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Post-Cryo Survival of Rat Testicular Interstitial Cells
in Hydroxyethyl Starch-Based Media

Pecpepar: Po3pobka Kpio3axmcHMX cepepoBULL, SIKi HE MICTSITb CMPOBATKy abo iHLi KCEHOreHHi KOMMOHEHTW, HeobxigHa Ans
6e3ne4yHoro BUKOPUCTAHHS KPIOKOHCEPBOBAHOIO Marepiany CiM'siHUKIB i3 MeTOw TpaHcnnaHTauii. Byno nokasaHo, WO po3vuHW, ki
mictuim 10% dpetanbHoi Tensa4voi cuposaTtkm (PTC) abo 5 mr/mn Guyadoro cvposaTkoBoro anbobymiHy (BCA), 3Ha4yHO He 36inbLuyBanu
3aranbHy 36epexeHicTb kniTuH iHTepcTuuito (KI) micna KpiokoHcepByBaHHs, ane nigsuvllyBanu meTaboniyHy akTmsHicTb Kl Ta 36epe-
XeHicTb cTepoia-npoaykytounx knituH (FTCO*-kniTuH). 3actocyBaHHs rigpokenetun kpoxmanto (FEK) y koHueHTpauii 50 ta 100 mr/mn
y CKnagi Kpio3axMCHMX po3dMHiB Ha ocHosi OMCO [o3Bonuno niagBUWMTM NMOKAa3HUKM 3aranbHoi 36epexeHocTi Kl ta 36epexeHocTi
[CO*-xniTvH Ha BiAMiHYy Big cepepoBuw, siki micTunm BCA abo ®TC. KpiosaxucHi cepeposua 3 NEK f03BONAOTE 3HN3UTU KOHLIEHT-
pauito agumetuncynsdokengy (AMCO) y posunni 3 1,4 go 0,7 M Ta 36epertu KinbkicTb i meTaboniuHy akTmsHiCTb Kl. Takum 4mHOM, pos-
pobka Kpio3axvMCHMX pO34vmHiIB, ski micTaTb AMCO y kombiHauii 3 MEK, moxe ByTn 0CHOBOK ANs CTBOPEHHSI PO34YMHIB, A0 AKUX HE BXO-
OSiTb KCEHOTeHHI KOMMOHEHTM i, B CBOIO Yepry, MOXe CNpoCTUTY NpoLeaypy BNPOBa[KEHHS KPiIOKOHCEPBOBAHOIO Matepiany B NpakTUYHY
MEAULINHY.

Kno4yoBi crnoBa: KpiokOHCEpPBYBaHHS, KpioNpOTeKTopK, KNiTUHM Jlenaunra, rigpokcneTun Kpoxmarb.

Abstract: The development of cryoprotective serum- free or xeno-free media, is required for safe use of cryopreserved
testicular material for transplantation. In this study, the solutions containing 10% fetal bovine serum (FBS) or 5 mg/ml bovine
serum albumin (BSA) did not significantly enhance the general survival of interstitial cells (ICs) after cryopreservation, but
increase their metabolic activity and steroid producing cell (HSD*-cells) survival. The use of 50 and 100 mg/ml hydroxyethyl
starch (HES) in DMSO-based cryoprotective solutions instead of BSA or FBS enabled the improvement of the IC general survival
and the survival of HSD*-cells. The use of HES supplemented media allowed to decrease the dimethyl sulfoxide (DMSO)
concentration from 1.4 to 0.7 M and to preserve the amount and metabolic activity of ICs. Thus, designing cryoprotective
media containing DMSO and HES can facilitate the formulation of serum-free solutions for cryopreservation that in turn paves
a way for implementation of the use of cryopreserved material for practical medicine.

Key words: cryopreservation, cryoprotective agents, Leydig cells, hydroxyethyl starch.

Kmitunam iaTepcruniro (KI) cim’sanka nHame-
JKUTh 3Ha4HA POJb Yy 3a0e3leueHHi pernpomayKTHB-
HO1 (YyHKIIi CCaBIliB, OCKUTBKH BOHU CEKPETYIOThH
qoJIOBiUi cTareBi TopMoHHU. L{i BIacTHBOCTI BH3Ha-
qatoTh IiHHICTE KI sk OioMoTigHOTO Marepiary, TKAi
MO)kKe OyTH 3aCTOCOBAaHO Yy pPETeHEpaTUBHIA MeIu-
umHi [1, 10].

[Ipaktrune BukopuctanHs KI morpeOye 3a6es-
MIEUEHHs 1X JIOCTaTHBOTO pe3epBy. Y 3B’SA3KY 3 UM
PO3po0Ka 1 yIOCKOHAJIEHHSI METOJIIB JJOBITOCTPOKOBO-
ro 30epiransst Kl € akryansaumu. Tpamuiiino st
KpPIOKOHCEPBYBaHHs CYCHEH3ii IMX KIITHH BHKO-
PUCTOBYIOTH MPOHUKHHN Kpiompotekrop JMCO y
koHuenTpamii 0,7-2,1 M [4, 33], a Takok CHpOBaTKY
abo cuposarkoBuii anpOymin. Ha nmymky Y. Liu
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Testicular interstitial cells (ICs) have a key
role in ensuring the reproductive function in mam-
mals by producing male sex hormones. These
properties stipulate the value of ICs for a potential
application in regenerative medicine [8, 18].

