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to the Change in the Medium Osmotic and Temperature Conditions
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HccnenoBany BiansiHAe aM(pUIIATHYSCKUX COSANHEHUH Ha 4yBCTBUTEIBHOCTh 9PUTPOLIMTOB K TUIIEPTOHHMYECKOMY LIIOKY ITPH ITEPEHOCe
B 4,0 M NaCl u runepToHN4ecKOMY KpHOTeMOU3y npu oxiaxaeHuu ot 37 no 0°C. YcTaHOBIICHO, 4TO HE3aBHCUMO OT IIPHPOJIBI
JCHCTBYIOLIET0 areHTa ero BIMsIHUE Ha COXPAHHOCTD KJIETOK IIPH TUIIEPTOHNYECKOM FeMOJIN3€ U TUIIOTOHUYECKOM ILIOKE HOCUT CXOZHBI
xapakrep. [Ipu runepToHMYECKOM LIOKE JUIsl KaXKI0TO HCCIIelyeMOro CoeIMHEeH s HaOmoaaeTcst 001acTh KOHLEHTPALHH, TP KOTOPOit
3alIUTHBIA 3G QEKT SBIIETCS MaKCUMaIbHBIM. [IpH BBICOKMX KOHLEHTpauuMsaX amduara B yCIOBUIX TMICPTOHUU HAOIIOIAETCs
nporeMonuTrdeckuii 3pdext coenunenus. [Ipu nepenoce B 4,0 M NaCl sauutabiii 3G HexT aMPpUIaToB NPOSBIAETCS TAKKE B MI3MEHEHHN
TEMIIepPaTypHOM 3aBUCUMOCTH YyBCTBUTEIBHOCTH IPUTPOLIUTOB K THIIEPTOHUUECKOMY ILIOKY.

Knrouesvie cnosa: sputpounTsl, aMpUnaTHIECKHE COSTUHEHNS, THIIEPTOHNYECKHH 10K, TUIIEPTOHUYECKHIH KPHOTeMOJIU3.

JocnimxyBany BIUIUB aM(}illaTUYHUX CIOIYK Ha Yy TIMBICTH EPUTPOLIMTIB O TiEPTOHIYHOTrO MIOKY 1pH nepeHoci B 4,0 M NaCl
i TIEPTOHIYHOTO KpioreMoutizy mpu oxonomkeHHi Big 37 no 0°C. YcTaHOBIEHO, 1110 HE3aJIeKHO Bijl MPUPO/M JIF0YOr0 areHTa ioro
BILIMB Ha CXOPOHHICTB KIJIITHH IIPH TNePTOHIYHOMY I'eMOJTi3i i MHOTOHIYHOMY IIOKY HOCUTB IOAIOHMH XapakTep. B yMoBax rinepToHi4HOro
IIOKY JUIsl KOXKHOI JIOCIII/KYBaHOT CIIONYKH CIIOCTEPIracThesi 001acTh KOHLEHTPALiH, PH SIKUX 3aXUCHUI e(eKT € MakcuManbHUM. [1pu
O1JIb1II BUCOKHMX KOHIICHTPALISX PEYOBUHU B YMOBAX TillEPTOHIT HOUYMHAE BUSBILITUCS NPOreMONITHIHUH epekT crioayku. [Ipu nepenoci
B 4,0 M NaCl 3axucHuii epext ambinariB BUABISIETHCA TAKOXK Yy 3MiHI TeMIEpaTypHOI 3aJKHOCTI YyTIIMBOCTI €PUTPOLHUTIB 10
riMepTOHIYHOIO MIOKY.

Knrouogi cnosa: eputrpounth, amQpinaTuyHi CIoIyKH, FNepTOHIYHUHN IIOK, TEPTOHIYHUI KPioreMOoJTi3.

The effect of amphipatic compounds on the erythrocyte sensitivity to hypertonic stress when transferring into 4.0 M NaCl and
hypertonic cryohemolysis under cooling from 37 down to 0°C was investigated. It was established, that independently on the nature
of the acting agent its effect on cell preservation under hypertonic hemolysis and hypertonic stress was the similar. The concentration
range, where the protective effect is maximum, is manifested under hypertonic stress for each studied compound. Under high
amphipate concentrations under hypertonic conditions the prohemolytic effect of the compound is noted. When transferring into 4.0
M NaCl the protective effect of amphipate is also manifested in a change of temperature dependence of erythrocyte susceptibility to

hypertonic stress.

Key-words: erythrocytes, amphipatic compounds, hypertonic stress, hypertonic cryohemolysis.

B HacTosmee BpeMsi U3BECTHO, UTO MHOTHE
XUMUYEeCKUe areHThl (aM(uduIbHbIE COSTUHEHUS,
AHECTETUKH, IBYXBAJICHTHHIE HOHBI, aJIKUIUPYIOIINE
pEeareHThl U JIp.) CIIOCOOHBI OKa3aTh CYIIECTBEHHOE
BIIMSHHUE HA YYBCTBUTEIBHOCTD KJIETOK K U3BMEHEHUIO
TeMIEPaTyPHBIX ¥ OCMOTHYECKUX YCIIOBHI CpEIBI
[1,5]. BaxxHyI0 poip mpu 3TOM UTpaeT XapakTep
BIIUSTHHSI MOAU(UKATOPOB HA Ty WM MHYIO CHCTEMY
KJIEeTKU. B 4acTHOCTH, YCTOWUYUBOCTDH KJIETOK K
THIIEPTOHNYECKOMY KPHUOTEMOJINU3Y U THIIEPTO-
HUYECKOMY IMOKY MOYKET MOBBICUTHCS TOCJIE B3au-
MOJCHCTBHS MOAMGUIHPYIOMEro (aKTopa ¢ KOM-
IMOHEHTaMHU KaK IUTOCKeleTa, TaKk U MeMOpaHsI [7].
B mocnennem ciydae mpoTekTUpyOmuA dPdexT
MOXXET UMETh KaK YUCTO CTPYKTYPHYIO OCHOBY, TO

