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Efficiency of Combined Cryopreservatives Containing Glycerol
or 1,2-Propanediol During Freezing of Erythrocytes

HccnenoBanu ocMOTHYECKHE CBOMCTBA 3pUTPOLIUTOB, 3aMOPOXKEHHBIX B KOMOMHUPOBAHHBIX KPUOKOHCEPBAHTAX, COLEPKAIUX
HOJMMEpHbIE HEIIPOHUKAOLIHE (IEKCTPaH, MOJMATUICHINIMKOIb) U IPOHUKAoLIHe (IMLEPUH, 1,2-IpOMaHlo) KPUOIPOTEKTOPHL.
YCTaHOBIIEHO, YTO B APUTPOLIUTAX, 3aMOPOKEHHBIX-OTOIPETHIX B CPe/ie ¢ MOIMMEPaMHU, OTMEUAETCsl MOBBILICHHE CKOPOCTH IOTOKA
nonoB H' 1 ocMoTnueckoii XpynkoctH B cpere, coneprkarueii 0,45-0,9% NaCl. [{yst coxpaHeHHs: OCMOTHYECKHX CBOMCTB 3aMOPOKEHHBIX-
OTOTPETHIX KJIETOK JIOCTaTOYHO BKJIIOUUTH B cpefy riuuepud win 1,2-nponanauon (1,2-I11) B konnenrpauun 5%. IlonyueHnHsie
Pe3yJIbTaThI TO3BOJISIOT MIPEIIIONIOKHUTE, YTO KPUOIIPOTEKTOPHAs 3P (HeKTHBHOCTH KOMOHHUPOBAHHBIX KPHOKOHCEPBAHTOB, COJCPKAIINX
HETPOHUKAIOLINE U IPOHUKAIOLINE KPHOIPOTEKTOPEI, ONIpEeIAeTCs BKIAJA0M PA3IMYHBIX 10 MEXaHU3MY ACHCTBHS KPHO3ALIUTHBIX
KOMITOHEHTOB B CYMMAapHYIO 3alUTHYIO 3()()EKTUBHOCTH MPU 3aMOPAKUBAHUY U OCIA0ICHNEM MTOCTTUIIEPTOHUYECKOTO CTpecca Ha
KJIETKH NIPH Pa3MOPa’KUBAaHHUHU.

Kniouesvie cnosa: 3putpountsl, KOMOMHIPOBAHHbBIE KDHOKOHCEPBAHTHI, TIOTOK HOHOB H', ocMoTHueckuii remonus.

JocnimKyBanu OCMOTHYHI BIACTHBOCTI €PUTPOLIUTIB, 3aMOPOKCHUX-BIAIIPITHX Y KOMOIHOBaHUX KPiOKOHCEPBaHTaX, SIKi MICTATh
HOJIIMEPHI HeNTPOHMKAar04i (IeKCTpaH, MONieTHICHIVIIKONIb) | IpOHHKaroui (mtiepuH, 1,2-nponanion) kpionporekropy. BeraHoBieHo,
110 B EPUTPOLMTAX, 3AMOPOKEHUX-BIIIrPITUX Y CEPEIOBUILI 3 MOJIMEpaMH, BU3HAYAETHCS 3pOCTAHHS MIBUIKOCTI HOTOKY ioHiB H' i
OCMOTHYHOI KPUXKOCTI B CepeaoBHuIili, sike MicTuTh 0,45-0,9% NaCl. [Iyis 30epekeHHs OCMOTHYHHUX BIACTUBOCTEH 3aMOPOKCHUX-
BIAIPITHX KJIITHUH JOCTaTHBO BKIIIOYMTH B CEPEAOBHIIE IIiliepuH abo 1,2-mponanaion B KoHUeHTpaUil 5%. OTpuMaHi pe3ynbraTi
JIO3BOJISIIOTH TPHUITYCTUTH, L0 KPiOMPOTEKTOpHA e()eKTUBHICTh KOMOIHOBaHUX KPIOKOHCEPBAHTIB, SIKI MICTATh HENPOHHUKAIOUI i
HPOHMKAIOU1 KPIOIPOTEKTOPH, BU3HAYAETHCSI BHECKOM PI3HOMAHITHHX 32 MEXaHi3MOM Jii KPi03aXUCHUX KOMIIOHEHTIB y CyMapHy 3aXHUCHY
e(eKTUBHICTh IIPH 3aMOPOIXKYBaHHI Ta MTOCIA0JICHHSM HOCTTIIIEPTOHIYHOTO CTPECy Ha KIITHHH IIPH PO3MOPOXKYBaHHi.

Knrouoei cnosa: eputponuti, KOMOIHOBaHI KPIOKOHCEPBAHTH, MOTOK i0HIB H', ocMoTHuHuit remotis.

The osmotic properties of erythrocytes frozen-thawed in combined cryopreservatives, containing polymeric non-penetrating
(dextran, polyethylene glycol) and penetrating (glycerol, 1,2-propane diol) cryoprotectants were studied. It was established that in
erythrocytes frozen-thawed in the presence of polymers the increasing of H' ion flow rate and osmotic fragility in the environment
with 0.45-0.9% NaCl was observed. It is sufficient to add 5% glycerol or 1,2-propane diol (1,2-PD) to the medium to preserve
osmotic properties of frozen-thawed cells. The obtained results enable to suggest that cryoprotective efficiency of combined
cryopreservatives, containing non-penetrating and penetrating cryoprotectants is determined both by the contribution of cryoprotective
components differing by action mechanism into the sum protection efficiency during freezing-thawing and by the weakening of post-

hypertonic stress in cells during freeze-thawing.

Key words: erythrocytes, combined cryopreservatives, H* ion flow, osmotic hemolysis.

Br16op onTtuManbHOW MpOTrpaMMbl 3aMOPaKHUBa-
HUS 00YCIIOBJIICH OCMOTHYECKIM TTOBEACHUEM KIIETOK
B Ipotiecce 3amopakuBanust. [ [pu aTom BenmiirHa riepe-
OXJIAXKICHUSI KIIETOYHBIX 00Pa3IioB HE JOJKHA IPEBBI-
maTh ONpeaeieHHON BenuauHbl (~2°C) s mpemy-
pexIeHUs 00pa30BaHUs BHYTPUKICTOYHBIX KPHCTAJI-
JIOB JIb/Ia ¥ OTPAHUYICHHUS OCMOTHUECKOTO TPaUEHTA
U TPaJIueHTa KPUOMPOTEKTOPOB, KOTOPHIE SBISIOTCS
JBUKYIIEH CUIIOHN AJIs BBIXO/Ia-BX0/1a BOJIBI B KIIETKH.
OnTrManbHas CKOPOCTh OXJIAXKIACHHUS OMPENeIIIeTCS
KO3 PHUIIMEHTOM MPOHUIIAEMOCTH IS BOJIBI U KPHO-
MIPOTEKTOPA, SHEPTUeH aKTUBAIMNA, OCMOTHYECKH aK-
TUBHBIM 00BEMOM BOJIbI B KJIETKAaX W IUIOIIAIBI0 MX
noBepxHoctH [30]. Temmeparypa Hauanga HyKJIeauu

MHCTUTYT npobAemM KpUMOOMOAOTMM U KPUOMEANLINHDI
HAH Ykpaunsbl, r. Xapbkos

* Aapec aAaa koppecrioHAeHuuu: yA. Nepescaasckas, 23,
r. Xapbkos, YkpauHa 61015; Tea.: (+38 057) 373-41-35, cpakc: (+38
057) 373-30-84, anekTpoHHas nouTta: ramazanov.viktor@mail.ru

KpuoBMOROrIM

T.21,2011, Ne2

Osmotic behavior of cells during freezing deter-
mines the selection of optimal freezing program . Here-
with supercooling of cell samples must not exceed the
certain value (~2°C) to prevent formation of intracel-
lular ice crystals and limit the osmotic gradient being
the mover for in- and outflux of water into and out of
the cells. Optimal cooling rate is determined by pen-
etration coefficient for water and cryoprotectant, acti-
vation energy, osmotically active volume of liquid in
cells and their surface area [30]. Temperature of in-
tracellular ice nucleation initiation is associated with
supercooling rate of cell cytoplasm [21], concentration
of penetrating cryoprotectant and cell dehydration rate
[28].
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BHYTPHKJIETOUHOTO JIbJIA CBA3aHA CO CTENEHBIO Iepe-
OXJIQXKJICHUS UTOIIAa3Mbl KJIETOK [21], ¢ KOHIIEHT-
panmei MpOHUKAOIIETO KPUOTIPOTEKTOPA U CTETIEHBIO
JETHApaTaIuy KiIeTok [28].

