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Effect of Trifluoperazine and Dodecyl-3,D-maltoside on
Hypertonic Stress of Mammalian Erythrocytes

PedepaT: B pabGote uccnenoBaHo BnusiHne gopeunn-f3,D-mansto3nga (M) n tpudtopnepasuHa (TPIM) Ha YyBCTBUTENBHOCTb
3pUTPOLMNTOB MMeKonuTalLmMX (YernoBek, bblk, nowaab, Kponuk) k runeptoHnydeckomy crtpeccy (I'C) (4,0 monb/n NaCl). MNoka3saHo,
YTO MCNonb3oBaHWe ampUPUNbHBLIX COEANHEHUN B OnpedeneHHbIX KOHLEHTpauusax NpuBOAUT K MOBbIWEHUIO ycTonumsocTn Kk 'C
3pUTPOLNTOB YernoBeka, Oblka, nowann, Ho He Kponuka. 3alnTHoe AelcTBUEe aMUUbHBIX COEAMHEHUIA BbILLE MpU TeMnepaType
37°C, yem npu 0°C. KatnoHHbin TOI Gonee addekTnBeH, YeM HenoHHbI M. YcTaHoBneHo, YTo uccrnegyemble BeELECTBA He
BNUSIIOT Ha BbIXOA4 KaTUMOHOB Kanusa u3 knetok B ycnosusx ['C. MNpegnonaraetcs, 4To 3awuTHbln addekt TP n M cBA3aH ¢ ux
nepTypovpylowmMmM AercTBMEM Ha MembpaHy v npedoTBpaLleHneM pas3BUTUSi TpaHCMeMOpaHHbIX AedekToB A0 pasmepa remonu-
TUYECKMX Mop.

KnioyeBble cnoBa: apuUTpoLUTbl MIIEKONUTAIOLWMX, TMNEPTOHNYECKUIA CcTpecc, amdudunbHble COeANHEHUS, KaTUOHbI Kanusi.

Pedepat: Y poborti gocnigxkeHo snnus gogeuun-B,D-mansrosugy (OM) i TpudptopnepasuHy (TOIM) Ha YyTnuBICTb epuUTpOLUTIB
ccasuiB (MoguHa, BUK, KiHb, kponuk) Ao rinepToHiyHoro ctpecy (I'C) (4,0 monb/n NaCl). MNoka3aHo, Wo BUKOPUCTaHHS aMaidinbHMX
CMONYyK y MEBHUX KOHLEHTpaLisix NpM3BoAUTb A0 NiABULLEHHNA cTikocTi 4o 'C eputpoumTiB NoauHK, Guka, KOHs, arne He Kporuka.
3axucHa gis amidinbHMX cnonyk Buwa 3a temnepatypu 37°C, Hix 3a 0°C. KaTtioHHun TPl edekTUBHIWMA, HX HeioHHuUn M.
BcTaHoBneHo, WO AocnigxyBaHi pevyoBMHM He BMNMBAlOTb Ha BMXig KaTioHiB kanilo 3 knituH B ymoBax [C. lMpunyckaeTtbes, Wwo
3axucHun ecpekt TOM i OM nos’si3aHuii i3 ixHbOI NepTypOytoYoto Aieto Ha MembpaHy Ta 3amnobiraHHsIM PO3BUTKY TpaHCMeMOpPaHHMX
aecdbexTiB 4O pPO3Mipy remMoniTU4HuX nip.

KnroyoBi cnoBa: eputpouunTn ccaBuiB, rNepTOHIYHUIA CTpec, aMidinbHi CNOMyKKU, KaTioHW Kanito.

Abstract: The effect of dodecyl-B,D-maltoside (DM) and trifluoperazine (TFP) on mammalian (human, bovine, equine, rabbit)
erythrocyte sensitivity to hypertonic stress (HS) (4.0 mol/l NaCl) was studied in this work. The use of amphiphilic compounds in the
certain concentrations was demonstrated as resulting in an increased resistance to HS of human, bovine, equine erythrocytes, but
not rabbit ones. Protective effect of amphiphilic compounds is higher at 37°C than at 0°C. Cationic TFP is more efficient than non-ionic
DM. The substances under study were established as not affecting the potassium cation release out of cells under HS. Protective
mechanism of TFP and DM is suggested as associated with their perturbating action on a membrane and prevention of transmembrane
defect development up to hemolytic pore size.

