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Effect of Amphiphiles on Hypertonic Hemolysis of Erythrocytes,
Modified with Temperature of 49°C

VccnenoBany BIUsIHUE TEINIOBON Pe1oOpabOTKH 3pUTPOLIUTOB YeIOBEKa 1 ObIKa Ha X YyBCTBUTEIBHOCTh K THIIEPTOHHYECKOMY
crpeccy (4,0 monb/n NaCl) npu temnepatype 37 u 0°C. ITokazano, uro nHKyOamnus kiaetok npu 49°C, BbI3bIBaOLIAs ICHATYPALIUIO
CHEKTPUHA, CHUXKACT YPOBEHDb 'MIICPTOHUYECKOT'O MMOBPEKIACHUA DPUTPOLIUTOB YCJIOBEKA U HE BIIUACT HA COXPAaHHOCTb SPUTPOLIUTOB
obika ripu 37°C. [Ipu 0°C runepTroHNYeCKUid rTeMOIN3 MOAU(GUIIMPOBAHHBIX IPUTPOLIUTOB MIICKOITUTAIOLINX HE U3MEHseTcs. JleHaryparus
CIIEKTPUHA HUTOCKEIIETA SPUTPOLUTOB YC€JIOBEKA U 61>n<a INPUBOAUT K CHUKCHHUIO aHTUTEMOJIUTUYCCKOTO ﬂeﬁCTBHﬂ aM(bI/I(bI/IJ'IbeIX
BemiecTs (Heuuicynbdara Harpus, goaeimi-B,D-manero3ua, tpudropnepasuna) npu remmeparype 37 u 0°C.

Knrouessle cnosa: runepToHUYCCKUI CTPECC, SPUTPOLIUTHI, CIIEKTPUH, aM(DUUITbHBIC COSAMHEHHUS.

JocitimkyBai BIUIUB TEIIOBOT TepeoOpoOKH epuTPOLIUTIB JIFOMHY i OMKa Ha iX Yy TIUBICTH 10 TinepTroHiyHoro crpecy (4,0 Mob/i
NaCl) npu remneparypi 37 i 0°C. IToka3ano, mo iHKyOyBaHHs KIiTHH pu 49°C, sika BUKJIMKAE JCHATYpaLil0 CIEKTPHUHY, 3HUKYE
PiBEHB TiNEPTOHIYHOTO MOUIKO/PKEHHS! SPUTPOLMTIB JIIOAMHHU 1 HE BIUIMBA€E Ha CTiliKicTh epurpouuTiB Ouka npu 37°C. Ilpu 0°C
rinepTOHIYHUN TeMOoTi3 MOAN(IKOBAHUX EPUTPOLMTIB CCABLIiB HE 3MIHIOEThCs. JleHaTypallis CIIEKTPUHY LIUTOCKEJIETa EPUTPOLIUTIB
JIOIUHK | OMKa 3HIXKY€E aHTHTeMOJITHYHY Air0 ampidinpHuX cronyk (memuiacynbdary Harpito, gomeuwni-B,D-mManbsro3uny,
TpudTopnepasuny) npu remmeparypi 37 i 0°C.

Kniouosi cnosa: rinepToHiuHuii cTpec, ePUTPOLUTH, CIIEKTPUH, aM(i(iIbHI CHOTYKH.

The effect of thermal pre-treatment of human and bovine erythrocytes on their sensitivity to hypertonic stress (4.0 mol/l NaCl)
at 37 and 0°C was studied. It has been shown that cell incubation at 49°C, causing spectrin denaturation, decreases the level of human
erythrocyte hypertonic damage and does not affect the integrity of bovine erythrocytes at 37°C. Hypertonic hemolysis of modified
mammalian erythrocytes does not change at 0°C. Cytoskeletal spectrin denaturation of bovine and human erythrocytes results in
reduction of antihemolytic activity of amphiphilic substances (sodium decyl sulfate, dodecyl-B,D-maltoside, trifluoroperazine) at 37

and 0°C.

Key words: hypertonic stress, erythrocytes, spectrin, amphiphilic compounds.

[Ipenmnonararot, 4TO OfHA U3 OCHOBHBIX NMPUYUH
MTOBPEKACHUS KJIETOK TP 3aMOPAKUBAHNH — KOHIIEHT-
pUpOBaHHE BHEKJIETOYHOTO PAcTBOpA, CBA3AHHOE C
BBIMEp3aHUEM BOAHI [2, 15]. DkcriepuMeHTaIbHON MO-
JIeTBIO JIJIsl M3Y4EHHsI TAHHOTO (pakTopa KPHUOIIOBPEK-
JEHUs SBIISETCS TUIIEPTOHUYECKUI CTpecc.

ArperarHoe U CTPYKTypHO€E COCTOSTHIE OeJIKOB ITH-
TOCKEJIETa BIMSET Ha CTENEHb UX aCCOLUALNH C SIKOP-
HBIMH OeJKaMu MeMOpaHbI, NOJAEPKHUBAET BSI3KO-
3JIaCTHUYECKUE CBOIICTBa MEMOPAHBI U yCTOWYHBOCTD
KJIIETKH K AeicTBHIO cTpecca [2]. [Tostomy moandu-
Kalusl LUTOCKEIETHBIX OEJIKOB HMEET BAXKHOE 3Haue-
HUE JUI TIOHUMaHUS MEXaHN3MOB YCTONUUBOCTH IPUT-
POLIMTOB B YCIOBUSX TUIIEPTOHIYECKOTO cTpecca. Hc-
XOJIS U3 TOTO, 4TO aM(puuIsHBIE COeAMHEHNS, TEHCT-
BHE KOTOPBIX pean3yeTcs Ha MeMOpaHe, 3HAYUTENEHO
CHIDKAIOT YPOBEHB MOBPEXKIEHHUS KIETOK B THIIEPTO-
HAYECKUX YCIOBUAX [S5], MpeacTaBisiil HHTEPEC HC-
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One of the main reasons of cell damage during
freezing is believed to be concentrating of extracellular
solution, associated with water freezing [2, 15]. A
hypertonic stress is the experimental model for studying
this cryodamage factor.

