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Permeability of SPEV Cell Membranes
for Water and DMSO Molecules

C HuCnoIp30BaHHEM METO/Ia BOIFOMOMETPHUH ONpeesicHbI K03(h(GHUITMEHTHI MPOoHHIIaeMocTH MeMOpaH kieTok CITDB mist Monekyn
Bozibl 1 IMCO. YcTaHOBIICHO, YTO ITPU YBEIMYEHUH Pa3MEPOB KIIETOK IIPOHUIIAEMOCTb UX MeMOpaH i1 Mojeky1 JIMCO ymenbliaeTcs.
UucneHHOEe MOJIETUPOBaHKUE OcMOTHYecKoro noseaeHus kietok CII9B npu 3amopaxkusanuu B npucytersud JIMCO nokasaio, 4to
HPH OXJIXKIICHUH 0 ckopocThio 1°C/MuH neruaparanus kietok CII9B npoucxonut B ananaszone temneparyp —7,5...— 13°C, a yBenuuenue
CKOPOCTH OXJIaXeHuUs 10 5°C/MHH U BBILIE MOXKET CTaTh IPHYMHON BHY TPUKIICTOYHOMH KPHCTAIUIN3AINH.

Knrouesvie cnosa: xo3hhuipeHTs! mporuiiaeMoctH, kietku CI19B, BomroMoMeTpus.

3 BHKOPHCTaHHSIM METO/Y BOJIOMOMETpii BU3Ha4YeHi koedinienTn nponukHocti MmeMm6pan xiitua CITEB s mosekyn Bonu Ta
JAMCO. BeraHoBieHO, 1110 pH 301IbIICHHT PO3MipiB KJIITHH IPOHUKHICTH 1X MeMOpaH miist monekys JIMCO 3meHntyetbes. HucenbHe
MozeroBaHHs ocMoTu4HOI oBeainku kinitud CIIEB npu 3amopoxyBanHi B npucytHocti JJMCO nokasaio, o npu 0X0JI0/PKeHHI 31
mBuakictio 1°C/xB neriaparauis kiuitue CITEB BinOyBaeTbest B miama3oni temmneparyp —7,5..—13°C, a 30inbIIeHHS MIBUIKOCTI
oxoJtokeHHst 10 5°C/XB i BUILe MOXKe OyTH IPUYMHOIO BHYTPILIHBOKIIITUHHOT KpUCTai3allil.

Kniouogi cnosa: xoediunientn nponuknocri, kiitnau CITEB, BonroMomeTpist.

Using the volumetry method there were defined the permeability coefficients of SPEV cell membranes for water and DMSO. It has
been established that with increasing the volumes of cell dimensions their membrane permeability for DMSO molecules reduces.
Numeric modeling of osmotic behavior of SPEV cells during freezing in DMSO presence has shown that during cooling with 1°C/min
the dehydration of SPEV cells occurs within the temperature range of —7.5...—13°C and the rise of cooling rate up to 5°C/min and higher

may be the cause of intracellular crystallization.
Keywords: permeability coefficients, SPEV cells, volumetry.

[lepeBuBaemble KIIETOUHBIE KYIBTYPHl YacTO HC-
MOJB3YIOTCSA KaK MOJENb sl PEeIIeHUs] MHOTHX
po6ieM 0011e0H0IOTHIECKOT0 3HAYSHHUS, TAKUX KaK
nrdhepeHIMPOBKA KIIETOK, MEKKIICTOUHBIE KOHTAKTHI,
KaHIIepOTreHe3, Iepeaada HacleACTBeHHOM nHpopMa-
LUH, IOTyYeHNE BBICOKO((PEKTUBHBIX BAKIMH U IPO-
TUBOBUPYCHBIX NpPENaparoB B JOCTATOYHOM KOJIH-
yecTBe. MI3BECTHO, UTO KIETKH B MPOIIECCE JUTUTETb-
HOTO KyJbTUBHPOBAHUS MOTYT U3MEHSTH CBOM UCXO/I-
HbIE CBOMCTBA [2]. B CBS3M € 3TUM aKTyanbHO CO3/1a-
HHUE KpUOOAHKOB IIEPEBUBAEMBIX KIIETOUHBIX KYJBTYD,
a Taxke pa3paboTka HOBBIX () (DEKTHBHBIX M HAIEK-
HBIX METOJJOB KPHOKOHCEPBHPOBAHUS 3THX KIIETOK.

