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Permeability of SPEV Cell Membranes
for Water and DMSO Molecules

C UCnonb30BaHUEM METOA BOJFOMOMETPUH ONpeneaeHbl KOAPPUIMEHTHI MPOHUIIaeMOCTH MeMOpaH kietok CIIDB mis monekyrn
Bozibl v JIMCO. YcTaHOBICHO, YTO MPU YBEIMUECHUH Pa3MEPOB KIETOK IMPOHULIAEMOCTh MX MeMOpaH 1 Mosiekyl JIMCO ymeHbIIaeTcs.
YucneHHOe MOJCTMPOBAHUE OCMOTHYECKOro noBeneHus kierok CIIOB npu 3amopaxkuBanuu B npucyrcteuu JJMCO mnokasaino, 4yto
TIPH OXJIAXKACHUH CO CKopocThio 1°C/MuH neruaparanus kiaerok CI19B nmpouncxonut B auanazone temmneparyp—7,5...— 13°C, a yBenuueHue
CKOPOCTH OxJIaxkaeHUs 10 5°C/MUH | BBIIIE MOXKET CTaTh IPUUUHONW BHYTPHUKJICTOUHON KPUCTAJUIN3ALUY.

Knroueswie cnosa: xodpduurents nponuniaemoctu, kierku CII3B, Bomomomerpus.

3 BUKOPHCTaHHSIM METOIY BOJIOMOMETpii BH3Ha4YeHi KoedilieHTH MpoHUKHOCTI MeMOpaH kiituH CIIEB mns monexyn Bogu Ta
JMCO. BcranosneHo, 1o npu 30UIbIIEHH]I pO3MIpiB KJIITHH IPOHUKHICTH X MeMOpaH 11t Monekyl IMCO 3meHmyeTbes. YncenbHe
MOJeTIOBaHHA ocMOoTHYHOI noBeainku kinitud CIIEB nmpu 3amopokyBanHi B mpucyTHocTi JIMCO mokasano, o Ipyu 0XOJIO0MKEHHI 31
mBuakictio 1°C/xB neriaparauis kiaituH CIIEB BinOyBaeTbest B nmiamasoni temmeparyp —7,5...—13°C, a 30inbIIeHHS MIBHAKOCTI
oxonokeHHs 10 5°C/XB 1 BUIE MOXe OyTH NPUYMUHOIO BHYTPINIHBOKIITUHHOI KPUCTAI3ALL].

Knrouosi cnosa: xoedinieHTn npoHukHocTi, knituau CIIEB, BomromMoMerpis.

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.

[epeBuBacMbIe KIETOYHBIE KYJIBTYpBI YacTO HC-
MOJB3YIOTCS KaK MOJENb JJISl PEelleHHs] MHOTHX
po0JieM 0011IeOMOTOrHYSCKOr0 3HAUCHHM ST, TAKHX KaK
i depeHpoBKa KIIETOK, MEKKIICTOYHBIE KOHTAKTEHI,
KaHIeporeHe3, repeaaya HacleNcTBeHHON HH(opMa-
U, TIOTY4eHUE BRICOKOI(D(EKTUBHBIX BAKIIMH U TIPO-
TUBOBHPYCHBIX TPENapaToB B JOCTATOYHOM KOJIH-
gecTBe. M3BECTHO, YTO KJIETKH B MPOIIECCE UTATEIb-
HOT'O KyJIbTUBHPOBAHUS MOTYT U3MEHSITH CBOW UCXO]I-
Hble cBoiicTBa [2]. B cBs3U ¢ 3THM aKTyaJIbHO CO37a-
HUE KpHOOAHKOB MIEPEBUBAEMBIX KJICTOUHBIX KYIBTYD,
a Tarke pa3zpaboTka HOBBIX 3(PPEKTUBHBIX U HAJEK-
HBIX METOJIOB KPHOKOHCEPBHPOBAHUS ITUX KIIETOK.

