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C HuCnoIp30BaHHEM METO/Ia BOJIFOMOMETPUH ONIpeesicHbI K09(h(GHUITMEHTHI MPOoHHIIaeMocTH MeMOpaH kieTok CITDB mist Mmonekyn
stuinenrukons (O0) u 1,2-6yrannuona (1,2-5/) npu temneparypax 35, 18 u 7°C. Paccunrannsie B nuana3one temmneparyp 35-7°C
3HAYCHUS YHEPTUil aKTHBAIMH TpoHUIaeMocTh it Mosieky1 DI u 1,2-BJ1 coctasmsiot 45,07 u 55,35 kJ[/MOJIb COOTBETCTBEHHO.
Pasnuuns B mponumaeMoctu meMOopan st mosekyn DI u 1,2-BJ] Hanbonee Boipakens! npu 35°C u orcyTceTBytoT ipu 7°C.

Knrouesvie cnosa: x03hGUIMEHTH TPOHUIIAEMOCTH, JHEPTHH akTHBaINH, KiieTkd CIIDB, BomoMoMeTpust, STUICHIIMKOIb, 1,2-0y-

TaHIUOJI.

3 BUKOPHCTaHHSM METOLY BOJIIIOMOMETPIl BU3Ha4YeHi KoediuieHTH npoHukHocTi MeMOpan kiitud CITEB 1y1st Moniekyst eTHICHITIHKOIIO
(E) i 1,2-6ytangiony (1,2-B/1) npu temneparypax 35, 18 ta 7°C. Pa3paxoBani B aiana3oni remnepatyp 35—7°C 3HaueHHs eHeprii
aKTHBaIlii MpoHUKHOCTI At mosiekyn EI ta 1,2-BJ] cknanarots 45,07 ta 55,35 kJ[/Moub BianoBigHo. BiAMiHHOCTI B TPOHUKHOCTI
mostekyn EI' Ta 1,2-B]1 Haii6inbm Bupaxeni npu 35°C ta BigcyTHi npu 7°C.

Knrouoei cnosa: xoedinieHTH NPOHUKHOCTI, eHeprii aktusariii, kiituau CITEB, BomoMoMeTpisi, eTUIICHITIKOMb, 1,2-0yTaHmaion.

Using the method of volumometry the permeability coefficients for SPEV cell membranes of ethylene glycol (EG) and 1,2-butane
diol (1,2-BD) at temperatures of 35, 18 and 7°C have been determined. The calculated within the range of temperatures of 35-7°C
values of permeability activation energy for molecules of EG and 1,2-BD make 45.07 and 55.35 kJ/mol, correspondingly. The
differences in membrane permeability for EG and 1,2-BD molecules are the most manifested at 35°C and are absent at 7°C.

Key-words: permeability coefficients, activation energies, SPEV cells, volumometry, ethylene glycol, 1,2-butane diol.

[IpoHnmaemMocTs MIa3MaTHYECKUX MeMOpaH s
MOJIEKYJT BOABI U KPUOMPOTEKTOPOB — BasKHEHIIast
KpHOOHOIOTHYECKask XapakTepUCTUKa KIETOK, Ompe-
JENAIONAsl IX OCMOTHYECKOE MTOBEIEHHUE B MTpoLiecce
KPUOKOHCEPBHPOBAHUS, & B UTOTE: BEDKHBAEMOCTb
[I0CJIE OTOTPEBA U IEPEHOCA B U3OTOHUUYECKYIO CPELY.
[MoaTomy ompeneneHue Ko3pHUITUESHTOB MPOHUIIAC-
MOCTH MeMOpaH pa3IWYHBIX KIETOK JUISI KPHUOIMPO-
TEKTOPOB U BEIIECTB, KPHO3AITUTHBIE CBOWCTBA KOTO-
PBIX HM3y4YaloTCs, — HEOOXOAUMBIN 3Tal KpHOOUOJIo-
THYECKHX UCCIIEIOBAHUH.

