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Manifestation and Elimination of “Packing” Effect in the Media
with Non-Penetrative and Penetrative Cryoprotectants

HccnenoBanu noBpexxJeHUE SPUTPOLUTOB NMPH 3aMopaxkuBaHuu ¢ HU3KkUM (0,8%) u BeicokuM (40%) reMaTOKpUTOM B Cpefiax C
HETPOHUKAIOIIUMU HOJIMMEPHBIMU KPUOIIPOTEKTOPAMU (OIMITHIICHIIUKONB ¢ M. M. 1500 (II3I-1500), nexcTpaH) U NPOHUKAIOIIUM
KpuonpoTexropoM aumeTuicyiabdokcuaoM (IMCO). YeTaHOBICHO, YTO HPOSIBICHHE U yCTpaHeHHE dQPeKTa «yINaKOBKN CYLIECTBEHHO
3aBHCAT OT MOHHOW CHJIBI KpHOKOoHcepBaHTa. [Ipu ¢usuonornueckoit nonnoi cuie (0,15 momnp/nm NaCl) mist nposiBieHHs JaHHOTO
a¢dekra Heooxoaumo couetanue [13I'-1500 unu nekcrpana B koHneHTpanusax 5 u 10% coorsercrBenHo ¢ JIMCO B koHueHTpaiuu 5%
i yeennueHue koiaudectsa [191-1500 u nexcrpana go 10 u 15% coorBercTBenHo. Eciu MoHHas cuina Hrke GU3NOIOTHYECKOM
(0,05 monb/n NaCl), To yka3aHHOrO coueTaHusl NOIMMepHbBIX kpronporekTopoB U IMCO mocraTouHo s ycTpaneHus 3¢ dexra
“ynakoBku”. OfHaKo NpH (HU3HOIOIUYECKON MOHHOM crile Uil ycTpaHeHus JaHHOTro (dekra HeoOxoxumo konmdectBo JMCO B
KOHIeHTpauuu 15%. AHanu3 Noyry4yeHHbIX PEe3yJIbTaTOB U JAHHBIX JINTEPATyphl T03BOJISIET IPEATIONOXKHUTh, YTO B YCIOBUAX OBICTPOTO
3aMOpaXUBaHUsI-OTOTrpeBa nposiBieHue A dexTa “ynakoBku” onpenessiercs craaueil ObICTPOro 0TOrpesa, Koraa MporCXOIUT IPUPOCT
OCMOTHYECKOI'0 BO3JICHCTBHUSA 3a CUET pa3BeCHUs BHEIIHEH cpelibl BOIOM, KOTOpas H3HaualbHO Oblila BHYTpUKIETOUHOH. CyKeHue
IpaHUI] U3MEHEHUsI 00beMa KIETOK B IHKJIE 3aMOPAKMBAHUA-OTOIPEBA B CPElie C MPOHUKAIOIMMU U HEMPOHUKAIOIIUMH KPHO-
HPOTEKTOPAMHU IPUBOIUT K BOBHUKHOBEHHUIO YCTOHYMBOCTH K yKa3aHHOMY OCMOTHYECKOMY BO3JEHCTBUIO M ycTpaHeHHUIo dddexra
“ymaxKoBKu”.

Kniouesvie cnosa: 3putponuThl, IPOHUKAIOIINE U HEIPOHHUKAIOIINE KPUOIIPOTEKTOPHI, SPPEKT “yrnakoBKu”.

JocmimKyBany yIIKOPKSHHsI €pUTPOLIUTIB IPH 3aMOpoKyBaHHi 3 Hu3bKuM (0,8%) i Bucoknm (40%) reMaToKpUTOM y CEpEeIOBHUILAX,
SIKi MICTATh HENPOHHUKAIOYi MOJIIMEPHi KPionpoTeKTopH (IoieTHiIeHr1ikoib 3 M. M. 1500 (ITEI'-1500), nexkcTpaH) Ta NpOHUKAIOUHit
kpionpotekrop aumeriicyibdokcun (AMCO). YeraHoBIIeHO, 1110 TPOSB 1 yCyHEeHHsT eekTy “yrnakyBaHHs iCTOTHO 3aJIeXaTb Bij
i0HHOT cHiIM KpiokoHcepBaHTa. [Ipu dizionoriuniii ionniit cui (0,15 mons/n1 NaCl) st nposiBy nanoro ehekTy HeoOXiJHO KOMOIHyBaHH:I
TIET-1500 a6o aekctpany B KoHIeHTpalisax 5 ta 10% siamosiano 3 kpionporekropoMm JIMCO B koHueHTpaitii 5% abo 301i1bIIeHHS
kinpkocTi [TET-1500 ta nexctpany mo 101 15% BiamosinHo. Skiro ionHa cuta Hiokye dizionoriunoi (0,05 mons/n NaCl), To 3a3HaueHoro
KoMOiHyBaHHs nojiMepHux Kpionporekropis i JIMCO nocrarHbo 1uis yCyHeHHs edekty “ynakyBanHs . OnHak npu dizionoriusii
10HHI# cuuti Ju1s yeyHeHHs 1aHoro edexty HeoOxinHa kinbkicts JIMCO B koHueHTpaii 15%. AHani3 oTpuMaHuX pe3yJbTarTiB i JaHuX
JITepaTypy J03BOJISE PUITYCTHTH, IO B YMOBAX LIBHIKOTO 3aMOPOXKYBaHHS-BIIIrpiBy NposiB eekTy “yHnakyBaHHs BU3HAYAETHCS
CTai€l0 MBUAKOTO BiJIrpiBy, KOJIH BiZ0yBaeThCsI NPUPICT OCMOTHYHOIO BILUIMBY 33 PaXyHOK PO3BEIICHHS 30BHIIIHBOTO CEPEeIOBHUIIA
BOJIOI0, L0 CIIOKOHBIYHO OyJia BHYTPIIIHBO-KIIITHHHOO. 3BY)KE€HHS IPAHULIb 3MiHHM 00CATY KIIITHH Y LIMKJI 3aMOPOXXKYBaHHSI-BiirpiBy
y CEepeIOBHIL, SIKE MICTUTh NPOHUKAIOYI i HENPOHHUKAIOUi KPIOMIPOTEKTOPH, NPU3BOANUTH O BUHUKHEHHS CTIHKOCTI 10 3a3HAYEHOT0
OCMOTHYHOT'O BIUIMBY Ta YCYHEHHS e(eKTy “yInakyBaHHS .

Kniouosi cnosa: eputpounTH, IPpOHUKAIOYi Ta HEPOHUKAIOYI KPIONPOTEKTOPH, eeKT “yrmakyBaHHS .

Erythrocyte damage under freezing with low and high hematocrits (0.8 and 40%, correspondingly) in the media with non-
penetrative polymer cryoprotectants (polyethylene glycol with m. w. of 1500 (PEG-1500), dextran) and dimethyl sulfoxide (DMSO)
penetrative one, was investigated. The manifestation and elimination of the “packing” effect were established to be significantly
dependent on cryopreservative ionic strength. Under physiological ionic strength (0.15 mol/l NaCl) for this effect manifestation it is
necessary to combine PEG-1500 or dextran in 5 and 10% concentrations, correspondingly, with 5% DMSO or increase PEG-1500 or
dextran number up to 10 and 15%, correspondingly. If ionic strength is lower than physiological one (0.05 mol/l NaCl), the mentioned
combination of polymer cryoprotectants and DMSO is sufficient to eliminate the “packing” effect. However for this effect elimination
under physiological ionic strength of necessity is 15% DMSO. The analysis of the obtained results and literature data enable assuming
the manifestation of “packing” effect under rapid freeze-thawing to be determined by the stage of rapid thawing, when the increment
of osmotic effect occurs due to the environment dilution with water, being initially intracellular one. Narrowing of boundaries of cell
volume change during freeze-thawing cycle in the medium with penetrative and non-penetrative cryoprotectants results in resistance
to the mentioned osmotic effect and “packing” effect elimination.

Key-words: erythrocytes, penetrative and non-penetrative cryoprotectants, “packing” effect.
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KombOuHMpOBanue B cpene 3aMOpaXHBaHUS HETIPO-
HUKAIOLNX MOJTUMEPHBIX KPHOIIPOTEKTOPOB C IPOHH-
KarOIIMMH [TO3BOJIAET CHU3UTh KOHIIEHTPALIHIO MOCTE-
HUX 0e3 U3MEHEHUS! COXPAaHHOCTH U OCMOTHYECKOM
YCTOHYMBOCTH 3aMOPOKEHHBIX KIETOK [2, 3, 9]. Kpo-
M€ TOT0, UCIIOb30BaHNE KOMOMHHUPOBAaHHBIX KPHOKOH-
CEpPBAHTOB YCTpaHs’IET HEOOXOAMMOCTH KOHTPOJIA
CKOPOCTH OXJIaxAeHus [5, 26, 27]. D10 yKa3blBaeT Ha
CYILIECTBOBAHUE OOIIHX TPUYMH MOBPEKICHHS Pa3ITiy-
HBIX KJIETOK, KOTOpPbIE MPeI0TBPAIIa0TCs KOMOMHI-
pOBaHHON KPHUOMPOTEKIMEH C HEMPOHUKAIOIUMHU U
MIPOHHUKAIOIIUMHE KPUOTIPOTEKTOPAMH.

