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Transformation of Erythrocytes During Cryopreservation
with Oxyethylated Glycerol Derivatives with n = 25
and n = 30 Polymerization Degree

Pecbepat: B paboTe npeacrtaBneHbl aKCnepuMeHTanbHble AaHHble OTHOCUTENbHO BIIMSHUS OKCU3TUIIMPOBAHHbBIX MPOU3BOAHBLIX
rmuUeprHa co cTeneHbio nonmmepusaumn n = 25 u n = 30 (O3l _,, n O3l _,)) Ha hopMy ¥ AnaMeTp SPUTPOLMTOB YesloBeKa Ha
aTanax KpMoKoHcepBMpoBaHus. ®opmy 1 AnameTp KNeToK A0 U Nocre KPUOKOHCEPBUPOBaHWS M3yyarnu B «XKMBOW Kanne» MeToaoM
VMMEPCUOHHOW MMKpocKonuu. MNMokasaHo, YTO KOHTAKT C MCCnefoBaHHbIMM KPUO3aLUMTHBIMU pacTBOpamMu U fanbHenwee HU3Ko-
TemnepaTypHOe KOHCEPBUPOBaHWE MPUBOAAT K TpaHCopMauumn 3puTPoLUTOB. XapakTep U3MeHeHUs ux popMbl U anameTpa 4o
M nocrne KpMOKOHCEPBMPOBAHUSA 3aBUCUT OT CTEMEeHU MOoNMMepu3aumn n KOHLEHTPaLMU KpuornpoTekTopa. YcraHoBneHo, Yto 40%-e
pacteopbl O3l _,. n O3l _,, Ha aTane aKCnosvLMK BbI3bIBaOT AedhopMaLmio 1 arrIioTMHaUmMi0 KneTok. Hanbosnblwee konuyectso
3pUTPOLMTOB AUCKOUAHOW (HOPMbI COXPaHANOCH nocre KprokoHcepauposaHus B 30%-x pacteopax O3l _,, u O3l _, . YcTaHoBneHo,
4TO Mocne oxnaxaeHus-otorpesa knetok B 30%-m pactsope O3[ ., yBenuuumica nx Avametp, a npu ucnonbsosaHun 30%-i
KoHueHTpauu O3T _,, AaHHbIN NapaMeTp Haxoausica B npeaenax HopMbl.

KnioyeBble crnoBa: OKCU3TUNMPOBAHHbIE MPOU3BOAHbIE IMULIEPUHA, 3PUTPOLIMTLI, bopma, ANaMeTp, KPMOKOHCEPBUPOBaHME.

Pedepar: Y poboTi nogaHo ekcrnepuMMeHTanbHi AaHi WOAO BNIMBY OKCMETUNbOBAHUX MOXIAHUX FMiLEPUHY 3i CTyneHem
nonimepusauii n = 25 in =30 (OEl _, i OEl _, ) Ha popmy Ta aiameTp epuTpoLuTiB NMIOANHU Ha eTanax KpioKOHCepBYBaHHSA. dopmy
Ta JiameTp KNiTMH OO Ta Micrs KpiOKOHCEePBYBAHHSI BUBYANM B <«XKMBIiA KpaniuHi» MeTO4OM iMepciiHoiT Mikpockonii. MokasaHo, Lo
KOHTaKT i3 [OCNIAKEHUMU Kpio3axMCHUMM pO3yYMHaMM Ta nojarnblue Hu3bKoTemnepaTypHe KOHCepBYBaHHSA MPU3BOASTb [0
TpaHcdopmalii eputpoumnTiB. Xapakrtep 3MiHM ix hopmu Ta AiameTpa [0 Ta MiCNs KPIOKOHCEPBYBaHHSA 3aneXwTb Bif, KOHUEeHTpaLii
Ta cTyneHs nonimepusadii kpionpoTtektopa. BetaHosneHo, wo posunHu OEF i OEF _, vy koHueHTpauii 40% Ha eTani exkcnosuuii
BUKMMKaOTh Aedopmalito i arnoTuHauiio knitnH. Hanbinbwa KinbkicTe epuTpounTiB AnckoigHon cdopmu 3bepiranacsa nicns
KpiokoHcepByBaHHs B 30%-x posunHax OEl . i OEl _,.. BcTaHOBIEHO, WO NiCNs OXONOMKEHHSA-BIAIrpiBaHHA KNiTuH B 30%-My po3-
uunHi OET _, 36inblumecsa ix giameTp, a npu sukopucTaHHi 30%-i koHueHTpauii OET _,, AaHWit napameTp 3HaX0AMBCS B MEXax HOPMMU.
KntoyoBi cnoBa: okcneTunboBaHi NoxigHi rmiuepuHy, eputpountn, dopma, AiaMeTp, KPioOKOHCEPBYBaHHS.

Abstract: This paper presents experimental data on the effect of oxyethylated glycerol derivatives with n = 25 and n = 30
polymerization degree (OEG,_, and OEG,_,)) on shape and diameter of human erythrocytes at the stages of cryopreservation. The
shape and diameter of the cells before and after cryopreservation were studied in ‘live drop’ by means of immersion microscopy. It has
been shown that the contact with the investigated cryoprotective solutions and following low temperature preservation led to
erythrocyte transformation. Character of change in their shape and diameter before and after cryopreservation depended upon the
polymerization degree and concentration of cryoprotectant. It was established that 40% OEG, _,, and OEG,_,; solutions at the exposure
stage caused cell deformation and agglutination. The largest number of erythrocytes of discoid shape was maintained after
cryopreservation in 30% OEG,_,, and OEG__,; solutions. It was found that after cooling-warming the cells in 30% OEG _,, solution their
diameter increased, while using 30% concentration of OEG,_,; this parameter was within the normal range.

Key words: oxyethylated glycerol, erythrocyte, shape, diameter, cryopreservation.

IIpuMeHeHne KIEeTOK U IpenapaToB KPOBH — Mep-
CIIEKTUBHOE HaNpaBIEHUE B HKCIEPUMEHTAIbHON U
KIMHUYeCKO TpaHcdy3uonoruu. Mcnons3oBanue
KOMITOHEHTOB H [IPETIapaToB KPOBHU TTO3BOJISIET OOPOTHCS
C TaKUMH ONACHBIMH 3a00JICBaHHMSAMH, KaK aHEMUS,
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The use of blood cells and preparations is of great
importance for experimental and clinical transfusion.
Using the blood components and products is helpful in
treating dangerous diseases such as anemia, thrombo-
cytopenia, sepsis etc. [5, 9, 20]. The most valuable
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TPOMOOLIUTOIICHHS, ceTickc U ap. |5, 18, 25]. Hauboee
LIEHHBIM JIe4eOHBIM KaueCTBOM KPOBHU SIBIISIETCS €€
CIIOCOOHOCTB BBIMOIHATH TA30TPAHCTIOPTHYIO (PYHKIIUIO,
KOTOPYIO OCYIIECTBISAIOT dpUTPOLUTHL. [Ipogomku-
TEJIBHOCTB )KU3HU D)PUTPOLIUTOB B KDOBEHOCHOM pYCIIe
yenoBeka cocTapisieT okoso 120 cytok. Kaxkaple cyTkn
paspymaercst okono 1% LUPKYIUPYIOIIUX B KPOBH
PUTPOLUTOB, KOTOPBIE 3aMEIAIOTCS TAKUM K€ KOJIH-
YEeCTBOM «MOJIOJIBIX» KIIETOK, 00JIaJaroIuX JTyqIleH
CIIOCOOHOCTBIO K JICCOIUAIIIH KUCIOPO/Ia.

Cy1iecTByIOIIYE TUTIOTEPMUYECKHE CIIOCOOBI XpaHe-
HHS 00€CTIeYMBAIOT COXPAHHOCTB SPUTPOLUTAPHBIX KOM-
[TOHEHTOB B T€YEHHE 5 CYTOK, UTO OIPAaHUYMBACT HX
parmoHagbHOE HcTonb3oBanue. [lpuopureTHoe Ham-
paBJieHUE B JaHHOH 001aCTH — CO3JaHUE METOJIOB J0JI-
FOCPOYHOI'0 XpaHEHUsI SPUTPOLIUTOB YETOBEKA ITyTEM UX
KpHOKOHCEpBUpOBaHUs pu Temmneparype —196°C. /s
CO3/IaHUS METOZIOB, HE TPEOYIOIIMX OTMBIBaHUSI KIIETOK
nepen Tpancdysuei, B KaueCTBE HEMPOHUKAIOIIUX
KPUONIPOTEKTOPOB UCIOJIB3YIOT MOJIMMEPHBIE COEH-
Henws [3, 13, 24, 27, 28]. B 4acTHOCTH, OJIUTOMEPHI
okcuATHUIHpoBaHHOTO mnnepuna (O3I), koropsie
BITEpBbIE OBLIM CHHTE3MPOBaHbI B IHCTHTYTE IpoOIeM
kpuoOunonornn U kpuomenuuuasl HAH Ykpannst
(XapbKoB), ABISIOTCA MEPCHEKTUBHBIMHU COEIUHE-
HUSIMH JJ151 3aMOpaKUBaHus 3puTporuToB [11, 14]. Otn
BEILECTBA OTHOCATCSI K MCKYCCTBEHHBIM IOJIHMED-
HBIM COEIMHEHMSIM C XUMHUUYECKOH (opmymnoi
C,H,0,~(-CH,~CH,-O-) H,, tne n — cTenens mo-
JIUMEPU3ALIH, KOTOpas MOXKET BApbUPOBATh B 3HAYH-
TEJbHBIX mpeaenax [14].

