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Osmotic Properties of Erythrocytes Frozen in Media Containing
Non-Penetrating and Penetrating Cryoprotectants

VccnenoBanu 0CMOTHYECKUIT FeéMOJIN3 IPUTPOLIMTOB, 3aMOPOXKEHHBIX B KOMOMHUPOBAaHHBIX KPHOKOHCEPBAHTAX, COIEPIKAIINX
HOJIMMEpHbIe HenpoHuKarouue (aexcrpad, I1917) u nponukaronye (JJMCO, rroko3a) KpUOIpOTEKTOPbL. IPUTPOLIUTHI, 3aMOPOKEHHBIE
¢ nonumepamu, B uaTepsaie konuentpauid NaCl 0,45-0,9% uMeroT 0CMOTHYECKYIO yCTOHYUBOCTD HUKE, YeM MHTAKTHBIE KIICTKH, a
npu kouneHTparmu NaCl 0,09—0,4% — Bbiiie. YCTORYMBOCTE TEM BBIIIIE, YeM OOJIbIIIE KOHIICHTPALKS TOJIMMEPa B CPEIC 3aMOPKUBAHHS.
KoMm6uHMpoBaHye B KpHOKOHCEPBAHTE HENPOHUKAIOLIUX 1 IPOHUKAIOLIUX KPUOIIPOTEKTOPOB COXPaHAET HOPMAJIbHYIO OCMOTHYECKYIO
YCTOWYUBOCTh 3aMOPOXKEHHBIX 3pUTPOLUTOB. [losyueHHbIe pe3yabTaThl MO3BOJAIOT NMPEANOI0KUTh, YTO POCT OCMOTHYECKOH
YCTOHYMBOCTH 3aMOPOXKEHHBIX dPUTPOLMTOB B MHTepBane koHueHrpauuid NaCl 0,09-0,4% cBsizaH ¢ HapacTaHHUEM rpaJHeHTa
KOHIIEHTPALUK HOJIMMEPOB Ha MeMOpaHax KJICTOK IpU oxyaxJeHud. KoMOMHMpOBaHKE B Cpesie 3aMOpa)KMBaHMs IIPOHUKAIOIIETO
KPUOIPOTEKTOPA C MOJIMMEPOM CIIOCOOCTBYET MONOKUTEIIBHON KOPPEKLIMU KPHOIIPOTEKTOPHON 3(h(hEKTHBHOCTH MOCIIETHETO BCICACTBUE
ocnallIeHNs: 0CMOTHYECKOTO CTpecca IIpH 3aMOPaKMBAaHUH, KOTOPBIH HaJlaraeTcsi KOHLECHTPUPOBAHMEM HEITPOHUKAIOIETO IIOJIMMEPHOTO
KPUOIIPOTEKTOPA.

Knrouesvie crosa: spuTpouuThl, KOMOMHHPOBAHHBIE KDHOKOHCEPBAHTHI, 0CMOTHUECKUH T€MOJIHU3.

JocnimpKyBand OCMOTHYHHN [eMOJIi3 epUTPOLIUTIB, 3aMOPOKEHUX Y KOMOIHOBAaHUX KPIOKOHCEPBAHTAX, SIKI MICTATH IOJIIMEpHI
HerpoHukatodi (nexctpan, I1ED) i nmponunkaroui (JJMCO, mioko3a) KpionpoTekTopu. EpuTponuTH, 3aMOpoXeHi 3 mojiMepaMu, B
inrepBaii konuentpauiid NaCl 0,45-0,9% MaroTh 0OCMOTHYHY CTIHKICTh HHIKYY, HK IHTaKTHI KITITHHY, a Tpu koHueHTpauii NaCl 0,09—
0,4% — Bumyy. CTidKicTh TUM BHINA, YUM Oijbllla KOHLEHTpAL[is MOJIMepy B CepeloBHILi 3aMOpoxyBaHHs. KoMOiHyBaHHS B
KPIOKOHCEPBaHTI HEIIPOHUKAIOYHMX Ta NMPOHMKAIOYHMX KPIOIPOTEKTOPIB 3abe3mneuye MiATPUMKY HOPMaJbHOI OCMOTHYHOI CTIHKOCTI
3aMOPOKCHUX ePUTPONUTIB. OTpHUMaHi pPe3yJabTaTH T03BOJSIOTH MPHUITYCTHTH, 1110 3POCTAHHSI OCMOTHYHOT CTIHKOCTI 3aMOPOXKEHHUX
epuTpouutis B inTepsani konuenTpauiit NaCl 0,09-0,4% roB’s3aHo 31 301IbILICHHSIM Ipali€HTa KOHIIEHTpALlii oJIiMepiB Ha MeMOpaHax
KJIITUH 1pH oxoJiomkeHHi. KoMOiHyBaHHsS B CepelOBHILI 3aMOPOXKYBaHHS IIPOHUKAIOYOTO KPIOMPOTEKTOpa 3 MOJIMEPOM CIpUSE
HO3UTHUBHII KOpEKILii KpiompOTeKTOPHOT e()eKTUBHOCTI OCTAHHBOTO BHACIIIIOK NOCIA0JICHHSI OCMOTHYHOIO CTPECY IPH 3aMOPOXKYBaHHI,
SIKMI HaKJIQJIa€ThCsI KOHIIGHTPYBAaHHSIM HEPOHUKAIOYOT0 MOTIMEPHOTO KPiOIPOTEKTOpa.

Knrouogi cnosa: eputporuty, KOMOIHOBaHI KPiOKOHCEPBAHTH, OCMOTHYHUI IeMOJIi3.

Osmotic hemolysis of erythrocytes frozen in combined crypreservatives containing polymer non-penetrating (dextran, PEG) and
penetrating (DMSO, glucose) cryoprotectants was studied. Erythrocytes frozen with the polymers within the range of NaCl concen-
trations 0.45-0.9% are characterized by lower osmotic resistance than intact cells and by higher osmotic resistance within the range of
NaCl concentrations 0.09-0.4%. The higher the polymer concentration in the freezing medium is, the higher resistance is. Combination
of non-penetrating and penetrating cryoprotectants in cryopreservatives maintains normal osmotic resistance of frozen erythrocytes.
The results obtained allow presuming that enhancement in osmotic resistance of erythrocytes frozen within the range of NaCl
concentrations 0.09—0.4% is associated with a growth in polymer concentration gradient on cell membranes in the process of cooling.
Combination a penetrating cryoprotectant with a polymer in freezing media promotes a positive correction of cryoprotective effi-
ciency of the latter owing to weakening osmotic stress during freezing, which is caused by concentration of the non-penetrating
polymer cryoprotectant.

Key words: erythrocytes, combined cryopreservatives, osmotic hemolysis.

CoueTaHne HENPOHHUKAIOMUX U MPOHUKAIOIIUX
KPHONPOTEKTOPOB 3P (EKTUBHO NPH 3aMOPAKUBAHUH
Pa3HBIX KIETOK, BKIIFOYasi CTBOJIOBBIE KIIETKH nepude-
pudecKoit KpoBH [5, 27, 28], HepaKIIHOHUPOBAHHBIE
KJIeTKH KocTHOro Mo3ra [30, 31], rpanymountsr [11],
Mot [29], reMonoaTHYECKHE KIETKH KOPJOBOH
KpoBH [13] 1 KJIETKH TTOKETYTOUHOM JKEee3bl YeIo-
Beka [ 15]. DT naHHbIe yKa3bIBAIOT HA OOIIHE IPUIH-
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Combination of non-penetrating and penetrating
cryoprotectants is efficient for freezing different cells
including peripheral blood stem cells [5, 27, 28], bone
marrow non-fractionated cells [30, 31], granulocytes
[11], lymphocytes [29], cord blood hemopoietic cells
[13] and human pancreatic cells [15]. These data
indicate to common causes of injuries in different cells,
which can be eliminated by combined cryoprotectants.
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HBI IOBPEXXIEHHUS PAa3HBIX KJIETOK, KOTOPBIE YCTpaHs-
I0TCSI KOMOMHUPOBAaHHBIMU KPHOKOHCEPBAHTAMH.

