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Peculiarities of Posthypertonic Lysis
in Erythrocytes of Several Mammals

Pedepart: ViccnegoeaHa 4yBCTBUTENbHOCTb 3PUTPOLUTOB HEKOTOPbIX BUAOB MNeKkonuTalwmx (YernoBek, Kpbica, KPOmuK) K
[EeNCTBUIO MOCTIMNEPTOHMYECKOro nuanca npu BapbupoBaHum KoHueHTpauun NaCl B cpede aervapartauuu, NPOAOIHKUTENbHOCTH
MHKyOMpoBaHuA kneTok M TemnepaTypbl. [lokasaHa onpepensiowas pofb dTana gernapartaumu (No CpaBHEHUIO C 3Tanom
permgpaTauun) Ans pasBUTUA NOCTTUNEPTOHUYECKOrO NMM3Nca 3PUTPOLIMTOB MIEKOMUTAIOLWMX, MOCKOMbKY KOHLEHTpauus conu B
rMNepTOHNYECKON cpefe U NPOAOIIKUTENbHOCTb UHKYOMpPOBaHMA B Hel onpenensioT ypoBeHb remonusa knetok. Ha aTtane
aernapaTtauuv BbisiBNeHa NoTepsi KaTMOHOB Kanusi KNeTkamu YernoBeka M Kponuka, YTO 3aBWCUT OT KOHLEHTpauuu conu B cpefe.
YcTaHOBMNEHO, 4YTO ypOBEHb MOCTIMNEPTOHUYECKOrO NM3nca IpUTPOLMTOB YenoBeka, KpbiCbl M Kponuka onpepensietcs
TemnepaTypHbelMU ycnoBusamu akcnepumenTa. Mpu 0°C 3HavyeHUss NOCTIMNEPTOHWYECKOro NU3nca 3PUTPOLIMTOB MIIEKOMUTAIOLLMX
Huxe, Yyem npu 37°C, npuyem 3ata 0COBEHHOCTb Nyu4lle BblpaxeHa Ansi KNETOK XMBOTHbIX. Pe3ynbraTbl CpaBHUTENBLHOIO aHanusa
peakuumn KNeTok Ha AencTBMe MoCTIMNEPTOHMYECKOro NU3nca nokasanu, YTo MakCMMarnbHON YCTONYMBOCTLIO 06M1aAatoT apuTpoLnThI
KpOnuKa, a MUHUMAIbHOW — KMEeTKW KPbIChl.

KnioueBble crnoBa: 3puTpoLUTbl, YENOBEK, KpbiCa, KPOSUK, NOCTIMNEPTOHNYECKMIA NU3UC, Aermapartauus, pernapartauus,
Temnepartypa, KoHueHTpauma NaCl.

Pedepar: [locnigxeHo 4yTnuBiCTb epuUTPOLMUTIB AEAKUX BUAIB ccaBuiB (NoAuHA, Wyp, KPOMMK) A0 Ail NOCTrinepTOHIYHOro
nisucy nig vac BapitoBaHHs koHUeHTpauii NaCl y cepepoBuli gerigpaTtauii, TpuBanocTi iHkyGyBaHHs KNiTUH | Temnepatypu. MNokasaHa
BM3Ha4anbHa ponb etany gerigpatadii (B NOpiBHAHHI 3 eTanom perigparauii) 4ns po3BMTKY NOCTFiNEPTOHIYHOIO Mi3ncy epuTpouMUTIB
ccaBLUiB, OCKiNbKM KOHLIEHTpaLUis coni B rinepTOHIYHOMY cepefoBULLi Ta TpuBanicTb iHKyOyBaHHS B HbOMY BW3Ha4alTb PiBEHb
remonisdy kniTuH. Ha etani gerigpatadii BusiBNneHa BTpaTa KaTiOHIB Kanilo KniTMHaMy MAOAWHU Ta Kponuka, WO 3anexuTb Bif
KOHUEeHTpauji coni B cepegoBuLli. BctaHoBneHO, WO piBeHb NOCTFiNEPTOHIYHOrO Mi3UCy epuTpoOLMTIB MIOAMHM, Wypa i Kponuka
BU3HA4YaeTbCA TemnepaTypHMMn ymoBamu ekcnepumeHTty. Npu 0°C 3Ha4eHHs NOCTrinepTOHIYHOro Ni3ucy epuTpouuMTiB CcaBLiB
HWx4e, Hix npu 37°C, npuyoMy uUsi 0COBNMBICTb Kpalle BUpaxKeHa ANs KNiTUH TBapuH. Pe3ynstati nopiBHSANbLHOrO aHanisy peakuii
KNITUH Ha Ail0 NOCTriNepPTOHIYHOro Mi3ncy nokasanu, Lo MakCuMarnbHy CTiNKICTb NPOABASIOTb €PUTPOLUTU KPOMMKa, a MiHIManbHy —
KNITUHW Wwypa.

KnioyoBi cnoBa: eputpounTtu, nioguHa, Wyp, KPONukK, NOCTrinepTOHIYHMIA ni3uc, gerigpaTtauia, perigpaTauis, Temnepartypa,
koHueHTpauis NaCl.

Abstract: The erythrocyte sensitivity of some mammalian species (human, rat, rabbit) to posthypertonic lysis effect when
varying NaCl concentration in dehydration medium, cell incubation duration and temperature was studied. We demonstrated here a
determining role of dehydration stage (compared to rehydration one) for posthypertonic lysis development in mammalian erythrocytes,
since the salt concentration in hypertonic medium and incubation duration in it determined the level of cell hemolysis. The loss of
potassium cations by human and rabbit cells, depending on salt concentration in the medium was revealed at dehydration stage. The
level of posthypertonic lysis in human, rat and rabbit erythrocytes was established as determined by experimental temperature
conditions. Values of posthypertonic lysis of mammalian erythrocytes are lower at 0°C, than at 37°C, and this feature is much
pronounced for animal cells. The results of comparative analysis of cell response to posthypertonic lysis effect showed rabbit
erythrocytes to have the maximum resistance, and the minimum one was in rat cells.

Key words: erythrocytes, human, rat, rabbit, posthypertonic lysis, dehydration, rehydration, temperature, NaCl concentration.

BrimopaxuBaHnue cBOOOHOW BOABI MPH KPHO-
KOHCEPBUPOBAHUHT OHOJIOTUIECKOTO Marepuara ImpruBo-
JIUT K KOHIIEHTPUPOBAHUIO BHEKIIETOYHOTO PacTBOPA,
1 HAo0OpOT — MPH Pa3MOPAKUBAHUU TPOUCKOTUT
CHIDKEHUE 3HAYCHUU OCMOJISIPHOCTH cpenbl. Kpome
TOT0, Ha dTarax yAaJCHHS MPOHUKAIOIIETO KPUOIPO-
TEKTOpa W3 CYCHEH3WH IOCJe 3aMOPaXKMBaHMS-
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Free water freezing-out during biological material
cryopreservation results in the extracellular solution
concentrating, and vice versa during thawing the values
of medium osmolarity decrease. In addition, the
removal of penetrating cryoprotectant from the suspen-
sion after freeze-thawing results in a contact of cells
with the solutions, which osmolality is lower than
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OTOrpeBa KJIETKM HaUMHAIOT KOHTAaKTUPOBATh C PacT-
BOPAMH, OCMOJISIIBHOCTH KOTOPBIX HUKE BHYTPHKJIE-
TouHOW. Takum 00pa3oM, MOCTTUNEPTOHUUYECKUI
JIM3UC MOXKHO paccMaTpHUBaTh B KAUE€CTBE OJHOTO U3
OCHOBHBIX (DaKTOPOB TIOBPEKICHHSI KIIETOK HA KOHEY-
HOM 3Tare uX KpuoKoHcepBupoBaHus [1].

