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Pedhepar: ViccnegoBaHa kpuosawntHas adPEKTUBHOCTb KPMOKOHCEPBAHTOB Ha OCHOBE KOMOWHaLMKM 3KCTpaLenonsapHOro
KPYONPOTEKTOPa OKCMITUITMPOBAHHONO IMUEPUHa CO CTeneHbio nonmMepusauun n = 25 (O3l _,) ¢ NpoHMKawWwmMMn Kpuo-
npotektopamu 1,2-nponaHavonom (1,2-MNA), anmetuncynsdokengom (AMCO) n gumetunauetamugom (AMAL) npu 3amopaxuBaHum
3pUTPOUMTOB. 3aMopaxnBaHe-0TorpeB B pacteopax Ha ocHose O3l _,, u 1,2-MM, AMCO unu IMAU B cooTHoweHun 5:1, a Takke
OMAL B cooTHOoweHun 2:1 1 1:1 NpMBOAUNO K YMEHbLUEHUKD OCMOTUYECKOW XPYMKOCTU pa3MOPOXEHHbIX apuTpountos. Mo
nokasaTensmM remonuaa u cogepxanus csoboaHoro remornobrHa Hanbonee BbICOKMIA yPOBEHb COXPaHHOCTU KPUOKOHCEPBUPOBAHHBIX
aputpounToB yctaHosneH ans 30%-ro pactsopa O3, _ ..
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Pecbepar: JocnigxeHa kpio3axucHa epeKTUBHICTb KPIOKOHCEPBaHTIB HAa OCHOBI koMGiHaLii ekcTpauentonspHoro kpionpoTekTopa
OKCMETMIIbOBAHOTO rnilepuHy 3i cTyneHem nonimepusauii n=25 (OEl, _ ;) Ta npoHukatoumx KpionpoTekTopis 1,2-nponaHaiony (1,2-
Mna), aumetuncynedokengy (OMCO) i gumeTtunauetamiagy (OMAU) npyu 3amopoxyBaHHI epuTpoumnTiB. 3aMOpPOXYBaHHSA-BIAIrpiB B
posunHax Ha ocHosi OEl _,, Ta 1,2-M0, OMCO a6o [MAL y cnissigHoweHrHi 5:1, a Takox OMAL y cniesigHoweHHi 2:1 Ta 1:1
Np13BOAMMIO A0 3MEHLLEHHS OCMOTUYHOT KPUXKOCTI PO3MOPOXEHMX EPUTPOLIMTIB. 3a NOKa3HMKaMKU reMonidy Ta BiflbHOro reMornobiHy
HamnbinbLL BUCOKWI piBeHb 36epexeHOCTi KPIOKOHCEPBOBaHNX epUTPOLUTIB BCTaHoBNeHo Ana 30%-ro posdunHy OEL, _ ..
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Abstract: Cryoprotective efficiency of cryopreservatives, based on combination of extracelular cryoprotectant oxyethylated
glycerol with polymerization degree n = 25 (OEG, _,,) with penetrating cryoprotectants 1,2-propanediol (1,2-PD), dimethyl sulphoxide
(DMSO) and dimethyl acetamide (DMAc) during red blood cells freezing was studied. Freeze-thawing in solutions of OEG _,, and 1,2-
PD, DMSO and DMAc mixed in 5:1 ratio, as well as with DMACc in ratios of 2:1 and 1:1 resulted in the reduction of osmotic fragility of
red blood cells comparing to non-treated cells. The highest level of post-thaw survival of red blood cells according to indices of

hemolysis and content of free hemoglobin was found for 30% OEG

solution.
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Coznanme HOBBIX 3((EeKTHBHBIX METOIOB KPUOKOH-
CEpPBUPOBAHUS U JIOJITOCPOYHOTO XPAHEHUS KOMIIO-
HEHTOB IOHOPCKOW KPOBH, B TOM YHCJIE SPUTPOLIUTOB,
MO>KHO OTHECTH K OJJHOMY U3 aKTyaJIbHBIX HallpaBJie-
HUH pa3BUTHs TpaHC(Y3NOHHOM MeanuMHb! X X 1 Beka
[37]. Beumy OecrnpenieIcHTHOTO pacIpOCTPaHCHUS
oracHbIX HHMEKINH U 3a00JIeBaHui, TepearoIInXcs
c kpoBbio (renarutsl B, C, CITW/] u T.71.), MOCTOSIHHOTO
YMEHBIIEHUS] YHCIEHHOCTH AOHOPOB U CTapeHUs
HaceJeHUs] BHUMaHUE CIICNHAIMCTOB BCce OOIbIIe
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Development of new effective methods for cryopre-
servation and long-term storage of blood components,
including red blood cells (RBCs), can be attributed to
one of the important directions of transfusion medicine
in 21% century. [37] Due to the unprecedented spread
of dangerous blood-borne infections (hepatitis B, C;
HIV, etc.), permanent reduction in the number of donors
and aging of human population the attention of autho-
rities is greatly attracted to the quality and safety of
cryopreserved blood components, as well as its enor-
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MIPUBJIEKAIOT Ka4eCTBO U 0€30MacHOCTh KPHOKOHCEP-
BHPOBAHHBIX KOMIIOHEHTOB KPOBH, OTPOMHBIN TOTEH-
Lyaj UX UCIOIb30BaHMs B IPAKTUYECKON MEAULINHE
[25,36].

Bo3M0XHOCTh 3 (HEKTHBHOTO 3aMOpaKUBAHHS
SPUTPOLNUTOB JOHOPCKON KPOBH YEJIOBEKA C COXpaHe-
HHEM BBICOKOTO YPOBHSI IIOCTTPAHC(HY3HOHHOH IPIKH-
BaemoctH in vivo (85-90%) Brnepsrie ObLTa TIpOJIE-
MoHcTpHupoBana emé B 1950 rony [1, 6, 25]. OnHako
Ha COBPEMEHHOM dTare KPHOKOHCEPBUPOBAHHE IPHUT-
POLIUTOB MPUMEHSAETCA B OCHOBHOM JUIsl CO3JaHUSA
CTPaTErHYeCKUX 3aMacoB IPUTPOLUTCOAEPIKAMNUX
KOMIIOHEHTOB JIOHOPCKOH KPOBH, XpaHEHUS 3pUTPOLH-
TOB PEJIKUX IPYII U ayTOJIOTHYHOMN KpoBH [4, 23, 25]
BCJIE/ICTBHE BBICOKOW CTOMMOCTH KPUOKOHCEPBHPOBaH-
HBIX 3PUTPOIUTOB, HENPOJOIKHUTEIBHOIO CpOKa
XpaHEHUs pa3MOPOKEHHBIX KiIeToK [ 1, 41].

CoBpeMeHHBIE TEXHOJIOTHH KPHOKOHCEPBUPOBAHHS
SPUTPOLUTOB MPEUMYIIECTBEHHO OCHOBAaHBI Ha
WCTIOJIb30BaHNH B Ka4€CTBE KPHOMPOTEKTOPA TITUTICPH-
Ha, TJIaBHOW MpoOIeMOl MPUMEHEHHS KOTOPOTO
ABIISIOTCS TPYAOEMKHE U CJIOXKHBIE ITPOIIECCHI TVTHIIe-
PHHHU3AIMN 1 JETIHLEPHHN3AINH (OTMBIBaHHUS ) KJIETOK
nocie pasmopaxkusanus [1, 7, 36, 38]. U xots B
[OCTIETHUE TOJIbI JOCTUTHYT ONPEAEIEHHBIN MTporpecc
B aBTOMaTH3allU1 3THX MIPOLIECCOB 32 CUET BHEIPEHNUS
cnenuansHoro anmnapata ACPTM215 («Haemone-
tics», CILIA) [43], Bonpochl 5KOHOMUYECKOH 3 Pek-
TUBHOCTH M JOCTYITHOCTH TEXHOJIIOTUH KPHOKOHCEP-
BHPOBAHUS 3PUTPOLUTOB C TIIUIEPUHOM OCTAIOTCS
OTKPBITBIMH.

['maBHBIM IpEeNMYIIIECTBOM METOIOB KPHOKOHCEP-
BHPOBAHMS S)PUTPOIIUITOB C TAKIMHU HETIPOHUKAFOIITMHU
(3KCTpale ITIONAPHBIMUA) KPHOIIPOTEKTOPaMHU, Kak
THAPOKCHATUIMPOBaHHbIN Kpaxman (I'9K), monusu-
nunmupposuaoH (I1BI1), nonmtunenokcun (I190), sB-
JII€TCSl BO3MOHOCTB HCKITIOUEHUS Tana UX OTMbIBa-
HUs iepen TpaHcdysueii [3, 35, 41]. OnHako no noka-
3aTeNsIM COXPAaHHOCTH Pa3MOPOKEHHBIX KIETOK 3TH
METOJIBI YCTYTIAl0T KPHOKOHCEPBUPOBAHHIO 3PUTPOITH-
TOB C TIUIIEPUHOM U MO3TOMY HIMPOKOTO TPU3HAHUS
He noyunid. K HemocTaTkaM 3KCTpaIeuTiosIPHBIX
COCTMHEHUM OTHOCST BO3MOXKHOCTD 3HAYUTEIIHHOMH (10
50%) neruaparanyy KIETOK Ha 3Talax KpHOKOHCEPBHU-
poBaHUs, HeOOpaTUMbIE H3MEHEHHUS (TTOBPEIKICHNS)
MeMOpaH PPUTPOLUUTOB IOCIE 3aMOPaKUBAHUS-
OTOIpeBa, UX HU3KYI0 OCMOTHYECKYIO yCTOHYHUBOCTh
[17,18,21, 34, 40], u kaK ciIeACTBUE — PUCK PA3BUTHUSA
BHYTPHUCOCYJUCTOIO FeMOJIN3a NEPETUTHIX SIPUTPOLH-
ToB [42]. Umetotcs nannbie, uto 'K u [IBII cno-
COOHBI HaKalINBAaThCS B KIETKAaX PETUKYIOIHIO-
TeNHaIbHON CUCTEMBI PEIIUIIIEHTA MTOCIIE MACCHBHBIX
tpancdysuii, I[IBIl MoxeT MOBBIIIIATE CBEPTHIBac-
MOCTH KPOBH PEIIMIINEHTA, BEI3BIBATH TPAaHyJIeMaTO3-
HbIE TTOpaKeHMsI TKAHW B MECTaX BBEICHUS, HO TJIaB-
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mous potential for application in practical medicine [25,
36].

