substantiation and development of effective cryopreservation methods for
human seminiferous tubules using biopolymers.

Key words: seminiferous tubules, immature rats, cryoprotectors, bovine serum albumin, collagen gel, fibrin gel.
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[lepcneKTHBHUM HAaIpsIMKOM CY4YacHUX OioTex-
HOJIOTi/ € BUKOPHCTaHHA KPi0O10JIOTiYHUX PO3pOOOK
y PenpONyKTHUBHIM MEAMLMHI, aHApOJOrii Ta riHe-
KOJIOT1i, 30KpeMa IJIsl JIIKYBaHHsI Oe3ILIiIs, 3aXBO-
PIOBaHb CTATEBUX 3aJI03, a TAKOXK JJIS IPEHATAIBHOT
KOPEKIIil aHoMaJiif po3BUTKY mwrona [2, 10, 23, 25].

Ha cporonni BiioMo /1Ba MiIX0au 10 HU3BKOTEM-
reparypHoro 30epiraHHs TKAaHUHU CiM’STHUKIB: y BUT-
TSIl CyCTeH3ii KITHH abo ¢parMeHTIiB TKaHWHHU
po3mipom Big 6 10 80 mm® [2]. BoHu € qOIiNbHUMU
Ta Oe3a’IbTepHATUBHUMU IS 30€pEeKeHHS (PepTHIIb-
HOCTI XBOPHX JOMYOEpPTaTHOTO BiKY, SKMM ITOKa3aHa
TOHAJOTOKCHYHA Tepamis, OCKUIbKH CIepMaToreHe3
y HUX I HE PO3BUHEHHUN. Y TaKuX BUIAJKaX OCHOB-
HOI0O METOI0 Kpio30epekeHHs TECTUKYISAPHOI TKa-
HUHH € 11 ToajIbIa ayToreHHa TPaHCIUTAHTAIIIS JIS
iHimiamii cepMarorenesy in vitro abo in vivo [14,
27]. Kpim Toro, EpCIIEKTHBHUM BBA)KAETHCS BUKO-
PHUCTaHHS CIIEPMATO301/1iB, OTPUMAHUX [IUISIXOM KYITb-
THBYBAaHHS TECTUKYJISIPHOI TKAHWHU, IJIs1 €KCTPAKOP-
TTOPaTLHOTO 3aruTiAHeHHS [12].

Jnst kpiokoHcepByBaHHS ()parMeHTIB He3piioi
TKaHMHHU SI€YKA 3a3BUYail 32CTOCOBYIOTH MPOTPaMHE
3aMOpPOXKYBaHHSI 3 HU3BKMMH IIBUAKOCTSMH OXO-
nomKeHHs. IcHye Aexilbka MPOTOKOINIB, SIKi Mepea-
0a4aloTh BHUKOPHCTAaHHA KPIONPOTEKTOPiB €HAO0- 1
SK3O0IISITIOJISIPHOTO THITIB Ta iX koMOiHamii [15, 17,
21]. Panime Oyio MPOAEMOHCTPOBAHO, IO IMME-
tancynborcua (JIMCO), sikuit Mae HU3bKY MOJIEKY-
JIIPHY Macy 1 MIBUIKO IPOHUKAE B KIIITHHU, O1IBIIO0
MIpOI0 MIHIMI3y€ KPIOYIIKOMKEHHS TECTHUKYIIPHOT
TKaHWHN y KoHIeHTpamii 0,7 M 3a yMOB Iporpam-
HOTO 3aMOpOXKyBaHHS mopiBHSHO 3 1,5 M 1,2-mipo-
naugionoM i 12% mminepuHOM, sIKi, TaK caMo SIK i
JAMCO, mmpoko BUKOPUCTOBYIOTh Y CY4acHUX IpO-
TOKOJIaX KpiOKoHcepByBaHHs [15, 18].

Y monepeaHix HaTNX TOCHTIKSHHSIX OyJI0 BU3HA-
YeHo, 10 MOp(oJIOoriuHi mapamerpu Ta MeTabomiu-
Ha AaKTUBHICTb KJIITHMH CIM’SHHX KaHAQJIbI[IB CTa-
TEBOHE3PUTUX IIMypiB IichsA iHKyOaIii y po3dnHax
Kpi03aXHUCHUX PEUOBUH 3aJICKATh BiJ KOHIICHTpAITii
KpIOIIPOTEKTOPIB Ta Yacy iX €KCITO3HUIIIi y PO3UHHAX.
Bcranosneno, mo 30-XBUIMHHA €KCITO3HIIIS 3pa3KiB
TKaHWH Yy CEepEelIOBHUIAaX Ha OCHOBI PO3UYMHY XEHK-
ca ta 50 /11 OW9YavOro CHPOBATKOBOTO aTLOYMiHY 3
noaasanHsM 0,6 M JIMCO a6o 0,7 M mninepuny He
BUKJIMKAJa YIIKOJPKEHb CIIEPMATOTEHHOTO EMiTeNiio
Ta He 3HIKYBala METa0ONiYHy aKTHBHICTb KIITHH
MOPIBHSHO 3 pO3YMHAMHU, sKi MicTuiau 50 1/71 momi-
etrneHokenay-400 Ta 0,1 M caxaposu [24]. ¥V npo-
Heci KpiOKOHCEPBYBAaHHS IOAATKOBUMH KOMIIOHEH-
TaMH CEPENOBHII, SKi 3MEHIIYIOTH CTYITIHb YIIIKOI-
JKEHHS KJIITHH, MOXYTh OyTH OinkoBi gomimtku [13].
[TokazaHo, MO0 BHKOPHUCTAHHS (ETANBHOI TEITIOT
CHPOBATKH, OMYa90T0 CHPOBATKOBOTO aTbOyMiHY, pe-
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The prospective direction of contemporary bio-
technology is the application of cryobiological ap-
proaches for reproductive medicine, andrology and
gynecology, in particular for the treatment of infer-
tility, genital diseases, as well as for prenatal cor-
rection of fetal abnormalities [3, 9, 23, 25].

To date, two approaches to low temperature
storage of testicular tissue are known: either as a
suspension of cells or as the tissue fragments sized
from 6 to 80 mm? [3]. They are expedient and non-
alternative to preserve the fertility of adolescent
patients, facing a gonadotoxic therapy, because of
the absent spermatogenesis. In such cases, the pri-
mary purpose of testicular tissue cryopreservation
is its further autologous transplantation to initiate
spermatogenesis either in vitro or in vivo [13, 27].
As well, the use of spermatozoa obtained by testi-
cular tissue culturing for extracorporal fertilization
is considered as a promising approach [11].

The programmable freezing with low cooling ra-
tes is usually used for cryopreservation of fragments
of immature testicular tissue. There are several
protocols, suggesting the use of cryoprotectants of
endo- and exocellular types and their combinations
[15, 17, 21]. It has been previously demonstrated
that dimethylsulfoxide (DMSO), being a low mole-
cular weight substance and rapidly penetrating into
cells, at a concentration of 0.7 M minimizes to a
greater extent a cryolesion of testicular tissue un-
dergoing programmable freezing if compared to
1.5 M 1,2-propanediol and 12% glycerol, which, like
DMSO, are also widely used in conventional cryo-
preservation protocols [15, 17].

In our previous studies, it has been found that the
morphological parameters and metabolic activity of
the immature rat seminiferous tubule cells subjec-
ted to incubation in the solutions of cryoprotective
substances depended on the concentration of cryo-
protectants and their incubation time in solutions.
The thirty minute long incubation of the tissue
samples in Hank’s solution supplemented with 50 g/l
bovine serum albumin and either with 0.6 M DMSO
or 0.7 M glycerol was found as not causing a damage
to the spermatogenic epithelium and not decrea-
sing the metabolic activity of cells compared with
solutions which contained 50 g/l polyethylene
oxide-400 and 0.1M sucrose [24]. During freeze-
thawing the injury level in the cells may be effecti-
vely decreased by several additional components
of media, e. g., protein additives [12]. It has been
shown that the introduction of fetal bovine serum,
bovine serum albumin, recombinant protein in cryo-
protective media increases the viability of cells after
freezing-thawing [7, 12]. It should be noted that
supplementing cryoprotective media with xenoge-
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KOMOIHAaHTHOTO TPOTEIHY Yy CKIadi Kpio3axHUCHUX
CEPEIOBHII Ti/IBUIIYE KUTTE3IATHICTh KIITHH ITiC-
75 3aMopoXyBaHHA-BiairpiBy [8, 13]. Cmig 3a3na-
YWUTH, IO JOJaBaHHS JIO KPIO3aXMCHUX CEPEOBHUII
KCEHOTEHHOI CUPOBATKH MOXKE MPU3BOJUTU JO KOH-
TamiHarii Bipycamu. OgHaK y OUTBIIIOCTI ICHYIOUHX
MIPOTOKOJIIB KPIOKOHCEPBYBAHHS TKaHWH CiM’STHUKIB
y SIKOCT1 OLJTKOBO1 CKITaIIOBOT 3aCTOCOBYIOTH CHPOBAT-
KoBUH anpOymiH [15, 21].