[lepeBuBaemMble KIIETOUHBIE KYJIBTYPHl YacTO HC-
MOJIB3YIOT KaK MOJIEIB JIJIsl pEIICHUS] MHOTHX TIPO0OIieM
00111ebnoI0rn4ecKoro 3HaueHus. Bmecre ¢ Tem B rmpo-
Lecce JUTUTENBHOTO KyJIbTUBUPOBAHUS KIIETKH TEPSIIOT
CBOM HUCXOJIHBIC CBOMCTBA [3], UTO onpenessier Heoo-
XOIUMOCTh Pa3paboTKy d3PPEKTUBHBIX U HAJCIKHBIX
METOJIOB X KPHOKOHCEPBUPOBAHUS U IOIATOCPOUHOTO
xpanenus. Takum o0pazom, kinetku CIIOB apnstoTes
HE TOJNBKO YIOOHOW MOZAENBIO ISl CPaBHUTEIHHOU
OLICHKH JICHCTBHS Pa3IMYHBIX KPUOIPOTEKTOPOB Ha
KJIETKH B IIJIAaHE N3yYCHHS MEXaHU3MOB KPHOIIOBPEK-
JeHHS U KPHO3AIINUTBI, HO U 00BEKTOM pa3paboTKu
HOBBIX METOJIOB KPHOKOHCEPBUPOBaHHUS [8].
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Permeability of plasma membranes for molecules
of water and cryoprotectants is an important cryo-
biological feature of cells, determining their osmotic
behavior during cryopreservation, and finally specifying
the survival after thawing and transfer into isotonic
medium. Therefore the determination of the perme-
ability coefficients for membranes of various cells to
cryoprotectants and substances, cryoprotective proper-
ties of those are under study is the essential stage of
cryobiological investigations.

Inoculated cell cultures are frequently used as the
model for solving many tasks of general biological
value. Moreover during lasting culturing the cells loose
their initial properties [3], that determines the need in
designing the effective and reliable methods of their
cryopreservation and long-term storage. Thus, SPEV
cells are not only the proper model for comparative
estimation of the effect of different cryoprotectants
on cells in studying the mechanisms of cryodamage
and cryoprotection, but also the object of development
of novel cryopreservation methods [8].

The search for optimal methodical solutions when
developing the cryopreservation methods is expedient
to be implemented with experimental-theoretical
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[Touck onTUMaNBHBIX METOAWYECKUX PELICHUN TPU
pa3paboTKe METOI0B KPHOKOHCEPBUPOBAHUS 11€TIECO-
00pa3HO OCYHIECTBISATh HA OCHOBE IKCIEPHUMEH-
TaIbHO-TEOPETHYECKOTO MOIX0/1a, UCIIONH3YIOIIETO
MOIU(PHUINPOBAHHYIO (PU3UKO-MAaTEMAaTHUECKYI0 MO-
nenb Kegem-Kauansckoro [1]. Takoit mogxon Hampas-
JIeH Ha ONTHUMU3AIUIO TPOIECCOB MaccooOMeHa B
CUCTEMeE ““KIIeTKa-OKpY’Karomas cpeia’ mpu KPUOKOH-
CEpPBUPOBAHHUH U TPeOYyeT KOHKPETU3AIUH JaHHBIX O
COCTaBe BHE- M BHYTPHUKIIETOUYHOU Cpeabl, MOpHOMeET-
PUYECKHX TTapaMeTpax KJIETOK, IPOHUIIAEMOCTH U €€
TEMIIEpaTypPHON 3aBUCUMOCTH.

Lens paboTsl — ompeseleHne mapameTpoB Mpo-
HunaeMoctu (Ko3(p(HUIMEHTOB NPOHULIAEMOCTU H
SHEPIuil aKTUBAIINHN ) MEMOpaH KJIETOK NEpEeBUBaEMON
kiaerounodt auaun CIIOB st Moiexkyn Xoporno
3apEKOMEH/IOBABIIETO Ce0s B Pa3lIMYHBIX CXeMax
KPHO3aIIHUTHI STHISHIIIHKOIS [9] ¥ OBICTPO MPOHHKA-
IOIIETO B IPUTPOLMTHI YEJIOBEKAa U IKCIEPUMEH-
TallbHBIX )KUBOTHEIX 1,2-OyTananona [2,4].

Matepnaabl 1 meToAbI

OOBEKTOM HCCIICTOBAHUS CITYKUITU KICTKH TIepe-
BUBaeMON KiieTouHOU KynasTypsl CIIOB (a3m06puo-
HaJbHasi IOYKa CBUHbBH).

