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HccnenoBanu 0cCOOCHHOCTH Pa3BUTHS THIIEPTOHMYECKOTO KPHOTEMOJIH3a SPUTPOIIMTOB YeI0BEKa MPH oxJaxkaeHuu ot 37 10 0°C
HPH ISHCTBUM PA3IMYHBIX KPUOIIPOTEKTOPOB U XJIOPHU/IA AIIOMUHUS. YCTAHOBIICHO, YTO IPUCYTCTBHUE B cpere nHKyOauu [191°-1500,
a TaKKE XJIOpHJa aJIIlOMUHHUA 3aMETHO ITOBbIIIACT yCTOi’I'-{PIBOCTb KJIETOK K TEMIIEPATYPHO-OCMOTUYECCKUM BO3ﬂeﬁCTBHﬂM. I/ICHOHb3OBaHI/le
IMPOHUKAKIIUX KPUOIIPOTEKTOPOB IIPUBOAUT K ITOBBIIICHHUIO ypOBHH TAUINEPTOHUYCCKOI'O KPUOIreMoJin3a Ha BTOpOﬁ craguu I/IHKy6aLU/ll/I
B TMIICPTOHUYECCKUX yCHOBHﬂX.

Knrouesvie cnosa: SpuTpouuThl, TAIIEPTOHUYESCKUI KPUOTEMOJIN3, KPUOTIPOTEKTOP.

JocnimkyBanu 0co0IMBOCTI PO3BUTKY TIIEPTOHIYHOTO KPiOreMOIi3y epUTPOLUTIB JIIONUHY ITpU oxoomkeHHi Bix 37 no 0°C mpu ait
PI3HHX KPiOMIPOTEKTOPIB i XJIOPHUIY aJIFOMiHi0. BcTaHoBIEHO, 1110 IpUCYTHICTE y cepenonuii inkybauii [IET-1500, a Takox xmopuny
QIFOMIHIIO TIOMITHO MiABHUIIYE CTIMKICTh KJIITHH JI0 TEMIIEPaTypHO-OCMOTHYHHX BIUIMBIB. BUKOpHCTaHHS IPOHNKAIOUHMX KPiOPOTEKTOPIB

NPUBOAMTH JI0 MiIBUIICHHS PiBHS TIIEPTOHIYHOTrO KpioreMoyIn3y Ha ApyTriii cranii iHKyOauii B rilnepTOHIYHUX yMOBaX.
Kniouosi cnosa: eputpouuty, rinepToOHIYHUN KPiOreMosi3, KpionpoTeKTop.

The peculiarities of development of hypertonic cryohemolysis of human erythrocytes at cooling from 37 down to 0°C under the
influence of different cryoprotectors and aluminum chloride were investigated. It was istablished, that the presence of PEG-1500 and
also aluminum chloride in the medium noticeably enhanced the stability of cells to temperature-osmotic effects. The use of penetrating
cryoprotectors leads to increasing of hypertonic cryohemolysis level at the second stage of incubation in hypertonic conditions.

Key-words: erythrocytes, hypertonic cryohemolysis, cryoprotectant.

l'uneproHnueckuil KPUOTEMOIU3 — ATO JHU3HUC
SPUTPOLIUTOB B MPOLIECCE OXJIAXKIEHUS B TUIEPTO-
HUYECKUX Cpellax MpPH IMOJOXKUTEIbHBIX TeMIepa-
Typax. [lonararot, yTo pa3BUTHE YYyBCTBUTEIBHOCTH
SPUTPOLUTOB K OXJIKICHUIO B HHTEPBAJIC TEMIIEPATYP
37-0°C B THIEpPTOHUYECKUX YCIOBUAX CBSI3aHO C
W3MEHEHUEM CHeHU(HUICCKUX KOHTAKTOB OCJIKOB
OUTOCKeJeTa ¢ MeMOpanout [5, 9], a Takxke C
pa3BuTHEM (a30BBIX MTEPEXOI0B B TUMTHUIHOM OHCIIOE
memOpansl [1, 4, 13]. CoOTBETCTBEHHO NECHCTBHE
COCTMHCHMH, CIOCOOHBIX 3HAYNTEILHO TIOBIUATH HA
MpoLIeCC TUMIEPTOHUYECKOTO KPUOTEMOJIN3a, peaH-
3yeTcs KaK Ha ypPOBHE CTPYKTYPHBIX MEPECTPOCK
MeMOpaHBl W IIUTOCKEJNEeTa, TaK U Ha ypPOBHE
W3MEHEHUN cocTosiHusA Oucnos. M3BecTHO, 4TO
kpuo3zamuTHbie coeagunenus IMCO, munepun, [19T
U Jp. OKa3blBalOT CYIIECTBEHHOE BIHUSHHE Ha
CTPYKTYpHBIE U (YHKIIMOHAIEHBIE CBOWCTBA OMOJIOTH-
gyeckux MeMOpad [1], 9TO MOXKET MPOABIATHCS B
M3MEHECHUH XapaKTepa X0JI0I0OBOM TyBCTBUTEIIEHOCTH
KJIeTOK. [ToMUMO KpHOIIPOTEKTOPOB U3BECTHA TPYIITIa
COCIMHEHUN pa3JU4YHON XMUMHYECKONU NMPUPOABI

