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Cryoprotective Efficiency of Media Combining
Oxyethylated Methylcellosolve and Dimethyl Acetamide during
Freeze-Thawing of Human Erythrocytes

Pedepat: MNMepcnekTnBHbIM HanpasneHWem npu paspaboTke KpMO3alUTHBIX cpeA AN KPUOKOHCEPBUPOBAHUSA 3pPUTPOLMTOB
ABNSETCA WMCNONb30BaHWE CMECK KPUOMPOTEKTOPOB, OTHOCHLUMXCS K pasHbIM KrnaccaM XMMUYecKUX coefuHeHuid. B gaHHom uccne-
[0BaHUN OLEHUBANMN KPUO3aLLMTHYO aKTUBHOCTb KOMBMHAaLMI NpeacTaBMTeNs knacca nonnosioB — HEMPOHKKAaIOLLLEro KpMonpoTeKTopa
OKCUITUNMPOBAHHOMO METUNLIENSIO30MbBa CO CTeneHbo nonumepusauymnm n = 33-35 (O3ML, _,, ..) ¥ Knacca amuaos — NPOHMKaoLWero
KpuonpoTtekTopa gumeTunauetamuaa (AMAu). Kom6uHaumm O3MU .. .. v OMAL B BecoBsbix cooTHoweHusax 1:1 (10 u 10%); 2:1 (10
1 5%); 3:1 (15 1 5%); 4:1 (20 n 5%); 5:1 (25 n 5%) cpasHusanm ¢ 20 n 30%-mn pactBopamm O3ML, _,. ... PacTsopbl gobasnsanm k
aputpomMacce B cooTHoweHun 1:1 (o6bem/ob6bem) npu Temnepatype 20...22°C, KNeTOYHble CyCMNeH3UW 3amopaxuBanu nytem
MOTPY>XEHUA B XWOKUA a30T. YCTaHOBMEHO, 4TO BKoveHne [JMAL B KpuosalwuTHble cpeabl Ha ocHoBe OOML, _.. .. nosbiwano
OCMOTUYECKYI0 YCTOWYMBOCTb IPUTPOLIMTOB MOCHE 3aMopaxuBaHUsA-oTorpeBa. Micnonb3oBaHWe pacTBOPOB KPMOMNPOTEKTOPOB
o3MUY _,, .- v AMAL B cooTHoweHun 1:1 (10 n 10%) n 3:1 (15 1 5%) obecneunBano BbICOKYIO COXPAHHOCTb 3PUTPOLIMTOB nocne
3aMopaxuBaHMsA-0TOrpeBa. YCTaHOBMEHa KOppensLuMOHHas CBA3b OCMOTUYECKON XPYMKOCTU 3pUTPOLUTOB C MOKasaTensiMu BHYT-
PVIKINETOYHOrO CoAepXaHusi Kanus v HaTpus Nocne 3amMopaXvMBaHWS-OTOrpeBa M reMaToKpuTa Ha aTane 3KCMo3ULMKU C KPMOo3aLLUT-
HbIMW cpefamu.

KnioyeBble cnoBa: apuTpoOLUTLI, KPMOKOHCEPBUPOBaHWE, MHOTOKOMIMOHEHTHbIE KPUO3aLMTHbIE CPefbl, OKCUITUIIMPOBAHHbI
MeTWUnUenno3onss, AuMeTunaletTamua.

Pecbepar: MNepcnekTMBHUM HaNPsIMKOM npu po3pobLi Kpio3axMCHUX CepeaoBULL AN KPIOKOHCEPBYBaHHS epUTPOLIUTIB € BUKOPUC-
TaHHSA CyMilli KPiONPOTEKTOPIB, SKi HanexaTb OO0 PI3HWX KnaciB XiMiYHMX CNONyK. Y UbOMYy AOCHIAXEHHI OUiHIOBanu Kpio3axmcHy
aKTUBHICTb KOMOiHaUi npeAcTaBHMKA Kracy mnomnioniB — HEMPOHMKAKYOro KpionpoTekTopa OKCUETUINIbOBAHOIO METUILENO30MbBY
3i cTyneHem nonimepisauii n = 33-35 (OEMU, _,, ..) i knacy amuzis — NpoHMKalo4oro kpionpotektopa aumetunauvetamigy (AMAL).
Kom6inauii OEML, _,, .. i AMAUL y Barosux cniesigHoweHHax 1:1 (10 i 10%); 2:1 (10§ 5%); 3:1 (151 5%); 4:1 (20 i 5%); 5:1 (25 5%)
nopisHioanu 3 20 n 30%-mn posumHamn OEMU _.. ... PosunHu goaasanu [o eputpomacy B cnissigHoweHHi 1:1 (06’em/06’em) npu
Temnepartypi 20...22°C, KNiTUHHI CyCneHsii 3amMopoXXyBanu LUNSAXOM 3aHYpeHHs B pigkui a3oT. BctaHoBneHo, wo BkntodeHHs OMAL
y KpiosaxucHi cepeposuia Ha ocHosi OEML, _,, .. nigBuLLyBano oCMOTUYHY CTIKICTb €pUTPOLUTIB NICNsA 3aMOPOXyBaHHA-BidirpiBy.
BukopunctaHHa posunHis kpionpoTektopis OEMU .. .. i OMAu y cnissigHoweHHi 1:1 (10 i 10%) ta 3:1 (15 i 5%) 3abesneyysarno
BUCOKY 30epexeHiCTb epuTpoLunTiB Nicnsi 3aMOpOoXyBaHHSA-BiAirpisy. BcTaHOBNEHO kopensiLiiHUI 3B’130K OCMOTUYHOT KPUXKOCTI
epuUTPOLUMTIB 3 MOKa3HWKaMMK BHYTPILLHBOKTITUHHONO BMICTY Kamilo Ta HaTpilo MiCNsi 3aMOPOXYBaHHA-BIAIrpiBy Ta remMaToKpuTy Ha
eTani ekcnosuuii 3 Kpio3axucHUMK cepefoBULLLaMU.

Kno4yoBi cnoBa: epuTpouunTun, KpiokoHCEPBYBaHHs, 6araTOKOMMNOHEHTHI Kpio3axMUCHi cepefoBuLLa, OKCUETUbOBAHUN
MeTMNLUeno3onsLs, AgumeTunaueramig.

Abstract: Using the media, which combine cryoprotectants being chemicals of different classes, is prospective when developing
cryoprotective solutions to cryopreserve erythrocytes. This investigation was performed to evaluate cryoprotective activity of media
combining representative of polyols, non-penetrating cryoprotectant oxyethylated methyl cellosolve with polymerization degree of
n =33-35 (OEMC _,. ..) and the representative of amides, penetrating cryoprotectant dimethyl acetamide (DMAc). Combinations of
OEMC _,, .. and DMAc in concentration (w/w) ratios 1:1 (10 and 10%); 2:1 (10 and 5%); 3:1 (15 and 5%); 4:1 (20 and 5%); 5:1 (25 and
5%) were compared with 20 and 30% OEMC __,, .. solutions. Addition of DMAc to cryoprotective media based on OEMC __,, .. increased
the post-thaw osmotic resistance of erythrocytes. Application of the media combining OEMC __,, .. and DMAc in ratios of 1:1 (10 and
10%) and 3:1 (15 and 5%) provided a high post-thaw survival of erythrocytes. Osmotic fragility of erythrocytes was found to
correlate with the indices of intracellular content of potassium and sodium and with hematocrit value during exposure of the cells in
cryoprotective media.

Key words: erythrocytes, cryopreservation, multicomponent cryoprotective media, oxyethylated methyl cellosolve, dimethyl

acetamide.
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Pa3paboTka KpHo3aIlUTHBIX CPe IS 3aMOPaKU-
BaHWS SPUTPOIIMTOB HA OCHOBE HEITPOHUKAIOIINX KPHO-
MIPOTEKTOPOB CBsI3aHA C HEOOXOOUMOCTBIO CO3IaHMS
0€30TMBIBOYHBIX METOJOB, 3HAYUTEIHLHO YIIPOIIAIO-
LIUX TEXHOJIOT IO KPHOKOHCEPBUPOBAHUS 1 TIPAKTHUYIEC-
KO€ MpUMEHEeHne SpuTpouunTosB [12, 16].

