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Cryoprotection with Polyethylene Glycols and Dextrans During
Freezing of Erythrocytes with Low Hematocrit

HccnenoBanu BausHUE Pa3IUYHBIX KOHLEHTpALMI MOJUMEPOB Ha COXPAaHHOCTb PUTPOLIMTOB, 3aMOPOKEHHBIX ¢ HU3KUM
remaTokputoM (0,8%). OTMEUEeHO CYLIECTBEHHOE CHI)KEHHE KPHOIIPOTEKTOPHOH 3 (heKTHBHOCTH U BBISIBIICHO MIOBPEXKIAIOIIEE ACHCTBUE
[13I'-1500 B xoHueHTpamu 20% B yCIOBUAX CHI)KCHUS HIOHHOH CHJIBI M IOBBIIIICHUS KOHLIEHTpAIu caxapo3bl. [loBblIeHne reMaTokpuTa
B cpene 3amopaxkuBanus 10 40% ycrpanser qanHslit o3¢ dext. [IprucyTcTBIE B KPHOKOHCEPBAHTE MPOHUKAIOIINX KPHOIIPOTEKTOPOB
IPUBOJAUT K MEHEe BBIPAKEHHOH 3aBHCHMOCTH kpuonporekiuu ¢ II19I-1500 ot moHHOH cuibl. DKCIEPUMEHTHI NIPU 3aMELICHUN
karnona Na® na xaruon NH,” mpu ncnonb30BaHuM €axapo30-COJEBOH CPENbl C BBICOKOH KOHIEHTPALUMEN Caxaposbl MO3BOJISET
HPETOJIOKHUTh, YTO OallaHC KPUOTIPOTEKTOPHOTO U MOBPEXKIAIOIIETr0 AeHCTBUS IOJIMMEPOB ONPEAEISIETC UX MOJIEKYIIIPHON Maccoi
¥ 3aBHUCHT OT HHTEHCUBHOCTH HAPAaCTaHHSI OCMOTHYECKOTO rPaIMeHTa Ha MeMOpaHe KIETOK IIPH 3aMOPaKUBAHHH.

Knrwouesvle cnosa: reMaToKpUT, OJIUITUICHITIMKOIH, JEKCTPAHBL,3PUTPOLIUTHI, KPHOKOHCEPBUPOBAHHE.

JocnimpKyBany BIUIMB Pi3HUX KOHIGHTpALil oJiMepiB Ha 30epeKeHiCTh EPUTPOLIUTIB, 3aMOPOKEHNX 3 HU3bKUM IeMaTOKPUTOM
(0,8%). IToka3aHo iCTOTHE 3HMKEHHSI KPiOMPOTEKTOPHOI €()eKTUBHOCTI Ta BUsIBICHO yuKopkytouy aito ITEI-1500 y koHuenTpamii
20% B yMOBaXx 3HIKESHHs! I0HHOT CHJTH 1 T IBUILICHHS KOHLIEHTpALT caxapo3u. [1iIBUIIIEHHSI TeMaTOKPUTY B CEPEIOBHIL 3aMOPOXKYBaHHSI
1o 40% ycysae nanuit edext. [IpucyTHICTh Y KpiOKOHCEPBAaHTI NPOHUKAIOYUX KPIONPOTEKTOPIB MPHU3BOIUTH 10 MEHII BUPAXKEHOT
3ajexHoCTi Kpionporekuii 3 [TE-1500 Bin ionnoi cuiu. ExcriepumenTr npu 3aminienHi kationa Na* Ha kation NH, " npu BukopucTanHi
€axapo30-COJIbOBOr0O CEPEIOBUIIA 3 BUCOKOIO KOHIICHTPALIE€I0 CaXapo3u J03BOJISIOTH JOIyCTHTH, 110 OalaHC KpioNpOTEeKTOPHOI Ta
Ha MeMOpaHi KJIITHH IIPH 3aMOPOXKyBaHHI.

Kniouosi cnosa: reMaToKpuT, MOTi€THICHIMIKOMI, IEKCTPAaHH, EPUTPOLIUTH, KPIOKOHCEPBYBaHHSI.

The effect of different concentrations of polymers on the survival of the erythrocytes frozen with low hematocrit (0.8%) was
investigated. A significant reduction of cryoprotective activity was noted, as well as damaging effect of PEG-1500 under 20%
concentration under conditions of ionic strength and increased sucrose concentration was revealed. A rise in hematocrit in the freezing
medium up to 40% eliminates this effect. The presence of penetrating cryoprotectants in cryopreservative results is less manifested
dependence of cryoprotection with PEG-1500 on ionic strength. The experiments on substitution of Na* cation to NH** one when
suing sucrose-salt medium with high concentration of sucrose enable the supposing that the balance of cryoprotective and damaging
effect of polymers is determined by their molecular mass and depends on the intensity of augmentation of osmotic gradient on cell
membrane during freezing.

Key-words: hematocrit, polyethylene glycols, dextrans, erythrocytes, cryopreservation.

3amMopakMBaHNE IPUTPOILIUTOB B CPEIaxX C HETIPO-
HHUKAIOMUMHU KPHOTIPOTEKTOPAMHU OOBIYHO MPUBOTUT
K 3HAYUTENIBbHON OCMOTHYECKON HEYyCTOMYMBOCTH KIle-
TOK ¥ K I3MEHEHHIO KOJIMIECTBEHHOI'O COCTaBa OCJIKOB
uurockenera [1, 28, 31], Torga kak coueTaHue ¢ MOJU-
MepaMU MTPOHUKAIOIINX KPHOIIPOTEKTOPOB 00ECTICUH-
BaeT JyYllIle KOTMUECTBEHHBIE U KaU€CTBEHHBIE MTOKa-
3aTeJu AJ1sl MHOTUX KJIETOK IOCTIE UX 3aMOPaKUBAHUS,
BKJIFOYAsI CTBOJIOBBIE KJIETKHU MEepr(epruIeCKOi KpOBH
[19, 29], HedpaKUMOHUPOBAHHbBIE KIETKH KOCTHOTO
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Freezing of erythrocytes in the media with non-
penetrating cryoprotectants usually leads to significant
osmotic instability of cells and the change of quan-
titative composition of cytoskeletal proteins [1, 28,
31], whilst the combination of penetrating cryoprotec-
tants with polymers provides higher quantitative and
qualitative indices for many cells after their freezing,
including stem cells of peripheral blood [19, 29], non-
fractionated cells of bone marrow [33], granulocytes
[24], lymphocytes [30], erythrocytes [7, 8], human
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moasra [33], rpanynouutsl [24], mum-doruter [30],
SPUTPOLUTHI [7,8], KIIETKH MOJKEITYIOUHOH >KeIe3bl
yenoBeka [25], KieTkr SMOPHOHANTBHOM IIEYSHH YelT0-
Beka [11]. Ucnonp3oBaHne KOMOWMHHPOBAHHOTO
KPHUOKOHCEpBAaHTa yCTPaHAET HEOOXOIUMOCTh KOHT-
POIMPOBATH CKOPOCTH 3aMOPAKUBAHUS U TOBBILIICHHE
OCMOTHYECKOH YCTOMYHMBOCTH Pa3MOPOKEHHBIX
KieToxk [7, 8, 25, 33].