BonbIMHCTBO H3BECTHBIX METOJIOB KPUOKOHCEPBH-
pOBaHMS TIEPEBUBAEMBIX KIICTOYHBIX KYJIBTYp 0a3upy-
eTcsl Ha YMITUPHYECKOM MOIXO0/IE, UCTIONB30BAHUH MH-
TYUTHUBHBIX MPEACTaBICHUI O MYTAX ONTUMH3AIUH
YCJIOBHM KpHOKoHcepBHUpoBaHus. Ho Takoil MeTo He
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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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naéT OTBETa Ha BOIMPOC O JOMYCTHUMBIX Ipeaenax
BapbUPOBAHUS PA3IMUHBIX (HAKTOPOB MPH KPHOKOH-
CepBUPOBAHUH.

OcCHOBOIi TIOHCKA ONTUMATBHBIX METOJAMYECKHX
pelieHuii npu pa3paboTke METOI0B KPHOKOHCEPBHPO-
BaHUSI MOXET CTaTh 3KCIIEPUMEHTAIbHO-TEOPETH-
YeCKHI MOIX0JT, HCTIONB3YIOIIHI MOIU(HIIMPOBAHHYIO
¢dusnko-maTeMaTuieckyr moxaenb Kenem-Kauanbce-
koro [1]. Takoif moxo HaMIpaBiieH Ha ONMITHMU3AIIHIO
IPOLIECCOB MacCOOOMEHA B CUCTEME “KJIETKa — OKpY-
JKaromas cpea’ B IIUKJIE KPHOKOHCEPBUPOBAHUS U TPE-
OyeT KOHKpETH3allMh JaHHBIX O COCTaBE BHE- U
BHYTPHUKJIETOUYHOU CPEIbl, MPOHUIIAEMOCTH U MOPQO-
METPUYECKUX TapamMeTpax KIETOK. AKTyaJbHOCTh
UCCIIEOBAaHUN MPOIIECCOB MACCOOOMEHA ONpeens-
€TCs ¥ TeM, 4TO OHH, COINIACHO NBYX()AKTOPHOU TEOPHH
KPHOTOBPEKICHUS, SIBIISTFOTCS. OCHOBHBIMU ITPH OTITH-
MU3aLUH YCIOBUH KpUOKOHCEpBUpPOBaHUs [1].

Lenb paboTsl — onpeneneHue KodHPUueHToB
nponunaemoctu kiaerok CIIOB mist Mmonekyn Boas! u
JTMETHIICYAb(POKCHIA, @ TAK)Ke MOJICIUPOBAHUE HUX
OCMOTHYECKOT'0 ITOBEJEHUS ITPHU KPHOKOHCEPBUPOBAHNHI
C HCIIONIb30BAHUEM IONYYCHHBIX KO3(P(PUIIMEHTOB
MIPOHUIIAEMOCTH.

Matepuarbl 1 meToAbI

OOBEKTOM HCCIIEIOBAHHS CITY>KUIJIH KJICTKH Tepe-
BHBAaeMOH KJIeTOUHOM KyIbTypbl CIIOB (3mOpuoHais-
Has MOYKa CBUHBH), AUaMETP KOTOPHIX B AKCIEPH-
MEHTe cOCTaBsn 14-22 MKMm.

[MepeBuBaemas kinerounas nuaus CIIOB Obuia
BBIpaIlleHa B KyIbTypaJbHBIX MaTpacax B cpexe 199
¢ nobasnenueM 10%-i1 SMOpHUOHANBHON TeNsTUbei
ceiBopotky U 100 en/mi kanamuipHa. KiteTku nHKyO1-
poBasu mipu 37°C 1o 0Opa3oBaHUsI MOHOCIIOS, 3aTEM
TIEPEBOIIIIH B CyCIIEH3MOHHOE COCTOSIHHE, 00padaThI-
Basi MOHOCJIOM CMECBIO pacTBopa Bepcena ¢ tpuncu-
HoM (4:1) [3].

