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Pedepat: OgHMM i3 cyyacHMX HanpsaMKiB Meaunko-6ionoriyHMx 4ocnigXeHb € 3aCTOCyBaHHSA HOBITHIX BiomaTepianis i kpio-
BionoriyHix TexHonorin 3 metoto 36epexeHHss PepTUNbHOCTI, 0cobNMBO 3a HEOOXiAHOCTI NPOBEeAEHHS LUTOTOKCUYHOI Te-
panii. IcHytlo4i NpOTOKONM KPiOKOHCEPBYBAHHSA TECTUKYNSPHOI TKaHMHM NoTpebytoTh nodanbLloi onTUMi3auii Ta yaoCKOHaneH-
HA. Y po6oTi nmpoBeAeHO MOPiIBHAMbHY OUiHKY BnnuBy GiononimepiB (6Myaynii cMpoBaTKoOBUN anbOyMmiH, KonareHoBWUN i
ibpuHoBuMi reni) B kombiHauii 3 0,6 M gumetuncynegokcugom abo 0,7 M rniuepuHoMm Ha MopdodyHKLioOHaNbHI XxapakTe-
PUCTUKU CiM'SHUX KaHamnbLiB CTaTEBOHE3PINUX LLypiB MiCNsi KPiIOKOHCEPBYBAHHSA 3 BUKOPUCTAHHAM MOBINbHOT HEKOHTPO-
NbOBaHOI WBMAKOCTI oxonomxkeHHs 0o —70°C Bnpogorx 40 XB Ta HAaCTyMHMM 3aHYPEHHAM 3paskiB y pigkuin asot. Ha ocHoBi pe-
3ynbTaTiB aHanidy NokasHWKiB XXUTTE34ATHOCTI, 3aranbHOi akTUBHOCTI naktataerigporeHasn, MTT-TecTy Ta ricTomopdomeTpuy-
HUX JaHuXx (CTyniHb peTpakuii KniTUH, YyacToTa geckBamauii enitenito, KinNbKiCTb KMiTUH i3 KOHAEHCOBAHUM SiAPOM, HasiBHICTb
nedekTiB cnepMaToreHHoro Lapy) BCTAHOBIEHO, WO Hanbinbll onTUManbHUM i3 yCiX AOCnimXeHux koMbOiHauin Giononimepis
Ta KkpionpoTtekTopiB 0yno noegHaHHsA ¢ibpuHoBoro rento 3 0,7 M rniuepuHom. OTpUMaHi JaHi MOXYTb BUKOPUCTOBYBaTUCA AnS
06rpyHTyBaHHS Ta po3pobKkn edPeKkTUBHUX METOAUK KPIOKOHCEPBYBAHHSA CiM AHUX KaHanbLiB NIOAWHN 3 BUKOPUCTaHHAM Oio-
nonimepis.

Knro4yoBi cnoBa: ciM’siHi kKaHanbLs, cTaTeBOHe3pini Lypu, KpionpoTekTopu, Gudaunin cupoBaTKOBUIA anbbyMmiH, KonareHoBUI
renb, pibpnMHOBUIA renb.

Pecpepat: OgHMM 13 COBPEMEHHbIX HAanpaBreHnin Meanko-61Monornyecknx nccnegoBaHnii IBNSIETCA NPUMEHEHNE HOBENLLNX
brvomaTtepuranos U KpMOBMOMOrMYECKUX TEXHOMOIUIA C LieNbio COXpaHeHUs hepTUnbHOCTU, 0COBEHHO NpyM HEOBXOANMMOCTMN NPo-
BeAeHNs LMTOoTOoKCu4eckon Tepanuun. CyliecTBytoLwme NpoTOKOMbl KPMOKOHCEPBUPOBAHNSA TECTUKYNAPHON TKaHW HYXAalTcsa B
AanbHenwen onTummsaumm 1 ycoBeplueHCTBOBaHUN. B paboTe npoBeaeHa cpaBHUTENbHAs OLEHKa BIMSHUSA Guononumepos
(6bI4MIN CbIBOPOTOYHBIN anbbyMuH, KonnareHoBbl 1 PUbpuUHOBLIN renn) B kKombuHauum ¢ 0,6 M gumeTuncynbMoOKCMAOM Unn
0,7 M rnvuepvHOM Ha MOPdOMdYHKLMOHAmNbHbIE XapaKTEPUCTUKN CEMEHHbIX KaHamnbLeB HeMnonoBO3pesnbiX KpbIC NOCHe Kpuo-
KOHCEPBUPOBAHMS C UCMOMb30BaHNEM MeANEHHOW HEKOHTPONNPYeMON CKOpPOCTM oxnaxaeHusa go —70°C B TeyeHne 40 MUH 1
nocrneaywoLlero norpyxxeHuss oo6pasyoB B Xugkui as3oT. Ha ocHoBe pe3ynbTaToB aHanu3a nokasaTenen Xu3HecnocobHocTw,
obuwen akTMBHOCTU NakTataerngporeHasbl, MTT-Tecta u ructomopdomMeTpnYecKkmx nokasarenen (CTeneHb peTpakunm KneTok, vya-
cTOoTa AeckBamauuun 3nNUTENus, KOMMYeCTBO KIEeTOK C KOHOAEHCMPOBAHHbIM SAPOM, Hanuyum geddekToB cnepmaToreHHoro
CNos) yCTaHOBMEHO, YTO Hanbonee onTUManbHbLIM U3 BCEX UCCIe[0BaHHbIX KOMOMHaUMA 6MONONMMMEPOB U KPMONPOTEKTOPOB
6b1n0 coyetaHne umbpuHosoro rensa ¢ 0,7 M rmuuepuHom. lMonyvyeHHble AaHHbIEe MOTYT UCMOMb30BaTbCca Ans 060CHOBaHWS 1
pa3paboTku aPeKkTUBHBIX METOANK KPMOKOHCEPBMPOBAHNS CEMEHHbIX KaHamnbLeB YenoBeka ¢ NnpMMeHeHneM 6nononnmepos.

KnioueBble cnoBa: ceMeHHble KaHarbLia, HEMoroBo3pesible KPbIChl, KPMOMPOTEKTOPbI, ObIYMIA CbIBOPOTOYHBIN anbbymMuH, Konnare-
HOBBIV renb, PUBPVHOBBIV refb.

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 HampsSIMKOM Cy4acHUX OioTex-
HOJIOT1i € BUKOPHCTaHHS KPi0O10JIOTTYHUX PO3POOOK
y PENpONYKTHUBHIM MEAMLUHI, aHAPOJIOTii Ta riHe-
KOJIOTi1, 30KpeMa sl JIIKyBaHHS O€3IUTiIs, 3aXBO-
pIOBaHb CTAaTEBUX 3aJ103, & TAKOXK VI IPEHATAIBHOT
KOpEeKIlii aHoMaii po3BUTKY Tutona [2, 10, 23, 25].