Nowadays it is known, that numerous chemical
agents (amphiphilic compounds, anesthetics, bivalent
ions, alkylating reagents etc.) are capable to cause a
considerable effect on cell susceptibility to a change
in the temperature and osmotic conditions of the
medium [1, 5]. The effect character of modifiers on
that or this cell system plays an important role. In
particular, the cell resistance to hypertonic cryo-
hemolysis and hypertonic stress can increase after the
modifying factor interaction with both cytoskeletal and
membrane components [7]. In the latter case, the
protecting effect can be of both structural base, i.e.
can be provided by the building in of molecules
modifiers to the lipid bilayer, and a functional one,
related, for example, to the change in the character of
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ecTh 00ecIeunBaThCsl BCTPAMBAHUEM MOJIEKYN MO-
Iu(uKaTOpoB B JUMHUAHBIA OMCIONW, TaKk U QyHK-
LUOHAJIbHYIO, CBA3aHHYIO, HAIIPUMEp, C U3SMEHEHUEM
xapakTepa (QyHKIHOHHPOBAHUS CHCTEM HOHHOTO
tpaHcnopTa [8]. IIpeanonaraercs, 4to obuiei
OCHOBOM BIHSHHS Ha KJIETKH YKa3aHHBIX MOAU-
(UKaTOPOB SIBJISETCS OTpaHUYCHHE CTPYKTYPHBIX
MepecTpoek MeMOpaHbl M LIUTOCKeNeTa [6,7].

DPUTPOIUT — yIOOHBIH 00BEKT, IIO3BOJIIONINH TIPH
MOJIOKUTEIBHBIX TEMIIEpATypax MOJEITUPOBATH
MIPOLIECCHI, BBI3BIBAIOIINE MTOBPEXKAECHUS KIETOK IPH
CHIDKEHHUH TEMITEPATyPhl M HI3MEHEHHH OCMOJISIPHOCTH
cpensl. Hambosnee m3ydeHbl THIEPTOHUYECKUIN
KPUOTEMOJIN3, MOCTTUNIEPTOHNIECKUN TeMOIN3 U
TUNEPTOHUYECKUN IIOK (IOBpEXICHUE, pa3BH-
BaroIlleecs MpHU NMEPEHOCE KIETOK B CHUIIBHO THIEp-
TOHHYECKUH pacTBop, Hanpumep, 4,0 M NaCl) [3]. Hns
KaXJOTO M3 yKa3aHHBIX THIIOB BO3JEHCTBUSA MOTYT
HUMETb MECTO T€ MJIM UHbIE KOMOMHALIMH JEHCTBYIOINX
(baxTopOB, HAPUMEP, KOTZIa H3MEHEHUSI TEMIIEPATyPhI
1 OCMOJISIPHOCTH CpeIbl COYETAIOTCA C JeHCTBHEM
OTIpEIEICHHOTO XUMHYECKOTO MOAUQUKATOpa.
CoOTBETCTBEHHO TPEACTABISET MHTEPEC BBIACHUTH,
KaK MPOSBIIAETCS BIMSIHNE XUMHUYECKHUX areHTOB IPU
TOM WJIM MHOM THIIE BO3JICHCTBHSI.

Matepnanbl 1 meToAbI

st uccienoBaHus UCIIOJIB30BATHA SPUTPOLIUTEI,
MOJTy4EHHBIE U3 TOHOPCKOM KPOBH, 3aTOTOBJICHHON Ha
[NIIOTUOUPOBOM KoHcepBaHte. Ilocine ynaneHus
[Ja3MBbl 3PUTPOMACCY IBAXKIbl OTMBIBAIN LIEHTPH-
¢yruposanuem npu 1500 g B TeyeHne 3-X MHHYT B
10-kpaTHOM 00BEME (PU3MOJIOTHYECKOrO pacTBOpa
(0,15 mois/n NaCl, 0,01 mons/n pocdarnoro Gydepa,
pH 7.4) 1 Xxpauunu B BUIE INTIOTHOTO Ocaika He boee
2-x gacoB npu Temieparype 0°C. JleiikomuTapHyo
IUICHKY yAaJsiiau acnupainueil. Bce ucnonb3oBaHHbIE
B pabote cpenpl rororin Ha 0,01 Monb/1 pocdaTHOM
oydepe, pH 7,4.

B pabote Obutn Mcnonb30BaHbl aMuHUIBHEIE
coequuenwus: aerui-B,D-rmokonupanosusn (DGP),
rexcui1-3,D-rmroxonupanosua (HGP), oxtun-f3,D-io-
konupano3ua (OGP), nogeuun-f,D-manbro3un
(DDM), xnopupoMa3uH TUAPOXIOPUL (GUPMBI
“Calbiochem”, a Takxe peakTHBBl OT€YECTBEHHOI'O
MIPOM3BOACTBA KBaU(UKAIUK “X4u” u “yma”.

I'uneproHnyecKuil 1IOK 3PUTPOLIUTOB MOJEIH-
poBaiu 1o ciexyromieit meronuke. I1o 50 Mk ocaaka
sputponmtoB neperocunu B 0,5 mu pacrsopa NaCl
(0,15-1,0 monp/n) mpu 3aJaHHOW TeMmIeparype u
WHKyOHUpoBaimu 2 MHUH (dTam mpenBapUTeIbHOU
nHKyOanun). 3ateM U3 Kaxaou mpoOsl mo 50 MK
CYCIIEH3UH 3PUTPOLUTOB mepeHocunu B 1,0 ma
pactBopa, conepxamero 4,0 mons/n NaCl (B Hopme
U B yCJIOBHSX 00pabOTKH amMpUIATHYECKUM COe-
JTUHCHHUEM ).
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the ion transport system functioning [8]. General base
of the effect on cells of the mentioned modifiers is
assumed to be the limitation of the membrane and
cytoskeleton structural rearrangements [6, 7].

