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Cryoprotective Efficiency of Some Cryoprotectants
Depending on Cooling Rate

[Tosy4eHsb! JaHHBIE 110 COXPAHHOCTH KJIETOK HHTEPCTULHS TECTHCOB KPBIC MOCIIE 3aMOPAKUBAHUSI-OTOTPEBA C HCIOIb30BAaHUEM
ckopocreit oxnaxaenus 1; 5 u 10 rpan/mMun u pactBopoB mmiepuna (7%), numermicyiabdokenna (10%), stunenrnukons (7%) u
qumetmiipopmamua (5%). YCTaHOBIICHO, YTO IIMIEPUH 00eCTIeYMBaAET JOCTATOYHO BBICOKYIO (10 75%) COXpaHHOCTB KJIETOK IPH BCEX
HMCII0JIb30BAHHBIX CKOPOCTAX 3aMOPaXUBAHUA. le/l IIPUMEHCHUU APYTUX KPUOIIPOTEKTOPOB 3HAYCHUS COXPAHHOCTH KJIETOK ITOBBIIIAJIUCH
(ot 56 no 83%) c yBenuueHueM ckopocTH oxiaxaeHus ot 1 no 10 rpan/mun. [Toka3aHo, 4TO OXJIAXKACHHE CO CKOPOCTSIMU OKOJIO
10 rpaa/MuH MOXKET 00€CIIeurBaTh JOCTATOYHO BBICOKYIO COXPAHHOCTh KJIETOK MHTEPCTHLIHS TECTUCOB MOCIIE 3aMOPAKHBAHUSI-OTOTPEBa.

Kniouesvie cnosa: xpnokoHCEpBUPOBAHUE, CKOPOCTh OXJIAXKICHHUS, KIETKH HHTEPCTULHS TECTUCOB, IPOHUI[AEMOCTh, KPHOIIPO-
TEKTOPBHI.

OTpuMaHO JaHi 11010 30epeKSHOCTI KIIITHH IHTEPCTHULIS TECTHCIB LIYPIB ITiCIIs 3aMOPOXKYBaHHS-BiirpiBaHHS 3 BUKOPUCTAHHIM
HIBUKOCTEH oxonomkeHHs 1; 5 Ta 10 rpaa/xB Ta po3unHiB rrinepuny (7%), numetuicynbpokeuny (10%), erunenrnikono (7%) Ta
nuMetniadopmaminy (5%). BeranosieHo, mo miinepuH 3adesnedye AOCTaTHBO BHCOKY (o 75%) 30epeskeHicTh KIITHH MijJ dac
BUKOPHCTAHHS BCiX MIBUIKOCTEI 3aMopoxyBaHHs. [1pH 3acTOCYBaHHI iHIIMX KPIOMPOTEKTOPIB 30€peeHICTh KIITHH 3pocTana (Big 56
10 83%) npu 36inbIIeHH] BUAKOCTI 3aMopoxyBanHs Bix 1 10 10 rpan/xs. [TokazaHo, 110 OXOJIOIKEHHS 31 IIBHIKOCTAMH OJIN3BKO
10 rpag/xB Moxe 3a0€3MEeYUTH JTOCTATHRO BHCOKHH PiBEHb 30€PEIKEHOCTI KIITHH {HTEPCTHLIS TECTUCIB MiCis 3aMOPOXKYBaHHsI-
BiflirpiBaHHSI.

Kniouosi cnosa: xpiokoHCcepBYBaHHS, LIBUAKICTh OXOJIOKEHHS, KIITHHH IHTEPCTHLISI TECTUCIB, IPOHUKHICTB, KPiOIPOTEKTOPH.

The survival of testes interstitial cells after freeze-thawing using the cooling rates of 1; 5 and 10 deg/min and glycerol (7%),
dimethyl sulfoxide (10%), ethylene glycol (7%) and dimethyl formamide (5%) solutions has been estimated. Using of glycerol
provided sufficiently high (up to 75%) cell survival under all the studied cooling rates. Cell survival increased (from 56% upto 83%)
if cooling rates were elevated from 1 up to 10 deg/min in the case of other cryoprotectants. Cooling rates about 10 deg/min provided

sufficiently high level of post-thaw cell survival.

Key words: cryopreservation, cooling rate, testes interstitial cells, permeability, cryoprotectants.