The implementation of ICs into practice necessi-
tates establishing their sufficient stocks. In this context,
the development and improvement of the methods
for long-term storage of ICs is of high importance.
The penetrating cryoprotectant DMSO at 0.7-2.1 M
concentration [2, 33], as well as serum or serum
albumin are commonly used for cryopreervation
of cell suspensions. Y. Liuta et al. [23] have sug-
gested that serum 'stabilizes' membranes, prevents
their osmotic damage, and protects cells against
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Ta cmiBaB. [25] cupoBarka cropusie «cTalimizamii»
MeMOpaH, MOMepeKy€e X OCMOTHYHE MOIIKOIKEH-
Hs, 3aXMINAE€ KIITHHU BiA il BUIBHUX paJHKaliB.
CupoBarka MOKe MiCTHTH Pi3Hi IaTOr€HHI OPTaHi3MH,
SKI TPU3BOAATH 0 300HO3HHMX 3aXBOPIOBaHb, abo
(bakTopH, SKI BUKIUKAIOTH TMPIOHHY XBOPOOY, IO
Mae HeWpomereHepatuBHi Hacminku [14, 36]. Bu-
KOPHCTaHHsSI KOHTaMiHOBaHOI CHPOBAaTKU CIPUYU-
HAJI0O BUHUKHEHHS XBopoom Kpeimndensara-Akoda
ta renatuty [7, 16, 22, 37]. Cuin 3a3Ha4uTH, IO
CTEpIIi3aIlisl JOHOPCHKUX CHPOBATKOBHX OUIKIB 1
JIIOJICHKOTO 200 OMYavY0ro CHPOBATKOBOTO albOyMiHY
HE TapaHTye eliMiHamilo ycix mnaroreHiB. OKpim
TOTO, Y KOMEPIIHUX eMOpiOHAJbHUX KYJIBTypallb-
HUX CepeloBHIAX Oyl0 3HAiIEHO pPiI3HOMAHIT-
HI J0Cl HEBIIOMI HOTEHILIHHO HeOe3me4yHl OUIKOBI
¢daxTopu [8]. BukopucraHHS ayTOJOTiYHHX CHPO-
BaTKH a00 anbOyMiHy B KPi03aXHCHOMY PO3YMHI He
BUpilIye TpoOiieMy, OCKUIBKM MOTpedye moorepa-
TUBHUX MAaHIMYJAIINA, JONATKOBUX KOIITIB 1 MOXe
OyTH HE3NIWCHEHNM 3a JeSKUX YMOB (BaKKHW CTaH
MaIieHTa, HasSBHICTh 1H(EKIIHHNX XBOpoO abo yp-
reHTHicTh). CHupoBaTka Ta ii TOXiAHI MPU3BOAATH
JI0 BapiloBaHHS CKJIaJy PO3YHMHIB y TPOIECi BUTO-
TOBJICHHS PI3HUX TMapTiii KpiokoHcepBaHTa [31],
[0 MOXKE ITO3HAYMTHUCS Ha iX sikocTi. Takum 4uHOM,
s KpiokoHcepByBaHHs Kl cim’sHUKIB HE0OXiTHO
po3pobutn edekTuBHUN 1 0i00e3MeUHUN KPIOKOH-
cepBaHT. Iyl 1IbOTO Ba)KJIMBO BUKJIFOYMTH KCEHO-
TeHHI KOMIIOHEHTH (CHpOBaTKy Ta Ii TOXigHi) Ta
3HM3UTH KoHIeHTpalito JIMCO, skuit Mae NOTEHITi#-
HY TOKCHYHY Aifo0 [5, 13]. [lepcieKTHBHUM pillIEeHHSIM
i€l mpoOieMH € BUKOPUCTAHHA Yy CKJIaJi Kpio3axuc-
HOTO CEpeOBHIIAa BHUCOKOMOJICKYISIPHUX CIIOTYK
i caxapumiB [2, 26, 30]. OgHi€0 3 TaKUX CIOIYK €
rigpoxcuerun kpoxmais (I'EK), HU3bKY TOKCHYHICT
SIKOTO OYyJI0 TIOKa3aHO Ha Pi3HMX O10JIOTiYHUX 00’ €K-
tax [11, 12, 15].

Merta poOOTH — TOCIIHKEHHSI 3aXHCHOI Tii Kpio-
KOHCEepBaHTIB, ki MicTath JIMCO y xomOiHarii 3
I'EK mig gac KpiOKOHCEpBYBaHHS KIIITHH I1HTEpC-
THUIIIIO CiM’STHHUKA Ty PiB.

Marepiaau Ta MmeToaun

ExcniepuMeHTH MpOBOAWIMA BIANOBIIHO 10 3a-
koHy Ykpainu «[Ipo 3axucT TBapuH BiJ KOPCTOKO-
ro noBo/keHHs» (Ne3447-1V Bix 21.02.2006 p.) i3
JOTPUMAHHSAM BHMOT KOMiTeTy 3 OioeTuku I[HCTH-
TYTy mpobineM KpiobGiomorii i kpiomenunuan HAH
VYKkpaiHu, y3ro[KeHUX i3 MOJOKEHHSIM «EBponei-
CbKOT KOHBEHIII 3 3aXUCTy XpeOeTHHX TBapHH,
SIKI BUKOPHCTOBYIOTChSI B EKCIIEPUMEHTAJIBHHUX Ta
iHIMX HaykoBHX 1iax» (CtpacOypr, 1986).

Houopamu KI cim’stHuKa Oynu mopocii Iypu
BikoM 5—6 MicsmiB. CiM’ STHUKH TiCTaBajd 3 YepPeB-
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free radical effect. However, serum may include
different pathogenic organisms, which can cause
zoonotic or factors inducing prion diseases, having
neurodegenerative consequences [12, 36]. The use
of contaminated serum led to the Creutzfeldt-
Jakob disease and hepatitis [5, 14, 21, 37]. It is
noteworthy, that sterilization of donor serum proteins
and human or bovine serum albumin can not ensu-
re the elimination of all pathogens. Furthermore,
different unknown potentially dangerous protein
factors were found in commercial embryo culture
media [6]. This problem can be hardly solved
by introducing autologous serum or albumin in
cryoprotective solution because some preopera-
tive manipulations and additional funds are re-
quired. Other conditions such as poor health state
of patient, presence of infectious diseases or ur-
gency can make it impossible either. The use of
serum and its derivatives may alter the solution
composition when manufacturing different batches
of cryopreservative agents [31], thus affecting their
quality. Therefore, the designing of an efficient
and biosafe cryopreservative is vital for testicu-
lar ICs cryopreservation. For this purpose, it is ne-
cessary to exclude xenogenic components (serum
and its derivatives) and reduce DMSO concentration,
which has a potential toxic effect [3, 11]. The use
of high-molecular compounds and saccharides
in cryoprotective media is a promising approach
[28, 25, 30]. Hydroxyethyl starch (HES), the
low toxicity of which has been shown in various
biological objects, is one of such compounds [9,
10, 13].

The research was aimed to study a cryopro-
tective effect of cryopreservatives, containing DMSO
and supplemneted with HES during cryopreser-
vation of rat testicular interstitial cells (ICs).

Materials and methods

Experiments were performed in accordance
with the Law of Ukraine 'On the Protection of Ani-
mals Against Cruelty' (Ne3447-1V of February,
21, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
the NAS of Ukraine, agreed to the statements
of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Testicular ICs were obtained from adult 5-
6-month-old donor rats. Testes were taken from
abdo minal cavity, their tunica albuginea and
blood vessels were removed. The testis content
was placed into 15 ml centrifuge tubes containing
4 ml of enzyme solution per testis. The enzyme




HOI TOPOKHMHHW, BUAAISUIN iX OIIKOBY OOOJOHKY
Ta KPOBOHOCHI CyAMHHU. BMicT ciM’STHUKIB MOMILIIaIIH
B IIEHTPUQYkKHI TpoOipku 00’ eMom 15 mit, ki Manu
(hepMeHTHUI pO3UWH 13 pO3paxyHKy 4 MII Ha KOKHUH
cim’stauk. PepmeHTHHN po3unH MictuB 0,2 Mr/mi
ronareHasu Ty I («Sigma-Aldrichy, CILIA) 10,1 mr/
i JIHKaszu («Sigma-Aldrich») y cepenoBumii Ham’s/
F12 («PAAy», Asctpis). CiM’SHUKH BUTPHUMYBAITH
Ha BOmsAHIM Oani 3a Temmeparypu 34°C mpoTsarom
10 xB. Ilicnms iHKYOyBaHHS y KOXXHY TPOOIpKY IO-
nmaBani 10 mu cepenosuia Ham’s/F12, cim’sHi Ka-
HaJbIl BUAASUIM 3a JOMOMOror (Qimsrparii dye-
pe3 MoIBiiiHY HEWIOHOBY CITKYy 3 JiaMeTpoM Mop
omm3bko 100 MrMm. Dinerpary, sSiKi MICTHIIN KITITHHH
IHTEepPCTULII0, LEHTpUQyryBanu mpu 325g mpoTs-
rom 3 XB 3a KiMHaTHOI Temmeparypu. CynepHaraHT
BUAJSUIM, @ 0caj] KIITHH pecycrneHayBaan y 10 mu
Ham’s/F12 3 10 MO/mn neninmmniny ta 100 MKr/min
crpenroMinuny («Kopmopanist Aprepiym», Ykpaina).
[Ipouenypy cenumenrarii noBroproBanu ABivi. OT-
pUMaHy CyCIIEH3iI0 KJIITHH BUKOPHCTOBYBAIU Y TIO-
JaNbIIii poOoTi.