The erythrocyte is a convenient object, allowing
under positive temperatures to model the processes,
evoking the cell damages during the temperature
decrease and a change in the medium osmolarity.
Hypertonic cryohemolysis, posthypertonic hemolysis
and hypertonic stress (the damage, developing when
transferring cells into a strong hypertonic solution, for
example, 4.0 M NacCl) are the most studied [3]. Those
or these combinations of the acting factors, for example,
when the changes in the temperature and medium
osmolarity are combined with the effect of the certain
chemical modifier, can take place for each of the
mentioned effect types. Correspondingly, the
elucidation of the fact, how the effect of chemical
agents is manifested under this or that effect type, is
of the interest.

Materials and methods

For the investigation we used the erythrocytes,
obtained from donor’s blood, prepared on a glugicyr
preservative. After plasm removing, the erythromass
was twice washed-out by centrifuging under 1500 g
during 3 min in 10-fold volume of physiological solution
(0.15 mol/l of NaCl, 0.01 mol/l of phosphate buffer,
pH 7.4) and was stored as a dense sediment not more
than 2 hrs under 0°C. Leukocyte membrane was
removed by aspiration. All the media, used in the work,
were prepared in 0.01 mol/l phosphate buffer, pH 7.4.

The following amphiphilic compounds were used
in the work: decyl-3,D-glucopyranoside (DGP), hexyl-
B.D-glucopyranoside (HGP), octyl-B,D-gluco-
pyranoside (OGP), dodecyl-B,D-maltoside (DDM),
chlorpromazine hydrochloride of “Calbiochem”
Company, as well as the home manufactured reagents
ofthe “chemically pure” and “pure for analysis” grade.

The erythrocyte hypertonic stress was modelled
according to the following methods. By 50 pl of
erythrocyte sediment were transferred into 0.5 ml of
NaCl solution (0.15-1.0 mol/l) under the fixed
temperature and incubated for 2 min (the stage of
preliminary incubation). Afterwards from each sample
one transferred by 50 ul of erythrocyte suspension into
1.0 ml of solution, containing 4.0 mol/l of NaCl (in the
norm and under conditions of treatment with amphipatic
compound).

One transferred 50 pl of erythrocyte sediment into
0.5 ml of NaCl solution (1.2 mol/l) for 10 min under
37°C temperature for modeling the hypertonic
cryohemolysis. Then 50 pl of erythrocyte suspension
from this sample were put into 1.0 ml of NaCl solution
with the same tonicity, being under 0°C for 10 min (in
the norm and under conditions of treatment with
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Jia MopenupoBaHus THIIEPTOHUYECKOTO KpHOTe-
Mousnza 50 MKJI 0cajika SpUTPOLUTOB MEPEHOCHIH B
0,5 mx pactBopa NaCl (1,2 mons/1) Ha 10 MuH mpu
temmneparype 37°C. 3aTem U3 3Toi IPOOkI IEPEHOCHITH
50 Mk cycnensuu 3puTpouuToB B 1,0 Mi pacTBopa
NaCl To#i e TOHHYHOCTHU, HAXOAAIIETOCS MPHU
temneparype 0°C , Ha 10 MuH (B HOpME H B yCIOBHUSAX
00paboTKku aMPUMIATUUYECKUM COCTHHEHUEM).
T'unoroHNYECKUii 110K OCYIIECTBIISLIIN ITyTEM MIEPEHOCA
50 mxu cycrensuu B 1 mut 0,058 moune/n NaCl mpu
koHeuHOM Temartokpute 0,4%. Hccrmemyemoe
BELIECTBO JTOOABISUTH B JIUTHUYECKYIO Cpelly Tepen
BHECEHHEM KIIETOK.

Knerku ocaxnanu meHTpuyrupoBaHHEM B
tedyeHue 3-x MuUHYT npu 1500 g. Conepxanue
BBILIEIIETO B CyIIEpHATAHT TeMOINIO0NHA ONpeaeIIsUTH
cnekTpodoToMeTpudeckuM crnocobom Ha CD-4A c
MIPOTOYHON KIOBETOW MpH JUIMHE BOJHBEI 543 HM. 3a
100% npuHHMany MorouieHne MpoObl, B KOTOPYIO
N00aBIISUTH IeTepreHT TPUTOH X-100 B KOHLIEHTpauuu
0,1%. Kaxp1ii sKcriepMeHT OBTOPSUIN HE MEHee 6
pa3 B IBYX HapajielbHBIX mpobax. CoXpaHHOCTh
KJIETOK BBIpakadu Kak pasHumy Mexay 100%-m
TeMOJIM30M Y TEMOJI30M B OKCTIEPHUMEHTE JUIS KaXKI0U
AKCIEPUMEHTAIBHON TOUKHU.