Hcnonp3oBanre KOMOMHHPOBAHHOTO KPHOKOHCEP-
BaHTa TUAPOKCHATWINPOBaHHBIH Kpaxman (['OK) +
mumetmicynbhokcua (IMCO) mo cpaBHEHHIO CO
cpenoit, conepxanieit Tonsko IAMCO, nmpuBoauT K
YMEHBUICHHUIO CTENEHH NEePeoXJaXIeHNUs 00pasLa B
MOMEHT Kpuctamuzanui [ 13, 27]. [Ipeagnonaraercs,
YTO 3aMOpa)KMBaHUE CYCIIEH3UM C BBICOKOW KOHIIEHT-
parnueil KIeTok, 10 CPaBHEHHIO C HU3KOM, IPUBOJUT K
OorpIeMy nepeoxiaxaeHuio oopasnuos [21]. Takue
JAHHBIE YKa3bIBAIOT HA TO, YTO MEXAHU3M KPHO3aIUT-
HOTO JISHCTBHSI KOMOMHHPOBAaHHBIX KPUOKOHCEPBAHTOB,
BO3MO)KHO, BKJIIOUAET HeHTpasu3anuio dddexra “ymna-
koBKH” (3 ekt “ynakoBku” — yBeIMUEHHE CTETICHH
MIOBPEKACHHS 3PUTPOIUTOB P 3aMOPAKUBAHHUH C
BBICOKMM T€MaTOKPHUTOM IO CPaBHEHHUIO C HU3KHM)
[22]. 3amopaxuBaHie B KOMOWHHUPOBAHHBIX KPHOKOH-
CEpBaHTax C MPOHMKAIOIINMH M HEMPOHUKAIOIUMHU
KPHOIPOTEKTOPAMHU MOXKET OBITh 3()(PEKTUBHBIM IO
XOIOM JUIsl ycTpaHeHus 3¢ dexTa “ymakoBKu .

[Ipennonaraercs, 4TO MOBPEXKICHUE KICTOK H3-
3a 3¢ dexTa “ynakoBKu” ompenemnsercs MexaHHyec-
KHMH BO3/IEHICTBUSMH B TPOMEP3AIOIINX KaHAIaX JIb/a
[15,20] u mpupaleHneM 0cMOTHIECKHX (B (HEKTOB PU
IUTaBJICHUH BHEKJIETOYHOTO M BHY TPHUKJIETOYHOTO JIb/1a
[8,11,21,23].

[Ipu ObICTpOM 3aMOpaXKMBAaHUHM yMEHBIIACTCS
BpeMsi BO3I€MCTBUS BHICOKMX KOHIIEHTPALIM pacTBO-
PEHHBIX BEILECTB U HE BBISBIISICTCS] KOHLCHTPHUPOBAHUS
KJICTOK B KaHaJax MEXKAY PAacTYLIMMU KpUCTaLIaMH
apaa. OgHAKO B JAaHHBIX YCIOBHUSIX UMEET MECTO
OTpULIATENIBHOE BIMSIHUE BBICOKOH KOHIECHTPALHUH
kieTok. [loaroMy ObUI criesiaH BBIBOJ, YTO MEXaHHU3M
a¢dekra “yrmakoBKu” MPU OBICTPOM 3aMOPaKUBAHUU
OTIIMYAETCS OT TAKOBOTO MPHU MeIeHHOM [19].

BricTpoe oxitakaeHrne MOBBIIIAET BEPOSITHOCTH
00pa3oBaHusl BHYTPHUKJICTOYHBIX KPUCTAJJIOB JIBJA,
NPUPOCT KOTOPHIX OyJeT MpU 3aMOPaKMBAHUU
SPUTPOLUTOB C BEICOKMM remMaTtokpurom [21]. [Ipex-
MOJIaraeTcs, YTO MEXAaHU3M IOBPEXACHHUS BHYTPHU-
KJICTOYHBIMU KPHUCTAIAMH JIbJa SIBJISIETCS OCMOTH-
YECKUM U peanus3yercs Mpu MEJICHHOM pa3Mopa-
x)uBaHuM [8]. B pesynbrate OBICTPOrO pa3MoOpaku-
BaHMS NpUpAIlCHUE MOBPEXKICHUN B CYCIICH3HH C
BBICOKOH IIOTHOCTBIO KJIETOK NMPOUCXOAMT 3a CYET
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Combining non-penetrative polymer cryoprotectants
with penetrative ones in freezing medium enables to
reduce the concentration of the latter without changing
the integrity and osmotic resistance in frozen cells [2,
3, 9]. In addition, the usage of combined cryopro-
tectants eliminates the need in cooling rate control [5,
26, 27]. This indicates to the presence of general causes
of different cell damages, prevented by a combined
cryoprotection with non-penetrative and penetrative
cryoprotectants.

The usage of a combined cryopreservative hydro-
xyethylazed starch (HES) + dimethyl sulfoxide
(DMSO), compared to the medium, comprising only
DMSO, results in a decrease of sample’s overcooling
extent at crystallisation moment [13, 27]. Freezing of
suspension with a high cell concentration, compared
to a low one, is assumed to result in a greater over-
cooling of samples [21]. These data point to the fact,
that the mechanism of a cryoprotective effect of com-
bined cryopreservatives possibly triggers the “packing”
effect neutralisation (“packing” effect is an increase
in erythrocyte damage extent under freezing with a
high hematocrit, compared to a low one) [22]. Freezing
with combined cryopreservatives, containing penetra-
tive and non-penetrative cryoprotectants, may be an
efficient approach in “packing” effect elimination.

Cell damaging due to the “packing” effect is assu-
med to be determined by mechanical effects in frozen
ice channels [15, 20] and an increment of osmotic
effects under extracellular and intracellular ice melting
[8,11,21,23].

Under rapid freezing the influence period of high-
concentrated dissolved substances decreases and no
cell concentrating in the channels between growing
ice crystals is revealed. However under these condi-
tions a negative effect of high cell concentration occurs.
Therefore we concluded about the distinction of the
“packing” effect mechanism under rapid freezing from
that under slow one [19].

Rapid cooling augments the probability of intra-
cellular ice crystal formation, which increment will
occur under freezing erythrocytes with a high hema-
tocrit [21]. The mechanism of damaging with intra-
cellular ice crystals is assumed to be osmotic and
realised under slow freeze-thawing [8]. As a result of
rapid freeze-thawing an increment of damages in
suspension with a high cell density occurs because of
higher dilution of environment due to a rapid melting
of extracellular ice, which significant part was formed
from an intracellular water [11].

Thus, during a rapid freeze-thawing cycle of sus-
pensions with a high cell concentration there is observed
an osmotic effect rise under thawing.

The literature data show the “packing” effect as
mainly studied in the glycerol or DMSO-containing
media [7, 15, 21, 23, 28]. Therefore it is necessary to
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00JBIIEr0 pa3BeACHNs BHEIIHEW CPebl BCIEICTBUE
OBICTPOTO TJIABICHHSI BHEKJIETOYHOTO JIbJ[a, 3HAYH-
TeJIbHAs 4acTh KOTOPOro Oblla 00pa3oBaHa U3 BHYT-
puKIeTouHou Boasl [11].

Takum 00pa3zom, B IUKJIE OBICTPOTO 3aMOPAXKH-
BaHUS-OTOTPEBA CYCIIEH3UH C BRICOKOM KOHIIEHTPALUEH
KJIETOK HAOJIONaeTCs YBEITUYEHHE OCMOTHYECKOTO
BO3CHCTBUS Ha CTaJUH OTOTPEBA.

JlanHbIe IMTEpaTypHl MOKA3BIBAIOT, YTO 3PdeKT
“yHnakoBKH~ HCCIEAOBAJCS B OCHOBHOM B Cpelax,
conepxxamux nmrepud wim JJMCO [7, 15, 21,23, 28].
[ToaToMy HEOOXOUMO BBISIBUTH dPPEKT “yIIaKOBKHU”’
MIPY 3aMOPaKUBAHUH SPUTPOIIMTOB C HEMPOHHUKAIOIIN-
MU KPHOIIPOTEKTOPAMH U BIMSHUE HA HETO KOMOHHU-
POBaHHBIX CPE, KOTOPBIE TOTMOJTHUTENBHO BKIIIOYAIOT
MPOHUKAIOIIHE KPHOIPOTEKTOPHI.

Lenb paboThbl — onpenenuTh BAUSHNAE HEPOHUKA-
IOLIMX U NPOHUKAIOUINX KPHONPOTEKTOPOB, a TAKXKe
uX KoMOMHAIMK Ha H3QQEKT “yrnakoBKHU B COJIEBOU U
caxapo30-COJIeBOH cpefax.