Jns u3ydeHuss MOCTTHUIEPTOHUYECKOTO JTU3HCA
KJIETOK Ha 3Tare OTOTPEBa HCIOJIb3YIOT Pa3HbIE MO-
nenpHbIe ToaxoAsl. OOUH M3 HUX 3aKII0YaeTcs B
[IEpPEHOCEe SPUTPOIIMTOB B U30TOHUIECKHI paCTBOP U3
TUIEPTOHUYECKUX cpell (MOAeNb MOCTTUIEPTOHH-
yeckoro nusuca, [1IJI) [1, 6]; npyroi — U3 U30TOHH-
YECKHX YCJIOBH B THIIOTOHUYECKHE PACTBOPHI (THUIIO-
TOHUYCCKU TH3HC) [9] IIPH MTONOKHUTENBHBIX TEMITEpa-
Typax. OOmUM pe3yJbTaTOM NMPUMEHEHHUS 3TUX
MOJIETTBHBIX TOIX0I0B SIBIISICTCS yBEIHMUEHHE 00beMa
kietok [1, 4]. B ocrose I11'J] kireTok nexar /1Ba mpo-
Lecca: JeTUApaTaIs Mpu HHKyOUPOBAaHHUH B THIIEPTO-
HHUYECKOH cpelle M MOCIeaylnas peruaparamus,
KOTOpasi pa3BUBAETCs MPH MTEPEHOCE KIETOK B H30TO-
HAYECKHE YCIOBHS, OJHAKO JUISI THIIOTOHHYECKOTO
JIU3HMCa XapaKTepeH TOIBKO OJTUH MPOLIECC, CBA3aHHBIN
¢ Ha0yXaHHEeM KJICTOK MPH UX MEPEHOCE B TUTIOTOHH-
yeckue yciaoBus. IloaToMy 11 MoaenupoBaHUs
JeMCTBUS Ha KIETKH (PAaKTOPOB KPUOTIOBPEKICHHS B
YCIOBHSX OTOIpEBa KJIETOYHOW CYCHEH3UHU JIydllle
ucnons3osars IIIJL

[MonsTue «ctpecce» Obu0 BBeneHo I. Cenbe u pac-
CMaTpHUBAJIOCh KaK OTBETHBIE PEaKIHH Ha JI000e
CHUJIbHOE HEOIArompusTHOE (CTPECCOBOE) BO3ICHCT-
BHE Y ’KMBOTHBIX U yenoBeka [8]. [lo3xe aToT TepmMun
CTaJIM MIMPOKO MPUMEHSTH P U3yUeHUH JEHCTBUSA
Pa3IMYHBIX CTPECCOBBIX (hakTopoB Ha KieTku. Cie-
IyeT OTMETHUTb, YTO B KPHOOHOJIOTHYECKON JInTepa-
Type TEPMHH «IOCTTUIEPTOHUUYECKUHN JTU3UCH YaCTO
HCTIOJIB3YIOT KakK g 0003HaueHUs cOOCTBEHHO
CTpeccoBoro GpakTopa, Tak ¥ OMUCAHUS PEAKLINH KIle-
TOK Ha €ro JeicTBUE.

Muorouucnenssie pabotsi [1, 3, 5,9, 17] nocss-
LICHBI U3YYEHHUIO PEaKIUU SPUTPOLUTOB YEJIOBEKA Ha
M3MEHEHUE OCMOTHYECKHX H TEMITEPATYPHBIX YCIOBUH
cpenbl. B wactHOCTH, OBIITO TIOKa3aHo, uTo I1IJI 3puT-
POLIMTOB YEJI0BEKA 3aBUCUT OT Ka4€CTBEHHOI'O COCTa-
Ba CpeJl AETHAPATAUHN U PETUAPATAlMN; KOHLIEHTPa-
LMW PaCTBOPEHHBIX BEILECTB U MPOIOJDKUTEILHOCTH
WHKYyOMpOBaHMA Ha dTare JeruApaTaluyl KIEeTOK, a
takke Temneparypsl. C.B. Ilatenapoc u O.I1. Cein-
YHKOBa [ 7] M3y4anu BIUSHUE COCTaBa Cpel IeruIpa-
TalMU U peruaparanuy Ha yposess 11171 spurponuros
yenoBeka. B ToM citydae, korga Ha sTamnax Jerujpa-
Tauuu 1 perugparanuu [1I'J] npuMeHsu 3neKTpoauT-
HBIE WJIM HEDJIEKTPOIIMTHBIE CPEJIBI, yPOBEHb FEMOJIUTH-
YECKOTO IMOBPEXKICHNS SPUTPOLIUTOB B IEPBOM CIIydae
Ob1 HIDKE. YpoBeHs [1TJ] sapuTponnToB onpenensiercs
COCTaBOM CpeJibl peruaparanuu. Tak, mocie HHKyOu-
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intracellular one. So, we may consider a posthypertonic
lysis to be one of the main factors of cell damage at
the final stage of their cryopreservation [1].

Different simulations are used to study a posthyper-
tonic lysis of cells at thawing stage. One of them
consists in transferring the erythrocytes into isotonic
solution from hypertonic media (model posthypertonic
lysis, PHL) [1, 14]; the other one is based on the cell
transfer from isotonic conditions into hypotonic solutions
(hypotonic lysis) [19] at positive temperatures. The
general result of applying these model approaches is
an increase of cell volume [1, 9]. The PHL of cells
involves two processes: dehydration during incubation
in hypertonic medium and subsequent rehydration,
developing during cell transfer under isotonic condi-
tions, while hypotonic lysis is characterized by only
one process, associated with cell swelling during their
transfer under hypotonic conditions. Therefore, it is
preferable to use PHL to model the effect of cryo-
damage factors on cells when thawing cell suspension.

The term ‘stress’ was introduced by H. Selye and
considered as the responses to any severe unfavou-
rable (stressful) influence in animals and human [18].
Later this term became widely used in studying the
effect of different stress factors on cells. It should be
noted that in cryobiological publications the term
‘posthypertonic lysis’ is often used both to specify the
stress factor per se and to describe a cell response to
its effect.

Numerous researches [1, 4, 6, 13, 19] are devoted
to the investigations of human erythrocyte response to
the change in osmotic and temperature conditions of
the medium. It was shown in particular that PHL in
human erythrocytes depended on qualitative compositi-
on of dehydration and rehydration media; solutes
concentration and duration of incubation at the stage
of cell dehydration, and temperature as well. S.V. Pa-
telaros and O.P. Synchykova [15] have studied the
effect of dehydration and rehydration media composi-
tion on the PHL level in human erythrocytes. In case
when at the PHL dehydration and rehydration stages
either electrolyte or non-electrolyte media were applied,
the level of hemolytic damage in erythrocytes in first
case was lower. The erythrocyte PHL level was
determined by the rehydration medium composition.
For example, after incubating the cells in the medium
containing 1.5 mol/l NaCl, the observed PHL level in
erythrocytes was lower if the cells were transferred
into a sucrose medium (0.27 mol/l), if compared with
a saline one (0.15 mol/l NaCl). PHL development in
human erythrocytes depends on the osmolality of
hypertonic medium and duration of cell incubation in it
[15]. The short-term dehydration of erythrocytes
causes no severe disorders in their membranes during
following cell rehydration, however, more prolonged
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pOBaHHS KIETOK B cpefie, coaepxaieid 1,5 Moib/in
NaCl, peructpupyemsiii yposens [117] sputponuros
IIpU MEPEHECEHUH KIETOK B Caxapo3HYIO Cpeny
(0,27 momw/m) 66T HUXKE, 4eM B comneByto (0,15 Monb/n
NaCl). Ins pazpurust [1IJ1 3puTponMTOB YenoBeka
Ba)KHBIM SIBJISIIOTCS OCMOJISIIBHOCTD THIIEPTOHNYECKOU
CpPEeIIBl ¥ IPOIOJDKUTENBHOCTS MHKYOUPOBaHUS B HEH
kietok [7]. Ilpomecc kpaTKOBpeMEHHON Aeruapara-
LMW SPUTPOIIUTOB HE BBI3BIBAET CEPhE3HBIX HapyIIe-
HUW WX MeMOpaH MpH MOCIeAyIOIeH peruapaTanuu
KJIETOK, OJJHAKO YBEIWYEHUE NMPOJOJIKUTEIBHOCTH
HWHKYOWpPOBaHHS B TUTIEPTOHMYECKUX YCIIOBUSX COMPO-
Boxkaaercst poctom IITJI [7].

Jna BBIAICHEHHS MEXaHU3MOB YCTOMYHMBOCTH
SPUTPOIUTOB YEIOBEKAa K JAECHCTBHUIO CTPECCOBBIX
(haKTOPOB MIMUPOKO HCIOIB3YETCS MOAXO, CBSI3aHHBIH
C HampaBJIeHHONH MOAU(UKAIMEN Pa3IMIHbIX CTPYK-
TYPHBIX 1 (PYHKIIMOHAJIBHBIX KOMITOHEHTOB KJIIETKH. DTH
WM3MEHEHUs He SBISIOTCS Y3KOCTIenN(UIHBIMI I MOTYT
OXBAaTbhIBaTh KIETKY B IeJIOM. B cBsi3u ¢ atuM mmst
nccnenoanns [1IJ] kmeTok nenecoobpa3Ho UCTIONb-
30BaTh HATUBHBIE (HEMOAN(DUITPOBAHHBIE ) SPUTPOITH-
ThI Pa3HBIX BUJOB MIIEKONIUTAIOIIUX, KOTOPHIE OTIH-
YaroTCs M0 COCTaBYy LMTOIUIa3MBI, CIIOCOOHOCTH K
nedopMani, aKTUBHOCTH TPAaHCIOPTHBIX MyTeH,
¢dochonmunuaHOMy 1 OEITKOBOMY COCTAaBY MEMOpPaHBI
[10-12, 15, 16]. Kpome Toro, B oTuuue ot [1IJ1 sput-
pOLMTOB YenoBeka ocodeHHoctu pazpurtus [11J1 kie-
TOK KHBOTHBIX OCTalOTCS HEN3YYECHHBIMH.