Hypertonic cryohemolysis is erythrocyte lysis
during cooling in hypertonic media under positive
temperatures. Development of erythrocyte sensitivity
to cooling within temperature range of 37-0°C under
hypertonic conditions is thought to be associated with
a change in specific contacts of cytoskeletal proteins
with a membrane [5, 9], as well as with phase
transitions’ development in membrane lipid bilayer [4,
13]. Correspondingly, the effect of compounds, capable
to considerably affect the process of hypertonic
cryohemolysis is realised both at the level of membrane
and cytoskeleton structural rearrangements and at the
one of changes in bilayer state. Cryoprotective
compounds (DMSO, glycerol, PEG etc.) are known
to cause a significant effect on structural and functional
properties of biological membranes [1], that can be
manifested in a change of character of cell cold
sensitivity. In addition to cryoprotectants there is known
the group of compounds of different chemical nature
(amphiphilic compounds, anaesthetics, bivalent ions
etc.), which under certain concentrations considerably
change cell sensitivity to temperature-osmotic effects
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(ampudunbHBIE COEUHEHNUS, AHECTETUKH, JBYXBa-
JICHTHBIC HOHBI U Ap.), KOTOPBIE MIPU ONPEAEICHHBIX
KOHLIEHTPALUIX 3HAUYUTEIBHO U3MEHSIOT YyBCTBH-
TEIBHOCTH KJIETOK K TEMIIEPaTypHO-OCMOTHYECKUM
Bo3aekcTBusAM [6]. K TakuM coequHEHUSIM MOXKHO
OTHECTHU COJIM AJIOMHUHHUS, KOTOPbIE OKa3bIBAIOT
BBIPaKCHHOE MOAM(UIIMPYIOILEE ICHCTBIE Ha KIIETKH
W KJIETOYHBIE CTPYKTYpHI [16, 18]. B To ke Bpems
MEXaHU3M KJIETOUHOW aKTHUBHOCTH HOHOB aJIFOMUHUS
BO MHOTOM OCTaeTcs HesicHbIM. OTHIM u3 (haKTOPOB
peanuzanyu 3h(HEeKTOB HOHOB AIOMUHHS Ha CyOKJIe-
TOYHOM YPOBHE SBISETCS B3aUMOAECHCTBHE HX C
JUMHUIHBIM MaTpUKCOM MeMOpaHsbl [16], 4To MoxeT
OKa3bIBaTh BO3JEHCTBUE Ha XOJOIOBYIO YyBCTBH-
TEJILHOCTh KIIETOK.

Lenpro 1aHHOTO HCCIEAOBAHMS SBIAIOCH U3Y-
YeHHe 0COOEHHOCTEH PAa3BUTHSI THIEPTOHUYIECKOTO
KPHOIeMOJIN3a SPUTPOLIUTOB YEJIOBEKA B IPUCYTCTBUH
Pa3JIMUHBIX KPUOIPOTEKTOPOB, a TAKXKE XJIOpUIa
QIIOMHHUSL.

Martepuanbl n metoabl

B skcnepuMeHTax MCNONIB30Baly 3PUTPOLUTHI
noHopckoi kposH II rpynmsl. Dpurpomaccy TpHKABI
OTMbIBaI LeHTprdyrupoBanremM npu 1500g B Teuenue
3-X MUHYT AECATHKpPAaTHBIM 00BEMOM pPacTBOpa,
coaepxkamero 0,15 mons/m NaCl u 10 MMonb/n Tpuc-
oydepa (pH 7,4), u XxpaHwiu B BUIC TUIOTHOTO OCajIKa
He Oonee 2-x wacoB mpu Temmeparype 0°C. Bce
HCIIOBh3yeMBIE CpeIbl TOTOBIIIA Ha 10 MMOJIB/JTT TpHUC
(pH 7,4). B pabote npumensuu [191'-1500 mpounsBo-
ctBa pupMbl “Merck” U peakTUBBI OTEUECTBEHHOTO
MIPOM3BOCTBA KBATH(PUKAIINA “Ua’.

l'uneproHnyeckuil KPUOreMon3 OCYIIECTBIIAIN
HWHKYyOMpoBaHHeM SpUTpouuToB B 1,2 Mons/n NaCl npu
temneparype 37°C B teuenue 0-60 MuUH U mocie-
nyromeM oxyaxaeHuu no 0°C (5 mun). Koneunsii
rematokput coctaBun 0,5%. Henponukaromuit
KPUIIPOTEKTOP M XJOPUJ ANIOMHUHHS A00aBIsUIN B
pactBop 1,2 monbe/m NaCl mepen BHECEHUEM KIIETOK.
Jns HaCBHIIEHHUS SPUTPOIUTOB MPOHUKAIOIIUMHU
KpUOMPOTEKTOpaMu (TauIepwuH, 1,2-mponananon
(1,2-I111), AMCO, IT2I'-400) KIeTKH IpeABAPUTEITHLHO
WHKYOHPOBAaJIH B pacTBoOpe, coneprxarieM 150 MMomb/1
NaCl, 10 mmonp Tpuc-Oydepa u 5%-i pacTBop
COOTBETCTBYIoIIero kpuomnpotekropa (pH 7,4) B
teuenue 30 mun npu 37°C.

