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Cryoprotective Efficiency of Medium Combining Non-Penetrating
and Penetrating Cryoprotectants When Freezing
Erythrocyte Suspensions of Various Volumes

PecpepaT: ViccrnegoBanu ocMOTUYECKME CBOMCTBA 3PUTPOLUTOB, 3aMOPOXKEHHbLIX B BUAE CYCMEH3WIN pasnnyHbiX 06bEMOB B
KOMBUHMpPOBaHHOW cpeae ¢ aekctpaHoM (15%) n OMCO (5%). YcTtaHOBNEHO, YTO yBenuyeHne obbema 3amopaxnBaemblx 06pa3uoB
1N YMEHbLUEHME CKOPOCTU 3aMOPaXXMBAHUS U OTOrpeBa He NPUBOAST K 3HAYUTENIbHOMY POCTY MOToka MOHOB H* 1 noTepe GapbepHoi
dYyHKUMM MeMbpaH Ana rnyTaTuoHa B KreTkax, OTMbITbIX OT KPpMOKOHCepBaHTa. [NonyyYyeHHble pe3ynbraTbl MO3BONSAT MNpea-
NONOXWTb, YTO 3aMOpPaXMBaHWE B KOMOWHMPOBAHHOW cpefe, HE3aBMCUMO OT CKOPOCTU OXIaxaeHusl, obecrneynBaeT onTUMarnbHYyH
aervagpartauuio KneTok. OTO onpefensieTcs Tem, YTO BKIOYEHWE B KPUOKOHCEpPBaHT ¢ AekcTpaHoMm OMCO u noctynneHve ero B
KNeTKU yMeHbllaeT CTeneHb AerungpaTtauun u runepTOHUYECKOro cTpecca, KoTopble 0ByCrnoBneHbl KOHLEHTPUPOBAHNEM He-
NPOHMKaLWMNX KOMMNOHEHTOB cpedbl Npu 3aMopaxuBaHun. OcnabrneHne rMnepToOHUYECKOro CTpecca SIBMSIeTCA YCIOBUEM
YCTONYMBOCTU MeMOpaH 3pUTPOLMTOB K MOCTIMMEPTOHUYECKOMY CTPEeccy Mpu pasMopaxuBaHuuM U obecrneymBaeT coOXpaHeHue
OCMOTUYECKUX CBOMNCTB KIETOK, OTMbITbIX OT KPMOKOHCEpBaHTa.

KnioueBble crioBa: KOMOVHMPOBAHHbLIE KPUOKOHCEPBAHTLI, AEKCTPaH, AUMETUNCYNbMOoKCU, apuTPOLUTLI, OCMOTUYECKUE
cBoWcTBa, 6apbepHble cBonMcTBa MeMbpaH, rmyTaTUoH, cynbdgar.

PedrepaT: JocnigxyBanu oCMOTUYHI BNAacTUBOCTI €PUTPOLUTIB, 3aMOPOXEHUX Yy BUIMSAI CycrneHsin pisHux ob'emis y
KoMbiHoBaHOMy cepepoBuLli i3 aekctpaHoM (15%) i AMCO (5%). BctaHoBneHo, wo 36inblweHHs 06'eMy 3amMOpOXeHUX 3paskiB i
3MEHLUEHHS LIBMAKOCTI 3aMOPOXYBaHHS Ta BidirpiBy He Npu3BOAATb A0 3HAYHOrO 3pOCTaHHS MOTOKY ioHiB H* i BTpatu 6ap’epHoi
yHKUiT MemMBpaH Ans rnyTaTioHy y KniTuHax, BiAMUTUX BiO KpiokoHcepBaHTa. OTpuMMaHi pesynstati 4O3BOMSOTb NPUMNYCTUTK, LIO
3aMOpOXyBaHHS Y KOMBIHOBaHOMY CepefioBULLI, He3anexHo Bi4 LUBMAKOCTI OXONMOOXEHHs, 3abe3nedye onTumarnbHy AerigpaTadiio
KNiTWH. Lle BU3HAYaeTbCs TUM, LLO BKMKOYEHHS Y KpiokoHcepBaHT 3 gekctpaHoMm OMCO i HagxoOXeHHs MOoro B KriTUHW Npu3BOaUTb
[0 3MEHLUEHHNA CTyneHs Aerigparauii Ta rinepToHiYHOro cTpecy, siki 06yMOBMEHi KOHLEHTPYBAHHSAM HEMPOHWKaKYNX KOMMOHEHTIB
cepefoBuLia Npu 3aMopoXxyBaHHi. OcnabneHHs rinepToHIYHOro CTpecy € yMOBOK CTiKOCTi MeMbpaH epuTpouuMTiB 4O MOCT-
rinepTOHIYHOrO CTPECy NpY PO3MOPOXyBaHHI Ta 3abe3nedye 36epexeHHss OCMOTUYHUX BNACTUBOCTEN KMiTWH, BiAMUTUX Bif KPIOKOH-
cepBaHTa.

KnrwoyoBi cnoBa: KomMbGiHOBaHi KpiOKOHCEpPBAHTW, AEKCTPaH, AUMETUNCYNbgOKCU, epUTPOLMUTU, OCMOTUYHI BNaCTMBOCTI,
Gap’epHi BnacTMBoCTi MembpaH, rnyTaTioH, cynbdart.

Abstract: Osmotic properties of erythrocytes, frozen in suspesions with different volumes in combined medium with 15%
dextran and 5% DMSO were studied. It was established that the increasing of sample volume subjected to freezing and reduction of
freezing and thawing rate did not result in a significant rise of H* ion flow and loss of membrane barrier function in respect of
glutathione in cells washed free of cryopreservative. The obtained results allowed to suggest that freezing in combined medium
independent on cooling rate provided optimal dehydration of cells. It was determined that inclusion of DMSO into a cryopreservative
based on dextran and its penetration into cells decreased dehydration and hypertonic stress rate, stipulated by concentrating of non-
penetrating components of medium during freezing. Lowering of hypertonic stress was a pre-condition of erythrocyte membrane
resistance to post-hypertonic stress during freeze-thawing and contributed to preservation of osmotic properties of cells washed
free of cryopreservative.

Key words: combined cryopreservatives, dextran, dimethyl sulfoxide, erythrocytes, osmotic properties, membrane barrier
properties, glutathione, sulfate.
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KomOuHMpOBaHHBIE KPHOKOHCEPBAHTHI C HEMPOHU-
KaIOMUMH M MPOHUKAIOIMINMHU KPHOMPOTEKTOPAMHU
HCTOJNB3YIOTCS NPU 3aMOPaKUBAHUU PA3IUYHBIX
knetok [11, 15, 16, 18, 22, 24, 28]. [1oka3ana 3¢ dek-
TUBHOCTB CPEJbl, COAEepKALIeH AUMETHIICYIb(OKCU
(AMCO) u ruppokcusTrimpoBanHsbiii kpaxmai ([19K),
[IPH 3aMOPaKMBAaHUH CTBOJIOBBIX KJIETOK Nepudepu-
yeckoit kpoBH [11, 22, 24], HehpakIMOHUPOBAHHBIX
KJIETOK KOCTHOTO MO3Ta [25, 26], TeMOMOATHIECKUX
KJIETOK KOPJTIOBOU KPOBH [ 16], KIIETOK IMOMKEITYJOTHOH
Kene3bl genoBeka [ 18]. Kpome Toro, orMedeHa Kpuo-
3ammuTHAs 2P HEKTUBHOCTH CPEJI, COAEPKANTUX TIOJTH-
stuneHrukois (I1191-1500) wan mommBUHMIIIHID-
ponumoH (I1BIT) B komOuHaIuu ¢ 1,2-1pormaninoiom
(1,2-I11), npu 3aMOpaKMBaHUHU SPUTPOLIUTOB [2, 3].

[Ipu n3ydeHnn COXpaHHOCTH HPUTPOLUTOB MOCIIE
3aMOpaXKMBaHUSI-0TOTrPEBa B KOMOMHUPOBAHHBIX Cpe-
nax ¢ pasnuuHeiMu noauMepamu (I190°-1500, I1BIT)
Y IPOHUKAIOLINM KpuompoTekropoM 1,2-11]1 yctanoB-
JIEHO, YTO TaKO€ COYETAaHUE IMO3BOJSIET CHU3UTH
koHueHTpanuio 1,2-11/1 v moIy4InTh BEICOKYIO COXpaH-
HOCTH Pa3MOPOKEHHBIX IPUTPOLIUTOB B PECYCIIEHIH-
pyrolei cpesie B Te4eHre 3-X CyTOK MOCJe OTMBIBA-
Hus [2, 3].

