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Pecpepat: B pabote nccrnegoBanu aHTureMonutuyeckuii apdekT xnoprnpomasuHa (XMNP) B ycroBusx NoCTrMnepToOHUYECcKOro
woka (ML) sputpouMTOB YernoBeka B 3aBUCUMOCTU OT NMPUCYTCTBUS BELLECTBA Ha pasHbIX 3Tanax akcrnepumeHTta (npegobpaboTka,
gervapatauus, permgpatauums), a Takke MeTogom nNpoTouvHoW umTodnyopumeTpumn usdydanu snusHue XINP Ha nepepacnpegeneHne
docdaTtnaunceprHa B MembpaHax aputpounToB. NokasaHo, 4yto npegobpabotka aputpouutoB XIMNP B koHUeHTpauun 180 MKMOnb/n
He No3BOMSET BeLecTBY MPOSIBUTb aHTUremonutuyeckun agpdekt B ycnosusx M aputpouutoB. YctaHoBneHo, 4to XIMP B KoOH-
ueHTpaummn 100-300 mkmornb/n He Bbi3blBaeT TpaHcbucnonHoe nepepacnpeneneHne mMonekyn docdaTtuauncepmHa B MeMbpaHax
aputpoumToB. 3awmnTHbIn adpdekt XIMP peanunsyetcs npu nepeHeceHUn KNetok u3 cpedbl gerngpataumu (1,75 monbs/n NaCl)
B cpeay perngpataumm (0,15 monb/n NaCl), cogepxawyto XIMP, T. . B MOMeHT gencTBusa cTpecca. CrnegoBaTenbHO, MexaHu3m
aHTuremonutuyeckoro aevicteus XIMP B ycnosusx MU sputpounToB cBsidaH ¢ peopraHu3auvein membpaHbl Npyu BCTpaMBaHuu B
Hee Monekyn BelyecTBa.

KnioueBble cnoBa: apuUTpoLuTbl, YenoBek, NOCTIMNEPTOHNYECKNIA WOK, NnpefobpaboTka, Agermagpartauus, perngparauus,
XnopnpomMasuH, dochaTnanncepuH.

PedrepaTt: Y poboTi gocnigxyBanu aHTUreMonitudHmin edekt xrnopnpomasuny (XMP) B ymoBax nocTrinepTOHIYHOro LLOKY
(MNrL) epuTpoumMTiB NOAMHM 3aNEXHO Bif NMPUCYTHOCTI PEYOBUHM Ha Pi3HMX eTanax ekcnepumeHTy (nonepeaHs obpobka, aerinpaTtauis,
perigpaTtadis), a TakoX MeToAoOM MPOTOYHOI umMTodnyopumeTpii BuByYanu Bnnme XIP Ha nepepo3nogin docdatngnncepuHy B
MembpaHax epuTpouunTis. MNokasaHo, wWwo nonepeaHs obpobka eputpoumnTie XIMP y koHueHTpaLii 180 MKMONb/N He J03BONISIE PEYOBUHI
NPOsIBUTM aHTUreMoniTuiHum edekt B ymosax MW eputpouunTie. BectaHosneHo, wo XIP y koHueHTpauisx 100-300 mkmonb/n He
BUKNUKae TpaHcbillapoBuin nepeposnodin Monekyn docdaTtnamnceprHy B MembpaHax eputpoumntis. 3axucHuii edekt XIMNP pea-
ni3yeTbCsa NiCNs NepeHeceHHs KNiTWH i3 cepeposuwa gerigpatadii (1,75 mons/n NaCl) go cepegosuwia perigpatadii (0,15 monb/n
NaCl), sike mictutb XIMNP, To6TO0 B MOMeHT gii cTpecy. OTxe, MexaHiam aHTuremoniTuyHoi aii XMNP B ymosax Ml eputpouutis
noB's3aHui i3 peopraHisauieto MmembpaHu nig Yac BOyOOBYBaHHA B HET MONEKYI PEYOBUHMU.

KnioyoBi cnoBa: eputpouuTy, NioaMHa, NOCTriNepTOHIYHUIA LWOK, NonepeaHs obpobka, AeriapaTauis, perigpaTadisi, XnopnpoMasvH,
docdhaTngnncepuH.

Abstract: The research was performed to reveal an antihemolytic effect of chlorpromazine (CPZ) under posthypertonic stress
(PHS) of human erythrocyte depending on the substance presence at different stages of experiment (pre-treatment, dehydration,
rehydration) as well as the effect of CPZ on the redistribution of phosphatidylserine in erythrocyte membrane bilayer. It has been
shown that pre-treatment of erythrocytes with CPZ at a concentration of 180 umol/L did not lead to antihemolytic effect of the
substance under PHS of erythrocytes. It has been established that CPZ under concentration of 100—-300 pumol/L did not cause a
transbilayer redistribution of phosphatidylserine molecules in erythrocyte membranes. Protective effect of CPZ was implemented
following transfer of the cells from the dehydration medium (1.75 mol/L NaCl) into rehydration one (0.15 mol/L NaCl), containing CPZ,
i. e. at the moment of stress action. Consequently, the mechanism of antihemolytic action of CPZ under PHS of erythrocytes was
associated with the membrane reorganization during an incorporation of the substance molecules into it.

Key words: erythrocytes, human, posthypertonic stress, pre-treatment, dehydration, rehydration, chlorpromazine, phosphati-
dylserine.

OPUTPOIUTHI B OTBET Ha JIEHCTBHE CTPECCOBBIX
(haxTOpOB MOT'YT pearupoBaTh U3MEHEHHEM MOP(OII0-
THYECKUX XapaKTEPUCTUK KJIETOK MPHU COXPaHEHUU
LEJIOCTHOCTH TJIa3MaTn4eckoil MeMOpaHsl. B ciyuae
MPEBBILIEHNSI ONIPEIETIEHHOTO IOPOTOBOTO 3HAUEHUS
cTpeccoBoro (akropa Hapymaercs GapbepHas QyHK-
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Erythrocytes exposed to the effect of stress factors
can react to the altered morphological characteristics
of cells nevertheless maintaining the integrity of plasma
membrane. However if a specific threshold value of
the stress factor is exceeded, the membrane barrier
function will become compromized, and the cells will
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Ut MeMOPAaHBI, M KIIETKU TEPSIOT BHY TPUKIICTOYHBIE
MUKpPO- U MaKpOMOJIEKYJIBI B pe3ysbTare (popMupo-
BaHUsI TPAaHCMEMOPAaHHBIX TeMOJIUTHYECKUX 1op [1,
2,32]. Ucnonb3oBanue xaopnpomasuHa (XI1P) mo3so-
JIeT IPEJOTBPATUTh pa3pyLIeHHE KIETOK IPH IEHCT-
BHU Pa3IMYHBIX CTPECCOBBIX (PaKTOPOB, B YACTHOCTH
TUIO- ¥ TUIEPTOHMYECKUX CPEJl, XOJOJOBOI0 II0Ka
u np. [4,5,10,17, 18, 33].

Panee namu ObuTa M3y4eHa aHTUTEMOJIUTHYECKAS
aktuBHOCTb XIIP npu TemneparypHO-0CMOTHYECKOM
IIOKE SPUTPOIUTOB YEIOBEKA B 3aBHCHUMOCTH OT yC-
JOBHH BBeJieHUsT aMUPUIBLHOTO coequHenus [12].
Bbru10 mokaszaHo, 4TO mpeaBapuTENbHAS MHKYOanus
xieTok ¢ XIIP He BAMsAET HAa UX YyBCTBUTEIBHOCTh
K JIEHCTBUIO THIEPTOHMYECKOTO CTPECCA U XOJION0-
BOT'O IIIOKA, B TO BPeMsI KaK NMPUCYTCTBUE BEILECTBA
B cpeJie IPU PE3KOM HU3MEHEHHH yCIOBUH (0CMOJISUTb-
HOCTH W TeMIepaTypbl) 3HAYUTEIbHO MOBBIIIACT
YCTOHYMBOCTB KJIETOK.