Matepnanbl 1 meToAbI

B pa6ote ucnons3zoBanu NaCl (x. 4.); caxaposy
(4. 1. a.); momudTHIeHTTHKOAEL ([121-1500) mpowus-
BozacTBa Merck; AeKkcTpaH ¢ MOJIEKYIIPHOM Maccoit
10000 mpoussonctea Pharmacia Fine Chemicals;
muMeruncynspoxena (AMCO) npousBoacTsa Sigma.
OpUTPOLMTHI YENOBEKA MOTYYaIl U3 JOHOPCKOH KPOBH
YeThIPEXKPAaTHBIM OTMBIBAHUEM PACTBOPOM, COZIEp-
xammuM 0,15 M NaCl, 10 MM tpuc, pH 7,4. PactBopsl
KpPHOIIPOTEKTOPOB B KOHLIEHTpauax 5—15% rotosuwim
Ha caxapo30-COJIEBOH cpele, coaepxkaeid 50 MM
NaCl+200 MM caxapo3sl, U1 COJIEBOM cpeae, couep-
xareit 0,15 M NaCl, xoropas Bkimodana 10 MM tpuc,
pH 7,4. O6pa31s SpUTPOITUTOB B CPEIAX 3aMOPAKH-
BaHus 00bemMoM 1 M1 1 remaTokputamu 0,8 riau 40%
B [TOJIMATHIICHOBBIX MPOOUPKAX TOTPYIKAIH B KHJIKUH
a30T, BBIAEPKUBAINA 15 MHH, 3aTeM NMEPEHOCHIH Ha
BoasiHyto OaHio mpu Temmepatype 40°C Ha 3 MuH
(Momens ObIcTpOTo 3aMOpaKuBaHusA-oTOrpeBa). [loc-
Jie oTorpeBa oOpasibl pa3BOAMIN COOTBETCTBYIOIIH-
MU CpelaMU 3aMOpaKUBaHus 10 reMaTokpura ~0,4%
u uenTpudyruposaiu S Myt npu 3000 06/muH. [TpoueHt
reMoJIn3a BEIYUCIISUIN [TOCTIE CIIEKTPOdOTOMETprIec-
KOTO ONpEAEIeHUs] ONTHYECKON MIOTHOCTH Hagoca-
JIOYHOM KUIKOCTH MPH JUTHHE BOIHEI 543 HM:

IpOLEHT remonusa = [A4,/A4,] x 100,

rIe Al — ONTHYECKAs INIOTHOCTD HAJ0CAOIHOM KU/~
KOCTH 3KCHEPUMEHTAIBHOTO 00pasua; 4, — onTu-
YyecKas INIOTHOCTh MPU MOJIHOM IeMOJIN3€ KOHTPOJIb-
HOTO 00pasua.

Pe3ynbraThel mpeAcTaBieHbl KaK CpeAHee 3Haue-
HHE £ CpelHee KBaJpaTHIecKoe OTKIoHeHwme. [
OTIpe-IeICHUSI CTATUCTHISCKON JTOCTOBEPHOCTH pe-
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find out the “packing” effect under erythrocyte
freezing with non-penetrative cryoprotectants and the
influence on them of combined media, which
additionally comprise penetrative cryoprotectants.

The research was aimed to determine the effect
of non-penetrative and penetrative cryoprotectants, as
well as their combinations on the “packing” effect in
saline and sucrose-saline media.

Materials and methods

In research there were used NaCl (chemically pure
grade); sucrose (pure for analysis grade); polyethylene
glycol (PEG-1500) (Merk); dextran with 10.000 mole-
cular mass (Pharmacia Fine Chemicals); dimethyl sul-
foxide (DMSO) (Sigma). Human erythrocytes were
derived from donor blood via a four-fold washing out
with the solution, containing 0.15 M NaCl, 10 mM Tris,
pH 7.4. Cryoprotective solutions in 5—15% concentra-
tions were prepared with sucrose-saline medium,
containing 50 mM NaCl + 200 mM sucrose or 0.15 M
NaCl-containing saline solution, comprising 10 mM Tris,
pH 7.4. Erythrocytes samples in 1 ml freezing media
with 0.8 or 40% hematocrits in polyethylene vials were
immersed into liquid nitrogen and kept for 15 min, then
transferred on water bath at 40°C for 3 min (model of
rapid freeze-thawing). After thawing the samples were
diluted with the corresponding freezing media to ~0.4%
hematocrit and centrifuged for 5 min at 3000 rot/min.
Hemolysis percentage was calculated after spectro-
photometrical determination of optical density of
supernatant at 543 nm wavelength:

hemolysis percentage = [4 /4,] x 100,

where 4, is optical density of experimental sample’s
supernatant; A, is optical density under a complete
hemolysis of the control sample.

The results are presented as the mean = mean
square deviation. To determine the statistical signi-
ficance of the results we used a non-parametric Mann-
Whitney method at p < 0.05 (n=15) [1].

Results and discussion

The research results, presented in Fig. 1, show
freezing in isotonic sucrose-saline medium as revealing
the difference of damage extent of erythrocytes for
samples with low and high hematocrits (‘“packing”
effect). An increase in NaCl concentration will result
in a rise in erythrocyte hemolysis extent in the samples
with low hematocrit and difference elimination between
erythrocyte damages in the samples with low and high
hematocrits (Fig. 1, medium 2). Including DMSO into
the medium reduces the damage extent in erythrocytes
with the “packing” effect revealing (Fig. 1, medium 3).
The same results were obtained in saline media with
PEG-1500 or dextran. In the media, comprising 5%
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3yJBTATOB UCITOIH30BANIN HEMApaMETPUIECKUH METONT
Manna-Yurtau mpu p< 0,05 (n=5) [1].

Pe3yAbTaThl U 00CyXAeHue

Pesynbrarel MccienoBaHus, peICTaBICHHBIE Ha
pHc. 1, TOKa3bIBAIOT, YTO 3aMOPAYXKHUBAHUE B U30TOHU-
YECKOH €axap030-COJIEBOM CpPE/ie BBISBISET Pa3HULLY
CTETICHH TIOBPEKICHUS DPUTPOLIUTOB JIIS 00Pa3IOB C
HHU3KHM U BBICOKUM reMatokputoM (3¢ dexT “yma-
koBkn”). Ecin konnenTparmto NaCl moBBICHTE, TO 3TO
MPUBEIET K YBEIUYEHUIO CTETICHN TeMOJIN3a 3PUTPOLIH-
TOB B 00pa3lax C HU3KUM IeMaTOKPHUTOM H YCTpa-
HEHUIO Pa3HUIBl B TOBPEXKICHUSIX 3PUTPOLMTOB B
o0pa3uax ¢ HU3KUM U BBICOKMM IeéMaToOKpuToM (puc. 1,
cpena 2). Bxirouenne B cpeny AMCO ymeHblaer
CTETIeHb MOBPEKICHUS SPUTPOLUTOB C BHISIBICHHEM
s dexra “ymakoBku’” (puc. 1, cpema 3). [lomoOHbIE
PE3YNBTaTHI MOMYYICHBI B CONIEBBIX cpemax ¢ [191-1500
iy aekctpanoM. B cpenax, conepxkamux 5% I191-
1500 (puc. 1, cpena 4) wm 10% nekcrpana (puc. 1,
cpena 7), addekt “ynakoBku” HE BEIIBICH. OqHAKO
MIPH MTOBBITIIEHUH KOHIICHTPAIIUH JIAHHBIX IIOJIAMEPOB
WJIH BKIIIOUEHUH B cpeny 3aMmopaxuBanus 5% JMCO
(puc. 1, cpensl 5, 8) cTeneHb MOBPEKACHHUS SPUTPOLIU-
TOB B 00pa3Lax, 3aMOPOKEHHBIX C HU3KUM H BHICOKHM
reMaTOKPUTOM, CYIIECTBEHHO pazinuaercs. Takum
o0pazom, 3¢ ¢eKT “ynakoBKH~ ONpeAessieTcs KOJIH-
yectBoM NaCl, KoHIEHTpaLue NONMMEPHBIX KPHO-
nporektopoB n Hanmunem JMCO B cpene 3amopa-
JKHBAHUSL.

Boznaukaer Borpoc 00 MCTOIB30BaHUN HEOOXO-
JUMOTO KOJTMYECTBa KPHOMPOTEKTOPOB JIJIsl yCTpa-
HeHus d¢¢exra “ynakoBku”. Bximrouenue 5% JJMCO
B M30TOHHUYECKYIO Caxapo30-COJIEBYI0 Cpey A0CTa-
TOYHO IJIsl ycTpaHeHus: JaHHoro 3¢ dekra (puc. 2,
cpena 4). OmgHako ecii caxapo30-CoyeBasi cpeaa co-
nepxut Oonpiree xkonuuectBo NaCl, To BKitoueHHE
B Hee JIMCO, HanpoTHuB, NPUBOIUT K MOSBICHHIO
sdpdexra “ymakoBku” (puc. 1, cpena 3). CpaBHeHHE
9THUX PE3YJIBTaTOB YKa3bIBA€T Ha TO, YTO COACPIKaHUE
NaCl B cpene 3aMopakuBaHUS SBJISETCS CYIESCTBECH-
HBIM (aKTOPOM IS TIPOSIBIICHUS U YCTpaHEHUS d(-
(hexra “ymaxoBkn”. B TO jke BpeMs BKITFOUESHHE JCKCT-
paHa XOTs U CHUXKAET CTEIEHb [IOBPEXICHUS, OJHAKO
Ppa3sHUIA TEMOJIM3a IPUTPOLIMTOB B 00pa3Lax ¢ HU3KUM
1 BBICOKUM I'€éMaTOKPUTOM OCTaeTcs (pHC. 2, cpeasl 7—
11). ITonoOHBIi pe3ynbrar ObUT MOJTYYEH B Caxapo3o-
coneBoii cperne ¢ konmuuectBoM NaCl 0,15 mMons/n mpu
MOBBIICHUH KOHIIEHTpaIyu fekctpana ¢ 10 (em. puc. 1,
cpena 7) mo 15 % (cm. puc. 1, cpena 9), uro ycuimsaio
nposieienue 3 dexra “ymakoBku”. [lomyyeHHsie qaH-
HbIE YKa3bIBAOT Ha TO, YTO IEKCTPAH HE CIIOCOOEH yCTpa-
HATH 2P PekT “ymakoBku” no cpaBuenuto ¢ JIMCO.

