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Antihemolytic Efficiency of Chlorpromazine under
Posthypertonic Shock and Glycerol Removal
from Erythrocytes after Thawing

Pedrepar: B paboTe npoBeeHO cpaBHWUTENbHOE WMCCNEfoBaHNE BIUSIHWS XMOPNPOMasnHa Ha YyBCTBUTENbHOCTb 3PUTPOLIMTOB
YyenoBeka K [eNCTBUIO NOCTIMNEPTOHNYECKOTrO LWOKa M Ha UX YCTOMYMBOCTb B MpoLlecce yAaneHus rnvuepuHa u3 Knetok, nog-
BEPrHyTbIX 3aMOpaunBaHuo-oTorpesy. NokasaHo, YTO B YCNOBMAX NOCTIMNEPTOHMYECKOro wWoka aputpouutos (0°C) xnopnpomasuH
CHUXaeT ypoBeHb remonu3a B 3,7 pasa, npu 3TOM B KOHUeHTpauun 600 MKMOMb/N ero MakcumarnbHas aHTUremMonuMTnyeckas akTuB-
HoCTb cocTaBnseT (73  6)%. MNprumeHeHe xnoprnpoMasvHa npu yaaneHuv ramuepuHa n3 pasmopoXXeHHbIX 3pUTPOLIMTOB NO3BONAET
CHM3UTb NOBpeXAeHue kneTok B 2,5-3 pasa. 3HauyeHUs aHTUreMONMTUYECKON akTUBHOCTU XJlopripoMa3suHa B 06oux crny4vasx
HaxoAATcs B OAHOM AuanasoHe. PesynbTaTbl nccrnefoBaHus adEKTUBHOCTU XMOPNPOMasnMHa B MOAENbHOM 3KCMeprMeHTe 1
peanbHbIX YCNOBUAX 3aMOPaXVBaHUA-0TOrpeBa apUTPOLMTOB (NPU yAaneHun rmuuepuHa u3 KneTok) No3BOnsAT caenaTb BbIBOA
0 Uernecoobpa3HOCTU UCMONb30BaHUS yka3aHHOW Moaenu (MOCTIMNEPTOHMYECKUIA LLOK) B AanbHENLLNX UCCIEL0BaHUSIX.

KnioyeBble crnoBa: apuTpPOLMThI, YeOoBeK, NMOCTIMNEPTOHNYECKUIA LWOK, KPUOKOHCEPBMPOBaHWE, yaaneHue KpuonpoTekTopa,
rAVLEPUH, XNOPNPOMasuH.

Pecbepar: Y poboTi npoBefeHO NOpiBHANBbHE AOCHIAXKEHHS BMNUBY XIOPNPOMa3vHy Ha YyTNMBICTb €pUTPOUUTIB NIOAMHM A0 Aii
NOCTriNePTOHIYHOrO LIOKY i Ha iX CTIKICTb Y Npoueci BuaaneHHs rniluepuHy 3 KniTuH, siki 6ynu nigaaHi 3aMopoxyBaHHI-BigirpiBaHHH0.
[MokasaHo, Wo B ymoBax MOCTrinepTOHIYHOro woky eputpouunTiB (0°C) xnopnpomasnH 3HWXKYE piBeHb remonidy B 3,7 pasu, npu
LboMy B KOHLUeHTpauii 600 MKMOMb/N MOro MakcumarnbHa aHTUreMoniTUYHa aKkTUBHICTb cTaHoBUTbL (73 + 6)%. 3acTtocyBaHHA
XNOPNPOMa3sunHy npu BUOANEHH rmiuepuHy i3 PO3MOPOXEHUX epUTPOLUTIB AOBOMSE 3HU3UTM MOLUKOAXEHHSA KNiTUH y 2,5-3 pasu.
3HaYeHHst aHTUreMOoniTUYHOT aKTUBHOCTI XloprnpomasvHy B 060X BUMNagkax 3HaxoAsiTbCs B OAHOMY fAianasoHi. Pesynbtatn goc-
NiAXeHHs eeKTUBHOCTI XNopnpomMasnHy B MOLENbHOMY €KCMEepUMEHTI i peanbHUX ymMOBax 3aMOpPOXYBaHHSA-BigirpiBaHHA eputpo-
umMTiB (NpW BUAANEHHI rMiLepuHy 3 KNiTUH) OO3BONSATbL 3pOOUTU BUCHOBOK MPO AOLINBHICTb BUKOPUCTAHHS 3a3HayeHoi Moaeni
(NOCTrinepTOHIYHMI WOK) B NoganblUnX AOCHIAXKEHHSX.

Knro4oBi cnoBa: eputpounTu, NOAMHA, NOCTHINEPTOHIYHMIA LLOK, KPIOKOHCEPBYBAHHS, BUAANMEHHSA KpionpoTekTopa, rilepuH,
XMNOPrNpOMasuH.

Abstract: The chlorpromazine effect on sensitivity of human erythrocytes to the action of posthypertonic shock and their
resistance at glycerol removal from the cells exposed to freeze-thawing has been studied in our research. It has been shown that
under conditions of posthypertonic shock of erythrocytes (at 0°C) the chlorpromazine reduced a hemolysis level in 3.7 times, and in
case of 600 ymol/L concentration its maximum antihemolytic activity was (73 * 6)%. The application of chlorpromazine during removal
of glycerol from frozen-thawed erythrocytes enabled to reduce the cell damage by 2.5-3 times. The values of antihemolytic activity
of chlorpromazine in both cases were quite similar. Results of the investigation of chlorpromazine efficiency in the model experiment
and under the real conditions of erythrocyte freeze-thawing (under glycerol removal from the cells) allow to conclude about the
applicability of this model (posthypertonic shock) in the further studies.

Key words: erythrocytes, human, posthypertonic shock, cryopreservation, cryoprotectant removal, glycerol, chlorpromazine.

