VIIK: 57.043:612.111:547.422
B.B. PAMA3AHOB
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Effect of Combined Media on Damage of Erythrocytes, Frozen with
Different Hematocrit Values

HccnenoBany moBpekAeHNE SPUTPOLUTOB, 3aMOpOkeHHBIX ¢ HU3KUM (0,8%) u BbicokuM (40%) reMaTOKPUTOM B CPEmax c
KPHOIMIPOTEKTOPAMHU: HEMPOHUKAMIIAMH — MOTUATIIICHIIHKONb ¢ M.M. 1500 u 2000 (I19T°-1500, T13I'-2000), nekctpaHbl U
MIPOHHUKAIOIINMH — TIIUIEPUH, TUMeTIICYIb(okcun, 1,2-mponanauon, [13I-400, miroko3a. [TokazaHo, 4To B caxapo30-coeBoii cpene
3aMOpPaXUBAHUE IPUTPOIUTOB C BEICOKMM FeMAaTOKPUTOM AaeT OONBIINK yPOBEHD MOBPEKACHHS KJICTOK IO CPAaBHEHUIO C HU3KUM
remMarokputoM. KoMOnHIpOBaHMe yKa3aHHOH Cpeibl ¢ HETPOHHUKAIOIIMHU KPHOIIPOTEKTOPaMH He ycTpaHseT 3¢ ¢exT “ymakoBku”. B
TO K€ BpPeMsI IPOHHUKAIOMIAE KPHOMIPOTEKTOPHI yCTPaHSIOT ero. [lomydeHHble pe3ynbTaThl yKa3bBalOT HA TO, YTO AJIS yCTPAHECHUS
MIOBPEXICHUSI, CBA3aHHOTO C BBICOKOH IIIOTHOCTBIO KIIETOK B CpeJie 3aMOPaXMBAaHMSI, HEOOXOAMMO KOMOMHUPOBAHHE CaXxapo3bl C
MIPOHUKAIOIIIMH KPUOIIPOTEKTOPAMH.

Kniouegwie cnosa: SpuTponnTHl, KOMONHIPOBAHHBIE KPHOKOHCEPBAHTHI, 3 deKT “ymakoBku”.

JlocnimKyBany yIIKOMKEHHS €pUTPOIHTIB, 3aMOpokeHHX 3 HI3bKHM (0,8%) 1 BucokuM (40%) reMaToKpUTOM y CepeOBHIIAX 3
KPIOIPOTEKTOpaMH: HETTPOHUKAKOYNMH — IO e THIICHIITIKOIb 3 M.M. 1500 Ta 2000 (ITEI-1500, [TET-2000), nexcTpaHu i MpOHUKAKOYUMH —
mIinepuH, aiMetmicynshokcun, 1,2-npomangion, [IET-400, rmoko3a. JloBeneHo, OI0 B €aXap030-COILOBOMY CEPEIOBHUILI IPU
3aMOPOXKyBaHHI 3 BUCOKMM réMaTOKPUTOM PiBEHb YIIKO/DKECHHS KIITHH BUIIHH, HiXK 3 HU3bKUM. KOMOiHYBaHHS BKa3aHOTO CEPEIOBHILIA
3 HEMPOHUKAIOUMMH KPiOIPOTEKTOpaMH He ycyBae e()eKTy ,,yrakoBKu”. B To# ke yac MpOHUKA0Yi KPiOHPOTEKTOPH YCyBalOTh HOTO.
OrpuMaHi pe3ysbraTi BKa3ylOTh Ha Te, 1[0 U1l yCYHEHHS MOLIKO/KCHHS, 0B SI3aHOTO 3 BUCOKOIO LIIIBHICTIO KJIITHH B CEPEIOBHUII
3aMOpPOKYBaHHS, TOTPIOHO KOMOIHYBaHHS CaXapo3d Ta MPOHHUKAIOYHUX KPIOMPOTEKTOPIB.

Knruoei cnosa: epurpouutr, KOMOIHOBaHI KPIOKOHCEPBAHTH, €EKT ,,yITAKOBKH .

Damage of erythrocytes, frozen with low (0.8%) and high (40%) hematocrit values in media with non-penetrative (polyethylene
glycol with molecular mass of 1500 and 2000 (PEG-1500, PEG-2000), dextrans) and penetrative (glycerol, dimethylsufoxide, 1,2-pro-
pane diol, PEG-400, glucose) cryoprotectants has been studied. Freezing of erythrocytes with high hematocrit in sucrose-saline
medium was demonstrated as resulting in higher cell damages if to compare with a low hematocrit. Combining this mentioned medium
with non-penetrative cryoprotectant does not eliminate the “packing” effect, while the penetrative ones realise it. The results obtained
indicate to the fact, that in order to eliminate the damage, relating to high cell density in freezing medium the combination of sucrose

with penetrative cryoprotectants is needed.

Key-words:erythrocytes, combined cryopreservatives, “packing” effect.

[Ipu mcnonb30BaHUM THAPOKCHITUINPOBAHHOTO
kpaxmana (I'OK) mig momy4enns rpaHyaoLUTOB U X
MOCJIEeyIONIeT0 KPUOKOHCEPBUPOBAaHHUS C J00aBIe-
HueM JIMCO BrIsiBIeHO, 4TO ocTaTouHblii ['DOK
npenoTBpamiaeT HabyxaHue KIETOK, 0CBOOOXKIeHUE
JIM30COMANIbHBIX (PEPMEHTOB M HYKJICONPOTEHHOB
nocie pazmopaxkusanus [ 10]. CpaBHeHUe pe3ynbsTaToB
KOHCEPBUPOBAHUS KJIETOK KOCTHOTO MO3ra IHOJA
3amuron quMetmicynbhokcrnaa (AMCO) ¢ KOHIEHT-
pauueit 10% u cmecu 5% AMCO + 6% I'OK
[TOKa3bIBACT, YTO KOMOWHAIUS MTPOHUKAIOIIETO U He-
MIPOHHUKAIOIIET0 KPHOMPOTEKTOPOB PHUBOIUT K TIOBBI-
LICHUIO KU3HECTIOCOOHOCTH KIIETOK M IIPEI0TBpallie-
HUIO MX arperanuy rmociie pa3MopaKuBaHus, a TAkKe
CHUMaeT HeOOXOANMOCTh KOHTPOJISI CKOPOCTH OXJIaK-
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When using hydroxyethyl starch (HES) for obtaining
granulocytes and their following cryopreservation with
DMSO adding, a residual HES was found-out to
prevent cell swelling, release of lysosomal enzymes
and nucleoproteins after freeze-thawing [10]. Com-
paring bone marrow frozen cells with 10% dimethyl
sulfoxide (DMSO) and 5% DMSO+6% HES con-
centrations demonstrates that a combination of pene-
trative and non-penetrative cryoprotectants results in
an increase in cell viability and prevention of their
aggregation after freeze-thawing, as well as makes it
unnecessary to control cooling rate [6, 18, 19]. In case
of erythrocytes and hepatocytes the combination of
high-molecular polymers with penetrative cryopro-
tectants enables to reduce the concentration of latter
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nenwus [6, 18, 19]. B cirydae 3puTpoLIMTOB U T€MaTO-
LINTOB COYETAHNE BHICOKOMOJIEKYIISIPHBIX ITOJTUMEPOB
C MPOHUKAIOIIUMH KPHOIPOTEKTOPaMH MO3BOJISIET
CHU3UTh KOHUEHTPALUIO MOCIEAHUX [2, 3] ¥ TOBBICUTH
CKOPOCTb 3aMOpaXKUBaHUsI 0€3 CHIDKEHHSI MTOKa3aTe-
JIel )Ku3HecnocooHocTH [1].