HccnenoBanust mpoBOIMIN HAa HHBEPTHPOBAHHOM
mukpockorie MbM-13 (“JIOMO”). [Ins uzydenus
JTUHAMEKH OCMOTHYECKOH peaknnu kieTok CIIOB Ha
nob6aenenue 1M pactBopa JIMCO cycrieH3uI0 KJIETOK
(dororpadupoBay yepes onpenesCHHbIC TPOMEKYTKH
BpeMeHu. [lomydeHHbIe TaHHBIE TPEICTABIISUIN B BHJIE
3aBHCHMOCTEH OTHOCHUTEIBHBIX 00HEMOB OTJETBHBIX
KJIETOK OT BpEMEHH dKcno3uiiuu B pactsope JJMCO.

Koa¢ uimeHThI MPOHUIIAEMOCTH I1a3MaTHYECKUX
memOpan kierok CIIOB st momekyn Boxer L, u
KPHOMPOTEKTOpa K ONPE/IeIIsiIi, COITOCTaBIIss IKCIIe-
PUMEHTATBHBIC 3HAYCHUST NU3MEHEHHSI OTHOCHTEITHLHOTO
o0beMa KJIIETKH OT BpEeMEHHU IKCIIO3UIIUH Y(?) C peliie-
HUSIMH YpaBHEHUI TEOPETUIECKOH MOZIEIH JIJIs 3a1aH-
HBIX KCIIEPUMEHTAITBHBIX YCIIOBHH.

[Ipomeccrl MacconmepeHoca 4yepe3 KIETOYHBIC
MeMOpaHbI MPH HATUYUH OJHOTO MPOHUKAIOIIECTO U
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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 L, and cryopro-
tective agent K were examined by comparing the
experimental values of the changes in cell relative
volume on exposure time )(¢) 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]:
d_y:L Gl(ﬁ_lin_ﬁ_lout)_'_ l—a _1
de y-—a

dzn)" U (am  » . 1
T, =__|:(ﬂ_lm_ﬂ_lout)+alﬂ_lm d_y:| ,
dt T, dt
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HEMPOHUKAIOILIET0 BEIIECTBA OMUCHIBAIOTCSA CUCTEMON
ypaBHenui [1]:

drn" U (i A ain @ 1
T, =__|:(ﬂ_lm_ﬂ_lout)+alﬂ_lm_y:| .
dt T, dt |y—-«a

IJIC Y — OTHOCHTEIbHBINA 00BEM KIIeTKH (y = V/VO; V-
HaYalbHBIA O0BEM KIIETKH); T, M T, — KOMILIEKCHI
NapamMeTpos 7,= 1/Lp7/0ﬂ0’", T,= l/prO; ¥, — TIOBEPX-
HOCTHO-00BEMHOE OTHOIICHHE KIIETKH

y _So_ 4717"2 _
0=—>= =
Vo %mﬁ

¥, — KO3 (ULIHMEHT OTPa)KEHHs Ul NPOHUKAIOIIEIO
uepe3 MeMOpaHy BEIIECTBa; 7,” — OCMOTHYECKOE
JlaBIIeHIE H30TOHUMECKOro pactBopa; 7{" u 7" —
MPHUBEICHHOE OCMOTUYECKOE IaBJICHHE [TEPBOr0O PacT-
BOPEHHOTO BEIIECTBA BHE- M BHYTPH KJIETKH COOT-
BEeTCTBEHHO (#{" =7/ /ﬂé" , 7%1’” = nf” /né”); a—
00BEMHAST IO OCMOTUYECKH HEAKTHBHBIX BEIECTB
BHYTPH KJIETKH.

3HaueHHe @ OMPEIENSIIN AKCTPATIONSIMEH HAHECeH-
HOH Ha rpa)MK 3aBUCHMOCTH OTHOCHUTEIBHOT0 00bemMa
KIIETOK OT 7,""/7r (71— OCMOTHYECKOE JJaBJICHHUE THIIEP-
TOHUYECKOTO BHEKJIETOYHOTO PACTBOPa XJIOPHCTOTO
HATPUsI) K HyJCBOMY 3HAYCHUIO apTyMEHTA.