Key words: mammalian erythrocytes, hypertonic stress, amphiphilic compounds, potassium cations.

lunepronmnueckuii crpecc (I'C) spurponnToB — no-
BpEKICHHUE KIIETOK MPY MOMEIIEHHN UX B THIIEPTOHU-
yeckue pacTBopsl. B kprobronoruu I'C ucrionssyercs
B KaueCTBE MOJEIHHOIO HKCIIEPUMEHTA, MO3BOJISIO-
LIET0 U3y4aTh IeHiCTBUE OJHOTO U3 OCHOBHBIX (haKTo-
POB KPHOTIOBPEXKICHNUS KIETOK — THIIEPTOHHYECKOTO
pacTBOpa, 00pa3yloIerocs B MPOIECcce BEIMOPaKH-
BaHus BoAbl [16].

W3BecTHO, uTO aHMOHHBIE aM(pupHUIbHBIE COETUHE-
HUSI B MEKPOMOJISIPHBIX KOHIIGHTPAIHSX CHHXKAIOT YPO-
BeHb ['C spurpounToB miexkonurtaromux [5, 10].
3ammTHOE 1eiCTBUE JaHHBIX COSMHEHNH CBSI3BIBAIOT
C UX CHOCOOHOCTBIO BCTPaWBaThCs B MeMOpaHy H
MOJIUQUIIMPOBATh €€ MyTeM U3MEHEHHS COCTOSHHUSI
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Hypertonic stress (HS) of erythrocytes is the injury
of cells when placing them into hypertonic solutions.
HS is used in cryobiology as a model experiment enab-
ling to study the effect of one of the main factors of
cell damage: hypertonic solution, which forms during
water freeze-out [5].

Anionic amphiphilic compounds in micromolar con-
centrations are known to reduce the HS level in mam-
malian erythrocytes [21, 17]. A protective effect of
these compounds is associated with their capability to
be incorporated into a membrane and modify it via
changing lipid bilayer state [8, 13, 15]. In order to find
out whether amphiphilic compounds, referred to other
classes, have an antihemolytic effect and what is the
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TUunugHOTo 61cios [6, 9, 13]. UToOs! BBISICHUTS, 00712~
JAfOT U aHTUTEMOJUTHYCCKUM JEHUCTBUEM aMQpu-
(bubHBIE COSMHEHNUS, OTHOCSIIUECS K IPYTHM KJ1ac-
caM, U C YeM CBS3aH HUX 3alUTHBIN 3P (PEKT B yCIOBHIX
I"C >puTponnToB, NCTIOIHE30BATN KATHOHHBIH TPHQPTOP-
MepasuH ¥ HEHOHHBIN Jomerui-[3,D-ManbTo3uI.

B kadectBe 0OBeKTa HMCClIeqOBaHUS BBHIOPaHBI
SPUTPOIIMTHI YEIIOBEKA, JIOMIa !, ObIKa U KpoJuKa. W3-
BecTHO [ 12, 20], 9TO 3pUTPOUMTHI ITUX BUOB MIIEKO-
MMATAIOIINX 3HAYUTEIFHO OTINYatoTes 1o (pocdomu-
MMAHOMY COCTaBy MEMOpaH, YTO MO3BOJIUT OIICHUTh
BKJIAJ] COCTaBa MEMOpaH SPUTPOLIUTOR B IPOSBICHHE
3aIUTHOTO IeHCTBUS aMPUPUIHHBIX COSTMHCHHN.

Lens paboThI — Hiccef0BaHNE BIUSHUS JOAEIIIII-
B,D-manbro3una u TpudTOpHepasuHa Ha YYBCTBU-
TEITHHOCTb SPUTPOIIUTOB MICKOITUTAIOIINX (YETOBEK,
OBIK, JIOIIA1b, KPOJIMK) K THTIEPTOHUIECKOMY CTPECCY
(4,0 Mo/t NaCl).

MarepuaJjbl 1 MeTOABI

Jns mccnenoBaHns WCTIONB30BANH 3PUTPOIUTHI,
MoJTy4eHHbIE U3 KpOBH uenoBeka (Homo sapiens), ObI-
Ka (Bos taurus), nomanu (Equus caballus) n xponuka
(Oryctolagus cuniculus), 3arOTOBIEHHON Ha KOHCEP-
BaHTe «Imrorunmpy» (Yipauna). Beinenenue spurpo-
[IUTOB TPOBOJWIN 1O CTAaHAAPTHON MeTommke [8].
KpoBs myxunn (rpynna II) O6si1a mpenocraBnena
XapbKOBCKHM OOJaCTHBIM LIEHTPOM CIYXOBI KPOBH,
KpoBB camIioB kpomnuka — BuBapuem UIIKuK HAHY,
Jomaay U Oblka — XapbKOBCKOH TOCyJapCTBEHHON
300BE€TEpPUHAPHON akanemMueil. 3aroToBKy KpOBH
KMBOTHBIX U BCE MAaHUIYJISILIMY TIPOBOAMIIN B COOTBET-
CTBHH C OT€UCCTBEHHBIMH U MEXTyHAPOIHBIMH OHO-
STHYECKUMH HOPMaMH.