JIi1st KpHOOHOIJIOT MM XapaKTePHBI UCCIIEIOBAHMUS TIPO-
IIECCOB, MMPOTEKAIOIINX Ha Pa3HBIX dTarax HU3KOTEMITe-
paTypHOTO KOHCEPBUPOBAHHS OHOIOTHYESCKIX OOBEKTOB
[12,14, 19,20]. D10 cBs13aHO C HEOOXOMMOCTEIO Pa3padoT-
KU HOBBIX METOJIOB KPUOKOHCEPBUPOBAHUSI C YUETOM
MEXaHU3MOB KPHOTTOBPEIKICHHS U KPUO3AIIUTHI, B OT-
JIUYHE OT SMITUPUYESCKOTO MOa00pa Cpell M yCIOBUi
3aMOPaKUBAHUS-OTOTPEBa OUOIOTHUECKOTO 00BEKTA.
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Studying the processes occurring at different stages
of low-temperature preservation of biological objects
is typical for cryobiology [2, 8, 13, 15]. This is because
of aneed in considering the mechanisms of cryoinjury
and cryoprotection when developing new cryopreser-
vation methods, in contrast to an empirical selection
of the media, freezing and thawing conditions for
a biological object.
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Hecmotps Ha 3HaYMTENbHBIE TOCTHKEHUS B U3Y-
YEHWM MPUYMH KpromnoBpexaeHud [13, 21], Bomnpoc
00 OCHOBHBIX (DaKTOpax, KOTOPbIE BIUSIOT HA )KU3HE-
CIOCOOHOCTH OMOJIOTNUECKOr0 00BEKTa, TOBEPTHY TOTO
3aMOpaXMBAHUIO-OTOTPEBY, U3YUYEH HEIOCTATOYHO.
3T0 00YCIOBIEHO TEM, YTO B 3aMOPAKUBAEMOM OHO-
JIOTUYECKOM MaTepHaje pa3iudHbIe MPOIECCHl MPo-
TEeKalT (akTHUYeCKH OJHOBPEMEHHO, MOITOMY B
pEaNbHBIX YCIOBUSIX JJOCTATOYHO CIIOKHO UCKITFOUUTh
JneicTBUEe OJHUX (AKTOPOB KPUOTIOBPEKIACHUS C
LEeJIbI0 U3YUeHUs ApYyrux. Jist onpeneneHus BKiIaga
KaX/10r0 13 (aKkToOpoB B 00IIee KPUOMOBPEKACHUE
KJIETOK MCIOJIB3YIOT CIEAYIOIINE MOJICJIN: THIIEPTO-
HUYECKHUH ILIOK, THIIEPTOHMYECKHI KPHOTEeMOJIH3, THITO-
TOHUYECKUH JTU3HUC, HOCTTUIECPTOHUYESCKUM IIOK |8,
10, 22]. C nomMo1IpI0 TUIEPTOHUYECKOTO 11I0Ka U TU-
MIEPTOHMYECKOTO KPUOTEMOJIH3a N3yJaroT JeHCTBHE
(hakTOPOB KPUOTIOBPEIKICHHS, KOTOPOE Pean3yeTcs
Ha JTare 3aMOpaKUBAHUS 3PUTPOIUTOB. B ykazaHHBIX
MOJICJIBHBIX YCIOBUSIX aM(UPHILHBIC COCIIMHEHUS, B
YaCTHOCTH XJIOPIIPOMA3WH, 3aIIUIIAI0T dPUTPOIUTHI
OT TIOBPEXKJICHHUS U TIPOSIBIISIIOT BHICOKYIO aHTUTEMO-
JINTUYECKYIO aKTUBHOCTH [4, 5].

[Ipu pasmopakuBaHUK KPUOKOHCEPBUPOBAHHBIX
SPUTPOLUTOB MO MEpPEe TasHUS JIbJla BHEKJICTOUYHAS
TUIEPTOHMYECKAas cpe/ia CMEHSETCsl Ha M30TOHUYEC-
KYI0, BCJIEJICTBHE YETO Pa3BUBACTCS IOCTTUIICPTOHU-
YyecKuil mu3uc sputporutoB [ 14]. s moaenupoBanus
(haKTOpPOB KPHOTIOBPEIKIICHUS, KOTOPBIE JICHCTBYFOT Ha
JTare pa3MOpaKUBaHHS IPUTPOILIUTOB, & TAKKE MPH
MepeHEeCEHNH B KPOBEHOCHOE PYyCIIO KIIETOK, KPHOKOH-
CEpBUPOBAHHBIX TIOJI 3AIUTOM MPOHUKAIOIIETO KPHO-
MIPOTEKTOPA, UCTIONB3YIOT MTOCTTUIIEPTOHUYECKUH TIIOK
SPUTPOIUTOB [§].

B oTnnume OT THNEpTOHNYECKOTO IOKa U THUIIEp-
TOHUYECKOTO KPUOTEMOJIN3a S3PUTPOLIUTOB MIICKOITH-
TaIOILHX, UCCIICA0BAHHUIO KOTOPBIX MOCBSILIEHBI MHOTO-
YUCJIICHHBIE paboThl [2—4], sBJICHHE MOCTTHUIIEP-
TOHUYECKOTO IIOKa 3PUTPOLUTOB MIICKONHUTAIOIINX
M3y4EeHO B MEHBINIEH CTETICHH, ITPH STOM PE3yIbTaThI
SIUHUYHBI U pa3pO3HEHHI [6, 19].

[TocTrunepronmueckwmii mok (I1I'111), kak u mro0ast
ZpyTas MOJIETIb, Ja€T MPUOIIKEHHOE OITMCAHUE Pealb-
HOTO Tporecca. HecMoTpst Ha TO, 9TO 3Ta MOJIEINb UC-
MTOJTB3YETCS B TCUCHUE JUIUTEILHOTO BpeMeHH [6, 8],
MPEICTABISIET UHTEPEC BBIICHUTD, B KAKOW CTEICHH
CBSI3aHBI MEXy cO00 MOJIENIb U PealbHOE SIBICHHE
(TOCTrUIEepTOHNYECKOE TIOBPEKICHUE KIETOK MPH
Pa3MOpaKUBaHUU U yIAJICHUU IPOHUKAIOLIETO KPHO-
MIPOTEKTOPA U3 HUX) U HACKOJILKO BO3MOYKEH IIEPEHOC
BBIBOJIOB, ITOJIyYCHHBIX C IIOMOLIBIO MOJIEIH, Ha ACH-
CTBUTEIHHOCTG.

OmeHka cOOTBETCTBUSI (aI€KBATHOCTH) MOJICIH
CYIIECTBYIOIIEH CHCTEME MPOBOAUTCS MOCPEACT-
BOM CpaBHEHHS PE3yJBTATOB, MOIYYEHHBIX B 000MX
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Despite the convincing achievements made during
investigation of the cryoinjury causes [4, 16], the main
factors affecting the viability of a biological object,
exposed to freeze-thawing, are not completely clear.
This is due to the fact that freezing of biological spe-
cimens is accompanied with almost simultaneous
occurrence of several processes, thus in reality it is
quite difficult to separate the effects of certain factors
of cryoinjury to study others. To determine the contri-
bution of each factor into a cell cryodamage the follo-
wing models could be used: hypertonic shock, hyper-
tonic cryohemolysis, hypotonic lysis, posthypertonic
shock [18-20]. The action of cryodamage factors
occurring at the freezing stage of erythrocytes was
studied by means of hypertonic shock and cryohe-
molysis. Amphiphilic compounds, in particular, chlor-
promazine, protect erythrocytes from a damage under
these conditions and exhibit a high antihemolytic
activity [5, 10].

Thawing of cryopreserved erythrocytes results in
an alternation of extracellular hypertonic medium to
isotonic one and in such way in the development of
hypertonic lysis of erythrocytes [8]. Simulation of the
cryodamage factors existing during thawing of ery-
throcytes as well as following the transfer into bloods-
tream of cells cryopreserved under protection of pe-
netrating cryoprotectant, could be provided by the
posthypertonic shock of erythrocytes [18].

Unlike hypertonic shock and hypertonic cryo-
hemolysis of mammalian erythrocytes described
elsewhere [3, 5, 6] the phenomenon of posthypertonic
shock of mammalian erythrocytes has not been comp-
letely studied yet, and the results are single and di-
verse [13, 14].

Like any other model, the posthypertonic shock
(PHS), provides only approximate description of a real
process. This model has been used for a long time [14,
18], nevertheless it is interesting to find out to what
extent the model and a real phenomenon (posthy-
pertonic cell damage during freeze-thawing and remo-
val of penetrating cryoprotectant from them) are related
and how to extrapolate precisely the model-based
conclusions into reality.