Pe3yAbTathl M 00CyXXAeHHe

Ha puc. 1 npeacraBieHsl naHHBIE, OTpaskKalOIINe
HW3MEHEHHE COXPAaHHOCTH 3PUTPOLUTOB B YCIOBHAX
THIIOTOHUYECKOTO ¥ THIIEPTOHUYECKOTO III0KA, & TAKKE
TUIEPTOHUYECKOTO KPUOTEMOJIU3a MpU NeHCTBUU
aM(HIIATHYECKUX areHTOB W3 rpymmsl [3-D-mioko-
MUPAaHO3UJO0B. YKa3aHHbIE COSIMHEHNUS PA3TUIAIOTCS
TI0 JUTHHE anuQaTHdaecKor O0KOBOMU IETIH, 9TO BIUSIET
Ha TaKKe MapaMeTpsbl, Kak THIPOPOOHOCTh MOJIEKYITbI
1 KOOQQUIMEHT pacrpeesieHusI MKy MOJSIPHON U
rugapodoOHol ¢azamu [4]. B manHoM ciyuae
PE3YABTHPYIOIUM ITapaMeTpPOM MOXKHO CUHTATh
Jrarna3oH Y PEKTUBHBIX KOHIIEHTPAIMA BEIIECCTRA, TIPH
KOTOPBIX OHO 00€CIeYynBacT MAKCUMAIIBHYIO 3aLUTy
KJIETOK NMPU OCMOTHYECKOM M TEMIIEpaTypHOM
Bo3aeiicTBusx [2]. Hus Bcex 3-X ucciueayeMbIx
BCILECTB XapaKTepeH MPAaKTUUECKU OJMHAKOBBI
3aIIUTHBIA 3QQEKT B YCIOBUAX TMIOTOHUYECKOTO
reMoJIN3a U THIHEPTOHUYECKOTO KPHOTEMOJIHN3a
aputpounToB (puc. 1, KpuBsie 1, 3 COOTBETCTBEHHO).
Wnas xaptuHa HaOm0maeTcs Mpy TUIIEPTOHIMYECKOM
moke (puc. 1, kpuBas 2). BugHO, 4TO B IPUCYTCTBUU
KaXXJI0OTO HMCCIEIYyEeMOro BEHIeCTBA CYIIECTBYeT
rpaHHUIla €r0 KOHIIEHTpAIui, MpU Mepexoie depes
KOTOpYIO 3amuTHas 3()(HEKTUBHOCTh YMEHBIIACTCSI.
3T0 MO3BOJIAET IPEATIOTIOKUTD, YTO TUIIEPTOHMYECKHUIT
cTpecc MHAYLUHUPYET U3MEHEHHUs B MeMOpaHe,
BBI3BAHHBIC CEJIEKTUBHBIM BKIIIOUYEHHUEM MOJIEKYJ
am¢umara B y4aCTKU MeMOpaHbl ¢ Ooliee BHICOKOU
TEKY4YEeCThIO C JOCTH)KCHHEM KOHLEHTpauui, Mpu
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amphipatic compound). Hypotonic stress was
performed by transferring 50 ul of suspension into 1 ml
0f'0.058 mol/l of NaCl at the final hematocrit of 0.4%.
The studied substance was added into a lytic medium
before cell introduction.

Cells were precipitated by centrifuging during 3 min
at 1500g. The content of the released into supernatant
hemoglobin was spectrophotometrically determined by
1 way in SF-4A with a flow dish at the 543 nm wave
length. The sample absorption, where one added the
Triton X-100 detergent in 0.1% concentration, was
taken for 100%. Each experiment was repeated not
less than 5 times in two parallel samples. The cell
integrity was expressed as the difference between
100% hemolysis and the one in the experiment for each
experimental point.

Results and discussion

The Fig.1 shows the data, reflecting the change in
the erythrocyte integrity under conditions of hypotonic
and hypertonic stresses, as well as hypertonic
cryohemolysis under the effect of amphipatic agents
from the B-D-glucopyranoside group. The mentioned
compounds differ by the length of aliphatic side chain,
that affects such parameters, as a molecule
hydrophoby and the distribution coefficient between
the polar and hydrophobic phases [4]. In this case as a
resulting parameter we can consider the range of
efficient substance concentrations, when it provides
the maximum cell protection under osmotic and
temperature effects [2]. Practically the same protective
effect under conditions of the erythrocyte hypotonic
hemolysis and hypertonic cryohemolysis is typical for
all 3 studied substances (Fig. 1, curves 1, 3,
correspondingly). Another picture is observed during
hypertonic stress (Fig. 1, curve 2). It is obvious, that
at the presence of each studied substance there is the
limit of its concentration, transferring which the
protective effect reduces. This allows to suppose, that
hypertonic stress induces the changes in a membrane,
evoked by a selective inclusion of amphipate molecules
into the membrane sites with higher fluidity with
achieving such concentrations, when the bilayer
structure is destabilised. If we assume, that the strong
hypertonic stress, accompanying by a decrease in cell
volume, change in its shape and the membrane
deformation, is the factor, contributing to the separation
of lipid phases in the membrane plane, one can consider
namely the concentrating of amphipate molecules in
the bilayer sites with a high fluidity as the instability
factor under these conditions.

The Fig. 1 demonstrates, that the hypertonia effect
1s most of all manifested at DGP, and the least at HGP.
At the same time the mentioned differences can be
considered as the relative ones, because the general
tendency, observed under the amphipate effect points
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Fig. 1. The effect of DGP (a); HGP (b); OGP (c) on

erythrocyte integrity under conditions of: 1 — hypotonic
stress; 2 —hypertonic stress; 3 — hypertonic cryohemolysis.

CoxpaHHoCTb, %

KOTOPBIX CTPYKTypa OHUCIOS JecTaOuIu3upyercs.
Ecnu npuHATH, 4TO CUJIBHBIA THIEPTOHUYECKHI
CTpecc, COMPOBOXKAAIOIIUICS YMEHbIIEHHEM 00beMa
KJIETKH, U3MeHeHueM ee Gopmbl U Aedopmanueii
MeMOpaHbl, SBIAETCS PaKTOPOM, CIIOCOOCTBYIOLIHM
pa3neneHuIo IMIUIHBIX (a3 B III0CKOCTH MEMOpaHBHI,
Toraa ()aKTOpOM HECTaOMIBHOCTH B 3TUX YCIOBHUSX
MOYXHO CYMTATh UMEHHO KOHLIEHTPHPOBAHHUE MOJIEKYT
aMmdmumara B ygacTkax OHMCIIOS C BBICOKOU TEKy-
YEeCThIO.