Aggregative and structural state of cytoskeletal
proteins affects the degree of their association with
anchor proteins of membrane, maintaining viscous-
elastic properties of membrane and cell resistance to
stress effect [2]. Therefore modification of cytoskeletal
proteins is important for understanding the mechanisms
of erythrocyte resistance under hypertonic stress.
Whereas amphiphilic compounds, which effect is
realized on membrane, significantly decrease the level
of cell damage under hypertonic conditions [5] there
was of interest to investigate their antthemolytic activity
for erythrocytes with cytoskeleton-membrane complex,
modified with the temperature of 49°C.
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CJICZIOBATh X AHTUTEMOJIUTHYECKYIO aKTUBHOCTD IS
SPUTPOIUTOB C IUTOCKEIET-MEMOPAHHBIM KOMILJICK-
COM, MOAN(UIIMPOBAHHBIM TeMIiepaTypoii (49°C).

Lenb paboThl — HccaenOBaTh BIUSHHUE Tpe/Ba-
PUTENBHOM HHKYOAIUU PUTPOIUTOB YeIOBEKa 1 ObIKa
ipu 49°C Ha UX 9yBCTBUTEIBHOCTh K THIIEPTOHUYEC-
KoMy ctpeccy (4,0 mons/n NaCl) u 3¢ dpexTuBHOCTD
aMPUPHUIBHBIX COCTUHEHUH B JaHHBIX CTPECCOBBIX
YCIIOBHSIX.

Matepnaabl 1 meToAbI

Jns mccnenoBaHns MCTIONB30BANH 3PUTPOIUTHI,
MOJTyYEeHHbBIE 3 KPOBH YelIOBEeKa 1 ObIKa, 3ar0TOBJICH-
HOU Ha KoHcepBaHTe “Tioruiup”. SpUTPOLUTEI BbIIE-
JISUTM TIO CTaHapTHOM MeToauke [5].

B pabote ObutM MCMOIB30BaHbI AeIHIICYIb(hAT
Harpus (“Cunre3s[IAB”, Poccus), nomenui-3,D-maib-
to3ux (“Calbiochem”, CIIA), Tpudropnepasun
(“Sigma”, CILIA) 1 peakTUBBI OT€YECTBEHHOT'O IPO-
M3BOJICTBA KBaUUKALKMK “X. 4.” ¥ “4. 1. a.”.

T'unepronnueckuii CTpecc IPUTPOLUTOB OCYIIECT-
BJISUIM TyTE€M IEPEHOCa AIMKBOTHI CYCIIEH3UU IPUT-
pouuToB B 1 Mu pacTBopa, conepxamiero 4,0 Monb/a
NaCl, na 5 mun nipu remneparype 37 wim 0°C. Koneu-
HbIM rematokput coctapisi 0,4%. AmbuduibHbie
COEIUHEHMs AO0aBISUIM B THIIEPTOHUUYECKYIO Cpery
nepe]; BHECEHUEM B HEe KIETOK [5].

OPUTPOLUTH MIEKOITUTAIOMNX (TeMaToKpUT 25%)
nHKyOHnpoBanu npu Temmnepatype 49°C (trepmocrar
U4, I'epmanus) B Teuenue 10 MuH.

Conep:xaHue reMorio0nHa B CylepHaTaHTe oIpe-
JESUTH CIEKTPOPOTOMETPUIESCKUM METOJOM TPH
qumrHEe BOTHBI 543 HM. 3a 100% npuHUMAITH TOTIIONIe-
HUEe MpoObI, B KOTOPY aoOaBisu TpuToH X-100
(0,1%).

3HauyeHne MaKCHUMaJIbHON aHTHUTEeMOJIUTHYECKOMH
akTUBHOCTH (A" ) aM(pubuILHOrO COETMHEHHs pac-
CUMTBIBAIN 11O hopMyIe

k—a

makc

x100%,

re k — BeMYruHA TEMOJIN3a 3PUTPOIIUTOB IIPH OTCYT-
cTBUH aM(UPIIFHOTO BEIIECTBA; ¢ — MUHUMAJIbHASA
BEJIMYMHA TEMOJIM3a SPUTPOLUTOB IIPU HAMUYUH aM]u-
(uIIBHOTO BelIeCTBA.

Craructryeckyro 00paboTKy pe3ynbTaToB IIPOBO-
JTAITA ¢ TToMOTITBI0 TecToB ANOVA u kputepust MaHHa-
VYutau (StatgraphWin). Pacxoxaenust mexay rpyn-
[aMyu CYHUTAI 0CTOBEpHBIMU nipu P, < 0,05.

Pe3yAbTatbl M 00Cy)xaeHue

CornacHO monmy4yeHHBIM pesynbraraMm (puc. 1) B
THUINCPTOHUYCCKUX YCIOBUAX I/ICXO}IHLIﬁ YPOBCHBD I10-
BPEXKACHUA SPUTPOUTOB UCCIICAYEMBIX MJICKOIINTA-
FOIIIMX 3aBUCUT OT BI/II[OBOI71 MPUHAAJICI)KHOCTHU KIICTOK
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The research aim was to study the effect of preli-
minary incubation of bovine and human erythrocytes
at 49°C on their sensitivity to hypertonic stress (4.0 mol/l
NaCl) and efficiency of amphiphilic compounds under
these stress conditions.