Jiis KpioKOHCEpBYBaHHS 3aCTOCOBYBAIIN KPIOKOH-
terinepu («Nuncy, Jlanis) 06’emom 1,8 M. O6’em
KJIITHHHOI CycmleH3ii ckmamaB 1 Mil, KUTBKICTh KITi-
THH Y KOXXHOMY 3pasky — 5 X 10° V sKocti kpio-
3aXUCHUX crnonyk BukopuctoByBann JIMCO, I'EK
(m.m. 200 000 [la), derampHy Tensdy CHUPOBATKY
(O®TC) («Biowest», Dpanis), Onga4ymii cUpoBat-
kot anpOymin (BCA) («Sigma-Aldrichy, CIIIA).
Jis mpUTOTYBaHHS KPi03aXHCHUX PO3YUHIB 3aCTOCO-
ByBam cepenopuie Ham’s/F12.

Cxman JOCIIKEHNX KPi03aXUCHUX CEPEIOBHIIL:

1 — cepemosumie Ham’s/F12, sike mo3HadeHO K
po34mH 0e3 ToMiIokK, ane 3 goxaBanasm 0; 0,7; 1,4;
2,1; 2,8 M IMCO;

2 — cepenosuiie Ham’s/F12 i3 10% ®TC Ta gona-
panusMm 0; 0,7; 1,4; 2,1; 2,8 M JIMCO;

3 — cepenosuine Ham’s/F12 i3 5 mr/mn BCA Ta
nonaanusam 0; 0,7; 1,4; 2,1; 2,8 M JIMCO;

4 — cepenopuiie Ham’s/F12 i3 50 mr/mn T'EK
ta noxaanusam 0; 0,7; 1,4; 2,1; 2,8 M IMCO;

5 — cepenoBunie Ham’s/F12 i3 100 mr/mn I'EK Ta
nmoxaBanusm 0; 0,7; 1,4; 2,1; 2,8 M IMCO.

OxomnokeHHs 3pa3KiB 3/1ICHIOBAIN 32 JIOTTOMO-
roro mporpamaoro oxonomkysada «3I1-10» ([oc-
nigae upoorunTBO npu ITIKiK HAH Vkpainum) mo
—80°C 31 mBuakicTio 1°C/xB. Ilicisa 9oro iX BUTpH-
MyBaiu 3a Temmeparypu —80°C mpoTsrom 15 XB i 3a-
HypIOBaJIM Y PiAKHUHA a30T. 3pa3ku BifirpiBanu Ha
BomstHIM Oani mpu 37°C 10 3HUKHEHHSI KPUCTATid-
Hoi (azm.

Po3mopokeHi KIIITHHHI CyCIIeH31T BiIMUBAIIN BiJl
KPi03aXMCHOTO PO3YHHY HIISXOM HOTO MOCTYIIOBOTO
po3BenenHsi cepenouinemM Ham’s/F12. Tlicns pos-

72

solution included 0.2 mg / ml collagenase type I
(Sigma-Aldrich, USA) and 0.1 mg / ml DNase (Sig-
ma-Aldrich) in Ham’s / F12 medium (PAA, Austria).
Testes were incubated in a water bath at 34°C
for 10 min. After incubation, each tube was sup-
plemented with 10 ml of Ham’s / F12 medium.
Seminiferous tubules were removed by filtration
through a double nylon mesh of about 100 um
pore diameter. Filtrates containing interstitial cells
were centrifuged at 325g for 3 min at room
temperature. The supernatant was removed and the
cell pellet was resuspended in 10 ml Ham’s / F12 with
10 IU / ml penicillin and 100 pg / ml streptomycin
(Arterium Corporation, Ukraine). The sedimentation
procedure was repeated twice. The resulting cell
suspension was used in further work.

Cryogenic vials of 1.8 ml (Nunc, Denmark) were
used for cryopreservation. The volume of cell sus-
pension came to 1 ml, the cell number in each sample
was 5 x 10° The DMSO, HES (MW 200,000 Da),
fetal bovine serum (FBS) (Biowest, France), bo-
vine serum albumin (BSA) (Sigma-Aldrich, USA)
were applied as cryoprotective compounds. Cryo-
protective solutions were prepared on the basis of
Ham’s / F12 medium.

The composition of the studied cryoprotective
media:

1—Ham’s/F12 medium, designated as an additive-
free solution, but supplemented with 0; 0.7; 1.4; 2.1;
2.8 M DMSO;

2 — Ham’s / F12 medium with 10% FBS sup-
plemented with 0; 0.7; 1.4; 2.1; 2.8 M DMSO;

3 —Ham’s / F12 medium with 5 mg / ml BSA sup-
plemented with 0; 0.7; 1.4; 2.1; 2.8 M DMSO;

4 — Ham’s / F12 medium with 50 mg / ml HES
supplemented with 0; 0.7; 1.4; 2.1; 2.8 M DMSO;

5 — Ham’s / F12 medium with 100 mg / ml HES
supplemented with 0; 0.7; 1.4; 2.1; 2.8 M DMSO.

The samples were cooled using a programmable
freezer ZP-10 (Special Designing and Technical
Bureau with Experimental Unit at the Institute for
Problems of Cryobiology and Cryomedicine of
NAS of Ukraine) down to —80°C with 1°C / min
rate. They were then kept at —80°C for 15 min
and immersed into liquid nitrogen. The samples
were thawed in a water bath at 37°C until the crys-
talline phase disappeared.

The post-thaw cell suspensions were washed
from cryoprotective solution by its gradual dilution
with Ham’s / F12 medium. After dilution, the
suspension was centrifuged at 325 g for 3 min and the
supernatant was removed. Cells were resuspended
in Ham’s / F12 and then centrifuged again. After
washing, a final volume of suspension was brought
up to 1 ml with Ham’s / F12 medium.
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BEJICHHS CYCIEH3il0 LEHTpUQyryBamun npu 325g
poTAroM 3 XB Ta BUAAJSUIN cynepHaraHT. Kiituxu
pecycnenayBanim 'y Ham’s/F12 Ta moBropHO mpoBo-
UTA TIpolenypy HeHTpudyryBanHs. [licns Bigmu-
BaHHS KiHIIEBHI 00’ €M cycrieH3ii joBomum 10 1 mi
cepenoBuieM Ham’s/F12.