I'unepronnyeckuii cTpecc SpUTPOLUTOB OCYIIIECT-
BJISUIM MyTeM MHKYOaluu SpUTPOLUTOB B PacTBOPE,
conepxariem 4,0 mois/1 NaCl, 0,01 Mo/ pocdat-
Horo O6ydepa (pH 7,4) mpu temmieparype 37 uinu 0°C B
teueHue 5 MuH. Koneunsiii rematokput — 0,4%.
Tpudropnepazun (TPII) u noxgeuwn-f,D-manbro3uy
(JIM) moGaBisimu B TUTIEPTOHUYECKYIO Cpey mepen
BHECEHHEM B Hee KileToK. ConepikaHue BBIMIEIIIEro
B CyIIepHATaHT T'eMONIO0MHA OIIPEAEISIIA CHEKTPOdO-
TOMETPUYECKUM METOJIOM IIPH JUTHHE BOJIHBI 543 HM.
3a 100% npuHUMAaIIH MTOTJIONIEHUE TPOOBI, B KOTOPYIO
nmo6asisu TputoH X-100 (0,1%).

Coneprxanne HoHOB K* onpenensiii B cynepHaTaH-
T€ NOCJIe MHKYOAIUH 3PUTPOLIUTOB MIIEKOTIUTAIOINX
¢ aMmpuUIBHBIMHA BeNIECTBAMHU B CpeJie, collepiKa-
mreii 0,15 mons/im NaCl nimu 4,0 moas/n NaCl, B Teuenune
10 MHH ¢ TOMOIIBI0 MOHOCEIEKTUBHOTO 3JIEKTPOIa
OJINC-121K. Koneunslii reMaTokput — 20%.

B pabote ucnonb3oBanu noaeiui-3,D-mManbro3ua
(«Calbiochemy, CILIA) u TpudropnepaszuH («Sigmay,
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rea-son of their protective effect under erythrocyte
HS, we used a cationic trifluoperazine and non-ionic
do-decyl-3,D-maltoside.

Human, equine, bovine and rabbit erythrocytes we-
re selected as the research object. Erythrocytes of
these mammalian species are known [4, 19] to differ
significantly by phospholipid composition of membranes,
that will allow to assess the contribution of erythrocyte
membrane composition into manifestation of amphi-
philic compound protective effect.

The research was aimed to study the effect of
dodecyl-f3,D-maltoside and trifluoperazine on the
sensitivity of mammalian (human, bovine, equine, rab-
bit) erythrocytes to hypertonic stress (4.0 mol/l NaCl).

Materials and methods

For the research we used the erythrocytes procured
from human (Homo sapiens), bovine (Bos taurus),
equine (Equus caballus) and rabbit (Oryctolagus
cuniculus) blood preserved with Glugicir (Ukraine)
preservative. Erythrocytes were isolated according to
the standard technique [16]. Male blood (group II) was
provided by the Kharkov Regional Center of Blood
Banking, male rabbit blood was done by the vivarium
of the Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine, equine and bovine blood was obtained at Khar-
kov State Zooveterinary Academy. Animal blood pro-
curement and all the manipulations were performed
according to the national and international bioethical
standards.

Hypertonic stress of erythrocytes was initiated by
their incubation in the solution containing 4.0 mol/l NaCl,
0.01 mol/l phosphate buffer, pH 7.4 at 37 or 0°C within
5 min. Final hematocrit was 0.4%. Hypertonic medium
was supplemented with trifluoperazine (TFP) and
dodecyl-B,D-maltoside (DM) prior to cell introducing
into it. The content of hemoglobin released in super-
natant was spectrophotometrically determined at 543
nm wavelength. The sample absorption, supplemented
with triton X-100 (0.1%) was accepted as 100%.

The K" ion content was determined in a supernatant
after mammalian erythrocyte incubation with amphi-
philic substances in the medium, containing either
0.15 mol/I NaCl or 4.0 mol/I NaCl for 10 min by means
ofion-selective electrode ELIS-121K. Final hematocrit
was 20%.

We used DM (Clabiochem, USA) and TFP (Sigma,
USA), as well as the home produced reagents of
chemically pure and pure for analysis grades.