OpHMUM i3 NUISIXIB BUPIMIEHHS 3a3HAYeHOI Mpoo-
JIEeMH € BUKOPHCTAHHS aJIETEPHATHBHOTO Marepiany —
OiononiMepiB, 30KpeMa KOJIareHoBOro Ta GpiopruHOBO-
O TefiiB, UI0 HE MAalOTh IMyHOT€HHHUX BJIaCTHUBOCTEH
Ta MOXYTh HigmaBarucs crepwiizamii. Tak, y 1990 p.
H.G. Koebe [16] noBizomMuB, 1110 KpiOKOHCEPBYBaH-
HS TEMaTOINTIB Y IBOIIAPOBOMY KOJIareHOBOMY HOCIT
3HAYHO IMIIBUINYE iX (YHKIIOHATBEHY AKTHBHICTS.
VY nmocnimkennsax A.L. Allenspach [4] noka3aHo, 1110
O30T BOAM 1 CTPYKTypa KPHCTAIB JHOLY y KO-
JIATCHOBOMY TeJIi 3aJIeXarh BiJl HOTO CKIIaAy 1 IIBU-
KOCTI 3aMOPOKYBaHHS.

Ha croromni B pereHeparuBHiii MenumuHi ¢i0-
PHHOBI TeJli MHUPOKO BUKOPHCTOBYETHCA SIK ajbTep-
HaTMBa KOJAreHOBHM. Tak, MPOOYKTH, OAEpKaHi 3
ayTOJIOT1YHOI KPOBi, 3aCTOCOBYIOTH [UISl BiTHOBIICHHS
MOIIKO/DKEHNX TKaHWH Ta opraHi. OAHIEIO 3 BaXKIIU-
BUX BJIACTUBOCTEH (iOPHHOBOTO TeNi0 € 3HATHICTD
JI0 KOHTPOJIHOBAHOTO PO3IAIy Ta caMOOpraHiamii B
royiMepHy cucreMy. Jlo Toro x hiOpHHOBHIA TEIh, K
Y 1HII TIOX1THI KpOBi (CHpoBaTKa, I1a3Ma), MICTUTh
BEIIUKY KUIBKICTh PI3HUX PEUOBHH 13 MPOTCKTOPHOIO
TI€I0 B TIPOIIECi KPIOKOHCEPBYBAHHS.

TakuM 4YHMHOM, KpiO3axHCHE CEPEFOBUINE 3 J0Ja-
BaHH;IM OIONONIIMEPHHX TEeNliB MOXKE BHUSBHTH HPOTEK-
TOPHY JIIFO Ta BIUTUBATU HA CTPYKTYPY JIbOAY, SIKUH yT-
BOPIOETHCSL Ha €Tarlax OXOJOKEHHs, a OTXke, 1 Ha
KIHLEBUH pe3ylbTaT KPiOKOHCEPBYBAHHS TKaHWHHU.
OnHak e(deKTHBHICTh 3aCTOCYBaHHS KOJAareéHOBOTO
Ta (iOPHUHOBOTO TrefiB 1Sl KPIOKOHCEPBYBaHHS TKa-
HUH a00 KIIITHH CIM’STHUKIB Ha CHOTOIHI Maibke He
JOCITKEHO.

Merta po6oTH — IpoBEACHHS MOPIBHUIBHOTO JTOC-
JIDKeHHST BIDIMBY OiomosimMepiB (Ondaumii cmupoBart-
KOBHH anbOyMmiH, (DiOpMHOBHII Ta KOJIAr€HOBHH TeIi)
Ha MOpGhO(YHKITIOHATBHI XapaKTEPUCTHKH CiM STHHX
KaHAJIBLIIB IIypPiB MICJISl KPIOKOHCEPBYBAHHSA 3 TOBLIb-
HOIO HEKOHTPOJIbOBAHOIO IIBUIKICTIO OXOJOKEHHS.

Marepiajau Ta MeTORH

Yci maninmynAnii 3 TBapUHAMKA TPOBOIMIIN 3TiAHO
3 MIKHAPOAHMMU Oi0CTHYHUMHU HOPMaMHM, 3aKOHO-
JMaBIMMH JTOKyMEHTaMH YKpaiaw, Marepianamu [V
€Bponeichkoi KOHBEHIIIT 3 3aXHUCTy XpeOEeTHUX TBa-
pUH, AKi BUKOPHCTOBYIOTBCS ISl €KCIIEPHMEHTAb-
HUX Ta IHIIMX HAYKOBUX IiJIeH [9] Ta MPOTOKOIOM KO-
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neic serum can lead to a viral contamination. Ne-
vertheless, in most of the existing protocols for
cryopreservation of testicular tissues, the serum al-
bumin is used as a proteinous component [15, 21].

One way to solve this problem is to use the alter-
native substances, i. e. biopolymers, in particular
collagen and fibrin gels, which do not demonst-
rate the immunogenic properties and the solutions
of those can be sterilized. In particular, in 1990
H.G. Koebe [16] reported that cryopreservation of
hepatocytes in a two-layer collagen carrier signi-
ficantly increased their functional activity. In his
studies A.L. Allenspach [1] demonstrated that the
distribution of water and the structure of ice crystals
in a collagen gel depended on its composition and
freezing rate.

Nowadays the fibrin gels are widely used as
an alternative to collagen in regenerative medicine.
For example, the products derived from autologous
blood are applied to repair the injured tissues and
organs. One of the important properties of fib-
rin gel is the ability to control disintegration and
self-organization into a polymeric system. In addi-
tion, the fibrin gel, like other derivatives of blood
(serum, plasma), contains a large number of diffe-
rent substances with a protective effect during cryo-
preservation.

Thus, a cryoprotective medium complemented
with biopolymer gels can reveal a protective effect
and influence the structure of ice formed during the
cooling, and hence the final result of cryopreserva-
tion of the tissue. However, application of collagen
and fibrin gels for cryopreservation of tissues or
testicular cells was scarcely studied.

The research purpose was to perform a compara-
tive study of the effect of biopolymers (bovine
serum albumin, fibrin and collagen gel) on morpho-
functional characteristics of seminiferous tubules of
rats after cryopreservation using low non-controlled
cooling rates.

Materials and methods

All the manipulations with animals were carried
out in accordance with international bioethical
norms, legislative documents of Ukraine, statements
of the IV European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes [8] as well as the proto-
col of the Committee in Bioethics of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine (Ne2014-
02). The research was performed in immature male
rats (n = 50) (50 £ 15) g and 7-8 weeks age [4].

Seminiferous tubules were derived from both
testes of rats by a mechanical disruption. For further
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MiTeTy 3 O6ioetuku [HCTHTYTY mpobnem kpioOiosorii
1 kpiomenuuuau HAH Vkpainu (Ne2014-02). Po6o-
Ty BHKOHYBaJIM Ha CTaT€BOHE3PUIUX LIypax-CaMIfax
(n=150) macoro (50 £ 15) r i Bikom 7—8 TXHIB [5].

Cim’siHI KaHAIIBII OTPUMYBAIH 3 000X CiM’ STHHUKIB
ITypiB MEXaHIYHUM IUIIXOM. 3 OZIep>KaHOTo Marepia-
Ty UL TIONANBINNX AOCIIHKEHh POOWIN HaBICKU
Macoro (75 £ 3) mr i po3mipamu Big 6 10 8 Mm>.

KpiozaxrcHi po34uHN BUTOTOBIISITN eXx fempore Ha
OCHOBI OiomosimMepiB:

1) Ouuayoro cupoBatkoBoro anbOyminy (BCA)
(«PAA», ABcTpis)), SIKMi BHKOPHUCTOBYBAJIH y KOH-
uentpanii 50 r/n y pozunni Xenkca («PAA»);

2) xonarenoBoro renro (KI'), skuit oTpumyBanm
13 CyXOXHJIb XBOCTIB LIypiB 32 CTAaHIAPTHOIO METO-
nukoro [6]. 3naueHHs pH moBomwm 10 HEHTPaITBHO-
ro 3a gormomororo 0,34N po3unay NaOH;

3) ¢ibpunoBoro remo (PI'), mo BUAULLIN 3i
CBDKOI ayTOJIOTIYHOI KPOBI TBapWH, Ky 3abupanu
3 ceprieBoi BeHH B 00’eMi 5—7 M Ta neHTpudyry-
Banmy mpoTsaroMm 12 xB 31 mBuakictio 1500g. ITicas
LEHTPU(YTyBaHHS OTPUMYBalIH TpH (pakuii Kpo-
Bi: HIKHIO — EPUTPOLUTApPHA Maca; BEpXHIO — Oif-
Ha TPOMOOLMTAaMH TJIa3Ma; CEpPeHI0 — 30aradyeHui
TpoMOoumuTamu (piOprHOBUI Tenb. 3pa3Ku KpoBi 3 03-
HaKaMH T'eMOJIi3y B €KCIIEPUMEHTI HE BUKOPUCTOBY-
BaJIH.