The possibility for successful freeze-thawing of
human RBCs with preserved high post-transfusion
grafting in vivo (85-90%) was for the first time demon-
strated in 1950 [1, 6, 25]. However, nowadays the
cryopreservation of RBCs is applied primarily for the
creation of strategic stocks of RBC-containig donor
blood components, as well as for storage of RBCs of
rare blood groups or the autologous blood [4, 23, 25]
and this is due to the high cost of cryopreserved RBCs
and a short shelf life of thawed cells [1, 41].

Modern technologies for cryopreservation of RBCs
are mainly based on the use of glycerol as a cryopro-
tectant, but the main difficulties in its applications are
time-consuming and complex process and glyceroliza-
tion and deglycerolization (washing) of the cells after
thawing [1, 7, 36, 38]. Although recently a progress
has been achieved in the automation of these processes
through the introduction of a special device
ACPTM215 (Haemonetics, USA) [43], the issues of
cost-effectiveness and affordability of technologies for
cryopreservation of RBCs using glycerol remain open.

The main advantage offered by the methods of
RBCs cryopreservation using non-penetrating (extra-
cellular) cryoprotectants, such as hydroxyethyl starch
(HES), polyvinylpyrrolidone (PVP), polyethylene oxide
(PEO), is the possible exclusion of the washing
procedure before transfusion [3, 35, 41]. However, in
terms of the survival of thawed cells, these methods
yield to cryopreservation of RBCs using glycerol, and
therefore have not found the wide acceptance. The
disadvantages of extracellular compounds include also
the possible significant (up to 50%) dehydration of cells
during cryopreservation, irreversible changes (dama-
ges) of RBC membranes after freeze-thawing, their
low osmotic resistance [17, 18, 21, 34, 40], and as a
result these elevate the risk of intravascular hemolysis
of transfused red blood cells [42]. There are the reports
about possible accumulation of HES and PVP in the
cells of the reticuloendothelial system of the recipient
after massive transfusions, PVP can increase clotting
of recipient’s blood, cause granulomatous damage of
tissues in the injection site, and, above all, it has a
remote carcinogenic effect [22, 41, 42].

It should be noted that recently the experimental
studies on the development of RBC cryoprotective solu-
tions based on non-penetratingh substances attracted
the interest of the researchers [21, 27, 29, 31, 33].

As a promising cryoprotectants with the extracel-
lular mechanism of action one could consider oxyethy-
lated derivatives of alcohols, in particular oxyethylated
glycerol oligomers (OEG), synthesized at the Depart-
ment of Cryoprotectants of the Institute for Problems
of Cryobiology and Cryomedicine [ 16, 24]. Assessment
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Hoe — 00a/laeT OTJAJIEHHBIM KaHIIEPOTEHHBIM (-
tdexrom [22, 41, 42].

CrnenyeT OTMETHUTD, UTO B MOCIEAHHUE TOABI OTME-
YEH pOCT HKCIIEPUMEHTANBHBIX UCCIIEA0BAaHUIH 10 pa3-
paboTKe KPHOKOHCEPBAHTOB ISl SPUTPOLUTOB Ha
OCHOBE HETIPOHUKAIOIINX coeaunenuit [21, 27,29, 31,
33].

K mepcnexkTuBHBIM KpHONIPOTEKTOPAM C IKCTpa-
LIEJUTIONISIPHBIM MEXaHU3MOM JEHCTBHS CIIEIyeT OT-
HECTH OKCHATHIIbHBIE TIPOU3BOIHBIE CIUPTOB, B YaCT-
HOCTH OJIUTOMEPHI OKCUATHIIMPOBAHHOTO IIUIEPHHA
(O3T'), cuaTE3MpPOBAHHBIE B OT/EINE KPUOTIPOTEKTOPOB
UIIKuK HAH VYxpaunsi [16, 24]. UccnienoBanue da-
30BBIX MIEPEXOJIOB M (PHBHMUECKUX COCTOSTHUN PaCTBOPOB
onuroMmepoB OOl mokazaso, 4To UX MOJIEKYJIbI Xapak-
TEpHU3YIOTCS BRIPAKEHHOH CTOCOOHOCTBIO K POPMHPO-
BaHUIO BOJOPOAHBIX CBA3EH C MOJIEKYJIaMH BOABI; BOA-
HBIE PACTBOPBI ITUX COETUHEHUI IEMOHCTPUPYIOT BbI-
COKYIO CKJIOHHOCTb K CTEKJIOBaHHIO, ITPH OXJTIAKICHUN
OHHU TPEICTABIISIIOT cOO0H reTeporeHHble CUCTEMB,
BKJIIOYAOIIIE aMOP(PHYIO U KPUCTAIUTMYECKYIO (ha3bl,
nin romoreHHsle amopdusie [10, 11]. Yeranosnena
cnocobnocte OOI' . m OOI' | OKa3bIBaTh 3aIIMT-
HBIH 3Q(DEKT B yCIOBUSIX Pa3BUTHS THIIEPTOHHIECKOTO
crpecca spurporuToB [9]. IlokaszaHa mepCcreKTUB-
HOCTh ucnonb3oBanuss OO, u OOI | B KauecTse
HEMPOHUKAIOUINX KPHOIPOTEKTOPOB JIIsI KPHOKOHCEP-
BHPOBAHUA IPUTPOLUTOB YEIOBEKA, OJTHAKO OTMEUEH
BBICOKHH YPOBEHb UX OCMOTHYECKOM XPYIKOCTH IOCIIE
3amopaxuBaHus-otorpesa [13, 14, 16, 20].

B nocnenHue rogsl akTHBHO pazpadaTbIBaeTcs HO-
BBIH TIOAXOM K CO3aHUIO 3((PEKTUBHBIX KPHO3AILUTHBIX
Cpel UIsl HU3KOTEMIIEpaTypHOro KOHCEPBHPOBAHUS
KJIETOK U TKaHEH, B TOM YHCJIe IPUTPOLIUTOB, 3aKITIO-
YaroIuiics B KOMOMHUPOBAHHUH B PACTBOpaxX KPHOIPO-
TEKTOPOB, OTINYAIOIINXCSI XUMUUECKON CTPYKTYpOi
1 (PM3UKO-XMMHUYECKUMHU CBOWCTBAMH, MEXaHU3MOM
KpHO3aImUTHOTO AeiicTBus [21]. B 3T0i CBA3M HEenbio
HacTosIIeH paboThl IBUIIOCH HCCIIET0BAaHUE TIPH 3a-
MOPaXMBAHUHU SPUTPOLIUTOB KPHO3ALIUTHBIX CBOMCTB
pacTBOPOB Ha OCHOBE HempoHukaromero OO . B
KOMOWHAINH C MPOHUKAIOLIMMU KPHOIPOTEKTOPAMHU.

MartepuaJjbl 1 MeTOABI

OOBEKTOM HCCIeIOBaHUS ObLIT 3PUTPOKOHIICHTPAT,
BBIJIEJIEHHBIN U3 TOHOPCKOM KPOBHU, 3arOTOBJIEHHOM Ha
FeMOKOHCEpPBaHTE « JIFOrUIMp)» U XpaHUBLIEHCS TOCTIE
akcdy3uu He 6oiee 2-X cyTok npu 4°C. DpUTPOKOH-
LIEHTpAT MOJy4Yadd METOAOM IEHTPHU(PYTUPOBAHUS
nenpHON KpoBH mipu 1250 g B Teuenune 20 MUH C
MTOCIIEAYIOINM yAAJIEHUEM TIa3MBbl U JIEUKOTPOMOO-
LIUTAPHOTO CJIOS.

B kxauecTBe KpHOMPOTEKTOPOB HCIIOJb30BaU
OOr', _,,, 1.,2-nponanaunon (1,2-I1[1), numeTuncynb-
tdoxcun (IMCO), mumerunaneramun (JJMA1). Bee
BEII[ECTBA MAPKHU «U. JI. a.» WU «X. 9.» OBLIH JIOTOJ-

2

of phase transitions and physical state of the solution
of OEG oligomers showed that these molecules were
characterized by a significant ability to formation of
hydrogen bonds with water molecules; aqueous solu-
tions of these substances exhibit a high tendency to
vitrification, during cooling they became heterogeneous
systems, with amorphous and crystalline phases, or
homogeneous amorphous systems [10, 11]. There was
found the ability of OEG__,, and OEG, _,; to render a
protective effect under development of hypertonic
stress in RBCs [9]. The prospects of OEG__, and
OEG, _,, as non-penetrating cryoprotectants were
shown during cryopreservation of human RBCs,
however, a high level of osmotic fragility after freezing
and thawing was noted [13, 14, 16, 20].

Recently, a new approach to create effective cryo-
protective media for low-temperature preservation of
cells and tissues, including RBCs is developed, which
consists in combination of cryoprotectants with diffe-
rent chemical structure, physico-chemical properties,
and mechanism of protective action [21]. In this context,
the aim of this work was to investigate the cryopro-
tective properties of solutions based on non-penetrating
OEG, _,, in combination with penetrating cryoprotec-
tants during freeze-thawing of RBCs

Materials and methods

The object under study was erythromass isolated
from blood procured in Glugicir solution and stored
after procurement not more than 2 days at 4°C.
Erythromass was derived by centrifugation of whole
blood at 1250g for 20 min, followed by removal of the
plasma and leuko-platelet layer.

As cryoprotectants we used OEG __,,, 1,2-propane
diol (1,2-PD), dimethyl sulfoxide (DMSO), dimethyl
acetamide (DMAc). All the substances were of ‘ana-
lytical grade’ or ‘chemically pure’ and additionally puri-
fied and identified at the Department of Cryoprotec-
tants of the Institute for Problems of Cryobiology and
Cryomedicine. Cryoprotectant solutions were prepared
on the base of phosphate-buffered saline (51.7 mM
NaCl, 9 mM NaH PO,, 0,46 mM Na, HPO,, pH 7.4).
Concentration of cryoprotectants is hereinafter expres-
sed in percents w/w.