The results were statistically processed with
ANOVA test and Mann-Whitney criterion (Statgraph
Win). Divergence between the groups was considered
as significant at p < 0.05.
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CIIIA), a TakKe peakTHBBI OT€YECTBEHHOTO MPOU3-
BOJICTBA KBATH(PHUKAIIUH «X. U.» U «4. 1. a.».

Craructuyeckyro 00paboTKy pe3yJbTaToB IIPOBO-
nuu ¢ noMotubio Tecta ANOVA u kputepust Manna-
Yuthu («StatgraphWiny). PacxoxaeHust Mex1y rpyi-
MaMy CYUTAIU CTATUCTUUYECKH 3HAYUMBIMHU IIPHU
p <0,05.

Pe3yabTarsl u 00cy:xKaAeHHE

Hns uzyuenus Biausaus [IM u TOII Ha uyBCcTBU-
TENBHOCTD SPUTPOLIUTOB MiekonuTaromux kK I'C Opim
OLIEHEHBI YPOBHH IMIIEPTOHMUYECKOTO TEMOJIHN3a KIIETOK
B CpeZIax, COAep KallNX pa3IMIHbIe KOHLIEHTPAIIUH aM-
(udunpHBIX coenuaenni npu Temmeparype 37 u 0°C.
JlaHHble, TOMyYEHHBIE IS 3PUTPOLIMTOB YEIOBEKA,
MpeacTaBiIeHbl HAa pUcyHKe. ClieyeT OTMETHTD, YTO
Ha BceX rpadukax MpeAcTaBIeHO MaKCHMaJIbHOE
CpeAHEKBaZPATUIHOE OTKIIOHEHUE BEJTIMYMUHBI T€MOJIH-
32 PUTPOLIUTOB B BUJIE TOUKH C pa30pOCOM 3HAYCHUH,
HMMEIOIINX COOTBETCTBYIOIIYIO MapKHpOBKY. BuaHo,
YTO MPH YBETMUEHNH KOHIIEHTpanuy ooonx ampupmib-
HBIX BEHIECTB MPOUCXOIHT MOCTENEHHOE CHUKEHHE
YPOBHSI JIN3KCa KIETOK C TOCIEAYIOIUM €T0 IMOBBIIIE-
HUEM JI0 UCXOJHOTO 3HAUEHUS U BBIIIE.

Takum 06pa3om, ucmonbp3oBaHue aMpUOUIBHBIX
COCZIMHEHHH B OTIPE/ICTIEHHBIX KOHIIEHTPAIHSIX TIPHUBO-
JIUT K MOBBIIEHUIO YCTOWYMBOCTH SPUTPOLIUTOB YEIIO-
Beka k ['C kak npu temnepatype 37°C, Tak u npu
0°C. Ognaxo 3amuTHOE felicTBue amM(puIIBHBIX
coenuHeHui 6onee BeipaskeHo npu 37°C. [lonmxenne
temnepatypsl 10 0°C NpHUBOAUT K YMEHBIICHUIO
3¢ PEKTUBHOCTH HCCIIEAYEMbIX COSANHEHNH 1 CIBUTY
MHUHUMYMa TeMOJIUTHYECKON 3aBHCHMOCTH B CTOPOHY
MEHBIITNX 3HAYCHUIA KOHIICHTpAIii aMpupUIOB.

AHaNOrMYHbIE TeMOJIMTHIECKUE 3aBUCUMOCTH OBbI-
JU TOJyYeHBI U1 3pUTPOLUTOB OBbIKa, JOLIAAN H
kponuka. Kak Bunno u3 pucynka C—F, TOIl u M
OKa3bIBAIOT 3alTUTHOE JieiicTBre B ycrmoBusx I 'C aput-
pormToB Obika u jommaay npu 37°C. [Ipu Temmneparype
0°C He3HauUNTENBHBIN 3aIUTHBINA () QeKT OB BBISIB-
JIEH TOJIBKO ¢ ucnonb3zoBanueM TOII st spurponuton
nommranan. AMpuduIbHbIE COeTMHEHN ObITH HeAP(eK-
TUBHBI JUI 9pUTPOLUTOB Kponuka B ycnoBusx ['C npu
37 u 0°C (pucynok G, H).