Materials and methods

Erythrocytes, derived from human and bovine blood,
prepared with “Glugicir” preservative were used for
the research. Erythrocytes were derived according to
the standard method [5].

Sodium decyl sulfate (Sintez PAV, Russia), dodecyl-
B,D-maltoside (Calbiochem, USA), trifluoroperazine
(Sigma, USA) and nationally produced reagents with
“chemically pure” and “pure for analysis” grades were
used in the research.

Hypertonic stress of erythrocytes was performed
by transfer of erythrocyte suspension aliquot into 1 ml
of solution, containing 4.0 mol/l NaCl for 5 min at 37
or 0°C. Final hematocrit was 0.4%. Amphiphilic com-
pounds were added into the hypertonic medium prior
to transfer of the cells [5].

Mammalian erythrocytes (25% hematocrit) were
incubated at 49°C (thermostat U4, Germany) for 10 min.

Hemoglobin content in supernatant was spectropho-
tometrically examined at 543 nm. The absorption of
the sample with Triton X-100 (0.1%) added was assu-
med as 100%.

The value of maximum antihemolytic activity
(AH, ) of amphiphilic compound was calculated by
the formula:

k—a

AH =

max

x100%,

where £ is erythrocyte hemolysis value at the absence
of amphiphile; a is minimum value of erythrocyte he-
molysis at amphiphile presence.

The results were statistically processed with ANOVA
tests and Mann-Whitney criterion (StatgraphWin). The
differences among the groups were significant at P, <
0.05.

Results and discussion

According to the findings (Fig. 1) under hypertonic
conditions the initial level of erythrocyte damage of
the studied mammals depends on cell origin and expe-
rimental temperature. Thus, human erythrocyte lysis
level in 4.0 mol/l NaCl at 37°C makes 90%, but at
temperature reduction down to 0°C does 55%. Bovine
erythrocyte hemolysis level at 37°C makes 90%, whe-
reas at 0°C does only 10%. Thus, during the medium
temperature reduction the resistance of bovine erythro-
cytes increases more than 9 times, which is obviously
caused by the peculiarities of erythrocyte membrane
phospholipid composition in this species: high content
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Y TEMITEPaTy Pl IPOBECHNS SKCIIEpIMEHTa. Tak, ypo-
BEHB JIN3UCa SPUTPOILIUTOB YenoBeka B 4,0 Monb/1 NaCl
nipu 37°C cocraBnseT 90%, a mpu CHUKEHUN TEMIIE-
patypst 1o 0°C —55%. YpoBeHb reMonu3a 3puTpOLU-
ToB ObIka nipu 37°C cocraBmsger 90%, Toraa Kak mpu
0°C — mumpb 10%. Takum o0pa3om, MpH CHIKEHUH
TEeMIIEPaTyPbl CPeAbl YCTOHUYUBOCTD 3PUTPOLIUTOB ObI-
Ka Bo3pacTaer Oolee 4yeM B 9 pas, 4to, O4eBUIHO, 00yC-
JIOBJICHO 0COOEHHOCTAMU (oCHOIHUITUIHOTO COCTaBa
MeMOpaH dPUTPOIUTOB JAHHOTO BUJIA — BEICOKUM CO-
nepxanvuem counromuenraa (CM) U OTCYTCTBHEM
docharuamxonuna (OX) [6, 7].

B ocHOBe mOBpek1atoIIero AeUCTBUS THIIEPTOHN-
YECKOro cTpecca JieKar MPoIecchl, 00yClaBInBaio-
e GopMUpPOBaHUE TPAaHCMEMOPAHHBIX IOP, COM3Me-
PUMBIX IO pa3MepaM C MOJEKYJIaMu IeMOIIOOMHA.
[Tokazano [3], uTo pu HU3KOW TemmepaType (HUXe
15°C) naunmanus TpaHCMeMOpaHHBIX 1e(EKTOB MO
BIIUSHUEM TUIIEPTOHUH U UX KOJIMYECTBO PE3KO CHHU-
KArOTCs, 4YTO OOBSACHIECTCS OrPaHUUYCHUSIMH, CBSA3aH-
HBIMH C BIUSHUEM TeMIEepaTypsl Ha AU PY3HI0 KOM-
[TOHEHTOB MEMOpPAaHbI, ¥ IOBBILIIEHNEM IJIOTHOCTH yIia-
KOBKHM MeMOpaHHBIX JunuaoB [2, 12, 14]. Ciaemosa-
TEJHHO, MOKHO MPEANOI0KHUTH, YTO B YCIOBHSIX TH-
neproHndeckoro crpecca mpu 0°C B memOpane, xa-
pakTepusyromercs 601ee IIOTHON yIIaKOBKOW JIUITH-
JIOB B JIaTEPaIbHOM MII0CKOCTH, MPOLIECCH MHULIUALIN
ne(eKToB 1 MOCTEAYIOIIETo X Pa3BUTHS 3aTPyIHEHDI.

[IpenBapurensHas MoaupuKaus LUTOCKEIETa
SPUTPOLUTOB uesioBeka npu 49°C 3HAYUTENBHO CHU-
YKaeT UX YyBCTBUTEIBHOCTH K THIIEPTOHUUYECKOMY BO3-
neiictButo npu 37°C, a 4yBCTBUTENBHOCTD dPUTPO-
uuTOB OBbIKa HEe n3Mensercs (puc. 1). B ycnoBusx ru-

of sphingomyelin (SM) and the absence of phosphati-
dylcholine (PC) [6, 7].