The investigation was directed on assessment of
cryoprotective properties of solutions containing diffe-
rent combinations of OEG, _ . with 1,2-PD, DMSO
and DMAc (in ratios 1:1, 2:1 and 5:1) in total
concentration of 30% comparing with 30% OEG, __.
solution, which was chosen as the most effective to
achieve high post-thaw preservation of RBCs (baseline
control). As additional controls served the solutions
containing 25, 20 and 15% concentration of OEG_ _
without penetrating cryoprotectants.

Samples of RBCs in the cryoprotective media were
frozen in 2 ml plastic vials by immersion in liquid nitro-
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HUTEJIBHO OYUIICHBI U HACHTU(PHUIIMPOBAHBI B OT/ICIIC
kpuonporekropos UIIKuK HAH Vkpaunsl. PactBo-
PBI KPUOTIPOTEKTOPOB TOTOBWIIH Ha (hocaTHO-COIe-
BoM Oydepe (51,7 mM NaCl, 9 MM NaH,PO,,
0,46 MM Na,HPO,, pH 7,4). Konuenrpanus Kkpuonpo-
TEKTOPOB JaJiee MIPUBOAUTCS B MACCOBBIX MPOIICHTAX.

HccnenoBanu KpUO3alUTHBIE CBOWMCTBA PacTBO-
POB, COzIEpKAIKUX pasmuuHble KoMOuHanmu OO _
¢ 1,2-11J1, AMCO u IMAT1 (cootHomenue 1:1,2:1 u
5:1) B cymmapro# (obmieit) xonnenrpanun 30% 1o
cpaBrenuio ¢ 30%-m pactBopom O3I _ ., KoTOpas
ObL1a BhIOpaHa Kak Haubosee 3pPpeKTHBHAS U TTO3BO-
JISIONIAss JOCTUYb BBICOKOTO YPOBHS COXPaHHOCTHU
SPUTPOIUTOB MOCIIE 3aMOPAKUBAHUA-0TOTPEBA (6a30-
BBl KOHTPOIIh). J{OTTOTHUTEIEHBIM KOHTPOJIEM CITYKH-
JIX pacTBOPBI, conepkamue 25,20 u 15%-e koHLeHT-
paun OOI', . 6e3 106aB/IeHHs IPOHUKAIOIIUX KPUO-
MIPOTEKTOPOB.

OO0pa3ibl 3pUTPOIUTOB B KPHO3AIIUTHEIX Cpeax
3aMOPKUBAIH B TIOJMATUICHOBBIX aMITyJIaX BMECTH-
MOCTBIO 2 MJI TIOTPY>KCHHEM B KUK a30T , XPAHIITH
pu —196°C ot 1 no 3 Hegenb. OOpa3ibl OTOTPEBATN
Ha BoAsHOW OaHe mpu Temmeparype 40...42°C npu
ITOCTOSTHHOM TIOKaYMBAHUH KOHTEHHEpA.

CoxpaHHOCTB 3PUTPOLIUTOB OLIEHUBAIIH T10 CIIEYIO-
IIMM TTOKa3aTesiM: YPOBEHb IeMOJIN3a, KOITUIECTBO
CBOOOJTHOTO TeMOIIIOOMHA B KJIETOYHON B3BECH, 00-
LIV TeMOTJIOOHH KJIIETOYHOM B3BECH, BETMYMHA TeMa-
TOKpPHUTA, OCMOTHYECKasl XPYIKOCTh 3PUTPOLIUTOB B
M30TOHUYECKOM M TUITOTOHHYECKOM pacTBopax NaCl.

Coneprxkanue oOmiero reMoroOuHa B o0Opasie u
YPOBEHBb CBOOOJHOTO TeMOTIO0WHA B KIETOYHOMH
B3BecH omnpeaessui Ha potokonopumerpe KOK-3-01,
HCIIONB3Ys HA0OP PEaKTUBOB IS MUarHOCTHKY («Fe-
licity, YkpanHa); mokazareiah TeMaTOKPHUTA SPUTPOITH-
TOB — YHU(HUIIMPOBAHHBIM MUKpoMeTOoa0M [12]; oc-
MOTHYECKYIO XPYITKOCTh IPUTPOITUTOB — CTAaHIAPTHBIM
metoaoM [ 19]. IIporeHT reMoTu3nPOBAaHHBIX KIIETOK
BO B3BecH paccuuThiBasm 1Mo Gopmyne Huggins [30]:

Hb,,
H%: Tx(l — Ht)x100%,

0bwy

rne Hb, — conepxanue CBOOOIHOIO reMornodnHa B
Hajocauke, 1/1; Hboﬁm — coJiep)KaHue 00IIero remMo-
[JI00MHA B CyCIIEH3UH SPUTPOLUTOB; Hf — BeTMUrHa
rematokpura, %.

CoxpaHHOCTH 3pPUTPOIUTOB, 3AMOPOKEHHBIX-0TO-
rpetbix B 30%-M pacteope OOI, _ . M KOMOMHHMPOBaH-
HoM pacteope 15% O3, _ . ¢ 15% JIMAn B nuna-
MuKe 48-4acOBOT0 THIIOTEPMHUUYECKOTO XPaHEHUsI, UC-
CJIEZIOBANHU CIEAYIoIUM oOpa3oM. PasmoporkeHHYyI0
CYCIIEH3HIO 3pUTPOLIUTOB MOMEIAIHN BO B3BELLINBAIO-
muil nnazmo3samemaronuii pactsop LIOJIUIIK-8B B
cooTtHoureHuu 1:1 (1o 00beMy) U XpaHUITH IPH TEMITE-
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gen and stored at —196°C for 1 to 3 weeks. The samp-
les were warmed in a water bath at a temperature of
40...42°C with constant shaking of the container.

Survival of RBCs was evaluated by the following
parameters: the level of hemolysis, content of free
hemoglobin in the cell suspension, the total hemoglobin
content in cell suspension, the value of hematocrit,
erythrocyte osmotic fragility in isotonic and hypotonic
solutions of NaCl.

The content of total hemoglobin in the sample and
of free hemoglobin in cell suspension was determined
using photocolorimeter KFK-3-01 (Ukraine) and a kit
of diagnostic reagents (Felicit, Ukraine); RBC hema-
tocrit was assessed by the unified micromethod [12],
RBC osmotic fragility was found by standard approach
[19]. Percentage of hemolyzed cells in suspension was
calculated according Huggins formula [30]:

Hbﬁ‘ee
B ="

total

x(1 — Ht)x100%,

where Hb,  was the content of free hemoglobin in
the supernatant, g/lI; Hb, , was the content of total
hemoglobin in the RBC suspension, g/l; Ht was the
hematocrit value, %.

Survival of RBCs, frozen-thawed in 30% solution
of OEG__,,and the combined solution of 15% OEG__,
and 15% DMAc during 48 hrs hypothermic storage
was examined as follows. The thawed RBC suspension
was placed in the plasma substitute solution TsOLIPK-
8v in 1:1 ratio (v/v) and stored at 4 + 2°C for 48 hrs,
the RBCs were assessed in 1, 24 and 48 hrs of storage.

Statistical analysis of the results was performed
using the Statistica 6.0 software, statistical significance
of the differences between groups was estimated by
nonparametric Wilcoxon U-test, considering the
differences as significant if significance level was p <
0.05 (n = 6).

Results and discussion

To modify the cryoprotective solutions based on
non-penetrating OEG, _ . these were supplemented
with penetrating cryoprotectants of diols (1,2-PD),
amides (DMAc) or sulfoxides (DMSO) series. Con-
sidering the differences in the structure, physical and
chemical properties, rate and mechanisms of pene-
tration of these small molecules through the cell
membrane, one can assume that the combined cryo-
protective medium would have a different impact on
the thermodynamic processes occurring in the cell-
cryoprotectant system on stages of exposure, freeze-
thawing, and further transfer of thawed RBCs in iso-
osmotic medium.

Level of hemolysis of the RBCs, frozen-thawed in
30 and 25% solutions of OEG__,_, was 1.3 +0.32 and

= 259
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patype (4 = 2)°C B Teuenue 48 49; SpUTPOIUTHI HC-
cnenoBany yepes 1, 24 u 48 1 xpaHeHHs.

Jl1 cTaTUCTUYECKOrO aHainu3a pe3yJbTaToB HC-
MOJIL30BaJIM IIporpaMmy «Statistica 6.0», 1 OLleHKH
CTaTUCTHUYECKON 3HAYMMOCTH Pa3InIui MEXAY IpyII-
aMu MpUMEHsTN HenapaMmerpuueckuil U-kputepuit
YUIIKOKCOHA, CUUTasi JOCTOBEPHBIMHU PA3INUUUs C
ypoBHeM 3HauuMocTH p < 0,05 (n = 6).

Pe3yabTarsl U 00cy:xKaAeHHE

Jia MoauduKauy KpHO3auTHRIX PACTBOPOB Ha
ocHOBe Henponukaromero O3 _ . B UX COCTaB BBO-
JIAITH TIPOHMUKAFOIIINE KPUOTIPOTEKTOPBI, OTHOCAIITHECS
K psiny auodoB (1,2-T11), amunos (AMALL) u cynbdox-
cunos (AMCO). YuuTsiBas pa3iauyus B CTPYKTYpeE,
(PUBHKO-XMMHUYECKHX CBOMCTBAX, CKOPOCTH U MEXaHU3-
MaX NPOHUKHOBEHHS 3THUX HHU3KOMOJEKYISPHBIX
COeIMHEHUI Yepe3 KIETOUHYI0 MeMOpaHy, MOXKHO
MPEIIOIOKHUTD, YTO KOMOMHUPOBAaHHbBIE KPHO3AIINT-
HBIE Cpeabl OyAyT MO-pa3sHOMY BIMATH HA TEPMOJMHA-
MHYECKHE MPOILECCHl, MPOTEKAIONMHE B CHCTEME
«KJIETKAa-KPHOIIPOTEKTOP» Ha dTamax JKCIIO3UIUH,
3aMOpaKMBaHUSA-OTOTPEBA, IEPEHECEHUS IEKOHCEPBH-
POBAHHBIX SPUTPOIUTOB B U300CMOTHYECKYIO CPELY.