['uneproHnyeckoe MOBPEXICHUE SPUTPOIUTOB
CBSI3BIBAIOT C (DOPMUPOBAHHEM TPAHCMEMOpPAHHBIX
Ie(EeKTOB B YCIOBHUIX BHICOKOH TOHWYHOCTH BHEKJIE-
TOYHOM Cpepl ¥ AANBHENIINM X POCTOM, BIUIOTH JI0
00pa30BaHMs TEMOJIMTHIECKHX 10D [2, 3]. BcTpansa-
HUE 3K30T€HHBIX aM(DM(UITBHBIX MOJIEKYJI B TJIa3MaTH-
YECKYI0 MEMOpaHy 3pUTPOLMTOB CONPOBOXKIACTCS
M3MEHEHHEM ee opranusanuu. Takas peopranuzanus
MOET OBITH 00yCIIOBIIEHA ACHMMETPHYHBIM BCTPaH-
BaHHEM aM(HUQIIBHBIX MOJEKYJI B HAPYKHBIA HIN
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Results and discussion

To study the DM and TFP effects on mammalian
erythrocyte sensitivity to HS we assessed the levels
of cell hypertonic hemolysis in the media, containing
different concentrations of amphiphilic compounds at
37 and 0°C. The data, obtained for human erythrocytes
are presented in Figure. It is to be noted that all the
plots show the maximum root-mean-square deviation
of erythrocyte hemolysis value as a point with data
scattering having an appropriate labeling. It is seen
that with increasing concentration of both amphiphilic
substances there is occurred a gradual decrease in
cell lysis level with its following augmentation up to
initial value and higher.

Thus, the use of amphiphilic compounds in certain
concentrations leads to an increased resistance of
human erythrocytes to HS both at 37 and 0°C. How-
ever a protective effect of amphiphilic compounds is
more pronounced at 37°C. Temperature decrease
down to 0°C results in a reduction of the efficiency in
studied compounds and a shift in the minimum of he-
molytic dependency towards lower values of amphi-
philic concentrations.

Similar hemolytic dependencies were obtained for
bovine, equine and rabbit erythrocytes. As Figures C—
F show, the TFP and DM have a protective effect
under HS conditions in bovine and equine erythrocytes
at 37°C. A slight protective effect was found only using
TFP for equine erythro-cytes at 0°C. Amphiphilic
compounds were inefficient for rabbit erythrocytes
under HS at 37 and 0°C (Fig. G, H).

Hypertonic damage of erythrocytes is associated
with the formation of transmembrane defects under a
high tonicity of extracellular medium and their further
growth up to hemolytic pore formation [3, 6]. Building
of exogenous amphiphilic molecules into erythrocyte
plasma membrane is accompanied by a change in its
organization. This rearrangement may be due to asym-
metric incorporation of amphiphilic molecules into
external or internal membrane monolayer, rearrange-
ment in lipids both inside one monolayer and between
two membrane monolayers, the formation of temporary
non-bilayer phases [1, 8, 18]. We may assume that
amphiphiles are capable to prevent the transmembrane
pore formation under hypertonic stress via reducing
phospholipid ordering in bilayer.

The incorporation and distribution of amphiphilic
molecules are significantly determined by the state of
erythrocyte membrane. Amphiphilic compounds are
known to be preferably included into liquid crystal
membrane areas [9, 14]. When decreasing tempera-
ture down to 0°C some lipids pass from a liquid crystal
phase into gel one, whereby the membrane area, occu-
pied by liquid crystal domains is reduced. Consequently,
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nowagu (E, F) n kponuka (G, H) B cpege, copepxawen 4,0 monb/n NaCl, npu temnepatype 37 (1) n 0°C (2).

Effect of DM (A, C, E, G) and TFP (B, D, F, H) on hypertonic hemolysis of human (A, B), bovine (C, D), equine (E, F) and
rabbit (G, H) erythrocytes in the medium contained 4.0 mol/l NaCl at 37 (1) and 0°C (2).

BHYTPEHHHH MOHOCJION MeMOpaHBbI, mepepacipene-
JIEHUEM JIUIHI0B KaK BHYTPU OJHOTO MOHOCIIOS, TaK
Y MEXJTy IByMsI MOHOCIIOSIMH, 00pa30BaHHEM BpeMEH-
HBIX HeOucnoiHbIX a3 [7, 11, 13]. MoxHo npeamoso-
KHUTb, 9TO aM(pUPUIBI TOCPEICTBOM YMEHBIICHUS
YIOPSA0UeHHOCTH (pochonmnuaoB B OuCIoe CIIOCOOHBI
MIPENATCTBOBATh 0OpPa30BaHUIO TPaHCMEMOpaHHBIX
IIOp B YCJIOBHSAX TUTIEPTOHUYECKOTO CTpecca.
BcerpauBanue u pacnpenenenne aMmpuduibHbIx
MOJIEKYT B 3HAYUTEIBHOW CTENEHU ONpPEAEIISIIOTCA
COCTOSIHHEM SPHUTPOLIMTAPHOI MeMOpaHsbl. MI3BecTHO,
910 aMpuUIbHBIE COSAMHEHHS TPEINOYTUTETHHO
BKJIIOYAIOTCS B JKUIKOKPUCTAIIUYECKHE 00JIacTH
MeMmOpansl [14, 19]. [Ipu noHm>KeHUN TeMIepaTypsl
110 0°C gacTh TUTTUAOB IEPEXOINT U3 KUIKOKPHUCTAII-
JIUYECKON B TelieBylo a3y, B pe3ysibraTe Yero Iuio-
1aas MeMOpaHbl, 3aHUMaeMasi JKUJIKOKPHCTaIIIYeC-
KMMH JOMEHaMH, yMeHbI1aeTcs. ClieioBaTenbHO, IpU
temneparype 0°C cHmkaeTca Kak ypOBEHb BKIIIOUE-
HuUs aMOUPUIBHBIX COSAMHEHUI B MeMOpaHy KIETKH,
TaK ¥ CTETICHb €€ MepTypOamum. IT0, B CBOIO OYEPE/Ib,
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at 0°C there is a decrease in both level of amphiphilic
compound incorporation into cell membrane, and the
degree of its perturbation as well. In its turn it may be
the cause of reduced efficient concentrations of TFP
and DM under HS at 0°C (Figure).