Iems paboThI — CpaBHUTENHHOE H3YUEHUE OCOOCH-
HOCTEH MPOSIBIEHUS TOCTTUTIEPTOHUYECKOTO JTH3UCa
SPUTPOLIUTOB YETIOBEKA, KPHICHI, KPOJIMKA IIPH BAPBUPO-
Baruu koHIeHTparuu NaCl B cpene nermapararum,
MPOAOIKUTEIBHOCTH HHKYOUPOBAaHHS KJIIETOK M TEM-
neparypsl.

MatepuaJbl U1 MEeTOAbI

Jinst uccnenoBaHus UCTIOJIB30BANIN SPUTPOLUTEI,
MOJTyYEeHHBIE U3 JOHOPCKOH KpoBH denoBeka (Homo
sapiens), kponuka (Oryctolagus cuniculus) 1 KpbICHI
(Rattus norvegicus), 3aTOTOBJICHHOI Ha TEMOKOHCEP-
BanTe «[morutupy («buodapmay, Ykpanna). Kpos
myxauH A(II)Rh* rpynmer 6suta mpemocTaBieHa
XapbKOBCKUM OONaCTHBIM IIEHTPOM CIIY>KOBI KPOBH,
KPOBb KPOJIMKA U KPBICHI — BHBapreM MHcTuTyTa Ipoo-
neM Kprobuonoruu u kpuomeauuasl HAH Yipaunsl.
DKCIepUMEHTHI IPOBENEHBI B COOTBETCTBHH C «O0-
LIMMHU IPUHLIUIIAMHA SKCIIEPUMEHTOB Ha KUBOTHBIXY,
onoOpenHsiMU V HallmoHaIbHBIM KOHIPECCOM I10 OHO-
atuke (Kues, 2013) 1 cortacoBaHHBIMU C TIOJIOKEHHSI-
MU «EBporneiickoil KOHBEHILIUH O 3aIUTe O3BOHOYHBIX
YKHBOTHBIX, HCTIOB3YEMBIX JIJIsl SKCIIEPUMEHTAIBHBIX
U IpyruX HaydHBIX menei» (CtpacOypr, 1986).

[locne ymaneHus miaa3Mbl 3pUTPOMACCY TPHKIBI
OTMBIBAJIH ITyTeM IIeHTpUyTrupoBanus (ieHTpudyra

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016

incubation under hypertonic conditions is accompanied
by elevated PHL [15].

Targeted modification of different structural and
functional cell components is widely used to elucidate
how human erythrocytes resist different stress factors.
These changes are not strictly specific and may spread
to a whole cell. Proceeding from this fact it is expedient
to use native (unmodified) erythrocytes of various
mammalian species, differing by cytoplasm composition,
deformability, activity of transport pathways, phos-
pholipid and protein membrane composition to study
the PHL of cells [3, 5, 7, 11, 12]. In addition, in contrast
to the PHL of human erythrocytes the features of its
development in animal cells have still remained un-
studied.

The research aim was to comparatively investigate
the features of posthypertonic lysis manifestation in
human, rat, and rabbit erythrocytes when varying NaCl
concentration in dehydration medium, cell incubation
duration and temperature.

Materials and methods

The research was performed in the erythrocytes
derived from human (Homo sapiens), rabbit (Orycto-
lagus cuniculus) and rat (Rattus norvegicus) blood,
preserved with Glugicir hemopreservative (Biofarma,
Ukraine). Men blood A(IT)Rh* group was provided by
the Kharkov Regional Center of Blood Service, rabbit
and rat blood was obtained in the animal house of the
Institute for Problems of Cryobiology and Cryome-
dicine of NAS of Ukraine. The experiments were car-
ried out in accordance with the General Principles of
Experiments in Animals, approved by the 5™ National
Congress in Bioethics (Kiev, 2013) and agreed with
the statements of the European Convention for the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).

After plasma removal the erythromass was 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. Erythrocytes 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. We used here the home-produced
reagents of ‘chemically pure’ and ‘chemically pure
for analysis’ grades.

Posthypertonic lysis was performed by transferring
the erythrocytes from hypertonic solutions, hereinafter
dehydration media, into isotonic medium (rehydration
medium) at 37 or 0°C. The dehydration media con-
tained sodium chloride ranging within concentrations
0f'1.0-2.0 mol/l, the rehydration medium did 0.15 mol/l.
The effect of erythrocytes incubation duration in
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«OITu-3VY4.2», Keipreizcran) npu 3000 06/MuH B
teuenue 3 MuH B 1 0-kpaTHOM 00BeMe (pU3HOIOTHIEC-
koro pactsopa (NaCl 0,15 mons/it; pocdatnsiii 6ydep
0,01 monw/n, pH 7,4). JlefikouuTapHylo IUIEHKY H
CylepHaTaHT yAaJsiu acluupanuer. DpUTPOLUTHI
XpaHWIU B BUJIE TUIOTHOTO ocajika He Ooinee 4 1 mpu
temmneparype 0°C. Bee cpenpl roroBuin Ha docdar-
HOoM Oydepe (0,01 mons/im), pH 7,4. B pabore Ob1H
WCIIOJIb30BAaHbI PEAKTUBBI OTE€UECTBEHHOTO MPOU3BO/I-
CTBa KBATU(UKAINHT «X.9.» U «I.7.2.».

[NocTruneproHYecKuii TM3UC OCYIECTBIISIIN Te-
PEHECEHUEM SPUTPOLIUTOB U3 THIIEPTOHNYECKHUX PaCT-
BOPOB, Ha3bIBAEMBIX CpelaMu AeruapaTaiuu, B
HU30TOHMYECKYIO Cpeay (cpena peruaparanyn) npu 37
i 0°C. Cpenpl neruiparaliui coaepKaiu XJIOpHT
HaTpus B Iuana3oHe koHreHTpanuit 1,0-2,0 Momns/i,
cpena peruapartanuu — 0,15 mons/n. Bnusaue
MIPOAOIDKUTETHFHOCTH HHKYOUPOBAHISI SPUTPOIIUTOB B
cpenax JerupaTanuy U peTUApaTaIliy Ha Pa3BUTHE
IIIJT 3puTpOLUTOB H3ydadd B JIBYX IMOCTAHOBKAX.
B nepBoii mocTaHOBKe U3MEHSITU TPOJOIKUTEILHOCTh
WHKYOHpOBaHU KJIETOK B Cpefie IeTHapaTainny oT 3
1o 60 muH, a BpeMs NpeOBIBaHUs KIETOK B Cpele
peruaparanuy OCTaBaJoCh HEM3MEHHBIM — 5 MUH.
Bo BTOpoOil nocranoBke nocie 20 MUH 3KCIO3UIUU
KJIETOK B CpeJie NeTuApaTalui, SpUTPOLUTH HHKYOU-
poBaM B cpene peruapaTtanuu pasHoe Bpems (3—
60 mun). Koneunsiit rematokput — 0,4%.

YpoBeHBb remMoiin3a 3pUTPOLUUTOB H3MEPSIU
CIEKTPOPOTOMETPHIECKUM METOAOM TIPH IJINHE
BOJTHBI 543 HM W BBIYHUCIISIIN B MPOIIEHTAX MO OTHO-
MIEHUIO K TToJTHOMY Temonu3sy. 3a 100% mpuauMamn
MOTJIONIEHHE POOBI, B KOTOPYIO JOOABISITH TPUTOH
X-100 («Merck», ['epmanus) B kornenTpammu 0,1%.

BrIxon KaTHOHOB Kalldsl M3 SPUTPOLIUTOB B T'H-
MEPTOHUUYECKUX CpeAax OMPEAEISIN C MOMOIIBIO
HOHOMETpa yHUBepcalibHOTo «2B-74%» (Benmopyccust)
C HCIOJB30BAaHUEM HOHCEJIEKTHUBHOIO 3JIEKTPOJa
«QJIMC-121K» n anexrpona cpaBHeHUst «OBJI-1M3.1».
KonmeHTparnuio KaTHOHOB KaJusi U3MEPSITH B CyIEp-
HATaHTE CyCIIEH3UHN APUTPOIUTOB (TeMaToKpHuT 20%).
Jua momryaenus 100% BbIXoma BHYTPHKIIETOYHBIX Ka-
THOHOB KaJIMs 3PUTPOIUTHI IOABEPTAIH 3-Pa30BOMY
LUKITy 3aMOPaKUBaHUA-OTOTPEBA.