Taxum o0pazom, ycrpaneHne s dekxra “yrmakoBKua”
npoucxonuT nocie BkitoueHus JIMCO B caxapo3so-

NMPOBJIEMbI
KPMOBMOJIOTUM
T. 19, 2009, N23

PEG-1500 (Fig. 1, medium 4) or 10% dextran (Fig.
1, medium 7) no “packing” effect was revealed. How-
ever when increasing the concentrations of these poly-
mers or including 5% DMSO into freezing medium
(Fig. 1, media 5, 8) the damage extent of erythrocytes
in the samples, frozen with low and high hematocrit
significantly differs. Thus, the “packing” effect is
determined by NaCl amount, concentration of polymer
cryoprotectants and DMSO presence in freezing
medium.

The question arises about using a necessary amount
of cryoprotectants to eliminate “packing” effect.
Including 5% DMSO into isotonic sucrose-saline solu-
tion is necessary for this effect elimination (Fig. 2,
medium 4). However if sucrose-saline medium com-
prises a big amount of NaCl, then DMSO inclusion
into it, in contrary, results in “packing” effect manifes-
tation (Fig. 1, medium 3). Comparison of these results
indicates to the NaCl content in freezing medium as a
significant factor for “packing” effect manifestation
and elimination. At the same time even if dextran inclu-
sion reduces the damage extent, the difference of
erythrocyte hemolysis in samples with low and high
he-matocrits is kept (Fig. 2, media 7—11). The similar re-
sult was obtained in sucrose-saline solution with
0.15 mol/l amount of NaCl, when increasing dextran
concentration from 10 (see Fig. 1, medium 7) to 15%
(see Fig. 1, medium 9), that strengthened the “packing”
effect manifestation. The data obtained point to the
fact, that dextran is not capable for eliminating “pa-
cking” effect compared to DMSO.

Thus, the elimination of “packing” effect occurs
after including DMSO into sucrose-saline medium with
NaCl concentration, being lower than isotonic one.

The question of “packing” effect elimination during
freezing in the media, containing PEG-1500 or dextran
and DMSO without sucrose, was studied.

The results demonstrated a slightly manifested
“packing” effect in the media, containing 5% PEG-
1500 or 10% dextran. If adding 5% DMSO into the
mentioned media, a considerable difference in eryth-
rocyte hemolysis in the samples, frozen with low and
high hematocrits, was revealed. An increase in DMSO
concentration up to 15% eliminates “packing” effect
(Fig. 3). In this case bigger amount of DMSO, than in
sucrose-containing medium and lower NaCl one is
necessary (see Fig. 2).

Thus, the results obtained testify to a considerable
role of medium ionic strength in manifestation and
elimination of “packing” effect. Under physiological
ionic strength (0.15 M/l NaCl) for this effect mani-
festation of need is to combine non-penetrative cryo-
protectants with DMSO or augment PEG-1500 or
dextran concentrations (see Fig. 1). If ionic strength
is lower than physiological one (0.05 mol/l NaCl), the
same combination of polymer cryoprotectants and
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COJIEBYIO CpeJly C KOHIIEHTpaIuen
NaCl ke N30TOHIYECKOM.

HccnenoBan Bonpoc ycTpaHe-
Hud 3¢ ¢dexTa “ymnakoBKu’ NHpH
3aMOpaXMBAaHHUH B Cpeliax, Coaep-
sxarux [19I'-1500 unu nekcrpan
u JIMCO 6e3 caxapo3bl.

Pesynbrarel mokasanu, 4To B
cpemax, comepxkamux 5% I[191-
1500 uiu 10% nexcrpana, 3hdhext
“ymakoBKHU TIposiBIIeH ciiabo. Ec-
JIM B YKa3aHHBIE CPEIbl BKITIOYUTh
5% AMCO, TO BBISIBIIETCA CY-
[IECTBEHHAs Pa3HUIIA B TEMOJIH3E
SPUTPOLIMTOB B 00pas3nax, 3amo-
POXEHHBIX C HU3KUM M BEICOKUM
reMatokputoM. [loBblleHne KoH-
nentpayn IMCO no 15% ycrpa-
HseT 3 ekt “ynakoBku” (puc. 3).
B manHom ciywae HEoOX0quMO
Oonpmee komuuectBo JMCO,
4YeM B cpelie, cojiepiKkalieii caxa-
pO3y, U MEHbIIEe KOJIMYECTBO
NaCl (cm. puc. 2).

Takum 00pa3om, MosTy4eHHbIE
pe3yNbTaThl CBUIETEIbCTBYIOT O
CyILIECTBEHHOM POJIU HOHHOM CHU-
JIBL CpeAbl B MPOSIBJICHUU U yCT-
paHeHun 3¢ ¢peKra “yrnakoBKu.
[pu prsroorIecKoi HOHHOM criie
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Puc. 1. IloBpexxaeHue SpUTPOLIMTOB B LIUKJIE 3aMOPAKUBAHUA-OTOTPEBA B CPEAX C
MIPOHMUKAIOMIMMH 1 HEIPOHUKAIOIIUMH KPUOTIPOTEKTOPAMH C PA3IMIHBIM I'eMa-
tokpuroM (- 0,8%,0—-40%). Cpena 1 conepxut 50 mmons/n NaCl +200 MmMo:s/n
caxapo3bl; cpeiibl 2—9 IPUroTORIICHBI Ha pacTBope, copepskaitem 0,15 mose/n NaCl;
2 —200 mMmors/1 caxapossl; 3 —200 MMons/1 caxapossl + 5% JAIMCO; 4 — 5% I13I-1500;
5—=5%II2I'-1500 + 5% AMCO; 6 — 10% I13I'-1500; 7 — 10% nexcrpana; 8 — 10%
nekcrpana + 5% JIMCO; 9 — 15% nexctpana; * — pe3yasTarbl CTAaTUCTUIECKU JOCTO-
BEPHBI [10 CPAaBHEHHUIO C COOTBETCTBYIOIMMHU OKa3aTEJISIMU CTETICHH OBPEXKICHHS
Ipy 3aMopakuBaHuy ¢ remarokpurom 0,8% (p <0,05).

Fig. 1. Erythrocyte damage during freeze-thawing cycle in media with penetrative and
non-penetrative cryoprotectants with different hematocrit (O — 0.8%, O — 40%).
Medium 1 comprises S0 mmol/l NaCl + 200 mmol/l sucrose; media 2—9 are prepared
with solution, containing 0.15 mol/l NaCl; 2 — 200 mmol/1 sucrose; 3 —200 mmol/I
sucrose + 5% DMSO; 4 — 5% PEG-1500; 5 — 5% PEG-1500 + 5% DMSO; 6 — 10%
PEG-1500; 7 — 10% dextran; 8 — 10% dextran + 5% DMSO; 9 — 15% dextran; * —
results are statistically significant compared to the corresponding indices of damage ex-

(0,15 monbe/n NaCl) mns nposs-
JIeHUs JaHHOTO 3¢ deKra HeoOXo-
MO COYETaHNE HETIPOHUKAIOUIIX KPHOIIPOTEKTOPOB
¢ IMCO wmm nossimenue kouIeHTparuu [121-1500
nin gexctpana (cm. puc. 1). Eciu nonHas cuma Hibke
¢uznonoruueckoit (0,05 monn/n NaCl), To momobHOE
COYETaHHE MMOJIMMEPHBIX KprompoTekTopoB u JJIMCO
JIOCTaTOYHO A ycTpaHeHus 3¢¢exra “yrnakoBkua”
(cMm. puc. 2). Onnako npu HU3NOIOTHYECKON HOHHOM
cuiae HeoOxoguMo Oonbinee koauuectBo JMCO
(puc. 3).

D¢ dexT “ynakoBKH” MPOABISIETCS IPH 3aMOPAXKHU-
BaHWH SPUTPOLIUTOB B Cpeie, CoAeprKalieit 1—2 Moib/i
runepuHa i JJMCO, a ycTpassieTcsl IpH MOBBI-
LIEHUH KOHIIEHTPALUN JaHHBIX KPHOTIPOTEKTOPOB 710
4 mounb/11 [7]. DpUTPOIUTHI, 3aMOPOXKEHHBIE B CPEIE,
copepxamieit 15-20% mnmepuna, SBISIOTCS OCMOTH-
YECKH HEYCTOWYMBBIMU IO CPABHEHHUIO C KJIETKAMH,
3aMOpOKEHHBIMH B cpezie ¢ 40% munepuna (4,3 MOJIb/J1)
[28]. Takum oOpa3oM, JaHHBIE JTUTEPATYPHI yKa3bl-
BalOT Ha TO, 4TO ycrpaHenue 3¢ddexra “ymakoBku”
cocoOCTBYeT MOAACPKAHUIO HOPMAIbHBIX OCMO-
THYECKUX CBOICTB 3aMOPO)KEHHBIX 3PUTPOLIMTOB U YTO
N7 yCTpaHeHUs JaHHOTO 3 dexTa HeoOxomuma
BBICOKAsi KOHICHTPALUSI IPOHUKAIOLIETO KPHOIPO-
TEKTOpA.
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tent under freezing with hematocrit 0.8% (p < 0.05).