Panee Obu10 MOKa3aHo [15, 16], yTO ONMUTOMEpPHI
OO3I co crenensaMu nonumepusanuu n =25 un =30
0071a1a10T BBHICOKOM 3aIIUTHON aKTUBHOCTBHIO MPH
KPHUOKOHCEPBUPOBAHUH IPUTPOIIMTOB YeloBeKa. Pe-
3yJBTaThl TOKCUKO-(apMaKOJIOTHIECKUX HCCIIeI0Ba-
HHUW Ha MbIIIAX W KpbIcax JIMHUKM Bucrap nokazanu,
4TO IPH OJIHOKPATHOM BBeJIeHNH B opranusm OO _
1 OOI' _, OKa3bIBAIOT HE3HAYMTEILHOE TOKCHIECKOE
neiicteue [6, 9]. Bmecte ¢ TeM Mop¢oJoruuecKie u
MopdomMeTprIecKre XapaKTEPUCTUKU SPUTPOLIMTOB 10
U 1ocie 3aMopaxuBaHus-otTorpesa ¢ OO n3yuyeHst
HezpocTtatouHo. DopMa U pa3Mep SpPUTPOLIUTOB — BaXk-
HBIE XapaKTEPUCTUKH ITPU U3YUEHUHU UX COXPAHHOCTH,
[TOCKOJIbKY H3MEHEHHUE ITUX NTapaMeTPOB MOXKET MPH-
BECTH K yTpaTe KJIETKaMHU CIIOCOOHOCTH TPaHCIIOP-
THUPOBATHCS Yepe3 MUKPOLIMPKYIATOPHOE PYCIIO U BbI-
MIOJTHATH CBOIO OCHOBHYIO Ta30TPAHCIIOPTHYIO (PYHK-
nuto. OnrumansHas Gopma sputponuTa it dpex-
TUBHOTO Y4YacTHs B Ta3000MEHE — 3TO TBOSKOBOTHY-
ThI auck. Takas ¢opma oOecrieunBaeT BBICOKYIO
IUTACTHYHOCTD, Oyarofapsi KOTOPOH SPUTPOLUT Ana-
METpOM B 7,5 MKM CHOCOOEH NMPOHHUKATh 4epes
Kanwuisipsl B 2 MkM [17].

[Ipu Bo3meiicTBUY pa3IMYHBIX (PAKTOPOB ¥ XMMHU-
YECKHUX COCTUHEHUH TpaHchOpMaLus KIETOK IPOUC-
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therapeutic feature of blood is its ability to perform gas-
transport function, accomplished by erythrocytes. The
lifespan of erythocytes in human bloodstream makes
about 120 days. Each 24 hrs about 1% of erythrocytes
circulating in blood are destroyed, and replaced by the
same number of ‘young’ cells capable of better oxygen
dissociation.

Existing methods of hypothermic storage allow to
preserve erythrocyte components for 45 days, that
restricts their efficient use. Designing the methods of
long-term storage of human erythrocytes by means of
their cryopreservation at —196°C is the priority in this
area. To create the methods not requiring the washing
of'the cells before transfusion, the polymer compound
are used as non-penetrating cryoprotectants 3, 7, 19,
23-25]. In particular, these are oligomers of oxyethy-
lated glycerol (OEG), being for the first time syn-
thesized at the Institute for Problems of Cryobiology
and Cryomedicine (Kharkiv) which are also promising
compounds for freezing red blood cells [6, 16]. These
substances are artificial polymeric compounds with
the chemical formula C,H,O,~(~CH,-CH,~O-) H,
where 7 is the polymerization degree, which can vary
widely [16].

It has previously been shown [10, 18], that OEG
oligomers with polymerization degrees n = 25 and
n =30 have a high protective activity during cryopre-
servation of human erythrocytes. The results of
toxicological and pharmacological studies in mice and
Wistar rats showed that a single introduction of OEG, _,
and OEG, _,  into animals had insignificant toxic effect
[14, 24]. However, morphological and morphometric
parameters of erythrocytes prior to and after freeze-
thawing with OEG have been poorly studied. The
shape and size of red blood cells are the most important
charac-teristics in investigating their integrity, since the
change in these parameters can lead to the loss of the
ability of cells to be transported through the micro-
circulation system and to perform its primary function
of gas transport. The optimum shape of erythrocyte to
effec-tively participate in gas exchange is a biconcave
disc. This shape provides high flexibility, whereby the
erythrocyte of 7.5 microns diameter can penetrate
through the 2 microns capillaries [26].

Under the influence of various factors and chemical
compounds the transformation of cells is accompanied
with an increase in their dispersion and shifts in intra-
cellular hemoglobin content [ 16]. There are two types
of erythrocyte transformation, reversible and irrever-
sible. For example, a reversible transformation of eryth-
rocytes in bloodstream can reduce the affinity of hemo-
globin for oxygen and irreversible one may change the
rheological properties of blood, which in turn is follo-
wed by chronic hypercoagulable, endothelial dysfunc-
tion, hypoxia, and anoxia follows a complete stasis. In
addition, erythrocytes with a strongly altered size and
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XOIIUT TApaJUIENIFHO C YBEIHMUYEHUEM AMCIIEPCHH X
pa3MepoB M CABUTAMU B COAEPKAaHWW BHYTPHUKIIE-
TOYHOTO Tremornobuna [22]. CymecTByeT aBa THUIa
TpaHc(hOopMaIMU 3PUTPOLIUTOB — 0OpaTHMasi 1 HeoOpa-
tumas. Tak, oOpatumast TpancopManusi 3pUTPOLHU-
TOB B KPOBEHOCHOM pPYCJIE€ MO>KET IMPHUBECTU K CHH-
KEHHUIO CPOJICTBA TeMOINIOOMHA K KUCIIOPOY, & He0O-
paTtuMas — K U3MEHEHHUIO PEOJIOTHYECKUX CBOMCTB
KpPOBH, 4TO, B CBOIO OYEPE/Ib, COITPOBOKAAETCS XPOHH-
YECKOH TUIepKoaryssiyei, 3HA0TeMHaIbHON AUCHYHK-
1IM€H, TUTIOKCUEH, a MPHU TIOJIHOM CTa3e — aHOKCHEH.
Kpowme Toro, 3puTporuTsl CO 3HaUNTENHHO N3MEHEH-
HBIMHU pa3MepoM U (HOopMOH OyIyT MPEKACBPEMEHHO
YTHJIM3UPOBAHBI U3 KPOBEHOCHOTO PyCiia, YTO MOKET
MIPUBECTH K pa3BUTHIO aHeMUH [12].

Baxnoe TpeboBanue, npenbsBIisieMoe K HEPOHU-
KalOILM KPUOIPOTEKTOpaM, —3TO COXpaHeHue Mop¢o-
JIOTHYECKON LIEIOCTHOCTH SPUTPOLIUTOB Ha dTarax HU3-
KOTEMIIEpaTypHOTo KOHCepBHpoBaHUs. B 3Toii cBA3M
[poBeIeHnEe MOP(OIIOTHIECKUX U MOP(HOMETPUIECKUX
WCCIIeTOBAaHUH 3PUTPOLUTOB JI0 1 TIOCTIE OXJIAXKICHUS-
ororpesa B pactBopax OOI' . u OOL _, ssusercs
aKTyaJIbHOM 3a7auei.

e paboThl — M3y4UTH (GOPMY U pazmMep SPUTPO-
LIMTOB Ha 3Tarax KPHOKOHCEPBHUPOBAHUS B KpPHO3a-
IIUTHBIX Cpe/laXx Ha OCHOBE OKCHUATHUIIMPOBAHHBIX
[IPOU3BOJHBIX NIULIEPUHA CO CTENEHIMH NTOJIMMEpH3a-
mun n =25 un=30.