I'uneproHnueckuii crpecce 1 X0Ja010BOM IIOK MOZE-
JUPYIOT BIMAHWE Ha KJIETKH MOBPEXAAOIMHNX (hak-
TOPOB, ACUCTBYIOIIMX HA dTale 3aMOpakuBaHus [3,
19]. B mpouiecce TasiHuS bJa IPU pa3MOPAKUBAHUT
KPHOKOHCEPBHPOBAHHBIX 3PUTPOILIUTOB BHEKJIETOYHAS
THIEpTOHNYECKas Cpefia M3MEHSIeTCS Ha H30TOHUYEC-
KyIO, B pe3yJibTare MOXKET Pa3BUTHCS IOCTTHIIEPTO-
HUYECKHH JIN3UC SpUTPOLMTOB. [locTrunepronnyeckuii
mok (IIT'HI) sBasieTcss MOJENBIO BIMSIHUS HA dPUT-
POLIUTBI CTPECCOBBIX (PAKTOPOB B YCIOBHSIX Pa3Mo-
paxuBaHus [6, 7, 28] u 3akito4aeTcs B ACUCTBUU Ha
KJIETKH PE3KOT0 CHUYKEHHSI OCMOJISIIBHOCTH CPEIBI OT
TUIEPTOHNYECKUX 3HAUEHUM 10 U30TOHNUYeCKuX. Ce-
JyeT OTMETUTH, YTO B PEAJIBHBIX YCIOBHSIX IIPH OTO-
rpeBe 3aMOPOKEHHBIX IPUTPOLIUTOB TOHUIHOCTH BHE-
KJIETOYHOM Cpe/Ib (110 OTHOMICHHUIO K BHYTPUKJIETOY-
HOI1) I3MEHSIETCS CII0KHBIM 00pa3oM, B TO BpeMs Kak
ncnons3zyemast Mojiens (I11'L) orpanmyena n3y4deHrneM
[IOCJIEIOBATEIILHOTO ACHCTBHS Ha KIETKH THIEPTO-
HUYECKOTO W M30TOHUYECKOTO ((hH3MOIOTHUECKOTO)
pacTBopoB. B runeproHnueckoi cpeyie IpOUCXOAUT
00€3BOKMBAHKE KIIETOK, a IPU MOCJIECAYIOIIEM Tepe-
HOCE B M30TOHMYECKYIO Cpely HaOIIogaeTcsi BXOA
B HUX BO/JIbl, COOTBETCTBEHHO JJaHHBIE [IEPUO/IbI HA3bI-
BAaIOT dTallaMu JIeTUApaTaliy U peruapaTannu Kie-
TOK. YKa3aHHBIM dTanaMm (KOTOpbIe MPEACTABISIOT
coboii cobctBenno INI'I) moxer mpeniiecTBOBaTh
pe00paboTKa SPUTPOLIUTOB (MHKYOUPOBAHUE KIICTOK
B (hM3HOJIOrHYECKOM PacTBOPE).

B HenaBHO ormyOnuKoOBaHHOM pabOTe MBI TOKa3aJIH,
yTo ucnoibzoBanue XIIP B ycnosusx I spurtpo-
LIUTOB Y€JI0OBEKA MI03BOJISIET CHU3UTH YPOBEHb UX F'€MO-
nutuyeckoro nospexaeHus [8]. HeictBue XIIP Ha
KJICTKH MPOSIBIISCTCS KaK HAa MAKpOYPOBHE (B U3MEHE-
HUU QOPMBI 3pUTPOIHTOB [ 5, 14, 30]), Tak 11 HAa MUKPO-
ypoBHe. B nocnennem ciydae M3MEHEHUS], BbI3BaH-
uele nedctBuem XIIP, 3aTparuBaroT kak Hemocpen-
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lose intracellular micro- and macromolecules through
the formed transmembrane hemolytic pores [4, 11, 26].
The use of chlorpromazine (CPZ) can prevent the
destruction of cells under the action of various stress
factors, in particular hypo- and hypertonic media, cold
shock, etc. [6-8, 14,27, 30].

Previously we have studied an antihemolytic acti-
vity of CPZ under the conditions of temperature-osmo-
tic shock of human erythrocytes [32]. It has been
shown that the pre-incubation of cells with CPZ does
not affect their sensitivity to the action of hypertonic
stress and cold shock, while the presence of the sub-
stance in the medium after the transfer from the diffe-
ring conditions (osmolality and temperature) signifi-
cantly increases the stability of the cells.

Experiments with hypertonic stress and cold shock
simulate the effect of damaging factors acting during
the freezing on the cells [9, 12]. Melting of ice during
thawing of cryopreserved erythrocytes results in chan-
ges of the extracellular hypertonic medium to isotonic
one, as a result, posthypertonic lysis of erythrocytes
may develop. Posthypertonic stress (PHS) is a model
of an influence of stress factors on erythrocytes un-
der thawing conditions [21, 23, 28] and simulates the
effect on the cells of a sharp decrease in the medium
osmolality from hypertonic values to isotonic ones. It
should be noted that under real conditions, when frozen
erythrocytes are warmed, the tonicity of extracellular
medium (with respect to intracellular one) changes in
more complicated manner, while the used model (PHS)
represents a sequential effect on cells of hypertonic
and isotonic (physiological) solutions. Cells dehydrate
in a hypertonic environment, and subsequent transfer
to the isotonic medium results in water influx, these
are called the stages of dehydration and rehydration
of cells respectively. These stages (being actually PHS)
can be preceded by pre-treatment of red blood cells
(incubation of cells in a saline).

In a recently published report, we have shown that
the use of CPZ during PHS of human erythrocytes
allowed to reduce the level of hemolytic damage [29].
The effect of CPZ on cells was manifested both at the
macrolevel (in the change in the erythrocyte shape [2,
14, 24]) and at the microlevel. In the latter case, the
changes caused by the action of the CPZ affected both
the erythrocyte membrane itself and metabolic status
of a cell. It was shown that this substance influenced
the state of membrane phospholipids [20, 34]. In
addition, the CPZ can enhance auto-oxidation of hemo-
globin, activate caspase 3, and also alter intracellular
content of ATP and amount of reduced glutathione
[8]. It is known that CPZ is an inhibitor of calmodulin
[16, 19], in addition, this substance can affect the
closure of membrane pore in erythrocyte ghosts [18].

The possible mechanism of antihemolitic action
of CPZ during PHS of erythrocytes is not clear. Under
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CTBEHHO CaMy DPHUTPOIHUTAPHYI0 MEeMOpaHy, TaK H
MeTabomndecKkuil cratyc kiaeTku. [lokazano, 9To naH-
HOE BEIIECTBO BJIHUSIET HA COCTOSTHHE MEMOpaHHBIX
thocpomunumos [27, 35]. Kpome Toro, XIIP moxer
YCUJIUBATh aBTOOKHCIICHHE I'eMOTIIOOWHA, aKTUPO-
BaTh Kacma3y 3, a TakKe€ U3MEHSATb BHYTPHUKJIIETOU-
Hoe conepxkanue AT®D U BOCCTAaHOBICHHOTO IIIyTa-
troHa [18]. U3BectHO, urto XIIP sBnsgercs uHruOu-
TOpPOM KabMOoTyiiHa [23, 26], KpoMe TOTo 3TO BEIIECTBO
MOXET OKa3bIBaTh BIMSHHUE HA 3aMBbIKAaHUE MEMOpaH-
HOM TIOPHI B 3pUTPOIMTAPHBIX TeHSIX [25].