KoaddunmreHTs! npoHHIIaeMOCTH MEMOPaH KIIETOK
CIIOB onpenensiu, pemas auddepeHnaibHbie
ypaBHeHus. Koadduiuent orpakeHus KIeTOYHOH
MeMOpaHBbl G, BO BCEX pacy€rax NIPUHUMAIH PABHBIM
0,95.

Ucnonp3yemass HaMu (U3UKO-MaTeMaTHUYECKas
MOJICTIb JIOCTATOYHO aJIeKBATHO OIMHUCHIBAET U OCMO-
THYECKOE TMOBENICHNE KJIETOK Ha 3Tare 3aMOpaKu-
BaHUsl. PeleHusMyu MOIENM MPU M3BECTHBIX 3HAYe-
Husx L ow K ssnsores saucumocti y(7), 7"(T) n
7,”"(T) ot TemnepaTypbl. Takue pemeHus HeCI0KHO
MOJIYYUTh ISl IMHCHHBIX PEKUMOB OXJIAXKICHUS,
MepeH I K HOBBIM ITEPEMEHHBIM:

SN W
S|

d 4T _dy

dt dT dT b,

rae B — ckopocTh oxyaxaenus ([ = dT/dt);

£yl1)= Lol 2132

040
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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 7,= 1/Lp7/0ﬂ0"", T, = I/pro, here y, — cell
surface to volume ratio

_S0_477,7’2 3

Yo=7, 7= =
Vo %ﬂﬁ r

y, — reflection coefficient for penetrating trough memb-
rane substance; 7" — osmotic pressure of isotonic
solution; 7, and 7, are values of normalized pressure
of the first dissolved substance out- and inside the cell,
correspondingly (7 =z /zlt, #" =" I zl);
a — 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 z,"/7 (7
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 o, 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), x,"(T)
and ﬂzi"(UT) on temperature. These solutions can be
casily obtained for linear cooling regimens changing to
new variables:

_6
D’

& dT _dy

dt dT dTﬂ’

where S is cooling rate (5 = dT/dt);

A |

oTo T

U T
K1) o) 12|
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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K,[T)=K, (To)exp{RU} (1 —TTOH
olo
rje T, — UCXO/iHast TeMIIepaTypa KIETOYHOU CyCICH-
3un; U, n U| —3HepTry aKTHBAIIMH TIPOIIECca EPEHOca
yepes MIa3MaTHYSCKYI0 MeMOpaHy MOJICKYJI BOJBI
PacTBOPEHHOIO BEIECTBA COOTBETCTBEHHO; R — yHHU-
BepcajbHas Ta30Basi OCTOSHHAS.

[Iporao3upoBaHre 0CMOTHYECKOTO TIOBEICHIS KJIe-
TOK TP 3aMOPAKUBAHUH C PA3TUIHBIMHA CKOPOCTIMU
OCYIIECTBIISUIN, TIOACTABIISISA B YPAaBHEHUS MOJEITH
HalJIeHHbIC 3HAaUCHUS Lp u Kp.

Cucrema nudpepeHinanbHbIX ypaBHEHUH, OIIHChI-
BaroIas KHHETHKY U3MEHEHHU ST OTHOCUTEIILHOIO 00be-
Ma KJICTKH W KOHIICHTPAIMIO MMPOHMKAIOIIETO Yepe3
miaa3MaTu4YecKyro MeMOpaHy BellecTBa BHYTPH
KJICTKH B TIPOIIECCE BHEKIICTOYHOM KPUCTAILTH3AIINH,
nmeer Bua [1]:

-

dy - - ain 1
~=pexpla(T-1)/T{o, 7" +
JF PP (T-1) ]{ A

—{1+0']