[lepciekTHBHBIM HampaBiIeHHEM IIpH pa3paboTke
KPHO3AIIUTHBIX CpeJl ABISAETCS UCTIOIb30BAaHUE CMe-
Cel KpHOTPOTEKTOPOB, OTHOCSIINXCS K Pa3HBIM KJIac-
caM XUMHUYecKux coennHeHuil. CoueTaHne HU3KO- U
BBICOKOMOJICKYJIIPHBIX KPUOTIPOTEKTOPOB C CaXapamu
(mexcTpaHOM, caxapo3oi, TPErao30i, TITHOKO30i)
3¢ PEKTUBHO MPH 3aMOPAKUBAHUH SPUTPOITUTOB, TPOM-
0O0IIMTOB, CTBOJOBEIX KjieTok [15, 20, 21, 23-25].
BripaxeHHY 0 KpHO3aUTHYO 3(Hh(HEKTUBHOCTH TIPOsI-
BHJTU CMECH aMHJIOB U MTOJTUOJIOB, ITOCKOJIBKY 10 PSAAY
(UBNKO-XUMUYECKUAX CBOMCTB OHM JIOTIONHSIOT JIPYT
IpyTa; KOMOMHUPOBAaHUE CpeJl Ha OCHOBE PEACTABH-
TeJe ITHX KJIaCCOB ITO3BOJIMIIO CHU3WUTH KOHIICHT-
paIuio Kaxa0ro U3 KPHOIIPOTEKTOPOB M YMEHBIIIUTh
TOKCUYHOCTH cperanl [9]. KpuosamuTtHoe nericTBue
aMUJIOB CBS3BIBAIOT C X CITIOCOOHOCTHIO OBICTPO TIPO-
HUKAaTh Yepe3 KIETOYHYI0 MEMOpaHy 1 B3aUMO/IEHCT-
BOBATh KakK C JIMMTUJIHBIMH KOMIIOHEHTaAMHA MEMOpaH,
TaK ¥ C MOJICKYJIAaMH BOJIBI, YTO SBJISIETCS CIIEACTBACM
OUTIONIIPHON CTPYKTYPHI aMHUJOB U OTHOCHUTEIHLHO
MaJbIX pa3MepoB Ux MoJsiekyin [3, 8, 13]. YcranosneHo,
YTO B MPUCYTCTBUU aMUOB 3aMEJISETCS CKOPOCTh
pocTa KPHCTAJUIOB JIbJ]a U CYIIECTBEHHO CHMKAETCS
CKOPOCTHh YKPYMHEHHUS KPHCTAJIJIOB B IpoIllecce
pekpucramum3anuu [ 13]. AMUIBI OBUTH UCIIBITAHEI Ha
3HAUYUTEIFHOM KOJTHMYECTBE OMOJOTHUCCKUX OOBEK-
TOB, B TOM YHWCJIE€ HAa IPUTPOIMTAX M TPOMOOIMTAX
YeJIoBeKa, HO MPAKTHYECKOE MPUMEHECHHE IOTYYHIT
TOJIBKO TUMETHIIAIICTAMH]], KOTOPBIN B COCTaBE KPHO-
KOoHCcepBaHTa «TpoMOOKpHOIMAID HUCTIONB3YIOT IS
3aMOpaXuBaHMs TPOMOOIMTOB uesioBeka [4, 17].

[Tokazana 3¢ PpeKTHBHOCTE KOMOMHUPOBAHHBIX
KPHO3AIUTHBIX Cpel, conepkarmx JIMAIL 1 TOJHOEI,
TIPY 3aMOPKUBAHUH TPOMOOITUTOB [4]. J171s1 TomoItoB
XapaKTepHa BBEICOKAs THAPO(HIEHOCTD, T. €. CIIOCO0-
HOCTH 00Pa30BHIBaTh BOJIOPOIHBIE CBSI3U C MOJIEKYIIa-
MU BOJBI U, KaK CIIEICTBUE, 00ECTIEUNBATH METKOKPHC-
TAJUTMYECKYIO CTPYKTYPY JbAa. AHaIM3 (HYU3UIEeCKOTO
COCTOSTHUSI OMHAPHBIX CHCTEM BO/Aa — OKCHITHIINPO-
BaHHBII TIHUIIEPUH CO CTEICHBIO MOJMMEPU3AIUU
n=25,30 (031““:25’30) Y BOJIa — OKCUATHJIMPOBAHHBIM
METHIILEII030bB CO CTENEHBIO MOJUMEPU3ALUN
n=33-35(0OMI__,, ..) meTonom quddepeHmans-
HOH CKaHMPYOIIEeH KaJOPUMETPUHU TIOKA3aJ, YTO HC-
CJIEyEMbIE CHCTEMBI TIPH 3aMOPaXKHUBAHWUH TPOSBIISIIN
CHOCOOHOCTH K YACTUYHOMY CTEKJIIOBAaHHIO, €CJIN KOH-
[IEHTpAI¥s OJNOJIOB cocTaBisuia 5—45% [6, 28]. Otu
CBOWCTBAa BO MHOTOM MOTYT OOBSCHSITH BBICOKYIO
KPHOIIPOTEKTOPHYO aKTHBHOCTD ITOJTUOJIOB MTPH 3aMO-
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Development of cryoprotective media based on
non-penetrating cryoprotectants is dictated by the need
to create ‘no-wash’ techniques, which would simp-
lify the process of cryopreservation and application of
erythrocytes [12, 16].

Application of mixture of cryoprotectants referring
to different classes of chemical compounds is a
prospective direction when developing cryoprotective
media. Combination of low- and high-molecular cryo-
protectants with sugars (dextran, sucrose, trehalose,
glucose) was effective during freezing of erythrocytes,
platelets, stem cells [15, 20, 21, 23-25]. Mixtures of
amides and polyols manifested the expressed cryo-
protective efficiency, whereas some of their physical
and chemical properties complemented each other;
media combining the representatives of these classes
allowed to reduce concentration of each cryopro-
tectant and thereby to decrease medium toxicity [9].
Cryoprotective effect of amides was associated with
their ability to penetrate rapidly through cell membranes
and interact with both lipid components of membranes
and water molecules, that was due to bipolar structure
of amides and relatively small molecules [3, 8, 13]. It
was established that presence of amides reduced the
rate of ice crystals growth and significantly decreased
the degree of crystals aggregation during recrystalliza-
tion [13]. Amides were tested in a number of biological
objects, including human erythrocytes and platelets, but
only dimethyl acetamide gained its practical application
for freezing of human platelets as a part of ‘Thrombo-
cryodmac’ cryopreservative [4, 17].

Efficiency of cryoprotective media combining
DMACc and polyols was shown during freezing of
platelets [4]. The polyols possess high hydrophilicity,
i. e. capacity to form hydrogen bonds with water mole-
cules and, as a result, to provide microcrystalline struc-
ture of'ice. Differential scanning calorimetric analysis
of physical state of binary systems water — oxy-
ethylated glycerol with polymerization degree of n = 25,
30 (OEG _,,,,) and water — oxyethylated methyl
cellosolve with polymerization degree of n = 33-35
(OEMC,__,, ,.) showed that the studied systems were
able to partial vitrification, if the concentration of
polyols was 5-45% [6, 28]. To a large extent, these
properties could explain a high cryoprotective activity
of polyols when freezing blood cells [7, 12].

Oxyethyl derivatives of polyols (e. g. of glycerol and
ethylene glycol) are of special attention, as they are
high-molecular non-penetrating substances, which
could be the base for effective cryoprotective media
developed to freeze blood cells [1, 12]. Principally, the
effect of high-molecular cryoprotectants is associated
with cell dehydration [2]. On one hand, providing of
water efflux from a cell decreases the possibility of
intracellular crystallization when freezing; on another,

I'IpO6J'IeMbI KpVIOﬁVIOﬂOFI/II/I N KpnuomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 4, 2013



paxXuBaHUU KIETOK KpoBH [7, 12]. OKcHaTHIBHBIE
[IPOHM3BOIHBIE MTOTHUOIIOB (ITUIIEPHHA M STHIICHIIINKOJIS )
3acIy>KMBAIOT 0COOOr0 BHUMaHUS, HOCKOJIBKY OHH
MPECTABISIIOT COOOH BBICOKOMOJIEKYIISIPHBIE HETIPO-
HUKAIOIHE BEIIECTBA, HA 0CHOBE KOTOPHIX BOBMOXKHA
pa3paboTka 3P PEeKTUBHBIX KPUO3AIMUTHBIX CPEIL IS
3aMOpa)XuBaHud KiIeTok kposH [1, 12]. Onaum u3
MEXaHNU3MOB JE€HCTBUS BEICOKOMOJIEKYISIPHBIX KPHO-
MIPOTEKTOPOB SIBISIETCS MeruapaTaius kietok [2]. C
OJTHOHM CTOPOHBI, BBIXOJ BOJABI U3 KIIETKH CHIKAET
BEPOATHOCTH BHYTPUKJIETOUYHON KPUCTAIIM3ALNHY IPU
3aMOpaXKMBaHUM, C IPYTOil, ype3mepHoe 00e3BOKHU-
BaHHE KJIETOK MPUBOIUT K ITOBBIIIEHUIO OCMOJISIPHOCTH
BHYTPHUKIIETOYHOW CPEJIBI, 9YTO MOKET CTAaTh MPUIH-
HOH MOBPEXKIECHMSI Pa3IMUHBIX KJIETOYHBIX CTPYKTYP
U HapylIeHUs OapbepHOH GYHKIUH MIa3MaTHYEeCKOH
meMOpansl. [loaToMy ofHOMN M3 3a7a4d IPU CO3TaHUHN
KPHMO3AIIATHBIX CpeJ Ha OCHOBE HEMPOHUKAIOIINX
KpPHOIIPOTEKTOPOB SABJISIETCS YMEHBIIEHUE HETaTHBHO-
IO BIMSHUS AETHAPATAllUU KIETOK, YTO MOXET OBITH
JOCTUTHYTO BKIIFOUEHHEM B COCTAB Cpel KOHCEPBUPO-
BaHUA PA3IUYHBIX JO0ABOK, B TOM YHCJIE MPOHUKAIO-
LIMX KpHONPOTEeKTOpoB. [IprcyTcTBHE MPOHMKAIOLINX
KpUOIPOTEKTOPOB B COCTaBE TAKUX KPUO3AIIUTHBIX
CpeIl MOXKET TaK)Ke CHI)KATh MOBPEXKAAIONIee AeHCT-
BHE€ BHYTPUKIIETOYHOTO JIbJ]a Ha dTare 3aMOpakuBa-
HUS-0TOTPEBA.