[Ipenmnonaraercs, 4TO AOMOJHUTENBHBIE TOBPEX-
JEHUSI 3pUTPOLIMTOB IIPH 3aMOPAKUBAHUH C BBICOKUM
reMaToKpUTOM (3()(EKT “yrakoBKW ) BOSHUKAIOT BCIIEACT-
BHE MEXaHMUYECKUX BO3AEHUCTBUI B MPOMEP3AIOIINX
KaHanax jpjaa [17] u ocMoTndeckux 3(HexToB mpu
IUIaBJIEHUHU BHEKJIETOUYHOTO M BHYTPUKJIETOYHOTO JIb/1A
[9,10,23,24].

[Ipn MemIeHHOM 3aMOpa)KMBAaHUHU TUIOTHBIX CYC-
[IEH3UH PUTPOIMTHI O] BIUSHUEM PACTYIINX KPHC-
TaJUIOB JIbJa KOHIIEHTPUPYIOTCS B KaHAJIaX, TOJIBEpra-
I0TCS CABUTOBOMY CTPECCY, CIABIHBAIOTCS U Pa3py-
marotes [17, 21, 22]. IIpu 6s1cTpoM 3aMOpakuBaHUN
KJIETKH JUCIIEPCHO PaCIpeeIroTCs BO JIbAY, TEM HE
MEHee OTPULATEIBbHOE BIMSHHE BBICOKOW KOHIIECHT-
paluy KJIETOK BBISIBISAETCA U B TAKUX ycloBusx. [1o-
STOMY aBTOPHI [2 1] 3aKIII0UMITH, YTO MEXaHU3M JOIOJI-
HUTEJNBHOTO “IpUpOCTa” MOBPEXKICHUN KIETOK MpU
OBICTPOM 3aMOpaKUBAaHUM OTIMYAETCS OT TAKOBOTO
IIpH MEJJICHHOM 3aMOpakXMBaHHUH. BBICTpoe oxiaxk-
JICHUE TIOBBIIIIAET BEPOSITHOCTH 00pa30BaHuUs BHYTPH-
KJIETOYHBIX KPUCTAJUIOB JIbAA, “IPUPOCT” KOTOPBIX
OyleT UMEeTh MECTO MPHU 3aMOPAKUBAHUH IPUTPO-
IIUTOB C BBICOKMM reMatokputoMm [23]. Ilpeamona-
raercs, 4TO MOBPEXACHNE BHY TPUKIETOYHBIMHU KPHC-
TaJIJIaMH JIbJA MOKET OBITh OCMOTHYECKUM BCIIEACT-
BHE UX IJIABJICHUS IIPU MEJUIEHHOM pa3MOpaXKMBaHUU
[9]. IIpu GbIcTpOM pa3MOpakMBaHUU YBEIUYEHHUE CTe-
[IEHU TOBPEXKJECHUS B CYCIIEH3UU C BBICOKOW KOH-
LEHTpalel KIETOK MPOUCXOAUT 3a CUET OOJBIIEro
pa3BeAeHuUs] BHELIHEW Cpelbl BCIEACTBUE OBICTPOTO
[IJIaBJICHUS BHEKJIETOUYHOTIO JIbJla, OCHOBHAs 4acThb
KOTOpOTO OblTa 00pa3oBaHa M3 BHYTPUKIETOYHOU
Bozbl [10]. Takum 0O6pazom, mpu OBICTPOM 3aMOPAXKH-
BaHUHU-OTOTPEBE CYCIIEH3UI C BBICOKOI KOHIIEHTpaIueil
KJIETOK OyJIET HIMETh MECTO “TIPUPOCT’” OCMOTUIECKHIX
MIOBPEXKACHUM Ha CTaAMU OTOTPEBA.

Db dekr “ynakoBku” ycTpaHseTcs HE TOIBKO MPH
MOBBIICHNH KOHLIEHTPALMH [IMLEPUHA B Cpene 3a-
MOpPaXXMBaHH, HO ¥ IPH BKITIOYEHUN B KPHOKOHCEPBAHT
cTa0MIM3aTOpOB MeMOpaHbl. B 060ux ciydasx spuT-
POLIMTEL, OTMBITBIE IIOCIIE 3AMOPAXKUBAHUS, IMEIOT HOP-
MaJIbHYI0 OCMOTHYECKYIO XpYNKOCTh [33].

[Tokazano [2], uTo mpu 3aMOpaKUBaHUU B caxa-
P030-COJIEBOI1 Cpefie IPUTPOIMTOB C BEICOKUM r'eMa-
TOKPHTOM YPOBEHb UX TIOBPEKICHUS OOJIBIIIE ITO CPaB-
HEHUIO C KIIETKaMH, 3aMOPOKEHHBIMH C HU3KHM remMa-
ToKkpuTOM. CoueTaHHe yKa3aHHOW Cpeabl C HEMpo-
HUKAIONIMMHU KPUOMIPOTEKTOPaMHU HE yCTpaHseT (-
(hekT “ynakoBKH”’, B OTIUYIHUE OT €€ KOMOMHUPOBAHHUS
C IJIIOKO30M MJIM MPOHHUKAIOIIUM KPHOIPOTEKTOPOM.
[Ipeanonaraercs, 4To ycTpaHEHHE HOBPEKIACHHH,
CBSI3aHHBIX C BBICOKOM KOHLICHTpALMEH KIICTOK B Cpezie
3aMOpaKUBaHUsI, ONPEAEISIETCS 0CMOTHYECKON Mpo-
TEKIUEH 3PUTPOLIUTOB B X0O/I€ OBICTPOTO 3aMOPAKIBA-
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Additional injuries in erythrocytes, when they are
frozen with high hematocrit (“packing” effect), are
considered to occur owing to mechanical impacts in
ice frozen canals [17] and osmotic effects during mel-
ting extracellular and intracellular ice [9, 10, 23, 24].

When dense suspensions are frozen slowly erythro-
cytes affected by growing ice crystals condense in
canals, undergo shear stress, become compressed and
disintegrate [17, 21, 22]. When cells are frozen quickly
they are spread dispersively in ice, nevertheless nega-
tive influence of high concentrations of cells manifests
itself under these conditions, too. That is why the
authors [21] concluded that the mechanism of additio-
nal “gain” in cell injuries during quick freezing differed
from that during slow freezing. Rapid chilling enhanced
probability of emergence of intracellular ice crystals,
the growth of which will occur when erythrocytes being
frozen with high hematocrit [23]. Injuries by intracel-
lular ice crystals are regarded to be osmotic ones due
to their thawing during slow thawing [9]. During the
rapid thawing the gain in injury severity in suspensions
with high cell concentration occurs because of the quick
of melting extracellular ice, the essential portion of
which was formed from intracellular water [10]. Thus,
in the process of rapid freeze-thawing of suspensions
with high cell concentrations a gain in osmotic injuries
at the thawing stage will take place.

The “packing” effect is eliminated not only by in-
creasing the concentrations of glycerol in a freezing
medium, but also by inclusion of membrane stabilisers
to cryopreservatives. In both cases erythrocytes wash-
ed after freezing have normal osmotic fragility [33].

It was shown [2] that when erythrocytes were fro-
zen in sucrose-salt medium with high hematocrit the
level of their injuries was bigger in comparison with
cells frozen with low hematocrit. Combination of the
medium above-mentioned with non-penetrating cryo-
protectants does not eliminate “packing” effect unlike
its combination with glucose or with a penetrating
cryoprotectant. Elimination of injuries associated with
high concentrations of cells in freezing media is assu-
med to be determined by osmotic protection of erythro-
cytes in the process of rapid freezing-thawing, which
is provided by combination of sucrose with glucose or
sucrose with a penetrating cryoprotectant [2].

The aim of the work is studying the osmotic lysis
of erythrocytes washed after freezing in sucrose-salt
medium with non-penetrating and penetrating cryopro-
tectants.