[Ipennonaraercs, 4T0 METOX OBICTPOTO ABYXCTY-
[IEHYAaTOT0 3aMOPa)KUBAHHUSA, 10 CPAaBHEHUIO C 3aMO-
PaXMBaHUEM C OITUMAIIBHOM MMOCTOSSHHOM CKOPOCTBIO,
JaeT OOJBINYI0 YCTOWYMBOCTD KIETOK K TOCTTUIIEP-
TOHHYECKOMY CTpeccy MpPH OTOIPEBE M OTMBIBAHUU
KPHOIIPOTEKTOPOB [2, 6, 13]. lanHbIi MeTOA 00ecIie-
YHBAeT BHICOKYIO COXPAaHHOCTh OCHOBHBIX BHJIOB KJIe-
TOK KOCTHOTO MO3T'a U ITPH HEOOXOANMOCTH MO3BOJISET
UCKJIIOYUTH UX (ppakunoHupoBanue [6]. AHanm3 nure-
paTypbl MOKa3bIBAET, YTO YIPOIIEHUE CTYNEHYAaThIX
PEXUMOB OXJIAXKICHUSA, BO3MOXXHOCTh CHUKEHUS
KOHIIEHTPAIMU MTPOHHUKAIOIIETO KPHOIMPOTEKTOpa B
KPUOKOHCEPBAHTE M COXPAHEHNE OCMOTHYECKOM yC-
TOMUYMBOCTH KJIETOK TOCJE OTOTPEBA CBSI3aHBI C HC-
MOJIb30BaHHEM KOMOWHHUPOBAaHHBIX Cpefl, KOTOphIE
BKJTIOYAIOT ITPOHMKAIOIIHE U HETTPOHHUKAIOIIHE KPHOo3a-
LIUTHBIE KOMIIOHEHTHI [15-17, 26, 27].

[Ipu n3ydeHnn COXpaHHOCTH HPUTPOLUTOB MOCIIE
3aMOpaKUBAaHUS B KOMOMHUPOBAHHBIX CpeJax, Colep-
YKAIUX Pa3IUIHbIE ITOMMEPHI (TTOTMITHIICHTIINKOIb C
M.M. 1500, TOIMBUHUITTUPPOIUIOH ) ¥ IPOHUKAIOIIUIA
kpuomnpotekTop 1,2-nponananon (1,2-I1/1), ormeueHo,
YTO TAKOE€ COUETaHHE MTO3BOJISIET CHU3UTh KOHIIEHTpa-
rwto 1,2-11]1, MOBBICUTH CKOPOCTH OXJIAXKICHUS 1 TIOMTY-
YHUTh BHICOKYIO CTAOMIIBHOCTH Pa3MOPOKEHHBIX dPH-
TPOLIUTOB B PECYCIICHAUPYIOLIEH cpesie B TeueHue 3-x
CYyTOK mocje oTMbiBaHUs. OJHAKO HEOOXOAUMO
WCIIOJIb30BaTh THIIEPTOHUYECKUE PACTBOPHI IS OT-
MBIBaHHS SPUTPOLIUTOB OT KPUOKOHCEPBAHTA, TaK Kak
koHueHTpanus 1,2-I1J] B cpene 3aMopakuBaHus Bce
e ocTtaercs Beicokoit (20%) [3, 4]. Ecnu cpena, B
KOTOPOH HaXOJIATCS IPUTPOIIUTHI, COAEPIKUT He Oonee
6% rmunepuHa, TOo KJIETKU, IEPEHECEHHBIE B U30TOHH-
yeckuid pactBop NaCl, ocTaroTcss OCMOTHYECKH YC-
TOMYHMBBIMH [5]. ITO yKa3bIBaeT HA TO, UTO TSI HCK-
JIIOYEHHS THIIEPTOHUYECKUX PACTBOPOB U3 MPOIETYPHI
OTMBIBaHHUSI HEOOXOAMMO, YTOOBI KPHOKOHCEPBAHT
coJieprkall HeBBICOKYIO KOHLIEHTPALUIO IPOHUKAIOIIETO
kpuonporekTopa. CTeneHb NOBPEXKACHUS SPUTPOIIH-
TOB TP MO CTTUIIEPTOHUIECKOM CTPECCE CYIIECTBEH-
HO 3aBHCHUT OT TeMIIepaTyphl pecyCleHIUpPYIoUIei
cpengbl. [Ipu remneparype 35-37°C knetku Hanboee
YCTOMYMBHEI K JAHHOMY IMOBpEXIAONIEMY (aKkTopy
[31].

Takum 006pazom, KOMOMHHPOBAHHUE B CPEIC 3aMO-
PaKUBaHUS HEIIPOHUKAIOIINX U TPOHUKAIOIINX KPHO-
MIPOTEKTOPOB MO3BOJUT HCIOJBb30BATh HEBBICOKHE
KOHIIGHTpAIMH MTOCIETHIX, YTO 00ECTIEUNT COXpaHe-
HUE OCMOTHYECKOH yCTOWIMBOCTH KJIETOK IIPH 3aMO-
PaKMBaHHH-OTOTPEBE U MTO3BOJIUT YIPOCTHTH OTMbIBA-
HUE 3PUTPOLIUTOB TOCIIE pa3MOpPaKUBaHHS U OTMBIBATh
oJtHMM n30ToHn4IecKuM pactBopoM NaCl pu 35-37°C
0e3 HCI0JIb30BaHNs THIIEPTOHMYECKIX PACTBOPOB.
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It is suggested that the method of rapid two-stage
freezing exibits higher cell resistance to post-hyperto-
nic stress during thawing and removing cryoprotectants
if compared with the freezing with "optimal” constant
rate [2, 6, 13]. This method provides a high survival of
major types of bone marrow cells and enables to ex-
clude their fractionation if required [6]. The analysis
of related papers shows that simplification of stepwise
cooling regimens, possible reduction of penetrating
cryo-protectant concentration in cryopreservative me-
dia as well as preservation of post-thaw cell osmotic
resistance are associated with the using of combined
media comprising penetrating and non-penetrating cryo-
protective components [15-17, 26, 27].

When studying erythrocyte survival after freeze-
thawing in combined media containing various poly-
mers (polyethylene glycol, polyvinyl pyrrolidone) and
penetrating cryoprotectant 1,2-propane diol (1,2-PD)
it was noted that these combinations enabled to re-
duce the concentration of 1,2-PD, to increase cooling
rate and to obtain a high stability of frozen-thawed eryth-
rocytes in re-suspending medium for 3 days after wash-
ing. However, it is necessary to use hypertonic solu-
tions to wash the erythrocytes from cryopreservative,
since the concentration of 1,2-PD in the freezing me-
dium remain high (20%) [3, 4]. If the medium with
erythrocytes contains less than 6% of glycerol the cells
transfered to NaCl isotonic solution remain osmotically
resistant [5]. It denotes that for excluding the hyper-
tonic solutions from washing procedure it is necessary
to supplement the cryopreservative medium with low
concentration of penetrating cryoprotectant. Erythro-
cyte damage rate under hypertonic stress essentially
depends on temperature of re-suspending medium. The
cells are most resistant to this damage factor under
35-37°C[31].

Thus, the combining of non-penetrating and pe-
netrating cryoprotectants in freezing medium enables
to use low concentrations of the latter that provides
preservation of osmotic resistance of cells during
freeze-thawing and allows to simplify the procedure
of erythrocyte washing after freeze-thawing and ap-
ply only NaCl isotonic solution at 35-37°C without
hypertonic ones.

The research aim was to study the cryoprotective
efficiency of combined cryopresevatives containing po-
lymers and low concentrations of penetrating cryo-
protectants.

Materials and methods

Following substances were used in the research:
NaCl (‘chemically pure' grade), Na SO, (‘chemically
pure' grade), sucrose (‘pure for analysis' grade),
polyethylene glycols with molecular mass of 1500, 2000
(PEG-1500 and PEG-2000, Merck, Germany); dextrans
with molecular mass of 10000 (D-10000, Pharmacea
Fine Chemicals, Sweden) and 35000 (D-35000, Serva,
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e paboThl — Uccieq0BaHUE KPUOTIPOTEKTOPHOI
3¢ HEeKTUBHOCTH KOMOMHHPOBAHHBIX KPHUOKOHCEP-
BaHTOB, COJCPKAIIMX MOJMMEPHI U HEBBICOKUE KOH-
LEHTPAIMY TPOHUKAIOIINX KPHOTIPOTEKTOPOB.