BonbIMHCTBO N3BECTHBIX METOIOB KPUOKOHCEPBU-
POBaHMS IEPEBUBACMBIX KIIETOUHBIX KYIBTYp Oa3upy-
eTCsl Ha SMITHPUYECKOM TOJXO0JI€, HCIIOIb30BAaHIH HH-
TYUTUBHBIX TPEACTABICHUN O MyTSIX ONTHUMHU3AIUH
yCIIOBUH KpHOKoHCepBUpoBaHus. Ho Takoil MmeTon He
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HAH YkpauHbl, r. Xapbkos

* ABTOp, KOTOPOMY HEOOXOAMMO HAarpaBASiTb KOPPECMOHAEHLIMIO:
yA. [Nepeacaasckas, 23, r. Xapbkos, YkpanHa 61015; Tea.:+38
(057) 373-31-19, dpakc: +38 (057) 373-30-84, aaeKTpoHHas nouta:
cryo@online.kharkov.ua

NMPOBJIEMbI
KPMOBMOJIOITUM
T. 19, 2009, Ne1

Inoculated cell cultures are frequently used as the
model for solving nay tasks of general biological value,
such as cell differentiation, intercellular contacts, can-
cerogenesis, transfer of hereditary information, obtain-
ing of highly efficient vaccines and anti-viral formu-
lations in a sufficient quantity. Its is known that the
cells during long-term culturing may change their initial
properties [2]. In this connection the establish-ment of
cryobanks of inoculated cell cultures has become an
actual task, as well as the development of new effec-
tive and reliable cryopreservation protocols for these
cells.

The majority of available cryopreservation methods
for inoculated cell cultures is based on empirical appro-
ach using intuitive notions about the ways of optimizing
the cryopreservation conditions. However this method
does not answer the question about admissible limits
of varying different factors during cryopreservation.
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JaéT OTBETa Ha BOIPOC O JOIMYCTHUMBIX Ipeaenax
BapbUPOBAHUSI PA3JIMYHBIX (PAKTOPOB MPH KPHOKOH-
CEpBUPOBAHNH.

OcHOBOI MOKMCKa ONTUMAIbHBIX METOJUYECKUX
peteHui mpu pa3paboTKe METOAOB KPHOKOHCEPBUPO-
BaHUS MOXET CTaTh IKCHEPUMEHTAIBHO-TEOPETH-
YeCKHUil MOAXO0]I, UCTIONB3YIOMINH MOAU(UIIMPOBAHHYFO
(u3uKo-maremMaTdeckyo moaensb Kenem-Kawanbc-
koro [ 1]. Takoit moxox HampaBIIeH HAa ONTUMHU3AIHIO
MIPOLIECCOB MACCOOOMEHA B CUCTEME “KIIETKA — OKPY-
JKarolas cpea’ B IMKIE KPHOKOHCEPBUPOBAHMS U Tpe-
OyeT KOHKpETH3alUH JAHHBIX O COCTaBE BHE- H
BHYTPHKIIETOYHOU CpeJIbl, IPOHULIAEMOCTH U MOP(O-
METPUYECKUX NapameTpax KJIEeTOK. AKTyaJbHOCTb
HCCIIEIOBAaHUN MPOLIECCOB MaccooOMeHa ompeens-
eTcs M TEM, YTO OHH, COITIACHO ABYX(DaKTOPHOM TEOpUH
KPHOTIOBPEXACHUS, SIBIISTFOTCS OCHOBHBIMH ITPH O TH-
MH3AIUH YCIIOBUI KpHOKOHCEPBUPOBaHus [1].

Lenp paboTer — ompexnenenne ko3¢ GUINESHTOB
nporuriaeMocTy kietok CIIOB mist Monexy Boas! 1
TUMETHIICYTb(QOKCHIA, a TAKXKE MOACITUPOBAHUE HX
OCMOTHYECKOTO TIOBEJICHUSI ITPY KPHOKOHCEPBUPOBAHNHT
C HCIIONB30BAaHUEM MOIYYEHHBIX K03(dHuureHTos
MIPOHHUIIAEMOCTH.

Martepnaabl 1 meToAbI

OOBEKTOM HCCIIeJOBaHUS CITY KU KICTKH Tepe-
BHUBaeMoH KJ1eTouHoH KynsTypsl CI19B (sMOpronais-
Hasl MOYKa CBUHBH), TUAMETP KOTOPBIX B JKCIEpH-
MEHTE COCTaBIsT 14-22 MKM.

