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Possible Mechanisms of Chlorpromazine Antihemolytic Effect

JlociimKeHo MOXKIIMBI MEXaHI3MH aHTHT'€MOJTITHYHOT Aii XJIOPIPOMa3nHy: 3MiHa IUIOLII TOBEPXHI MeMOpaH epUTPOLIUTIB Ta BUTIK
i0HIB Kaiito 3 KiaiTMH. POpMy KIITHH B HOMYJNALil, IKYy CHPAMOBAaHO 3MiHIOBAJIHM BBEJCHHSAM B CYCIICH31I0 NEBHOI KIJIBKOCTI
CTOMAaTOLIMTOIeHHOI PEUYOBHHH — KaTioHHOTO aMidiny (XJ0pnpomMa3nHy), KOHTPOJIIOBAIIM 33 JIONMOMOTOI0 CBITIIOBOTO MiKpOCKOIa
MBI-15V 3 doropeectpauiero gociimkyBanoro 06’ exra. [lokasaHo, o mpu 30i1bLISHH] KOHIIGHTpaLii XJI0pIpOMa3uHy B CyCIeH3iT
epuTpoumtiB 3 remarokputom 30% Bix 0,125 no 1,0 MM ¢dopma KIIITHH 3MIiHIOETHCS Y HANPSIMKY: JTUCKOLUT — CTOMATOLIHUT —
chepocToMaTOHUT — cheporuT. [lapanenpbHO BH3HAYAIN BUXiM 10HIB KaJlif0 3 KIITHH Ta PO3MOAIN €PUTPOIUTIB 32 1HIACKCOM
cepuuHocTi. BeraHoBIIEHO, 10 ITPH KOHLIEHTPALISX XJIOPIPOMAa3HHY, SIKi BUKINKAIOTh 3aXUCT BiJl MIIOTOHIYHOTO T€MOIi3y, BUTIK
KaJilo BifcyTHil abo He3Haunuii. ToMy weii (akTop He MOXKe OyTH NMPHUUMHOIO 3aXUCHOT 1iT aM(idisiB BiA riOTOHIYHOTO reMoi3y.
OTpuMaHi KpHBi LIIJIBHOCTI PO3MOALIY EPUTPOLIUTIB 32 IHACKCOM CHEPHUUHOCTI aJeKBaTHO XapaKTepPHU3yIOTh CTYMiHb CHEPUIHOCTI
KJIITUH y TOnyJ1siwii, a BOynoByBaHHs aM(idiIbHUX MOJIEKYS y MEMOpaHU epUTPOLIUTIB P KOHIIEHTPaLisX, HabaraTo MeHIINX, HiXK
JIITHYHI, TPUBOAUTH IO CIUIOMICHHS YaCTHHU KJIITHH, TOOTO 10 301IBIICHHS TUIONII X MOBEPXHI.

Knrwowuoei cnosa: epuTponuTH, XJIOPIPOMA3HH, iHACKC CHEPUIHOCTI, BUTIK KaJifo.

HccnenoBaHbl BO3MOXKHBIE MEXaHU3MbI aHTUTEMOIUTHYECKOTO ASHCTBUS XJIOpIPOMa3HHA: N3MEHCHNE TUIONIAH ITIOBEPXHOCTH
MeMOpaH SPUTPONUTOB U yTeUKa Kanus U3 Ki1eTok. PopMy KIETOK B MOMYISIHHU, KOTOPYIO M3MEHSIM BBEACHHEM B CYCIICH3HIO
OTIPEJENICHHOTO KOJMMYECTBa CTOMAaTONUTOTEHHOTO BEIECTBA — KaTHOHHOTO aM(puduiaa (XJIOpIpoMa3nHa), KOHTPOIHPOBAIN HPH
MOMOIIM CBETOBOTO MHKpockona MBU-15Y ¢ ¢otoperucrpanueit uccnegyemoro oobekra. [lokasano, 4To mpu yBeIHYECHUU
KOHIIEHTPAIMH XJIOPIIPOMA3HHA B CYCIIEH3UH dPUTPOIUTOB ¢ reMaTokputoM 30% ot 0,125 1o 1,0 MM ¢opma ki1eTok u3MeHseTcs B
HaIpaBJICHUH: JUCKOIUT — CTOMATOIHT — c()epOCTOMATOIHT — cheponnT. [TapaniensHo onpenensig yTedKy HOHOB KaJis U3 KIETOK
U pacHpenerIcHnue PUTPOLUTOB MO MHAEKCY cpepHyHOCTH. YCTaHOBICHO, YTO MPH KOHIEHTPALUSIX XJIOPIPOMa3WHA, KOTOPHIE
3aIIMINAIOT OT TUIIOTOHUYECKOTO TeMOJTN3a, yTeuka KaJHsl OTCYTCTBYET MM He3HaunTenabHa. [109ToMy 3TOT (hakTOop HE MOXKET OBITh
MIPUYMHOMN 3aIUTHOTO AeiicTBUS aM(pU(HUIOB OT THIOTOHWYECKOTO remonu3a. [lomydeHHbIe KpUBBIE INIOTHOCTH paclpelelIeHUs]
SPUTPOLUTOB MO MHAEKCY c(hepUUIHOCTH afeKBaTHO XapaKTEPHU3yIOT CTENEeHb CHEPUIHOCTH KIETOK B NOMYISINH, a BCTPauBaHUE
aM(puGUIBHEIX MOJNEKY)I B MEMOPaHBI PUTPOLUTOB B KOHIIEHTPANIUIX, HAMHOTO MEHBIINX JTUTHIECKHUX, IPUBOJNT K YILUIOIICHHIO
YaCTH KJIETOK, T. €. K YBEJINUYEHHIO TIOMAAN UX TOBEPXHOCTH.

Kniouegvie cnoga: 3puTpOUNTHI, XJIOPIPOMA3UH, HHACKC CHEPUIHOCTH, YTEUKA KaJIH.