The evaluation of an adequacy of the model to real
situations could be assessed by comparing the results
obtained in both cases. Antihemolytic agent chlor-
promazine (CP) was chosen as an indicator of the cell
state. Based on the stated above it is expedient to study
the effects of CP under PHS conditions as well as
during freeze-thawing of cells and removal of pene-
trating cryoprotectant. However, it is not possible to
check the effectiveness of CP during thawing of ery-
throcytes due to the technical complexity of the sub-
stance administration directly at this stage. Therefore,
we can study and compare the effect of this compound
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cinydasix. i1 3TOro B KauyecTBe JETEKTOpa COCTOs-
HUS1 KJIIETOK ObLT BBIOPaH aHTUI'€MOJTUTUYECKUN areHT
xnoprpomasut (XI1P). Mcxonst n3 BBIIEH3I0KEHHOTO
cienyeT u3yuutb dddexter XIIP B yenosusix T,
a TaKKe Ha dTarax pa3MOpaXHBaHHS KJIETOK U yJale-
HUS U3 HUX ITPOHUKAOIIETro KpronpoTekTopa. OnHako
npoBepuTh dpdexTrBHOCTh XI1P pu oTorpese spurt-
POLIMTOB HEBO3MOKHO U3-3a TEXHHYECKOHN CIOKHOCTH
BBEJICHHS BEIIIECTBA HETIOCPEACTBEHHO Ha 3TOM JTarle.
[ToaToMy MBI MOXKEM U3YYHUTh W COITOCTABHUTDH BIIHSI-
HUE JaHHOT'0 COETMHEHM Ha KJeTKU B ycaoBusx [T
1 Ha 3Tane yJaJeHus KPpUOIPOTEKTOpa U3 pa3Mopo-
JKEHHBIX 3PUTPOLUTOB. B KadecTBe MpPOHHUKAIOIIETO
KpHOTIPOTEKTOpa ObUI BHIOpAH TJIMLEPUH, KOTOPBIH
LIMPOKO MCIOJB3YyeTCs I KPHOKOHCEPBUPOBAHUS
SpUTPOLUTOB uenoBeka [1, 14, 15, 17, 18] u xotopblit
HEOOXOANMO yAAISATH U3 PA3MOPOKEHHBIX KIETOK ISt
MIPEIOTBPAIICHNUS NX TIOBPEKICHNS TPH TPAHCHY3HH.

Hcxons M3 BBIIEU3IOKEHHOTO IEJIbI0 PaboTHI
OBLIO CPaBHHUTEIHHOE W3YUYEHHE BIUSHUS XJIOPIIPO-
Ma3WHa Ha yCTOMYMBOCTH 3PUTPOIUTOB YEIIOBEKA B
YCJIOBUSIX TIOCTTUTIEPTOHIYECKOTO IIIOKA M Ha TaIe yria-
JIEHWsI NIMLEPUHA U3 KJIETOK, IIOABEPTHYTHIX 3aMOpa-
YKUBAHUIO-OTOTPEBY.

Marepuajibl 1 MeTOAbI

Jiist uccnenoBaHusl UCTIOJIB30BAIN SPUTPOLIUTEI,
MOJTy4YEHHBIE U3 TIOHOPCKOM KPOBH YEJIOBEKA, 3ar0TOB-
JIEHHOU Ha TeMoKoHcepBanTe «[morurp» («buodap-
May, YKpanHa).

[Mocne ynaneHus: TU1a3Mbl 9PUTPOMACCY TPHIKIBI
uentpudyruposanu npu 3000 o6/mMun (neHTpHUDY-
ra «OlIlu-3Y4.2», Keipreizcran) B Tedenne 3 MHUH B
10-kpaTHOM 00BEME (PU3UOTOTUYECKOTO PacTBOpa
(NaCl 0,15 mons/n; dpocdarusrit 6ydep 0,01 mons/m,
pH 7,4). JlelikonuTapHyto MICHKY W CylepHaTaHT
YA acriupanyeid. DpUTPOIUTH XPAaHWIA B BH-
Jie TIFIOTHOTO ocajika He Oosee 4 4 pu TeMIiepaTtype
0°C. Bce ucnons3yemblie B paboTe cpeabl TOTOBUIH
Ha 0,01 mone/1 hocharnom 6ydepe, pH 7,4. B pabote
WCIIONb30BaJIi PEaKTHUBBl OTEUYECTBEHHOTO MPOU3-
BOJICTBA KBATH(PHUKAIIH «XI» U «IIa».

HcxonHyto CyCTeH3UI0 SpUTPOIUTOB TOTydaan
M00aBICHUEM OcalKa KICTOK K (PU3UOIIOTHIECKOMY
pactBopy B oTHOMIeHHH 1:10.

[ocTrunepToHrYecKuii MIOK OCYLIECTBISIIM IIEpe-
HECEHHEM IPUTPOLUTOB U3 TUIIEPTOHUYECKOTO PacT-
Bopa (cpena AeruapaTanru) B MK30TOHUYECKHUH (cpena
peruaparanun) pu 37 wiu 0°C. Konnenrpanus NaCl
B cpeje Jeruapartanuu cocTtasisia 1,75 mMonb/in, B
cpene perugparanyu — 0,15 MOIIb/1. DPUTPOIUTHI HH-
KyOHpOBAITH B CpeIe ACTHApATAIlNy B TeueHue 20 MuH,
B cpelie perujparaiuu — 5 MuH. KoHeuHbIl rema-
Tokput — 0,4%. XmoprnpomasuH HaXOAWJICS B cpeie
peruaparannu rnepe BHECEHHEM dPUTPOIIUTOB.
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on cells under PHS and at stage of cryoprotectant re-
moval from frozen-thawed erythrocytes. Glycerol was
chosen as a penetrating cryoprotectant; it is used wi-
dely for the cryopreservation of human erythrocytes
[1,7,8, 11, 12] and has to be removed from the thawed
cells to prevent their damage during transfusion.

Based on the abovementioned, the research aim
was a study of chlorpromazine effect on resistance of
human erythrocytes under posthypertonic shock and
at the stage of glycerol removal from the cells exposed
to freeze-thawing.

Materials and methods

The research was conducted in erythrocytes from
human blood, preserved with Glugicir hemopreser-
vative (Biofarma, Ukraine). After the plasma removal
the erythrocytes were thrice washed by centrifugation
(centrifuge OPN-3U4.2, Kyrgyzstan) at 3000 rpm for
3 min in a 10-fold volume of physiological solution
(0.15 mol/L NaCl; 0.01 mol/L phosphate buffer, pH 7.4).
Buffy coat layer and supernatant were aspirated. Ery-
throcytes were stored as a dense sediment not longer
as 4 hrs under 0°C. All the media were prepared with
0.01 mol/L phosphate buffer, pH 7.4. In the research
we used the home-produced reagents of ‘chemically
pure’ and ‘chemically pure for analysis’ grades.

The initial suspension of erythrocytes was obtained
by addition of the cell sediment to physiological saline
in the ratio of 1:10.

Posthypertonic shock was initiated by transferring
the erythrocytes from hypertonic solution (dehydration
media) into isotonic one (rehydration medium) at 37 or
0°C. The concentration of NaCl in the dehydration
medium was 1.75 mol/L and in rehydration medium
did 0.15 mol/L. Erythrocytes were incubated in dehyd-
ration medium for 20 min and in rehydration solution
they were held for 5 min. The final hematocrit was
0.4%. Chlorpromazine was in rehydration medium prior
to mixing with erythrocytes.

Freezing was done with erythrocytes obtained from
blood of three donors. Cryopreservative solution was
added to erythromass in the ratio of 1:1, thereafter the
suspension was incubated for 20 min at room tem-
perature (22°C). The composition of cryopreservative
consisted of glycerol (30%), mannitol (4%), NaCl
(150 pmol/L), phosphate buffer (10 pmol/L), pH 7.4
[1]. The cell suspension was frozen in 2.0 ml vials
(Eppendorf, USA) down to —196°C by rapid plunging
into liquid nitrogen, thawed in a water bath (42°C)
with a constant shaking until the solid phase disap-
pearance.

