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VccnenoBany BiIMsSHHUE MPEIBAPUTEIbLHON MOIU(UKALMHM LUTOCKENIETa Ha COXPAHHOCTh IPUTPOLIMTOB, 3aMOPOKEHHBIX C
nonustTwiieHnukoneM (II900) u nexcrpaHoMm, M Ha AMHAMHKY HX JIM3UCA I1OCJIE PECYCIIEHIUPOBAHUSA B M30TOHUYECKUX CpElax C
pa3IMYHBIMU aHHMOHaMH (XJopui, cyiabdar, uutpar). Ilokazanu, 4To COXpaHHOCTh MOAM(UIMPOBAHHBIX IPUTPOLHUTOB MOCIIE
3amopaxuBanus ¢ [IO1 Bblle IO CpaBHEHUIO € IEKCTPaHOM. B To ke BpeMs pecycrneHANpOBaHUE Pa3MOPOKEHHBIX 3PUTPOLIUTOB B
cpelax ¢ pa3IMYHbIMU AaHHOHAMH CBUAETENBCTBYET, YTO KIETKH, 3aMopoxxeHHbIe ¢ [ID], MeHee ocMOTHYECKH YCTOWYMBEI, @ KPUBBIE
JIU3Uca B Cpelax C Pa3IMYHbIMH aHHOHAMM MEHee OTIMYAIOTCS MEXAy coboi, 4yeM ¢ nexcTpaHoM. IlomydeHHbIe pe3ysbTaThl
HOJATBEPXKIAIOT, YTO JIEKCTpaH, 1o cpaBHeHuto ¢ 10T, B Gounbliieil cTeneHn yaep)KUBaeT pa3BUTHE MOBPEXKICHUI B MeMOpaHax 1npu
3aMOpaXKUBaHUH, HTHULIMUPYEMBIX 00pabOTKON I)PUTPOLIUTOB MOAU(UKATOPAMH LIUTOCKEIIETa.

Knrouesvie cnosa: sputpouut, 3amopaxkusanue, [191, nekctpan.

JlocmipKyBaiy BIUTHB TOMEPEeIHBOT MOTU(iKallii MUTOCKEIeTa Ha CXOPOHHICTh EPUTPOIIUTIB, 3AMOPOKEHHUX C TOJTICTHICHITIKOJICM
(TIET) i nexctpanoM, i Ha MHAMIKY IXHBOTO JIi3UCY ITICIIs PECYCIIeH/IyBaHHS B i30TOHIYHMX CEPEIOBHUILAX 3 PI3HUMH aHIOHAMH (XJIOpH I,
cynbdar, uutpar). [Tokaszanu, 0 CXOPOHHICTh MOAN(IKOBAHUX €PUTPOLUTIB micis 3amopoxxyBaHHs 3 [IET" Buie B mopiBHsHHI 3
JICKCTpaHOM. PecycrieHIyBaHHs pO3MOPOKCHUX EPUTPOLIUTIB Y CEPEIOBHUIIAX 3 PI3HUMH aHIOHAMH CBIIYHTH, 10 KIITHHH, 3aMOPOXKEHI
3 [1ET, MeHII 0CMOTHYHO CTiliKi, a KPUBI JIi3UCY B CEPEIOBHUINAX 3 PI3HUMH aHIOHAMU MEHIII Pi3HATHCS MiX 00010, HiX 3 AEKCTPAHOM.
OTpuMaHi pe3ysTaTi CBiquaTh Mpo Te, 1o AeKCTpaH, y nopiHsuHi 3 [IEI, 6inblie cTpuMy€e po3BUTOK YIIKO/KEHb Y MEMOpaHax npH
3aMOPOXKYBaHHI, I110 iHIL[IIOIOTHCSI 00POOKOI0 EPUTPOLIUTIB MO (IKaTOPAMH LIUTOCKEIIETA.

Knrouoei cnosa: eputpouut, 3amopoxxyBanus, [1ET, nexcrpas.

There was investigated the effect of preliminary cytoskeletal modification on the integrity of erythrocytes, frozen with polyethylene
glycol (PEG) and dextran, as well as on dynamics of their lysis after resuspending in isotonic media with different anions (chloride,
sulfate, citrate). Integrity of modified erythrocytes after freezing with PEG was shown to be higher if comparing with dextran. At the
same time resuspension of frozen-thawed erythrocytes in the media with different anions testifies to the fact, that cells, frozen with
PEG are less osmotically resistant and lysis curves in the media with various anions are less different than with dextran. The results
obtained confirm, that dextran, in comparison with PEG in a greater extent retains the development of damages in membranes during
freezing, which are initiated by erythrocyte treatment with cytoskeletal modifiers.

Key-words: erythrocyte, freezing, PEG, dextran.