[lepeBuBaemas xietounas aunus CIIOB Owina
BBIpaIeHa B KyJIbTypaJbHBIX Marpacax B cpeae 199
¢ nob6asienuem 10%-ii sMOpHOHANTHHON TeNSTUBEH
ceBopoTkH 1 100 en/mn kanamunuaa. Kietku nHKyOu-
posamnu mipu 37°C 1o 0O6pa3oBaHUsI MOHOCIIOS, 3aTEM
MIEPEBOMIIH B CyCIICH3HOHHOE COCTOSIHUE, 00padaThI-
Basi MOHOCJION CMecho pacTBopa Bepcena ¢ Tpuncu-
HoMm (4:1) [3].

HccnenoBanus npoBOAUIN HA HHBEPTUPOBAHHOM
mukpockone MBU-13 (“JIOMO”). Jlnsg u3ydeHus
TUHAMUAKH 0CMOTHYECKOH peakmun kiaeTok CIIOB Ha
nobasnenue 1M pacreopa JIMCO cycrieH3uio KISTOK
(hoTorpadupoBain Yepe3 OnpeaeICHHBIE TIPOMEKYTKH
BpeMeHH. [lonyueHHble JaHHbIE IPEICTABIUIN B BUE
3aBUCUMOCTEH OTHOCUTEIIbHBIX 00bEMOB OTIEIbHBIX
KJIETOK OT BpeMeHH 3Kcno3uuuu B pactsope JJMCO.

KoadduieHTsI NpoHUIIAEMOCTH M1a3MaTHYE CKUX
MemOpan kierok CIIOB s monekysn BoOJbI Lp "
KPHONPOTEKTOpa K, oNpe/essi, COnoCTaB s IKCIe-
PUMEHTaILHBIEC 3HAYECHUSI N3MEHEHHUS! OTHOCUTEIBHOTO
0o0beMa KIETKH OT BPEMEHHU SKCIO3ULINH )(2) ¢ pelie-
HUSMH YPaBHEHUH TEOPETHUYECKON MOJIEIH [T 3a/1aH-
HBIX SKCIIEPUMEHTAITLHBIX YCIIOBHH.

[Ipoueccsl MaccomepeHoca depe3 KIETOYHBIE
MeMOpaHbI MIPH HAIMYHAW OJHOTO MPOHUKAIOIIETO H
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The basis of the search for optimal methodical
solutions during the development of cryopreservation
protocols may be a combined experimental and theoretical
approach using modified physical-mathematical model
of the Kedem-Katchalsky one [1]. This approach is
directed to optimize the processes of mass exchange
in the “cell-environment” system in cryopreservation
cycle and requires the specifying of the data on the
composition of extra- and intracellular medium, per-
meability and morphometric parameters of cells. The
actuality of studying the mass exchange processes is
determined by the fact that according to two-factor
theory of cryodamage they are the main ones during
optimization of cryopreservation conditions [1].

The research aim is examining the permeability
coefficients of SPEV cells for water and DMSO
molecules, as well as modeling their osmotic behavior
during cryopreservation using the obtained permeability
coefficients.

Materials and methods

The cells of SPEV, inoculated cell culture (porcine
embryonic kidney) served as the research object, their
diameter in the experiment made 14-22 pm.

Inoculated cell line SPEV was grown in cultural
flask in medium 199 with adding 10% fetal calf serum
and 100 units/ml kanamycin. The cells were incubated
at 37°C up to the formation of monolayer, afterwards
they were transferred into suspension state with
treating the monolayer with the mixture of Versene
solution and trypsin (4:1) [3].

The studies were performed with inverted micro-
scope MBI-13 (“LOMO”, Russia). To examine the
dynamics of osmotic reaction of SPEV cells on the
adding of 1M DMSO solution the cell suspension was
photographed in certain time periods. The obtained data
were represented as the dependences of relative volu-
mes of separate cells on exposure time in DMSO solu-
tion.

The permeability coefficients of plasma membranes
of SPEV cells for water molecules Lp and cryopro-
tective agent K, were examined by comparing the
experimental values of the changes in cell relative
volume on exposure time y(¢) with solving the equations
of theoretical model for the set experimental conditions.