Thawed cell suspension was centrifuged and the
supernatant was removed. Glycerol was removed from
erythrocytes according to the following protocol [17,
22]: the 1% stage represented washing with an equal
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st 3aMOopaskuBaHUs UCIIOJIB30BAIN SPUTPOLIUTHI,
MOJIy4CHHbIE U3 KPOBU TpeX JOHOPOB. PacTBOp KpHo-
KOHCEpBaHTa T00ABIISIIH K 3PUTPOMACCE B OTHOLIICHUN
1 : 1, mocne yero cycreH3uo HHKyOUpOBaIn B TEUCHHE
20 MuH ipu KoMHaTHOH Temmieparype (22°C). B coc-
TaB KpHOKOHCEepBaHTa Bxonuiau Tuiepud (30%),
ManHuTON (4%), NaCl (150 mmozb/n), GocdaTHbIit
oydep (10 mmons/n), pH 7,4 [1]. Kinetounyro cycnen-
30 3aMOPaKMUBAJIHM B IPOOHPKax eMKOCThio 2,0 M
(«Eppendort», CHIA) no Temneparypsi —196°C mytem
OBICTPOTO TOTPYKECHUS B )KHUJKUN a30T, Pa3MOPaKU-
BaJu B BO/IstHOM OaHe (42°C) mpu mOCTOSTHHOM TIOKa-
YUBAHUH MPOOUPOK JI0 UICUC3HOBEHUS TBEPI0M (Pa3bl.

Pa3mMopo)keHHYI0 KIETOYHYIO CYCIEH3HUIO LIEHT-
pudyrupoBagu u youpanu Hajgocanok. [ mumepuH u3
SPUTPOLUTOB YAAJISIN MO CAeaylomen cxeme [7,
23]: atanm 1 — OoTMBIBKA paBHBIM 0OBEMOM PacTBO-
pa NaCl (600 mmoinb/n); sTamel 2 1 3 — OTMBIBKA
paBHBIMU 00beMaMu H30TOHUYECKOTO pacTBopa NaCl
(150 mmoms/m; pH 7,4).

XnopnpomasuH 100aBIsUIM B OTMBIBOYHBIE Cpe-
IIBI TIEpe]T BHECCHHEM KJIeTOK (Tematokput — 0,4 %).
KonTposaem ciayuiau 3puTpoLUThl B COOTBETCTBYIO-
IIMX OTMBIBOYHBIX cpenax, He copepkaiux XIIP.

YpoBeHb reMoIn3a SpUTPOLUTOB B HATOCATOUHOM
KUIKOCTH OTNPEACISITA CIEKTPO(HOTOMETPHUICCKUM
METOJIOM TpH JTHHE BOIHBI 543 HM. 3a 100% npunu-
MaJIY TIOTJIONICHUE TPOOBI, B KOTOPYFO TOOABIISIITH TPH-
toH X-100 («Merck», ['epmanms) B kontienTpartm 0,1%.

3aBUCUMOCTH TIOCTTUIIEPTOHUYECKOTO T'eMOIH3a
3pUTPOLUTOB OT KOHLEeHTpauuu XIIP B cpene moiy-
gayu ripu 37 1 0°C. V3 HEX OTIpeesisuid pa3Mephl «Iia-
TOY» KOHIICHTPAITHH BEIIECTBA, 3HaYCHUE YPPEKTUBHOM
KOHLICHTPALIMU U PACCUUTHIBAIA BEIUYUHY MAKCH-
MaJIbHOM aHTUTreMOJuTHU4Yeckoi akTuBHOCTU XIIP.
«IInaro» — 310 nuanazon koHueHTparuit XIIP, mpu
KOTOPBIX HAOJIOJAeTCsl MUHUMAJIBHBIN YPOBEHB I'e-
MOJI3a 3PUTPOIUTOB. DPPeKTrBHASI KOHIIEHTPALIUS
BEIIECTBA COOTBETCTBOBAJIA CEPEIUHE YKA3aHHOTO
«IIIaTo».

3HaueHne MaKCHUMallbHON aHTHUTEMOJIUTHYECKON
AKTUBHOCTH aM(PUDIIFHOTO COCITUHEHUS PaCCUH-
THIBAJIH 110 popmyIe

Ar _k-—a

Makc

x100 % ,

K

IJe K — BEJIMYMHA TeMOJIM3a SPUTPOIMTOB MPU OT-
CyTCTBUU aM(pUPUIBHOTO BEIIECTBA; @ — MUHIUMAJIIb-
Hasi BEJIMYMHA FEMOJIM3a SPUTPOIIUTOB B IPUCYTCTBUN
aMpuQHUILHOTO BEIECTBA.

Craructrueckyto 00paboTKy MOITy4eHHBIX dKCIIe-
PUMEHTAIBHBIX PE3yAbTaTOB MPOBOIWIN C TIOMOIIHIO
nporpaMMBI «Statistica 6.0» («StatSoft Inc.», CLIA).
J1st mpoBepKr HOPMATBHOCTH PACTIPEIEIICHHS UCTIONb-
3oBasm kputepuii [llamupo-Yunka. 3HaUNMOCTE pas-

4

volume of NaCl solution (600 umol/L); the 2™ and
the 3™ stages involved washing with equal volumes
of NaCl isotonic solution (150 pmol/L; pH 7.4).

Chlorpromazine was added to washing media
before introducing the cells (hematocrit was 0.4%).
The control erythrocytes were treated by the same
washing media but without CP.

Erythrocyte hemolysis level in supernatant was
spectrophotometrically measured at 543 nm. Ab-
sorption of erythrocytes sample mixed with 0.1% triton
X-100 (Merck, Germany) was assumed as 100% he-
molysis.

Dependencies of erythrocyte posthypertonic hemo-
lysis vs. CP concentrations in the media were obtained
at 37 and 0°C. They were used to determine the sizes
of substance concentrations ‘plateau’, the value of
effective concentration and value of maximum antihe-
molytic activity of CP. ‘Plateau’ was considered as a
range of CP concentrations, associated with the mini-
mum level of erythrocyte hemolysis. Effective concent-
ration of the substance corresponds to the mid-point
of this ‘plateau’.

A value of maximum antihemolytic activity of
amphiphilic compound was calculated by the formula

K—a

x100 %,

K
where k was the value of erythrocyte hemolysis with-
out amphiphilic substance; ¢ was the minimum va-
lue of erythrocyte hemolysis with amphiphilic subs-
tance.

The obtained data were statistically processed using
Statistica 6.0 software (StatSoft Inc., USA). The nor-
mality of distribution was tested using Shapiro-Wilk
criterion. The significance of differences between
the samples was evaluated by the parametric method
using Student’s t-test. The experimental data were
presented as the mean value of quantitative indices
(M) + standard error of the arithmetic mean (m).

Results and discussion

Thawing the erythrocytes is accompanied with a
sharp decrease in environmental osmolality which
renders a damaging effect on the cells. The effect of
this factor can be simulated by transferring cells
from hypertonic into isotonic conditions at positive
temperatures.

When describing the factors affecting the cells both
at the stage of warming and removal of penetrating
cryoprotectant, one uses the terms ‘posthypertonic
shock’, ‘posthypertonic hemolysis’, ‘posthypertonic
lysis’. The last one appears most often in scientific
publications [13, 14], and it is used by the researchers
both to indicate the effects on cells and to describe
the result of this influence, that certainly complicates
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JMYUH MEXTY MTOJTYyYSHHBIMHU BBIOOPKaMH OLIEHUBAJIH
apaMeTPUUECKUM METOAOM C TOMOILBIO t-KPUTEPHS
CrproneHTa. DKCIepIMEHTAIbHbIE TAHHBIE TPEACTaB-
JSUTK Kak cpefHee apupMeTHIecKoe 3Ha9YeHNe KOJu-
YECTBEHHBIX NoKa3aTenel (M) + ctanmapTHast ommo-
Ka CpemHero apupMeTudeckoro (m).