CxeMy NpOBENCHHS EKCIIEPUMEHTY HABEICHO Ha
puc. 1. Jlo cepemosum kpiokouncepyBanus (bCA, KT,
®I') momaBamu JIMCO («ITanExo», Pocis) ab6o -
nepuH («Dow Chemicaly, HiMequnna) y KiHIIEBHX
koHreHTpanisix 0,6 M ta 0,7 M BiamoBimHo. 3pas-
KH OyJ10 pO3MOIiJICHO Ha €KCIIEpUMEHTAIbHI TPYIIH:
BCA; BCA + 0,6 M JIMCO; BCA + 0,7 M mitepuH;
KT; KT + 0,6 M IMCO; KT + 0,7 M minepun; O
oI + 0,6 M IMCO; @I" + 0,7 M minepus ta rpynu
MOPIBHSHHS: 1HTAaKTHUH KOHTPOJb (CBIXKO1307b0BaHI
¢parMeHTH CciM’SHMX KaHaJbliB IIypiB) Ta Hera-
TUBHHUHA KOHTPOJIb (()parMEeHTH CiM’SHUX KaHAaJbIIiB
ITypiB, SIKi KPIOKOHCEPBYBAJIN y PO3UHMHI XEHKCA).

Yac excmo3wmmii CiM’SHHX KaHAJBIIB IIypiB y
cepenoBumax ckiaanas 30 xB mpu TemmepaTtypi 4°C
13 TIOHANBIIMM OXOJOMKEeHHAM. OTpuMaHi 3pa3Ku
(5 mT.) momimmanu y kpionpob6ipku 06’emom 1,8 mi
(«Nuncy, CIIA) 3 BigmoBiZHUMH KpiO3aXWCHH-
Mu cepenoBumamu (1,5 mi). Y BUmagkax 3acTocy-
BanHss KI' ta ®I' ¢parmeHTH po3TamioByBajucs B
KpioaMiynax BUIBHO 3 MPOMIKKaMH MPUOTU3HUM
po3mipoM 1-2 MM. 3pa3ku OXOJOMXYBald B TMapax
pinkoro azory 10 —70°C i3 HEKOHTPOIHLOBAHOIO HIBUI-
KicTio Brponosx 40 XB, Aani iX mepeHOCHIn Yy pil-
kuit azor (—196°C). 3pa3km 30epiraii B ymoBax
KpioOaHKy mpoTsaroM Micsigl. KpionpoOipku Bimi-
rpiBayin Ha BomsHIA OaHi mpu 40°C 10 TOsIBH pifl-
Koi (pa3m, mani i3 3pa3KiB BUAAISUIA KPIOTIPOTEKTOPH
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studies we made the samples of (75 + 3) mg weight
and sized from 6 to 8 mm°.

Cryoprotective solutions were ex tempore prepa-
red on the basis of biopolymer solutions:

1) bovine serum albumin (BSA) (PAA, Austria)),
which was used at a concentration of 50 g /L in Hanks
solution (PAA);

2) collagen gel (CG), which was obtained from
the tendon of rat tails according to the standard
procedure [5]. The pH level was adjusted to neutral
using 0.34 N NaOH solution;

3) fibrin gel (FG), isolated from fresh autologous
blood of animals, procured from a cardiac vein in a
volume of 5-7 ml and centrifuged for 12 min at a
rate of 1500g. After centrifugation, three fractions
of blood were received: lower — erythrocyte mass;
upper — platelet-rich plasma; medium — fibrin gel
enriched with thrombocytes. Samples of blood
with the signs of hemolysis were not used in the
experiment.

The scheme of experiment is shown in Fig. 1.
Either DMSO (PanEco, Russia) or glycerol (Dow
Chemical, Germany) at final concentrations of 0.6M
and 0.7 M, respectively were added to biopolymer
solutions (BSA, CG, FG). Samples were divided into
experimental groups: BSA; BSA + 0.6 M DMSO;
BSA + 0.7 M glycerol; CG; CG + 0.6 M DMSO;
CG + 0.7 M glycerol; FG; FG + 0.6 M DMSO; FG +
0.7 M glycerol and the comparison groups: intact
control (freshly isolated fragments of seminiferous
tubules of rats) and negative control (fragments of
rat seminiferous tubules, cryopreserved in Hank’s
solution).

The incubation time for rat seminiferous tubu-
les in the media was 30 min at 4°C, followed by
cooling. The obtained samples (5 pcs) were placed
in a 1.8 ml (Nunc, USA) cryovials with appropriate
cryopreservation media (1.5 ml). When applying
the CG and FG the fragments were freely located in
cryovials with the intervals of about 1-2 mm. The
samples were cooled in vapors of liquid nitrogen
down to —70°C without the control of cooling rate for
40 min, then they were transferred to liquid nitrogen
(-196°C). The specimens were stored under cryo-
bank conditions for a month. Cryovials were warmed
up in a water bath at 40°C until a liquid phase
appeared; then the cryoprotectants were removed
from the samples by a three step change of the
cryopreservation medium to Hank’s solution.

The viability of cells was determined by supravital
staining with Trypan blue in homogenates, which
were mechanically obtained, with followed filtra-
tion of the suspension via a nylon filter [14].

The samples for histological examination were
fixed in 10% formalin solution and after dehydration
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TecTukynsipHa TkaHWHa
Testicular tissue

N4
Ekcnoanuis
Exposure
v v \4 \4
50 r/n BCA KIr or HeraTnBHWIN KOHTPOIb
50 g/l BSA CG FG (po3unH XeHkca) IHTAKTHUI KOHTPOSTb
Negative control Intact control
(Hanks solution)
N4 v v
0,7M rniuepur | | 0,6M OMCO| | 0,7M rniuepu | | 0,6M OMCO | |0,7M rnivepun| | 0,6M DMCO
0.7M glycerol 0.6M DMSO 0.7M glycerol 0.6M DMSO | |0.7M glycerol 0.6M DMSO

¥

3amMopoxyBaHHS
Freezing
Bigirpis
Thawing
v N4
OuiHka pesynbrartis
Results evaluation
v N4 v v
YKuttesparHicTb (TpynaHoBWiA CUHIN) licToMmopcbomeTpnyHMIA aHani3 MTT-Tect AkTtusHictb 1O
Viability (Trypan blue) Histomorphometric analysis MTT-test LDH activity

Puc. 1. CxeMa ekCnepumeHTy.
Fig. 1. Experimental scheme.

IUIIXOM TPHOXETAITHOI 3MIHM CEPEIOBUINA KPIOKOH-
CEpBYBaHHS HAa PO34YMH XCHKCA.

JKuTTe3naTHICTh KIIITUH BU3HAYAIM 32 METOJOM
CYNpaBiTAILHOTO 3a0apBieHHS TPHUIIAHOBUM CHHIM
y TOMOT€HaTaX, SKi OTPUMYBAJIH MEXaHIYHUM IILTS-
XOM 13 HACTYNMHHM IpPOMYCKaHHAM CyCHeH3ii Kpi3b
HetmonoBui GimeTp [3].

3pa3ku TSl TiCTOJIOTIYHOTO JOCTIHKEHHS (iKCy-
Bam B 10%-my posumni popmarniHy Ta micias 3He-
BOJTHCHHS i 00EHKUPIOBAHHS B allE€TOHAX Ta CIUPTaX
HapOCTalo4oi KOHIICHTpaIii 3aauBany mapadiHom.
OTpuMyBaJIA TiCTOJIOTIYHI 3pPi3U TOBIIMHOIO 7 MKM,
sIKi 3a0apBIIOBANIM TE€MAaTOKCHJIIHOM 1 €O3MHOM Ta
JOCIi/pKyBand Ha Mikpockori Axio Observer Z1
(Carl Zeiss, Himeuunna). [IpoBoannu 3aranbHy OLiH-
Ky TICTONIOTIYHO CTPYKTYpH CiM SHHX KaHaJbIIiB
IIypiB, OI[IHIOBAJIM CTYIiHb PETPAKIIii KIIITHH, YaCTO-
Ty JeCKBaMaIlil emiTeNito, BU3HAYAIN KIJTbKICTh KITi-
THH 13 KOHIEHCOBAaHWMH SApaMH Ta HAsABHICTH Je-
(hekTiB ciepMaToreHHoro mapy (puc. 2).