Martepuanbl n metoanl

B pa6ore ncnonbzosanu NaCl (x. 4.); Na, SO,
(x. 4.); caxaposy (4. I. a.); TOTUITUIICHTIINKOIH C
MoJekysipHoi Maccoit 1500, 2000 (IT3I-1500, ITOI'-
2000, “Merck”, I'epmaHust); TEKCTPaHbI C MOJICKYJIISP-
Hoit Maccoit 10000 (/1-10000, “Pharmacea Fine Che-
micals”, HIBerms) m 35000 (1-35000, “Serva”, I'epma-
Hus); munepud (Poccus); 1,2-mpomanmuon (“Xum-
npom”, Poccust). Cpenpl 3aMOpaKUBaHKsI TOTOBUIIH
Ha n3oocmorudeckom pactrope (0,3% NaClu 6,85 %
caxapo3sl). Kaxxeiii kppokoHcepBaHT comepskai 20%
nosniuMepa win 20% nonumepa + 5% MpOHUKAIOIIEro
KPHOIPOTEKTOPA.

OPUTPOIHUTHI YeJI0BEKa MOTydYall U3 JOHOPCKOM
KpPOBH 2-¥ IpyNmbl YeTHIPEXKPATHBIM OTMBIBAHUEM
0,9% pactBopom NaCl. O6pa3ibl 3pUTPOLIUTOB B Cpe-
Jlax 3aMOpaKMBaHUsI 00beMOM 1 MII M ¢ reMaTOKpu-
ToM 40% B MOTUATUIICHOBBIX aMITyJIaX HHKYyOUpOBaIH
40 muH nipu 25°C, iorpy»kaitu B )Kuakuii a3ot (—196°C)
U BeLIepxuBaiy 30 MUH, 3aTeM IEPEHOCUIIN Ha BOJIS-
Hy1o 6anto npu 40°C Ha 3 muH. [locie oTorpesa 1 mn
pa3MOpOXKEHHOMU CycIieH3uu mpu Temmeparype 37°C,
MeJIJIEHHO NIepeMeIInBas, Pa3BOAMIH N30TOHUIECKUM
pactBopom NaCl (0,9%) B 10 pa3 B TeueHue HE MEHEE
30 c u uenTpudyruposanu mpu 3000 06/mMuH, 5 MUH ¢
MOCIIEAYIOIINM yAaJIeHHEM HaI0Cal0IHOM )KUIKOCTH.
Hannyto nmponenypy nosropsutu. [locie storo 6e3 yue-
Ta CKOPOCTH Pa3BEeICHUS 0CAKA SPUTPOLIUTOB KIICTKH
JOTOJTHUTEIBHO OTMBIBAIN 3 pa3a M30TOHUYECKUM
pactBopom NaCl (0,9%) npu 37°C.

OcMOTHYECKHIT TEeMOINU3 IPUTPOIIUTOB HCCIIEIO0-
BaJ B cpefie, conepaxkanieit 10 MM tpuc-0ydep ¢ pH
7,4 u NaCl ¢ paznmuuabiMu koHIeHTparusamu (0,09—
0,9%); 1 Mt cycnieH3un k1eTok ¢ rematokputoM 0,6%
nHKyOHpoBanu 15 MuH nipu 25°C, nanee eHTpUPyTu-
posanu npu 3000 06/MuH B TeueHHE 3 MUH.

CreneHb TeMoJIM3a BBIYUCIISUIN [TOCIIE CIEKTPOodo-
TOMETPHUYECKOTO OTIPENEITICHHS KOJTMIECTBA T€MOTIIO-
OuHa B CynepHaTaHTe o0pas3IoB, U3MEPss ONTHYEC-
KYIO IUNIOTHOCTH IIPH JAJIMHE BOJIHBI 543 HM [19]:

[4,/4,]X100,

rae A, — ONTHYECKas IIOTHOCTh CyNEPHATAHTA JKC-
HEPUMEHTAIBLHOro 00pasua; 4, — ONTHYECKas IIOoT-
HOCTb ITPH TIOJTHOM T€MOJTN3€ KOHTPOJIBHOTO 00pa3Ia.

Tpancnopt nonos H' B apurpormrax B cynbparHoit
cpee UcclIeqoBalu B TEPMOCTATUPYEMOM Auelke
(37°C) c pH-anexTpooM npHu NOCTOSHHOM TepeMe-
LIIMBAaHUU KJIETOYHOW cycneH3uu. M3menenus pH
BHEIIHEW CPeIbl PETUCTPUPOBAIIN ITPH IIOMOIIH CaMO-
nucia. B s4eiiky BHOCHIIM TOCIIEOBATEIBLHO 2 MIT
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Germany); glycerol (Russia); 1,2-propane diol (Khim-
prom, Russia). The freezing media were prepared on
the base of isoosmotic solution (0.3% NaCl and 6.85%
sucrose). Each cryopreservative medium contained
20% polymeric substance or 20% polymeric substance +
5% penetrating cryoprotectant.

Human erythrocytes were derived from donor blood
of 2 group by 4-fold washing with 0.9% NaCl solu-
tion. Erythrocytes were re-suspended in 1 ml of freez-
ing media to reach 40% hematocrit and incubated in
polyethylene ampoules for 40 min at 25°C, plunged into
liquid nitrogen (—196°C) and left for 30 min, then
transfered to water bath at 40°C for 3 min. After thaw-
ing 1 ml of frozen-thawed suspension was diluted 10
times with NaCl isotonic solution (0.9%) at 37°C with
slow agitation for at least 30 sec, and then centrifuged
at 3,000 rpm for 5 min with the following removal of
supernatant. This procedure was repeated. Afterwards
the cells were additionally washed thrice with NaCl
isotonic solution (0.9%) at 37°C without considering
the erythrocyte sediment dilution rate.

Osmotic hemolysis of erythrocytes was studied in
the medium, containing 10 mM tris-bufter, pH 7.4, and
NaCl with different concentrations (0.09-0.9%); 1 ml
of cell suspension with 0.6% hematocrit was incubated
for 15 min at 25°C, and then centrifuged at 3,000 rpm
for 3 min.

Hemolysis percentage was calculated after spec-
trophotometrical assessing of hemoglobin amount in
supernatant of sample by measuring the optical den-
sity at 543 nm:

[4,/4,]%100,

where A4, is optical density of supernatant of experi-
mental sample; 4, is optical density after complete
hemolysis in the control sample.

Transport of H ions in erythrocytes in sulfate me-
dium was investigated in thermostated well (37°C) with
pH electrode and constant agitation of cell suspension.
The changes of environmental pH were recorded.
Two ml of 0.15 mol/l NaCl solution and 50 ml of eryth-
rocyte sediment were stepwise introduced into the well
(to reach 2% final hematocrit). Herewith pH value of
cell suspension usually made 6.6-6.7, that corresponded
to pH of extracellular medium during storage of blood
[10]. To investigate H* ion transport in erythrocytes
2 ml of 0.11 mol/l Na, SO, solution were introduced
into thermostated well. Correction of solution's pH to
reach 6.6-6.7 values was performed using NaOH or
H,SO,. Thereafter 50 ml of erythrocyte sediment (80%
hematocrit) were introduced into the well and the dy-
namics of pH changes was recorded.

During introduction of erythrocytes into Na,SO,
isotonic solution without buffer components a two-
phase alteration of extracellular medium pH (acidifi-
cation and following alkalization) occured. This altera-
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0,15 mons/n NaCl u 50 MKJI 3pUTPOLIUTAPHOTO OCaIKa
(xoHEuHBIH reMaToKpUT B suetike 2%). Ilpu atom
3HaueHune pH kIeToyHo# CycreH3uu 0OBIYHO COCTaB-
570 6,6—6,7, uto coorBeTcTBYeT pH BHEkiIeTOUHOM
cpenbl ipu Xpanenuu kposu [ 10]. s ucciaenoBanus
TpaHcropTa HoHOB H' B spuTponnTax BHOCHIH 2 M
pactsopa 0,11 moss/n Na,SO, B TepMOCTaTUpyEMYIO
sueliky. Mcnonssys pactsop NaOH winm H,SO,, ocy-
MIECTBIISLIIN Koppekiuto pH cpensr mo 3HaueHuit 6,6—
6,7. Ilocne aToro B sueiiky BHOcHIN 50 MKII ocamka
spuTpounToB (80% reMaToKpuTa) U pEruCTPUPOBAIH
IUHAMHKy n3MeHeHus pH cpensl.