The processes stipulating the formation of trans-
membrane pores, comparable on dimensions with he-
moglobin molecules are the bases of damaging effect
of hypertonic stress. It has been shown [3] that under
low temperatures (below 15°C) the initiation of trans-
membrane defects under hypertonia and their number
sharply decrease, because of the limitations, associa-
ted with temperature effect on diffusion of membrane
components, and of increase of membrane lipids’ pack-
ing density [2, 12, 14]. Therefore, it may be suggested
that under hypertonic stress at 0°C the processes of
defects’ initiation and their further developing are
complicated in membrane, characterizing more com-
pact packing of the lipids in lateral plane.

The preliminary cytoskeletal modification of human
erythrocytes at 49°C significantly decreases their sen-
sitivity to hypertonic effect at 37°C, while sensitivity
of bovine erythrocytes does not change (Fig. 1). Modi-
fication of cell cytoskeleton does not affect the sensi-
tivity of the studied mammalian erythrocytes under
hypertonic stress at 0°C.

It has been known that incubation of mammalian
erythrocytes at 49°C results in denaturation of cyto-
skeletal proteins, particularly spectrin [8, 13], being the
main protein component of erythrocyte cytoskeleton,
forming filament network on cytoplasmatic membrane
surface [17]. It is supposed [3, 13] that spectrin dena-
turation, changing conformation of protein molecules,
reduces their ability to interact with membrane com-
ponents. As a result the stabilizing effect of cytoskeleton
on cell membrane may be decreased, making difficult
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Puc. 1. YpoBeHb reMoiir3a 3puTPOLIMTOB YeJIOBEKa M ObIKa B yCIIOBHUSX TnnepToHndeckoro crpecca (4,0 mons/n NaCl) mpu
temreparype 37 (a) u 0°C (6): O— naruBHbIe Ki1eTKH (KOHTpOIb); - kineTky, naKkyOnuposanusie mpu 49°C.

Fig. 1. Hemolysis level of human and bovine erythrocytes under hypertonic stress (4.0 mol/l NaCl) at 37 (a) and 0°C (b):
O — native cells (the control); 00— the cells, incubated at 49°C.
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neproHudeckoro crpecca npu 0°C moauukanms uu-
TOCKEeJIeTa KJIETOK HE BIUAET Ha YyBCTBUTEIBLHOCTh
SPUTPOLIUTOB UCCIEAYEMBIX MIIEKOTTUTAIOIINX.

N3BecTHO, YTO MHKYOAIMs SPUTPOIIUTOB MIIEKO-
nuTarmux npu 49°C NpuBOIUT K AEHATYPALUH LIUTO-
CKEJICTHBIX OEJIKOB, B YaCTHOCTHU crieKTpuHa [8, 13],
KOTOPBIH SBIISETCS OCHOBHBIM OEIKOBBIM KOMITOHEH-
TOM SPUTPOLUTAPHOTO IUTOCKENETa, (HOPMHUPYIOIINM
(bmTaMeHTHYIO CETh Ha TUTOILIA3MaTHIEeCKOU MTOBEPX-
Hoctu MeMOpaHnsl [17]. [lonararor [3, 13], uTo neHa-
Typalusl CIICKTPHHA, H3MEHSIONAas KOH(GOpMaIIHio
OEIKOBBIX MOJIEKYJI, CHIXKAET UX CIIOCOOHOCTH K B3au-
MOJICHCTBUIO C KOMITOHEHTaMH MeMOpaHbl. B pe3yib-
TaTe 3TOTO MOXKET YMEHBIIUTHCS CTA0MIN3UPYIOIIee
BIUSHUE [IUTOCKEIEeTa Ha MeMOpaHy KJIETKH, 4TO 3a-
TPYAHUT (HOPMHUPOBAHKE TPAHCMEMOPaHHBIX MOP, U
MPUBEJIET K CHIXKEHUIO UYBCTBUTEIBHOCTU SPUTPO-
LIUTOB YEJIOBEKA K TMIIEPTOHUUYECKOMY CTPECCY MpHU
37°C.

OTcyTCcTBHE U3MEHEHHI B YyBCTBUTEIBHOCTH K
runepronndeckomy crpeccy B 4,0 mons/n NaCl Tep-
MUYECKH MOAH(DHUIIMPOBAHHBIX IPUTPOLUTOB OBIKA,
BO3MOYKHO, CBSI3aHO C OCOOCHHOCTSIMU (ochHOTUIH/I-
HOTO cOCTaBa MeMOpaH dPUTPOLIUTOB JAHHOTO BHA
(BeICOKOE Ccomepxanue CM Hapsay C OTCyTCTBHEM
®X) [6, 7]. Beicokoe conepskanne CM B spuTponuTap-
HOM MeMOpaHe yMEHBIIAeT TeKYy4eCTh KIETOUYHON
MEMOPAaHbI, YBEITUIHBAS €€ )KECTKOCTh, a Hajmmane X
OKa3bIBaeT MIPOTUBONOJ0KHOE AekicTBue [17]. Caeno-
BaTENbHO, JOTIOJHUTEIBLHOE BIUSHUE TEPMUUYECCKON
MOJIU(HKALINH, OKa3bIBAIOIIEH OJJOOHOE BIUSHNE Ha
COCTOSIHHE MEMOpPaHbI KIIETKH, a UIMEHHO YMEHBIICHNE
ee tekydect [10, 11, 13], manoaddexruBHo. Kpome
TOTO, PEaKIIUs IPUTPOLIUTOB ObIKA HA HATPEBaHUE 3HA-
YUTETHHO OTIMYAETCS W Ha KJIETOYHOM ypoBHe. Ha-
TpEeBaHME SPUTPOLUTOB OBIKA IPUBOIUT K U3MEHEHHUIO
rX OPMBI OT JUCKOIIUTOB K cToMarormram [13], a apu-
TPOLIUTOB YEIOBEKA OT TUCKOIMTOB K 3XUHOLUTaM [16].

