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Posthypertonic Lysis of Red Blood Cells when Changing pH
and Composition of Rehydrating Medium

OvLeNik O.A., Ramazanov V.V., BONDARENKO V.A.

Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

HccnenoBanu BIusHUE COCTaBa Cpejl peruapaTalui Ha 4yBCTBUTEIBHOCTD KJIETOK K TOCTTUIIEPTOHUYecKoMY au3ucy. I[lokasano,
YTO TUIEPTOHMUYECKUE PErUApaTUPYIOLINE CPEbl IPEAOTBPAILAIOT IOBPEKACHUS 3pUTPOLIUTOB. PazBeieHuNe 3TUX Cpes IPUBOIUT
K YBEJIMYEHUIO ypoBHA remonusa. [Ipumenenue kpuonporekropa [13I'-1500 no3BosseT yBeIMUUTh COXPAHHOCTh KIICTOK.

JlocmiKyBaay BIUIMB CKJIaay CEPEIOBHIN PEriaparaliii Ha 4yTINBICTh KIITHH J0 MOCTTINEPTOHIYHOTO Jii3Kcy. [lokazaHo, 1o
rimepToHiuHI CepeIOBHINA periapararlii 3amobirafoTh yIIKOI)KCHHIO CPUTPOIMTIB. PO3BEICHHS X CEPEIOBHUII MPU3BOIUTH 10
30inblIeHHS piBHs remomi3y. [Ipu 1bomy 3actocyBanHs kpionporekTopa [TET-1500 mo3Bosiste MiABUIUTH MITICTh KIITHH.

We have investigated the effect of rehydration medium composition on cells’ sensitivity to posthypertonic lysis. It has been
shown that hypertonic rehydration media prevent red cell damages. Dilution of these media results in an increase of the hemolysis
level. Application of PEG-1500 cryoprotectant allows to increase the cell integrity.

KpuokoHcepBupOBaHUE KIETOYHBIX CYCIEH3HH -
OJTHa M3 OCHOBHBIX 3a/1a4 KPHOOMOJIOTHH, TIOITOMY
HeoOxoaumo pa3paboTarh METOAbI, MPEeAOTBpa-
LIaroIIKe MOBPEXK IEHNE KIETOK Ha 3Tanax 3aMOpPaxH-
BaHHUI-OTTAUBAHUS, U U3YYHUTH MOBPEKIAIOINIEE
neiictBre (hakTOpoB 3aMopakuBaHus. [lepeHoc kieTok
W3 M30TOHUYECKHX YCIIOBHU B TMIIEPTOHUYECKHE H
Ha000POT MO3BOJISIET MONYYUTh MOJAETH 3aMOPAXKH-
BaHHS U OTTaWBaHHs 0€3 MPUMEHEHHS HH3KHX
TeMIeparyp.

IToctrunepToHNYECKU JIM3UC — HTO OBPEKIEHUE
SPUTPOLUTOB, BOSHUKAIOINIEE MPU TEPEHOCE UX M3
THTIEPTOHUYECKUX YCIOBUW B M30TOHHYECKUE,
Pa3BUBAIOIINNCS KaK B COJIEBOM, TaK U B HEAJIEKTPO-
TUTHOU cpenax. IloBpexxmeHus: KIETOK MPOUCXOAST
NpH YBEJIMYEHUU KJIETOYHOTOo 00BEMa Ha dTame
peruapaTani BCIEACTBHE MOCTYIUICHUS B KIIETKY
BOJIBL. BapbupoBaTh 4yBCTBUTEILHOCTD IPUTPOIUTOB
K MMOCTTUTIEPTOHNYECKOMY JIU3UCY MTO3BOJISIET COCTAB
cpenpl peruaparayi [2, 4]. Llens pabotsl - n3ydenune
BIMSIHHSI PETUJPATHPYIONIUX CpeJl Ha YyBCTBH-
TETBHOCTH KJIETOK K IOCTTUIIEPTOHUIECKOMY JIU3HUCY.