[Ipu 3amopakvBaHUU 3PUTPOILUTOB HEOOXOANMO
WCTIOJTb30BaTh MPOHUKAIOIINE KPHOTIPOTEKTOPHI [2, 4],
KOHIEHTPALMIO KOTOPBIX MOXHO YMEHBIIUTh IPU UX
COYETaHHUH C MOMUITUICHIIIMKOISIMH WIIH MTOJIMBUHUI-
nuppoauaoHoM [7, 8]. OHaKo KOHIEHTpaIUs IPOHH-
KAaIOIIET0 KPHOIPOTEKTOPA CYIIECTBEHHO MPEBBIIIAET
€ro KOHIICHTPALUIO MPU 3aMOPaKUBAHUU APYTHUX
KIJIETOK B MOJNOOHBIX cpenax. [laHHble nuTEpaTyphl
YKa3bIBAIOT Ha OOIIME MPUIHHBI TOBPEXKIECHUS pa3-
JUYHBIX KIJIETOK, KOTOPBIE YCTPaHSIIOT KOMOWHHPO-
BaHHBIE KPHOKOHCEPBaHTHI [19, 29, 33].

YcTpaHeHne OTPUIATENFHOTO BIIMSHUS BBICOKOM
IUIOTHOCTH KJIETOK MIPY 3aMOPaKMBaHUH TPeOyeT MpH-
CYTCTBHSA B CpeJie caxapo3bl U MPOHUKAIOIINX KPHO-
MIPOTEKTOPOB MPH YCIOBHUH, YTO KOHIIEHTPALUS COJIN
JIOJDKHA OBITh HUKE H30TOHUYECKoM [13].

Lenb paboTel — n3y4yenne 3pPeKTHBHOCTH HETIPO-
HUKAIOIIMX KPUOIIPOTEKTOPOB U WX KOMOWHAIUH C
MIPOHUKAIOIIKUMU [IPH 3aMOPAKUBAHUU SPUTPOLIUTOB C
HHU3KUM T€MaTOKPHUTOM, T.€., KOIJla MCKIIOYaeTCs
BIIMSHHAE TOBPEXIAIONINX (PaKTOPOB, CBA3AHHBIX C
BBICOKOM TIJIOTHOCTBIO KJIETOK.

Matepnanbl 1 metoAbI

B pa6ore ucnonszosanu NaCl (x.1.), NH,CI
(u.m.a.), caxaposy(4.n.a.), TIFOKO3y(4./1.a.); TTOIHU-
stunennmkonu (I1310) ¢ monexynsipHOit Maccoit 1500,
2000, 3000, 4000 (Merck); mekcTpaHbl ¢ MOJIEKY-
nsproit maccoit 10000 ([dexc-10) u 35000 (dexc-35)
(Serva); mmuepun npousBoactsa [ epmanuu; 1,2-mpo-
maaguon (1,2-I1]1), aumetmncynbdokcun (JJMCO)
(Sigma). DpUTPOUHTHI YEIOBEKA TOIyIaTH U3 J0-
HOPCKOW KPOBH YEThIPEXKPATHBIM OTMBIBAHUEM PACT-
BopoM, coaepxkamtum 0,15 M NaCl, 10 MM Tpuc, pH
7,4 (conesast cpena). s moirydeHus: pacTBOPOB C
pazmuuHbIM cozepkanneM NaCl u caxapo3sbl cosre-
BYIO Cpely CMEIIMBAJI C PaCTBOPOM, COJEPIKAIINM
0,3 M caxapo3sl, 10 MM Ttpuc, pH 7,4. Ilonywann
caxapo3so-coneBsie cpenbl: a) 100 MM NaCl +100 MM
caxapo3ssr; 0) 75 MM NaCl + 150 MM caxapo3si; B)
50 MM NaCl + 200 MM caxapossr; T) 25 MM NaCl
+250 MM caxapo3bsl. PacTBOpEI KpHOIPOTEKTOPOB B
KOHIEeHTpanusax 5-20% roToBUIM HAa YKa3aHHBIX
€axapo30-COJIEBbIX Cpelax WM COJIEBOHM Cpefe, Co-
nepxkameit 0,15 M NaCl+0,4 M caxapo3bl, KOTOpEIE
Briovann 10 MM tpuc, pH 7,4. Oputpounts ¢
rematokpuToMm 8% uHKyOHpoBanu 30 MuH mpu 25°C
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pancreas cells [25], cells of human embryonic liver
[11]. Combined preservative eliminates the necessity
of controlling the freezing rate and increasing osmotic
resistance of thawed cells [7, 8, 25, 33].

The penetrating cryoprotectants [2, 4], the concent-
rations of those may be reduced at their combination
with polyethylene glycols (PEG) and polyvinyl
pyrrolidones (PVP) should be used during freezing of
erythrocytes [7, 8]. However the concentration of
penetrating cryoprotectants considerable exceeds its
concentration when freezing other cells under similar
media. The literature data indicate to the common
reasons of damaging different cells, being eliminated
by combined cryopreservatives [19, 29, 33].

The elimination of negative effect of high density
of cells during freezing demands the presence in the
medium of sucrose and penetrating cryoprotectants
upon the condition that salt concentration should be
lower than isotonic one [13]. The research aim is the
study of efficiency of non-penetrating cryoprotectants
and their combination with the penetrating ones during
freezing erythrocytes with low hematocrit, i.e. when
the effect of damaging factors due to high density of
cells is excluded.

Materials and methods

In the research NaCl (chemically pure), NH,Cl
(pure for analysis), sucrose (pure for analysis), glucose
(pure for analysis); polyethylene glycols (PEG) with
molecular mass of 1500, 2000, 3000, 4000 (Merck);
dextrans with molecular mass of 10000 (Dex-10) and
35000 (Dex-35) (Serva); glycerol (Germany); 1,2-pro-
pane diol (1,2-PD); dimethyl sulfoxide (DMSO) (Sigma)
were used. Human erythrocytes were derived from
donor’s blood with 4-fold washing out with the solution
containing 0.15M NacCl, 10 mM tris, pH 7.4 (saline).
To obtain the solutions with different content of NaCl
and sucrose the saline was mixed with the solution,
containing 0.3M sucrose, 10mM tris, pH 7.4. The
resulted sucrose-saline media were as follows: a) 100 mM
NaCl + 100 mM sucrose; b) 75 mM NaCl + 150 mM
sucrose; ¢) 50 mM NaCl + 200 mM sucrose; d) 25 mM
NaCl + 250 mM sucrose. The solutions of cryo-
protectants under concentrations of 5-20% were
prepared either with the mentioned sucrose-saline
media or the saline comprising 0.15M NaCl + 0.4 M
sucrose, containing 10 mM tris, pH 7.4. The eryth-
rocytes with 8% hematocrit were incubated for 30 min
at 25°C in the saline, containing 5% penetrating cryo-
protectants. The samples of erythrocytes in freezing
media of 1 ml volume and 0.8 and 40% hematocrits
were placed into polyethylene vials and plunged into
liquid nitrogen (cooling rate was 500-580°C/min),
afterwards they were maintained for 30 min and then
transferred on water bath at 40°C for 3 min. After
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B COJIEBOM cpefie, coAepKallel MPOHNKAIOINE KpUO-
MPOTEKTOPHI B KOHUEHTpauuu 5%. O6pasips! 3puTpo-
LINTOB B CPeAax 3aMOPaKMBaHUsA ¢ 00beMoM 1 M u
rematokputamu 0,8 nm 40% B O3 TUIIEHOBBIX IIPO-
OupKax Morpy’KajiH B )KUIKHAN a30T (CKOPOCTH OXJIakK-
nenns 500-580°C/mun), BeaepskuBaiu 30 MuH, 3aTeM
nepeHocuIy Ha BoJsHyto 6anto npu 40°C Ha 3 MuH.
[locne orramBanus oOpa3Lbl Pa3BOAUIN COOTBETCT-
BYIOIIMMHU CpelaMU 3aMOpPaXMBaHHUSA N0 reMa-
tokpura ~0,4% u nentpudyruposanu S mut npu 3000
00/muH. [IponieHT reMosin3a u NpOLEHT COXPAaHHOCTH
BBIUUCIISUIH TIOCJIE CEKTPO()OTOMETPUUYECKOTO OMIpe-
JIeJICHUS ONTHYECKOM INIOTHOCTH Hag0CaI0YHOM KU~
KOCTH TIPH JJIMHE BOITHBI 543 HM:

npoueHT remonusa = [A /A,] % 100,

nporeHT coxpanroctu = 100% — % remosnm3a,
rae A, — ONTHYECKass MIOTHOCTh HAJ0CaT04YHOM
KHUJIKOCTH DKCTIEPUMEHTANILHOTO 00pasiua; A,— ONTH-
YyecKas IVIOTHOCTh IPH IOJTHOM IeMOJIN3€ KOHTPOIb-
HOTO 00pasua.