5 3

MartepuaJjbsl 1 MeTOABI

Martepuanom ajsi UCCIEAOBAaHUH ObUIN 3PUTPO-
LUTHI, TTOJYYECHHBIE METOAOM (PaKIIMOHUPOBAHMS
LesbHON ToHOpcKo# kpou rpymmsl A (II), 3aroTos-
JIeHHOH Ha KoHcepBaHTe « [ morumup» («bruodapmay,
VYkpanna) B XapbKOBCKOM 0OJIACTHOM IIEHTPE MePeH-
BaHUsI KpOBH. LleNTbHYI0 JIOHOPCKYIO KPOBb XPaHHIIH B
koHTelHepax «l'emakon» («Ravimedy, [Tonbina) He
6oree 48 1 mpu temmneparype (4 + 2)°C. Knetkn u3
JIOHOPCKO# KPOBH BBIICIISIIA METOJIOM IIEHTpH(YyTH-
poBanus npu 1250g B TeueHue 25 MHUH C IHoOcie-
OYIOIIUM yIaJdeHUueM IJIa3Mbl U JIEHKOTPOMOOIIH-
TapHOro cios. B pabore ucrnonp30Banu SpUTPOKOH-
LIEHTPAT C reMaTOKpUTOM B cperHeM 70%.

JU151 SKCTIEpUMEHTAIIbHBIX UCCIIEIOBAHMSIX IIPUMEHSITH
KPHOIIPOTEKTOP — OKCUATUIIMPOBAHHBIN INIMLIEPUH CO
CTeTeHbI0 mouMepu3anuu # =25 (M. M. ~ 1089,31) u
n =30 (m. M. ~1308,70) («bapBa», Ykpauna). Pact-
BOPBI KPHOIPOTEKTOPOB B KoHIIeHTpannu 20, 30 1 40%
roToBHIIM Ha ocHOBe ¢ocharHoro Oydepa (7,1 T
Na, HPO,; 6,1 r NaH,PO,, pH 7,4), conepxarero
0,15 M NaCl. Kpro3zamutHsie pacTBOpPbI IPUMEHSIIN
nocisie 24 4 BBIAEPKUBAHUSA NPH KOMHATHOW TeMIIe-
parype.

K sputpokoHIeHTpaTy Ha MPOTSHKEHUH 5 MUH 110
KarsiM ripu remneparype (20 = 2)°C nobasmisu 20, 30
1 40% OO’ _ u OOl _, B cootHowenun 1:1 (v/v).
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shape will be early scavenged from the bloodstream,
that can lead to the development of anemia [18].

An important requirement to non-penetrative cryo-
protectants is to preserve the morphological integrity
of erythrocytes at the low-temperature preservation
stages. In this regard morphological and morphometric
inves-tigation of erythrocytes prior to and after the
freeze-thawing in the solutions OEG _, and OEG
is a primary task.

The research aim was to study the shape and size
of erythrocytes at the stages of cryopreservation in
cryoprotective media based on ethoxylated derivatives
of glycerol having a n =25 and n = 30 polymerization
degrees.

Materials and methods

The research object were erythrocytes, obtained
by fractionation of whole blood group A (II), procured
with Glyugitsir preservative (Biofarma, Ukraine) in the
Kharkiv Regional Blood Center. Whole donor blood
was stored in blood bags (Ravimed, Poland) not more
than 48 hrs at a temperature of (4 + 2)°C. Cells were
isolated from donor blood by centrifugation at 1250g
for 25 min followed by removal of the plasma and leuko-
platelet layer. We used erythroconcentrate with a he-
matocrit of 70% in average.

For experimental studies we have used oxyethy-
lated glycerol with polymerization degree of n = 25
(m. w.~1,089.31) and n =30 (m. w. ~ 1,308.70) (Barva,
Ukraine) as cryoprotectant. Cryoprotectant solutions
of 20, 30 and 40% were prepared with phosphate-
buffered (7.1 g Na,HPO,; 6.1 g of NaH,PO,, pH 7.4)
containing 0.15 M NaCl. Cryoprotective solutions we-
re applied after a 24 hrs’ hold at room temperature.

During 5 min at a temperature of (20 +2)°C 20, 30
and 40% OEG, _,, and OEG, _,; solutions (v/v)
dropwise added to erythroconcentrate in 1:1 ratio. The
duration of erythrocytes exposure with cryoprotective
solutions was 15 min. Cell samples were cooled in
1.8 ml cryovials (Nunc, Germany) by a direct immer-
sion into liquid nitrogen (—196°C) for not more than
three weeks. Samples were warmed in a water bath
(40...42°C) with constant shaking of the container.
Erythrocytes being in autologous plasma served as the
control.

Erythrocytes were morphologically and morpho-
metrically analyzed in a ‘live drop’ by the method of
immersion microscopy with microscope Axio Observer
Z1 (Carl Zeiss, Germany). Images were collected and
analysed using AxioVision 4.8 software (Carl Zeiss).
The shape of red blood cells was assessed by
M. Bessis classification [4].

Statistical analysis of experimental data was per-
formed using Statistica 6.0 software (StatSoft Inc.,
USA). Qualitative attributes were evaluated by the
relative frequency of an attribute or the proportion (P),
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ITpo0KUTENBHOCTD SKCITO3UITUN
SPUTPOIUTOB B KPHO3AIMUTHBIX
pacTBopax cocTaBisia 15 MuH.
OOpa3mbl KIETOK OXJIAXJalHu B
kpuoammynax («Nuncy, ['epmanus)
obobemMoM 1,8 MJI IPSIMBIM TIOTPY-
JKEHHEM B KUAKUN a30T (—196°C),
He Oonee Tpex Hemenb. OOpa3Lbl
OTOTpeBaIM Ha BOAAHOUN OaHe
(40...42°C) mpu MOCTOSTHHOM TIOKa-
YyHMBaHUU KOHTeWHepa. KoHTponem
CIYKHIIA 3PHUTPOLHUTHI, HAXOJS-
1Mecs B ayTOJIOTUYHOM T1a3Me.
Mopdodonornueckuii 1 MOpPo-
METPUYECKUH aHaJIHI3 SPUTPOIIUTOB
ITPOBOJIHMIIH B <CKUBOM KarlIe» METO-
JIOM HIMMEPCHOHHOW MUKPOCKOIINT
B MHKpOckone «Axio Vision Z1»
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Puc. 1. KonnuectseHHoe cogepxaHne Mopdonornyecknx hopm apuTpoLnToB
B nnasme u pactesopax O3l _,. u O3 _, npu temnepartype 20°C; 1 —
ayTonormyHas nnasma, 2 — 20% 03I 3-20% O3r 4 —30% O3r
5-30% O3r _,.

Fig. 1. Amount of erythrocytes of different morphological forms in plasma and

n=25 n=30" n=25’

(«Carl Zeiss», 'epmanust). Dotope-
THCTPALIMIO M aHAJIN3 N300paskeHU I
BBITOJTHSUIN C TOMOIIBIO IPOTPaMM-
Horo obecnieueHnst «Axio Vision 4.8»
(«Carl Zeiss»). ©opMy pUTPOIUTOB
OLICHUBAJIH 110 Ki1accudukaiuu M. Bessis [17].

JJist CTaTUCTUYECKOTO aHAIIN3a IKCIIEPUMEHTAITb-
HBIX TaHHBIX UCTIOIL30BAJH MTAKET IMPOrpaMM «Statis-
tica 6.0» («StatSoft Inc.», CIIIA). KauecTBeHusle
MPU3HAKH OLIEHWBAJIN MO OTHOCHTEIBLHOHN 4acToTe
MpU3HAaKa WiK J0Ju (P), a TaxoKe Mo cpeHel ommnoke
nonu (P =+ Sp) (n = 3). Ilpu npoBepke HyJIEBOH
TUIIOTE3BI O PABEHCTBE A0JICH IPUMEHSITH Z-KPUTEPUH.
Pacxoxxnenne Mexxay rpynmnaMu CUdTalId CTaTHCTHU-
YecKku 3HauuMbIMH Tipu p < 0,05.