Knetku ocaxpanu umeHTpuQyrupoBaHHEM B
TeueHne 3-x MUHYT pu 1500g. YpoBeHb cBOOOHOTO
reMornoOnHa B CylepHaTaHTE PErHCTPUPOBAIH
cnekTpodoToMeTpuueckuM crnocobom Ha CD-4A ¢
MPOTOYHOM KIOBETOU MpH JTMHE BOJIHBI 543 HM. Bbixos
reMOTIO0MHA U3 KIETKH PACCUYUTHIBAIM B TIPOIIEHTAX
otHOCcHTENbHO 100%-r0 remonm3a SpUTPOLUTOB B
npucytcTBun 0,1% -ro pactBopa TpuroHa X-100.
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[6]. Aluminum salts, which cause a manifested
modifying effect on cell and its structures can be
referred to such compounds [16, 18]. At the same time
the mechanism of cell activity of aluminum ions is
mainly unclear. One of the factors of aluminum ions
effect realisation on a subcellular level is their
interaction with membrane lipid matrix [16] that can
affect a cold sensitivity of cells.

This research was aimed to study the peculiarities
of hypertonic cryohemolysis development of human
erythrocytes in the presence of different cryo-
protectants and aluminum chloride as well.

Materials and methods

Erythrocytes of A(II) donor blood were used in
the experiment. Erythromass was thrice washed-out
by centrifugation at 1500g during 3 min with 10-fold
volume of the solution, contained 0.15 mol/l NaCl and
10 mmol/l Tris-buffer (pH 7.4) and stored as a dense
sediment not more than 2 hrs at 0°C. All used media
were prepared with 10 mmol/I Tris (pH 7.4). PEG-1500
(“Merck”) and home produced reagents of “pure for
analysis” grade were used in the work.

Hypertonic cryohemolysis was realised by
incubating erythrocytes in 1.2 mol/l NaCl at 37°C
for 0-60 min and following cooling down to 0°C
(5 min). Final hematocrit made 0.5%. Non-
penetrative cryoprotectants and aluminum chloride
were added into 1.2 mol/l NaCl solution before cell
introduction. For saturating erythrocytes with
penetrative cryoprotectants (glycerol, 1,2-pro-
panediol (1,2-PD), DMSO, PEG-400) cells were
preliminarily incubated in the solution, contained
150 mmol/I NaCl, 10 mmol Tris-buffer and 5% solution
of corresponding cryoprotectant (pH 7.4) for 30 min
at 37°C.

Cells were precipitated by centrifugation for 3 min
at 1500g. The level of free hemoglobin in supernatant
was spectrophotometrically registered with SP-4A with
flow cuvette at 543 nm wavelength. Hemoglobin
release out of a cell was calculated in percentage in
respect of 100% erythrocyte hemolysis at the presence
0f 0.1% triton X-100 solution.

Results and discussion

Fig.1 shows the data on erythrocyte hypertonic
cryohemolysis development under cooling from 37
down to 0°C at the presence of 20% non-penetrative
cryoprotectant solution PEG-1500. During cooling in
hypertonic saline medium (1.2 mol/l NaCl) a non-
penetrative cryoprotectant is seen to decrease the level
of erythrocyte hemolysis in all studied interval of
incubation. Observed dynamics of hypertonic
cryohemolysis development in electrolyte medium may
depend on following factors. During erythrocyte
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Pe3yAbTatbl M 00Cy)xaeHue

Ha puc. 1 mpencraBieHsl JaHHBIE O Pa3BUTHHU
TUIEPTOHNYECKOTO KPUOTEMOIIN3a 3PUTPOLIUTOB IPU
oxnaxaenuu ot 37 no 0°C B mpucyrcteuu 20%-ro
pacTBOpa HEMpOHUKAroLIEro kpuonporekropa I101'-
1500. BugHo, yTo npu 0XJIaXKACHUHU B TUIIEPTOHUYEC-
koi comeBoii cpeae (1,2 monws/n NaCl) HenpoHu-
KA KpHOIPOTEKTOP CHIYKAET YPOBEHB T€MOJIN3a
SPUTPOIIUTOB BO BCEM HCCIEAyEMOM HHTEpBale
nakyOanuu. HaOmromaemas AuHaMuKa pa3BUTHSA
TUTIEPTOHUYECKOTO KPUOTEMOJIH3a B AIEKTPOIUTHON
CpeZie MOXKET 3aBUCETh OT Cleayonux (pakTopos. B
IpOLIECCe MHKYOAITHY SPUTPOLIUTOB B TUIIEPTOHUIECKON
cpene, coaepxaiei 1,2 monb/n NaCl, npoucxonut
ocBoOOXkneHue noHoB K*, koTopoe mocrturaer
MakcuMyma kK 20-i muHyTe mHKyOaumu [10].
Co0OTBETCTBEHHO BCieACTBUE OBICTPOI TOTEPU HOHOB
K* mpoucxoaut ymeHsiieHue oobéma KIETOK, YTO
MO>KET PUBECTH K MOANDHKALIMHI OapbepHOi (DYHKLUH
MeMOpaHbI ¥ TOSBICHUIO KOPOTKOKHUBYLITUX 1€(EKTOB
6ucnosd, mpoHUIaeMeIx 1yt noHoB Na'. [Toctyrmuienue
noHOB Na*, cOmpoBOXKIaloIIeecss yBeIUYeHUEM
00bEMa, MOXKET pacCMaTpUBaATHCS Kak (GakTop,
MPUBOISAMHUN K CHU)KEHUIO YYBCTBHUTEJIBHOCTHU
SPUTPOIUTOB K oxJaxkaeHuto [11]. B koneanom nurore
B pe3yJibTaTe MOoCTyIIEHUs] HOHOB Na' MOXET UMETh
MECTO BOCCTAaHOBJIEHHE OCMOTHYECKOTO I'paJUEHTa
Ha MeMOpaHe, YTO BO3MOXHO SABJISETCS NMPOTEK-
TUPYIOIUM (aKTOPOM, MOHHMKAIOMINM JIeHCTBHE
COJIEBOM TMIIEPTOHUYECKON CpeApbl N0 MEpE YBENHU-
YEeHHsI TIPOJIOJKUTEHHO CTH MHKYOaIuu kietok [11].
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Puc. 1. Bnusuue I19I-1500 u BpeMeHn HHKyOauu npu
37°C Ha THNIEPTOHUYECKUI KPHOTEMOJIH3 SPUTPOLIUTOB B
1,2 moms/1 NaCl: 1 — kouTpOB; 2 — 20%-11 [T3I'-1500.