JaHHbple TUTEpaTypbl YKa3blBalOT Ha oOmue
MPUYUHBI JOTIOJHUTEIIFHOTO OBPEKICHUS PA3IMIHBIX
KJIETOK, KOTOPOE€ MOYKHO TPE0TBPATUTh MPU KOMOH-
HUPOBAaHHOM 3aIIMTE BEICOKOMOJIEKYISIPHBIMHU TIOJTH-
MepaMH U MPOHHUKAIOIUMHU KPHOTIPOTEKTOPaMHU.
AHanu3 nuTepaTyphl MOKa3bIBaeT, 4YTO OJHOM W3
MIPUYMH MOBPEXKICHHS KIETOK MOKET OBITh X BBICO-
Kast KOHIIEHTpalKs B cpeflax KPHOKOHCEPBHUPOBAHHUS
[7,12, 15-17, 20]. [Ipu MeasieHHOM 3aMOpaXUBaHUU
PUTPOLHUTHl KOHICHTPUPYIOTCS B KaHalaX MEXIY
pacTymuMH KpUCTAJUTaMH JIbJa, T CIABIUBAIOTCS
n pazpymarorcs [15]. CHuXeHHe reMaToKpuTa B
cpele 3aMOpakKMBaHUS BBI3BIBAET IOJIOKUTEIbHBINA
3¢ exT, Mpu ITOM YCTaHOBIIEHO, YTO 3(h(HEeKT KOHIIEHT-
pamyu S3pUTPOLIUTOB OOYCIIOBIIEH CKOPOCTSIMH 3aMOpa-
YKUBaHUS M pa3MOPAKMBAHMUS, a TAaKXKe KOHIICHTpaluen
DIUIeprHa B KOHCEepBHUpYIoIe cpexae [7, 16, 17, 20].
Takue pesynapTaThl yKa3bIBalOT Ha TO, YTO OTPHUIA-
TeJIbHOE BIMSHIE BBICOKOW KOHIIEHTPAINH KJIETOK Ha
WX COXPaHHOCTH MPHU 3aMOPAKUBAHUH CBSI3aHO HE
TOJIBKO C JOMOJHUTENBbHBIMU 3¢ (eKTaMu KOHIEH-
TPUPOBAHUS PACTBOpa M O00pa30oBaHUS JbAa, HO H
BIIMSIHUEM CKOPOCTEH 3aMOPaKUBAHUS U Pa3MOPaKHU-
BaHUs Ha pa3Mepbl KaHAJIOB, B KOTOPBIX KIETKH KOH-
TaKTUPYIOT MEKAY cOO0M M pacTyIIMMHU KpUCTaJIa-
mu Jpaa [17]. [Ipu HU3KkOM reMaToKpUTe COXPaHHOCTh
SPUTPOLMTOB B OOJIBLICH CTEIIEHU 3aBUCUT OT KOJIU-
YecTBa He3aMep3IIeH KUAKOCTH, YeM KOHIEHTPaluu
coJieil B HEM, Torja Kak IMpU BHICOKOM I'€MaTOKpPUTE
COXPaHHOCTb OTPEIEISIETCS YKa3aHHBIMU (haKTOpaMHU.
3Ha4YNTENbHOE IOBPEXKIEHHE OTMEYACTCS B YCIIOBHSIX
MaKCHUMaJlbHOW NeruapaTalid U MaKCHUMaJbHO
TUTIOTHBIX MEXKJIETOYHBIX KOHTAaKTOB, YTO COOTBET-
CTBYET I'MIIEpPKOHLIEHTPUPOBAHMIO COJIEH ITPH 3aMopa-
XKUBAaHUH 3PUTPOLUTOB C BBICOKUM I'€MaTOKPUTOM
[12]. ITpu ObicTpoM 3aMOpaXKMBAHUH YMEHBIIIAETCS
BpeMsl BO3AECHUCTBHSI BBICOKMX KOHIICHTPALUi pacTBO-
PeHHBIX BemecTB. Kpome Toro, B 3TOM cityyae KJIETKH
JHCTIEPCHO pacIpeiesieHbl BHYTpH 00pa30BaBLIMXCS
KPHCTAJIJIOB JIbJIa, TEM HE MEHEe OTPUIIATENIbHOE BIHA-
HUE TIOBBIIIEHNS KOHLIEHTPAIUX KJIETOK BBISBIISETCS
U B 3TUX ycioBusAX. [loaToMy ObUI crienan BEIBOJ, YTO
MEXaHHU3M JIOTIOJIHUTEIHLHOTO IPHUPOCTa OBPEKACHHUS
KJIETOK TIPH OBICTPOM 3aMOPa)KMBAHUU OTIMYAETCS
OT TaKOBOTO TP MemieHHOM [14].

Lenp pa®oThl — ompenenuTs BIAMSHUE HENPOHU-
KaIOIIMX U IPOHUKAIOLINX KPUOIIPOTEKTOPOB, a TAKKE
WX KOMOWHAIMI Ha OTpULIATETbHBIN A HEKT BEICOKOH
KOHIIEHTPAIH KJIETOK — dPQEKT “yITakOBKU’, BBISB-
JICHHBIH [TPY 3aMOPaKMBAaHUH SPUTPOLIMTOB B CaXapo30-
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[2, 3] and augment freezing rate with no reduction in
indices of viability [1].

Literature data indicate to the common reasons of
additional damage of different cells, which can be
prevented if combining protection with high-molecular
polymers and penetrative cryoprotectants. Analysis of
literature demonstrates that a high cell concentration
in cryopreservation media can be one of the reasons
of their damaging [7, 12, 15-17, 20]. At slow freezing
the erythrocytes under growing ice crystal effect are
concentrated in the frozen channels, where they are
compressed and destroyed [15]. Hematocrit decrease
in freezing medium causes a positive effect, at the
same time the one of cell concentration was established
to be stipulated by freezing and thawing rates, as well
as by glycerol concentration in a preservative medium
[7, 16, 17, 20]. Such results point to the fact that a
negative effect of cell density on their integrity at
freezing is related not only to additional effects of
solution and ice concentration, but to that of freezing
and thawing rates on sizes of liquid channels as well,
where cells have contacts with other cells and growing
ice crystals [17]. Cell preservation at a low hematocrit
mostly depends the amount of unfrozen liquid, than
salt concentration in it, meanwhile at a high hematocrit
the integrity is determined by two mentioned factors.
Considerable damage is noted under maximum
dehydration and maximally tight contact between cells,
that corresponds to salt hyperconcentration during
erythrocyte freezing with a high hematocrit [12]. Ata
rapid freezing the effect time of salt high concentrations
reduces. In addition, in this case cells are dispersively
distributed inside formed ice crystals, though a nega-
tive effect of increase in cell concentration is revealed
under these conditions as well. Therefore there was
concluded about differing of the mechanism of addi-
tional increase of cell damage from the one at slow
freezing [14].

