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Effect of Equine Erythrocyte Incubation at 49°C on Amphiphilic
Substance Efficiency Under Hypertonic Stress Conditions

Hccnenosano pausiaue ampubmibhbix coeaunenuit (C10, IM, TDII) u TernsnoBoit npenodpaboTku SpuTpoItuToB joraau (49°C)
Ha YyBCTBUTEIBHOCTB KJIETOK K TUneproHHdeckoMy moky (4,0 M NaCl). [Tokazano, 4o Bce aMbudpUIbHBIE COSTHHEHNS CHUKAIOT
YPOBEHb THIIEPTOHMYECKOTO FeMOJIM3a IPUTPOLUTOB Jsomand. Vukybarus spurporutoB npu 49°C, npuBonsias K JeHaTypanuu
CHEKTPHHA, YMEHBILAECT yPOBEHb TUIEPTOHUUCCKOIO HOBPEXKICHUS SpUTPOoLUTOB ITpu 37 1 nosbimaet npu 0°C. B yka3aHHBIX yCIOBUIX
HalJIonaeTcs CHkeHue 3 (HeKTHBHOCTH BCeX UCCIIeyeMbIX aM(pU(pHUIBHBIX COSANHEHUI.

Knrouesvie crosa: spuTpoLyTHI IOUIAAN, TUIIEPTOHUYECKUI [EMOJIN3, CIIEKTPHH, aM(bH(UIbHBIC COSANHEHHS.

HocnimxeHo BruuB amdidinpuux cnonyk (C10, IM, TOII) ta TernoBoi 06podku eputpouuTis KoHs (49°C) Ha 4y TIMBICT KIITHH
1o rineproHiuHoro moky (4,0 M NacCl). IToka3ano, mo Bci am@idinpHi COMyKH 3MEHIIYIOTh PiBEHb TilIEPTOHIYHOIO TeMOIIi3y
epUTPOLUTIB KOHs. [HKyOalis epuTporuTiB pu 49°C, 1m0 NpU3BOAUTH A0 JICHATYpaLii CIEKTPHHY, 3MEHILYE PiBeHb IIIEPTOHIYHOTO
HOIIKO/DKEHHsI epuTpounTiB npu 37 Ta mixsuinye npu 0°C. B 3a3HaueHHX yMOBax CIIOCTEPIraeThCsl 3HWKEHHS e()EeKTUBHOCTI yCiX
JOCIIKyBaHUX aM(idiIbHUX CIIOTYK.

Kniouosi cnosa: eputpounTy KOHS, TiEPTOHIYHUI FeMOJIi3, CIEKTPHH, aM(}iinbHI CIIOTYKH.

The effect of amphiphilic compounds (C10, DM, TFP) and heat preliminary treatment of equine erythrocytes (49°C) on cell
sensitivity to hypertonic stress (4.0 M NaCl) has been investigated. All amphiphilic compounds were shown as reducing the level of
hypertonic hemolysis in equine erythrocytes. Erythrocyte incubation at 49°C, resulting in spectrin denaturation, reduces the level of
erythrocyte hypertonic damage at 37°C and increases it at 0°C. A decrease in the efficiency of all studied amphiphilic compounds is

observed under the mentioned conditions.

Keywords: equine erythrocytes, hypertonic hemolysis, spectrin, amphiphilic compounds.

[MoTpebHOCTH BeTepUHAPHON PAKTUKK B KPHOKOH-
CEepPBHUPOBAHHOI KpOBH 00YyCIOBINBAIOT HEOOXO-
JUMOCTD U3y4€HHS YyBCTBUTEIHFHOCTH 3PUTPOIITOB
pa3HBIX BUJOB JKMBOTHBIX K M3MEHEHHIO OCMOTH-
YECKHUX U TEMIIEPaTyPHBIX (PaKTOPOB CPEIbl, KOTOPHIE
paccMaTpuBarOTCs KaKk OCHOBHBIE TPUUYMHBI TIOBPEXK-
JEHYSI 3pUTPOLIMUTOB IIPH 3aMOPAKUBAHUH [2].

[Tonmararot, 4TO YyBCTBUTEIBHOCTH 3PUTPOLIUTOB
K MMOBPEXKAAIOLIEMY JICHCTBUIO CTPECCOBBIX (haKTOPOB
OIIPEJENISIeTCS COCTOSHUEM UX IUTOCKENIeT-MeMOpaH-
HoTo KoMIutekca [ 1]. HKyOaIus 5puTporuTOB Yeso-
Beka u Obika mpu 49°C mpuUBOIUT K AeHATypaluu
LUTOCKEJIETHBIX OEJIKOB, B YaCTHOCTH CIIeKTpuHa [ 14],
KOTOPBIN SIBIISIETCSI OCHOBHBIM OEIKOBBIM KOMIIO-
HEHTOM 3pUTPOLUTAPHOTO IUTOCKENEeTa, POpMUpPY-
IOIIMM (PHIIAMEHTHYIO CETh Ha LIUTOIIa3MaTHYECKOM
noBepxHocTd MeMOpansl [11]. [ToaTomy mMonudu-
Kallysl ero COCTOSIHUS B 3HAUUTEILHOM CTEeNeHH OyaeT
OIPEAEIATh YyBCTBUTENBHOCTh KIETOK K JEHCTBHUIO
Pa3IMYHBIX CTPECCOBBIX (PaKTOPOB.
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Needs of veterinary practice in cryopreserved blood
stipulate the studying of erythrocyte sensitivity of dif-
ferent animal species to a change in osmotic and tem-
perature medium factors, which are considered as the
main causes of erythrocyte damage under freezing [2].