XKurrezparnicts KI owiHioBanu 3a A0IOMOIoro
OapBHHKA TPHUITAHOBOTO CHHBLOTO («Sigma-Aldrichy),
SKUW JofaBai 10 KJITHH y CHiBBimHOMICHHI 1:1
(xinmeBa KoHIEHTparist 2 Mr/mi). KinbKicTs KmiTHH
mipaxoByBain B kKamepi [opsiena.

3aranbHy 30€peXeHiCTh KIITHH BH3HA4YaJd 3a
(dhopmyroro:

3= (K,/K,) x 100%,

ne K, — saranbna KUTBKICTh KJITHH IiCIS KPiOKOH-
cepByBaHHs; K, — 3arajgbHa KUIbKICTh KIITHH HEPEN
KPIOKOHCEPBYBaHHSIM.

30epeKCHICTh KUTTE3MATHUX KIITHH BU3HAYAIH
3a popMyIoI0:

3K = (K, /K,) x 100%,

ne K, — KinpKicTh KiiTvH, ki He Oynu 3abapBieHi
TPMIIAHOBUM CHHIM IIiCJIs KpioKoHcepByBanHs; K, —
KUIBKICTh KIITHH, sIKi He Oynu 3a0apBieHi TpHIia-
HOBHMM CHHIM IIepe]] KPiOKOHCEPBYBAHHSIM.
lNicroximiyHe MOCHIKEHHS aKTHBHOCTI 3f-Tim-
poxcucrepoignerinporenasu (I'CI) mpoBommmm 3a
MeTtonoM, onmcannM y poboti G. R. Klinefelter ta
cmiBabT. [20]. Lleit hepMeHT € HEOOXITHUM TSI CHH-
TE3y CTepOiTHMX TOPMOHIB, & OTXKE, MOXKE CIIyTyBa-
TH MapKepoOM CTepOia-TPOAYKYIOUUX KIITHH CiM’s-
Huka (xmituH Jleiaura). s gocmimxeras 50 MK
KJIITUHHOI CyCIIeH31i HAaHOCWJIM Ha TpPEeJMETHE CKJIO
i BUCYUIYBAJIM LIOHAMMEHILE MPOTAIOM TIOAMHM 34
KiMHaTHOI Temrieparypu. [licnst MOBHOTO BHCHXaHHSI
KIITHHU BKpUBAJIM CyMimmio po3uuHiB 1 1 2. Pos-
yrH | MicTUB | MT HITPOCHHBOTO TETPA30JiI0, KU
po3unHsin y 0,6 MJ po3UMHY AETiipoerniaHapocTe-
pony (1 mr/mn) Ha ocHoBi IMCO. Po3uun 2 micTuB
10 mr [-HIKOTHHAMIAJCHIHAUHYKICOTHTY, SKUAN
po3unHsi y 9,5 M temioro ¢ocdarHo-0ydepHo-
ro ¢izionoriyHoro po3unny (PBS). besnocepennro
Iepesi BUKOPUCTAHHAM LI JIBa PO3YMHHU 3MIIIyBasy.
Kiritnan 3a6apBiIroBagy MpoOTIATOM BOX TOIHH, ITic-
JIS 9OTO CKJIO OTIONICKyBaH Bomoto. KititnHn dikcy-
Bann y 10%-my posumuni hopmaniny y PBS i3 5%-to0
caxapo30l0 NPOTATOM XBWJIMHHU. Ha KIITHHM HaHO-
cw cymim miinepuny 3 PBS y cmiBBimHOmIEHH]
1:1, HaKpUBaJIM MMOKPUBHUM CKJIOM 1 IMiJIpaXxOBYBaJH
KIIITHHH, SIKI 3HAXOMJIMCS Y T10JIi 30PY 32 JIOTIOMOTOI0
Mmikpockona («Olimpus IX 71», CHIA) npu 306i1b-
ureHHi okyisipa x 10 Ta 06’ exruBa %20, x40 ta x60.
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The ICs viability was assessed using trypan
blue dye (Sigma-Aldrich), added in 1:1 ratio to the
cells (2 mg / ml final concentration). The cell num-
ber was counted in Goryaev's chamber.

General cell survival was determined by the
following formula:

S = (K,/K,) x 100%,

where K, was the total cell number after
cryopreservation, K, was the total cell number prior
to cryopreservation.

Survival of viable cells was determined by the
formula:

SV = (K/K,) x 100%,

where K, was the number of cells, not stained
with trypan blue after cryopreservation, K, was
the number of cells, not stained with trypan blue
prior to cryopreservation.

The 3B-hydroxysteroid dehydrogenase (HSD)
activity was histochemically studied using the me-
thod described by G.R. Klinefelter et al. [19].
This enzyme is required for steroid hormone
synthesis, and therefore can serve as a marker of
steroid-producing testicular cells (Leydig cells).
For the study, 50 pl of cell suspension were applied
to a glass slide and dried for at least one hour
at room temperature. After complete drying, the
cells were covered with a mixture of solutions
1 and 2. Solution 1 included 1 mg of nitroblue
tetrazolium, dissolved in 0.6 ml of DMSO-based
dehydroepiandrosterone solution (1 mg / ml). Solu-
tion 2 contained 10 mg of P-nicotinamide ade-
nine dinucleotide, dissolved in 9.5 ml of warm
phosphate-buffered saline (PBS). These two solutions
were mixed immediately before use. Cells were
stained for 2 hrs, the glass slides were rinsed with
water. Cells were then fixed in a 10% formalin so-
lution in PBS with 5% sucrose for 1 minute. Next,
they were coated with glycerol and PBS mixture
in 1:1 ratio, and covered with glass. Afterwards
a number of cells was counted in microscope
field of view (Olympus IX 71, USA) with x10 ocu-
lar and %20, x40 and %60 objective.

The survival of steroid-producing cells (HSD'-
cells) was determined by the formula:

SH = (K,/K,) x 100%

where K, was the number of cells stained posi-
tively after cryopreservation, K, was the number
of cells stained positively before cryopreserva-
tion.




30epekeHicTh cTepoin-npoayKyrounx kmitud (I'C/'-
KJIITHH) KJIITHH BU3HAYaIH 38 HOPMYIOI0:

3 = (K,/K,) x 100%,

ne K, — KUIbKICTb MO3MTHBHO 3a0apBIEHUX KIITHH
Hicnst KpiOKOHCEpByBaHHs; K, — KiIbKiCTh mo3u-
THBHO 3a0apBIICHUX KJITHH TIepell KPIOKOHCEPBY-
BaHHSIM.

Jist BU3HAYEHHS METAOOIIYHOT aKTHMBHOCTI KJIi-
tuH 10 500 Mk cycniensii KI nomaBasnu 50 Mxi1 po3uu-
Hy 3-(4,5-mumerunTiazon-2-in)-2,5-nudeninrerpaso-
mito O6pomin (5 mr/mn) («Sigma-Aldrichy). Knituan
1HKYOyBaJii poTsiroM ABOX roauH npu 34°C. Ilicns
LBOTO 3pa3ku LEeHTPU(YryBaJIM Ta BHIAISIH CYy-
nepHarant. Jlo ocagy nomaBasnn 450 mxn JIMCO.
OnTuyHy LIUIBHICTD BUMIPIOBAIM 32 JOBXHHOIO
xBuii 530 HM.

