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[pu po3poOui cyyacHHX METOAIB KPiOKOHCEPBYBaH-
HS EpPHTPOIUTIB 3 BUKOPUCTAHHSIM HAJHHU3bKHUX
TEMIIEPATyP BOKIUBHM €TAIIOM € MOIIYK KPi03aXHCHUX
CITIOJTYK, SIKi MAKCHMAJIBHO 3a1100iraroTh 3arndeni Kili-
THH IIPY 3aMOPOKyBaHHI 1 HE TOTPEOYIOTh BUIAJICHHS
nepen Tpancdysiero [1, 3].

MeTta poOOTH — JOCHIKEHHsI Kpio3axucHOT Ail
OKCHETHJILOBAHOTO TIIILEPUHY 31 CTYNEHEM IoJlimMe-
pusanii n=30 (OEI’,_, ) npu 3aMOpOXyBaHHi EPUTPO-
LIUTIB JIFOIMHU.

=30

Martepiaan i mertoam

OO0’ eKTOM AOCIHTIIKEHHSI OyJIM €pUTPOLIUTH, OTPH-
MaHi 3 JJOHOPCHKOI KPOBI JIFOJMHH, 3arOTOBJIEHOI Ha
remokoHcepBaHTi «lmmrorinup». Bonu 36epiramucs
micis ekeysii He Oinbie 2-x 116 mpu 4°C.

Pogunnu OEI" _, roryBamu Ha 0,15 M pozuuni
NaCl y xormentpamisx 20, 30 1 40% 1 3’ egayBasu 3
eputpounTtamu 1:1 3a 06’emom.

BuBuanu BIuivB Ha pe3y/nbTaTh KpiOKOHCEPBY BAHHS
PI3HUX KOHIIEHTpAITiif OET TPHUBAJIOCTI EKCITO3UIIIT
KJIITHH 3 Kpio3axucHUMU po3uuHami (15,301 60 xB), a
TAKOXX TEMIIEPaTypH BBEIEHHS KPiO3aXHUCHOTO PO3-
anny OEL _, - 37, 20, 2°C.

[pu 3amOpoKyBaHHI €PUTPOLIUTIB OyJH TOCHiIKEH]
Kpio3ax¥MCHI CepepoBHINa, OCHOBY SKHX CKJIaaaB
OEFn:3OB koHteHTparii 30% B koMOiHaIigx 3 5%-10
TTI0K03010, 5%-M MaHiTOM, 3%-f0 caxapo3010, 2%-M
LUTPATOM HATPIIO.

g xouTposo BukopucToByBasu 30%-i po3unH
OEl" ., axuii rorysanu Ha 0,15 M pozuuni NaCl.

3aMOpOXKYBaHHS 3J1HCHIOBAJIN y METalIEBUX
KOHTEIHepax €eMKICTIO 2 MJI IIJISIXOM 3aHypeHHS iX y
piakwuii a30T. 3pa3ku BiirpiBaiu Ha BOAsSHINM OaHi mpu
temneparypi 40°C.

CTyniHb CXOPOHHOCTI €pUTPOLUTIB OLIHIOBAIN 38
HACTYTHHMH ITOKa3HUKaMH: T€eMaTOKPUT, OCMOTHYHA
kpuxkicthb y 0,6 1 0,9% pozunnax NaCl [2], BincoTox
reMoutizy, Mop(hoJIorist KITiTHH.
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HAH Ykpainu, m. Xapkis

*ABTOp, SIKOMY HEOOXIAHO HAaACMAATM KOPeCNOHAEHUIIO:
BYA. [lepesicaaBcbka, 23, m. XapkiB, YkpaiHa 61015; TeA.:+38
(057) 373-30-07, dpakc: +38 (057) 373-30-84, eAekTpoHHa nowTa:
cryo@online.kharkov.ua

NMPOBJIEMbI
KPUOBMONOIrum
T. 18, 2008, N21

When designing the current methods for erythrocyte
cryopreservation using ultralow temperatures the
important stage is to search for cryoprotective com-
pounds, maximally preventing cell death under freezing-
thawing and not requiring removal before transfusion
[1,3].