Erythrocyte sensitivity to a damaging effect of
stress factors is believed to be determined by the state
of their cytoskeleton-membrane complex [1]. Human
and bovine erythrocyte incubation at 49°C results in
denaturation of cytoskeletal proteins, in particular,
spectrin [ 14], which is the main protein component of
erythrocyte cytoskeleton, forming a filament network
on membrane cytoplasmic surface [11]. Therefore the
modification of its state will significantly determine the
cell sensitivity to the effect of various stress factors.

In contrast to many mammalian erythrocytes the
equine ones are free of band 4.2 protein, being one of
cytoskeletal complex components [10]. This protein is
bound with band 3 protein cytoplasmic domain and
interacts with ankyrin in human erythrocytes [17].
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B ommume o MHOTHX 3pUTPOIUTOB MJIEKOTIUTA-
FOIIUX SPUTPOIUTHI JIOIIAH JINIIIEHBI OJJHOTO U3 KOM-
MOHEHTOB LIUTOCKENIETHOTO KOMILIEKCa — OeJIKa MOJIOCH
4.2 [10]. DTOT OENMOK CBSA3BIBAETCS C IUTOILIA3MATH-
YEeCKMM JOMEHOM OelKa MOoJIOCH 3 W B3auMOJeHcCT-
BYET C aHKMPHUHOM B IpUTPOLIUTAX yesnoBeka [17].

[IpencraButenu pa3nUUHBIX KIACcCOB aMpUPHITb-
HBIX COCOUHEHUH MPH UCIIOJIb30BAaHUU X B MHUKpO-
MOJISIPHBIX KOHIIEHTPAIHSIX CTIOCOOHBI CHUXATbh ypo-
BEHb THIEPTOHNIECKOTO TEMOJTN3a SPUTPOLIUTOB Pa3-
HBIX BUJO0B MiiekonuTatomux [3, 15]. [Ipexcrasisiio
WHTEpPEC HCCIEN0BaTh aKTUBHOCTH BEHIECTB IS
SPUTPOIIUTOB JIOMIAIH, KOTOPHIE JIUIIEHBI OeJKa I0JI0-
cel 4.2 ¥ coaepKaT CIIEKTPUH B JCHATYPHUPOBAHHOMN
¢dopme (ocae nakyoaruu npu 49° C).

Lenb paboThl — Hccaen0BaTh BIUSHUE MIPEaBapU-
TEJIbHOW MHKYOAIH 3PUTPOLUTOB Jtoaau npu 49° C
Ha UX YyBCTBUTEIBHOCTD K THIEPTOHUYECKOMY IIOKY
(4,0 M NaCl) u Ha 3ppekTHBHOCTE aMPUPHUITBHBIX
COCIMHEHUH B YKa3aHHBIX CTPECCOBBIX YCIOBHUSIX.

MaTtepuarbl n meToAbI

OO0BeKTaMHU HCCIEAOBAHMS OBIITH DPUTPOIIUTHI JIO-
a1, TTOJTyYSHHBIE U3 NEeNIbHOW KPOBH, 3ar0OTOBJICH-
HOU Ha DIIOTHIIUPOBOM KoHcepBaHTe. [locne ynanenust
TIa3MBbl SPUTPOMACCY JIBaX/IbI OTMBIBAIU IEHTPH-
¢yruposanuem (mpu 1500 g B Teuenue 3 muH) B 10-
KpaTHOM oObeMe (hU3MOIOTHYECKOTO pacTBOpa
(0,15 M NaCl, 0,01 M docdarnsiit Oydep, pH 7,4).
Bce cpenp! roroBuiu Ha 0,01 M ¢docdarHom Oyde-
pe, pH 7.4.

B pabote OblTH MCHOIB30BaHbBI AELUICYIbDAT
Hatpusl, gopeii-fB,D-mansro3un, TpudroprnepasuH
(Calbiochem, CIIIA) u peakTHBBI OTEYSCTBEHHOTO
MIPOW3BOICTBA KBIMPUKAIUK “X.4.” 1 “4.1.a.”.