Materials and methods

NaCl (chemically pure), Na,SO, (chemically pure),
sucrose (analytically pure), glucose (analytically pure),
polyethylene glycols with molecular weigths 1500
(PEG-1500) and 2,000 (PEG-2000) produced by
Merck, dextrans with molecular weigths of 10,000
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HUS-OTOTPEBA, KOTOpas 00eCcIIeYnBaeTCs COYeTaHUEM
caxapo3bl ¢ NIFOKO30M WK caxapo3bl ¢ IPOHUKAIOLIIM
KpUOMPOTEKTOPOM [2].

Lenpb paboThI — MCCIeN0BAaHHE OCMOTHYECKOTO JIU-
31 Ca 3pUTPOLIUTOB, OTMBITBIX [TOCIIE 3aMOPaKUBAHUS
B Caxapo30-COJIEBOW Cpelie ¢ HENPOHMKAIOUIUMHU U
MIPOHUKAIOIUMU KPUOIIPOTEKTOPAMH.

Matepmnanbl n1 metoAbI

B pab6ore ucnonszosanu NaCl (“x. 4.”), Na,SO,
(“x. 9.”), caxaposy (“4. 1. a.”), mmroko3y (“4. 1. a.”),
TIO-JIMATUJICHTIIMKOIN C MOJIEKYIISIpHOH Maccoi 1500
(IT3I'-1500) u 2000 (IT2I'-2000) mpoumszBoACTBA
Merck, aekctpansl ¢ MonekyspHoi Maccoi 10000
(1-10000) u 35000 (/1-35000) mpousBojacTBa Serva,
muMetuncynspoxenn (AMCO) npousBoacTsa Sigma.
Cpenpl 3aMOpaKMBaHMs TOTOBHIIM Ha PacTBOpE, CO-
nepxamteM 0,3% NaCl u 6,85 % caxapo3zbl. Kprokon-
cepBaHT coxaepxan 20% mnonumepa unu 20% mnoau-
Mepa 1 5% MPOHUKAIOIIET0 KPUOTIPOTEKTOPA.

OPUTPOIUTHI YeJI0BEKa MOMydYall U3 JOHOPCKOM
KpPOBH YETHIPEXKPAaTHBIM OTMBIBAHUEM PACTBOPOM,
coaepkammM 0,9% NaCl. TTonudTHIeHOBBIEC aMITYITBI
¢ o0pa3amu 3puTPOIMTOB B CpeAax 3aMOPAKUBAHUS
(o6bpemom 1) ¢ rematokpuToM 40% HHKYOHpOBAITH
40 mun ipu 25°C, 3atem norpyxanu Ha 30 MUH B KU~
KUH a30T ¥ pa3MOpaXUBAIN Ha BoAsHOH Oane mpu 40°C
B T€YCHHE 3 MHH. 3aT€M COAEPKUMOE aMIlyd MpH
nepeMeInBaHuy pa3BoauiIH TerbiM (37°C) dusno-
noruyeckuM pactBopoM NaCl (0,9%) B 10 pa3 B Teue-
Hue He MeHee 30 ¢, ueHTpuyrupoBaId 5 MUH MIpH
3000 06/MUH U ymajsid HAJAOCATOYHYIO KUIAKOCTH.
Bcero npouenypy noBtopsiiu nBaxsl. Ilocie 3Toro
SPUTPOIMTHI TPUXKIIBI OTMBIBATIM TETUTBIM (PU3UOIO-
rugeckuM pactBopoM NaCl, mpu 3TOM CKOPOCTH
pa3BeneHus 0cagKa SPUTPOIIUTOB HE YUUTHIBAJIH.

OCMOTHYECKHI JIN3HUC SPUTPOLIUTOB UCCIEAOBAIH
B cpene, conepxaiieid 10 MM tpuc-0ydep ¢ pH 7,4 u
0,09-0,9% NaCl. Cycnensuto s3putporutoB (1 M) B
cpeze ¢ remarokpurom 0,6% mHKYOHpOBau 15 MUH
nipu 23°C, nanee nenrpudyruposanu npu 3000 06/mMun
B TCUCHHUE 3 MUH.

B crienmansHOM 3KCIIEpUMEHTE SPUTPOLMTHI C Te-
MaTokpuToM 40% nakyouposaiu 30 MmuH npu 25°C B
conesoii cpene (0,9% NaCl), conepxkameir 20—40%
[3I-1500, ¢ mocneayOMKUM OTMBIBAHUEM (PU3UOIIO-
ruaeckuM pactBopoM NaCl mpu 37°C.

CrerneHb TeMOJIM3a BRIYUCIISUIN MOCIE ClIeKTpodo-
TOMETPHUYECKOTO OTIPENEITICHHS KOJTMIECTBAa TeMOTJIO-
OuHa B CynepHaTaHTe o0pa3IoB, U3MEPs ONTHYEC-
KYIO INTOTHOCTH P JUTHHE BOJIHBI 543 M [18]:

Crenensb remonusa = [4,/4,] X 100%,

rac AI — OIITUYECKas MJIOTHOCTb CyINCpHATAHTA
OKCIICPUMCHTAJIBHOTO 06pa3ua; A2 — OIITHYCCKAas

KpuoGMOROrIM

T. 20,2010, Ne1

(D-10000) and 35,000 (D-35000) produced by Serva,
dimethyl sulfoxide (DMSO) produced by Sigma were
used in the work. Freezing media were prepared on
solution containing 0.3% NaCl and 6.85% sucrose.
Cryopreservatives comprised 20% of a polymer or
20% of a polymer and 5% of a penetrating cryoprotec-
tant.

Human erythrocytes were isolated from donors’
blood by four-time-washing with 0.9% NaCl solution.
Polyethylene ampoules with erythrocyte samples in
freezing media (volume of 1 ml) with 40% hematocrit
were incubated at 25°C for 40 min, submerged in liquid
nitrogen for 30 min and then thawed in a water bath at
40°C for 3 min. Afterwards samples were dilu-ted ten-
fold with warm (37°C) physiological solution (0.9%
NaCl) with stirring for not less than 30 sec, centrifuged
at 3,000 rpm for 5 min, and supernatants were removed.
The whole procedure was repeated twice. Afterwards
erythrocytes were washed three times with warm phy-
siological solution; the rate of erythrocyte pellet diluting
was disregarded.

Osmotic lysis of erythrocytes was studied in media
containing 10 mM Tris buffer, pH 7.4, and 0.09-0.9%
NaCl. Erythrocyte suspension (1 ml) in medium with
hematocrit 0.6% was incubated at 23°C for 15 min
and centrifuged at 3000 rpm for 3 min.

In a special experiment the erythrocytes with 40%
hematocrit were incubated in salt media (0.9% NaCl)
containing 20-40% PEG-1500 at 25°C for 30 min with
the following washing with physiological solution at
37°C.

Hemolysis level was calculated after spectropho-
tometric determination of haemoglobin amount in
sample supernatants by measuring absorbancy at the
wavelength 543 nm [18]:

Hemolysis level = [4,/4,] X 100%,

where 4, is absorbancy of an experimental sample
supernatant; A, isabsorbancy after complete hemolysis
of the control sample.

Mean values and variances of random variates were
computed from the results on erythrocytes obtained
from 5 donors. The data are presented as mean value +
standard error. To estimate statistical significance of
the results the non-parametric Mann-Whitney test with
p < 0.05 was used [1].

Results and discussion

Hemolysis level changes after cryopreservation
depending on polymer concentrations in freezing media
are presented in Fig. 1. Usage of dextrans and PEGs
yielded different results. Increasing dextran concent-
ration up to 20% in media was accompanied by a
reduction in hemolysis level. When PEGs being used
hemolysis level changes are of different pattern. The
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IJIOTHOCTH TPU TOJHOM T€MOJIN3€ KOHTPOIBHOTO
obpasra.