[Ipu BHECEHMM PUTPOLUTOB B U30TOHHMYECKUI
pactop Na,SO,, He conepxauii OyhpepHbIX KOMIIO-
HEHTOB, MPOUCXOAUT AByX(a3zHoe m3MeHenue pH
BHEIIHEW CPEMIbl: 3aKUCIIEHNE C MMOCIEAYIOUM 3allle-
naynBanueM. Takoe u3meHneHue pH cBs3ano ¢ oOMe-
HOM BHyTpuKjeTounoro Cl™ na BHexneTounslit SO,>
[23].

Ha puc. 1 npencraBnena xapakrepHasi SKCIepH-
MEHTaJIbHAsI KPUBasi YCTAHOBJIEHUS CTAIlIOHAPHOTO
3HaueHus: pH cycmeH3uu SpUTPOIUTOB B M30TOHH-
veckoi cynbgarnoi cpene (0,11 mons/n Na,SO,).
Havanpnoe 3nauenne pH ~6,70 (nokxasanue pH
CYCIIEH3UH 3PUTPOLUTOB B CpeJlie, CoAeprKallel
0,15 mons/n NaCl), koneunoe 3Hauenue pH ~6,75—
6,85.

Hcnonp30BaB 3KCIIEpUMEHTANBHBIE TTAPAMETPHI
t ~pH ., pH® (puc. 1), no ypaBnenusm [8]

fo = h%%@kz - k)
1
/(1k, / k) L=k, )/ (1=ky / ;) 0
oA R
1 1 E

MOJKHO PaccYMTaTh KOHCTAaHThI CKOPOCTH k u K,
(BBIXOI M BXO1 MOHOB H* cooTBeTCTBEHHO). I10CKOIB-
KY B 9KCIIEpUMEHTE PETUCTPUPYIOTCA U3MeHeHus: pH
BHEUIHEW CPeibl, 111 BBIYUCIEHUS] KOHCTAHT CKOPOC-
Teil KoHIIeHTpaIuio noHoB H' HeoOxoanMmo npezcra-
BUTh KaK U3MEHEHUE X KOHIIEHTpallUui BO BHEIIHEHN
cpene:

[H]° = [H], - [H];
[H]tmax = [H]max - [H]o’

e [H], [H],, . [H], — xoHuenTpauuu nonoB H' Bo
BHEIIHEH Cpene CYCIICH3WU 3PUTPOITUTOB B Haudaje
OKCNIEPUMEHTA, B MOMEHT { ¥ MPU MAKCUMAJILHOM
3aKHCIICHUH TIOCIIC BHECCHHSI PUTPOITUTOB B CPENY,
coneprkaryto 0,3 MOJIb/JT caxapo3bl.
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pH°

L 654

thmax

6 T T T
0 trax 1 2 3 4

Bpewms,, MmuH Time, min

Puc. 1. Vzmenenue pH pactBopa, comepxariero 2 Mi
0,11 monp/n Nast ,» TIOCIIC BHECCHHS 50 MKJI ocazika 3puT-
POILIUTOB.

Fig. 1. Change of pH solution, containing 2 ml of 0.11 mol/l
Na,SO, after introduction of 50 pl erythrocyte sediment.

tion of pH is associated with interchange of intracellu-
lar CI" with extracellular SO,> [23].

Fig. 1 shows characteristic experimental curve of
reaching the pH stable value of erythrocyte suspen-
sion in isotonic sulfate medium (0.11 mol/I Na SO,).
The initial value of pH was ~6.70 (pH indication of
erythrocyte suspension in the medium, containing
0.15 mol/l NaCl), the final value of pH was ~6.75—
6.85.

Using the experimental parameters ¢, , pH,_ .
pH® (Fig.1) and the equations [§]

Z‘max = ln% EkZ - kl )’ and
1
/(1~k, / ;) z—k,)/(l—kz/k‘)D
A B
| 1 H

it is possible to calculate the rate constants, k, and £,
(outflux and influx of H" ions, accordingly). Whereas
the pH changes in the external medium are recorded
in the experiment the calculation of transport constants
requires to represent H" ion concentrations as the chan-
ges of their concentrations in the external media:

[H]° = [H], - [H];
[A],,,. = [H],. — [H],
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JBmxenne nonoB H* uepes meMOpany sputponu-
TOB B CYJIb()aTHOH Cpezie CONMPSIKEHO C TPAHCIIOPTOM
aanonoB Cl"u SO,* [23]. OnHoHANpaBIEHHBIH TOTOK
noHoB H' Berumcisiim nocite npeodpazoBanus Gopmy-
el [9]:

J = kd-C, (Mmmonp(3,1x10" xi-mun) ™),

rae k — KOHCTaHTa CKOPOCTH, C'; d — OTHOLICHUE
o0beMa KJIeTOYHOI BOABI (J1) K CyXOMY OCTaTKy 3pHUT-
pouuTOB, Kr; C, — KOHUEHTPAIHUs BHY TPHKJIETOYHOTO
CI" (ee 3ameniany Ha AH — n3MeHEHUE KOHIICHTPAIH
noHoB H' Bo BHemHeit cpene nmpu oomene Cl na SO,>).
KomunuaectBo 3,1%10" HOpManbHBIX KIETOK COOTBET-
CTBYET | KT CyXOT0 OCTaTKa SPUTPOITUTOB C TUIOMIAIBI0
MemOpan 4,4x107 cm? [9]. TTosTomMy dopmyna s
noToka noHoB H* umeer Bux:

J = kd'AH (mvons(xrec)™t).

CraTucTiyeckre pacueThl IPOU3BOIMIN HA OCHO-
B€ PE3yJIbTATOB, MOJYYCHHBIX Ha 3PUTPOIUTAX OT 5
JOHOPOB. JlaHHBIE MPEICTABICHBI KaK cpellHee 3Ha-
yeHue + cTaHgapTHas ommOka. st ompenencHus
CTaTUCTHYECKON OCTOBEPHOCTH PE3YJIbTATOB HUC-
MOJB30BAJIM HeTapaMeTpH4ecKuil MeTo] MaHHa-
Yutau ipu p < 0,05 [1].

Pe3yAbTathl M 00CyXXAeHHe

3aMopa)kKHBaHNE-OTOTPEB IPUTPOLIUTOB B CPEAE C
nekcTpanaMmu BeI3bIBaeT 36,7 u 40,4% remonmnza npu
ucnoib3oBanuu J[-35000 u J1-10000 cooTBETCTBEHHO
U NPUBOJUT K MOBBIIIECHUIO CKOPOCTH MOTOKOB JJIS
rnoHOB H' B HereMonu3upoBaHHBIX KIIeTKax. Bxiroue-
HUE B TaHHBIE cpesl miiepuHa wim 1,2-11/] cymect-
BEHHO CHIKAET CTENIeHb IIOBPEKIACHUS SPUTPOLIUTOB,
IIpH 3TOM MOKAa3aTeNIH MOTOKOB MOHOB H 1711 ocTaTka
KJIETOK HE3HAUUTEJIBHO OTIIMYAIOTCS OT BEJIMYMH AJIS
MHTaKTHBIX KJIETOK (Tabm. 1).

Pesynprarh! nccineqoBaHUS 0CMOTHIECKOTO TEMO-
JIM3a 3PUTPOLMTOB NpecTaBieHsl Ha puc. 2. [locne
MX 3aMOPaKUBaHUA-OTOTPEBA C AEKCTPAHAMHU OTMe-
Yal0TCS TOBBIIIEHNE OCMOTHYECKOH XPYyNKOCTH B
coneBoii cpene npu koHIeHTparuu NaCl 0,45-0,9%,
a B MHTepBaje KoHueHtpauui comu 0,09-0,4% —
MOBBIIIEHNE OCMOTHYECKOH YCTOMYHMBOCTH IPHUTPO-
LIMTOB IO CPABHEHHIO C HHTAKTHBIMH KJIETKAMH. 3aMO-
paXKMBaHUE-OTOTPEB IPUTPOIIUTOB B CPeJIe C AEKCTpa-
HaMH B codeTaHWM ¢ minnepuHoMm unu 1,2-11]] He
NPUBOJUT K 3HAYUTEIBHOMY M3MEHEHHUIO KPUBBIX
OCMOTHYECKOTO T€MOJIN3a 10 CPAaBHEHUIO C MHTAKT-
HBIMH KJleTkamu. HeGomp1roe paznuune Mexy KpH-
BBIMH OoTMeuaeTcs npu koHueHtpanuu NaCl 0,18-
0,3%.