B pactBope monexynsl IIOI' u gexctpaHoB npu In solution PEG and dextran molecules when

KOHTaKTe C MOBEPXHOCTHIO 00pa3yroT crnenudu-
4ecKyo Mex(a3zHyH CTPYKTYPY, COCTOSINYIO U3
a1cOpOMPOBAHHOTO M HCTOLIIEHHOTO CJIOEB MOJINMEPA,
TOJII[UHA KOTOPBIX OMPEAEISIETCS MOJEKYISIPHO
Maccoi, KOHLIEHTpaluen NojJuMepa U TeMIepaTrypoi
pactBopa [ 12]. MccrnenoBanne BIUSHAS TEMITEPATYPBI
Ha B3aUMOJEHCTBUE OCJIKOB C KPHUOIPOTEKTOPOM
M0Ka3aJlo, 4TO CTa0MIN3aLHsl OSITKOB IPH CHI>KEHUH
TEeMIIEPaTyphI ONPeeNIeTCs UCKIIIOUEHHEM KPUOTIPO-
TEKTOPOB M3 THIPATHOW 000109KH OeKoB [9].
YMmenbuenue cBsa3biBanus 119I-1500 ¢ sputpo-
LUTaMU [P CHIDKEHUH TeMIIepaTypbl KOHCEpBaHTA
CO3JIAaeT MOJIOKUTENBHBIN 3D HEKT TS O IepIKAHUS
CTPYKTYPBI IIUTOCKeTEeTa, MOP(HOJIOTUH U COXPAHHOCTH
KJIETOK Tocie 3amopakuBanus [1]. Mcnonp3oBanne

contacting with surface form specific interphase
structure, comprising adsorbed and exhausted polymer
layers, which thickness is determined by molecular
mass, polymer concentration and solution temperature
[12]. Studying the temperature effect on interaction
of proteins with a cryoprotectant demonstrated, that
protein stabilisation at temperature decrease was
determined by excluding cryoprotectants from protein
hydrate membrane [9].

Reduction of PEG-1500 binding with erythrocytes
at a decrease in preservative temperature causes a
positive effect to maintain the structure of cytoskeleton,
morphology and integrity of cells after freezing [1].
Even if dextran usage in 30% concentration causes a
positive effect on cell morphology, osmotic fragility of
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nexcrpana B 30%-1 KOHIIEHTPAITUH, XOTS U OKa3hIBACT
MIOJIOXKUTEIHHOE BIUSHUE HA MOP(OIOTHIO KIETOK,
OJJHAKO OCMOTHYECKasl XPYNKOCTb OTMBITBIX MOCIE
3aMOpPaKUBAaHMS IPUTPOLIUTOB 3HAYUTENHBHO OTIIH-
yaeTcs OT HOpMaJbHOTro moBeneHus [13], uto
yKa3bIBa€T Ha CYIIECTBEHHOE MIOBPEXACHUE MEMOpa-
HBI M IUTOCKETIETa. 3aMOPaXMBAHNE C THIPOKCUITUI-
KpaxMaJoM H3MEHSEeT B3aUMOJIECHCTBHUS OCIKOB
LHUTOCKENeTa ¥ BBI3BIBAET MOTEPI0 MeMOpaHaMu
yactu cnektpuHa [18]. Monudukanus B3amMo-
JEHCTBHUIA MEXKIy OCITKaMU ITUTOCKEIETa MPUBOIUT K
3HAYMTENTHHOM ITOTEPE UyBCTBUTENHFHOCTH KIIETOK K XOJIO-
JIOBOMY M THIIEPTOHUYECKOMY IIOKY [4], ToT/a Kak K
MTOCTTUITEPTOHNYECKOMY JIM3UCY OHA TIOBBITIaeTcs [3].

Lens paboTbl — CPAaBHUTH KPUONMPOTEKTOPHBIE
cBoiictBa IO u mexkcTpaHa mpu 3aMOpakKMBaHUU
MOAX(HULIMPOBAHHBIX SPUTPOLUTOB. Kak BBISICHUIOCH,
MoAU(UKALKUS HUTOCKENIETa IPUBOAUT K 3HAYUTENHHOM
[IOTEPE YCTOMUMBOCTH KJIETOK K 3aMOPa)KMBaHUIO C
[OJIMMEPAMU H, CJIE0BATENBHO, UCIOJIb3yEMBIE B
JKCIIepUMEHTax 00pabOTKH MOBBHIMAIOT YYBCTBHU-
TENTBHOCTH KIIETOK K 3aMOPa)KHBAHHUIO U K JIU3HCY TTOCTTe
pecycrieHaMpoBaHwsL. TeM He MeHee aHaJH3 COXPaHHOCTH
KJIETOK TIOCTIE PECYCIICHANPOBAHHUSA B M30TOHUYECKHX
cpenax ¢ pa3IMYHbIMY aHUOHAMU TT03BOJIET CPAaBHHUTH
KPUOMPOTEKTOPHBIE CBOWCTBA ABYX Pa3IHUYHBIX
HIOJIMMEPOB.