The research was aimed to study a cryoprotective
effect of oxyethylated glycerol with n=30 polyme-
risation degree (OEG__,)) under human erythrocyte
freezing.

Materials and methods

Erythrocytes, procured from human donor blood,
prepared with “Glygicir” hemopreservative served as
the research object. After exfusion they were stored
no longer than 2 days at 4°C.

The OEG__,; solutions were prepared with 0.15 M
NaCl one in 20, 30 and 40% concentrations and com-
bined with erythrocytes of 1:1 volume.

There was studied the effect of differently concen-
trated OEG__, , cell exposure duration with cryopro-
tective media (15, 30 and 60 min), as well as introduc-
tion temperatures of OEG _, cryoprotective solutions:
37,20, 2°C on cryopreservation outcome.

During erythrocyte freezing we have studied the
cryoprotective media, based on OEG __, in 30% con-
centration combined with 5% glucose, 5% mannitol,
3% sucrose, 2% sodium citrate.

A 30% OEG __,, solution, prepared with 0.15 M
NaCl was used as the control.

Freezing was carried-out in 2 ml metal containers
by immersing into liquid nitrogen. Samples were tha-
wed on water bath at 40°C.

Erythrocyte preservation degree was estimated by
the following indices: hematocrit, osmotic fragility in
0.6 and 0.9% NacCl solutions [2], hemolysis percen-
tage, cell morphology.

Results were statistically processed using the
Student-Fisher method (M+m, n=7).
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Craructuuny 0OpoOKy pe3yJbTaTiB IPOBOAMIN 3a
metogoM CteroneHTta-dimepa (M+m, n=7).

Pe3yAabTatn Ta 0OrosopeHHs

Ha mepmomy erami gocmikeHb BUBYAIM BILIUB
kpiosaxucuux posuuniB OEI' , Ha cxXopoHHICTH
EPUTPOITUTIB JIOMUHU JI0 3aMOpokyBaHHs. [lokazaHo,
1o Ticisa 60 XB €KCIO3HINT epUTPOIUTIB y Kpio3a-
xucHoMy posuui 20 i 30% xonuentpauii OEL"
MOKAa3HUKH OCMOTUYHOI KPHUXKOCTI 1 TeMOIi3y 3au-
[IAJTUCH HA PIBHI KOHTPOJITIO, TOOTO MOKAa3HUKIB IHTAKT-
Hux eputporutis (0-0,02%). [Tpu mocmimkeHH] KIIiTHH
y CBITJIOBOMY MiKPOCKOIIi BUSIBJICHA IT€PEeBakHA O1JTb-
IICTh TUCKOITHUX (hopM. 301TbIICHHS KOHIICHTpAITii
OEl" _,, no 40% y Kpio3axuCHOMY PO34YMHI IPU3BO-
JUTH J0 TiIBUINEHHS PiBHA remMoiridy (2—3%) micis
nepeHeceHHst eputpouuTiB y 0,6% pozunn NaCl. [Ipu
JOCHIKESHH] KJIITHH Y CBITJIOBOMY MiKPOCKOITi MiCIIst
excnosui B 40%-My kpiosaxucHomy poszuuni OEL' |
BUSIBJICHA 3HAYHA KUIBKICTh arperaris.

Ha nactynHomy eTami BUBYEHO BIUIMB TaKUX (hak-
TOpiB, AK KOHLEHTpaLisl KpiOoNpOTEKTOpa, TeMIle-
paTypa BBEJCHHS Ta Yac €KCIIO3MIlii, Ha MOKa3HUKH
CXOPOHHOCTI €PUTPOIUTIB IMICIISA KPIOKOHCEPBYBAaHHS.