U3 puc. 1 BuanaO, yTo OONbmIe Bcero 3dpdext
runepTonnu npossugerca npu DGP, a Hanmenbme —
ipu HGP. B 10 5xe BpeMs yka3aHHbIE pa3inudus MOKHO
paccMaTrpuBaTh Kak OTHOCHTEIbHBIE, TaK KaK 00Imas
TeHJeHLUs, HaOIroaaeMast Mpy AeHCTBUH aM(HUIIaToB,
yKa3bIBaeT Ha CHIKEHHE 3aIIUTHOHN 3()(HEeKTUBHOCTH
aM(UIaTHYECKOr0 areHTa IpH TMIePTOHUYECKOM
LIOKE [10 Mepe YBEIMUYEHUS €r0 KOHLEHTpauu. Baxno
OTMETHTh CBI3b MEXIy abcoltoTHOH 3ddek-
TUBHOCTBIO aM(umara (KOTOPYI0 MOXXHO OLICHUTH I10
ONMU30CTH KONMYECTBEHHBIX 3HAYEHUH COXPaHHOCTH
SPUTPOLIUTOB MPH BCEX 3-X peKMMax BO3ACUCTBUS HA
KJIETKH ) U KPYTU3HON HUCXOAIIETO YIacTKa KPUBOM
COXPaHHOCTH KJIETOK B YCIIOBHUAX THIEPTOHUIECKOTO
moka. J{is DGP, xapakrepusyromerocs 6oiee HU3KOH
a0CcoM0THON 3G ()EKTUBHOCTHIO MO CPABHEHHIO C
IpyTrUMHU amuIaTamMy, KpyTH3Ha HUCXOSIIEH BETBH
KPUBOW COXPaHHOCTH NPU THMIIEPTOHHYECKOM IIIOKE
sBisieTca HanOosee BeIcOKOH. W3 aToro cienyert, 4to
3amuTHasA 3()QEeKTUBHOCTh amMduaTa MOKET OBITH
OTIpeJiesieHa 110 ero CIIOCOOHOCTH 3aIIMIIATh KIETKH
B YCJIOBHSIX THIIEPTOHHYECKOTO KPHOTEMOJIH3A.

st BapraHTOB TEMIIEpaTypPHO-OCMOTHYECKOTO
Bo3zaeiicTBus (puc. 1) xapakTepHO HaJIUYHE ABYX
obnacreit runeproandeckux kontenrpauii NaCl (1,20
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to a decrease in a protective efficiency of amphipatic
agent under hypertonic stress with an increase in its
concentration. It is important to note the relationship
between the absolute amphipate efficiency (which can
be estimated by the proximity of quantitative values of
erythrocyte integrity under all 3 regimens of effect on
cells) and the slope of descending curve site of cell
integrity under hypertonic stress conditions. For DGP,
which is characterised by lower absolute efficiency in
comparison with other amphipates, the slope of the
integrity descending curve under hypertonic stress is
the highest. It follows from this, that the amphipate
protective efficiency can be determined by its capability
to protect cells under hypertonic cryohemolysis
conditions.

For the variants of temperature and osmotic effect
(Fig. 1) it is characterised the presence of two areas
of NaCl hypertonic concentrations (1.20 and 4.0 M,
relating in the first case to a cell damage under
hypertonic cryohemolysis conditions, and in the second
one to a hypertonic stress). At the same time in an
intermediate range of NaCl concentrations the cell
damage mechanism can be of combined character, i.e.
can comprise both the osmotic and temperature
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u 4,0 M, OTHOCSIIUXCSI B MIEPBOM CIIydae K ITOB-
PEXICHHUIO KJIETOK B YCIOBUSAX THIEPTOHUYECKOTO
KpHOTI€MOJIN3a, & BO BTOPOM — THIIEPTOHHUYECKOIO
moka). B To e BpeMs B MPOMEKyTOYHOH 00J1acTH
koHueHnTpauuii NaCl MexaHHu3M OBPEXICHHUS KIETOK
MOXET HOCHUTh KOMIUJIEKCHBIH XapakTep, TO €CTh
BKJIIOYaTh KaK COOCTBEHHO OCMOTHYECKYIO, TaK H
TEMIIEPATYPHYIO KOMIIOHEHTY NoBpexaeHud. CooT-
BETCTBEHHO 00Jie€ CIOXHBIM B 3THX yCIOBHIX
ABISIETCS 3aUIUTHBIA 3G PEeKT aMpUIaTHIEeCKUuX
COEIMHECHUM.

Ha puc. 2 npeacraBieHsl TaHHBIE O BIUSHUAU 2-X
amumaro: DDM (2,0x10 Monb/T) ¥ XJIoprpoMa3nHa
(3,5%10* MOJ1B/1T) HA 1yBCTBUTEIBHOCTH SPUTPOIIUTOR
K oxaaxaenuto ot 37 no 0°C B mpucyrcruu NaCl B
uHTEepBasie KoHNeHTpanui 0,75-2,25 M. B obmactu
KOHIIEHTpauui anekrponuta BOmu3u 1,25 M cox-
PaHHOCTH KJIETOK MUHUMAaJIbHA M OHA BO3PAcTaeT Kak
npu 0ojee HU3KHUX, TaK U NpHU 0oJee BBICOKHX
3HaueHuax koHueHtpauuu NaCl. UHo#i xapakTep
3aBHUCHMOCTH MEXIY COXPAaHHOCTBIO SPUTPOIIUTOB U
KOHIIGHTpAIMeH 3IIEKTPOINTa B Cpeae Habmomaercs
B MpUCyTCTBUHU am¢umaroB (puc. 2, Kpusbie 2, 3).
Buano, uro npu nelicteuu xyopnpomMasuHa ¥ DDM
KpHWBbIE COXPaHHOCTH I MHTEPBaIa KOHIIEHTpanui
NaCl 1,25-2,25 M npakTu4ecku mapajuieibHbl APYT
IpyTy. DTO yKa3bIBaeT, YTO HECMOTPS HA pa3ianyus B
XHMHUUYECKON CTPYKType€ HCCIENYyEMBIX BEIIECTB
(DDM BxirouaeT G0KOBYIO anu(paTHYECKyIO LEIb,
COCTOALIYIO U3 12 yIIepoaHbIX aTOMOB), MEXaHHU3M
UX 3alIUTHOTO AEWCTBHS Ha KIETKH B yKa3aHHBIX
YCIOBHSAX, BEPOATHO, SABISETCS OJMHAKOBBIM.
YBenuueHne COXPaHHOCTH DPUTPOLIUTOB IIPH OXJIAXK-
nennu B mpucyrcteuu 1,75-2,25 M NaCl cBune-
TEJIBCTBYET O TOM, YTO MOBBIIIEHHAS OCMOJISPHOCTD
Cpesl MpU TEMIEPATYPHOM CIBUTE€ MOXET OBITh
(hakTOpOM, CHMKAIOIINM YYBCTBUTEIHHOCTH KJIETOK
K U3MEHEHHUIO TEMIIEPATyPHI.