OCMOTSTBPHOCTH PACTBOPOB BEIIECTB OTPEACIISITH
KPUOCKOIIMYECKUM METOJOM C HCIOJb30BaHUEM
ocmometrpa «OMKA-111-01» (Ykpauna).

Craructudeckyro 00paboTKy HOIy4EeHHBIX YHCIIO-
BBIX JaHHBIX MPOBOAMIN C IMOMOLIBIO MPOTPAMMEI
«Statistica 6.0» («StatSoft Inc.», CIIIA). Dxcniepumen-
TaJbHBIC JaHHBIC MPEJCTABICHBI KaK MEIUaHa H
WHTEPKBapTIIbHEIN nHTEepBai (Q1-Q3). s mposep-
KM CTaTUCTUYECKON 3HAYMMOCTHU Pa3IMuUi UcCienye-
MBIX YHCIIOBBIX IMOKa3aTeJIe UCIIOIb30BAIIN KpUTEPHUl
ManHa-YutHu.
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dehydration and rehydration media on erythrocyte PHL
development was studied in two designs. In the first
one we changed the duration of cell incubation in
dehydration medium from 3 to 60 min, and the time of
cell staying in rehydration medium remained unchan-
ged: 5 min. In the second design after 20 min cell
exposure in dehydration medium the erythrocytes were
incubated in rehydration medium for different time (3—
60 min). The final hematocrit was 0.4%.

Erythrocyte hemolysis was measured spectrophoto-
metrically at 543 nm and expressed in percents of total
hemolysis. Absorption of erythrocytes sample supple-
mented with 0.1% triton X-100 (Merck, Germany) was
assumed as 100% hemolysis.

Potassium cation release from erythrocytes in
hypertonic media was determined with universal
ionometer EV-74 (Belarus) equipped with ion-selec-
tive electrode ELIS-121K and reference electrode
EVL-1M3.1. Potassium cation concentration was
measured in the supernatant of erythrocyte suspensions
(20% hematocrit). Erythrocytes were exposed to 3-fold
freeze-thawing cycle to obtain 100% release of intra-
cellular potassium cations.

The osmolality of substance solutions was deter-
mined by cryoscopic method using osmometer
OMKA-1C-01 (Ukraine).

The obtained data were statistically processed using
Statistica 6.0 software (StatSoft Inc., USA). Experi-
mental data were presented as median and interquartile
range (Q1-Q3). Mann-Whitney test was used to
examine the statistical significance of differences of
the studied values.

Results and discussion

In order to evaluate the contribution of the pro-
cesses, developing at both PHL stages, we varied the
time of mammalian erythrocyte staying in hypertonic
and isotonic media (Fig. 1 and 2, respectively). In the
first experimental design the duration of cell incubation
under hypertonic conditions was changed from 3 min
up to 60 min, and the time of cell staying under isotonic
conditions was 5 min (Fig. 1). In the second design
after 20 min cell exposure in hypertonic medium the
erythrocytes were incubated within different time (3—
60 min) under isotonic conditions (Fig. 2).

The data (Fig. 1) on the various duration of cell
incubation under hypertonic conditions demonstrate that
principal events consisting in a hemolytic damage of
erythrocytes after transferring under isotonic condi-
tions occur within the first 20 min both at 37 and 0°C.
This is typical for erythrocytes of all the studied mam-
mals. Of note are the peculiarities of PHL development
in human erythrocytes at 0°C, consisting in a sharp
increase in cell hemolysis level after incubation in
hypertonic medium for 3—20 minutes (Fig. 1).
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Pe3yabTarsl U 00cy:KaAeHHE

g Toro, 4ToOBI OIIEHNUTH BKJIA MPOIIECCOB, pa3-
BHBarolmMxcs Ha oboux stamax I1IJl, BappupoBamu
BpEMs HaXOXkACHUS SPUTPOLIUTOB MIICKOITUTAIOIINX B
THIIEPTOHNYECKON U M30TOHNYECKOU cpenax (puc. 1 u
2 COOTBETCTBEHHO). B mepBoii mocTaHOBKE SKCIIEPUMEH-
Ta U3MEHSUTM HPONOJKUTENBHOCTh WHKYOUPOBaHHS
KJIETOK B TUIIEPTOHUYECKUX YCIOBUX OT 3 10 60 MUH,
a BpeMsi peObIBaHMS KJIETOK B MK30TOHUYECKUX YCIIO-
BHSIX COCTABIISUIO 5 MEH (cM. puc. 1). Bo BTopoii mocta-
HOBKe r1ociie 20 MUH 3KCITO3HIINH KJIETOK B THUIIEPTOHH-
YECKOU cpefie, IpUTPOLUTH HHKyOHPOBAIN pa3HOE
BpeMs (3—60 MUH) B I30TOHHYECKUX YCIOBHSX (pHC. 2).

Kaxk BuHO 13 ipeicTaBIeHHbBIX JaHHBIX (CM. puc. 1),
BapbUPOBaHKE NPOIODKUTEILHOCTH HHKYOMPOBaHUS
KJIETOK B TMIIEPTOHUYECKHX YCIOBUAX MOKa3aJIo0, YTO
OCHOBHBIE COOBITHSI, KOTOPBIE MPOSIBIISIOTCS B TEMO-
JIUTUYECKOM MOBPEXKAECHUH 3PUTPOLIUTOB MTOCIIE TIEpe-
HOCa B yCJOBHS M30TOHHH, IPOUCXOAAT B IEPBBIC
20 muH kak npu 37, Tak u 0°C. D10 XapakTepHO A
SPUTPOLHUTOB BCEX MCCIEAYEMBIX MJIEKOMHUTAIONIUX.
CienyeT oTMeTUTh ocoOeHHoCTH pa3utus [11J1
aputporuToB venoBeka npu 0°C, KOTOpbIe 3aKIIIO-
YaloTCs B PE3KOM YBEIMUEHUH yPOBHS FeMOJIN3a KIle-
TOK ITOCJIE UHKYOUPOBaHUS B THIIEPTOHUYIECKOH Cpeie
B Teuenne 3—20 muH (cM. puc. 1).

[Ipu BapprpOBaHUY NPOJOIKUTEILHOCTH HHKYOU-
pOBaHMs Ha 3Tale peruapaTaliy KJIETOK YeJIOBeKa,
KpOJIMKA U KPBICHI IOTY4YEeHbI BPEMEHHBIE 3aBUICHMOC-
T ypoBH4 I1I'JI. TunuuHas BpeMeHHas 3aBUCUMOCTD
[IT'JI mpencraBiieHa Ha MpUMepe KIETOK KPOJIMKA
(puc. 2).

Pe3ynbpTaThl cpaBHUTENBHOIO aHain3a JaHHBIX
(puc. 1 u 2) cBUAEeTeNnbCTBYIOT 0 ToM, 4to Ha [IIJI
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By varying the incubation duration at the rehydra-
tion stage of human, rabbit and rat cells we obtained
the time dependences of the PHL level. Typical time
dependence of PHL is shown using rabbit cells as an
example (Fig. 2).

The results of comparative analysis of the data
presented in Fig. 1 and 2 testify to the fact that the
erythrocyte PHL is affected in greater extent by a
change in cell incubation duration under hypertonic
conditions than under isotonic ones. Therefore the
dehydration may be suggested as a leading process at
PHL, but the rehydration is considered as the factor,
enabling to ‘manifest’ or ‘fix’ the events, developing
during cell dehydration in hypertonic medium. Herewith
it should be noted that even 5-min cell incubation in
isotonic medium is sufficient for this ‘manifestation’.

In order to study the effect of hypertonic medium
osmolality on the PHL development the human and
animals erythrocytes were incubated in the media with
different NaCl content, and then transferred into phy-
siological saline (Fig. 3). The PHL level of human
erythrocyte depended evidently on the hypertonic
medium osmolality and increased with a rise in saline
concentration. This correlates with the previous
findings. In particular, O.A. Olejnik [14] has shown,
that human erythrocytes, being in the media containing
3 and 1.5 mol/l NaCl, should be incubated in it within
10 sec and 45 min, respectively, to obtain the compa-
rable values of PHL. Thus, an increase in the medium
osmolality enables a more rapid achievement of the
certain PHL level observed in the cells.

Analysis of the effect of different salt concent-
rations in dehydration medium on animal erythrocyte
PHL (Fig. 3) showed the rise in PHL level with
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Puc. 1. 3aBUCMMOCTb NOCTIMNEPTOHNYECKOrO reMonmn3a 3puTpoUNTOB MIeKonuTarLWwmx oT NPOoaOoSKUTENbHOCTH
NHKyOGupoBaHusa B cpeae, cogepxallen 1,75 mons/n NaCl, npu 37 (A) n 0°C (B): 1 — yenoBek, 2 — kponuk, 3 — Kpbica.