OpUTPOIUTHI MOJyYaIH U3 AOHOPCKOH KPOBH
rpynumsl 1. ITocie ynanenus mia3Msl KIIETKU TPUXKIbL
OTMBIBaJIM (u3uonorunueckum pactsopom (0,15
mouis/a NaCl, 0,01 monw/n Tpuc-6ydepa, pH 7,4) u
xparmwm He 6ojnee 3-x gacoB mpu 0°C. Cpensl mis
npensapureabHolt nHKyOanuu (0,15 mons/n NaCl,
0,45 mons/a NaCl, 0,15 mons/a NaCl +0,4 moin/n
caxapo3sl, 0,15 mons/n NaCl+15 % I19I'-1500) u
runeproundeckue cpenst (3 monw/n NaCl, 3 mMons/n
NaCl + 0,4 monb/n caxapo3sl, 3 mosb/1 NaCl +15%
II3I'-1500) 6ydepa He comepkanu, I peruapa-
TUPYIOIIUX Cpell B KadecTBe Oydepa MCIOIb30BaIH
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Cryopreservation of cell suspensions is one of the
main tasks of cryobiology, therefore it is of necessity
to elaborate the methods, preventing cell damage at
the stages of freeze-thawing and study the damaging
effect of freezing factors. Cell transfer out of isotonic
conditions into hypertonic ones and vice versa, allows
to obtain a freeze-thawing model without low
temperatures application. Posthypertonic lysis,
developed both in saline and non-electrolyte media, is
ared cell damage appeared when transferring them out
of hypertonic conditions into isotonic ones. Cell
damages occur when increasing cellular volume at the
stage of rehydration due to water entering into a cell.
We can vary the red cells’ susceptibility to posthyper-
tonic lysis by means of the composition of rehydration
medium [2, 4]. The aim of this work was to study the
effect of rehydrating media on cell susceptibility to
posthypertonic lysis.

Red blood cells were obtained from donors’ blood
(the 2™ group). After a plasm removal the cells were
thrice washed-out by physiological solution (0.15 mol/l,
0.01 mol/1 tris-buffer, pH7.4) and stored not more than
3 hrs under the temperature of 0°C. The media for
preliminary incubation (0.15 mol/l NaCl +0.4mol/l
sucrose; 0.15 mol/l NaCl +15% PEG-1500) and
hypertonic media (3 mol/l NaCl, 3 mol/l NaCl+0,4
mol/l sucrose, 3 mol/l NaCl +15% PEG-1500) did not
contain the buffer, for rehydrating media as a buffer
we have used maleinic acid (pH 5.8; 6.6) and tris-buffer
(pH 7.4).

When carrying-out the experiments on posthyper-
tonic lysis by means of Gilson’s piston pipette we have
transferred 70pl of red cells’ sediment (70%
hematocrite) into 30 ul of preincubation medium
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ManenHoByto kucioty (pH 5,8; 6,6) u Tpuc-Oydep
(pH 7,4).

[Ipu BEIMONTHEHUH SKCIEPUMEHTOB 10 IOCTTUIIEP-
TOHHUYECKOMY JIM3HUCY TOPLIHEBBIM fo3aTopoM Gilson
70 Mk ocagka SpuTpouuToB (¢ rematokpuroM 70 %)
nepeHocuu B 30 Mk cpenpl npeabiakyoanuu (0,15
monas/m NaCl, 0,45 mons/n NaCl, 0,15 mons/n
NaCl + 0,4 wmons/a caxapossr, 0,15 ™Moabp/n
NaCl + 15% I129I'-1500) na 1 mun. Ilocae storo
0TOMpaX aNMKBOTHI KJIETOUHOH CycrieH3uH 1o 10 MK
u nepeHocwin Ha 10 ¢ B THIIEPTOHUYECKUE CpPEAB
(3 mone/n NaCl, 3 mons/n NaCl + 0,4 monb/n
caxapo3sl, 3 monbe/1 NaCl + 15% [1291°-1500), 3arem
N00aBIISUIN peruApaTupyIoIue cpeab 00bEMoM 1 M
¢ pa3nuuebiMu 3HadueHusMu pH (5,8; 6,6; 7,4),
WHKYOUpOBanu 5 MHUH, UEHTPU(YTHPOBAIH 3 MHUH H
CIEKTPO(POTOMETPUUECKUM METOAOM H3MEPSIH
YpPOBEHb T€éMOJIM3a B Hajocajake. B psaae skcnepu-
MEHTOB PErHAPaTUPYIOIINE CPEABI TOCIE S-MUHYTHON
WHKyOauy pa3BOAWIM (PU3NOJOTHUYECKUM PaCTBO-
pom c cootBeTcTBYOIMM pH B 10-kparHoM o0beMe 1
nHKyOupoBanu emé 10 MUH c mOCIeqyHOUIUM
ueHTpudyrupoBanueM. Jlanee cynepHaTaHT yaassuiy,
ax ocaaky nobasmsutu 1 mi 0,04 %-ro Tputona X-100
U U3MepsIu ypOBEHb remMoiu3a B mpobax. Bcee
SKCIIEPUMEHTHI IPOBOIMIIN IIPY KOMHATHOH TeMnepa-
type (22°C). Mcionb30Baivi MHTHOUTOPBI AaHHOHHOTO
tpancnopta JAMJAC B koHueHtpanuu 5 MKM n
JUNAPUAAMOI B KOHLEeHTpauuu 20 MkM.