CpenHee 3HaUEHHE U JUCIIEPCUIO CITy4aitHOM BEJIU-
YUHBI PACCUUTHIBAIN C YYETOM pE3yJIbTaToB, MONY-
YEHHBIX Ha 9PUTPOLUTAX OT ATH JOHOPOB. Pe3ynbra-
ThI NIPEACTABIEHBl KaKk CpelHEE 3HaueHue + CTaH-
napTHas omuoOKa. J[js onpeneneHns cTaTHCTUYe CKOr
JIOCTOBEPHOCTH PE3yJIBTAaTOB NCTIOIH30BAIH t-KPUTEP-
nii CteronenTa npu P<0,05.

Pe3yAbTaTbl M 00CYyXxAeHHe

CHmxenne koHreHTpaui NaCl npu 3aMenieHuu
€ro Ha caxapo3y MPUBOAMT K MOBBIIICHUIO COXPaH-
HOCTH 3PUTPOLUTOB B LUKIE 3aMOpaXHUBAHUSA-
orrauBanusl. Hamuue B cpene 3amopaxkusanus [191-1500
B KOHIIEHTpauuu 5-15% moBbIIAET COXPAHHOCTH
KJIETOK (pHc.1, a). I3MeHeHue KOJIMYECTBa COMH MIPH
conepxanuu nonuMepa 10-15% He ckaspiBaeTcsa Ha
CTETIEHU COXPAHHOCTH SPUTPOLIMTOB B IIUKJIE 3aMOpa-
KUBaHUSI-0TOTpeBa. [Ipu yBennyeHnr KOHIIEHTpauy
II9I-1500 mo 20% cumwkenne koHieHTparuu NaCl
MIPUBOANT K 3HAYUTEIHHOMY ITOBPEXKIEHUIO SPUTPO-
uutoB (puc.l, a). Ecnmu B mogo6HOM 3KcriepuMeHTe
I13I-1500 3amenuts Ha [131-2000, TO mMpu ero
conepxxaanu 20% yMeHbIIIEHNE KOJIMIECTBA COJIH He-
3HAYUTEIBHO CHHUYKAET COXPaHHOCTh KJIIETOK IOCIIe
pasMopakuBanus (puc.1, 0).

OKCHEepUMEHTHl ¢ JeKCTpaHaMH MOKa3alu, YTO
JaHHBIE TIOJIMMEPHI MEHBIIE MTOBBIIAIOT COXPAHHOCTD
SPUTPOLIUTOB B LUKIE 3aMOPAKUBAHUSI-OTOIPEBA.
OnHaKo NpH CHUKEHNH KOJIMYECTBA COJTH, TIPY KOHIICHT-
panmsax nekctpanoB 20% He BBIABISETCS poCTa
TTOBPEXICHUS KIIETOK (puc.1, B, T).

[lomydeHnHbIe pe3yapTaThl YKa3bIBAIOT HA TO, YTO
B IIMKJE 3aMOpPaXMBAHUA-OTOTPEBA M3MEHIETCS
KpUOTIPOTEKTOPHOE IEHCTBUE TOMUATUIICHITIMKOIEH,
KOTOpPOE 3aBUCUT OT MOHHOM CHIIBI KPHOKOHCEPBAHTA,
B TO € BpeMs C IEKCTpaHAMHK 3TOTO HE OTMEYaeTCs.
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thawing the samples were diluted with corresponding
freezing media down to ~0.4% hematocrit and centrifu-
ged for 5 min at 3000 rot/min. After spectropho-
tometrical examining of optical density of supernatant
fluid at 543 wavelength the hemolysis percentage and
the one of survival was calculated:

hemolysis percentage = [A /A,%100] and

survival percentage = 100% - hemolysis %, where
A, —optical density of supernatant fluid of experimental
sample; A, — optical density at a complete hemolysis
of the control sample.

An average value and dispersion of random value
was calculated using the result obtained in erythrocytes
from 5 donors. The results are presented as a mean +
SE. To examine statistical significance of the results
Student’s t-criterion was used at P<0.05.

Results and discussion

Decrease in NaCl concentration when substituting
it to sucrose results in a rise of erythrocyte survival in
the cycle of freeze-thawing. The presence of 5-15%
PEG-1500 in the medium increases the cell survival
rate (Fig. 1, a). The change in salt amount in 10-15%
polymer component presence does not affect the rate
of erythrocyte survival during freeze-thawing. At
increased PEG-1500 concentration up to 20% the
reduction of NaCl concentration leads to a significant
increase of erythrocyte impairments (Fig. 1, a). If in
similar experiment PEG-1500 to change for PEG-2000,
then at its 20% presence the decrease of salt amount
cause a slight reduction in cell survival after thawing
(Fig. 1, b).

The experiments with dextrans have shown that
these polymers increase in less extent the survival of
erythrocytes in the cycle of freeze-thawing. However
during the decrease of the salt amount under dextran
concentrations up to 20% no increase in cell damages
is found (Fig. 1, c, d).

The obtained results point to the fact that in freeze-
thawing cycle the cryoprotective effect of polyethylene
glycols changes, which depends on ionic strength of
cryopreservative, at the same time this is not observed
in the presence of dextrans.

Since in the described experiments the decrease in
NaCl concentration in freezing medium was accom-
panied with corresponding rise of sucrose amount, then
probability of its effect on cryoprotective properties
of PEG-1500 is not excluded. In the experiments, where
NaCl was substituted with NH,CI, the results have
demonstrated that substitution of non-penetrating cation
(Na") on penetrating (NH4+) results in a significant
change of the survival curve depending on NH,Cl
content (Fig. 2, a in comparison with Fig. 1, curve 5).
In addition, the rise in sucrose concentration at a fixed
NH,CI amount reduces the erythrocyte survival after
freezing (Fig. 2, b).
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Puc.1. Bausaue nossimeHus: konnentpanuu [191-1500 (a); [I91°-2000 (6); Jdexc-10 (B); Jdexc-35 (r) Ha 3aBUCUMOCTD
COXPaHHOCTH SPUTPOIMTOB IPH 3aMOPAKUBAHUH C HU3KHM FeMaTOKPHTOM B CpEZie C pa3TMIHBIMU KOoHIIeHTpanusiMu NaCl
u caxapo3bl. Konnentpamus moaumepos, %: 1-0;2-5;3-10;4—15; 5-20.

Fig. 1. Effect of concentration increase of PEG-1500 (a); PEG-2000 (b); Dex-10 (¢); Dex-35 (d) to the survival relation of
erythrocytes during freezing with low hematocrit in medium with different concentrations of NaCl and sucrose. Polymer

concentration, %: 1-0;2—5;3-10;4-15; 5-20.