ﬁ]wa—ago)—ﬁ:"(y—mgo}%w, ,
A 2 B
T,,(1-ag,) - (1-a)g,

- R
—a - (1 + Cyléaln‘)ﬂ.;w‘])<

X [(1 _0-1)7%100 _7%:’1]><
xexpla(T=1)/T1-q(#]" - @,, 73" Yexp[b(T - 1)/ T1};

e T — oTHocuTenbHas TemIeparypa CyCIeH3UH
(T'=T/T,); g, — HauaNbHOE 3HAYEHME OTHOLICHHUS
CyMMapHOTO o0beMa KJIETOK K MOJHOMY 00BeMy
CHCTEMEI; p, ¢, @, b — Ge3pa3MepHbIe KOMILICKCHI:

Ty 70(Ty) Uy

U,
2 q = 2 a 2
Bro 71(Tp) Ry Ty

b .
RoT

p

KI/IHCTI/IKy N3MCHCHHUA KOHLICHTpPAIMHW BHCKIIC-
TOYHOTO pacTBOpPA B MPOIIECCE 3aMOPaK UBAHUS 3a]1a-
BaJId IIPH pPacueTax aHAIUTHYCCKH MTyTEeM armpOKCH-
Manuu (Ha3zoBoil AMArpaMMBl IIJIABICHUS BOIHOTO
pactBopa JIMCO [2] B ciemyroreM BUC:

C=1,273-105xT*- 0,0128xT? + 4,8324xT?—
—801,939xT +49674,1;

rae T — Tekyias Temreparypa.

CraTUCTHYECKYI0 00pabOTKy pe3ylbTaToB dKCIIe-
PUMEHTOB MpoBoaIIH o MeTony CThioneHTa-Durepa.
J10CTOBEpHOCTD pa3auuuil OLIEHUBAIU C [IOMOILBIO t-
KpUTEpHs C YPOBHEM 3HAYMMOCTH 5%.
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-

dy - - ain 1
~=pexpla(T-1)/T{o, 7" +
JF PP (T-1) ]{ A

—{1+0']

ﬁ]wa—ago)—ﬁ:"(y—mgo}%w, ,
A 2 B
T,,(1-ag,) - (1-a)g,

—2 _(l+0,@,, )3 ]x

X [(1 _O-I )7%100 - 7%:’1]><
xexpla(T 1)/ T1-q(#]" - ®,, 73" Yexp[b(T -1)/ T1};

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:

Ty 70(Th) Uy

p =—, (] = ) a )
B 71(Ty) Ry Ty

U,
RyTy

b

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*—0.0128xT3 + 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 DMSO 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 00CYXKA€HHe

[Tpu 00pabOTKE MOTyYCHHBIX 3aBH- 108
CUMOCTEH OTHOCHTENBHOr0 00BbeMa
kierok CIIOB oT BpeMeHH 3KCIO3M-
uuu B 1M pactBope IMCO ycraHoB-
JICHO, YTO KJIETKH Pa3HBIX PazMepoB
BOCCTAaHaBJIMBAIOT 00bEM C pa3HOU
CKOPOCTBIO. B CBSI3M € 3TUM MBI IIpen-
MPUHSIIN ONBITKY OJOUTH K OIpene-
JICHUI0 K03(h(PUIIMEHTOB IIPOHHUIIAEMOC-
TH KJIETOK pa3HbIX pa3zmepos audde-
PEHIIMPOBAHHO.

Ha puc.1 nmpencraBnens xapakrep-

o
©

o
®

OtHocuTenbHbIn o6bem VIV,
Relative volume V/V
o o
» ~
1 1

o
(&)}
1

o
N

HBIC OKCIICPUMCHTAJIbHBIC 3aBUCUMOC-
TH U3MEHEHHS 00BEMOB KJIETOK pa3- 0
HBIX pa3MepOB OT BPEMEHH KOHTAaKTa
¢ pactBopoM JIMCO u sKcTpamnoiu-
pyIOIIHE OCMOTHYECKOE MOBEICHHUE
KJIETOK TEOPETHYECKUE KPUBBIE. YCTa-