30epekeHHs] MeTa0OMiyHOI aKTUBHOCTI BH3HA-
qau 3a Gopmysioro:

MA = (E /E,) x 100%,

ne B, — onTuyHa IIBHICTL 3pasKiB Micls KPIOKOH-
cepByBaHHs; E, — onTuyHa MIIbHICT 3pa3KiB nepen
KpPIOKOHCEPBYBaHHSIM.

Cimig BIA3HAYUTH, IO 3aJCKHICTH ONTUYHOI
LIUTBHOCTI BiJl KIJTBKOCTI KJIITHH Y JOCIIKYBAaHOMY
Jiarma3oHi MaJia JTiHIHHUH XapakTep.

Yci pmani Ha jgiarpamax TpeACTaBleHI SK Me-
miana, 25 ta 75%-if mporeHTWI, MiHIMalbHE Ta
MaKkCUMaJlbHe 3HadeHHs. BigMiHHOCTI BH3HaYaIn
3a kputepieM Kpyckana-Yoica. JlomatkoBo gaHi paH-
JKyBaJIM, IICTS YOTO BHKOPHCTOBYBAJIW KpUTEpPiit
Hrromena-Keiinica mis MHOXKHHX TIOPIBHSHB. YCi
PO3paxyHKH 3IIHCHIOBAJIM 3a JOMNOMOIOK IIaKeTa
nporpamM «Statistica 6.0» («StatSoft Inc.», CILIA).

Pe3yabraTn Ta 00roBOpeHHs

Pesynbrati mocimikeHb MoKa3ajiu, 10 JoJaBaH-
Ha JIMCO 3Hauymie 30iblIyBano 30epekeHiCTh
KI (puc. 1). 3aranpaa 30epexenicte KI Oyna myxe
Hm3pkoro 0e3 JIMCO, omHak MaKCHMalbHa KOH-
uentpanis JJMCO (2,8 M) tak camo He cCIpwsi-
na 30epex)eHOCTi, 1 HaBiTh 3MEHIIyBaja ii sK 13 3a-
CTOCYBaHHSM PO3YMHIB 0€3 JOMIIIOK, TaK 1 THX,
mo Mictuau BCA, ®TC abo I'EK. ﬁMOBipHO, y
nux Bumagkax JIMCO mposBIsSIB CBI TOKCHYHUI
edext. Haiibinpmra 3aranpHa 30€pekeHICTh Y pO3UH-
Hax 0Oe3 JOMIIIOK cIocTepiraiacs 3a BUKOPHUCTaH-
va 1,4 M JIMCO - 14,5 (10,8; 18,9)%. Ciix Takox
3a3HaunTH, Mo goxaBaHHsA 10%-i ®TC npuBogmiIo
JI0 30UIbIIEHHS 3arajibHOi 30epekeHocTi g0 28,6
(23,3; 31,3)% y po3uuHi, sikuii mictus 1,4 M JIMCO.
HaiiOinpimuii mo3UTHBHUN BIUIMB Ha 3arajbHy 30e-

To determine the metabolic activity of cells,
500 upl of ICs suspension were supplemented
with 50 pl of 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide solution (5 mg / ml)
(Sigma-Aldrich). Cells were incubated for two
hrs at 34°C. The samples were then centrifuged
and the supernatant was removed. The pelleted
cells were supplemented with 450 ul of DMSO.
The optical density was measured at 530 nm
wavelength.

Preservation of metabolic activity was deter-
mined by the formula:

NA = (E,/E,) x 100%,

where E was optical density of the samples after
cryopreservation, E, was optical density of samples
before cryopreservation.

Notably, that the dependence of optical density
on cell number within the studied range was li-
near.

All the data in diagrams were presented as me-
dian, 25%, 75% percentiles, minimum and maximum
value. Differences were determined by the Kruskal-
Wallis test. The data were additionally ranked,
and the Newman-Keuls test was then used for mul-
tiple comparisons. All the calculations were perfor-
med using Statistica 6.0 software (StatSoft Inc.,
USA).

Results and discussion

Our findings showed the DMSO supplement
to increase significantly the ICs survival (Fig. 1).
The general ICs survival was very low without
DMSO use, but its maximum concentration (2.8
M) hardly promoted survival as well, and even sup-
pressed it when applying the additive-free solutions
and those containing BSA, FBS or HES. In these
cases DMSO was toxic. The highest general sur-
vival in the additive-free solutions was observed
when using 1.4 M DMSO and came to 14.5 (10.8;
18.9)%. It should be also noted, that 10% FCS sup-
plement increased the total survival up to 28.6
(23.3; 31.3)% in the 1.4 M DMSO-contained so-
lution. The highest positive effect on general sur-
vival, namely 31.5 (26.1; 39.7)% had the solution,
containing 100 mg / ml HES in combination with
0.7 M DMSO.

Our findings on post-cryo survival of viable
cells showed that when using the additive-free
solutions their maximum survival was observed in
those containing 1.4 M, namely 8.8 (4.8; 12.3)%
(Fig. 2). However, an increased survival rate of viable
cells was observed in the solutions, that included
10% FBS and 1.4 M DMSO (20.9 (17.6; 27.0)%),
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Pwuc. 1. 3aranbHa 36epexeHicTb Kl nicnsa kpiokoHcepBYBaHHS y po3dmHax Ha ocHosi IMCO: A — 6e3 gomiwok, B — 5 mr/mn
BCA, C — 10% ®TC, D — 50 mr/mn TEK, E — 100 mr/mn MEK; & — po36ixkHOCTi 3HavyLyi BiZHOCHO po3ynHie 6e3 IMCO;
* — po36iXKHOCTI 3HaYyLLi BiAHOCHO po34yuHiB i3 IMCO 6e3 AoMilloK; ¢ — po36iXKHOCTI 3Ha4YyLLi BiZHOCHO po34yuHiB i3 BCA,
sIKi MatoTb ofHakoBi koHUeHTpauii AMCO; # — po36iXHOCTi 3HaYyLLi BiAHOCHO po34mHIB i3 PTC, ki MalTb OQHAKOBI KOH-

ueHTpauii AMCO; p < 0,05.

Fig. 1. Post-cryo general survival rate of ICs in DMSO — based solutions: A — additive—free, B —5 mg / mlI BSA, C — 10%
FBS, D — 50 mg / ml HES, E — 100 mg / ml HES; & — differences were significant with respect to DMSO-free solutions; * —
differences were significant with respect to additive-free solutions containing DMSO; ¢ — differences were significant with
respect to solutions with BSA, having equal DMSO concentrations; #— differences were significant with respect to solutions

with FBS, having equal DMSO concentrations; p < 0.05.

pexenicte MaB pozumH i3 100 mr/mn I'EK y xowm-
6inanii 3 0,7 M IMCO - 31,5 (26,1; 39,7)%.