Fig. 1. Effect of PEG-1500 and incubation time at 37°C on
erythrocyte hypertonic cryohemolysis in 1.2 mol/I NaCl: 1 —
control; 2 —20% PEG-1500.
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incubation in hypertonic 1.2 mol/l NaCl-contained
medium there is K* ions release, which reaches the
maximum to the 20" min of incubation [10].
Correspondingly, due to a rapid K* ion loss there is a
reduction of cell volume, that may result in modification
of membrane barrier function and appearance of
short-living bilayer defects, being penetrative for
Na* ions. Entering of Na* ions, being accompanied
by cell volume increase can be considered as the
factor, resulting in a decrease of erythrocyte
sensitivity to cooling [11]. Finally, as a result of Na*
ion entering the recovery of osmotic gradient on a
membrane can occur, being probably a protecting
factor, which decreases the effect of saline
hypertonic medium with an increase in duration of
cell incubation [11].

Reduction of the level of cell lysis in PEG-1500-
contained medium is explained by the effect nature
of non-penetrative cryoprotectant, which mechanism
is related to state modification of membrane lipid
phase, dehydration of phospholipid polar groups and
augmentation of membrane hydrophobicity [12, 14,
15]. As the level of erythrocyte destruction by the
mechanism of temperature-osmotic shock is pro-
portional to osmotic gradient, the one of possible
ways of cell adaptation to temperature effect is a
decrease in the value of osmotic gradient on a
membrane in medium with cryoprotectant [7]. PEG-
1500 presence in the medium causes a dehydrating
effect, results in an increase of cytosol viscosity and
a change in cytoskeletal protein state [2], that can
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Puc. 2. BimsHue xmopuaa aTFOMAHIS 1 BpeMEHH HHKY Oariim
npu 37°C Ha rUNEePTOHNYECKUI KPUOTEMOIIN3 3PUTPOLIUTOB
B 1,2 monb/n NaCl: 1 —konTpons; 2 — 0,3 mmos/in AICL; 3 —
1 Mmoms/m AICL,. )

Fig. 2. Effect of aluminum chloride and incubation time at
37°C on erythrocyte hypertonic cryohemolysis in 1.2 mol/l
NaCl: 1 —control; 2 —0.3 mmol/l/ AICL; 3 —1 mmol/l AICI,.
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CHu)XeHUE YpOBHA JIM3UCa KIETOK B CpeJe,
comepxameit [19I'-1500, o6bsicHgIeTCS TPUPOIOH
JEeNCTBUSA HENMPOHUKAIOIET0 KPUONPOTEKTOPA,
MEXaHU3M KOTOPOTO CBfA3aH ¢ MoAuduKauuei
COCTOSIHUSL JIMMIUIAHOW (a3bl MeMOpaHbl, AeTUApa-
Taluel NOJSPHBIX Ipynn GochOIUNUIO0B U yBeTHYIe-
HueM runpogpodHocTr MeMOpansl [12, 14, 15]. Tak
KaK ypOBEHb pa3pyLICHHs 3pPUTPOLIUTOB IO MEXaHU3MY
TEMIIEPaTypPHO-OCMOTHYECKOTO IIOKA MPOIMOp-
LMOHAJIEH OCMOTHYECKOMY T'PaJUeHTy, TO OTHUM U3
BO3MOJKHBIX CITOCOOOB afjanTalui KJIETOK K TeMIiepa-
TYyPHOMY BO3JEHCTBHIO MOET OBITh YMEHBIIECHUE
BEJIMYMHBI OCMOTHYECKOTO TpaineHTa Ha MeMOpaHe
B cpene ¢ kpuornporektopamu [7]. IlpucyrcrBue B
cpene IID3T'-1500 BhI3BIBAET OETUApPATUPYIOLIUM
3¢ GEKT, NPUBOAUT K yBEIMUCHHUIO BI3KOCTH LIUTO30IS
Y U3MEHEHUIO COCTOSTHUSI OSITKOB IUTOCKeNeTa [2], 9To
MOXXET OKa3bIBaTh BIMSHHE Ha YYBCTBUTEIBHOCTD
SPUTPOLHMUTOB K oxjaxaeHuio. Tak, B padore [3]
[IOKa3aHO, YTO YYyBCTBUTEIHHOCTH 3PUTPOLUTOB K
TUIIEPTOHUYECKOMY KPHOTEMOIHN3Y CYIIECTBEHHO
3aBHCHUT OT COCTOSHHS LIUTOCKEIET-MEMOPaHHOTO
KOMILIEKCa. DTO TMOATBEPKAAETCA TEM, YTO T€MHH,
HapyIlIamuii B3auMoaeiicteue 6enka 4.1 ¢ meMm-
OpaHoii, 3HAaYNTEIILHO CHUKAET yPOBEHb THIIEPTOHU-
YeCKOTo Kpruoremosmsa [8].