30% OEG

n=25"

Pe3syabTarsl u o0cyxaenune

OPUTPOLUTHL, HAXOAALINECS B Ay TOIOTMYHOM I11a3-
Me, IPECTABISIOT COOO0M reTepOreHHYIO0 MOMYJISILHUIO,
coaeprkantyio (96,60 = 0,07)% nuckorwmros; (1,01 +
0,06)% cromatorutos; (1,50 + 0,04)% >XHUHOINUTOB,
(0,41 £ 0,03)% cheporuro u (0,50 + 0,01)% chepo-
axuHOIHTOB (prc. 1 u 2). [Tocie 60 MUH SKCITO3UIINHN B
pactBopax kpuonporekropos OO’ - wu OO . npu
temreparype (20 + 2)°C knetku npuodpeTanu Gopmy
JUCKOIIUTOB M cToMaronuToB. B 20- u 30%-x pact-
Bopax OO’ . 10J1 5pUTPOLMTOB, TPaHCHOPMHU-
POBABILUXCS B CTOMATOLMTHI, ObLIA HE3HAYUTEILHOMN
(4,70 £ 0,02 u 8,1 £ 0,05), 6onee 90% KIETOK MMEIIO
IucKouHyto opmy. B pesynerare B3anMomencTBHs
kietok ¢ 20%-m pactBopom OOT' _,  nosst cromaro-
IIUTOB TI0 CPABHEHHIO C KOHTPOJIEM yBeumiack B 20 pas.
ITpu B3anmoxenctun ¢ 30%-m pactsopom OOI
6o1ee 80% K1eTOK TpaHCHOPMUPOBAIICH B CTOMATO-
uutel. B 40%-X pacTBOpax HCCIEAYyEMBIX KPOTIPO-
TEKTOPOB KJIETKH 3HAYUTENBHO Je(hOPMUPOBAIINCE,
MIO3TOMY KJIaCCH(PUIIMPOBATH UIX MO OOIICTIPUHATOMY
METOMy HE MPEICTABISIIOCH BO3MOKHBIM.
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after exposure to OEG,
autologous plasma, 2 — 20% OEG

5 and OEG solutions at temperature 20°C; 1 —
—20% OEG 4 -30% OEG 5-

25‘ n=30" n=25’

as well as a mean error of proportion (P £ S) (n=3).
When testing the null hypothesis of the equality of
shares the z-test was used. The difference between
groups was considered as statistically significant at
p < 0.05.

Results and discussion

Erythrocytes being in autologous plasma were
heterogeneous population containing (96.60 +0.07)%
discocytes; (1.01 £ 0.06)% stomatocytes; (1.50 +
0,04)% echinocytes; (0.41% £ 0.03) spherocytes and
(0.50 £ 0.01)% spheroechinocytes (Figs. 1 and 2).
After 60 min incubation with the solutions of cryopro-
tectants OEG _; and OEG _, at (20 + 2)°C the cells
acquired the shape of discocytes and stomatocytes.
In the 20 and 30% OEG, _,, cryoprotectant solutions
the share of erythrocytes transformed into stomato-
cytes was negligible (4.70 £0.02 and 8.1 + 0.05), more
than 90% of the cells had a discoid shape. As a result
of interaction of cells with a 20% solution OEG,_,  the
share of stomatocytes increased by 20 times if com-
pared to the control. When interacting with 30%
OEG__,, solution more than 80% of cells transformed
into stomatocytes. In 40% solutions of the studied
cryoprotectants the cells were strongly deformed, so
it was not possible to classify them according to the
traditional method.

The data of microscopic analysis enabled to reveal
one more important trend of erythrocyte transformation
in presence of oxyethylated derivatives of glycerol.
After exposure toa30% OEG _, solution single clusters
of erythrocytes were observed, i. e. the cell agglo-
merates were formed. As Fig. 2 demonstrates, in 40%
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Puc. 2. OpuTpouuTbl Nocne 3KCNo3uuuu B pacTBopax

oar,_,, n 03r,_,, (1 — auckouut, 2 — ctomarouut, 3 —
arnomeparTbl KNeTok); A — ayTonormyHas nnasma; B — 20%
o3r .. € —30% 0O3r _,.; D - 40% O3r, E - 20%
oar F-30% O3l _,; G—40% O3r

n=30’ n=30’ n=30"

Fig. 2. Erythrocytes after exposure in OEG _,, and OEG _,,
solutions (1 — discocyte, 2 — stomatocyte, 3 — cell
agglomerates); A — autologous plasma; B — 20% OEG __,;
C -30% OEG,__,.; D-40% OEG,__,; E—-20% OEG__,;
30% OEG _,; G—40% OEG__,,.

n=257

n=30’




JlaHHbBIE MUKPOCKOTIMYECKOTO aHAJIN3a MTO3BOIHIIN
BBISIBUTB JIPYTYIO BXKHYIO TSHICHIINIO TpaHchopma-
LMY SPUTPOLUTOB B MPUCYTCTBUH OKCUITHINPOBAH-
HBIX IPOM3BOJAHBIX IMHIepuHa. [locne sxcno3nnnu B
30%-mpactBope OOI', _,  ObLIM OTMEYEHBI €AMHHYHBIE
CKOIUICHHS SPUTPOLMTOB, T. €. (YOPMHUPOBAHHE KJle-
TOYHBIX antoMeparoB. Kak BuaHo u3 puc. 2, B 40%-x
pacTBOpax AaHHBIX KPHOMPOTEKTOPOB KJIETKH 00-
pa3oBBIBAIM KPYIHbIE CKOTUICHUS, MUMEIOIIHE He-
YTIOPSIIOYCHHYIO CTPYKTYPY, YTO CBUAETEIHCTBOBAIO
00 nx arrmotuHanuu. [Ipu atom B 40%-M pactBOpe
OOT' _,, arnmoTHHAIMS. SPUTPOLIUTOB OOJIEe BBIPAKE-
Ha, 4yeM B pactBope OOI" . ¢ Takoi e KOHLECHT-
partueii.

1 mosmyyeHnst tHGOPMALH O JIMHEHHBIX pa3Mepax
SPUTPOLUTOB Mocie B3aumoaectrus ¢ 20- u 30%-mu
pacTBopamu kpuonpotekropos O9I' . u O3
ObL1 M3MepeH ux nuameTp. B 40%-x pactBopax ucciie-
JYEMBIX BEILECTB AAHHBIN MapaMeTp HE ONPEaeIIsIN
M3-3a arrIlTHHAIMM KJIeTOK. Pesynbrarsl Mopdo-
METPHUYECKOTO aHaJIN3a KOHTPOJIBHBIX 00Pa3IIOB CBH-
JETEIbCTBYIOT, UTO BEJIMYMHA THAMETPA SPUTPOIIUTOB
HaxoauTcs B mHTEpBae 6,1-9,0 mxm (puc. 3, A, B,
KkpuBas 1). DpurporromeTpudeckas KpuBasi CHMMET-
pWYHA, €€ MK HaxomuTcs B nHTepBaie 7,1-8,0 MkM,
YTO COOTBETCTBYET 3HAYECHHUIO AUAMETPa KJIETOK TepH-
(hepuueckoit kpou B HopMme [17]. Tlocne 60 muH
9KCHo3uLUH puTporutoB B 20- 1 30%-x pacTBOpax
O3, MMKK SpUTPOLIUTOMETPHIECKUX KPHBBIX HaXO-
nsTcst B uHTepBane 7,1-8,0 MKM, YTO COOTBETCTBYET
KOHTPOJIbHOMY 3HadeHuto (puc. 3, A, B; kpussie 2, 3).
[Ipu sToM Habmomanach TEHACHUMS K YBETHUCHHIO
quameTpa KieTok. [1o cpaBHEHHIO ¢ KOHTPOJIEM 3Ha-
YUMO YBEIUYMIIACH JI0JISI SPUTPOLIUTOB C THAMETPOM
8,1-9,0 Mmxm. Kpome ToT0, HabIFOIaiCh KIIETKH C THa-
metpoMm 9,1-10,0 mxm. IIpu atom B 30%-M pacTBOpe
O3T" _,, ux nons 6wina 6osbiie, 4eM B 20%-M pacTBo-
pe aToro xe kpuompotekTopa (puc. 3, A; xpusas 3).
ITocne skenosunmnu B 20- u 30%-x pactBopax O9I |
OTMEUEHO 3HaYMMOE YBEIMYEHUE JUaMeTpa dpHUTpPO-
LIMTOB TI0 CPaBHEHHIO ¢ KOoHTposieM (puc. 3, B), uto
MTOATBEPKJIAETCS CABUTOM ITHKA 3PUTPOLUTOMETPHU-
YECKOM KPUBOM B IUANAa30H YUCICHHBIX 3HaUeHUH &,1—
9,0 Mxm. IIpu comocTaBieHUN JaHHBIX 3PUTPOLU-
TOMETPUYECKHUX KPUBBIX (pHc. 3, A, B; kpusble 2 u 3)
TTOCTIC B3aMMOICHCTBHS dpUTPOIHTOB ¢ 30%-M pacTBo-
pom OOI" _, Obuia BbIABIIEHA HAMOOIBIIIAS 10T KIIETOK
C YBEJIMYEHHBIM JIHAMETPOM

Ha cnemytromem atane paboTs! Hccaea0BaIN COX-
PpaHHOCTH (POPMBI B IMAMETPA IPUTPOIIUTOB MOCIIE ITUK-
J1a OXJIKAEHUSA-0TOTPEBA B KPHO3AIIUTHBIX Cpe/iax Ha
OCHOBE HENPOHMKAKOLINX KpHonpoTekTopoB OOI" u
OOr _,,. /lns 51010 B 0TOrpeThix 00pasuax OleHHBaIN
COOTHOILCHUE PA3IMYHBIX Mopdonornyeckux Gopm
KJIETOK. JIeKoHCEepBUpOBaHHAs CyCIIEH3Hs SPUTPOLIUTOB
coJieprkasia JUCKOLUTHI, CTOMATOLUTEI, SXUHOLUTEI,
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Puc. 3. [lnameTp apuTpOUUTOB MOCIie 3KCNO3MLMN B
pacteopax O3l . (A) n O3l __,, (B): 1 — KoHTpoOnb, 2 —
30% O3r,_,,n O3l _,., 3-20% O3r,_,,n O3l _,.