Pesymbrati mocmimkeHHST 30€peKeHOCTI JKUTTE-
3MaTHUX KJIITHH TCISI KPIOKOHCEPBYBAHHS IOKa3a-
JIF, 0 TPU BUKOPHUCTAHHI PO3YMHIB O€3 JOMIIIOK
MaKcHMaJibHa 30epeKeHICTh BU3HAYANIACS Y PO3UUHI
3 1,4 M - 8,8 (4,8; 12,3)% (puc. 2). IIpore cmo-
cTepiranu 301IbIIeHHs 30€peKEHOCT KUTTENATHUX
KIIITHH TCJIi BUKOPUCTaHHST PO3YMHIB, SIKi MiCTHIIH
10% OTC Tta 1,4 M IAMCO (20,9 (17,6; 27,0)%),
a takox pozumHiB i3 50 1 100 mr/ma 'EK Tta 0,7 M
AMCO —24,8 (19,6; 29,7)%1 24,8 (21,1; 35,8)% Bin-
MIOB1JTHO.

30epexenicts ['CI"™-KIITHMH TakoX 3anexana
Bix xonmentpamit JIMCO (puc. 3). JlomaBanus mo
kpio3axucHoro pozunHy BCA He 30inbiryBasio mei
nokazauk. [Ipore momaBamus 10% DTC abo I'EK,
0co0suBO y KoHIeHTparllil 100 Mr/mJj, 3HauHO 301J1b-
mryBaiio 36epexxenicts ['CJ -kmitun. Leit moka3Huk
OyB HaliKpaluM y po3uuHi, sikuii mictuB 100 mr/min
I'EK y xombGinamii 3 0,7 M JIMCO - 31,7 (26,4;
37,3)%.

B ycix pocmimkeHuX 3pa3kax MeTa0oJivHa
AKTUBHICTh Oyna MiHIMaJbHOIO 3a BiJCYTHOCTI
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as well as the ones with 50 and 100 mg / ml
HES and 0.7 M DMSO, 24.8 ((19.6; 29.7)% and 24.8
(21.1; 35.8)%, respectively).

The HSD*-cell survival was also dependent
on DMSO concentrations (Fig. 3). The addition of
BSA to the cryoprotective solution caused no in-
crease of this value. However, the addition of 10%
FBS or HES, especially at 100 mg / ml concent-
ration significantly augmented the HSD*-cell sur-
vival rate. This index was the highest in the solution
with 100 mg / ml HES together with 0.7 M DMSO,
and was 31.7 (26.4; 37.3)%.

In all the studied samples, the metabolic acti-
vity was minimum under DMSO absence and tended
to decrease at 2.8 M DMSO (Fig. 4). The BSA, FBS
and HES supplement promoted the preservation of
the metabolic activity of ICs. The highest metabolic
activity was observed for ICs cryopreserved in
the solutions with 0.7 M DMSO in combination
with BSA (48.8 (39.3; 59.5)%), 1.4 and 2.1 M DMSO
with 10% FBS (42.3 (39.3; 51.2) and 43.0 (34.9;
49.2)%, respectively) and 0.7 M DMSO with 50
and 100 mg / ml HES (47.4 (39.3); 55.2) and 52.6
(44.5; 60.4)%, respectively).




JAMCO Ta Mana TeHIEHLII0 A0 3HIKEeHHS npH 2,8 M
JIMCO (puc. 4). lonaBannas BCA, ®TC i ['EK cripu-
so  30epexenocti merabomiunoi aktuBHOCTI KI.
Hafikpami moka3HWKH MeTa0OIIYHOI aKTHBHOCTI
oymu s KI, kpiokoHCcepBOBaHUX y po3unHax i3 0,7
M JIMCO y xom6inarii 3 BCA (48,8 (39,3; 59,5)%);
1,412,1 M JIMCO 3 10% DTC (42,3 (39,3; 51,2) i
43,0 (34,9; 49,2)% Bimnosigao) ta 0,7 M IMCO 3 50
1 100 mr/mnn I'EK (47,4 (39,3; 55,2) i 52,6 (44,5;
60,4)% BiATIOBITHO).

Pesynbrati BUKOpHCTAaHHS KCEHOTEHHHUX KOMIIO-
HEHTIB (CHpOBaTKa, CHPOBATKOBHW albOyMiH) ISt
KpIOKOHCEPBYBaHHSI MaTepiasy ciM’sITHUKIB ITOKa3aHO
y nmesikux poborax [4, 18, 33]. IIBuakicTh oxomon-

The use of =xenogenic components (serum,
serum albumin) for testes cryopreservation
has been reported in some works [2, 16, 33]. J. Tai
et al. [33] have studied 1°C/min cooling rate
during cryopreservation of steroid-producing cells
of rat testes. Proceeding from these data, we
used 10% and 5 mg / ml concentrations for FBS
and BSA, respectively, and 1°C/min cooling rate.
Of interest was the fact, that the 2.1 M DMSO
concentration was determined by the authors as
the most appropriate for steroidogenic cells [2,
33], but here a potential application of lower
DMSO concentrations in combination with HES
was shown.
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Puc. 2. 36epexeHicTb xuttesgatHux Kl nicna kpiokoHcepByBaHHSA y po3dnHax Ha ocHosi IMCO: A — 6e3 gomiwok, B —
5 mr/mn BCA, C — 10% ®TC, D — 50 mr/mn TEK, E — 100 mr/mn TEK; * — po36ixkHOCTi 3HayyLLi BifHOCHO po3ynHiB i3 JMCO
6e3 AoMIWOoK, ¢ — po36iKHOCTI 3Ha4yLi BigHOCHO po3uuHiB i3 BCA, siki MaloTb ogHakoBi koHuUeHTpauii AMCO; # — pos-
OiXKHOCTI 3HauyLLi BiGHOCHO po3ynHiB i3 PTC, ski MmatoTb ogHakoBi koHueHTpauii AMCO; p < 0,05.

Fig. 2. Post-cryo survival rate of viable ICs in DMSO - based solutions: A — additive—free, B —5 mg / ml BSA, C — 10%
FBS, D — 50 mg / ml HES, E — 100 mg / ml HES; & — differences were significant in respect to DMSO-free solutions;
* — differences were significant in respect to additive-free DMSO solutions, ¢— differences were significant with respect
to solutions with BSA, having equal DMSO concentrations; # — differences were significant with respect to solutions

with FBS, having equal DMSO concentrations; p < 0.05.

xeHHs1 1°C/XB mpu KpiOKOHCEpBYBaHHI CTEpoil-
MPOIYKYIOUUX KIITHH CiM’SHHUKIB IIypiB Oyna mo-
ciijpkeHa y po6oti J. Tai ta cmiBasr. [33]. BiamnosigHo
JI0 [UX JIaHUX MH BHKOPHCTOBYBAJIM KOHIIEHTpAITii
OTC - 10%, BCA — 5 mr/mi1 Ta HIBUAKICTL OXOJIO-
xerns 1°C/xB. LlikaBum € Te, 110 aBTOpY BH3HAYa-
o1h KoHmeHtpamiro JIMCO 2,1 M sk Haiikpanry
uis cTepoimoreHHUX kKiiteH [4, 33], ame y mpen-
CTaBJCHIN paboTi ITOKa3aHO MOMKJIUBICTE BHKO-

The penetrating cryoprotectants (DMSO or gly-
cerol) are known to reduce freezing temperature
of cryoprotective solution and to mitigate the
effects of high salt concentrations. The salt con-
centrations can be a threat for cells within the
bulk water crystallization temperature range (from
negative near-zero temperatures to that of about
—40°C) [32]. In contrast, the cryoprotective pro-
perties of HES are associated with its ability to
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puctanHs HmwKuMx koHueHTpauin IMCO y xomOi-
mauii 3 'EK.