Ha puc. 2 mpencraBieHsl AaHHBIE O BIUSHUHU
Pa3IMYHBIX KOHLEHTPALMH XJIOpHIa aliOMUHUS Ha
YCTOHYUBOCTH 3PUTPOLUTOB YeIOBEKAa K THIEP-
TOHMYECKOMY KPHOTEMOJIU3Y. XJI0pU/ ATIOMUHUS, KaK
u I131-1500, He BBI3BIBAET U3MEHEHUS IHMHAMHKH
Pa3BUTHs THIIEPTOHUYECKOTO KPHUOTEMOJIHN3a, XOTs
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Puc. 3. Bimusaue [1917-400 u Bpemenu nakyOarwm mpu 37°C
Ha THICPTOHUYCCKUN KPHOTEMOJIH3 3PUTPOIUTOR B
1,2 mone/1 NaCl: 1 —xoHTpons; 2 — 5%-i1 [121'-400.

Fig. 3. Effect of PEG-400 and incubation time at 37°C on
erythrocyte hypertonic cryohemolysis in 1.2 mol/l NaCl: 1-
control; 2 — 5% PEG-400.
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affect erythrocyte sensitivity to cooling. Thus, in the
paper [3] the erythrocyte sensitivity to hypertonic
cryohemo-lysis is shown to significantly depend on the
state of cytoskeleton-membrane complex. This is
confirmed by the fact, that hemin, impairing 4.1 protein
interaction with a membrane, considerably reduces the
level of hypertonic cryohemolysis [8].

Fig. 2 demonstrates the data on the effect of
aluminum chloride different concentrations on human
erythrocyte resistance to hypertonic cryohemolysis.
Both aluminum chloride and PEG-1500 do not cause a
change in dynamics of hypertonic cryohemolysis
development, though the level of cell lysis reduces.
The lower erythrocyte sensitivity to hypertonic
cryohemolysis is, the higher aluminum chloride
concentration in incubation medium is. AI** ions are
known to modify membrane sites, enriched with
phosphatidylcholine and in a less extent with
phosphatidyl ethanolamine, to induce echinocyte
formation [17, 18]. We can assume, that aluminum
chloride by decreasing membrane hydrophobicity
changes its barrier function, that contributes to
osmotic gradient dissipation on a membrane and a
decrease in erythrocyte sensitivity to cooling within
temperature range of 37-0°C.

In the work there was also investigated a
hypertonic cryohemolysis of human erythrocytes
under the effect of penetrative cryoprotectants and
those of mixed type, to which PEG-400 can be
referred (such substances can comprise a certain
part of low molecular fractions, penetrating into cells,
meanwhile a part of polymer remains in extracellular
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Puc. 4. Bnusiaue 1,2-I1]1 u Bpemenu nakyO6aruu mpu 37°C
Ha TUNIEPTOHUYECKHI KPUOTEMOJIM3 IPUTPOLIUTOB B
1,2 mome/n NaCl: 1 —xoHTpOoins; 2 — 5%-ii 1,2-IT/1.

Fig. 4. Effect of 1,2-PD and incubation time at 37°C on eryth-
rocyte hypertonic cryohemolysis in 1.2 mol/l NaCl: 1 —con-
trol; 2 —5% 1,2-PD.
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YPOBEHBb JH3HCA KJIETOK MPH 3TOM CHHXXKAETCH.
UyBCTBUTEIBHOCTh IPUTPOIUTOB K THIEPTOHU-
YEeCKOMY KpPHOIeMOJHU3y TEM HHXKE, UEM BBILIE
KOHLIEHTPALHs XJIOPUIa allOMUHHUS B cpeie HKYyOa-
uuu. M3BectHo, 9T0 MOHBI Al*" MoauGUIHPYOT
y4acTKu MeMOpanbl, oboraménnsle Gocharuani-
XOJIMHOM U B MEHbIIel cTteneHu ¢ocdaTuani-
3TaHOJAMHUHOM, HHIYLIUPYIOT YOPMHUPOBAHHE SXHUHO-
uuToB [17, 18]. M0OXHO MPenroNoXnuTh, 9TO XIOPHT
ATIOMUHHS, CHIXKas THIAPOPOOHOCTH MEMOpPaHHI,
Moaubunupyer ¢€ OapbepHy (QYHKIHIO, YTO
CIIOCOOCTBYET MHUCCHUIMAIUA OCMOTHYECKOTO T'pa-
JIMeHTa Ha MeMOpaHe U CHUYKEHHIO YyBCTBUTEIHHOCTH
SPUTPOLUTOB K OXJIAKICHUIO B MHTEPBAJIE TEMIIEPATyp
37-0°C.