The processes of mass transfer via cell membranes
in the presence of one penetrating agent and those non-
penetrating are described by the system of equations

[1]:

dy — 1 D Arin Arout + 1_a D
=== - -1
R
dﬁin 1 Arin Arou Arin d 0 1
dt] _Egn-l -1 t)+017-[1 d_); y—a’
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HEIPOHMKAIOIIETO BEIECTBA OMMMCHIBAIOTCS CUCTEMON
ypaBHeHui [1]:

Do Lo -} -
t T, 0 y-a [
dn’" _ ndyO 1

1 Ain oul
T E " — 11, ’)+on1 dtg—

7€ ¥ — OTHOCHUTEJbHBIN 00bEM KiieTKu (y = V/ VO; VO -
HaYaIbHbIH 00BEM KIETKH); T, U T, — KOMILIEKCHI
napameTpos T, = 1/L )/075 T = I/K yo, Y, — noBepX-
HOCTHO- 06LeMHoe OTHOIHeHI/Ie KITeTKH

423

6.
/7 r D’

Y, — KO3()(QUIMEHT OTPa)KEHMUs UL MPOHUKAOLIETO

SOH

uepe3 MeMOpaHy BEIIECTBA; TT" — OCMOTHYECKOE
JlaBIIEHHE N30TOHMYECKOTO pacTBopa; 71" m 7" —

MPUBEIEHHOE OCMOTHYECKOE JIABJICHNE TIEPBOTO pacT-
BOPEHHOTO BELIECTBA BHE- M BHYTPHU KIETKH COOT-
BercrBenHo (7 =m™ /i, " =" /') o -
00bEMHAs I[OJIS[ OCMOTHYECKH HEaKTHBHBIX BEIIECTB
BHYTPH KIICTKH.

3HadeHHe O OTPEeNeNIsUTN SKCTPAIOIALIei HaHECEeH-
HOH Ha rpadK 3aBUCHMOCTH OTHOCUTEILHOTO 00beMa
KJIETOK OT TT"/TT(7T— 0CMOTHY€ECKOE IaBJIEHUE THIIEP-
TOHUYECKOIO BHEKJIETOYHOTO PAacTBOPA XJIOPUCTOTO
HaTpHsl) K HYJI€eBOMY 3HAYCHUIO apryMEHTa.

KoaddurmenTts! npoHnnaeMocTn MeMOpaH KJIETOK
CII9B ompenensinu, pemas auddepeHInaibHbe
ypaBHeHus. KoaQhuiMeHT oTpaxeHUsT KICTOYHOU
MeMOpaHbl 0, BO BCEX pacy€Tax IPUHUMAJIN PABHBIM
0,95.

Ucnonb3yemas Hamu (U3UKO-MaTeMaTHYeCKast
MOJIEJNIb JIOCTATOYHO aJIeKBaTHO OINHCBHIBAET U OCMO-
TUYECKOE MOBEACHHUE KIETOK Ha dTale 3aMOpPaKH-
BaHUs. PermeHusiMu Monenu Npu MU3BECTHBIX 3Haue-
HUAX LP u Kp ABnsA0TCA 3aBucumoctu y(T), 1"(T) n
1"(T) ot Temneparypbl. Takue peIeHUs HECTOKHO
MOJNYYUTh JUIsl TUHEHHBIX PEXUMOB OXJIAXKACHHUS,
nepeias K HOBBIM IIEPEMEHHBIM:

Y AfT oy
dt dT dT

rae 3 — cxkopocts oxnaxkaenus (B = dT/dr);

L,TL Emexp””o Hmﬁ%c

TRoTo [
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where y is cell relative volume y = V/V, here V, —
initial cell volume; 7, and 7, — the complexes of
parameters T,= 1/L )/07'{) T,=1K 7 here y, — cell
surface to Volume ratio

Sy 41’ 3 6.

y, —reflection coefficient for penetrating trough memb-
rane substance; 77" — osmotic pressure of isotonic
solution; 77 and 7™ are values of normalized pressure
of'the first dissolved substance out- and inside the cell,
correspondingly (A =m /i, A" =m" /m');
o — volumetric share of osmotically inactive substance
inside a cell.

The value a was found with extrapolation of plotted
dependence of relative volume of cells from 71"/ 71 (7T
is osmotic pressure of hypertonic extracellular solu-
tion of sodium chloride) to zero value of the argument.

Permeability coefficients of SPEV cell membranes
were examined by solving the differential equations.
The reflection coefficient of cell membrane g, in all
the calculations was assumed as equal to 0.95.

Used by us physical-mathematical model quite ade-
quately describes the osmotic behavior of cells at
freezing stage. The solutions of the model at the known
values L and K, are the dependences y(7), rt"(T)
and n;””(pT) on temperature. These solutions can be
easily obtained for linear cooling regimens changing to
new variables:

& AT o dy
di dT  dT

where 3is cooling rate (3 = dT/dt);

0 Ty [0

L,rL,[1le N0

Xp[ROTo[ T

K,T0IK m&-xp FH
Ry oﬂ

where T — initial temperature of cell suspension; U,
and U, — activation energies of transfer of water
molecules and dissolved substance through plasma
membrane, correspondingly; R, —universal gas constant.