[TockonbKy B OMUCAHHBIX AKCIEPUMEHTAX CHU-
xeHue konueHTpauuu NaCl B cpene 3aMopakuBaHUsI
COIMPOBOXKAATIOCH COOTBETCTBYIOIUM TOBBIIICHUEM
KOJIMYECTBA Caxapo3bl, TO BEPOSITHOCTh €€ BIUSHUSA
Ha KpuonpoTekTopHble cBolcTBa [I3I-1500 He
uckiroyaercs. B skcnepumentax NaCl 3amenunu Ha
NH,CI. Kak nokasanu pe3yabTaThl, 3aMeHa HEPOHH-
karomtero karnona (Na') na nporukarommi (NH,")
MIPUBOANT K HE3HAYUTEIHHOMY M3MEHEHHIO KPHUBOU
COXPAaHHOCTH B 3aBUCHMOCTH 0T coaepxanus NH,Cl
(puc.2, a, B cpaBHeHuu ¢ puc.l, a, kpuas 5). Kpome
TOT0, POCT KOHIICHTPAIIMH Caxapo3bl NMpu (pukcu-
posannom kommaectse NH,Cl cHmkaeT coxpaHHOCTh
SPUTPOLIUTOB MOCIIE 3aMOpaKuBaHus (puc.2, 0).
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Thus, cryoprotective effect of PEG-1500 depends
not only on ionic strength but likely on sucrose amount
in cryopreservative.

Fig. 3 shows the results of comparative freezing of
erythrocytes with different hematocrit. In suspension
with high hematocrit no dependency of the survival on
ionic strength is revealed. This effect can be
determined by several causes. First of all, dehydration
of much bigger amount of cells decreases polymer
concentration. Secondly, the release of K* cations out
of bigger number of cells will result in some rise of
ionic strength of the medium. Increased area of sorbing
surface (total area of the membranes) in respect of
the amount of sorbate, usually changes the character
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Puc. 2. CoxpaHHOCTB 3pUTPOLUTOB, 3aMOpokeHHBIX ¢ [12I'-1500 (xoHnenTparms 20%) B caxapo3o-coneBbIx cpeaax: a— 0,3 M
caxaposbl M paznuunble koHuenTpauui NH,Cl; 6 —0,15 M NH,Cl 1 pasiuiHble KOHLEHTPAIMU CaXapo3bl.

Fig. 2. Survival of erythrocytes frozen with PEG-1500 ( 20% concentration ) in sucrose-saline media: a— 0.3 M of sucrose
and different NH,Cl concentration; b —0.15 M NH,Cl and different sucrose concentration.

Takum o6pazom, kprorpoTekTopHoe nericraue [0 -
1500 3aBHCHT HE TOIILKO OT MOHHOM CHJIBI, HO, BOSMOXKHO,
1 OT KOJIMYECTBA Caxapo3bl B KPHOKOHCEPBAHTE.

Ha puc. 3 mpeacTtaBneHbl pe3yibTaThl CpaBHU-
TEJIFHOT0 3aMOPaKUBAHHS SPUTPOIIUTOB C PA3TUIHBIM
reMaTOKpUTOM. B cycrieH3un ¢ BBICOKMM TeMaTo-
KPUTOM HE BBISBIISETCS 3aBHCHUMOCTH COXPaHHOCTH
OT MOHHOI1 crutbl. Takoi 3 PeKT MOKET ONPEAEISATHCS:
BO-TIEPBBIX, JETUAPATAIIMEN 3HAYUTEITHHO OOJBIIETO
KOJINYECTBA KJIETOK B CYCIIEH3UU C BBICOKUM TreMa-
TOKPHUTOM, YTO YMEHBIIAET KOHLIEHTPALUIO OJINMEPA.
Bo-Broprix, BeIOpoc karnonoB K* u3 Gonpiiero xo-
JINYECTBA KJIETOK NMPUBEAET K HEKOTOPOMY MOBBIIIIE-
HUIO MOHHOM CHUJIBI Cpelbl. YBEIMYEHHE IMIOMAIN
copOUpyIOIIel MOBEPXHOCTH (CyMMapHas IUIOIIA b
MeMOpaH), 10 OTHOIICHHIO K KOJIMYECTBY copbara,
O0OBIYHO M3MEHSET CTENEeHb M XapaKTep aAcopOruu
nommMepa [6].

Kax mokaszano Ha puc. 4, IpuCyTCTBUE B Cpefie
MIPOHUKAIOIINX KPUOTPOTEKTOPOB B KOMOWHAIINHU C
I[I3T-1500 mapamieabHO ¢ POCTOM COXPaHHOCTH
YCTpaHAET 3aBUCUMOCTb OBPEXKACHUS 3pUTPOLIUTOB
OT MOHHOH cuJibl cpeabl. CTeneHb BEIPaXKEHHOCTH 3(-
(ekTa 3aBUCHT OT BUAA NPOHHUKAIOIIETO KPHUOMPO-
TEKTOPa W paclojiaraeTcs B psAy: MNHULEPUH =
AMCO> rimrokoza>1,2-11] .

g BeIsiCHEHHs OanaHca MPOTEKTHPYIOIIETO U
MOBPEXKIAIOMIETO IEUCTBUS MOJIMAITUICHITIMKOIEH U
JIEKCTPAHOB OBLIH MPOBEACHBI IKCTIEPUMEHTHI B CPEIe
C BBICOKHMM COJIEp’KaHHEM Caxapo3bl IMpH 3aMeHe
karnoHa Na" Ha mponukaromuii karmon NH,*. Dpur-
POLIMTHI 3aMOPaKMBAJIN B CaXap030-COJIEBBIX Cpeaax
C pa3JIMYHOM KOHIIEHTpallie JaHHBIX KOMIIOHEHTOB.
[Ipu conepxannu NaCl 0,15 M coapepskanue caxapo-
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of polymer adsorption character [6].

As Fig. 4 shows the presence of penetrating
cryoprotectants in combination with PEG-1500 in the
medium in parallel with the growing survival rate
eliminates the dependence of erythrocyte damage on
the medium ionic strength. The manifestation rate of
the effect depends on the type of penetrating
cryoprotectants and is within the raw: glycerol=
DMSO> glucose> 1,2-PD.

For revealing the balance of protecting and
damaging effects of polyethylene glycols and dextrans
the experiments were done in the medium with high
sucrose at the substitution of Na* action to NH*"
penetrating one. The erythrocytes were frozen in
sucrose-saline media with different concentrations of
these components. When NaCl content was 0.15M
the sucrose content under 0.4 M concentration was
critical, above which there is observed the decrease
of erythrocyte integrity (Fig. 5a). Under sucrose
concentrations higher than 0.4M general negative
contribution of salt and non-electrolyte in the effect of
solution concentrating during freezing is manifested,
which renders damaging effect [26]. The substituting
of Na*to NH* results in the change of behaviours of
the dependency curves of integrity on concentration
of sucrose and NH,CI (Fig. 5, b).