B pabote OBl McciaenoBaH TakXke THIEPTOHU-
YECKMM KpUOTEMOJIHU3 3PUTPOLUTOB YEIOBEKA NMpHU
NefCTBUU NMPOHUKAIOIIUX KPUONPOTEKTOPOB H
KPHOMPOTEKTOPOB CMENIAHHOTO THIA, K KOTOPBIM
MokHO oTHecTH [1D2I'-400 (momoOHBIE BelecTBa
MOTYT B CBOEM COCTaBE€ COAEPIKATh OIpPENEICHHYIO
JOJTI0 HU3KOMOJIEKYISAPHBIX Qpakiuii, KOTOphIE
MIPOHUKAIOT B KJIIETKH, B TO BpeMs KaK 4acTh ITOJIMMEPa
ocTaeTcsi BO BHEKJIEeTO4HOH cpeze) [1]. BugHo, uto
MIPUCYTCTBUE B Cpeie MHKYOAlnu KPUOIIPOTEKTOPOB
3TOH IPyNIBI U3MEHSIET Pa3BUTHE THIIEPTOHUYECKOTO
KpuoreMmoisin3a Bo BpeMeHU. Ha HauanbHOM »Tame
WHKyOanuu HaOJIrogaeTcsl CHIKEHHE YyBCTBUTEIIb-
HOCTH 3PUTPOLMTOB, OHAKO, HaunHasi ¢ 10-ii MUHYTHI,
YyBCTBUTEIBHOCTh KJIETOK K THIEPTOHHYECKOMY
KpHOTreMoJn3y Bo3pacTaeT. B cpenax, comepkammx
5%-ii T12I'-400 (puc. 3), *MeeT MECTO 3HAYUTEIILHOE
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Puc.5. Bnmusaue IMCO u Bpemenu nakyoaruu npu 37°C
Ha TUNEPTOHUYECKUH KPUOTEMOJIU3 DPUTPOLUTOB B
1,2 mosw/t NaCl: 1 —konTposns; 2 — 5%-# JIMCO.

Fig. 5. Effect of DMSO and incubation time at 37°C on
erythrocyte hypertonic cryohemolysis in 1.2 mol/l NaCl: 1 —
control; 2 — 5% DMSO.
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medium) [1]. Presence of cryoprotectants of this group
in incubation medium is seen to change the
development of hypertonic cryohemolysis in time.
At initial state of incubation a decrease in
erythrocyte sensitivity is observed, but starting from
the 10™ min a cell sensitivity to hypertonic
cryohemolysis augments. In the media, contained
5% PEG-400 (Fig. 3) there is a significant decrease
in the level of hypertonic cryohemolysis at the initial
state of incubation (0-10 min). Then the aug-
mentation of hemolysis level is noted. Similar
dynamics for hypertonic cryohemolysis development
is observed at the presence of 5% 1.2-PD (Fig.4),
but a degree of hemolysis reduction at the initial
stage of erythrocyte incubation is less manifested.
In the media, contained such cryoprotectants as
DMSO, 5% glycerol (Fig. 5, 6), a slight decrease in
erythrocyte sensitivity to hypertonic cryohemolysis
at the initial stage of incubation and an increase in
hemolysis level at later stages were noted.
Penetrative cryoprotectants prevent dehydration of
intracellular content and within concentration range
of 1-5% cause a slight effect on cell membrane
fluidity near its surface, although in a certain extent
they slow down the mobility of polar areas of lipid
bilayer [1]. Cryoprotectants of this group can be
assumed as changing erythrocyte membrane
structure with simultaneous additional cell de-
hydration at later incubation stages. This possibly
explains the augmentation of erythrocyte sensitivity
to hypertonic cryohemolysis at an increase in their
incubation time.

100
90 A
80

~
o
11

Fremonus, %
Hemolysis, %

0 T T T

0 10 20 40 60
Bpewmsi, My1H
Time, min

Puc. 6. Bousiare mimieprHa U BpeMEHH WHKYOAIuu MpH
37°C Ha TUIIEPTOHHYECKUI KPHOTEMOJIH3 IPUTPOIHTOB B
1,2 monb/1 NaCl: 1 — koHTpoITb; 2 — 5%-i THIICPHUH.

Fig. 6. Effect of PEG-400 and incubation time at 37°C on
erythrocyte hypertonic cryohemolysis in 1.2 mol/l NaCl: 1—-
control; 2 — 5% glycerol.
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CHIDKEHHE YPOBHS THIIEPTOHINYECKOTO KPHOTEMOJIH3a
Ha HadaibHOM dTane mHKyOauwmu (0-10 mun). B
JanbHEHIeM OTMEYaeTCs MOBBILIEHUE YPOBHS
remonusa. CxonHas NIMHAMHUKA Pa3BUTHUS THUIEP-
TOHUYECKOTO KPUOTEeMOJn3a HaONIomaeTCs B IpH-
cyrcteun 5%-ro 1,2-I1]1 (puc. 4), ogHaKo cTeneHb
CHIDKEHUS TeMOJIH3a Ha Ha9alIbHOM dTare HHKyOaluu
SpPUTPOLIMTOB MEHEE BbIpakeHa. B cpemax, conep-
XKalmUX Takue KpuomporekTopsl, kak JAMCO,
TIIUIEPUH B KOHIIEHTparuu 5% (puc. 5, 6), oTMeueHO
HE3HAYNTEIbHOE CHU)KEHHE YYBCTBUTEIbHOCTHU
SPUTPOITUTOB K THIIEPTOHUICCKOMY KPUOTEMOIN3Y Ha
HayvaJbHOM dTare NHKyOaluy 1 BO3pacTaHUE YPOBHS
remMojmn3a Ha 6oyee mo3aHMX dTanax. [Iporukaromme
KPUOIPOTEKTOPHI MPEIOTBPAIIAIOT ACTUAPATALIUIO
BHYTPHUKJIETOYHOI'O COJIEPKUMOI'0 U B JUamna3oHE
KOHIIeHTpanuii 1-5% oka3biBarOT ciaboe BO3IEHCT-
BUE Ha TEKy4eCTh MeMOpaHBl KIETOK BOIH3U ee
MOBEPXHOCTHU, XOTS B ONpPEJEICHHON CTEHEeHU
TOPMO3SAT MOABUXXHOCTH IMOJSIPHBIX OOlacTei
nunuaHoTo 6ucios [1]. MoXHO IpeanoaoKUTh, YTO
KPHOIIPOTEKTOPHI TaHHOW TPYIIIBI H3MEHSIOT CTPYK-
Typy MeMOpaH 3pUTPOLHUTOB C OJHOBPEMEHHOU
JIOTIONTHUTEILHOM JIeruIpaTaiiei KIeTOK Ha Oolee
MMO3HUX dTamax WHKyOamwu. DTO, BO3MOXKHO,
O0OBSACHSIET TMOBBIIICHUE TYBCTBUTEIIBHOCTH YPHUTPO-
LUTOB K THNEPTOHUYECKOMY KPHUOTEMOIU3Y MPHU
YBEIUYECHUH MPOIOKUTEILHOCTH HX MHKYOAIINH.