50 100 150 200 250 300

Bpemsa akcnosuuwmm, ¢
Exposure time, s

Puc. 1. XapakrepHble 3KCIIEpUMEHTAIbHbIE 3aBUCUMOCTH OTHOCHUTEIBHBIX
06veMoB kietok CITOB or Bpemenu konrakra ¢ pacrBopom IMCO u teope-

TUYCCKHUEC KPUBBIC, SKCTPAIIOIUPYIOIIHUE OCMOTUYCCKOC ITOBCACHUEC KIICTOK

HOBJICHO, YTO BpEeMs perujpartaiuu
KJIETOK ¢ OOJNBINIMM HCXOAHBIM 00Bhe-
MOM Tociie (a3l JeruapaTaluy yBe-
nuuupaercs. CoriacHo pacderam
KO3 (PHIIMEHTOB TPOHUIIAEMOCTH TaKasl
3aBHCHUMOCThH CBSI3aHa HE TOJBKO C
MEHBIINM TTOBEPXHOCTHO-00BEMHBIM OTHOIICHHEM
KJIETOK OOJBIIMX Pa3sMEpOB, HO U, MO-BHIMMOMY, C
M3MCHEHUEM CBOWCTB, ONMPEICISIONIMX TPOHHUIAe-
MocTh MeMOpaH ais mornekyn JJMCO.

B Tabnuie npuBeneHsl cperHue 3HAUCHUS KOd()-
(HUIHUEHTOB POHUIIAEMOCTH KIICTOK Pa3HBIX pa3MEPOB
nuist montekyn Boabl 1 JIMCO. Koaddunuent ¢puibt-
panuu MeMOpaH KJIETOK pa3HbIX pa3MepoB HMeEeT
mpenensl (5,30 +3,20)x10'4+(14,3 £ 5,2)x 104 m*/H-c.
ITpu 3TOM, XOTS U MMEIOTCS JOCTOBEPHBIC OTIUYHUS
MEX]y OT/ACIbHBIMU IPYIIIAMHU KJIETOK, 3aBHCUMOCTh
L, ot pasmepa KICTKH BbIpaxeHa HesBHO. B 1o ke
BpEMs C YBEIMUYCHUEM Pa3MepoB KIETOK Kod(ddu-

3Ha4yeHUs K03 (UIMEHTOB MPOHUIIAEMOCTH KICTOK
Pa3HbBIX AUaMETPOB s MoJieKyl Bonbl 1 JIMCO

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

Koappunuent Koadpunuent
'A‘HaMSTI;VI KQGTKH buAbTpanuy, TIPOHUIIAEMOCTH AAST
| MK L x10"m%/Hxc AMCO, Kx10° M/c
Cell diameter P o S .
D. um Filtration coefficient, Permeability coefficient
s L x10" m*/Nxs for DMSO, K x10° 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%52 3,80=+0,60
NPOBJIEMbI
KPUOBHOJIOTUMN
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(cpenHue nuaMeTphl KeTok, 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 DM SO 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" m*/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
SPEYV cells with average sizes of 14.4; 15.9 and 20.3 um
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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IIMEHT MPOHUIIAEMOCTH X MeMOpaH I MOJICKYJ
JAMCO ymensbInaercsi, OqHaKO JOCTOBEPHBIC OTITUIHS
00HapYXKHUBAIOTCS TOJIBKO JUIS KJICTOK, pa3Mephbl
KOTOPBIX 3HAYUTEIBHO OTIUYAFOTCS.

Hcnonb3ys BbUMciIeHHbIE KOOQQUITUEHTHI MPO-
HUIIAEMOCTH M COOTBETCTBYIOIIHNE I€OMETPUUCCKUE
MmapaMeTphbl KJIETOK, MOIEIMPOBAIA OCMOTHYECKOE
MOBEICHUE KJICTOK Ha JTalle UX 3aMOpa)KUBaHHs C
Pa3IUYHBIMU CKOPOCTSIMH OXJIQXKICHHMSL.