Bompoc 0 BO3MOXHOM MEXaHU3ME aHTHUTEMOJIH-
trueckoro aeiictus XIIP mpu IIT'II sputpouuTos
mano u3yueH. B ycnoBusx III'II peakuust kjaeTok
Ha npucytcreue XIIP Ha ToM wim nHOM 3Tane (npe-
n00paboTKa, Aeruapartalus, peruapaTanus) H03Bo-
JIUT TPUOJIN3UTHCA K TIOHUMAHUIO BO3MOXKHOTO Me-
xaHu3Ma anturemonutudeckoro aeiictsus XIIP. Ilpen-
CTaBJISIIO UHTEPEC BBIICHUTD, KAKUM ITyTEM PEean3yeTCsl
3amuTHOe AevictBue XIIP: 3a cuer OGmoxumuyeckon
Mou (UK KIETOK (71T KOTOPOW HEOOXOTUMO
MIPOJOIKUTENBHOE MPEABAPUTEITHFHOE HMHKYOUPOBAHUE
kietok ¢ XI1P) mubo n3meHeHue cocTosHISI MeMOpa-
HBI B MOMEHT JielicTBus crpecca. B ycnosusax T
SPUTPOIUTOB, IPEIABAPUTEIBHO 00padoTaHHBIX XIIP,
MIPOSIBIICHUE €r0 aHTUTEMOIUTHICCKON aKTHBHOCTHU
OyJIeT CBHJIETEIILCTBOBATh O TOM, YTO 3aIIUTHBIN Me-
XaHU3M CBsI3aH ¢ OMOXMMHYECKOW Monudukanuen
KJIETOK, KOTOPasi 3aKJII0YAETCs, B IEPBYIO OUepelb, B
WHTHOWPOBAHUH KAJIBMOJYJIWHA — [UTOIJIA3MAaTH-
YeCKOTro OeJiKa, y4acTBYIOIIEro B ((OPMUPOBAHUU KJIe-
TOYHOTO OTBETa Ha BHEIIHUE Bo3jencTBusa [16, 20,
31, 36]. Kpome Toro, XIIP MoxeT BIUSTh Ha XapakTep
TPaHCOUCIIONHOTO pactpeaecHus TUuaoB [ 15, 24].
B cnydae mposiBIeHUS aHTUTEMOJIMTHYCCKONH aKTHB-
Hoctu XIIP npu nepeHeceHuu KJIETOK B CpPEJbl Jie-
TUApATAIlii W PETHIpATAllH, COIepKaIue amQpu-
(hus1, MOXKHO CUMTATh, YTO MEXAHU3M €r0 3alTUTHOTO
JercTBUST 00YCIIOBIICH OBICTPOIPOTEKAIOIIMMHE TIPO-
eccaMu B MeMOpaHe.

Takum 00pa3om, IEIbIO JaHHONW PabOTHl OBLIO
M3y4YEeHHE aHTHTEMOJIUTHYECKOTO 3PPEKTa XIOPIPO-
Ma3WHA B YCJIOBUSX MOCTTUIIEPTOHUYECKOTO IIOKA
SPUTPOLIUTOB YEJIOBEKA B 3aBUCMOCTH OT IPUCYTCTBUS
BEII[ECTBA HA Pa3HBIX Tanax dKCIepPUMEHTa U HCCIIe-
JIOBaHUE BIUSHUS XJIOPIIPOMa3HHA Ha TIepepacipeie-
sierne GocharuauiaceprHa B MeMOpaHax SpUTPOLIUTOB
METO/IOM IPOTOYHOM LIUTOPITYOPUMETPHH.

Marepuajbl 1 MeTOABI

B pabote ncciemnoBanu 3pUTPOLUTHI, TOTyUEH-
HbIE M3 JOHOPCKOW KPOBH YEJIOBEKa, 3arOTOBJICH-
HOI1 Ha reMokoHcepBaHTe «[ moruump» («bruodapmar,
VYkpauHa).

[Tocne ynaneHus Iia3Mbl 3PUTPOMACCY TPHIKJIBI
ueHtpudyruposanu npu 3000 o6/muH (ueHTpUdyTra
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the conditions of PHS, the cell can respond to the
presence of CPZ at one of stages (pre-treatment, de-
hydration, rehydration) and these observations could
allow us to reveal a possible mechanism of antihemo-
litic effect of CPZ. In particular, it was of interest to
clarify which way the protective effect of CPZ is im-
plemented: via biochemical modification of cells (which
requires a relatively long term pre-incubation of cells
with CPZ) or the changes in the state of membrane
during stress onset. In other words the manifestation
of CPZ antihemolytic activity during PHS of the ery-
throcytes pre-treated with the substance will indicate
that its protective mechanism is associated with bio-
chemical modification of cells, and this will be asso-
ciated rather with inhibition of calmodulin, a cytoplasmic
protein involved into formation of a cellular response
to external influences [5, 10, 25, 35]. In addition, CPZ
can affect the transbilayer distribution of lipids [3,
17]. In the case of manifested CPZ antihemolytic acti-
vity when cells are transferred into dehydration and
rehydration media containing amphiphile, the mecha-
nism of its protective action will be due to rapid pro-
cesses in the membrane.

Thus the research aim was to study an antihe-
molitic effect of chlorpromazine under conditions of
posthypertonic stress of human erythrocytes depen-
ding on the substance presence at different stages of
experiment and to investigate by flow cytometry the
influence of chlorpromazine on redistribution of phos-
phatidylserine in erythrocyte membranes.

Materials and methods

The research was performed in the erythrocytes,
derived from human blood, procured with the Glyugitsir
hemopreservative (Biopharma, Ukraine).

After plasma removal the erythromass was centri-
fuged three times at 3,000 rpm (centrifuge OPn-3U4.2,
Kyrgyzstan) for 3 min in a 10-fold volume of physio-
logical solution (NaCl 0.15 mol/L, phosphate buffer
0.01 mol/L, pH 7.4). The leukocyte layer and super-
natant were removed by aspiration. Erythrocytes were
stored as a dense sediment for not longer than 4 hrs at
0°C. To obtain an ‘initial’ suspension of erythrocytes,
the cell pellet was added to physiological solution in
1:10 ratio. All the media used in the research were
prepared in phosphate buffer of 0.01 mol/L, pH 7.4.

Posthypertonic stress was performed by transfer-
ring erythrocytes from the hypertonic solution (dehyd-
ration stage, 1.75 mol/L NaCl) to isotonic (rehydration
stage, 0.15 mol/L NaCl) at 0°C. The final hemato-
crit was 0.4%. The scheme of experiment is shown in
Fig. 1. Posthypertonic stress of erythrocytes was pre-
ceded by a stage of pre-incubation of cells (pre-treat-
ment stage). Chlorpromazine (Calbiochem, USA) was
added to the medium at different stages of the expe-
riment before introducing red blood cells. In the case
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«OITa-3Y4.2», Keipreizcran) B Tedenne 3 MuH B 10-
KpaTHOM o0beMe usuonornyeckoro pacrsopa (NaCl
0,15 monw/11; pocarnsriii 6ydep 0,01 mons/n, pH 7,4).
JlelikouuTapHyIO IJICHKY U CylIepHAaTaHT YAaJIsLIH ac-
NMpanreil. SpUTPOLMTHI XPaHHUIIU B BUJIE TFIOTHOT'O OCAJI-
ka He Oonee 4 4 npu temneparype 0°C. s noxy-
YEHUS «UCXOAHON» CYCIIEH3UH dPUTPOLIUTOB 0CAIOK
KJIETOK 100aBIsIM K (hHU3MOJIOTHYECKOMY pPaCTBO-
py B otHomenuu 1:10. Bece ncronb3yemsie B padote
cpeapl roropunn Ha (ocdaraom Oydepe 0,01 Mosb/i,
pH 7.4.