Ha cporozni Bigomo z1Ba migxoau 00 HU3BKOTEM-
TepaTypHOTo 30epiraHHs TKAHWHA CiM’ STHUKIB: y BUT-
Al CycmeH3ii KITHH abo ¢parMeHTIiB TKaHUHHU
po3mipom Bix 6 10 80 MM [2]. BoHH € HOITEHUMHE
Ta Oe3abTepHATUBHUMU ISl 30€pEKECHHS QepThIIb-
HOCTI XBOPHX JOMY0OEepPTaTHOTO BiKY, KM MOKa3aHa
TOHAJOTOKCHYHA TEepalis, OCKUIbKH CIepMaToreHe3
y HUX 1€ HE PO3BUHEHHUHU. Y TaKuX BUIAKaX OCHOB-
HOI0O METOI0 Kpio30epekeHHsI TECTUKYISPHOI TKa-
HUHM € 1i MoJjaibllia ayTOreHHA TPAHCIUIAHTALLIS JTsT
iHimanii crepmarorenesy in vitro a6o in vivo [14,
27]. Kpim TOro, MepCrieKTHBHUM BBaXKA€ThCS BHKO-
pHUCTaHHS CEPMATO3011iB, OTPUMAHHUX LIJISIXOM KYJIb-
TUBYBaHHS TECTUKYJISIPHOI TKAaHUHH, U1 EKCTPAKOP-
ITOPAILHOTO 3aruTiTHeHHS [ 12].

st kpiokoHCEepBYBaHHS ()parMeHTiB HE3PiIol
TKaHUHU si€YKa 3a3BUYail 3aCTOCOBYIOTH IIPOIpaMHe
3aMOpPOKYBaHHSI 3 HU3bKHMHU IIBUAKOCTSMH OXO-
JopKeHHs. IcHye JeKiibka MPOTOKOMIB, SIKI mepe-
0a4aloTh BHUKOPHCTaHHS KPIOMPOTEKTOPIiB E€HMIO- 1
CK30IICJIFOJISIPHOTO THITIB Ta ix koMOiHamii [15, 17,
21]. Panime OyJa0 NPOAEMOHCTPOBAHO, IO JUME-
tuncynbhorens (JAMCO), akuii Mae HU3bKY MOJICKY-
JISIPHY Macy 1 IBUAKO IPOHUKAE B KIITUHU, O1IBIIOI0
MipOI0 MiHIMi3y€ KpiOYLIKOUKEHHS TECTHUKYJISIPHOT
TKaHWHU y KoHHeHTpauii 0,7 M 3a ymMOB mporpam-
HOTO 3aMOpOXYBaHHs MopiBHsHO 3 1,5 M 1,2-tipo-
nasgionoMm i 12% mminepuHOM, SIKi, TaK camMo fK i
AMCO, mupoko BUKOPUCTOBYIOTh y Cy4YaCHUX MPO-
TOKOJIaX KpiOKoHCepByBaHHs [15, 18].

Y norepeaHixX HAIIUX TOCTIDKEHHAX OYyJI0 BU3HA-
9eHO, 0 MOP(OJIOTIUHI TTapaMeTpyu Ta MeTadoid-
Ha AaKTHUBHICTH KIITHH CIM IHAX KaHAJBIIB CTa-
TEBOHE3PUINX WIypiB Micad iHKyOamii y po3dmHax
Kpi03aXMCHUX PEYOBUH 3aJIeKaTh BiJi KOHICHTpAIii
KpIOIPOTEKTOPIB Ta Yacy iX eKCIO3UIii y po3YHHaX.
Bcranosneno, mo 30-XBHIMHHA EKCIIO3UIIISI 3pa3KiB
TKaHUH Y CEepe/IOBUIIAX HAa OCHOBI PO3YMHY XEHK-
ca ta 50 r/n 6GMYa4oOro cUpOBATKOBOTO ANBOYMIHY 3
noaasanssM 0,6 M JIMCO a6o 0,7 M mninepuny He
BUKJIMKAJIa YIIKO/DKEHb CIIEPMATOTCHHOTO EIiTeNio
Ta HE 3HMWKyBaJla META0ONIIYHy aKTUBHICTb KIITHH
MOPIBHIHO 3 pO3YMHAMHU, siKi MicTuiau 50 1/71 momi-
etunenokeuy-400 ta 0,1 M caxaposu [24]. V mpo-
Leci KpiOKOHCEPBYBAHHS 1OJAaTKOBUMHM KOMIIOHEH-
TaMHU CEPEeJIOBHII, SKi 3MEHIIYIOTh CTYIIHB YIIKOI-
JKEHHS KITITHH, MOXYTh OyTH OiKoBi momimikm [13].
ITokazaHo, 0 BHUKOPHCTAHHSI (ETaTbHOI TEITIOl
CHUPOBATKH, OMIaI0T0 CHPOBATKOBOTO aThOyMiHY, 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, €. ¢., 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 CKIali Kpio3aXHUCHUX
CEPEIOBHII TiBHIIY€E KXUTTE3IATHICTh KIITHH ITiC-
751 3aMopoKyBaHHA-BiairpiBy [8, 13]. Cnig 3a3na-
YUTH, [0 JOAABAHHS J0 KPiO3aXMCHUX CEPEIOBHUIIL
KCEHOT€HHOI CHUPOBATKH MOXKE MPU3BOJUTU 10 KOH-
TamiHarii Bipycamu. OfHaK y OiJBIIOCTI iCHYIOYHX
IIPOTOKOJIIB KPIOKOHCEPBYBAaHHS TKaHUH CIM’STHUKIB
Y SIKOCTi OUTKOBO1 CKIJTaTOBOT 3aCTOCOBYIOTH CHPOBAT-
KoBUit anpOymiH [15, 21].

OpHuM 13 NUTSIXIB BUPIMIEHHS 3a3HAYeHOI MPOO-
JIEMH € BUKOPHCTaHHS aJITEPHATHBHOTO Marepiany —
OiomnomiMepiB, 30KpeMa KoJlareHoBoro Ta GpiopuHoBo-
O TeliiB, 0 He MaroTh IMyHOT'€HHHX BJIACTUBOCTEH
Ta MOXKYTh TiJyiaBatucs crepwiizaii. Tak, y 1990 p.
H.G. Koebe [16] noBigomMuB, 1110 KpiOKOHCEPBYBaH-
H$l TEMaTOIMTIB Y JBOLIAPOBOMY KOJIareHOBOMY HOCI{
3HAUHO MiABHUILY€E iX (DYHKLIOHAJIbHY AKTHBHICTb.
VY nocmimxennsix A.L. Allenspach [4] noka3ano, o
PO3MOII BOIU 1 CTPYKTypa KPHCTANIB JILOAY y KO-
JIATEHOBOMY Telli 3aJIeXkaTh BiJl HOTO CKIIAMY i MIBU-
KOCTI 3aMOPOKYBaHHS.