s u3yuenus BIusHUsA aMpuPUIbHBIX BEIIESCTB
Ha ypOBEHb THIIEPTOHNYECKOTO CTPECCA SPUTPOLIUTOB
MJICKOTIMTAIOIINX UCIIOJIE30BAIIN aM(pUPHUITBI, OTHOCS-
[IMecs K pa3InyHbIM KJIaccaM MOBEPXHOCTHO-aKTHB-
HBIX BEIIECTB: aHMOHHBIN Aeticy/bdar Harpus (C10),
kaTuoHHBIH TpudToprnepasun (TDIT), HenoHHBII
nonenmi-B,D-manprosun (M) [1]. Bbuta mosy4eHst
3aBUCUMOCTH YPOBHSI THIIEPTOHUYECKOTO TeMOJIN3a
KJIETOK B cpefe, coaepxaineii 4,0 monw/n NaCl, ot
koHIeHTparmu ambuduios mpu 37 u 0°C. U3 nosyueH-
HBIX KOHIICHTPAIMOHHBIX 3aBUCHMOCTEH OBLIH Paccyuu-
TaHbBI BETMYNHBI MAKCUMAJIbHOM aHTUTEMOITUTHIECKON
aKTUBHOCTH (Al | ) W 3HaYeHHs dPPEKTUBHBIX
koHueHTpawi (C, . ), KOTOpbIE XapakTepu3yroT o dex-
TUBHOCTB HUCCIIETyeMbIX aM(DUPIITHHBIX COSAUHEHUH B
YCIIOBUSIX THIIEPTOHUUYECKOTO CTPECCA IPUTPOLIUTOB.

AHTUIeMOJIUTUYECKYFO aKTHBHOCTD aM(U(BHILHO-
IO COEAMHEHHS BBIPAXKaJH KaK MPOIEHT CHIDKEHHUS
reMoJIn3a KJIETOK IPU HAJIMYKU BEIIECTB 10 OTHOILIE-
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the formation of transmembrane pores and resulting
in decrease of sensitivity of human erythrocytes to hy-
pertonic stress at 37°C.

The absence of changes in hypertonic stress sen-
sitivity in 4.0 mol/l NaCl solution for thermally modified
bovine erythrocytes, may be associated with the pecu-
liarities of phospholipid composition of erythrocyte
membranes in this species (high content of SM with
the absence of PC) [6, 7]. High content of SM in eryth-
rocyte membrane decreases fluidity of cell membrane,
increasing its rigidity and the presence of PC has an
opposite effect [17]. Therefore, additional effect of
thermal modification, similarly affecting the cell mem-
brane state, namely the reduction of its fluidity[10, 11,
13] is inefficient. In addition, the response of bovine
erythrocytes to warming also significantly differs at
cellular level. Heating the bovine erythrocytes results
in the change of their shape from discocytes to
stomatocytes [ 13], while human erythrocytes transform
from discocytes to echinocytes [16].

For studying the effect of amphiphilic compounds
on the level of hypertonic stress of mammalian eryth-
rocytes the amphiphiles, referred to different classes
of surface-active substances as: anionic sodium decyl
sulfate (C10), cationic trifluoroperazine (TFP), non-
ionic dodecyl-f,D-maltoside (DM) [1] were used. The
amphiphile concentration-dependencies of hypertonic
hemolysis level of cells in the medium, containing
4.0 mol/l NaCl, were obtained at 37 and 0°C. The va-
lues of maximum antihemolytic activity (4H, ) and
the values of effective concentrations (C,,, ), charac-
terizing efficiency of the studied amphiphilic compounds
under hypertonic stress of erythrocytes were calculated
from the obtained concentration dependencies.

Antihemolytic activity of an amphiphilic compound
was expressed as the percentage of cell hemolysis
reduction in the presence of substances in respect of
hemolysis in the sample without amphiphiles. Amphi-
philic compound concentration of substance, wherein
minimum cell lysis was observed, was assumed as an
effective concentration.

Fig. 2 represents the values of maximum antihemo-
lytic activity of amphiphilic compounds under hyper-
tonic stress of native and modified human erythrocytes
at 37(a) and 0°C (b). TFP and C10 have the most
antihemolytic activity for native human erythrocytes
at 37°C (85-90%). DM has a lower protective effect.
Antihemolytic activity of amphiphiles at 0°C signifi-
cantly decreases and is within the range of 40-50%.
Effective concentrations, whereat minimum cell lysis
is observed, shift towards the lower values (Table).

All the studied substances under hypertonic
hemolysis of erythrocytes, warmed up to 49°C, mani-
fest antihemolytic activity, however it decreases both
at 37 and 0°C.

The similar results obtained for native and modified
bovine erythrocytes are presented in Fig. 3. Evidently,
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Puc. 2. MakcuManbHasi aHTUTEMOJINTHYECKAst aKTUBHOCTh aM(pMUIIIBHBIX COSIMHEHUI B yCIOBUSIX THIIEPTOHUIECKOTO
cTpecca 3pUTPOIMTOB YesoBeka npu temmeparype 37 (a) u 0°C (6): O — natuBHbIC KiIeTKH (KOHTPOJh); [0 — KiteTKH,
MHKYOMpoBaHHbIE pU 49°C; * — MOCTOBEPHO 110 CPABHEHUIO C HATUBHBIMHU KileTKamu, P, < 0,05.

Fig. 2. Maximum antihemolytic activity of amphiphilic compounds under hypertonic stress of human erythrocytes at 37 (a)
and 0°C (b): d—native cells (the control); O the cells, incubated at 49°C; * — significant if compared with native cells, P, <0,05

HUIO K TEMOJIU3Y B Ipo0e, He coaepxanieii ampudu.
3a 3¢ GeKTuBHYIO KOHLEHTpaLUIo aMPpu(UIBHOTO CO-
€IMHEHUsI IPHHUMAITH KOHIIEHTPAILIUIO BEIECTBA, IPH
KOTOPOH HaONFOAAaeTCsl MUHUMAJBHBIH JTN3UC KIIETOK.