Ha puc. 2 npencraBiaeHbl 3aBUCHMOCTH OTHOCH-
TenbHOro oobéma kierok CIIDB co cpennumu pas-
mepamu 14,4; 15,9 u 20,3 MKM OT TeMIepaTypsl IpH
OXJIaXKJIeHH co ckopoctsimu 1, 5 u 10°C/mumn. [pen-
CTaBJICHHBIC TAHHBIC CBUICTEIILCTBYIOT O TOM, YTO C
YBEITMYCHHEM pa3Mepa KIIETKH CKOpOCTh e 00e3BO-
JKUBAHUS TIPY 3aMOpPaKMBAaHUHU BO3pACTACT HE3HAUH-
TenbHO. Co CKOpOCThIO oXJaxeHus 1°C/MUH Kpym-
HBIE KJIETKH JOCTUTAIOT MPEISIbHOTO YPOBHS 00€3B0-
YKUBAaHUSA PU oXJIakaeHnu 10 —7,5°C, a Menkue — 10
—12,8°C, co ckopocThio oxjaxjacHus a0 5°C/MuH
Jrana3oH 00e3BoKMBaHUs paciupsercs 10 —23,8°C
1 110 —38,3°C COOTBETCTBEHHO, ITPU CKOPOCTH OXJIAXK-
neans 10°C/MuH cTenieHb 00e3BOKUBAHUS KIIETOK B
JMara3oHe CyOHYJICBBIX TEMIIEpaTyp HE3HAYUTEIbHA.

Taxum o0pa3oM, B pe3y/bTaTe OXJIaKICHHS Kiie-
tok CIIOB co ckopoctsimu Bhitie 1°C/MUH BeposT-
HOCTh BHYTPHKJICTOYHOTO KPHUCTAILJIOO0Pa30BaHMS
MOJKET YBEJIMYMBATHCS M3-32 POCTa BHYTPHUKIIETOY-
HOTO TIEPEOXJIaXKICHHS, CHUKCHHIO YPOBHS KOTOPOIO
CHOCOOCTBYET JAeruapaTalys. DTOT IPOrHO3 COrIacy-
€TCs C TaHHBIMH IIPOBEICHHBIX HAMH KPHOMHUKPOCKO-
MMUYECKUX UCCIIeNoBaHuM [4].

BbiBOAbI

1. C ucnonb30BaHMEM METOZa BOIIOMOMETPUU H
YpaBHEHHH TEPMOJTMHAMUKH HEOOPaTUMBIX MPOIIECCOB
orpezneneHbl K03 GHUIMEHTHI TPOHUIIAEMOCTH KIIETOK
CIIBB mst monexyn Boasl u JIMCO.

2. YcTaHOBNIE€HA 3aBUCHMOCTh TPAHCIIOPTHBIX Xa-
pakTepucTik MemOpaH kietok CII3B B HecHHXpOHH-
3UpPOBAHHOM KYJIBTYypE OT pa3Mepa KJIETOK.

3. Pe3ynbprathl TEOPETHUECKOTO MPOrHOBUPOBAHUS
ocMoTHyeckoro noseaenus kiaerok CIIOB mpu 3amo-
pakuBanuu B npucytcTBun JIMCO ¢ ncnonb30BaHueM
ONpeneIeHHBIX KO3 ()(PUIIMEHTOB MPOHUIIAEMOCTH
MoKazaliy, 4To npu oxjaxaeHuu kierok CIIOB co
ckopocTsiMu BbIe 1°C/MUH MPUYMHON BHYTpPHUKIIE-
TOYHOW KPHUCTAJUIM3AIlMU MOXKET OBITh HEJ0CTa-
TO4YHas AeTHApaTalus KIETOK B MpOIecce 3amopa-
KHBaHUSL.
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Puc. 2. 3aBUCHUMOCTH OTHOCHTEIBHBIX O0BEMOB KIICTOK
CIIDB ot TemrmiepaTyphl MPH OXJIXKIEHUH CO CKOPOCTIMH 1,
5 u 10°C/muH (cpeHue TMaMeTphl KIETOK, MKkM: 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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