ITocTrunepToHUYECKUI 1IOK OCYIECTBIISUIN TIe-
pEeHECEHNEM IPUTPOLIUTOB U3 THTIEPTOHNIECKOTO PaCT-
Bopa (9tam neruaparanu, 1,75 mons/n NaCl) B nuzoro-
Hudeckuit (9ran peruaparanuu, 0,15 mons/n NaCl)
nipu 0°C. Koneunsrii remarokput coctasisi 0,4%. Cxema
JKCIEepUMEHTa IpeacTaBieHa Ha puc. 1. [loctrunep-
TOHMYECKOMY ILIOKY SPUTPOLMTOB MPEIIECTBOBAI 3Tl
MpeiBapUTeNbHON HHKYOAIMK KIIETOK (3Tar npegoopa-
00TKH). B KauecTBe KOHTPOJIS HCIOIB30BAIIN HPUTPO-
Tkl B yeioBusix [T 6e3 npumenenus XI1P («Cal-
biochem», CIIIA). XopripoMasuH 100aBJIsUIN B CPEJIbI
Ha pa3HBIX 3Tanax KCHEpPHMEHTa Mepesl BHECEHHEM
B HUX DpUTPOLMTOB. B ciydae mpeaBapuTelbHOTO
nHKyOupoBaHus kietok ¢ XIIP (mpu ero orcyrcrBun
Ha mocnenyronux dtanax [1I'I) xoHeHTpaus Be-
LIECTBA Ha ATalax JAeruapaTaliy 1 peruiparaiym Obuia
HE3HAYUTEIbHOH (B pe3ynbTare pa30aBieHus).

YpoBeHb reMosu3a 3pUTPOLIUTOB B HAI0CAIOYHOM
XKHUIKOCTH OIpPENEeNsIN CHEKTPO(HOTOMETPHUIECKIM
METOAOM pu AjuHe BoJIHbI 543 HM. 3a 100% npunu-
MaJI OMJIOICHHUE POOBI, B KOTOPYIO J0OABIISIIN TPHU-
ToH X-100 («Merck», [epmanust) B konmeHTparmu 0,1%.

3HaueHue aHTUTEMOJINTHYECKON akTUBHOCTH (Al)
XJIOPIIPOMa3nHa PACCYUTHIBAIN 110 (hopMyIe:

Al =K—O(

x100 %,

K

Ie K — BeIWYMHA TeMOJIU3a dPUTPOIUTOB B OT-
cyrctBun XIIP; o0 — BenmunHa reMosn3a SpuTpOLUTOB
B npucytcTBuu XIIP.

OpuUTpoLUTHI YenoBeka noasepranu 10-MuHyTHON
HMHKYOaIiH B (PU3NOIOTHUECKOM PACTBOPE (KOHEUHBIH
rematokput 0,4%) ¢ XIIP (100, 200 u 300 MKMOJTB/7T)
npu 37°C. Ocaiok 3pUTPOLUTOB, MTOJYYEHHBIN B pe-
3ynbTaTe HEHTPUPYTHPOBAHUS, aHATU3UPOBAIH Me-
TOJIOM IIPOTOYHON UTOITyopuMeTpud. [ otleHKn
KOJTMYECTBA IPUTPOIMTOB C HAPYIICHHONH acCHMMET-
puel KJIeTouyHON MeMOpaHBI MUCIOJIB30BaIN HAaOOp
«Annexin V FITC Apoptosis Detection Kit» («Becton
Dickinsony, CILIA), BkITro9arommii aHHEKCHH V, KOHB-
IOTHPOBAaHHBIN € (QIIyOpoXpoMoM — (pIIyopecrenHu-
3otnonmonaroM (Annexin V FITC), u 6ydep. Kner-
KU PecyCIeHJUPOBAIIN B yKa3aHHOM pacTBope Oydepa
JUTSL OKpalIMBaHMs 710 KOHIeHTpauuu 1 X 10 xi/mi.
B cootBerctBuu ¢ nporokonom Annexin V FITC k
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3tan npeno6paboTku
(0°C, 10 MuH, bM3NONOrNYECKMIN pacTBop)

Pre-treatment stage
(0°C, 10 min, physiological saline)

dTan gernpgpartauuu
(0°C, 20 MUH TMNEPTOHMYECKNIA PacTBOp
Dehydration stage
(0°C, 20 min hypertonic solution)

3Tan perugpatauuu
(0°C, 5 muH, cusmonormyeckuii pacteop)

Rehydration stage
(0°C, 5 min, physiological saline)

Puc. 1. Cxema akcnepumeHTa
Fig. 1. The experiment scheme

of pre-incubation of cells with CPZ (when it was absent
at following stages of PHS), the concentration of sub-
stance at the dehydration and rehydration stages was
insignificant (as a result of dilution). Control erythro-
cytes underwent PHS without the CPZ presence.

The level of hemolysis of erythrocytes in the super-
natant was determined by spectrophotometric method
at 543 nm. The absorption of the sample supplemen-
ted with 0.1% Triton X-100 (Merck, Germany) was
assumed as 100%.

The value of antihemolytic activity (AH) of chlor-
promazine was calculated by the formula:

AH = k_TOLXIOO% ,

where & — hemolysis of erythrocytes without CPZ;
o, — hemolysis of erythrocytes with CPZ.

Erythrocytes were subjected to a 10-min incubation
in physiological saline (final hematocrit 0.4%) with
CPZ (100,200 and 300 umol/L) at 37°C. The erythro-
cyte sediment obtained as a result of centrifugation
was analyzed by flow cytometry. Annexin V FITC
Apoptosis Detection Kit (Becton Dickinson, USA)
(Annexin V, conjugated with fluorochrome fluores-
cein isothiocyanate (Annexin V FITC), and buffer)
was used to estimate the amount of red blood cells
with an impaired asymmetry of the cell membrane.
Cells were resuspended in the buffer solution for
staining. In accordance with the Annexin V FITC
protocol, 5 il of Annexin V FITC were added to 100 ul
of cell suspension (1 x 10° cells/ml), mixed and incu-
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100 MK kireTounoM cycrensuu (1 X 106 ki1/mir) mobas-
nsimm S M1 Annexin V FITC, nepemenuBany u HHKY-
OupoBanu 15 MUH IpU KOMHAaTHOM Temieparype B
temHoTe. [1o ncreueHnn BpeMeHn HHKYOUPOBaHUS B
Kaxayto mpooupky nodasisiu o 400 Mk pabouero
pacTtBopa Oydepa ans oKpamiMuBaHUs M HTPOBOAMIN
n3MepeHue Ha mpotodHoM nurodayopumerpe «FACS
Calibur» («Becton Dickinson», CIIIA). UTaTeHCHBHOCTH
(hmyopectieHIIn U3MEPSUTH Ha PIIyOPECIICHTHOM Ka-
Hane FL1 npu nuHe BOTHBI BO30y)aeHUS 488 HM U
JumrHe BOJTHEI oMuccru 530 am. KommaecTBo aHHEKCHH-
MEUYEHHBIX KIETOK OIpPEJNIENsId B HUKHEM MPaBOM
KBaj[paHTe NUTOrpamMM. J[Jisi MUHUMU3AIMK OIINOKH
B mpo6e anamzupoBain 100 000 cobwrTuii. Pesynsrars
H3MEPEHUs] OLEHUBAIU C IMOMOIIBIO IPOrPaMMHOTO
obecnieuenust K CELLQuest Pro» («Becton Dickinsony).

Craructrueckyto 00paboTKy MOITy4eHHBIX dKCIIe-
PUMEHTAIBHBIX PE3YJIbTAaTOB IPOBOJMIN C TOMOLIBIO
nporpaMmel «Statistica 6.0» («StatSoft Inc.», CLLA).
J31s1 MpOBEPKH CTAaTUCTUYECKON 3HAYMMOCTH Pa3IMIUi
WCCIIETyEMBIX YHCIIOBBIX MIOKA3aTeIeH HCIOIB30BAIN
KpuTepuu MaHHa- YUTHH.