OKCHATUIIMPOBAHHBIN METHILENT03016B (OOMII)
KaK HETIPOHUKAIOIINN KPHOIIPOTEKTOP OBLIT HCITOIB30-
BaH paHee PH 3aMOPAKUBAHUH SPUTPOIIMTOB KOPIOBOH
U JOHOPCKOM KpoBH uenoBeka [12, 16]. MccnenoBanue
KpHO3aIIUTHBIX CBOMCTB cpell Ha ocHoBe OOMII npu
3aMOPaXMBaHUN S)PUTPOIIUTOB JOHOPCKOH KPOBH YeII0-
BeKa [T0Ka3ajo, YTO BBEIEHHE B COCTAB CpeJl yIIIEBO-
JIOB IIPUBOJIMIIO K CHIDKEHUIO CTENIEHU AeTHAPaTalluy
KJIETOK Ha 3TaIle 3KCIO3UINH B KPUO3ALIUTHBIX Cpeax
1 B UTOT€ CITOCOOCTBOBAJIO MOBHIIIEHHIO COXPAHHOCTH
3pUTPOIHUTOB [22].

Lenpio mpenctaBaeHHONH pabOTHI SBISUIOCH UC-
cienoBanue 3pQGEKTUBHOCTU KPUO3ZAIIUTHBIX CPE,
collepKalux KOMOWHAIIMNA OKCHUATHIHPOBAHHOTO
METHIIIIEIUIO30JIbBa U TUMETHIIAIETAMIIa B Pa3HBIX
COOTHOUIEHHAX IPH 3aMOPAKUBAHUU-OTOTPEBE SPUT-
POLIMTOB YETOBEKA.

MaTtepuajbl 4 MeTOABI

Opurpomaccy HOIy4aald METOIOM LEHTPUYTH-
poBanwmst (930g, 15 MUH) TOHOPCKOH KPOBHU YeIOBEKa
(n=9), 3aroTOBIIEHHO¥ Ha TeMOKOHCEpBaHTE «[TForN-
LMpP» ¥ XpaHUBIIIeHcs He 6olee 2-X CyTOK B XOJOANIb-
nuke (3°C). [eMaTOKpUT MOTYYEHHONW 3PUTPOMACCEHI
cocTaBisul B cpenneM 70%.

B paborte ucnomp3oBain MHOTOKOMIIOHEHTHBIE

cpensl, comepxkamue OOMI] . .. u JIMAn B cie-
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excessive cell dehydration results in rising intracellu-
lar environment osmolarity that may result in damage
of cell components and impairment of plasma mem-
brane barrier properties. That is why one of the objecti-
ves during development of cryoprotective media is to
minimize the negative effect of dehydration that could
be reached by introducing several supplements to pre-
servating media, penetrating cryoprotectants in parti-
cular. Presence of penetrating cryoprotectants in such
a cryoprotective media could also contribute to a de-
crease of damaging effect exhibited by intracellular
ice during freeze-thawing.

Oxyethylated methyl cellosolve (OEMC) was used
as non-penetrating cryoprotectant during freezing of
erythrocytes of human cord blood and adult donor blood
[12, 16]. Investigation of cryoprotective properties of
the media based on OEMC during freezing of erythro-
cytes of human adult donor blood showed that supple-
mentation of cryoprotective media with carbohydrates
allowed to decrease cell dehydration extent during ex-
posure in cryoprotective media and finally to elevate
erythrocyte post-thaw survival [22].

The research aim was to study the efficiency of
cryoprotective media containing combinations of
oxyethylated methyl cellosolve and dimethyl acetamide
in different ratios during freeze-thawing of human
erythrocytes.

Materials and methods

Erythromass was procured by centrifugation (930g,
15 min) from human adult donor blood (n = 9) stored
in Glugicyr preservative not longer than for 2 daysin a
fridge (3°C). Average hematocrit of resulted erythro-
mass was 70%.

The experiments were conducted in multicomponent
media with following combinations of cryoprotectants
OEMC __,. ..and DMAc, correspondingly: 1:1 (10 and
10%, hereinafter we use % w/w); 2:1 (10 and 5%);
3:1 (15 and 5%); 4:1 (20 and 5%); 5:1 (25 and 5%).
Cryoprotective efficiency of the studied media was
compared with ‘reference’ solutions of 20 and 30%
OEMC__,, ... All the media were prepared with
150 mmol NaCl solution. Erythromass specimens were
supplemented with the studied solutions in 1:1 ratio
(v/v) at 20...22°C. Exposure duration was 45 min.
Thereafter the erythrocyte suspension in cryoprotecti-
ve media was placed into 2 ml plastic vials (Russia)
and frozen by plunging into liquid nitrogen. The frozen
samples of erythrocytes were stored at the liquid
nitrogen temperature during 2 months and warmed in
water bath at 40...42°C for 1 min.

Cryoprotective properties of the media were asses-
sed by the indices, characterizing erythrocyte post-thaw
survival such as hemolysis (percentage of hemolysed
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IYFOIIUX KOHIIEHTPAIMOHHBIX cooTHOMIeHusx: 1:1 (10
u 10 %, 3nech u manee ykazansl % macc.); 2:1 (10 u
5%), 3:1 (15 u 5%); 4:1 (20 u 5%); 5:1 (25 u 5%).
Kpuozamurnyio 3 pexTHBHOCTh yKa3aHHBIX Cpex
cpaBHUBAIM C «06a30BBIMUY pacTBOopamu 20 u 30%
OBMI] ., ... Bce cpeanl rotoBuinn Ha pacTBope
150 mmone NaCl. Uccnemyemble cpenbl H00aBIIsLN
K spuTpomacce B cooTHommeHun 1:1 (o6bem/00bem)
mpu temieparype 20...22°C. IIpogomKuTenbHOCTh
9KCITO3UIINH cOocTaBisIa 45 MuH. 3aTeM B3BECh IPUT-
POLIMUTOB C KPUO3AIIUTHBIMHU CpEaMH IOMEIIATU B
MOJMATUIIEHOBBIE aMnynbl (Poccust) BMECTUMOCTBIO
2 MJI ¥ 3aMOPaKUBAJIH TIOTPY/KEHHUEM B )KHJIKHH a30T.
3aMoporKeHHbIe 00PAa3IIbl IPUTPOIIMTOB ITOCIIE XPaHe-
HHS TIpU TEMIIEpAType JKUJKOrO a30Ta B TE€UEHHUE
2-X Mecs1eB OTOTPEBaIM Ha BOASHON OaHe pH TeMIIe-
patype 40...42°C B Teuenue 1 mMuH.