Ha cporomui B pereHeparuBHii MemuiiuHi (id-
PUHOBI TeJi MIMPOKO BHUKOPHUCTOBYETHCS SIK albTep-
HaTuBa KOJAreHOBMM. Tak, MpPOLYKTH, OACpKaHi 3
ayTOJIOTIYHOI KPOBi, 3aCTOCOBYIOTH JIJISl BiTHOBJICHHS
TTOTITKO/KEHUX TKaHUH Ta opraHiB. OIHIEI0 3 BAXKIIN-
BUX BIIACTUBOCTEH (IOPHHOBOTO TeI0 € 3/IATHICTh
JI0 KOHTPOJIBOBAHOTO PO3MaJly Ta caMoOpraHizaiii B
noJiiMepHy cuctemy. J1o Toro s ¢hiOpUHOBHIA TeJlb, SIK
i 1HII1 MOX1HI KpOBi (CHpOBarKa, 1mia3Ma), MiCTUTb
BEJIMKY KiJIBKICTh Pi3HUX PEUOBHH 13 MPOTEKTOPHOIO
JI€10 B TIpoLIeci KpiOKOHCEPBYBaHHSI.

TakuM YMHOM, Kpi03axHCHE CEPEAOBHILE 3 J0a-
BaHH;M OIOTOJIIMEPHHX TeNiB MOXKE BHUSBHTH MPOTEK-
TOPHY [Iif0 Ta BIUIMBATU HA CTPYKTYPY JIbOY, SIKUH yT-
BOPIOETBCSL Ha €Talax OXOJOKEHHS, a OTXe, 1 Ha
KIHLEBUH pe3ysnbTaT KPiOKOHCEPBYBAHHS TKaHHWHHU.
Onnak e(eKTHBHICTh 3aCTOCYBAaHHS KOJIAar€HOBOTO
Ta (hiOpUHOBOTO TENIB /7S KPIOKOHCEPBYBAaHHS TKa-
HUH a00 KJIITUH CiM’SHUKIB Ha CbOTOAHI Maibke He
JOCHIKEHO.

Merta poboTH — IpOBEICHHS MOPIBHAIBHOTO J0C-
JJUKEHHS BIUMBY OiomosiMepiB (Omua4mii cupoBar-
KOBHI anbOyMiH, (iOpUHOBHII Ta KOJAarcHOBWII Teii)
Ha MOp(hODYHKIIIOHATBHI XapaKTEPUCTUKH CiM’SIHUX
KaHAJBIIIB IIIypiB MICIsl KPIOKOHCEPBYBAHHS 3 TIOBLJIb-
HOIO HEKOHTPOJIbOBAHOKO IIBUKICTIO OXOJOKEHHSL.

Marepiajau Ta MeTOIH

VYei MaHimymALii 3 TBaApUHAMK TPOBOIMIIH 3T1IHO
3 MDKHAPOIHUMH Oi0€THYHUMHU HOpPMaMH, 3aKOHO-
JaBYMMHU JTOKYMEHTaMM YKpaiHu, marepianamu [V
€Bponeiicbkoi KOHBEHLIT 3 3aXMCTy XpeOSTHUX TBa-
PHH, SIKI BUKOPUCTOBYIOTHCS AJISI €KCIEPHUMEHTAJIb-
HUX Ta IHIINX HAyKOBHX IIije [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. €. 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 OioeTuku [HCTHTYTY mpobnem kpioOiosorii
1 kpiomenuuuan HAH Vipainu (Ne2014-02). Po6o-
Ty BUKOHYBaJM HA CTaTEBOHE3PUIMX IIypax-CaMLisixX
(n=50) macoro (50 £ 15) r i BikoM 7—8 THxkHIB [5].

CiM’siH1 KaHAJBIIS OTPUMYBAJIH 3 000X CiM’SHUKIB
IIypiB MEXaHIYHUM IUTSIXOM. 3 OJIep:KaHOTO Marepia-
Iy IS TONANbIIUX JOCHIDKEHh POOWIIM HaBICKH
Macoro (75 + 3) mr i po3mipamu Big 6 10 8 Mm>.

KpiozaxucHi po3unHU BUTOTOBIISLTH €X tempore Ha
OCHOBI OiorosimMepiB:

1) Ouyadyoro cupoBarkoBoro aynbOyminy (BCA)
(«PAA», ABcTpis)), SIKMii BUKOPUCTOBYBAlM y KOH-
uenrtpauii 50 r/n y pozunni Xenkca («PAA»);

2) xomarenoBoro reiro (KI'), sikwii oTpumMyBamu
13 CyXOXHJIb XBOCTIB LIypiB 32 CTaHAAPTHOIO METO-
nukoto [6]. 3nauenus pH moBogunu 10 HEHTpanIbHO-
ro 3a ponomororo 0,34N pozunny NaOH;

3) ¢iopunoBoro remo (PI), mo BuaLILH 3i
CBIXOI ayTOJIOTIYHOI KPOBI TBapWH, SKy 3a0upain
3 cepieBoi BeHH B 00’emi 5—7 i Ta neHTpudyry-
Banu mpotsaroM 12 xB 3i mBuakictio 1500g. Ilicms
eHTpU(YTyBaHHS OTPUMYBAJIN TPU (PPaKITii Kpo-
Bi: HIDKHIO — €PUTPOIUTApHA Maca; BEPXHIO — Oif-
Ha TpOMOOIMTAMHU TIJIa3Ma; CePeaHIO — 30aradeHui
TpoMOorTamMy (hiOpUHOBHI Telb. 3pa3Ku KPOBi 3 03-
HaKaMH T'eMOJIi3y B €KCIIEPHUMEHTI HE BUKOPHUCTOBY-
BaJIH.

CxeMy NpOBe/ICHHS SKCIIEPUMEHTY HaBEICHO Ha
puc. 1. 1o cepenosu kpiokoHcepByBanHs (BCA, KT,
@I') nonasamun JJMCO («IlanExo», Pocist) abo ri-
uepuH («Dow Chemicaly, Himeyunna) y kiHIeBux
koHreHTpamisx 0,6 M ta 0,7 M BiamoBigHo. 3pas-
K1 OyJI0 pO3MOIAUIEHO Ha €KCIIEPUMEHTANbHI TPYIH:
BCA; BCA + 0,6 M JIMCO; BCA + 0,7 M miitiepus;
KT; KI" + 0,6 M JIMCO; KT + 0,7 M minepun; @I
o'+ 0,6 M IMCO; @I" + 0,7 M TiminepuH Ta Tpynu
MTOPIBHSHHS: IHTAKTHUH KOHTPOJH (CBIXKO1307H0BaHI
(parMeHTH CiM’SHHUX KaHAIBIB IIypiB) Ta Hera-
TUBHHUHA KOHTPOIb (PparMeHTH CiM’ SHHUX KaHAIBIIIB
IIypiB, SIKi KPIOKOHCEPBYBAIH y pO3UUHI XEHKCa).