Hccnenoranue 3¢(heKTHBHOCTH TPAHCIIAHTALIUN
reMomnodThdeckux cTBoJoBEIX KieTok (I'CK) mocne
3aMopaxxuBaHus B cpeze, conepxkaniert JIMCO (10%)
i JIMCO (5%) + I'OK (6%), nmokazaino, uro Ha 10-¢
CYTKH B KPOBH PELUIIMEHTOB, KOTOPHIM BBOAMIIH
KJIETKH, 3aMOPOXECHHBIE-OTOI'PEThIe B KOMOMHUPO-
BaHHOM KPHOKOHCEPBAHTE, COJepKaHUE OCITBIX KIIETOK
cocrapisuio 1%10° knerox/n. Takoe e comepikaHue
KJIETOK OTMEUEHO Ha 11-e CyTKH y perunrueHToB, KOTo-
pbim BBOamH I'CK, 3aMopoXeHHBIE-OTOTPETHIE B
cpene ¢ IMCO. Konnientpariust HeHTpo(UIIOB B KPOBH
yBemuuuBanacek 10 (0,5-1)%10° kireTok/im OBICTpeE y
perunuenToB, kotopeiM BBoguH ['CK, 3amopoxken-
HEBIC-OTOTPETHIE B KOMOMHUPOBAHHOU cpene [24].

3amMopakrBaHHE KIJIETOK KOCTHOTO MO3ra B KOM-
ounupoBanHoi cpeae JAMCO (5%) + I'OK (5%)
COIPOBOKIAJIOCH YMEHBIIIEHHEM CTEIIEHH MTEPEOXIIaK-
JeHUs KJIIETOYHBIX 00pa3loB M0 CPaBHEHUIO CO Cpe-
noi, conepaxkarnieit Tonpko JIMCO (10%) [17]. Kpome
toro, npu couetannu AMCO u I'OK oka3anocs Bo3-
MOKHBIM HEKOHTposupyemoe (0e3 MCIOoNb30BaHus
MIPOrPaMMHOTO 3aMOPAXUBATENs1) OXJTaKICHHE TPU
3aMOpPAXHUBAHUN T€MOTIOITHUECKHX KIETOK KOPIOBOH
KpoBH [ 16], CTBOJIOBBIX KJIETOK TIeprGepUIeCcKOi KPOBH
[11], xmeTok mopkemynoaHoM skene3sl [ 18], Hedpak-
[IMOHUPOBAHHBIX KJIETOK KOCTHOTO Mo3ra [25, 26].

Taxum oOpa3om, mpuMeHeHHEe KOMOMHUPOBAHHOM
cpeast IMCO + I'OK a¢dexTuBHO pH 3aMOpaKu-
BaHHWH DPA3JIMYHBIX KJIETOK MO3BOJIAET MCKIIOUYHUTD
[IPOrpaMMHOE 3aMOPa)KMBAaHNE U B HEKOTOPBIX CITy-
YasiX YJIy4dInTh (GyHKIUMOHAIbHBIE NIOKa3aTeNu pas-
MOPOXEHHBIX KJIeTOK. He uckimoueno, 4To nogooHoi
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Combined cryopreservatives with non-penetrating
and penetrating cryoprotectants are used when freezing
various cells [11, 15, 16, 18, 22, 24, 28]. There was
shown the efficiency of medium, containing dimethyl
sulfoxide (DMSO) and hydroxyethyl starch (HES)
when freezing stem cells from peripheral blood [11,
22, 24], non-fractionated cells of bone marrow [25,
26], hemopoietic cells of cord blood [16] and human
pancreas cells [18]. In addition when freezing erythro-
cytes [2, 3] there was found a cryoprotective efficiency
of the media containing either polyethylene glycol
(PEG-1500) or polyvinyl pyrrolidone (PVP) combined
with 1,2-propanediol (1,2-PD) [2, 3].

Assessing the erythrocyte survival after freeze-
thawing in combined media with different polymers
(PEG-1500, PVP) and penetrating cryoprotectant 1,2-
PD it was established that this combination enabled to
reduce concentration of 1,2-PD and obtain a high sur-
vival of frozen-thawed erythrocytes in re-suspending
medium during 3 days after washing [2, 3].

Transplantation of hemopoietic stem cells (HSCs)
frozen-thawed in the medium, containing either DMSO
(10%) or DMSO (5%) + HES (6%) resulted in rising
the content of white blood cells up to 1x10° cells/I in
blood of recipients to the 10" day after transfusion of
the cells, frozen-thawed in a combined cryopreser-
vative. The same content of cells was found to the
11™ day in the recipients underwent transfusion with
HES frozen-thawed in the medium with DMSO.
Concentration of neutrophils in blood was increased
up to (0.5-1)x10° cells/l earlier in the patients
underwent transfusion with HES frozen-thawed in a
combined medium [24].

Freezing of bone marrow cells in combined medium
of 5% DMSO + 5% HES was accompanied with lower
supercooling rate if compared with the medium, con-
taining only 10% DMSO [17]. In addition, combination
of DMSO and HES allowed to perform uncontrolled
(without using of a programmable freezer) cooling for
freezing hemopoietic cells from cord blood [16], stem
cells of peripheral blood [11], pancreatic cells [ 18], non-
fractionated cells of bone marrow [25, 26].

Thus, application of DMSO + HES combined
medium was effective for freezing different cells and
enabled to exclude programmed freezing and in some
cases improved functional indices of frozen-thawed
cells. It can not be excluded that the combined cryo-
preservatives based on other non-penetrating and
penetrating cryoprotectants possess the same effi-
ciency independently on used cooling regimens. The
increasing of volume of frozen cell suspensions could
result in reduction of cooling rate, therefore it is
nesessary to assess the effect of cooling regimens if
different volumes of samples are used.

Sulfate transport into erythrocytes when using
sulfate medium is coupled with transport of H" ions
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3 heKTUBHOCTHIO 001aal0T KOMOUHUPOBAHHBIC
KPHUOKOHCEPBAHTHI, BKIIIOYAIOIINE APyTrie HETPOHH-
KAaroIlKe U MPOHUKAIOILIUE KPHOIIPOTEKTOPHI, HE3ABH-
CHMO OT HCHOJIb3YEMBIX PEXUMOB OXJIaXKICHUS.
VYBennueHne o0beMa 3aMOPAKUBAEMBIX KIETOYHBIX
CYCIEH3MH ITPUBEIET K YMEHBLIEHNIO CKOPOCTH UX OX-
JIQXKJIEHUs, TO3TOMY JUIsl OLIEHKH BJIMSHHUS PEXHMOB
OXJIaXAEHUs HEOOXOOUMO HCIOJIb30BaTh pa3HbIe
00BeMBI 00PA3IIoB.

Tpancnopt cynbdaTa BHyTpPbh 3pUTPOLUTOB MPH
WCTIOJIb30BAHUM CYIb(ATHOW Cpelbl COMPSIKEH C
TpaHcnopToM noHOB HY [23]. M0OXHO NpeInoI0KHTh,
4TO NPH MOBPEXkAeHUM MeMOpaH anuonsl SO,> u co-
OTBETCTBEHHO MOHBI H* OyIyT MpOHHUKATh B APUTPO-
LUTHl AONOJHUTEIBHBIM HECTIELU(UIECKUM IYTEM.
[Ipu 3TOM BBIYMCIISIEMBIE CKOPOCTH TPAHCTIOPTa HOHOB
MOTYT NPEBBILIATH TAKOBBIE IOKA3aTEeNH U1 HHTAKT-
HBIX KJeTOK. [1o3ToMy pe3ynbTarsl HcciaeqoBaHus
Tpancnopra uoHoB H' u annonos SO,> MoryT uc-
MOJIB30BATHCS AN OLEHKU OapbepHO QyHKUMH
MeMOpaH 3PUTPOIUTOB TOCIE 3aMOPAKUBAHUSI-OTO-
rpesa. [Ipu 3amopaxuBaHuu B MeMOpaHaxX 3pPUTPO-
LIMTOB BO3MOKHO TTOSIBJICHHE ITOBPEKACHUN, KOTOPBIE
[P OTMBIBAaHUHY KPHOKOHCEPBaHTa OyIyT CIOCOOCTBO-
BaTh 00pa30BaHUIO TEMOIUTHIECKHX IO, TPOHUIIae-
MBIX U1 reMoriioOnHa. [Ipu 3ToM 3puUTponuTHI 00BI4-
HO pa3py1aroTcs. B Hepa3pyleHHBIX KJIETKaX MOTYT
TaK)K€ MPUCYTCTBOBATH MOPHI, OJHAKO MEHBIIETO
pa3Mepa — HeAOCTaTOYHOIO [Tl TPOHUKHOBEHUS Te-
MoriioouHa (M. M. 64500), HO HE JUT MaJIBIX MOJIEKYII,
Takux Kak rrytatuoH (M. M. 307). DTu KIeTKn
yTpauuBaioT OapbepHyIo (PyHKLIUIO MEMOpaH IS [Ty-
taTHoHa. U 3TO Taxke MOKET OBITh TECTOM Ha Lie-
JIOCTHOCTh MEMOpPaHBbI.