J171s1 THIIEPTOHNYECKOTO 10K SPUTPOIIUTOB KIETKH
MIEPEHOCHIIN B pacTBop, coaeprxkainuii 4,0 M NaCl, Ha
5 muH npu temneparype 37 wim 0°C (KoHEUHBII
remaTokput 0,4%). AMOUPUITBHBIE COETMHEHHUS J0-
0aBISIM B THIIEPTOHUYECKYIO cpely Iepes BHece-
HUEM B Hee KIEToK [9].

OpuTpounTsl Tomaau (reMaTokpuT 25%) HHKYOH-
poBanu nipu Temneparype 49°C B teuenue 10 MuH.

KonnyecTBo BhlILIeAIIEro B CynepHaTaHT FeMOIJI0-
OvHa onpeeIsui CIEKTPOPOTOMETPUUECKH TIPH [UTH-
He BosHbI 543 uM. 3a 100% npuHUMAaIY MOTIIOIIEHTE
npoObl, B KOTOPYIO JO0ABISUIA JIETEPTeHT TPUTOH
X-100 B xormenTparuu 0,1%.

MakcuMallbHYI0 aHTHUT€MOJIUTHYECKYI0 aKTHB-
HOCTh aM(puUIBLHOTO COeMHEHMS BhIpAXKAIH Kak
MIPOIICHT CHIDKEHHS FeMOJIN3a KIIETOK B IPUCYTCTBUH
BEIIECTBA IO OTHOILICHHIO K TeMOJH3Y B Mpode, He
conepxkanieit ampuduin [6].

DKCrepUMEHTAIbHBIE PE3YIbTAThL, [IOTy4YCHHBIC Ha
KpOBH 6 XMBOTHBIX, NPEACTABICHBI KaK CpeaHee
apudmMeTHyecKoe + cTaHJapTHas OMMOKa CPEIHETo,
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The representatives of different classes of amphi-
philic compounds when using them under micromolar
concentrations are capable to reduce the level of hyper-
tonic hemolysis in erythrocytes of different mammalian
species [3, 15]. Of interest was to study the activity of
substances for equine erythrocytes, free of band 4.2
protein and containing spectrin in a denatured form
(after incubation at 49°C).

The research was aimed to investigate the effect
of preliminary incubation of equine erythrocytes at 49°C
on their sensitivity to hypertonic stress (4.0 M NaCl)
and amphiphilic compound efficiency under the men-
tioned stress conditions.

Materials and methods

The equine erythrocytes, procured from a whole
blood, prepared with glygicir preservative, served as
the investigation object. After plasm removal the
erythromass was twice washed out with centrifugation
(at 1500 g for 3 min) in a 10-fold volume of physiological
solution (0.15 M NaCl, 0.01 M phosphate bufter, pH
7.4). All media were prepared with 0.01 M phosphate
buffer, pH 7.4.

Sodium decyl sulfate, dodecyl-B,D-maltoside,
trifluoroperazine (Calbiochem, USA) and home
produced reagents with “chemically pure” and “pure
for analysis” grades have been used in the research.

Cells were transferred into the 4.0 M NaCl-con-
taining solution for 5 min at 37 or 0°C (0.4% final he-
matocrit) for erythrocyte hypertonic stress. Amphiphilic
com-pounds were added into hypertonic medium prior
to cell introduction [9].

Equine erythrocytes (25% hematocrit) were incu-
bated at 49°C for 10 min.

The amount of hemoglobin, released into superna-
tant was spectrophotometrically determined at 543 nm
wavelength. Adsorption of the sample with added
0.1% X-100 triton detergent was assumed for 100%.

The maximum antihemolytic activity of amphiphilic
compound was expressed as the percentage of cell
hemolysis decrease at the substance presence in res-
pect of hemoglobin in the amphiphile-free sample [6].

The experimental results, obtained in blood of 6 ani-
mals are presented as an mean + standard error, M+m.
Results were processed with the Mann-Whitney and
ANOVA tests. Difference between data of groups
was considered as statistically significant at P <0.05.

Results and discussion

In order to investigate the equine erythrocyte
sensitivity to hypertonic stress, cells were transferred
into the 4.0 M NaCl-containing medium (Fig. 1). The
level of erythrocyte hypertonic lysis at 37 and 0°C was
62 and 15%, correspondingly.

Hypertonic hemolysis of erythrocytes, preliminary
subjected to incubation at 49°C significantly depends
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M=+m. AHanu3 pe3yJbTaToB MPOBOJUIN C TIOMOIIBIO
Manna-Yutan 1 ANOVA TectoB. Pa3bpoc mexmy
IPYIIaMHU CYUTAIIN CTATUCTUYECKH JOCTOBEPHBIM IIPH
P <0,05.