Yac excmo3umii ciM’SHHUX KaHAJbLIB IIypiB Y
cepenoBuiiax ckiaaas 30 xB npu Temmepatypi 4°C
13 MOJANBIINM OXOJIOMKeHHsIM. OTpUMaHi 3pa3Ku
(5 wt.) momimanu y kpionpoOipku 06’emom 1,8 mi
(«Nuncy», CIHA) 3 BiANOBIIHUMH KpiO3aXUCHU-
Mu cepenosumamu (1,5 mi). Y BUmagkax 3acTocy-
Banus KI' ta ®I' ¢parmentu posramioByBajucs B
KpioaMmynax BUJIbHO 3 MPOMDKKaMH NMPUOTU3HUM
po3mipoM 1-2 MM. 3pasKu OXOJOMXKYBAIHd B Iapax
piakoro azory 1o —70°C i3 HEKOHTPOJIBOBAHOIO IITBH/I-
KicTro Bpoaosxk 40 XB, mam iX MepeHOCHIN y pif-
kit a3or (—196°C). 3paskum 30epiranm B yMoOBax
KpiobaHKy mpotsroMm Micsi. KpionpoOipku Bimi-
rpiBaym Ha BomsHiK Oani mpu 40°C 1m0 TOSIBH pifl-
ko1 (a3u, mani i3 3pa3KiB BUOASUTH 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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(Hanks solution)
v v v
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I 7 :
3aMopoxXyBaHHS
Freezing
Bigirpis
Thawing
v v
OuiHka pesynbrartis
Results evaluation
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YKutTteapatHicTb (TpYNaHoBWIA CUHIN) [ictromopdomMeTpU4HMIN aHani3 MTT-tecT AkTtusHicte NOC
Viability (Trypan blue) Histomorphometric analysis MTT-test LDH activity

Puc. 1. Cxema ekcnepumeHTy.
Fig. 1. Experimental scheme.

[UIIXOM TPHOXETAITHOI 3MIHM CEPEIOBHINA KPIOKOH-
CEPBYBAHHsI HA PO3UYMH XEHKCA.

JKurresmarHicTh KIIITUH BH3HAYald 3a METOLOM
CYIIPaBITAIILHOTO 3a0apBJCHHS TPHUIIAHOBUM CHHIM
y TOMOT€HaTaX, SIKi OTPUMYBaJIl MEXaHIYHUM IILIsI-
XOM 13 HACTYIMHHM IPOIYCKaHHAM CyCHeH3il Kpi3b
HeloHoBui GineTp [3].

3pa3ku 7S TICTOJOTIYHOTO MOCIiHKEHHS (BiKCy-
Banu B 10%-my po3uuni ¢opmainiHy Ta micis 3He-
BOJIHEHHS 1 00€3)KMPIOBaHHS B all€TOHAX Ta CIIHPTaxX
HapOCTaIO40i KOHIICHTpAIii 3aauBaid mapadiHoM.
OTpuUMyBaJIH TiCTOJIOTIUHI 3pPi3U TOBIIMHOIO 7 MKM,
sKi 3a0apBIIOBa TEMAaTOKCHJIIHOM 1 €03WHOM Ta
JOCII/DKYyBaiM Ha Mikpockori Axio Observer Z1
(Carl Zeiss, Himeuunna). [IpoBoanim 3aranbHy OIiH-
Ky TICTOJIOTIYHO CTPYKTYpH CIM’SHHUX KaHAaJbIliB
LIypiB, OL[IHIOBAJIM CTYIiHb PETPAKIii KIITHH, 4aCTO-
Ty JeCKBaMallil emiTesito, BU3HAYAIN KIJTbKICTh KITi-
TUH 13 KOHJICHCOBAaHUMH SJIpaMH Ta HAsSBHICTh Jic-
(bekTiB ciepMaroreHHoro mapy (puc. 2).

3aranpHy akTUBHICTH JtakTarnerigporenasu (JII)
y 3pa3Kax CiM’SHUX KaHaIbLiB LIypiB Micis 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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KOHCEpPBYBaHHsI BHMIpIOBaJM 3a JOMOMOIOI0 TECT-
Habopy peaktusiB «JIAI» («PimiciT-[AiarHocTrkay,
Vkpaina). [ns mpoBeOeHHS TEeCTy 3pa3KH TKaHUH
TOMOTEHI3yBaIl 3 HACTYIHHMM S-XBHJIMHHUM ILCHT-
pudyrysarsam (1000g). OnTHYHY MTBHICTE Y CyTIep-
HaTaHTI BH3Ha4YalW Ha (POTOENEKTPOKAIOPUMETPI
«KDK-2-YXJI42» (BAT «3aropchkuii ONTHKO-Me-
XaHIYHUHA 3aBomy, Pocitickka ®epeparis) MpH TOB-
*kuHi XBrIi 365 M. AxtuBHICTE JI/II” po3paxoByBamu
3a IHCTPYKIII€IO.

Jns BU3HAYEHHS METa0OJIIYHOI aKTUBHOCTI KITi-
TrH BukopuctoByBanu MTT-tect [20]. s itoro mpo-
BEJICHHS 3pa3KH CiM’SHUX KaHaJbLIB IIypiB MiCis
KpIOKOHCEPBYBaHHSI TIEPEHOCHIN B 1| MJI cepeloBH-
ma XeHkca, B sike BHocuau 1o 0,5 mut pozunny MTT
y koHueHrpauii 5 mr/mi. Yepe3 3 roaunu inkyOamii
(5% CO,, 37°C) cepenoBuIle MOBHICTIO BUAAISIH
1 PO3YMHIOBAIM yTBOpPEeHHU (hopMazaH HOaBaHHSIM
JAMCO (1 mm/3pa3ok) i3 HacTymHEM 1 0-XBUITUHHUM
neatpudyryBanasaMm (1500g). OnthyHy OIIBHICTH
po3unHy (opMaszaHy B cynepHaTaHTI BHUMIiPIOBAIH
Ha (oToenekTpokaopumeTpi «KOK-2-YXJ142» nmpu
JOBXUHI XBUil 540 HM.