Ha cerogusinauii 1eHb HU3KOTEMIIEPATyPHOE KOH-
CEPBUPOBAHNE — AMHCTBEHHO JIOCTYITHBIH CITOCO0 JT0I-
FOCPOYHOr'0 XPAHEHUS KJIETOK, B TOM YHUCJIE TOPMO-
HAJILHO-aKTHBHBIX. Pa3zpaboTka Hay4HO 000CHOBaHHBIX
CII0COOO0B KPHOKOHCEPBUPOBAHISI BO3MOKHA C YIETOM
IIPOLIECCOB MaccooOMeHa B CHCTEME ‘‘KIIETKa-OKpy-
JKarolas cpena’ Ha pa3HbIX 3Tanax KPUOKOHCEPBUPO-
Banus. Pa30BbI nepexo] “Boma-ien”, sBISIFOLIUICS
HEOTHEMJIEMBIM 3TAIIOM TEXHOJIOTUIECKOTO IMPOTIecca
HHU3KOTEMIIEPATyPHOTO KOHCEPBUPOBAHUS OMOIOTH-
YECKUX 00BEKTOB, 00YCIIOBIMBAET BOSHUKHOBEHHUE
LIEJIOW IIETIOYKH MOBPEKAAOINX (DAKTOPOB, K KOTO-
PBIM, TIPEXKE BCETO, CIISAYET OTHECTH JIETHAPATAITHIO
Y BHYTPUKJICTOYHYIO KpUCTAIUTA3ANNI0. ONITUMAITEHAS
CKOPOCTh OXJIAXICHUs, crienuuaHas Jisi KOHKPEeT-
HOTO THIA KJIETOK, OOecrieunBaeT OajgaHC TpaHCMEMO-
paHHOTO MaccooOMeHa “KJIeTKa-OKpyKaromas cpe-
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To date, low-temperature preservation is the only
method for long-term storage of cells, including hor-
monally active ones. Development of fundamentally
attested methods of cryopreservation is possible when
considering the mass transfer processes in the system
“cell-environment” at different stages of cryopreser-
vation. “Water-ice” phase transition, being an essen-
tial step in the process of low temperature preserva-
tion of biological objects, causes the appearance of
variety of damaging factors, which primarily include
dehydration and intracellular crystallization. The opti-
mal cooling rate is specific to a particular cell type, and
provides an equilibrium transmembrane mass transfer
between cell and environment, resulting in dehydration
of cells, which, on the one hand, is sufficient to elimi-
nate the possibility of intracellular ice formation, on the
other hand it does not reach the critical level of fatal
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Ja”, B pe3yapTare KOTOPOro 00e3BOKMBAaHUE KIIETOK,
C OJHOW CTOPOHBI, SIBISIETCSI AOCTATOYHBIM, YTOOBI
HCKJIIOYUTH BEPOATHOCTh BHYTPHUKIETOUHOIO JIBJO-
00pa3oBaHus, a C IPYyroil — He JOCTUTAeT KpUTHYEC-
KOTO YPOBHS, 9TOOBI MPUBECTH K HEMZOESKHOMY TIOB-
pexaennro kneTok. CyiecTBEeHHYIO POJIb B TOM PO-
LIeCCe UTPAIOT OCOOCHHOCTH CTPOCHUS IIa3MaTHIec-
KHX MEMOpPaH KJIETOK, JIMMUTHPYIOLLMX BOTHBIH HOTOK.

Lens paGoThI — OIIEHUTD BIIMSHUE CKOPOCTEH OX-
JIaKJIEHUS Ha COXPAHHOCTH KJIETOK HHTEPCTHUITUS TEC-
THUCOB IIPH UCIIOIb30BAaHUH B KAYECTBE KPUOIIPOTEKTO-
POB pacTBOPHI TNHIEPHUHA, AUMETHUICYIbPOKCUIA
(AMCO), stunenrmukosst (O1') u aumetnndopmamuia
(AM®A), mpoHukaromiasi CiocoOOHOCTh KOTOPBIX H3Y-
yeHa [7].

Matepnanbl 1 metoAbI

OO0BEKTOM HCCIIEAOBAHNI OBUIH KJIETKH TKAHH CE-
MEHHUKOB KPBIC, IMOTy4YeHHbIC (DePMEHTATHBHBIM
MeTonoM [6]. CycneH3un BKIIOYAIN KICTKU JUAMET-
pom 4,21-21 mxm. Hanbonee MHOTOUHCIIEHHO OBLITA
momynsinus KJIeToK pazmepamu 11-16 mxMm, Ha
KOTOPBIX TPOBOAUIIU UCCIICIOBAHUS.

B pabote ncronp3oBaau pacTBOPHI IIUIEPUHA,
JAMCO, OI' u JIM®A, mpurotoBiieHHEIE Ha cpene 199
¢ 20 MM Hepes.

HccnenoBanu cOXpaHHOCTh KJIETOK UHTEPCTULUS
TecTUCOB Tociie uxX 30-MUHYTHOM SKCHO3UIUU MPHU
temreparype 20°C B pacTBOpax KpUOIIPOTEKTOPOB 5;
7; 10 m 15%-x xonmneHTparuii. Ha ocHOBaHMM ATHX
WCCIIeIOBaHUI MOJ0MpaTN ONTUMAIbHBIC KOHIICHT-
paluu KPUOTIPOTEKTOPOB I KPUOKOHCEPBUPOBAHUS,
KOTOPBIC CYIIECTBEHHO HE CHIYKATH UX COXPAHHOCTb.

JKn3HECImocoOHOCTE KIIETOK IO | ITOCIIC 3aMOPaXKH-
BaHUS-0TOIPEBA KOHTPOIUPOBAIU METOJIOM CYIIpaBU-
TaJIbHOTO OKpalluBaHus ¢ ucnoibs3oBanueM 0,2%-ro
BOZHOTO pacTBOpa TPUIIAHOBOTO cuHeETO [3].

KonmdecTBo JKM3HECTTOCOOHBIX KIETOK OTpere-
JISUTH TT0 POopMyIIe:

W=&XIOO%,

obwy
rue zwp — KOJIMYECTBO OKPAIIICHHBIX KIIETOK; zw,m -
00111ee KOJIMYECTBO KJIETOK.

J1J1s1 OLIEHKU BAMSIHUSI HA KJIETKH SKCIO3ULIUU C KPHO-
MIPOTEKTOPAMH U 3aMOPaKUBAHHUS-OTOTPEBa ObLI BBE-
JIEH OTHOCHTEJIBHBIHN MTOKa3aTeh COXPAaHHOCTH, OTIpe-
NEJISIEMBIN U3 COOTHOIIICHHU :

N = x 1009,
W,

0
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cell damage. An important role in this process is played
by structural features of cell plasma membrane, limit-
ing the water flow.