Pe3yabrarhl u 06CyKIeHHe

XJIopnpoMa3rH NPOSIBIISIET aHTUTEMOJIUTHIECKYFO
AKTHBHOCTH B IIMPOKOM KOHIIGHTPAIMOHHOM JHaria-
3oHe nipu 0°C [8]. Beibop xonuenrpanuu XIIP mns

bated for 15 min at room temperature in the dark.
When incubation time finished, 400 pl of the handling
solution of the buffer were added to each tube and
the measurement was carried out with FACS Calibur
flow cytometer (Becton Dickinson). The fluorescence
intensity was measured in FL1 fluorescent channel
at an excitation wavelength of 488 nm and 530 nm
emission wavelength. The content of Annexin-labeled
cells was determined in the lower right quadrant of
the cytograms. To minimize the error in the sample,
100,000 events were analyzed. The results were eva-
luated using the CELLQuest Pro software (Becton
Dickinson).

The obtained experimental results were statistically
processed by means of Statistica 6.0 software (StatSoft
Inc., USA). To check the statistical significance of
the differences in between samples, the Mann-Whitney
criteria were used.

Results and discussion
Chlorpromazine exhibits an antihemolytic activity
within a wide concentration range at 0°C [29]. The
choice of CPZ concentration for this study was based
on the results of investigating the barrier properties of
erythrocyte membranes in the presence of CPZ by
EPR spectroscopy [36]. The studies carried out using
the TEMPON probe in combination with potassium
ferricyanide, not penetrating into intact cells,
allowed us to distinguish two ranges of am-

o
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phiphile concentrations. In particular, at high
concentrations of CPZ (300-700 umol/L),
barrier properties of erythrocyte membranes
* (for ferricyanide ions) were compromized,
but at low concentrations (50200 pmol/L)
they were preserved. On the basis of these
data, we used in the study the CPZ at a con-
centration of 180 umol/l.

To determine the stage of the PHS, res-
ponsible for implementation of an anti-
hemolitic effect of CPZ, the experiment

3 4 5 6

BapwuaHThI
Variants

AHTUremonuTuyeckas akTMBHOCTb, %
Antihemolytic activity, %

0__- _I-
1 2

Puc. 2. AHTuremonutnyeckasa aktmpHocTb XIP (180 mkmonb/n)
B YCIOBMAX MepeHoca 3puTPOLMNTOB M3 cpefbl, Coaepxallen
1,75 mone/n NaCl, B cpeay 0,15 monb/n NaCl; temnepatypa 0°C;
XIMP Ha pasHbix 3Tanax akcrepumeHTa: npegobpatdotka — B, gerng-
. ¥ — CTaTUCTUYECKN 3HAYMMBbIE
pasnuyusa nNo cpaBHeHuto ¢ BapuaHtamu 1-5 (p < 0,05), konuyecTso

patauma — O0; perngpataums —

HabntogeHun B Kaxagou rpynne — 7.

Fig. 2. Antihemolytic activity of CPZ (180 umol/l) when erythro-cytes
were transferred from a medium containing 1.75 mol/L NaCl to the
one of 0.15 mol/L NaCl; temperature 0°C. The CPZ presence at va-
rious stages of the experiment: pre-tretament — l; dehydration — [J;
. * — statistically significant differences if compared
with the variants 1-5 (p < 0.05), the number of observations in each

rehydration —

group made 7.
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protocol was chosen in such a way that the
7 substance was introduced into the medium
at different stages and in various combi-
nations (Fig. 2).

The efficiency of amphiphilic compounds
is usually expressed as an index of antihe-
molytic activity. The values of antihemolytic
activity of CPZ under conditions of PHS of
human erythrocytes, depending on the CPZ
presence at different stages of the experi-
ment, are shown in Fig. 2.

Chlorpromazine is an inhibitor of calmo-
dulin [16, 19]. The calmodulin signal system,
interacting with other signaling systems of
the cell, participates in the formation of a cellu-
lar response to external influences [5, 10,
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MIPOBE/ICHUS JAHHOTO UCCIICIOBaHMs OCHOBaH Ha pe- 25, 35]. Chlorpromazine can modify calmodulin-depen-
3yJbTarax paboThl 10 U3yueHuIo OapbepHbIX cBoMcTB  dent cell systems, changing either the interaction of
spuTponMTapHsix MeMOpaH B npucyTcTBuu XIIP me-  calmodulin with cytoskeleton components, or the acti-
togoMm DIIP-cnekrpockonuu [9]. IlpoBenennsie uc-  vity of calmodulin-dependent kinases, in particular, spec-
cienoBanus ¢ nomoibto 30512 TEMIIOH B komOu-  trinase. Calmodulin blockade could result in altered level
Hamu ¢ GeppuLuaHuIOM Kayusi, KoTopblid He mpoHu-  of phosphorylation of cytoskeleton proteins, their ionic
KaeT B HAaTUBHBIC KJIETKH, IIO3BOJIMIIN BBIICIHTE ABa  environment, and the content of ATP in the cell [16, 19].

JIara3oHa KoHIeHTparmid amdudrna.
Tak, mpu BBICOKMX KOHIICHTPAIUSIX
XITP (300-700 Mxmonb/n) OapbepHbIE
CBOICTBa MEMOpaH PUTPOLIUTOB (IO
OTHOILECHUIO K HOHaM (peppurimanuia)
HapyIIaJUCh, @ IPU HU3KUX KOHIIEHT-
paunsix (50-200 MKMOJIB/JT) cOXpaHsi-
smck. Mecxons U3 3TuX JaHHBIX, B paboTe
MBI HcTnoab3oBaii XIIP B KOHIEHT-
paruu 180 MKMOJIB/JI.

Hns onpenenenus stana [T, ot-
BETCTBEHHOT'O 32 PEATU3AINIO aHTHTe-
Monutrdeckoro 3 dexra XI1P, 6uta
BBIOpaHa Takas MOCTaHOBKA IKCTIEPH-
MEHTa, IPH KOTOPOH BEILECTBO BHO-
CHJIM B Cpelly Ha pa3HbIX dTanax u B
Pa3IUYHBIX COYETAHUSX (pUC. 2).

O¢ddexTuBHOCTE aMPUPHIBHBIX
COEJIMHEHUMH, KaK PaBUIIO, BHIPAsKAaIOT
B BHJE BEJIMUYMH aHTUI'€MOJINTHYEC-
KOW aKTUBHOCTH. 3HAYCHHS aHTHUIe-
MojauTHyeckod akTuBHOCcTH XIIP B
yenosusix TII'I spurporuToB yeo-
BEKa B 3aBUCHMOCTH OT TIPHCYTCTBHS
XTIP Ha pa3HbIX 3Tanax 3KCrepuMeHTa
TIPe/ICTaBIICHbI HA PHUC. 2.

XJ0pupoMasuH SBJISETCS WHTH-
OuTopoM KasbMoyniHa [23, 26]. Kans-
MOJYJIMHOBAs CUTHAJIbHAsI CHCTEMA,
B3aUMOJICHCTBYSI C IpyTUMH CUTHAITb-
HBIMHU CUCTEMaMU KJICTKH, y4aCTBYET
B (hOpMHPOBaHNHM KIIETOUHOT'O OTBETA
Ha BHeIIHUe Bo3aeicTeus [16, 20, 31,
36]. XuopnpomMasuH KaKk HHTHOUTOP
KaJbMOJIyJTHHA MOXET MO (DUIIUPO-
BaTh KaJlbMOJIYJIMH-3aBHCHMBIC CHC-
TEMBI KJIETKU, U3MEHSIS THO0 B3aUMO-
JeHCTBIE KAJTbMOJYJIMHA C KOMITOHEH-
TaMM LIUTOCKENETa, INOO aKTUBHOCTh
KaJIbMOJyIMH-3aBUCUMbIX KHHa3, B
YaCTHOCTH, CIIEKTPUHKHHAa3bI. B pe-
3yabTare OJOKMPOBAHUS KaJbMOJIY-
JIMHA W3MEHseTcsl ypoBeHb (ocdo-
PUIMPOBaHHS OSTIKOB LIUTOCKENETA, UX
MOHHOE OKPY)KEHHE U COJEep)KaHHe
AT® B knetke [23, 26].