BbiBOADI

[IpucyrcTBHE B cpenie HETPOHUKAIOIIETO KPUOIPO-
tekTopa II10I'-1500, a Taxxke xynopuaa amOMUHUA
3aMETHO CHUXAET YyBCTBUTEIBHOCTH SPUTPOLMTOB
YeJoBeKa K THIEPTOHUYECKOMY KPHUOTEMOJIHU3Y,
NpUYeM 3alIMTHOE AeiCTBHE PAacCMOTPEHHBIX
BEII[ECTB MOXET OMOCPEIOBATHCS MX BIUSHHEM Kak
Ha JIUMHATHBIA MAaTPHUKC, TaK ¥ Ha OEJIKU IIUTOCKETIEeTa.
B 1o xe Bpems MpOHHUKAIOUNE KPHOMPOTEKTOPHI
M3MEHSIOT XapakTep Pa3BUTUA THIEPTOHUYECKOTO
KpUOTeMOJIN3a SpPUTPOLIUTOB BO BPEMEHH, YTO MOYKET
OOBSICHATHCS] U3MEHEHUEM CTPYKTYPHOT'O COCTOSIHHS
MeMOpaHbl U JOMOJHHUTEIbHONW Jeruaparamnuei
KJIETOK.
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Conclusions

Presence of non-penetrative cryoprotectant PEG-
1500 and aluminum chloride considerably decreases
human erythrocyte sensitivity to hypertonic cryo-
hemolysis, moreover a protective effect of considered
substances can be mediated by their influence on both
lipid matrix and cytoskeleton proteins. At the same
time penetrative cryoprotectants change the character
of erythrocyte hypertonic cryohemolysis development
in time, that can be explained by a change in membrane
structural state and additional cell dehydration.

References

1. Belous A.M., Grischenko V.I. Cryobiology.— Kiev: Naukova
Dumka, 1994.— 432 p.

2. Belous A.M., Gulevsky A.K., Babijchuk L.A. et al. Role of
cytoskeletal proteins in changing cell stability at temperature-
osmotic effect // Kriobiologiya.— 1990.— N4.— P. 3-13.

3. Bondarenko V.A. Development and prevention of erythrocyte
temperature shock: Author’s abstract of thesis for doctor’s
degree obtaining (biology).— Kharkov, 1988.— 30 p.

4. Gordienko E.A., Kovalenko S.E. Basic rules of the event of
posthypertonic cryohemolysis // Problems of Cryobiology.—
1997.—- N3.— P. 3-7.

5. Kudokotseva E.V., Ramazanov V.V., Timchenko L.N. et al.
Action of modificators on the structural spectrum of the
cytoskeletal proteins of human red cells // Problems of
cryobiology.— 1998.— N4.— P. 22-25.

6. Kuleshova L.G., Orlova N.V., Shpakova N.M. Antihemolytic
and transforming activity of amphiphilic compounds //
Problems of Cryobiology.— 2001.— N1.— P. 9-15.

7. Moiseyev V.A., Zinchenko V.D., Nardid O.A. About some
molecular mechanisms of biological object cryoprotection//
Physical and chemical processes in cryobiological systems.—
Kharkov, 1991.— P. 78-92.

8. Ramazanov V.V. Effect of osmotic stress and different
cytoskeletal modifiers on cold and hypertonic shock
development: Author’s abstract of thesis for candidate degree
obtaining (biology).— Kharkov, 1993.— 14 p.

9. Ramazanov V.V., Bondarenko V.A. Action of hemin and DIDS
on cold and hypertonic stress of red blood cells // Problems
of Cryobiology.— 1996.— N2.— P. 13-17.

10. Ramazanov V.V., Bondarenko V.A. Comparative study of the
cold and hypertonic stress of RBC in the NaCl solutions//
Problems of Cryobiology.— 1996.— N1.— P. 34-36.

11. Shpakova N.M., Bondarenko V.A. Erythrocyte sensitivity to
cold shock in salts and non-electrolytes-contained media//
Problems of Cryobiology.— 1992.— N3.— P. 15-19.

12. Aldwinckle T.J., Ahkong Q.F., Bangham A.D. et al. Effect of
polyethylene on liposomes and erythrocytes. Permeability
changes and membrane fusion // Biochim. Biophys. Acta.—
1982.— Vol. 689, N3.— P. 548-560.