Pe3yAbTathl U 00CyXAeHue

J1nis n3ydeHus: 9yBCTBUTEIBHOCTH 3PUTPOLIUTOB
JIOIIAAH K TUIIEPTOHUUYECKOMY CTPECCY KIIETKH Nepe-
HOCWIIH B cpeny, conepxkamnryio 4,0 M NaCl (puc.1).
Bunno, uto mpu temneparype 37°C ypoBeHb rumep-
TOHHUYECKOTO JTU3HCA IPUTPOITUTOB cocTaBisieT 62%,
a pu 0°C— 15%.

I'uneproHnYecKkuii reMoIn3 SpUTPOLUTOB, KOTOPBIE
MIpeaBapuTENHHO MoABepraiy HHKyOannu npu 49°C, B
3HAYUTEIBHONH CTENEHH 3aBHCHT OT TEMIIEPaTyphl
runepToHudeckoro pactsopa (puc. 1). Ilpu 37°C Hao-
JIIOIaeTCs CHIKEHUE YPOBHS TEMOJIN3a 3PUTPOLIUTOB,
MoauHUIMpoBaHHBIX TemnepaTypoi (49°C), anpu 0°C
OTMEYAeTCsl pOCT MOBPEXKICHHS KIETOK 10 CpaBHE-
HUIO C KOHTPOJIbHBIMY 3Ha4eHusIMH. [lonyuenHsle pe-
3yJIBTaThI COITIACYIOTCS C TAHHBIMU, TPEICTABICHHBI-
mu B pabote [4].

Jiist u3ydeHus BIUSHYS aMPUPUITBHBIX COSIHHE-
HUH Ha pa3BUTHE THIIEPTOHUYECKOTO TeMOJTN3a dPUT-
POLMTOB JOMmIaAN OBUTH MCIOJIB30BAaHBI MPECTABH-
TEJIM aHUOHHBIX BEIeCTB aenmicyiibgar Hatpus (C10),
HEHOHHBIX — noaerii-B,D-mansro3ua (JIM) u kKatnoH-
HBIX — TpudTopnepaszun (TDII). dnsa kaxagoro coe-
OUHEHUS OBIIM CHATHl KOHIEHTPALlMOHHBIC 3aBU-
CUMOCTH TMIIEPTOHUYECKOTO I'eMOJIN3a SPUTPOLIUTOB
nomanu (4,0 M NaCl, temneparypa 37 u 0°C). U3
HUX ompeaessuin 3 heKTUBHBIE KOHLCHTPALUH, COOT-
BETCTBYIOIME BEIMUMHAM MaKCUMaJIbHOH aHTUTeMO-
JIMTAYECKON akTUBHOCTH (AL ) 3THX COEIMHEHUH.

Ha puc. 2 mpencrasnenst Benmuunnsl A amdu-
(bUITBHBIX COENMHEHNH B YCIOBHUSIX THIIEPTOHNIECKOTO
JIA3HCa SPUTPOIUTOB Jiotmaau mipu 37°C. st HaTHUB-
HBIX KJIETOK HMCIIOJB3YEMBbIE BEIIECTBA MPOSBIISIOT
BBICOKYI0 3 dexTuBHOCTh (70—85%). B pesynbrare
nHKyOarmu kinetok npu 49°C monudukamnus 0enkos
LUTOCKENETa SPUTPOLIUTOB NPUBOIUT K CHHKECHUIO B
Pa3IMYHON CTENEHH aHTHIEMOJUTHYECKON aKTHB-
HOCTH Bcex aM(pu(UIBbHBIX COEANHEHUN B YCIOBUSX
THIIEPTOHNYECKOro crpecca. 1o cTemeHu cHIKEHHS
3¢ (HEeKTUBHOCTH BELIECTBA MOXHO PAaCIONOXHUTH B
psa: TOII < C10 < IM. Takum obpazom, moaudu-
KaIus IUTOCKEIEeT-MeMOpaHHOTO KOMITIEKca, 00yc-
JIOBJIEHHAS ICHATypaIfieil OCHOBHOT'O IIUTOCKEIETHOTO
Oenka — CIIeKTPHHA, B MEHBIIIEH CTENIEHH OTPasKaeTCs
Ha CIIOCOOHOCTH 3apsiKEHHBIX aM(UPUITLHBIX COe/IU-
HEHUH 3aIUIIATh KIETKN OT THIIEPTOHUIECKOTO TTOB-
pexxaenus mpu 37°C.

CHmwxkeHue TemnepaTypsl 3kcriepuMenTa 10 0°C
(puc. 3) IPUBOIUT K YMEHBILICHUIO BEJIMYNH aHTUTEMO-
mutnueckoi aktuBHocTH C10 n IM, HO 3¢ddexTus-
HOCTB IOJIOKUTENBHO 3apsukeHHoro TOII npakTruec-
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Puc. 1. BiussHue npenBapuTeabHOM WHKYOAIIUU 3PUTPO-
IUTOB Jomany npu 49°C Ha TUNEPTOHUYECKUN TeMOJIN3
(4,0 M NaCl) npu remnieparype 37 u 0°C: [— xoHTpOosns; O—
KJIETKH, TIPE/IBapUTEIbHO HHKYOUpoBaHHble pu 49°C; * —
Ppa3IMYs TOCTOBEPHBI 110 CPABHEHHUIO ¢ KOHTpoieM, P < 0,05.