CpenHee 3HaYeHNE U JUCIEPCUIO CITyYalHOW Be-
JIMYMHBI PACCUNTHIBANIN MO PE3yabTaTaM, MOJIy4eH-
HBIM Ha SpPUTPOLMTAX OT 5 TOHOPOB. [laHHbBIE IpencTaB-
JICHBI KaK cpellHee 3HaYeHUe + CTaHAapTHas omKoKa.
g onpeneneHusl CTaTUCTUYECKON TOCTOBEPHOCTH
pe3yJIbTaTOB MCIOJIB30BalN HemapaMeTpHU4eCKul
meton ManHna-Yutau nipu p < 0,05 [1].

Pe3yAbTaTbl M 00CYyXxaAeHHne

Ha puc. 1 npencraBieno n3MeHeHHE CTENEHH Te-
MOJIH3a DPUTPOIIUTOB TIOCTIE 3aMOPAKUBAHUS B 3aBH-
CHUMOCTH OT KOHIIEHTPALIMH MTOJTUMEPOB B CPEZIE 3aMO-
paxusanus. [Ipu ucnionb3oBanuu gexctpanos u [10I
MIOJy4YEHBI pa3HbI€ PE3yIbTaThl. YBEINUEHUE KOHIICHT-
pauuu AeKCTpaHoB B cpene a0 20% conpoBoxkaaeTcs
CHIDKEHHUEM CTerneHH remonu3a. [Ipu ucrons3oBannn
[19T 3aBuCMMOCTH UMEIOT Ipyroi xapakrep. MuHu-
ManbHbI remonu3 g [19I-1500 otmeuaetcs npu
KoHIeHTparmu 5%, torga kak mist [191-2000 — mpu
10%. YBennyeHne KOHIEHTPALWU 3TUX MOIUMEPOB
MIPUBOAMT K MOBBIIICHUIO TEMOJIN3a, OHAKO B OOIb-
e crenenu npu ucnoiaszoBanuu I1131'-1500. Takue
pe3ynbpTaThl YKa3bIBAIOT HA TO, YTO NMPHUMEHEHHUE
JAHHBIX TOJMMEPOB MMEET KOJWYECTBEHHOE Orpa-
HUYEHHUE, YTO CBUICTEIBCTBYET O CIAaObIX KPHUOIPO-
TEeKTOpHBIX cBoicTBax [19I" mo cpaBHEHM!O € EKCTpa-
Hamu. [Ipu 20%-#1 konuentpanuu [10I'-1500 BbLsB-
JsieT c1aboe KPHONPOTEKTOpHOE AelicTBUe (puc. 1).

Pesynbrarsl necneqoBaHusl 0CMOTHYECKOTO TEMO-
JIM3a 3aMOPOKEHHBIX SPUTPOLIUTOB IIPEICTABIICHBI HA
puc. 2. IIpakTHyecku BO BCEX CIy4asX BBISIBJIECHO I10-
I00HOE MOBEJICHNE KPUBBIX OCMOTHYECKOTO JIM3UCA B
3aBHCHMOCTHU OT KOHIIEHTPAIIUU TIOJTMMEPOB B Cpejie
3aMopaxkuBaHus. B coneBoil cpelie ¢ KOHLEHTpauein
NacCl 0,45-0,9% nabnromaeTcss poCT OCMOTHYECKON
XPYHKOCTH 3PUTPOIUTOB, Toraa kKak rmpu 0,09-0,4% —
MOBBIILIEHUE UX OCMOTHYECKOU ycTounBoCTH. Kpome
TOTO, B IOCJIETHEM CIIyyae OTMEYAETCs 3aBUCUMOCTD
MOBEJCHUS KPUBBIX OT KOHIIEHTPALMH MOJIUMEPOB B
cpeze 3aMOpaKMBaHMA: YeM OOJblle KOHLIEHTPALHs,
TEM BBILIE OCMOTHYECKAs! yCTOMYUBOCTH B 3TOM HH-
tepBase koHueHTpauuid NaCl. Dto yka3biBaeT Ha TO,
YTO AaHHBIA 3 (eKT cBs3aH C POCTOM KOHIEHTpa-
LIMOHHOTO TPaJMEeHTa MOJIMMEPOB Ha MEMOpaHe KIIETOK
P 3aMOpakMBaHUU. Takoe MpeanoaoKeHne MOAT-
BEPIKJIaeTCs IKCIIEPHUMEHTOM C HCKIIOYEHHUEM 3Tara
3aMOpaKMBaHUs, B KOTOPOM 3PUTPOIUTH HHKYOHPO-
BaJIM B Cpellax ¢ BBICOKOM KoHIeHTpanueh [131'-1500
Y MOCTIEAYIOIINM OTMBIBAHHMEM H30TOHUYECKIM PacT-
BopoM NaCl. Pesynbrarsl, npeacTaBieHHbIE Ha pHC. 3,
MOKa3bIBAIOT, YTO KPUBBIE OCMOTHUYECKOTO T€MOJIH3a
TaKHX SPUTPOLIUTOB TOJOOHBI TEM, KOTOPBIE MOy YECHBI
JUIs1 3aMOPOXKEHHBIX KJIETOK (CM. pHC. 2), T. €. UMEEeT
MECTO POCT OCMOTHYECKOH YCTOHYMBOCTU MPH KOH-
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Puc. 1. CreneHp MOBPEKICHUS SPUTPOLUTOB ITOCIIE 3aMO-
PaKUBAHUS-OTOTPEBA-OTMBIBAHHS B 3aBUCUMOCTH OT KOH-
LEeHTpaluy HOJUMEPOB B cpeie 3aMopakuBaHus: 1 —
J-35000; 2 — [1-10000; 3 —I12I-2000; 4 — I[12I-1500.

Fig. 1. Erythrocyte injury level after freezing-thawing-wash-
ing out depending on the polymers concentrations in the
freezing media: 1 —D-35000; 2 — D-10000; 3 — PEG-2000;
PEG-1500.

minimal hemolysis for PEG-1500 was registered at the
concentration 5%, while the most efficient concent-
ration for PEG-2000 is 10%. Increasing concentrations
of these polymers led to a rise in hemolysis level,
however this showed to a greater extent in the case of
PEG-1500. Such results indicate that the application
of these polymers is limited quantitatively, which attests
to PEGs poor cryoprotective properties in comparison
with dextrans. At the concentration of 20% PEG-1500
showed a slight cryoprotective effect (Fig. 1).

The results on osmotic hemolysis of frozen erythro-
cytes are presented in Fig. 2. Virtually in all the cases
similar profiles of osmotic lysis curves depending on
the polymers concentrations in freezing media were
disclosed. A rise in erythrocyte osmotic fragility was
observed in the salt media with 0.45-0.9% NaCl, while
the media with 0.09-0.4% NacCl an enhancement in
erythrocyte osmotic resistance was registered. Besides
in the latter case osmotic hemolysis depended on the
polymers concentrations in the freezing media: the
higher their concentrations are, the higher osmotic
resistance within this range of NaCl concentrations is.
This denotes that the given effect is associated with a
growth of the polymers concentration gradient on cell
membranes during freezing. Such assumption is con-
firmed by the experiment excluding the freezing stage,
in which erythrocytes were incubated in the media with
high concentrations of PEG-1500 with subsequent
washing with isotonic NaCl solution. The results pre-
sented in Fig. 3 show that osmotic hemolysis curves
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Puc. 2. OcMOTHYECKHIA TEMOJIN3 SPUTPOLIUTOB, OTMBITHIX MIOCIIE 3aMOPAKUBAaHUS B cpefie ¢ noiaumepamu: a— J[-35000; 6 —

I1-10000; B — II2I-2000; T — [13I-1500; 4 — unraktHbe KieTky; O, A, x, O

— KJICTKHU, 3aMOPOKCHHBIC B Cp€aax C

Pa3IMYHBEIMU KOHLEHTpamuamMu nonumepos: [ —5%; & —10%; X — 15%; O —20%.
Fig. 2. Osmotic hemolysis of erythrocytes washed out after freezing in the media containing the polymers: a—D-35000; b—

D-10000; ¢ — PEG-2000; d — PEG-1500; 4
of the polymers: 01— 5; & —10%; X —15%; O —20%.

ueHTpauu conu 0,09-0,4%. Takoe moBeeHNE KPUBBIX
OCMOTHYECKOTO JTU3HCa 3aMOPOKCHHBIX SPUTPOITATOB
YKa3bIBACT HAa CTPYKTYypPHBIC HApyIIeHUS MeMOpaH,
CBSI3aHHBIE C HAPACTAaHHEM KOHILICHTPAIUH [OJIUMEPOB
[IPH 3aMOPAXUBAHUH: YeM OOJIbIIIE KOHIICHTPAIIHS I10-
JIUMEpa, TEM BBIIIE OCMOTHUYECKAsl YCTONIHUBOCTH
Pa3MOPOKEHHBIX 3PUTPOITUTOB IMPU KOHIICHTPAITUU
NacCl 0,09-0,4% (cMm. puc. 2).