Lens paboTel — uccienoBaTh 6aprepHyI0 (QyHK-
U0 MeMOpaH Jyis cyab(ara U IIIyTaTHOHA B CyCIICH-
3UAX SPUTPOLIUTOB, 3aMOPOKEHHBIX C PA3THIHBIMHU X
o0bemMaMy B KOMOMHHPOBAHHOM cpejie, coaepKanieit
nexcrpan u JIMCO.

MarepuaJjbsl 1 MeTOABI

B pabote ucnonp3zoBanu NaCl (x.4.), caxaposy
(a.n.a.), nexcrpan ¢ M.M. 35000 («Servay, ['epmanus)
u JIMCO («Sigmay, CIIIA).

Cpenbl 3aMOpaKUBAHUS, TPUTOTOBIICHHBIE HA U30-
TOHHUYECKOM caxapo3o-cojeBoM pactope (0,3%
NaCl u 6,85% caxapo3sl), conepxkaiu 15% nekcrpana
niu 15% nexctpana u 5% JAMCO. Kak nokasano pa-
Hee [4], Ipu UCTIOTE30BaHUH MIEPBOI CpeIbl HAOIIO-
Jaiics 3 PEKT «yMnakoBKm» (T.€. MPOsBICHUE OOJIbIIeH
CTENIEHU MOBPEKACHUS SPUTPOIMTOR MPU 3aMoOpa-
YKUBaHHUH KIIETOYHOH CYCITIEH3UU C BBICOKUM I'eéMaTOK-
PUTOM TIO CPAaBHEHHIO C HU3KUM T'eMaTOKPHUTOM 3a
CYeT MPUPOCTA MOCTTUIIEPTOHNYECKOTO CTpecca Mpu
OTOTpEBE), TOTJ]a KaK BO BTOPOI Cpele OH OTCYTCT-
BOBAJI, [TPH 3TOM YCTOHYUBOCTH IPUTPOLIUTOB K OCMO-
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[23]. It may be suggested that, if the membrane would
be damaged, SO,* anions and, accordingly, H* ions
would penetrate into erythrocytes by other non-specific
way. Herewith the evaluated rates of ion transport
would exceed such indices for intact cells. Therefore
the results of the assessment of H* ions and SO,*
anions transport might be used to assess barrier
function of frozen-thawed erythrocyte membranes.
Freezing could lead to appearance of damages in
erythrocyte membranes, which during washing-out of
cryopreservative would result in formation of hemolytic
pores, permeable for hemoglobin. The erythrocytes in
this case would be destroyed. In the non-destroyed
cells the pores could be present as well, but of lesser
size, being not enough for hemoglobin penetration
(m.w. 64,500), but passable for small molecules, such
as glutathione (m.w. 307). These cells lose barrier func-
tion of membranes for glutathione that may be the
membrane integrity test as well.

The research aim was to study barrier function of
membranes for sulfate and glutathione in suspensions
of erythrocytes frozen with different volumes in the
combined medium, containing dextran and DMSO.

Materials and methods

The research was performed using NaCl (chemi-
cally pure grade), sucrose (pure for analysis grade),
dextran with molecular weight of 35,000 (Serva,
Germany) and dimethyl sulfoxide DMSO (Sigma,
USA).

The freezing media were based on isotonic sucrose-
saline solution (0.3% NaCl and 6.85% sucrose) and
contained 15% dextran or 15% dextran with 5%
DMSO. It was reported [4] that using of the first
medium was accompanied by the ‘packing’ effect (i.e.
a higher extent of erythrocyte damage after freeze-
thawing of cell suspension with a high hematocrit if
compared with a low hematocrit due to increase of
posthypertonic stress during thawing), and there was
no such an effect in the second medium, while the
resistance of erythrocytes to osmotic (posthypertonic)
stress during thawing was preserved.

Erythrocytes were derived from donor blood of the
IT group. After removal of plasma the erythromass
was twice washed by centrifugation at 3,000 rpm for
3 min in a 10-fold volume of NaCl isotonic solution
(0.9%), then it was centrifuged for 10 minutes. Eryth-
rocytes were stored at 4°C as a dense sediment.

The erythrocyte samples (hematocrit of 40%) were
incubated with cryopreservative for 30 min at 25°C in
steel containers of 1, 10 or 120 ml, thereafter immer-
sed into liquid nitrogen (-196°C) and exposed for
30 min. Then the containers were thawed in water
bath at 40°C. Frozen-thawed suspension (1 ml) was
diluted 10-fold by warm (37°C) NaCl isotonic solution
(0.9%) (0.3 ml/sec with slow agitation) and centrifuged
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TUYECKOMY (TTOCTTHIIEPTOHUYECKOMY) CTPECCy NpH
OTOTpPEBE COXPAHSIIACH.

OpUTPOLUTHI OTYYaIH U3 JOHOPCKOM KPOBH IpyII-
nel 1. Tlocne ynanenus niua3msl 5pUTPOMACCY JBAXK-
I61 OTMBIBaM LieHTpHuyruposanueM rpu 3000 06/mMun
B TeyeHne 3 MuH B 10-kpaTHOM oObeMe M30TOHU-
yeckoro pactBopa NaCl (0,9%), 3arem nentpudyru-
poBanu 10 MUH. DpUTPOLUTEI B BUJIE IJIOTHOTO OCAAKA
xparmnyu npu 4°C.

O6pa3upl s3puTpounToB (reMaTokpuT 40%) HHKY-
OMpOBaIIN C KPHOKOHCEPBAHTOM B CTAJIBbHBIX KOHTEH-
Hepax oobemom 1, 10 mmu 120 Mo ipu 25°C B Teuenne
30 mMuH, morpyxaiu B xuakuii azor (—196°C) u
BeiAepkuBaiu 30 muH. Ilocne 3TOoro KOHTEHHEPHI
oTorpeBay Ha BozsiHOM 6ane npu 40°C. PazmoposkeH-
Hyto cycnensuro (1 M) memienHo pazBomwiu 1:10
teribM (37°C) uzotonnueckum 0,9%-M pacTBopom
NaCl, nocrosHHO mepememuBas (CKOpOCTh J00aB-
aenus 0,3 mu/c), 3aTeM HeHTPUPYTUPOBAIU IPH
3000 06/MuH B TE€UEHHE 5 MUH U YOAJISUIN HAI0CA10U-
HYI0 )XUIKOCTh. [Ipouenypy pa3BeneHus u ueHTpudy-
THPOBAHUS TOBTOPSUIN €I1I€ OAHH pa3. 3aTeM KIETKH
TPKIIBI OTMBIBATTH N30TOHNYECKUM pacTBopoM NaCl
(0,9%) npu 37°C 0e3 KOHTPOITUPYEMOH CKOPOCTH
pasBeneHusl.

B cycnien3usix onpenensiuiy mporeHT TeMOIU3UPO-
BaBLIMX KJIETOK, UL 3TOI'0 CHEKTPO(YOTOMETPHUECKH
yCTaHaBJIMBAJIHN KOJIMYECTBO TeMOITIO0OMHA B CyTIepHa-
TaHTE, U3MEPss ONTHYECKYIO IUIOTHOCTh Ha AJIMHE
BOJNHBI 543 HM. YpOBEHb IeéMOJIM3a BBIUUCISUIM 110

bopmyne:
[4,/4,]%100,

e A, — ONTHYECKas ITIOTHOCTD CyNEPHATAHTa JKCIIE-
PUMEHTAJILHOTO 00pasna; A, — ONTUYECKas IIOTHOCTh
TIPH TTOJTHOM Te€MOJII3€ KOHTPOJIEHOTO 00pasia (rmocie
nobasienus TputoH X-100).

Jnst onpeneneHusi CKOPOCTH 3aMOPAKUBAHUS U
oTorpeBa 00pa3LOB MCIOJIb30BAIN BOIBTMETP, Ca-
Monucen u auddepeHInanbHYI0 MeIb-KOHCTaHTa-
HOBYIO TepMomnapy [7].