Fig. 1. Effect of preliminary incubation of equine erythro-
cytes at 49°C on hypertonic hemolysis (4.0 M NaCl) at 37
and 0°C: @ - control; O — cells, preliminary incubated at
49°C; * — statistically significant differences compared to
the control, P<0.05.

on hypertonic solution temperature (Fig. 1). A decrease
in hemolysis level of temperature-modified erythro-
cytes (49°C) is observed at 37°C but a growth in cell
damage compared to the control values is noted at
0°C. The results obtained are consistent to the data,
reported in the paper [4].

Such representatives of anion substances as: sodium
decyl sulfate (C10), non-ion one: dodecyl-f3,D-maltoside
(DM) and cation: trifluoroperazine (TFP) were used
for studying the effect of amphiphilic compounds on
hypertonic hemolysis development in equine erythro-
cytes. For each compound we registered the concent-
ration dependencies of equine erythrocyte hypertonic
hemolysis (4.0 M NacCl, 37 and 0°C). Among them
the efficient concentrations, corresponding to the maxi-
mum antihemolytic activity values (AH ) of these
compounds, were determined.

The Fig. 2 shows the AH__values of amphiphilic
compounds under equine erythrocyte hypertonic lysis
at 37°C. The used substances manifest a high
efficiency (70-85%) for native cells. As a result of
cell incubation at 49°C the modification of erythrocyte
cytoskeletal proteins results in a decrease in different
extent of antihemolytic activity of all amphiphilic
compounds under hypertonic stress conditions. By the
extent of efficiency decrease the substances may be
placed in series as follows: TFP < C10 < DM. Thus,
the modification of cytoskeleton-membrane complex,
stipulated by a denaturation of the main cytoskeletal
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Puc. 2. AnTHreMOMUTHYECKAs aKTUBHOCTH aM(pUHITBHBIX
BEIIIECTB B YCJIOBUAX TUIIEPTOHUYIECKOTO remonu3a (4,0 M
NaCl) sputporutoB jomaau npu remeparype 37°C: @ —
KOHTpOIIb; [ — KJIeTKH, IpeBapruTeIbHO HHKYONPOBAaHHbIE
npu 49°C; * — pa3nuuus JOCTOBEPHBI IO CPAaBHEHUIO C
kouTposiem, P <0,05. Ha ocu peactasieHs! 3 GeKTUBHBIC
KOHLICHTPAIMN HCTIONB3YeMbIX aM(H(DUIBHBIX COCANHEHHMH.

Fig. 2. Antihemolytic activity of amphiphilic substances
under hypertonic hemolysis (4.0 NaCl) of equine erythro-
cytes at 37°C: @ — control; O - cells, preliminary incubated
at 49°C; * — statistically significant differences compared
to the control, P <0.05. The efficient concentrations of stu-
died amphiphilic compounds are shown in the axis.

K{ HE 3aBHUCHT OT TEMIIEPATyphI IPH TUTIEPTOHUYECKOM
cTpecce HeMOoU(DUITMPOBAHHBIX SPUTPOIIUTOB JIOIIA TH.
Korma runeprornueckomy crpeccy mpu 0°C moa-
BEPraroTCs 3PUTPOIUTHI, KOTOPbIE TPEIBAPUTEIHHO
Haxommituchk npu 49°C, HabmromaeTcsi CHUXKEHHUE
anturemonutudeckout aktusHoctu C10, M u TOIIL
npuMepHo B 2 pasza. Takum oOpa3om, B yCIOBHSIX
TUIEPTOHUYECKOTO IIOKA SPUTPOLUTOB NMPU HU3KOU
TeMIIepaType AEHaTypalus CIEKTpUHA MPHUBOJIUT K
OZIMHAKOBOM CTENEHN CHHKEHUS aHTUTEMOJTUTUIECKON
AKTUBHOCTH HCCJIENYEMBIX BEIIECTB, HMEIOIINUX
pa3IuYHbIe PUIUKO-XUMUYIECKUE XapaKTEPUCTHKH.