Herewith more manifested increase of integrity is
noted in the media containing 0.4-0.6M sucrose. This
points to the fact that under these concentrations the
sucrose contribution into osmotic gradient is the highest
one. For the following experiment the solution con-
taining 0.15M NaCl and 0.4 M sucrose, the composition
of which is critical during freezing of erythrocytes was
used (Fig. 5a).
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36l B KoHIeHTpamuu 0,4 M sSBIsSeTCS KPUTHIECKUM,
BBIIIIE KOTOPO# HAOMIOAAaeTCsl CHIKEHHE COXPAHHOCTH
ApUTPOIHTOB (pHC. 5, a). [Ipu KOHIIEHTpaIHsIX caxapo-
3b1 BhitIEe 0,4 M mposiBiisieTcs oO1mmid OTpuLaTeIbHbIH
BKJIAJ] COJIM U HEITEKTPoUTa B A((HEKT KOHIIEHTPH-
pOBaHUS pacTBOpa IMpHU 3aMOPaKUBAHUM, KOTOPHIN
OKa3bIBAaET MOBpPEXIatoliee Bo3aencTBue [26]. 3ame-
Ha Na" mHa NH 4+ MPUBOJUT K U3MEHEHUIO NTOBEICHUS
KPHUBBIX 3aBUCHMOCTH COXPAHHOCTH OT KOHIICHTPAITHN
caxaposbsl 1 NH,Cl (puc. 5, 6). IIpu sTom Gonee cy-
IIECTBEHHBIN POCT COXPAHHOCTH OTMEYAETCs B Cpe-
nax, conepxammux 0,4-0,6 M caxapo3sl. ITO yKa3bl-
BaeT Ha TO, YTO NMPU TAKUX KOHIICHTPAITUSIX BKJIAT
caxapo3bl B OCMOTHYECKHI T'PaJUeHT HAauOOIBIINH.
Jns ciaenyromero 3KCIepuMeHTa HCIOJIb30BaIn
pactBop, conepxaruii 0,15 M NaCl u 0,4 M caxapo3sl,
COCTaB KOTOPOTO SIBIASIETCS KPUTUUECKUM MPU
3aMOpPaKUBAHUU IPUTPOIUTOB (pHcC. 5, a). [IpucyrcT-
BHE B JaHHOM caxapo30-COJIEBOM Cpesie MOINITUIICH-
IJIMKOJIEH M IEKCTPAHOB PA3JIMYHBIX MOJEKYISIPHBIX
Macc BBI3BIBAET CHIDKEHHE COXpaHHOCTH B psimy [101'-
1500>1121"-2000>I13I"-3000 > I[121'-4000>/1exc-10 =
Hexc-35. Ilpu 3amene katnona Na® ma NH," orme-
gaeTcs pOCT COXPAHHOCTH, KOTOpas Haumboiee
BeIpakeHa B cpexe ¢ [I3I-1500 (puc. 6). 13 sToro
CIIEyeT, YTO YeM HIKE MOJIEKYJIsIpHas Macca MOJIH-
Mepa, TeM 0oJble OanaHC ero NPOTEKTUPYIOLIETO U
MOBPEXKIAIOIIETO ASHCTBUSA 3aBUCUT OT CTENEHU
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Puc.4. BiusiHre mpoHUKAIONUX KPUOMPOTEKTOPOB (KOH-
neHTpanus 5%) Ha COXpPaHHOCTHh 3PUTPOLHUTOB HpHU
3aMOpaKUBAHNH C HU3KUM I'€MaTOKPUTOM C Pa3INIHBIMU
xouneHTparusamMu NaCl u caxapossl B cpene ¢ [13I-1500
(xornenTparms 20%): 1—xonTpos; 2 — 1,2-I1]1; 3 —nmoko3a;
4 — IMCO; 5— rmuuepuH.

Fig. 4. Effect of penetrating cryoprotectant (5% concentra-
tion ) to erythrocytes survival during freezing with low
hematocrit with different concentrations of NaCl and su-
crose in the media with PEG-1500 (20% concentration ): 1 —
control; 2 —1.2-PD; 3 — glucose; 4 — DMSO; 5 — glycerol.
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Puc. 3. CoxpaHHOCTb dPUTPOLUTOB, 3aMOPOKEHHBIX C
[I3I-1500 (xonmenTparust 20%) B caxapo30-CONEBBIX Cpeax
C pa3IU4HBIM remMaTokputoMm, %: 1 —0,8; 2 —40.

Fig. 3. Survival erythrocytes of frozen with PEG-1500 (20%
concentration ) in the sucrose-saline media with different
hematocrit, %: 1-0.8; 2—4.

The presence of polyethylene glycols and dextrans
of different molecular masses in this sucrose-salt
medium causes a reduced integrity in the raw: PEG-
1500>PEG-2000>PEG-3000>PEG-4000> Dex-10=Dex-35.
When changing Na* to NH* there is found a growth of
integrity which is the most manifested in the medium
with PEG-1500 (Fig. 6). This implies that the lower
molecular mass of polymer, the bigger dependece of
the balance of its protecting and damaging effect on
the rate of growing osmotic gradient on cell membrane
during freezing. Satisfactory integrity of erythrocytes
during freezing requires the certain ratio of PEG-1500
and sucrose, its change results in the growth of cell
damage rate [12].

According to the literature data the salt con-
centration decrease from 150 down to 1 mM causes
the “decondensation” of not only glycocalyx (from 5
to 12 nm) [23], but also the field of polar heads of
phospholipids (from 0.44 to 0.80 nm) and even some
hydrophobic layer of membrane (from 3.42 to 3.52 nm)
[16]. The reduction of ionic strength of the medium
significantly increase electrophoretic mobility of
erythrocytes, that is related to the “decondensation”
of double electric layer and growth of electrokinetic
cell potential [20]. The growth of negative potential of
lipid bilayer surface results in the fall of surface
pressure down to zero and interphase one down to the
certain critical value. If the potential of bilayer surface
reaches -98 mV, then membrane loses its stability and
erythrocyte lysis starts [20]. Generally surface tension
may be lowered due to two causes: substitution of the
surface by less polar molecules, increase of

PROBLEMS
OF CRYOBIOLOGY
Vol. 17, 2007, N23



100
80 4
°
NS i
5 = 60
22
I
©
SB 40 -
@]
O 1
20 4
2
3
0 L} L} 1
0 0,2 0,4 0,6

a CopepxaHne caxapo3sbl, M a
Sucrose content, M

100

80 -
R
RS i
5 > 60
22
I
(4]
B 40 -
o
(@)
20 -
0 T T
0 0,2 0,4 0,6
5} CopepxaHue caxaposbl, M b

Sucrose content, M

Puc. 5. CoxpaHHOCTb 3pUTPOLUTOB NOCIIE 3aAMOPAXUBAHU B CaXxap030-coieBbIX cpenax (a): 1- 0,15 M NaCl; 2—-0,3 M NaCl;
3-0,45M NaCl; (6): 1-0,15M NH,CI; 2—0,3 MNH,Cl; 30,45 MNH,CL.
Fig. 5. Survival of erythrocytes after freezing in sucrose-saline media (a): 1—0.15 M NaCl; 2— 0.3 M NaCl; 3 - 0.45 M NacCl; (b):

1-0.15MNH,CL,2-0.3MNH,CI, 3-0.45 MNH,Cl.

HapacTaHUs OCMOTHYECKOTO I'paueHTa Ha MeMOpaHe
KJIETOK TIPH 3aMOPAXKUBAHUU. YIOBICTBOPH-TEIHHAS
COXPAaHHOCTh 3PUTPOLUTOB MPHU 3aMOPAKUBAHUU
Tpebyer onpexneneHHoro cootHomenwus [12I-1500 u
Caxapo3bl, U3MEHEHHE €ro IPUBOIUT K POCTY CTEIICHU
MOBPEXKACHUS KIETOK [12].