Ha puc. 1 nmoka3aHa 3aBHUCHMOCTHh YPOBHSA
[TOCTTUIIEPTOHUYECKOTO JIN3KCa OT COCTaBa perupa-
TUpylomeil cpensl. BugHo, 4To 3HAYUTEIbHBIN
remonu3 (okono 80%) mMeeT MecTo MpHu MepeHoce
KOHTPOJIBHBIX KJIETOK M3 TUIEPTOHUYECKON CPENbI B
H30TOHHYECKYIO, coneprkartyto 150 MM NaCl mpu 3-x
3HaueHusx pH (puc.1, kpusas 1). Pasnuunii B ypoBHe
reMonu3a npu ykasaHHbIX pH He Habmogamocsk.
Krnerku, npeaBapuTebHO NPOUMHKYOUPOBAHHBIE B
cpene ¢ 0,45 monp/n NaCl, 3atem momemniéHHsie B
runepTonnueckuii pactBop NaCl u obparno nepe-
Hecennsle B 0,45 mons/n NaCl, reMonu3upyior
HaMHOTO MEHBLIE 110 CPABHEHHIO C KOHTpoJeM (puc.1,
KpuBas 2). Paznuuuii Mexay ypoBHEM remMoiu3a
SPUTPOLIUTOB B Cpefax ¢ PasIMYHBIMU 3HAYEHUAMHU
pH ne nabmiogmaercs. DpUTPOUUTHI, TPOUHKYOH-
poBaHHEIE B cpeze, coaepxkaeit 0,15 mons/n NaCl u
0,4 Moabp/n caxapo3bl U 3aTeM MOMEUIEHHBIE B
TUNEPTOHUYECKHUI PacTBOP C MOCIEAYIOMNUM oOpar-
HBIM neperocoM B cpeny ¢ 0,15 mons/n NaCl u 0,4
MOJIB/J CaXapo3bl, XapaKTEePU3YIOTCSI HU3KUM YPOBHEM
remMonusa u orcyrctsueM pH 3aBucumoctn (puc. 1,
KpHBast 3). DpUTPOLMTHL, SKCTIOHUPOBAaHHBIE B CPEIE,
piurouaroteit 0,15 mones/nm NaCl +15% I19I'-1500, B
runepronndeckom pactsope NaCl u 3arem cHoBa
nepenecénnble B 0,15 monb/m NaCl + 15% [19I-1500,
BeAyT ceOs aHanoru4so (puc. 1, kpusas 4).

Hcnonp3oBanne peruapaTupyoLIE cpeasl cocTa-
Ba 0,135 mons/n NaCl + 0,03 mMonbe/n caxapo3ssl
MIPUBEJIO K MOBBIIMIEHUIO YPOBHA remonu3sa (puc. 2)
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(0.15 mol/1 NaCl; 0.45 mol/l NaCl; 0.15 mol/l NaCl +
0.4 mol/l sucrose; 0.15 mol/l NaCl + 15%PEG-1500)
for 1 min. Then the aliquots of cellular suspension were
taken by 10pl and transferred into hypertonic media
for 10s (3 mol/1 NaCl, 3 mol/l NaCl + 0.4mol/l sucrose,
3 mol/l NaCl + 15% PEG-1500), then 1 ml of
rehydrating media with different pH values (5,8; 6,6;
7,4) was added, incubated during 5 min, centrifuged
during 3 min and the hemolysis level in a supernatant
was measured by means of spectrophotometry method.
In the series of experiments rehydrating media after
Smin’ incubation were 10 times diluted by physiological
solution with corresponding pH and then incubated
during 10 min with the further centrifuging. Then the
supernatant was removed, 1ml 0.04% triton X-100 was
added to the sediment and hemolysis level in the samples
was measured. All the experiments were done under
room temperature (22°C). We have used the inhibitor
of anionic transport (DIDS) in the concentration of
S5UM and dipyridamole in the concentration of 20UM.