[TomoOHOE MOBeIeHNE KPUBBIX OCMOTHYECKOTO Te-
MOJIM3a OBUTO BBISIBIICHO JIJISI SPUTPOIUTOB, 3aMOPO-
JKEHHBIX B CPEIe C TPETATI030H WITH IeKCTpaHoM [25],
HO HE ¢ TNIULEpUHOM [25, 33]. DTO MOATBEPKIAAET TO,
YTO TIOMYYEHHBIH 3(P(PEKT BBISABISIETCS TOIBKO MOCIIE
3aMOPaKUBAHUS IPUTPOIUTOB B CPEAax C HEMPOHUKA-
FOIIIAMHA KPHOTIPOTEKTOPAMH.
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—intact cells; [0, &, x, O —cells frozen in the media with different concentrations

for these erythrocytes are similar to those for frozen
cells (see Fig. 2), i. e. there is an enhancement in osmo-
tic resistance at the salt concentrations 0.09-0.4%.
Such behavior of osmotic lysis curves for frozen
erythrocytes indicates structural injuries in membranes
connected with the polymers increasing concentrations
during freezing. The higher the polymer concentration
is, the higher osmotic resistance of thawed erythrocytes
at 0.09-0.4% concentrations of NaCl is (see Fig. 2).

A similar behavior of osmotic hemolysis curves was
revealed for erythrocytes frozen in media with treha-
lose or with dextran [25], but not with glycerol [25,
33]. This confirms the fact that the effect revealed
manifests itself only after freezing erythrocytes in
media with non-penetrating cryoprotectants.
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Fig. 3. Osmotic hemolysis of erythrocytes washed out after
incubation in the medium containing PEG-1500: 9 — intact
cells; A —20%; 0 —40%.

3aMopaXuBaHUE IPUTPOIUTOB C JEKCTPAaHAMHU
o0ecrednBaeT 3HAYNTENIHHO MEHBIITYIO CTENEHb ITOB-
pexnenus no cpaBHenuro ¢ [I10I (tabmmma). Bxirro-
YeHHE B Cpedbl 3aMOPAXUBAHUA MPOHUKAIOIIUX
KpuotpoTekTopoB (ocodberHo JIMCO uiu TITFOKO35I B
KOMOMHAIIMK C IEKCTPaHaMU) CHU)KAET CTENEHb
remMonm3a pUTpouuToB (Tabmuia). OqHaKo aHamU3
MIOJTyYEHHBIX PE3yJIbTaTOB MOKA3bIBAET, UTO CTENEHb
CHIDKEHUS TTOBPEKIECHMS TIOCTIE BKIIIOUEHHS B KPHO-
KOHCEpPBAHT NMPOHUKAIOIUX KPUOMPOTEKTOPOB B
npucyrcrBun [I0I Brime, yem aexcTpaHoB. Takue
pe3yabTaThl YKa3hIBAIOT Ha TO, YTO COUETAaHUE TIPOHH-
KarOIIHX KPHOMPOTEKTOPOB C HEMPOHUKAIOIIUMHU MO-
JKET, BO-TIEPBHIX, aBaTh aIUTUBHBIN 3P (eKT Kpro-
MIPOTEKIIH, BO-BTOPHIX, BO3MOYKHO, UTO IPOHUKAIOIITHE
KPHOTIPOTEKTOPHI HEUTPATHU3YIOT “TOKCHYECKHUIT” 3(-
¢ext 131, KOTOPBII NPOABISAETCS B CHUKCHUU COX-
PaHHOCTH 3PUTPOLMTOB IPH MOBBILIEHUN KOHIEHT-
pamuu JaHHBIX TOTUMEPOB (CM. puc.1).

OcmoTnyeckass yCTOMYUBOCTh APUTPOLIUTOB, OT-
MBITBIX [TOCJIE 3aMOPAKUBAHUS B CpeliaxX ¢ HEMPOHHU-
KaloIIMMH U NMPOHUKAIOIUMU KPUOIIPOTEKTOPAMH,
HE3HAYNTEIHHO OTIMYAETCA OT MHTAKTHBIX KIETOK
(puc. 4).

W3 ananmsa pe3ynpTaToB MCCIEAOBAaHUS OCMOTH-
YEeCKOT0 TeMOJIN3a CIETyeT, YTO BKIIOUEHUE B CPEIbI
C TIOTMMEPaMH MMPOHUKAIOIINX KPHOTIPOTEKTOPOB Ipe-
IyTpexaaeT N3MEHEHNEe OCMOTHYECKHUX CBOWCTB
3aMOPOXKEHHBIX SpUTPOLUTOB. [IpeanonoxurensHo,
POCT OCMOTHYECKOH YCTOWYMBOCTH B BEPXHEW YacTh
kpuBoii ocMoTuueckoro nusuca (0,09-0,4% NaCl)
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Freezing erythrocytes with dextrans provides a
conspicuously lesser injury level in comparison with
PEGs (Table). Inclusion of penetrating cryoprotectors
(espe-cially DMSO or glucose in combination with dex-
trans) to freezing media reduces hemolysis level (Tab-
le). However the analysis of the data obtained indicates
that the extent of reduction in injuries after inclusion
of penetrating cryoprotectants to cryopreservatives is
higher with PEGs that with dextrans. Such results de-
note that combination of penetrating cryoprotectants
with non-penetrating ones firstly can yield an additive
cryprotective effect; secondly penetrating cryopro-
tectants may neutralize “toxic” effects of PEGs, which
is manifested as a decline in erythrocyte safety as these
polymers concentrations grow (see Fig. 1).

Osmotic resistance of erythrocytes washed after
freezing in media with non-penetrating and penetrating
cryoprotectans differs insignificantly from that of intact
cells (Fig. 4)

The analysis of the results on osmotic lysis proves
that inclusion of penetrating cryoprotectants to media
with polymers prevents changing osmotic characte-
ristics of frozen erythrocytes. Hypothetically the en-
hancement in osmotic resistance in the upper part of
the osmotic lysis curve (0.09%—0.4%) is associated
with a growing gradient of the polymers concentrations
on cell membranes in the process of freezing, that is
why the intensity of osmotic stress declines as penetra-
ting cryoprotectants enter the cells, and normal osmotic
characteristics of membranes are maintained.

Efficiency of combined cryoprotectants can be due
to a reduction in a principal cryoprotectant “toxicity”
in the presence of additional ones. Freezing cells with
DMSO usually leads to its negative impact at high con-
centrations, however freezing medium efficiency in the
presence of amides increases significantly [8]. Glucose
is also an efficient neutralizer of DMSO “toxicity” [6].
PEG-6000 was not shown to have any cryoprotective
activity, however its combination with DMSO-glucose
mixture had a good cryoprotective effect [32]. Presu-
mably protective efficiency of non-polar cryoprotec-
tants is associated with their exclusion from the protein
hydration shell at low temperature [4]. Sucrose and
glycerol cryoprotective efficiencies are determined by
their interactions with membrane lipid bilayer [3].
Glycerol and DMSO at the concentration of 5% proved
to be efficient when erythrocytes were chilled down
to —30°C, however their cryoprotective activity decrea-
sed drastically under chilling down to —130°C. Glucose
and sucrose are efficient when erythrocytes are frozen
to—40 and —130°C. At the same time polyvinyl pyrro-
lidone mediates between penetrating cryoprotectants
and sugars [26].