Ha puc. 2 npuBeneHsl 3HaYeHUS] MaKCUMAaJIbHOU
AHTUTEMOJIUTHYECKON aKTUBHOCTH aM(PHUPUIBHBIX
COEIMHEHHI B YCIOBHAX THIIEPTOHUYECKOTO CTpecca
HATHUBHBIX U MOJTUQHITUPOBAHHBIX SPUTPOILIUTOB YEIIO-
Beka npu 37 u 0°C. lnd HaTUBHBIX SPUTPOLIUTOB
YeNi0BeKa HanOOJIbLIeH aHTUTEMOIUTHYECKON aKTHB-
HOCThIO TIpu TemmepaTtype 37°C obmamator TOII u
C10 (85-90%). Heckonbko MEHBITIEE 3alTUTHOE ACHCT-
BHe okaseiBaeT JIM. Ilpu remneparype 0°C anture-
MOJIUTHYECKasl aKTUBHOCTH aM(pHu(UIOB
3HAUYUTENFHO CHIDKACTCS W HaXOIUTCS
B auamnazone 40-50%. D¢ dexTruBHBIC
KOHLIEHTPALUH, IPH KOTOPBIX HaOIIO-
JaeTcs MUHHUMAJbHBIN JH3HC KIETOK,
C/IBHTAIOTCSI B CTOPOHY MEHBIIINX 3Ha-
YeHuH (Tabnuua).

3nagenns 2QPeKTHBHBIX KOHIEHTpanui (C,
COEIMHEHUH MIPU THIIEPTOHUYECKOM CTPECCE IPUTPOLIUTOB YETIOBEKA U
ObIKa B cpene, coaeprkameit 4,0 Mo/ NaCl, mpu Temneparype 37 n 0°C.

Values of effective concentrations (C,,
under hypertonic stress of human an
medium, containing 4.0 mol/l NaCl at 37 and 0°C

for bovine erythrocytes as well as for human ones C10
and TFP had the maximum protective effect under
hypertonic stress (80—85%)), efficiency of DM is lower.
Effective concentrations of substances for bovine
erythrocytes are higher, than for human cells, excluding
TFP, which effective concentrations coincide for human
and bovine cells (Table).

Antihemolytic activity of the studied amphiphilic
compounds for temperature-modified bovine erythro-
cytes decreases if compared with the effect in native
cells. Herewith reduction of C10 and DM efficiency
makes about 20%, while protective effect of TFP
decreases more than twice. For modified bovine eryth-

) aMpUPHITBHBIX

(I vaxc:

) of amphiphilic compounds
ovine erythrocytes in the

Bce uccnengyemnle BemiecTBa B yc- Copo SIOIOND/A
JIOBUAX THUIIEPTOHUYECKOTO IeMOJIn3a C,yyp MO/
SPUTPOLUTOB, IPOrpeThIX 10 49°C, mpo- Addugpurraoe
PHTPOLL » iporp A » 1P COeAMHEHNe JenroBeKa OBIKa
SIBJISIFOT @aHTUT'€MOJIMTUYECKYI0 aKTHB- Amphlphlléc human bovine
compount
HOCTb, OJHAKO OHA CHMXXAETCs Kak MpU
37C 0°C 37C 0°C
37, Tak u 0°C.
AHAJIOTUYHBIE PE3YIILTATHI, IOy YeH-
c10 45+ 4 10 =1 65 =7 -
HBIE JJT HATUBHBIX ¥ MOTU(DUITMPOBAH-
HBIX 3PUTPOLIUTOB OBIKA, TIPE/ICTABICHBI ']%1\1\//11 - 9 a1 43 _
Ha puc. 3. BugHo, 4TO 151 3pUTPOLIUTOB
ObIKa, KaK U JJIs 3pUTPOLIUTOB YEJI0Be- TTES 55+ 6 25 + 6 50 = 3 —
Ka, MaKCUMaJIbHBIM 3aIllUTHBIM JICHCT-
392

KpnoGUOnOrMM

T. 20,2010, Ne4

problems
of cryobiology

Vol. 20, 2010, Ne4



BHEM B YCIIOBHSIX THIIEPTOHHYECKOTO CTpecca oda-
naror C10 u TOIT (80-85%), adpdexkruBrocTs IM
HECKONBKO HIKe. DPPEeKTUBHbIE KOHIEHTPALUHU Be-
LIECTB AJIs SPUTPOLIUTOB OBIKA BBILIE, YEM AJISI KIETOK
yenoBeka, 3a uckiatodenuem TOII, sddexTuBHbBIE
KOHLIEHTPALMH KOTOPOTO COBMAAIOT ISl KJIETOK ue-
JoBeKa U Oblka (Tabnuia).

AHTUTEMOJIUTHYECKOE IEHCTBHE HCCIENyEeMBIX
aM(buUIBHBIX COSTUHEHHUH JIJISI SPUTPOIIUTOB ObIKA,
MOJUGUIIMPOBAHHBIX TEMIIEPATYPOH, CHIKAECTCS 110
CPaBHEHUIO C HATUBHBIMH KJIeTKaMu. [Ipryem cHibKe-
uue s3pdextupHocTr aekicteus C10 u JIM cocrarnser
oxkoio 20%, B TOo BpeMs Kak 3amuTHoe neiictrue TOIL
yMeHblIaeTcs 0oiee 4eM B 2 pasa. [l Mmoguduimpo-
BaHHBIX 3PUTPOLUTOB OBIKA, B OTJIMYME OT HATUBHBIX
KJIETOK, HAUOOJIBIIYIO0 aHTUT€MOJIMTHYECKYIO AaKTUB-
HocTb nposBisitoT C10 u IM (50—-60%).