The aim of the study was to assess the effect of
cooling rate on the survival of testes interstitial cells
when using the cryoprotectant solutions of glycerol,
dimethyl sulfoxide (DMSO), ethylene glycol (EG) and
dimethyl formamide (DMFA), which permeability was
studied earlier [7].

Materials and methods

The investigations were carried-out in rat testes cells
isolated by enzymatic method [6]. Suspensions com-
prised the cells 0f4.21-21 um diameter. The most part
made the population of cells of 11-16 pum, and these
cells were used in the study.

In this work we used solutions of glycerol, DMSO,
DMFA, ethylene glycol prepared with 199 medium
supplemented with 20 mM Hepes.

We investigated the survival of testes interstitial cells
after 30 minutes of exposure at 20°C in cryoprotectant
solutions of 5, 7, 10, and 15%. Basing on these studies
we selected the optimal concentrations of cryoprotec-
tants for freeze-thawing, which did not significantly
reduced the cell survival.

The viability of cells before and after freeze-thaw-
ing was assessed using supravital staining with 0.2%
aqueous solution of trypan blue [3].

The number of viable cells was determined by the
formula:

W - ZStained xlOOOO,

total

is the number of stained cells; 2~ is

where 2 oral

total nuri\ltl{;gfl of cells.

To assess the effect of exposure with cryoprotec-
tants and freeze-thawing on the cells we introduced a
relative index of survival calculated with the following

relation:

N:ZXIOO%,
/4

0

where W and W, are viabilities of cells before and
after the effect (exposure with cryoprotectant solution
of freeze-thawing), correspondingly.

Before freeze-thawing the solutions of cryoprotec-
tants were added to cell suspension ina 1:1 ratio to get
the required final concentration. After that the sam-
ples of 1 ml were incubated during 5 min at 20°C, and
cooled in the programmable freezer Cryoson (Germa-

ny) in cryotubes (Nunc, USA) of 1.8 ml using constant
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rae W u W, — KoIu4eCTBO KU3HECTOCOOHBIX KIETOK
JI0 ¥ TIOCIIe BO3ACHCTBUS (IKCIIO3UIIUS B PACTBOpE
KPUOMNPOTEKTOPa WM MOCJIE 3aMOPAXUBAHUA-OTO-
rpeBa) COOTBETCTBEHHO.

IIpu KprOKOHCEPBUPOBAHUN PACTBOPHI KPHOIIPOTEK-
TOPOB AOOABIISITN K KJIIETOYHOU CYCIICH3UH B COOTHO-
meHud 1:1 it moydeHus Heo0XouMO# KOHEUHOH
KOHIIEHTpAIMU. 3aTeM IMOIy4YeHHBIE 00pa3ibl 00be-
MoM 1 M1 HHKyOMpPOBaJIM B TEUEHHUE 5 MUH IIPH TEMIIE-
patype 20°C, 3aMOpaKUBaJIM Ha ITPOIPAMMHOM 3aMO-
paxusarene “Cryoson” (I'epmanus) B KppoamIryinax
(“Nunc”, CIIIA) o6bemMoM 1,8 MIT ¢ TOCTOSITHHBIMU
ckopocTsaMu oxnaxaenus 1; 5 miau 10 rpag/muH 10
—40°C u 3aTeM KOHTelHep ¢ 0Opa3aMu orpysKaiu B
KUJKUH a30T I XPaHCHHS.

[ocne xpaHeHus B TeueHUE HeIETH 00Pa3IIbl OTO-
rpeBajiu Ha BoAsHOH Oane npu 32...34°C. Kpuomnpo-
TEKTOP YAAISIIN TPEXKPATHBIM HIEHTPU(YTrUpOBaHHEM
KJIETOK HHTepCTUIUS TecTHCOB (1500 06/MuH B Tede-
HHE 3 MHH), UCTIONB3ys cpexy 199 ¢ 20 MM Hepes.
[anee onpenensiym OTHOCUTENBHBIN IOKA3aTeb CO-
XPaHHOCTH KJIETOK TIOCIIE 3aMOPaKUBaHUSI-OTOTPEBA.

Ucnonp3yst MmogudunupoBanHyro (pu3nko-mare-
Marudeckyto moaenb Kenem-Kauansckoro [1], omu-
CaJi OCMOTHUYECKOE OBECHUE N30IUPOBAHHBIX KJIE-
TOK Ha OCHOBHBIX 3Tarax 3aMOpaKMBaHUSA-OTOTPEBA.
B kadyecTBe TpaHCIIOPTHBIX XapPaKTEPUCTHK KIIETOK B
JTAHHOH MOJICTIH UCTIONB3YFOTCS KO3(h(DUIIMEHTHI IPOHU-
LIae€MOCTH JJIsI BOJIbI (Lp) U KpUOIPOTEKTOpa (Kp), a
HanboJIee CyIIeCTBEHHBIX TEOMETPHUIECKUX TapaMeT-
POB — MOBEPXHOCTHO-00bEMHOE OTHOIIICHUE KIICTKH
(Y=S,/V,) ¥ OTHOCUTENIbHBIA OCMOTHYECKH HEAKTHB-
HBII 00bEM (O‘:Va/ V,, tne V — 00beM aeruaparupo-
BAaHHOH KIIETKH; V) — 00bEM MHTAKTHOU KJIETKH), OTIpE-
JeJeHHble HaMu paHee [7, 8]. PemenusiMu monenu
TP U3BECTHBIX 3HAYCHUAX L 11 K. ABIIAIOTCS: 3aBHCH-
moctu Y(T), TL"(T) u T,"(T), rie y — OTHOCUTEbHBIN
00beM KIeTKH; TL" 1 T — 0CMOTHYECKOE JaBJICHHE
MIEPBOTO U BTOPOr'0 pACTBOPEHHOIO BEIIECTBA BHYTPHU
KJIETKH COOTBETCTBEHHO.