Possible mechanisms of chlorpromazine antihemolytic activity, i.e. changes in erythrocyte membrane surface area and cell potassium
outflux, were studied. Cell shape, controlled with MBI-15U light microscope and recorded by a photocamera, was changed by
introduction of certain amount of an stomacytogenic cationic amphiphilic substance, chlorpromazine, into the suspension. It was
shown, that when increasing the chlorpromasine concentration in erythrocyte suspension with hematocrit of 30% from 0.125 mM up
to 1.0 mM the cell shape was changed in the following direction: discocyte — stomatocyte — spherostomatocyte — spherocyte. Potassium
ions outflux and erythrocyte distribution on sphericity index were simultaneously determined. The investigations revealed the absence
or minor extent of potassium leakage when use the chlorpromazine concentrations, resulting in antihemolytic protection. Therefore,
this factor can not be the reason of amphiphilic protection effect against hypotonic hemolysis. Obtained curves of erythrocyte sphericity
index distribution density were shown to characterise adequately the spherical rate of cells in the population, and building-in of
amphiphilic molecules into erythrocyte membranes in concentrations, being lower as a lytic ones, led to the flattening of part of the
cells, i.e. to the rise of their surface area.

Key-words: erythrocytes, chlorpromazine, spherical index, potassium leakage.

dopma Ta 37aTHICTH EPUTPOLIUTIB 10 AedopMarii
IIpH TPOXOHKEHH1 Kpi3hb MiKpokamisipu 0e3 pyiHy-
BaHHS Ma€ BaKJIMBE 3HAUEHHS IS 3MIHCHEHHS iX
¢izionoriunoi ¢ynkuii. Epurpount y Hopmi (HOpMo-
oUT) Mae GopMy JBOBBITHYTOTO JTUCKA 3 BUCOKHM
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Erythrocyte shape and capability to deformation
during non-destructive passing through microcapilla-
ries is of importance for realising their physiological
function. Erythrocyte in the norm (normocyte) is of
concavo-concave disc shape with high values of
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3HAUYCHHSIM MMOBEPXHEBO-00’€MHOTO BiTHOMICHHS
(S/V), sxe 3abe3mnedyye HE TUIBKH MaKCHMaJlbHO
IIBUAKUI Ta3000MiH, aje i miJBUIIEeHY 3aTHICTh J0
nedpopmanii, 00ymMoBIeHOT HassBHICTIO “BiNbHOT”
ol 3a ganoro o6’emy. [lnoma moBepxHi HOpMO-
uuTa Maibke Ha 40% mepeBHILye MIIONTY MOBEPXHI
ctepu, 00’eM sikoi HOpiBHIOE 00’eMy KiiTunH [5]. 3
r€OMETPUYHUX MiPKYBaHb BUILIUBAE, 1110 KJIITHHU 0€3
pyWHYBaHHS MeMOpaHH MOXYTh 3a3HaBATH THUM
OuThIIMX nedopMalliif, YMM BHINE CITiBBIIHOMIECHHS
miomi nmopepxHi ta 00’emy. Tak, nedopmaris
cteponmra, KU Mae MiHIMaJIbHE 3HaYeHHS S/V, 3a
MIOCTIHOTO 00’€My € MOXKJIMBOIO JIMIIE MPH 3011b-
IICHHI IOl HOro MOBEpPXHi, [0 MOTpedye 3HAYHO
O1IBILIOT0 MPHUKIIAAHHS CHJI, OCKUIBKHU BiIbHA €HEPTis
nedopmanii i30TponmHOro po3TAry MeMOpaHH Ha
JeKiJbKa MOPSJKiB MEPEBUILYE BIIbHY €HEPTilo
3TUHaHHS a00 3CYBY B IUIOIIUHI TOBEPXHi MEMOpaHH
[1, 5, 12].

[HozutuBHO 3apsixkeHi aMmpipinbHI MOIEKyIH
xnopupomasuny (XII) mpoHukaioTe B MeMOpany 1
3B’S3YIOTHCS B HIll 3 IUTOMIA3MaTHYHAM MOHOIIIAPOM
JITIAIB BHACIIOK BETMKOTO BMICTY B HhOMY HETraTHB-
HO 3apspkeHux Jimigis [ 14, 15] i, oTke, 3SMEHITYIOTh
PI3HHUIIO TJIONI 30BHIMIHBOTO 1 BHYTPIIIHBOTO
MoHomapis (S, -S;,). Bimomo, 1o pi3HAIS ITUX IO
craHoBUTH Juis auckormrta 0,41, cheporura — 0,42,
cromarormra — 0,39 Mxm? [5]. 3rigHO 3 po3paxyHKaMu
[12], nyist TpaHc)OpMyBaHHS TUCKOLIUTA y CTOMATOLUT
LJISIXOM 3MiHM Pi3HHLI TUIOI] MOHOLIAPiB MEMOpaHH
HEOO0XiJHO BKJIIOYNTH B HUTOIIA3MaTHYHUIA MOHOLIAP
4x10* ampidinpHI MONEKYIH CepenHiX po3MipiB (3
miomero B MeM6pai 0,5 um?). Bigomo, 1o amdidins-
Hi peYOBHHH ITPY HU3BKUX KOHIICHTPAIIISX 3aXHUIIAI0Th
€PUTPOLIUTH Bif TIMOTOHIYHOTO, T1IMePTOHIYHOTO 260
MEXaHIYHO BUKIHWKaHOTO Jdizucy [7, 9, 15]. Benwuki
KOHITEHTpAITli SIK CTOMaTOIIUTOTCHHHX, TAK 1 €XiHO-
nuToreHHUX amdidisiB npu3BoIATH 10 chepudikarii
Ta JI3UCY EPUTPOITUTIB. MeXaHi3M aHTUTeMOIITHIHOT
nii amdidiniB morenep He 30BCiM 3’SICOBAaHUU.
BBaxaroTp, mo npu BOynoByBaHHI aMmdidinpHOi
PEYOBHMHHM B NinmigHuM# Oimap mioiia MOBEpXHI
MeMOpanu 30inpmyetbes. ToMy KimiTHHa HaOyBae
Oinpioro 06’ emy nepen sizucoM [ 15, 18]. Ilokazano,
o npu BOyaoByBaHHI aM(iinbHUX MOJEKYyN y
KIIITUHHY MeMOpaHy BinOyBaeThCs TpaHCOIMapoBUl
nepepo3moain mimixiB. IlIBuake mMpoOHUKHEHHS B
MmemOpany mMosekyn XI1 cynmpoBomKy€eThCs Iepepos-
nojiyioMm amiHodocdomimiiB i3 BHYTPIIIHEOTO
MOHOIIIAPY B 30BHIMIHIH 1 pyXOM XOTIHOBUX ITOX1THIX
JIMIIB y IPOTHIIEKHOMY HampsMmky [16-18]. Tami
ABTOPH BBaXKAIOTh, LII0 MOKIIMBUM 3aXHCHUM MEXaHi3-
MOM € TiABUIIEHNH BUTIK KaJIiI0 3 KIIITHH IIPH BOYI0-
ByBaHHI aM(ipinpHUX MosIeKya y MmeMOpanu [15].