[lepeBuBaemas knerounas junua CIIOB Obina
BhIpaiieHa mpu 37°C B KyJlIbTypalibHBIX Marpacax B
cpeae 199 ¢ nobasnenuem 10% >mMOpHOHANBEHON Te-
nsrabeit ceiBopotku 1 100 en/mir kanamuiHa [6].

HccnenoBanus npoBOIMIIM HA MHBEPTHPOBAHHOM
mukpockone MBU-13 (“JIOMO”, Poccus). Hns
W3Yy4eHUS TUHAMHUKN OCMOTHYECKON PEaKIuy KJIETOK
CII3B Ha no6asnenue (B cootHomienun 10:1) 1M pact-
BopoB stmieHnmkois (A1) u 1,2-6yrananona (1,2-B1)
npu Temreparypax 35, 18 u 7°C cycneH3HIo KIEeTOK
dhoTorpadupoBan Yepes ONpeAeTICHHBIE TIPOMEKYTKH
BpeMeHU. [loydyeHHbIe TaHHBIE IPEICTABISLIIN B BUJIC
3aBUCHMOCTEH OTHOCUTEIBHBIX 00hEMOB OTACIBHBIX
KJIETOK OT BPEMEHH 3KCIIO3UIINH B UCCIIETyEMBbIX PacT-
BOpax. 3aJaHHYIO TEMIIEPATYPY IKCIO3UINH KIETOK
B pacTBOpax JAHOJOB OOECNEYUBAIU MPH TOMOIIU
MIPUCTABKU K MUKPOCKOITY, OXJIAXK/1aeMOM WIIH Harpe-
BaeMOH HUPKYIHPYIOWIEH Yepe3 Hee )KUIKOCTHIO.

KoaddummeHTs MpOHUTIAEMOCTH MIa3MaTHIEeCKIX
MeMOpaH kierok CIIDB st Monexyn AuoiioB (Kl)
OTIPEIEIISIN, COTTOCTABIISA SKCIIEPUMEHTANIBHBIE 3aBH-
CUMOCTH OTHOCUTEIBFHBIX 00BEMOB KIIETOK OT BpeMe-
HH )(f) ¢ pelIeHUsMH ypaBHEHHH TEOPETHUYECKOU
MOJEIH JUIS 3aJaHHBIX SKCIIEPUMEHTAJIbHBIX YCIOBHMA
[5]. Oneprun axTuBanuu (E,) MpOLECCOB MEPEHOCA
BelecTB Yepe3 MmeMOpanbl kiietok CIIOB paccuntsl-
Bayy U3 3apucumocter [nK (1/T), HaKIOH KOTOPBIX
COIIaCHO ypaBHeHHIO Appenuyca paseH E /R, rie R —
YHHBEpCaJbHAas Ta30Basl IOCTOSIHHAS.

CrarucTudeckyo o0paboTKy pe3yabTaToB dKCIIe-
puMeHTOB mpoBogwH 1o Metony Creiogenta-Ou-
mrepa.
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approach, using the modified physical-mathematical
model of Kedem-Katchalsky [1]. This approach is
directed to optimize the processes of mass exchange
in the “cell-environment” system during cryopreser-
vation and requires the specifying of the data about
composition of extra- and intracellular medium, mor-
phometric parameters of cells, permeability and its tem-
perature dependence.

The research aim is to determine the permeability
parameters (permeability coefficients and activation
energies) of cell membranes for inoculated SPEV cell
line for molecules of ethylene glycol, proving itself well
in different cryoprotection protocols [9] and 1,2-butane
diol, rapidly penetrating into human experimental
animals’ erythrocytes [2, 4].

Materials and methods

The cells of inoculated SPEV (embryonic porcine
kidney) cell culture served as the research object.

Inoculated SPEV cell line was grown at 37°C in
cultural flasks with medium 199 adding 10% fetal calf
serum and 100 units/ml kanamycin [6].

The studies were performed with inverted micro-
scope MBI-13 (“LOMO?”, Russia). To investigate the
dynamics of osmotic response of SPEV cells on adding
(in 10:1 ratio) of 1m ethylene glycol (EG) solution and
1,2-butane diol (1,2-BD) at temperatures of 35, 18 and
7°C the cell suspension was photographed in a certain
time periods. The obtained data were presented as
the dependencies of relative volumes of some cells on
exposure time in the studied solutions. The set exposure
temperature for cells in diols’ solutions was provided
by means of adjustment to microscope, cooled and
warmed with a circulating through it liquid.