Osmotic behavior of cells during freezing with
various rates was forecasted by the insertion of the
found values L, and K into the model equation.

The system of differential equations describing the
kinetics of the change of cell relative volume and
concentration of penetrating through plasma membrane
substance inside a cell during extracellular crystal-
lization has the appearance [1]:
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U T
K, TIIK D"O}xpm—lpﬂﬂ—omH,
i P Rolp 0 T

rae T, — ucxoHas TeMIeparypa KIeTOYHON CyCIeH-
3un; U, u U, — 5HEpruM akTHBAIIMH MPOIIECCa MIEPEHOCa
gepes Ia3MaTHIecKyro MeMOpaHy MOJICKYJ BOIBI U
PACTBOPEHHOIO BEIIECTBA COOTBETCTBEHHO; R — yHH-
BepcaabHas Ta30Basi TOCTOSHHAS.

[Iporao3npoBaHme 0CMOTUIECKOTO MTOBEICHHS KJTe-
TOK IIPH 3aMOPAKUBAHUH C PA3THIHBIMHA CKOPOCTSIMHU
OCYIIECTBIISUIM, MOJACTABIASL B ypaBHEHUS MOJIECIU
HalJeHHBIE 3HAUYECHUS Lp Hu Kp.

Cuctema qudepeHIaabHBIX ypaBHEHUH, OTIHCHI-
BaroIasi KHHETUKY U3MEHEHHS OTHOCHTEIIEHOTO 00he-
Ma KJIETKH U KOHIEHTPAIUIO MPOHUKAIOIIETO Yepes
IIa3MaTH4eCKyr MeMOpaHy BellecTBa BHYTPb
KJICTKH B TIPOIECCE BHEKJIIETOTHONW KPUCTAJUTH3AIINN,
nmeet BuA [1]:

. a0 -
d)i = pexp a(T—l)/T][p]ﬁj” + I=a _
T 0 y—a

_Hio Finll=ag) — A (v =g, Oy b

0 . (1-ag)-(1-Mg, O O

L

M~ P qor+ "% —(+o@,)"]x
dT  y-a y—a

x[(1=0))7t,, — 71" ]%
xexpla(T =1)/T]-q(" - &

out

" yexp[b(T - 1)/ T1};

rae T — oTHOCHTeTbHAS TeMIleparypa CyCIeH3un
(T'=T/T,); g, — Ha4YaIbHOE 3HAYEHUE OTHOIIECHUS
CyMMapHOro o0obemMa KJIETOK K MOJHOMY 00beMy
CHCTEMBI; p, ¢, a, b — 6e3pa3MepHbIe KOMITJICKCHI:

Ty Lo(Ty) Uy 1Y

p ’7 JRE— b q ’_‘ b a ’_‘ 9 .
Ll L4(Tp) RyTy RyTy

Kunernky m3MeHeHUsS KOHLEHTpAlUd BHEKJIE-
TOYHOI'0 PACTBOpPA B IIPOLIECCE 3aMOpasKUBaHUs 3a/1a-
BaJIM TP pacyeTax aHATUTHYECKH ITyTEM alpOKCH-
Manuu (pazoBO AuarpaMMBbl IIABIEHUS BOJHOTO
pactBopa /IMCO [2] B creayromeM BHE:

C=1,273-10°xT*- 0,0128xT3 + 4,8324xT* -
—801,939xT +49674,1;

rae 7 — Tekymias TeMieparypa.

CratucTHyecKyo 00pabOTKy pe3yabTaToB dKCIIe-
PUMEHTOB ITPOBOIIITH 110 MeTony CthioneHTa-Dutrepa.
J10CTOBEpHOCTH pa3aIuyuil OLEHUBAJIM C IOMOIIBIO t-
KpUTEPHA C YPOBHEM 3HAYMUMOCTH 5%.
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. a0 -
d)i =pexpa(T—1)/T]|j;T1 " + I=a _
dT 0 y-a

g, f.(0-ag)-m"(y-a)g,0.,.0

-fg+o,— 0

o | m.(-ag)-(-a)g, O 0
Ain N 1_ .
N~ P qon+ "% —(+0,, )" ]x
dT  y-a y—a

x[(1-0)Tt,, - 1"]x

xexpla(T =1)/T1-q(7" - @,, 7" Yexp[b(T -1)/T1};

ut

where T - relative temperature of suspension
(T =T/T,); g, initial value of the ratio of total cell
volume to bulk volume of the system; p, ¢, a, b —
dimensionless complexes:

HUO(TO) 20 Uy b0 U,

T
pl—, —— , :
L4(Tp) RyTy RyTy

L/L/O

The kinetics of changes in concentration of extra-
cellular solution during freezing was determined when
calculating analytically by means of approximation of
phase diagram of melting for aqueous solution of DMSO
[2] as follows:

C=1.273-10°xT*— 0.0128xT? + 4.8324xT? —
—801.939xT +49674.1;

where T — current temperature.