B poborax [2, 3, 10, 13] HaMu 3anpPONOHOBAHO
METO] BU3HAYECHHSI LITBHOCTI PO3MOILTY €pPUTPOLUTIB
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surface-volume ratio (S/V), providing not only the
maximally rapid gas exchange, but an increased
capability to deformation, stipulated by the presence
of “free” area of this volume. Surface area of
normocyte exceeds almost by 40% that of sphere,
which volume is equal to a cell one [5]. According to
the geometry, the higher is ratio of surface area and
volume, the more deformation can be undergone by
cells without membrane destruction. Thus, the
deformation of spherocyte with minimum S/V value
with the constant volume is possible only if increasing
its surface area, that requires much greater force
applying since a free energy of deformation of
membrane isotropic extension exceeds in a certain
extent a free energy of bending or shift in a membrane
surface area [1, 5, 12].

Positively charged amphiphilic molecules of
chlorpromazine (CP) penetrate into membrane and
bind in it with lipid cytoplasmic monolayer as a result
of high composition of negatively charged lipids in it
[14, 15] and reduce the difference of areas of external
and internal monolayers (S,,-S;,). Difference of these
areas for discocyte is known to be 0.41, 0.42 for
spherocyte, 0.39 um? for stomatocyte [5]. According
to the calculations [12] in order to transform discocyte
into stomatocyte via changing the difference of
membrane monolayers areas it is necessary to include
into cytoplasmic monolayer 4x10* amphiphil molecu-
les of average size (with 0.5 nm? area in membrane).
Amphiphilic substances under low concentrations are
known to protect erythrocytes against hypotonic,
hypertonic or mechanically induced lysis [7, 9, 15].
High concentrations of both stomacytogenic and
ekhinocytogenic amphiphils result in erythrocyte
spherification and lysis. Mechanism of antihemolytic
effect of amphiphils has not been completely
elucidated yet. One considers that during amphiphilic
substance building into a lipid bilayer the membrane
surface area augments. Therefore cell gains higher
volume prior to lysis [15, 18]. During amphiphilic
molecules building into a cell membrane a transbilayer
redistribution of lipids is shown to occur. Rapid
penetration of CP molecules into a membrane is
accompanied with redistribution of aminophospho-
lipids from internal monolayer into external one and
an opposite movement of choline lipid derivatives [ 16,
18]. Other authors consider an increased potassium
leakage from cells during amphiphilic molecules
building into membranes to be a possible protective
mechanism [15].

In the papers [2, 3, 10, 13] we have proposed the
method for determination of erythrocyte distribution
density by sphericity index, i.e. by the characteristics,
uniformly associated to an erythrocyte surface-volume
ratio. Sphericity index is determined as the ratio of
erythrocyte and sphere volumes with equal surface
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3a iHJgeKkcoM chepudHoCTi, TOOTO 3a XapakTepuc-
THKO0, OJIHO3HAYHO TMOB’SI3aHOK 3 MOBEPXHEBO-
00’€MHUM BiJHOIIEHHAM epUTpouuTa. [HIEKC
cepuIHOCTI BU3HAYAETHCSA SK CIIBBITHOIICHHS
00’eMmy epuTpouuTa Ta 00’eMy cdepu 3 piBHOIO
miomero mosepxui (V, cb/Vep). Hns cheponura ueﬁ
napaMeTp CTaHOBUTBH OJMHHMLIO, a AJISi HOPMOLUTIB
(mBOBBIrHyTHX NHCKiB) HaOyBa€ 3HAYECHD, OLTBIINX 32
oauHUIO. 3a HamuMmu ganumu [3,13] cepenne
3HAYEHHA 1HACKCY C(EepPUIHOCTI EPUTPOIHTIB 30PO-
BUX OpPOCIHX MOHOpPiB cTaHOBHUTH 1,48. 3ampo-
MOHOBaHWUH METOJ JIO3BOJISIE BU3HAYUTH HE TLIBKH
CEepellHIO BEIWUYUHY, alle i yBeCh CIEKTp I[LOTO
rapameTpa B OS] epUTPOIUTIB.

MeTta po0OOTH — BUBYCHHS MOXKIIMBUX HACIIJIKIB
BOynoByBaHHs KaTioHHOTO amdidiny XI1 B memOpanu
EpUTPOLMTIB: 3MiHA MOBEPXHEBO-00’€MHOTO BiIHO-
LICHHS! epUTPOLMTIB Ta BUTIK 3 HUX 10HIB KaJIilo.

Martepiaan i metoaun

HocaigxeHHs NPOBOJHIN Ha €PUTPOIHUTAX
JOHOPCBHKOI KPOBi, KOHCEpPBOBAaHOI Ha PO3YHHI
“I'mrorinmp”. Pi310JIOTIYHUA PO3YMH 1 TIMOTOHIYHI
PO3YMHH HENPOHHUKAIOUOT PEYOBUHHU SIBISUTH COOOFO
PO3YMHU XJIOPUCTOTO HATPIIO.

CrpsiMoBaHOI 3MiHH QOPMH €PUTPOIHUTIB JOCS-
rajgy J0AaBaHHSIM Yy CyCIIEH31l0 KIITHH (TeMaTOKpPHUT
30%) xarionHoi amdidinsrnoi pewoBunu — XII ((2-
Chloro-10[3-dimetylaminopropyl]phenothiazine)
hydrochloride (Sigma)) y kiHueBili KoHLEHTpaLii
0,125-1,0 MM. Pozumn XI1 i3 mo4aTkOBO¥O KOHIIEHTpPA-
uiero 10 MM rotyBanu Ha (i310I0r1YHOMY PO3YHUHi.