DMSO is sufficient for “packing” effect elimination
(see Fig. 2). However under physiological ionic
strength a higher DMSO number is required (Fig. 3).

“Packing” effect is manifested under erythrocyte
freeze-thawing in 1-2 mol/l glycerol or DMSO-con-
taining medium, and eliminated under concentration rise
of these cryoprotectants up to 4 mol/1 [7]. Erythrocytes,
frozen in 15-20% glycerol-containing medium, are
osmotically non-resistant compared to the cells, frozen
in that with 40% glycerol (4.3 mol/l) [28]. Thus, the
literature data indicate to the elimination of “packing”
effect as contributing to the maintenance of normal
osmotic properties of frozen erythrocytes and to a
required high-concentrated penetrative cryoprotectant
for eliminating this effect.

The research results demonstrate, that if the media
comprise a non-penetrative and penetrative cryopro-
tectants, the concentration of the latter should be
significantly lower to eliminate the “packing” effect.
The presence of low concentrated penetrative cryo-
protectants in freezing medium creates conditions to
simplify the washing-out procedure for frozen eryth-
rocytes. Of note is the fact, that if erythrocytes are in
the medium with glycerol concentration not higher than
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Pe3ynbraThl pabOTHI MOKa3bI-
BAaIOT, YTO €CJH CPEeIbl COAepKaT
HENPOHUKAIOLIIA U MPOHUKAFOLIUIA
KpUOMPOTEKTOPBHI, TO MOCIEAHETO
TpeOyeTcs 3HaYUTEIbHO MEHbLIAs
KOHIICHTPAIIUs, YTOOBI yCTPAHHUTh
ekt “ymakoBku”. Ilpucyrct-
BHE B CpeJlie 3aMOpaKUBaHUA He-
BBICOKHX KOHIICHTPAIMA TTPOHH-
KaroIMX KPUOMPOTEKTOPOB CO3-
JaeT YCIOBUS IS YIPOIIEHUS
OTMBIBaHUS 3aMOPOKEHHBIX 3PHUT-
porutoB. CiieyeT OTMETUTD, YTO
€CIIM DPUTPOLUTHl HAXOOITCS B
cpele ¢ KOHLEHTpaluen riuie-
puHa He BblIe 6%, TO NMpHU HUX
MIEPEHOCE B U30TOHUYECKHUH pacT-
Bop NaCl He BISBIISIETCS ITOBBIIIIE-
HUE OCMOTHYECKON XPYIIKOCTH [4].

AHanu3 TUTEpPaTyphl MOKa-
3BIBAET, YTO HamOoJiee MEPCIeK-
THBHBIM MOJXOJOM JUISI BBISB-
neHust 3QpPeKTUBHBIX CIIOCOOOB
3aMOpaKMBaHUS M XPAaHEHHS Pa3-
JIUYHBIX KJIETOK SBIISETCS IOA00D
KOMOWHHUPOBAaHHBIX KPHOKOHCEP-
BAaHTOB, KOTOpBIE BKIIIOYAIOT IPO-
HUKAIOINE U HENPOHUKAIOIIUE
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Puc. 2. Bimsiaue paznnysabix koHueHTpanuii IMCO (cpeabl 2—6) u nekcTpana
(cpenst 7-11) Ha CTeTIEHb TOBPEKICHHSI SPUTPOITUTOB B IIUKIIE 3aMOPAKUBAHUS-
OTOrpeBa B caxapo3o-coneBoii cpeze (50 mmoins/n NaCl + 200 Mmosts/i caxaposbr)
¢ pasnmuaabM rematokpuatoM (- 0,8%, O—40%): 1—0%; 2 — 1%; 3 —3%; 4 —5%;
5—7%;6—9%;7—3%;8—5%;9—10%; 10— 15%; 11 — 20%; *— pe3ynbrarsl
CTATUCTUYECKH JIOCTOBEPHHI I10 CPABHEHHUIO C COOTBETCTBYIOIMMH ITOKA3aTEISIMU
CTEIIeHN NOBPEXICHNS NPH 3aMOopakuBaHuu ¢ remarokpurom 0,8% (p <0,05).

Fig. 2. Effect of differently concentrated DMSO (media 2—6) and dextran (media
7-11) on damage extent of erythrocytes during freeze-thawing in sucrose-saline
medium (50 mmol/l NaCl + 200 mmol/l sucrose) with different hematocrit (O—
0.8%,0-40%): 1-0%; 2 —1%; 3 —3%;4 —5%; 5 —7%; 6 — 9%; 7—3%; 8 —5%;
9-10%; 10-15%; 11 —-20%.

Note: * — results are statistically significant compared to the corresponding indices of
damage extent under freezing with hematocrit 0.8% (P<0.05).

MIOJIMMEPHBIE KPHOIPOTEKTOPHI [2,

3,5, 10, 14, 24, 25, 29]. Bo-

MIEPBBIX, COUETaHKE TOJIUMEPOB ¢ 1,2-PONaHa0IOM
[TO3BOJISIET CYIIECTBEHHO CHU3UTH €70 KOHLIEHTPALIUIO
¢ 38 mo 20% Oe3 yMeHbIIIeHHus O0IIel COXPAaHHOCTH
SPUTPOILUTOB U UX OCMOTHIECKON YCTOMIMBOCTH [2,
3]. Bo-BTOpPBIX, MCIIONB30BaHNE KOMOMHUPOBAHHBIX
kpuokoHcepBanToB (I'DK+AMCO) npuBoaut x
YMEHBIIEHUIO CTENICHH MEPEOXIAKACHNAS KIETOUHBIX
00pasmoB B 30He CyOHYNMEBBIX Temmeparyp [13, 27].
B-TpeTpux, KOMOMHUpPOBaHNWE MPOHHUKAIOIIUX U
HEIPOHUKAIOIHUX KPUOMPOTEKTOPOB YIPOIIAET
npouenypy 3amopaxusanus [10, 14, 26, 27]. Coue-
tanue B cpene IAMCO u I'OK npu 3amopaxuBaHuu
He(PaKIMOHUPOBAHHOTO KOCTHOI'O MO3T'a YCTPaHseT
HEOOXOIMMOCTh UCIOJIB30BaTh IPOrPaMMHBIN 3aMO-
paXkuBaTeNb U XPAHUTH KIETKH B )KUJKOM a3ote [27].
Xpanenne o0pa3noB B 3amopaxkuBatene npu —80°C
obecrieunBaeT HEOOXOIUMBIE KOJIWYECTBEHHBIE U
Ka4eCTBEHHBIE [TOKa3aHMUs JIsl TPAHCIIIAHTAINH KJIe-
TOK TIOcTIe pa3MopakuBanus [26]. KomOuauposanue
JAMCO u I'OK mo3BonseT HUCKIIOYUTh KOHTPOJIb
CKOPOCTH 3aMOpaXHUBaHUS 11 TEMOIO3TUYECKUX
KJIETOK KOpI0BOU KpoBH [ 10], KJIETOK MOKETYJOUHON
’kene3bl [14] U CTBOJIOBBIX KJIETOK KOCTHOTO MO3ra
[13]. JaHHble IUTEpaTyphl YKa3bIBalOT HA TO, YTO
OJTHOW W3 TOJIOKUTENIBHBIX CTOPOH 3(PPEeKTUBHOIO
JecTBUSI KOMOMHUPOBAHHBIX Cpel SABISETCS JOCTHU-
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6%, no increase in osmotic fragility is revealed, when
transferring them into NaCl isotonic solution [4].
Literature data analysis shows the selection of
combined cryopreservatives, comprising penetrative
and non-penetrative polymer cryoprotectants, as the
most perspective approach to reveal the efficient ways
for freezing and storage of different cells [2, 3, 5, 10,
14, 24, 25, 29]. Firstly, the combination of polymers
with 1,2-propanediol enables a considerable decrease
in its concentration from 38 down to 20% without
reducing a general integrity of erythrocytes and their
osmotic resistance [2, 3]. Secondly, the usage of com-
bined cryopreservatives (HES + DMSO) results in a
decrease of overcooling extent of cell samples in
subzero temperature zone [ 13, 27]. Thirdly, the combi-
nation of penetrative and non-penetrative cryopro-
tectants simplifies the freezing procedure [10, 14, 26,
27]. The combination of DMSO and HES in the medium
during non-fractionated bone marrow freezing elimi-
nates the necessity to use a programmable freezer and
store cells in liquid nitrogen [27]. Sample storage in
freezer at —80°C provides necessary quan-titative and
qualitative indices for cell transplantation after freeze-
thawing [26]. Combining DMSO and HES enables
excluding the control for freezing rate for cord blood
hemopoietic cells [10], pancreas cells [14] and bone
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JKCHHE ONTUMAJIBHOU JAeTUpaTalin 100
KJIETOK B 30HE CyOHYJIEBBIX TEMIIE-
patyp. YCTaHOBJIEHO, YTO IS yIIPO-
IIEHHS TPOIIECYPhI 3aMOPAKHUBAHHS
1 OTMBIBaHHS Pa3MOPOKEHHBIX KITe-