Martepraabl n mertoabl

B pa6ote ucnonszosanu conu NaCl, Na,SO,, Na-
JTUMOHHO-KUCIBIH TpEX3aMemEHHBIH, a TaKXKe
caxapo3y MmMapku “upa”, II9I'-2000 (Merck) u
JIeKcTpaH-35 ¢ MmonekynsapHon maccoit 35000-50000
(Serva), ifonoaueramun (MAA) mpoussoactsa Serva,
napaxiopmepkypuitbenzoat (IIXMb) npousBoacTsa
Sigma. DpUTpOIMTHI YeT0BEKa MOTyYalIH U3 JOHOP-
CKOW KPOBH YETHIPEXKPATHBIM OTMBbIBAHUEM PaCTBO-
pom ¢ 0,15 M NaCl, 10 MM tpuc, pH 7,6. Knetku ¢
20%-M TeMaTOKpUTOM B cpejie, coaepxkarieit 90 MM
KCl, 45 mM NaCl, 44 MM caxapo3sr, 10 MM Tpuc,
pH 7,6, o6pabatsiBanu remunoM (300 MxM) pu 37°C,
BpeMst nuakyGanun 10 mun [4]. O6paborka MAA
npoBogunack 15 mun ¢ pobaeienuem [IXMb no
KOHEYHOW KOHIIeHTparuu 1 MM, BpeMs WHKyOanuu
60 MuH [6] ¢ mocIeayOMUM OTMBIBAHUEM CPEIOM
06pabotku (3 paza) u cpenoit orMbIBaHMS (2 pasa).
Ocanku SPpUTPOIUTOB CMENIMBAIH CO CPEIOU
3amopakuBanus (20% I3 wnn gexcTpana), mpuro-
TOBJICHHOU Ha pacTBope, coxepxamiem S0 MM NaCl,
200 MM caxapo3sr, 10 MM tpuc, pH 7,6. O6pa3smsl ¢
00BEeMOM CycCIeH3UH | MIJI 3aMOpaKMBallU MOTPY-
JKEHHEM B KUJKUU a30T, BbIACPKUBaIU 15 MUH U
pasmMopakuBaiu Ha BoasHoi O6ane (40°C) B TeueHue
3-x MUHYT. Pa3MOpOokeHHYIO CYCIIEH3HIO Pa3BOAMIN
Cpeloi 3aMOpaKMBaHUS U HEHTPUPYTUPOBATH IS
BBISBJIICHUSI CTENIEHH TeMoJin3a B Hajgocanuke. (s
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erythrocytes, washed-out after freezing considerably
differs from normal behavior [13], that indicates to a
considerable damage in membrane and cytoskeleton.
Freezing with hydroxyethylstarch changes interactions
of cytoskeletal proteins and causes a loss of spectrin
part by membranes [ 18]. Modification of interactions
between cytoskeletal proteins results in a considerable
loss of cell sensitivity to cold and hypertonic shock
[4], meanwhile it increases to post-hypertonic lysis [3].

The work was aimed to compare cryoprotective
properties of PEG and dextran during modified
erythrocytes freezing. Cytoskeletal modification was
found out to result in a considerable loss of cell
resistance to freezing with polymers and, consequently,
the treatments used in the experiments increase cell
sensitivity to freezing and lysis after resuspending.
However, the analysis of cell integrity after resus-
pending in isotonic media with different anions enables
to compare cryoprotective properties of two different
polymers.

Materials and methods

In the work we used such salts as: NaCl, Na,SO,,
tri-sodium citrate, sucrose with “pure for analysis”
grade, PEG-2000 (Merck), dextran-35 with 35000-
50000 molecular mass (Serva), iodoacetamide (IAA)
(Serva), parachloromercuriobenzoate (PCMB)
(Sigma). Human erythrocytes were procured from
donor blood by fourfold washing-out with the solution,
containing 0.15 M NaCl, 10 mM Tris, pH 7.6. Cells
with 20% hematocrit in the medium with 90 mM KCI,
45 mM NaCl, 44 mM sucrose, 10 mM Tris, pH 7.6
were hemin-treated (300 MM) at 37°C with 10 min
incubation time [4]. IAA treatment duration was 15 min
with following adding PCMB up to 1 mM final
concentration, incubation time was 60 min [6] with
following washing-out with treatment medium (thrice)
and washing-out medium (twice). Erythrocyte
sediments were mixed with freezing medium (20%
PEG or dextran), prepared with the solution, contained
50 mM NacCl, 200 mM sucrose, 10 mM Tris, pH 7.6.
Samples with 1 ml suspension volume were frozen by
immersing into liquid nitrogen, exposed for 15 min and
thawed on water bath (40°C) during 3 min. Frozen-
thawed suspension was diluted with freezing medium
and centrifuged for revealing the hemolysis extent in
supernatant. In order to determine the erythrocyte
resistance to resuspension, 50 ml of frozen-thawed
suspension was transferred into isotonic medium of
1ml volume, exposed up to 60 min, then centrifuged
and the hemolysis extent was calculated by the formula:

A0
H=3-5 x 100,

were A is a part of residual at resuspension; B is a
part of residual after freeze-thawing.
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ONpEeJIETCHUsI YCTOMYMBOCTH SPUTPOLIMTOB K pecyc-
neHAnpoBaHuio 50 MKII pa3MOPOKEHHOH CyCIIEH3UU
MEPEHOCUIIN B H30TOHUUYECKYIO cpeny 00bEMoM 1 M
U BblIepXkHUBanu A0 60 MUH, LEHTPUPYTHPOBATIH H
CTETIeHb IeMOJIN3a PacCUNTHIBAIHN 10 popmye:

A0
I = d-2F x 100,

rae A — oI ocTaTKa MpH pecyCleHAnpoBaHuy; B —
JI0JIs1 OCTaTKa IO0Cje Pa3MOPaKUBaHU.
IToBpexaeHne >pUTPOLUUTOB HPU MOCTTHIIEP-
TOHHYECKOM JIN3HMCE MK PECYCIICHIUPOBAHUH MTOCIIE
3aMOpaXrBaHUA CBA3aHO C BXOJOM B KJICTKHM MOHOB
HaTpus U xjopunaa. XJIOPUIHBIH aHHOH oOJagaeT
BBICOKOM MIPpOHUIA€EMOCTBI0O U HEC OIrpaHHUYMBACT
MOCTYIUICHUE KaTHOHOB HATpUs B KJIETKy. 3aMeHa
XJIOpHUIa Ha MEHEE MPOHHUKAIIIUKA WU HENpPO-
HUKAIOIINI aHUOH J0JKHA 33IeP’KUBATh MTOCTYIUICHHE
KaTUOHOB B KIIETKY, €CIIM MeMOpaHa He OyJeT HMeTh
3HAYUTENbHBIC TOBPEKICHUS, TPOHUIIAEMBIE IS
aHMOHOB 110 CTOKCOBCKOMY PaJINyCy, MTPEBBHIIIAIOIINE
XJIOpUAHBIA aHuoH [2]. C y4eToM 3TOTO B IKCIIEpH-
MEHTaxX IPHU PECYCIECHIUPOBAHUU HCIIOJIb30BAIN
m3oToHUYeckue cpeapl, conepxammue 0,15 M NaCl;
0,1 M Na,SO,; 0,IM Na-nutpar; 0,3 M caxapossl,
npurotoBieHHble Ha 10 MM Tpuc-6ydepe (pH 7,6).