3aMopakuBaHHE-0TOTPeB dpuTporuToB ¢ [191
BBI3BIBaET 55 m 64% remonuza mna [191-2000 u
[I9I'-1500 cooTBETCTBEHHO, a TaKXe YyBEJIWYEHUE
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where [H], [H], . [H], are the H" ion concentra-
tions in the external medium at the start of the experi-
ment, in the moment of 7 _and in the moment of maxi-
mum acidification after introduction of erythrocytes into
the medium, containing 0.3 mol/l sucrose.

Transport of H" ions through erythrocyte membrane
in sulfate medium is coupled with transport of Cl-and
SO,* anions. Unidirectional flow of H" ions was cal-
culated after transformation of the formula [9]:

J = kd-C, (mmol-(3,1x10" cells'min) ™),

where k is kinetic constant, sec™!; d is ratio between
volume of cell liquid (1) and erythrocyte dry weight, kg;
C. is concentration of intracellular CI” (it would be sub-
stituted by AH, the change of H™ ion concentration in
external medium during interchange of CI" with SO,*).

The number of normal cells 3.1x10" corresponds
to 1 kg of erythrocyte dry weight and with membrane
surface of 4.4x107 cm? [9]. Therefore the formula for
H" ion flow is:

J = kdAH (mmol(kg-sec)™).

The statistical processing was performed on the
base of results obtained in erythrocytes from 5 donors.
The data are presented as mean + standard error. Non-
parametric Mann-Whitney's method at p <0.05 was used
to determine statistical significance of the results [1].

Results and discussion

Freeze-thawing of erythrocytes in the medium with
dextrans D-35000 and D-10000 caused 36.7 and 40.4%
hemolysis, correspondingly, and resulted in increased
H" ion flow rate in non-hemolyzed cells. Introduction
of glycerol or 1,2-PD into these media significantly de-
creased erythrocyte damage level, herewith the val-
ues of H' ion flows in remaining cells differed insig-
nificantly from the values of the intact cells (Table 1).

The research results of erythrocyte osmotic hemo-
lysis are presented in Fig. 2. After freeze-thawing of
the cells with dextrans the increasing of osmotic fra-
gility in saline media with 0.45-0.9% NaCl was ob-
served, and within the range of 0.09—0.4% concentra-
tion there was found the increased erythrocyte osmotic
resistance if compared with the intact cells. Erythro-
cyte freeze-thawing in the medium with dextrans in
combination with glycerol or 1,2-PD did not result in
significant changes in osmotic hemolysis curves if com-
pared with the intact cells. A little difference among
the curves was observed at 0.18—0.3% NaCl concen-
tration.

Erythrocyte freeze-thawing with PEG-2000 and
PEG-1500 resulted in 55 and 64% hemolysis, corre-
spondingly, as well as the increasing of H" ion flow
rate in non-hemolyzed cells. Introduction into these
media of glycerol or 1,2-PD also reduced erythrocyte
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Tadnnua 1. CreneHs NOBPEXICHUS U CKOPOCTH IIOTOKa HOHOB H™ B apuTponnTax, 3aMOpOKEHHBIX-OTOTPETHIX B Cpeie
¢ nekcrpanami (koHeHTpanus 20%) B komOuHamu ¢ mmnepruHoM wiu 1,2-I1]] (korterTpanus 5%)
Table 1. Damage degree and H* ion flow rate in erythrocytes frozen-thawed in the medium with dextrans
(20% concentration) in combination with glycerol or 1,2-PD (5% concentration)

IMorok nonos H* B spurpornurax
F'eMOAM3 [IOCAE 3aMOPa’KUBAHMSI- H* ion flow in erythrocytes
CpeAbl 3aMOpakKUBaHUs oTOorpeBa U OTMbIBaHUs,%
Freezing media Hemolysis after freeze-thawing Jomxw7 me107
and washing,% MOAB/KT/C (A3 KAETKH) MOAB/KT/C (BKAETKY)
mol/kg/sec (out of cell) mol/kg/sec (into cell)
WHTaKTHbBIE KACTKH _ 543 = 0,61 400 = 052
Intact cells e e
A-35000 R B
D-35000 36,7 = 4,0 7,97 = 1,10 589= 0,83
A-35000 + raunepuH .
D-35000 + glycerol 22 £ 4.4 6,08 = 0,81 4,97 = 0,70

A-35000+ 1,2-TTA, .

D-35000+ 1.2.PD 20 =+ 4,1 595 =+ 0,74 4,84 = 0,71
A-10000 . .
D-10000 40,4 = 5,6 8,17 = 1,05 6,13 = 0,82

A-10000 + raunepun "
D-10000 + glycerol 224 = 456 6,33 =075 512 =072

A-10000 +1,2-TTA, .

D-10000 + 1,2-PD 20,5 %53 597 073 4,85 = 0,58

IIpumeuyaHue: * — CTATUCTUYECKU JOCTOBEPHO IO CPAaBHEHMIO C COOTBETCTBYIOLIMMHU IOKA3aTEJIIMU eMOJIM3a 3PUTPOLUTOB NIPH
3aMOpa)XHBaHUH B cpejie 6e3 poHuKaromiero kpuonporekropa (p< 0,05); * — craTHCTHYECKH JOCTOBEPHO MO CPABHEHHIO C HHTAKTHBIMU

kietkamu (p < 0,05).

Note: * — statistically significant if compared with appropriate indices of erythrocyte hemolysis during freezing in the medium
without penetrating cryoprotectant (p<0.05); # — statistically significant if compared with the intact cells (p < 0.05).

CKOpPOCTH NTOTOKa MOHOB H' B HEreMonm3npoBaHHBIX
KJIeTKaX. BrirroueHune B ykazaHHBIE Cpe/Ibl INTUIEPHUHA
nin 1,2-11J] Takke CHUKAET CTENeHb MOBPEXKICHUS
3PUTPOLUTOB, IIPU 3TOM CKOPOCTh MOTOKOB MOHOB H*
JUTSL OCTaTKa KJIETOK CYIIECTBEHHO HE TOBBIIIAETCS
10 CPAaBHEHUIO C MHTAKTHBIMHU KJIeTKamu (Tabi. 2).

3amMopakrBaHHE-0TOTPeB 3pUTporuToB ¢ 1191 B
KOMOMHAIIMH C MTPOHUKAIOIIMMH KPUOIIPOTEKTOPaMH
MPUBOIUT K HE3HAYUTENBbHBIM U3MEHEHUSM KPHUBBIX
OCMOTHYECKOTO T€MOJIN3a IPUTPOLIUTOB MO CpaBHE-
HUIO C UHTAaKTHBIMH KieTkamu (puc. 3). CreneHb
MOBPEKACHUSI SPUTPOLIUTOB MOCIIE 3aMOpaKUBaHMSI-
OTOrpeBa B cpefax ¢ AeKcTpaHamu (Tabn. 1) Huxe,
geM B cpenax ¢ [IOI (tabm. 2).

Takum 00Gpa3om, IPUTPOLIUTHI, 3aMOPOKEHHBIE-
OTOTPETHIE C TTOIMMEPHBIMHU HETTPOHUKAFOIIIUMHE KPHO-
MIPOTEKTOPAaMHU M OTMBITBIE H30TOHHMYECKUM PaCTBO-
pom NaCl, uMeroT HeOOBIYHBIE OCMOTHIECKHAE CBOM-
CTBa: B HUX 3HAUYUTEJIHHO TIOBBIIIAETCS CKOPOCTH MOTO-
ka noHoB H* (tabin. 1 u 2), cHMXkaeTcs ocMOTHYECKast
yCTOHYMBOCTE B ana3one konueHTpauu NaCl 0,45—
0,9%, a B unTepBane konueHtpauuu NaCl 0,09-0,4%
MTOBBIIIAETCS YCTOMUYMBOCTH 3aMOPOKEHHBIX-0TOTpe-
TBIX 3PUTPOLUTOB (puc. 2 U 3) MO CPAaBHEHUIO C
WHTaKTHBIMH KJIETKaMHU. BkiroueHne B KpHOKOHCED-
BaHT mnepuHa win 1,2-11]] ctocobcTByeT coxpane-
HUIO YIOBJIETBOPHUTEIHHBIX OCMOTHYECKUX CBOWCTB
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damage rate, and H* ion flow rate in remaining cell
was not significantly increased if compared with the
intact cells (Table 2).