[0}
o
1

o X 60
TOK HEOOXOIMMO UCTIONB30BATh KPHO- 2
KOHCEPBAHTHI C IPOHUKAOWUMU U & -2 ~]E
HENPOHUKAIOIIMMU KPUOTIPOTEKTO- 5 = 40
pammu. § &
T

OO0BsicHUTH AP HEKTHBHOCTH KOM-

6I/IHI/Ip0BaHHBIX cpel MOXHO U3 20 4
UMEIOLINXCA B JIMTEPATYpPE CBEMEC-
HUHA O MEXaHH3Max 3alllMTHOI'O0 U 0

MOBPEXKIAOLLET0 IEHCTBUS HETIPO-
HUKAIOIIUX U MPOHUKAIOLINX KPHO-
npotekropos. IIpennonarator, 4To
3aIUTHBIE CBOWCTBA MOJMMEPOB
CBSI3aHBI C UX CIIOCOOHOCTBIO H3Me-
HATH (PU3NYECKOE COCTOSHUE PACT-
BOPOB B XOZ€ 3aMOPaXUBAaHUS U
OTOTPEBA BCIEICTBUE CTPYKTYpH-
POBaHUSI MOJICKYJ BOJIBI M CHIKE-
HUS TEMIIEPATyphI €€ 3aMep3aHHsl,
a He M3-3a NPSMOTo JAEHCTBUA Ha
KJIeTOYHYI0 MemOpany [6]. Ilpu
3aMOpaKUBAHUH, KPOME 3aIIUTHOTO
s¢dexTa, HENPOHUKAIOILINE KPUO-
MPOTEKTOPHI OKa3bIBAIOT MOBPEXK-
Jnaroniee JeidcTBUE BCIEICTBUE
HaJIOX)KEHUS] OCMOTHYECKOTO TPaIUeHTa, 3HAYUTENTbHON
JeTUApaTali KJIETOK U JOCTM)KEHUS MU KpUTH-
YECKH MUHUMAaNBHOTO 00BbeMa [17]. Kpuozammraoe
JeiCTBUE MPOHUKAIOIINX KPUOTIPOTEKTOPOB CBA3aHO
C UX NPOHHKHOBEHHEM B KJICTKH U 3aMeJICHHEM
neruapararuu [18]. Kpome toro, 3amenisercst KoH-
LIEHTPUPOBaHKE BHEIIHEH Cpelibl U 0CTa0IIsIeTCs TOB-
pexnaroiee aericteue “addexkroB pacteopa” [16].
OmnnHako “TopMOXKeHWE” AETUIpaTAINH KJICTOK MPH-
BOJIUT K MOBBIIICHUIO BEPOATHOCTH (OpMUpPOBaHHS
BHYTPHUKIETOYHBIX KPUCTAIUIOB Jibja [18].

Takum oOpazoM, nelicTBHE MPOHUKAIOUIUX H
HEMPOHUKAIOMINX KPHOMPOTEKTOPOB MpPH 3aMopa-
KUBAaHUU BCerga ociadisercs COMyTCTBYIOIIUMHU
oTpuLaTeabHBIMU 3¢ dexramu. s ycTpaneHus oTpu-
LATEIBHOTO IEHCTBUS KPUOTIPOTEKTOPOB BO3MOXKHBI
clenyromue noaxonsl. Bo-nepBrix, ecnu B cpeny
3aMOpaXUBaHHS C HEMPOHUKAIONIUM KPHUOIPO-
TEKTOPOM BKIIFOUUTH IPOHUKAIOIIHIA, TO 3TO JIOJKHO
YMEHBIIUTh CTETIeHb JETUAPATALINH KIETOK U yCTpa-
HUTb MX KPUTHYECKOE cKaTtue. Bo-BTOpBIX, eciu B
cpelie 3aMOpaKMBaHUS TPOHUKAIOIINIA KPUOTIPOTEKTOP
OCHOBHOI, TO BKJTFOUEHHE HEMPOHUKAFOIIETO KPHOTIPO-
TEKTOpa JIOJKHO YCTPAHUTH U3JIHIIHEE 3aMeJICHHE
JeTHIpaTalui. BeposTHO, B 3TUX CIIy4asX MpOU-
30H1IeT Cy)KeHHE IpaHHL U3MEHEHHUS1 00beMa KIIETOK
B LIMKJIE 3aMOpaXMBaHUsA-0TOrpeBa. M3BecTHO, UTO
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illii

Cpena
Medium

2 5 6 7 8

Puc. 3. Bmustane pasmmaabix koHreHTpariid JJMCO (1u 5—0%;2 u 6—5%; 3 u 7—
10%; 4 u 8 — 15%) Ha cTeneHb MOBPEXKICHUS IPUTPOIIUTOB B ITUKIIE 3aMO-
pakuBaHusA-oTOTrpeBa B conenoi cpene (0,15 mons/n NaCl), coneprkarmueii: 5%
I13I'-1500 (cpexnst 1-4) i 10% nexcrpana (cpeast 5—8) ¢ pa3IMYHBIM reMa-
toxpuroM (- 0,8%, 0—40%); * — pe3yasTaThl CTAaTUCTUYECKH JOCTOBEPHBI O
CPaBHEHUIO C COOTBETCTBYIOIIMMH [TOKA3aTEISIMH CTETICHH ITOBPEXKACHUS TTPH
3amMopaxuBaHuu ¢ remarokpurom 0,8% (P<0,05).

Fig. 3. Effect of differently concentrated DMSO (1 and 5 — 0%; 2 and 6 — 5%; 3
and 7— 10%; 4 and 8 — 15%) on damage extent of erythrocytes during freeze-
thawing in saline medium (0.15 mol/l NaCl), containing: 5% PEG-1500 (media 1—
4) or 10% dextran (media 5— 8) with different hematocrit (O—0.8%, 0—40%);
* — results are statistically significant compared to the corresponding indices
of damage extent under freezing with hematocrit 0.8% (P<0.05).

marrow stem cells [13]. Literature data show the
achievement of optimal cell dehydration in subzero
temperature area to be one of the positive aspects of
efficient effect of combined media. It was established
the necessity in using cryopreservatives with penet-
rative and non-penetrative cryoprotectants to simplify
the freezing and washing-out procedures for frozen-
thawed cells.

It is possible to explain the efficiency of combined
medium by proceeding from the present literature data
about the mechanisms of protective and damaging
effects of non-penetrative and penetrative cryopro-
tectants. Protective properties of polymers are sug-
gested as associated to their capability for changing
physical state of solutions during freeze-thawing due
to water molecule structuring and its freezing tempe-
rature decrease, but not a direct effect on cell membra-
ne [6]. In addition to a protective effect, the non-
penetrative cryoprotectants cause a damaging effect
under freezing due to an osmotic gradient application,
considerable cell dehydration and achieving a critically
maximal cell volume [17]. Cryoprotective effect of
penetrative cryoprotectants is associated to their pene-
tration through cells and dehydration slowing down
[18]. In addition, the environment concentrating is
slowed down and a damaging action of “solution
effects” is weakened [16]. However the “inhibition”
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CTETIeHb CXKAaTUS W PETHAPATALNU U TOCTHXKEHUS
OCMOTHYECKOTO PAaBHOBECHS ITPH CyOHYIEBBIX TEMITE-
patypax sBIsieTCs CyLECTBEHHBIM (aKTOPOM B IOB-
PEeXKACHUU SPUTPOLUTOB MPU 3aMOpakuBaHuu [12].

Ecnu nMmeeTr mMecto cyxeHHe IpaHUL] U3MEHEHUS
o0beMa KIIETOK P 3aMOPaKHBAaHUU-OTOTPEBE B KOM-
OMHHMPOBAHHBIX KPUOKOHCEPBAHTAX, TO 3TO TAKKE MPH-
BEJIET K OcIalNeHuto GIIyKTyalHOHHO-OCMOTHYECKOTO
MEXaHW3Ma MOBPEXACHUA KIETOK MPHU Pa3MOPaXKH-
BaHWU. [Ipu 3TOM MOBpEXIEHHE BHYTPUKIECTOUYHBIM
JBIOM HE MEXaHMYECKOE, & OCMOTHYECKOE, KOTOPOe
peanusyercs Mpu pasMopakuBaHUH. 3aMOPOKEHHBIE
KJIETKH Pa3IN4aloTCs COIeP >KaHNEM B HUX KOJINYECT-
Ba IJIbJIa, TIPH OTOTPEBE KOTOPBIX 00pa3yIoTCs JIBH-
KYIIME CHIIBI JUTSE (PIIYKTYyallMOHHOTO BBIX0O/A U BXOAa
BOABI U OOJIBIICH BEPOSITHOCTH MOBPEKICHUS TEX
KJIETOK, B KOTOPBIX Ha KOHEYHOW CTajiuH pa3Mopa-
JKUBAaHUSI OCTAIOTCA KpUCTaibl Jbpaa [8]. Ecnu xom-
OMHHUPOBaHHBII KPHOKOHCEPBAHT OTPaHUYMBACT U3MeE-
HEHHE 00beMa KJIETOK B LIUKJIE 3aMOPaKHUBAHHUS-OTOT -
peBa, TO OITUCAHHBIN TTOBPEKAAOIINI MEXaHU3M Oy/IeT
OIOKHUPOBaH.