[Ipu mocmiKeHHI BILTUBY Pi3HUX KOHIICHTpAIlii
OEI' _, Ha CXOPOHHICTb EPUTPOLIUTIB MICIIs 3aMOPO-
JKYBaHHSI-BIIITpiBaHH;I HAWKpAII[i TOKA3HUKH OTPUMAHO
npy Bukopuctanni 30%-i konuentpauii OEI' _ (puc.1).
Menu epeKTUBHUM BUSIBUBCS KPi03aXUCHUHN PO3UHH,
axkui mictuth 20%-i OErn:w Ha I BKa3ye Mmij-
BHUIIIEHHS! OCMOTHYHOT KPUXKOCTI 1 piBHS TeMOJI3y B
CyCITeH31i pO3MOPOKEHUX €pUTPOIHTIB. BeTaHOBIIEHO,
110 301UTbIIICHHS KOHIIEHTpaIlii kpionpoTtekTopa 10 40%
3HAYHO 3HMXKY€ CXOPOHHICTh EPUTPOLMTIB 3a MOKa3-
HUKaMHU OCMOTHYIHOT KPUXKOCTI 1 remonizy (puc.1). s
TTOJTANTBIIINAX JTOCTI/PKEHh OOPAHO KP103aXUCHHUMA PO3UHH,
sikuit Mictuth 30% koHneHTpamniro OEI a0

[Ipu BUBUEHHI Pi3HUX PEKUMIB OOPOOKH KIIITHH
HenpoHuKaro4um Kpionporekropom OEIL - BcTa-
HOBJICHO 3HAYEHHS BILIMBY TEMIIEPaTypHOTO (hakTopa
1 TPUBAJIOCTI EKCTO3HIIiT HA PiIBEHb CXOPOHHOCTI €PUT-
pouuTiB. Sk cBig4aTh maHi TaONWIi, MaKCUMaIbHI
MTOKa3HUKH CXOPOHHOCTI KIIITHH 32 Pe3yJIbTaTaMH 0C-
MOTHYHOI KpHXKOCTI miciis mepereceHHs y 0,9% po3unx
NaCl orpumaHo npu TeMIepaTypi BBEACHHs Kpiompo-
TEKTOpa y cycnensito epurpountis 37 ado 2°C. Tum
4acoM BIUTMBY TEeMIIEpaTypu BBEJICHHS Kpiompo-
TEKTOpa Ha PiBEHb T€MOJII3Y Ta TOKa3HUK FeMaTOKPH-
Ty HE BUSIBIICHO.

JlocnipkeHHsT BIUTUBY TPUBAIOCTI €KCITO3MUIIIT
epurpouuTis 3 OEI" _, B inTepBaini 15,30, 60 xB npu
KIMHATHIN TeMIeparypi Ha TOKa3HUKH CXOPOHHOCTI
KpIOKOHCEPBOBAaHUX EPUTPOIIMTIB CBiYaTh PO Bij-
CYTHICTH LIOTO BILIMBY Ha TMOKAa3HUKU T'eMOJIi3y Ta
reMaToKpUTy. BigMmiueHa TEHACHIlISI M0 3HIDKCHHS
OCMOTHYHOI KPUXKOCTI €PUTPOIIUTIB MiCII KPIOKOHCEP-
ByBaHHS IIPU TEMIIEPATypi BBEACHHS KPIOMPOTEKTOpa
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Results and discussion

At the first stage we studied the effect of OEG __,|
cryoprotective solutions on human erythrocyte preser-
vation prior to freezing. After 60 min erythrocyte expo-
sure in cryoprotective solution of 20 and 30% OEG _,
concentrations the indices of osmotic fragility and
hemolysis were shown as remaining at the control level,
i.e. at that for intact erythrocytes (0-0.02%). When
studying cells under light microscopy the most of
discoid forms was revealed. An increase in OEG
concentration up to 40% in a cryoprotective solution
results in the enhancement of hemolysis level (2—3%)
after erythrocyte transfer into 0.6% NaCl solution.
During cell study under light microscopy after exposure
in40% OEG__, cryoprotective solution a great number
of aggregates was revealed. At the following stage
there was studied the effect of such factors, as cryo-
protectant concentration, introduction temperature and
exposure time on the indices of erythrocyte integrity
after cryopreservation.

When studying the influence of different OEG__,
concentrations on erythrocyte integrity after freeze-
thawing the highest indices were obtained when using
30% OEG __, concentrations (Fig. 1). The less efficient
was cryoprotective solution, containing 20% OEG __,,
as indicated by augmentation of osmotic fragility and
hemolysis level in frozen-thawed erythrocyte suspen-
sion. An increase in cryoprotectant concentration up
to 40% was established as significantly reducing the
erythrocyte integrity according to the indices of osmotic
fragility and hemolysis (Fig. 1). For further researches
we selected a cryoprotective solution, containing 30%
OEG__,, concentration.