Erythrocyte freeze-thawing with PEG in combina-
tion with penetrating cryoprotectants resulted in insig-
nificant changes of erythrocyte osmotic hemolysis
curves if compared with the intact cells (Fig. 3). Eryth-
rocyte damage rate after freeze-thawing in the media
with dextrans (Table 1) was lower, than in the media
with PEG (Table 2).

Thus, the erythrocytes frozen-thawed with poly-
meric non-penetrating cryoprotectants and washed with
NaCl isotonic solution have unusual osmotic proper-
ties such as: H" ion flow rate is significantly increased
in these cells (Tables 1 and 2), osmotic resistance within
the range of 0.45-0.9% NaCl concentration is reduced,
and within the range of 0.09-0.4% NaCl concentra-
tion the resistance of frozen-thawed erythrocytes is
increased if compared with the intact cells. Introduc-
tion of glycerol or 1,2-PD into cryopreservation media
contributes to preservation of adequate osmotic prop-
erties of frozen-thawed erythrocytes. This corresponds
to the increasing of frozen-thawed cell survival (Ta-
bles 1 and 2). The obtained results testify to the fact
that combination of non-penetrating cryoprotectants
with penetrating ones reveals the effective cryopro-
tective peculiarities of resulted mixture.
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Taonauna 2. CreneHb MOBPEeXKICHIS K CKOPOCTh IT0TOKa HOHOB H B 3puTponnTax, 3aMOpOKEHHBIX B CPEZIe
C TIONIMATHIICHIIIMKOISIMH (KOHIL. 20%) B KoMOnHanuu ¢ nmneprHoM mim 1,2-T11 (konu. 5%)
Table 2. Damage degree and H* ion flow rate in erythrocytes frozen in the medium with polyethylene glycols
(20% concentration) in combination with glycerol or 1,2-PD (5% concentration)

IMoTok nonoB H* B spuTporurax
'eMOAM3 [IOCAE 3aMOPaKMBAHUSI- H* ion flow in erythrocytes
Cpeapl 3aMOpa’kuBaHUS oTorpeBa U OTMBIBAHUSA, %
Freezing media Hemolysis after freeze-thawing Jnmx107 me107
and washing,% MOAB/KT/C (M3 KAETKH) MOAB/KT/C (BKAETKY)
mol/kg/sec (out of cell) mol/kg/sec (into cell)
WHTaKTHBIC KACTKU _ 543 = 0,61 4,00 = 0,52
Intact cells
[19T-2000
PEG-2000 550 =+ 4,7 8,06 = 1,14* 6,07 = 0,85%
T19I-2000 + raunepuH .
PEG-2000 + glycerol 280 =53 6,20 = 0,83 501 0,70
[19T-2000 + 1,2-TTA .
PEG-2000 + 12-PD 29,3 = 4,2 6,03 = 0,81 4,90 = 0,63
T19T-1500
PEG-1500 640 =30 8,22 % 0,98% 6,23 = 0,88%
T19T-1500 + raurepun .
PEG-1500 + glycerol 428 =46 6,60 = 0,82 515 * 0,68
I19T-1500 +1,2-TTA .
PEG-1500 + 1,2-PD 404 =52 6,14 = 0,80 511 = 0,71

IIpumeyaHue: * — CTATUCTUYECKU JOCTOBEPHO IO CPAaBHEHMIO C COOTBETCTBYIOLIMMHU IOKA3aTEJIIMU IeMOJIM3a 3PUTPOLUTOB MIPH
3aMOpa)XHUBaHUH B cpejie 6e3 poHuKaromiero kpuonporekropa (p< 0,05); * — craTHCTHYECKH JOCTOBEPHO MO CPABHEHHIO C HHTAKTHBIMU

kietkami (p < 0,05).

Note: * — statistically significant if compared with appropriate indices of erythrocyte hemolysis during freezing in the medium
without penetrating cryoprotectant (p<0.05); # — statistically significant if compared with the intact cells (p < 0.05).

3aMOPOKEHHBIX IPUTPOLUTOB. ITO COOTHOCUTCS C I10-
BBIIIEHUEM COXPAaHHOCTH 3aMOPOKEHHBIX KIIETOK
(tabn. 1 u 2). [lomyueHHble pe3ysbTaThl CBUACTEIb-
CTBYIOT, YTO IIPY COYETAHUU HEMTPOHUKAIOIIUX KPHUO-
MPOTEKTOPOB C MPOHHUKAIOUIMMH HPOSBISETC 3-
(heKTUBHOE KPUOIPOTEKTOPHOE CBOHCTBO KOMOMHHPO-
BaHHOTO COCTaBa.

W3BecTHO, 4TO BHECEHUE IPUTPOLIUTOB B CYIb(ar-
HYIO cpeay BbI3BIBAET BhIXOA MOHOB H' ¢ mocnenyto-
ITAM UX BXOZIOM B KJIETKy. Berxon monoB H™ mponcxo-
JIUT BCIIENICTBHE (DYHKITMOHUPOBAHMS MUKIa SIKoOca-
Crroapra, TOT/Ia KaK WX BXOJl CBA3aH C TPAHCIIOPTOM
cynbara B 0OMeH Ha xjopun [23].

Pabora ykasaHHOTO IMKJIA 3aBHCUT OT COIJIAco-
BanHoro gpynkunonuposanus CI7/HCO,-oOMennuka n
(depmenTa KapOOaHTHIPA3bl, KOTOPBIH MOXKET HAXO-
JUTHCS B CBA3aHHOM COCTOSIHUH C LIUTOIIIa3MaTHieC-
KUM (hparMeHTOM aHHOHHOTO oOMeHHHMKa [25]. Cre-
MIeHb ¥ XapaKTep acColanui 0OMEHHUKA ¢ KapOoaH-
TUIPa30il MOTYT OMpPEAeisiTh COTJTaCOBAHHOCTD U
ckopocTh obmena nmonos H*, ClI" u SO,> mexnay
KJIETKOH U cpenoit [25]. MOXKHO MPEAON0XKUTE, 9TO
3aMOpa’kKMBaHNE SPUTPOLIUTOB B CPEAAX C MTOJIMEpa-
MU TIPUBOJIUT K HAPYUICHUIO CTPYKTYPhl MEMOpaHHI,
KOTOPOE BKJIIOYAET U3MEHEHHE B3aUMHOM JIOKaIu3a-
LMY KOMIIOHEHTOB IMKna Sko6ca-Crioapra ¢ mocie-
nyroniel aktuBanueit Tpancnopra nonos H'. Oxnaxo,
BEPOSITHEE BCETO, ITOBBIIIEHNE CKOPOCTH TOTOKA HOHOB
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It is known that erythrocyte introduction into sulfate
medium induces H" ion outflux and their following in-
flux into the cell. Outflux of H" ion occurs due to func-
tioning of Jacobs-Stewart cycle whereas their influx is
associated with sulfate transport during interchange
with chloride [23].

The functioning of the mentioned above cycle de-
pends on coupled action of CI7HCO,-exchanger and
carbonic anhydrase enzyme, which could be bound with
cytoplasmic fragment of anion exchanger [25]. The
degree and character of bounding of exchanger with
carbonic anhydrase could determine a coupling and rate
of H", CI' and SO,* ion exchange between cell and
medium [25]. It may be suggested that erythrocyte
freeze-thawing in the media with polymers results in
damage of membrane structures, including the change
of mutual localization of Jacobs-Stewart cycle compo-
nents with the following activation of H" ion transport.
However, most likely the increasing of H" ion flow rate
in frozen-thawed erythrocytes is associated with the
impaired barrier function of membranes, this increase
is less significant if cryopreservation medium addition-
ally contains glycerol or 1,2-PD (Table 1 and 2).

A higher osmotic resistance of frozen-thawed eryth-
rocytes if compared with the intact cells within the range
of hypotonic concentrations of NaCl was found after
freeze-thawing in the medium with trehalose or dex-
tran [20], but not with glycerol [20, 29]. It denotes that
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Puc. 2. OcMOTHYECKHH TeMOIIHM3 YPUTPOLUTOB, 3aMOPOKEHHBIX B Cpelie, copepkameii: a—20% J1-35000 (A, O, H) + 5%

runepuHa (A) win 5% 1,2-I171 (O); 6 —20% J1-10000 (A, O, M) + 5% rumepuna (A) win 5% 1,2-11]1 (O); @

KJICTKH.