Takum 06pa3om, aHAINW3 AHHBIX JUTEPATYpHI,
KacaroIuXcsi 0OCOOEHHOCTEH 3aIIUTHOTO M TOBPEXK-
JAIOIIEro JACHCTBUSA HENPOHUKAIONUX W MPOHUKA-
IOIUX KPHOMPOTEKTOPOB, MO3BOJIAET CAENAThH MPEa-
MOJIOKEHHE OTHOCUTENBHO 3P PEKTHUBHOCTH HCIIOIb-
30BaHUS KOMOMHUPOBAHHBIX KPHOKOHCEPBAHTOB:
HCCIielyeMbIe Cpeibl IPH 3aMOPaKUBAaHUU 00ecIIeuu-
BaIOT ONTUMAJIbHYIO JETHUIPATALIUIO KIIETOK U CY>KaIOT
IpaHULbI H3MEHEHHS UX 00beMa B LIMKJIE 3aMOPaKH-
BaHUSA-OTOTPEBA, YTO OOECIEUYNBACT yCTOHYHUBOCTD
KJIETOK K OCMOTHYECKHM BO3JCHCTBUSIM.

U3zBecTHO, 94TO 3P QEKT “yImakoBKH” OMpeNeIseTCsI
OOIIETPUHATHIMA MEXaHU3MaMHU TOBPEXKIEHHUS KIle-
TOK NpH 3aMopakuBaHuu: “dddexTs pacTBopa” u
BHYTPHUKJIETOUHOE 3amep3anue [21], a Taxke MmoBpex-
JEHMSI, CBSI3aHHBIE C JieopMaryen KIETOK B TpOMep-
3afolux KaHanax yipja [ 15]. Uccnenoanue addexra
“ynakoBKH~ B 3aBUCUMOCTH OT KOHUEHTpAaLUU IJIH-
LIEpUHA, CKOPOCTEH 3aMOpaKMBaHHs K OTOIPEeBa MOKa-
3a110, 4T0 3¢ ekt Haubosnee BoIpaKeH NPU KOHIICHT-
pauuy mmnepuHa 1—2 MoJIb/J1 M MEIIEHHBIX CKOPOCTSIX
oxJaxzaeHus u otorpesa [22]. Ilpu koHUEHTpauuu
mmueprHa 3—4 mMonab/n 3gdekt “ymakoBku” ycTpa-
HsieTCs [7] ¥ 3aMOpPOKEHHBIE SPUTPOIUTH UMEIOT
HOPMAaJIbHYIO OCMOTHYECKYIO XpPYIIKOCTb [28].

[lomy4ennsie pe3yapTaThl MOKA3bIBAIOT, YTO 3(-
(bexT “ymakoBKH’ BBIBISETCS B I30TOHUYECKOM caxa-
P030-COJIEBOH Cpejie IPH OTCYTCTBUH U B IPUCYTCTBUU
MOJIMMEPHBIX KpHuorporekTopoB (I191-1500, nexct-
paH) U B COJIEBOU Cpele, CONEpKAIICH MOITMMEPHI.
YcTaHOBICHO, YTO I ycTpaHeHus 3ddekra “yma-
KOBKH~ HEOOXOJMMO COYETaHUE B CPEAE 3aMOPaKu-
BaHUs IPOHUKAIOMINX U HETPOHHUKAIOLINX 3aIlIUTHBIX
KoMIIOHEHTOB. B conesoit cpene ¢ [I3I'-1500 unu
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of cell dehydration results in a rise of probability of
intracellular ice crystal formation [18].

Thus, the effect of penetrative and non-penetrative
cryoprotectants during freezing is also weakened by
accompanying negative effects. In order to eliminate
a negative cryoprotective effect the following appro-
aches are possible. First, if including a penetrative
cryoprotectant into the freezing medium with a non-
penetrative one, this should reduce the extent of cell
dehydration and eliminate their critical shrinkage.
Secondly, if a penetrative cryoprotectant is principal
in freezing medium, the inclusion of a non-penetrative
one should eliminate a surplus slowing down of
dehydration. It is obviously, that in these cases there
will occur the narrowing of boundaries of cell volume
change during freeze-thawing cycle. The extent of
shrinkage and rehydration to get an osmotic balance
under subzero temperatures is known to be a significant
factor in erythrocyte damaging under freezing [12].

If a narrowing of boundaries of cell volume change
under freeze-thawing with combined cryopreservatives
occurs, this will also result in a weakening of
fluctuation and osmotic mechanism of cell damaging
under freeze-thawing. At the same time the damage
by intracellular ice is not mechanical, but osmotic,
which is realised under freeze-thawing. Frozen cells
differ by an ice content in them, during thawing of
which there are formed the active forces for a fluctu-
ation water entering and release and a high probability
of damaging in those cells, where ice crystals remain
at a final stage of freeze-thawing [8]. If a combined
cryopreservative limits the cell volume change during
freeze-thawing cycle, the described damaging mecha-
nism will be blocked.

Thus, the analysis of literature data, related to the
peculiarities of protective and damaging effects of non-
penetrative and penetrative cryoprotectants enables
suggesting about an efficient usage of combined
cryopreservatives: studied media during freezing pro-
vide the optimal cell dehydration and narrow boundaries
of their volume change within freeze-thawing cycle,
by providing cell resistance to osmotic effects.

The “packing” effect is known as determined by
the standard mechanisms of cell damaging under free-
zing: “solution effects” and intracellular freezing [21],
as well as damages, associated to cell deformation into
frozen ice channels [15]. Study of “packing” effect
depending on glycerol concentration, freezing and
thawing rates demonstrated the effect as the most
pronounced at 1-2 mol/l glycerol concentration and
slow cooling and thawing rates [22]. Under 3—4 mol/l
glycerol concentration the “packing” effect is elimi-
nated [7] and frozen erythrocytes have a normal osmo-
tic fragility [28].

The results obtained show the “packing” effect as
revealed in isotonic sucrose-saline solution both at the
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JIEKCTPaHOM HeOOX0AUMO UcTIoNb30Bath 15% JIMCO
(puc. 3), B caxapo30-COJIeBOH cpesie ¢ MOoTMMepaMu
nin 6e3 Hux — 5% JAMCO (cm. puc. 1, 2). [IporexTn-
pyromuii 3hdeKT caxaposbl MPOSBIAETCS HA CTAAUU
OTOTpEBa U KOrJa OHA HAXOJUTCS B PECYCIECHIH-
pytoieM pactBope [30]. DTo yka3bpIBaeT Ha CyIIECT-
BEHHYIO POJIb Caxapo3bl KAK OCMOTHYECKOTO CTaOMIIH-
3aropa B ycTpaHeHUH 3P (heKTa “yrnakoBKuU™ v COOTBETCT-
BEHHO Ha TO, YTO B YCIIOBUAX 3aMOPaXKUBAHUSA-OTOT-
peBa OCMOTHYECKUN MEXaHU3M MTOBPEKICHUS HA CTa-
JIUW Pa3MOPaKUBAHUS BHOCHT BECOMBIN BKJIA B TaH-
HBIHA 3(pPexT.

[Ipu OBICTPOM OXJTAXKIECHUH BEPOATHOCTH BKJIaa
MEXaHUYECKOTO TOBPEIKACHHUS DPUTPOIIUTOB B CMBIKA-
IOIIMXCS KaHajax Jbaa B 3 dexT “yrnakoBku™ He3HAYH-
TEJbHA, TaK KaK KJIETKA B OCHOBHOM PaBHOMEPHO pac-
npezeneHsl B Macce npaa [19]. BepostHo, Mexanusm
nposiBieHus 3hdexra “yrnakoBKH CBs3aH B OOJIbILIEH
CTETICHH HE C 3TAIIOM OXJIAKIACHHS, a OBICTPOTO OTOT-
peBa. BrimepkuBaHue KIETOK IIPH CYOHYIEBBIX TEM-
nepaTypax MpUBOAUT K HECKONbKUM 3ddekram [8]:
IIPOTEKIIUS K IOCIIEAYIOIIEMY OBICTPOMY OXJIAXKICHUIO
(—=196°C) u otorpeBy, MOBpEXICHHE ITPH TEMIIEpaType
BRIICpXKUBaHUA. [loBpexKIeHNE KIETOK, KOTOPHIE
oxnaxgarrcsa g0 —196°C, cBs3aHO ¢ KOJIUYECTBOM
BHYTPHKJIETOYHOTO JIbJIa, KOTOPBI 00pasyercst mpu
oxJaxaeHuu. [Ipyu 3TOM MpOTEKIHs OompenesieTcs
JeruapaTaniel KICTOK IPH TEMITepaType BEIACPIKHU-
BaHUs1, KOTOPAsi CIOCOOCTBYET UCKITIOUEHHUIO BHYTPH-
KJIETOYHOT'O 3aMep3aHusl B XOJ€ MOCIEAYIOIIEeTro
oxnaxaenus (—196°C). IloBpexnenue npu remmnepa-
Typ€ BBIACPKHBAHHUSI MOXET OBITH PE3yJIbTaTOM
psiMoro 3¢ dexra BRICOKOI HOHHOM CHITBI HITH HETIPsI-
Mor0 3(h(hekTa 3TOro Bo3AeHCTBUS, CBSI3aHHOTO C T10-
BBIIIICHUEM YYBCTBUTEILHOCTH KIETOK K OCMOTHYEC-
KOMY CTpeccy B Xoae pa3MopaxuBaHug. Ha ocHo-
BaHUU aHaIW3a PE3YJIbTaTOB HCCIENOBaHHS OBLIO
CAENAaHO TPEJIOI0XKEHNE O CYIIeCTBOBAHUU OCMO-
TUYECKOTO MEXaHW3Ma MOBPEXACHUS KIETOK B XO/e
pa3sMopakuBaHUs, KOTAA KIETKH COAEp>KaT HEOAH-
HaKOBOE€ KOJIMYECTBO JbAa [8]. OgHako NOBpeKICHUE
TaKUM MEXaHU3MOM 00Jiee BEPOSTHO MPHU MEICHHBIX
CKOPOCTSX Pa3MOPAKUBAHHS.