In Fig. 1 the dependence of the level of posthyper-
tonic lysis on the composition of rehydrating medium
is demonstrated. It is seen that a considerable hemolysis
(about 80%) occurs when transferring the control cells
out of hypertonic medium into isotonic one, comprising
150 mM NaCl at three pH values (Fig. 1, curve 1). No
differences in hemolysis level at the mentioned pH were
observed. Cells, preliminarily incubated in the medium
with 0.45 M/l NaCl, then immerged into NaCl
hypertonic solution and transferred again into 0.45
mol/l NaCl, are hemolysed much less comparing to the
control (Fig. 1, curve 2). No differences between the
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Puc. 1. YpoBeHB OCTTATICPTOHIIECKOTO JIN3HCA SPUTPOIIUTOB
B cpefax paznuyHoro cocrasa: | — 0,15 moms/mt NaCl -
3 mons/a NaCl - 0,15 moas/n NaCl; 2 — 0,45 moins/n NaCl -
3 monbe/n NaCl - 0,45 mone/n NaCl; 3 — 0,15 mons/n NaCl +
0,4 monp/a caxapo3bl » 3 mons/m NaCl + 0,4 monb/n
caxapo3sl - 0,15 mons/m NaCl + 0,4 mosb/n caxapossl; 4 —
0,15 momp/n NaCl + 15 % I12I'-1500 — 3 moms/nm NaCl +
15% II3I' 1500 - 0,15 moms/m NaCl + 15 % I13I'-1500.

Fig. 1. The level of red cells’ posthypertonic lysis in the
media with different composition: 1 —0.15 mol/l NaCl -
3 mol/l NaCl - 0.15 mol/l NaCl; 2 — 0.45 mol/l NaCl -
3 mol/l NaCl- 0.45 mol/l NaCl; 3 — 0.15 mol/l NaCl+
0.4 mol/l sucrose —» 3 mol/l NaCl + 0.4 mol/l sucrose —
0.15 mol/INaCl + 0,4 mol/l sucrose; 4 —0.15 mol/l NaCl+15%
PEG-1500 -3 mol/l NaCl + 15% PEG-1500 - 0.15 mol/l
NaCl + 15% PEG-1500.
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Puc. 2. YpoBeHb NOCTTUIIEPTOHMYECKOTO TOBPEKACHUS
SPUTPOLIUTOB B cpexe, coaepxkameit 0,135 mons/m NaCl u
0,03 monw/n caxapossl: 1 — 0,15 monbs/n NaCl - 3 momns/n
NaCl; 2 — 0,45 mons/n NaCl - 3 mons/n NaCl; 3 — 0,15
moib/1 NaCl + 0,4 mons/n caxapossl —» 3 mMonb/n NaCl +
0,4 mouw/nm caxapo3sl; 4 — 0,15 mons/m NaCl+15 %
M3r-1500 - 3 monw/n NaCl+15 % I13I'-1500.

Fig. 2. The level of red cells’ posthypertonic damage in
the medium, comprised 0.135 mol/l NaCl and 0.03 mol/l
sucrose: 1 — 0.15 mol/l NaCl- 3 mol/l NaCl; 2 — 0.45
mol/l NaCl- 3 mol/l NaCl; 3 — 0.15 mol/l NaCl + 0.4
mol/l sucrose — 3 mol/l NaCl + 0,4 mol/l sucrose; 4 —0.15
mol/l NaCl + 15% PEG-1500— 3 mol/l NaCl + 15%
PEG-1500.

[0 CPAaBHEHUIO C MPEAbIAYIIUM SKCIEPUMEHTOM
(puc.1). IIpumenenwue 0,15 mone/n NaCl B kauecTBe
PErUAPaTUPYIOIICH CPelbl BBHI3BIBAET BO3pacCTaHUE
CTENEHH TeMOJIu3a MO0 CPaBHEHUIO CO CpPEIoH,
coaepxariei 0,135 mons/n NaCl u 0,03 mons/n
caxapo3ssl (puc. 3). CinemyeT OTMETUTh OTCYTCTBHE
peaxiuu KIeTok Ha u3MeHenue pH cpen peruapara-
nuu Kak s cpenst 0,135 mone/m NaCl + 0,03 monb/n
caxapo3ssl, Tak u s cpenbl 0,15 momas/n NaCl.