Pe3yabTarsl U 00cy:KaAeHHE

B nmpouecce pasmMopaknBaHUs SPUTPOLIUTOB TTOB-
peknaroliee AeiicTBUE Ha KIIETKA OKa3bIBAET PE3KOe
CHIDKEHHE OCMOJISUTBHOCTH OKpY2KaroIiei cpenpl. Biust-
HHUE YKa3aHHOro (pakTopa Ha KJIETKH MOKHO MOJe-
JUPOBaTh UX MEPEHECEHHEM U3 THIEPTOHUYECKHUX
YCIIOBUH B U30TOHUYECKHE MTPH MOJI0KUTEIBHBIX TEM-
nepaTypax.

[Tpu onucanuu $paxTopoB, NEHCTBYIOMINX HA KIET-
KM KaK Ha 3Tane OTOTPeBa, TaK W MPH yJAJICHUU U3
HUX TPOHUKAIOIIETO KPUOMPOTEKTOPA, UCIOIB3YIOT
TEPMHHBI: «ITOCTTUTIEPTOHUYECKHH IIIOK», KIIOCTTUTIEP-
TOHUYECKUN JIMZUCY, KIIOCTTUNEPTOHUYECKUM reMo-
3. Yalle Bcero B Hay4yHOU JIUTEpaType BCTpedaeT-
CSl TEPMUH «IIOCTTUTNIEPTOHUYECKHHA Ju3ucy [6, 19],
[IPUYEM HCCIIeJOBATENIN IPUMEHSIOT €ro Kak Jyist 0003-
HayeHHs COOCTBEHHO BO3JICHCTBUS Ha KIETKH, TaK U
JUTsL ONTMCAHUS pe3ysIbTara 3TOro BO3JEHCTBHS, UTO,
HECOMHEHHO, YCIIOKHSAET BOCIIPHUATHE SKCTIEPUMEHTaITb-
HOro Martepuana. B Hameil pabote a1st 0003HaYECHUSI
JEVCTBHA Ha KIETKU PE3KOTO CHUKEHHS OCMOJISIIb-
HOCTH CPEJIbI OT THIEPTOHUYECKUX 10 U30TOHUYEC-
KUX 3HAYEHUH MBI UCTIOJIB30BAIN TEPMUH «IIOCTTH-
MEPTOHMYECKHUH 0K, a JJISl OTICAHUS TIOBPEKICHHUS
3pUTpOoUUTOB B pesyaprare AeiictBus I — «mmoct-
TUTIEPTOHUYECKUI JTU3UC» WM «IIOCTTHUIEPTOHHU-
YECKUI TeMOJIH3Y.

Jlns pa3BUTHS MOCTTUIEPTOHUYECKOTO JTU3HCA
(ITCJT) »putporuToB HEOOXOMUMEI JBa MOCIEI0BA-
TEJBHBIX ATaNa: ACTUAPATALMS U peruapaTanus Kie-
TOK. C I1eBI0 BBITIOJHEHUS JAHHOTO YCIIOBUS SPUTPO-
LUTBI IepeHOCHITH U3 cpenibl 1,75 monb/1 NaCl (atan
neruapatanuu) B cpexy 0,15 monws/m NaCl (aranm
peruaparanun) npu 37 wm 0°C. XitopnpoMasuH B
Pa3HbIX KOHIIEHTPALUSAX BHOCHIM B CPELy PEruji-
paTanmy.

Ha puc. 1 npexacraBiieHbl 3aBUCUMOCTH YPOBHS
[IJ1 sputporuToB oT KoHneHTpanuu XIIP mpu 37 u
0°C. Bugno, uto nipu 0°C ypoBeHb reMoJIn3a 3puUTpo-
uutoB B orcytcTBuH XIIP cocraBnser 88%. JoOas-
nenue XIIP B cpeny peruaparanuy mo3BOIUIO CHU-
3uth ypoBeHs [11J] kinetok (MakcuMainbHO B 3,7 pasa).
Opnnaxko taxoii 3amutHbIN 3¢ dext XIIP nabnonancs
Tonbko mpu Temmeparype 0°C.

OddexrurHOCTE XI1P O11CHUBAIHN, HCTIONTB3YS TIOJTY-
YEHHYI0 KOHLEHTPALMOHHYIO 3aBUCHUMOCTb OCTTHU-
MIEPTOHUYECKOTO TreMoju3a dputponuToB mpu 0°C
(puc. 1). s 3TOrO OMpEenesian BeIUINHY MaKCH-
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Puc. 1. BrnivaHve xnoprnpomasvHa Ha ypoBeHb remonuaa
3PUTPOLMTOB YeroBeKa, NepeHeceHHbIX 13 1,75 monb/n B
0,15 mone/n NaCl npu Temnepatype 0 (A) u 37°C (B).

Fig. 1. Chlorpromazine effect on hemolysis level of human
erythrocytes transferred from 1.75 mol/L to 0.15 mol/L NaCl
at 0 (A) and 37°C (B).

the understanding of described experiments. In our
research we used the term ‘posthypertonic shock’ to
define the action of a sharp decrease in medium
osmolality from hypertonic to isotonic values on the
cells; and with the term ‘posthypertonic lysis’ or
‘posthypertonic hemolysis’ we described the erythro-
cyte injury as a result of PHS.

Development of posthypertonic lysis (PHL) of
erythrocytes requires two consequent stages: cell
dehydration and rehydration. To do this the erythrocytes
were transferred from 1.75 mol/L NaCl medium
(dehydration stage) into 0.15 mol/L NaCl solution
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MaJbHOM aHTUTE€MOJINTUYECKON aKTUBHOCTH M 3Ha-
yeHue ¢ pexruBHOM KoHIIeHTpauuu XIIP. Tak, B yc-
nousix [T sputponutos (0°C) MakcumanbHast aH-
TUT€MOJIMTHYECKAs aKTUBHOCTh JAHHOTO BEIIECTBA B
a¢dextuBHOM KOHIeHTpauu (600 MKMOIB/IT) A0C-
turana (73 £ 6)%, a B koHteHTpauuu 180 MKMOJIB/IT
(ipu KOTOpOH emie coxpausiercs: bapbepHast QyHKIHS
MeMOpaHBI TI0 OTHOIIICHUIO K HOHaM (eppHuIinaHuga
[9]) — (49 £+ 4)%.

Jig nIUTensHOT0 XpaHeHHsI SPUTPOIIUTOB YeJIo-
BEKa LIMPOKO HCIOJIB3YETCs] KPHOKOHCEPBUPOBAHUE
0] 3aIUTON INLEPUHA, KOTOPBIH ABIAETCS IPOHU-
KaromuM kpuonpotektopoMm. llepen tpancdysueit
Pa3MOPOXKEHHBIX SPUTPOLUTOB HEOOXOIUM 3Tal OT-
MBIBKH KJIETOK OT IiuliepuHa [ 16]. DTo cBs3aHO ¢ TeM,
YTO MpPU NMEPEHECEHUN IPUTPOLUTOB, HACHIIIEHHBIX
[JTUIIEPUHOM, B KDOBEHOCHOE PYCIIO PEIUITHEHTA HITH
m3otonndeckyto cpeny (0,15 mons/1 NaCl), kimeTku
OynyT paspymarbcs. [1ocKombKy CKOpPOCTH BXOaa
BOJIBI BBIIIE, YeM CKOPOCThH BBIXO/A TIIHMIIEPUHA W3
KJIETKH, SPUTPONINTHI HAOyXaroT U MPH TOCTHKEHUHU
KPUTHYECKOTO TeMOJUTHYECKOTO 00BheMa TU3NPYIOT.
1o cBoeli cyTn MHOTOCTYIIEHYATasi OTMBIBKA 3PUTPO-
LIUTOB OT IUIIEPUHA SIBISICTCSA «UHCTPYMEHTOMY JJIS
cHuxenus yposHs [1TJI spurpouuTos.