CornlacHO aHHBIM JIUTEPaTyphbl CHUXKEHUE KOH-
neHTparuu coiv oT 150 1o 1 MM BBI3BIBaET “pa3phix-
JieHne”’ He TOJIBKO MTHKoKaimukca (ot 5 no 12 am) [23],
HO ¥ 00JIaCTH TOJISIPHBIX TOJIOBOK (pocomumnumos (0T
0,44 mo 0,80 aM) u maxe TUAPOGOOHOTO CIIOST MEM-
Opansl (ot 3,42 1o 3,52 M) [16]. CHIKEHUE HOHHON
CUJIBI CpPeABl CYIIECTBEHHO IMOBBIMIACT JIEKTPOGO-
PETHUYECKYIO OJBUKHOCTh SPUTPOLIUTOB, UTO CBSI3aHO
¢ “pa3pbIxJieHHEM” BOMHOTO 3JIEKTPUUYECKOTO CIIOSI
U POCTOM 3JIEKTPOKUHETUUECKOr0 MOTEHIINAIA KIETKU
[20]. Poct oTpuniarensHOro noTeH1Maza mOBEPXHOCTU
JIUTTUTHOTO OWCIIOS BHI3BIBAET Ma/ICHUE TIOBEPXHOCT-
HOTO JaBJICHUS 10 HYJS, a MeK(}a3HOTro — JI0 OIpe-
JISJICHHOTO KPUTHYECKOTO 3HaUeHUs. ECITi moTeHman
MTOBEPXHOCTH Oncios nocturaer 98 mB, To MmemOpana
TEpsIET CBOIO CTAOMIILHOCTE W HACTYIIAET JIU3HC IPUT-
porutoB [20]. B 061meM cirygae OBEpXHOCTHOE HATSI-
YKEHUE MOYKET ITOHIDKATHCS 10 JIBYM ITPUYIHHAM: 3aMe-
IIEHHE IIOBEPXHOCTH MEHEE MOJISIPHBIME MOJICKYJIaMH,
YBEJINYCHHUE B IOBEPXHOCTHOM CIIO€ MEKMOJICKYIIAP-
HOT'O PAacCTOSIHUS BCIEACTBUE TEIJIOBOTO JABMXCHUS
¥ B3aUMOOOMEHa MOJIEKYJ MMOBEPXHOCTH U 00beMa
[32].

Korna sputponutsl cycreHANPYIOT B pacTBOpax
MOJIMMEPaMHU, YaCTh TPOTUBOMOHOB HUCKIIOYAETCS OT
3apsOKEHHOM MMOBEPXHOCTH U, KaK MPEAIONararoT, 3T0
MIPUBOIUT K YCHUIICHHUIO DIIEKTPOGOPETHICCKON O~
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intermolecular distance in surface layer due to heat
moment and inter-exchange of the surface and volume
molecules [32].

When erythrocytes suspend in the solution with
polymers the part of anti-ions is excluded from the
charged surface and as it is supposed this result in the
strengthening of electrophoretic mobility. It is assumed
that adsorption of dextrans is accompanied by dynamic
exchange of macromolecules between the membrane
and volumetric phase of the solution [32]. Herewith
electrophoretic mobility depends not only on the charge
density but also on the thickness of glycocalyx and the
parameter of electroosmotic flux inside it.

Glycocalyx “decondensation” is associated to the
inclusion into it of hydrophilic molecules of dextran,
inducing osmotic forces and swelling. This structural
rearrangement supposes bigger dynamics of fluid flux
near the surface and strengthening of cell mobility [32].
Single washing-out of erythrocytes from dextran results
in recovery of electrophoretic mobility of cells up to
normal value. This testifies to a rapid desorption of
slightly-adsorbed polymer molecules [32].

The character of polymer interactions with cell
surface is determined by electrokinetic potential ({-
potential), which is significantly increased at the
reduced ionic strength [9]. It is considered that the
rise in {-potential with the growth of adsorption of
polymers is related to the shifting of slide plane into
the solution depth [9], that is in accordance with the
notion about the widening of diffusive part of electrical
double layer [17, 18]. The change in electrostatic
structure of cell inter-phase is the consequence of the
formation of the layer with low viscosity, exhausted
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BIWKHOCTH. [IpuHuMaeTcs, 4To amcopOuus AEKCT-
PaHOB COTPOBOXKJIAETCS JHUHAMHYECKHM OOMEHOM
MaKpOMOJIEKYJT MEXIy MeMOpaHOo# W 00BeMHOM
¢dazoit pacteopa [32]. [Ipu atom anekTpodope-
TUYECKasi HOABUKHOCTh 3aBUCUT HE TOJIBKO OT ILJIOT-
HOCTH 3apsiia, HO U OT TOJILIMHBI INIUKOKAIUKCA U
rnapameTpa 3JeKTPOOCMOTHYECKOTO TMOTOKA BHYTPHU
ero. “Pa3ppixiieHne” IIMKOKaJIUKCa CBA3aHO ¢ BKIIIO-
YEHHEM B HETO TUAPOQUIBHBIX MOJIEKYI IEKCTPaHa,
YTO MHAYLUPYET OCMOTHYECKHE CHUJIBI U HaOyXaHHe.
Takast cTpyKTypHas mepecTpoiika mpeanojaraer
OOJBITYI0 TMHAMHUKY TIOTOKA XUIKOCTH BOJH3U T1O-
BEPXHOCTH M YCHJIEHHE MOJBMKHOCTH KIIETOK [32].
OpmHOKpaTHOE OTMBIBAHUE 3PUTPOIIMTOB OT JEKCTpPaHa
MIPUBOANT K BOCCTAHOBJICHHIO 3JIEKTPOPOPETHIECKON
MTOJBIKHOCTH KJIETOK /10 HOPMAJIBHOTO 3HAYEHHS. ITO
CBHUJIETENILCTBYET O OBICTPOH AecopOumu cinabo af-
COpOMPOBAHHBIX MOJIEKYI Hojumepa [32].

XapakTep B3aUMOJICHCTBHSA OTUMEPOB € KIETOUHOU
[TOBEPXHOCTHIO ONPEIENAETCS NEKTPOKNHETUIECKUM
noTeHnuanoM ({-IoTeHIura), KOTOPBIA CyIIeCTBEHHO
BO3PACTAET MPY CHIKEHUH HOHHOM cuJibl [9]. Cunrator,
4TO MOBBIIIEHHE (-IOTSHIHAA C POCTOM aICOPOINU
[TOJIMMEPOB CBSA3aHO CO CMEIIEHHEM ITOCKOCTH CKOJIb-
JKEHUS B TITyOb pacTBopa [9], 9To cormacyercs ¢ mpen-
CTaBIICHHEM O pacinupeHun au¢dy3HOH 4acTH IBO¥-
HOTO 3yekTpudeckoro cios [17,18]. M3menenus B
ANIEKTPOCTATUYECKOW CTPYKTYpe MHTEp(A3bl KIETKH
SIBIISIIOTCS CIIEJCTBUEM OOpa30BaHUs CIIOA C HU3KOH
BSI3KOCTBIO, HCTOIIEHHOTO OT MOJIMMEPA, KOTOPBIN
paszenser aacopOUPOBaHHBIN CIIOH U pacTBOP TOJIH-
mepa [15].

Hccnenoanue 4acTOTHOM 3aBUCUMOCTH 3JIEKTPO-
[IPOBOIHOCTH CYCIEH3UH 3PUTPOLIUTOB ITOKA3aJ10, UTO
npucyTcTBue caxapossl uian 119I'-1500 B pactBope
BBI3BIBAET OOJBINIYIO 3aBUCHMOCTH 3JIEKTPOIPO-
BOJHOCTH OT 4acTOTHI ToKa. [Ipu aToM coBMecTHOE
JNEHCTBHE JBYX HEIIEKTPOJIUTOB JAET CyMMapHBIU
a¢dekr. [IpucyrcTBre B cpejic H30TOHUYECCKON KOH-
LHEHTPAIUU COJNIM yCTpaHseT AaHHBIH 3P deKT.
IToBhbillIeHNE YaCTOTHOW 3aBUCUMOCTH 3JIEKTPOIPO-
BOJHOCTH CBSI3bIBAIOT C YBETUUYEHUEM TOBEPXHOCTHOM
akTUBHOCTU caxapo3sl u [121°-1500 [3].