—HWHTAaKTHBIC

Fig. 2. Osmotic hemolysis of erythrocytes frozen in the medium, containing: a—20% D-35000 (A, O, H) + 5% glycerol (A)
or 5% 1,2-PD (2); b—20% D-10000 (A, O, l) + 5% glycerol (&) or 5% 1,2-PD (2); @ — intact cells.

H* B 3aMOpOXEHHBIX-OTOTPETHIX IPUTPOLUTAX CBSI-
3aHO C HapylIeHHueM O0apbepHOi GyHKIINH MEMOpPaH,
YPOBEHB €r0 MOBBIIICHUS YMEHBIIIAETCS, ECIIA KPUO-
KOHCEPBAHT JAOMOIHUTEIBEHO BKITIOYAET IHALIEPHUH WITH
1,2-I11 (tabn. 1 u 2).

Bonpmas ocMoTHueckass yCTOHYHMBOCTh 3aMOPO-
KEHHBIX-OTOTPETHIX 3PUTPOIUTOB, 10 CPABHEHHIO C
WHTaKTHBIMH KJIETKaMH, B MHTEpBaJie THIIOTOHUYEC-
kux koHueHTpanuii NaCl BeIsSIBIE€Ha TPH 3aMOPaKHUBa-
HUU-OTOTPEBE B CPENiE C TPETajJo30U MU JEKCTpa-
HoM [20], Ho He ¢ muepuHoM [20, 29]. DT0 yKa3biBaeT
HAa TO, YTO MOJIy4YeHHBIH 3 (eKT BHIABIAETCSA TOIBKO
Iocjie 3aMOpPaXMBaHUS-OTOTPEBA IPUTPOLIUTOB B
cpelax ¢ HEMPOHMKAIOIIMMH KPUONPOTEKTOPAMH H,
BO3MOJKHO, CBSI3aH C HapacTaHHWEM TIpagueHTa KOH-
LEHTPANA HETPOHHUKAIOMINX KPUOMPOTEKTOPOB Ha
MeMOpaHax KJIETOK MPH 3aMOPaKMBaHUU-OTOTPEBE.
OPUTPOLHTHI, 3aMOPOKEHHBIE-OTOTPETHIE B CPENIE C
HETMPOHUKAIOIINMHI U TPOHUKAIOIIIMMHU KPUOTIPOTEKTO-
paMHu 0 CPaBHEHHUIO CO CPEJIOH, COIEpIKAILIEH TOJIBKO
HEMPOHUKAIOIINH KPHOIPOTEKTOP, IT0 OCMOTHYECKON
XPYIKOCTH OoJiee MoJ0OHBI HHTAKTHBIM 3PUTPOLUTAM
(puc. 2 u 3). UccnenoBanrne 0CMOTHYECKOTO TeMOJIH3a
[TOKa3bIBAET, YTO BKJIIOUEHHE B CPEBI C TOTUMEPAMHU
MPOHUKAIOIUX KPHOMPOTEKTOPOB MPENyIPEKIAET
3HAYUTENbHBIE U3MEHEHUSI OCMOTHYECKUX CBOMCTB
3aMOPOKEHHBIX-OTOTPETHIX SPUTPOLIUTOB.

CormnacHo JaHHBIM JUTEpPaTypsl [22] IIUIEpUH B
KOHIeHTpaImu 5% 3QQeKTHBEeH NPU 3aMOPaKUBAHUH
sputpounToB 10 —30°C, ogHAKO IPH 3aMOPAKHUBAHUN
10 —130°C ero kpronpoTeKTOpHasi aKTUBHOCTH PE3KO
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the obtained effect is revealed only after freeze-thaw-
ing of erythrocytes in the media with non-penetrating
cryoprotectants and is likely associated with increase
in concentration gradient of non-penetrating cryoprotec-
tants on cell membranes during freezing. The osmotic
fragility of the erythrocytes frozen-thawed in the me-
dium with non-penetrating and penetrating cryopro-
tectants is more similar to the intact erythrocytes if
compared with the cells frozen-thawed in the medium
containing only non-penetrating cryoprotectant (Fig. 2
and 3). The studying of osmotic hemolysis showed,
that introduction of penetrating cryoprotectants into the
media with polymeric cryoprotectants prevented sig-
nificant changes in osmotic properties of frozen-thawed
erythrocytes.

According to Rapatz and Luyet [22] 5% glycerol
concetration is effective when freezing erythrocytes
down to —30°C, however, when freezing the cells down
to —130°C its cryoprotective activity sharply reduces.
Glucose and sucrose are effective when freezing eryth-
rocytes down to —40...—130°C. Herewith the protec-
tive activity of polyvinylpyrrolidone (PVP) is between
the ones of penetrating cryoprotectants and sugars [22].
Such penetrating cryoprotectants as glycerol protect
cells during slow freezing [ 18] and non-penetrating ones
act during rapid freezing [12]. Probably the combina-
tion of glycerol with glucose, sucrose and polymers
like PVP in cryopreservation medium represents a suf-
ficient cryoprotective effect. This suggestion conforms
with the obtained results on a degree of damage, H*
ion flow rate and osmotic hemolysis of erythrocytes
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Fig. 3. Osmotic hemolysis of erythrocytes frozen in the medium, containing: a—20% PEG-2000 (A, O, M) + 5% glycerol
(A)or 5% 1,2-PD (2); b—20% PEG-1500 (A, O, M) + 5% glycerol (&) or 5% 1,2-PD (2); 4 — intact cells.

cHKaetcs. [oko3a u caxapo3a 3QQeKTUBHBI MIpH
3aMOpa)kHBaHUH PUTPOIUTOB 10 TeMiepaTypsl —40...
—130°C. [Ipu sTom nommBuHMIIIppoHAoH (IIBIT) mo
3aIIUTHONH aKTUBHOCTH 3aHHUMAET MPOMEKYTOUHOE
[I0JIOKEHNE MEXKTy MPOHUKAIOMUMHU KPHOIIPOTEKTO-
pamu u caxapami [22]. Takue NpoHUKAIOINE KPUO-
MIPOTEKTOPBI, KaK MIULEPUH, 3aIUIIAI0T KIETKH IpU
MEAJIEHHOM oxJIaXKaeHuH [ 18], HelpoHUKaroImye — npu
osicTpoM [12]. BoaMoxkHO, coueTaHue B KpUOKOHCEP-
BaHTE NIMLEPHUHA C TIIIOKO30H, caxapo30i 1 MOoIuMe-
pamu, nogo6usME [1BI1, naet xopomuii Kpro3anuT-
HBIA 3 deKT. DTO MPEANONOKEHNE COTIacCyeTcs C
[TOJTyYEHHBIMH PE3YJIbTaTaMi OTHOCHUTEIHHO CTETIEHN
MOBPEXKJICHMS], CKOPOCTH IToTOKa HOHOB H' 1 ocMoTH-
YECKOTO TeMOJIN3a 3PUTPOIUTOB, 3aMOPOKEHHBIX B
cpeze, coaepiKaieil caxaposy, HOIUMEp U IPOHUKAIO-
i kpuornpotekTop (rmmuepud iy 1,2-111) (Tabm. 1
u 2; puc. 2 u 3). Coueranue B KpHOKOHCEPBAHTE TJIU-
uepuna uin 1,2-11]] ¢ caxapo3zoii ycrpanset 3¢dexr
“yIakoBKH’, BEPOATHO, 3@ CUET OcTIalIeH s TOCTTH-
MEPTOHUYECKOTO CTPecca SPUTPOLIUTOB B X0A€ OBICT-
poro 3aMopaxxuBaHUA-0TOrpeBa [7]. Yerpanenue a¢-
(hexTa “ymakoBKH COMPOBOXKIAETCS COXpaHEHHUEM
OCMOTHYECKON XPYNKOCTH 3aMOPOKEHHBIX-0TOTpe-
TBIX PUTPOIUTOB KaK MPH IMOBHIIIIEHUH KOHIICHTPALN
mIuIepuHa B cpene 3amopakuBanus (oT 20 mo 40%),
TaK ¥ IPH BKITFOYEHUH B KPHOKOHCEPBAHT C IIUIIEPHHOM
(20%) memOpanoTponHbIX peareHTOB [29]. [lomyden-
HBIE€ PE3YNbTAThl 110 COXPAHEHUIO OCMOTHYECKUX
CBOMCTB 3pUTPOLUTOB, 3aMOPOKEHHBIX-OTOTPETHIX B
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frozen-thawed in the medium containing sucrose, poly-
meric substance and penetrating cryoprotectant (glyc-
erol or 1,2-PD) (Tables 1 and 2; Fig. 2 and 3). The
combination of glycerol or 1,2-PD with sucrose in
cryopreservation medium eliminates the "packing" ef-
fect probably due to the weakening of post-hypertonic
stress action in erythrocytes during rapid freeze-thaw-
ing [7]. Elimination of "packing" effect is accompanied
by preservation of osmotic fragility in frozen-thawed
erythrocytes both when increasing glycerol concen-
tration in the freezing medium (from 20 to 40%) and
when introduce membrane trophic reagents [29] into
cryopreservation medium with glycerol (20%). The
obtained results about preservation of osmotic proper-
ties of erythrocytes frozen-thawed in combined media
containing sucrose, polymeric substance (dextran or
PEG) and penetrating cryoprotectant (glycerol or 1,2-
PD) (Table 1 and 2; Fig. 2 and 3) conform with the
observations of Wagner et al. [29] and confirm the
suggestion that elimination of "packing" effectis trig-
gered by the weakening of post-hypertonic stress ac-
tion in cells during freeze-thawing.