The work was aimed to determine the effect of
non-penetrative and penetrative cryoprotectants, as
well as their combination on negative effect of high
cell density (“packing” effect), found-out during
erythrocyte freezing in sucrose-saline medium. The
performed experiments demonstrated that for avoiding
additional damages during freezing, being stipulated by
a high hematocrit, a slight amount of penetrative
cryoprotectants together with sucrose was sufficient.

Materials and methods

NaCl (“chemically pure”), sucrose (“pure for ana-
lysis”), glucose (“pure for analysis™), polyethylene
glycols (PEG) with 400, 1500, 2000 molecular mass
(Merck); dextrans with 10000 (Dex-10) and 35000
(Dex-35) molecular mass (Serva); glycerol (Germany);
1,2-propane diol (1,2-PD); dimethyl sulfoxide (DMSO,
Sigma) were used in the work. Human erythrocytes
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cosieBol cpeze. [IpoBeieHHbIE SKCTIEPUMEHTHI MTOKa-
3aJIk, 4TO IJId I/I36e)KaHI/I$I JONOJHUTCIIBHBIX ITOBPEK-
JICHUI [TPY 3aMOPAKUBAHUH, 00y CITIOBIICHHBIX BEICOKHM
reMaTOKPUTOM, HEOOXOAMMO TPUCYTCTBUE B Cpelie
3aMOpaKMBaHUS IPOHUKAIOIINX KPUOTPOTEKTOPOB B
COUETAHHH C CaxapO30i.

Marepuarbl u meTtoabl

B pabote ncnonrzoBamu NaCl (x.4.), caxaposy
(a.1.a.), Tmroko3y (4.11.a.); monmmatuiaeHnmkonu ([1910)
¢ monekysipapiMu Maccamu 400, 1500, 2000 (Merck);
JIEKCTpaH ¢ MoJeKysipHbeIiMH Maccamu 10000 (exc-
10) 1 35000 (Hexc-35, Serva); mmuneput ([ epmanus),
1,2-nponananon (1,2-1110), AMCO (Sigma). Opurpo-
LUTHI YEJIOBEKA MOTYYaI U3 JOHOPCKOW KPOBH YETHI-
PEXKpaTHBIM OTMBIBAHUEM PACTBOPOM, COZIEPIKAIIUM
0,15 M NacCl, 10 MM Ttpuc, pH 7,6 (cpena 1). st mo-
Jy4eHHUS] pacTBOPOB C Pa3IUYHBIM COAECPKaHHEM
NaCl u caxapo3ssl cpeay 1 cMemmBamyu ¢ pacTBOPOM,
coaepxamum 0,3 M caxapo3ssl, 10 MM Tpuc, pH 7,6.
[Ipu 3TOM mony4anu CIeayIOUUi COCTaB CPEJIb:
100 MM NaCl +100 MM caxapo3sr; 75 MM NaCl +
150 MM caxapo3sr; 50 MM NaCl + 200 MM caxapo3sl,
25 MM NacCl + 250 MM caxapo3ssl. PacTBopsI Kpro-
MIPOTEKTOPOB B KOHIeHTparusix 5, 10 wmu 15% rotoBu-
mu Ha cpene 1 wm cpene ¢ 50 MM NaCl, 200 mM
caxapo3sl (cpena 2) mnu 450 MM NaCl, 100 MM caxa-
po3sI (cpena 3), kotopsie Bkitodanu 10 MM tpuc, pH
7,6. DpUTPOLIUTHI C TEMATOKPUTOM 8% MHKYOUpPOBaIH
30 mun nipu 37°C B cpene 1, coneprkarieil MpOHUKar0-
LI KPUOIIPOTEKTOPBI B KOHUEHTpALH 5%. O0pa3ubl
SPUTPOLMTOB B IJIACTUKOBBIX IPOOHPKAX CO CpeaMu
3aMOpakuBaHus 00beMoM | M1 1 TeMaTokpuToMm 0,8
1 40% morpyxaiu B KHUIKUNA a30T ¥ BRIAEPKUBaIH 15
MUH, 3aTEM MIEPEHOCHITN Ha BOJIsIHY0 OaHto mipu 40°C
(mpormetypa GBICTPOTO 3aMOpaKMBAaHUA U pa3Mopa-
xwuBanu). [Tocie pasMopakiuBaHus 00pa3Libl IEHTPHU-
(yrupoBaiy, CTeneHb reMoJn3a ONpeAeIsIN CIIEKTPO-
(hOTOMETPUYECKH MPH JUTUHE BOJHBI 543 HM.

Ha ocHoBaHuM pe3ynsraToB, HOIyYEHHBIX HA 3PUT-
poLuTax OT MATH ITOHOPOB, PACCUUTHIBAIM MaTeMa-
THYECKOE OXXHMIAHHUE U AUCIIEPCUIO CIyYaiiHON BeJu-
YHHBI.

PesyAbTaThl M ux o0cCyxaeHue

Cumxenue konteHTpanuu NaCl rpu ee 3aMeleHum
Ha caxapo3y MPUBOAUT K YMEHBIICHUIO CTEIEHU
remonu3za (puc. 1), 94T0, BUIUMO, CBSI3aHO C MEHEe
WHTCHCUBHBIM HapacTaHueM KoHleHTpauuu NaCl u
CTaOUITM3UPYIONIUM BO3JCHCTBHEM caxapo3bl Ha
MeMOpaHy B YCIIOBHUAX 3aMopakuBanus [S]. CteneHb
MOBPEXICHUS IIPY 3aMOPAKUBAHUH C HU3KUM reMaTo-
KPUTOM HMKE, YEM C BBICOKHMM, IPU 3TOM pa3HULA
CTETICHH MOBPEXKIEHHS TeM OO0JIblIIe, YeM HIDKE KOH-
nenTpanus NaCl B pacTBope. T0 MOXKET OBITh CBS3a-
HO ¢ pocToM 3¢ HEKTOB KOHLIEHTPUPOBAHUS PacTBOPa
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were derived from donor blood by means of four-fold
washing-out with the solution, containing 0.15 M NaCl,
10 mM Tris, pH 7.6 (medium-1). In order to obtain
solutions with different NaCl and sucrose content the
medium-1 was mixed with the solution, containing 0.3M
sucrose, 10 mM Tris, pH 7.6. At the same time the
following medium composition was obtained: 100 mM
NaCl +100 mM sucrose; 75 mM NaCl + 150 mM
sucrose; 50 mM NaCl + 200 mM sucrose; 25 mM
NaCl + 250 mM sucrose. Cryoprotectant solutions in
5, 10 or 15% concentrations were prepared on
medium-1 or the medium, containing 50 mM NaCl,
200 mM sucrose (medium-2) or 450 mM NacCl,
100 mM sucrose (medium-3), which comprised 10 mM
Tris, pH 7.6. Erythrocytes with 8% hematocrit were
incubated for 30 min at 37°C in medium-1, containing
penetrative cryoprotectants under 5% concentration.
Erythrocyte samples in plastic vials with freezing media
in 1 ml volume and 0.8 and 40% hematocrit were
immersed into liquid nitrogen and exposed for 15 min,
then transferred on water bath at 40°C (rapid freeze-
thawing procedure). Samples after freeze-thawing
were centrifuged, hemolysis extent was spectropho-
tometrically determined at 543 nm wavelength.

Basing on the results obtained in erythrocytes of
five donors the mathematical expectation and standard
dispersion were calculated.