The permeability coefficients of plasma membranes
of SPEV cells for molecules of diols (K|) were
determined by comparing the experimental dependen-
cies of relative cell volumes on time y(¢) with the solu-
tions of equations of theoretical model for the set experi-
mental conditions [5]. The activation energies (£ ) of
the processes of substances’ transfer through the
membranes of SPEV cells were calculated from the
dependencies of /nK (1/T), the slope of those according
to Arrhenius equation is equal to £ /R, where R is
universal gas constant.

The results of experiments were statistically
processed by the Student-Fisher method.

Results and discussion

The series of photos show the kinetics of characte-
ristic changes of SPEV cells under exposure (18°C)
in 1M EG solution (Fig. 1) One can see that osmotic
cell response (rapid dehydration and following relatively
slow rehydration) completely terminates to the 5™ min
of exposure and is not accompanied with marked
disorders in cell structure. In 1 M solution of 1,2-BD
the similar changes in cells were found.
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Puc. 1. Ocmotnueckast peakuus kinerok CITOB npu sxecniozuiiu B 1M pactopa DI (Lirhpbl — BpeMst SKCHO3ULMH B CEKYHIIAX ).
Fig. 1. Osmotic reaction of SPEV cells at exposure in 1 M EG solution (numbers show the exposition time in seconds).

Pe3yAbTaThl M 00CyxaeHue

Ha cepun mukpogororpaduii npeacTapieHa KHHe-
THKa XapakTepHbIX W3MeHeHui knetok CIIOB mpu
axcno3uiun (18°C) B 1M pacteope OI (puc. 1). Mox-
HO BHJIETh, YTO OCMOTHYECKAs PEaKIust KIIETOK (ObICT-
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Fig. 2, 3 demonstrate the features of experimental
dependence of SPEV cell volumes on contact time
with IM EG and 1,2-BD, as well as theoretical curves,
extrapolating osmotic cell behavior. In the solutions of
1,2-BD there was noted less manifested dehydration
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past meruapaTamnys 1 Mmocienyronas OTHOCUTEIHHO
MeJUIEHHAs! pETH/IpaTalis) MOJIHOCTHIO 3aBEePIIaeTCs
K 5-i1 MUHyTE€ 3KCIO3ULIMHU U HE COMPOBOXKIAETCSA
3aMETHBIMH HapyLIEHUSIMH KJIETOUYHOM CTPYKTYpHI. B
IM pactBope 1,2-B/] HaGmioganuck aHaqOTUYHBIC
U3MEHEHHUS KIIETOK.

Ha puc. 2, 3 npuBeneHs! XapakTepHble YKCIEPHU-
MEHTaJIbHbIE 3aBUCUMOCTH 00BbeMoB KieTok CIIOB
oT BpeMeHH KoHTakTa ¢ 1 M pactBopamu O1 1 1,2-b/],
a TakKe IKCTPAIIOIUPYIOINE OCMOTHYECKOE ITOBE/IE-
HH€ KJETOK TeopeTHdecKkne KpuBble. B pacTBOpax
1,2-bJ1 oTMedeHa MEeHee BhIpaKCHHAS IETHUIPATAIIHS
KJIETOK, YeM B pacTBopax OI'; CHIKeHue CKOpocTH
peruapaTanuy KJIETOK MPH ITOHIKEHUH TEMITEPATyPhI
XapaKkTepHO ISl OCMOTHYECKOH peakuuu B 000MX
pactBopax. [lony4ueHHbIe JaHHBIE CBUIAETENBCTBYIOT
0 CHIKEHUH CKOpOCTH NTpoHuKHOBeHus Ol u 1,2-B/1 B
KJIETKH MPH MOHM)XEHUU TEeMIIepaTyphl U Ooiiee
OBICTpOM MPOHUKHOBEHUH B KineTku 1,2-B/1, wem OI.