[TockosbKy MEePEeHOC OTTasTHHBIX SPUTPOLIUTOR U3
pacTBopa KpUOMPOTEKTOPa, KOTOPBIH MPENCTaBIsSET
€000 TUIEPTOHUYESCKUN PAcTBOP, B IJIa3My KPOBHU
Wi (HU3NOTOTHUYECKUI pacTBOp (M300CMOTHYECKHUE
YCIIOBHSI) COMPOBOXKAACTCS MOCTTUIEPTOHUYECCKUM
JIU3UCOM, TO PETHPATHPYIOLINE CPEAbl Pa3BOIIIH B
10-xparaoM o6beme 0,15 moins/n NaCl ¢ pazninuHpIMu
3Ha4eHusIMU pH. YpoBeHb remonmsa KIeToK, peruapa-
TUPOBAHHBIX B cpenax, coaepsxkamux 0,15 momb/n
NaCl; 0,45 mons/m NaCl; 0,15 mons/nm NaCl +
0,4 monb/n caxapo3ssl kojaebancs or 80 no 70 %
(puc. 4), a npu peruaparauuu B cpene 0,15 monb/n
NaCl + 15% II2I'-1500 oTmeuancst pa3nu9IHBINA
ypoBeHb remonuza: npu pH 5,8 okono 70 %, mpu
pH 7,4 oxomno 45 % (puc. 5, xpusas 1). Kak BuaHO 13
puc. 5 (kpuBsie 2 u 3), no0aBiIeHUE B Cpeay pa3Be-
nenust (0,15 mons/n NaCl) JUJICa u aunupumgamosia
MPUBOAMT K MHBepcuu pH 3aBUCHMOCTH.

B ocHOBE MOCTTUNIEPTOHNYECKOTO JIN3HCA JISKUT
peruaparanus KJIETOK, KOTopas MPOUCXOIUT TOocTe
TUIIEPTOHUYECKOTO Bo3AeiicTBUs. Bo Bpems peruipa-
TalK YBEIHMYUBACTCs 00BEM BCIIEACTBUE MTOCTYILIIE-
HUS BOJAbI BOBHYTPb KJIETKH, 3a KOTOPOH
nepepacnpenenaorca nonsl. Mzsectno [4], uto pH
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level of red cells hemolysis in the media with different
pH values, are noted. Red cells, incubated in the
medium, containing 0.15 mol/l NaCl and 0.4 mol/l
sucrose and then placed into hypertonic solution with
further reverse transfer into the medium with 0.15 mol/l
NaCl and 0.4 mol/l sucrose, are characterised by low
hemolysis level and the absence of pH-dependence
(Fig. 1, curve 3). Red cells, being exposed to the
medium with 0.15 mol/l NaCl + 15% PEG, in NaCl
hypertonic solution and then transferred again into
0.15 mol/l NaCl + 15% PEG-1500, behave in a similar
way (Fig. 1, curve 4).

Usage of rehydrating medium of the composition
as 0.135 mol/l NaCl + 0.03 mol/l sucrose resulted in
an increase of the hemolysis level (Fig. 2) comparing
to the previous experiment (Fig. 1). Application of
0.15 mol/l NaCl as a rehydrating medium causes an
increase of the hemolysis level in comparison with the
medium, comprised 0.135 mol/l NaCl and 0.03 mol/l
sucrose (Fig. 3). We should note the absence of cell
response to pH change in rehydrating media both for
the medium 0f 0.135 mol/l NaCl + 0.03 mol/l sucrose,
and for 0.15 mol/l NaCl medium.

Whilst the transfer of frozen-thawed red cells out
of a cryoprotectant solution, that is a hypertonic one,
into blood plasm or physiological solution (isoosmotic
conditions) was accompanied by a posthypertonic lysis,
rehydrating media were diluted by 10 times by 0.15
mol/l NaCl with different pH values. The level of cell
hemolysis, rehydrated in the media, comprised 0.15
mol/l NaCl; 0.45 mol/l NaCl; 0.15 mol/l NaCl + 0.4
mol/l sucrose was hesitating from 80 to 70% (Fig. 4),
and during the rehydration in the medium with 0.15 M/1
NaCl + 15% PEG-1500 there was noted a different
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Puc. 3. YpoBeHb MOCTTUNEPTOHUIECKOTO MOBPEKICHUS
SPUTPOLIUTOB B cpene, copeprkanieii 0,15 moms/a NaCl: 1 —
0,15 monw/nm NaCl - 3 moas/nm NaCl; 2 — 0,45 moubs/1
NaCl - 3 mons/n NaCl; 3 —0,15 mons/n NaCl + 0,4 moinb/n
caxapo3sl — 3 mounb/n1 NaCl + 0,4 monb/n1 caxapossl; 4 —
0,15 momw/t NaCl + 15 % II9T-1500 - 3 mons/a NaCl +
15% II2I'-1500.