YpoBeHb reMon3a 3pUTPOILIUTOB, 3aMOPOKEHHBIX -
ororpethix B 30 u 25%-x pactBopax O3I" __, cocra-
Bun1,3+0,32u1,4+0,13% coorBeTcTBeHHO. CHIDKE-
Hue KoHuentpauuu OO _ ., B KpHO3AUIUTHOM pacT-
Bope ¢ 30 10 20 u 15% npuBOaMIIO K CYIIECTBEHHOMY
YBEITUUEHHIO 3TOT0 IIoKazaTens. Tak, FeMOIn3 3pUTpo-
LUTOB, 3aMOPOXKEHHBIX-OTOTPETHIX B
20%-m pactBope OOT" _ ., B 2,5 pasa
MpEeBBIIIAT TEMOJIU3 KIETOK, 3aMOpPO-
KEHHBIX-0TOrpeThIX ¢ 30 1 25%-Mu pacT-
Bopamu OOI" _ ., a Ipu MCTIOJIB30BAHNM
15%-to pacteopa OOT" _ . — Gonee yem
B 10 pa3 (puc. 1).

ITocne 3aMopakMBaHUs-O0TOIpEBA
SPUTPOLIUTOB B KPUO3AIIHUTHBIX PaCcTBO-
pax, coxepxamux 25% OO . u 5%
1,2-111, AMCO unmu JIMA1 (cooTHO-
mieHue 5:1), ZJ0CTOBEpHBIX OTINYHUI B UX
COXPAHHOCTH I10 TIOKa3aTeN0 reMoJn3a
o cpaBHeHHIO ¢ 30 u 25%-MHu pacTBo-
pamu OOI' . HE BBISBICHO, XOTs OT-
MEYeHa TeHICHIUS K He3HAYNTEIIbHOMY
€ro CHI)KEHUIO TIPH BBEIEHUH B KOHCEP-
BaHT 5% 1,2-11J1 u 5% AMAI — 10 0,9 +
0,11 u 1,1 £ 0,29% COOTBETCTBEHHO
(puc. 1).

[Tpu ucrions30BaHUK KOMOWHHPOBAH-
HBIX pacTBOpOB, coaepkamux 20%-i
pacteop OOI' _, . u 10% 1,2-1111, IMCO
win JIMAT1 (cootHomenue 2:1), mocro-
BEpPHO CHIKAJICS] YPOBEHb I'€éMOJIH3a IO
CPaBHEHHIO C PACTBOPOM, COAEPKAILIUM

2

20% O3r’

30

25% O3,
25% O9r,

/OEG

=25 n=25

25% 03T _, +5% AMAWDMAC

Ly
20% 03T, JOEG_,, ?4
_JOEG,_,.+10% 1,2-11[1/1,2-PD
JOEG, _,+10% IMCO/DMSO
JOEG, _,,+10% AMALW/DMAC

20% O3r’
20% O3r,

15% O3l _,,/OEG _,,+15% OMCO/DMSO

n=25
15% 03T _,JOEG, _,.+15% 1,2-M/1,2-PD ﬁ
15% 09I _, JOEG_, +15% [IMAW/DMAG

1.4 +0.13% respectively. Reducing the OEG,_, con-
centration in cryoprotective solution from 30 to 20 and
15% resulted in a significant increase of this index.
Hemolysis of frozen-thawed in 20% OEG_ _, solution
was 2.5 times higher than the index in the cell sus-
pension, frozen-thawed in 30 and 25% solutions of
OEG, _,,, and in the case of 15% OEG, _, solution it
was even more than 10 times higher (Fig. 1).

After freeze-thawing of RBCs in the cryoprotective
solution containing 25% OEG, _,, and 5% of 1,2-PD,
DMSO or DMACc (in 5:1 ratio), no significant differen-
ces in their survival in terms of hemolysis index
compared to 30 and 25% OEG __ solutions have been
found, although there was a tendency to its slight
decrease after the supplementing the solution with 5%
1,2-PD and 5% DMAc—-downto 0.9+0.11and 1.1+
0.29%, respectively (Fig. 1).

Using the combined solution containing 20% of
OEG, _,, and 10% of 1,2-PD, DMSO or DMAc (in
2:1 ratio) resulted in a significant reduction of the he-
molysis level comparing to a solution containing solely
20% of OEG, _,, (Fig. 1). In this case, there was a si-
milar tendency like after supplementing the cryopre-
servative solution with penetrating cryoprotectants in
5% concentration: the presence in cryopreservative
solution of 10% 1,2-PD and DMAc reduced the hemo-
lysis rate from 3.6 £ 0.86 down to 1.2+ 0.22 and 1.08 £
0.12%, respectively.

The rate of hemolysis in RBC suspension, frozen-
thawed in 15% OEG, _,, solution was the highest

25

lemonus, %
Hemolysis, %
5 10 15 20

o

30% O3, _,JOEG .

25% 03r __,./OEG

n=25

+5% 1,2-M7/1,2-PD
+5% OMCO/DMSO

n=25

n=25

/OEG

n=25

JOEG HH

15% O3l

n=25

Puc. 1. l'emonus apuTpouMTOB NOCIE 3aMOpaxunBaHUA-oTOrpeBa B
pacTBopax, cogepxaliMx KoMbruHauMn KpMonpoTeKTOpOB.

Fig. 1. RBCs hemolysis after freeze-thawing in solutions with cryo-
protectants.

npo6nemMbl KpMOOGMONOrMM U KPUOMEAULIMHDI
problems of cryobiology and cryomedicine

Tom/volume 23, Ne/issue1, 2013



To1bKO 20%-1 OO, _ . (puc. 1). Ilpu sTOM HabH0-
JlaJiach Takas e TeHICHIIVS, KaK U IPU BBEJICHUH B
KPHUOKOHCEPBAHT ITPOHUKAIOIINX KPHOTIPOTEKTOPOB B
KOHI[eHTpanuu 5%: Hanu4due B KPUO3AITUTHOM
pactBope 10% 1,2-T1J1 u [IM AL cHI>XAll0 BEIUYUHY
remomu3a ¢ 3,6 £ 0,86 o 1,2 £ 0,22 1 1,08 £0,12%
COOTBETCTBEHHO.

YpoBEeHB reMoiH3a SpUTPOIIUTOB, 3aMOPOKEHHBIX -
oTorpetsix ¢ 15% O3 _,, B 1aHHO# cepuu dKcIe-
puMeHToB ObUT HamOoJee BeIcokuM (18,2 £ 0,94%).
Brenenue B coctaB kpuo3anuTHeIX cpex 15% 1,2-
I, AMCO wnan JIMATIT MO3BOJMIIO CHU3UTH JTOT
rokazaTenb 06omee gem B 9 pa3 (puc.l), a Hanbosee
3HaunTenbHO (10 1,3 +0,45%) — npu ucionb30BaHUH
komOunanuu 15% O3, _,. ¢ 15% AMAmL.

BaxHpIM nokazaTeneM CTpyKTYPHOM ETOCTHOCTH
KPHUOKOHCEPBHPOBAHHBIX IPUTPOIIUTOB, & TAKIKE UX
MIPUTOAHOCTH JJIs1 KITMHUYECKOTO MCIIOE30BaHMS SB-
JIIETCSl KOTMYECTBO CBOOOTHOTO TeMOTIO0NHA B KITe-
TOYHOH B3BECHU. B COOTBETCTBUU C CYIIECTBYIOITUMHI
CTaHJapTaMH KayeCTBa TeMOTPaHC(Py3UOHHBIX Cpej
KOJTMYECTBO CBOOOTHOTO TeMOTIIOONHA BO B3BECH HE
JOJDKHO TpeBImaTh 0,2 T Ha 03y 3PUTPOIIUTOB HITH
1,21/n[1, 26].

KonuuectBo cBo60mHOTO reMorio0nHa BO B3BECH
SPUTPOIIMTOB, KPHOKOHCEPBUPOBAHHBIX B 0a30BOM
30%-m pactBope OOI', _, coctauino 0,96+ 0,52 r/n
(M £ S). Camxenne xonuentpauuu OO . B
KpHO3aIIUTHEIX pacTBopax Ao 25, 20 u 15% npuso-
JUAJIO K MTOBBIIICHUIO YPOBHS CBOOOIHOTO
reMOIJIO0MHA BO B3BECH Pa3MOpPOXKEH-
HbIX KaeTok 10 1,4 £0,28; 5,0+ 091 u
17,8 + 0,9 1/ coorBercTBeHHO. ITocie
3aMOpaKUBaHHUS-0TOTPEBA SPUTPOITUTOB
B KOMOWHHUPOBaHHBIX KPHO3AIIUTHBIX
cpenax, conepxkammx O9I . u 1,2-
4, AMCO wmu JJMAL B COOTHOLICHUA
5:1, oTMEYEHO HE3HAYUTEILHOE YBEIH-
YeHHE YPOBHS CBOOOIHOTO TeMOnIO0OHA
BO B3BECH II0 CPABHECHHIO KakK ¢ 25%-M,
Tak u ¢ 30%-m OOI" _,, (puc. 2). Kom-
OMHALIMS KPHOIIPOTEKTOPOB B PaCTBOPE
B cootHomeHnu 2:1 u 1:1 cmoco6cTBO-
Bajla CHMKEHHIO YPOBHS CBOOOIHOTO
reMorioOMHa B KJIETOYHOM B3BECH I10
cpasHeHuto ¢ 20 u 15%-mu pactBopamMu
OOI', _,,, a Haubosee 3HAYMTENBHO (110
1,25 + 0,82 1/n) — mpu 3aMOpakuBaHUH

25% 03I
25% O3r,

/OEG

n=25'

25% O3r,

20% O3r_, JOEG, _, +10% 1,2-M1[/1,2-PD
20% 03T _, /OEG,_,.+10% IMCO/DMSO

20% O3r __,./OEG

(18.2 £0,94%) in this series of experiments. Supple-
mentation of cryopreservative with 15% of 1,2-PD,
DMSO or DMAC has reduced the index more than 9
times (Fig. 1), and most significantly (down to 1.3 +
0.45%) in the case of combination of 15% OEG _
and 15% DMAc.