Fig. 3. Diameter of erythrocytes after exposure in OEG _
(A)and OEG,_,, (B) solutions: 1 —control, 2 -30% OEG
and OEG__,, 3 -20% OEG,_,, and OEG _

25
n=25

=30’ 2 30°

solutions of these cryoprotectants the cells formed large
clusters with a disordered structure, which evidenced
to their agglutination. Herewith in a40% OEG, _, solu-
tion an agglutination of erythrocytes was more pro-
nounced than in that of OEG _,, of the same concen-
tration.

To retrieve the information on linear dimensions of
erythrocytes after interaction with 20 and 30%
OEG,__,,and OEG _, solutions of cryoprotectants their
diameter was measured. This was not performed in
40% solutions of the investigated substances because
of cell agglutination. The results of morphometric ana-
lysis of the control samples showed that the diameter
of erythrocytes was within the ranges of 6.1-9.0 mm
(Fig. 3A and B, curve 1). Erythrometric curve was
symmetrical, its peak was in the range of 7.1-8.0 mm,
that corresponded to the diameter of peripheral blood
of normal cells [4]. After 60 min long exposure of
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c(hepodXMHOUNTHI, CHEPOLUTH U 120
ne(hOpMUPOBAHHBIE KIIETKH (pHC. 4). 1
[Tociie oxnaxxaeHUsI-0TOrpeBa
sputpountoB B 20%-M pacTBope
OO3T',_,; oTmMeuancst BbIpa)EH-
HbI# ceporuuros (6onee 50% ot
BCEHl MOMyNSIHUH KIETOK), MpHU
9TOM KOJIMYECTBO AUCKOIIUTOB CO-
craysuto (43,11 £0,06)%. Kpome 3
TOTO, B JIEKOHCEPBUPOBAHHOU
CyCIEH3H1H OBbLIH BBISIBIECHBI c(he-
POSXUHOLUTHI U Je(OPMUPOBAH-
HbIe KIeTkH (puc. 5, A). Popma
PUTPOLIUTOB, KPUOKOHCEPBHPO-
BaHHBIX B 20%-M pacTBOpE
09I’ _,,, mocie oTorpesa cy-
IIECTBEHHO U3MEHUJIACh. Tak, Ko-
JIMYECTBO TUCKOITUTOB B 00pa3Iie
cocrasmito Beero (15,91 £0,04)%,
a 0ompmMHCTBO KIIeTOK ((60,0 +
0,07)%) ObLH 1ehOpMUPOBAHBI K
HE COOTBETCTBOBAJIN OOIIECTIPHHS-
Toit kimaccudukaruu [17]. B cyc-
MEH3UU BBISBJICHO HEOONBIIOE KOJIMYECTBO IXHHO-
uuToB u cheporuTos (puc. 5, C).

ITocre KproKOHCEPBHUPOBAHIS SPUTPOLTTOB ¢ 30%0-Mu
pactBopamu OOI', . u OOI' _ wabmonanoch 3Ha-
YUTEIbHOE U3MEHEHUE (POPMBI OTOTPETHIX KJIETOK I10
cpaBHeHHIO ¢ 20%-MH pacTBOpaMHU 3TUX KPHOIPO-
TEKTOPOB. Jl0JIsl AUCKOMTHBIX KIJIETOK ITOCIIE OXJIaxK/1e-
Husi-otorpesa B 30%-x pacteopax O9I' . u OOT"
yBenmuuminack u cocrapmia (87,50 + 0,06) u (59,40 +
0,08)% cootBercTBeHHO (pucC. 5, B, D). B 06pa3max
3HAYUTEIHHO YMEHBIIMIOCH KOJIMUECTBO CPEPOITUTOB
1 aehopMHUpOBaHHBIX KIIETOK. Tak, mocie KpHoKoHCep-
BupoBanus B 30%-M pactBope OOI' . ionst chepormTon
cHU3WIAach Oosee ueM B 3 pasa, a B 30%-M pacTBope
O3l _,, nmonst neOpMUPOBAHHBIX KIETOK yMEHb-
muiack B 4,4 pasa. Ilpu atom B 30%-x pacTtBopax
00r' _,, u O3I' _, ObLIO OTMEYEHO MOSIBIEHUE IPUT-
POLIMTOB, UMEIOLINX (OPMY CTOMATOLIMTOB M SXHUHO-
LIUTOB.

OpUTPOLUTOMETPUUYECKUI aHaU3 MOKa3al, YToO
rnocie KpuokoHcepsupoBaHus B 20%-M pacTBope
O3l _,, u 30%-m pactBope OOT" /'y OTOTpeTHIX
KJIETOK 3HAUMTEITLHO YMEHBIIIUIICS MAMETP 110 CpaBHe-
HUIO ¢ KOHTpoJieM. O JaHHBIX W3MEHEHHSIX CBUICTEIb-
CTBOBAJIM CMEIIICHHE MTUKA PACTIPE/ICIICHUS] B UHTEPBAI
6,1-7,0 MKM, a TaKoKe TOSBIICHUE KIIETOK C JHAMETPOM
5,1-6,0 MxMm (puc. 6). KprnokoHcepBHUpOBaHUE HPUTPO-
uutoB B 30%-m pactBope OOI . (puc. 6, A;
kpusas 3) u 20%-m pacteope OOI' _ (puc. 6, B;
KpHBasi 2) CyIIECTBEHHO HE MOBJIMSIIO HA TPOLIEHTHOE
pacmpeeneHue 3pUTPOLUTOB M0 TUAMETPY OTHOCH-
TEJIbHO KOHTPOJS. [IMKH 3THX 3pUTPOLUTOMETPH-

-
[0} o
o o
1 1

Hons kneTok,%
Cell content, %
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o
1

30% O3r

n=25"
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OuckounTsl
Discocytes

OxuHoumtbl CTtomaToumTtbl CdepoumnTbl
Echinocytes Stomatocytes Spherocytes

Opyrne dopmbl
KNeToK
Other types
of cells

Puc. 4. KonnyectBeHHOe cogepxaHme Mopdoniormieckmx oopm apuTpoLnToB
(%) nocne oxnaxpaeHua-otorpesa B pactsopax O3l .
aytonoruyHas nnasma; 2 — 20% O3l

moar_.:1-

5 3-20% 03T _,:4-30% O3 _,;5-

Fig. 4. Amount of erythrocytes (%) of different morphologic shapes after cooling/
warming in solutions OEG, _
3-20% OEG

and OEG _

25 =30

4-30% OEG, _,;

: 1 — autologous plasma; 2 — 20%
5-30% OEG,_

n=30" 25"

erythrocytes in 20 and 30% OEG, _,, solutions the
peaks of erythrometric curves were in the range of
7.1-8.0 mm, corresponding to the control value
(Fig. 3A and B, curves 2 and 3). In this case we
observed the tendency to an increase in a cell diameter.
Comparing to the control the share of red blood cells
with a diameter of 8.1-9.0 mm significantly enhanced.
In addition, the cells with a 9.1-10.0 mm diameter were
found. In 30% OEG _, solution their share was higher
than in 20% solution of the cryoprotectant (Fig. 3,
curve 3). After exposure to 20 and 30% OEG
solutions we noted a significant increase in erythrocyte
diameter if compared with the control (Fig. 3B), as
evidenced by a shift in the peak of erythrometric curve
towards the range of 8.1-9.0 mm. When comparing
the data of erythrometric curves (Fig. 3A and B, curves
2 and 3) after interaction of erythrocytes with 30%
solution of OEG _, the largest share of cells with an
increased diameter was revealed.