B ocHOBe moBpek1atoIero AeUCTBUs THIIEPTOHN-
YEeCKOr0 CTpecca Jiexar MPOLEecChl, 00yCIOBINBAIO-
we (hopMupoBaHKE TPAHCMEMOPAHHBIX ITOP, COM3Me-
PUMBIX IO pa3MepaM C MOJIEKYJIaMH TeMOTJIOOHMHA.
[Ipomecc oOpazoBanus TpaHCMEMOpPaHHBIX 1e(PEKTOB
npu 37°C mpotekaet ropasno jerue, ueM npu 0°C.
[Toxoske, 4To IpH HU3KOH TeMIiepaType B MeMOpaHe,
XapakTepusymoleiics 0ojee MIOTHONH YMaKoBKO
CBOMX KOMITOHEHTOB (JIMMKOB) B TaTepaibHOH IIOC-
KOCTH, IPOLIECCHI 3apOXKACHHS Je(PEKTOB 1 MOCIIEIYIO-
LIETO UX Pa3BUTHSI 3aTOPMOKEHBI.

IToBblllIeHNE KaK MOHHOM CHUIIBI, TaK U TEMIIE-
paTypsl IPUBOIUT K YMEHBIIEHHUIO OTHOCHUTENBHBIX
pa3mepoB OenkoBoro nurokapkaca [16]. Crnemosa-
TEJIbHO, B YCIOBHUSX TUIEPTOHUYECKOTO IIOKA MPHU
37°C yMmeHbIIEHUE Pa3MEPOB ITUTOCKEICTHON CETH
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protein: spectrin, affects in a less extent the ability of
charged amphiphil compounds to protect cells against
hypertonic damage at 37°C.

The experimental temperature decrease down to
0°C (Fig. 3) results in a reduction of C10 and DM
antihemolytic activity values but the efficiency of
positively charged TFP is not practically temperature-
dependent under hypertonic stress of unmodified equi-
ne erythrocytes.

When the erythrocytes, preliminary exposed at
49°C are subjected to hypertonic stress at 0°C, an
approximate two-fold decrease in C10, DM and TFP
antihemolytic activity is observed. Thus, spectrin dena-
turation results in an equal extent of antihemolytic acti-
vity decrease in studied substances with different
physical and chemical characteristics under erythrocyte
hypertonic stress conditions at low temperature.

The processes, stipulating the transmembrane pore
formation, comparable by size with hemoglobin mole-
cules, are in the base of hypertonic stress damaging
effect. The process of transmembrane defect forma-
tion proceeds much easily at 37 than at 0°C. Under
low temperature in the membrane, characterizing by a
denser package of its components (lipids) in a lateral
plane, the processes of defect origination and its follow-
ing development look like inhibited.

An increase in both ion strength and temperature
results in a decrease of protein cytoskeleton relative
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Puc. 3. AHTHUreMOUTHYECKAs! aKTHBHOCTh aM(DUBHITBHBIX
BEIIIECTB B YCIIOBHSAX THIIEPTOHUYECKOro remonusa (4,0 M
NaCl) spurpouunTos nomaau npu Temmeparype 0°C: EH—
KOHTpOJIb; [ — KIeTKH, IpeABapUTEeIIbHO HHKYOUPOBaHHbIC
nipu 49°C. Ha ocu nipezacrasiieHbl 3QpPeKTUBHBIE KOHIICHT-
panuy MCHoIb3yeMbIX aM(pUIIBLHBIX COSANHEHNUH.

Fig. 3. Antihemolytic activity of amphiphilic substances
under hypertonic hemolysis (4.0 NaCl) of equine erythro-
cytes at 0°C: @— control; O — cells, preliminary incubated
at 49°C. The efficient concentrations of studied amphiphilic
compounds are shown in the axis.
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JIOJDKHO OBITh BBIPAXKEHO B OOJIBIICH CTETEHH, YeM
ipu 0°C. MoHO TojIarath, 4To B TUIIEPTOHUYIECKHIX
ycnoBusx mpu 37°C Oenku MUTOCKeNeTa, HaXos-
myecs Ha BHYTPEHHEW MOBEPXHOCTH MeMOpaHBI,
OKa3bIBAIOT 0oJiee BEIPaKEHHBIN CTaOMITM3UPYIOLIHIA
a¢ ekt Ha 0Opa3oBaBIIuECsT MEMOPaHHBIE IOPHI, YeM
mpu 0°C.

WuKyO6auus >5puTpounTOB YeJI0BEKa IPU TeMIlepa-
Type Bbie 48°C MPUBOIUT K JEHATYPAlMH CIIEKT-
pHHA, BCIEICTBHUE YETO YBEIMYUBAETCS MOIYIb Jac-
TUYECKOTO CJIBUTa MEMOPaHbI U YMEHbIIAETCS €€ Te-
kydecTs [ 13]. OgHako u mocie neHarypaIuy CIIeKTPHH
COXpaHSET OCTaTOYHYIO CTPYKTYPHYIO II€JIOCTHOCTh
[11]. UyBCTBUTEIHHOCTD 3PUTPOIIUTOB, TEPMUUECKU
MOIU(PHULIUPOBAHHBIX, K THIIEPTOHUYECKOMY CTPECCy
B 3HAUNTENBHOM CTENICHH OTPENeIIIeTCs TeMIeparyp-
HBIMH yCJIOBUSIMHU 3KcrnepuMeHTa (cM. puc. 1). Ilo-
BUIMMOMY, U3MEHEHUS CTPYKTYPHO-IMHAMUYECKUX
XapaKTEePUCTUK LIUTOCKENET-MEMOPaHHOTO KOMILJIEK-
Ca HPUTPOLUTOB JIOLIAIU B pE3YIbTAaTE BBICOKOTEMIIE-
patypHoii (49°C) uHKyOaluu Mo-pa3HOMY IMPOSIB-
JISTFOTCSI B YCIOBUSAX UX TUIIEPTOHUYECKOTO MOBPEXKIe-
Hus ipu 37 u 0°C.