Ucxons u3 toro, yto XIIP npossiusn a3¢pdexrus-
HOCTb B YCIIOBUSIX MOJIeNTbHOTO dkcniepumenTa ([11'11I),
JUTS IPOBEPKH aJIEKBATHOCTH MOJIEIH MBI MCCIIEZI0Ba-
JIM BIIMSTHUE BEIIECTBA HA Pa3MOPOKEHHBIE SPUTPOITH-
THI B YCJIOBHSX YIQJICHHS U3 HUX KpUoIpoTekTopa. /s
9TOTO Ba)KHO BBISICHUTD, OYy/IET JIM Ha 3Tare OTMBIBKH
KJIETOK OT IJIHIIEPHUHA TTPOSBISATHCS 3aUTHBIN d(pexT
XTIP, ycTaHOBJIEHHBIN C UCII0JIb30BAHUEM MOJIENTLHOTO
noaxoza (puc. 1), ¥ IpY HANWYUH TTOJIOKHUTEIBHOTO
pe3ynbTara HeoOXOIUMO CPaBHUTH SPPEKTHBHOCTD
XIIP B o0oux cimydasx.

VYnaneHue rmuuepuHa U3 KIETOK MPOUCXOAUT
nostanHo [1, 7, 23]. CHauana pa3zMoOpOKEHHBIE U
OCaKJIEHHBIE PUTPOLIUTHI EPEHOCAT B CpPEAy, CO-
nepskamryto 0,6 mons/m NaCl, 3atem ux moaBepraroT
MTOCJIEZIOBATEIILHOMY JBYKPAaTHOMY OTMBIBAaHUIO (hu-
3HOJIOTHYECKUM pacTBopoM. B mannoit paborte XIIP
B KoHIIeHTpanusx 180 1 600 MKMOITB/J IPUCY TCTBOBAIT
Ha Ka)KJIOM 3Talle OTMbIBaHUS KJIETOK OT INIMLIEPUHA,
[IPUYEM 3PUTPOLUTHI BHOCHUJIU B CPEJIbI, KOTOPBIE YXKE
cojepkainu aM(pUPUILHOE BEILECTBO.

Ha puc. 2 npencrasieHsl pe3yasTaTbl IPUMEHEHUS
XIIP nHa sTanax ynajleHus DIMLEPUHA U3 CYCIIEH3UU
SPUTPOLIUTOB, MOABEPTHYTHIX 3aMOPa’KUBAHUIO-OTOT -
peBy. B pabGore mcrnonb30Banu SpUTPOLUTHI, HOTY-
YEHHBIE OT TPEX JIOHOPOB.

ITocne pazMopakuBaHus KJIIETOK YPOBEHb I'€MOJIH-
3a He peBbiman 7%. [lpu nucnonas3oBannn Ha dTarne 1
runeproaudeckoro pactsopa (0,6 mons/1m NaCl) ypo-
BeHb Temonm3a coctaBisi 1-2%. Ilpumenenne du-
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(rehydration stage) at 37 or 0°C. Chlorpromazine at
various concentrations was added to the rehydration
medium.

Fig. 1 demonstrates the dependences of PHL level
of erythrocyte concentrations at 37 and 0°C. It can be
seen that the haemolysis level of erythrocytes without
PHL made 88% at 0°C. Addition of the CP to rehyd-
ration medium enabled to reduce the PHL level of cells
(up to 3.7 times). However, this protective effect of
CP was observed only at 0°C.

Efficiency of chlorpromazine was evaluated using
the obtained concentration dependence of posthy-
pertonic erythrocyte hemolysis at 0°C (Fig. 1).
For this purpose the maximum antihemolytic acti-
vity and the effective concentration of CP were deter-
mined. It was found that under PHS conditions in
erythrocytes (at 0°C) the maximum antihemolytic
activity of this substance in effective concentration
(600 pmol/L) reached (73 = 6)% and in concentration
of 180 pumol/L (the membrane barrier function to the
ferricyanide ions is still present at this concentration
[23]) it was (49 £ 4)%.

Long-term storage of human erythrocytes widely
involves the cryopreservation under protection of a
penetrating cryoprotectant glycerol. Washing the cells
from glycerol should be performed prior to transfusion
of the thawed erythrocytes [9]. This is due to the
fact that transfer of the erythrocytes saturated with
glycerol into the recipient’s bloodstream or isotonic
medium (0.15 mol/L NaCl) will result in destruction
of the cells. Water influx rate is higher than that of
glycerol exiting out of cell, so erythrocytes swell and
lyse after reaching the critical hemolytic volume.
Thus, a multistage cell removal of glycerol is a ‘tool’
to reduce the PHL level of erythrocytes.

Considering the fact that CP demonstrated the
efficiency in a model experiment (PHS), we have che-
cked an adequacy of the model assessing the substance
effect on thawed erythrocytes during removal of cryo-
protectant. In this regard it is important to determine
whether a protective effect, revealed using the model
approach, would be manifested at the stage of cell wa-
shing of glycerol (Fig. 1), and, in case of a positive out-
come, to compare the effectiveness of CP in both cases.

Removal of glycerol from cells occurs stepwise
[1, 17, 22]. Firstly, thawed and sedimented eryth-
rocytes are transferred into the medium containing
0.6 mol/L NaCl, and then they are exposed to double
washing with physiological solution. In our research,
the CP at concentrations of 600 and 180 umol/L was
present at each stage of cell washing of glycerol, the
erythrocytes were transferred into the media which
already comprised the amphiphilic substance.

Fig. 2 presents the results of CP application at the
stages of glycerol removal from erythrocyte suspension
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3MOJIOTMYECKOrO pacTBOpa Ha 3Tarne 2 MPUBOIMIO K
3HAUUTETBHOMY IIOBPEKACHUIO KIETOK. YCTaHOBJIEHO,
YTO YPOBEHBb T€MOJIM3a SPUTPOIUTOB ABYX JOHOPOB
coctasysut mpumepro 20% (puc. 2, A, B), a Tpetbero
nmoHopa — 38% (puc. 2, C). [To-Buaumomy, 310 00yC-
JIOBJIEHO WHAWBH/TY AJIbHBIMU OCOOEHHOCTSIMH KIETOK
KpoBH AOHOPOB. [IpumMeHenne (pu3nOIOTHIECKOTO
pacTBOpa Ha 3Tare 3 COMPOBOKAATOCH HE3HAUYNTEb-
HBIM TIOBPEXJICHUEM KIETOK (110 5%).
[IpucyrcrBue XIIP Ha sTamax ypaneHus Kpuo-
MPOTEKTOpa HE MPHUBOJUIO K JOMNOJHUTEIBHOMY
FeMOJIMTHYECKOMY MOBPEKIECHUIO IPUTPOLUTOB
(puc. 2). Hammpotus, B TOM ciyuae, Korna HaOIo-
JIaI0Ch 3HAUUTENIBHOE MOBPEXKICHUE KOHTPOJIBHBIX
kietok (3tanm 2), XIIP cHmXkanm ypoBeHb TeMOIH3a
SPUTPOIUTOB BCEX AOHOPOB B 2,5-3 paza (puc. 2,
cTosiouk 2). Ciaemayer OTMETUTD, UTO CTEIICHb YMCHbB-
[ICHNS TEMOJIMTHYECKOTO TIOBPEKICHUS SPUTPOIIUTOB
OJIHOTO M3 JIOHOPOB HE 3aBHCENA OT MCIIOJIb3YEeMOi
rxornentpanuu XIIP (puc. 2, B), B To Bpems kak ais
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Puc. 2. BnusiHne xnoprnpomasvHa Ha ypoBeHb remonuaa
3pPUTPOLIMTOB TpeX pasHbix 4oHOpoB (A, B, C) npu yoaneHunm
rmuuepuHa M3 pasmMOpPOXKEHHbIX KIETOK C MCMNONb30Ba-
HMEM OTMbIBOYHbIX cpead: 1 — 0,6 monb/n NaCl; 2 n 3 —
0,15 monb/n NaCl.