An important indicator of the structural integrity of
cryopreserved RBCs, as well as their fittness for cli-
nical purposes is the amount of free hemoglobin in the
cell suspension. In accordance with the existing quality
standards for blood transfusion media the amount of
free hemoglobin in the suspension shall not exceed 0.2
g per dose of RBCs, or 1.2 g per liter [1, 26].

The amount of free hemoglobin in the RBC
suspension, cryopreserved in a basic 30% OEG, _
solution, was 0.96 + 0.52 g/l (M £ S). Reducing the
concentration of OEG__,. in cryoprotective solutions
down to 25, 20 and 15% resulted in increased content
of free hemoglobin in the suspension of thawed cells
up to 1.4 +£ 0.28; 5.0 £ 0.91 and 17.8 = 0.9 g/1,
respectively. After freeze-thawing of RBCs in combi-
ned cryoprotective media containing OEG, _,, and 1,2-
PD, DMSO or DMACc in 5:1 ratio, a slight increase in
the level of free hemoglobin in the suspension was
noted comparing to both 25% and 30% OEG_ _..
solutions (Fig. 2). The combination of cryoprotectants
in the solution in 2:1 and 1:1 ratios has reduced the
level of free hemoglobin in the cell suspension, compa-
red to 20 and 15% OEG, _ ., solution, and the most

25

YpoBeHb CBOBOAHOrO remornobuna, r/n
Content of free hemoglobin, g/l

0 5 10 15 20

30% 03T, /JOEG _,.

25% O3r __,./OEG

n=25 n=25
+5% 1,2-M7/1,2-PD
+5% OMCO/DMSO

+5% OMAL/DMAc

n=25
/OEG

n=25

n=25

15% O3, _,/OEG, _,,

SPUTPOLUTOB B PaCTBOPE, COAEPKAIIEM

15% 03T _, JOEG__,+15% 1,2-N[/1,2-PD
15% 03T _, /OEG, _,.+15% [IMCO/DMSO

15% O3l _,,/OEG,_,.+15% OMAL/DMAc

2

20% O3, ,JOEG,_,, -
s+10% OMAW/DMAC

20% O3, _,, u 10% JAMAu. Onnako
JIOCTHYb YpOBHS KOHTpost (30%-i1 pact-
Bop OOI', _,,) N0 IaHHOMY IOKAa3aTeNIo
HE YIaJoCh: conepykaHue CBOOOTHOTO
reMorIo0nHa BO B3BECH 3PUTPOLIUTOB
IOCJIe 3aMOPaKUBAaHUSA B KOMOWHUPO-
BAaHHBIX KPHO3AIHUTHBIX cpefax ObLIo
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Puc. 2. CBo6oaHbIM reMornobuH B Hagocagke nocrne 3aMopaKuBaHWs-
oTorpeBa 3pUTPOLMTOB B pacTBopax, Coaepxalmux koMOuHaumm Kpuo-
NPOTEKTOPOB.

Fig. 2. Free hemoglobin content in supernatant after freeze-thawing of
RBCs in solutions with cryoprotectants.
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0oJ1ee BRICOKUM, OCOOEHHO TP COOTHO-
IEHUN KPpUOTPpOoTeKTOpoB 1:1 (puc. 2).

Femonus, %
Hemolysis, %

KpuokoHcepBHpOBaHHE SPUTPOLIUTOB 0 5 10 15 20 25 30 35

B KOMOMHUPOBAaHHBIX KPHUO3AIIMTHBIX e
aCTBOPax MPUBOJIMIO K yBEITHYCHHIO
Ir)101<a3aIT)eﬂ;1 lPeMaTOKpI/ITa }II'IOCJ'IC 3aMo- 30% OO 12/ OFG s o
paXKHBAaHUSI-OTOTPEBA 110 CPABHEHHIO C 25% 0OF _ /OEG,_ b
pactBopamu, coxepxanmmu 30, 25, 20 25% 09 __JOEG __+5% 1,2-1/1,2-PD f
u 15%-¢ xonuentpauun OO, _,, 9TO  25% OO, JOEG, .+5% AMCO/DMSO Hi
KOCBEHHO CBHETEIBCTBYET 00 yMEHb- 25% O3, _,.+5% IMAL/DMAGC |
[IEHUH CTETICHH AeTuapaTanuu (06e3Bo-
JKuBaHMsI) KIIeTOK (puc. 3). CyiecTBeH- 20% O3r,_,/OEG _,, u
HOM 3aBUCUMOCTH BETMYMHBI OTOTO TTOKa- 22;@/0(;3:%25/ %EEGGn=25+:1O(:/O‘; 1}1?\/2}(1)// Bi/l_gg |_|"|_"|
() - - o

3aTessi OT COCTaBa KPHO3AIUTHBIX CPel, 0% oern:; OF G2;+ 10% AMAWDMAG
a TaKoKe KOPPEISILIUH MEXKITY €r0 BeJTHYH-
HO¥1 1 TIOKa3aTeNsIMHA COXPAHHOCTH KPHO- 15% 0Or_ JOEG, , i
KOHCCPBUPOBaHHBIX SPUTPOLUTOR YCTA- 159 03I _, /OEG, _,.+15% 1,2-M0/1,2-PD HH
HOBJIICHO HE OBLIO. 15% O3 _,JOEG, _,,+15% AMCO/DMSO }

UHdpopMaTUBHBIM KpUTEPHEM Lie- 15% O3r _,JOEG, _,+15% OMAL/DMAc i
JIOCTHOCTH MEMOPaHBI SPUTPOLIUTOB SIB-

JISIeTCs TIOKa3arellb OCMOTHYECKOH XpyTI-
koctu. [locne 3amopakuBaHuA-0TOTpEBa
sputpountos B 30%-m pacteope OOI _
WX ocMoTH4Yeckas Xpynkocts B 0,6 u
0,9%-x pactBopax NaCl cocraBuia 11,7
+ 2,57 n 10,5+ 1,9% cOOTBETCTBEHHO.
OnHako o Mepe CHUXKEHUS KOHIICHTpa-
aun OO 010 25; 20 u 15% Benuunna
OCMOTHYECKOU XPYIKOCTH Pa3MOPOKEHHBIX PUTPO-
LIMTOB BO3pacTaia, MPEBBICUB IMOKA3aTenu s 6a3o-
BOTO KOHTPOJIS OoJiee ueM B 2,5-5 pa3 (puc. 4).

[Ipu ucnonp30BaHUN KOMOMHUPOBAHHBIX KPHO3a-
[TUTHBIX CPEl ITOyYeHBI HEOTHO3HAYHBIE PE3YIIBTATHL
Tak, coueranne 25%-ro OOI', _ . ¢ 5%-m 1,2-11]],
JAMCO umn [IMAT11 (cootHOMIeHuUE 5:1) crmocoOcTBO-
BaJIO JOCTOBEPHOMY CHHKEHHUIO OCMOTHYECKON XPyTI-
KOCTH Pa3MOpPOKEHHBIX I)PUTPOIIUTOB IO CPABHEHUIO
¢ 25%-m O3T', _,; (puc. 4). Ilocne 3amopaxuBaHus-
OTOIPEBA 3PUTPOLIUTOB B Cpeaax, COACPKAIINX KOM-
ounanmro OOI _ . ¢ 1,2-I1{ uiu IMCO B cooTHO1IE-
Huu 2:1 wnu 1:1, oTMeueHo pe3koe yBEeIMYEHUE UX
ocMmorndeckoi xpynkocty B 0,6 u 0,9%-x pactBopax
NaCl 1o cpaBHEHHIO KaK C COOTBETCTBYIOIIUMH KOHT-
possmu, Tak u ¢ 30% OOI' _ . (puc. 5). U nuuib uc-
[I0JIb30BAHME B COCTAaBE KPHO3ALIUTHBIX PACTBOPOB
komOunarmu OOT - n JIMA1 (cootHomenue 2:1 n
1:1) mO3BONMIIO 3HAYUTENHFHO YBETMUUTH COXPAHHOCTD
SPUTPOLNTOB: TOKA3ATENIN OCMOTHIECKOH XPYITKOCTH
SPUTPOLIUTOB, KPHOKOHCEPBUPOBAHHBIX B cpefe ¢ 20%
O9r', _,,u10% AMA, coctapuiu 10,2+0,98 1 8,9 +
0,83% mist 0,6 u 0,9%-x pactBopoB NaCl coorBetct-
BeHHO. OHako Hanbollee yCTONYMBBIMU K OCMOTH-
YECKUM BO3JCHCTBUAM OKA3aIUCh 3PUTPOLIUTHL, KPHO-
KOHCEpBHPOBAaHHBIE B pacTBOpe, coxepkamem 15%
09I’ _,, u 15% JIMAu. Ocmotn4eckas XpynKkoCTh
atux 3putpounutoB B 0,9 u 0,6%-x pactBopax NaCl

32

Puc. 3. lMokasaTenb reMaTokpuTa 3pMTPOLMTOB NOCHE 3aMOpaXMBaHUs-
oTOrpeBa B pacTBopax, CoAepXaliMx KOMOWHALMU KPUOMPOTEKTOPOB
(maHHble npeacTaBneHbl 4O yAaneHusi KpUoNpOTEKTOPOB).

Fig. 3. RBCs hematocrit after freeze-thawing in solutions with cryo-
protectants (data were obtained before cryoprotectant removal).

significantly (down to 1.25 + 0.82 g/l ) after freeze-
thawing of RBCs in a solution contained 20% OEG, _,,
and 10% DMAc. However, the control level (30%
OEG, _, solution ) in terms of this index was not
achieved: the content of free hemoglobin in RBC
suspension after freeze-thawing in combined cryo-
protective media was higher, especially in the case of
1:1 cryoprotectant mixtures (Fig. 2).

Cryopreservation of RBCs in combined cryoprotec-
tive solution resulted in an increase in hematocrit after
freeze-thawing, compared with solutions containing 30,
25, 20 and 15% concentration of OEG, _,,, which
indirectly indicated a decrease in the degree of cell
dehydration (Fig. 3). No strong relationship of this
parameter and the composition of cryoprotective me-
dia, as well as no correlation between its level and
survival of frozen-thawed RBCs has been established.