CymecTByeT Ooiblmas BEpOsIT-
HOCTb TOTO, YTO MEXaHNU3M aHTUTEMO-
nutudeckoro aeiicteust XIIP B ycno-
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Puc. 3. Lutorpamma apuTpoumnToB YeroBeka nocrne obpaboTku xnop-
npoMasunHoM (Nno ocu abcumnce — UHTEHCUBHOCTL (DITyOpeCLIEHLNN aHHEKCUH
V-FITC B oTHOCKTENBHBIX eanHMuax): A — KOHTporb; B—D — XIMP B KOHUEHT-
paumn 100, 200 n 300 MKMONbL/N COOTBETCTBEHHO. [puBEeAEHbl AaHHbIE
O[IHOTO U3 TPex 3KCNEepPMMEHTOB.

Fig. 3. Cytogram of human erythrocytes after treatment with CPZ (abscis-
sa — fluorescence intensity of annexin V-FITC in relative units): A — control;
B-D — chlorpromazine at a concentration of 100, 200 and 300 umol/L, re-
spectively. The data of one of three experiments are demonstrated.
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BHSIX CTpecca CBS3aH C MHTMOMPOBAHHEM KallbMO-
JyJMHA, €CIIH TPHU MPeIBapUTEIbHOM HHKYyOHpOBa-
Huu sputpounTos ¢ XIIP peanusyercs ero 3amuraoe
nericteue B ycnoBusx [T

[Mocne nakyouposanust sputpountos ¢ XI 1P Tonpko
Ha 3Tane nperoOpadOTKM aHTUTEMOJIUTHYECKAs aK-
TUBHOCTh aM(pUPHUIBHOIO COCIUHEHHS B YCIOBHUSIX
[1I'L] ze BoIsiBNEHA (pUC. 2, BapraHT 1). AHAIIOTHYHbIE
Pe3yIbTaTh (OTCYTCTBHE aHTUTEMOIUTHIECKOM aKTHB-
Hoctu XIIP) ObuTH MOMydYeHB! A BCEX BO3MOXKHBIX
BapHAHTOB NMPUCYTCTBHUS BEIIECTBA HA dTanax JeruI-
paTtaiiy 1 peruIpaTaIiy pyu 0053aTeIbHOM yCIIOBUN
npenoOpaboTKu UM KIIETOK (puc. 2, BapuaHThl 2—4).
Takum obpazom, nobasnenue XIIP na atane mpenod-
PabOTKH KJIETOK HE 00ECIEUMBAIIO €T 3aIUTHOE ACHCT-
Bue B ycnousx [T spurpounTos uenoseka (puc. 2).
JanHblii (akT CBUAETENBCTBYET B MOJIB3Y TOTO, YTO
MEXaHU3M aHTUreMoauTHueckoro neicteus XIIP ne
CBSI3aH C MPeBapUTENbHON MOAN(HKALMEH KIETOK.

Brenenue XIIP B cpeapl Ha aTanax neruapaTanuu
W perujaparanyy B pa3lInyHbIX KOMOWHALMSIX TPHU-
BOJIMJIO K PA3BUTHIO €0 aHTUTEMOJIUTHYECKOW aK-
THBHOCTH B TOM CJIydae, KOIjia BEIIECTBO HAXOIMIOCh
B cpene peruapartanuu (puc. 2, BapuanTsl 6—7). Cie-
JIYeT OTMETUTh, uTo XIIP mposiBiisimn Makcumalb-
HYI0 () (HhEeKTUBHOCTH TOJILKO Ha ATAIle peruaparaliu
(puc. 2, BapuaHT 7), TPy TOM €T0 aHTUTEMOJIUTHIECKAs
AKTUBHOCTH cocTaBisuia 48%.

Taxum o0paszom, Al TPOSIBICHUST aHTUTEMOJIH-
tnueckoro 3¢ dexra XIIP B yenosusix T sputpo-
LUTOB HEOOXOIUMO BBIINOJIHEHHE CIEIYIOLINX yCIIO-
BUH: BO-TIEPBBIX, BEIIECTBO JOJKHO IPUCYTCTBOBATD
Ha 3Tare peruaparaiyy, BO-BTOPbIX, 00S3aTENbHO OT-
CYTCTBOBATh Ha JTalle MpPeABAPUTEIHHON 00pabOTKH
KJIETOK. AHTUreMonTHYecKast akTuBHOCTH XI [P mposis-
JIIeTCSl B MOMEHT PE3KOT0 N3MEHEHNS YCIOBUN OKPY-
KaFOIIICH CPEIbI U, TTO-BHIMMOMY, HaOomaeMbIil S pexT
peanusyeTcs Ha ypOBHE IJIa3MaTHIeCcKOil MEMOpaHBI.

Bouto nokazano, uto XI1P Biusier Ha MeMOpaHHbIC
dbochomunuael, U3MEHsS UX COCTOSHUE B 00JacTH
MOJIPHBIX FOJIOBOK M KUPHOKUCIIOTHBIX 1ienei [22, 35],
npu4eM 3TH 3QPEKTh MOTYT OBITH 00paTUMBIMU [22].
Ha ocHOBaHMM BBIIICONMCAHHBIX JAHHBIX MOYKHO I10J1a-
rathb, 4To «muileHbo» nerctus XIIP B ycnoBusx
[I'II sBnsiroTcst MemOpaHHbIe (HOCHOTUTTUIBL.

B ycnoBusix [T sputpoudToB Ha ATaIe 1€TU/l-
paranuu B Iiia3MaTHYecKuX MeMOpaHax KIeTok (hop-
MHUpYIoTCs MUKpoaiedekTsl [ 11], KoTopble Ha mocneyto-
IIeM 3Tare perujpaTaluy yBEeIUYUBAIOTCS A0 pas3-
Mepa remoaurrdeckux rnop. [Ipucyrereue XIIP B cpene
peruapatanuy npeaoTBpamiaeT pa3BUTHE 3TOTO MPO-
1ecca 3a c4eT CHOCOOHOCTH BEILIECTBA BIUSTh Ha JINITH-
JIbl ¥ BBI3BIBATH UX PEOPraHU3aLUIO IPU BCTPAUBaHUH
B 9pUTpoLHTapHyIo MeMOpany [13, 18,22, 29, 34].

Tor daxT, 4yTO MpU MpeABapUTENLHON 00paboTKe
KJIIETOK XJIOPIPOMA3HHOM BEIIECTBO (B TFOOBIX KOMOH-
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The mechanism of antihemolitic action of CPZ
under stress conditions could be associated with the
inhibition of calmodulin, if pre-incubation of erythro-
cytes with CPZ is followed by protective effect under
the PHS conditions.

After the incubation of erythrocytes with CPZ pre-
sent only at the stage of pre-treatment, we have not
found any antihemolytic activity of amphiphilic com-
pound under the conditions of following PHS (Fig. 2,
variant 1). Similar absence of antihemolytic activity
of CPZ was obtained for all possible variants of the
substance presence at the stages of dehydration and
rehydration in case of cell pre-treatment with CPZ
(Fig. 2, variants 2—4). Thus, the addition of CPZ at the
stage of cell pretreatment did not cause any protective
effect under the PHS of human erythrocytes (Fig. 2).
This evidences to the fact that the mechanism of antihe-
molitic action of HPZ is rather not associated with the
preliminary modification of cells.