Kpuo3zamutHeie cBOMCTBA Cpe/l OLIEHUBAJIH 110 MO-
Ka3aTessiM, XapaKTepU3YIOIIHUM COXPaHHOCTh APUTPO-
LUTOB: TeMOJIH3 (TIPOLIEHT Pa3pyLLEHHbIX KJIETOK MOCIe
3aMOpaXUBaHUA-OTOTPEBA), OCMOTHYECKAsA XPYTI-
KOCTB (TIPOIIEHT pa3pyIIEHHBIX S)PUTPOIIUTOB ITOCIIE 3a-
MOpa)KMBaHUSI-0TOIPEBA U TOMELIEHNS B U30TOHUYEC-
kuii pactBop NaCl), BHyTpHUKIETOYHOE COACpIKaHUE
MOHOB KaJIMsI M HAaTpHs. YPOBEHb T'e€MOJIN3a U OCMO-
THYECKYIO XPYTIKOCTb SPUTPOIIUTOB MOCIIE 3aMOPAKH-
BaHMA-0TOTPEBa ONPEEIISUTH 110 BEIXOIY FeMOTI00nHa
U3 KJIETOK CHEKTPOPOTOMETPHUECKUM METOIOM IIPH
JuTiHE BOJIHBI 540 HM U PacCYUTHIBAIM OTHOCUTEIHHO
100%-ro remonu3a [ 11]. BHyTpuKIeTOUHOE ComepxKa-
HUE KaJHs ¥ HaTPHUs U3MEPSUIH Ha IUTaMeHHOM (oTo-
metpe [TAXK-1 (CCCP), anst 3TOro B3BECH 3pUTPOLIHU-
TOB IIeHTpUyTrpoBany B Tedenue 15 mun npu 230g,
OTJAENAIN HAAOCAAO0K, U 00pa3ubl OTHEHTpUPyru-
POBaHHOM 3pUTpOMacchl 00beMoM 150 MK reMonn3u-
pOBaJIM B IUCTWIIMPOBAHHOW Boje. B momyueHHOM
pacTBope, a TaKXKe B HaJ0CaJKe OMPEIeIIsN COep-
kaHue Kanus u Harpus [11]; npuBeneHHsIe B paboTte
nanHele nepecuutansl Ha 100%-i remMaToKpuT.
Hccnenyemble moka3aTenu OLIEHUBAIH 10 3aMOPAXKH-
BaHHUA TMOCIIE SKCIO3UINN KIETOK B KPHO3AIIUTHBIX
cpemax OTHOCHUTENBHO KOHTPOJSI — 3PUTPOMACCHI B
¢usnonoruueckoM pactBope B cootHourenuu 1:1. ITo-
Ka3aTeNHy Nociie 3aMOpakUBaHUS-0TOIpEBa CpaBHUBA-
JIY CO 3HAYCHUSMH, TTOTYICHHBIMH 10 3aMOPaKUBAHHUS
IO CJIE IKCIIO3UITNH KIIETOK B cpefax. [ emaTtokpur om-
pEeAETIM B KaWUISIPax ¢ UCMOJb30BAHUEM MUKPO-
uentpudyru MI'LI-8 (6800g).

Craructrdaeckyro 00paboTKy IMOTy9IeHHBIX PE3Yilh-
TaTOB OCYUIECTBIISIIN C MCTOIB30BAaHMEM MIPOTPaMM
«MS Excel» n «Statgraphics 5.0. Plus». [lannsie na
PHUCYHKax U B TaONHUIIe IPEICTABICHBI B BUJIE CpEaHe-
o + cTaHfapTHas omnoOKa. s OLeHKH 3HAYMMOCTH
pa3IMUui MCCIEeNYEeMbIX MOKa3aTelell MpUMEHSIIH

300

cells post freeze-thawing), osmotic fragility (percen-
tage of hemolysed cells after freeze-thawing and
transferring into NaCl isotonic solution) and intracel-
lular content of potassium and sodium ions. Hemolysis
level and osmotic fragility of erythrocytes in the samp-
les post freeze-thawing were measured spectrophoto-
metrically at 540 nm by release of hemoglobin and
scaled in terms of 100% hemolysis [11]. Intracellular
content of potassium and sodium ions was measured
using flame photometer PAZh-1 (USSR), to do this
the erythrocyte suspension was centrifuged during
15 min at 230g, the supernatant was removed and the
centrifuged erythromass samples of 150 pl were hemo-
lyzed in distilled water. Content of potassium and sodium
was measured in the procured solution and in the
supernatant [11]; data shown in the article are scaled
in terms of 100% hematocrit. The studied indices were
evaluated prior to freezing after exposure in cryopro-
tective media and compared with the control: erythro-
mass mixed with physiological saline in 1:1 ratio. Post-
thaw values were respect of the values obtained prior
to freezing after exposure of cells with media. Hema-
tocrit was determined in capillaries using MGC-8 mic-
rocentrifuge (6800g).

The obtained results were statistically processed
with Excel and Statgraphics 5.0. Plus software. Data
in the Figures and Table are the mean + standard error
of the mean. Nonparametric Wilcoxon U-test for non-
paired samples was used to assess statistical signifi-
cance of the differences between studied indices.
Pearson’s analysis was used to evaluate the correlation
between parameters. ANOVA test was used for
statistical assessment of effect of solution composition,
i. e. ratio between non-penetrating and penetrating
cryoprotectants in the media.

Results and discussion

Assessment of cryoprotective efficiency of the
media based on OEMC allowed to reveal the depen-
dence of erythrocyte survival on composition of the
media. Application of cryoprotective solutions com-
bining OEMC and DMAc cryoprotectants resulted in
an increasing of erythrocytes osmotic resistance in all
the studied samples (Fig. 1) if compared with ‘refe-
rence’ solutions of OEMC. The media comprising the
cryoprotectants in 1:1 and 3:1 ratios were the most
effective. The indices of osmotic fragility of erythro-
cytes decreased in 2 times if compared to appropriate
indices of erythrocytes after freeze-thawing in 20%
OEMC solution and reduced in 4 times after freeze-
thawing in 30% OEMC solution (Fig. 1). It should be
noted that osmotic resistance of erythrocytes after
freeze-thawing in medium with 5:1 OEMC and DMAc
ratio was two times higher if compared with the one

I'IpO6J'IeMbI KpVIOﬁVIOﬂOFI/II/I N KpnuomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 4, 2013



HenapaMmeTpudeckuil U-kputepuil YHIKOKCOHA-
ManHa-YuTHU [Tl HENapHBIX BBIOOPOK. JlJIs OlleHKH
CTETICHH B3aMMOOOYCIOBICHHOCTH H3MEHEHHS TTapa-
METPOB HCIOJIB30BAIN KOPPEIALUOHHBIN aHATU3
[Mupca; aas cTaTHCTUYESCKOM OIICHKH d(deKTa cocTa-
Ba PacTBOPA, T. €. COOTHOIICHHSI HETIPOHUKAIOIIETO U
MIPOHUKAIOIIETO KPUOTIPOTEKTOPOB B KPHUO3AITUTHBIX
cpemax — tect ANOVA.

Pesyabrarhl M 06CyKIeHHE

[pu nccnenoBanny KpHO3AIUTHOM 3(P(HEKTHBHOCTH
cpen Ha ocHoBe OOMI] ycTraHOBIEHA 3aBUCUMOCTh
COXPaHHOCTH SPUTPOLIMTOB OT cocTaBa 3THX cpel. Vc-
M0JIb30BaHME KPHO3AIUTHBIX PACTBOPOB, COAEPIKALLIMX
koMOuHanuu kpuonporekropos OOMII ¢ IMAT,
MPUBOIMIIO K MOBBIILIEHHIO OCMOTHYECKOH YCTONYH-
BOCTH SPHTPOIMTOB BO BCEX HCCIEYEMBIX 00pasiiax
(puc. 1) mo cpaBHEHHIO ¢ «0a30BBIMU» PACTBOPAMHU
OOMLI. Haunbonee 3¢ ¢hekTHBHBIME OKa3alNuCh Cpe-
IIBI, COIEpIKAIIIE KOMOWHAITNN KPHOTIPOTEKTOPOB 1:1
u 3:1. [Tokazarenn 0CMOTHYECKOH XPYITKOCTH 3PUTPO-
[IUTOB CHHIKAITUCH B JIBA Pa3a OTHOCUTEILHO COOTBET-
CTBYIOILIUX MTOKa3aTeJel SpUTPOLUTOB MOCIIE 3aMOpa-
*)uBaHusi-ororpesa B 20%-M pactsope OOMII u B
4 paza — 30%-m pactBope ODOMI] (puc. 1). Cnenyer
OTMETHTH, YTO OCMOTHYECKAs yCTOHYUBOCTb SPUTPO-
LUTOB MOCJIE 3aMOPaKUBAHHS-OTOIPEBA B CPEIIE C COOT-
nomenreM OOMI] u JIMAL 5:1 Oblna modTH B ABa
pasa BBIIIIE TI0 CPABHEHUIO C JIAHHBIMU, IOy YCHHBIMH
npu uctonb3oBanuu 30%-ro pactBopa OOMII,. Tect
ANOVA BBISIBUIT AOCTOBEPHBIH 3G PEKT cocTasa
pactBopa (T. €. COOTHOIIICHUS HEITPOHH-
KaIOIIero U MPOHUKAFOIIETO KPHOTPOTEK-
TOPOB) MO MOKA3aTeN0 OCMOTHYECKON 50

resulted from freeze-thawing of erythrocytes with 30%
OEMC. ANOVA test revealed a significant effect of
solution composition (ratio of non-penetrating and
penetrating cryoprotectants in the media) on the index
of osmotic fragility (F(4;27) =6.3; p =0.001).

Freeze-thawing of erythrocytes virtually in all the
cryoprotective media resulted in hemolysis of 2—4%
(Fig. 2). Only in the case of combined medium,
combining 10% OEMC and 5% DMAc (2:1 ratio) post-
thaw hemolysis increased up to 7%, i. e. these concen-
trations were likely non-optimal in the used expeimental
conditions.