An informative measure of RBC membrane integ-
rity is an osmotic fragility index. After freeze-thawing
of RBCs in 30% solution OEG,_ _,. their osmotic
fragility in 0.6 and 0.9% NaCl solution was 11,7 £2,57
and 10,5 £ 1,9%, respectively. However, with the
reduction of OEG, _,.concentration down to 25, 20
and 15% the the osmotic fragility of frozen-thawed
RBCs increased, exceeding the basic control more than
2.5-5 times (Fig. 4).

Some ambiguos results were obtained during inves-
tigation of combined cryoprotective media. For examp-
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ObLIa caMOM HM3KOM M cocTaBuia 3,6 +
0,231 4,1+0,18% COOTBETCTBEHHO, T. €.
ucnonb3oBanue komOounanuun OOI' . n
JAMA (cooTHOMIeHHE 1:1) crocoOcTBO-
BaJIO CHIPKEHHIO OCMOTHUYECKOH XPYTKOC-
TH pa3MOPOKEHHBIX 3PUTPOLUTOB OoJiee
yeMm B 10 pa3 o cpaBHeHuto ¢ 15%-m
pactBopom OOI' _ - u Gonee uem B 3
pasa — o cpapHeHuto ¢ 30%-M pacTBo-
pom OOL _...

IIpu cpaBHUTENBHOM M3YYEHUN OCMO-
THYECKON XPYIKOCTH KPUOKOHCEPBHUPO-
BaHHBIX SPUTPOIMTOB B FTMITOTOHUYECKUX
pactBopax NaCl (puc. 5) yctaHOBJIEHO,

gyro B 0,5-0,1%-x pactBopax NaCl Be-

30% O3’

_J/OEG,
25% O3, _,JOEG,
25% 03T, JOEG__,+5% 1,2-M[/1,2-PD

25% O3r_, JOEG_,.+5% [IMCO/DMSO

25% O3, +5% AMAL/DMAC

=25

=25

20% 03T _, JOEG _,,

s+10% 1,2-M[3/1,2-PD

20% O3r_,JOEG_,+10% [IMCO/DMSO
20% 03T, /OEG,_,.+10% IMAW/DMAC

20% O3r,_, JOEG

=25

lemonus, %
Hemolysis, %

20 40 60 80 100

JUYMHBI 3TOTO TOKa3aTensi ObUIM Hec-
KOJIBKO BBILIE Y dPUTPOLMTOB, 3aMOPO-
KeHHbIX B 30%-m pactBope OOI' _
torga kak B 0,7 u 0,9%-x pactBopax
NaCl Oosee yCTOHYMBBIME OKA3aJIMCh
IPUTPOLHTHI, 3aMOPOKEHHBIE C KOMOHU-
HHUPOBAaHHBIM PACTBOPOM, COAEPIKAIIUM
15% O0T', _ , u 15% JIMAm.

N3BecTHO, uto JIMAI Xapakrepu-
3yeTcs HanOoJiee BHICOKOH CIocoOHOC-
ThIO K THAPO(OOHBEIM B3aUMOJEHCT-
BUsIM 110 cpaBHeHuto ¢ 1,2-I111 u IMCO
[8]. [To-BuAUMOMY, MONOKUTEIBHOE
BrusiHue IMAI B cocTaBe KOMOMHHUPO-
BAaHHBIX KPHO3AIIUTHBIX CPEX Ha OCMO-
TUYECKYI0 YCTONYHUBOCTH SPUTPOLIUTOB
CBSI3aHO C €ro COoCOOHOCTBIO B3aUMOJCHCTBOBATD C
JUMHUIHBIMA KOMIIOHEHTaMH MeMOpaH, B pe3yJibTare
Yero IJION[alb MOBEPXHOCTH TIa3MAaTHIECKON MeM-
OpaHbI MOXKET YBEJTMUUBATHLCS, & COOTHOLIEHUE 00 BEM
KJIETKU/TIIOMA/Ab TTOBEPXHOCTH MEMOpaHbl YMEHb-
LIaThCS, YTO CHIKAET OMMACHOCTH Pa3BUTHS KOJUIOU-
HO-OCMOTHYECKOTO JI3HUCA.

BBenenne B KpHO3aIlIUTHBIE CPEIbl Ha OCHOBE
O3l _,, nuskomosekynspubix 1,2-I111 uin IMCO B
10 nnu 15%-i KOHUEHTpALUH BBI3BIBAIO PE3KOE
YBEIMYEHHE OCMOTUYECKON XPYTIKOCTH Pa3MOPOKEH-
HBIX 3pUTPOLUTOB. BeposTHo, nanHbIi 3 hexT MoKeT
OBITH CIIEACTBUEM KaK MPSIMOTO BO3ACHCTBHS XUMHU-
yeckuX BemiecTB, B yactHoctu JIMCO, Ha KiIeTod-
HYI0 MeMOpaHy (TOKCHYHOCTh), TaK U PE3yJIbTaTOM
O0CMOTHYECKHUX 3P PEKTOB KOMOMHNPOBAHHBIX PACTBO-
poB. Panee 0110 IOKa3aHO [28, 39], uTO MOBpEKIat0-
mee aericreue [IMCO B mporiecce 3aMopakMBaHHS-
OTOTpPEBa MOXKET OBITH OOYCIIOBIEHO AECTPYKTypH-
3alMeil JTUIUAHOrO OUCII0S 3a cUeT THAPO(OOHBIX
B3aumozecTeui MmetuiabHOU rpynmsl JIMCO c yrme-
BOJHBIMH KOMIOHEHTaMHu Qocdonununos. Tak,
JAMCO B koH1ieHTpauusx ot 2,5 10 7,5 Moiab% BBI3bI-
BaeT UCTOHUYECHUE MEeMOpaHbl M YBEIMYUBAET TEKY-
4ecTb €€ ruaApodOOHBIX KOMITIOHEHTOB [28]; moBbIILIe-

0,05).
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15% O3,

15% O3, /OEG, _,.+15% [IMCO/DMSO e

15% O3, _,JOEG, _,.+15% AMAWDMAC P i

/OEG

15% O3, _,JOEG,

+15% 1,2-NA/M,2-PD

=25

n=25

Puc. 4. OcmoTryeckast XpynkocTb 3pUTPOLMTOB NMOCIEe 3aMOpaXXMBaHUS-
oTorpeBa B pacTBopax, cogepxalumx kombuHauum kpuonpoTekTopos (H —
0,6% pacteop NaCl, 0 — 0,9% NacCl; * # — oTnuuns ctaTUCTUYECKU
H0CTOBEPHbI Mo cpaBHeHuio ¢ 25 n 30% O3l _,, COOTBETCTBEHHO, p <

Fig. 4. RBCs osmotic fragility after freeze-thawing in solutions with cryo-
protectants (H — 0.6% NaCl solution; O — 0.9% NacCl solution; * # — the
differences are statistically significant comparing to 25 and 30% OEG__,,
solutions, respectively, p < 0.05)

le, the combination of 25% OEG, _, witha 5% 1,2-PD,
DMSO or DMACc (in 5:1 ratio) contributed to a signifi-
cant reduction of osmotic fragility of frozen-thawed
erythrocytes if compared with 25% OEG_ _,, (Fig. 4).
After freeze-thawing of RBCs in the media containing
a combination of OEG__ . with 1,2-PD or DMSOina
ratio of 2:1 or 1:1, there was a sharp increase in their
osmotic fragility in 0.6 and 0.9% NaCl solutions if com-
pared with appropriate controls, as well as with 30%
OEG, _,, (Fig. 5). Only in the case of cryoprotective
solution with combination of OEG, _,, and DMAc (2:1
and 1:1 ratios) the RBC survival increased significantly:
osmotic fragility of RBCs frozen-thawed in the medium
with 20% OEG, _,, and 10% DMAc was 10.2 + 0.98
and 8.9 + 0.83% in 0.6 and 0.9% NaCl solutions,
respectively. However, the most resistant to osmotic
effects were the RBCs frozen-thawed in the solution
contained 15% OEG__,. and 15% DMAc. The osmotic
fragility of these cells in 0.9 and 0.6% NaCl solutions
was the lowest and made 3.6 £ 0.23 and 4.1 £ 0.18%
respectively, i. e. using a combination of OEG, _ . and
DMAc (in 1:1 ratio) has reduced the osmotic fragility
of frozen-thawed RBCs more than 10 times if com-
pared with 15% OEG solution and more than 3

n =25
times if compared with OEG_ __, 30% solution.
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uue konuenTpauun JIMCO no 10-20 moip% crioco6HO
WHULMUAPOBATh 00pa30BaHUE TPAH3UTOPHBIX BOJHBIX
nop B MeMOpaHax; JaJbHenIIee MOBBILCHNE KOHLIECHT-
pauuu (30 Mons% 1 OoJee) MPUBOIUT K CTPYKTYPHOI
ne3uHTerpanyu oucios [28, 39].

OtcyrcrBre 3¢ (deKkTa OT UCTONB30BAHUSI B KOM-
O6uHnpoBaHHbIX pacTBopax 10 u 15%-x KoHIEeHTpanmit
1,2-T1]] MOXeT 00BACHATHCS TEM, YTO 3TOT KPHUOIIPO-
TEKTOP CHIIKAET BSI3KOCTH (hOCHOIUIUIHOTO OUCITON
MeMOpaH SPUTPOIIUTOB U HHAYIUPYET e3arperaIiio
UX OEJKOBBIX KOMIUIEKCOB, YTO TAKXKe MOKET MPHBO-
JUTh K HApYUICHHIO CTPYKTYPBI SPUTPOIUTAPHBIX
MeMOpan [15].