Fig. 3. The level of red cells’ posthypertonic damage in
the medium comprised 0.15 mol/l NaCl: 1 — 0.15 mol/l
NaCl - 3 mol/l NaCl; 2 — 0.45 mol/l NaCl - 3 mol/l NaCl,
3 —0.15 mol/l NaCl + 0,4 mol/l sucrose - 3 mol/l NaCl +
0,4 mol/l sucrose; 4 —0.15 mol/l NaCl + 15% PEG-1500 —
3 mol/l NaCl + 15% PEG-1500.
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3aBHCUMOCTH MOCTTUIIEPTOHUYECKOTO JIM3Kca ciado
BBIpa)KEHA WM IPAKTUYECKU OTCYTCTBYET B IIHPOKOM
nuanazone pH ot 4 no 9. OgHako mokaszaHo, YTO
TUIIOTOHUYECKUIN T€MOJIN3 CYIIECTBEHHO 3aBUCUT OT
pH cpensi [3, 8]. B ocHOBe maHHBIX pa3Iuyuil JIEKUT
MeXaHU3M M3MEHEHHsI 00b&Ma KIIETKHU, CBSI3aHHBIH C
pH 3aBucuMBIM pacnpeaeneHuem xnopuna. OtMmede-
HO, 4TO B 3TOM ITpOIIeCcCe BEAYIask pOib IPHUHAIIICKUAT
MepepacnpeeICHUI0 aHMOHOB XJIOpa MEXIY BHE- U
BHYTPHKJIETOUHON cperaMu. COOTHOLIEHNE KOHIIEH-
Tpauuil BHYTPUKIETOYHOTO XJIOPHAA K BHEKJIETOU-
HoMy 3aBucHT oT pH cpensl, u npu pH 7,4 nannoe
oTHoIeHue MeHple 1, mpu pH 6,6 oHO cocraBnseT
npumMepHo 1, mpu pH 5,8 6onbie 1 [6].

W3BecTHO, 4TO PH TMIIOTOHNYECKOM T€MOJIH3€E ET0
YPOBEHB 3HAUUTEIBHO U3MEHSETCA TP BapbUPOBaHUU
3HaueHUH pH: mnpu CHM)KEHHMM CTENeHb TeMoiu3a
yBenmuuBaeTcs [3, 8], Tak kak npu 6osiee Hu3kux pH
ObIcTpee JOCTUTACTCS KPUTUUECKUH TEeMOIUTHYECKIH
00BéM Onaromaps mepepacrnpeneseHUuI0 XJIopuia
BHYTpb KJIETKH. [IoCKOIBKY NMpHU T'MIIOTOHHYECKOM
reMonuse orMedaercss pH 3aBUCHMOCTB ¢ U3MEHEHHEM
pH cpensl uakybanuu [3, 8], a mpu mocTrunep-
TOHUYECKOM JIM3UCE HE OTMEYaeTcs (XOTS U B TOM U B
OpyTroM clyd4asiX KJIEeTKa YBEIMYUBAeT CBOH 00BEM
[5-7]), MO>XHO TIPETIOIOKUTH, YTO MPH TIOCTTUIIEPTO-
HUYECKOM JIN3HCE SPUTPOLUTHI MOBPEKIAIOTCS YKe
Ha 3Tale TUNEPTOHHYECKOH MHKyOauuu. DTH
MOBpEXICHNUS 00yCIOBIMBAIOT yBETUUYEHUE POHU-
LAEeMOCTH MeMOpaHbl Al XJIOPUAHBIX aHUOHOB Ha
JTarne peruaparanny, BCIeICTBUE Yero Mexannu3M pH
3aBHUCUMOI'0 M3MEHeHHUs o0béma kneTku u pH
3aBUCHMOCTb F'€MOJIN3a B U30TOHUUYECKUX Cpeax He
BbIBIISIIOTCS (puc. 2 ¥ 3). Huskuil ypoBeHb remoinsa
B TUIIEPTOHUYECKUX PETHUAPATUPYIOLINX cpenax 0e3
BuauMoi pH 3aBucuMoOcTH Nake B MPUCYTCTBUU
kpuonporekropa [191'-1500, mo-BunumMomy, 0ObsICHS-
eTcs 0COOEHHOCTSAMH OCMOTHYECKOTO MEXaHU3Ma
NOCTTUIIEpTOHUYECKOrO Ju3uca. 3BecTHO, UTO
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Puc. 5. Bausinue pa3BeneHus cpelbl peruaparauuu,
conepxkaitert 0,15 mons/nm NaCl + 15% II2I'-1500, na
ITOCTTUIIEPTOHNYCCKHN JIN3HC SPUTPOIUTOB: | — KOHTPOIIB;
2 — 5 mxmous/1 JJUJC; 3 =20 MKMOJIB/J AMMAPHIAMOJIA.