At the next stage of investigations we examined
the preservation of erythrocytes shape and diameter
after warming-cooling cycle in cryoprotective media
based on non-penetrating cryoprotectants OEG _,_and
OEG,_,,. For this purpose, the ratio of different mor-
phological cell forms was assessed in the warmed
samples. Frozen-thawed suspension of red blood cells
contained discocytes, stomatocytes, echinocytes, sphe-
roechinocytes, spherocytes and deformed cells (Fig. 4).
After freeze-thawing of erythrocytes in 20% OEG, _,,
solution the pronounced spherocytosis (more than 50%
of total cell population) was observed, the amount of
discocytes was (43.11 = 0.06)%. Furthermore,
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Puc. 5. Mopdonoruyeckre opMbl 3pUTPOLIMTOB MOCIe OXnaxaeHusi-otorpeea B pactsopax O3l

Wum 2i%) i \ _
moar,_, (1-

n=25

OVCKOUMT, 2 — cTOMaTtoumT, 3 — aXMHOUWT, 4 — cchepoaxmHouumT, 5 — cchepouunT, 6 — AedpopMrpoBaHHbIE 3pUTPOLUTHI); A —

20% O3l _,., B—30% O3r__,,, C-20% O3r _,,

Fig. 5. Morphological types of erythrocytes after cooling/warming in solutions OEG

D - 30% O3r

n=30"

and OEG __,, (1 — discocyte, 2 —

n=25

stomatocyte, 3 — echinocyte, 4 — spheroechinocyte, 5 — spherocyte, 6 — deformed erythrocyte); A — 20% OEG B -

30% OEG__,., C—-20% OEG__,,, D -30% OEG

n=25’ n=30’ n=30"

YECKUX KPHUBBIX COOTBETCTBOBAIHM MHTEpBaly 7,l1—
8,0 MKM, a TTUK SPUTPOITUTOMETPUICCKOU KPUBOH ITOCTIC
oxnaxaenus-ororpesa B 20%-m pactsope OO _, | Kak
1 B KOHTpoIe, — uHrepBaiy 7,1-8,0 Mxm. OnHako fons
SPUTPOIUTOB C TAKUM JTHAMETPOM YMEHBIIHIACH
(56,0%).

JlaHHBIE TPOBEJEHHBIX MCCIEIOBAHUN CBUE-
TEIBCTBYIOT O 3aBUCUMOCTH M3MEHEHHSI HOPMBI U
JMaMeTpa YPUTPOIIUTOB OT KOHIIEHTPAIIMH 1 CTETICHU
MOJMMEpPHU3aINN KPUOTIPOTEKTOPOB KakK Ha JTare
9KCITO3UIUH, TAK U TIOCTIE 3aMOPaKIBAHHUSI-OTOTPEBA.
[TokazaHo, 9TO HA ATAIE SKCIO3UIINH IPUTPOILIUTOB B
40%-x pactBopax OOI' . u OOI' _, o6pasyrorcs
kierouHsie arperarbl. CornacHo (a3oBoi Teopuu
ACCOITMAIINH DPUTPOIUTOB [4] arperamusi KICTOK B
pacTBOpax BOJOPACTBOPUMBIX MOJIMMEPOB MOXKET
ObITh 00ycioBIEeHa KoauepBanue. JlaHHoe sBieHHe
peanusyercsi P yCIOBUH MIPEBBIILIEHHSI HEKOTOPOTO
KPUTHUYECKOTO 3HAYCHHSI KOHIIEHTPAITUH TTOJIMMEPHBIX
MOJIEKYJI B KPHUO3ALIUTHOM PacTBOpe, ONpeaesieMo-
ro CBOHCTBaMH MOJUMEPOB, HU3KOMOJIEKYISPHBIX
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spheroechynocytes and deformed cells (Fig. SA) have
been found in a frozen-thawed suspension. The shape
of erythrocytes cryopreserved in 20% OEG, _, solu-
tion has changed significantly after warming. Thus,
the number of discocytes in the sample was just
(15.91 + 0.04)%, and the majority of cells ((60.0 +
0.07)%) were deformed and did not meet the standard
classification [4]. In suspension a small amount of
spherocytes and echinocytes was revealed (Fig. 5C).

After cryopreservation of red blood cells with 30%
OEG,_,, and OEG _,, solutions there was a strong
change in the shape of warmed cell if compared to
20% solutions of these cryoprotectants. Share of discoid
cells after freeze-thawing in 30% OEG, _,. and
OEG,_,, solutions was increased and reached (87.50 &
0.06) and (59.40 £ 0.08)%, respectively (Fig. 5B and
D). The amount of spherocytes and deformed cells
significantly decreased in the samples.In particular, after
cryopreservation in a 30% OEG _,, solution the share
of spherocytes decreased by more than 3 times, and
that for deformed cells did by 4.4 times after
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Puc. 6. [luameTp apnTpouLMTOB Mocre oxnaxaeHus-otorpesa B pactsopax O3l _,, (A) n O3l _, (B): 1 — kKoHTpoOsb, 2 —

n O3r

n=25 n=30"

30%-e pactBopbl O3

OEG,,, and OEG,_,, 3 - 20% OEG,_,, and OEG,_,,

n=30"

KOMITOHEHTOB PacTBOpPa U CaMUX dPUTPOLMTOB [1, 4,
23]. Ogna u3 OBYX HOBBIX (pa3 mpeacTaBisieT coboit
KOJUTOMHBII PacTBOP, @ MIMEHHO PACTBOP BHICOKOMO-
JIEKYJSIPHBIX MTOIMMEPOB, 00ETHEHHBIA A)PUTPOITUTAMH,
Jpyras — accoluaThl SPUTPOUHUTOB, 0OETHEHHBIE
KOMIOHEHTaMH cpefibl. CTPYKTypa «3pUTPOIUTAPHON
(ba3bl» MOKET UMETh BHJ[ «MOHETHBIX CTOJIOUKOBY,
WX CeTeW MITH arperaTtoB dpuTpounToB. [locie axcmo-
sunmu B 40%-x pacteopax OOI' . m OOl cTpyk-
Typa «3pUTPOLHUTApHON (ha3bl» MPeACTaBIeHa arpera-
TaMU U3 3pUTPOLUTOB, YTO UCKIIOYAET IPUMEHEHNE
JTaHHBIX PaCTBOPOB B Kaue€CTBE KPHUO3AIIUTHBIX CPEJl
JUTSl KPUOKOHCEPBUPOBAHUS SIPUTPOLIUTOB.
YBenuueHue A0 SPUTPOLIUTOB, HMEIOIINX (GOpMY
cromatouuToB B npucyrcteun OOI . ykasbiBaer
Ha CIIOCOOHOCTH ATOTO BEIIECTBA BHI3BIBATH CTOMATO-
uuto3. Bepostao, OOT _, , saBissck ruapohoOHbIM
MOBEPXHOCTHO-aKTUBHBIM BEIIECTBOM, CIIOCOOEH He
TOJBKO a/ICOPOMPOBATHCS Ha MTOBEPXHOCTH MEMOpPAHBI,
HO W B3aMMOJICHICTBOBATh C €€ JIMIUAHBIM OHCIIOEM.
Panee Ob110 IOKA3aHO [7, 8, 29], 4TO HEMPOHUKAIOIIHE
KPUOIMPOTEKTOPHI NOAMATUIEHOKCH-1500, monuBu-
HWJIOBBIN CHUPT, THAPOKCHITIIIKPAXMaJl BBI3BIBAIOT
M3MEHEHHE JIUITUIHON aCHMMETPUX MEMOpPaH 3pUTPO-
LUTOB U OTHOCHUTEIBHOTO COICPKAaHMSI UX OEIKOBOTO
cocTaBa. YCTaHOBJIEHO, YTO KJIETKH B PACTBOPAX IO-
naTHIIeHOKeua- 1500 TpanchopMupyrOTCs B cTOMA-
toruThl [2, 10], a omHUM U3 (PaKTOPOB, BIUSIONINX HA
M3MeHeHue (POPMBI IPUTPOLIUTOB, SIBIISETCS COCTOSTHHE
JTUTIUAHOTO Omcyos v ruTockenera [21, 26]. G.B. Quan
M COaBT. CUMTAIOT, YTO 00pa3oBaHHE CTOMATOIIMTOB
CBSI3aHO C YBEIHMYEHHEM IUIOIIAAU BHYTPEHHETO
JIMITUTHOTO MOHOCJTIOS KJIIETOYHONH MEMOPaHBI U MOXKET
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3 — 20%-e pactBopbl O3
Fig. 6. Diameter of erythrocytes after cooling/warming in solutions OEG

n O3l

n=25 n=30"

(A) and OEG__, (B): 1 — control, 2 — 30%

n=25

cryopreservation in a 30% solution OEG _, . Herewith
in 30% OEG _, and OEG _, solutions we noted the
appearance of erythrocytes shaped as stomatocytes
and echinocytes.