Kunetnky n3menenns koHteHTparmu C BHEKIICTOU-
HOTO pacTBOpa B MTPOIECCE 3aMOPAKNBAHUS 33JaBAIN
TP pacueTax aHATUTHICCKH, ITyTEM aIPOKCUMAITIN
(ha3oBoOIf TUArpaMMBI TUTABICHUS BOJTHBIX PACTBOPOB
HCCIIEAYEeMBIX KPHOMPOTEKTOPOB [1] B cremyromiem
BUJIC:

C=-9,7664x10°T"+ 3,8264T—313,4059 — OT;
C=-26,1x10°7*+12,608T— 1496,8 — runepuna;
C=-14%x10°7*+ 5,86T-550,77 — IMCO;
C=-0,238%x10°7°+0,15197°—32,4425T+2376,471 —
AM®DA,

rne T — texymaa Temmeparypa.

CrarucTudeckyo o0paboTKy pe3yabTaToB dKCIIe-
PHUMEHTOB MpoBOAIIH 10 MeTony CrhiogeHTa-Du-
mepa.
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cooling rates of 1, 5 or 10 deg/min down to —40°C and
then the container with the samples were plunged into
liquid nitrogen for storage.

After one-week storage the samples were warmed
in a water bath at 32...34°C. Cryoprotectant was re-
moved by triple centrifugation of testes interstitial cells
(1500 rpm for 3 min), using medium 199 with 20 mM
Hepes. Then, a relative index of post-thaw cell sur-
vival was determined.

Applying the modified physical-mathematical model
of Kedem-Kachalsky [1], we described the osmotic
behavior of isolated cells at key stages of freeze-thawing
process. The following transport parameters of the cells
are used in this model: the coefficients of permeability
for water (Lp) and cryoprotectant (Kp), as well as the
most significant geometrical parameters: cell surface-
to-volume ratio (y=S/V,) and relative osmotically in-
active volume (a = V_/V, where V_is the volume of
dehydrated cell; ¥ is volume of intact cell, found by us
earlier [7, 8]. If the values L, and K are known the
solutions of this model are the dependencies y(7),
1"(T) and T"(7) temperature, where y is the rela-
tive cell volume; Tt™ and T, are the osmotic pressu-
res of the first and second solute inside the cell, corre-
spondingly

The kinetics of the changes in concentration of ex-
tracellular solution during freezing in the calculations
was set analytically by approximating the phase dia-
gram of melting of aqueous solutions of the studied
cryoprotectants [1] as follows:

C=-9.7664%x10°T"+ 3.8264T—313.4059 — EG;
C=-26.1x10°T"+ 12.6087 — 1496.8 — glycerol;
C=-14x10°T"+ 5.86T-550.77 — DMSO;
C=-0.238x10°7*+0,15197*—32.4425T+2376.471 —
DMFA,

where T is the current temperature.
Statistical processing of experimental data was
performed by the Student-Fisher’s method.

Results and discussion

It was found that exposure of testes interstitium
cells in the solutions of cryoprotectants led to an in-
crease of number of damaged cells. After 30 min in-
cubation in 5% solutions of studied substances the sur-
vival of cell slightly decreased (by 2—-8%) comparing
to the control, in the case of 7% cryoprotectant solu-
tions under the same conditions, the survival decreased
by 7-14%. The most significant damage was observed
in 10 and 15% solutions of studied cryoprotectants, the
number of damaged cells increased by 10-20% (Fig. 1).

Analysis of the obtained data on the survival of tes-
tes interstitial cells after exposure in solutions of gly-
cerol, ethylene glycol and DMFA of various concentra-
tions allowed to conclude that the maximum concen-
trations of cryoprotectants, which do not significantly
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Pe3yAbTaThl M 00CYyXXA€HHe