3araibHy aKTHUBHICTB JiakraraerimporeHazu (JIZI)
y 3pa3kax CiM’ SHHX KaHAJIBIIIB IIypiB ICIS Kpio-
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and degreasing in acetone and the alcohols of
increasing concentrations were filled with paraffin.
Histological sections of 7 um thickness, stained
with hematoxylin and eosin, were examined with
microscope Axio Observer Z1 (Carl Zeiss, Germany).
Histological structure of seminiferous tubules of
rats was assessed, as well the degree of cell retrac-
tion, the frequency of desquamation of the epithe-
lium signs, the number of cells with condensed nuclei
and the presence of defects in the spermatogenic
layer were determined (Fig. 2).

Total activity of lactate dehydrogenase (LDH)
in samples of seminiferous tubules of rats after
cryopreservation was measured using the LDH test
kit (Phyllis-Diagnosis, Ukraine). For performing
the test, the tissue samples were homogenized with
subsequent 5-min centrifugation (1000g). The op-
tical density in the supernatant was determined
with photoelectrocalorimeter KFK-2-UHL42 (JSC
Zagorsk Optical and Mechanical Plant, Russia) at
a 365 nm wavelength. Activity of LDH was calcu-
lated according to the instruction.
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KOHCEpBYBaHHsI BHMIpIOBaJM 3a JONOMOTOI0 TECT-
Habopy peaktusiB «JIAI» («PimiciT-HdiarHocTHKaY,
Vkpaina). Jns OpoBEOEHHS TECTy 3pa3KH TKaHUH
TOMOTeHI3yBajJl 3 HACTYITHUM S-XBWJIMHHUM IEHT-
pudyryBarasM (1000g). OnTrdHy MUTBHICTD Y CyTIep-
HaTaHTI BH3HaYalX Ha (POTOEICKTPOKAIOPUMETPI
«KDK-2-YXJI42» (BAT «3aropchkuii ONTHKO-ME-
XaHIYHUHA 3aBoxy, Pocifickka Dexepariis) mpu TOB-
kuH1 XBrIi 365 aM. AxtuBHiCTh JI[I” po3paxoByBanu
3a IHCTPYKIIEIO.

Jlns Bu3HaYeHHS METa0ONIIYHOI aKTUBHOCTI KITi-
TuH BUKopuctoByBanu MTT-tect [20]. s toro mpo-
BE/ICHHS 3pa3Kd CiM’SIHUX KaHaJbLiB IIypiB MiCis
KpIOKOHCEPBYBaHHs NEPEHOCHIN B 1 MJI cepeloBu-
ma XeHkca, B sike BHocuau 1o 0,5 mia pozunny MTT
y KoHIeHTpalil 5 mr/mi. Yepes 3 roguHu iHKyOarii
(5% CO,, 37°C) cepenoBuILe TOBHICTIO BHAAISIA
1 PO3UMHIOBAIM YTBOPEHUH (opMmazaH J0AaBaHHIM
JIMCO (1 mn/3pa3ok) i3 HacTynHuM 10-XBUIMHHAM
neHTpudyryBagasaM (1500g). OnTtuyHy OIIBHICTH
po3unHy (hopMazaHy B CYIEpHATaHTI BUMIPIOBAIH
Ha oroenexrpokaiopumetpi «KOK-2-YXJ142y» npu
oBXUHI XBUil 540 HM.

HopmanbHicTs po3nofiny KibKICHUX O3HAK BU3-
Hayalld 3a CHUIBHUM KpUTEpieEM IEpeBIpKH Ha CH-
METPUYHICTh 1 HYJIBOBHUM KOC(ILI€EHTOM EKCIIECY.
3a yMOB HOPMAJIBHOTO PO3MOAINY 3MIHHUX 3Hady-
IIICTh BIIMIHHOCTEH MK TpyIllaM{ OIIHIOBAJIH 3a
t-kputepiem CTBIOIEHTAa 3 BUKOPHUCTAHHSIM CTaTH-
CTHYHUX MapaMmeTpiB: M — cepemHe; m — CTaHJapTHA
ITOMIUJIKA CEPETHBOTO; 71 — OOCAT aHaJIi30BaHOI TPYTIH;
p — piBenb 3Hagymocti (p < 0,05). s ananizy na-
HHAX BUKOPHCTOBYBAIM IaKeTH mporpam «Microsoft
Excel» («Microsoft», CILIA) Ta «Statistika 8» («Stat-
softy, CILIA).

Pe3yabTaTn T2 00rOBOpEHHS

Pesynbrar BUBYECHHS TiCTONOTIYHMX IMpENapaTis
MOKa3aJM, M0 CiM’SHI KaHAIBIS CTaTCBOHE3PLIMX
IIypiB 1HTAaKTHOI TPYIH HA 3pi3ax Malld OKPYyTIIy
abo oBanmbHy (popmy (puc. 3, A). YcepenuHi cim’s-
HHAX KaHAJIBIB Ha Oa3anbpHilf MeMOpaHi B JEKiIbKa
ImapiB pO3TAIIOBYBABCS CIIEPMATOTCHHUI CITiTeTiH,
TepMIHOTCHHI KIIITHHH SKOTO 3HAXOIUIHCS Ha PI3HUX
CTaIisTX PO3BUTKY. Y 30BHIIIHEOMY 0a3aIbHOMY ITIapi
Bi3yaJli3yBajMcsl CIIEpMATOTOHIi — OKPYIITi KIITHHU 3
TIIEepXpPOMHUM SIIPOM 1 TOHKUM OOiKOM LUTOTLIa3-
MU. Y BHYTPIIIHBOMY aJJIIOMiHANbHOMY IIapi B
JIEKibKa PSIIB PO3TAIIOBYBAINCS CIIEPMATOIUTH —
KIIITUHY 3 BEJTUKUAM SAPOM i IIUPOKHM OOiTKOM ITH-
TOTIJIa3MHU.

KpiokoHCepBYyBaHHS CiM’SIHUX KaHAJIBIIIB ITypiB
0e3 KpioMpOTEKTOPiB (HEraTUBHUI KOHTPOJIb) BUKIIH-
KaJio Tpy0i TicTOCTPYKTYpHI mopymieHHs (puc. 3, B).
BinOyBasacs pi3ka peTpaxilis KIITHH CIIEpPMaTOTCH-
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Puc. 2. OuiHka ricTonoriyHoi CTpyKkTypu cnepmMaToreHHoro
enitenito CiM’AHNX KaHanbLiB cTaTeBOHe3pinux wypis. R —
peTpakuia knituH, D — geckeamadis enitenito, N — KOHAEH-
cauis sagep, G — yTBOpeHHs AedeKTiB.

Fig. 2. Estimation of histological structure of spermatogenic
epithelium of seminiferous tubules of sexually immature
rats. R — cell retraction, D — desquamation of epithelium,
N — condensation of nuclei, G — formation of defects.

To determine the metabolic activity of cells, the
MTT test [20] was used. To perform it the samples
of rat seminiferous tubules after cryopreservation
were transferred to 1 ml Hank’s medium, which was
added with 0.5 ml MTT solution at a concentration
of 5 mg/ml. After 3 hours of incubation (5% CO,,
37°C), the medium was completely removed and
the formed formazan was dissolved by addition of
DMSO (1 ml/specimen) followed by 10-min cent-
rifugation (1500g). The optical density of formazan
solution in the supernatant was measured with a
photoelectrocalorimeter KFK-2-UHL42 at 540 nm
wavelength.

The normal distribution of quantitative attributes
was determined by the general criterion of checking
for symmetry and the zero coefficient of excess.
In case of normal distribution of variables, the
significance of differences between the groups was
estimated with Student t-criterion using statistical
parameters: M — mean; m — standard error of the
average; n — volume of the analyzed group; p — the
significance level (p < 0.05). To analyze the data the
Microsoft Excel (Microsoft, USA) and Statistica 8
(Statsoft, USA) softwares were used.

Results and discussion

The findings of evaluation of histological pre-
parations showed that the seminiferous tubules of
immature rats of the intact group had a round or
oval shape of the sections (Fig. 3A). Inside the
seminiferous tubules the basement membrane was
covered with several layers of spermatogenic epi-
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Puc. 3. CiM’aHi kaHanbUsi cTaTeBOHE3PINMX LLYpPIB MICrs KPiOKOHCEepBYBaHHA: A — iHTakTHa TkaHwHa; B — HeratusHWi
KoHTponb; C — 0,6 M AMCO + BCA; D — 0,7 M rniuepuH + BCA; E — 0,6 M IMCO + KTI'; F — 0,7M mniuepuH + KI'; G- 0,6 M
OMCO + @rI; H- 0,7 M rniuepuH + @I Mikpodporpadisi, 3a6apBneHHs reMaToKCUNiHOM Ta €03UHOM.