W3 puc.3 BUIHO, YTO Kak MPH MEPEHOCE KIETOK
nipu Temniepatypax 0, 10, 20, 35°C, Tak 1 npu iepenoce
n3 0°C B KaXIyl W3 yKa3aHHBIX TEMIeEparyp,
COXPaHHOCTH KJIETOK B KOHTPOJIE MaKCUMaJlbHa MPHU
0°C. Ilo mMepe MOBBIIIEHUS TEMIEPATYPHI COXpPaH-
HOCTh J3PHUTPOLUUTOB CHHUXKAETCA U JOCTUTAET
MuHuMyMma npu 35°C. Caenyetr OTMETHTH, YTO
HE3aBHCHMO OT yCIIOBHI MEepeHoca KJIETOK B THUIEp-
TOHHYECKHH PacTBOP MX UYBCTBUTEIBHOCTH K
neperocy B 4,0 M NaCl 3aBUCHT TaKKe OT HCXOIHBIX
OCMOTHYECKHX YCIOBHUH, B KOTOPHIX OHH HAXOIWIINCH.
CoxpaHHOCTH SpPUTPOIIMTOB MUHIMAJIFHA B yCIIOBHSIX
KaK MCXOJHON M30TOHHMH, TaK M TUIIEPTOHHH, KOTIA
koHuenTpauus NaCl B cpene cranosutcs Boiue 0,75 M.

Habnionaemas na puc. 3 (a, B) TemmeparypHas
3aBHCUMOCTb MOXET ObITh OOBSICHEHa C y4eTOM
O0amaHca BIUAHUS ABYX (aKTOPOB: MEPBHIHA —
BEPOSATHOCTh MHULMALMU MEeMOpaHHOro nedeKTa Ha
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component of a damage. Correspondingly, the
protective effect of amphipate compounds is more
complicated under these conditions.

The Fig. 2 presents the data about the effect of
two amphipates: DDM (2.0x10° mol/l) and chlor-
promazine (3.5x10* mol/l) on the erythrocyte
sensitivity to cooling from 37 down to 0°C at the NaCl
presence within the 0.75-2.25 M concentration range.
Within the area of the electrolyte concentrations close
to 1.25 M the cell integrity is minimum and it increases
both under lower and higher values of NaCl
concentrations. Another character of the dependency
between the erythrocyte integrity and the electrolyte
concentration in the medium is observed at the
amphipate presence (Fig. 2, curves 2,3). It is seen,
that under the chlorpromazine and DDM effect the
integrity curves for the NaCl concentration range of
1.25-2.25 M are quite parallel to each other. This
indicates, to the fact, that in spite of the differences in
chemical structure of studied substances (DDM
includes a side aliphatic chain, comprising 12 carbon
atoms), the mechanism of their protective effect on
cells under these conditions is probably the same. An
increase in erythrocyte integrity during cooling at the
presence of 1.75-2.25 M NaCl testifies to the fact,
that an increased osmolarity of the medium under
temperature shift can be the factor, reducing the cell
sensitivity to the temperature change.

The Fig. 3 shows, that during the cell transfer at 0,

CoxpaHHOCTb, %
Integrity, %

0 T T T T T T
125 15 1,75 2 225 25
KoHueHTpaumsa NaCl, M
NaCl concentration, M

Puc. 2. Bmustnue DDM u xnopripoma3uHa Ha COXPaHHOCTh
SPUTPOLUTOB NP THIIEPTOHUYECKOM Kpuoremonuse (37-
0°C). 1 —xonTpOIB; 2 - DDM; 3 — XN10pripoMasuH.

Fig. 2. Effect of DDM and chlorpromazine on erythrocyte
integrity under hypertonic cryohemolysis (37-0°C). 1 —the
control; 2 - DDM; 3 — chlorpromazine.

10, 20, 25°C, as well as during the transfer from 0°C
into each of the mentioned temperatures, the cell
integrity in the control is maximum at 0°C. With the
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Puc. 3. Biussare DDM (7,5%10°M) Ha COXpaHHOCTh SPUTPOLIMTOB, HCXOIHO MHKYOHUpyeMbIX B pactBopax NaCl B uHTepBaie
0,15-1,0 M nipu nepenoce B 4,0 M NaCl ripu pa3nu4HbIX TeMIIEPaTYPHBIX PeKUMaXx: a — He0OpaOOTaHHBIE IPUTPOLIUTHI,
TemnepaTypa koHeuHoro pactsopa (4,0 M NaCl) cooTBeTcTBYeT TeMIieparype HauaJdbHON HHKyOauuu; 6 — To ke mocie
06paborkn DDM; B — HeoOpaboTaHHBIE SPUTPOLUTHI, TEMIIEpaTypa HadanbHoro pactBopa 0°C, koneunoro 0-35°C; r—To
ke rocnie oopadotku DDM. [1-0°C; m —10°C; A —20°C; J-35°C.

Fig. 3. DDM effect (7.5%10° M) on erythrocyte integrity, initially incubated in NaCl solutions within the range of 0.15-1.0
M when transferring into 4.0 M NaCl under different temperature regimens: a— non-treated erythrocytes, the temperature
of final solution (4.0 M NaCl) corresponds to that of initial incubation; b — the same after treatment with DDM; ¢ — non-

treated erythrocytes, temperature of initial solution is 0°C, 0-35°C for final one; d — the same after DDM treatment.