The results of experiments were statistically
processed using the method of Student-Fisher. The
statistical significance of differences was assessed by
means of t-criterion with 5% significance level.

Results and discussion

When processing the obtained dependences of
SPEV cell relative volume on exposure time in 1M
DMSO solution its has been found that the cells of
various sizes recover the volumes with different rates.
In this connection we attempted to use the differential
approach when defining the permeability coefficients
for the cells with different sizes.

Fig. 1 shows the characteristic experimental depen-
dences of the volume changes for the cells with
different sizes vs. the contact time with DM SO soluti-
on and the theoretical curves, extrapolating osmotic
behavior of cells. It has been established that the cell
rehydration time with big initial volume after dehyd-
ration phase increases. According to calculations of
the permeability coefficients this dependence is
associated not only to lesser surface-volume ratio of
big size cells, but also likely to the change of properties
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Pe3yAbTatbl M 00Cy)xaeHue

ITpu 06paboTKe MOTyIeHHBIX 3aBH- 115
CUMOCTEl OTHOCHTENBHOTO 00BbeMa
kinetok CII9B oT BpemeHH 3KCIO3U-
uuu B 1M pacteope IMCO ycraHOB-
JICHO, YTO KJETKH Pa3HBIX Pa3MepoB
BOCCTAaHABJIMBAIOT 00BEM C pazHOU
CKOPOCTBIO. B cBf3M € 3TUM MBI IIpea-
MIPUHSUTY TIONBITKY MOJIONTH K OTIpeie-
JICHUFO KO3(D(DUIIMEHTOB MPOHKUIIAEMOC-
TH KJIETOK pa3HbIX pa3MepoB audde-
PEHIIMPOBAHHO.

Ha puc.1 npencraBnensr xapakrep-

o
©

o
o'

OTHocUTENbHbIN 06beM V/V,
Relative volume V/V,
e o
()] ~
1 1

o
()]
1

o
N

HBIC OKCIICPUMCEHTAJIbHBIC 3aBUCUMOC-
TH U3MEHEHHUs 00bEMOB KIIETOK pa3- 0
HBIX Pa3MepoB OT BPEMEHU KOHTAKTa
¢ pacteopom IMCO u 3kcTpanoiu-
pyrolue OCMOTHYECKOE MOBEACHUE
KJIETOK TEOPETUYECKUE KPUBBIE. YCTa-

50 100 150 200 250

Bpems askcnosuumu, ¢
Exposure time, s

300

Puc. 1. XapakTepHble 3KCTIEPIMEHTAIbHBIEC 3aBUCUMOCTH OTHOCHTEIBHBIX
o6nbemoB kietok CII9B ot Bpemenn koHTakTa ¢ pactBopom IMCO u Teope-

TUYCCKHUE KPUBBIC, DOKCTPAITOJIUPYIOHINE OCMOTHYCCKOEC IMOBEICHNE KIIETOK

HOBJICHO, YTO BpPEMs peruapaTaiuu
KJIETOK C OOJIBIIINM HCXOJHBIM 00Be-
MoM mocie (a3sl geruapaTauy yBe-
nuuupaetcs. CorimacHo pacdeTram
K02(p(HUIIMEHTOB MPOHUIIAEMOCTH TaKast
3aBHCHMOCTB CBSi3aHa HE TOJIBKO C
MEHBIIIUM TTOBEPXHOCTHO-00BEMHBIM OTHOIIIEHUEM
KIJIETOK OOJIBIIUX Pa3MEpOB, HO H, MO-BUAUMOMY, C
W3MEHEHUEM CBOWCTB, ONPEAEHAIOUINX MPOHUIIAE-
MOCTb MeMOpan st mosekyn [JMCO.