Erythrometric analysis showed that after cryopre-
servation in 20% OEG __ and 30% OEG __, solutions
in warmed cells the diameter was significantly reduced
versus the control. These changes were evidenced
by a shift of distribution peak within the range of 6.0—
7.0 mm, as well as the appearance of cells with 5.1—
6.0 mm diameter (Fig. 6). Cryopreservation of red
blood cells in 30% OEG _,, solution (Fig. 6, curve 3)
and 20% OEG __, solution (Fig. 6, curve 2) did not
significantly affect the distribution of erythrocytes by
the diameter relative to control. The peaks of these
erythrocytometric curves corresponded to 7.1-8.0 mm
interval, and the peak of erythrocytometric curve after
freeze-thawing in 20% solution OEG _,, as well in
the control fitted the interval of 7.1-8.0 mm. However,
the share of red blood cells with such a diameter
decreased (56.0%).

These findings indicate to the dependence of
changes in the erythrocyte shape and diameter versus
concentration and polymerization degree of cryopro-
tectants both at the exposure stage and after freeze-
thawing. It has been shown that at the stage of eryth-
rocyte exposure in 40% OEG _, and OEG _, solutions
the cell aggregates were formed. According to the
phase theory of erythrocytes’ association [26], aggre-
gation of cells in solutions of water-soluble polymers
may be due to coacervation. This phenomenon is imple-
mented in case of exceeding a certain critical concen-

tration of polymer molecules in cryoprotective solution,
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OBITH 00YCIIOBJICHO JeTIONsIpu3aIuii MeMopansl [20], a
Takke U3MeHeHreM BHyTpukierounoro pH [19].

YcTaHOBIIEHO, YTO AEKOHCEPBUPOBAHHASI CYCIICH-
3Usl KJIETOK, 3aMOPOKEHHBIX B pacTtBopax OOI' . n
O3 _,, mpezcTaBisieT OO0 reTepOreHHy 0 MOy Jlsi-
MO, COZIEPIKALITYIO ICKOLIUTHI, CTOMATOIIUTHI, SXHHO-
IUTHL, cheponuThl, cHepodIXKMHOIUTHI U JiehopMu-
poBaHHBIe KiIeTKH. HanbompIiee KoIM4ecTBO 3pUTPO-
[UTOB JTUCKOWJHOW (OPMBI OBUIO TIOJYYEHO TOCTe
HKJIa OXJaxaeHus-oTorpeBa B 30%-x pacTBopax
OO0l _,, u OOT _, . Ilpu 5T0oM Haubosbmas 101
JUCKOLIMTOB ObUIA MOJIyuyeHa MPHU KPHOKOHCEPBUPO-
BaHuM 3puTpouuToB B 30%-M pactBope OO ..

Mopdomerprueckue uccaeqoBaHus MOKa3alH,
YTO AUAMETP OCHOBHOM MOIYJISILIUSI SPUTPOLIMTOB MOCIIE
oxJnaxaenus-ororpesa B 20%-m pactsope OO
1 30%-m pactBope OOI' . COOTBETCTBOBAI HOPME
(7,1-8,0 MKM), a mOCIIe KPHOKOHCEPBUPOBAHUS IPUT-
pouutos B 20%-m pacteope OOT" _ . 1 30%-m pact-
Bope OOI' | nnameTp KJIETOK yMEHBUIANCS.

Takum 06pa3om, MOKa3aHO, YTO OKCHATHIUPO-
BaHHBIC MPOU3BOIHbIC IIUIEPUHA CO CTETIEHBIO TOJIHU-
Mepuzauuu n = 25 u n = 30 cnocoOCTBYIOT coxpa-
HEHHIO OPMBI M AMAMETpa 3pUTPOLUTOB HA HTaIax
KpUOKOHCepBHpoBaHUsl. [Ipu 3TOM Xapakrep u3MeHe-
HUS UX (HOPMBI M IMaMETpa 10 U IMOCiIe KPUOKOHCEP-
BHUPOBAHMs 3aBUCHT OT CTENCHH IMOJMMEPU3ALNH U
KOHIIEHTPAIUU KPUOIPOTEKTOPA.

BoiBoabI

1. YcTaHOBIEHO, UTO 3PUTPOILUTHI TOCIIE SIKCIO3HU-
mun B 20- u 30%-x pacteopax OOI . n 20%-m
pactBope OOI" _, | coxpaHsiin auckouinyo Gopmy, a
B 30%-m pactBope OOl kieTkn Tpanchopmu-
POBAIIUCH B CTOMATOLUTHI. DKCIO3ULIHSA SPUTPOLIUTOB
B 40%-x pactBopax OOI' . u OOT _, Bbi3biBana
o0Opa3oBaHHe arIoMepaTroB W MPHUBOAMIIA K 3HAYH-
TEJIbHOM IeOpPMAaLIUH KIETOK.

2. [lokazaHo, 4TO TMaMETp SPUTPOLIUTOB YBEJINIH-
BAJICS TOCJIE OKCTIO3UIMHK B pacTBopax OOI 10 8,1—
9,0 MKM, a mocne skcnoszuuu B pactBope OOT
HaxoIwiIcs B mpeaenax HOpMeI (7,1-8,0 Mkm).

3. Ilocne KPHOKOHCEPBUPOBAHUS SPUTPOIIUTOB B
30%-x pactBopax OOI',_,, u OOl _, Obu1a BHIABICHA
BBICOKAsI COXPAaHHOCTB KJIETOK C TUCKOMIHOM (hOPMOHA.

4. YcTaHOBIEHO, YTO AUAMETP SPUTPOLIUTOB YMEHb-
11asics Mociie KpHoKoHcepBUpoBaHUs B 20%-M pacTBOpe
O3l _,, u 30%-m pacteope O3 ., a B 30%-M
pactBope OOI" . u 20%-m pactope OOI' , coot-
BercTBoBa HOpMeE (7,1-8,0 MKM).

5. Mannbie Mmopdonornyeckoro u Mmopdomerpu-
YEeCKOTO aHaJIM3a MOATBEPIMIIH TEPCIIEKTUBHOCTH TPH-
menenus 30%-ro pactBopa OOI' . mis cosnanus
MeTO/Ia, He TPeOyIOIEero yaaleHus: KpHOIpOoTEeKTopa
13 KJIETOYHOHN B3BECH TOCIIE KPHOKOHCEPBUPOBAHHUS.
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determined by the properties of polymers, low mole-
cular weight components of the solution and erythro-
cytes per se [1, 4, 17]. One of the two new phases is
a colloidal solution, namely a solution of high molecular
weight polymers, erythrocytes depleted, another is the
erythrocyte associates, depleted of media components.
The structure of the ‘erythrocyte phase’ could be num-
miform, network-like or as aggregates of red blood
cells. The structure of the ‘erythrocyte phase’ after
exposure to 40% OEG, _,. and OEG _,; solutions was
presented by aggregates of erythrocytes, that excluded
the application of these solutions as cryoprotective
media for cryopreservation of red blood cells.

A rise in the share of erythrocytes shaped as stoma-
tocytes in the presence of OEG, _,, indicated to the
ability of this substance to cause stomatocytosis.
Probably OEG _, as a hydrophobic surfactant, can
not only be adsorbed on a membrane surface, but also
interact with its lipid bilayer. It has previously been
demonstrated [27-29] that non-penetrating cryoprotec-
tants such as polyethylene oxide-1500, polyvinyl alcohol,
hydroxyethyl caused a change in lipid asymmetry of
erythrocytes membranes and relative content of their
protein composition. It has been found that the cells in
PEO-1500 solutions were transformed into stoma-
tocytes [2, 14], and one of the factors affecting the
change in erythrocytes was the state of lipid bilayer
and cyto-skeleton [11, 21]. G.B. Quan et al. believe
that the formation of stomatocytes was associated with
increased area of inner lipid monolayer of cell memb-
rane and might be due to membrane depolarization [§],
as well as changes in intracellular pH [7].