Fig. 2. Chlorpromazine effect on erythrocyte hemolysis of
three different donors (A, B, C) at glycerol removal from
thawed cells with washing media: the 1 is 0.6 mol/L NaCl,
2 and 3 are 0.15 mol/L NaCl.

exposed to freeze-thawing. We used the erythrocytes
obtained from three donors. Hemolysis level did not
exceed 7% after cell thawing. When using a hypertonic
solution (0.6 mol/L NaCl) at the 1% stage the hemo-
lysis level was 1-2%. Application of physiological solu-
tion at the 2" stage led to a significant cell damage.
The level of erythrocyte hemolysis in two donors was
approximately 20% (Fig. 2A, B) and in the 3™ donor it
was 38% (Fig. 2C). This was likely due to the indi-
vidual characteristics of donors’ blood cell. The use of
physiological solution at the 3 stage resulted in a da-
mage of small cell fraction (up to 5%).

The presence of CP at the stages of cryoprotectant
removal did not result in additional damage of hemo-
lytic erythrocytes (Fig. 2). In contrast, when there was
asignificant damage of the control cells (the 2™ stage),
CP reduced the hemolysis level of erythrocytes for all
the donors in 2.5-3 times (Fig. 2, column 2). It should
be noted that the level of hemolytic damage reduction
in erythrocytes of one donor did not depend on the
used CP concentrations (Fig. 2, B), while the cells of
other two donors (Fig. 2; A, C) showed a tendency to
decrease the hemolysis level at a high concentration
of the substance. The found values of CP antihemo-
lytic activity (at concentrations of 180 and 600 pmol/L)
at the stage of cryoprotectant removal from the cells
at the 2" stage are presented in the Table. An analysis
ofthe results (see Fig. 1, Table) showed that the values
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KJIETOK ABYX APYTUX JOHOPOB (puc. 2, A, C) Obl1a xa-
pakTepHa TEHAEHUUS K CHUKEHHUIO YPOBHS I'eMOJIN3a
P BBICOKOW KOHIIEHTpaLMK BellecTBa. Paccunran-
HbIE BEJINYMHBI aHTUTE€MOJUTUYECKON aKTUBHOCTHU
XITP (B xonuentpanusx 180 u 600 MKMONB/1) pu
yAaJIeHNH KPUOTIPOTEKTOPA U3 KIJIETOK Ha 3Tare 2 mpef-
cTaBJIeHbI B Tabnmire. CpaBHUTETHHBINA aHAINA3 PE3YiIhb-
TatoB (CM. puc. 1, Tabmuia) mokaszaji, 4TO 3HAYCHUS
aHTuremonuTuiecko aktuBHoctu XIIP B ycnoBusx
mozenbHoro skcriepumenta (I1I'1) naxonsaTcs B qua-
[1a30HE BEIMYWH, OJTYYEHHBIX TIPH YJAJIEHUN KpUO-
MIPOTEKTOPA U3 Pa3MOPOKEHHBIX KJIETOK TPEX IOHOPOB
(atam 2).

Hecmortps Ha To, uto Bnusinue XI1P B koHIIEHTpa-
nusx 180 u 600 MkMomb/1 Ha OapbepHYIO (QYHKITUIO
MeMOpaH 3pUTPOLUTOB (B (PU3UOIOTHUYECKOH cpere)
pasnuaHoe [9], B JTaHHBIX SKCIEPUMEHTABHBIX yCIIO-
BrsiX XIIP B 00enX KOHIIEHTPAIIUSX MTPOSIBIISIET BBICO-
Ky10 3¢ (eKTHBHOCTH (TabIuIa).

CrnenyeT oTMETUTSH, uTO KoHIleHTpanusa XIIP, mpu
KOTOPOI HAOTIOMAJICS €T0 MAaKCUMAaJTbHBIHN 3aIIUTHEBIN
a¢dexr B yenoBusax [1I'1 spuTponToB u peructpu-
poBaJicsl BBICOKUI YpOBEHb aHTHIE€MOJIUTHYECKON
AKTUBHOCTH IPU OTMBIBAHWH IVIMLEpHHA (Tabnuua),
ropasno Bbiie 3¢¢dexTuBHBIX KoHIeHTpauuid XIIP,
YCTaHOBJIEHHBIX B YCJIOBHSX THIIEPTOHUYECKOTO II0Ka,
TUIEPTOHNYECKOT0 KPHOTEMOJIN3a U THITOTOHHYECKO-
ro JIU3uca 3pUTpouuToB [4, 5, 22]. BeposTHo, pazmep
MeMOpaHHBIX IeEKTOB, 0OPA3YIOIINXCS B TIOCIICTHEM
cily4ae, MEHBIIIe, U TOCTAaTOYHO HEOOJBIIOTO KOJIH-
gecTBa aM(MUPIITHBHOTO COSAMHEHUS IS TPEAOTBPa-
IICHUS UX Pa3BUTHUS 10 TeMoJuTHYecKux mop. Cos-
najzeHue napamerpoB s extuHoctr XIIP (Bemmun-
HbI MAKCUMaJIbHON aHTUTEMOJIMTHYECKOM aKTHBHOCTH
1 KoH1eHTpauuii) B ycnosusix [1I' u mpu ormbiBaHMN
OT NIMLIEPHHA SPUTPOLIUTOB, MOABEPTHY THIX KPUOKOH-
CEpBUPOBAHMIO, [TO3BOJISIET IIPEANOI0KUTE, YTO MEXa-
HU3MBI AeHCTBUS aMpuduia B yKa3aHHBIX YCIOBHUSIX
HMEIOT O0LIME YEepTHl.