HopmasbHicTh po3Mojiyly KUIbKICHUX O3HAK BU3-
Hayalld 3a CHUIBHUM KpPUTEpIEM IMEPeBIpKH HA CH-
METPUYHICTh 1 HYJIBOBUM KOC(IIIEHTOM EKCIIECY.
3a yMOB HOPMaJIBHOTO PO3IOAINY 3MIHHHUX 3Hady-
LIiCTh BiAMIHHOCTEH MiX TpylaMd OLIHIOBAJIH 3a
t-kputepiem CTbIOAEHTa 3 BHUKOPHCTAaHHSM CTaTu-
CTUYHHMX MapaMeTpiB: M — cepenHe; M — cTaHAapTHA
MTOMUJIKA CEPEAHBOTr0; N — 00CST aHAII30BaHOI TPYIIH;
p — piBeHb 3Hauymiocti (p < 0,05). lns anamnizy na-
HUX BHKOPHCTOBYBAJM HakeTH mporpam «Microsoft
Excel» («Microsoft», CIIIA) Ta «Statistika 8» («Stat-
softy, CIIIA).

Pe3yabTaTu T2 00roBOpeHHA

Pesynbrati BUBYCHHS TiCTOJIOTIYHUX IperapaTiB
MOKa3aly, L0 CiM’sHI KaHalbIlsl CTATEBOHE3PLINX
LIypiB 1HTAaKTHOI TPYNH Ha 3pi3aX Maju OKpYyIIy
abo oBaynbHy (hopmy (puc. 3, A). YcepenuHi cim’s-
HUX KaHAJbBIIB Ha 0Oa3ajbHiii MeMOpaHi B JICKUJIbKa
HIapiB po3TaIOBYBaBCs CIIEPMATOTCHHHH emiTelil,
TepPMIHOTEHHI KJIITHHH SKOTO 3HAXOAMJIMCS Ha PI3HUX
CTaisIX pPO3BHUTKY. Y 30BHIIIHROMY 0a3aibHOMY Iapi
Bi3yaTi3yBajucs CIIEpMaTOTOHIi — OKPYIJIi KIITHHH 3
TINepXpOMHUM SIAPOM i TOHKHM OO1JIKOM ITUTOILIA3-
MU. Y BHYTPIIIHBOMY aJUTIOMiHAJIBHOMY Imapi B
JEeKiTbKa PSAAIB PO3TAIIOBYBAINCS CIIEPMATOIUTH —
KJITHHH 3 BEJIMKUM SIAPOM 1 IIHPOKUM OOITKOM ITH-
TOILTa3MHU.

KpiokoHcepByBaHHS CiM’SHUX KaHAJBIB HIypiB
0e3 Kp1ompOTEKTOPiB (HEraTUBHUI KOHTPOJIb) BUKIJIH-
KaJo Tpy0i ricTOCTPYKTYpHI mopyuieHHs (puc. 3, B).
Bin0yBanacst pi3ka peTpakilis KIITHH CliepMaToreH-
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Puc. 2. OuiHka ricTonoriyHoi CTPYKTypy CrnepMaToreHHOro
enitenito CiM’AHNX KaHanbLiB cTaTeBOHe3pInux wypis. R —
peTpakuia knituH, D — geckBamadis enitenito, N — KOHAEH-
cauis aaep, 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. Civ’aHi kaHanbUsi CTaTeBOHE3PINMX LLYypiB MNiCns KpioKOHCepByBaHHA: A — iHTaKkTHa TkaHwHa; B — HeratuBHui
koHTponk; C — 0,6 M AMCO + BCA; D — 0,7 M riuepwuH + BCA; E — 0,6 M IMCO + KTI'; F — 0,7M miuepuH + KI';; G— 0,6 M
OMCO + &I; H- 0,7 M miuepuH + @I Mikpodborpadisi, 3abapBrneHHs reMaToKCUNiHOM Ta €031HOM.

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 eMiTelNilo 3 YTBOPEeHHsIM LiinuH. Bei sapa kii-
TUH HaOyBanmu OKpymioi GopmH, a XapaKTepHa Ui
CIEPMAaTOTEHHOTO IIapy 30HAJBHICTH Oyia BiACYTHSI.
VY samgpax 67% KIITHH CHIOCTEpirajivcs SBUINA ITiK-
HO3y. JleckBamallis emiTelnito, y TOMy YUCHi TOTalb-
Ha, Bu3Hayajgacsd B 30% mociiukeHnX KaHaJIbIiB. Y
JMaHii Tpym TperapariB BUSABISIINACSA Ne()EeKTH OK-
pymioi dopmu, siki Manu po3mip 7,5-30 MKM Ta WiTKi
PpiBHI KOHTYPH.

VY 3pa3kax ciM’SHUX KaHAJbBIIB CTaTEBOHE3PLINX
LIypiB Micis KPIOKOHCEPBYBAaHHS B CEPEIOBHUIIAX HA
ocHOBI po3unHy XeHkca 3 BCA 3HWKyBaBcs CTYIIHbD
peTpakiii Ta jJecKBamailii KJIITHH CIIePMAaTOr¢HHO-
IO eMiTeNi0 BIJIHOCHO HEraTUBHOTO KOHTpOJItO. [lei
edexT OyB OUIBII BUPAKEHUM y CEpeOBUILAX 13 J10-
nasanHsaM 0,7 M rminepuny, Hix 0,6 M IMCO. Kpim
TOr0, B 000X BUIaIKaX 3MEHLIYBAIUCS KiIBKICTH 1
po3Mip nedekris chepuunoi hopmu (puc. 3, C, D).

Cepenosuina Ha ocHoBi KI” Manu Oinpury npoTek-
TOPHY [i10, Hi’ po3unH XeHkca 3 BCA, mo nposisis-
JI0Ccs 3MEHLICHHSIM CTYIEHS peTpakiii Ta JecKBaMa-
1ii KIIITHH criepMaToreHHoro emirenito. [Ipore B mux
rpymnax TpenapaTiB MICISIMH BiI3Ha49amucs Qpar-
MEHTAIIiSI Ta BaKyOJTi3allis sSaep, a B EHTPaTbHIHN Ja-
CTHHI KaHAJBIB y PSAI BUIAIKIB Bi3yasli3yBamCs
TUISTHKH, OXOIUICHI Kapiomi3ucoM (HaOpsKIIi Ta cia-
003a0apBIIeHI TeMaTOKCHIIIHOM sijipa 0e3 YiTKUX KOH-
TypiB). AJle CiJi 3a3HAYUTH, IO BHPAKEHICTh IUX
sIBHI OyJTa MEHIIA Micisi KPIOKOHCepBYBaHHS CiM s
HMX KaHaNBIUB Mg 3axucToM kombinarii KI™ i3 0,7 M
rrinepuHoM (puc. 3, E, F).

3actocyBannst @I, nmoxiono KI, 3nmxkysano cry-
MiHb peTpakuii KIITUH CIEepPMaTOreHHOIo EMiTeIilo,
a TaKoX 3MEHIIYBaJIO KUIBKICTh 1 pO3Mip chepuaHnX
MOPOXKHUH B Horo ToBuii nopiBHsHO 3 BCA (puc. 3,
G, F). Cninx 3a3HauuTH, 0 Y CEPEIOBUIII Ha OCHOBI
@I i3 0,7 M myitiepuHOM BHSIBIISIBCS OLIBIII BHpaXKe-
HUN TpoTekTUBHUH edekr 6e3 (parmenTarii/miszicy
siIep KITTHH.