13. Green F.A., Jung C.Y. Cold-induced hemolysis in a hypertonic
milieu // J. Membr. Biol.— 1977.— Vol. 33, N3-4.— P. 249-262.

14. Lehtonen J.Y., Kinnunen P.K. Poly(ethylene glycol)-induced
and temperature-dependent phase separation in fluid binary
phospholipid membranes // Biophys. J.— 1995.— Vol. 68, N2.—
P. 525-535.

15. Ohki S., Arnold K. Surface dielectric constant, surface
hydrophobicity and membrane fusion // J. Membrane Biol.—
1990.— Vol. 144, N3.— P.195-203.

16. Suwalsky M., Ungerer B., Villena F. et al. Effects of AICI,on
toad skin, human erythrocytes and model cell membranes//
Brain Res. Bull.— 2001.— Vol. 55, N2.— P. 205-210.

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N24



10.

1.

12.

13.

14.

15.

16.

17.

18.

Kydokouesa E.B., PamasaHoe B.B., TumyeHko JI1.H. u dp.
BnvsHne moaudukaTtopoB uUMTOCKEeNeTa Ha CTPYKTYPHbIN
cnekTp 6enkoB uMTOCKEneTa 3pUTPOLMTOB 4Yenoseka //
Mpo6n. kpnobuonorum. — 1998. — Ne4.— C. 22-25.
Kynewosa J1.I., Opnosa H.B., llinakosea H.M. AHTuremonu-
TMyeckas u TpaHchopmupylowas akTMBHOCTb ampudurnsb-
HbIX coeuHeHun // Mpobn. kpnobuonorun. — 2001.— Ne1.— C.
9-15.

Moucees B.A., SuHyeHko B.[., Hapoud O.A. O HekoTOopbIX
MOEKYNAPHbIX MeXaHW3Max KpuosaluTbl Gruonornyeckux
06bekToB // ®U3nko-xMMmnveckue npoueccol B kpuobuo-
noruyeckmx cuctemax: C6. cratenn.— Xapbkos, 1991. —
C. 78-92.

Pama3aHoe B.B. BnusHne oCMOTUYECKOro ctpecca u
pas3nuyHbIX MoaAudMKaTOpoOB LUUTOCKeNeTa Ha pa3BuTue
XONoJOBOro M rmnepToHMYyeckoro woka: ABToped. auc...
kaHg. 6uon. Hayk.— XapbkoB, 1993.— 14 c.

Pama3saHos B.B., boHdapeHko B.A. OevictBue remmHa n ANAC
Ha XONOAOBOW M rTMNEPTOHNYECKMIA LLOK 3puTpoumToB // Mpobn.
Kpuobronorum.— 1996.— Ne2.— C. 13-17.

Pama3saHos B.B., boHdapeHko B.A. CpaBHuTenbHoOe
nccrnefoBaHue XONOAOBOrO M FMMNEPTOHMYECKOro Lwoka
aputpouunTtoB B pactsope NaCl // Mpobn. kpuobuonorumn.—
1996.— Ne1.— C. 34-36.

lWnakoea H.M., boHOapeHko B.A. YyBCTBMTENbHOCTb
3pPUTPOLIMTOB K XONOAOBOMY LLOKY B CpeAax, coAepxalinx
conu u HeanekTponuTel // Mpobn. kpuobuonorumn.— 1992.—
Ne3.— C. 15-19.

Aldwinckle T.J., Ahkong Q.F., Bangham A.D., Fiser D.,
Lucy J.A. Effect of poly(ethylene glycol) on liposomes and
erythrocytes. Permeability changes and membrane fusion //
Biochim. Biophys. Acta.— 1982.— Vol. 689, Ne3. — P. 548-560.
Green FA., Jung C.Y. Cold-induced hemolysis in a hypertonic
milieu // J. Membr. Biol.— 1977.— Vol. 33, N3-4.— P. 249-262.
Lehtonen J.Y., Kinnunen P.K. Poly(ethylene glycol)-induced
and temperature-dependent phase separation in fluid binary
phospholipid membranes // Biophys. J.— 1995.— Vol. 68, N2.—
P. 525-535.

Ohki S., Arnold K. Surface dielectric constant, surface
hydrophobicity and membrane fusion // J. Membrane Biol.—
1990.— Vol. 144, N3.— P.195-203.

Suwalsky M, Ungerer B, Villena F, Norris B, Cardenas H,
Zatta P. Effects of AICI3 on toad skin, human erythrocytes,
and model cell membranes // Brain Res. Bull.— 2001. — Vol.55,
N2.— P. 205-210.

Takahashi T., Williams R. J. Thermal shock hemolysis in
human red cells. 1. The effect of temperature, time and osmotic
stress // Cryobiology.— 1983.— Vol.20, N5.— P. 507-520.

Weis C., Haug A. Aluminum-altered membrane dynamics in
human red blood cell white ghosts // Thromb. Res.— 1989.—
Vol.15, N54.— P.141-149.

Hocmynuna 23.03.2005

NPOBJIEMbI
KPUOBMOJIOTUU
T. 15, 2005, N24

613

17. Takahashi T., Williams R.J. Thermal shock hemolysis in

human red cells. 1. The effect of temperature, time and osmotic
stress // Cryobiology.— 1983.— Vol.20, N5.— P.507-520.

18. Weis C., Haug A. Aluminum-altered membrane dynamics in

human red blood cell white ghosts // Thromb. Res.— 1989.—
Vol. 15, N54.— P. 141-149.

Accepted in 23.03.2005

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N24