VYnanenue I191-1500 u3 pacTBOpa NPUBOIUT K
BOCCTAHOBJICHHUIO HOPMAJTBHOI ()OPMBI SPUTPOIIUTOB,
W3 4ero Clejalld 3aKIII0YeHHEe, YTO TTOBEPXHOCTHBIC
CUIIBI Cca0bl U B3aHMMOJACHCTBUE SBISETCS 00pa-
TUMBIM [5]. OmHAKO B yCIOBHAX 3aMOpaKWBaHUS
Jaxe Takas ciabasi azcopOIus MPUBOIUT K HEoOpa-
THMOMY BKJIIOYeHUIO MoJiekyn [I93T-1500 B o6pa-
3yIoIuecs MUKpoTpemuHbsl MeMOpaH [ 10]. CHmkenue
TeMIIEpaTypsl CMENIMBAHUS JAaHHOTO TOJHMEpA C
SPUTPOLIUTAMH CYIIECTBEHHO YMEHBIIIAET €T0 CBS3bI-
BaHHE ¢ MEMOpaHaMU U MOBHIIIAET CTETIEHb COXPaH-
HOCTH KIIETOK IPH ITOCTIETYOIIEM UX 3aMOPa->KUBaHUU
[1]. U3 aTOTO CnenyeT, 4TO BENWYMHA afcopOIuH
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Puc. 6. CoxpaHHOCTb 3pUTPOLIUTOB I1OCIIE 3aMOPAKUBAHNS
B €axapo30-COJIEBBIX Cpelax, COAEPXKAIINX pa3IHyHbIC
MOJIUMEPHI B KOHIIEHTparmu 5%: 1—koHTpois; 2 —I12I-1500;
3—TI3I-2000; 4 —I13I-3000; 5—I13I-4000; 6 — [lexc-10; 7—
Jexc-35. O—cpenst coneprkar 0,4 M caxapossi+0,15 M NaCl.

I - cpeabl copepxkar 0,4 M caxapossi+0,15 M NH,CI. * —
CTaTUCTUYECKU JIOCTOBEPHO IO CPABHEHHIO C COOTBETCT-
BYIOIMH ITOKa3aTeIIMU COXPAHHOCTH SPUTPOLIUTOB IIPH
3amopakuBanuu B cpege ¢ NaCl (P<0,05).

Fig. 6. Erythrocytes survival after freezing in sucrose-
saline media contained different polymers in 5% con-
centration: 1 — control; 2 — PEG-1500; 3 — PEG-2000; 4 —
PEG-3000; 5—PEG-4000; 6 — Dex-10; 7—Dex-35.0— media
contain 0.4 M sucrose +0.15 M NaCl. ll—media containing
0.4 M sucrose +0.15 M NH Cl. * —statistically significant if
compared with corresponding figures of erythrocytes
integrity after freezing in medium with NaCl (P>0.05).

with polymer which stratify the adsorbed layer and
polymer solution [15].

The studying of the frequency dependence of
electrical conductivity of erythrocyte suspension has
shown that the presence of sucrose or PEG-1500 in
the solution causes a great dependence of electrical
conductivity on the current frequency. Herewith a
combined effect of two non-electrolytes provides a
summarized effect. The presence of isotonic salt
concentration in the medium eliminates this effect. The
increase of frequency dependence of electrical
conductivity is associated with the rise of surface
activity of sucrose and PEG-1500 [3].

The removal of PEG-1500 out of the solution results
in the recovery of normal shape of erythrocytes, that
leads to conclusion that surface forces are weak and
the interaction is reversible one [5]. However under
freezing even such a weak adsorption results in
irreversible inclusion of molecules of PEG-1500 into
the forming micro-cracks of the membranes [10]. The
reduced temperature of this polymer mixing with
erythrocytes significantly diminishes its binding with
the membranes and the rate of cell damage during
following freezing [1]. This implies that polymer
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nouMepa Oy/IeT CKa3bIBaThCS Ha CTEIICHH BKITFOYCHUS
monekyn [1917-1500 B memOpany.

Bo mHoOrux ciyvasx aacopOuus moJIMMEpOB Ha
[IOBEPXHOCTHU COIIPOBOKIAETCS YBETHMUEHUEM SHTAJIb-
rir. CaMOTIPOM3BOIBHBIN ITPOIIECC aCOPOINT ¢ YBe-
JWYEHNEeM TeIIOCOAEPKaHUs JTOJKEH COMPOBOX-
JATbCS 3HAYUTEITHHBIM POCTOM SHTPOIIHH, YTO IIPOHC-
XOJIHWT 3a CUeT IecopOmmu pactBoputens [6]. Beico-
Kasi OCMOTHYECKast aKTHBHOCTH TIOMATHIICH-TITNKOJIEH
OTIpeZIeTIsIeTCs] CBA3BIBAHNEM BOJBI H €€ MHOTOCIION-
HBIM CTPYKTYPHUPOBAHHUEM BOKPYT MOJICKYJ ITOJINMEPa
[9]. Takas cBsi3aHHas BOA yKe HE 001a/IaeT CBOMCT-
BOM PacTBOPHTEIIS [JIs COJIEH M HERNIEKTPOIUTOB, UTO
NPUBOAUT K KOHLEHTPUPOBAHUIO PAacTBOPOB [9].
BxitroueHHE KIIETOK B TAKUE CPEJIbI BEI3BIBACT JICTHI-
patamuio He TOJBKO IMTOIUIA3MBI, HO M MEMOpaHbI
[22]. U3MmeHeHne ruapaTalliOHHBIX CBOHCTB BOIHI,
MTOHIDKEHUE TUAIIEKTPUIECKO KOHCTAHTHI M MOJISIP-
HOCTH PacTBOpPa OKa3bIBAIOT 3HAYUTEIHFHOE BIHUSIHUC
Ha THAPOPIIBHO-THAPOGOOHBIN OaaHC HAa TTOBEPX-
HOCTH MeMOpaHsI [27], uTo ocnadsieT ruapodoOHbIe
B3aUMO-JICHCTBHS B JTUIHIHOM Oucioe [21].

Takum 00pa3zoM, CHH)KEHHE HOHHON CHJIBI IEKOM-
MaKTU3YeT BCE 00JaCTH KJIETOYHOW MEMOpaHbl H
“pa3pbIxiseT” OBOMHOMN 3neKkTpudeckuil cioi. Poct
OTPHLIATENIFHOTO MOTEHIMAaJa MOBEPXHOCTH OUCIION
MIPUBOAMT K MTaJCHHIO OBEPXHOCTHOTO U MEX()a3HOTO
JABICHUS U K Jectadumin3aiuu MeMopansl. [lomu-
MEPHI PACHIUPSIOT IBOWHOM 3IEKTPUUECKUH CIIOM,
JOTIOTTHUTENNBHO TTOHIKAsI IIOBEPXHOCTHOE HATSKEHHE
MeMOpaHbl, U3MEHSS THAPATAlHOHHBIE CBONHCTBA
BOJIBI ¥ TIOJISIPHOCTH PACTBOPA, YTO MPUBOIUT K JIETH-
paTanuu OUTOIIa3Mbl U MEMOpaHbl U M3MEHEHHUIO
ruapoduiasHO-ruaApododHOro GanaHca Ha MOBEPX-
HOCTH KJIETKH C MOCTIETYFOIIUM OCIa0JIeHHeM THIpO-
(h0oOHBIX B3aMMOJICHCTBUN B IMITUIHOM Omcioe. B ta-
kol cutyauuu agcopouus [131'-1500 BeI3biBaeT nmote-
PO cTaOMIIBHOCTH MEMOpaH elie 10 3aMOpPaKUBaAHUS
U HeoOpaTuMoe BKIIIOYEHHE €0 MOJIEKYJI B MHUKpO-
TPEUTHHBI MEMOPaH NPY 3aMOPaKMBAHHH, BCIIEICTBHE
YeT0 BEPOSITHOCTH perapariii MeMOpaH MpH pa3Mo-
paXKMBaHUU U PECYCIICHANPOBAHUN CBOTUTCS K HYIIO.