TakuM 9IHOM, KPiOKOHCEPBYBAHHS CiM’STHUX Ka-
HAJIBIIIB CTaTeBOHE3PiTNX mIypiB i3 0,7 M mineprHOM
ta BCA Mano OUThII BUpaKEeHY 3aXHCHY Hif0 Ha Oy-
JIOBY CIIEPMaTOT€HHOTO EMITEINiI0 MOPIBHSHO 3 3aCTOCY-
BauHsM 0,6 M JIMCO y kom0inarii 3 BCA. Y pa3si
BUKOPHCTAHHSI KPi03aXUCHHUX CEPEOBUII HA OCHOBI
@I ta KI' y 3paskax micis 3aMOpOKYBaHHSI-BIJIir-
PiBY 3MEHIIMJINCS CTYIiHb PETpaKiii Ta JecKkBaMa-
1ii, KiTBKICTH Ta po3Mip Je(eKTiB clepMaroreH-
HOTO eMiTeiI0 TOPIBHAHO 3 HETaTUBHUM KOHTPOJIEM.
Ho Toro x BeeaeHHs DI’ mepemko ka0 po3BUTKY
HEKpO3y KIITHUH CIIEPMATOTCHHOTO EITiTelNil0 (3MeH-
IICHHS KITBKOCTI MIKHOTHMYHHUX SJIep) MOPIBHSHO 3
HETaTHBHUM KOHTPOJIEM.

PesynbraTi OIliHKY JKATTE3MATHOCTI KIITHH CIIEp-
MaTOTEHHOTO EMITENiI0 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. €. 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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LiB (TeCT BKIJIIOYEHHS TPUIIAHOBOTO CHHBOTO) MiCHIs
KpIOKOHCEPBYBaHHS HaBeleHO Ha puc. 4. OTpumaHi
naHi cBimyare, mo Bukopuctanas 0,6 M JIMCO y
koMOiHarii 3 BCA a6o ®I' 30inpmryBano KilbKicTh
KIITUH 13 HEYIIKO[UKEHOI MEeMOpaHOK B 3pa3Kax
BimmoBimHO y 2,9 Ta 2,5 pa3u BiIHOCHO HETraTUBHOTO
KOHTPONIO. Y 3pa3kax, KPiOKOHCEPBOBAHMX IIiJ 3a-
xuctoM 0,7 M mminepuny ta BCA, KiTbKiCTh TaKUX
KIiTHH Oyna y 2,1 pa3za OinbIne, HiXK Y HETATHBHOMY
koHTpoJi. KpiokoHCEpBYBaHHS B CepeOBHUIII Ha OC-
HOBI @I 3 0,7 M TiminmeprHOM MiIBUIIYBAJIO JaHUH
MOKa3HUK B 3,2 pa3a BIAHOCHO HETaTUBHOTO KOH-
Tpomo. Y Bunanky Bukopuctanus KI' (3 JIMCO a6o
DTIIEPUHOM) TIOKAa3HHUK KHUTTE3ATHOCTI KIITHH OyB
3HAYYIIEC BUIIEC HETaTMBHOTO KOHTPOJIIO, OJHAK HE
JIOCSITaB 3HAY€Hb, OTPUMAHMX IiCIsSl 3aCTOCYBaHHS
BiJMOBIAHOTO KpioMpoTeKTopy y koMOinamii 3 bCA
abo OI. 3a pesynpraTamMu MOPIBHSIBHOI OLIHKHU TO-
Ka3HHKA XUTTE3JATHOCTI KIITHH Yy JOCHIIHUX Tpy-
rax BHSBIIEHO, 110 HAWBUIIE 3HA4YEHHsS OyJo B 3pa3-
Kax, KpiokoHcepBoBaHUX i3 0,7 M DIilepuHOM Y KOM-
Oinamii 3 ®I. OxHak HaBITh y IHOMY BUIAAKY BiH HE
JOCSITaB 3HAUYEHb IHTAKTHOTO KOHTPOITIO.

Pesymeratn MTT-Tecty (puc. 5) moka3amu, 1o B
3pa3kax, kpiokoHcepBoBanux i3 0,6 M JIMCO y xoMm-
6inarmii 3 BCA a6o 0,6 M JIMCO 3 @I, merabomiuna
aKTHUBHICTH OyJia BiamoBimHo Bume B 3,1 Ta 2,8 pasza
MOPIBHSIHO 3 HEraTMBHUM KOHTPOJIEM. 3a YMOBH 3a-
crocyBanns KI' 3 0,6 M IMCO nocniikyBaHui 1o-
Ka3HHK TEPEBUIIYBAB 3HAUCHHS 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. XXutTesgaTHicTb KMiTUH cnepMaToreHHOro enitenito CiM’aHUX KaHanbLiB LLypiB MiCns KpiokoHcepBYBaHHSA. M — rni-
LiepVH; CyLinbHa NiHis — NOKa3HWK iHTAKTHOTO KOHTPOSH; MNYHKTMPHA fiHis — MOKa3HWK HEraTMBHOMO KOHTPOMIO; * — Pi3HULA
3HauyLLla BiAHOCHO BiAMOBIAHOTO 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 akTVBHICTb (ONTWYHA LWiNBbHICTE PO34MHYy dopmasdaHy B MTT-TecTi) CiM'SHMX KaHanbLuiB nicns
KpiOKOHCepBYyBaHHSA. M — mMilepuH; CyuinbHa NiHIA — NOKa3HUK IHTAKTHOTO KOHTPOIIO; MYHKTMPHA MiHiA — MOKa3HWK He-

*

raTUBHOMO KOHTPOSHO;
n=>5).

— pi3HMUA 3HadYylla BiJHOCHO BiAMOBIAHOrO KpionpoTekTopy y kombiHauii 3 BCA (p < 0,05;

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 pa3a, onHak OyB B 1,7 pa3a HibK4Ye, HIX
y 3pa3Kax, KpiOKOHCepBOBaHUX Mix 3axuctom 0,6 M
JAMCO Ta BCA. V¥ 3pa3kax, KplOKOHCEpBOBaHHX ITiJ1
3axuctoMm 0,7 M mminepuny 3 BCA ta 0,7 M mine-
puny pazom 3 OI, pesynsrar MTT-tecty OyB Bif-
moBigHO B 3,2 Ta 3,6 pa3a BUIIE BiJIHOCHO HETaTHB-
HOTO KOHTpONO. J[aHWH MOKa3HUK y BUMAJIKY KOM-
6iramii KI" i3 0,7 M miinepuaoM OyB y 2,2 pa3a BHIIE
MTOPIBHSHO 13 3HAYCHHSIMH HETaTUBHOTO KOHTPOJIIO.
AHaJi3 1mokasas, mo BukopucTanss 0,7 M rminepuny
3 @I' a6o BCA mo3Bossie 30eperTd HaAWBHUII TTOKa3-
HHUKH MeTabomiuHoi aktuBHOCTI. [Ipote B ycix mo-
CJIIJKCHUX KPIOKOHCEPBOBAHUX 3pa3kax MeTadoJIiu-
Ha aKTUBHICTh KJIITUH 3aJIMIIATACS 3HAYYIIE HIKIO0
3a IHTAaKTHUIH KOHTPOJIb.