Possibly the combination of penetrating and non-
penetrating cryoprotectants influences cryoprotection
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Fig. 4. DMSO or glucose influence on frozen erythrocyte osmotic hemolysis: a—D-35000; b—D-10000; c — PEG-2000; d -
PEG-1500; 4 — intact cells; & — cells frozen with DMSO; x — cells frozen with glucose; - cells frozen without

penetrating cryoprotectants.

CBSI3aH C HapacTaHWEM I'PaJUeHTa KOHIIEHTPAIUH T10-
JUMEpPOB Ha MeMOpaHaxX KJIETOK MPH 3aMOpa’KUBa-
HUH, IOATOMY C MOCTYIUIEHHEM B KJIETKH NPOHHKA-
FOLUX KPHOIPOTEKTOPOB CHUKAETCS HMHTEHCUBHOCTD
OCMOTHYECKOTO CTpecca 1 TOAEPKUBAIOTCS HOPMaJb-
HbIE OCMOTHYECKHE CBOWCTBa MEMOpaH.

3¢ deKTHBHOCTH KOMOMHHUPOBAHHBIX KPHOKOHCEP-
BAaHTOB MOXET OBITH O0YCIIOBJIEHA YMEHBIIEHUEM
“TOKCHYHOCTHA OCHOBHOTO KPHOIIPOTEKTOPA B TPHU-
CYTCTBHUH JIOTIOJTHUTENbHBIX. OOBIYHO 3aMOpayKUBAHNE
kietok ¢ JIMCO BeneT kK OTpULIATEIEHOMY BO3JIEHCT-
BHIO €0 BBICOKHMX KOHIIEHTPALIUI, OTHAKO B IPUCYTCT-
BHHU aMUI0B 3 HEKTUBHOCTD CPEAbl 3aMOPaKUBAHUS
cylecTBeHHO moBhimaeTcs [8]. [moko3a Takxke

KpuoGMOROrIM

T. 20,2010, Ne1

efficiency at the account of additivity or neutralization
of'a principal cryoprotectant “toxicity”. Indeed, appli-
cation of such cryoprotectants is quite promising [5,
11, 13-15, 27-29, 32-34]. Thus, usage of combined
cryopreservatives is logically relevant, however mecha-
nisms of cryoprotective efficiency remain unexamined.

Combinations of glucose or a penetrating cryopro-
tectant with sucrose in cryopreservatives were sug-
gested to eliminate “packing” effect at the account of
osmotic stabilization of membranes in the process of
rapid freezing-thawing [2]. In literature there are data
that “packing” effect elimination is accompanied by
maintenance of erythrocyte osmotic fragility both as
glycerol concentration in freezing medium increases
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sBIsieTCsl 9P PEKTHBHBIM HEUTPATU3ATOPOM ““TOKCHY-
Hoctu” JIMCO [6]. Ilokazano, uto II121-6000 He
BBISIBIISIET KPHOIIPOTEKTOPHOTO BO3/IEHCTBHS, OTHAKO
ero komouHUpoBaHue co cMechio JIMCO u TIF0KO3bI
HMEET XOPOILINH KpHONpOTEeKTOpHBINA ekt [32].
[Ipeanonaraercs, 4to 3amuTHas 3¢HEeKTUBHOCTD
HEMOJIIPHBIX KPHOIIPOTEKTOPOB CBSI3aHA C UX UCKITIO-
YEHHEM U3 THUAPATHON 00010UKK OENKOB MPHU HU3KOH
temreparype [4]. KpuonporekropHas 3¢(heKTHBHOCT
caxapo3bl U INIMLIEpPUHA OMpenemsieTcs UX B3anMO-
JNEUCTBUEM C JIUIUIHBIM OucIoeM mMeMOpaHs [3].
I'mumepun u JIMCO B xoHneHTpanuu 5% okazaiuch
3¢ GeKTUBHBIMU IPH 3aMOPAKUBAHUHN SPUTPOIITOB JI0
-30°C, omnaxo npu 3amopaxkuBanuu 10 —130°C ux
KPHOIPOTEKTOPHAs aKTUBHOCTh PE3KO CHUKAETCH.
I'moko3a u caxaposa 3¢ ¢GeKTUBHBI IIPH 3aMOPaKH-
BAaHUU 3pUTPOIUTOB 10 Temnepatypsl —40 u —130°C.
[Ipu 3TOM NOIMBUHIIIITMPPOIUAOH 10 3ALUTHON aKTUB-
HOCTH 3aHUMAET POMEKYTOUHOE MOJIOKEHUE MEKAY
[IPOHMKAIOIIMMU KPUOIIPOTEKTOPAMH U caxapaMi [26].

BeposiTHO, coueTaHne MPOHUKAIOMINX ¥ HETIPOHU-
KaloUIUX KPUOMPOTEKTOPOB BIHUsAET Ha (P (HEeKTHB-
HOCTHh KPHOTIPOTEKIIUHU 3a CUET aJJUTHBHOCTU WU
HEUTpaTU3alnH “TOKCUIHOCTH  OCHOBHOTO KPHOIIPO-
TekTopa. el cTBUTENLHO, MPUMEHEHHE TMOJ00HBIX
KPHMOKOHCEPBAHTOB MepCneKTuBHoO [5, 11, 13-15, 27—
29, 32-34]. Takum 00pa3oM, UCIIONB30BaHNE KOMOWHH-
POBAaHHBIX KPHOKOHCEPBAHTOB JIOTHYECKH 000CHOBAHO,
OJTHAKO MEXaHU3MBblI KPHUOIIPOTEKTOPHON 3(PPEKTHB-
HOCTH OCTAlOTCSl HE UCCIIEJOBAaHHBIMHU.

[Ipennonaranocs, 94T0 coueTaHUE B KPUOKOHCED-
BaHTE NIFOKO3bI MIIH IPOHUKAIOIIETO KPHOIIPOTEKTOPA
¢ caxapo3oi ycrpasseT 3QQeKT “ymnakoBKH 3a CYET
OCMOTHYECKOU cTabUIIM3aIii MeMOpaH Mpu ObICTPOM
3aMopakuBaHHH-0TOrpeBe [2]. B muTteparype mme-
I0TCS1 IaHHBIE, UTO ycTpaneHue 3¢ dekra “ymakoBku”
COTIPOBOXKJIAETCSI COXPAaHEHHEM OCMOTHIECKOM XPyTI-
KOCTH 3PUTPOLNTOB KaK MPHU TOBBIIIEHUN KOHIEHT-
panuu TIHIepruHa B cpene 3aMmopakusanus (0T 20 1o
40%), Tak 1 IpH BKIIFOYEHUH B KPHOKOHCEPBAHT MEMO-
paHoTponHbIX peareHTos [33]. Kpome Toro, nokasana
KPHOIIPOTEKTOpHAst 3PPEKTUBHOCTH KOMOMHUPOBAH-
HOTO COCTaBa, COJEPXKallero CTaduiIn3aTopsl MeMO-
paH ¥ HEBBICOKHE KOHLEHTPALMH NMPOHUKAIOLMINX U
HETPOHMKAIOIINX KPHOIPOTEKTOPOB, 3aMOPaKUBAHUE
B KOTOPOM CYIIECTBEHHO HE H3MEHSIET OCMOTHIECKYIO
XpynKocTh 3putpountoB [34]. IloayueHHbIE pe3yib-
TaThl OTHOCUTEIFHO OCMOTHYECKOTO T€MOJIH3a IPHUT-
POLIUTOB, 3aMOPOKEHHBIX B KOMOMHUPOBAHHBIX CpPEax
(puc. 4), cormacyroTrcsi ¢ 3TUMH JaHHBIMU JIUTEPATY PHI
Y IOATBEPKIAIOT MOJIOKEHHE O TOM, YTO YCTPaHEHHE
a¢dexTa “yrmakoBKH’ COITPOBOXKIIACTCS OCMOTUYECKOU
crabminzanueii MeMOpaH KJIETOK B XOJ€ 3aMOPaXKH-
BaHUSI-OTOIPEBA.