The place of amphiphilic substance incorporation
is a lipid bilayer, so we can assume the intensity in
protective action of amphiphilic compounds for mam-
malian erythrocytes to be determined by differences
in phospholipid composition of their membranes. In
particular, the absence of TFP and DM protective
effect for rabbit erythrocytes (Fig. G, H) may be asso-
ciated with a high cholesterol content in their membra-
nes [12], making it difficult to reorganize the membrane
during amphiphiles incorporation into it. When analyzing
the characteristics of lipid composition of erythrocyte
membranes of mammals, namely the ratio between
phospholipids increasing the membrane rigidity (sphin-
gomyelin, phosphatidylethanolamine) and phospholipid,
reducing it (phosphatidylcholine), as well as taking
cholesterol content into account, we may assume the
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MOXXET OBITh MPUYMHON CHHKEHUS 3(PPEeKTUBHBIX
koHueHtpanuit TOII u JIM B ycnosusax I'C npu 0°C
(pUCYHOK).

MecTtoM BcTpanBaHus aMpUUIBHBIX BELIECTB
SIBJISICTCSI TUTTATHBIA OUCIION, TIOATOMY MOXKHO TIPEI-
MOJIOKUTh, YTO CTETNEHb MPOSBICHUS 3aIIUTHOTO
neiictBusl aMPUQPUIBHBIX COCIMHEHUH ISl SPHTPO-
LIMTOB MJICKOTIUTAIOIINX OMPEAEIAETCS pa3IuIuiIMU
B ¢ochomunuaHOM cocTaBe ux MmemOpaH. B wactHoC-
TH, OTCyTCTBUE 3amuTHOTO AercTBUs [IM u TOIT mist
SPUTPOLUTOB Kpoiuka (pucyHok G, H) Moxker ObITh
CBSI3aHO C BBICOKUM COJIEP’KaHUEM XOJIECTEpHHA B X
MeMOpaHnax [18], 4To 3aTpygHSET peopraHUu3alHio
MeMOpaHbI U BCTpauBaHuU B Hee aM(uuinos. AHa-
IU3UPYsS. 0COOEHHOCTH JIMIIUAHOTO COCTaBa SPUTPO-
LUTapHBIX MEMOPaH MJIEKOIUTAIOLINX, & UMEHHO COOT-
HOIIIEHHE MeX Ty (pochonmmuaaMu, yBeTHIHBAIOIIIAMHI
KECTKOCTh MeMOpaHsI (ChUHTOMHUETHH, (hochaTuan-
3TaHOJaMHH) U (HOCHOTUNHIOM, CHUKAIOIMUM €€
KECTKOCTh ((pochaTuaMITXOINH), a TAKXKE YIUTHIBAST
coziepKaHre XOIEeCTePHHA, MOYKHO TPEIIIONIOKHTh, 4TO
MeMOpaHbI HPUTPOIIUTOB YEJIOBEKa U JIomaan o0ia-
JAI0T HauOobIneH Tekydecthto [18, 20, 21]. B ca3u
C 3THM BcTpanBaHue aMPUQUIBHBIX MOJIEKYN B MEM-
OpaHbl 3PUTPOLIUTOB ITHX MIICKOMHUTAIOMMX 00JIer-
yaeTcs, U naxe npu temmneparype 0°C B yclaoBHAX
«YIUTOTHEHHOM MeMOpaHbl» HaOMIoaeTCst 3aUTHBIH
a¢dekr (pucynok A, B, F).