Fig. 1. Dependence of posthypertonic hemolysis of mammalian erythrocytes on incubation duration in the medium
containing 1.75 mol/l NaCl, at 37 (A) and 0°C (B): 1 — human, 2 — rabbit, 3 — rat.
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SPUTPOLUTOB OOJIBINE BIHSIET N3MEHEHHE POOIDKH-
TENIFHOCTA MHKYOMPOBAaHHSA KJIETOK B YCIIOBHSIX THITEP-
TOHUH, YeM N30TOHUU. [103TOMY MOKHO HIONarars, 4To
npu [T Bexyuum nporeccom sBisieTCs Aeruapara-
Lus, a peruapaTtays paccMaTpuBaeTcs Kak (akTop,
MO3BOJISIIOIINN «IPOSIBUTE» WIH «3a()UKCHPOBATHY
COOBITHS, pa3BUBAIOIINECS NIPH AETUAPATALNH KIETOK
B runepToHnydeckoil cpene. [Ipu aTom cnenyet otMme-
TUTh, 9TO BIIOJHE AOCTATOYHO ISl 3TOTO «IIPOSIBIIE-
HUSD BCETO 5 MUH MHKYOHPOBaHUS KJIETOK B U30TOHH-
4yecKkou cpene.

Jns mccnenoBaHus BIUSHUSA OCMOJISUTBHOCTH
TUIEepTOHMYECKOM cpenpl Ha pazsutue 11 sputpo-
LMTHI YeJIOBEKA M )KUBOTHBIX MHKYOHPOBAIH B Cpeaax
¢ pasznuuHbeIM cogepkanneM NaCl, a 3aTem nepeHocH-
7 B puznosnoruueckuii pactsop (puc. 3). Kak Bugno,
ypoBeHb [IIJ] spuTpounTOB 4enoBeKa 3aBUCHUT OT
OCMOJISUIBHOCTH THIEPTOHHYECKON CPEIbl U MOBHI-
[IaeTCsl ¢ YBEIMUEHUEM B HEM KOHLEHTPALUU COJIH.
OTo0 comtacyercs ¢ paHee MONyYEHHbIMH JaHHBIMHU.
Tax, 66110 Mokazano O.A. OnelHuK [6], 9T TSI TOITy-
yeHUs cousMmepuMbix BesuuuH IIIJI sputpouuTsl
YeJI0BeKa, KOTOPhIE HAaXOJATCSA B Cpelax, coaep-
xarmx 3 u 1,5 mos/n NaCl, 1oymKHbI ”HKYOUpOBaThCS
B HUX 10 ¢ 1 45 MUH COOTBETCTBEHHO. Takum 00pazom,
MTOBBIIIIEHNE OCMOJISUTBHOCTH CPEJIBI TO3BOJISIET OBICT-
pee TOCTUTHYTh onpeaeneHHoro yposHs 117 kieTok.

[Ipu nccnenoBanyy BIUSHUS Pa3HBIX KOHLEHTpanil
conu B cpene aeruaparanuu Ha IIIJI spurpounTos
KHUBOTHBIX (pHcC. 3) MoKa3aHo nossieHre yposHs [11J1
C YBEIMUYEHHUEM KOHIIEHTPALUH COJIM B TUIIEPTOHUYEC-
kot cpene. [Ipu aToM HabmOMaeTCsl HEe3HAYUTETHHBIN
YPOBEHb I'eéMOJIN3a KIETOK, IEPEHECEHHBIX B U30TO-
uuto u3 1,0 mosw/11 NaCl (ue npebimaet 10%), 0cHOB-
HbIE TTOBPEXACHUS IPUTPOIUTOB MPOUCXOIAT MPHU
WCIIOJIb30BaHUH 00JIee BRICOKMX KOHIIEHT AU CONH.
[TockonpKy 3Tam peruaparanuyd TOJNBKO MPOSBISET
M3MEHEHUS, MPOUCXOASIINE C KISTKaMU Ha JTame
JeruapaTanuy (CM. puc. 2), MPeACTaBIIsIIO0 HHTEPEC
HCCIIEI0BATh COCTOSIHUE TUIa3MaTHIeCKO MEeMOpaHBbI
SPUTPOLUTOB B yCIOBUAX TUnepToHNU. C 3TOH LETIbI0
u3ydanu 6apbepHylo (QYHKIHIO MEMOpaHbl SPUTPO-
LUTOB 10 OTHOILIEHHUIO K MOHAM KaJlusi, KOTOPbIC SIB-
JSIOTCSA TOMUHUHHUPYIOIIMMHU BHYTPHKJIETOYHBIMH
KaTHOHaMH. B oTiIMuue OT KIIeTOK YesIoBeKa v KPBICHI
JUTS SPUTPOIIMTOB KPOJIMKA CTETIEHb TEMOJIUTUIECKOTO
MOBPEXKIEHHUS HUKE, CIIeOBAaTEIbHO OHU Ooyee
ycroiumBsl K [1IJ] (puc. 3). IlosTomy st cpaBHHU-
TEJIBHON OLEHKH OaphepHON QyHKIMH MEeMOpaH 1o
BBIXOJly BHYTPHKJICTOYHBIX KaTHOHOB Kajus ObUIH
BBIOpaHBl «YCTOWYUBBIE» IPUTPOLUTH KPOJIUKA U
«HEYCTOMYMBBIE) KIICTKH YEJIOBEKA.

Kax BugHO 13 puc. 4, ¢ pOCTOM KOHLEHTPALUH COIH
B cpezie HaOM0AaeTCsl yBeIMYCHUE BBIXOa KaJlisl U3
KJIETOK MiIeKonhTaronux. CiieyeT OTMETHTb, YTO BO
BceM Auarnasone konenTpauuii NaCl ypoBeHs notepu
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Puc. 2. lNMocTrMnepToHNYECKUA reMonns apnuTpoLnToB
KpOrvKka B 3aBMCMMOCTU OT NPOAOIDKUTENBbHOCTM UHKYOU-
pPOBaHWS KNETOK B MU3OTOHNYECKMX YCMOBUAX. PUTPOLNTDI
nepeHocunu ns 1,75 B 0,15 mone/n NaCl npu Temnepatype
37 (1) n 0°C (2).

Fig. 2. Posthypertonic hemolysis of rabbit erythrocytes de-
pending on duration of cell incubation under isotonic con-

ditions. Erythrocytes were transferred from 1.75 into
0.15 mol/l NaCl at 37 (1) and 0°C (2).

increasing salt concentration in hypertonic medium.
Herewith an insignificant hemolysis (not exceeding
10%) of cells was observed following transfer into
isotonic solution from 1.0 mol/l NaCl, the main
damages of erythrocytes occurred when using higher
salt concentrations. Since the rehydration step only
manifests the changes occurring with the cells at
dehydration stage (Fig. 2), of interest was to investigate
the state of erythrocyte plasma membrane under
hypertonic conditions. For this purpose we studied the
erythrocyte membrane barrier function for potassium
ions, being the dominant intracellular cations. In
contrast to human and rat cells, the degree of hemolytic
damage in rabbit erythrocytes is lower, so they are
more resistant to PHL (Fig. 3). Therefore, we selected
the ‘resistant’ rabbit erythrocytes and ‘non-resistant’
human cells for a comparative assessment of mem-
brane barrier function by a release of intracellular
potassium cations.

The Fig. 4 demonstrates an increase in potassium
release from mammalian cells occurring with rising
salt concentration in the medium. It should be noted
that within all the range of NaCl concentrations the
amount of potassium lost by rabbit cells is lower than
by human erythrocytes.

The Fig. 5 demonstrates the hemolysis values of
human, rat and rabbit erythrocytes, obtained when
transferring them from hypertonic media (1.75 or
2.0 mol/l NaCl) into isotonic saline (0.15 mol/l NaCl)
which were analysed to find how temperature affects
mammalian erythrocytes’ sensitivity to the PHL action.
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Puc. 3. 3aBucMMOCTb NOCTIMNEPTOHMYECKOTO remMonunsa
3PUTPOLIMTOB MIIEKONUTAIOLLMX OT KOHLIEHTPaLMK Xnopuaa
HaTpusi Ha aTane rMNepToOHUYECKOro UHKYGMpoBaHMSA
knetok npu 37°C (1 — 1,0 mone/n NaCl, 2 — 1,5 monb/n
NaCl, 3 — 1,75 monb/n NaCl, 4 — 2,0 monb/n NaCl).