YcTaHOBJIEHO, YTO MOCIE IKCIIO3UITUH KIIETOK HH-
TEPCTHUIHS TECTHCOB C PACTBOPAMH KPHOIIPOTEKTOPOB
KOJHUYECTBO MOBPEXKAEHHBIX KJIETOK JTOCTOBEPHO
yBenunuuBaiock. [locne 30-MuHyTHOM MHKYOanMu C
5%-Mu pacTBOpaMU HCCIENYEMBIX BEIIECTB CO-
XPaHHOCTb KJIETOK HE3HAYUTEIBHO CHIKAACh (Ha 2—
8%) 1o cpaBHEHUIO C KOHTPOJIEM, TIPH UCTIONIB30BAHUN
7%-X pacTBOPOB KPHOIIPOTEKTOPOB MPH TEX JKE yCIIO-
BHUSIX COXPaHHOCTh yMeHbIIanack Ha 7—14%. Hau-
OoJiblliee MTOBpEXKIArOIIee aecTBre okazamu 10 u
15%-e pacTBOpBI UCCIEIyEMBIX KPHOIPOTEKTOPOB,
KOJTMYECTBO MOBPEKICHHBIX KIETOK YBEIMYHUBAIOCH
Ha 10-20% (puc. 1). AHanu3Upys NOTydYeHHBIE JaH-
HbIE O COXPaHHOCTH KJIETOK MHTEPCTHIIHS TECTHCOB
rmocJje AKCMO3WLIMK B pacTBOpax riunepuHa, O u
JAM®A pa3nuuHbIX KOHLUEHTpaluil, Mbl IPULIUIH K
3aKJIFOYEHHIO, UTO MAaKCHMaJIbHbIE KOHLEHTpAIuN
KpHUOIPOTEKTOPOB, KOTOPBIE CYIIECTBEHHO HE CHHU-
JKaK0T COXPaHHOCTh, 1151 [IM®DA — 5%, nyis 31 u ru-
uepuHa — 7%. Ilpu nanpHeMIINX SKCIEpPUMEHTaX
MIPUMEHSUIN 3T KoHIleHTpauuu. Konuenrpauus JIMCO
10% Obu1a BEIOpaHa ¢ yI€TOM JaHHBIX TIPEIBLIYITHX
nuccnenoBanwii [4, 5].

Ha puc. 2 nokazana 3aBHCHMOCTh COXPaHHOCTH
KJIETOK HHTEPCTHUIUS TECTHCOB OT CKOPOCTH 3aMOpa-
KUBAHUA C Pa3IUYHBIMU KpUOIMpOTeKTOopamu. M3
MIPUBE/ICHHBIX IAHHBIX BHJIHO, YTO TITHIIEPHH 00 CIICYH-
BaeT JIOCTaTOYHO BBICOKYIO (10 75%) COXpaHHOCTB
KJIETOK ITOCJIE 3aMOPaKUBaHUs CO CKOPOCTSIMH 1; 5 n
10 rpan/mMuH. 3aMOpaKMBaHKE ¢ TPUMEHEHUEM PaCT-
BopoB IMCO u OI co ckopoctsio 1 rpan/mun obec-
[IEYMBAJIO COXPAHHOCTDH KJIETOK MHTEPCTHLINA TECTH-
coB 110 59%. C yBennueHNEM CKOPOCTH OXJIaXKIEHUS
10 5+10 rpag/MuH COXpaHHOCTh B CpPeIHEM IOBBI-
manack 10 72%.

HawnGonee BeIcOKHE 3HaUCHUS COXpaHHOCTH (83%)
OBUTH OTYYEHBI MTOCHE OXJIaKICHHS KIETOK CO CKO-
pocthto 10 rpaa/muH ¢ ucnonb3oBanuem JJM®DA. [Tpu
CHW)KCHHHM CKOPOCTH OXJaXIEHHus a0 | rpai/mMuH
COXPaHHOCTH KJIETOK YMEHbIaNach 10 56%. Mcmoms-
30BaB JaHHbIE paOOTHI [ 8], MO’KHO IIPETIOIOKHUTE, YTO
OoJiee HU3KAasg COXPAHHOCTh KJIETOK MHTEPCTULIHS TEC-
THCOB I10CJIE 3aMOPaKUBAHUSI-OTTAUBAHUSA B IPUCYT-
ctBun [IM®DA nipy MeITICHHOM OXJI2XIEHHH 00y CIIOB-
JICHA Ype3BBIYaiHO BBICOKOH MPOHUKAIOILEH crIoco0-
HOCThIO (K, =24,45%10"7 M/c ipu Temnepatype 20°C)
3TOTO BEUIECTBA Yepe3 MEMOPAHbI KIIETOK HHTEPCTH-
LU TECTHCOB, YTO MOIJIO CTaTh MPUYMHOMN TOTIOITHH-
TENFHOTO MOCTYTUIEHHS KPHOIIPOTEKTOPA B KIIETKH €I11e
Ha 3Tare OXJaKIEHHS.

Uccnenoanne BIUAHNSA 3aMOPaKUBAHUS TTPH BBI-
cokoii ckopoctH oxjaxkaeHus (85—100 rpan/mMuH) B
npucytctBuu 10% JAMCO Ha coxpaHHOCTBH Opra-
HOTUIHMYECKOH KyJbTYPbl CEMEHHHKOB ITOCIIE OTOTPEBA
[2] moka3zano, 4To OBICTPOE OXJIAXKIAECHHE MOXKET IIPH-
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Puc. 1. CoxpaHHOCTB KJIETOK HHTEPCTHULIMS TECTHCOB IT0CIIE
30-muHyTHOM 3Kcno3unuu (pu 20°C) KIETOUHOH CyCIieH-
3HMH C paCTBOPAMH KPUOIIPOTEKTOPOB Pa3IMUHBIX KOHIICHT-
pauuit: M- nmnepuna; O- 30 O—- AIM®A; * — paznuuuns
JIOCTOBEPHBI 10 OTHOIICHHUIO K 3HAYEHUSIM COXPAHHOCTH IIPU
5%~ KOHIIEHTPAIIUU COOTBETCTBYIOLIETO KPHOMIPOTEKTOPA
(p<0,05).

Fig. 1. Testes interstitium cell survival after 30 min exposure
(at 20°C) of cell suspension with cryoprotectant solutions
of various concentrations: M- glycerol; - EG; O0—-DMFA;
* —the differences are statistically significant comparing to
the data of survival at 5% concentration of corresponding
cryoprotectant (p <0.05).

reduce the cell survival are: 5% for DMFA, and 7% for
ethylene glycol and glycerol. In further experiments these
concentrations were used. The concentration of DMSO
of 10% was chosen based on previous studies [4, 5].