The introduction of CPZ into media at the stages
of dehydration and rehydration in various combinations
allowed to appear the antihemolytic activity in the case
when the substance was in the rehydration medium
(Fig. 2, variants 6—7). It should be noted that CPR sho-
wed a maximum efficiency only at the stage of rehyd-
ration (Fig. 2, variant 7), where its antihemolytic acti-
vity was 48%.

Thus, the antihemolytic effect of CPZ under the
PHS of erythrocytes could be provided if the follo-
wing conditions are met: first, the substance must
be present at the rehydration stage, and secondly, it
must be absent during the pre-treatment of the cells.
The antihemolitic activity of CPZ is manifested du-
ring sharp changes in environmental conditions and,
apparently, the observed effect is realized at the level
of the plasma membrane.

It has been shown that CPZ affects membrane
phospholipids, changing their state in the area of polar
heads and fatty acid chains [15, 34], and these effects
can be reversible [15]. Based on the above-described
data, it can be assumed that the membrane phospho-
lipids are the target of the CPZ action under conditions
of PHS.

Erythrocyte PHS is accompanied with forma-
tion of microdefects in cell plasma membrane at the
dehydration stage [31], and at the following rehyd-
ration these could develop up to the size of hemolytic
pores. The presence of CPZ in the rehydration me-
dium prevents the development of this process due
to the ability of the substance to exert an influence
on the lipids and cause their reorganization when in-
corporated into the erythrocyte membrane [1, 8, 15,
22,33].

The fact that during the preliminary treatment
of cells with CPZ the substance (in any combination)
does not show any antihemolytic effect under the
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HAIIMSIX ) HE MPOSIBIISIET aHTUTEMOJIUTHUECKHN AP PEeKT
B ycnosusix [II'I sputporuTos (puc. 2), CBHAETENb-
CTBYET O HEKOTOPBIX U3MEHEHHSIX B MeMOpaHe Ha 3Ta-
e npeaoopadboTKu, KOTOphIE, BO3SMOKHO, CBS3aHBI C
bodonmununamu memOpan. Mcxons n3 Gu3NKo-Xxumu-
yeckux cBoicTB mosekyn XIIP (B koTopbix cOamaH-
CUpOBaHbl rHApodoOHas U TUAPODUIBbHAS YACTH) U
XapakTepa X JOKaTU3aluH B SpUTPOLUTAPHON MeMO-
paue [9, 34], a Tak)Ke y4IHTHIBasS TOT (PAKT, YTO «MH-
menbto» XIIP sBusrorces hochomunuast [22, 35],
MIPEACTABIIAIIO UHTEPEC M3YyUUTh BIHSHHUE JAHHOTO
BEII[ECTBA HA aCHMMETPUYHOE TPAHCOMCIIONHOE pac-
npenenenune dpochonmnunos Ha npumepe Gocdaru-
muiicepuHa. MeTooM mpoToyHOH uTo(hiIryoMeTpun
OBLIO KCCIIEJOBAHO COCTOSTHHUE SPUTPOLIUTAPHON MEMO-
panbl ipu feiictBuu XIIP B KOHLIEHTpanusx 1 BpeMeH-
HBIX HHTEPBaJaX, IPU KOTOPBIX OH IIPOSIBIISII 3aILIUTHOE
nerctue B ycnopusx T [8].

CreneHp HapyILIECHUS ACUMMETPUN MeMOpaHBbI OTI-
PEIeIIsIIN 110 SKCTIOHUPOBAHMIO HA TOBEPXHOCTH KJIe-
TOK (ochaTuauiceprta, KOTOPBIH SIBISIETCS MapKep-
HbIM (pocomIIIoM BHY TPEHHET0 MOHOCIIOS JIUTH/THOTO
oucinos. C atoii enbto ncnonb3oBain Ca?'-3aBUCHMBIIT
Oemok anHeKcHH V (MoekyisipHast Mmacca 35-36 x/la),
KOTOpBIN 00Ja/1aeT BHICOKUM CPOJICTBOM K (hocda-
tuauincepuny [37]. AHHeKCHH V, KOHBIOTHPOBAaHHBIN
¢ IIyopoXpoMOoM (ITyOpECIICHHU30THOIIMOHATOM, COX-
paHseT BBICOKOE CPOACTBO K AaHHOMY (ocdonunumy,
MIO3TOMY HCIOJIB3YETCSl KaK UyBCTBHUTEIbHAS METKa
JUIS aHaju3a KICTOK C HapyIICHHOHW acUMMeETpHeil
MeMOpaHbI METOI0M MPOTOYHON HUTO(IYyOpUMETPHUH.

Pesynprarel mpoBeeHHBIX HAMHU HCCIIEAO0BAHUI
SPUTPOLIUTOB YEJIOBEKA METOAOM MPOTOUYHOM LIUTO-
(hryopruMeTpuH MOKa3aiu, YTo CoJlepKaHNE KOHTPOITb-
HBIX 3pUTpounTOB (B oTcyTcTBHH XIIP), CBsI3aBIIMX
anHekcuH V, coctasisio 0,01% (puc. 3). Ipn nakyon-
poBanuu kneTok ¢ XIIP B kormentpanusx 100, 200 u
300 MKMOJIB/JT COZIep>)KaHNE TO3UTUBHO MEUYEHHBIX KIle-
TOK IIPAKTUYECKH HE M3MEHSIIOCH U cocTaBiisiio 0,02—
0,03%. JlanHbIil (akT CBUAETEIHCTBYET O TOM, YTO
XIIP B yka3aHHBIX KOHLUEHTPALUAX IPHU HEMPOIOI-
KHUTEIHHOM HHKYOUPOBAHHUH C 3PUTPOLUTAMU YEJIO-
BEKa HE BBI3BIBACT TpaHCOMCIOITHOE mepepacipe-
neneHue ¢ocharuaniicepuHa B Mia3MaTUYCCKUX
MeMOpaHax.

[Tonydenusle pe3ynbTaThl COMNIACYIOTCS C JaH-
HbiMu uccaenoBanus H. Hagerstrand u coasrt. [21].
Br110 ycTaHOBIIEHO, YTO MOJIOKUTENBHO 3apsKEHHBIC
ampudHIbHBIE COSAMHEHHSI B OTIHYUE OT aMpudu-
JIOB, OTHOCSIIUXCS K KJIaccaM HEHOHHBIX M OTpPH-
LATENBHO 3aPSKEHHBIX, HE HapYIIAIOT aCUMMETPHIO
spuTtpouurtapHoii MemOpansl. ITo muenuto S. Ficarra
n coanT. [18], XIIP npuBogUT K 3KCIIOHUPOBAHUIO
¢dochaTtuaniacepuHa Ha MOBEPXHOCTH IPUTPOLIUTOB
(IPOIOIKUTENFHOCTS HHKYOHPOBAaHNUS KIIETOK C Be-
LIECTBOM cocTaBiisiia 2 4). B yka3aHHBIX SKCIIEpUMEH-
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conditions of PHS of erythrocytes (Fig. 2), indica-
tes the appearance of some changes in membrane
during the pre-treatment stage, which may be asso-
ciated with membrane phospholipids. Proceeding from
the physical and chemical properties of the CPZ mole-
cules (a balance between hydrophobic and hydro-
philic parts) and their localization in erythrocyte
membrane [33, 36], and also considering the fact that
phospholipids are the target of CPZ [15, 34], it was
of interest to study the effect of this substance on the
asymmetric transbilayer distribution of phospholipids,
e. g. phosphatidylserine. Using flow cytometry we have
investigated the state of the erythrocyte membrane
under the action of CPZ in concentrations conside-
ring the time intervals under which it exhibited a pro-
tective effect under the conditions of the PHS [29].