Fig. 3. Dependence of posthypertonic hemolysis of mam-
malian erythrocytes on sodium chloride concentration at
the stage of cell hypertonic incubation under 37°C (1 —
1.0 mol/l NaCl, 2 — 1.5 mol/l NaCl, 3 — 1.75 mol/l NaCl,
4 — 2.0 mol/l NaCl).

KaJIMsl KIETKaMU KPOJIMKA HUXKE, YEM DPUTPOLIUTAMU
YEeJIO0BEKa.

7151 cpaBHUTENBHOTO aHAIN3a BIUSHUS TEMIIEpa-
TypBbl Ha 9YBCTBUTEIHLHOCTH 3PUTPOIIMTOB MIICKOIIH-
tatromux K nercteuto [1I7JI Ha puc. 5 npencraBieHbl
3HAYEHHUS TeMOJIM3a SPUTPOIIMTOB YETIOBEKA, KPOJIMKA
¥ KPBICHI, TIOJYUYCHHBIC NMPU NMEPEHECEHUN HUX U3
runeproandeckux cpen (1,75 umu 2,0 mons/n NaCl) B
nzotonnyeckuit pacteop (0,15 mosn/n NaCl).

[Ipu 37°C ypoBeHb reMon3a 3puTPOLUTOB YEJI0-
BeKa B U30TOHMYECKOM pPacTBOpE MOCIEe HMHKYOHPO-
Banus B 1,75 mone/n NaCl coctaBnser 64%. ITpu 0°C
B aHAJOTUYHBIX YCIOBUAX HAOIIOMAaeTCs HE3HAYH-
TenpHOEe cHuKeHue ypoBHs IIIJI kierok uenoBeka.
YBenuueHne KOHIEHTpauu conu 1o 2,0 Moib/n Ha
JTarne JeruipaTaluu KiIeTok npuBoauT K pocty I1TJ1
SPUTPOLIUTOB YesloBeKa Kak mpu 37, Tak u mpu 0°C.
Pe3synbTars! aHaM3a MOTyYEHHBIX JAHHBIX TIO3BOJIAIOT
caenarb BbiBoJ1 0 ToM, yTo [1IJI 3puTpo1uToB yenose-
Ka 3aBHCHUT OT OCMOJISITIFHOCTH Cpebl NeTHIpaTaluy
Y B MEHBIIIEH CTETIEHHU OMpeesieTca TeMIIepaTypPOu.

Yposens 1171 a1 3pUTPOLUTOB KPOIHUKA HAXKE 110
CPaBHEHHUIO C KJIIETKaMU YeJIOBeKa. JTO MOKa3aHo MPU
HCIOJIb30BaHUM 00EHX rUnepToHNnYecKux cpex (1,75
u 2,0 mons/n NaCl). CrenyeT OTMETUTB, YTO IS
KJIETOK KPOJIMKA, KPOME OCMOJISLIBHOCTH THUIIEPTO-
HUYECKOU cperibl, BaKHBIM (pakTopom passutus 1171
saBisieTcss Temneparypa. U3 puc. 5 BUAHO, 4TO TIpHU
0°C ypoBeHb reMom3a KIECTOK KPOJIUKa HIDKE, IeM
ipu 37°C.

W3 Bcex mccieno0BaHHBIX 3PUTPOIHUTOB KIETKH
KPBICHI TOBPEXKAAIOTCS B OOJBIIIEH CTENIEHN IPU BCEX
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Fig. 4. Potassium release from human (1) and rabbit (2)
erythrocytes in hypertonic media.

At 37°C the level of human erythrocyte hemolysis
in isotonic solution after incubating in 1.75 mol/l NaCl
was 64%. At 0°C and under similar conditions a slight
decrease in PHL level of human cells was observed.
The augmentation of salt concentration up to 2.0 mol/l
at the dehydration stage resulted in the increased human
erythrocyte PHL both at 37 and at 0°C. Analysis of
the findings suggested the dependence of human
erythrocyte PHL on the osmolality of dehydration
medium and the temperature, but in lesser extent.

The PHL level for rabbit erythrocytes was lower
as compared to the human cells. It was demonstrated
when both hypertonic media (1.75 and 2.0 mol/l NaCl)
were used. It should be noted that for rabbit cells an
important factor of PHL development was the tempe-
rature in addition to the hypertonic medium osmolality.
The Fig. 5 shows that hemolysis level of rabbit cells at
0°C was lower than at 37°C.

Among all the studied erythrocytes the rat cells were
the most damaged under all experimental conditions
of PHL (Fig. 5). Herewith the level of rat erythrocyte
hemolysis was higher when increasing both salt
concentration and medium temperature. The results
of comparative analysis of mammalian erythrocyte
PHL demonstrated a more pronounced temperature
dependence of rat and rabbit erythrocytes as compared
to human cells.

Of note is the fact, that the certain combinations of
two experimental parameters (temperature and salt
concentration in the medium) allow obtaining the similar
PHL levels of rabbit and rat erythrocytes. The
combination of lower osmolality (1.75 mol/l NaCl) and
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3KCIIEpUMEHTaNbHBIX ycioBusax IIIJI
(puc. 5). IIpu 3TOM ypOBEHH TeMonH3a
SPUTPOLMTOB KPHICHI BHIIIE P YBEIJIHU-
YEeHWU KaK KOHIEHTPalMU COJNH, TaK U
TeMIeparypsl cpeasl. Pesynbrarsl cpas-
HuTenpHoro ananusa 171 sputponuros
MJICKOTIMTAIOLINX MOKa3bIBalOT Oolee
BBIPOKEHHYIO 3aBUCUMOCTD OT TeMIIepa-
TYPBI 3PUTPOIIUTOB KPBICHI X KPOITUKA 10
CPaBHEHHIO C KJIETKaMHU YeJIOBEKa.
Cremyer oOpaTuTh BHIMaHHUE HA TO,
YTO OIpeJielieHHbIe KOMOMHAIINN JIBYX
9KCIEPUMEHTABHBIX TAPaMeTPOB (TeM-
Teparypsl ¥ KOHIIEHTPAIMH COJTU B CPETIE)
MO3BOJISIIOT MOJYYUTHh COU3ZMEPHUMBIE
yposnH [1IJ] 5pUTpOIIUTOB Kak KpOIHKa,
TaK U KpbIcbl. CoueTanue HU3Koi ocMo-
nsibHOCTH (1,75 Mone/n NaCl) u Beico-
koii Temneparypsl (37°C), kak 1 KOMOu-
HUPOBaHUE BBICOKOW OCMOJSIBHOCTH
(2,0 monw/n NaCl) n Hu3KO# Temmepa-
Typsl (0°C), IpUBOAUT K IPUMEPHO
50%-My YpPOBHIO TeMOJIn3a KJIETOK
kponuka U 80%-My MOBPEKIACHHUIO
SPUTPOIMTOB KPHICHL. BrustHuio ompe-
JIEJICHHBIX KOMOWHAINI SKCIIepUMEH-
TaJIBHBIX YCJIOBUH MpH (POPMHUPOBAHUHI
IByX(a3HOW BOJHOW CHCTEMBI HOCBS-
mena pabora R. Sadeghi u B. Jamehbo-
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Puc. 5. YpoBeHb remonvsa spuTpoLMTOB MIIEKONUTAOLWMUX MPU NepeHe-
CEeHWUM N3 TMNepTOHNYECKNX PacTBOPOB XIopuaa HaTpust B cpeay, coaep-
xawyto 0,15 mons/n NaCl, npu 37 (H) 1 0°C (O); o — meanaHa, []—
WHTEepPKBapTUnbHbIV MHTepBan (Q1-Q3), 1— MaKcMMarbHOe-MUHUMarnb-
Hoe 3HayeHue (*,# — cTaTUCTMYECKU 3HAYNMbIE OTIINYUSI MO CPaABHEHUIO
¢ AaHHbIMK Ansa 1,75 mone/n NaCl u temnepaTtypbl 37°C COOTBETCTBEHHO
(p < 0,05), konnyecTBO HabNAEHWI B Kaxaown rpynne — 9).

Fig. 5. Hemolysis level of mammalian erythrocytes when transferred
from hypertonic sodium chloride solutions into the medium containing
0.15 mol/l NaCl,_at 37 (H) and 0°C (O); o — median, | |- interquartile
range (Q1-Q3), I— the maximum-minimum value (*, # — statistically sig-
nificant differences as compared to data for 1.75 mol/l NaCl and 37°C
temperature, respectively (p < 0.05), number of observations in each

zorg [19]. Tak, hopmupoBanue nByx¢as-
HOMW crcTeMbl HaOmoaaIoch npu Oomnee
BBICOKHMX 3HAYCHHUSAX TeMIIepaTrypbl U
OoJiee HU3KMX KOHLIEHTPALUSIX conu (auruapodocdar
HaTpHsl) MPH HEU3MEHHOH KOHIEHTpalKu MoJuMepa
(monunponuneHrnukons). Kpome Toro, B padore
D.Y. Gao u coar. [13] ang cnepmMaTo30U10B YeI0BE-
Ka moka3aHa 3aBucuMocTh IIIJI oT ocMmonsiabHOCTH
CpeZpl ¥ TEMIEePaTyphl: C POCTOM KOHIIEHTPAITUH XJI0-
pUAa HaTpHsl WM caxaposbl B cpelie AeTuapaTaiii,
a TaKKe C yBeJIMICHUEM TeMIIepaTypsl HabIromaeTcs
CHIDKEHHE YCTOHYMBOCTH 3THX KJIETOK K IIEPEHECEHUIO
B YCJIOBUS U30TOHUH.