Pe3yAbtatbl M 00CyXA€HHE

Monudukanus 3puTPOIUTOB TEMUHOM HE BBI3BI-
BAa€T 3HAUUTEJIBHOTO MOBPEXKIEHHUS KIIETOK IOcCIe
3aMopakuBaHus B pactBopax ¢ [I3]] a ¢ nekctpanom
OTMEYAETCsl CYIIECTBEHHAs PA3HUIIA MEXKAY COXPaH-
HOCTBIO HOPMAITLHBIX ¥ MOAU(DUITUPOBAHHBIX DPUTPO-
uutoB (puc. 1). OO6paboTka KIETOK NAA+IIXMB
CHHM)KAeT YCTOMYMBOCTH ITOCJE 3aMOpaKMBaHUA,
OJTHAKO COXPAHHOCTH MpH UcTonb3oBanuu [191 Bbimie
u coctaBisier 79-83%, ¢ mexcrpanom — 55-65%.
JIn3uc mocne pecyCneHInpOBaHNs B H30TOHUIECKHIX
cpelnax mocje 3aMOpaXMBaHHUSA B pacTBOpax,
conepxammux 191, HecKombKo BhIIIe, YeM AeKCTpaHa
(puc. 2). Ilpu pecycneHIUpOBaHUU 3PUTPOIUTOB,
MOAU(HUIIPOBAHHBIX TEMUHOM, TEMOJIU3 BO3pacTaeT
KakK JJI1 3PUTPOLUTOB, 3aMOPOKEHHBIX B Cpelax C
[I3I, Tak u ¢ IeKCTpaHOM, OAHAKO CTENEHb JIM3HUCa
MEHEe 3aBHUCHUT OT BUJA aHHOHA IJs KIETOK,
3amopokeHHBIX ¢ [19I ueM ¢ gexcrpanom (puc. 3).
O6paborka sputpormtoB MAA+IIXMB npuBoauT K
ené OoJbIIEMY MOBBIIMICHUIO YPOBHS JH3HCA MPHU
peCyCIeHINPOBAaHUH SPUTPOIIUTOB, 3aMOPOKEHHBIX C
[I31, BBIpa)XeHHOCTHh MEXIY KPHUBBIMHU JIH3HUCA
KOTOPBIX B M30TOHWYECKHUX Cpelax C Pa3IuIHBIMU
aHUOHAMU YKe He mposiBisieTcs (puc. 4, a). B To xe
BpeMs yKazaHHas MOAM(UKANKS HE3HAYUTEITHHO
MTOBBIIIAET JIM3UC TIPH PECyCIICHIUPOBAHUN SPUTPO-
LIUTOB, 3aMOPOKEHHBIX C JEKCTPAHOM, M OCTAIOTCS
pazIuyus MEXAy KPUBBIMU JIU3WCA C Pa3IMYHBIMU
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Erythrocyte damage at post-hypertonic lysis or
resuspension after freezing is related to sodium and
chloride ion incoming into cells. Chloride anion has a
high permeability and does not limit sodium cation
incoming into a cell. Replacing chloride by less
penetrative or non-penetrative anion should retain
cation entering into a cell, if membrane is not
significantly damaged because of those permeable for
anions by Stoksowsky radius, exceeding chloride anion
[2]. Taking into account this fact, the isotonic media,
containing 0.15 M NaCl; 0.1 M Na,SO,; 0.1 M
NA-citrate; 0.3 M sucrose, prepared on 1 mM Tris-
buffer (pH 7.6) were used in the experiments at
resuspension.

Results and discussion

Hemin-modification of erythrocytes does not cause
asignificant cell damage after freezing in solutions with
PEG, but there is a considerable difference between
the integrity of normal and modified erythrocytes
(Fig. 1). TAA+PCMB cell treatment reduces the
resistance after freezing, but when using PEG the
integrity makes 79-83 and 55-65% for dextran. Lysis
after resuspension in isotonic media after freezing in
PEG-contained solutions is slightly higher, than in
dextran-contained ones (Fig. 2). When resuspending
hemin-modified erythrocytes, hemolysis increases for
both erythrocytes, frozen in media with PEG and
dextran, however lysis extent less depends on anion
type for cells, frozen with PEG than with dextran
(Fig. 3). IAA+PCMB erythrocyte treatment results in
much greater augmentation of lysis level when
resuspending erythrocytes, frozen with PEG, where mani-
festation rate between lysis curves in isotonic media
with different anions has not manifested yet (Fig. 4, a).
At the same time the mentioned modification not so
significantly increases lysis when resuspending dextran-
frozen erythrocytes and the differences between lysis
curves with different anions (Fig. 4, b) as well as for
hemin-treated erythrocytes (Fig. 3, b) are kept.