The rate of membrane asymmetry disorder was
assessed by presence of phosphatidylderine on the
cell surface, which is a specific phospholipid normally
present in the inner monolayer of the lipid bilayer.
Ca?"-dependent protein Annexin V (molecular weight
35-36 kDa), which has a high affinity to phospha-
tidylserine [37] was used for this purpose. Annexin V,
conjugated with fluorochrome fluorescein isothiocya-
nate, retains a high affinity for this phospholipid, the-
refore it is used as a sensitive marker for the analysis
of cells with disturbed membrane asymmetry by flow
cytometry.

The results of our studies of human erythrocytes
showed that the content of annexin V™ erythrocytes in
the control (in the absence of CPZ) was 0.01% (Fig. 3).
Incubation of cells with CPZ at concentrations of 100,
200 and 300 umol/L did not result in any significant
changes in the content of positively labeled cells (0.02—
0.03%). This fact indicates that the CPZ in these con-
centrations does not cause a transbilayer redistribution
of phosphatidylserine in plasma membranes following
short-time incubation with human erythrocytes.

The results obtained are consistent with the data
reported by H. Hagerstrand ef al. [13]. It was found
that positively charged amphiphilic compounds, do
not compromize the asymmetry of the erythrocyte
membrane unlike the nonionic or negatively charged
amphiphiles. According to S. Ficarra et al. [8], CPZ
provokes the exposure of phosphatidylserine on the
surface of erythrocytes (the duration of incubation of
cells with the substance was 2 h). Under these expe-
rimental conditions the effect was 1%. Longer incu-
bation of human and mouse erythrocytes with CPZ
(48 h) resulted in the eryptosis of these mammalian
cells [3, 17]. In this case, the exposure of phospha-
tidylserine on an outer surface of the membrane even
of the control cells (without the addition of CPZ)
increased significantly (approximately 45 times).

In our experiments the pre-incubation of cells with
CPZ did not lead to a transmembrane redistribution
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TQIBHBIX yCIOBUAX ATOT 3¢ dekT coctaBmsin 1%.
OpnHAaKo MPOAOIKUTENEHOE HHKYOHPOBAHHUE IPUTPO-
nuTOB YenoBeka v Mbiiu ¢ XI1P (48 1) mpuBoanio k
SPUIITO3Y KJIETOK 3TUX MilekonuTaromux [ 15, 24]. Ilpu
9TOM KCIIOHKpOBaHKe (hochaThIuICepuHa Ha BHEIL-
HEH MOBEPXHOCTH MEMOPaHBI AaKe KOHTPOJIBHBIX KIle-
Tok (6e3 nobasnenus XIIP) 3HaunTensHO yBEenuuu-
BaJOCh (IIPUMEPHO B 45 pa3).

B Hammx sKkcriepuMeHTaIbHBIX YCIOBHSIX MTpeiBa-
putenbHas HHKyOanus kiaetok ¢ XI1P He mpuBoamma
K TpaHCMeMOpaHHOMY IiepepacipeseneHuo dpocha-
TUAWIICEPUHA (IPUIITO3Y ), OTHAKO OTPUIIATEIIHHO BITHSI-
Jla Ha pe3yibTaT aHTUreMOoJuTHIecKoro aectust XI1P
B ycnoBusix [1I'TL. Takum oOpazom, mpu [1I'TL mposis-
JSIFOTCS CKPBIThIE M3MEHEHHs B MeMOpaHax, KOTOpbIe
MIPOM3OIIUIN Ha 3Tare MpeIBapuTeIbHON HHKYOau
kietok ¢ XIIP. /lns1 6osee momHOro 00CyXKaeHUs MOy -
4yeHHOro 3 dekra HeoOXOAUMBI JOMOITHUTEIBHBIE HC-
CIIETOBaHMSL.

[omyuennsle B padote pe3ynbrars 0 BiustHuu X1 1P
Ha 3putpounTsl B ycnosusx [T (cm. puc. 2) n ananms
JUTEPATypPHBIX NaHHBIX O aerictBun XIIP Ha MemO-
pannbie pochonunuast [22, 34, 35] cBUACTENHCTBYIOT
0 TOM, YTO B OCHOBE MEXaHHM3Ma aHTHUTEeMOJIUTHIEC-
kot aktuBHOCTH XIIP B ycnosusx 1T spurpouuron
JieKaT ObICTPOIIPOTEKAIOIINE MTPOLIECCH pEOPraHn3a-
LMY MeMOpaHb! (Y BCTPauBaHUM U paclipeleIeHUH
amMpuQUIBHBIX MOJIEKYJ B HEll), a He OMOXUMUYECKast
MOJIU(HUKALNS KIETOK.

BriBoabI

Tot akr, yto mpenodbpadorka s3purpountoB XIIP
HE TO03BOJISIET BELECTBY MTPOSIBUTH AHTUTEMOJIUTHYEC-
Kui 9P PEKT, CBUICTEILCTBYET O TOM, YTO MEXaHH3M
3awutHOro aevicreus XI1IP B yenosusax I sputpo-
IIUTOB HE 3aBUCUT OT OMOXMUMHIYECKOU MOTUDUKAITIN
KJIETOK. MI3MeneHus B MeMOpane mo neiictsuem X1 1P
Ha dTamne mpenoOpaboTKH KJIETOK HE MPHUBOIIT K
TPaHCOUCIOWHOMY Tepepaclpe/ieICHHI0 MOJICKYJ
¢docharnauncepuna. 3amutHeii d3gdext XI1P peanu-
3yeTcs Ha dTale perujaparanuu, T. €. B MOMEHT pe3-
KOTO M3MeHeHus ycioBuii cpenst (1,75 — 0,15 mons/n
NaCl). CnenoBarenbHO, MEXaHU3M AHTUI'CMOJIUTH-
yeckoro aeiicteust XIIP B ycnosuax I spurpo-
LUTOB CBSI3aH C peopraHuzanueii MeMOpaHbl IpH
BCTPaWBaHUM B HEE MOJICKYJ BEILIECCTBA.
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2. lopauenko E.A., Nopanerko O.W., Kynewosa J1.I", PozaHos J1.®.
MexaHuambl 3aluThl KNETOK OT NMOBPEXAEHUs BHe- U BHYT-

npo6nembl KpMOOGMONOrMN N KPNOMEAVLIMHDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017

of phosphatidylserine (eryptosis), nevertheless it arres-
ted the CPZ antihemolitic effect under following PHS.
Thus, PHS provokes the development of latent chan-
ges occurred in the membranes during the pre-incuba-
tion of cells with CPZ. To reveal deeper machinery of
the effect more research is needed.

The revealed effect of CPZ on erythrocytes under
conditions of PHS (see Fig. 2) and reported previously
action of CPZ on membrane phospholipids [15, 33, 34]
indicate that the mechanism of antihemolytic activity
of CPZ under erythrocyte PHS is associated with rapid
processes of membrane reorganization (integration and
distribution of amphiphilic molecules in it), rather than
with biochemical modification of cells.

Conclusions

The fact that the pre-treatment of erythrocytes did
not allow the substance to exhibit an antihemolytic
effect indicated that the mechanism of protective effect
of CPZ under the conditions of PHS of erythrocytes
did not depend on biochemical modification of cells.
Changes in membrane under the action of CPZ du-
ring pre-treatment of cells did not lead to a transbi-
layer redistribution of phosphatidylserine molecules.
Protective effect of CPZ was implemented at the rehyd-
ration stage, i. e. at the moment of a sharp change in
environmental conditions (1.75 — 0.15 mol/L NaCl).
Consequently, the mechanism of CPZ antihemolytic
action under conditions of PHS of erythrocytes was
associated with the membrane reorganization caused
by an incorporation of the substance molecules into it.
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