Intracellular content of potassium and sodium ions
could serve as the index characterizing cell membrane
intregrity and functional value of erythrocytes post
freeze-thawing [5, 10, 27]. Potassium and sodium ions
are important for membrane potential maintenance,
contribute to intracellular enzymes function, osmotic
and acid-base balances and other metabolic processes
as well [18, 19]. Capacity to hold potassium cations
within cells can be considered as basis for preserving
their viability. The Table shows the data of intracellular
content of these ions in erythrocytes prior to and post
freeze-thawing in the media, containing 20 and 30%
OEMC, as well as the combination with DMAc.

Rising intracellular potassium content in the studied
samples prior to freezing after exposure in cryoprotec-
tive media is mainly associated with cell dehydration.
Freeze-thawing resulted in a decrease of intracellular
potassium content. Maximum preservation of this index
(in average 88 and 81% of the value prior to freezing)

xpynkoctu (F(4;27)=6,3; p =0,001).

I

[Mocne 3aMopaxMBaHUS-OTOTPEBA 45 1

SPUTPOLUTOB MPAKTHUYECKU BO BCEX UC- 40

CJIEOBAaHHBIX KPHO3AIIUTHBIX Cpemax 35 |

ypOBEHb remonusa cocraBimsi 2-4%

(puc. 2). TONBKO B CITyYae HCTIONE30BAHUSA 5 & 30 1

KOMOMHHUPOBAHHOU CpeIbl, COeprKaIei % % 25 1

10% OOMII u 5% JMAN (cooTHO- EE 20 -

menwne 2:1) remonu3 noBbIaics a0 7%, 15

T. €. yKa3aHHbIE KOHIICHTPAIIH, BEPOSIT-

HEE BCEro, HEJOCTaTOYHO (P (PEKTUBHEI 10 7

B JIAHHBIX YCJIOBHSIX 3KCIICPUMEHTA. 5 ﬂ |_x—‘
[TokazareneMm, XapakTepU3YOIIUM 0 ' ' ' ' ' '

LIEIOCTHOCTh KJIETOYHOH MeMOpaHbl H 30%  20% 1:1 2:1 3:1 4:1 5:1

O3ML  O3ML|

(hYHKIMOHAITLHYIO TIOJTHOIICHHOCTB DPUT-
POLIMTOB MOCTIE 3aMOPAXKUBAHUS-OTOTPE-
Ba, SIBIISICTCS BHYTPUKIETOYHOE COJEP-
YKaHWe MOHOB Kajus 1 HaTpus [5, 10, 27].
WoHbI Kayus 1 HaTpUsi HEOOXOMMBI JIJIs
MOJIePKaHMsI MeMOPaHHOTO MOTEHIIHA-
J1a, y9acTBYIOT B (DYHKIIHOHUPOBaHUU
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CooTHolueHmne koHueHTpauuin OOML, n AMAL,
OEMC to DMAc concentrations ratio

OEMC OEMC

Puc. 1. OcmoTnyeckas XpynkocTb 3puUTpOLMTOB (remMonuns nocne nepe-
Hoca B n3otoHunyeckyto cpeay 0,9% NaCl) nocne samopaxuBaHus-oTo-
rpeea B pacTBOpax, coaepalymx KoMOGMHaLMM KpMonpoTEKTOPOB.

Fig. 1. Osmotic fragility of erythrocytes (hemolysis after trasferring to
0.9% NaCl isotonic media) after freeze-thawing in media with different
cryoprotectants combinations.
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BHYTPHUKJIETOUYHBIX (pepMEHTOB, HOAIEP- 50

XKaHUM OCMOTHYECKOr0, KHCIOTHO-OC- 45
HOBHOTO PaBHOBECHSI, @ TAK)XKE B IPYTUX
Merabonudeckux mporeccax [18, 19]. 407
CnocoOHOCTh yIepKUBATh KATHOHBI 35 A
KaJIus BHYTPHU KJIETOK pacCMaTpUBaeTcss 2 X 3q
Kak (yHIaMeHTaIbHOE CBOMCTBO COXpa- g8
HEHHA WX KH3HECTIOCOOHOCTH. B T26- 8 é 251
JIMIIE TIPE/ICTABICHBI 3Ha4YeHHS BHYTpU- & & 20 1
KIJIETOYHOT'O COJICPKaHMUs 3TUX UOHOB B 15 -
SPUTPOLHUTAX OO0 M MOCIE 3aMOPaXKH- 10
BaHUSI-OTOTPEBA B Cpe/iax, COACPKAIINX

5 -

20 1 30% OBMLI, a Takke B KOMOMHHU-

]

poBaHHBIX cpeaax ¢ JJMAT. 0

YBennueHue mokaszareis BHYTPH-
KJIETOYHOTO COJICPYKAHUSI KaJIus B HC-
CclieTyeMbIX 00pa3Iax Mmociie SKCIIO3UITHH
C KPHO3alIUTHBIMU CPEAaMHU JIO0 3aMO-
paxxuBaHUs 00YCIOBIICHO, TJIABHBIM
obpaszom, meruapararueil KIeToK. 3a-
MOpPa)XKHBaHUE-OTOTPEB 0OPA3IOB IPHBE-
JIO K CHM)KCHHUIO BHYTPHUKJIETOYHOTO
conepkanus kanud. [locie 3amMmopaxu-
BaHUS-0TOTPEBA IPUTPOITUTOB B CPEIax C COOTHOIIIE-
auemM OOMI] u JIMAD 1:1 u 3:1 orMedena Makcu-
MaJIbHAsl COXPAaHHOCTh BHYTPUKJIIETOYHOTO COJIEpIKa-
HUS Kanus (B cpeaHeM cooTBeTcTBeHHO 88% u 81%
OT 3HAUEHUS JI0 3aMOpaXKUBaHUsA). boiee BrIpakeH-
HOE CHIDKCHHE COZICPKaHHS BHY TPHKIICTOUHOTO KAJTHS
OTMEYEHO B 00pa3iiax 3pUTPOLHUTOB MOCIIE 3aMOPaKH-
BaHUSA-0TOTPEBa B cpenax, cogepxamux OOML c
JAMAT B cootHOmeHusix 2:1 u 5:1 — 1o 68 u 66% ot
3HAYCHUS JIO 3aMOpPaKMBaHUSI COOTBETCTBEHHO. B
MEPBOM CITy4ae 3TO MOTJIO OBITh CBSI3aHO C HEAOCTA-
TOYHOU KPHO3AIUTHOH 3(p(peKTHBHOCTBIO Cpeibl (13-
3a Hu3KoH KoHmneHntpanuedr OOMIL u JIMA — 10
5% cOOTBETCTBEHHO), BO BTOPOM, HAIIPOTUB, — BHICO-
kM (25%) conepskannem OOML B cpene (Tabmmma).
MakcuMaabHOE€ CHUIXKEHHE COACpPXKAHUS Kalus
HaOII0AaNoCh B UCCIEAYEMbIX 00pa3nax SpUTpOLH-
TOB IOCJIE 3aMOpakuBaHusA-oTorpesa B cpeae ¢ 30%
ODOML, uTO, MO-BUIUMOMY, SIBISETCS CIEACTBHEM
MTOBPEKACHHS KIIETOYHBIX MEMOpaH U BhIXOZA Kaus
n3 KIeToK. COXpaHHOCTh BHYTPHKIICTOYHOTO KallUs
COCTaBIIsIJIa B 9TOM ciTydae OKojio 46% OT 3HaYeHHs
JI0 3aMOpaKMBAHHUS.

BayTpukieTouHoe coaep:kaHNEe HATPHS MOCTE
KPHMOKOHCEPBHPOBAHMSI TaK)K€ 3aBHCEIO0 OT COCTaBa
KPHO3AIIUTHBIX CPel, B KOTOPHIX HAXOIUINCH SPUTPO-
ouThL. JlOCTOBEpHOE yBEIMYCHNE BHY TPUKIIETOYHOT O
COJIep KaHUsl HATPUs TIOCIIC 3aMOPaKUBAHHS-OTOTPEBA
OTHOCHTEIBHO IMOKa3aTenel 10 3aMOpaKUBaHUS
OTMEUAJIOCh BO BCEX HCCIIEIYyEeMBIX oOpasmax (Tad-
nuia). Hanbonee BeICOKOE coiepkaHne BHYTPHKIIC-
TOYHOTO HATPHSI B IPUTPOIUTAX OTMEYAIOCH MOCIIE
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] ﬁ 1 @ O
1:1 2:1 3:1 4:1 5:1

1
30% 20%
g:émg ggmg CooTHolleHne koHueHTpaumin O3ML, n OMAL

OEMC to DMAc concentrations ratio

Puc. 2. FfemMonn3 apUTPOLIMTOB MNOCIie 3aMOpaXkMBaHUA-0TOrpeBa B pacT-
BOpax, coaepxalux KomGuHauum KpuonpoTEKTOPOB.