KoadduimenTs! npoHNIaeMocT MEMOpaH KJIETOK
CIIBB mns monekyn OI' u 1,2-B]1, paccantanHble Ha
OCHOBE TEOPETHYECKUX 3aBUCUMOCTEH, KOTOPBIE IKCT-
pamoIupPyIOT dKCIIEpUMEHTAIbHbIE JaHHBIE, TIPHUBE-
IeHbl B Tabnmuie. V3 mpencTaBleHHbIX pe3yiIbTaToB
HCCIIEIOBAHNHN CIIENIyEeT, YTO MPOHUIIAEMOCTh MeMO-
pan kiaetok CIIOB mins monekyn 1,2-BJ1 npu 35°C
JIOCTOBEPHO BbILIE, 4eM a1 Mosiekyl Ol [Ipu nonu-
YKEHHWHU TEMIIEPATYPBI PA3INUUE B IPOHULIAEMOCTH JJIS
MOJIEKYJI MCCIEAYEMBIX BEIIECTB HcUe3aeT. boiee
BbICOKas npoHunaemocts 1,2-b/1 o cpasrenuto ¢ I

0
e o 0o o0 o 9o
w A O N ® ©

OtHocuTenbHbI 06bem knetku VIV,
Relative cell volume V/V

o
N

0 100 200 300 400 500 600

Bpems, ¢ Time, sec

Puc. 2. DKCIepHIMEHTANTBHBIC 3aBUCHUMOCTH OTHOCUTEIIBHBIX
06wemoB kitetok CITOB ot Bpemenu konrakra ¢ 1M pactBo-
poM OI" 1 SKCTPANOIUPYIOLIME OCMOTHYECKOE OBEICHHE
KJIETOK TEOPETHYECKHE KPHUBBIE IIPH Pa3HBIX TEMIIEpaTypax:
O -35°C;[0-18°C; A-7°C.

Fig. 2. Experimental dependences of relative volumes of
SPEV cells on contact time with 1 M EG solution and ex-
trapolating the osmotic cell behavior theoretical curves at
different temperatures: O —35°C; (0 18°C; A -7°C.
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of cells than in the solutions of EG; reduced rehydration
rate of cells under the decrease of temperature is
characteristic for osmotic response in both solutions.
The findings testify to a reduced rate of penetration of
EG and 1,2-BD into cells under temperature fall and
more rapid penetration of 1,2-BD into cells comparing
to EG.

The permeability coefficients of SPEV cell memb-
ranes to molecules of EG and 1,2-BD, calculated by
means of theoretical dependencies, extrapolating the
experimental data are presented in the Table. The
presented research results demonstrate that perme-
ability of SPEV cell membranes to molecules of 1,2-
BD at 35°C is significantly higher than for EG mole-
cules. During the decrease of temperature the diffe-
rence in permeability for molecules of the studied
substances disappears. Higher permeability of 1,2-BD
if compared with EG correlates with higher value of
the partition coefficient (K ) of 1,2-BD in the “water-
n-octanol” system, that supposes the penetration of
1,2-BD into cells via lipid bilayer [2]. This supposition
may explain why the big size molecules penetrate into
cells quicker than those of smaller size.

In Fig. 4 the Arrhenius coordinates show the
penetration coefficients of SPEV cell membranes for
EG and 1,2-BD molecules at 35, 18 and 7°C, as well
as the linear dependences /nk(1/T), extrapolating
experimental data. Activation energies (E,), calculated
from these dependencies are equal to 45.07 kJ/mol
for EG and 55.35 kJ/mol for 1,2-BD.

OtHocuTenbHbI 06bem knetkn VIV,
Relative cell volume V/V

0,2 T T T T T

0 100 200 300 400 500 600

Bpewms, ¢ Time, sec

Puc. 3. DxcniepuMeHTaIbHBIC 3aBUCHMOCTH OTHOCHTEIBHBIX
00bemoB kietok CIIDB ot Bpemenn koHTakTa ¢ | M pacTBo-
pom 1,2-B/] u skcTpanonupyronme 0CMOTUYECKOE OBE-
JICHHE KJIIETOK TEOPETUIECKUE KPUBBIC ITPU PA3HBIX TEMIIE-
patypax: O—35°C;[0-18°C; A-7°C.