Tpancniopr noHos H' B aputpouutax B cynsghaTHOii
cpene (0,11 Mmmonb/a Na,SO 4) HCCIIEA0BANN B TEPMO-
cratupyemoii sueiike (37°C) ¢ pH-anekrpogom mpu
[TOCTOSTHHOM TTePEMEIINBAHUH KIETOYHOHN CYCIIeH3HH.
IIpu BHECEHNU 3PUTPOLIUTOB B U30TOHUYECKUM PacTBOP
Na,SO,, He cozmepxamuii Oy(pepHbIe KOMIIOHEHTEI,
poucxoauT nByx(pasznoe m3meHenne pH BHerTHEH
CpeIBl: 3aKHCIEHNE C TMOCIEAYIOMNM 3alleIadnBa-
HueM. Takoe m3meHenue pH cBs3aHo ¢ oOMeHOM
BHyTpHKIeTouHOro Cl” Ha BHeKkneTounslit SO, . [Ipu
3TOM BbIxoll HOHOB HY 13 knetku onpenensiercs GpyHK-
LMOHUPOBaHUEM ukia Skobca-CtroapTa, TOraa Kak
UX BXOJ| HEMOCPEICTBEHHO CBS3aH C TPAHCIOPTOM
SO; B kierky [23].
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at 3000 rot/min for 5 min with the following removal
of supernatant. Dilution and centrifugation were
repeated. Then the cells were thrice washed with
isotonic solution NaCl (0.9%) at 37°C, without regard
to their dilution rate.

In the suspensions there was determined a per-
centage of hemolyzed cells. Therefore hemoglobin
amount in a supernatant was spectrophotometrically
established, measuring optical density at 543 nm
wavelength. Hemolysis percentage was calculated by
the formula:

[4,/4,]%100,

where 4, was the optical density of supernatant of
experimental sample; 4, was the optical density after
complete hemolysis of control sample (after addition
of Triton X-100).

Freezing and thawing rate of samples was measured
using voltmeter, plotter and differential copper-constan-
tan thermocouple [7].

Transport of H" ions in erythrocytes in sulfate me-
dium (0.11 umol/l Na,SO,) was investigated in a ther-
mostated well (37°C) equiped with pH electrode, and
with continuos agitation of the cell suspension. Intro-
duction of erythrocytes into isotonic solution Na,SO,
without buffer components resulted in two-phase pH
change of extracellular medium: acidulation and
following alkalization. This change of pH was asso-
ciated with interchange of intracellular Cl~ with extra-
cellular SO;". Herewith, the outflux of H* ions from
cell was determined with Jacobs-Stewart cycle func-
tion, whereas their influx was directly associated with
transport of SO, into the cell [23].

Unidirectional flow of H" ions was calculated after
transformation of the formula [10]:

J=kd Ci (umol-(3.1x10" cells'min)™"),

where C, was concentration of intracellular CI'; d was
the ratio of cell water volume, 1, to erythrocyte solid
residue, kg; k was rate constant, s™' [5]. C,in the for-
mula was replaced by AH, i. e. the change of H ion
concentration in extracellular medium during exchange
of CI"and SO;". The number of 3.1-10" normal cells
corresponded to 1 kg of erythrocyte solid residue with
4.4-107 cm? membrane surface [10]. H" ion flow J.

in/out

in and out of the cell may be calculated by the formula:

in/out - kin/out‘d.AH (umOI(kgS)_])

where k. was rate constant of H"ions influx/outflux
into/out of the cell [5].

Glutathione content in cell sediment was determined
using 5,5-dithiobis-2-nitrobenzoic acid (DTNB) [9].
Erythrocyte sediment (75 ul) was mixed with water
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OnHoHAIpaBICHHBIN MOTOK HOHOB H+ BRIIUCIISIIN
rocie mpeodpazoBanus popmynsl [10]:

J=kd-C, (Mmoms(3,1x10" knetok-mun) ™),

rae C, — KoHUeHTpauus BHyTpukiaeTodnoro Cl d —
OTHOLIEHHE 00BbeMa KJIETOYHOW BOIBI, JI; K CyXO-
MY OCTaTKy 3pUTPOLMTOB, KI'; kK — KOHCTaHTa CKOPOC-
™, ¢ [5]. Muoxutens C, B Gopmyre 3amemany Ha
AH — u3MeHeHre KOHIIeHTpanuy HoHOB H™ Bo BHeII-
Heii cpene mpu oomene Cl™ ma SO,*. KonudecTso
3,1x10' HOpMaITEHBIX KIIETOK COOTBETCTBYET 1 KT Cy-
XOTO OCTaTKa IPUTPOIHUTOB C TUIOMIAJbI0 MeMOpaH
4,4x107 cm? [10]. Takum 06pa3om, moTok HOoHOB H' B
KJIETKY/M3 KIETKH J, /J MOKHO paccuuTaTh 1o (op-
MyJie:
T = e d-DH (w0 (5-0)),

rae k,, =~ — KOHCTAaHTBhI CKOPOCTH BXO[a/BBIX0Ja
noHoB H' B kiieTky/u3 kierku [S].

KoHIeHTpanuio ryTaTnoHa B KIIETOYHOM OCaJIKe
OTIPEeNIAIn ¢ MUCIOJIB30BAHUEM 5,5 -TUTHOOMC-2-
HuTpoOen3oiinoi kucnotsl (ITHB) [9]. Ocanox aput-
portutoB (75 M) cmemmBaim ¢ Bogon (500 Mx),
J00ABIISUTH TPUXJIOPYKCYCHYIO KMCIIOTY B KOHIIGHTpA-
uuu 7% u nepememnBanu. [lonydeHHyI0 cCMech
ueHTpudyruposay B redeHre 3 Myt npu 3000 06/MuH.
Hanee 200 Mk cynepHaTaHTa CMEIIUBAIX C 2,5 M
cpenbl, conepxameir 50 mmons/n Tpuc-HCI un
5 mmonw/n ITA (pH 8,5). K cmecu nobapnsiiau
200 mxn NaOH (0,1 moub/i), mepeMeniuBanu u
nobasnsm 25 min pactsopa JATHB, npurorosnen-
HOTO Ha MeTaHoue (4 1/11). PeakIMOHHYI0 CMECh BbI-
nepkuBanu 5 MuH Tipu 22°C, 3aTeM U3MEepSIIH OIl-
TUYECKYI0 IUIOTHOCTh HPH JJIMHE BOJHHBI 412 HM.
Coneprxanue ryTtaTioHa (MKMOJB/T TeMOTIIOOWHA)
BBIYMCIISUIH 110 hopmyiie [9]:

[Fiym] = OITXA/(eX[Hb]),

rae Ol — ontuyeckas INIOTHOCTh 00pasua; A — dak-
TOp pa3BeleHus; € — kK03pPUUUEHT MONSPHOH IKC-
TUHKIMH, paBHbIH 11400 Monb'em!; [Hb] — KOHIICHT-
parus reMorIoOouHa, T/1I.

CraTucTrueckre pacueTsl BBITIOIHIN HAa OCHOBE
Pe3yabTaTOB, MOYYEHHBIX HA A)PUTPOLIUTAX KPOBHU 5
TOHOPOB. JlaHHbBIE TPEACTABISIN KaK CpefHee 3Ha-
YeHHe + CTaHaapTHas omuoKa. [yt onmpeneneHus cra-
THUCTHYECKON TOCTOBEPHOCTH PE3YIBTAaTOB UCIIOIB30-
BaJI HeTlapameTpudeckuit Mmeron Manua-YutHu [1].

Pe3syabTarsl m o0cy:xaeHune

3aMOpa)KMBaHNE-OTOTPEB IPUTPOLIUTOB B CPEIE,
coaeprkamient 15% nexcrpaHa, IPUBOAUT K 3HAYUTENb-
HOMY I'€éMOJIU3Y [T0CJIE OTMBIBAaHNSI KPHOKOHCEPBAHTA.
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(500 ul) and supplemented with 7% trichloracetic acid
and agitated. Resulted mixture was centrifuged for
3 min at 3,000 rpm. Then 200 pl of supernatant was
mixed with 2.5 ml of medium, containing 50 pmol/I of
Tris-HCl and 5 pmol/l of EDTA (pH 8.5). The mixture
was supplemented by 200 pl of NaOH (0.1 mol/l),
agitated and then 25 pl of DTNB in methanol (4 g/1)
were added. Reaction mixture was exposed for 5 min
(22°C) and then optical density was measured at
412 nm. Glutathione content (umol/l) was calculated
by the formula [9]:

[Gluf] = ODxA/(eX[Hb)),

where OD was the optical density of the sample; 4
was the dilution factor; € was coefficient of molar
extinction equal to 11400 mol~'cm™; [Hb] was hemo-
globin concentration (g/1).

Statistical calculations were performed on the base
of the results obtained in erythrocytes from 5 donors.
The data were presented as a mean =+ standard error.
Non-parametric Mann-Whitney’s method was used to
determine a statistical significance of the results [1].