Fig. 2. Indices of erythrocytes hemolysis after freeze-thawing in different
cryoprotective media.

was found after freeze-thawing of the erythrocytes in
the media combining OEMC and DMAc in 1:1 and
3:1 ratios. Bigger reduction of intracellular potassium
content was found in erythrocytes after freeze-thawing
in the media containing OEMC and DMAc in 2:1 and
5:1 ratios: down to 68% and 66% of the value before
freeze-thawing, correspondingly. In the first case it
was likely associated with insignificant cryoprotective
efficiency of the medium (due to low concentration of
OEMC and DMAc, 10 and 5%, respectively), in the
second case it was vice versa due to a high (25%)
concentration of OEMC in the medium (Table). Maxi-
mum loss of potassium content in the cells was obser-
ved in the studied erythrocyte samples after freeze-
thawing in the medium with 30% OEMC that was,
probably, due to damages of cell membranes and potas-
sium efflux out of the cells. Intracellular potassium con-
tent made in average only 46% of the index prior to
freezing.

Intracellular sodium content after freeze-thawing
also depended on composition of cryoprotective media,
used for erythrocytes cryopreservation. Post-thaw
intracellular sodium content increased significantly if
compared with the indices prior to freezing in all the
studied samples (Table). The highest intracellular
sodium content in erythrocytes was revealed after their
freeze-thawing in the media, containing 20 and 30%
OEMC and combinations of OEMC and DMAc in 5:1
ratio.

Thus the obtained results testify to the fact that
intracellular potassium and sodium content after freeze-
thawing of erythrocytes depends on the composition
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BHyTprkneTouHOe coaepkaHve Kanusi U HaTpusi B 3pUTpoLMTax nocre aKcrnosuumm
1 Mocrne 3aMopaXkuBaHUA-0TOrpPeBa B KPUO3ALLMTHBIX Cpeaax pasHoro coctaBa

Indices of intracellular content of potassium and sodium in erythrocytes
post exposure and following freeze-thawing in different cryoprotective media

CopepaHue Kanua, MMonb/n CopepaHue HaTpWA, MMOIb/N
Potassium content, mmol/l Sodium content, mmol/l
Cocras cpen
Media composition nocrne 3aMopaxunBaHWA- nocne 3aMopauBaHusA-
nocne aKcnosnunm oTorpesa nocne aKcnosnunm oTorpesa
post exposure post-thaw post exposure post-thaw
dusmonormyeckuit
pacTBop (KOHTPOsb) 84 80+2.93 - 17,35+3,69 -
Physiological saline e D
(control)
0
%%{}; 8??2'3 117,05+10,73* 74,75+5,68" 21,58+6,33 46,11 £3,447
0
30% OEMC 106,22:£1,14* 48,36 +7,95 37.11+2,98* 55,01£6,107
OEMC.DMAG 1:1 92,64+7,36 81,45:6,79 13,93+2,69 82,642,327
OEMC.DMAG 211 94,59+5,35* 64,38+5,177 18,06 +1,96 30,59+2,867
OEMCDMAG 3:1 99,26 +6,83* 79,61+ 2,897 19,33+2,04 29,35+4,097
(C)):Igll\\/llltlslI‘gll\'\ﬁﬁzlc-l 2: 100,91 +3,64* 75,47 +5,98" 21,39+2,82 32,99+2,987
OEMC.DMAC 511 101,41+4,26* 67,31+3,86" 19,13+2,20 85,48+2,217

MpuMeYvaHuA: * — pasnuMuusi 3Ha4YMMbl MO CPABHEHMIO C MOKa3aTeNnsiMy KOHTPONS (PU3MONOorMYecknin pacTeop); # — pasnuuns 3HauMbl
Mo CPaBHEHUIO C MokasaTensMu 40 3aMOpakMBaHWS MOCIe 3KCMOo3vUMM B KPMO3aLWMTHBIX cpedax; p < 0,05.

Notes: * — differences are significant comparing to the control (physiological saline); # — differences are significant comparing to the values

prior to freezing and after exposure in cryoprotective media; p < 0.05.

3aMOpaXUBaHHA-OTOTPEBA B cpesiax, coaeprkanux 20
u 30% ODOMII, a takxe xkombuHanuio OOMI] c
JAMAI B cooTHOIIeHUH 5:1.

Takum 00pa3om, MOTyUYEHHBIE PE3YNbTAaThl CBU-
JIETENBCTBYIOT O TOM, YTO BHYTPHUKJIIETOYHOE COJNEP-
YKaHWE NOHOB KM U HATPHSI TTOCIIE 3aMOPaKUBaHHS-
OTOTpEBA IPUTPOLIUTOB 3aBUCUT OT COCTABA UCIIOJIb-
3yeMBIX KpHO3aUIUTHBIX cped. CineayeTr OTMETHUTS,
YTO MaKCHMAaJbHAas TOTeps KJIETKaMH KaJIns ¥ TIOCTYTI-
JIeHUE B HUX HATPHUS OTMEYAIUCH MOCIIEe 3aMOPAXKH-
BAaHMA-OTOTPEBA 3PUTPOLUTOB B pacTBopax ¢ 30%
OOBOMLI. Ilpucyrcreue IMAL B KpHO3aIUTHON Cpe-
nae B cootHomeHnr ¢ OOMI] 1:1 u 3:1 moBsImamo
YCTOWYMUBOCTH KJIETOYHBIX MEMOpPaH 3PUTPOLHTOB,
YTO MOATBEPKAAETCSA NaHHBIMU IO OCMOTHYECKON
XPYNKOCTH 3pUTPOLIUTOB ITOCIIE UX IEPEHOCA B U30TO-
HHYECKYIO cpeny (cm. puc. 1).

Ha puc. 3 npencraBienb moka3aTeny reMaTOKpH-
Ta MOCJIE 3KCIO3ULUU SPUTPOLIUTOB B UCCIIETYEMBIX
KpUO3aIIUTHEIX cpeaax. M3BecTHO, YTO reMaTOKpUT
ABIISIETCS] OTHUM 3 TTOKa3aTelNel, XapaKTepU3YIOIIIX
M3MEHEHNE 00beMa DPUTPOITUTOB B CyCIICH3UH [26].

npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI
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of the used cryoprotective media. It should be noted
that maximum efflux of potassium and influx of sodium
were observed after freeze-thawing of erythrocytes
in the solutions with 30% OEMC. The presence of
DMACc in cryoprotective medium with OEMC in 1:1
and 3:1 concentration ratios increased the resistance
of cell membranes of erythrocytes that was confirmed
by the data of osmotic fragility of erythrocytes after
their placing into isotonic medium (see Fig. 1).

Fig. 3 represents the indices of hematocrit after
exposure of erythrocytes in the studied cryoprotective
media. It has been known that hematocrit is one of the
indices characterizing the change of erythrocyte
volume in suspension [26]. It is seen, that exposure of
erythrocytes in the media with different composition
prior to freezing led to a cell dehydration of various
extent. Hematocrit value at exposure stage was found
to correlate with OEMC and DMACc ratio in cryo-
protective media and erythrocyte survival indices after
freeze-thawing. After exposure of erythrocytes in
cryoprotective media with the same concentration of
OEMC and with DMACc in ratios of 1:1 (10 and10%,
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40

Ha sTane skcno3suuuy 3pUTPOLUTOB B

Pa3IUYHBIX Cpeaax J0 3aMOPaKUBaHUS 35 4 T

HaOII0IaeTCs pa3Hasl CTENeHb JeTUpa- ™

Tarmu Kietok. Hamu ObUH ycTaHOBIIEHBI 30 T -
3aBHCHMOCTh M3MCHCHHS FeMaTOKpUTa — ] =
Ha dTare SKCIO3MIMK OT COOTHOUICHHSA - o 20 ]

OSMI u IMAL B KpUO3aIIUTHBIX CPEa- g § 20 4

aX M ero CB3b C MOKA3aTEeISIMHA COXPaH- e é

HOCTH DPUTPOIIUTOB TOCIIE 3aMOPaKH- E £ 15

BaHuUs-oToTrpeBa. [locie s3kcno3unuu

SPUTPOLIUTOB B KPUO3AIIUTHEIX Cpeaax 101

C OJIMHAKOBOW KOHIICHTPALIUEH HEMTPOHH- 5 4

Karomero kpuomporekropa OOMII B

cootromeHusx ¢ JIMA 1:1 (10 u 10% 0=, 30%  20% 11 21 31 41 5:1
cootBeTcTBeHHO) U 2:1 (10 1 5% coot- PS oM ooy COOTHOLLIGHNE KOHLISHTPALWA
BETCTBEHHO) MBI OTMEUaJIA Pa3HEIE TI0- O3MU 1 IMAyY