Fig. 3. Seminiferous tubules of sexually immature rats after cryopreservation: A — intact tissue; B — negative control;
C - 0.6 MDMSO + BSA; D — 0.7 M glycerol + BSA; E— 0.6 M DMSO + CG; F — 0.7 M glycerol + CG; G — 0.6 M DMSO +
FG; H - 0.7 M glycerol + FG. Microphotos, hematoxylin and eosin staining.
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HOTO €MiTeNilo 3 YTBOPEHHsIM LIiuH. Bei sapa k-
TUH HaOyBanaum OKpymioi opmu, a XapakTepHa s
CTIEPMaTOTEeHHOTO MIapy 30HAJIBHICTH Oyia BiACYTHSI.
VY saapax 67% KIITHH CHOCTEpiraivcs SBUINA ITiK-
HO3y. JleckBamartist emiTeniio, y TOMY YHCII TOTallb-
Ha, Bu3Hadanacsa B 30% gocaiKeHUX KaHAbIIB. Y
JaHii rpym mpernapariB BUABISUIACA Ne(DEKTH OK-
pymioi dopmu, ski Maimu po3mip 7,5-30 MKM Ta WiTKi
PiBHI KOHTYPH.

VY 3pa3kax ciM’SIHUX KaHAJbLIB CTaTCeBOHE3PLINX
LIypiB Micisi KPiOKOHCEPBYBAaHHS B CEPEIOBUINAX HA
ocHOBIi po3unHy XeHkca 3 BCA 3HWXyBaBcs CTYMiHbB
peTpakmii Ta JeckBamalii KIITHH CHEepMaTOreHHO-
TO CIITEeNiI0 BiJIHOCHO HETaTHBHOTO KOHTpoiro. Llei
edexT OyB OUTBII BUPAKEHUM Y CEpeOBUILAX 13 J10-
nasauHsM 0,7 M mninepuny, Hixk 0,6 M IMCO. Kpim
TOTO, B 000X BHITAIKax 3MEHIITYBAJINCA KUIBKICTH 1
po3mip aedekTiB chepuunoi popmu (puc. 3, C, D).

Cepenowuria Ha ocHoBi KI' Manu 6151611y TTpOTEK-
TOPHY Aif0, HiK po3unH XeHkca 3 BCA, 1o nmposBiis-
JI0Ccs 3MEHUICHHSIM CTYIEHs peTpakliiii Ta JecKkBama-
1ii KIITHH ciepMaToreHHoro emireniro. [Ipore B nux
rpynax mpenapariB MicLsSMH Big3Hauamucsi ¢par-
MEHTaLlisl Ta BaKyoJIi3alis siaep, a B IeHTpajIbHil Ja-
CTHHI KaHAJBIIB Yy PsAi BUNAJKIB Bi3yallizyBajics
TIISTHKY, OXOIUIEH] KapiofizucoMm (HaOpsikimi Ta cia-
003a0apBieHI TeMaTOKCUITIHOM siipa 0e3 YiTKUX KOH-
TypiB). AJle CIiJ 3a3HAYNTH, 110 BUPAKEHICTH IHX
SIBUTI] OyJia MEHIIIA IMicIIsl KPIOKOHCEPBYBAHHS CiM ' sI-
HMX KaHaJIBIB 111 3axucrtoM komOiHaii KI'i3 0,7 M
oninepuHoM (puc. 3, E, F).

3actocyBanusa OI, momiono KI, 3HmMKYBanio cry-
MMHp PETPAKITii KIITHH CIEPMATOTCHHOTO EIITEINiIo,
a TaKoXX 3MEHIIYBAJIO KUIBKICTB 1 po3Mip chepuaHnX
MOpPOKHUH B Horo ToBuli mopiBHsAHO 3 BCA (puc. 3,
G, F). Crnin 3a3HaunTH, 010 y CepeoBUII Ha OCHOBI
@I i3 0,7 M miiniepuHOM BHSBISBCS OLTBII BUpaXKe-
HUH nporekTHBHUH edekT Oe3 ¢parmenranii/mizicy
sep KITITHH.

TakuM 9uHOM, KPIOKOHCEPBYBAHHS CiM’STHUX Ka-
HAJIBIIIB CTaTeBOHE3PUTNX mIypiB i3 0,7 M mminepuHOM
ta BCA Mamno 0iibIn BUpaKeHY 3aXHCHY 1it0o Ha Oy-
JIOBY CIIEPMAaTOTEHHOTO SITITEIII0 TTOPIBHIHO 3 3aCTOCY-
BanusiM 0,6 M JIMCO y kom6inamii 3 BCA. V pa3i
BHKOPHUCTAHHS KPi03aXHCHUX CEPEIOBHIN HA OCHOBI
@I' ta KI' y 3pa3skax micis 3aMOpOKyBaHHS-BIJir-
piBy 3MEHIIMIKCS CTYNiHb PEeTpaKdii Ta JecKBama-
1ii, KiTBKICTH Ta po3Mip He(eKTiB clepMaToreH-
HOTO €MITeNi0 HOPIBHAHO 3 HETaTUBHUM KOHTPOJIEM.
Jo Toro x BeeneHHs @I’ mepelmkoKalo PO3BUTKY
HEKpO3y KIITHH CHEPMaTOTEHHOTO emiTeNnilo (3MeH-
MIEHHS KUTHPKOCTI MIKHOTHYHHX SJIep) HOPIBHAHO 3
HETaTHUBHUM KOHTPOJIEM.

Pe3ynbraTi OMiHKY JKUTTE3MATHOCT] KIIITHH CIIep-
MAaTOT€HHOT'O EIITENII0 B TKAHMHAX CIM STHUX KaHaJlb-
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thelium, the germinogenic cells of which were at
different stages of development. In the external basal
layer the spermatogonia, i. e. rounded cells with a
hyperchromic nucleus and a thin rim of cytoplasm
were visualized. In the inner adluminal layer a block
of spermatocytes, the cells with a large nucleus and
a wide rim of cytoplasm, were located.

Freeze-thawing of seminiferous tubules of rats
without cryoprotectants (negative control) caused
strong damages in histological structure (Fig. 3B).
There was a sharp retraction of cells of spermato-
genic epithelium with the formation of cracks.
All the nuclei of cells gained a rounded shape, and
characteristic zones of spermatogenous layer was
absent. In nuclei of 67% cells the pycnosis pheno-
mena were observed. The epithelium desquama-
tion, including total one, was found in 30% of the
examined tubules. In this group of preparations,
round-shaped defects were noted, which had a size
of 7.5-30 microns and clear, smooth contours.

The samples of seminiferous tubules of immature
rats after cryopreservation in the media based on
Hank’s solution with BSA were characterized with
the reduced degrees of retraction and desquamation
of spermatogenic epithelium cells in respect to a
negative control. This effect was more pronounced in
the media with 0.7 M glycerol comparing to 0.6 M
DMSO. In addition, in both cases, the number and
size of spherical defects decreased (Fig. 3C, D).

The CG-based media had a higher protective
effect versus Hank’s solution with BSA, which was
manifested by a decreased retraction and desqua-
mation of spermatogenic epithelium cells. Howe-
ver, fragmentation and vacuolization of nuclei were
observed in some areas both after using 0.6 M DMSO
and 0.7 glycerol. In the latter these phenomena were
less manifested (Fig. 3E, F). In the central part
of the tubules in some cases the sites with karyo-
lysis (swollen and weakly stained with hematoxylin
nuclei without clear contours) were found.

The use of FG, similar to CG, reduced the
retraction of spermatogenic epithelium cells, and
also decreased the number and size of spherical
cavities inside the epithelium if compared to BSA
(Fig. 3G, F). It should be noted that in the medium
based on FG with 0.7 M glycerol a more pronoun-
ced protective effect was found with no cell fragmen-
tation or lysis.