Results and discussion

Erythrocyte freeze-thawing in the medium with 15%
dextran resulted in significant hemolysis after washing-
out the cryopreservative. If the volume of samples
underwent freeze-thawing was elevated from 1 up to
10 and 120 ml a rise in level of cell hemolysis was
observed (Table 1). Glutathione content in erythrocytes
right after freeze-thawing was not changed if com-
pared with the intact cells, however, after washing-
out the cryopreservative a significant decrease of this
metabolite content in the remained cells was observed.
The obtained results testified to the fact that freeze-
thawing of erythrocytes resulted in formation of
damages of the mebranes which during washing-out
the cryopreservative became a hemolytic pores,
through which hemoglobin was released. In the
undestroyed cells these damages probably were
transformed to a smaller pores, impermeable for
hemoglobin, but permeable for glutathione. The
membranes of these cells lost barrier function for
glutathione. Moreover the indices of H" ion flow rate
in the remained erythrocytes were significantly higher
than in the intact cells (Table 1). It should be noted
that transport of H" ions in erythrocytes in sulfate
medium is coupled with chloride-sulfate interchange
[23], therefore the rised H" ion flow in frozen-thawed
cells could be associated with formation of pores,
permeable for sulfate.

Erythrocytes frozen-thawed in a combined medium
with dextran and DMSO had significantly lower da-
mage rate (Table 2) if compared with the cells, frozen-
thawed in the medium, containing dextran (Table 1).
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[Ipu yBennyennn oObeMa 3aMOpaXHUBaeMbIX 00pas3-
uoB ot 1 1o 10 u 120 mn HaOmonaeTcst yBeauueHue
ypOBHs1 reMoin3a kietok (tabm. 1). Comepskanue nry-
TaTHOHA B SPUTPOLUTAX Cpa3y MOCIE 3aMOPaKUBaHMUSI-
OTOTpeBa HE U3MEHSIETCS] 110 CPaBHEHHIO C MHTAKT-
HBIMH KJIETKaMH, OJTHAKO MTOCIIE OTMBIBAHHSI OT KPHO-
KOHCEpBAaHTa OTMEYAETCs 3HAYUTEILHOE YMEHBIIe-
HUE KOHIIEHTPAIMH JaHHOTO METabOIMTa B OCTaBIIIHX-
csi kieTkax. [lonmydeHHbIE pe3yiabTaThl CBHIETEINb-
CTBYIOT O TOM, 4TO NPH 3aMOPaKMBAaHUH-OTOTPEBE B
MeMOpaHax 3pUTPOLHU-
TOB 00pa3yHOTCsI TOBPEXK-
JeHHUs1, KOTOpBIE TIPH OT-
MBIBaHUHM KPUOKOHCEP-
BaHTa BBI3BIBAIOT (pop-
MHpPOBaHHE FeMOJITHYEC-

Glutathione content in erythrocytes after freeze-thaw-
ing in combined medium and washing from cryopreser-
vative did not significantly change if compared with
the intact cells. The indices of H" ion flow in the remai-
ned erythrocytes did not significantly exceed the ones
of intact cells (Table 2). These results testified to the
fact that during freeze-thawing in combined medium
with dextran and DMSO the barrier function of mem-
branes in respect of glutathione and H* ions (and res-
pectively for sulfate) was insignificantly affected.

Ta6nuua 1. OcMoTU4eckMe nokasaTenn apUTPoOLIUTOB,
3aMOpPOXEHHbIX-OTOrpeThIX B cpede ¢ gekctpaHoM (15%)
Table 1. Osmotic indices of erythrocytes,
frozen-thawed in the medium with 15% dextran

KHX I10p, 4YEPE3 KOTOPHBIC CopepaHue rnytaToHa,
BBIXOIMT reMoriioound. B o5 G|ut“;mgr?:/£o|1tt)ent, noljlciKisrc: F;IOOBWH
OCTABIINXCS KJIETKaX, O6pasubl bem Femonua, Hmol/g Hb
3puTpoumnToB 06p331|403, %
OYEBHUJHO, (I)OI)MI/IPYIOTCH Erythrocyte Volume of Hemg)lysis, flo Rocne J,,x107 J,x107
OpBI MEHBILICTO pa3sMe- samples samples, ml i OTMbIBAHWA | OTMbIBAHWA MOJTL/KF MOJTL/KF
Prior to After KNeToK-C KINeToK-C

pa, HEPOHUIIAEMBIE IS washing washing mol/kg mol/kg
reMorI001Ha, HO IPOHH- cellss cellss
HacMbIC LI TIyTaTnO- 1 425 +32| 103+ 1,4 | 43+ 0,6% | 810 + 1,10 | 5,90 = 0,83
Ha. MeMOpaHbI 3THX KIle-

3amMopoXKeHHble-
TOK YTPa4MBaIOT Oapbep- oTorpeTble 10 50,7 £3,5| 10,2+ 1,3 | 4,5 + 0,5% | 830 + 1,15 | 6,10 + 0,93/
HYIO (I)YHKHI/HO 10 OTHO- Frozen-thawed
MCHHUIO K TIIyTaTHOHY. 120 59,0 + 3,3| 10,0 + 1,6 | 4,1 + 0,6* | 8,25 + 1,23" | 6,00 + 0,88"
Kpowme Toro, nokazarenu
notoka noHos H' B octas- V'”;ft';Tc”t"'e - - 10,5 + 1,6 543 + 0,56 | 4,02 + 0,42
[IUXCSI IPUTPOLIUTAX CY-

LIECTBEHHO BHIIIE, YEM B
WHTAaKTHBIX (Tabm. 1).
HeoOxonumMo OTMETHTS,
YTO TpaHcopT HoHoB H*
B SPUTPOLHUTAX B CYNb-
(atHoli cpeze conpsbkeH
¢ oOMeHOM XJIopHIa Ha
cyasdar [23], mosTomy
YCKOPEHHUE IMOTOKA NOHOB
H" B 3aMOpOXEHHBIX-

cells (p < 0.05).

MpumeyaHus: * — cTaTUCTUYECKN JOCTOBEPHO MO CPaBHEHMIO C COOTBETCTBYIOLUMMU MokasaTe-
nAMK cofepXaHusl rnyTaTMoHa A0 OTMbIBaHMS KpUokoHcepBaHTa (p < 0,05); # — ctaTuctnyeckn
[OCTOBEPHO MO CPaBHEHMWIO C MHTaKTHbIMK knetkamu (p < 0,05).

Notes: * — statistically significant if compared with corresponding indices of glutathione content
prior to washing from cryopreservative (p < 0.05); # — statistically significant if compared with intact

Tabnuua 2. OcMoTNYEeCKMEe NoKa3aTenu 3pUTPOLUTOB, 3aMOPOXKEHHbIX
B cpepe ¢ aekctpaHoM (15%) n AMCO (5%)
Table 2. Osmotic indices of erythrocytes, frozen in the medium
with 15% dextran and 5% DMSO

OTOT'PETHIX KIICTKAaX, BE- ConepwaHue rnyTaTuoHa,
POATHO, CBA3AHO C 06pa- MKMonb/r Hb MoTok noros H*
06BbeM Glutathione content, H* ion flow
30BaHMEM 110D, IIPOHUIIAC- O6pasubl 06pasLios, Femonus, pmol/g Hb
3pPUTPOLIMTOB M %
MBIX JULA Cyﬂbq)aTa' Erythrocyte Volume of Hemolysis, J x107 J x107
OpUTPOLUTEI, 3aMO- samples samples, % Ao Mocne MOTb/KT MOTb/KT
| OTMbIBaHuA OTMbIBaHMA . .
0XXEHHbBIE-OTOTPETHIE B m Prior to After Knetok-c KneTok-c
p rp . : mol/kg mol/kg
v washing washing
KOM6I/IHI/IpOBaHHOI/I cpe- cells's cells's
A€ C JOCKCTPAaHOM H
1 27,0 £ 3,0 98+ 1,4 856+ 1,3 6,66 + 0,90 | 4,97 £ 0,73
AMCO, umeroT MeHb-
IIYX0 CTEIEHb MOBPEXK- 3amopoxeHHble-
oTorpeTble 10 34,0 £ 3,3 9,2+ 1,6 83+ 1,4 6,74 £ 0,92 | 4,95 + 0,77
nenus (tabn. 2) mo Frozen-thawed
CPAaBHCHHUIO C KICTKAMH, 120 42,0 + 3,0 9,6 + 1,5 8,8 +1,6 6,69 +£ 0,99 | 4,88 + 0,74
3aMOPOXECHHBIMU-0TO-
TPETBIMU B CPEAC, CO- VinrakTheie - - 10,5 + 1,6 5,43 + 0,56 | 4,02 + 0,42
ACPIKAIICH TOJIBKO JACKC-
npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI 129
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TpaH (cM. Tadm. 1). ComgeprkaHue TIyTaTHOHA B DPUT-
pounTax mocjie 3aMopakuBaHUSI-OTOrPeBa B KOMOMHU-
POBaHHOHN Cpefe U OTMBIBAHHUS OT KPHOKOHCEPBaHTa
3HAUYUTEIILHO HE HU3MEHSIETCA 110 CPABHEHHIO C HHTAKT-
HbIMH KJeTkaMmH. [loka3arenu notoka nonos H™ B oc-
TaBIIMXCS SPUTPOLUTAX CYIIECTBEHHO HE PEBHIILIAIOT
MOKa3aTeNd HHTAKTHBIX KIETOK (Ta0u. 2). DTH pe3yiib-
TaTbl YKa3bIBalOT HA TO, YTO MPU 3aMOpPaXKMBAHUU-
OTOTpeBe B KOMOMHUPOBAHHON Cpee C IEKCTPaAHOM
u JIMCO 6apbepHast GyHKIUS MeMOpaH sl TIyTa-
THOHA M WOHOB H' (cooTBeTCTBEHHO s Cynh(ara)
Hapymaetrcs He3HaunTeNbHO. OTMedaeTCs TaKxKe Mo-
BBIIIICHUE YPOBHS I'€MOJIN3a SPUTPOILIUTOB TP YBEIIH-
YeHUU 00beMa 3aMOpaKMBAEMBIX 00pasloB oT 1 110
10 u 120 mx (tabm. 2).