Kak cnemyer u3 momydeHHBIX pe3yJibTaToB, CTE-
MIeHb 3aIUTHI KJIeTOK npH ['C s3pUTpOonnuTOB 3aBUCHT
OT BHJIa UCIIOIB3YEeMOTO aM(DU(PMIHLHOTO BEIIECCTRA.
Tax, TOII sBnsetcs Oonee a3¢pdexkTuBHBIM, YeM M.
N3BecTHO, 4yTO HEMOHHBINH JM BCTpauBaeTcs B Ha-
PYXXHBIH clO# nunuaHOTO OMCIOs MeMOpaHEbl, a Ka-
THOHHBIN T®II, nepecekas HapyXHBIH MOHOCIOM,
pacmnpenensercs NperuMyIleCTBEHHO BO BHYTPEHHEM
[15, 17]. Bo3mMOXkHO, 3TOT (haKT onpenenseT OONIbIIyI0
neptypoupytoutyto criocoonocts TOII u, xak cien-
CTBHE, €ro 0oJbIIyI0 3(QPEKTUBHOCTD B yCIOBHUIX
TUIIEPTOHUYECKOTO III0Ka.

[Tomararot, uto B ycinoBusax I'C mpoucXoauT yTeuka
HMOHOB KaJIUS U3 KJIETOK B pe3yibTare o0pa3oBaHUs
MeMOpPaHHBIX MUKPOZIe(hEeKTOB, KOTOPBIE (DOPMUPYIOT-
Csl WIN aKTUBUPYIOTCS IO BJIMSHUEM IOBBILIICHHOM
OCMOJISIPHOCTH cpensl [1, 4].

J1g ycTaHOBIIEHUS BO3MOYKHOM CBA3H 3aILIUTHOTO
s dpexTa aMPUPUIBHBIX COSAUHEHUI C COCTOSTHUEM
0apbepHBIX CBOMCTB MEMOPaH 3PUTPOLUTOB (TI0 OTHO-
LICHUIO K HOHaM Kaius) B ycnoBusix ['C uccnenosanu
BeIX0 K™ M3 3pUTPOLUTOB MIEKONMHUTAIOIMMUX B
npucytctsrd TOIT 1 /IM B KOHLIEHTpanusaX, IpU KOTO-
PBIX HAOMIOAAIICA MAKCUMAJIbHBIN 3alIUTHBIN 3P QEKT.

B Tabn. 1 mpencTaBiieHbl TaHHBIE O COMAEPIKAHUM
K" B cynepHaTanTe mocie HHKyOaLuu SpUTPOLIUTOB
MJIEKONUTAIOMHUX ¢ aMOUUIBLHBIMU BELIECTBAMH.
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membranes of human and equine eryth-rocytes to have
the highest fluidity [12, 19, 20]. Therefore the incor-
poration of amphiphilic molecules into erythrocyte mem-
branes of these mammals is facilitated, and even at
0°C under ‘densified membrane’ conditions a protec-
tive effect is observed (Fig. A, B, F).

As proceeding from the results obtained the protec-
tion degree of cells under erythrocyte HS depends on
a kind of amphiphilic substance. Thus, TFP is more
efficient than DM. Nonionic DM is known to be built
into external layer of membrane lipid bilayer, but
cationic TFP by crossing the external monolayer is
distributed mainly in the internal one [10, 11]. This fact
possibly determines the higher TFP ability to pertur-
bation, and consequently its greater efficiency under
hypertonic stress.

Leak of potassium ions out of cells under HS is
believed [2, 7] to occur due to appearance of membrane
microdefects, being formed or activated under the
influence of increased osmolarity of the medium.

To establish a possible relationship of protective
effect of amphiphilic compounds with the state of bar-
rier properties of erythrocyte membranes (towards
potassium ions) under HS we studied the K* release
out of mammalian erythrocytes in the presence of TFP
and DM under concentrations when the maximum
protective effect was observed.

The Table 1 summarizes the data on K* content in
supernatant after incubating mammalian erythrocytes

Ta6bnuua 1. Beixog noHos K* 13 aputpoLmToB Mnekonu-
Tarowmx B cpeqe, cogepxawen 0,15 mons/n NaCl, npu
Temnepatype 37 n 0°C B npucyTcTBumM ammdmnnbHbIX
BELLECTB
Table 1. Potassium ion outflux of mammalian erythrocytes
in the medium contained 0.15 mol/l NaCl at 37 and 0°C in
the presence of amphiphilic substances.