Fig. 2 represents the data on survival of testes in-
terstitial cells in dependence of cooling rates and types
of cryoprotectant. The data show that glycerol pro-
vides quite a high survival (75%) of cells after cooling
with rates of 1, 5 and 10 deg/min. Freezing with DMSO
and EG solutions using cooling rate of 1 deg/min re-
sulted in the survival of testes interstitial cells of 59%.
Increasing of cooling rate up to 5+10 deg/min led to a
rise up to 72% in average.

The highest values of cell survival (83%) were ob-
tained using cooling rate of 10 deg/min and DMFA
solution. Reducing of'the cooling rate down to 1 deg/min
led to a decrease in cell survival down to 56%. Using
our recent data [8], we can assume that the lower sur-
vival of testes interstitial cells after freeze-thawing in
the presence of DMFA and slow cooling is due to the
extremely high permeability (K = 24.45x107m/s at
20°C) of this substance through testes interstitial cell
membranes that could cause additional entry of the
cryoprotectant into the cells already at the stage of
cooling.
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BOAMTH K BHYTPUKJIETOYHON KPHUCTAIIT3AINH 32 CHET
HEJOCTATOYHOW JETHApaTallii KJIETOK B Ipolecce
oxJaxaeHus. ONTUMaIbHOM e CKOPOCTBIO, HE IIPUBO-
JAIIEeN K 3HAYUTENBHOMY CHM)KEHHIO COXPAaHHOCTH
KJIETOK T0CTIE 3aMOPaXMBaHUA-OTTauBAHMs, 10 MHEHHIO
aBTOPA, SIBIISIETCS CKOPOCTH OXJIAXKACHUS 5 Tpaji/MUH.

[TomydeHHbIe JaHHBIE CBUIIETENBCTBYIOT, UYTO PU
OILIEHKE KPUO3AIIUTHBIX CBONCTB KPHOIPOTEKTOPOB
BapbUPOBAHUE CKOPOCTEH OXJIaKISHHUS MOXKET MOKa-
3aTh, KAKOW M3 HUX sBIsieTcs Oosiee 3(h(HEeKTUBHBIM.
MeMOpaHbI KJIETOK WHTEPCTUIINS TECTUCOB TaK JKe
XOPOIIIO MPOHHULIAEMBI [T IINIEPHHA, KakK 1 i1t D1 n
JIAMCO [8], Bmecte ¢ Tem, ecnu ans O u JJMCO
MIPEANIOYTUTENBHBIM 0Ka3ajoch Oosiee OBICTpOE OX-
JaXXJ€HKE, TO P UCIIOJIb30BaHUH DINLIEPUHA JOCTO-
BEPHBIX Pa3IMYUil BIMAHUS CKOPOCTU OXJIaKACHUS B
nuanazone 1+10 rpag/MUH HAa COXPaHHOCTH KIIETOK
HHTEPCTULHS TECTHCOB HAMM HE BBIABIEHO. Jlns
JAM®A 6Gonee 3(h(heKTUBHBIMHE OKa3aJIUCh CKOPOCTH
oxyaxaeHust oopasuos 5 u 10 rpag/mMuH.

Yenex KpHOKOHCEPBUPOBAHHS BO MHOTOM OTIpe/ie-
JIIETCA OCMOTHYECKHM IIOBEJICHHEM KJIETOK Ha OC-
HOBHBIX €T0 3Tamax, KOTOPOE 3aBUCUT OT CTENEHHU
COTJIaCOBAHMSI PUMEHSIEMBIX MTPOLEyp C TPAHCIOPT-
HBIMH XapaKTePUCTUKAMU IJIa3MaTHIECKUX MEMOpaH
KPHOKOHCEPBUPYEMBIX KJIETOK ¥ KX T€OMETPHYECKIMU
napamMeTpaMu. AHaJIM3 OCMOTHYECKOTO NOBEICHUS
KJIETOK IIPH PA3IMYHBIX IPOLEAypax KPHOKOHCEPBUPO-
BaHMS J1aeT BO3MOXHOCThH OINpEAeNuTh Hanboiee
ONTHMAaJbHBIE YCJIOBUS HACBHIILEHUS KIETOK KpUO-
[IPOTEKTOPOM U €T0 YIaJIEeHHUS U3 KIETOK, COITIacOBaTh
MPOLEAYPY SKCIO3UINH B PaCTBOPE KPUOTIPOTEKTOPA
C MpoLenypoH JaJIbHENIIETO 3aMOPaKUBAHU U T. II.

Ucnonb3ys BeMUCICHHBIE paHee KOA(QHUIIUEHTHI
MIPOHUIIAEMOCTH U COOTBETCTBYIOIINE T€OMETPUIEC-
KM€ TapaMeTphl KIETOK WHTEPCTULIHS TECTUCOB [7,
8], OBLIO MPOBEACHO MOICUPOBAHME UX OCMOTHYEC-
KOTO MTOBEJICHHS Ha TAIe OXJIAXACHUS C Pa3THIHBIMA
CKOPOCTSAMH.

Ha puc. 3 mokazana tuHaMuKa U3MEHEHUs OTHOCH-
TEJILHOTO 00BEMa UCCIIeIyEeMbIX KIETOK IPH OXJIaxK-
nenuu co ckopoctsamu 1; 10 u 100 rpag/mus.