B Tabnuie npuBeneHsl cpeaHue 3HAUYCHUS KOd(]-
(bUIMEHTOB IPOHNIIAEMOCTH KJIETOK Pa3HbIX Pa3MEpOB
st Mostekyn Boabl 1 IMCO. KoaddunuenT Gpuist-
paunu MeMOpaH KJIETOK Pa3HbIX pa3MepOB MMEET
npenensi (5,30 £3,20)x10'+(14,3 £ 5,2)x10"m*/HIQ.
[Ipu 3TOM, XOTS ¥ MMEIOTCS TOCTOBEPHBIE OTIHYUS
MEX/Ty OTJEIbHBIMH IPYIIIIaMU KJIETOK, 3aBHCUMOCTh
L, ot pasmepa KIeTKH BhIpakeHa HEsBHO. B T0 ke
BpeMsi C YBEITHYCHHUEM pa3MepoB KIETOK KO3 du-

3HavyeHus k03()HUITHSHTOB TPOHUIIAEMOCTH KIICTOK
Pa3HBIX TUaMETPOB I MOsieKyI Boabl 1 JIMCO

Values of permeability coefficients of cells of different
diameters for water and DMSO molecules

AMaMeTp KACTKH Kosdbdumuent Kosadhdunuent
D, MK duabTpanuy, MPOHUILAEMOCTH AAST
- L x10"m3/Hxc AMCO, K x10° m/c
Cell diameter Filtiati ffici P abilit’ ffici
D, um iltration coefficient, ermeability coefficient
' LPXIO“ m?*/Nxs for DMSO, KleO8 m/s
14,4*0,47 5,41+0,58 12,00+=4,00
15,9 +0,50 8,28+2,57 7,36+2,07
17,9+0,74 5,30+3,20 4,61=+0,50
20,3+0,82 14,3%+5,2 3,80=+0,60
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(cpennue nuameTphl KIeToK, MkM: 1 —14,4;2—-15,9;3-17,9;4-20,3).
Fig. 1. Characteristic experimental dependences of relative volumes of SPEV
cells on time of contact with DMSO solution and theoretical curves extra-

polating osmotic behavior of cells, mean diameters of cells, um (1—14.4;2 —
15.9;3-17.9;4-20.3).

determining the permeability of membranes for DMSO
molecules.

The table covers the mean values of permeability
coefficients of the cells with different sizes for water
and DMSO molecules. Filtration coefficient of cell
membra-nes of different sizes has the limits (5.30 +
3.20)x10"+(14.3 £5.2)x10" m3/N[S. Herewith though
there are significant differences between some groups
of cells, the L dependence on cell size is slightly
manifested. At the same time with the rise of cells
sizes the permeability coefficient of their membranes
for DMSO molecules reduces, however the statistically
significant differences are found only for the cells, the
sizes of those significantly differ.

Using the calculated permeability coefficients and
corresponding geometrical cell parameters there was
modeled osmotic behavior of cells at the stage of their
freezing with different cooling rates.

Fig. 2 shows the dependence of relative volume of
SPEV cells with average sizes of 14.4; 15.9 and 20.3 pm
on temperature during cooling with the rates of 1, 5
and 10°C/min. The presented data testify to the fact
that with the rising of the cell size its dehydration rate
during freezing increases slightly. With cooling rate of
1°C/min large cells approach the extreme dehydration
during cooling down to —7.5 and the small ones down
to—12.8°C, with the cooling rate of 5°C/min the dehyd-
ration period extends down to —23.8 and to —38.3°C,
correspondingly, with the cooling rate of 10°C/min the
dehydration rate of cells within the subzero temperature
range is insignificant.
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OHUEHT MPOHUIIAEMOCTH WX MEMOpaH I MOJIEKYJ
AMCO ymeHsbITIaeTcsi, OHAKO TOCTOBEPHBIEC OTIIMIHS
00HApYKHBAIOTCS TOJBKO IS KJIETOK, pa3sMephl
KOTOPBIX 3HAYUTEIHHO OTIIMYAIOTCS.

Ucronb3yst BeauCIeHHBIE KOADOUIIUEHTHI TPO-
HUIIAEMOCTH M COOTBETCTBYIOIUE T€OMETPUUYECCKUC
rmapameTpsl KJIETOK, MOJEIHPOBATH OCMOTHYECKOE
MOBEJICHUE KIIETOK Ha JTalle WX 3aMOpPaXUBAHUS C
Pa3IUYHBIMHI CKOPOCTSAMU OXJIAXKICHUS.