DopMy epUTPOLUTIB KOHTPOJIIOBAIU 32 JOIIOMO-
rofo cBiTiIoBoro mikpockorna MbI-15Y, ocramenoro
(hOTOTIPUCTABKOIO IJII PEECTpAIlii JOCITIIKYBAHINX
3paskiB [17].

KoHnenTparliro ioHIB Kajil0 B MO3aKIITHHHOMY
CEpPEIOBHUINI BUMIpPIOBAIN MOTEHIIOMETPHIHUM
METOJIOM 3 BUKOPHUCTAHHSM BHCOKOCTEIU(PIYHOTO
KaJIIEBOTO €JICKTPO/a, BUTOTOBJIEHOTO Ha OCHOBI
niacTudikoBanoi MeMOpaHH, 110 MiCTUThH BaJliHO-
MinuH. Enexrpon kanibpyBanu 6e3nocepenHbo nepes
eKcIiepuMeHToM [4].

HIinbHICTh pO3MOALTY €PUTPOLMTIB 33 IHACKCOM
chepuyHOCTI BU3HAYaIM 32 METOJOM, ONHMCAHUM B
pobotax [2, 10].

Pe3yAbTatn i 0OroBopeHHs

byna mini6pana makcumaabHa KoHneHTpaiist X1,
IpHU SIKii OINBINICTH KIITHH y CyCIEeH31i mepeTBo-
proBanack y ceponutu abo chepoCTOMATOIUTH 3
HEBEJIMKUM 3aJTUILIKOBUM MOTTMOICHHSIM 0€3 reMOi3y.
[Ipu remarokpuri [B0% Taka KOHLEHTpaLis CKia-
nana 1 MM (1,8%10% monekyn XII Ha epuTpouut).
MiniManbpHa JOCHimKyBaHa kKoHIeHTpanis XI1, npu
SKil (popMa epuUTPOLUTIB MOMITHO HE 3MiHIOBaNacs,
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area (Vsph/Ver). For spherocyte this parameter makes
1, but for normocytes (concavo-concave disks) it gains
the values, higher than 1. According to our data [3,
13] an average value of sphericity index for
erythrocytes of healthy adult donors makes 1.48. The
method proposed enables to determine not only an
average value but the whole spectrum of this parameter
in erythrocyte population.

Research was aimed to study the possible conse-
quences of cation CP amphiphil building into erythro-
cyte membranes: change in a surface-volume ratio of
erythrocytes and potassium ion outflux out of them.

Materials and methods

Research was performed in donor blood erythro-
cytes, preserved with “Glygicir” solution. Physio-
logical solution and non-penetrative substance
hypotonic ones were those of sodium chloride.

Directed changes in erythrocyte shape were
achieved by adding into cell suspension (30%
hematocrit) of cation amphiphilic substance CP {(2-
Chloro-10[3-dimethylaminopropyl]phenothia-
zine)hydrochloride (Sigma)} under 0.125-1.0 M final
concentration. CP solution of 10 mM initial concentra-
tion was prepared with physiological solution.

Erythrocyte shape was controlled using MBI-15U
light microscope, equipped with a photodevice for
studied samples recording [17].

Potassium ion concentration in extracellular
medium was measured with potentiometric method
by using high-specific potassium electrode, made on
the base of plasticised valinomycin-containing
membrane. Electrode was directly calibrated before
the experiment [4].

Density of erythrocyte distribution by sphericity
index was determined using the method, described in
the papers [2, 10].

Results and discussion

There was selected an optimal CP concentration,
when the majority of cells in suspension was
transformed into spherocytes or spherostomatocytes
with small residual cavity without hemolysis. Under
hematocrit [B0% this concentration made 1 mM
(1.8x10% of CP molecule per erythrocyte). Minimum
studied CP concentration where erythrocyte shape did
not visibly change was 0.125 mM, that made 2.3-107
of CP molecule per erythrocyte. This value is close to
that, calculated by Seeman [19] for different lipid-
soluble and amphiphilic solutions under 50%
protection against hypotonic hemolysis (maximum
protection against hemolysis was observed under twice
higher concentration) [15]. Intermediate erythrocyte
shapes and the density of their distribution according
to sphericity index were also studied under 0.25; 0.5
and 0.75 mM CP concentrations.
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0,125 MM, mo cknagae 2,3x107 monekyn XII Ha
eputpount. Lls BenmunHa Onm3pKa 10 po3paxoBaHOl
Seeman [19] mist pi3HUX NiMIAOPO3YMHHUX 1 aMi-
¢inbHUX pedoBuH npu 50%-My 3axHCTi Big rimoro-
HIYHOTO TeMoni3y (MakCUMallbHUW 3aXHCT BiJ
reMoJii3y CIOoCTepiraeTbcst Mpu BABiYI OimbLIii
koHueHtpaii) [15]. IIpomixxHi GopmMu epUTPOLHMTIB i
LIIBHICTD IX PO3MOALTY 3a iHAEKCOM cdepruuHOCTi
JOCITIDKYBaJId TakoX Tpu KoHIeHTpartisx XII 0,25;
0,510,75 MmM.

[Mpu kounenTpanii XI1 0,125 MM dopma Oinbmioc-
Ti €pUTPOIHTIB MPAKTHUYHO HE 3MIHIOETHCA, OJHAK
CIIOCTEPITAIOTHCS MTOOJUHOKI EPUTPOIUTH 3 OIIHIEI0
3TIIAHKCHOIO JIYHKOTO (TIOYaTKOBA CTAIis IEPEXOY 10
(dhopMu cTOMAaTOIMTA), a TAKOX MOOAUHOKI CTOMA-
touutu-I (puc.1, 6; 2, 6, B). [Ipu 30inpmIeHH]
koHnenrpamnii XII go 0,25 MM KijgbKicTh cTOMATO-
uTiB-1 301MBITy€THCS 1 3’ IBISIFOTHCS CTOMATOIUTH-11
(puc.1, B; 2, B, T). 3MiHa CKJIa/ly TOMYJIAIII] BiIOMBAETH-
Cs1 Ha LIJIHOCTI PO3NOALUTY €pUTPOLHUTIB 3a IHAEKCOM
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Under 0.125 mM CP concentration the shape of
majority of erythrocytes does not practically change,
but single erythrocytes with one smoothened cavity
(initial stage of transfer towards stomatocyte shape),
as well as single stomatocytes-I (Fig. 1, b; Fig. 2. b; ¢)
are observed. With augmentation of CP concentration
up to 0.25 mM the amount of stomatocytes-I increases
and the stomatocytes-11 appear (Fig. 1. c; 2. c; d).
Change in population composition affects the
erythrocyte distribution density by sphericity index.
Densities of erythrocyte distribution of donor 5 in the
control and under low CP concentrations are given in
the Fig. 3 a. Under 0.125 mM concentration a distinct
shift of additional distribution peak (erythrocyte
fraction with low sphericity index) towards higher
sphericity indices is observed. Center of main fraction
almost does not shift, but a part of erythrocytes is found
to gain a higher sphericity index. This is testified by
the appearance of small fraction with the maximum
at 2.5 sphericity index and a certain shift of a right
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Puc. 1. Dopma epuTpoLMTIB JIOAMHU B HATUBHOMY CTaHi (@) 1 mmiciist BBeAeHHs B cycnensito XI1 y KiHneBii KoHIeHTparil