Results and discussion

Decrease in NaCl concentration when substituting
it to sucrose results in a reduction of hemolysis rate
(Fig. 1), that is apparently related to less intensive
increase in salt hyperconcentration and sucrose
stabilising effect on membrane under freezing condi-
tions [5]. A degree of damage during freezing with
low hematocrit is less than if using a high one, at the
same time the difference of degree of damage is higher
with lower salt concentration. This can be related to
an increase in effects of solution concentration and
ice amount, which is additionally formed during freezing
with high hematocrit [12, 16]. Osmotic influence of
sucrose on cell density effect during freezing should
be taken into account [13]. The presence of polymer
or penetrative cryoprotectants in freezing medium
results in a decrease in degree of cell damage during
freezing. However for penetrative cryoprotectants a
significant difference between the levels of erythro-
cytes hemolysis during their freezing with low and high
hematocrit values is no longer revealed (Fig. 2). In
addition, penetrative cryoprotectants eliminate a ne-
gative effect of high cell density in the media with
polymers (Fig. 3-4). This result confirms an additional
augmentation of damages under conditions of high
hematocrit apparently related to destabilisation of
intracellular structural components of membrane. Modi-
fication of interactions between cytoskeletal proteins
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Fig. 1. Erythrocyte damage at freezing in isoosmotic sucrose-
saline media (see “Materials and methods”) with different
hematocrit values (1 —0.8%;2—-40%).

125 150

Y KOJIMYECTBA JIbJ]a, KOTOPHIH JOMOJIHUTENBHO 00pa-
3yeTcs IpHU 3aMOPaXWBAHWH C BBICOKHM TIeéMaTo-
kputoM [12, 16]. Cienyer yunThIBaTh BIUSHUE OCMO-
TUYECKOTO BO3ACUCTBUS caxapo3bl Ha dPPEKT KOH-
LIEHTPAIIMH KJIETOK MpH 3amMopakuBanui [ 13]. [TpucyT-
CTBUE B CpeJlie 3aMOpPaXKMBaHUs MOJUMEPHBIX WIH
MIPOHUKAIOIIMX KPHOIPOTEKTOPOB TPUBOANT K CHHXKE-
HUIO CTENIEHU MOBPEXKACHUS KJIETOK MPH 3aMOPaXKH-
BaHUH. OJHAKO JUIsS NPOHUKAIOIIUX KPHOIIPOTEKTOPOB
YK€ He BBIBISIETCS CYIIECTBEHHOH pa3HULIBI MEXIY
YPOBHSIMH I€MOJIN3a SPUTPOLIUTOB IPH HX 3aMOPAXKHU-
BAaHUM C HU3KUM U BRICOKUM T'€MaTOKPUTOM (pHC. 2).
Kpome Toro0, MpoHMKamue KpUOmpOTEeKTOPHI YCT-
PaHAIOT OTPHUIIATENTFHOE BIMSIHNAE BBICOKOH KOHIIEHTpa-
MY KJIETOK B Cpefiax ¢ mommMepami (puc. 3, 4). Takoit
pe3ynbTaT yKa3bplBaeT Ha TO, YTO JOTOIHHUTEIHHOE
YBEIIMYECHHE MOBPEXKIACHUN B YCIOBUAX BBICOKOTO
reMaTOKpUTa, BUIUMO, CBA3aHO C AecTabunn3anueit
BHYTPHUKIIETOUYHBIX CTPYKTYPHBIX COCTABIISIIOIIAX
MeMmOpaHsl. Beuto mokazano, 4To MoaMQpUKALU
B3aMMOJICHCTBUI MEXTy OelKaMu ITUTOCKeIeTa WIn
LUTOCKEJIETOM U MEMOPaHOH 3HAUYUTEIHHO ITOBBIIIACT
YYBCTBHUTEIBHOCTH YPUTPOLIUTOB K PECYCIIEHANPOBA-
HHUIO TIOCIIe 3aMopaxkuBanus [4]. Pa3putus monomHu-
TENBHBIX TOBPEXACHUHN IPH 3aMOPAKUBAHUH C BBICO-
KHUM TeMaTOKPUTOM MOXKHO H30eXaTh IIPU cTabnim3a-
LMY KIETOK MEMOpPaHHBIMH peareHTaMH MITH TIOBBIIIIe-
HUU KOHTIeHTparwu rumepusa 10 40% [20]. Uccremys
npotiecc 3aMmopaxxuBaHust A HepeHIInaTbHON CKaHU-
pyrolIel KaJopuMeTpuel, yCTaHOBHIIH, YTO TIPUCYT-
CTBUE MEMOPAHOTPOITHBIX PEareHTOB HE YMEHbBIIIAET
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Puc. 2. BiiusiHue pa3nmyHbIX KPHOIPOTEKTOPOB (KOHIIEHTpa-
st 5%) IpU 3aMOPaKUBAHUU SPUTPOLIUTOB C PA3ITUIHBIM
remarokputoM (01— 0,8%; O0—40%) B cpene 2: 1 —KOHTPOIIb;
2 -TIBI-1500; 3 —T121-2000; 4 —[1ekc-10; 5 — Jlekc-35; 6 —
rmoko3a; 7 — [191-400; 8 — 1,2-I1J1; 9 — AMCO; 10 —
DJIALCPHUH.

Fig. 2. Influence of cryoprotectants (concentration of 5%)
at freezing erythrocytes with different hematocrit values
(O-0.8%; O-40%) in medium 2: 1 —control; 2—PEG-1500;
3—PEG-2000; 4 —Dex-10; 5—Dex-35; 6 — glucose; 7— PEG-
400; 8 —1,2-PD; 9 — DMSO; 10 — glycerol.

or between cytoskeleton and membrane was shown
to significantly increase the erythrocyte sensitivity to
post-thaw resuspension [4]. Development of additional
damages at freezing with high hematocrit can be
avoided during cell stabilising with membrane reagents
or augmenting glycerol concen-tration up to 40% [20].
When studying freezing process using differential
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Puc. 3. BnusHue npoHUKAIOMMX KPHOIPOTEKTOPOB (KOH-
neHTpanus 5%) npu 3aMopakxHBaHUH 3PUTPOLIMTOB C Pa3-
JnuuHbIM rematokputom (- 0,8%; C0—40%) B cpene-2 ¢
[121-2000: 1 — koHTpOINIB; 2 — MItOKO03a; 3 — [1DI'-400; 4 —
1,2-T11/1; 5 — AMCO; 6 — runepuH.

Fig. 3. Influence of penetrative cryoprotectants (concen-
tration of 5%) at freezing erythrocytes with different
hematocrit values (O0— 0.8%; O —40%) in medium-2 with
PEG-2000: 1 —control; 2 —glucose; 3 —PEG-400; 4 —1,2-PD;
5—-DMSO; 6 —glycerol.