Thus, significant differences of PEG and dextran
effect on the integrity of pre-modified frozen
erythrocytes, are revealed. Differences in protection,
revealed after freeze-thawing (see Fig. 1) and after
transferring into isotonic media (Fig. 2-4) testify to
better protection with PEG and dextran, cor-
respondingly. Such contradiction can be explained by
more manifested PEG capability to hide damages
development during freeze-thawing cycle, initiated by
mentioned modifications, which are manifested during
cell resuspension in isotonic media. The situation is
quite opposite when using dextran and less manifested
hemolysis development at resuspension confirms higher
cryoprotective properties of this polymer.

It was mentioned previously to apparent cryo-
protective properties of polymers [19], related to a
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Puc. 1. CoxpaHHOCTb 3pUTPOLIMTOB IOCIIC 3aMOPAXUBAHUS B TPUCYTCTBHH PA3INYHBIX KoHIeHTparwmi [191 (a) miu nexcr-
paHa (6); 1 — KOHTPOIBHBIE IPUTPOLIUTHI; 2 — SPUTPOITUTHI, 00paOOTaHHBIE TEMUHOM.

Fig. 1. Erythrocyte integrity after freezing at the presence of different concentrations of PEG (a) or dextran (b): 1 —control

erythrocytes; 2 — hemin-treated ones.

aamonamu (puc. 4, 0) Kak W JJIS SPUTPOIUTOB,
00paboTaHHBIX TEMUHOM (CM. pucC. 3, 0).

Takum 00pa3oM, BBIABISIOTCS CYLIECTBEHHBIE
pazmunst BiusiHus 1101 1 gekcTpana Ha COXpaHHOCTD
3aMOPOKEHHBIX 3PUTPOIMTOB, KOTOPHIE OBLIH TIpes-
BapHUTENbHO MOAU(UIMPOBaHbl. OTINYHS B IPOTEK-
LM, BBIABISEMbIE MOCIE Pa3MOpaKUBaHUA (CM.
puc. 1), CBUIETENBCTBYIOT O Jy4IIeH MPOTEKIUHU C
[12T, a mocne nmepeHeceHs] B U30TOHUYECKUE CPEIBI
(puc. 3, 4) — c gexcrpaHoM. Takoe MpOTUBOpEUHE
MOKHO OOBSICHUTH OoJiee BBIPaKEHHOW CHOCOOHOC-
110 [IO1" CKphIBaTh pa3BUTHE IOBPEKACHUH B IIUKIIE
3aMOpaKMUBAHUSI-OTTANBAHNSA, MTHUIINAPYEMBbIX YKa3aH-
HBIMH MOANU(QUKALUSIMHU, KOTOPbIE BBISBISIOTCS MIPH
pecyCIeHIMPOBaHNH KIIETOK B U30TOHMYECKUX CPENaXx.
[Ipu ucrionp30BaHUM JEKCTPaHA CUTYALUs TPOTHUBO-
IOJIO’KHAs, @ MEHEe BRIPA)KEHHOE Pa3BUTHE TEMOJIN3a
[IpU pEeCYCHEHIUPOBAHUM MOATBEPKIAET Jydllne
KpUONIPOTEKTOPHBIE CBOICTBA JAHHOTO IIOJIUMEpA.

YKa3pIBaJ0Ch Ha KAXKYIIHECS KPHOMIPOTEKTOPHBIE
cBOiiCTBa mOMMEpOoB [ 19], cBsI3aHHBIC CO CHIKCHUEM
[TOBEPXHOCTHOW SHEPTUH PAaCTBOPOB KPHOIIPOTEKTOPOB,
KOTOpasi CTAHOBUTCS HMIKE, YEM y pacTBOpa reMo-
rmoOuHa. Ha moBepXHOCTH MOBPEXIEHHBIX KIETOK
MoJUMEphl 00pa3yloT ycToHuuBy mHTEephasy,
KOTOpast CO3JaeT He TOJNBKO MPOTEKTOPHBIN (P deKT,
HO M CKpBIBaeT MeMOpaHHBIE Ae(eKTHl, yepes
KOTOpPBIE TeMOTJIOONH HE MOXET JETKO MPOXOIUTh.
Onnako II31 mo cpaBHEHHIO C JEKCTPAaHOM HE
o0nagaer JOCTaTOUYHBIM OTEHIIMATIOM, CHUYKAIOLITIM
MMOBEPXHOCTHYIO 3HEPTHIO PACTBOPA IPH IMOBBIIICHUH
ero koHieHTpauuu [19]. Takoit pakT HaAXOmUTCA B
MPOTHBOPEYHH C PE3yJIbTATOM HACTOsIIel padoThl,
tak kak IO B Oonbiieit crernenu, 4em JeKCTpaH
CKPBIBACT MOBPEXKACHUS IPUTPOLUTOB, KOTOPHIE
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decrease in surface energy of cryoprotectant solution,
which became lower than in hemoglobin solution. On
a surface of damaged cells polymers form a resistant
interphase, which creates not only a protective effect
but hides membrane defects, through which hemoglobin
can not easily pass. But PEG in comparison with
dextran does not have a sufficient potential, decreasing
a surface energy of solution with an increase of its
concentration [19]. Such a fact contradicts this work
results, because PEG in a greater extent than dextran
hides erythrocyte damages, manifesting only during
resuspension. It proceeds that PEG has a damaging
effect at its desorption from cell surface due to
erythrocyte resuspension.