Binomo, mo mponukHi kpionporekropu (JAMCO
ab0 TIIepoN) 3HWXKYIOTH TeMIIeparypy 3amep3aH-
Hs KpiO3aXHCHOTO PO3UMHY Ta HIBENIOIOTh €()eKTH
BHCOKOi KOHIIeHTpamii comeld. KonmenTparii comeit
MOXYTh CTaHOBUTH 3arpo3y Ui KIITHH y Jiamna-
30HI TeMmIeparyp KpHcTajizamii OCHOBHOI MacH
Boau (Bil HETAaTHBHHUX OJWU3BKOHYJIHOBHUX TEMIIC-
patyp mo temreparypu ommspko —40°C) [32]. Has-
nmakd, KpiozaxucHi BrnactuBocTi ['EK moB’s3yroTh

@
3
=
3

absorb water molecules and promote the amor-
phous phase formation when cooled [20]. Hydro-
xyethyl starch increases the solution propensity to
supercooling and its viscosity, inhibits ice forma-
tion, that together allows achieving vitrification
state more efficiently [4, 34].

The HES was able to affect the water loss
by cell during cooling, promoting their opti-
mal dehydration, and to prevent intracellular ice
formation and osmotic stress development [34,
35]. Notably, that HES effect depends on cryo-
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Puc. 3. 36epexeHicTb MCL*-kNiTWH Nicns KPIOKOHCEPBYBaHHS y po34mHax Ha ocHosi AMCO: A — 6e3 gomiwok, B — 5 mr/mn
BCA, C—10% DTC, D — 50 mr/mn I'EK, E — 100 mr/mn MEK; & — po36ixkHOCTi 3Ha4yLLi BifHOCHO po3unHiB 6e3 IMCO; * — pos-
Gi>kHOCTi 3HaYyLLi BiQHOCHO PO34MHIB 6€3 JOMILLOK i3 oAHaKoBMMM KoHUeHTpauismMu JMCO; ¢— po3bixkHOCTI 3HauyLLi Bia-
HOCHO po3uuHiB i3 BCA, siki MatoTb ogHakoBi koHuUeHTpauii IMCO; # — po36ixHOCTI 3HaudyLLi BiAHOCHO po34uHiB i3 ®TC,
SIKi MatoTb ofHakoBi koHUeHTpauii OMCO; ' — po36ixxHOCTi 3HayyLLi BigHOCHO po3uuHiB i3 50 mr/mn MEK, ki matoTb ogHa-

KoBi KoHUeHTpauii AMCO; p < 0,05.

Fig. 3. Post-cryo survival rate of HSD* cells in DMSO-based solutions: A — additive-free, B — 5 mg / ml BSA, C —
10% FBS, D — 50 mg / ml HES, E — 100 mg / ml HES; & — differences were significant with respect to DMSO-free
solutions; * — differences were significant with respect to additive-free solutions with equal DMSO concentrations;
¢ — differences were significant with respect to solutions with BSA, having equal DMSO concentrations; # — differences
were significant with respect to solutions with FBS, having the same DMSO concentrations; ' — differences were
significant with respect to solutions with 50 mg / ml HES, having equal DMSO concentrations; p < 0.05.

Horo 3marHicTO aOcopOyBaTH MOJICKYJIM BOJAM Ta
MIPU OXOJIOIPKEHI CIPHUATH (OpMyBaHHIO amopdHOT
¢azu [21]. I'igpokcueTn Kpoxmaib 301IbIIYE CXHITb-
HICTh PO3YUHY 0 MEPEOXOJIOMKECHHSI Ta HOro B’s3-
KicTb, IPUTHIYYE (OPMYBaHHS JbOIY, IO y CYKYII-
HOCTI J103BOJIsIE€ OBl €(PeKTUBHO JOCATAaTH BiTpU-
¢ikaniinoro crany [6, 34].

IToxazano, mo I'EK mig yac oXoJIOmKEHHSI MOXKeE
BIUTMBATH Ha TIPOIIEC JIETiparallii KIiTHH, CIIPUSIO-
9H X ONTHMaIFHOMY 3HEBOJHEHHIO, 3armodiratu Gpop-
MYBaHHIO BHYTPIIIHbOKIITHHHOIO JIbOAY Ta pO3-
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preservation conditions, particularly on its concent-
ration and cooling rate [26].

Many studies, displaying a relative biosafety of
HES, have been published. S. Gollub et al. [9] have
reported the HES use as a plasma substitute to be
safe for humans. Its application as a cryopro-
tectant for various biological objects in 10-20%
concentrations was described in other studies [1, 15,
17, 27]. There is a number of researches, where 6—7%
of HES is suggested as substitute for serum pro-
teins in erythrocyte cryopreservation [22, 23]. We




BUTKY OCMOTHYHOro ctpecy [34, 35]. Baxmuso 3a-
yBakuTH, 1o nisg I'EK 3anexuTh BiJl yMOB KpPiOKOH-
CepBYBaHHS, OCOOJIMBO BiJl HOro KOHIEHTpAIii Ta
IIBUIKOCTI OXOJIOMKEHHS [27].

VY nmiteparypi icHye nocTaTHS KUTBKICTh JAHHUX,
sIKi BKa3yIOTh Ha BigHOCHY 0io0e3nexy ['EK. V po-
6oti S. Gollub Ta cmisast. [11], moka3ano Oe3rmey-
He s moguan BukopucTands ['EK sk 3aminamka
miasMu. Y 1HmMHX poOoTaxX OMHMCAHO BUKOPHUCTAHHS
WOTO SIK KPIOMPOTEKTOpa I Pi3HUX 01000’ €KTiB
y xonnentpauisx 10-20% [3, 17, 19, 28]. Icayrots
nociipkeHns, y skux 6-7% I[EK posmisayTo y
SIKOCTI 3aMIHHUKIB TIPOTETHIB CHPOBATKH KPOBI JIJIsI
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have also tested similar concentrations of HES:
50 and 100 mg / ml, which can potentially re-
place the serum protein effect. Previous ex-
periments have shown the HES concentrations
below or above of the mentioned are less effi-
cient.

DMSO is known to be able of reducing the
cell membrane thickness and of inducing the tem-
porary pore formation even at low concentrations,
while causing a complete disintegration of lipid
bilayer at high effects [11]. The DMSO use
in clinical practice shows a large number of pos-
sible side effects (nausea, dizziness, fever) [7, 29]
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Puc. 4. 36epexeHicTb MeTaboniyHOT akTUBHOCTI KMITWUH MiCNsi KPIOKOHCEPBYBAHHS y po3dnHax Ha ocHosi IMCO: A — 6e3
pomiwok, B — 5 mr/mn BCA, C — 10% ®TC, D — 50 mr/mn TEK, E — 100 mr/mn MEK; & — po36ixHOCTi 3HaudyLLi BigHOCHO
po3uuHiB 6e3 IMCO; * — po36i>KHOCTiI 3HaYyLLi BiZHOCHO PO34MHIB 6€3 AOMILLOK, SIKi MatoTb O4HAKOBI KoHUeHTpauii AMCO;
¢ — pO3GiKHOCTI 3HaYyLLi BiAHOCHO po34nHiB i3 BCA, siki MatoTb ofgHakoBi koHueHTpauii IMCO; # — po36iXHOCTI 3HaYyLLi
BiHOCHO po3unHiB i3 PTC, aki matoTb ogHakoBi KoHUeHTpauii AMCO; p < 0,05.