U-0°C; m —10°C; A —20°C; U-35°C.

HavyaJIbHOM ATane BO3JACHCTBUA Ha KJIETKU, BTOPOU —
BEPOSTHOCTH €r0 3aMBIKaHUS Ha KOHEYHOM dTare. B
3aBUCUMOCTH OT HAaYaJIbHBIX M KOHCUHBIX TEM-
MIePAaTYPHBIX YCIOBUH BEPOSTHOCTH MHUIHAIIUHA U
3aMBIKaHHS Te(dEeKTa MOXKET U3MEHATHCA. HBIMU
CJIOBaMH, TIPU OMPEACICHHOW TeMIlepaType mpeoo-
JagaeT BIUsSHUE (HAKTOPOB, CIIOCOOCTBYIOIINUX
VHUIHAIWH, ¥ CJ1a00 MPOSBIILETCS BIUSHUE PAKTOPOB,
CIOCOOCTBYOIHUX 3aMBIKAHUIO, a IPH JpYyroi
TeMIepaType MOXET HMeTh MECTO oOpaTHas
cutryauusi. O4eBUIHO, MPU BBICOKOM YPOBHE COX-
PaHHOCTHU KJETOK OajlaHC BIHSHUS yKa3aHHBIX
(hakTOPOB CABUTAETCS B CTOPOHY HU3KOH BEPOSITHOCTH
WHHIHAIUN 1e(PEKTOB W BBHICOKOW BEPOSITHOCTH HUX
3aMBIKAHUS.

JlanHbie, TpencTaBiIeHHBIE Ha puc. 3 0, T,
YKa3BIBAIOT Ha BAKHYIO 0COOCHHOCTH BiusHua DDM
Ha COXPaHHOCTH IPUTPOIIUTOB B YCIIOBHSIX THIIEP-
TOHHYECKOTO IMIOKa ATOT aM(UIaT MPaAKTHICCKHU
MPOBJIEMbI
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temperature increase the erythrocyte integrity reduces
and achieves the minimum at 35°C. It should be noted,
that independently on the conditions of cell transfer
into hypertonic solution the cell sensitivity to the transfer
into 4.0 M NacCl also depends on the initial osmotic
conditions, where they are placed. The erythrocyte
integrity is minimum both under initial isotonic and
hypertonic conditions, when the NaCl concentration
becomes higher than 0.75 M.

The observed in the Fig. 3, a, b temperature
dependency can be explained taking into account the
balance of the influence of two factors: the probability
of membrane defect initiation at the initial stage of the
effect on cells and that of its closure at the final one.
Depending on the initial and final temperature
conditions the probability of the defect initiation and
closing can be changed. By other words under certain
temperature there is the predomination of the factors,
contributing to the initiation, and vice versa, there is a
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YCTpaHSAET TEMIIEPATypPHYIO 3aBUCHMOCTh YYBCTBH-
TETHHOCTH KJIEeTOK K mepeHocy B 4,0 M NaCl kxak B
N30TEpPMHUYECKOM, TaK U HEU30TEPMHUUECKOM pe-
xHuMax. B cmyyae HOpMallbHBIX 3pUTPOLUTOB (pUC. 3,
a, B) COXpPAaHHOCTh KJIETOK ONpEAENsieTcs KOHEUHOU
temnepatypoit (4,0 M NaCl) nezaBucumo ot
HadanbHOU. EciyM y4nThIBaTH, YTO MaKCHUMallbHAs
COXPaHHOCTb 3PUTPOLUTOB HAOIIOOAETCA MOCHE UX
MIepEeHOCa U3 MPOMEKYTOTHOH 00J1aCTH KOHIICHTPAITHI
NaCl (0,40-0,50 M), Torma MO>XHO MPEITIOIOKHUTh, 4TO
TeMIepaTypa OIpeIeNnseT BpeMs )KU3HA CTAOUITFHOTO
COCTOSIHUS KIETOK, (popMupylomerocs B 3TOH
o6sactu NaCl u obecrieunBaroIero ux yCToH4uBOCTb
B IIEPEXOMHOU (haze OBICTPOTO M3MEHEHUS YCIOBHM
cpexns! npu nepenoce B 4,0 M NaCl. IIpu 0°C Bpems
KU3HHU CTAOUIBHOT'O COCTOSHHUS KIJIETOK MOXKET
BO3pacTaTh B CTENEHH, JOCTATOUYHOU A MPEAoT-
BpallleHHUs UX JIM3KCa B IepexonHon (asze OpicTporo
HW3MEHEHHS] OCMOTHYECKUX YCIOBUU cpeasl (Ipu
runeproHnvyeckoM moke). DDM cnocobGcTByeT
COXPaHEHHIO CTA0MIIBHOTO COCTOSHHS HE3aBHCHMO OT
TEMIIEPATYPHOTO PEKHMMa IepeHoca KIEeToK (puc. 3,
0, T).

BbiBOABI

AMdunaTudecKue COCIUHEHHS MO-Pa3HOMY
OKa3bIBAIOT 3AIMUTHBIA 3P(HEKT Ha IPUTPOLUTHI B
YCIOBUSX TUIMEPTOHHYECKOTO KPpHUOTEeMOIH3a U
TUIIepTOHUYECKOTO IoKa. [Ipu rumeproHnYecKoM
moke HaOnmromaeTcs KpUTHUYecKas 00JIacTh KOH-
LEHTpaIuii aM(UNaToB, IPU NMEPEXoie Yepe3 KOTOPYIO
Ha4YMHAET MPOSIBISITH ce0S MPOTEMOIUTUIECKOE
NeicTBUEe cOeIMHEHUs. B TO ke Bpems B YCIOBHSIX
TUIIEPTOHUYECKOIO KPUOTEMOJIN3a XapaKTeP BIUSAHUS
amM(pUIIaToOB HA SPUTPOLUTHI HOCUT CXOIHBIN XapaKTep
C TAaKOBBIM IIpHU OCMOTHUYECCKOM MIOKEC, pa3BU-
BaOILEMCS MPH MIEPEHOCE KJICTOK B THIIOTOHHUYECKUM
pactBop anekrponuta. [Ipu mepenoce B 4,0 M NaCl
am(unaTHl U3MEHIIOT TEMIIEPATYPHYIO 3aBUCHMOCTh
YYBCTBUTEIBHOCTH SPUTPOLIUTOB K OCMOTHYECKOMY
BO3JIEHCTBHIO.
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slight manifestation of the factor effect, contributing
to a closure, during the temperature change the reverse
situation can occur. At a high level of cell integrity the
balance of the effect of the mentioned factors is
evidently shifted towards the side of low probability of
the defect initiation and a high probability of their
closing.