Thus, cryopreservation of seminiferous tubules
of immature rats with 0.7 M glycerol and BSA had
a more pronounced protective effect on the struc-
ture of spermatogenic epithelium if compared with
the use of 0.6 M DMSO in combination with BSA.
In the case of using cryoprotective media based on
FG and CG in the samples after freezing-thawing, the
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IiB (TECT BKJIFOYCHHS TPUTMIAHOBOTO CHHBOTO) TICIS
KpiOKOHCEpBYBaHHs HaBeAeHO Ha puc. 4. Otpumani
naHi cBimyark, mo Bukopuctanas 0,6 M JIMCO y
kombinamii 3 BCA a6o ®I' 30UIbIIyBaIO0 KUTBKICTH
KIITHH 13 HEYITKOHKCHOI MEMOpaHOI0 B 3pa3kax
BiAMIOBIHO ¥ 2,9 Ta 2,5 pa3u BiIHOCHO HETaTUBHOTO
KOHTPOMIO. Y 3pa3kax, KPiOKOHCEPBOBAHMX IIiJ| 3a-
xuctoM 0,7 M mminepuny ta BCA, KiTbKiCTh TaKUX
KiIiTHH Oyna y 2,1 pasza Oinblle, HiXK Y HETATHBHOMY
koHTponi. KpiokoHCcepByBaHHS B CepeIOBHIIII Ha OC-
HoBi @I 3 0,7 M miiueprHOM MiABHITYBAJIO JaHUHA
MOKa3HUK B 3,2 pa3a BiZHOCHO HETaTUBHOIO KOH-
Tpomo. Y Bunaaky Bukopuctanus KI' (3 AMCO abo
DIILEPUHOM) TOKa3HUK >KUTTE3JATHOCTI KIITUH OyB
3Hauylle BUILE HETaTHBHOTO KOHTPOJIIO, OJHAK He
JOCSTaB 3HaY€Hb, OTPUMAHMX ITICIS 3aCTOCYBaHHS
BI/IITOBITHOTO KPioMpoTeKTopy y KomoOiHarii 3 BCA
a6o @I 3a pe3ynbraTaMu MOPIBHAILHOI OIIHKH T10-
Ka3HUKA KUTTE3MATHOCTI KIITHH Y JOCIITHUX TPYy-
Max BHSABIIEHO, II0 HAWBUIIE 3HAUYeHHS Oyio B 3pas-
Kax, KpioKOHCEepBOBaHUX 13 0,7 M IIIiIIEpHHOM Y KOM-
6inanii 3 ®I. OgHak HaBITh Y IbOMY BUIIAAKY BiH HE
J0CATaB 3HAYEHb IHTAKTHOTO KOHTPOIIO.

Pesynbraru MTT-tecty (puc. 5) nokasanu, 1o B
3pas3kax, kpiokoHcepBoBanux i3 0,6 M JIMCO y kom-
6inamii 3 BCA a6o 0,6 M JIMCO 3 @I, meTabomiuna
aKTUBHICTH Oyia BifmnosigHO Buine B 3,1 Ta 2,8 pasa
MTOPIBHSHO 3 HETaTUBHUM KOHTPOJIEM. 32 YMOBH 3a-
crocyBanusa KI' 3 0,6 M JIMCO nociimkyBaHuii mo-
Ka3HHK TIEPEBUIyBaB 3HAUYEHHS HEraTUBHOTO KOHT-

degree of retraction and desquamation, the number
and size of defects in the spermatogenic epithelium,
if compared with negative control, was decreased.
In addition, the application of FG prevented the
development of necrosis of cells of the spermatogenic
epithelium (reduced number of pyknotic nuclei)
versus a negative control.

The results of assessment of the viability of
spermatogenic epithelium cells in the tissues of
the seminiferous tubules (trypan blue test) after
cryopreservation are presented in Fig. 4. The ob-
tained data indicate that the use of 0.6 M DMSO
in combination with BSA or FG increased the
number of cells with intact membrane in the samples,
respectively, in 2.9 and 2.5 times versus a negative
control. In the samples cryopreserved under the
protection of 0.7 M glycerol and BSA, the number of
these cells was in 2.1 times higher than in a negative
control. Cryopreservation in the medium based on
FG with 0.7 M glycerol increased this value in 3.2
times comparing to a negative control. In case of
using the CG (with DMSO or glycerol), the cell
viability was significantly higher than negative
control, but not reaching the values, obtained after
application of the corresponding cryoprotectant in
combination with BSA or FG. Based on the results
of comparative evaluation of the cell viability in
the experimental groups, it was found that the hig-
hest value was observed in the samples cryopreser-
ved with 0.7 M glycerol in combination with FG.
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Puc. 4. XKuttesgatHicTb KMiTUH cnepMaToreHHoro enitenito CiM’aHUX KaHanbLUiB LYpiB Micns KpiokoHcepByBaHHSA. [N — rni-
LepWvH; cyuinbHa NiHis — NOKa3HUK iHTAKTHOIO KOHTPOMIO; NYHKTUPHA MiHisl — NOKa3HWK HEraTMBHOMO KOHTPONIO; * — pi3HMLSA
3HavyLa BiAHOCHO BiANOBIAHOIO KpionpoTekTopy y koMbiHauii 3 BCA (p < 0,05; n = 5).

Fig. 4. Viability of cells of spermatogenic epithelium of seminiferous tubules of rats after cryopreservation. Gl — glycerol;
colid line — index of intact control; dashed line — negative control index; * — difference is statistically significant versus
corresponding cryoprotectant in combination with BSA (p < 0.05; n = 5).
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Puc. 5. MetaboniyHa akTMBHICTb (ONTUYHA LWiNbHICTL PO34MHYy chopmasaHy B MTT-TecTi) CiM’'siHMX KaHanbuiB nicns
KpiOKOHCepBYBaHHSA. [N — rniuepuH; cyuinbHa NiHi — NOKa3HWK IHTAKTHOMO KOHTPOII; NMYHKTUPHA NiHi — NOKa3HWK He-
raTMBHOrO KOHTPOMI; * — pi3HMLUA 3HayyLla BiAHOCHO BiAMNOBIAHOro kpionpoTtekTopy Yy koMGiHauii 3 BCA (p < 0,05;
n=5).

Fig. 5. Metabolic activity (optical density of formazan solution in the MTT test) of seminiferous tubules after cryopreservation.
Gl — glycerol; colid line — index of intact control; dashed line — negative control index; * — difference is statistically sig-

nificant versus corresponding cryoprotectant in combination with BSA (p < 0.05; n = 5).

pomo B 1,8 pasa, ognak OyB B 1,7 pa3a HUX4e, HIX
y 3pa3Kax, KpiokoHCepBoBaHUX Tija 3axucrom 0,6 M
JAMCO ta BCA. V¥ 3pa3kax, KpilOKOHCEpBOBaHUX IIiJ
3axuctoM 0,7 M mninepuny 3 BCA ta 0,7 M rine-
puny pazom 3 @I, pesynmsrar MTT-tecty OyB Bin-
moBigHO B 3,2 Ta 3,6 pa3a BHUIIE BiTHOCHO HETAaTUB-
HOTO KOHTpOJt0. JlaHWW MOKa3HUK Yy BUIAJIKYy KOM-
6imarnii KI' i3 0,7 M miminepuaom OyB y 2,2 pa3a BHUIIE
TTOPIBHSAHO 13 3HAYCHHSIMH HETaTUBHOTO KOHTPOJIIO.
AHaJi3 1mokasas, mo Bukopuctadfs 0,7 M riinepuny
3 @I abo BCA no3Bosie 30eperTy HalBHILI MOKa3-
HUKHA MeTaboiyHoi aktuBHOCTI. [IpoTte B ycix mo-
CIIIPKEHUX KPIOKOHCEPBOBAHUX 3pa3kax MeTadouiy-
Ha aKTHBHICTb KJIITUH 3aIMIajacs 3Ha9yIEe HIKIO0
3a IHTaKTHUI KOHTPOJIb.

Pesynbratu mocnigykeHHs BIUIUBY KPiOKOHCEPBY-
BaHHsS Ha akTuBHICTH JI/II' HaBeneHo Ha puc. 6. B
yCIX KpIOKOHCEPBOBAHUX 3pa3kax akTHBHICTH JIJII
Oynma BHINEe HeraTWBHOTO KoHTpomo. Cepen ycix
KOMOIHaIi GiomoIiMepiB 13 KPiOMPOTEKTOpaMH ITIeH
MMOKa3HUK MaB HAWBHIIE 3HAYCHHSA y BHITAJKy BHKO-
pucranus 0,7 M minepuny 3 @I (BiH nepeBHIyBaB
HETaTHBHUI KOHTposb B 2,2 pa3a). B ycix gocmin-
KEHUX KPIOKOHCEpBOBAaHMX 3pa3Kax 3arajibHa akK-
tuBHicTh JI[AI' Oyna 3Hauylie HiKYa 3a iHTaKTHUH
KOHTPOITb.

AHaJi3 OTpUMaHMX JAaHUX CBiTYUTh, IO METa-
OoJiyHa aKTUBHICTD MiCIIs 3aMOPOKYBaHHS-BiAITPiBY
B YCIX NOCTIIKEHUX 3pa3kax CiM SHUX KaHaJIBIIB
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However, even in this case, it did not reach the va-
lues of intact control.

The MTT test results (Fig. 5) showed that in the
samples cryopreserved either with 0.6 M DMSO
in combination with BSA or 0.6 M DMSO with
FG, metabolic activity was correspondingly higher
in 3.1 and 2.8 times than negative control. If the
CG with 0.6 M DMSO was used, the studied value
exceeded the value of negative control by 1.8 times,
but it was by 1.7 times lower than in the samples
cryopreserved under the protection of 0.6 M DMSO
and BSA. In the samples cryopreserved under
protection of 0.7 M glycerol with BSA and 0.7M
glycerol with FG, the result of the MTT test was
3.2 and 3.6 times higher, respectively, versus a ne-
gative control. This index in the case of a combina-
tion of CG with 0.7 M glycerol was by 2.2 times
higher if compared with the values of a negative
control. The analysis showed that the use of 0.7 M
glycerol with FG or BSA allowed the maintaining
of the highest metabolic activity. However, in all
cryopreserved samples examined, the metabolic
activity of cells remained significantly lower than
intact control.