0,125 MM (6) i 0,25 MM (8); x200.

Fig. 1. Shape of human erythrocytes in native state (a) and after CP introduction into suspension in final concentrations

0f 0.125 mM (b) and 0.25 mM (c); x200.
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Puc. 2. Cxemarnune 300pakeHHs1 TpaHc(hopMallii epUTPOLMTIB: @ — HOPMOLUT JiaMeTpoM 7-8 MKM; O — JIUCKOLHMT 3i
3MIAHKEHOO0 OJHIEIO0 JIYHKOFO O¢3 3MiHM JiaMeTpy; B — croMarorut-1 [ Mkm; r — cromaronut-11 [ Mxm; 1 — cromatormt-111
(4 MkM; € — cepocromarorut [B,2-3,4 mxm. Cromarornuru-1, 11 1 111 — kymonomnoniOHi KIIITHHY 3 Pi3HOIO INIMOWHOIO Ta
(hOpMOIO LIEHTPATBHOT JIYHKH.

Fig. 2. Schematic view of erythrocyte transformation: a—normocyte of 7-8 um diameter; b — discocyte with one smoothened
well with no change in diameter; ¢ — stomatocyte-I [ um; d — stomatocyte-II [5 um; e — stomatocyte-III (4 pm; f —
spherostomatocyte [B.2-3.4 um. Stomatocytes-I, II and III are the dome-like structures with various depth and shape of
central well.
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chepuunocTi. Ha puc. 3, a npeacrapieHi MiIbHOCTI
PO3MOLTY €pUTPOIIUTIB TOHOPA 5 Y KOHTPOJI Ta IPH
Hu3pkux koHuneHTpauisx XII. Ilpu xonumentpamii
0,125MM crocTepiraeTbes 4iTKUH 3CyB 10JaTKOBOTO
mika posnoainy (¢paxuii epuTpOUUTIB 3 HU3BKUM
iHgekcoM cgepudyHocTi) y Oik OiNbIIMX iHIEKCiB
cepuunocTi. LenTp ocHOBHOI (ppaximii mpakTHUHO
HE 3MILIY€ETHCS, TIPOTE BUIHO, 1[0 YaCTHHA €PUTPO-
IUTIB OCHOBHOT (pakiiii Takox HaOyBae OUTBIIOTO
ingekcy chepuynocTti. [Ipo me cBiguaTh mosiBa
HEeBEJUKOi ¢pakmii 3 MaKCHMyMOM IIpH 1HAEKCI
cepuunocti 2,5 Ta MEBHHI 3CYB MPABOro Kpuia
ocHOBHOI (paxiiii (puc. 3, a, kpusa 3). [Ipu 36inb111eH-
Hi xoHmeHtpanii XII mo 0,25 MM mik dpakmii 3
MaJIIMU 3HaYE€HHSAMH 1HAEKCY CEPUUHOCTI 3MILITYETh-
cs me Oinpie y OiK BUIUX iHAEKCIB CepUUHOCTI,
3HMKA€E O0AAaTKOBA (PpaKLis 3 BEJIMKUMH 3HAYCHHSIMH

3
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wing of main fraction (Fig. 3, a, curve 3). With
augmentation of CP concentration up to 0.25 mM the
fraction peak with low values of sphericity index shifts
even more towards higher sphericity indices, an
additional fraction with high sphericity indices,
completing main fraction, disappears. This is testified
by a certain increase in the main distribution peak (Fig.
3, a, curve 2). Erythrocyte fraction peak with low
sphericity indices in donor 4 population shifts also to
the right (3, b). In case of donor 2 with normal
distribution by sphericity index in a native state (Fig.
3, ¢) a shift of left and right curve wings towards higher
sphericity indices with preserving distribution center
is noted. For donor 6 the introduction of low CP doses
results in a shift of fraction peak with low sphericity
indices to the left, but a small fraction of flattened
cells appears as well (Fig. 3, d).
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Puc. 3. lllinpHicTh po3MO/IiTYy €PUTPOLMTIB Pi3HUX A0HOpiB(a — 5, 6 —4, B — 2, r — 6) 3a iHeKCOM c(hepUIHOCTI B
HaTuBHOMY cTaHi (1) i micns BBeneHHs B cycrensiro XI1 y kiHnesiit koHneHTparii 0,25 MM (2), 0,125 MM (3).

Fig. 3. Density of erythrocyte distribution of different donors (a— 5, b—4, ¢ —2, d—6) according to sphericity index in a native
state (1) and after CP introduction into suspension under final concentrations of 0.25 mM (2), 0.125 mM (3).
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Puc. 4. ®opma epurponutiB nnpu BBeieHHI B cycriensito XI1 y kinnesiit konnentpauii 0,5 MM (a); 0,75 MM (6); 1,0 MM

(8); %200.