W3 npencraBieHHBIX TaHHBIX BUIHO, YTO IPU CKO-
poctu oxnaxaenus 1 rpaa/mun B npucytersun IMCO
00e3BOKMBaHME KJIETOK 3aBepiiaercs k —10°C, mpu
3amopaxxuBaHuu ¢ pactBopamu 1" u MDA k-20°C,
a TIpY MCTIOJIH30BaHNH TIIMIIEPHUHA JOCTH)KEHUE MIHH-
MaJbHOTO 00beMa KieTok Habmromaercs xk —45°C.
JaHHbIN QakT CBUIIETEIHCTBYET O CHIDKCHHHU MPOHU-
[IaeMOCTH MEMOpPaH KJIETOK WHTEPCTUIUS TECTHCOB
MIPH OXJTAKACHUH JJIS1 MOJIEKYJI ITHIIEPHHA [T CpaBHe-
HUIO C HCIOJb30BAHUEM JOPYTUX KPHOIMPOTEKTOPOB.
YBenuueHue ckopoctu oxnaxaenus 10 10 rpan/mMuH
B IPUCYTCTBUHU BCEX HCCIEIYyEMBbIX BELIECTB pac-
LIMPSIET TEeMIIEPaTyPHbII AUana3oH 00e3BOKUBAHUS
KJICTOK HHTEPCTHLUS TeCTUCOB. [Ipy oxnaxxaeHuu co
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Puc. 2. CoxpaHHOCTb KJIETOK HHTEPCTHLUS TECTUCOB I10CIIE
3aMOpaXHBaHUA-0TOTpeBa ¢ pacTBopamu riurepuna (7%),
JAMCO (10%), 9T (7%) u AM®A (5%) co ckopocTsamu,
rpag/mun: M- 1,0-5;0-10; * — pa3nuuust 10CTOBEPHBI
OTHOCHUTENIFHO OXJIAXKJIEHHUSI CO CKOPOCThIO | rpaj/MUH B
npucyrctsun IMCO, OI' u JIM®A; # — pasnuuus 1oc-
TOBEPHBI OTHOCHUTEJIEHO OXJIAXKJICHHS CO CKOPOCTSIMH | 1
5 rpag/muH B ipucytcrBun JM®A (p <0,05).

Fig. 2. Testes interstitium cell survival after freeze-thawing
with solutions of glycerol (7%), DMSO (10%), EG (7%) and
DMFA (5%) with various cooling rates, deg/min: ll—1; O
5; 00— 10; * — the differences are statistically significant
comparing to the data for cooling rates of 1 deg/min and in
the presence of DMSO, EG and DMFA; # — the differences
are statistically significant comparing to the data for cool-
ing rates of 1 and 5 deg/min and in the presence of DMFA;
(p<0.05).

Investigation of the effect of freezing with rapid
cooling (85-100 deg/min) in the presence of 10%
DMSO on the survival of testes organotypic culture
after thawing [2] has shown that rapid cooling could
lead to intracellular crystallization due to insufficient
dehydration of cells during cooling. The optimal cool-
ing rate which caused less significant reduction in cell
survival after freeze-thawing was reported as 5 deg/min.

The obtained data suggest that when assessing the
protective properties of cryoprotectants the varying of
cooling rates could reveal which substance is more
efficient. Testes interstitial cell membranes are highly
permeable for glycerol, as well as for EG and DMSO
[8]. However, while EG and DMSO showed better
action during rapid cooling, the application of glycerol
did not reveal the significant differences in the effect
of cooling rate in the range of 1+10 deg/min on the
survival of testes interstitial cells. In the case of DMFA
the more efficient cooling rates were 5 and 10 deg/min.

The success of cryopreservation is mainly deter-
mined by the osmotic reactions of the cells at the main
stages of the process, which depend on the coordina-
tion of the applied procedures and the transport cha-
racteristics of cell plasma membrane as well as cell
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Puc. 3. 3aBUCHMOCTH OTHOCHUTENBEHOTO 00bEMA KIETOK HHTEPCTULIUS TECTUCOB OT TEM-
mepaTypsl Npu oxjaxaeHnu co ckopocTsmu 1; 10 m 100 rpax/mus (OTMEdeHBI y
COOTBETCTBYIOIINX KPUBBIX) B IPUCYTCTBUH pacTBOpoB: muiiepuna (A); OI" (B); AMCO

(C) u IM®A (D).

Fig. 3. Dependencies of testes interstitium cell normalized volume vs. temperature during
cooling with rates of 1; 10 and 100 deg/min (marked near the curves) in the presence of

glycerol (A); EG (B); DMSO (C) and DMFA (D).

ckopocThio 100 rpana/MuH cTerneHb 00e3BOKHBAHMS
KJIETOK CTAHOBUTCS HE3HAYUTEIHHOM, YTO MOXKET NPU-
BECTH K BHYTPHKIICTOYHOHN KPUCTALTU3AIMH U CTATh
MPUIUHON TIOBPEXKICHHUS KIIETOK.

Pe3ynbraThl MpOTHO3UPOBAHUS OCMOTHYECKOTO
MOBEJICHUS KJIETOK HHTEPCTULIUS TECTHCOB IPH 3aMO-
PaKUBaHHUH C Pa3HBIMH CKOPOCTSIMH HO3BOJISIIOT AaTh
cieayroiee 00bsICHEHNE MTOBBILICHUIO COXPAaHHOCTH
KJIETOK TPH MOBBIIMIEHUN CKOPOCTH OXJIAXACHUS 10
10 rpan/musn B npucytcrsun AMCO, OI' u IM®A.