Ecnu ouenuBatsb 3¢ peKTHBHOCTE NCTIOIB30BAHUS
JAMCO, 1,2-ITJ1 nnn IMAn B kombunauu ¢ OOI", _ .
C TOYKH 3pEHHS UX MTOJIOKUTEIHHOTO BIUSIHUS Ha CO-
XPaHHOCTb 3aMOPO>KEHHBIX-OTOIPETHIX SPUTPOLIUTOB
IO MOKA3aTeJIsIM OCMOTHYECKON XPYIIKOCTH, TO HAnOo-
siee 3P PEKTUBHBIM KPHOITPOTEKTOPOM B COCTABE KOM-
OMHMPOBAHHOTO KpHOKOHCEpBaHTa sBiseTca JJMAT
B KoHteHTparuu 10 nmu 15%. DTi naHHbIe IpeaCcTaB-
JISFOT 0COOBIH WHTEpeC, TaKk KaK BIEPBBIE yAalOCh
3HAYUTENFHO CHU3UTh OCMOTHYECKYIO XPYITKOCTh 3pU-
TPOIIMTOB, 3aMOPOKEHHBIX B KPUO3ALIUTHOM Cpejie C
HENPOHHUKAIOIINUM MOJUMEPHBIM KPUONIPOTEKTOPOM
O3r', _,,. MOXHO MPEeANONIOKUTE, YTO OTCYTCTBUE
3HAUUMBIX OTJIIMYMN B COXPAaHHOCTH 3aMOPOKEHHBIX
SPUTPOLMTOB MO MMOKA3aTeNsIM TeMojI3a U CBOOOI-
HOI'0 reMOmJIOOMHA MEXAY KOMOWHHPOBAHHBIMH
cpenamu u 30%-m OOT - 00yClIOBIEHO BBHICOKOH
KPHO3alIUTHON aKTHBHOCTBIO 0230BOTO PacTBOPA He-
MIPOHUKAIOIIETO KPUOMIPOTEKTOPA.

U3BecTHO, 4TO SPUTPOLIUTHI, KPHOKOHCEPBUPOBAH-
HBIE MO/1 3ALUTOH HEMPOHUKAIOIIMX KPUOIPOTEKTOPOB,
XapaKTepU3yITCA JTOCTAaTOYHO BBICOKHM YPOBHEM
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Puc. 5. OcmoTunyeckas XpynkocTb 3pUTPOLUTOB B TMMNOTO-
Huuecknx pacteopax NaCl: H— 30% O3l _,; O - 15%

O3l _,s + 15% OMAU (* — oTnnuna cTaTUCTMYECKN

AOCTOBEPHbI Mo cpaBHeHuto ¢ 30% O3l _,,, p < 0,05).
Fig. 5. RBCs osmotic fragility in hypotonic NaCl solutions:
H-30% OEG _ ;00-15% OEG _ .+ 15% DMAc ; * # —the

differences argzg’tatistically signrﬁizéant comparing to 30%

OEG, _,; solution, p < 0.05)

2

Comparison of osmotic fragility of RBCs frozen-
thawed in hypotonic solutions NaCl (Fig. 5) revealed
that in the 0.5-0.1% NaCl solutions the values of this
index were slightly higher in RBCs, frozen-thawed in
30% OEG, _,solution, whereas in 0.7 and 0.9% NaCl
solutions more resistant were the RBCs, frozen-thawed
in a combined solution contained 15% OEG, _,, and
15% DMAc.

It is known that DMAc has the highest potential
for hydrophobic interactions, if compared with 1,2-PD
and DMSO [8]. Positive effect of DMAc as a compo-
nent of combined cryoprotective media on RBC
osmotic stability is apparently associated with its ability
to interact with lipid components of membranes,
resulting in the increased plasma membrane surface
and the decreased cell volume-to-surface ratio, which
reduces the risk of colloid osmotic lysis.

Introduction to the cryoprotective medium based
on OEG, _,, oflow molecular weight 1,2-PD or DMSO
at 10 or 15% concentration caused a sharp increase in
osmotic fragility of thawed RBCs. Probably, this effect
may be due to both direct effects of the substances,
DMSO in particular, on the cell membrane (toxicity),
and the result of the osmotic effects caused by
combined solutions. It was previously shown [28, 39],
that the damaging effect of DMSO during freeze-
thawing could be caused by affecting the lipid bilayer
structure due to hydrophobic interactions of the methyl
group of DMSO with carbohydrate components of
phospholipids. For example, DMSO at a concentration
of 2.5 to 7.5 mol% caused a thinning of membrane
and increased the fluidity of its hydrophobic components
[28], increasing the concentration of DMSO up to 10—
20 mol% could initiate the formation of transient water
pores in membranes, further increasing the concentra-
tion (30 mol% or higher) caused the structural disinteg-
ration of the bilayer [28, 39].

Lack of positive effect after supplemetation of the
combined solution with 10 or 15% 1,2-PD may be due
to the fact that this cryoprotectant reduces the viscosity
of the phospholipid bilayer of RBC membranes and
induces disaggregation of protein complexes, which
can also lead to impairment of the RBC membrane
structure [15] .

Evaluation of the efficiency of utilization of DMSO,
1,2-PD or DMAc combined with OEG,__,. in terms of
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MIOKAa3aTeJIe COXpPaHHOCTH Cpasy IMOCye OTorpena [2,
17, 35]. BmecTe ¢ TeM KpHOKOHCEPBHUPOBAHUE DPHUT-
POLIUTOB B PACTBOPax HEMPOHUKAIOIUX KPUOIPOTEK-
TOPOB MOKET IPUBOJUTH K PA3BUTHUIO JATEHTHBIX I10-
BpeXACHUH UX MeMOpaH, KOTOpble MPOSBISAIOTCS,
MIPEKE BCETO, B HAPYIIEHNH JIUIHIHOW aCHMMETPUN
1 MOAN(HUKALUH IUTOCKETIET-MEMOPaHHOTO KOMILIEK-
ca KJIeToK [5, 34]. 1o HacTOs11IeT0 BPEMEHU BO3MOXK-
HBIE Iy T MIPENOTBPAILEHNS JTATEHTHBIX TIOBPEXKICHUN
uccrnenoBanbl Heocrarodno. [To muenwuto D.V. Pribor
[32] naTeHTHBIE TOBPEXACHUS SPUTPOIMTOB IOCIHIE
OTOrpeBa 00HAPYKHUBAIOTCS HE cpasy, a MPOSBISIFOTCS
JIUIIB B CHIDKEHUH KX OCMOTHYECKOH YCTOWYHBOCTH U
HapacTaHUH TeMOJH3a B IMPOIECcCe MOCIEAYIONMEro
TUIIOTEPMUYECKOTO XPAHEHUSI.

[Ipunumas Bo BHUMaHUE 3TOT (PAKT, MBI HCCIIEAO-
BaJl COXPaHHOCTb IPUTPOLUTOB, KPUOKOHCEPBHUPO-
BaHHbIX B 30%-M pactBope OOI', _ . 1 KOMOMHMPOBaH-
HoM pactBope 15% OOT _ . ¢ 15% JIMA1 u B3Be-
LIEHHBIX NOCJIE OTOTpeEBa B IJIa3MO3aMeIlaoleM
pactBope LIOJIMIIK-8B, B poriecce uX TUIIOTEPMH-
yeckoro xpaneHus npu (4 + 2)°C B teuenne 1, 24 n 48 u.

Bornee BbicOKMIA ypOBEHH COXPAHHOCTH KPHOKOHCEP-
BHUPOBAHHBIX 3PUTPOIUTOB IO MOKA3aTEIO MX OCMOTH-
yeckoi xpynkocTu B 0,6 u 0,9%-x pactBopax NaCl B
TedeHne 48-4acoBOr0 THIIOTEPMUYECKOTO XPaHEHUS
YCTAaHOBJIEH I KPUO3AILUTHON CpeIbl, COAEpIKaIen
xoMmOuHanuw 15% OSFF25 u 15% JAMA, ogHako no-
Ka3aTesld TeMOJIN3a U CoZlepKaHne CBOOOAHOT0 reMo-
100MHa OBUTH 3HAYUTENILHO HUKE B 00pa3iax, Kpuo-
KOHCepBUpOBaHHBIX B 30%-M pacteope OOI" _ . (Tab-
JIUIIA).

CrnenyeT 0c000 OTYEPKHYTH, YTO MMOCIE 24 4 THU-
moTepMuUIecKoro Xxpanenus B pacteope LIOJIMIIK-8B
cozeprkaHre cBOOOJHOTO reMOTIIO0MHA BO B3BECH KIle-
TOK, 3aMOPOXKEHHBIX-0TOrpeThIX B 30%-m OOL
COOTBETCTBOBAJIO CTaHAAPTaM, YCTAHOBIIEHHBIM IS
KPHOKOHCEPBHUPOBAHHBIX SPUTPOLIUTOB, ITPEJHA3HAYEH-
HBIX 17151 TpaHcgysuii [ 1, 26]. [Tocne 48 4 rumorepmu-
YECKOT0 XpaHEHUsI SPUTPOLIUTOB, KPHOKOHCEPBUPOBAH-
HpIX Kak B 30%-m OOI" __,, tak u 15%-m OOI' _ . ¢
15% JAMA, conep>kanue cBOOOIHOTO reMOrIo0nHa
BO B3BECH YBEIMYHMBAIOCH, a [IOKa3aTeNId TeMOIIN3a, OC-
MOTHYECKOH XPYNKOCTH ¥ TEMAaTOKPUTa CHUKAJINCK.

[IpuBeneHHBIE NaHHBIE OTYACTH MOATBEPKIAAIOT
runore3y @.P. Bunorpaa-®unkens [6] o Hanwmuuu
CKPBITHIX MOBPEXACHUH MEMOpPaHBI JTUIIb B HEOOIIb-
0¥ (YpaKIUU SPUTPOLUTOB U3 OOIIEH NX TTOMYIISIIHH.
YBenudeHue ypoBHS CBOOOJHOTO TeMOTIIOOMHA BO
B3BeCH Ha ()OHE CHMKEHHMSI TIOKA3aTeNsi FTeMaTOKPHTa,
a TaKXKe CHIDKEHHE TIoKa3aTeleil reMoIn3a i OCMOTH-
YECKOHM XPYIKOCTH SPUTPOLUTOB HOcie 48 U THIoTep-
MHYECKOTO XpaHEHUs] MOTYT CBUIETEIBCTBOBATH O
TOM, YTO YacCTb (PPaKLIMH TOBPEKICHHBIX )PUTPOLIUTOB
JU3UPOBaJia, a OCTABIINECS KIETKH UMENN OOJIBIIYIO
OCMOTHYECKYIO YCTOMUUBOCTb.