AHanu3 cTerneH: reMoJIi3a IPUTPOLIUTOB MOCIIE 3a-
MOpa)KUBaHHS ITOKA3bIBACT, YTO JYUIINE PE3yIbTaThl
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from 20 to 40% and as membrane-tropic agents are
included to cryopreservatives [33]. Besides cryo-
protective efficiency of a combined composition contai-
ning membrane stabilizers and low concentrations of
penetrating and non-penetrating cryoprotectants was
shown. Freezing in this composition did not change
significantly erythrocyte osmotic fragility [34]. The
results obtained on osmotic lysis of erythrocytes frozen
in combined media (Fig. 4) are consistent with these
literature data and confirm the assumption that
“packing” effect elimination is accompanied by cell
membrane osmotic stabilisation in the course of freeze-
thawing.

The analysis of erythrocyte hemolysis level after
freezing shows that the best results were obtained when
cryopreservatives containing D-35000 and DMSO or
D-35000 and glucose were used (Table). A peculiarity
of the data obtained lies in the fact that adding a penet-
rating cryoprotectant at relatively low concentrations
to the cryopreservative reduces considerably the seve-
rity of erythrocyte injuries (Table).

In this respect it should be noted that the penetrating
cryoprotectants (glycerol and DMSQO) are unable to
protect cells during rapid freezing [16], however using
their combinations with non-penetrating cryoprotectants
one can get a novel feature of a combined composition,
which counteracts damaging factors under rapid free-
ze-thawing. It was shown that freezing the granulocytes
with hydroxyethyl starch with low rates is inefficient,
but its combination with DMSO has a significant cryo-
protective activity [12]. A similar result was obtained
with freezing bone marrow cells [31]. In most cases
usage of combined cryopreservatives simplifies freez-
ing procedure [13-15, 30, 31]. It may be associated
with the fact that usage of combined cryopreservatives
allows avoiding considerable supercooling of cell samp-
les at the moment of initial crystallisation [14, 31].

Presumably cryoprotective activity of polymer non-
penetrating cryoprotectants is associated with their abi-
lity to maintain reparative properties of cell membranes
in the course of freezing. After thawing cells maintain
capacity for restoring their cationic balance [19]. Po-
lymer protective activity is also associated with water
structuring and maintaining it in liquid state at rather
low temperatures in the process of freezing (-35°C)
[7]. Nevertheless along with positive effects the
polymers’ concentrating in the course of freezing con-
tribute considerably to a growth of osmotic gradient
on cell membranes [7, 20], as a result the osmotic pro-
perties of frozen cells will be different from those of
normal ones. As for penetrating cryoprotectants their
cryoprotective activity is associated with a retardation
of'the solution concentration and a decline in cell hydra-
tion [19]. In medium containing sucrose and a polymer
the cells undergo osmotic stress because of conside-
rable dehydration during freezing [20]. If a penetrating
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TIOJIY9IEHBI TIPU UCIIOJIB30BAaHUN KPHUOKOHCEPBAHTOB,
conepxxamux J[-35000 u JMCO wmmm JI-35000 u
roko3y (Tabnuma). OcoOEHHOCTRIO MOTYYEeHHBIX
JAHHBIX SBISETCSA TO, YTO J0OaBJIeHHE B KPHOKOH-
CEPBAHT MPOHUKAIOIIETO KPUOMIPOTEKTOPA B OTHOCH-
TENhHO HEOOJBIIOM KonmuecTBe (5%) CyIIecTBEHHO
YMEHbIAET CTENEeHb MOBPEXKICHUS SPUTPOIUTOB
(Tabnuma).

B cBs13u ¢ 3TUM HEOOXOAMMO OTMETHUTH, YTO TIPO-
HUKamue KpHonpoTekTops! (mumnepud u JJMCO)
HE CIIOCOOHBI MPOTEKTUPOBATH KJICTKHU MPH OBICTPOM
3amMopaxxuBaHuu [16], oMHAKO MPU UX COUYECTAHHUH C
HEMTPOHUKAIOIIUMHU KPUOTIPOTEKTOPAMH MOKHO TIOTY-
YUTh HOBOE Ka4eCTBO KOMOWHHPOBAHHOTO COCTaBa,
KOTOpPOE MPOTHUBOCHCTBYET MOBPEXKIAIONTUM (haKTO-
pam mpu OBICTPOM 3aMOpaKuBaHUU-oTOrpeBe. [loka-
3aHO, YTO 3aMOPAKUBAHKUE TPAHYIOLIUTOB C THIIPOKCHU-
STUJIMPOBAHHBIM KPaXMaJIOM IIPU HU3KOH CKOPOCTHU HE
a¢dexkTuBHO, oHaKO ero couetanue ¢ JIMCO nmeer
3HAYUTEIbHBIH KpHONPOTEKTOpHBIN 3¢ dekT [12]. ITo-
JOOHBIH pe3yNbTaT MOTy4YeH MPH 3aMOPAKUBAHHUH KJle-
TOK KocTHOTo Mo3ra [31]. B GonpmmHCTBE ciiydaeB
HCTIOJTE30BaHNE KOMOMHUPOBAHHBIX KPHOKOHCEPBAHTOB
VIpOIIaeT Mporeaypy 3amopakuBanws [ 13—15, 30, 31].
BeposiTHO, 3TO CBSI3aHO C T€M, YTO HCIIOJIb30BAHHE
KOMOWHUPOBAHHBIX KPIOKOHCEPBAHTOB ITO3BOJISIET U3-
0exaTh 3HAYUTEIILHOTO MEPEOXJIAXKICHUS KJICTOUHOTO
oOpasia B MOMEHT Ha4aJIbHO# KpucTamum3anuy [ 14,
31].

[Ipennonaraercs, 4TO KpUO3aIIUTHOE JACHCTBUE
HENPOHUKAIOIUX MOJIUMEPHBIX KPUOMPOTEKTOPOB
CBSI3aHO C WX CIIOCOOHOCTBIO COXPAHATH perapaTuB-
HbIE CBOMCTBAa KIIETOYHBIX MEMOpaH B Ipolecce
3amopaxkuBaHus. [locne pasMopakuBaHUS KIETKU
COXPAHAIOT CIIOCOOHOCTH BOCCTAHABINBATh CBOU Ka-
TroHHBIHN 6ananc [19]. Kpome Toro, 3ammrHoe 1eicT-
BHE€ TIOJIMMEPOB CBA3aHO CO CTPYKTYPHUPOBAHUEM BOJIBI
Y TIOJIJIEP’KaHUEM €€ B )KUIKOM COCTOSTHUH IIPH T0CTa-
TOYHO HU3KHX TEMIIEpaTypax B XOAE 3aMOPaKHBAHUS
(-35°C) [7]. Onnako moauMepbl, KOHIEHTPUPYAICH B
XO0J/Ie 3aMOPaKUBAHUS HAPIAY C TOJOKUTEIHHBIMU
a¢dexkramMu, BHOCSAT 3HAUYMTENBHBIN BKJIaa B Hapac-
TaHWUE OCMOTHYECKOTO TPaJMeHTa Ha MeMOpaHax KJe-
TOK [ 7, 20], BcaencTBUE 4ero OCMOTUYECKUE CBOIMCTBA
3aMOPOKEHHBIX KIIETOK OYAyT OTINYAaThCS OT HOP-
MaJTbHBIX. 71 MPOHHUKAIOMHUX KPUOMPOTEKTOPOB
KpHO3alUTHBIN 3 deKT cBsi3an ¢ 3amMeyIeHHEeM KOH-
LICHTPUPOBAHUS PACTBOPA M YMCHBIIICHUEM CTETICHU
neruaparanun kiaetok [19]. B cpene, comepxkarieit
caxapo3y 1 OJIUMeD, KIIETKU IIPH 3aMOPAKHUBAHNUH HC-
MIBITHIBAIOT OCMOTHYECKUN CTPeCcC U3-3a 3HAUYUTENb-
Ho# nerunpatanuu [20]. Eciau B Takyto cpeny 10omo-
HUTEIEHO BKJIFOUYUTH IPOHHUKAIOIIUH KPHOIIPOTEKTOP,
TO YMEHBIIUTCS CTENEHb JIETUIpaTallii KIETOK U
COOTBETCTBEHHO OCMOTHYECKHI CTPECC MpH 3aMopa-
JKUBAHUH. YMEHBIICHUE CTETICHH JeTUpaTaIliy Kie-
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CreneHb MOBPEXICHHUSI 3PUTPOIIUTOB, 3aMOPOKECHHBIX B
cpezax ¢ HEMPOHUKAIOIUMHI U IPOHNKAIOIINMHU
KPHOTIPOTEKTOPAMHU