Fig. 3. Experimental dependences of relative volumes of
SPEV cells on contact time with 1 M 1,2-BD solution and
extrapolating the osmotic cell behavior theoretical curves
at different temperatures: O —35°C; [0 18°C; A —7°C.
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Kosdpduuuents! nponnnaemoctu Mmemopas kiietok CII9B mist monexyn 3@ u 1,2-b/1, u3MepeHHbIe TpH pa3HbIX
TeMIIepaTypax, 1 HEKOTOpbIe PU3UKO-XUMUUecKkue xapakrepuctuku OI u 1,2-B1

Permeability coefficients of SPEV cell membranes to EG and 1,2-BD molecules at different temperatures
and some physical and chemical characteristics of EG and 1,2-BD

Koadbdumnuent
Auamerp MOAEKyA KoadhdunuenT TPOHUILAEMOCTH
Kpuomnporekrop CrpykTypHas popmyaa D, A pacmnpeperenus K Temmneparypa, °C K x107, m/c
Cryoprotectant Structural formula Molecule diameter Distribution Temperature, °C Permeability
D, A coefficient K coefficient,
K x10"m/s
ET 35 4,15+1,31
EG HO—CH,—CH,—OH 2,6 0,040 18 1,37+0,53
7 0,72=+0,23
1,2-BD ' ! 169220,54
' OH 7 0,77+0,17

IMpumeyanue: pasIHIus MEKITY 3HAYCHHSME K0P (HUIIHEHTa TPOHUIIAEMOCTH [IPH PA3IHIHON TEMIIEPAType CTATUCTHIECKH JOCTOBEPHBI
(p<0,05); Kp — KO3 PUIUEHT pactpeecHHUS B CUCTEME «BOIa-H-OKTaHOI» [7].

Notes: Differences between values of permeability coefficient at different temperatures are statistically significant (p < 0.05); K, -

partition coefficient in “water-n-octanol” system [7].

KOppenupyeT ¢ 0oliee BEICOKMM 3HaUYeHUEM Kod(hdu-
LMEHTA paclpeneIcHus (Kp) 1,2-B/1 B cucteme “Bopa-
H-OKTaHOJI”, 4TO MPEAINOIaraeT IpOHUKHOBEHHE 1,2-
B/l B xieTkm depe3 aunuaHbii 6ucion [2]. Takoe
MIPENAIONIOKEHNE MOXKET OOBSCHUTH, MTOYEMY MOJIe-
KyJIbI OOJIBIIIETO Pa3Mepa MPOHUKAIOT B KIIETKU OBICT-
pee, 4eM MOJIEKyJIbl MEHBIIIETO pa3Mmepa.

Ha puc. 4 B xoopauHatax AppeHunyca IpruBeIeHBI
KOA(DPUTIHEHTHI MPOHUIIAEMOCTH MEeMOpaH KIETOK
CII9B nns monekyn OI' u 1,2-B/1 npu Temneparypax
35, 18 u 7°C u 3KCTpanonupyoumue KCrIepuMeH-
TaJbHBIC JaHHbBIE JUHEWHbIe 3aBucuMoctu [nk(1/T).
Onepruu akTuBauuu (E,), pacCUMTaHHbIE U3 ITHX
3aBUCHUMOCTeH, paBHBL: it O'— 45,07 xJx/mMons;
1,2-B1 — 55,35 &JI>x/MOJIb.

[Tomyuennsle B paboTe JaHHBIE O TTapaMeTpax Mmpo-
Huraemoctu kiretok CIIOB ms OI' u 1,2-B]] ykaszbi-
BalOT HAa HEOOXOAMMOCTH IIPH CPABHUTEIHHOM OIIEHKE
MIPOHUIIAEMOCTH PA3ITIMYHBIX KPHOTIPOTEKTOPOB YUHTHI-
BaTh U TEMIIEPATYPHYIO 3aBUCIMOCTh KO PHUIINEHTOB
MIPOHULIAEMOCTH.

BbiBOADI

1. C ucnonp30BaHUEM METO/A BOJIOMOMETPUU U
ypaBHEHHH TEPMOAMHAMUKHI HEOOPATUMBIX ITPOLIECCOB
U3MEPEHBl KOA(PPHUINEHTH MPOHUIAEMOCTH KIIETOK
CII9B pns monekyn OI' u 1,2-b/1 mpu Temmeparypax
35,18u7°C.