=25
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their positive impact on the survival of frozen-thawed
erythrocyte by osmotic fragility indices, indicated
DMACc in 10 or 15% concentration to be the most
effective cryoprotectant in the combined cryoprotec-
tant medium. These data are of particular interest be-
cause it was the first succesfull attempt to significantly
reduce the osmotic fragility of RBCs, frozen-thawed
in cryoprotective medium with non-penetrative poly-
meric cryoprotectant OEG, _,.. One could assume that
the absence of significant differences in the survival
of frozen-thawed RBCs in terms of hemolysis and free
hemoglobin indices between the combined media and
30% OEG, _,, solution was due to high cryoprotective
activity of basic solution of non-penetrating cryopro-
tectant.

It is known that RBCs frozen-thawed under the
protection of non-penetrating cryoprotectants, are
characterized by rather high survival immediately after
thawing [2, 17, 35]. However, freeze-thawing of RBCs
in non-penetrating cryoprotectants solutions could lead
to the development of latent damages in the membranes,
primarily, in the lipid asymmetry derangements and
modified cytoskeleton-membrane complex of the cells
[5, 34]. To date, the possible ways to prevent latent
damages have been poorly investigated. According to
Pribor [32], latent post-thaw damages in RBCs could
not be detected immediately, but appear only as reduced
osmotic stability and increasing hemolysis during
subsequent hypothermic storage.

Taking this into account, we investigated the survival
of RBCs, frozen-thawed in 30% OEG, _,, solution and
combined solution of 15% OEG, _,. and 15% DMAc,
suspended after thawing in plasma-substitute
TsOLIPK-8v, and stored at (4 + 2)°C for 1, 24 and
48 hrs.

Higher level of frozen-thawed RBCs survival in
terms their osmotic fragility in 0.6 and 0.9% NaCl
solutions during 48-hour hypothermic storage was found
for the case of cryoprotective medium contained a
combination of 15% OEG, _,. and 15% DMAc,
however, the indices of hemolysis and free hemoglobin
content were significantly lower in the samples frozen-
thawed in 30% OEG, _,, solution (Table).

It should be emphasized that after 24 hours of
hypothermic storage in TsOLIPK-8c solution the
content of free hemoglobin in the suspension of cells,
frozen-thawed in 30% OEG, _, solution conformed to
the standards set for cryopreserved RBCs intended
for transfusion [1, 26]. After 48 hrs of hypothermic
storage of RBCs, frozen-thawed in both 30% OEG___.
and 15% OEG, _,, with 15% DMAc solutions the
content of free hemoglobin in the suspension increased,
and rates of hemolysis, osmotic fragility and hematocrit
decreased.

The above data partly support the hypothesis of
Vinograd-Finkel [6] about occurence of latent damages
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CoxpaHHOCTb Pa3MOPOXKEHHBIX 3PUTPOLIMTOB, KPUOKOHCEPBUpoBaHHbIX B 30%-m pacteope O3

n 15%-m O3l

n=25 n=25

¢ 15% OMAL, B npouecce runotepmmnyeckoro xpaHeHusi B cpege LIOJIUIMK-8s npu Temnepatype 4 £ 2°C (M £ S; n = 5)

Survival of RBCs during hypothermic storage at (4 + 2)°C in COLIPK-8v medium after freeze-thawing in 30% OEG

n=25

solution, and 15% OEG, _,, with 15% DMAc solution (M £ S; n = 5)

OcMoTHrYecKasi XpyrnKocTb, %
JITUTEeIbHOCTD R 4
XpaHeHus, u Hccrneyemblii pacTBOp Osmotic fragility, % Temonus, % Frereexgg?’lfgin Tematokpur,
Storage duration, Studied solution Hemolysis, % o/l S ’ Hematgcrit %
hrs 0,6% NaCl 0,9% NaCl ’
30% 09T ,_,,/OEG, . 45+0,55 1,8+ 0,26 1,6 + 0,32 0,83 0,2 28,6 + 0,63
1
15% 09T _,./JOEG,_,,
n=25 n= + * + * + . + . 4
+15% ﬂMALL/DMAé 1,8 £0,26 0,7 £0,25 52+1,1 2,3+£0,76 27,7+ 0,4
30% 09T ,_,,/OEG, . 6,9+ 0,25 7,22 0,59 1,8 +0,28 0,87 £ 0,19 28,24 0,51
2 15% O3r,_,./OEG
o n=25 =25 + . 4 + P + ' +
+15%ﬂMALL/DMAé 4,7 £ 1,15 1,5+0,6 5,3+ 1,88 2,5+0,64 27,9 £ 1,11
30% 09T ,_,,/OEG, . 5,3540,5 6 £ 0,08 1,2 40,53 1,8 0,23 23,240,98
48 15% O3r,_,./OEG
o n=25 =25 + . + i + + +
+15%ﬂMALL/DMAé 1,1 £0,27 1,1 £0,39 1,8 £0,62 2,87 £0,25 25,9+ 1,3
MpumeyaHue: * — OTNNYMA CTATUCTUHECKU LOCTOBEPHLI MO cpaBHeHuo ¢ 30%-m pacteopom O30 _ ., p < 0,05.

Note: * — the differences are statistically significant if compared with 30% OEG, _,, solution, p < 0.05.

BoiBoabI

Pesynprarel mpoBeeHHBIX HCCIIEIOBAHMIA TOKA3a-
JIY BBICOKYIO KPHO3ALIUTHYIO aKTUBHOCTB 9KCTPALIE-
JOISIpHOTO  Kpronporekropa OOI' _ . mpu 3amopa-
YKUBAHUW PUTPOLIUTOB IOHOPCKOM KPOBH YEJIOBEKA.

BBenenune B cocTaB KpHO3aIIUTHBIX PAaCTBOPOB Ha
ocHoBe OOl _ . MPOHMKAIOUIUX KPUOIPOTEKTOPOB
1,2-111, AMCO unu IMA1 B cooTHomeHuu 5:1, a
tarke JIMA1 B coorHomennu 2:1 u 1:1 crmocob¢TBO-
BaJIO YMEHBIICHNIO OCMOTHYECKOH XPYIKOCTH pa3Mo-
PpOKeHHBIX dpuTpounToB. Hanbomnee BbICOKHI ypOBEHb
OCMOTHYECKON YCTOWYMBOCTH KPHOKOHCEPBHUPOBAH-
HBIX 3PUTPOLHUTOB TOJYUYEH MPU HCIOJIb30BAHUU
pactBopa, conepxkantero OO _ - u JIMAL B cOOTHO-
menud 1:1. Takum o6pas3om, BliepBbIe IPH 3aMOPAXKHU-
BaHUU 3PUTPOLUTOB B KPHOKOHCEPBAHTE Ha OCHOBE
MTOJTMMEPHOT0 3KCTPALEILTIONIIPHOTO KPHOTIPOTEKTOpa
031“]1:25 yIaJI0Ch 3HAYUTEIHHO CHU3UTH HX OCMOTH-
YECKYI0 XPYTIKOCTb.

[To pesynbTaTam 3KCIIEpUMEHTOB 110 48-4acoBOMY
THIIOTEPMUYECKOMY XPAHEHUIO 3PUTPOLUTOB, KPUOKOH-
cepBupoBanHbix ¢ OOI' _ . B COCTaBe KOMOMHUPOBAH-
HOTO WJIM OTHOKOMIIOHEHTHOT'O pacTBOPA 1 B3BELICH-
HBIX [TOCJIE OTOIPEBA B IJIa3MO3aMELIal0IIEM PACTBO-
pe LOJINIIK-8B, ycTaHOBIEHBI OTCYTCTBHE CYIIECT-
BEHHBIX MOTEPh KJIETOK (ITOKa3aTeslb reMaTOKpUTa),
a TaK)Ke 3HAYMTEIBbHOTO YBEINYEHHS I0KA3aTeNeH re-
MOJIM3a, CBOOOIHOTO reMOnIOONHA U OCMOTHYECKOM
xpynkocTH. [lomydenHbIe TaHHBIE MOXKHO TPAKTOBAaTh
KaK OJTBEp KIeHHUE I1eTIecO00pa3sHOCTH TPUMEHEHHUS
B KayeCTBE HEMPOHMKAIOIIEr0 KPUONPOTEKTOpa A
3amopakuBanus spurpouutos OOI', ., a Takxke HEOO-
XOJTMMOCTH JTaJbHEUIIINX FCCIEOBAHHM 110 CO3IAHUIO
KOMOMHUPOBaHHBIX KPHOKOHCEPBAHTOB Ha €r0 OCHOBE.
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of the membrane in only a small fraction of total RBC
population. Increasing levels of free hemoglobin in the
suspension on the background of decreased hematocrit
as well as the reduced hemolysis and osmotic fragility
of RBCs after 48 hrs of hypothermic storage may
indicate that some fraction of damaged red blood cells
were lysed, and the remaining cells had a greater
osmotic stability.

Conclusion

The results of the conducted research have shown
a high cryoprotective activity of extracellular cryopro-
tectant OEG, _,, during freeze-thawing of human
RBCs.

The supplementing of cryoprotective solutions
based on OEG, _,, with penetrating cryoprotectants
1,2-PD, DMSO or DMACc in 5:1 ratio, as well as with
DMAc in 2:1 and 1:1 ratios allowed to reduce the
osmotic fragility of frozen-thawed RBCs. The highest
level of osmotic stability of frozen-thawed RBCs was
obtained in case of solution contained OEG, _,, and
DMACc in 1:1 ratio. Thus, for the first time we succeded
to reduce significantly the osmotic fragility of RBCs
after the freeze-thawing of the cells in the solution
based on extracellular polymeric cryoprotectant
OEG, _,..

Hypothermic storage during 48 hrs of RBCs
frozen-thawed in OEG__,. solution combined with other
cryoprotectants or as single cryoprotectant and sus-
pended after thawing in plasma-substitute solution
TsOLIPK-8c resulted in insignificant loss of cells (in
terms of hematocrit index), as well as no significant
increase in indices of hemolysis, free hemoglobin
content and osmotic fragility were found. These data
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can be interpreted as an approval of OEG, _ , as the
prospective non-penetrating cryoprotectant for freeze-
thawing of RBCs, and that further research on the
creation of combined cryopreservatives on its base is
essential.
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