Pesynbrati mocmijyKeHHs! BIUIMBY KPiIOKOHCEPBY-
BaHHs Ha aktuBHicTh JI/[I" HaBeneno Ha puc. 6. B
yCiX KpIOKOHCEPBOBAaHUX 3pa3kax akTuBHicTh JII
Oyna Bumie HeratmBHOro kontpomo. Cepen ycix
KOMOiHaI# OiormoniMepiB i3 KpiOMPOTEKTOpaMu el
[MOKa3HUK MaB HAWBHWIIE 3HAYCHHS y BHIIJKy BHKO-
puctanns 0,7 M rninepuny 3 @I (BiH nepeBuIyBas
HEraTUBHUI KOHTpOIb B 2,2 pasza). B ycix mocmia-
JKEHHX KPIOKOHCEPBOBAaHWX 3pa3Kax 3arajbHa aK-
tuBHICTh JIJII' Oyna 3HadyIne HKYa 3a iHTAKTHUH
KOHTPOJIb.

AHaJi3 OTpUMaHMX NAaHWX CBIAYHUTH, IO METa-
0oTiuHa aKTUBHICTH TICIIS 3aMOPOKYBaHHA-BIAITPiBY
B yCIX JOCIIDKCHHX 3pa3Kax CiM’SIHMX KaHaJIbI[iB
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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 aktuBHicTb JIAI y CiM’'SSHUX KaHanbuAX CTaTeBOHE3PIinuX LWypiB Nicnsa KpiokoHcepByBaHHA. [N —
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* — pi3HMUS 3HaYyLla Bi4HOCHO BiANOBIAHOrO KpionpoTekTopy y koMbiHauii 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 IEpeBHIyBaia
3HAUEHHS HEraTMBHOTO KOHTpoito. Ciiif 3a3Ha4YMTH,
o Bukopuctanas @I y kom6inamii 3 0,7 M rire-
PUHOM BHSIBUIJIOCS HAWOUIBII ONTHUMAJIBHHUM 3 YCiX
JOCITIPKEHUX KOMOiHaIlii OiormoniMepiB Ta Kpiompo-
TEKTOpiB. Y I[bOMYy BWIIaJKy 3HIDKYBAaBCS CTYITiHb
peTpaKiii KJIITHH CIIepMaTOreHHOTO eIiTeNif0, 3MEeH-
ITYBaJIMCh KUTBKICTB 1 PO3MIip CepUIHUX TTOPOXKHUH
B H1OTO TOBIIII MTOPiBHSAHO 3 KoMOiHamiero 0,7 M miite-
puny Ta bCA. @i0puHOBHIA Telb Ha BiIMIHY Big KO-
JIAaT€HOBOTO Ha/1aBaB OlTBII BUPAKEHOTO MPOTEKTHB-
HOTO €(EeKTY, IO MPOSBIIUIOCS B 3HIDKEHH] KUTHKOCTI
HEKPOTUYHUX KIITHH Y CIIEPMATOr€HHOMY CHITEeJIifo.
3a pesynbraraMmu MTT-tecty KOMOIHOBaHE BHKO-
puctannas @I i3 0,7 M miinepuHoM 3a0e3meyyBajio
Halkpaie 30epeKeHHS MEeTa0ONIYHOI aKTUBHOCTI
KIITHH CiM’SHUX KaHaJbIiB CTAaTEBOHE3PUIMX UIy-
PiB 3 ycix JociiukeHuX BapiaHTiB cepenoBuil. Cxo-
JKa TEHJCHIIIS CIoCcTepiranacs moj0 PiBHS 3araib-
Hoi aktuBHOCTI JIJIT.

CyuacHi po3poOku iHHOBaLiiHUX OiomarepiaiiB
BHECITM 3HAYHWH BHECOK Yy PO3BUTOK PEMpOIyK-
TUBHOI METUIIHH, OCOOJIMBO B acleKTi 30epeeH-
Ha (epribHOCTI. Hanpuxman, @I 3aBasku cBOIH
OloyoriuHiit TIpupomi 3abe3edye ONTHMANBHY ITif-
TPUMKY azresii, mpomideparii, audepeHIiroBaHHS
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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 OioxiMiuHOI curHamizauii kmiTuH. BiH BuKOpH-
CTOBYETBHCSl JJIsl iHKancymsuii parMeHTiB IiTicHOT
TKaHUHU a00 130JbOBaHUX KIITHH, JJIS TIATPUMKH
ix 3D-CcTpyKTypH, a TaKoX IJisi BUBYCHHS O10JIOTiU-
HUX SBUII, gKi Oy 6 HemoxiuBi B 2D-cucremax [7].
BaxmmBo BimsHauwth, mo ®I" MoxkHa 3MinryBaTu 3
pi3HEMHU (haKTOpaMH POCTY Ta aHTiOTeHE3y, sIKi MO-
KyTh OyTH TOCTaBIIeHI KOHTPOIHOBAHNM BHUBUTEHCH-
HAM IJI CTUMYJIAIIi HEOaHTIOTeHe3y 1 3MEHIICHHS
TIIIOKCHYHOTO TOIIKO/PKEHHS y BUTIAJIKY O€3CyIHH-
HUX TpaHCIUIaHTaliid. Pe3ynpratu eKcrieprMeHTIB
in vitro nokasasnu, mo ®I" BIacTUBI HE3HAUHE TPHT-
HiueHHs mpoinidepanii GpidbpobmacTiB Ta CTUMYIIOO-
YUl BIUTMB Ha CHHTE3 Kojareny [19, 28].