Ha puc. 2 npeacraBieHsl 3aBUCUMOCTA OTHOCH-
TenbHOro 00béma kietok CIIDB co cpennumu pas-
mepamu 14,4; 15,9 u 20,3 MKM OT TeMmeparypsl Ipu
OXJIXKJeHHHU co ckopocTsimu 1, 5 u 10°C/mun. [pex-
CTaBJICHHBIC JAHHBIC CBUICTEIBLCTBYIOT O TOM, UTO C
YBEJIMUYEHUEM pa3Mepa KIETKH CKOPOCTh € 00e3Bo-
JKUBAHUS TIPU 3aMOPaXMBAHUH BO3PACcTaeT He3HAYH-
tesbHO. Co ckopocThio oxnaxaeHus 1°C/Mun kpyn-
HBIE KIIETKH JOCTHUTAIOT IPEACITHFHOI0 YPOBHS 00€3B0-
YKUBAHUS MpH oxytaxaennu 1o —7,5°C, a Menkue — 710
—12,8°C, co cxopocThio oxnaxuaenus n0 5°C/Mun
JUana3oH 00e3BOKUBaHUs pacimpsiercs 10 —23,8°C
1 710 —38,3°C COOTBETCTBEHHO, IIPH CKOPOCTH OXJIAXK-
neuns 10°C/MuH crernedb 00€3BOXXKUBAHUSA KIIETOK B
Jrana3zoHe CyOHYIIeBBIX TEMIIEPATyp HE3HAYUTEIbHA.

Takum 00pa3om, B pe3ysibTare OXJAKIACHUS Kiie-
tok CIIDB co ckopoctsamu Beimie 1°C/MUH BeposT-
HOCTh BHYTPHUKJIETOYHOTO KPUCTANIO00pa30BaHUS
MOXET YBEIHMYHUBATHCA M3-32 POCTa BHYTPHUKIETOY-
HOTO MEPEOXIAKACHUS, CHUKCHHIO YPOBHS KOTOPOTO
CHOCOOCTBYET JeTuaparanys. ITOT IPOTHO3 COTIIacy-
€TCS C JAHHBIMH MPOBEJICHHBIX HAMH KPUOMHKPOCKO-
MUYECKUX UCCIIeIOBaHuH [4].

BbiBOADI

1. C ucrionp30BaHNEM METOJA BOIIOMOMETPHUH U
ypaBHEHU TEPMOTUHAMHKH HEOOPATUMBIX IPOIIECCOB
ornpeeneHbl KO3 GUIMEHTHI TPOHUIIAEMOCTH KIICTOK
CIIBB myst monexyn Bonsl u JIMCO.

2. YcTaHOBIIEHA 3aBUCHMOCTH TPAHCIIOPTHBIX Xa-
pakTepucTiK MeMOpaH xietok CII9B B HecuHXpOHU-
3UPOBAHHOM KYJIBTYpE OT pa3Mepa KICTOK.

3. Pe3ynbTarsl TEOPETHUECKOTO IPOTHO3UPOBAHHS
ocMoTHUecKoro noseaeHus kinerok CII9B npu 3amo-
paxkuBanny B ipucyTcTBUH JIMCO ¢ ucrons3oBaHuEM
onpeneIeHHBIX K03p(UIUEHTOB MPOHUIAEMOCTH
MOKa3aaM, 9To mpu oxyiaxaenun kiaetok CIIOB co
ckopocTsMy Beilie 1°C/MUH NPUYUHON BHYTpPHUKIIE-
TOYHOM KpHCTAIIU3alUU MOXET ObITh HEeJOCTa-
TOYHAsl JAETHUApATAIUs KJIETOK B MPOIECCe 3aMopa-
JKHBaHUSL.
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Puc. 2. 3aBUCUMOCTH OTHOCHUTEIBHBIX 00BEMOB KJIETOK
CIIDB ot Temneparypsbl Py OXJIXKASHUHU CO CKOPOCTAMH 1,
5 u 10° C/MuH (cpemHue qraMeTphl KIeToK, MKM: 1 —14.4; 2 —
15,9;3-20,3).

Fig. 2. Dependences of relative volumes of SPEV cells on
temperature during cooling with rates of 1, 5 and 10° C/min
(mean diameters of cells, um: 1-14.4; 2 —15.9; 3 —-20.3).

Thus resulted from the cooling of SPEV cells with
the rates higher than 1°C/min the probability of intra-
cellular crystal formation may be increased, the reduced
level of which is contributed by dehydration. This fore-
cast conforms with our cryomicroscopic findings [4].

Conclusions

1. Using the volumetry method and the thermo-
dynamic equations of irreversible processes there were
defined the coefficients of permeability of SPEV cells
for water and DMSO molecules.

2. The dependence of transport characteristics of
SPEV cell membranes in non-synchronized culture
on cell size has been found.

3. The results of theoretical prediction of osmotic
behavior of SPEV cells during freezing in DMSO pre-
sence using certain permeability coefficients have
shown that during cooling of SPEV cells with the rates
higher than 1°C/min the cause of intracellular crystal-
lization may be insufficient dehydration of cells during
freezing.
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