The results of the effect of cryopreservation on
LDH activity are shown in Fig. 6. In all cryopreser-
ved samples the LDH activity was higher than
negative control. Among all the combinations of
biopolymers with cryoprotectants, this index was
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Puc. 6. 3aranbHa akTtuBHicTb JIOI y CiM'AHMX KaHanbLsX CTaTEBOHE3PINUX LLYPiB MiCNsa KPiOKOHCepBYBaHHSA. N —
rMiLepuH; cyuinbHa MiHis — NOKa3HWK IHTAKTHOrO KOHTPOSO; NYHKTUPHA MiHiA — NOKa3HUK HeraTMBHOIO KOHTPOIIO;
* — pisHMUSA 3Ha4YyLwa BiJHOCHO BigMNOBIAHOrO KpionpoTekTopy y kKombiHauii 3 BCA (p < 0,05; n = 5).

Fig. 6. Total activity of LDH in seminiferous tubules of sexually immature rats after cryopreservation. Gl — glycerol; colid
line — index of intact control; dashed line — negative control index; *— difference is statistically significant versus corres-
ponding cryoprotectant in combination with BSA (p < 0.05; n = 5).

CTaTeBOHE3PUINX IIYPiB 3HMKYBanacs MOPIBHSHO 3
IHTaKTHUM KOHTPOJIEM, ajie iCTOTHO NepeBHILyBaa
3HAUEHHS HEraTMBHOTO KOHTpoito. Ciiif 3a3Ha4YMTH,
mo Bukopuctanas @I y komGinamii 3 0,7 M rire-
PUHOM BHSBWIIOCS HAaWOUIBII ONTHUMAJIBHHUM 3 YCiX
TOCITIDKEHUX KOMOiHaIlii 6i0moIiMepiB Ta Kpiompo-
TEKTOPIB. Y MHOMY BUNAAKY 3HM)KYBaBCS CTYIiHB
peTpaxiii KJIITHH CIIEPMAaTOTEHHOTO EIITENII0, 3MECH-
ITyBAJIMCH KUTBKICTB 1 pO3Mip CPEepUIHUX TIOPOKHUH
B H1OTO TOBIIII MTOPIBHSIHO 3 KoMOiHamiero 0,7 M mite-
puny ta bCA. ®@i6puHOBHIA Tellb HAa BiIMIHY Big KO-
JIareHOBOTO HaJaBaB OiNbII BUPA)KEHOTO MPOTEKTUB-
HOTO e()eKTY, IO MPOSBISLIOCS B 3HWKCHHI KUTbKOCTI
HEKPOTUYHUX KIIITHH Y CIIEpMAaTOr€HHOMY EHITeNito.
3a pesynpraramu MTT-TecTy KOMOiHOBaHE BHKO-
puctannust @I i3 0,7 M miinepuHOM 3a0e3MedyBaIo
Hailikpamie 30epekeHHs MeTa0oNiYyHOI AKTHBHOCTI
KJIITHH CIM SHUX KaHAJBIIB CTaT€BOHE3PUIUX IIy-
piB 3 YCIX JOCHTIKEHUX BapiaHTiB cepempoBuil. Cxo-
’Ka TCHJICHIISI CIIOcTepiraiacs MI00 PiBHS 3araib-
Hoi akTuBHOCTI JI/ITI.

CydJacHi po3poOKH IHHOBAIIIHHUX OiomarepiajiB
BHECITM 3HAYHWHA BHECOK Yy PO3BUTOK PETPOAYK-
TUBHOI MEIUIMHHU, OCOONMBO B aclekTi 30epekeH-
Hs1 eprunbHocTi. Hanpuknan, ®I' 3aBasku cBoiit
OionoriuHiii mpuponi 3a0e3neyye ONTHMANbHY Mif-
TPUMKY ajiresii, mpomidepauii, nudepeHIitoBaHHI
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of the highest value when 0.7 M glycerol with FG
was used (it exceeded the negative control by
2.2 times). For all the cryopreserved specimens ana-
lyzed, LDH activity was significantly lower than
intact control.

The analysis of the data shows that the metabolic
activity after freezing-thawing in all tested samples
of seminiferous tubules of immature rats decreased if
compared to intact controls, but significantly exceeded
the value of negative control. It should be noted that
the use of FG in combination with 0.7 M glycerol
was the most optimal among all the investigated
combinations of biopolymers and cryoprotectants. In
this case, the degree of retraction of the spermatogenic
epithelium cells decreased, the amount and size of
the spherical cavities inside epithelium decreased in
comparison with the combination of 0.7 M glycerol
and BSA. Unlike collagen, the fibrin gel provided
a more pronounced protective effect, which was
manifested in reducing the number of necrotic cells
in the spermatogenic epithelium. According to the
results of the MTT test, the combined use of FG with
0.7 M glycerol provided the highest preservation of
metabolic activity of the seminiferous tubule cells
of immature rats among all the investigated variants
of the media. A similar tendency was observed
regarding the level of total activity of LDH.
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Ta OloxiMiuHOI curHamizamii KiIiTHH. BiH Bukopu-
CTOBYETBCS IJISl iHKarcCymAaUii ¢parMeHTiB wimicHOT
TKaHWHU a00 130JIbOBAHHUX KJIITHH, IS IiITPUMKH
iX 3D-CTpyKTypH, a TakoXK JJIsT BUBUCHHS O10JI0Ti4-
HUX SIBHIII, K1 Oyii 6 HemoxwBi B 2D-cructemax [7].
Baxmuo Bim3Haunth, mo PI° MoKHA 3MIITyBaTH 3
pi3HEMHU (haKTOpaMH POCTY Ta aHTiOreHe3y, sIKi MO-
KyTh OyTH TOCTaBJIeHI KOHTPOJIHOBAHUM BHUBUTEHCH-
HAM IS CTUMYJIAIIT HEOQHTIOTeHE3y 1 3MEHIIICHHS
TIMOKCUYHOTO TOIIKO/DKCHHS Y BUMAAKY OC3CY/IMH-
HUX TpaHCIUIaHTallild. Pe3ynsratu eKcIieprMEHTIB
in vitro nokazanu, mwo ®I" BracTuBI HE3HAYHE TIPHT-
HiueHHs mpoiidepanii GpidpobdnacTiB Ta CTUMYIIOIO-
YUl BIUIMB Ha CUHTE3 Kojiareny [19, 28].

Pesynbratn Hammx JOCIHIPKEHb MOKAa3aiH, IO
@I Ta mIiepuH y Mporeci KpioKOHCEPBYBaHHS Ma-
[OTh aIUTUBHY €(PEKTUBHICTH 3aBISKH PI3HUM Me-
xaHi3MaM Kkpio3zaxucHoi xii. Ilig wac mTOBUTEHOTO
OXOJIOJDKCHHSI €JIEMEHTH TECTHKYIAPHOI TKaHWHHU
MOIIKOKYIOTBCSI K BHYTPIITHBOKIITHHHAMH KPH-
CTaJlaMd JIbOAY, TaK 1 KpUCTalaMu JIOAY, YTBOpE-
HUMHU B EKCTpAISMIONSIpHOMY IpocTtopi. [minepuH,
IO € eHAOLENIONSIPHAM KpPiOIPOTEKTOPOM, MPOHH-
Kalo4l BCEPEIVHY KIITHUH, 3HWKYE IHTCHCHBHICTBH
MPOIIECiB KpUCTaJIi3alii, 3MIIIyI04H iX y 30HY OiIbII
HU3BKUX Temrepatyp. biomomimepn uepes cBoIo Be-
JIUKY MOJEKYISpPHY Macy HE€ MOXYTh MPOHUKHYTH
BcepeauHy KmituH. [IpoTte iX BUKOpHUCTAaHHS Y SKOCTI
OCHOBH [UIS KPi3aXHCHHUX CEPEIOBHUIIN O0OYMOBJIECHO
3IaTHICTIO 3MEHIITYBaTH KUIBKICTh «BLTBHOI» BOIU B
EKCTPAICITIONIIPHOMY TIPOCTOpi, sKa Oepe ydJacTh
B YTBOPEHHI KPHCTAJIB JHOMIY, IO y CBOIO UEPTy
CIIpHSIE TMIABUIIICHHIO CTIMKOCTI TKAaHWHH IO TIEPEo-
xono/mkeHHs [4, 16]. Jlo Toro » BiZioMo, IO O/HIEIO
3 XapakTepHUX 0COONMBOCTEH PO34MHIB OiomomiMe-
piB € BHCOKa iX B’SI3KIiCTh, sIKa OOCPHEHO 3aJICKUTh
BiJ Temmeparypu. Tomy Oiomonimepu y Gopmi reiro
3/IaTHI BILUTUBATH Ha IPOIECH KPUCTAIOYTBOPCHHS,
CHpUSIOYN (POPMYBaHHIO APIOHOKPUCTATIYHOTO JIHO-
Iy 1 TAKAM YMHOM 3MEHIITYIOUH HOTO MEXaHIuHY JTif0
Ha 01000°ekT. Taka BIIacTHUBICTH TEIiB OOyMOBIICHA
30UTBIIIEHHSAM B’ SI3KOCTI CEPEIOBUIIIA, IO TTEPETIIKO -
’Kae IHTEHCUBHOMY YTBOPEHHIO IIEHTPIB KPUCTaTi3a-
Iii Ta TaIbMYy€ PiCT KPHUCTAJIIB 0Ly B 00 emi [1].