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N22



SHTAJIBIINIO 00pa30BaHUs JIbAA, XapaKTepHYIO MpH
MOBBIIEHUN KOHLIEHTpAalMU rmuuepuHa. M3 storo
3aKITFOYMITH, YTO 3AIMUTHBIN 3P PekT MeMOpaHoTpoI-
HBIX PEareHTOB MPH 3aMOPAXKUBAHUU C BBICOKHUM
TFeMAaTOKPUTOM HE CBSI3aH C U3MEHEHMSIMH KOJINYECT-
Ba JbJa, @ OOYCJIOBIIEH HEMOCPEICTBEHHBIM JEeHCT-
BHEM peareHTOB Ha MemOpany [20]. Iloka3aHo, 9To
pyY KOMOMHALIHMK TOJUMEPHBIX M MPOHUKAIOIINX
KPHUOIIPOTEKTOPOB HAOJIIOAAETCS MOJOKUTEIbHBIN
3¢ QEKT B OTHOIIEHUU COXPAHHOCTH IIPH 3aMOPaKHBa-
HUU 3pUTpounTOB [ 1, 2], remarormtos [3], TpaHyIoIH-
TOB [6, 10] 1 HEPpaKIOHUPOBAHHBIX KIETOK KOCTHOTO
mo3ra [18, 19]. [Ipu nob6aBke moJMMepoB CyIIeCTBEH-
HO CHWYKAeTCs KOHIIEHTpalysl MPOHUKAIOIUX KPUOIIPO-
TEKTOPOB 0€3 I3MEHEHUS CTPYKTYPHO-(QYHKIIMOHAb-
HBIX TIOKa3aTelel KIETOK IOoCciie 3aMOpakKHBaHUA-
orrauBanus [ 1-3, 6, 19], 4To CBUAETENBCTBYET O OOJIb-
11el KpHOIpOTEKTOPHOH 3(h(EeKTUBHOCTH KOMOMHHUPO-
BaHHBIX KOHCEpPBAaHTOB. B ykazaHHBIX paboTax He
00CY>XKIaTCh TPUYHHBI YAOBIETBOPUTEIHHOM COXpaH-
HOCTH KJIETOK, OIHAKO MOJTyYCHHBIEC PE3YJIbTaThI (CM.
puc. 2-4) CBUIETENLCTBYIOT O TOM, YTO KOMOMHHPO-
BaHHas 3aIlIMTa IPUBOAUT K OJIOKMPOBAHHIO Pa3BUTHUS
JIOTIOTHUTEILHBIX MOBPEXKICHUH KIIETOUHON MeMOpa-
HBI [IPU 3aMOPaKUBAHUH, KOTOPBIE ONPEAEIISIOTCA
BBICOKOM KOHIIEHTPALIEH KJICTOK. Y UUTHIBast HEBBICO-
KM€ KOHIIEHTPALMHU IPOHUKAIOIINX KPUOTIPOTEKTOPOB
B COUETaHUU C TIoJTuMepamu (CM. puc. 3, 4) 1 onucaH-
HYIO BBIIIE CHOCOOHOCTh MEMOPaHOTPOIHBIX PearcH-
TOB CHUMATh 3()(eKT KOHLIEHTpALMK KJIeTOK [20], MOx-
HO TIPEATONIOKHUTD, YTO OJIOKMPOBAHUE OTPHIIATEIb-
HOro 3 (heKTa BHICOKON KOHILICHTPAIIMH KJICTOK CBSI3aHO
C HEMOCPEICTBEHHBIM B3aUMOACHCTBUEM KOMIIOHEH-
TOB KOMOWHHPOBAHHBIX CPEA C PA3IUUHBIMHU CTPYKTY-
pamMu KJIETOYHOW MeMOpaHsbI.

[Tospimenue xounentpanuu NaCl go 0,15 M
MPUBOAUT K YCHJICHHUIO FEMOJIN3a IIPU 3aMOPaKUBAHUH
¢ ycTpaHeHueM 3(QQeKTa BHICOKOH KOHIEHTPAaLHUH
KJIETOK. JIOTIOTHUTENIbHOE YBEIMYEHNE KOJIMYECTBA
[IOJINMEPOB B CpeJie 3aMOPAKMUBAHUS BBI3BIBAET CHH-
YKCHHUE CTETICHH IOBPEKACHHS S3PUTPOLIUTOB C BHISIBIIC-
HueM 3¢ dekra “ynakoBku” (puc. 5). Takum obpazom,
3(h(heKT KOHIIEHTPAIINH KJICTOK 3aBHCUT OT KOJTMYECTBA
NaCl unu nmonuMepa B cpene 3amMopakuBaHus. B
cpeaax ¢ BBICOKUM F'eMaTOKPUTOM BHYTPHKJICTOUHAS
BOJIa CYLIECTBEHHO BJIMsET Ha 0Opa3oBaHue BHEKIIE-
TouHoro nbaa [12]. Ilpu 6sicTpoM pasmMopakuBaHUU
B YCIIOBHUSX BBICOKOTO TeMaTOKPHUTA TIaBJIEHHUE JIbJa
MpUBEAET K O0JIee HHTCHCUBHOMY Pa3BEICHHUIO BHEILI-
Hell cpenpl [9]. D10 yKaspIBaeT Ha TO, 4TO OyAET Mpo-
UCXOJUTH JOTIOJHUTENBHBIN MPUPOCT MOCTTUIIEPTO-
HUYECKOI'0 BO3AEHUCTBUS.

[Tpu 3amopaxuBaHUM KJIETOK B Cpelie C BHICOKOH
koHneHTpareld NaCl HabirogaeTcs mpakTHYeCKH MOJI-
HBIH JIM3HC ISl CYCIIEH3HMM ¢ HU3KUM I'€MAaTOKPUTOM,
OJTHAKO B CITy4ae BHICOKOTO FT€eMaTOKPUTA CyIIeCTBEH-
Has JacTh Ki1eTok (10 30%) He remonm3upyer (puc. 6).
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Puc. 4. BmusHre NpoHUKAIOMIUX KPHOMPOTEKTOPOB (KOH-
HeHTpanus 5%) Mpu 3aMOpaKMBaHUU IPUTPOLHUTOB C
paznuuHbM remMaTokpuToM (01— 0,8%; C0—40%) B cpene-2
¢ Hexc-10 (10%): 1— koHTpOIB; 2 — ITt0K034; 3 — [131'-400;
4—1,2-111; 5-AMCO; 6 — muuepuH.

Fig. 4. Influence of penetrative cryoprotectants (concen-
tration of 5%) at freezing erythrocytes with different
hematocrit values (00— 0.8%; O—40%) in medium 2 with
Dex-10 (10%): 1 —control; 2 — glucose; 3 — PEG-400; 4 —
1,2-PD; 5—-DMSO; 6 — glycerol.
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scanning calorimetry the presence of membrane-tropic
reagents was established as not reducing the enthalpy
of'ice formation, being typical at glycerol concentration
increase. It was proceeded that a protective effect of
membrane-tropic reagents during freezing with high
hematocrit was not related to changes in ice number,