1o noBsIIEHNIO yCTOWYMBOCTH SPUTPOLIUTOB MIIe-
konuTaromux K aeicreuro I1IJ] knetku MoxkHO pac-
MIOJIO’KUTH B TAKOH MOCIIEI0BATEIBHOCTHU: KPbICA, YENIO0-
BEK, KpOJMK. AHanu3 (hocOIMITUIHOTO COCTaBa IIa3-
MaTHYECKHX MEMOpaH 3pUTPOLUTOB [TOKa3aJl aHajo-
THYHOE PACIIONIOKEHHE 110 YBEIIMUEHHIO COIEP)KaHUs
MeMOpaHHoTOo hocharummmTanodamuaa (DDA) [21].
J1g THTIepTOHIYECKOT0 KPHOTEMOJIN3a 3PUTPOIIUTOB
MJIEKONTUTAIOIINX TIOKa3aHa OTpULlaTeIbHas KOppes-
LIS MEXKTY COJIep KaHHEM HellaMeIIsipHoro ¢hocdonu-
muaa @OA 1 ypoBHEM reMoJIr3a: YeM BBIIIE COJIEpKa-
Hue ®DA, TeM HHXKe MOBPEXIEHHE KIETKU MpHU
JEVCTBUY TEMIIEPATypHO-OCMOTHYECKOTO cTpecca [9].
MaxkcumansHasa ycroiuuBocts K I1TJI spuTpouuton

&0

group was 9).

higher temperature (37°C) as well as that of higher
osmolality (2.0 mol/l NaCl) and lower temperature
(0°C) resulted in approximate 50% cell hemolysis of
rabbit cells and 80% of damaged rat erythrocytes. The
effect of the certain combinations of experimental
conditions on two-phase aqueous system formation was
elucidated in the paper of R. Sadeghi and B. Jameh-
bozorg [17]. The two-phase system was formed at
higher temperature values and lower salt concentrations
(sodium dihydrogen phosphate) under a constant
concentration of polymer (polypropylene glycol). In ad-
dition, D.Y. Gao et al. [8] demonstrated the following
dependency of PHL on medium osmolality and tempe-
rature for human spermatozoa: with increasing con-
centration of either sodium chloride or sucrose in
dehydration medium, as well as with rising the tempe-
rature there was observed a decrease in resistance of
these cells to a transfer under isotonic conditions.

By an increase in mammalian erythrocyte resis-
tance to PHL effect the cells may be arranged in the
following sequence: rat, human, rabbit. Analysis of
phospholipid composition of erythrocyte plasma
membrane showed a similar arrangement by the
increase in the membrane phosphatidyl ethanolamine
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kponwuka (puc. 1, 3, 5), MeMOpaHbl KOTOPBIX XapaKTe-
PHU3YIOTCSI BBICOKAM COJIepKaHNEM HellaMeJUIIPHOTO
DOA, MOXKET ONPEAETATHCS HAPYILIEHUEM HENPEPBIB-
HOCTH JIaMEJIJISIPHON YTIAaKOBKH JIMITUAHOTO OHCIIOS B
pe3yibrare o0pa3oBaHUsl B HEM I'€KCATOHAJIBHBIX
cTpyktyp [20]. [Ipu n3ameneHun pu3ndeckrx napamer-
POB PaCTSKUMOCTH OHCIIOST (MEeMOpaHa CTaHOBHTCS
Oosee nabunbHON) [20] cHIDKAETCS HANpPsHKEHHE Ha
MeMOpaHe, BOZHUKAFOIIEE IIPH ICHCTBUH CTPECCOBOTO
(hakTOpa, W TMpenOTBpaIIACTCA Pa3BUTHE TEMOJIHTH-
YECKUX IOP.

Yceroituussie K ITTJI 3puTpoLUTEl KPOIHKA XOPOLLIO
MIEPEHOCAT IeHICTBHE THIIEPTOHUYECKOTO 1 XOI0I0BOTO
mI0KOB [9]. DpUTPOIUTHl KPOJHKA HE COAEpKAT
mkodopuH A [14], mosTomMy ux MeMOpaHbI XapakTe-
PHU3YIOTCSI MEHbLIEH CIOCOOHOCTBIO CBSI3BIBATH IEMO-
106uH [18]. DTO ompenenser ceneKTUBHYIO NPOHU-
LAEMOCTh MEMOpaH AJsl KAaTHOHOB U yCTOWYHBOCTD
KJIETOK KPOJIMKa K JICHCTBUIO CTPECCOBBIX (PAKTOPOB.

[ocTrunepToHMYECKH JIN3UC IPUTPOLIUTOB PA3BH-
BaeTCs MPHU BO3BPALICHUH KJIETOK B M30TOHHYECKHUN
pacTBOp u3 runepToHndeckoit cpeasl. [Ipu mepenoce
SPUTPOLTOB B TUIIEPTOHUYIECKUI pACTBOP IPOUCXOIHT
c)KaThe KJIETOK B pe3yibTaTe OBICTPOrO BBIXO/AA W3
HUX BoJbl. Kpome Toro, B 3pUTPOIUTH MOTYT IPOHH-
KaTh BHEKJIETOYHBIE BEIIECTBA, IOSTOMY IIPH IEpe-
HOCE B M30TOHMYECKHUI PacTBOp B KJIETKU JOJIAKHO
BOMTH OoJblIe BOABI, YeM ObUIO yNajeHO Ha CTaIuH
neruaparanud. [Ipu 3rom MemOpanbl OyayT pacTsru-
BaTbCs 10 TAKOW CTETEHH, YTO MOXKET HACTYIIUTh UX
MeXaHW4ecKoe paspyuienue [1].

K. Muldrew [17] mpemioxxui runore3y s 00bsic-
HEHHS TOCTTUIIEPTOHUYECKOTO JIN3UCA SPUTPOLIUTOB.
Bo Bpemst MeIIeHHOT0 3aMOpaykMBaHUs KIETOK 00pa-
30BaHHE BHEKJIETOYHOTO JIbJa MPHUBOJIUT K MOTEpe
KJIETOYHON BOJIBI, YTO yBEIMYMBAECT KOHIIEHTPAIUIO
MOHOB BHYTpPH KJIETKH. [Ipu 3TOM coneBble MOCTHKH
MeXIy (PUKCUPOBAHHBIMHU 3apsiiaMy Ha LUTOILIA3-
MaTHUYECKUX OeNKax pa3pylaroTcs, U OCIKH CBS3bI-
BalOT BHYTPUKJIETOYHBIC HOHBI. B pe3ynbrare cHu-
KaeTcsl KOJIMYECTBO MOHOB B IUTOILIA3ME U yBEIIHMYH-
BaeTCs UX NPUTOK M3 BHEKJIETOYHOU cpenbl. [lpu
OTOIPEBE SPUTPOLIUTOB BOJa IPOHUKAET BO BHYTPUKIIC-
TOYHYIO Cpey, IPH 3TOM OEJIKH 0CBOOOXKIAIOT HOHBI
B OTBET Ha pa3Be/icHUE LUTOILIa3Mbl. [loBEIIeHNE
COJICpXKaHHS BHYTPUKIETOYHBIX CBOOOHBIX HOHOB
MIPOBOIMPYET JOTIOIHUTEIBHBIN BXOJ] BOJBI B KIIETKH,
YTO MPUBOJNT K NX HaOyxaHu10. JInznuc 3puTporuToB
MIPOU30W/ET B CITydae MPEBBIIICHHS ITPE/Iesia yIIpyroc-
TH TJIa3MaTHYeCKOW MeMOpaHbl M3-3a JOCTHKEHUS
KPUTHYECKOTO COePKaHMs BHYTPUKIIETOYHOM BOJIBI.