TakuM YwHOM, I KpiOKOHCEpBYBaHHS (par-
MEHTIB CiM’STHHX KaHaJbIiB CTAaTEBOHE3PLIUX LIypiB
MO)KHA BUKOPUCTOBYBaTH 0araTOKOMITIOHEHTHI cepe-
JIOBHIIA, B IKUX K1acnyHuil po3unH BCA 3aMiHIOETH-
cs Ha OiomonimMepHi remi. OOOB’SI3KOBOIO YMOBOIO,
sKa 3a0e3neyye €(QEeKTHBHICTb KPiOKOHCEPBYBaHHS,
€ HasBHICTh y ckiaai rux cepenosuiy JJMCO abo
mrinepuHy. Panime Oyimo moka3aHo, o BUCOKOMOJIIe-
KYJISIpHI TIOJIIMEPH TEMOHCTPYIOTh BUCOKI KOTE3WBHI
BJIACTUBOCTI, @ OT)KC YHWHATH NMPOTEKTOPHY Iif0 Ha
OloyoriuHi 00’€KTH, 3HKYIOUH 30BHIITHI KOHIICHT-
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Innovative biomaterials have significantly contri-
buted to the development of reproductive medicine,
especially in the aspect of fertility maintaining. For
example, because of its biological nature, the FG
provides an optimal support for adhesion, prolifera-
tion, differentiation and biochemical signaling of
cells. It is used to encapsulate the fragments of
integral tissue or single cells to support their 3D
structure, as well as to study biological phenomena
that would not be possible in 2D systems [6]. It is
important to note that FG can be mixed with diffe-
rent growth and angiogenesis factors that can be
released in a controlled way to stimulate neo-
angiogenesis and reduce hypoxic lesions in non-
vascular transplants. The results of in vitro expe-
riments showed that FG had a slight inhibitory
effect on proliferation of fibroblasts and stimulated
the collagen synthesis [19, 28].

The results of our studies have shown that FG
and glycerol during cryopreservation have an ad-
ditive effect due to different mechanisms of cryo-
protective action. During slow cooling, the elements
of the testicular tissue are damaged by intracellu-
lar ice crystals and the ones formed in an extra-
cellular space. Glycerol, which is an endocellular
cryoprotectant, penetrating into cells reduces the
intensity of the crystallization processes, shifting
them to a zone of lower temperatures. Because of
their large molecular mass, biopolymers are not
able to penetrate into cells. However, their use as a
basis for cryoprotective media is due to the ability
to reduce the amount of ‘free’ water in an extracel-
lular space that participates in the formation of ice
crystals, which in turn contributes to an increased
tissue resistance to cooling [1, 16]. In addition, it is
known that one of the features of biopolymer solu-
tions is their high viscosity, reciprocally depen-
dent on temperature. Therefore, biopolymers as gels
can affect the crystal formation, contributing to the
appearance of smaller ice crystals and thus reducing
its mechanical action on biological object. Such
a property of gels is stipulated with an increase
in the viscosity of the medium, which impedes the
intensive formation of crystallization nuclei and
inhibits the growth of ice crystals in volume [2].

Thus, for the cryopreservation of seminiferous
tubule fragments of the immature rats, it is pos-
sible to use multicomponent media in which the
traditional BSA solution is replaced by biopolymer
gels. A prerequisite for ensuring the effectiveness
of cryopreservation is the presence of DMSO or
glycerol. Previously, it was shown that the high
molecular weight polymers exhibited high cohesive
properties, and therefore have a protective impact
on biological objects, reducing the extracellular
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pauii coii aHaJIOTiYHO HU3BKOMOJEKYISPHHM Kpio-
nporektopam [11, 22]. R.J. Williams [26] Bucio-
BUB JYMKY, IO Kpio3axucHa e(peKTUBHICTh MOTIMEPiB
TIOJIATAE B 1X 3MaTHOCTI 3MiHIOBaTH (Di3U9HI BIIACTH-
BOCTI PO3YHMHIB TiJ 9ac OXOJOKCHHS, a He 0e3Io-
CepemHbO 3axXWINaTH 1 3MIHIOBAaTH XapaKTEPUCTHUKH
KJIITHHHOI MeMOpaHu. MoxHa TPHUIYCTUTH, MO OT-
pYUMaHi B HaIlii poOOTi pe3yabTaTH MOSCHIOIOTHCS
TUM (haKTOM, IO B MPOLIECI OXOJOHKEHHS 3 MMOBILIb-
HUMH IIBUAKOCTSIMH BHCOKA B’SA3KICTh TOCIIIKECHUX
rejiB crpustia 4YacTkoBii (abo mMOBHIM) BiTpui-
Kallii MO3aKIITHHHOTO CEPeIOBHINa B 3pa3kax. [Ipo-
T€ MEXaHi3M KPHO3aXHCHOI Jii BHKOpHUCTaHUX Oio-
MOJIMEPHUX TeJIiB HEAOCTaTHHO BUBUEHO Ta MOTpe-
Oy€ MoJaJIbIIOr0 BUBYEHHS, L0 € IIEPCIIEKTHUBOIO JIs
HaIMX MaOyTHIX JOCIiIKCHb.

BucHoBku

3acTocyBaHHs OlOMONIMEPHUX TEINIB SIK CKJIAIOBOI
Kpi03aXHUCHUX CEPEIOBHUII] JO3BOJISIE 30eperTH TiCTO-
CTPYKTYpYy Ta MeTabOIYHy aKTHBHICTH KIIITHH CITEp-
MaTOTeHHOTO CMIiTelNil0 KPIKOHCEPBOBAHUX CIM’STHUX
KaHaJIBI[IB CTaTeBOHE3PUINX IIypiB. Pe3ynpraTu ana-
i3y TIOKAa3HHKIB KUTTE3ATHOCTI, 3arajJbHOI aKTHB-
Hocti JIAI, MTT-tecty Ta rictoMmop(oMeTpuyHuX
JOCTIPKEHE CB1IUaTh, 10 HAKOIIBII ONTUMAILHUIM 3
yCiX TOCITIHPKEHUX KOMOiHaIlii 6iomoiMepiB Ta Kpio-
MIPOTEKTOPIB € noeaHaHHsA (ioprHOBOrO refo 3 0,7 M
rrinepuHoM. OTpuMaHi pe3ylbTaTH MOXYTh OyTH
BHKOPHCTaHI A1 pO3p0O0KH €(pEKTUBHHUX MTPOTOKOIIB
KpIOKOHCEPBYBaHHS CiM’SHHX KaHAJIBIIIB 3 METOIO
TTOAJIBINOI ayTOTPAHCINIAHTAIlIT IS iHIIiaMl crep-
MaToTreHe3y.
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salt concentrations similar to low molecular weight
cryoprotectants [10, 22]. R.J. Williams [26] noted
that the cryoprotective efficiency of polymers con-
sisted in their ability to change the physical proper-
ties of solutions during cooling, but not to directly
protect and change the characteristics of the cell
membrane. We can assume that our findings are
explained by the fact that during cooling with slow
rates, the high viscosity of the investigated gels
contributed to partial (or complete) vitrification of
an extracellular medium in the samples However,
the mechanism of cryoprotective action of the used
biopolymer gels has not been sufficiently studied
and needs further research, which is the prospect
of our next investigations.

Conclusions

The use of biopolymer gels as a component
of cryoprotective media enabled the preservation
of histological structure and metabolic activity of
spermatogenic epithelial cells of cryopreserved se-
miniferous tubules of immature rats. The results
of the analysis of viability, total activity of LDH,
MTT-test and histomorphometric studies indica-
ted that the combination of a 0.7 M glycerol with
fibrin gel was the most optimal among all studied
combinations of biopolymers and cryoprotectants.
The results obtained can be used to develop effec-
tive cryopreservation protocols for seminiferous
tubules with the aim of further autotransplanta-
tion to initiate spermatogenesis.
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