l:
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Puc. 5. Biusnue konuentpanuu NaCl u nmonmmeposipu
3aMOpa’KMBAHUH SPUTPOLUTOB C PA3TUNIHBIM I'€MaTOKPUTOM
(O-0,8%; O—40%) B pacTBOpax: 1—cpena-2 +I13I'-2000
(xonnentpanus 5%); 2 — cpena-2 + Hekc-10 (10%); 3 —
cpena-1+I12I'-2000 (5%); 4 —cpena-1 + Ilexc-10 (10%); 5 —
cpena-1+T1I9I'-2000 (10%); 6 — cpena-1+ dexc-10 (15%).
Fig. 5. Influence of NaCl concentration and polymers at
freezing erythrocytes with different hematocrit values (C0—
0.8%; O - 40%) in solutions: 1 — medium 2+PEG-2000
(concentration of 5%); 2 — Dex-10 (10%); 3 — medium-1 +
PEG-2000 (5%); 4—medium- 1+ Dex-10 (10%); 5—medium-1 +
PEG-2000 (10%); 6 —medium-1 + Dex-10 (15%).
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Tako# pe3ysbTar, BEpOsSITHO, CBSA3aH C TEM, YTO IpU
HU3KOM T€MaTOKPHUTE KJIETKH IMOJBEpPTatoTcs 0O0Ib-
meMy TPaJueHTy KOHIEHTPAIMU COJIeH MpHU 3aMo-
paXXUBaHUM, TOTJA KaK MPH BBHICOKOM T'€MAaTOKPUTE
JeTUIpaTaIis KIETOK elle 10 3aMOpaKUBaHU TIPUBE-
JIeT K YMEHBIICHUIO KOHIIEHTPAllUd PACTBOPEHHBIX
BEIIECTB BO BHEIIHEH Cpelie, a TakkKe CHIKCHUIO
MTOCTTUIIEPTOHNYECKOTO BO3/ICHCTBHS, TaK KaK MPe/-
BapHUTeNbHas JAeTHApATAIN Cy)KaeT Ihana3oH u3Me-
HEHUs 00beMa KJIETKH B IIUKJIE 3aMOPaKUBAHUA-PaA3-
MOpa)KUBaHUSI.

YCcTaHOBIIEHO, YTO OTPULIATETFHOE BIUSHHE TOBBI-
[IEHHOTO TeMaTOKPUTa Ha COXPAaHHOCTh 3aBUCUT OT
CKOpOCTeH 3aMOpaXUBaHU U pasMopakuBanus. [1pu
cOalaHCUPOBAaHHBIX CKOPOCTAX HAOIIONAETCS MUHU-
MaJbHOE KOJMYECTBO MOBPEKICHHUH SPUTPOIIUTOB, U
3HAYUTEITLHOW Pa3HUIIBI MEXKYy COXPAaHHOCTBIO KJIe-
TOK TIOCJI€ 3aMOPAKUBAHUS C HU3KUM M BEICOKHM Te-
MAaTOKpUTOM He BhIsiBisieTcs [17].

[Ipu BBRICOKOM T€MaTOKpHUTE, KOTJIa KIETKH 3aHU-
MalOT 3HAUYNTENbHYIO YacTh 00bEMa Cpeasl 3amMopa-
YKUBAHUS, TpOMep3arolire KaHallbl BKIIIOYAIOT B ce0s
O0JIBIIIE KIIETOK M [TO3TOMY IPHTPOIIUTHI O0JIee TTO/IBEP-
KEHBl MEXaHHYECKOMY pa3pyLIEHUIO0 KpUCTasIaMU
JIb/1a B YCIIOBUAX BKITIOYEHUSI BHYTPHUKIETOUHON BOJIBI
BO BHEKJICTOUHKIH 1€ [ 12]. BeposTHOCTH BHYTpUKIIC-
TOYHOTO 3aMep3aHusi Oy/IeT YBEITMYNBATHCS B CyCIICH-
3WH C BBICOKHM TeMaTOKPUTOM, TaK KaK B ITUIOTHON
CYCIICH3WH KJIETOK OTHOCHTEIBHBIA pa3Mep BHEKIIe-
TOYHOIr'0 HpocTpaHcTBa ymeHbaercs [16]. K Tomy
JKe arperanus KJIeTOK B MPOMepP3arIlIuX KaHallax
BEI3BIBAET TOPMOXKEHHUE JIETUAPATAIIAH, YTO TPUBOIUT
K TIOBBIMICHUIO TEMIIEPATypbl BHYTPUKIETOYHOTO
3amep3anus [8]. Ilpu pasMopakuBaHUU CyCIICH3UN C
BBICOKUM F€MaTOKPUTOM KJIETKH B pa3IHYHBIX o0ac-
TAX OyIyT MOABEPTaThCS TUIEPTOHUYECKOMY HWIIH
TUTIOTOHUYECKOMY Bo3zeicTBuio [16]. Ha koHeuHoi
CTanuu OBICTPOTO Pa3MOPaKUBAHUS KIETKH MOTYT
WCTIBITHIBATH KPATKOBPEMEHHBIN THITOTOHUYECKHUH ITIOK
[9], 9TO MOMOTHUTEIHHO BHOCUT BKJIA] B OOIIIEE ITOCT-
TUIIEPTOHIYECKOE TIOBPEKACHNUE.

Takum 00pa3om, OTpHUIIATEIHHOE BIUSHUE TIOBHI-
IIEHUS TEMaTOKpHUTa B Cpelieé 3aMOpaKMBaHUA Ha
COXPAaHHOCTh KJIETOK MOXHO OOBSICHHUTH JOMOJ-
HUTEJIBHBIM ITPUPOCTOM dPPEKTOB KOHIICHTPUPOBAHUS
pacTBOpa M JibJia BO BHE- U BHYTPUKIIETOYHOM Cpejie.

Yem MmoxeT onpenensthest 3Q ekt KOHIeHTpanun
kietok B cpenax ¢ NaCl-caxaposa wim ¢ NaCl-
nosiMmep (cM. puc. 1, 5) nmpu OpIcTpoM 3aMOpakuBa-
HUU U pa3MopakuBaHuu? B TaHHBIX yCIOBUAX BpeMs
JNENHCTBUS BBICOKOKOHIIEHTPUPOBAHHBIX PAacTBOPOB
coJieli OTpaHWYEHO, a B 3aMOPOKEHHOM COCTOSHUHU
SPUTPOIHUTHI UCIEPCHO paclpeelieHbl BHYTPH
KPHUCTAIJIOB JIbJIa, [IO3TOMY B MOMEHT 3aMOPayKUBAHHUS
HE TOABEPraroTcs NeHCTBHIO 3(P(EKTOB TIOTHBIX
MEXKJIETOUHBIX KOHTAKTOB [ 14]. B ycnoBUsIX BBICOKOH
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but stipulated by a direct action of reagents on mem-
brane [20]. Combination of polymer and penetrative
cryoprotectants was shown as causing a positive effect
in respect to integrity when freezing erythrocytes [1,
2], hepatocytes [3], granulocytes [6, 10] and non-
fractionated bone marrow cells [18, 19]. There is a
considerable decrease in concentration of penetrative
cryoprotectants at addition of polymers, as a result the
structural and functional cell indices remain unchanged
after freezing [1, 3, 6, 19]. This testifies to higher
cryoprotective efficiency of combined preservatives.
The causes of satisfactory cell integrity were not
discussed in the mentioned works, but the results
obtained (see Fig. 2-4) testified to the fact, that a
combined protection resulted in blocking development
of additional damages in cell membrane at freezing,
determined by a high cell density. Taking into
consideration low concentrations of penetrative cryo-
protectants in combination with polymers (see Fig. 3,
4) and described above capability of membrane-tropic
reagents to eliminate the effect of cell density [20],
we can assume that blocking of negative effect of cell
high density is related to a direct interaction of compo-
nents of combined media with various structures of
cell membrane.