Cryoprotectants interact with membranes via
hydrophobic contacts or hydrogen bonds with
phospholipid heads. Under freezing conditions
cryoprotectant should be bound with lipid bilayer for
maintaining its integrity. However it is not clear which
of two mentioned interactions is more resistant and
important under cryoprotective conditions [8].
According to existing notions, polymers are sorbed on
cell surface, by changing glycocalyx packing. Effects
on lipid bilayer can be mediated by decreasing dielectric
constant, by strengthening cell surface hydrophobicity
and phospholipid dehydration [7, 11]. In this connection
permeability increase for Ca?* and fusion of liposomes
and erythrocytes at PEG presence occur by the same
mechanism as a result of dehydration and formation
of membrane local damages [7]. Change in poly-
morphous state of bilayer is supposed to be a reason
for PEG antilytic effect on liposomes at melittin
presence [16].

According to the data [13, 14] the used in freezing
media dextran concentrations are within the range of
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Fig. 2. Lysis of frozen-thawed erythrocytes at the presence of of 20% PEG (a) or 20% dextran (b) after resuspending in
isotonic media: 1 —with 0.15 M NaCl; 2-0.1 M Na,SO,; 3 - 0.1 M sodium citrate; 4 — 0.3 M sucrose.

BBISIBIIIFOTCSI TOJIBKO TPHU pecyCleHIupoBaHuu. M3
atoro cuenyet, uro [ obnamaeT moBpexaarommuM
JNEHCTBHEM IIPU €ro AecopOUHMH OT MOBEPXHOCTH
KJIETKH BCIEJCTBUE PECYCIEHAUPOBAHUS IPUTPO-
LIUTOB.

KpuonpoTekTopsl B3anMOJEHCTBYIOT ¢ MEMO-
paHamu 3a c4eT THAPOPOOHBIX KOHTAKTOB HIIH
BOJIOPOJHBIX CBsI3€H ¢ roioBkamu Gochonumnuaor. B
YCIIOBUSX 3aMOPaXMBAHHUS KPHOMPOTEKTOP JOJDKEH
OCTaBaThCS CBA3AHHBIM C JUMHUJIHBIM OHCIOEM,
9TOOBI MOANEPKUBATH €r0 MEeIO0CTHOCTh. OaHaKo
HESICHO, KaKoe U3 JIByX yKa3aHHBIX B3aUMOAECHCTBUN
yCTOWYMBEE U BAYKHEE B yCIOBUAX KPHOMPOTEKINN [§].
[To crmoxuBIIMMCS NMpPENCTABICHUAM, IMOJHUMEPHI
copOUpYyIOTCA HAa MOBEPXHOCTU KIETKH, U3MEHSA
YIaKOBKYy INMIMKOKaNHKca. Bo3nelcTBrs Ha MU IHBIN
OuCI0i MOTYT OBITH OMOCPEJOBAHBI CHHKEHUEM
JMRJIEKTPUYECKON KOHCTAHTBI, yCUIICHHEM THApo(oo-
HOCTH TMOBEPXHOCTHU KJIETOK W JNeruapaTarue
dbochonunuaos [7, 11]. B ¢Bs3u ¢ 3TUM MOBBIIIEHHE
nponuaemoctu st Ca** v ClMsHUE JTUIOCOM U
puTponuToB B mpucyTcTBun [I91° mpoucxoasT mo
OJTHOMY MEXaHW3MYy BCIIEICTBHE NETHIpATaAlUH U
00pa3oBaHU JIOKATEHBIX TIOBPEXKACHNUH MeMOpaH [7].
[lonaratot, yTo M3MEHEHHE MOTUMOP(PHOTO COCTOSHUS
Ouciiost sBISETCS NPUUYMHONW aHTHJIMTHYECKOTO
nericteusa IO Ha numocoMsl B MPHUCYTCTBHU
meiuTrHa [16].

CornacHo ganubiM [13, 14], ucnonbp3yemseie
KOHIIGHTPAIMH JIEKCTPaHa B Cpellax 3aMOpakKNBaHUs
HaxonaTcs B nHTepBaie 5-40%, HO ero onTrMaIbHOE
KOJIMYECTBO OCTAETCS IO BONpocoM. Vcronb30BaHue
BBICOKMX KOHIIEHTpAIM{ JEeKCTpaHa HEeXeJlaTelIbHO
13-3a AOMOJIHUTENFHOTO PUPAIIEHUS OCMOTUYIECKOTO
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5-40%, but its optimal amount remains unclear.
However the usage of high dextran concentrations is
unwanted due to an additional increment of osmotic
gradient [14]. Erythrocytes, frozen in 30% dextran-
contained medium have satisfactory morphological
index, but the behavior of osmotic fragility curve
considerably deviates of the normal one [13]. A
decrease in osmotic resistance of erythrocytes at salt
concentrations, close to isotonic ones, indicates to
membrane and cytoskeletal damages.