VYBenuueHue o0beMa 3aMOpPaXKUBAEMBIX 00pa3LOB
SPUTPOLIUTOB MPUBOIUT K YMEHBILIEHUIO CKOPOCTH OX-
naxaeHus u ororpesa (Tadm. 3). [loaTomy pe3ynsraTs
3aMOpPaKMBAHUsI Pa3HBIX 00BEMOB 3PUTPOLIUTOB MOTYT
HCTIONIB30BATHCS AJIsl OLICHKH BIMSHUS PEXKUMOB 3aMO-
paXUBaHHUS Ha UCCIEAyEeMble TOKa3aTelIH KIIETOK.
YMeHBIIIeHHE CKOPOCTH 3aMOPaKMBAHUSA U OTOTPEBa
B KOMOMHUPOBaHHOH Cpe/ie TIPY NCIIOIH30BAHHBIX Pe-
KUMax HE BIHSIET Ha HCCIEJOBAaHHBIE MOKa3aTeNn
moToka noHoB H™ 1 6aprepHoii PyHKIIMN MeMOpaH st
[IyTaTHOHA B OTMBITHIX KileTKax (Tadi. 2). Panee Obl-
JI0 TTOKa3aHo, YTO 3aMOPAXUBAHUE PA3ITUUHBIX TUIIOB
KJIETOK B KOMOMHHUPOBaHHOM KPHOKOHCEPBAHTE C He-
nponukapmuM (I'9K) u nponukaromum (JJMCO)
KPHOIIPOTEKTOPaMH yCTPaHseT HEOOXOIUMOCTh MPO-
IPaMMHOTO 3aMOPaKUBAHUS U O3BOJISIET 3aMOPaKH-
BaTb KJIETKU 0€3 KOHTPOJISI CKOPOCTH oxnaxaenus [11,
16, 18, 25, 26].

Luo K. u coasr. [17] 3aMopaxuBaiii MOHOHYKJICAp-
HBIE KJIETKH KOCTHOTO Mo3ra B cpemax ¢ JMCO
(5%) + I'OK (5%) u AMCO (10%) mo —80°C c mo-
CIIETYIOIIMM MOTPY>KEHHUEM B )KUAKUH a30T
0e3 KOHTPOJISI CKOPOCTH 3aMOPAKUBAHUS
[pHU IPUMEHEHHUH MEPBOTO KPUOKOHCEP-
BaHTa U CTYIIEHYATOTO OXJIAKICHUS — BTO-
poro. CpaBHeHHE KPUBBIX 3aMOPKHUBAHHS
MOKa3aJ10, YTO MPU UCTIONH30BAHUU KOMOU-

There was also observed an increase of erythrocyte
hemolysis level along with the elevation of volume from
1 up to 10 and 120 ml of samples underwent freezing
(Table 2).

The bigger volume of erythrocyte samples under-
going freezing increased the lower are the cooling and
thawing rates (Table 3). The results of freezing of eryth-
rocytes samples with different volumes may be used
for evaluation of effect of freezing regimens on the
studied indices of cells. Reduction of freezing and
thawing rates in a combined medium under the used
regimens did not affect the studied indices of H" ion
flow and barrier function of membranes in respect of
glutathione in washed cells (Table 2). It was also re-
ported by other authors that freezing different types
of cells in combined cryopreservative containing non-
penetrating (HES) and penetrating (DMSO) cryopro-
tectants eliminated the necessity of controlled rate
freezing and enabled to freeze the cells without a prog-
rammable freezer [11, 16, 18, 25, 26].

Luo K. et al. [17] performed freezing of bone mar-
row mononuclear cells in the media with DMSO (5%) +
HES (5%) and DMSO (10%) down to —80°C with
the following plunging into liquid nitrogen without cont-
rol of freezing rate in the case of the first cryopreser-
vative and stepwise cooling when using the second
one. A comparison of freezing curves showed that
the supercooling rate of cell samples was reduced in
the case of combined cryopreservative. Clapisson G.
et al. [11] investigated the freezing of stem cells from
peripheral blood in two-step cooling regimen using the
medium with DMSO (10%) or HES (3%) + DMSO
(5%) without control of freezing rate down to —80°C.
The post-thaw viability indices of cells were higher in
the case of combined cryopreservative [11]. Application
of the combined medium DMSO (5%) + HES (5%)

Ta6nuua 3. CkopocTu oxnaxaeHus n otorpesa obpasuos

SpUTPOLMTOB pasnuyHoro obbema B cpeae
¢ gekctpaHom (15%) n AMCO (5%)

Table 3. Cooling and thawing rates of erythrocyte samples with
different volumes in the medium with 15% dextran and 5% DMSO

HHUPOBAHHOTO KPHOKOHCEPBAaHTAa YMEHbB-
CKOpOCTH CKOpOCTBH HauanbHas
macTCsA CTCIICHD HepeoxnamHeHHH KJIe- 06 OXAAKAEHUA AO OXAQKACHHUA HUJKe CKOPOCTH
6 Clapi G e —25..—35°C, —25..—35°C, ororpesa,
TouHBIX 00pa3moB. Clapisson G. u COaBT. O6pasIOBMA
Volume of rpap/MuH I.‘paA/MI/IH » rpa,A/LmH
[11] 3amopaxuBajIu CTBOJIOBBIE KIETKU samplos, ml Cooling rate down | Cooling rate below | Initial thawing rate,
o ' to —25—35°C, —25..—35°C, deg/mi
nepudepruIecKoil KpOBH € UCIIOIb30BaHU- ® deg/min dog/min cgrmin
€M JIByXCTYIIEHYaToro pekuMa OXJaxe-
0
nust B epese ¢ JIMCO (10%) nm I'OK 1 180— 300 1000 — 1200 900 — 1200
(3%) + AMCO (5%) 6e3 KOHTpOJIs CKO-
poctu 3amopaxkuBanus 1o —80°C. Iloka-
3aTeJn KU3HECTIOCOOHOCTH Pa3MOPOKEH- 10 50—70 800— 1100 850— 1000
HBIX KJIETOK OBLIH BBIIIE MTOCIIE TPHIMEHE-
HUSI KOMOMHHPOBAHHOTO KPHOKOHCEPBAHTA
[11]. Mcionp30BaHre KOMOMHHPOBAHHOM 120 20— 30 500—700 400— 500
cpensr IMCO (5%) + I'OK (5%) npwu 3a-
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MOpPKUBAHUH KIJIETOK IOKEITYJOYHOHN JKEIe3bl TMO-
3BOJIIUIO TIPOBOJUTH MPOLEAYPY 3aMOpPaKUBAHUSA-
oTorpeBa 0e3 MPOrpaMMHOTO 3aMOpaXUBATENS B
otmuuue ot cpensl ¢ JJIMCO (10%) [18].

Takum 06pa3oM, KOMOMHUPOBAaHUE B KPUOKOHCEP-
Bante JJMCO u I'OK no3BosisieT ynpocTUTh TEXHO-
JIOTHIO 3aMOPAXKUBAHNUS U B HEKOTOPBIX CITydasxX yayd-
IIUTh KaU€CTBEHHBIE MOKAa3aTeIN 3aMOPOKEHHBIX-
OTOTPETHIX KJIETOK.