Increase in NaCl concentration up to 0.15 M results
in hemolysis strengthening during freezing with
eliminating cell high concentration effect. Additional
augmentation of polymer amount in freezing medium
causes a decrease in erythrocyte damage degree with
“packing effect” revealing (Fig. 5). Thus, cell density
effect depends on NaCl or polymer amount in freezing
medium. In media with high hematocrit an intracellular
water significantly affects the extracellular ice
formation [12]. At rapid freeze-thawing under high
hematocrit the ice melting will result in more intensive
dilution of outer medium [9]. This points to the fact,
that an additional growth of post-hypertonic effect will
occur.

Quite a complete lysis for suspensions with low
hematocrit is observed at cell freezing in the media
with high NaCl concentration, but in case of a high
hematocrit a considerable part of cells (upto 30%) does
not hemolyze (Fig. 6).

This result is probably related to the fact that at
low hematocrit cells are subjected to greater salt
concentration gradient at freezing, meanwhile at high
hematocrit even prior to freezing cell dehydration will
result in a decrease in dissolved substance concen-
tration in outer medium and some reduction of post-
hypertonic effect, because the initial dehydration
constricts the limits of change in cell volume in freeze-
thawing cycle.

Negative effect of increased hematocrit on the
integrity was established to be dependent on freeze-
thawing rates. A minimum amount of erythrocyte
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KOHIICHTPAITAH KJIETOK BKIIIOUCHUE BHY TPUKIICTOTHOM
BOJIBI BO BHEKJIETOYHBIHA Jien OyneT OONbIINM IO
CPaBHEHUIO C HU3KUM I€MaTOKPUTOM, MMOATOMY IIpHU
OBICTPOM pa3MOPKUBAHUHN BO3MOXKHBI 00JIee MHTEH-
CHUBHOE pa3Be/ICHUE BHEIIHEH Cpelibl U THIIOTOHUYEC-
kuit mwok [9]. [Ipu ucmoab30BaHUU HEBBICOKHUX
KOHIICHTpaLUX MOJIUMEPOB WIH MPOHUKAIOUIUX KPHUO-
MPOTEKTOPOB (CM. pHC. 2) HE MPOU30HAET 3HAUH-
TeJIbHOU JieruapaTaiuu Kietok. [IpucyrcTBue nomau-
MEpOB B CpeJie 3aMOPAKHUBAHUS HE CHUMAET OTPHUIIA-
TEJILHOTO 3PPeKTa BHICOKOIO TEMaTOKPUTA Ha COXpaH-
HOCTB, B TO € BpeMI IPOHHUKAFOIIHAE KPHOMIPOTEKTOPHI
OJIOKHPYIOT €ro (CM. prc. 2). MOXHO IIPEIITOIOXKUTE,
YTO MPUINHOMN ITOTO SBIBIETCS HE 3aMEIICHNUE YaCTH
BOJBl B KJIETKaX C MPOHUKAIOIMUMU KPUOIPOTEK-
TOpaMu, a cTabuiu3aius MeMOpaHbl COBMECTHBIM
JeiicTBUEM MPOHUKAIOIIEr0 U HENPOHUKAIOIIETO
KPUOIPOTEKTOPOB K JOMOJTHUTEIBHOMY MPUPOCTY
MOCTTUNEPTOHUYECKOTO BO3IEUCTBUA. bblo oTme-
YEeHO, YTO MOA00Has cTabuau3anus MeMOpPaHOTPOTI-
HBIMH peareHTaMy CHUMAaeT OTPUIATEeNbHBIN 3P peKT
IUIOTHOCTH KJIETOK mpu 3aMmopaxkuBanuu [20]. B
MOJETHHBIX YKCIIEPUMEHTAaX IMMOKa3aHO, 9TO CHIDKCHUE
koHIeHTparuu NaCl B mpoMep3aniux KaHaaax
MIPUBOJIUT K TIOBHITIICHUIO COXPAHHOCTH KJIETOK, 3aMO-
POKEHHBIX C HU3KHM T€MaTOKPUTOM B OOJIBIIIEH CTe-
[I€HU, YEM C BHICOKHUM, a IOCTTUNIEPTOHUYECKUN TU3UC
MEHEE BBIPa)KEH MPU 3aMOPAXKUBAHUU BBICOKOTE-
MAaTOKPUTHBIX CYCIIEH3UH B YCJIOBUSIX M3HAUYAIbHON
nerunparanud [11]. He uckitoueHo, 4To MeHee BbIpa-
’KEHHOE BIIMSHUE KOHIIEHTPAIMU COJIEH B IUTOTHBIX
CYCIIEH3UAX KIETOK CBsI3aHO ¢ 3(h(heKTOM pa3BeieHUs
BHEIIHEH cpeapl BHYTPUKIETOUHOU BoAou. Jlerunu-

100 T

£ T
1
80 -
.
. I L
23 601 i
5 .Q
o O
S 2 40
&g
20 A
O T

1 2

Puc.6. CrenieHb MOBPEXACHUS IPUTPOIIUTOB C PA3THUHBIM
rematokpuroM (C0-0,8%; C0—40%) npu 3aMopaxnuBaHUN
B cpexe 3, comepxareii: 1 —[13I'-2000(xormeHTparus 5%);
2—/Texc-10 (10%).

Fig. 6. Damage rate of erythrocytes with different hematocrit
values (O0— 0.8%; O0—40%) at freezing in medium-3, con-
taining: 1 — PEG-2000 (concentration of 5%), 2 — Dex-10
(10%): (O—0.8%; O—40%).
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damages is observed at balanced rates, where no
significant difference between cell integrity after
freezing with low and high hematocrit is revealed [17].

At high hematocrit when cells occupy a significant
part of freezing medium volume, the frozen channels
comprise more cells and therefore erythrocytes are
much more subjected to mechanical destruction by ice
crystals under conditions of intracellular water inclusion
into extracellular ice [12]. The probability of intra-
cellular freezing will augment in suspension with a high
hematocrit because in dense cell suspension a relative
size of extracellular space reduces [16]. In addition,
cell aggregation in frozen channels causes a dehyd-
ration inhibition, resulting in temperature increase of
intracellular freezing [8]. When freeze-thawing the
suspension with high hematocrit cells in different
ranges will undergo hypertonic or hypotonic effect [16].
Cells can undergo a short-term hypotonic shock at a
final stage of rapid freeze-thawing [19], that additionally
contributes to total post-hypertonic damaging.

Thus, a negative effect of hematocrit increase in
freezing medium on cell integrity can be explained by
additional growth of concentration effects of solution
and ice in extra- and intracellular media.