[Ipu 0°C n3smeHeHne aHTUTEMOJINTHYECKON aKTHB-
HOCTH BEIIECTB B YCIOBHUSAX T'MIEPTOHHYECKOTO
cTpecca MOAU(DHUIUPOBAHHBIX SPUTPOLUTOB OBIKA HE
HCCIeI0BaIM, TaK KaK MCXOJHO HHU3KHH yPOBEHb
reMOJTU3a 3TUX KJIETOK HE MO3BOJISCT BHISIBUTD 3aIIIHT-
Hoe neiicTBre aM(pUUITBHBIX COSINHEHHN.

BcrpanBanue 3x30reHHbIX aMpUQHIBHBIX MoJTe-
Kyl B IUIa3MaTHYECKyl0 MeMOpaHy SPUTPOIUTOB
COTIPOBOXIAETCS M3MEHEHHEM €€ JUHAMUYECKOU
CTPYKTYpHL. MBI MOJIaraem, 4To B YCIOBHUSX THIIEP-
TOHHYECKOT'O CTPEeCCa SPUTPOLUTOB aHTUT'€MOJIUTHU-
yeckui ekt aMmPprupUILHBIX COSTUHEHHI 00yCIIOB-
JIEH CIIOCOOHOCTBIO MX MOJIEKYJI IIPH BCTPaUBaHUH B
SPUTPOLHUTAPHYI0 MEeMOpaHy pa3yHopsI0unuBaTh ee
CTPYKTYPY U IPETATCTBOBAThH Pa3BUTHIO TPAHCMEMO-
PaHHBIX 1e(EeKTOB A0 pazMepa reMOIUTHIECKUX TIOP
[4, 5]. BctpauBanue u pacmupe/encHiue dK30T€HHBIX
aMPUPHUIBHBIX MOJIEKYJ ONPEACISIOTCS UX (PU3UKO-
XUMUYECKAMH CBOHCTBAMU U COCTOSTHHEM DPUTPOILIHU-
TapHOH MeMOpaHbl. JXKecTKoCTh MEeMOpaHbI 3aBUCUT
OT COCTOSIHUSI MEMOPaHHBIX JIMITUIOB U CTPYKTYPHOM
opranuzanuu 0eiaKoB ruTockernera [9]. Crenosareis-
HO, MOXHO NPEIOI0KNUTh, YTO CHKECHUE aHTUTE€MO-
JUTUYECKOTO IeHCTBHSI aM(UPHUIIBHBIX COSIMHEHUH B
CTPECCOBBIX YCIOBHAX B Pe3yNbTaTe MHKYOauuu Kie-
TOK mpHu Temmeparype 49°C moxer ObITH 00yCIIOB-
JICHO U3MEHEHHEM COCTOSIHUSI MEMOpaH MOIUpUIIPO-
BaHHBIX KJIETOK. VI3BeCTHO, 4TO TepMUUecKas MOIHU-
(uKanys yBeIUIMUBaET BA3KOCTh MEMOPAH 3PUTPOITH-
TOB W yMEHBINAeT ux Texkydects [10, 11, 13], 1. e.
OKa3bIBaeT HA KIECTOYHYIO MEMOpaHy BIUSHHE, IPO-
TUBOIIOJIOKHOE JeUCTBHIO aM(udUIIoB, 4TO U NpH-
BOJMT K CHIKEHHIO CHIOCOOHOCTH aMpuduiior pas-
yIOPSI0YMBATh MEMOPaHy U YMEHBIIAET UX aHTHUTe-
MOJINTUYECKYI0O aKTUBHOCTb. DTO NMPEAINOJIOKECHHUE
MOATBEPXKAAETCS M CHU)KEHHEM 3aLIUTHOTO ACHCTBHSA
aM(pUPUIBHBIX COEIMHEHNUH B YCIOBUSIX TUIIEPTOHH-
YECKOro cTpecca 3pUTpouuToB uenoseka npu 0°C.
Bornee xxecTkas cTpyKTypa ra3MaTudeckoi Memopa-
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Puc. 3. MakcumanbHas aHTUTEMOJIUTHYECKAs aKTUBHOCTb
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* — TOCTOBEPHO 10 CPABHEHHUIO C HATUBHBIMHU KJICTKaMH,
P,<0,05.

Fig. 3. Maximum antihemolytic activity of amphiphilic com-
pounds under hypertonic stress of bovine erythrocytes at
37°C: O—native cells (the control); O0— the cells, incubated at
49°C; * — significant if compared with the native cells,
P,<0.05.

rocytes in respect of the native cells C10 and DM
manifest the highest antihemolytic activity (50-60%).
The antihemolytic activity change of the substances
under hypertonic stress of modified bovine erythrocytes
was not studied at 0°C, whereas initially low level of
hemolysis of these cells do not allow to manifest the
protective effect of amphiphilic compounds.
Incorporation of exogenic amphiphilic molecules
into erythrocyte plasmatic membrane is accompanied
with its dynamical structure change. We suggest that
under hypertonic stress of erythrocytes the antihemo-
lytic effect of amphiphilic compounds is caused by
ability of their molecules to disorder erythrocyte mem-
brane structure after incorporation and prevent deve-
lopment of transmembrane defects up to the dimen-
sions of hemolytic pores [4, 5]. Incorporation and distri-
bution of exogenic amphiphilic molecules are signifi-
cantly determined by their physical and chemical pro-
perties and erythrocyte membrane state. Membrane
rigidity depends on the state of membrane lipids and
structural organization of cytoskeletal proteins [9].
Therefore, it may be suggested that reduction of
antihemolytic effect of amphiphilic compounds under
stress conditions due to cell incubation at 49°C may
be caused by the change of modified cell membrane
state. It has been known that thermal modification
increases viscosity of erythrocyte membranes and
decreases their fluidity [10, 11, 13], i. e. has an effect
on cell membrane opposite to amphiphiles, resulting in
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Hbl ipu 0°C, 04eBHIHO, IPUBOIUT K YMEHBIIEHUIO
crocoOHOCTH aM(pUPUIIOB Pa3yNopII0YNBATh MEM-
OpaHy (CHIDKEHHIO UX IEPTYypOUpPYIOIIEro AeicTBuUs),
YTO M IPOSBIACTCS B CHIDKEHUU 3HAUYECHUH aHTUTEMO-
JUTUYECKON aKTUBHOCTH BEILECTB U UX 3P PEKTUBHBIX
KOHIIEHTpauuii.