Erythrocyte injury level after freezing in media with non-
penetrating and penetrating cryoprotectants

T'eMOAM3 TTOCAE 3aMOPa’kKUBaHMUS-
Cpeapl 3aMOPaKUBaHUS OTOrpeBa-OTMLIBaHUSA, %

Freezing media Hemolysis after freezing-thawing-

washing out, %

A-35000 (20%)

D-35000 (20%) 367 =40
A-35000 (20%) + AMCO (5%) 158 = 41
D-35000 (20%) +DMSO (5%) © =
A-35000 (20%) + ratokosa (5%) 17 + 49
D-35000 (20%) + glucose (5%) -

A-10000 (20%)

D-10000 (20%) 40,4 = 56
A-10000 (20%) + AMCO (5%) 174 = 42
D-10000 (20%) + DMSO (5%) e
A-10000 (20%) + raroko3sa (5%) 17.7 = 54
D-10000 (20%) + glucose (5%) e

TIST-2000 (20%)

PEG-2000 (20%) 950 =47
[13r-2000 (20%) + AMCO (5%) 202 + 43
PEG-2000 (20%) +DMSO (5%) e
T12T-2000 (20%) + ratokosa (5%) 270 + 48
PEG-2000 (20%) + glucose (5%) T

TI3T-1500 (20%)

PEG-1,500 (20%) 640 =30
TT3T-1500 (20%) + AMCO (5%) 338 =+ 42
PEG-1500 (20%) +DMSO (5%) o
TIST-1500 (20%) + ratoko3a (5%) 376 + 56
PEG-1500 (20%) + glucose (5%) s

cryoprotectant is added to such medium, cell dehydra-
tion will decrease and, consequently, osmotic stress
will weaken in the course of freezing. A decrease in
cell dehydration provides conditions for weakening
impact of osmotic mechanisms of injuries in the process
of thawing. These mechanisms are associated with
water influx and outflux from the cells during slow
thawing [9] or with dilution of external medium on the
final stage of rapid thawing owing to the melting of
extracellular ice, a considerable portion of which was
formed from intracellular water [10].

Thus, inclusion of penetrating cryoprotectants to
cryopreservatives can be an efficient approach to
redu-cing osmotic stress occurring in the course of
freezing with non-penetrating cryoprotectants. Preven-
tion of considerable dehydration of cells during freezing
will result in weakening osmotic mechanisms of cell
injuries in the process of thawing cell suspensions.
Combination of non-penetrating and penetrating cryo-
protectants in cryopreservatives will create a novel
cryoprotective feature of the combined composition,
which will counteract damaging factors in the process
of freeze-thawing and provide high safety and satis-
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TOK CO3/1a€T YCIIOBHS JJIS OCIA0JCHUS BIHSHUS
OCMOTHYECKHX MEXaHH3MOB MOBPEXACHUS TIPU pa3-
MOpaXUBaHUU. DTU MEXAaHU3MBI CBA3aHBI C BXOAOM
1 BBIXOJIOM BOJIbI U3 KJIETOK MPU MEAJIEHHOM pa3Mo-
paxxuBaHuu [9] uiu pa3BeA€HUEM BHELIHEH CpeIbl Ha
KOHEYHOM 3Tarie ObICTPOro pa3MOpaKuBaHUs BCIe-
CTBUE IUIABJICHUS BHEKJICTOYHOTO JIbJ1a, 3HAUUTEIbHAS
4acTh KOTOPOro 00pa3oBaHa M3 BHYTPHUKIETOYHOM
Bozwl [10].

Takum 00Opa3oM, BKITIOUCHHE B KPHUOKOHCEPBAHT
MIPOHUKAFOIIETO KPUOIIPOTEKTOPA MOKET OBITh 3 dek-
TUBHBIM JUISI YMEHBIIIEHUSI OCMOTHYECKOTO CTpecca,
CO03/1aBaeMOT0 B XOJI€ 3aMOPAKUBAHUS C HETIPOHUKA-
IOLIMMH KproTipoTekTopamu. [ Ipenynpexaenue 3Haqu-
TENbHOU JerujpaTalid KJIETOK B XOJI€ 3aMOpaXu-
BaHUs IIPUBEJIET K OCITA0ICHUI0 OCMOTHYECKIX MeXa-
HU3MOB TOBPEXKJICHUS KJIETOK NPU OTOIPEBE KIETOU-
HBIX cyclieH3ui. CodyeTaHue B KpHOKOHCEPBAHTE He-
MIPOHUKAIOINX ¥ MPOHUKAIOIIMX KPUOIPOTEKTOPOB
CO3JIaeT HOBOE KPHO3AILUTHOE CBOMCTBO KOMOWHH-
POBaHHOTO COCTaBa, KOTOPOE MPOTUBOJEHCTBYET MOB-
pexnaronM (GaxTopam MpH 3aMOPAKHUBAHHH-OTOT -
peBe, o0ecrneurnBaeT BHICOKYIO0 COXPAHHOCTD U YOB-
JIETBOPUTEIbHBIE OCMOTHYECKHE CBONCTBA KIIETOK
[IOCJIE OTMBIBaHMS OT KPHOKOHCEPBAHTA.

BbiBOAbBI

B sputponurax, 3aMOpOXKEHHBIX B Caxapo3o-
COJIEBOM CpeJie C HEMPOHUKAIOIUMHU OTUMEPHBIMU
kpuonpotektopamu (I19I'-1500, IT21-2000, 1-10000,
J-35000), oTMe4YeHBl 3HAYUTENIbHBIC W3MECHEHUS
OCMOTHYECKHUX CBOMCTB IO CPABHEHUIO C UHTAKTHBIMU
KJIETKaMU: CHIDKEHHE OCMOTHYECKON YCTOMYMBOCTH
B untepsaie kouuenrpamuit NaCl 0,45-0,9%; noBsi-
IIEHUE OCMOTHUYECKON YCTOMYMBOCTU B MHTEpBaje
0,09-0,4%. I1pu BKIFOUYEHNH B KPHOKOHCEPBAHT MPO-
HuKaromero kpuompotekropa (AMCO, riroko3a)
CYIIECTBEHHBIX OTKJIOHEHU OCMOTUYECKUX CBONCTB
3aMOPOKCHHBIX KJIETOK HE HAOIOHaeTCsl.
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factory osmotic properties of cells after washing them
from the cryopreservant.

Conclusions

Considerable changes of osmotic characteristics
were registered in erythrocytes frozen in sucrose-salt
media with the non-penetrating polymer cryopro-
tectants (PEG-1500, PEG-200, D-10000, D-35000) in
comparison with intact cells: a decline in osmotic
resistance within the range of NaCl concentrations
0.45-0.9%; a rise in osmotic resistance within the
range of NaCl concentrations 0.09—0.4%. When a
penetrating cryoprotectant (DMSO, glucose) is added
to cryopreservatives, there are no significant diver-
gences in osmotic characteristics of frozen cells.
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