What can determine the effect of cell density in
media with NaCl-sucrose or NaCl-polymer (see Fig.
1, 5) during rapid freezing and thawing? Under these
conditions the effect time of salt hyperconcentrative
solutions is limited, but in a frozen state erythrocytes
are dispersially distributed incide ice crystals, therefore
in the moment of freezing they are not affected by
tight cell-cell contacts [14]. Under conditions of high
cell concentration the inclusion of intracellular water
into extracellular ice would be higher if to compare
with low hematocrit, therefore at freeze-thawing more
intensive dilution of outer medium and even hypotonic
shock are possible [9]. When using polymers or
penetrative cryoprotectants in low concentrations (see
Fig. 2) no significant cell dehydration occurs. Polymer
presence in freezing medium does not eliminate a
negative effect of high hematocrit on the integrity, while
the penetrative cryoprotectants block it (see Fig. 2).
We can assume that the reason is not in substitution of
a part of water in cells with penetrative cryoprotectant,
but in membrane stabilisation internally to additional
growth of post-hypertonic effect. Similar stabilisation
with membrane-tropic reagents was noted to eliminate
a negative effect of cell density during freezing [20].
In the model experiments the reduction of NaCl
concentration in frozen channel has been demonstrated
as resulted in a greater augmentation of cell integrity,
being frozen with low hematocrit, than with a high one,
but a post-hypertonic lysis is less manifested during
freezing of high-hematocrit suspensions under
conditions of initial dehydration [11]. Less manifested
influence of salt concentration in dense cell suspen-
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paTtanus mepe] 3aMOpa)kMBaHHUEM, KOTOpas MCKITIO-
YaeT 3HAYUTEIbHbIE N3MEHEHHS 00bE€Ma KIETOK B
LIMKJIE KPUOKOHCEpBUPOBaHUs [11], MOXKET BBI3BIBATH
CYIIECTBEHHOE CHM)XCHUE YPOBHS MOBPEKACHUS
SPUTPOLUTOB B BEICOKOTEMAaTOKPUTHOM CyCIEH3UH (CM.
puc. 6). YMeHblIeHHE BIUAHUS (PaKTopa MoCTrumep-
TOHMYECKOTO MOBPEXKACHUS MPHU 3aMOPAKUBAHUU
BBICOKOT'€MaTOKPUTHOH CyCIIEH3UH B yCIOBHUSIX MpeE-
BapUTENbHON JeTUIpaTallii BEICOKMMH KOHIIEHTPA-
nusmMu NaCl B KpHO3alIUTHON cpefie 00bACHAETCS
3HAYUTENHHBIM YMEHBIIEHHEM THATa30Ha U3MEHEHUS
00BbeMa KJIETKH B IIUKJIE 3aMOPAKUBAHUA-Pa3MOPAKH-
BaHHA. TakuM o0pa3om, peaBapuTEeNbHAs JIeruIpa-
Tanus KIETOK BBICOKMMH KoHIeHTpanusmu NaCl B
KPHO3aLUTHOIN Cpefe M3MEHSAET CTENEHb COJIEBOTO
MOBPEXICHUS TIPH 3aMOPAXKUBAHUN KOHLIEHTPUPOBAH-
HOH CycIieH3UH KieTok. [1o-BuIuMomy, Aeruaparaust
BBI3BIBACT pa3BeICHUE CONM BO BHemHeH cpeae. [lo-
NoOHas CUTyalsi IMEET MECTO B MPEACTaBICHHBIX
pe3ynbTarax Ha puc. S u 6.

B ycnoBusx mpeaBapuUTENbHOM IeruipaTanuu
nmepes 3aMOopakKuBaHUEM HA00OpPOT HabmIromaeTces
MIOJIOKUTENBHOE BIUSHIE MOBBIIICHUS KOHIIEHTPAIUU
KJIETOK Ha MX COXpPaHHOCTH (cM. puc. 6). Mcxons u3
3TOT0, MOYKHO TPEINOJIOXKUTh, YTO OTPHUILIATEIHHOE
BIUSTHUE TIOBBIIICHHUS] TEMAaTOKPHUTA Ha COXPAHHOCTh
CBSI3aHO C ACTHApaTalel U peruaparanueil B HUKIe
OBICTpOro 3aMoOpaxuBaHusA-oTTauBaHus. CyxXeHue
JMana3oHa UKINYECKOT0o U3MEHEHUs 00bEMa KIIETKH
3a CuéT NpeaBapUTEIbHON JETUAPATALINH BBI3BIBACT
W3MEHEHHE HANpPaBJICHHOCTH BIUSHUSA BBICOKOI
KOHIIEHTPAIMU KJIETOK (CM. pHuC. 5, 6), clieoBaTensHo,
OTpHLATETbHBIN 3P (EKT BBICOKOH KOHIIEHTPAIIUH OIIpe-
JesieTcs yCUIICHHEM OCTTUIIEPTOHIMYECKOro cTpecca
MIpH pa3MOpaKUBaHHH.

BbiBOAbI

Hcnonp3oBanne coueTaHus caxapo3bl U MIPOHUKAO-
[IIUX KPHOMPOTEKTOPOB B KOHCEPBUPYIOIIECH cpese
yCTpaHseT OTpUIATeNbHBIH 3(h(HEeKT BEICOKOH KOHIICH-
TPAaIKH KJIETOK 32 CYET OJIOKMPOBAHUSI OCMOTHYECKIX
MEXaHH3MOB MOBPEKACHUI MEMOpAH H, TEM CaMbIM
3aIUIIAET X OT JOMOIHUTEIBHOTO MOCTTUIIEPTOHH-
YECKOTO BO3/ICUCTBHUS B YCIOBUAX Pa3MOpakKHBaHUSI.

Hcnonbp3oBanne KOMOMHHPOBAHHBIX Cpel MpH
COUYETAaHUU TPATUIUOHHBIX KPUOIPOTEKTOPOB (TJIH-
ueput, IMCO, 1,2-I1]]) c cMHHTeTHYECKUMHU TIOTTUME-
paMu SIBJISIETCSI HanOoJee MepCIeKTUBHBIM ITOIX00M
MIPU KOHCEPBUPOBAHUU CAMBIX PA3TUIHBIX KIICTOK.

Jlutepatypa
1. Mexudos C.X., bensesa .M., BopomurnuH A.M., Moucees B.A.
BrnusHve coyeTaHus nonMBMHUNNMpponuaoHa v 1,2-nponaH-
Avona Ha COXPaHHOCTb 3PUTPOLIMTOB MPU KPUOKOHCEPBUPO-
BaHuu // Mpobn. kpnobuonorun.— 1996.— Ne2.— C. 22-25.
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sions is not excluded to be associated with the effect
of extracellular dilution with intracellular water.
Dehydration before freezing, excluding significant
changes in cell volume during cryopreservation [11],
causes considerable reduction of erythrocyte damage
level in high-hematocrit suspension (see Fig. 6). A
decrease in the factor of post-hypertonic damage at
freezing with high-hematocrit suspension under condi-
tions of initial dehydration with high NaCl concentrations
in cryoprotective medium is explained by a decrease
in ratio of extracellular medium to that of intracellular
medium and a significant reduction of cell volume
change limits at freeze-thawing [11]. Thus, the
preliminary cell dehydration with high NaCl concentra-
tions in cryoprotective medium changes the extent of
salt damage during concentrated cell suspension
freezing. The same occurs in the results presented in
Fig. 5 and 6.

An opposite positive effect of increase in cell
concentration on their preservation is observed under
preliminary dehydration before freezing (see Fig. 6).
Basing on this we can assume that a negative influence
of hematocrit increase on integrity is related to
dehydration and rehydration during rapid freeze-
thawing. Constriction of range of cyclical change of
cell volume due to preliminary dehydration causes a
change in effect direction of high cell concentration
(see Fig. 5, 6), consequently a negative effect of high
concentration is determined by strengthening of post-
hypertonic stress during freeze-thawing.

Conclusions

The usage of combination of sucrose and penetra-
tive cryoprotectants in preservation medium eliminates
negative effect of cell high concentration because of
the blocking of osmotic mechanisms of membrane
damage and thereby protecting them against additional
post-hypertonic effect under freeze-thawing conditions.

The usage of composite media, when combining
traditional cryoprotectants (glycerol, DMSO, 1,2-PD)
with synthetic polymers is the most perspective
approach to preserve different cells.
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