OxJnaxkaeHue co CKopocThio | rpang/muH compsi-
KEHO C JUTUTENFHBIM HaX0XKIEHUEM KIIETOK B 00€3B0-
JKEHHOM COCTOSIHUH, YTO MOXKET CTaTh MPUIMHON UX
rHOEeJH B pe3yJbTare OCMOTHYECKOTO CTpecca. YBEIH-
YeHHEe CKOPOCTH oxyaxaeHus 1o 10 rpaj/MuH cHU-
kKaeT BpeMsl SKCIIO3HIIUH KIIETOK B JICTHIPATHPOBAH-
HOM COCTOSIHUH, HCKJTFOUYast OTHOBPEMEHHO ¥ BHYTPH-
KJIETOUYHYIO KPUCTAITU3ALHIO, 1 BHYTPUKIETOYHBIH
cTpecc. Bmecte ¢ Tem, oueBUIHO, UTO AajbHeIIee
yBEIMYCHUE CKOpoCcTH oxutaxaeHus (o 100 rpag/MuH)
HCKIIIOYAET JETHIPATALUIO, B PE3YJIBTATEe YETro KICTKH
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Fig. 3 shows the chan-
ges in the normalized vo-
lume of cells when cool-
ing with rates of 1, 10 and
100 deg/min.

The presented data
show that application of
cooling rate of 1 deg/min
in the presence of DMSO
results in completion of cell
dehydration before —10°C,
in the presence of EG and DMFA before —20°C, and
in the case of glycerol the minimal cell volume is
reached nearly —45°C. This fact indicates a higher de-
crease in the permeability of testes interstitium cell
membranes for glycerol molecules during cooling com-
paring to other studied cryoprotectants.

The increase in the rate of cooling up to 10 deg/min
in the presence of all the studied substances extends
the temperature range of testes interstitium cell dehy-
dration. In the case of cooling rate of 100 deg/min the
dehydration of cells becomes negligible, and this can
lead to intracellular crystallization and cause cell dam-
age.

The simulation of testes interstitial cell osmotic
behavior during freezing with various cooling rates al-
low to explain the rise in the cell survival when in-
creasing the cooling rate up to 10 deg/min in the pres-
ence of DMSO, EG and DMFA.

Cooling rate of 1 deg/min is associated with long
period of cell dehydration, which could result in their
death due to osmotic stress. The increase in the rate

o
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OyIyT MOBpEXIAThCA B pe3yJbTaTe BHYTPUKIETOTHOMN
KpUCTAJUIM3ALMH.

BbiBOADI

[Tony4yeHHBIE TaHHBIE O COXPAHHOCTHU KIIETOK
[0CJI€ 3aMOPaKMBAHUSI-OTOIPEBA TO3BOJISAIOT PEKO-
MEHJIOBaTh JajbHEHIIee N3yuyeHUEe KPHO3alUTHON
aKTUBHOCTHU pacTBOpoB ruiepuna, I, [IMCO un
JAM®A npu pa3paboTke HOBBIX CXeM KPHOKOHCEp-
BHPOBAHHUSA KJIETOK.

Pe3ynbprarel TeOpeTHUECKOTO MPOTHO3UPOBAHUS
OCMOTHYECKOTO OBEJCHHUS KJIETOK HHTEPCTHIIHS TEC-
THCOB TIPY OXJIQXKJIEHUH B MPHUCYTCTBUU PACTBOPOB
utiepuHa, O, IMCO u JIM®A nokasanu, 9To Mpu
CKOPOCTH OXJIaXAeHHA | rpal/MUH CHHKEHHE CO-
XPaHHOCTH MOXET OBbITb 0O0YCIIOBIEHO AJUTEIbHBIM
HaXO0KACHHEM KIIETOK B IETHIPaTUPOBAHHOM COCTOS-
Hu. beictpoe oxnaxaenue (85-100 rpan/mun), XoTs
1 TI03BOJISIET M30€KAaTh IIUTENLHOTO NEHCTBHS THITEP-
TOHHH, HaOJIIoatoIIeiics TPU MEIJICHHBIX CKOPOCTSX,
MIPUBOANT K 3HAYUTEIHHOMY MEPEOXIIAKICHUIO KIIe-
TOK, B Pe3yJIbTaTe Yero BOZHUKAET BHYTPUKIIETOUHAS
KpPHUCTAJUTA3ALIHS.
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of cooling up to 10 deg/min reduces the duration of cell
dehydration, excluding both the intracellular crystalli-
zation, and intracellular stress. However, it is clear that
further increase of cooling rate (up to 100 deg/min)
prevents dehydration, resulting in cell damage due to
intracellular crystallization.

Conclusions

The obtained data about the cell survival after free-
ze-thawing allow to recommend the further study of
cryoprotective activity of glycerol, ethylene glycol,
DMSO and DMFA solutions when developing new
cryopreservation protocols.

The results of theoretical simulation of osmotic beha-
vior of testes interstitium cells during cooling in the pres-
ence of glycerol, ethylene glycol, DMSO and DMFA
solutions showed that application of cooling rate of
1 deg/min resulted in a decrease in the cell survival
due to long duration of cell dehydration. Rapid cooling
(85—-100 deg/min) allow to avoid long-term hypertonic
exposure, observed during slow cooling, which could
lead to a significant supercooling of cells and intracel-
lular crystallization.
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