OpHako MpU 3aMOPaKMBAHUHM HE BCE TOJIMMEPHI
MIPOSIBIISIIOT ITOBPEXKIAIOIIEE JeWCTBUE IPH CHIKEHUN
noHHOU cunbl. Kak nmokaszanu pesyibTaThl HCClie-
JOBaHMMH, JaHHBIN AP (EKT 3aBUCUT OT MOJIEKYJISIPHOI
MAacchl HONMMATHIICHITIMKOIIEH, a B ClTydae AeKCTPaHOB
OH He BhIABIAETCS (cM. puc.l). U3 sToro cuemyer,
YTO MPOTEKTUpYIOLIee AeHCTBHE MOJUMEPOB C BHI-
COKOU MOJIEKYJIApHOI Maccolt (Ha mpuMepe UCTOIb-
30BaHHBIX JEKCTPAHOB) HE 3aBHCUT OT HOHHOM CHIIBI
CpeIbl.

Hcnonp3oBanue MPOHUKAIOMINX KPHOIIPOTEKTOPOB
B HEBBICOKUX KOHIIEHTpaIusx (5%) u cyiecTBEeHHBIC
pa3audus B X ACHCTBUH (CM. puc.4) MPHUBOAAT K
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adsorption value will affect the rate of inclusion of
PEG-1500 molecules into membrane.

In many cases the adsorption of polymer on a
surface is accompanied with a rise in enthalpy. Spon-
taneous process of adsorption with a rise in heat
content should be accompanied with significant rise of
entropy, resulting from the desorption of a solvent [6].
High osmotic activity of polyethylene glycols is deter-
mined by water binding and its multilayer structuring
around the molecules of polymer [9]. This bound water
does not have the properties of a solvent both for salts
and non-electrolytes, leading to the concentrating of
the solutions [9]. Inclusion of cells in these media causes
the dehydration of not only cytoplasma but also
membrane [22]. Alteration of hydrating properties of
water, lowering of dielectrical constant and polarity of
the solution affect significantly the hydrophilic-hydro-
phobic balance on membrane surface [27], thereby
weakening hydrophobic interactions in lipid bilayer [21].

Thus the reduction of ionic strength results in
decompactization of all the sites of cell membrane and
“decondensation” of electrical double layer. Growing
negative potential of bilayer surface results in the fall
of surface and inter-phase pressures and membrane
destabilization. Polymers extend electrical double layer
by additional rising of membrane surface tension, by
changing hydrating properties of water and solution
polarity, leading to dehydration of cytoplasma and
membranes and the change of hydrophilic-hydrophobic
balance on a cell surface with following weakening of
hydrophobic interactions in lipid bilayer. In this situation
PEG-1500 adsorption causes the loss of membrane
stability even before freezing and irreversible inclusion
of its molecules into microcracks of membranes at
freezing resulting in nullification of the reparation of
membranes during freezing and re-suspending.

However during freezing not all polymers manifest
damaging effect during reduction of ionic strength. The
research results show, that this effect depends on
molecular mass of polyethylene glycols, and in case of
dextrans it is not revealed (Fig. 1). It implies that
protecting effect of polymers with high molecular mass
(as exemplified with dextrans) does not depend on
medium ionic strength.

Penetrating cryoprotectants under low concent-
rations (5%) and significant differences in their action
(Fig. 4) result in supposition that if damaging effect of
PEG-1500 at reduced ionic strength is associated to
the change in the character of its adsorption on
membrane surface, then elimination of negative effect
with penetrating cryoprotectants is likely caused by
their stabilizing influence on membrane under direct
binding and lessening of adsorption activity of polymer.
Cryoprotective effect of glycerol and DMSO is related
to their interaction with polar heads of phospholipids
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MPENIOIOKEHHIO: €CIIM TMOBpeXAatonee aeiicTBIe
[19T"-1500 npu CHM)KEHUN MOHHOW CHIIBI CBSI3aHO C
HW3MEHEHHEM XapaKTepa ero aacopOLHu Ha MOBEpX-
HOCTH MeMOpaHbI, TO YCTpaHEHHE OTPHUIIATEIHHOTO
3¢ dexTa ¢ MPOHUKAIOMIMMEI KPUOTPOTEKTOPAMHU,
BHUIMMO, BBI3BAHO UX CTAOMIM3UPYIOLIMM BO3JEHCT-
BHEM Ha MeMOpaHy NpH HETOCPEACTBEHHOM CBS3bI-
BaHUM U YMEHBIICHUU aJCOPOIIMOHHON aKTUBHOCTH
nonumepa. KpronporekTopHoe NielicTBrE IIHIEPHHA 1
JMCO cBs3aHO € UX B3aUMOAECHCTBUEM C MOJSIPHBIMU
royioBkamu (ocQoIUITUIOB 3a c4eT 00pa30BaHusl BOJIO-
POIHBIX CBSI3€H U paCILIMPEHUS] MOHOCIIOEB MEMOpaHEI
[14].

BbiBOADI

[Tomyuennble pe3ynbTarsl moka3and, 9to mpu 20%-
i kortieHTparuu [191-1500 cHmkeHne HOHHOM CHITBI
Cpeasl BRI3BIBAET 3HAYUTENIbHOE OCIa0lIeHne KPHo-
MPOTEKTOPHOM AP HEKTUBHOCTH JAHHOTO ITOJIUMEpPA C
BBISIBJICHHEM €I'0 OTPULIATENILHOTO BITUSIHUSI HA COXPaH-
HOCTb 3aMOPOXKEHHBIX 3pUTPOLUTOB. [laHHbIH 3¢ ek
HE BBISIBIISIETCS, €CJIM 3PUTPOLUTHI 3aMOPAXKHUBATh C
BBICOKUM I'€MaTOKPUTOM, U CTAHOBUTCS] MEHEE BhIpa-
KECHHBIM, €CJIM B Cpelly 3aMOPaXHUBAHUS BKIIOUUTD
MPOHUKAIOIUN KPHONPOTEKTOp. Takue pe3ynbTarsl
MPUBOJAAT K NPEAINOJIOKEHHUIO O TOM, YTO U3MEHEHHUE
WOHHOU CHJIBI HJTH TEMAaTOKPUTA BbI3BIBACT H3MCHEHHUE
agcop6unu [13I-1500 Ha MOBEPXHOCTH 3PUTPOIIUTOB.

AHaNHU3 TONyYEHHBIX JaHHBIX MMOKa3bIBACT, YTO
YeM HIDKE MOJICKYJIIpHas Macca MoJIMMepa, TEM CHIb-
Hee 3aBUCHMOCTh €r0 MPOTEKTUPYIOIIEro JAeHCTBHS
OT MOHHOH CHIIBI U KOHIIGHTPALIUHU CaXapo3bl B Cpejie
3aMOpaKMBaHU.
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due to the formation of hydrogen bonds and widening
of membrane monolayers [14].

Conclusions

Obtained results have shown that under 20%
PEG-1500 the reduction of ionic strength causes
significant weakening of cryoprotective activity of this
polymer with the revealing of its negative influence on
the integrity of frozen erythrocytes. This effect is not
revealed if the erythrocytes are thawed with high
hematocrit and becomes less manifested if in the
freezing medium penetrating cryoprotectant is included.
These results result in the supposition that the change
of ionic strength or hematocrit lead to the alterations
of PEG-1500 adsorption on erythrocyte surface.

The analysis of the obtained results show that the
lower molecular mass of polymer, the stronger the
dependency of its protective effect on ionic strength
and sucrose concentration in freezing medium.
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