[Ipu 3amMopaxuBaHWM KJIETOK C HU3KHUM TeMaro-
KpUTOM BKJIaJI BHYTPHKJIETOYHOH BOJBI BO BHEKJIE-
TOYHBIHN JIe]l HE3HAUYUTEIICH, a C BHICOKUM TeMaTOKPH-
TOM CyIIecTBeHEeH. B yciaoBusx ObIcTporo otorpena
Ha KOHEYHOM CTaaud pa3MOPaKUBAHUS KICTOTHBIX
CYCTIEH3H1H C BEICOKOU KOHIIEHTpAIlUel KJIETKU TIO/IBEP-
raloTCsl THIIOTOHHYECKOMY CTPECCY BCIEICTBHE OBICT-
pOTO TasHHUS BHEKJIETOYHOTO JIbJA, 3HAUUTENbHas
4acTh KOTOpOoro Obiia 00pa3oBaHa U3 BHYTPHKIIETOU-
Ho# Boapbl [11]. OnrcaHHBIA MEXaHU3M OBPEXKACHUS
BEpOSITEH B IHKJIE OBICTPOTO 3aMOPaKUBAHUS-OTOT-
peBa CyCIeH3U DPUTPOLIUTOB C BEICOKIM T'eéMaTOKPH-
TOM B CpeJie, COJieprKallel Takue HEeMpOHMUKAroIIne
KpPUOTIPOTEKTOPHI, KaK caxapo3a HIIN MOJIMMEPHI.
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presence and absence of polymer cryoprotectants
(PEG-1500, dextrans) and polymer-containing saline
medium. Combining penetrative and non-penetrative
protective components was established to be necessary
for “packing” effect elimination. In saline medium with
PEG-1500 or dextran it is necessary to use 15% DMSO
(Fig. 3) and 5% DMSO in sucrose-saline medium with
polymers or without them (see Fig. 1, 2). Protective
effect of sucrose is manifested at thawing stage and
when being in a resuspending solution as well [30].
This points to a significant role of sucrose as an osmotic
stabiliser in eliminating “packing” effect and
consequently to a significant contribution of an osmotic
mechanism of damage under freeze-thawing conditions
at freeze-thawing stage.

Under a rapid cooling a probable contribution of
mechanical erythrocyte damage in adjoining ice chan-
nels into the “packing” effect is insignificant, since cells
are mostly uniformly distributed into ice mass [19].
Probably, the mechanism of “packing” effect manifes-
tation is mostly associated not to cooling stage, but a
rapid thawing one. Cell exposure under subzero tempe-
ratures results in some effects [8]: protection to the
following rapid cooling (—196°C) and thawing, a da-
mage under exposure temperature. Damage of cells,
cooled down to —196°C is associated to a number of
intracellular ice, formed during cooling. At the same
time the protection is determined by cell dehydration
at exposure temperature, contributing to excluding
intracellular freezing during following cooling (—196°C).
The damage at exposure temperature may result from
a direct effect of high ionic strength or indirect effect
of'this influence, associated to a rise of cell sensitivity
to osmotic stress during freeze-thawing. Basing on the
analysis of research results we assumed the presence
of osmotic mechanism of cell damage during freeze-
thawing, when cells contain unequal ice amount [8].
However the damage by such a mechanism is more
probable under slow rates of freeze-thawing.

Under cell freezing with low hematocrit the contri-
bution of intracellular water into extracellular ice is
insignificant, but with high hematocrit it is considerable.
Under rapid thawing at a final stage of freeze-thawing
of highly concentrated cell suspensions the cells are
subjected to hypotonic stress due to a rapid melting of
extracellular ice, which significant part was formed
from intracellular water [11]. The described damage
mechanism is probable during rapid freeze-thawing
cycle of erythrocyte suspensions with high hematocrit
in the medium, comprising such non-penetrative cryo-
protectants as sucrose and polymers.

The analysis of the results obtained and literature
data enables assuming the combination of penetrative
and non-penetrative cryoprotectants as contributing to
correct a cryoprotective activity of the latter towards
positive side due to a weakening of osmotic stress under
freezing, which superposes by concentrating a non-
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AHanm3 MoJTy4eHHbIX Pe3yJIBTaTOB U JaHHBIX JTUTE-
paTypsl MO3BOJISIET MPEANONOKUTh, YTO KOMOWHU-
pOBaHUE B Cpelie 3aMOPAKUBAHUS MPOHUKAIOLIETO
KPHOIIPOTEKTOpa ¢ HEMPOHUKAIOIIUM CHOCOOCTBYET
KOPPEKLIH KPHONIPOTEKTOPHOH 3 PEKTUBHOCTH TOC-
JIETHETO B IMOJOKHUTEJIbHYI0 CTOPOHY BCIEACTBUE
ocnabneHusi 0CMOTUYECKOTO CTpecca IIPH 3aMOPaKH-
BAaHHMH, KOTOPBIH Hanaraercss KOHUEHTPUPOBAHUEM
HEIIPOHUKAIOLIET0 KPUOIIPOTEKTOpa. B maHHOM cuTya-
UM WMEET MECTO MPENOTBpPAIIECHHE NOCTIKEHUS
KJIeTKaMH KPUTHYECKM MHHHUMAJbHOTO 00BeMa,
Mo3TOMY OapbepHas GYHKIUS MeMOpaH HE JOJDKHA
HapymaTbes. Takue KIETKH CIIOCOOHBI BBIICPKUBATD
TUTIOTOHUYECKUH CTpecC Ha KOHEYHOU CTaIuN OBICT-
pOTO pasMOpaKUBaHMs, KOTOPBIX ABISAETCS IPUINHON
nposiBiieHus 3 exTa “ynakoBKH’ B LIUKJIE OBICTPOTO
3aMOpaKMBaHUA-OTOTPEBA.

BbiBOADI

1. B ycnoBusax ObICTpPOTo 3aMOpa)KUBaHUS-OTOT-
peBa B coneBoii cpene ¢ [191-1500 umu nexcTpanoM,
a TaKk)kKe B M300CMOTHYECKOM caxap030-CoJIeBOi cpe-
JIe BBISABIISIETCS pa3IMYNe CTEMEHH IMOBPEXKIACHUS
SPUTPOIMTOB B 00pa3iiaX ¢ HU3KKM U BEICOKAM reMa-
TOKPUTOM (AP HEKT “yrnakoBKu”).

2. BxiroueHue B COJNIEBYIO Cpely C MOJIMMEpaMu
JMCO B xoHueHTpanuu 15% npuBOIUT K yCTPaHEHUIO
addexra “ynakoBku”. B To jxe BpeMs pu 3aMOpaKu-
BaHMU B U300CMOTHUYECKOM caxapo30-COJIEBOH cpene
nocratoyo 5% JIMCO muist ycrpaHeHus JaHHOTO 3(-
¢exra.

3. Ilony4yeHHbIE TaHHBIE MOKA3BIBAIOT, YTO IPO-
SIBJICHUE U yCTpaHeHHE 3P QeKTa “ymakoBKH 3aBUCAT
OT COOTHOIIICHUS B cpejie 3amopaxusanus NaCl, mpo-
HUKAIOLIUX U HEMPOHHUKAIOIIUX KPHOTIPOTEKTOPOB. UeM
BBIIIE MOHHAS CHJIA CPEAbl, TeM OOoJbIIasi KOHIEHT-
parus IPOHUKAIOIIETO KPUOTIPOTEKTOpa HEOOXOAMa
JUTs yCcTpaHeHus dpQeKTa “yrnakoBKu”.
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penetrative one. In this case the achieving of a critically
minimum volume by cells is prevented, therefore a
barrier function of membranes should not be disor-
dered. These cells are capable to survive a hypotonic
stress at a final stage of rapid freeze-thawing, which
is the reason of “packing” effect manifestation during
freeze-thawing cycle.

Conclusions

1. Under rapid freeze-thawing in saline medium
with PEG-1500 or dextran, as well as in isoosmotic
sucrose-saline one there is found out the difference of
damage extent of erythrocytes in the samples with low
and high hematocrits (“packing” effect).

2. Including 15% DMSO into saline medium with
polymers results in “packing” effect elimination. At
the same time during freezing in isoosmotic sucrose-
saline medium 5% DMSO is sufficient for this effect
elimination.

3. The data obtained show the manifestation and
eli-mination of “package” effect to be dependent on
NaCl, penetrative and non-penetrative cryoprotectant
ratio in freezing medium. The higher is the medium
ionic strength, the bigger concentration of penetrative
cryoprotectant is required to eliminate “packing”
effect.
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