Pesynbrati HammMx IOCHIKEHb IOKa3alld, IO
@I ta minepuH y npoueci KpioKOHCEepBYBaHHS Ma-
I0Th AJAUTUBHY €()EKTHBHICTh 3aBISIKH Pi3HUM Me-
xaHi3MaM Kpio3axuchoi naii. Ilig uac moBiTBHOTO
OXOJIO/IKCHHSI EJIEMEHTH TECTUKYJISIPHOI TKaHUHH
MOLIKO/UKYIOTBCSL SIK BHYTPIIIHBOKIITHHHUMHU KpU-
CTajlaMM JIbOAY, TaK 1 KpUCTajJaMHu JbOLY, yTBOpE-
HUMH B EKCTpaLeIIosipHOMY mpocTtopi. Iminepus,
IO € EHAOLEIONPHUM KPiOIPOTEKTOPOM, HPOHU-
Kaloud BCEPEIWHY KIITHH, 3HWKYE IHTCHCHBHICTH
MIPOIIECIB KpHUCTATI3aIlil, 3MIITYyIOUH iX Y 30HY OUTBIIT
HU3BKUX Temriepatryp. biomonimepu uepes cBoio Be-
JUKY MOJIEKYJISIPHY Macy He MOXYTb TIPOHUKHYTH
BcepennHy KiThH. [IpoTe iX BUKOpHCTAHHS y SIKOCTI
OCHOBH JIJIsl KPI3aXUCHUX CEpPEeNOBHI OOYMOBICHO
3JIaTHICTIO 3MEHIIIYBaTH KUJIbKICTh «BUILHOD» BOJH B
SKCTPALICIIONIIPHOMY TIPOCTOpi, sika Oepe ydacTh
B YTBOPEHHI KpPHUCTaliB JIbOAY, IO y CBOIO 4Yepry
CHpUsIE MiJBUIICHHIO CTIHKOCTI TKAHUHU JI0 MEPEO-
xono/keHHs [4, 16]. Jlo Toro  BiIoMO, IO OJIHI€IO
3 XapakTepHUX OCOONIMBOCTEH PO3uMHIB OiomomiMe-
piB € BHCOKa iX B’SI3KICTh, SIKa OOCPHEHO 3aJIC)KHUThH
Bix Temmieparypu. Tomy Oiomonimepu y dopmi reimto
3[0aTHI BIUIMBATH Ha INPOLECH KPUCTAJIOYTBOPEHHS,
CupusoYr GOPMYBaHHIO JPiOHOKPUCTANIYHOTO JIHO-
Iy 1 TAKMM YMHOM 3MEHIITYIOUX HOTO MEXaHIuHY JIif0
Ha 01000°ekT. Taka BIIacTUBICTH TeliB 00yMOBJICHA
30UTBIIIEHHSAM B’ SI3KOCTI CEPEIOBUIIA, IO TTEPETITKOI-
JKa€ IHTEHCHBHOMY YTBOPEHHIO IIEHTPIiB KpUCTai3a-
1ii Ta TaJIbMy€ PiCT KPUCTAIIB JILOAY B 00 emi [1].

Takum dYWHOM, JUIsT KpiOKOHCEpBYBaHHS (hpar-
MEHTIB CiM’STHUX KaHAJIbI[IB CTATEBOHE3PITUX LIypPiB
MOYXHa BUKOPHCTOBYBaTH 0araTOKOMIIOHEHTHI cepe-
JIOBUIIIA, B IKUX KJIacu4Hui po3unH BCA 3aMiHIOETh-
csi Ha OiomomimMepHi remi. OOOB’SI3KOBOIO YMOBOIO,
ska 3a0e3neuye e(EeKTHBHICTh KPIOKOHCEPBYBaHHS,
€ HasgBHICTh y ckuaai mux cepegosumy IMCO abo
rrinepuny. Paninre Oyno mokaszaHo, 10 BHCOKOMOJIe-
KYJISIpHI TIOJIIMEPH IEMOHCTPYIOTh BUCOKI KOT€3WBHI
BJIACTHBOCTI, a OTXKE YMHATH HNPOTEKTOPHY [Iil0 Ha
OionoriuHi 00’€KTH, 3HWKYIOYH 30BHIIIHI 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 coji aHaJIOTiYHO HU3BKOMOJEKYJISPHHM Kpio-
nporekrtopam [11, 22]. R.J. Williams [26] Bucio-
BHUB JYMKY, 110 Kpio3axucHa e(peKTUBHICTh MOTIMEPIB
MOJISATaE B 1X 3[ATHOCTI 3MiHIOBaTU (hi3WYHI BIACTH-
BOCTI PO3YHMHIB ITiJ] Yac OXOJIO/DKEHHS, a HE Oe3Ino-
CepeqHbO 3aXMINATH 1 3MIHIOBATH XapaKTEPUCTUKU
KIIITHHHOI MeMOpaHu. Mo)kHa MIPHUITYCTHTH, IO OT-
pYUMaHi B Hammiil poOOTi pe3yabTaTH TOSCHIOIOTHCS
TUM (haKTOM, IO B TIPOIIECI OXOJIOKCHHSI 3 TTOBLTb-
HUMH HIBUAKOCTSIMHU BHCOKA B’ SI3KICTH JTOCIIIKEHUX
reqiB CIpusiia 4acTKoBiii (abo moBHIN) BiTpHuDi-
Kallii Mo3aKJIITHHHOTO CEPEOBHIIA B 3pa3kax. [Ipo-
TE MEXaHi3M KPHO3aXWCHOI il BHKOpUCTaHUX Oio-
MOJIIMEPHUX TEJIIB HEJIOCTATHHO BUBYCHO Ta MOTpPE-
Oy€ TOIaJIBIIIOr0 BUBYCHHS, 1110 € MIEPCIICKTHBOLO JIJIs
HaIIUX MalOyTHIX JOCIIKCHb.

BucHoBkn

3acrocyBaHHs OiONONIMEPHHX TeJiB SIK CKJIaJ0BOT
Kpi03aXMCHUX CEPEOBUIL 103BOJISIE 30€perTH TicTo-
CTPYKTYpPY Ta METa0OIIuHy aKTUBHICTh KJIITHH CIEp-
MaTOTE€HHOTO eMiTeNif0 KPIKOHCEPBOBAHUX CIM’STHHUX
KaHaJbBI[IB CTaTeBOHE3PIMNX IIypiB. Pe3ynsraTu aHa-
T3y TOKa3HUKIB KUTTE3MATHOCTI, 3arajJbHOi aKTHB-
vocti JIJAI, MTT-tecty Ta rictTomMopdoMeTpHUIHHX
JIOCIIIPKEHb CB1YaTh, 1110 HAKOUIBII ONTUMAILHUM 3
yCIX IOCIIIHKEHUX KOMOiHaIliH 0101moiiMepiB Ta Kpio-
MIPOTEKTOPIB € moeaqHaHHs GidpuHOBOTO remo 3 0,7 M
prinepuHoM. OTpuMaHi pe3yiabTaTd MOXKYTh OyTH
BUKOPHCTaHI JUI PO3POOKH e(PEKTUBHHUX MPOTOKOJIB
KpPIOKOHCEPBYBaHHs CiM’STHUX KaHAaJbIiB 3 METOIO
MoAabInoi ayToTpaHCIUIaHTAl Ui iHimiamii crep-
MaTOreHe3y.
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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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