Jnsi coxpaHeHHs KIJIETOK NMPU 3aMOpaXMBAHUHU
HEO0OXOTUMBI CTIEUATbHBIE TTOXO/bI, BKIIIOYAIOIINE
noa0op BHJa U KOHIIGHTPAIMU KPUOMPOTEKTOpa, a
TaK)X€ CKOPOCTH OXJIQXKACHHS O MPOMEXYTOYHOU
temnepatypbl Hroke 0°C 111 o0ecrieueH s ONTHMaIb-
HOH Jernaparanuy KIeTOK 1 MUHMMU3ALUY OTpHIa-
TEIBHOTO BO3AECHCTBHS MOCIEAYIOLIETO OXJIAXKAECHUS
10 6ornee HU3KOH TemnepaTypsl. Beibop ontumanbHOiM
IpOrpaMMBbl 3aMOpaXMBaHUs OCHOBAaH Ha OCMOTH-
YECKOM TOBEACHUHU KIETOK. UTOOBI MpeaoTBpaTUTh
o0pa3oBaHuEe BHYTPHUKIECTOYHBIX KPUCTAIJIOB JIbAA,
CTETIeHb MEePEOXTKACHUS KIETOUHBIX 00pa3IoB HE
JoibKHA TpeBbImars ~2°C. OnrtuManbHas CKOPOCTh
OXJ@XKJIEHUS OMpeNesieTCs] MPOHNIAEMOCThIO Kile-
TOYHBIX MEMOpaH ISl MOJIEKYJ BOABI M KPHOIPO-
TEKTOpa, OCMOTHYECKH aKTUBHBIM 00BEMOM W TIO-
BEPXHOCTHO-O00bEMHBIM OTHOIIIEHHEM KIIETOK [6, 29].
TeMrieparypa Hauajaa HyKJIeallul BHYTPUKIJIETOYHOTO
JIbia CBs3aHa CO CTENEHBIO MEPEOXTAKICHUS LIUTO-
IU1a3MBI KJIETOK [21], KOHLIEHTpanyei KpuopoTeKkTopa
U CTENEHbIO Aeruaparauuu kierok [27]. Kpucran-
JIu3aluys 4acTH BHYTPUKIETOUHOU BOIbI (5—7%)
MOJKET OBITh He onacHo 1u1st kineTok [12]. [pu 3amo-
paXXMBaHMHU KJIETOK B KOMOMHHMPOBAHHOH cpene
JAMCO +I'OK BIsSBICHO yMECHBIIIEHUE CTETICHH TIEpe-
OXJIQKJIEHUA TI0 CPAaBHEHHIO C 3aMOpPaXKMBAHHUEM B
cpene, comepkamei Toasko JMCO [17].

[Ipn MennmeHHOM 3aMOpPaKMBaHUU SPUTPOLHTHI
KOHIIGHTPUPYIOTCS B KaHAJaX JIbJia, B KOTOPBIX pa3-
JABIMBAIOTCS M TEMOJIM3UPYIOT, & IIPH OBICTPOM — pac-
MpeJeNsIIoTCs B Tone JpAa. Ha ocHoBaHMM 3TOrO
Pegg D.E. u Diaper M.P. 3axirouniy, 4To yBelIn4eHue
CTEICHH MTOBPEXKICHNS 3PUTPOLIUTOB IIPH OBICTPOM 3a-
MOpaXMBaHUU CYCIIEH3H C BBICOKOM KOHIIEHTpanuen
KJIETOK HE CBSA3aHO C X MEXaHW4ecKoi aedopmanueii
oOpasyromumucs kpucramiamu jpaa [20]. [Ipu 3amo-
PaKMBaHWH CYCIIEH3UI SPUTPOLIUTOB C BBICOKMM reéMaTo-
KPUTOM B CPAaBHEHHH C HU3KHM TIOBBIIIIAETCS BEPOSIT-
HOCTHh 00pa30BaHWs BHYTPUKIETOYHBIX KPUCTAIIIOB
nbaa [20]. OgHako MOBpPEXACHUE KIIETOK BHY TPUKIIC-
TOYHBIMHU KPUCTAJUIAMH JIbJIa MOXET OBITh HE TOJIBKO
MEXaHWYECKUM, HO ¥ OCMOTHYECKIM IPH UX IJIaBICHIN
B xone MemneHHoro otorpesa [13]. Ilpu ObicTpom
Pa3MOpaXKMBaHHUU CyCIIEH3UHU C BEICOKOI KOHLIEHTPaLU-
€l KJIETOK CTeTNeHb NOBPEXKACHUS YBEITMUUBACTCS 32
CUET OCMOTHYECKOT'O BO3ACHCTBHSI HA KOHEYHOH CTa-
1M OBICTPOTO pa3MOPaKUBaHUS BCJICACTBUE TASHUS
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for freezing pancreas cells enabled to perform freeze-
thawing without a programmable freezer unlike the
medium with DMSO (10%) [18].

Thus, using of combined DMSO and HES cryopre-
servative enabled to simplify freezing technology and
in some cases to improve post-thaw qualitative indices
of cells.

Preservation of cells during freezing requires spe-
cial approaches, including selection of type and con-
centration of cryoprotectant, as well as the rate of
cooling down to transient temperature below 0°C to
provide optimal cell dehydration and minimization
of negative effect of the following cooling down to ultra-
low tem-peratures. Selection of optimal freezing prog-
ram is based on osmotic behavior of cells. To prevent
the formation of intracellular ice crystals the super-
cooling in cell samples should not exceed ~2°C. Opti-
mal cooling rate is determined by permeability of cell
mem-branes for water and cryoprotectant molecules,
as well as osmotically active volume and surface-to-
volume ratio of cells [6, 29]. Temperature of initiation
of intracellular ice nucleation is associated with the
cell cytoplasm supercooling [21], cryoprotectant con-
centrating and cell dehydration rate [27]. Partial crys-
tallization of intracellular liquids (5—7%) could be not
dramatic for cells [12]. Freezing of cells in DMSO +
HES com-bined medium was reported as accompanied
with a lower supercooling if compared with case of
medium based on DMSO [17].

Slow freezing is characterized by concentrating of
erythrocytes inside channels between ice crystals, they
undergo mechanical stress and hemolyze, and vice
versa during rapid freezing the cells are scattered in-
side ice crystals. On that basis Pegg D.E. and Dia-
per M.P. concluded that the increasing of erythrocyte
damage rate during rapid freezing of suspensions with
a high cell concentration is not associated with their
mechanical deformation by formed ice crystals [20].
When freezing the erythrocyte suspensions with a high
hematocrit unlike the low one the probability of intra-
cellular ice crystal formation is increased [20]. More-
over, it is suggested that cell damage due to intracellular
ice crystals might be not only mechanical, but also
osmotic following from melting of the crystals during
slow warming [13]. Rapid thawing of suspension with
a high cell concentration is characterized by rised cell
damage rate due to osmotic effect resulted from
melting of intracellular ice a bulk of which was formed
by intracellular liquid [ 14].

Thus, during rapid freeze-thawing of erythrocyte
suspensions with a high hematocrit the higher damage
rate may be stipulated by the increasing of osmotic
stress during thawing if compared with suspensions
with the low hematocrit.

Rapid freeze-thawing in a combined non-penetrating
and penetrating cryoprotectant mixture was shown as
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BHEKJIETOYHOTO JIb/1a, CyIIECTBEHHAs YaCTh KOTOPOTO
OpL1a 00pa3zoBaHa M3 BHYTPHUKIETOYHOM BOIBI [14].

Taxum o6pa3oM, mpu OBICTPOM 3aMOpPAKUBAHUH-
OTOTPEBE CYCIEH3UI 3PUTPOLIUTOB C BEICOKUM FeéMaTo-
KpPHUTOM, B OTJIMYHUE OT CyCIIEH3UH C HU3KUM T'eMaTo-
KpPHUTOM, OOJIbILIAS CTETIEHb ITOBPEXKACHUS KIETOK MO-
XeT ObITh 00yCJIOBJIEHA YBETMUSHUEM OCMOTHYECKOTO
cTpecca MpHu OTOTPEBE.

B ycnoBusx 6pI1CTpOro 3aMOpakuBaHUA-0TOTPEBA
COYeTaHHe B CpeZie HEMPOHMKAIOMINX U MTPOHUKAOIIIX
KpPHOTIPOTEKTOPOB IPUBOAMT K YCTpaHEHUIO ¢ deKxTa
«YTIaKOBKMY, BEPOSATHO, BCIEICTBHE OCIA0IEHHS OC-
MOTHYECKOTO CTpecca Ipu oTorpene [4].