Fig. 4. Erythrocyte shape during CP introduction into suspension under final concentrations of 0.5 mM (a); 0.75 mM

(b); 1.0 mM (c); x200.

iHAekcy cpepuuHOCTi, 5IKa MOMOBHIOE OCHOBHY
¢dpaxiiro. [Ipo me cBiguuTh nesdke MiABHIICHHS
OCHOBHOTO Tika po3noainy (puc. 3, a, kpusa 2). I[lik
¢pakuii epuTPOLUTIB 3 MATUMH 1HAEKCaMu chepud-
HOCTI B momyJsiiii JoHOpa 4 TakoX 3MIillyEThCS
BpaBo (puc. 3, 6). Y Bumaaky maoHopa 2, 110 B
HAaTHBHOMY CTaHI Ma€ HOPMallbHUH pPO3MOILI 3a
iHekcoM chepuuHocTi (puc. 3, B), CIIOCTEpIiracTbes
3CYyB JIIBOTO Ta MPABOTO KPHJI KPUBOi y OiK OUIBIINX
iHIeKCiB cEepUIHOCTI 31 30€peKEHHSIM LEeHTpa
po3noniny. Jlnst qoHOpa 6 yBeAeHHS MalluX KOHIICH-
tpauiii XII nmpuBoguTh A0 3cyBy mika paxmii 3
MaJMMH iHAeKcamMu C(EepHYHOCTi BIiBO, aye 3’sB-
JISIETHCSI TAKOXK HEBEJIMKA (PpaKLisl CIIOMIEHUX KIITHH
(puc. 3, 1).

OTtpumaHi pe3yabTaTu CBi4aTh
npo Te, M0 peakuis KJIITHH Ha
BBEJICHHSI HEBEJIMKUX KOHIICHTpPa-
uiit amidinbHOT pedoBUHHU 3ai1e-
XKHUTh Bifl CTaHy KIJIITUHHU 1 MOXeE

The results obtained testify to the fact, that cell
response to low-concentrated amphiphilic substance
introduction depends on cells state and can be of
counter-effect. However, we can state that the building
of amphiphilic molecules into erythrocyte membranes
under much lower concentrations than lytic ones
generally results in flattening of a part of cells, i.e. an
increase in surface area. Obviously, the amount of
amphiphil molecules in membrane, stipulating the
augmentation of surface area without increase in cell
volume due to other consequences of such a membrane
rearrangement depends on cell state. This result
conforms to the known data about the dependency of
the effect slight influences on initial state of biological
object [4, 11].

Tabauus 1. BixcorkoBuii Ckiax nomyisiii epUTPOLKTIB Y PISHUX Jiarma3oHax
iH/IeKCiB c(hepuvHOCTI B 3aekHOCTI Bij koHUeHTpanii XI1 y cycnensii

Table 1. Percentage composition of erythrocyte population within different
ranges of sphericity indices depending on CP concentration in suspension

NPU3BOAUTH OO0 MPOTHUIEKHUX KOHHG;T}{’?&
edexris. [Ipore MOXKHa CTBEp- " cp
. tration,
JKYBATH, 1110 BOY10BY BaHHs aMi- NR——
. 0 0,125 025 05 0,75 1,0
(GiTBHUX MOJIEKYJ Y MeMOpaHu (romTpOAS)
€pUTPOLIUTIB IIPU KOHIIEHTpALIAX, Ajanason (control)
HabaraTo MEHIIMX 3a JITHYHi,  iHAekcis
chepugHOCT
BUKJIMKA€E, SK IPaBUJIO, CIJIO-
1 Sphericity YacTka KAITHH, %
WEHHs YaCTHHU KIITHH, T06T9 o Tange Coll share o,
30iNbIICHHS MO IMOBEPXHI.
OueBHIHO, KUTbKICTh aM(i(iib- 1.0-1.07 2 ! ! 43 82 97
HHX MOJIEKY]l y MeMOpaHi, sKa 1,07-1,3 9 1 15 38 95 2
00yMOBITIOE 301MBIICHHS TIIOTII
. ; , 1,317 64 56 61 19 85 1
MOBEpXHi 0e3 301IbIeHHs 00’ eMy
KIITHHYU 3a paXyHOK IHIIUX Hac- 1725 25 32 23 - - -
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JIKIB Takoi mepeOynoBu MeMOpaHH, 3aJIeKUTH Bif
cTaHy KiIiThHHU. Llel pe3ynpTar y3roaKyeThcs 3
BiIOMUMH JaHHMH MPO 3aJEKHICTh €()eKTy Malux
BILIMBIB BiJl [T0YaTKOBOTO CTaHY 0i0JI0T1YHOTO 00’ €KTa
[4, 11].

[Tpu 36inbienni konuenTpauii XI1 B cepenoBui
1o 0,5-1,0 MM peakiist KIITHH CTa€ OAHOCIPSIMO-
BaHOM. [lomynsiii cknamarThCs 31 CTOMATOIUTIB-
ILI1I, cdpepocTomaronuTis i cheporuTiB (AUB. puUc. 2,
r-¢; 4, a-B). [Ipu xonnentparii 0,5 MM 43% ki1iTHH €
ceporuramu i chepocTOMaTOUTAMU Ta MAKOTh
iHaeKC chepuuHOCTi, OAU3BKUH OO OJMHMIII
(1,0-1,07). BincoTok Takux KIIITHH 3pOCTAa€ MpH 301716~
menHi kornentpartii XI1. [Ipu kornentpartii 0,75 MM
BiH ckiagae 82%, a mpu MakCHUMaJbHINA CyOmiTHUHIN
koHneHrparii 1,0 MM 97% kmiTuH cTaroTh cdeporn-
tamu. OTpuMaHi KpHUBI IITBHOCTI PO3MOALTY €pUTPO-
LIUTIB 3a iHAeKcoM chepuaHocTi (puc. 5) 1 pospa-
XOBaHI O HUX YaCTKH KIITHH y Pi3HUX iHTepBasax
iHgekciB chepuuHocti (tadsn. 1) nobpe ysro-
TOKYIOTBCA 3 MIKPOCKOIIIYHOIO KAPTUHOIO BiIMTOBITHIX
momyJALin (AuB. puc. 4, a-B).