Taxum 00pa3oM, COCTOSIHHUE LUTOCKEIET-MEMO-
PaHHOTO KOMIIJIEKCA 3PUTPOLIUTOB SIBISIETCS BAXKHBIM
(hakTOpOM, OTIPEAEIISIFOIIUM HE TOJIBKO YYBCTBUTEIb-
HOCTb SPUTPOIMTOB MIICKOITUTAIONINX K THIIEPTOHU-
4ECKOMY CTPECCY, HO ¥ ITPOSIBIICHUE 3AIIUTHOTO ICHCT-
BUsI aMUPUITBHBIX COSTUHEHNH B CTPECCOBBIX YCJIO-
BUsIX. MI3MeHeHHe CTPYKTYPHO-ITHHAMHYECKOTO COC-
TOSIHUSI IIUTOCKEJIeTa B Pe3ysibTare JeHaTypaluu
CIEKTPUHA, PUBOAALICE K MOBBIIIEHUIO KECTKOCTH
SpUTpOLMTAPHON MeMOpaHbl, 00yCIIaBINBACT CHUKE-
HHUE aHTUTEMOJIUTUYECKON aKTHBHOCTH UCCIIEYEMBIX
aMpUPUIBHBIX COEIMHEHNUH B YCIOBUSIX TUIIEPTOHU-
YECKOr'o CTPEcca SPUTPOLMTOB MIICKOTIUTAIOIIUX.

BbiBOAbI

1. AmdudbunbHbIE COSIMHESHNUS MOBBIIAIOT YCTON-
YUBOCTH SPUTPOIIUTOB YeJIOBEKA U OBbIKA K THIIEPTOHH-
YECKOMY CTpecCy B cpefe, coaepikariei 4,0 Moib/i
NaCl, mpu 37°C. I1pu 0°C 1151 5pUTPOIMTOB YETIOBEKA
HaOJI0MAI0TCA CHIDKEHHE MaKCUMAaIbHON aHTHUTEeMO-
JUTHYECKON aKTUBHOCTH M yMEHBIICHNE 3(P()EKTUBHBIX
KOHIIEHTpaLuii aMpuQHIoB.

2. B ycnoBusX THIIEPTOHHYECKOIO CTpecca MpHu
37°C ypoBeHb HOBPEKACHUS TEPMUYECKH MOJIUGH-
uupoBaHHbIX (49°C) 3pUTPOLIUTOB YeJIOBEKa yMEHbB-
maercs, a Obika — He u3Mensiercs. [lpu 0°C ypoBeHs
TUIIEPTOHUYECKOTO TEMOJIN3a MOAUGPUIIMPOBAHHBIX
SPUTPOIMTOB YEIOBEKA U ObIKA HE M3MEHSETCS.

3. [IpenBapurenbHas HHKYOAIS S3pUTPOLIUTOB Ye-
noBeka u Obika npu 49°C NPUBOAMT K CHUKECHUIO A~
(EKTHBHOCTH HCCIIeTyeMbIX aMPUDUITEHBIX COCHHE-
HUH B YCIOBUSX THIIEPTOHNYECKOTO cTpecca mpu 37°C
n 0°C.
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reduction of amphiphile ability to disorder a membrane
and manifest antihemolytic activity. This supposition is
also confirmed by the reduction of protective effect of
amphiphilic compounds under hypertonic stress of
human erythrocytes at 0°C. Obviously, more rigid struc-
ture of plasma membrane at 0°C results in decrease
of amphiphilic compound ability to disorder a membrane
(reduction of their perturbating effect), manifesting in
the reduction of antihemolytic activity values of the
substances and their effective concentrations.

Thus, the state of erythrocyte cytoskeleton-memb-
rane complex is an important factor, determining both
sensitivity of mammalian erythrocytes to hypertonic
stress and also manifestation of protective effect of
amphiphilic compounds under stress conditions. The
change of structure-dynamical state of cytoskeleton
due to spectrin denaturation, providing an increase of
erythrocyte membrane rigidity results in a decrease of
antihemolytic activity of the studied amphiphilic
compounds under mammalian erythrocyte hypertonic
stress.

Conclusions

1. Amphiphilic compounds increase the resistance
of' bovine and human erythrocytes to hypertonic stress
in the medium, containing 4.0 mol/l NaCl at 37°C. The
reduction of maximum antihemolytic activity and
decrease of effective concentrations of amphiphiles
were observed for human erythrocytes at 0°C.

2. The injury of thermally modified human erythro-
cytes (49°C) decreases under hypertonic stress at
37°C, and for bovine cells do not change. Hypertonic
hemolysis level of human and bovine modified erythro-
cytes does not change at 0°C.

3. Preliminary incubation of human and bovine
erythrocytes results in efficiency reduction of the stu-
died amphiphilic compounds under hypertonic stress
at 37 and 0°C.
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