2. IIpu remnepatype 35°C npoHHIIAEMOCTh MEMO-
pan knerok CII9B mns monexyn 1,2-bJ[ mocroBepHo
BhIIIE, YyeM jist Mosiekyn O@, pu 7°C mocToBepHBIX
pasauyunii B MPOHUIIAEMOCTH 3TUX IMOJIOB HE BBISB-
JIEHO.

3. OmnpeieneHHble U3 TEMIIEPATyPHBIX 3aBUCUMOC-
Tel MPOHUILIAEMOCTH YHEPTrUuu aKTuBamu i I u 1,2-
B/1 cocrapnsror 45,07 u 55,35 kJI>k/MOJIb COOTBETCT-
BEHHO.
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E,= 55,35 kJ/mol
1,2-BD

In (K,x108)

EG

E, = 45,07 kJ/mol

1,5
0,0032

0,0034 0,0035

1T

0,0033 0,0036

Puc. 4. 3aBucumoctu AppeHuyca MpOHUIIaeMOCTH MEMO-
pan knerox CIIOB i Monekyn KpHOIpOTEKTOPOB B HHTEP-
Basie Temneparyp 35-7°C: O — 1,2-BJ] ue —3T.

Fig. 4. Arrhenius permeability dependences of SPEV cell
membranes for molecules of cryoprotectants within
temperature range of 35-7°C: O —~1,2-BD and ® —EG.

The obtained in the research data about the perme-
ability parameters of SPEV cells to EG and 1,2-BD
point to the necessity at a comparative evaluation of
permeability of different cryoprotectants to take into
account temperature dependence of permeability
coefficients as well.

Conclusions

1. Using the method of volumometry and thermo-
dynamics equations of irreversible processes there we-
re measured the permeability coefficients of SPEV
cells to EG and 1,2-BD molecules at temperatures of
35,18 and 7°C.
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2. At temperature of 35°C the permeability of
SPEV cell membranes to molecules of 1,2-BD was
significantly higher than to the molecules of EG, at
7°C no significant differences in permeability of these
diols were found.

3. Found from temperature dependences the per-
meability of activation energy for EG and 1,2-BD made
45.07 and 55.35 kJ/mol, correspondingly.

References

1. Gordiyenko E.A., Pushkar N.S. Physical grounds of low tem-
perature preservation of cell suspensions.— Kiev: Naukova
dumka, 1994.— 142 p.

2. Gordiyenko O.l., Linnik T.P. Penetration mechanisms of non-
electrolytes of diols’ series via erythrocyte membranes //
Biophysical Bulletin. — 2002.— Issue 2.— P. 43-47.

3. Zakharov A.F. Late reduplication of chromosomes in cultured
cells of Chinese hamster // Tsitologiya.— 1966.— Vol. 8, N 2.—
P. 201-207.

4. Kovalenko G.V., Kovalenko I.F., Linnik T.P. Membrane
permeability of rat’s and rabbit’s erythrocytes to cryoprotec-
tants of amides and diols series // Problems of Cryobiology.—
2007.— Vol. 17, N4.— P. 365-373.

5. Kovalenko I.F., Koschiy S.V., Timofeyeva E.V. et al. Per-
meability of SPEV cell membranes to molecules of water and
dimethyl sulfoxide // Problems of Cryobiology.— 2009.—Vol. 19,
N1.—25-31.

6. Cryobiology and cryotechnology | Ed. by A.A. Tsutsayeva.—
Kiev: Naukova dumka, 1987. — 216 p.

7. Linnik T.P.,, Bizikina O.V. Fowl sperm cryopreservation. 1.
Cytotoxicity of diols and amides // Problems of Cryobiology.—
2001.— N2.—-P.72-79.

8. Rozanov L.F.,, Vysekantsev I.P.,, Petrenko T.F. et al. Sensitivity
of cells of inoculated cells line of SPEV and Candida albicans
fungi to processes of extra- and intracellular crystallization //
Problems of Cryobiology.— 2004.— N3.— P. 18-25.

9. Smolyaninova E.I., Pogorelov A.G., Lisina E.G. et al. Effect
of freezing medium on viability and cation composition of
murine early embryos // Problems of Cryobiology.— 2005.—
Vol. 15, N3.— P. 310.

Accepted in 15.01.2008

NMPOBJIEMbI 142 PROBLEMS
KPMOBMOJIOITUM OF CRYOBIOLOGY
T. 19, 2009, N22 Vol. 19, 2009, N22