The question arises if the disorders in cytoskeleton
similar to those, formed during erythrocyte modification
by hemin or [AA+PCMB, can occur during freezing.
Hemin easily penetrates through erythrocyte
membrane, binds with cytoskeletal proteins (band 4.1,
actin, spectrin), that results in their dissociation and
following membrane destruction. If bonds in
cytoskeleton are partially modified, cytoskeleton is
capable to maintain membrane structure, however such
cytoskeleton-membrane complex is mechanically
slightly stable [17]. Hemin treatment results in an
increase in osmotic fragility, considerable loss of
erythrocyte sensitivity to cold and hypertonic shock
[4], an increase in sensitivity to post-hypertonic lysis
[3]. At the same time IAA+PCMB erythrocyte
treatment slightly increases sensitivity to cold and
hypertonic shock [5] and does not change it to post-
hypertonic lysis [3]. This treatment eliminates DIDS
effect on cold and hypertonic shock. This enables to
suppose that the inhibitor effect is mediated by band 3
protein-cytoskeleton bond [5, 6]. At the mentioned
modification PCMB is bound in a hydrophobic
fragment of band 3 protein inside a membrane, at the
same time there is a change in conformation of
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rpaguenTa [14]. DpuTpounTsl, 3aMOpPOKEHHbBIE B
cpene, conmepxamei 30% nmexcTpaHa, UMEIOT
YAOBJIETBOPUTEIBbHBIN MOP(OIOTHIECKHUH TOKa3aTelb,
HO MOBEAECHUE KPUBONH OCMOTHYECKON XPYNKOCTH
CYIIECTBEHHO OTKJIOHSETCS OT HOopManbHOro [13].
CHIKEeHNE 0CMOTHYECKON yCTOMUMBOCTH 3pUTPOLIUTOB
MIPY KOHLEHTPALMAX COMNHU, OTU3KUX K M30TOHMYECKUM,
yKa3blBaeT Ha MOBPEXICHHUS MeMOpaHbl M IUTO-
CKeJeTa.

Bosznukaet Bonpoc, MOTYT JIH TIPH 3aMOPaKUBAHUT
MIPOVCXOIUTH HAPYIICHHS B UTOCKETIETE, TOJOOHBIE
TeM, KOTOpBIe 00pa3yloTcs Mpu MOAUPHUKALUU
3PUTPOLUTOB TEMUHOM WU NAA+IIXMB. T'emun
cBOOO/IHO MPOHMKAET Yepe3 MEMOPaHy I)PUTPOIIUTOB,
CBsI3bIBacTCA ¢ OelkaMu LUTOCKenera (monoca 4.1,
aKTHH, CIIEKTPHH), YTO IPUBOAUT K TUCCOLMALINY UX U
nociuenymoomei aectpykuuu MmeMopansl. Eciu cBs3u
B LUTOCKEJIeTe MOAUMDHUIUPYIOTCS YACTHYHO, TO
LUTOCKEJIET CIOCO0EH MOIJEPKUBATh CTPYKTYPY
MeMOpaHbl, OJJHAKO TAaKOH LIUTOCKENET-MEMOpaHHbII
KOMIIJIEKC SIBJISIETCSI MEXaHUYECKH c1abo cTaOuiIb-
HeIM [17]. O6paboTka TeMHHOM HPHUBOIHUT K
OBBIIIEHUIO OCMOTUYECKOM XPYIIKOCTH, 3HAYUTEILHON
[IOTE€pPE TYBCTBUTEIHHOCTH DPUTPOLIUTOB K XOJIOIO-
BOMY U THIIEPTOHUYECKOMY ILIOKY [4], TTOBBIIIEHUIO
YyBCTBUTENHFHOCTH K TOCTTUIIEPTOHIYECKOMY JTH3UCY
[3]. B To ke BpeMss o0paboTKa 3pHUTPOIUTOB
MAA+IIXMB HECKONBKO yBEIHYHBAET YyBCTBH-
TEJIBHOCTB K XOJIOZ0BOMY Y THIIEPTOHUYECKOMY LIOKY
[5] m He U3MEHsIET K HOCTTUIEPTOHNYECKOMY JTU3UCY
[3]. Hannas oOpaboTka cHumaet nericteue JJUJC
Ha XOJIOJOBOW M TUNEPTOHUUECKUU MIOK. DTO
MI03BOJIMJIO TIPEITIOJIOKHT, YTO JeHCTBUE HHTHOUTOpa
OTIOCPETYETCsl CBSA3bIO OENOK MOJIOCHI 3-IIUTOCKETET
[5,6]. ITpu yka3zanuo# mogudukanuu [IXMb cBs3bI-
BaeTrcs B ruipodoOHOM PparmMenTe Genka MoJI0CH 3
BHYTpPU MEMOpaHbl, IPH STOM H3MeHseTcs KOH(pOop-
MaIus IUTOIUIa3MaTHIECKOI YacTH TaHHOTO Oelka,
KOTOPBIH TepseT CIOCOOHOCTHh CBSA3BIBATHCS C
ankupuHoM [10]. dnurensHas oGpadotka ¢ IIXMb
MIPUBOAUT K Be3UKyJsiuuu MeMOpansl [10,15]. lanHble
[1, 13, 18] cBUAETENbCTBYIOT O TOM, YTO MpHU
3aMOpPaXUBAHUU H3MEHSIOTCS MOP(OIOTHYECKHE U
peoJioruuecKiue CBOWCTBA, CBA3AHHBIE C MOAUQU-
Kaluel CTPYKTYpBI UTOCKEJIETa U MOTEPEH 4acTu ero
oenkoB. [Ipu MoguduKaMu reMUHOM MEMOpaHBbI
SPUTPOLUTOB TAK)KE TEPIIOT HEKOTOPHIE OENIKH, TOTIA
kak npu o6paborke MAA+IIXMB, OHUM He TOJNBKO
YAEPIKUBAIOT BCE OCHOBHBIE OCJIKH, HO M IPUOOPETAIOT
CBOMCTBa COPOUPOBATH AOTIOTHUTENBHBIE U3 ITUTOILIA3-
Mbl [6]. ITockonrbky MeMOpaHa U IUTOCKEIET
SIBJIIIOTCS. OCHOBHOM MMILEHBIO HMOBPEXICHUH NMPHU
3aMOpaKUBaHUH, TO, OUEBHIHO, MECTA B3aUMOEHCT-
BUS IIUTOCKeNeTa ¢ MeMOpaHoil OynyT Hanbomee
yA3BUMBIMU TOYKaMU BIMSIHUS MOBPEKIAIOIINX
(hakropos [3-6].
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cytoplasmic part of this protein, which loses the
property to be bound with ankyrin [10]. Long-term
PCMB treatment results in membrane vesiculation [ 10,
15]. Data in the papers [1, 13, 18] testify to the fact
that during freezing there are the changes in
morphological and rheologic properties, related to
modification of cytoskeletal structure and a loss of its
proteins part. Under hemin modification erythrocyte
membranes lose also some proteins, meanwhile during
IAA+PCMB treatment they not only retain all main
proteins but get the properties to sorb additional ones
from cytoplasm [6]. Since membrane and cytoskeleton
are the main target of damages during freezing [1, 13,
18], evidently, the places of interaction of cytoskeleton
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Fig. 3. Effect of hemin treatment on lysis of resuspended
erythrocytes. The same legends as in Fig. 2.
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Fig. 4. Effect of IAA+PCMB treatment on lysis of resuspended erythrocytes. The same legends as in Fig. 2.