Fig. 5. The effect of dilution of the rehydration medium,
containing 0.15 mol/l NaCl + 15% PEG-1500, on red cells’
posthypertonic lysis: 1 — the control; 2 — 5 pmol/l DIDS,;
3 - 20uM/1 dipyridamole.
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Puc. 4. Bausnue pasBeneHUs CIEAYIOIMHUX Cpen
peruaparanun Ha HOCTFI/IHepTOHI/I‘IeCKI/Iﬁ JIM3UC SPUTPOLIU-
toB: 1 — 0,15 mome/nm NaCl; 2 — 0,45 mons/n NaCl; 3 —
0,15 mone/n NaCl + 0,4 monb/n caxapossr; 4 — 0,15 Momb/n
NaCl + 15% II2I'-1500.

Fig. 4. The dilution effect of the following rehydration
media on red cells’ posthypertonic lysis:1 — 0.15 mol/l
NaCl; 2 — 0,45 mol/l NaCl; 3 — 0,15 mol/l NaCl + 0,4
mol/l sucrose; 4 — 0,15 mol/l NaCl + 15% PEG-1500.

hemolysis level (under pH 5.8 it made about 70%, at
pH 7.4 it was about 45%) (Fig. 5, curve 1). As the
Fig. 5 shows (curves 2 and 3), DIDS and dipyridamole
addition into a diluted medium (0.15 M/l NaCl) has
resulted into the inversion of pH dependence.

Cell rehydration is in the base of posthypertonic
lysis, it follows a hypertonic effect. During rehydration
the volume increases due to water release inside a cell,
where ions redistribution occurs. It is known [4] that
pH-dependence of posthypertonic lysis is slightly
manifested or practically absent within a wide pH
spectrum from 4 to 9. However it has been demonstrated
that hypotonic hemolysis significantly depends on the
medium pH [3, 8]. In the base of given differences there
is the mechanism of a cell volume change, related to
pH-dependent chloride distribution. It has been noted,
that the main role in this process belongs to chlorine
anions redistribution between extra- and intracellular
media. The ratio of intracellular chloride concentrations
to extracellular ones depends on the medium pH, and
at pH 7.4 this ratio is less than 1, at pH 6.6 this value
is approximately 1, at pH 5.8 it is more than 1 [6].

It is a well known fact that at a hypotonic hemolysis
its level is considerably changed when varying the pH
values: at its decrease the hemolysis level increases [3,
8], because at lower pH the critical hemolytic volume
is achieved quickly owing to chloride redistribution
inside a cell. As under hypotonic hemolysis the pH
dependence is noted with the pH change in an incubation
medium [3, 8], it is not observed at posthypertonic lysis
[3] (although in both cases the cell increases its volume
[5-7]), it can be supposed, that red blood cells under
posthypertonic lysis have already been damaged at the
stage of hypertonic incubation. These damages
substantiated an increase of membrane permeability
for chloride anions at the stage of rehydration due to
which no mechanisms of pH-dependent change in a
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npumenenue [191-1500 B kauecTBe KpuonpoTeKkTopa
IpU 3aMOpPaXMBAaHUM IPUTPOLUTOB MO3BOJSAET
MOJIYYHUTh XOPOIIYIO COXPAaHHOCTH KJEeTOK [1, 2],
OJTHAKO MpPH PECYCNEHAUPOBAHUU IPUTPOLIUTOB M3
Cpeabl pa3MOpaXKMBaHMs OTMEUAETCS] 3HAUUTEIbHBIN
reMONHN3 [2], YTO CBUAETENBCTBYET O CYLIECTBEHHOM
MOBPEXXICHUH MeMOpPaH KJIETOK B IIPOLECCE 3aMopa-
KUBaHUSI-OTTauBaHUA. TOT (QaxT, 4YTO MpUMEHEHHE
[I3I'-1500 criocoberByeT nosiBnenuto pH 3aBucumo-
CTH IIPU Pa3BEIEHUH PETUJpaTHPYIOMIEH Cpensl,
BEPOSITHO, MOXKHO OOBSCHHUTH TE€M, YTO OCTaTOYHAs
(pakiys 5pUTPOLIUTOB, KOTOPAsi HE TeMOJIM3UPYET IPH
pH 7,4 (oxomo 50 %), crmocoOHa oTBEYaTh POCTOM
CBOEHM UYBCTBHUTEIBHOCTHU K MOBPEXKICHUIO IPHU
cHIkeHnH pH. OTH pe3ynbsTaTsl TakkKe MOATBEPKAAET
uHBepcus pH 3aBUCUMOCTH MHTHOMTOpPaMU aHUOH-
HOTO TPaHCIIOPTa, KOTOPbIe OJIOKUPYIOT mepepacipe-
JIeTIEHUE aHHOHOB XJIOpa Yepe3 aHUOHHBIN EPEHOCUHK.