Kazarenu remaTtokpura (puc. 3). Ilpu-
cyrcrBue JIMAT B kortieHTpanmn 10%
B cpeze (cootHomeHue 1:1) cmocober-
BOBAJIO HE3HAUYUTEIHLHOMY CHUKCHHIO
reMaTOKPHTA, B cpelHeM Ha 8% OTHOCH-
TEIHHO KOHTPOJNIA (3pUTpOoMacchl B (u-
3HOJIOTUYECKOM PACTBOPE), YTO MOXKET
CBHUJICTENILCTBOBATH O MEHEE BBIPAYKEH-
HOU JIeTHJIpaTaIiK KJIETOK ITOCIIe SKCIIO-
3UITMH B KpUO3anuTHOU cpere. CoxpaH-
HOCTb 3PUTPOLMTOB MOCTIEC 3aMOPAKMBAHUA-OTOTPEBA
B 9TOH Cpeie U MEepeHoca B M30TOHHUYECKYIO Cpely
coctarisuia B cpeaaeM 92% (cm. puc. 1). ITocme sxc-
MO3UIMY DPUTPOIIUTOB B KPUO3AIIUTHOMN CpeJie ¢ COOT-
HOLIEHHEM KPHOTIPOTEKTOPOB 3: 1 mokasaTens reMaTo-
KpHUTa yMEHbIIWICA B cpeiHeM Ha 19% oTHocuTENBHO
KOHTpOJIsl. YBenuueHue kKoHrenTpamun OOMI] B
cpenax ¢ coornomennem 4:1 (20% O3MI] u 5%
JIMAm) u 5:1 (25% O2OMILL u 5% JAMA) npuBoAUIO
K CHIDKEHHIO MTOKa3aTens reMaTokpuTa Ha 23 u 29%
COOTBETCTBEHHO, M YMEHBIIICHUIO COXPAHHOCTH dPHT-
POLIMTOB TOCJIE 3aMOPaXKUBAHHUSI-OTOrpeBa. Makcu-
MaJbHOE CHU)KEHUE TeMaTOKpHTa, B cpeHeM Ha 30 u
33%, 0TMeUanock Mocie KCIO3ULUN IPUTPOLIUTOB B
KPHO3aIIUTHEIX cpeaax, coxepxkamux 20 u 30%
ODMI] cootBeTcTBeHHO. COXPaHHOCTH SPUTPOITUTOB
MoCJIe 3aMOPaKMBAHUA-OTOIPEBA B 3TUX cpeAax Oblia
JIOCTOBEpHO Hrbke (cM. puc.l, Tabnuma). M3BecTHO,
YTO aMHU[IbI 00JIa/Ial0T BEIPAKCHHON AU(PUIHHOCTHIO,
T. €. TUAPO(HOOHOCTHIO U THAPOPIITEHOCTHIO OTHOBPE-
meHHO [8]. [IpoHUKas mMpeuMyIIECTBEHHO uYepe3
JIUIUAHBIC KOMIIOHEHTHI KJIETOYHBIX MeMOpaH, JIMA1
MOXeT 00pa30BbIBAaTh BOJOPOJHBIE CBSI3U C BOAOH
Yyepes aToM KHCIIopoa KapOOHWIFHOM TPYTIITEI U TIpe-
MSATCTBOBATbH, C OTHOW CTOPOHBI, Ype3MEPHOMY 00€3-
BOKHBaHHIO SPUTPOLIUTOB, a C IPYyroi, BHYTPUKIETOU-
HOM kpucTaymm3anuu [ 3, 8]. Takum o0pa3om, IpUCyT-
CTBHE HEMPOHUKAOMIETO KpronpoTekropa OOMIL u

p < 0,05.

p < 0.05.
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Puc. 3. lemaToOKpMT Nocne akCno3uLmn 3puTpoLMTOB B Cpeaax C pasHbiM
COCTaBOM (40 3aMOpPaXMBaHUA); * — pa3nnyunsa 3Ha4YUMbl NO CPABHEHUIO
C KOHTponem (apuTpoumtamu B dumsmonorudeckom pacrtesope (PP));

Fig. 3. Indices of hematocrit after exposure of erythrocytes in media with
different composition (before freezing); * — differences are significant if
compared with the control (erythrocytes in physiological saline (PS));

correspondingly) and 2:1 (10 and 5%, correspondingly)
we revealed different indices of hematocrit (Fig. 3).
The presence of 10% DMACc in the medium (with 1:1
ratio) enabled the insignificant reduction of hematocrit
in average by 8% comparing to the control (erythro-
mass in physiological saline), that could testify to a
less expressed cell dehydration after exposure in this
cryoprotective medium. Survival of erythrocytes after
freeze-thawing in this cryoprotective medium and
transferring to isotonic solution was 92% in average
(see Fig. 1). After exposure of erythrocytes in the
cryoprotective medium with 3:1 ratio of cryoprotectants
the hematocrit value decreased in average by 19%
comparing to the control. Increasing the concentration
of OEMC in the media with ratios 4:1 (20% OEMC
and 5% DMACc) and 5:1 (25% OEMC and 5% DMAc)
resulted in a decrease of hematocrit by 23 and 29%,
correspondingly, and fall of post-thaw survival of
erythrocytes. Maximum reduction of hematocrit, in
average by 30 and 33%, was revealed after exposure
of erythrocytes in cryoprotective media, containing 20
and 30% OEMC, correspondingly. Post-thaw survival
indices of erythrocytes in these media were significant-
ly lower (see Fig. 1, Table). Amides are known to be
diphilic substances, i.e. possess simultaneously hydro-
phobic and hydrophilic properties [8]. Penetrating
mainly through lipid components of cell membranes,
DMACc can form hydrogen bonds with water via oxygen
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MIPOHHUKAOIIEro kpuonporekropa JIMAT B cpenax B
cooTHoueHusx 1:1 1 3:1 mo3BONMMIIO CHU3HUTH Kak Hera-
THUBHOE BIIMSHUE YPE3MEPHON ACTUAPATAIINH KIETOK
J10 3aMOpaXMBaHUs, TaK U MOBPEXKJAIoLIee AeHCTBHE
BHYTPUKIIETOUHOW KPUCTAIUIN3ALNN TIPH 3aMOPaAXKH-
BaHHU-OTOTPEBE, T. €. TOBBICUTH 3P PEKTUBHOCTH KOM-
OMHUPOBAaHHBIX KPHO3AILUTHBIX CPEl.

1 oneHKM B3aMMOCBS3H TOKa3aTeNell COXpaH-
HOCTH SPUTPOLUTOB A0 U TIOCIIE 3aMOPaKUBAHUA-OTO-
rpeBa ObLI MPOBEIEH KOPPEJSIIIMOHHBIN aHau3. Ycra-
HOBJIEHA OTpHLATENbHAas KOPPEISIIHUS MOKa3aTels
reMaToKpUTa Ha 3Tare SKCIO3UIINH KIETOK C KpHo3a-
UIUTHBIMHA CPEIaMH ¥ OCMOTHYECKOM XPYHKOCTBIO
SPUTPOLMTOB TOCIE 3amopaxuBaHus (k = —0,92).
BrsiBniena orpunarenbHas KOppesys OCMOTHIECKON
XPYIKOCTH C COXPAaHHOCTBIO BHYTPUKJIETOYHOTO KaJINs
(k=-0,90) u monmoxxurenpHas (k= 0,66) c conepkaHu-
€M HaTpus NocJie 3aMopakuBaHusg-otorpesa. [loteps
KJIETKaMH KaJIMsl ¥ IOCTYIUICHHUE B HUX HATPHS SBIISEOT-
CSl OMHMMH W3 CYIIECTBEHHBIX KPHUTEPHEB HATHYUS
CKPBITBIX HOBPEXICHUH T1a3MaTHUECKOI MEMOpaHBlI,
YTO MOJATBEP)KIAETCS MOKA3aTeNsIMU OCMOTHYECKON
XPYNKOCTH ITOCJIE TOMEIIEHUS Pa3MOPOXKEHHBIX IPUT-
poumnToB B M30ToHMUYeckuii pactBop NaCl.