BbiBOADI

AHalN3 TUTEPaTypPHBIX AAHHBIX MO3BOJISET
CAenaTb HEKOTOPBIE MPENTONOKEHHSI OTHOCUTEIBHO
pa3nu4Mii B KPUOMIPOTEKTOPHBIX M IMOBPEXKAAIOIINX
nerctusax 101 u gexkcrpana Ha MeMOpaHy NIpH
3aMOpakKuBaHuM SpuTpounToB. Kaxymeecs Oonee
BBIpAXXEHHOE MpOTeKTopHOe aeiicteue IID1 mo
CPaBHEHHIO C IEKCTPAHOM B ITUKJIE 3aMOPa’KUBaHUS-
OTTaWBaHUs ONPEIENIETCS CYIIECTBOBAHUEM 0COO0H
uHTEep(a3bl B YCIOBHUSIX JACTHIPATAINH, TOBBIIICHHS
ruipodoOHOCTU U U3MEHEHUsS MOJTUMOPPHOTO
COCTOSIHUSI TUTIUAOB MeMOpaHbl. B 3T0ii curyarnuu
ancopOuposanHblii cnoit 131" o0pazyer ¢ MmemOpanoii
KOMIUIEKC, Oojee YCTOHYMBBIA K HU3KHUM TeMIIe-
parypam, yeMm c pexctpaHoM. OnHaKo mpu 3aMopa-
KUBAHUN-OTTAaUBaHUU Takod kommiekc I3 ¢
MeMOpaHoi MproOpeTaeT CBOMCTBO eANHOr0 00pa3o-
BaHMsI, a JecopOLus MOoJUMepa IpH pecycreHIu-
pOBaHUM CTAHOBUTCS MOBPEXKIAIOIIEN TPOLIEAYPOH.
MeHee BBIpaKEHHOE Pa3BUTHE MOBPEXKACHUH MpHU
pecycreHAnpOBaHUY MOTU(PHIIMPOBAHHBIX SPUTPOITH-
TOB, 3AMOPOXXEHHBIX C IEKCTPAHOM, I10 CPABHEHHIO C
[I3T, cBumeTenbCTBYET O TOM, YTO AEKCTpPaH B
Oonpmiell CTEMEHUW CHOCOOEH MpeAaympexaaTh
pa3BUTHE NOBPEKACHUH KaK OT HApyLICHUH B3aUMO-
JIeHCTBUI Mex Iy OerkaMu IuTockeneTa (00padboTka
TEeMHUHOM), TaK U OT MOAM(UKALUU B3aUMOACHCTBHS
uuTockenera ¢ MmemGpanoii (o6paborka MAA+
[IXMB).

Jlutepatypa
1. Babuluyk Jl.A. 3emnsHckux H.I. BnAnsiHue nonuaTuneH-
okcnpa-1500 n Temnepatypbl Ha ocobeHHOCTU MoAau-
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with membrane will be the most vulnerable points for
damaging factor effect [3-6].

Conclusions

Analysis of literature data enables assuming about
differences in PEG and dextran cryoprotective and
damaging effects on membrane during erythrocyte
freezing. Apparent more manifested protective effect
of PEG in comparison with dextran in freeze-thawing
cycle is determined by the presence of special
interphase under dehydration conditions, an increase
in hydrophobicity and change in polymorphous state
of membrane lipids. In this situation PEG adsorbed
layer forms with membrane more resistant complex
to low temperatures than in case with dextran.
However during freeze-thawing such PEG-membrane
complex gets the property of integrated formation, and
polymer desorption at resuspension becomes a
damaging procedure. Less manifested development of
damages when resuspending modified erythrocyte,
frozen with dextran, in comparison with PEG testifies
to the fact, that dextran in a greater extent is capable
to prevent damages development, proceeding from
disorder in interactions between cytoskeletal proteins
(hemin treatment), as well as from modification of
cytoskeletal interaction with membrane (IAA+PCMB
treatment).
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