Pa3Benenune pernapatupyromux cpen, BKIUaro-
mux 0,45 mone/n NaCl, 0,15 mons/n NaCl u 0,4
MOJIB/JI caxapo3bl, TOKA3bIBAET OTCYTCTBHE CIIOCO0-
HOCTH OCTaTOYHOW (hpaKkMK SPUTPOLMTOB pearupo-
BaTh Ha U3MeHeHue pH cpeapl mocne peruaparanuu.
[TocnenHee MOXKET CBHUAETENBCTBOBATH O TOM, YTO
kpuonpotexrop I191-1500, B oTnuune ot caxapossl,
BO BpEMs pa3BEACHUsI pETHIpATHPYIOIIEH cpensl
cnocoOeH MpeoTBpauiaTh NOBPEXICHUA Yy YacTH
kyeTok. [IpnuéM npucyTcTBHE JaHHOTO KPUOTIPOTEK-
TOpa HeOOXOANMO MPEXKE BCEIO B PETHIPATHPYIOLIEH
cpeze, MOCKOJIBKY TOJIBKO B 3TOM cilydae NpHU €€
pa3BeICHUH B IOTYYEHHBIX N30TOHUYECKUX YCIOBUIX
oOHapyxuBaeTcs Qpakuus KIETOK, CIIOCOOHAas
oTBeYaTh Ha U3MeHeHue pH.

Takum oOpa3oM, MmoiaydyeHHbIE HAMHU AaHHBIE
CBHUIIETEIbCTBYIOT:

1) runepTroHNYECKUE PETUAPATUPYIOIIUE CPEbI B
3HAYUTEIBLHON CTENEHHU IMPEJOTBPAILAOT TOBPEKIE-
HHUE 3PUTPOLUTOB, OAHAKO NPHU ITOM KIETKU HE
U3MEHSIOT CBOK YYBCTBUTEIBHOCTH K HOBBIM
OCMOTHYECKHUM YCIOBUAM Iipu casure pH cpensr;

2) pa3BelieHUE TUIIEPTOHUYECKUX Cpell peruapara-
LMK IPUBOIUT K 3HAYUTEIHHOMY JIU3UCY IPUTPO-
LUTOB, KOTOPBI MEHEe BBIPAXKEH B NMPUCYTCTBHH
kpuonporekropa [19I-150;

3) npu npumenenun [130-1500 BeisBisiercs pH
3aBUCHUMOCTH, KOTOPYI0 CHHUMAIOT HHIUOHUTOPHI
AHHMOHHOTO KaHaJa.
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cell volume and pH-dependence of hemolysis in isotonic
media are revealed (Fig. 2 and 3).

Low hemolysis level in hypertonic rehydrating
media without an obvious pH-dependence even in the
presence of PEG-1500 cryoprotectant, has been
explained, probably, by the peculiarities of osmotic
mechanism of posthypertonic lysis. It is known that
PEG-1500 application as a cryoprotectant during red
cells freezing allowed to obtain a high cell stability [1,
2], however when red cell resuspending out of a freezing
medium a significant hemolysis is noted [2], that
testifies to a significant damage of cell membranes
during the process of freeze-thawing. The fact that
PEG-1500 application promotes to the appearance of
pH-dependence when diluting the rehydrating medium,
can be explained, probably, by the fact that a residual
red cell fraction, which does not hemolyse under pH
7.4 (about 50%), is capable of responding by the
growth of its susceptibility to damage at pH reduction.
These results are also confirmed by the inversion of
pH dependence by the inhibitors of anions transport,
blocking the redistribution of chlorine anions via
anionic transporter.

Dilution of rehydrating media comprised 0.45 M/1
NaCl, 0.15 M/I NaCl and 0.4 M/1 sucrose, has shown
the absence of the capability of residual red cell fraction
to respond to pH change of the medium after
rehydration. The latter fact can testify that during the
dilution of rehydrating medium the PEG-1500
cryoprotectant in contrast to sucrose, is capable of
preventing the damage in a part of cells. The presence
of given cryoprotectant is first of all necessary in a
rehydrating medium, because only in this case at its
dilution under obtained isotonic conditions the cell
fraction, capable of responding to the pH change is
found.

Thus, the data obtained by us testify that:

1) hypertonic rehydrating media significantly
prevent the erythrocytes’ damage, however in this case
the cells do not change their susceptibility to new
osmotic conditions at pH shift in the medium;

2) dilution of hypertonic rehydration media has
resulted in a considerable red cell lysis, less manifested
in the presence of PEG-1500 cryo-protectant;

3) when using PEG-1500 the pH dependence is
revealed, which is cancelled by the inhibitors of anion
channel.
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