B Hammx mpenpinymnx BCCIeI0BaHUAX KPHO3a-
LIUTHBIX CBOMCTB cped Ha ocHoBe ODMII nokaszaHo,
YTO COXPAaHHOCTH APUTPOLIMTOB YEJIOBEKa TOCTE 3a-
MOpaXUBaHUSI-OTOTPEBA 3aBUCEINA OT COCTaBa CPEb
Y COOTHOIIEHHUS € KOMIIOHEHTOB. Tak, BKIIOUEHHE
YIJIEBOAOB (caxapo3bl, MAaHHUTA, TIIOKO3bI) C OJHO-
BpEMEHHBIM CHIKeHneM coepxannsg NaCl B cocraBe
KpHO3aIUTHBIX cpel Ha ocHoBe OOMI] crtocoOcTBO-
BaJIO MOBBIIIEHUIO COXPAHHOCTH SpUTPOLUTOB. OTHAKO
[TOKa3aTeNI OCMOTHYECKOM XPYIIKOCTH Pa3MOPOKEH-
HBIX SPUTPOLUTOB MOCIIE IEPEHOCA B U30TOHUYECKYIO
Cpexy OcTaBajKCh Ha BRICOKOM ypoBHE [ 12]. Mcmonb-
30BaHUE KOMOWHHUPOBAHHBIX CpeX, BKIIOYAIOLINX
OOBMII u IMAL, B JaHHOM HCCIICIOBAaHUH ITO3BOJIAIIO
CHHU3UTH MIOKA3aTeNT! OCMOTHYECKON XPYTIKOCTH 3PHT-
POLIUTOB MOCIIE 3aMOPAKUBAHUA-OTOIPEBA. ITO MOXK-
HO OOBSICHUTH CHIKEHHEM OCMOTHYECKOH Harpy3Ku
Ha KJIETOUYHYI0 MeMOpaHy B IpOLiecce KPUOKOHCEPBU-
pOBaHMSI, BKIIOYasi MEHee BBIPAKCHHYIO JeTHApaTa-
LHIO KJIETOK Ha dTame skcno3urnuu. KomOuHamus
kpuonporekropoB OOMII u IMAL, oTHOCAIIMXCS K
pPa3HBIM KJlaccaM XUMHYECKHX COeAMHEHUN u 00-
JafaoUX pa3HbIM MEXaHU3MOM 3alllUTHOTO AEHCT-
BHSI, TIO3BOJIMIIA CHU3UTH MCXOIHYIO KOHIIEHTPAIUIO
HETPOHMKAIOIIEr0 KpHonpoTeKTopa B 2 pasa (10 10%)
B cpeae ¢ cootHouieHueM OOMII u IMAn 1:1 u B
1,5 pa3a (mo 15%) — B cpeme ¢ COOTHOIICHUEM
OBMU u IMA1 3:1. KpuozaumrHas 3¢ GeKTUBHOCTD
3TUX cpelx Obljla JOCTOBEPHO BBIIIE «OA30BBIX»
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of carbonyl group and prevent, on one hand, extreme
dehydration of erythrocytes, and, on another, unfavor
the intracellular crystallization [3, 8]. Thus, the combi-
nation of non-penetrating cryoprotectant OEMC and
penetrating cryoprotectant DMAc in the media with
1:1 and 3:1 ratios provided a decrease of negative effect
of cell dehydration during exposure stage and reduction
of damaging effect exhibited by intracellular crystalli-
zation during freeze-thawing, thereby increased the
cryoprotective efficiency of combined media.

We performed analysis to assess correlations be-
tween indices characterizing erythrocytes state prior to
and after freezing. A negative correlation was found
between hematocrit value during exposure of cells in
cryoprotective media and post-thaw osmotic fragility
of erythrocytes (k =—0.92). Osmotic fragility correla-
ted with post-thaw ion content: negatively (k=-0.90)
with the one of potassium and positively (k = 0.66)
with sodium. Potassium efflux and sodium influx are
one of the important criteria of latent damages of
plasma membrane, that was also confirmed by the
indices of osmotic fragility (amount of hemolysed cells
placed into isotonic NaCl solution post-thaw).

Our previously reported investigations of cryoprotec-
tive properties of the media based on OEMC showed
that post-thaw survival of erythrocytes depended on
the nature of media components and their ratio. For
example, supplementation of the OEMC based media
with carbohydrates (sucrose, mannitol, glucose) with
simultaneous reduction of NaCl content resulted in an
increase of erythrocytes survival. Nevertheless, post-
thaw erythrocytes were characterized by high indices
of osmotic fragility after transfer to isotonic medium
[12]. Application of media combining OEMC and
DMACc in this research enabled to reduce the indices
of osmotic fragility of erythrocytes after freeze-
thawing. This could be explained by reduction of osmo-
tic load onto the cell membrane during cryopreserva-
tion, in particular, less expressed cell dehydration during
exposure in cryoprotective media. Combination of
OEMC and DMAc cryoprotectants, referring to
different classes of chemical compounds and exhibiting
various mechanism of protective effect, allowed to re-
duce the initial concentration of non-penetrating cryo-
protectant twice (down to 10%) in the medium with
OEMC and DMACc in 1:1 ratio in 1.5 times (down to
15%) in the medium with OEMC and DMAc in 3:1
ratio. Cryoprotective efficiency of these media was
significantly higher than that of ‘reference’ solutions
with 20 and 30% OEMC. High level of erythrocytes
survival was achieved at reduced concentration of
cryoprotectants in the medium, i. e. potentially low
toxicity both at cellular and organism level. It is one of
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pactBopos ¢ 20 u 30% OSMLI. Camxenue coaepxa-
HUSI KPUOIIPOTEKTOPOB B KPUO3AIHUTHOM cpelie Mo3Bo-
JUT YMEHBUIUTHh €€ TOKCUYHOCTh Ha KJIETOYHOM H
OpraHU3MEHHOM YPOBHE. DTO SIBISETCS OJHUM W3
BaXXHBIX YCJIOBUU cO37aHUsi O€30TMBIBOYHBIX METO-
JIOB KPHOKOHCEPBUPOBAHUSI SPUTPOLIMTOB [1s KIIMHU-
YEeCKOU MPAKTHUKH.

BoiBoabI

1. IMokazaHa >P¢EeKTHBHOCTH UCIOJIb30BAHUS
KPHO3AIIUTHBIX CPEJI, COAEPIKANUX KOMOMHAIINY He-
nponukaromero (OOMII) u MpoHUKAOIIEro KPHUOIIPO-
TekTopoB (IMAT) 111 3aMOpa>KUBaHHSI SPUTPOILIUTOB
YenoBeKa.

2. OnpeneneHbl COOTHOLIEHHS KOHIIEHTPAUN
OOMI n IMA1 B kpuo3zamutHoit cpene 1:1 (10
10% wmacc. cootBerctBenHo)  3:1 (15 m 5% wmacc.
COOTBETCTBEHHO), 00€CIeUNBAIOINE MAKCUMAIIEHYIO
COXPaHHOCTb APUTPOIUTOB MOCIE 3aMOPAKUBAHUSI-
OTOTpeBa.

3. Hcnonp3oBaHne KPUO3AMMUTHBIX CPEJ, COAEP-
sxamx OOMI u IMAT1 B cootHomenuu 10 u 10%
Macc., a Taxke 15 u 5% Macc. COOTBETCTBEHHO IT03BO-
JIUJIO CHA3UTH KOHIIEHTPAITHIO HETIPOHHUKAIOIIETO KPHO-
npotektopa OOMI] mo cpaBHEeHHUIO C «Oa30BBHIMI»
pactBopamu 20 u 30% OOMII u npu 3TOM NOBBICUTH
OCMOTHYECKYI0 YCTOHYMBOCTh KPHOKOHCEPBHUPOBAH-
HBIX 3PUTPOIUTOB: COXPAHHOCTh Pa3MOPOKEHHBIX
SPUTPOLHUTOB TMOCHIE MOMENEHUS WX B U30TOHU-
yeckyto cpeay NaCl cocraBnsiina B cpenneM 92%.

4. YcraHOBIEHA KOPPEALM OCMOTHYECKOH XPyTI-
KOCTH 3PHUTPOIIUTOB ITOCIIE 3aMOPaKMBAHUA-OTOTPEBA
C MOKa3aTeJIsIMU TeMaTOKpUTa 10 3aMOpPaKUBAHUS
rocie 3kcno3unuu B cpenax (kK = —0,92), a takxe
[OKa3aTeNIsIMU BHYTPUKIICTOYHOTO COJICPIKAHUS KAITUS
(k = -0,90) u marpus (k = 0,66) mocie 3aMopaxu-
BaHHA-OTOTPEBA.
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the important requirements in developing ‘no-wash’
techniques to cryopreserve erythrocytes for clinical
application.

Conclusions

1. Cryoprotective media combining non-penetrating
cryoprotectant OEMC and penetrating cryoprotectant
DMACc are effective to cryopreserve human erythro-
cytes.

2. Highest post-thaw survival of erythrocytes could
be achieved when using cryoprotective medium with
OEMC and DMAc ratios of 1:1 (10 and 10% w/w,
correspondingly) and 3:1 (15 and 5% w/w, correspon-

dingly).

3. Using of cryoprotective media combining OEMC
and DMAc with 10 and 10% w/w, 15 and 5% w/w,
correspondingly allows to reduce the concentration of
non-penetrating cryoprotectant OEMC if compared
with ‘reference’ media with 20 and 30% w/w OEMC,
and to elevate osmotic resistance of cryopreserved
erythrocytes: survival of frozen-thawed erythrocytes
after trasferring them into isotonic solution of NaCl
was 92% in average.

4. Posthaw osmotic fragility of erythrocytes corre-
lates with hematocrit indices measured before freezing
after exposure in the media (k =—-0.92) and post-thaw
intracellular content of potassium (k = —0.90) and
sodium (k = 0.66).
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