[pencraBurenu pazHbIX KiaccoB aM(OUPUILHBIX
COCIMHEHUN OKa3bIBAIOT 3alIUTHBIA 3(hdeKT npu
JEMCTBUH PA3TUYHBIX CTPECCOBBIX (PaKTOPOB HA IPUT-
pouuThl Maekonutarouux [7, 9, 12]. [lonoxurenbHo
3apspkeHHble MoneKkyasl T®II npu BcTpanBanuu B
PUTPOLUTAPHYIO MEMOpaHy paclupenessiioTcs BO
BHYTPEHHEM MOHOCJIOE JIMITUAHOTO OMCIIOS SPUTPOLIH-
TapHOU MEeMOpPAaHBI, YTO Ha MAKPOCKOIIMYECKOM YPOB-
HE TPOSIBIISETCS B U3MEHEHNUHU (POPMBI SPUTPOLIUTA 10
TUITy JUCKOLIMT-cTOMATOLHUT [5]. B ocHOBe pacmnpene-
sgeHus TOII JIeXUT 2JeKTPOCTaTUYECKOE B3aUMO-
JefCTBIE MEXIY MOJIOKHUTEIHHO 3apsKEHHBIMU MO-
nekynamMu aMGupHIHLHOTO COSTMHEHHS U OTPHUIIATEb-
HO 3apsKEeHHBIM BHYTPEHHUM MOHOCJIOEM, COepIKa-
M pocharuauncepun. C10 u [IM, oTHOCsIIHECS K
AQHMOHHBIM ¥ HSHOHHBIM aM(u(uIamM, COOTBETCTBEHHO
BCTPaMBAIOTCSI M PACIpPelesAIOTCs BO BHELTHEM MO-
HOCJIOE JINITUAHOTO OMCII0St MeMOpAaHBbI, YTO COITPOBOK-
naetcst TpaHchopMaLueil 3pUTPOLIUTOB 110 THITY AWC-
KOITUT-OXHUHOIUT [5].

AHTHUTeMOJIIHTHYECKHH P PekT aMmPuduIpHbIX
COCIAMHEHHH CBSA3BIBAIOT CO CIOCOOHOCTBIO X MOJIe-
KyJI [IpH BCTPAaWBaHUM B 3PUTPOLUTAPHYIO MEMOpaHy
pa3ynopsaoYnBaTh €€ CTPYKTYPY U MPETSITCTBOBATh
Pa3BUTHIO TPaHCMEMOpPaHHBIX JeQEeKTOB JI0 pazmMepa
reMonuTHIecKuX 1mop [8, 12]. BctpanBanue u pacmpe-
JleJIeHNe JK30TCHHBIX aM(PUPUIBHBIX MOJEKYJ B
3HAYUTEIHHOW CTENIEHU OMPENEeIOTCS KaK COCTO-
SITHUEM SPUTPOLUTAPHON MEMOPAHBI, TaK U UX (HU3HKO-
XUMHUYECKHUMHU cBoiicTBaMu. boiee skecTkast CTpyk-
Typa mazmaruaeckoit Memopansl npu 0°C npuBoauT
K CHIDKCHHIO CIIOCOOHOCTH aM(UQUIOB pa3yIops-
J04YMBaTh MeMOpaHy, 4TO MPOSBISETCS B CHU)KEHUH
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sizes [16]. Consequently, size decrease in cytoskeletal
network should be much more expressed under hy-
pertonic stress at 37 than at 0°C. The cytoskeletal pro-
teins, being on inner membrane surface, are believed
to cause more manifested stabilizing effect on the for-
med membrane pores under hypertonic conditions at
37 vs. 0°C.

Human erythrocyte incubation at temperatures
higher than 48°C results in spectrin denaturation, due
to that an elastic shift modulus of membrane increases
and its fluidity decreases [13]. However spectrin pre-
serves a residual structural integrity even after denatu-
ration [11]. The sensitivity of heat-modified erythrocy-
tes to hypertonic stress is mostly determined by experi-
mental temperature conditions (see Fig. 1). Apparently,
the changes in structural and dynamic characteristics
of cytoskeletal and membrane complex of equine eryth-
rocytes as a result of high-temperature incubation
(49°C) are differently manifested under conditions of
their hypertonic damage at 37 and 0°C.