OnHuM 3 HacHiAKiB yOynoBYBaHHs aMQipinbHUX
CHONYK Yy MeMOpaHU €pUTPOLUTIB € BUTIK Kajiio 3
KJIITHH. X04a JIeAKi aBTOpPH HE BUSIBIIIN 301IbIICHHS
KOHIIEHTpAIIii KaJlif0 B TIO3aKIITHHHOMY CEPEIOBHIII
npu BBeneHHi XI1 [9], nocnimkenns [15] moka3zano,
110 BOyZoByBaHHS aM(i(hiIbHUX pEYOBUH y MEMOpaHH
BIUIMBA€ HA aKTHBHY Ta MAaCUBHY CKJIAZIOBY MOTOKIB
KaJito i iHIIKX i10HiB, 30KpeMa (ocdariB, HaBITH IPH
MaJux CTaOUTI3yIOUMX KOHIEHTPALisSX. ABTOpH i€l
PpOOOTH BBaXKarOTh HAMOUIBII MIPUHHATHUM TOSICHEH-
HSIM Takoro eQexty Te, mo aMmpidinbHi MoneKynn
BILIMBAIOTh Ha JMHAMIKY JIIIIIHOTO OiIapy MUIsIXOM
3MEHIICHHS MOPSIKY a0 ymaky-
BaHHS BYTJICBOJHEBUX JIAHITIOTIB
TMmigiB y Oimapi 1 TaKUM 9HHOM
301IBIIYIOTh TACUBHY NMPOHUK-
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Puc. 5. IlinsHOCTI PO3MOALTY EPUTPOLIUTIB 3a 1HIACKCOM
cthepuyHOCTI TIpH BBeACHHI B cycnensito XII y KiHIeBi
xounenrpauii 0,5 MM (1); 0,75 MM (2); 1,0 MM (3).

Fig. 5. Densities of erythrocyte distribution according to
sphericity index during CP introduction into suspension
under final concentrations of 0.5 mM (1); 0.75 mM (2);
1.0 mM (3).

1,2

1,6

When augmenting CP concentration in the medium
up to 0.5-1.0 mM the cell response became mono-
directional. Populations consist of stomatocytes-11, 11,
spherostomatocytes and spherocytes (see Fig. 2, d-f).
Under 0.5 mM concentration 43% of cells are
spherocytes and spherostomatocytes and have
sphericity index, close to 1 (1.0-1.7). Percentage of
these cells increases with augmenting CP concen-
trations. Under 0.75 mM concentration it makes 82%,
but under 1.0 mM maximum sublytic concentration

Tabauns 2. KoHeHTpAaIlis i0HIB KaJifo B MO3aKIITHHHOMY CEpEIOBUIII ITPH

BBEJICHHI B CyCIeH3i10 epuTponutis XI1

Table 2. Concentration of potassium ions in extracellular medium during CP

introduction into erythrocyte suspension

HicTh Oimmapy Ay Manux ioHiB. Ha

KOPHCTh TaKOTO TMOSICHEHHS CBij- KommenTpauix

XTT, MM
YUTH T€, IO OUTBIIICTH aMidiniB CP concen-
3MEHIIYIOTh TEMIIEPaTypy Hepexo- UaIﬂﬁ,r["
Iy minigaux Oimapis [15].
Pesynbraty mociimKeHHs BMic- ADOHOp
onor

Ty 10HIB KaJil0 B MO3aKIITHHHOMY
CEpEeNOBUIIi MiCIs TOJIaBaHHS JI0

(KOHTPOAB)
(control)

0 0,125 0,25 0,5 0,75

KonneHTpanis no3akAITUHHOTO Kaairo, MM
Extracellular potassium concentration, mM

cycnensii eputpouutiB XI1 3 kiHne- 3 5,78 5,78 578 78 8,14 18,7
BOI0 KoHIIeHTparttiero 0,125-1,0 MM

nojaHo B Tabi. 2. [Ipu HaliMeHImii 4 36 36 3 101 125 20,0
xoruentpanii (0,125 MM) y Tppox da 38 573 573 7,7 79 18,5

3 II’ATH JAOCIHIIKEHHUX JIOHOPIB

KOHIIEHTpAIlis MO3aKJIITUHHOTO 5 43 57 57 7,5 8,0 17,5
KaJIifo 3aJIMIIAIIACS Ha PiBHI KOHT-

pOJIIO, Y ZIBOX JIOHOPIB BOHA 3611b- 6 o8 50 50 o8 5 125
IIMIACSA MO PIBHSA BUXOAY ITHMIIE  Ceperni smavers

1-2% BHYTPIHBOKIITHHHOTO Ka- oA SHANCHIU | 46809 | 534208 | 594%09 | 79812 | 87707 | 17,5%20
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nito. 3poctanHsa koHmnenTpamii XII mo 0,25 MM
BHUKJIMKA€ TEHICHIIIO 10 301IbIICHHS BUTOKY 10HIB
Kallito, IPOTe Pe3yJIbTaT € HEOAHO3HAYHUM. Y JOHO-
pa 3 KOHIIEHTpAIIis TO3aKIITHHHOTO KaJIiF0 3aJIAIIHIIa-
Csl HA KOHTPOJILHOMY DiBHi, Y JOHOpIB 4 1 6, B SIKUX
KOHIICHTpAIIisl MMO3aKJIITUHHOTO Kallif0 TPU KOHIICH-
tpamii XI1 0,125 MM He 3MiHHIIACS, CIOCTEPITAETHCS
ITiIBUIIICHHS KOHIIEHTPAIlii TO3aKIITHHHOTO Kalito. Y
JIOHOPIB 4 1 5 KOHIICHTPAIIiS MO3aKITITUHHOTO KaJTif0
HE 3MiHWIacA B IOPIBHAHHI 31 3pa3KaMH, 110 MICTATh
0,125 MM XII.

[Momanemie 30inpmenas KoHINeHTpamii XII B
CyCIIeH31i MPUBOAMTH J0 CTaOIIBHOTO POCTY KOHIIEH-
Tparii MO3aKIITHHHOTO KaJlifo B 3pa3Kax KpOBi BCiX
nociimkennx oHopis. [pu konnentpauii XI10,5 MM
KOHIICHTPAIIisl TO3aKJIITHHHOTO KaJlit0 BiAMOBIIA€ BH-
xoxy 4,4% BHYTPILIHBOKITITHHHOTO Kainito, 0,75 MM —
5,5%, 1 MM — 17%.