Fig. 4. Post-cryo cell metabolic activity preservation in DMSO — based solutions: A — additive-free, B — 5 mg / ml BSA,
C - 10% FBS, D — 50 mg / ml HES, E — 100 mg / ml HES, & — differences were significant with respect to DMSO-
free solutions; * — differences were significant with respect to additive-free solutions, having equal DMSO concent-
rations; ¢ — differences were significant with respect to solutions with BSA, having equal DMSO concentrations;
# — differences were significant with respect to solutions with FBS, having equal DMSO concentrations; p < 0.05.

KpIOKOHCEpBYBaHHs epuTpouutie [23, 24]. Hamu
TakoXk BHUIPOOyBaHO cxoxki koHueHTpauii ['EK —
50 ta 100 Mr/mi, sKi TOTEHIIHHO MOXYTbH 3aMi-
LlyBaty Air0 npoTeiniB cupoBarku. [lomepenni ekc-
MIEPUMEHTH TI0Ka3aiy, 1o koHmeHnrpamii ['EK Hikue
a0o BuIIe BKazaHUX OyJIM MEHII €()eKTUBHUMH.
Binmomo, mo AMCO HaBiTh Yy HU3bKHUX KOHIICH-
TpaLisiX MOXKE 3MEHIIYBAaTH TOBIIMHY MEMOpaHH
KIITHH Ta I1HAYyKyBaTH (DOpPMYBaHHS THMYACOBHX

and neurotoxic (encephalopathy) influences [3].
Therefore, a decrease in DMSO concentration in
cryoprotective medium and the elimination of se-
rum components reduce a negative impact of the
cryoprotective medium. Notably, that a lower DMSO
concentration, than demonstrated by G.R. Ghen
et al. [33] and J. Tai et al. [2], i. e. 0.7 M can be
applied when using HES for HSD*-cell cryopreser-
vation.
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Iop, a y BEJIIMKUX — MPU3BOAMTHU JIO MOBHOI JIE3iH-
terpauii ginignoro Gimapy [13]. [Ipu Bukopucran-
Hi IMCO y KiiHIYHIH NPakTULi OMUCAHO BEIIUKY
KITBKICTh MOXIIMBHX TOOIYHMX (HYHOTa, 3aramo-
podeHHs, rapsuka) [9, 29] ta HelipoTOKCHYHUX (€H-
nedanomnarist) [5] edekriB. ToMy 3MEHIIEHHS KOH-
nentpanii JIMCO y kpio3axucHOMY CepeloBHIII Ta
BHKIIFOYCHHST KOMITOHEHTIB CHPOBAaTKH 3HIKYIOThH
HETaTHBHY Jif0 Kpio3axXHUCHOTO cepenoBmia. IlikaBo,
mo ['EK mae MOXIHBICTH 3aCTOCOBYBATH HIDKYI
xonrerTpamii JIMCO — 0,7 M, Hik mokazaHo y po6o-
tax G.R. Ghen Ta cniBaBt. [33] Ta J. Tai Ta cmi-
BaBT. [4].

BucHoBku

1. JlomaBanus ['EK 1o ckmamy kpio3axucHOro
CEPEe/IOBHIIA CIPHIIO 30UIBIICHHIO MOKA3HUKIB 3a-
raJIbHOT 30€peKEHOCTI Ta MiABUINECHHIO JKUTTE3/1AT-
HUX KIITHH 1HTEPCTULIIO CiM’SHMKAa HOPIBHIHO
3 cepenoBuiamu, ki mictuiau BCA a6o OTC.

2. 3acTocyBaHHS PO3UUHY, KUK MicTHTh 100 Mr/mi
I'EK i 0,7 M JIMCO, no3Bonwio OTpUMarH Haii-
Oinpiry 30epexenicts xurTe3gatHux Kl cim’sHuUKIB
(24,8 (21,1; 35,8)%), Ta TCA -xmitun (31,7 (26,4;
37,3)%), mo, B CBOIO 4epry, € OOIPyHTYBaHHSIM
Juist 3HMWKeHHs KoHueHTpauii [IMCO y kpio3zaxuc-
HOMY po3unHi 3 2,1 10 0,7 M.

3. Buxopucranns 100 mr/mu 'EK y xomOinamii
3 0,7 M IMCO no3zBonuio 36epertu Metabosiuny
axruBHicTh KI Ha BUCOKOMY piBHi (52,6 (44,5; 60,4) %).

Jlocniooicenuss  6yn0 nposedeno 6 pamkax memu
2.2.6.104 «Bnacmueocmi KpiOKOHCEPBOBAHUX NEPEUHHUX
KVIbmMyp KAimun eHOOKPUHHUX 307103 HEOHAMALbHUX MEd-
pun INVItro ma in Vivo npu mpancnianmayii».

Nitepatypa

1. Kvpnatosckui BW, Edpemos 1, ®ponosa EB, Kyapssuesa
JIB. Ctumynsums cnepmartoreHesa M CUMHTE3a TecToCcTepoHa
nyTem annoTpaHCMnaHTaunn HeoHaTanbHON TEeCTUKYNSAPHON
TKaHn nop 6enoyHyto 06OMOYKY KPUMTOPXMPOBAHHOMO ANY-
ka. BronneTeHb akcnepuMeHTanbHON GUoONorMM N MeauLMHBI.
2018;166(10):495-501.

2. Netpenko FOA. KpuokoHcepBupoBaHMe KIeToK 3MbBpuo-
HanbHOW nevyeHn dYenoBeka c ucnonb3oBaHnem AMCO wu
BbICOKOMOMEKYMAPHbIX  COeAnHeHnn. [pobnembl  kprobuo-
norumn. 2003(3):80-7.
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temperature preservation of mammalian-cells in tissue culture
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Conclusions

1. The HES addition o cryoprotective me-
dium ensured an increase in general survival rate
and that of viable testicular interstitial cells as
compared to the BSA or FBS-containing media.

2. The use of the solution, containing 100 mg /
ml HES and 0.7 M DMSO, enabled obtaining the
highest survival rate of testicular ICs (24.8 (21.1;
35.8)%), and HSD'-cells (31.7 (26.4; 37.3)%),
which, in turn, substantiated the reduction of DMSO
concentration in cryoprotective solution from 2.1
to 0.7 M.

3. The use of 100 mg / ml HES in combination
with 0.7 M DMSO allowed the preservation of
metabolic activity of ICs at a high level (52.6 (44.5;
60.4)%).

The study was carried out within the project 2.2.6.104
'Properties of Cryopreserved Primary Cell Cultures
of Neonatal Animal Endocrine Glands In Vitro and
In Vivo During Transplantation'.
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