The representatives of different classes of amphi-
philic compounds cause a protective effect under
various stress factors on mammalian erythrocytes [7,
9, 12]. The positively charged TFP molecules when
building into erythrocyte membrane are spread in inner
monolayer of erythrocyte membrane lipid bilayer, that
is macroscopically manifested in a changed erythrocyte
shape by discocyte-stomatocyte type [5S]. The TFP
distribution is based on electrostatic interaction between
positively charged molecules of amphiphilic compound
and negatively charged phosphatidyl serine-containing
inner monolayer. C10 and DM, referred to anion and
non-anion amphiphils, correspondingly, are built and
spread into external monolayer of membrane bilayer,
that is accompanied with erythrocyte transformation
by discocyte-echinocyte type [5].

Antihemolytic effect of amphiphilic compounds is
associated to the capability of their molecules to
disorder its structure and prevent transmembrane de-
fect development up to the hemolytic pore size when
these compounds incorporate into erythrocyte mem-
brane[8, 12]. Incorporation and distribution of exoge-
nous amphiphilic molecules are mostly determined by
both erythrocyte membrane state and their physical
and chemical properties. More rigid plasmatic membra-
ne structure at 0°C results in a decrease of amphiphile
ability for membrane disordering, manifesting in lowe-
ring the efficient concentration values and the ones
for antihemolytic activity of substances. Spectrin dena-
turation reduces the erythrocyte membrane fluidity
[13]. Antihemolytic activity decrease in all studied
amphiphil compounds under hypertonic stress condi-
tions of modified erythrocytes both at 37 and 0°C testi-
fies to the fact, that the changes in structural and dyna-
mic state of cytoskeleton as a result of spectrin denatu-
ration leads in erythrocyte membrane hardening.
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BenMYHH 3¢ (EeKTHBHBIX KOHLIEHTPAINA U 3HAYCHUN
AHTUTEMOJIMTUYECKONH aKTHMBHOCTH BelecTB. J[eHa-
Typauus CIeKTpUHa YMEHbIIAET TEeKy4eCcTh MeMOpa-
HBl 3puTpouuToB [13]. CHHXKEHHE aHTUTEMOIU-
THUYECKOW aKTHUBHOCTH BCEX UCCIENYEMBIX aMpH(uIIb-
HBIX COEMHEHUH B yCIOBUAX THIIEPTOHNYECKOI'O III0KA
MOIU(PHULINPOBAHHBIX S3PUTPOLIUTOB KakK Ipu 37, TaK U
npu 0°C cBUIETENBCTBYET, YTO MI3MEHEHUSI CTPYKTYPHO-
JUHAMUYECKOTO COCTOSTHISI IMTOCKENETa B pe3yJIbrare
JNEHATypaly CHEKTPUHA NMPUBOJUT yBEIHUECHHUIO
KECTKOCTH IPUTPOLUTAPHON MEMOPAHEI.

BbiBOADI

1. HyBCTBHUTENBHOCTh SPUTPOLUTOB JIOIMIAIU K TH-
epTOHNYECKOMY cTpeccy npu 37°C Bhllle, yeM Npu
0°C. UnkyOanus xierok mpu 49°C, mpuBosmias K
JEHaTypalHuH CIEKTPUHA, CHUXKAET YPOBEHb TUIIEP-
TOHHYECKOTO MOBPEXACHUSA dPUTPOLUTOB Nipu 37 1
noseimaet mpu 0°C.

2. B TO Bpems Kak aHTUT€MOJIMTHYECKAsT aKTHUB-
HocTh TOII He 3aBHCHT OT TeMIIEpaTypbl IKCIIEpHU-
MeHTa, 3pdexruBHocTs C10 1 JIM B yciaoBusx rumep-
TOHHYECKOTO CTPECCA PUTPOLIUTOB JOIIAAN BBIIIE IPU
37, uem npu 0°C. Unkybanms xinetok mpu 49°C
MPUBOJNUT K CHH)KEHHIO MaKCHMaJIbHOW aHTHUTE-
MOJIUTHYECKOHN aKTUBHOCTH aM(QHU(PHUIBHBIX BEIECTB
kak rpu 37, Tak u ipu 0°C.
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Conclusions

1. Equine erythrocyte sensitivity to hypertonic
stress at 37°C is higher than at 0°C. Cell incubation at
49°C, resulting in spectrin denaturation, reduces the
level of erythrocyte hypertonic damage at 37°C and
increases it at 0°C.

Meanwhile the TFP antihemolytic activity does not
depend on experimental temperature, the C10 and DM
efficiency under hypertonic stress condition of equine
erythrocytes is higher at 37 than at 0°C. Cell incubation
at 49°C results in a decrease in the maximum anti-
hemolytic activity of amphiphilic substances both at
37 and 0°C.
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