The data of the Fig. 3, b, d indicate to the important
peculiarity of DDM effect on the erythrocyte integrity
under hypertonic stress conditions: this amphipate
practically removes the temperature dependency of
cell sensitivity to the transfer into 4.0 M NaCl both in
isothermic and non-isothermic regimens. For the case
of normal erythrocytes (Fig. 3, a, b) the cell integrity is
determined by the final temperature (4.0 M NaCl)
independently on the initial one. If we take into account
the fact, that the maximum erythrocyte integrity is
observed after their transfer from the intermediate
range of NaCl concentrations (0.40-0.50 M), we can
assume, that the temperature determines the life time
for the cell stable state, that forms within this NaCl
range, and provides their resistance in a transitional
phase of a rapid change in the medium conditions when
transferring into 4.0 M NaCl. At 0°C the life time of
the cell stable state can increase in the degree,
sufficient for preventing their lysis in a transitional
phase of a rapid change in the medium osmotic
conditions (under hypertonic stress). DDM contributes
to the integrity of a stable state independently on the
temperature regimen of cell transfer (Fig. 3, b, d).

Conclusions

Amphipatic compounds differently manifest their
protective effect to erythrocytes under hypertonic
cryohemolysis and hypertonic stress conditions. Under
hypertonic stress there is observed a critical area of
amphipate concentrations, transferring which the
compound prohemolytic effect begins to manifest itself.
At the same time under conditions of hypertonic
cryohemolysis the character of amphipate effect to
erythrocytes has the similar character with that, being
under osmotic stress, which develops when transferring
cells into the electrolyte hypotonic solution. The
amphipates change their temperature dependence of
erythrocyte sensitivity to osmotic effect when
transferring into 4.0 M NaClL.

References

1. Dunaevskaya O.l., Shpakova N.M., Bondarenko V.A.
Hyperosmotic stress of red cells and antihemolytic activity of
trifluoperasine // Problems of Cryobiology.— 1997.— N4.— P.
28-33.

2. Orlova N.V., Shpakova N.M. Effect of amphiphilic compounds
on the susceptibility of partially dehydrated erythrocytes to
hypertonic stress // Problems of Cryobiology.— 2003.— N1.—
P. 59-64.

PROBLEMS
OF CRYOBIOLOGY
2003, N23



rMNepTOHNYECKMIA remonm3 apuTpouuTos: [Anc...kaHa.6von.
Hayk.— XapbkoB, 2003.— C. 149.

Uinakosa H.M., lNMaHmanep E.P., boHOapeHKko B.A. AHTU-
reMonuTMyeckui addeKT xrmopnpomasuHa npu runep-
OCMOTMYECKOM W XONOAOBOM LWOKe aputpountos //
Broxumunsa.— 1995.— 60, Ne10.— C. 1624-1631.

Lieber M.R., Lange G., Weinstein R.S., Steck T.L. Interaction
of chlorpromazine with the human erythrocyte membrane //
J. Biol. Chem.— 1984.— Vol. 259.— N14.— P. 9225-9235.
Minetti M., Di Stasi A.M. Involvement of erythrocyte skeletal
proteins in the modulation of membrane fluidity by
phenotiazines // Biochemistry.— 1987.— Vol. 26, N25.— P. 8133-
8138.

Motais R., Baroin A., Motais A., Baldy S. Inhibition of anion
and glucose permeabilities by anesthetics in erythrocytes.
The mechanisms of action of positively and negatively charged
drugs // Biochim. Biophys. Acta.— 1980.— Vol. 599, N2.— P. 673-
686.

Hocmynuna 05.08.2003

Pozdnyakov V.V., Bondarenko V.A. The interrelation between
initial osmotic medium conditions and erythrocyte sensitivity
to hypertonic stress in 4 M NaCl // Cryobiology.— 1989.— N1.—
P. 47-49.

Synchikova O.P. The effect of amphiphilic compounds on
hypertonic hemolysis of erythrocytes: Thesis of the candidate
of biological sciences.— Kharkov.— 2003.— 149 p.

Shpakova N.M., Pantaler E.R., Bondarenko V.A. Antihemolytic
effect of chlorpromazine under hyperosmotic and cold shock
of erythrocytes // Biokhimiya.— 1995.— 60, N10.— P. 1624-1631.
Lieber M.R., Lange G., Weinstein R.S., Steck T.L. Interaction
of chlorpromazine with the human erythrocyte membrane //
J. Biol. Chem.— 1984.— Vol. 259.— N14.— P. 9225-9235.
Minetti M., Di Stasi A.M. Involvement of erythrocyte skeletal
proteins in the modulation of membrane fluidity by
phenotiazines // Biochemistry.— 1987.— Vol. 26, N25.— P. 8133-
8138.

Motais R., Baroin A., Motais A., Baldy S. Inhibition of anion
and glucose permeabilities by anesthetics in erythrocytes.
The mechanisms of action of positively and negatively charged
drugs // Biochim. Biophys. Acta.— 1980.— Vol. 599, N2.— P. 673-
686.

Accepted in 05.08.2003

NPOBJIEMbI 37 PROBLEMS
KPUOBMONOrum OF CRYOBIOLOGY
2003, N23 2003, N23