The combining of hydroxyethyl starch (HES) with
DMSO in cryopreservation medium provides the pres-
ervation of functional indices during freeze-thawing of
stem cells from peripheral blood [11], bone marrow
cells [16,26,27], granulocytes [ 14], lymphocytes [24],
hemopoietic cells of cord blood [15] and human pan-
creas cells [17]. The application of such a combined
cryopreservative simplifies the freezing procedure [ 15—
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KOMOWHHUPOBAaHHBIX CpPENax, COAEPIKAILINX caxaposy,
nonumep (aexctpad wiu 11917) u mpoHuKarommi
kpuornpotektop (runepud win 1,2-I1/1) (tabn. 1 u 2;
puc. 2 u 3), cornacytorcs ¢ nanasivu Wagner C.T. u
COaBT. [29] 1 MOATBEPKIAIOT MPEATIOIOKEHUE, UTO
yctpanenue 3pdexra “ynakoBKH ompenensieTcs
ocnabneHueM MOCTTUIIEPTOHUYECKOTO CTpecca Kiie-
TOK B MPOIIECCE 3aMOPAKUBAHUA-OTOTPEBA.

Coueranne rUAPOKCUITUINPOBAHHOTO Kpaxmasa
(I'9K) ¢ AMCO B KpHuOKOHCEpPBaHTE 00OCCIICUNBACT
coxpaHeHHe (YHKIIMOHAIBHBIX MMOKa3aTeleld Mpu
3aMOPaXMBAaHHUHU CTBOJIOBBIX KIIETOK MepH(epruIecKoit
kpoBHu [11], kierok kocTtHOTO MO3ra [16, 26, 27],
rpanynonuToB [ 14], iumdormToB [24], reMorosTHYeC-
KHX KJIETOK KOPIOBOH KpoBH [15] 1 K1€eTOK MoIKemy-
JIOYHOM >kene3bl yenoseka [17]. [Ipumenenue qaHHoro
KOMOMHHPOBaHHOI'O KPUOKOHCEPBAHTA YIPOILAET
npoueaypy 3aMmopaxusanus [15-17, 26, 27]. Bepost-
HO, 3TO CBSI3aHO C T€M, YTO HCIIOJIb30BaHNE KOMOWHA-
uuu I'OK u JIMCO no3BosnsieT n30exarh 3HAYUTEIb-
HOTO TMEPEOXIAKICHHS KIETOUYHBIX 00pa3IoB MpH
3amopaxuBanuu [16, 27]. JlanHble nTUTEpaTypHI
CBUJICTENLCTBYIOT O TOM, YTO 3aliuTHas d(PPEeKTHB-
HOCTH Pa3UYHBIX KPHOMPOTEKTOPOB MPOSBISAETCS B
Pa3HBIX MHTEpPBajax OTPUIATENBHBIX TEMIIEPATyp H
MIpU Pa3IUYHBIX CKOPOCTSIX OXJaKaeHHs. MOKHO
MPEaINoNI0XKUTh, YTO B KOMOMHHPOBAHHOHU cpexe
KaXIblii KpUOTIPOTEKTOP OyIET MPOSBIATH 3alIUTHOE
CBOMCTBO IpH “‘CBOUX” HU3KOTEMIIEPATYPHBIX YCIIO-
BUSIX, HO B UTOT€ KOMOMHUPOBAaHHBIH KPHOKOHCEPBAHT
Oyner obecrieunBarTh aJANTUBHYIO KPUOIPOTEKTOP-
Hy10 3 dexTnBHOCTL. KpoMe Toro, kOMOMHUPOBaHHKIC
KPHOKOHCEPBAHTHI 0CIA0JSIIOT HOCTTHIIEPTOHNYECKHUiA
CTpecc MpH pa3MOPAKUBAHUH, YTO 00ECTICUUBACT CO-
XpaHEHHNE yIOBIETBOPHUTEIBHBIX OCMOTHYECKUX
CBOMCTB KIJIETOK.

Takum 00pazoM, SPUTPOITUTEL, OTMBITHIE H30TOHU-
yeckuM pactBopoM NaCl mocie 3amopakuBaHHs-
oTOTpeBa B cpere ¢ mekcrpanamu wiu 1101, nmerot
3HAYUTENLHYIO CTENICHb MIOBPEXKICHUS, 4 B OCTaBIIINX-
Csl KJIETKaX HaONIOJAIOTCS CYIIECTBEHHBIC M3MEHeE-
HUSI OCMOTHYECKHUX CBOMCTB. CoueTaHne B KPUOKOH-
cepBaHTe AekcTpaHoB win [13I° ¢ HeBbICOKUMU KOH-
neHTpanusamu rmnepuna wim 1,2-I1]1 obecniednBaer
KPHO3aIIUTHBIN 3P PeKT KOMOMHUPOBAHHOTO COCTABA,
KOTOPBIN TPOTHUBOACHUCTBYET HOBPEXKAOIINM (PaKTo-
pam Ipu 3aMOpaXKMBAaHUH-OTOTPEBE U COXPAHSIET OC-
MOTHYECKHE CBOMCTBA IPUTPOLIUTOB MOCIE X OTMBI-
BaHHUA OT KPUOKOHCEPBAHTA.

BbiBOADI

B sputponurax, 3aMOpPOKEHHBIX-OTOT'PETHIX C
JIEKCTPAHOM WITH TTOJIUATUIICHIIIMKOIEM, HaOITIOIAr0TCsI
YBEJIMYEHUE CKOPOCTHU MOTOKa HOHOB H' 1o cpaBHEHUIO
C UHTAKTHBIMU KJIETKAMH U MOBBIIIEHUE OCMOTUYEC-
KOM XpYyIKOCTH B cpenie ¢ konneHTpanuei NaCl 0,45—
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17,26, 27]. Most likely this is due to avoidance of sig-
nificant supercooling in cells during freezing provided
by the application of HES and DMSO combination [16,
27]. All these data testify that protection efficiency of
various cryoprotectants is manifested within different
ranges of negative temperatures and under different
cooling rates. It may be suggested that each cryopro-
tectant as a part of combined medium would manifest
a protective property under its "own" low temperature
conditions and eventually the combined cryopreser-
vation medium will provide an additive cryoprotection
efficiency. Moreover the combined cryopreservatives
reduce post-hypertonic stress during freeze-thawing
providing the preservation of sufficient osmotic prop-
erties of cells.

Thus, the erythrocytes washed with NaCl isotonic
solution after freeze-thawing in the medium with
dextrans or PEG have a high damage rate and the re-
maining cells manifest significant changes in osmotic
properties. The combining of dextrans or PEG with
low concentrations of glycerol or 1,2-PD in cryopreser-
vation medium provides effective cryoprotective prop-
erties of combined composition preventing damaging
during freeze-thawing and preserving sufficient osmotic
indices of erythrocytes after removing the cryopre-
servative.

Conclusions

In erythrocytes frozen-thawed with dextran or poly-
ethylene glycol the increasing of H" ion flow rate if
compared with the intact cells and the raising of osmo-
tic fragility in the medium with 0.45-0.9% NaCl are
revealed. Addition of glycerol or 1,2-PD into cryopre-
servation medium results in preservation of osmotic
properties of frozen-thawed cells.
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