Bbixon noHos kanua, %
NCTouRMK Temneopénypa, Potassium ion outflux, %
KNEeToK
Temperature,
Cell source oC KoHTponb am TOM
Control DM TFP
37 3+2 3+2 4+2
Yenosek
Human
6] 3+3 3+2 2+1
37 3+2 3+2 3+2
Nowapb
Equine
(o] 5+3 6+3 5+3
37 3+1 3+1 3+1
Bbik
Bovine
6] 2+1 2+2 2+1
37 5+2 4+2 6+2
Kponuk
Rabbit
6] 3+1 3+1 3+1
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Bunno, yto TOII u JIM =He BiustoT Ha Beixoa K u3
SPUTPOLIUTOB MIICKOTIMTAIOIINX,, HAXOASIIUXCS B (DU~
3UOJIOTHYECKUX ycnoBusix. OmeHKka O0apbepHBIX
CBOMCTB MEMOpaH 3PUTPOIIUTOB MIIEKOITUTAIONINX B
npucyrcteun TOII u IM B cpene, coaepxauieit
4,0 moss/n NaCl (tab:. 2), nokaszana, 4yto Beixoq K*
U3 DPUTPOIUTOB CTATUCTUYECKHU 3HAYMMO HE HU3Me-
HseTcsl. Bo3moxkHO, ambuniIbHbIE COSAMHEHUS HE
OKa3bIBAIOT BIMSHHUE HA (POPMUPOBAHNE MUKPOIE(EK-
TOB, TIpoHHTIaeMbIX st KY, a mpemoTBpamaot ux
pa3BUTHE 0 pa3Mepa reMOJUTUUYECKUX TOP.

BoiBoabI

B ycnoBusix I'C spurpounToB 3amuTHBIN 3 et
aM(pupUIBHBIX COSTMHEHUN 3aBUCUT OT BUIOBOI
MPUHAJICKHOCTHU KJIETOK, TEMIIEPATYPHBIX YCIOBUM
cpenpl v Buia ampuduibHOTO coenuHeHus. Tak, 3a-
mutHoe AeiictBrue JJM u TOII BbIsSBICHO 115 3pUTPO-
LIMTOB YeJIOBEKa, ObIKa, JIOIIa 1, HO He Kponuka. [Ipu
37°C aHTUTEMOJIUTHYECKOE IEWCTBUE BEIIECTB
Bhiitre, yeM npu 0°C. Tpudropnepasun doee s3¢pdex-
tuBeH, ueM JIM. [lokazano, uto B ycmoBusx ['C uc-
cienyeMble aMpUGUITBHBIE BEIIECTBAa HE BIUSIOT Ha
BBIXOJ] KaTHOHOB KaJlusl U3 SPUTPOLIUTOB MIICKOIU-
TaIOMIHX.
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Tabnuua 2. Beixog noHoB K* 13 3puTpoLMTOB MIekonu-
Tarowmx B cpeqe, cogepxawden 4 monws/n NaCl, npu
Temnepatype 37 n 0°C B npucyTcTBUM amUUbHbIX
BELLECTB
Table 2. Potassium ion outflux of mammalian erythrocytes
in the medium contained 4 mol/l NaCl at 37 and 0°C in the
presence of amphiphilic substances.

Bbixon noHos kanua, %
MNCTOUHNK TemneopaTypa, Potassium ion outflux, %
KNeTok ¢
Temperature,
Cell source oc KoHTponb am Tom
Control DM TFP
37 91+5 92+5 89+4
Yenosek
Human
0 92+4 91+4 89+7
37 93+4 93+3 93+4
Jlowapb
Equine
0 93+4 92+4
37 94+3 92+5 94 +3
Bblk
Bovine
0
37
Kponuk
Rabbit
0

with amphiphilic substances. It is seen that TFP and
DM do not affect the K* release out of mammalian
erythrocytes, being under physiological conditions.
Evaluation of barrier properties of mammalian erythro-
cyte membranes in TFP and DM presence in 4.0 mol/l
NaCl-containing medium (Table 2) showed the K*
release out of erythrocytes as remained significantly
unchanged. Possibly, amphiphilic compounds do not
affect the formation of microdefects, being permeable
for K* and prevent their development up to a hemolytic
pore size.

Conclusions

Under HS of erythrocytes a protective effect of
amphiphilic compounds depends on cell species
specificity, temperature conditions of medium and
applied amphiphilic compound. Thus, a protective
effect of DM and TFP was revealed for human,
bovine, equine erythrocytes, but not for rabbit ones.
At 37°C antihemolytic action of substances is higher
than that at 0°C. In this case the TFP is more efficient
than DM. Under HS the studied amphiphilic substances
were demonstrated as not affecting the release of
potassium cations out of mammalian erythrocytes.
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