E.A. Topauenko u coaBrt. [4] cCUUTAIOT, YTO AETU-
paramys SpuTPOIUTOB B THIIEPTOHHUYECKOH cpeie PH-
BOJMT K iepopManuu KIeTOYHOH MEMOPAHBI 110 THITY
n3ruba. [ledopmarus MmeMOpaHbl MHUITUUPYET JaTe-
panbpHOE TepepacipeneicHrne MeMOpaHHBIX KOMIIO-
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(PEA) content [21]. For hypertonic cryohemolysis of
mammalian erythrocytes a negative correlation
between the content of non-lamellar phospholipid PEA
and haemolysis level was demonstrated: the higher PEA
content was, the lower was cell damage under
temperature and osmotic stress effects [19]. The
maximum resistance of rabbit erythrocytes to PHL
(Fig. 1, 3, 5), the membranes of which are characterized
by a high content of non-lamellar PEA, may be
determined by a disorder in continuity of lipid bilayer
lamellar packing as a result of hexagonal structures
formation in it [20]. Changes in the physical parameters
of bilayer extensibility (membrane becomes more
labile) [20] lead to a decrease in the membrane tension,
occurring under stress factor effect, and prevention
of the hemolytic pore development.

The PHL-resistant rabbit erythrocytes tolerate well
the hypertonic and cold shock effects [19]. Rabbit
erythrocytes contain no glycophorin A [10], so their
membranes are characterized by lower ability to bind
hemoglobin [16]. This determines the selective
membrane permeability for cations and rabbit cell
resistance to stress factor impact.

Posthypertonic lysis of erythrocytes develops when
the cells return into isotonic solution from hypertonic
medium. When transferring the erythrocytes into
hypertonic solution the cell shrinkage, resulting from a
rapid water release out of them, occurs. In addition,
the extracellular substances may penetrate into eryth-
rocytes, therefore when transferred into isotonic solu-
tion more water may enter the cells, than it was lost at
dehydration stage. Herewith the membranes may be
stretched up to their mechanical destruction [1].

K. Muldrew [13] proposed the hypothesis to eluci-
date the posthypertonic lysis of erythrocytes. During
slow cell freezing the extracellular ice formation leads
to a loss of cellular water, which increases the ion
concentration inside a cell. This results in the destruction
of salt bridges between fixed charges on cytoplasmic
proteins, and binding of the intracellular ions by proteins.
As a result the ion number in the cytoplasm reduces
and their influx from extracellular medium increases.
During erythrocyte thawing the water penetrates into
the intracellular medium, and the proteins release ions
in response to the cytoplasm dilution. An increased
content of intracellular free ions provokes an additional
entry of water into the cells, resulting in their swelling.
Erythrocyte lysis will occur if the elasticity limit of the
plasma membrane would be exceeded due to reaching
the critical content of intracellular water.

E.A. Gordienko et al. [9] believed that erythrocyte
dehydration in hypertonic medium resulted in bending-
type deformation of cell membrane. The membrane
deformation initiates a lateral redistribution of mem-
brane components, contributing to appearance of
structural rearrangements in deformed membrane sites,
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HEHTOB, YTO CIIOCOOCTBYET MOSIBIIEHUIO CTPYKTYPHBIX
nepecTpoek B Je(OPMHPOBAHHBIX y4acTKaX MeM-
OpaHbl, B KOTOPBIX MOTYT ()OPMHUPOBATHCS UM MIPOSIB-
naTbcsl Ae(eKThl, TPpOHULIIAEMBbIEe JIsI KATHOHOB
[2]. Ilpu nepeHeceHnn TaKUX CEHCUOUITM3UPOBAHHBIX
SPUTPOLUTOB B Cpely peruaparaluud MPOUCXOAUT
Ype3MEepHOE yBEINYCHHE X 00beMa B pe3yibTare
KOMIICHCUPYIOILETO OCMOTHYECKHIA TPaUeHT JIBHKe-
HUS BOIBI B KJIETKY, KJIIETOYHAs MeMOpaHa pacTATH-
BaeTcs, U MeMOpaHHbIe Je(heKThl MPEBPAIIAIOTCS B
TEeMOJUTHYECKHE TIOPHI.

CpaBHUTENBFHOE N3yYEHHE TOCTTUIIEPTOHNYECKOTO
JIU3KCA 3PUTPOLIUTOB YEJIOBEKA, KPBICHI M KPOJIMKA (TIpH
BapbHPOBAHNH KOHIIEHTPALIMH XJIOPHJIA HATPHS B Cperie
JETHAPATALIH, TPOJOIDKUTEIEHOCTH HHKYOUPOBaHUS
KJIETOK ¥ TEMIIEPATyphl) HO3BOJIUIIO BBISIBUTH 3aKOHO-
MepHocTH pa3Butus [1IJ] spuTporutoB necnemyemMsix
MJICKOTIUTAIOIIUX, & TaKXe MMO0Ka3aTh OCOOCHHOCTH
nposiinenus [1IJ], no-BuauMomy, CBI3aHHBIE C BUAO-
BBIMH Pa3MYMSIMH COCTaBa LIUTOCKEIET-MEeMOpaH-
Horo komiuiekca. Ilockoneky onpenensromum st [T
SPUTPOLIUTOB YETOBEKA, KPHICHI M KPOJIMKA SIBISIETCS
9Tan JIETUIPATAIIH, TO B IEPCIIEKTHBE IIEIeCO00Pa3HO
HCCIIeI0BAaTh POJb Ka4eCTBEHHOTO M KOJMYECTBEH-
HOT'O cocTaBa cpefibl Aeruaparanuu B passutuu 1117J1
3PUTPOLIUTOB PA3HBIX BUIOB MIEKOMUTAIOIINX.

BriBOaBI

1. Baxxubim mis pazsutust [1TJ1 3puTponutoB yesno-
BEKA, KPBICHI ¥ KPOJIMKA SIBJISCTCS Tl ICTUAPATallH,
MTOCKOJIBKY KOHIIEHTPALS XJIOpHUIa HaTPuUs B CpPele U
MIPOAOIIKUTEIBHOCTh HHKYOUPOBaHUS B HEH onpee-
JSFIOT YPOBEHB FEMOJIN3a KIIETOK MIICKOITUTAIOIIUX TIPH
[IePEeHECEHNH B N30TOHUYECKUE CPEIbI.

2. C ysenuuenuem koHrentpaiuu NaCl B cpene
JeTUapaTaui HaOIIoaaeTcst pOCT BBIXO/AAa KaTHOHOB
KaJus U3 3PUTPOIMTOB YeIOBEKa M KPOJHKa MpHU
BO3BpaTe KJIETOK B Cpely peruapaTalii.

3. Yposens [II'JI 3puTponIITOB MIECKOTTUTAFOIIIIX
OIpeAeNsieTcsl TeMIepaTypoi cpen, npudeM npu 0°C
[oKazaTeiu Huxe, ueM npu 37°C.

4. TIpoBenicHHBIC B CPaBHUTEIILHOM ACIEKTE HC-
cnenoBanus [1IJ] 3puTpoLIUTOB YeTOBEKA, KPOJIUKA 1
KPBICBHI CBUIETEIILCTBYIOT O TOM, YTO MaKCUMaJIbHOI
ycToinunBOCThIO K neticTuro [11J1 oOnagarot spurpo-
LUTHl KPOJIMKA, 3 MUHUMAIbHON — KIETKH KPBICHI.
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and formation or manifestation of defects permeable
to cations [2]. When transferring these sensibilized
erythrocytes into rehydration medium an excessive
increase in their volume occurs, resulting from water
influx into a cell and compensating osmotic gradient,
the cell membrane is stretched, and membrane defects
are transformed into hemolytic pores.

A comparative study of posthypertonic lysis in
human, rat and rabbit erythrocytes (by varying sodium
chloride concentration in dehydration medium, duration
of cell incubation and temperature) enabled to reveal
the regularities of PHL development in erythrocytes
of the studied mammals, and to demonstrate the featu-
res of PHL manifestation, apparently associated with
species dependent differences in the composition of
cytoskeleton-membrane complex. Since the dehydra-
tion stage is determining for PHL of human, rat and
rabbit erythrocytes, it is expedient to investigate in
future the role of a qualitative and quantitative compo-
sition of dehydration medium in PHL development of
erythrocytes from different mammalian species.

Conclusions

1. Dehydration stage is important for PHL develop-
ment of human, rat and rabbit erythrocytes, since the
sodium chloride concentration in the medium and the
duration of incubation determine the hemolysis level
of mammalian cells during a transfer into isotonic media.

2. Increasing NaCl concentration in dehydration
medium results in the growth of potassium cation
release from human and rabbit erythrocytes when
returning cells into rehydration medium.

3. The PHL level in mammalian erythrocytes is
determined by temperature of the media, moreover at
0°C the indices are lower than at 37°C.

4. Performed comparative PHL studies in human,
rabbit and rat erythrocytes showed that rabbit eryth-
rocytes had the maximum resistance to PHL effect,
and the minimum one was found in rat ones.
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