Cunraercs, 94T0 KPHOIIPOTEKTOPHBIE CBOIICTBA ITO-
JUMEPOB B OOJIbIIEH CTETIEHH ONPEAEISIOTCS HX CIIO-
COOHOCTBIO CHM)KATh TEMIIEPATYPy KPUCTATU3ALNH
pactBopa mpu 3amopaxkusanuu (1o —35°C), a He nps-
MBIM BO3JIEHCTBHEM Ha KJIETOYHYH MeMOpaHny [8].
Hapsiny ¢ kppo3ammtHbIM 3¢ QeKToM KOHLEHTPUPOBa-
HUE [TOJIMMEPOB IIPH BEIMOPAKUBAHUH BOJIBI TPOU3BO-
JIUT THIIEPTOHMYECKHIA cTpecc Ha KieTkH [8]. Kprno3za-
IIUTHBIN 3¢ (EeKT MPOHUKAOIMINUX KPHUOIPOTEKTOPOB
CBSI3aH C 3aMe/IJIeHNeM KOHIIEHTPUPOBAHUS PacTBOpa
Y YMEHBIIICHNEM CTETICHU JIETHUAPATAIINN KIETOK [8],
OJTHAKO IPOHUKAIOIIHNE KPHOIIPOTEKTOPHI (TITULIEPHUH U
JAMCO) ne criocoOHbI K 3¢ (HEeKTUBHON KpHO3aIIUTe
KJIETOK B XO7i€¢ OBICTPOT0 3aMOPaKUBAHUS U3-3a BBICO-
KOH BEpOATHOCTH 0Opa30BaHMs BHYTPHKJIETOYHOTO
npaa[19]. BkiroueHnue B coOCTaB cpeibl HEIPOHUKAIO-
LIETO0 KPUOMPOTEKTOPa MOXKET CHOCOOCTBOBAThH AO-
CTYDKEHUIO ONITUMAITLHOM JIETUIPATAIINY KIIETOK U CO-
OTBETCTBEHHO CHIKCHHIO BEPOSITHOCTH 00pa30BaHUs
KPHUCTAIIJIOB JIb/Ia BHYTPH KileTku. [Ipn 3amopakuBa-
HUH KJIETOYHBIX CYCIICH3HI B TPUCYTCTBUH HEMPOHU-
KaIoMINX KPUOIPOTEKTOPOB HEOOXOIUMBI BBHICOKHE
CKOPOCTH OXJIQXKJCHHS ISl YMEHBIICHUS BPEMEHHU
JIEHCTBUS THIIEPTOHUYECKOTO CTpecca Ha KIETOYHBIE
meMOpans! [8]. BkimroueHue B cpeny MPOHUKAIOMIETO
KpUOTIPOTEKTOPA M €T0 MOCTYIUIEHNE B KJIETKU OyayT
MIPOTUBOICHCTBOBATh YPE3MEPHON JIETHIPATALIUN U
COOTBETCTBEHHO YMEHBIIATh THIEPTOHHYECKHUH
crpecc. CiieoBaTelbHO, KOMOMHUPOBAaHUE B KPHO3a-
LIIUTHOW Cpejie MPOHHUKAIONINX ¥ HEIPOHUKAFOIINX
KPHUOIIPOTEKTOPOB sIBIsIeTCS P (DEKTUBHBIM TTOIX0I0M
JUIS. KOPPEKIUH OTPHUIATEILHOTO BIUSHUSA 000UX
KOMITOHEHTOB ITPH 3aMOPAXHUBAHUU-OTOTPEBE KIIETOU-
HBIX 00pa3IoB.

Takum 006pazom, yCTaHOBIIEHO, YTO MPH UCIIOIb-
30BaHWH KOMOWHHUPOBAHHOW Cpeabl NEKCTpaH +
JAMCO, He3aBHUCHMO OT 00bE€Ma 3aMOpaKMBAEMBIX
00pasIoB 3pUTPOLIUTOB U PEKUMOB 3aMOPAKUBAHUS-
OTOTpEBa, KJIETKH, OTMBIThIE OT KPHOKOHCEPBAHTA,
COXPaHSIOT 0apbepHYI0 (QYHKIMIO MEMOpPaH ISl HO-
HOB H* (cooTBeTCTBEHHO IS Cyb(haTa) U Ty TaTHO-
Ha. [lony4eHHbIe pe3ynbTaThl MO3BOJISIOT IPEAIONO-
JKUTh, UTO BKJIIOUEHUE B cpefy ¢ nekctpanoMm JJMCO
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not accompanied with ‘packing’ effect, seemingly due
to the weakness of osmotic stress when thawing [4].

It is suggested that cryoprotective properties of
polymers are determined by their capacity to reduce
the crystallization temperature when freezing the
solution (down to —35°C), rather than with direct effect
on the cell membrane. Along with cryoprotective ef-
fect the concentrating of polymers during water
crystallization results in a hypertonic stress on cells
[8]. Cryoprotective effect of penetrating cryoprotec-
tants is associated with slowing-down of solution
concentrating and reduction of cell dehydration rate
[8], however, penetrating cryoprotectants (e. g. glycerol
and DMSO) are not capable of cell protection during
rapid freezing due to a high probability of intracellular
ice formation [19]. Supplementation of medium with
non-penetrating cryoprotectant may contribute to
optimal cell dehydration and correspondingly to reduce
the probability of ice crystal formation inside the cell.
Freezing of cell suspensions in the presence of non-
penetrating cryoprotectants requires high cooling rates
to reduce the period of hypertonic stress effect on cell
membranes [8]. Introduction of penetrating cryopro-
tectant into the medium and its penetration into cells
would prevent an extreme dehydration and correspon-
dingly decrease a hypertonic stress. Therefore, com-
bination of penetrating and non-penetrating cryopro-
tectants in a cryoprotective medium is an effective
approach to balance negative effect of both compo-
nents during freeze-thawing of cell samples.

Finally, it was established that using dextran +
DMSO combined medium allowed to preserve barrier
functions of membranes in respect of H" ions (and
respectively for sulfate) and glutathione in the cells
washed from cryopreservative, and this effect did not
depend on volume of frozen-thawed erythrocyte samp-
les and freeze-thawing regimens. The obtained results
allowed to suggest that supplementation of the dextran
based medium with DMSO and its penetration into
the cells resulted in a reduced hypertonic stress during
freezing and preserved resistance of erythrocyte mem-
branes to post-hypertonic effect during thawing, pro-
viding preservation of cell osmotic properties after
removal of cryopreservative.

Conclusions

Freeze-thawing of erythrocyte suspension in the
medium with dextran (15%) resulted in high amount
of damaged cells. The remaining cells were characte-
rized by impaired barrier function of membranes in
respect to sulfate and glutathione revealed after cryo-
preservative wash-out.

Supplementation of dextran based medium with
DMSO (5% significantly reduced the cell damage rate
and resulted in preservation of membrane barrier func-
tion.
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1 €T0 NOCTYIIJICHUE B KIICTKH ITPUBOJAT K 0CJ1a0JIEHHIO
THUTNIEPTOHNUYECKOIO CTpECCA ITPU 3aMOPaAKMBAHNU U CO-
XPaHCHUIO YCTOﬁqHBOCTH MeM6paH SPUTPOLIUTOB K
NOCTTUIICPTOHUYCCKOMY BO3):[GI>’ICTBHIO IIpu pasMopa-
JKUBaHHUU, YTO obecrneunBacT COXpaHCHHUEC OCMOTHUYECC-
KHX CBOHCTB OTMEBITHIX OT KPHUOKOHCCPBAHTA KJICTOK.

BriBoabI

B cycniensuu 3puTponuTOB, 3aMOPOKEHHBIX-0TO-
TPeTHIX B cpefie ¢ aekcTpanoM (15%), ormedeHo 60Ib-
I0€ KOJIMYECTBO PA3PYILICHHBIX KIETOK, & B OCTABIIINX-
Csl KJIETKax MPU OTMBIBAHUW KPUOKOHCEPBAHTA Hapy-
mraercst 6apbepHas GpyHKIHS MeMOpaH Juts cyibhara
Y [Ty TaTHOHA.

Bxuirouenue B cpeny ¢ aexcrpanom JIMCO (5%)
3HAYUTENHEHO YMEHBILIUIIO CTEIICHb OBPEXKACHUS KIle-
TOK ¥ IPUBEJIO K COXpaHEHUI0 OaphepHOW QyHKIMH
MeMOpaH.

YMeHblIeHHE CKOPOCTH 3aMOPKUBAHUS U OTOTpe-
Ba B KOMOMHMPOBaHHOM cpene ¢ aekctpanoM u JJMCO
MIpY yBeNNYeHNH 00beMa 3aMOpaKUBAEMBIX 00Pa3IIoB
HE yXy[IIaeT moka3arenu 0aphepHoil (pyHKIINN MeM-
OpaH OTMBITBIX MOCIIE 3aMOPAKUBAHHS KJIETOK.
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Decrease of freezing and thawing rates when using
dextran and DMSO combined medium observed after
increasing the volume of samples did not impaired the
post-thaw and post-wash osmotic properties of cells.
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