Taxum o6pazom, XIIP mposiBisier 3 heKTUBHOCTH
IPY KPUOKOHCEPBHUPOBAHHUH 3PUTPOITUTOB O/ 3AITUTON
[JIMIIEpUHA 32 CYET YMEHBIICHUS OTEPH KIETOK Ha
Jrane yjaajeHus ruuepuHa. [1ockoibKy 3aliuTHBIN
st dexr XIIP, BRIABICHHBIN B MOACIHHOM DKCIICPH-
menrte (neticteue [ ra kneTky mpu 0°C), mokazan
U B peajJbHbIX YCIOBMSIX 3aMOpa)KMBaHUA-OTOIpEBa
SPUTPOLIUTOB, MOXKHO FOBOPUTH O BBICOKOM CTENEHU
COOTBETCTBHUSI UCIOJIB3YEMOH MOJENN U LEeNeco00-
Pa3HOCTH €€ MPUMEHEHHU ISl U3yYeHUs] MEXaHN3Ma
neicTBUs (PaKTOPOB KPUOMIOBPEKICHHUS HA KICTKH.
O npaBOMEPHOCTH UCIOJIB30BAHUS MOJIEIBHOTO MOJI-
XOJ1a CBUJICTETHCTBYIOT U PaHEE MOTyUYEeHHBIC PE3YITh-
tatel [11]. Tak, ¢ eb0 CKpUHUHTA YCIOBHI 100aB-
JIEHUS] HETIPOHUKATOIIIEr0 KPUOIIPOTEKTOpa Ha JTate,
MIPEIIeCTBYIONEM 3aMOPaKUBAHUIO KIETOK, OBLI
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3Ha4YeHnss aHTUreMONMUTUYECKOW aKTUBHOCTU Xxnopnpo-
MasuHa npuv yganeHuu rmuuepuHa u3 KpUoKoHcepBu-
POBaHHbIX 3PUTPOLUTOB C WUCMONb30BaAHUEM Cpefbl,
copepxawen 0,15 mone/n NaCl (atan 2)

The values of chlorpromazine antihemolytic activity during
glycerol removal from cryopreserved erythrocytes using
the medium, containing 0.15 mol/l NaCl (the 2™ stage)

KoHueHTpauua AHTAreMonuTUYECKanA akTUBHOCTb, %
XnoprnpomasuHa, Antihemolytic activity, %
MKMOnb/n
Chlorpromazine
concentrlaltlon, Dowop 1 Lovop 2 Lovop 3
umol/ Donor 1 Donor 1 Donor 1
180 68 58 47
600 77 58 58

of CP antihemolytic activity in a model experiment
(PHS) were within the range, obtained when the cryo-
protectant was removed from the thawed cells of three
donors (the 2™ stage).

Despite the fact that effect of CP in concentrations
of 180 and 600 umol/L on the barrier function of ery-
throcyte membranes (in physiological medium) was
different [23], in our experimental conditions both
concentrations of CP were highly efficient (Table).

It should be noted that concentration of CP pos-
sessing the maximum protective effect under PHS of
erythrocytes and providing a high level of antihemolytic
activity during glycerol removal (Table) was much
higher than the effective CP concentrations in case of
hypertonic shock, hypertonic cryohemolysis and hy-
potonic lysis of erythrocytes [5, 10, 19]. Probably, the
size of membrane defects formed in the latter case
was smaller and that amount of amphiphilic com-
pounds was sufficient to prevent their transformation
in hemolytic pores. Coincidence in CP efficiency pa-
rameters (the values of maximum antihemolytic acti-
vity and concentrations) both for PHS and removing
of glycerol from the frozen-thawed erythrocytes sug-
gested that mechanisms of amphiphile action under
given conditions have common features.

Thus, CP is efficient during cryopreservation of
erythrocytes under glycerol protection in terms of re-
duced the cell loss at the stage of cryoprotectant remo-
val. Whereas the protective effect of CP, revealed in
the model experiment (PHS in cell suspension at 0°C),
was also found under real conditions of erythrocyte
freeze-thawing, it was possible to suggest a high
adequacy of the used model and its applicability to
study the effect of cryoinjury factors on cells. The
previously obtained results testify the possible ap-
plication of the model approach as well [21]. In par-
ticular, screening of the better conditions for adding
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WCIOJIb30BaH THIIEPTOHUYECKHUH MIOK 3PUTPOIUTOB.
MopenbHbIN IOIXO0]] [TO3BOJIHI OIPEIEITUTH ONITUMATh-
HYI0 KOMOMHAIHMIO YCIOBUH, KOTOpast Obljla yCIIEHIHO
[IPUMEHEHA MIPU HU3KOTEMIIepaTypHOM KOHCEPBUPO-
BaHUM SPUTPOIMTOB MiIeKonuTaromux [ 11].

B pesynbrare npoBeeHHON dKCIIEPUMEHTATbHON
paboTel ycTaHoBJIeHO, 4uTo B ycnosusx [T sput-
POLIMTOB M TIPU yAaJICHHH TIUICPUHA M3 OTOTPETHIX
kietok XIIP mposBisin BeICOKYIO 3¢ (EeKTUBHOCTD
(onpezensieMyo 1o BEJIMYMHAM aHTUTEMOJIUTHYECKOM
AKTUBHOCTH M 3HaueHUSIM 3 (D(DEeKTUBHBIX KOHIICHTpA-
uuit). [TockonbKy TaHHOE BEIIECTBO SBISICTCS MPE.-
cTaBuUTeEIeM OOJIBIIOTO Kilacca aMpuUIbHBIX COe/TH-
HEHUH, MOYKHO JIONTYCTUTh, YTO YKa3aHHBIH MOJIEIb-
s ioaxo1 ([1I'LL) mo3BoUT BBISBUTH U3 OOIIIUPHOTO
Psiaa BEIIECTB, XapaKTePU3YIOMIUXCS TU(DUIHHOCTHIO,
U JIpyTHe BBICOKO 3(h(heKTHBHBIC COSTUHEHUSI TTPH yj1a-
JICHWH KPUOMPOTEKTOPa U3 KJIETOK, TOJBEPTHYTHIX
KPHOKOHCEPBUPOBAHHIO.

BoiBoabI

[Tokazana Beicokas 3¢ extuBHOCTh XIIP B ycio-
Busx [II'II spuTpounToB 1 Ha 3Tane yganeHus InLe-
pHHa 13 Pa3MOPOKEHHBIX KieToK. [Ipu aTOM aHTHTE-
Mosiutudeckas aktuBHOCTh XIIP (600 Mkmonb/i1) B
ycnosusx [II' sputpounToB coctasmusiet (73 = 6)%
1 HaXOJUTCA B IMANa30He BEJIMYUH, TOJTy4YE€HHBIX TIPU
yIaJleHUH TIIULEpUHA U3 Pa3MOPOKEHHBIX KIETOK
(58-77%). AnanornyHasi cUTyaIus BeISBICHA U TIPU
ncnonb3oBannu XI1P B koutienTparuu 180 MKMOIIB/IT:
3HAQUEHUE AaHTUIeMONIMTHYECKON akTuBHOCTH XIIP B
yenoBusx ' cocrasmsier (49 + 4)% u HaxoauTes
B nuarma3one BenwdnuH (47—68%), MOTyUEeHHBIX MIPH
yJaJIeHUU KPUOTPOTEKTOpa.
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the non-penetrating cryoprotectant before cell free-
zing was performed using hypertonic shock of ery-
throcytes. The model approach allowed to determine
the optimal combination of conditions, that has been
successfully used during low-temperature preserva-
tion of mammalian erythrocytes [21].

Thus, the results of our experiments demonstrated
a high efficiency of CP during PHS of erythrocytes
and glycerol removal from thawed cells (determined
by antihemolytic activity and effective concentrations).
Since this substance belongs to a large class of amphi-
philic compounds, the model (PHS) could be capable
of revealing other highly-effective compounds for using
at cryoprotectant removal from the cryopreserved cells
among a broad range of diphilic substances.

Conclusions

A high efficiency of CP under PHS of erythrocytes
at the stage of glycerol removal from the thawed cells
has been shown. Antihemolytic activity of CP (in con-
centration of 600 pmol/L) in the conditions of erythro-
cyte PHS made (73 + 6)% and was within the range
of the values, obtained during glycerol removal from
the thawed cells (58—77%). The same was found when
using CP at concentration of 180 umol/L: antihemolytic
activity value of CP under PHS made (49 + 4)% and
was within the range of the values (47-68%), obtained
at the cryoprotectant removal.
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