BucHosku

Taxum YUHOM, TIPOBEICHE JTOCTIHKEHHS [T0Ka3aJIo,
10 KPUB1 IIITBHOCTI PO3MOAITY €PUTPOLHUTIB 3a
1HIEKCOM C(HEPUIHOCTI aleKBaTHO BigoOpakaroTh
CKJIaJ MOMYyJAIii epUTPOIHUTIB 32 MOBEPXHEBO-
00’eMHIM BigHOIIEHHIM. BOynoByBanHs Monexyt XI1
B MeMOpaHHW E€pUTPOIHTIB CIMOYATKy BUKIHKAE
CILJIOILIEHHS JAESKOT YACTKH KIITUH, TOOTO 301IbIICHHS
momi ix moBepxHi. Tol ¢akT, MO CIUIOMIYIOTHCA
Ol cdepudikoBaHi KIITHHA B MOMYJALIi, BKazye
Ha MOXJIUBICTH 30UIbIIEHHS PE3UCTEHTHOCTI IMOIY-
na0ii epuTPOUMUTIB B LIJIOMY 10 TiHOTOHIYHOTO
reMoJIi3y 3a paxyHOK IIbOTO e()eKTy.

30inpmienns koHueHTpanii XII B cycmensii
EPUTPOIUTIB MPUBOIUTEL JO 3MCHIICHHS 1HICKCY
c(hepuuHOCTI Ta 30UIBIICHHS BUTOKY KaJIit0 3 KJIITHH.
IIpote npu xoumneHTparisax XII, siki 3aXHUIIAOTh Bif
TIITOTOHIYHOTO TEMOJTi3y, BUTIK KaJito BiACYTHIN abo
He3HauHui. Tomy nei ¢paktop He MOXe OyTH
MPUIHHOIO 3aXUCHOT 1TiT aM]iiiB Bij ITOTOHIYHOTO
remMoiizy. IcTOTHUIH BUTIK Kamiio crocTepiraerbes
TiIBKM IpH KoHUeHTpauisx XII, mo BUKIMKAIOTH
3Ha4YHY 3MiHYy (OPMH KIITHH 10 C(HEepOCTOMATOLUTIB
i cepouuTiB, 110, OYEBUAHO, MOB’A3aHO 3 IOPY-
LIEHHSIM aCUMETPii pO3MOoALTY KOHLEHTPALil 10HiB MK
KJIITHHaM{ Ta OTOYYIOUHMM IX CepeaoBHUILIEM i
BUHHUKAIOYUM BHACIIIIOK IIHOTO 30UIBIICHHSIM 00’ €My
KIIITUH MiJ Ji€F0 OHKOTUYHOTO THUCKY BHYTPILIHBO-
KJIITHHHOTO TeMOTJIOOiHY, SIKHH Y HOPMi KOMIICH-
CYETBCS CaMe 32 PaXyHOK aCHMETPUYHOTO PO3IOALTY
10HIB [8].

NiTtepatypa
1. lopdueHko E.A., lNywkapb H.C. ®nsnyeckne OCHOBbI
HM3KOTEMMNEPATYPHOrO KOHCEPBNPOBAHWS KIMETOYHbIX CyCMeH-
3un.— Kues: Hayk. aymka, 1994.— 143 c.
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97% of cells become spherocytes. The obtained curves
of erythrocyte distribution density by sphericity index
(Fig. 5) and calculated by them cell parts in various
intervals of sphericity indices (Table 1) conform well
with microscopic picture of corresponding populations
(see Fig. 4, a-c).

One of the consequences of amphiphilic com-
pounds building into erythrocyte membrane is
potassium leakage out of cells. Although some authors
did not reveal a rise of potassium concentration in
extracellular medium during CP introduction [9], the
research [15] demonstrated that the building of
amphiphilic substances into membrane affected the
active and passive components of potassium and other
ions fluxes, especially phosphates, even under low
stabilising concentrations. Authors of this papers
believe that the most proper explanation of this effect
is the fact, that amphiphilic molecules affect the lipid
bilayer dynamics by reducing the order or packing of
lipid hydrocarbon chains in bilayer and thereby
augmenting a passive permeability of bilayer for small
ions. The fact that the majority of amphiphils reduces
the transition temperature of lipid bilayers testifies to
this explanation favour [15].

Research results of potassium ion content in
extracellular medium after adding into erythrocyte
suspension of CP with 0.125-1.0 mM final concen-
tration are given in the Table 2. At the least
concentration (0.125 mM) in three of five studied
donors the concentration of extracellular potassium
kept at the control level, for two ones it increased up
to the yield level of only 1-2% intracellular potassium.
An increase in CP concentration up to 0.25 mM gives
rise for the tendency to potassium ion leakage
augmentation, but the result is not uniform. In donor
3 the concentration of extracellular potassium was kept
at the control level, in donors 4 and 6, where the
concentration of extracellular potassium under
0.125 mM CP was unchanged, an increase in one of
extracellular potassium was observed. In donors 4 and
5 the concentration of extracellular potassium was
unchanged if comparing with the samples, comprising
0.125 mM CP.

Further increase in CP concentration in suspension
results in a stable growth of extracellular potassium
concentration in blood samples in all studied donors.
Under 0.5 mM CP concentration it corresponds to the
outflux of 4.4% intracellular potassium, under 0.75
mM it was 5.5% and 17% for 1 mM.

Conclusions

Thus, the performed research demonstrated that the
density curves of erythrocyte distribution by sphericity
index reflected adequately the composition of
erythrocyte population according to the surface-
volume ratio. CP molecule building into the erythro-
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cyte membranes causes primarily the flattening of a
certain part of cell, i.e. augmentation of their surface
area. This fact, that more spherical cells in population
are flattened indicates to the possibility for augmenting
erythrocyte population resistance at the whole to
hypotonic hemolysis due to this effect.

An increase in CP concentration in erythrocyte
suspension results in a reduction of sphericity index
and augmentation of potassium leakage out of cell.
However under CP concentrations, protecting against
hypotonic hemolysis the potassium leakage is absent
or slight. Therefore this factor can not be the reason
of protective effect of amphiphils against hypotonic
hemolysis. Significant potassium leakage is observed
only under CP concentrations, causing considerable
change in cell shape up to spherostomatocytes and
spherocytes, that is obviously associated to a disorder
in asymmetry of ion concentration distribution
between cells and environment, and a resulting
increase in cell volume under oncotic pressure of
intracellular hemoglobin, which is normally compen-
sated due to asymmetric ion distribution [8].
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