It was established that frozen-thawed suspension
of cells, frozen in solutions OEG,_, and OEG __,,
represented a heterogeneous population, containing
discocytes, stomatocytes, echinocytes, spherocytes,
spheroechinocytes and deformed cells. The largest
amount of discoid shaped red blood cells was obtained
after cooling-warming cycle in 30% OEG,_, and
OEG,_,, solutions. The largest share of discocytes was
obtained following cryopreservation of red blood cells
in 30% solution OEG _,.. Morphometric studies have
shown that the diameter of erythtocytes in main
population after freeze-thawing in 20% OEG __, and
30% OEG,_,, solutions was normal (7.1-8.0 mm),
and after cryopreservation of red blood cells in 20%
OEG,__,, and a 30% OEG __,; solutions the diameter
of cells decreased.

Thus, it has been demonstrated that the oxyethyla-
ted glycerol derivatives with n =25 and n =30 polyme-
rization degree were able to to maintain the shape and
diameter of erythrocytes at cryopreservation stages.
The origin of changes in their shape and diameter before
and after cryopreservation depended upon polymeri-
zation degree and concentration of cryoprotectant.

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



Nurepatypa

1. AnbbepTcoH M.0. PasgeneHne kneTovHbix YacTul, U Makpomo-
nekyn / Mog pea. MN.0. Anb6epTtcoH. — M.: Mup, 1974. — 382 c.

2. babuiidyk J1.A. KoHbopMaLMOHHbIE U3MEHEHNS 3PUTPOLIUTOB
nog BnusiHnem kpuonpotektopa MN30-1500 // Mpobnemsbi
kpnobuonorun. — 1997. — Ne1-2. — C. 95-99.

3. babwuiuyk J1.A., 3emnsaHckmux H.I. OnTuMusauns n npeumy-
Lwectsa 6e30TMbIBOYHOrO MeToAa KPMOKOHCEPBUPOBAHUS
aputpouutoB ¢ MNB0O-1500 // Mpobnembl kpuobuonoruun. —
2001. — Ne1. — C. 35-41.

4. BoewnkoB B.Jl. dusnko-xummyeckme n usnonormyeckne ac-
NeKkTbl peakuun ocegaHus aputpouuToB // Ycnexu cusnon.
Hayk. — 1998. — T. 29, Ne4. — C. 55-73.

5. IpaueB A.E., HakactoeB N.M., lfempxsaH 3., n gp. BnvaHne
ANUTENbHOCTN KPUOKOHCEPBUPOBAHUSA 3PUTPOLIMTOB Ha Ka-
4eCcTBO U 3(PPEKTUBHOCTL MX TpaHcdyaumi // FemaTtonorus m
TpaHcdysuonorus. — 2013. — T. 58, Ne2. — C. 32-36.

6. T'yyok B.M., Koanosa B.®. O kymynsiTuBHbIX cBoWicTBax 1,2-npo-
naHgvona, rmMuepuHa u OKCUITUNMPOBAHHOMO rnuLepunHa ¢
MOMeKynspHon maccon 1412 1 BbIHOCNMBOCTU K HUM KpbIC //
Kpunobuonorus n kpuomegmumHa. — 1983. — Bein.11. — C. 24-28.

7. 3y6oB IN.M., 3emnsaHckux H.I., Babuiuyk J1.A. Moandukaums
6enkoBoro coctaBa MeMbpaHO-LMTOCKENETHOro KoMMekca
apuTpouuToB nof BnusHuem M30-1500 // Mpobnemsbl
kpuobuonorun. — 2006. — T.16, Ne2. — C.164-175.

8. 3y60B .M. V3ameHeHne nunugHon acummeTpun membpaH
3pUTPOLNTOB KOPAOBOW U JOHOPCKON KPOBW MPU KPUOKOHCEP-
BuposaHun ¢ M30-1500 // BecTHnk npobnem Guonorun n
MeanumHbl. — 2013, = T. 2, Ne2. — C.109-112.

9. Kosnosa B.®. Mopdonoruyeckne acnekTbl peakuuu KneTok,
TKaHeW 1 opraHoB Ha BBEJEHWE OKCUITUITMPOBAHHOIO rnuue-
puHa (O3IM) B opraHuam xuBoTHbIX // Kpnobuonorusi u kpvo-
meguumHa. — 1980. — Bbin. 6. — C. 29-34.

10.Kynewosa J1.I TpaHchopmauns apuTpounToB YenoBeka B
pacTBopax HeanekTponuToB psga H-cnmpToB. Yactb 1. Mop-
donornyeckuii acnekTt B3anmopecteus // Mpobnembl kpno-
6uonorun. — 1999. — Ne1. — C. 9-13.

11.ly6subin B.I., Bpeauxuna .M., Wparo M.U. Kpuonpo-
TEKTOpHas akTuBHOCTb onuromepoB O3l B HM3KOTEMMepa-
TYPHOM KOHcepBupoBaHuu aputpoumnToB // Kpnobuonorua n
kpromeguumHa. — 1981. — Buin. 8. — C. 34-40.

12.MaenoBa T.B., No3gHsikoBa H.M., Mpowaes K.N. N3ameHeHus
MOpPdOdYHKLMOHamNbHbIX CBOWCTB 3pUTPOLMUTOB U coAep-
KaHUS KUCMOpOAa B HUX y NauMEeHTOB C PUCKOM Mpexae-
BpeMeHHoro ctapenusi // [loHosonorusi: Tesnucel maTepuanos,
7-a MexgyHapogHas Hayud. koHd., 15-16 gekabps, 2011 . —
Cro, 2011. — C. 446-448.

13.TepexoB H.T., MNonybosipuHosa A.l., Kywko O.B. ®yHkuuo-
HanbHOEe COCTOsIHME 3PUTPOLNTOB, 3aMOPOXeHHbIX ¢ MBI,
N UX KNuHM4eckoe nsy4derwue // NMpobnemsl remaTonorum u ne-
penuBaHusa kposu. — 1977. — Ne2. — C. 16-19.

14.Wparo M.N., Kanyrun KO.B., Kouyposckas I.I. u gp. BnusHue
OKCM3TUNINPOBAHNA Ha HeKoTopble (PUINKO-XUMUYECKME U
Buonornyeckne xapakTepuctukv rnvuepuHa // Kppobuonorus
n kpuomeguumnHa. — 1976. — Bein. 2. — C. 31-33.

15.€cinoBa 0.C., HikoneHko O.B., KomnaHieub A.M. KpiosaxucHa
A OKCMEeTUNBbOBAHOrO rMiLepuHy 3i cTyneHem nonimepusawii
n = 30 Npu 3aMOpOXXyBaHHi epuTpounTiB MoaunHK // NMpobnemel
kpuobuonorun. — 2008. — T. 18, Ne1. — C. 114-118.

16.KomnaHieub A.M., Hikonenko O.B., YekaHoBa B.B. Ta iH.
KpiozaxncHa eeKkTUBHICTb cepefoBuLy, Ha OCHOBI OKCU-
€TUNbHUX NOXiAHUX NOMIONIB MPU 3aMOPOXYBaHHI epuTpoLm-
TiB ntoguHn // Mpobnemsl kpuobuonorum. — 2008. — T. 18, Ne3. —
C. 229-301.

17.Bessis M. Living blood cells and their ultrastructure. — New
York: Springer Verlag, 1973. — 767 p.

18.Chang A., Kim Y., Hoehn R., Jernigan P. Cryopreservation
packed red blood cells in surgical patients: past, present and
future // Blood Transfusion. — 2016. — Vol. 8, Ne1 — P. 1-7.

npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016

Conclusions
1. It has been established that erythrocytes after
exposure to 20 and 30% OEG _,_ solutions and 20%

n=25
OEG__,, solution retained a discoid shape, and in a
30% OEG _._ solution the cells transformed into stoma-

n=30
tocytes. Exposure of erythrocytes in 40% solutions

OEG,__,, and OEG, _, caused the formation of agglo-
merates and led to a significant deformation of cells.
2. It has been demonstrated that the diameter of
erythrocytes was increased after exposure to solutions
OEG,_,,to 8.1-9.0 mm and after exposure to OEG _,.
solutions it was within the normal range (7.1-8.0 mm).
3. After cryopreservation of red blood cells in 30%
OEG __and OEG __ solutions a high preservation rate

n=25 n=30
of the discoid shaped cells was found.

4. It has been found that the diameter of erythro-
cytes diminished after cryopreservation in a 20%
OEG _,. solution and a 30% solution OEG _, , and a

n=25 n=30°

30% solution OEG,_,, and a 20% solution OEG__, it
corresponded normal (7.1-8.0 microns).

5. Morphological and morphometric analysis confir-
med the prospects of using a 30% OEG, _, solution to
create a method which does not requirity a cryoprotectant
removal from cell suspension after cryopreservation.
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