When studying different regimens of cell treatment
with OEG _, non-penetrating cryoprotectant the
importance of temperature factor and exposure
duration influence on erythrocyte integrity level was
established. As detailed in the Table, the maximum
indices of cell integrity by the results of osmotic fragility
after transferring into 0.9% NaCl solution were
obtained either at 37 or 2°C temperature of cryopro-
tectant introduction into erythrocyte suspension.
Meanwhile no effect of cryoprotectant introduction
temperature on hemolysis level and hematocrit index
was revealed.

Investigations of the effect of erythrocyte exposure
duration with OEG __, within 15, 30, 60 min range at
room temperature on the indices of cryopreserved
erythrocyte integrity testify to the absence of such
influence on hemolysis and hematocrit indices. The
tendency to a decrease in erythrocyte osmotic fragility
after cryopreservation either at 2 or 20°C temperature
of cryoprotectant introduction and cell exposure in
cryoprotective solution for 60 min, was noted. Augmen-
tation of exposure time at 37°C cryoprotectant introduc-
tion temperature negatively affects the level of
erythrocyte integrity after freeze-thawing (Table).
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Puc. 1. Brums pisnux konuentpauiid OEL

Osmotic fragility
in 0.9% NacCl solution

, Ha TIOKA3HMKH CXOPOHHOCTI €PUTPOLIMTIB JIKOIMHH ITiCJIs KPIOKOHCEPBYBAHHS, Y0:

0O-20;0-30; m—40; * —p<0,05 po36iHOCTI BiporifHi y mopiBHsHHI 3 20 1 40% KOHIEHTpaLi€I0 KPiOIPOTEKTOpa.
Fig. 1. Effect of different concentrations of OEG, _, on indices of human erythrocyte integrity after cryopreservation, %:
0O0-20,0-30, m—40; *—p<0.05, statistically significant differences compared to the data of 20 and 40% cryoprotectant

concentrations.

2 ab6o 20°C i excno3uuii KJIITHH B KPiO3aXHUCHOMY
po3unHi Ha npoTs13i 60 XB. 301IBILEHHS Yacy eKCIO3HLIT
IpHU TeMIepaTypi BBeleHHs KpionporekTtopa 37°C
HEraTMBHO BIUIMBAE HA PIBEHb CXOPOHHOCTI €PUTPO-
LIUTIB ITICJISt 3aMOPOKYBaHHSI-BiAIrpiBaHHS (TaOIULIS).

JlocmimkeHHs Kpio3aXUCHUX PO3YHHIB, SIKI MICTATh
30% xonnentpauiro OEI" _ =B koMOiHarLii 3 5%-1o miro-
K03010, 5%-M MaHiTOM, 3%-t0 caxapo3oro i 2%-M muT-
paroM HaTpiro, TMOKa3alu, 10 BBEJCHHS TIIOKO3H i
LUTpaTy HATPIO Mi/IBU-
IIy€ OCMOTUYHY KPHX-
KiCTb 1 piBeHb FeMOJIi3y
EpUTPOLMTIB Mics 3a-

Studying the cryoprotective solutions, containing
30% OEG__,, combined with 5% glucose, 5% man-
nitol, 3% sucrose and 2% sodium citrate demonstrated
that glucose and sodium citrate introduction increased
an osmotic fragility and erythrocyte hemolysis level
after freeze-thawing. When using combination of 3%
sucrose and 30% OEG __, a reduction of osmotic
fragility compared to the sucrose-free samples was
noted. Mannitol, introduced in 30% OEG _. solution

n=30

[Toka3HUKYM CXOPOHHOCTI EPUTPOLMTIB B 3AJICKHOCTI BiJl yMOB 00pOOKH KPiOIPOTEKTOPOM
OET’_,, nicist 3aMOpPOyBaHHsI-BilirpiBaHHs

Indices of erythrocyte integrity depending on treatment conditions with OEG__,,
cryoprotectant after freeze-thawing

MOPOXKYBaHHS-Biir-

: _ : OcMOTHYHA KPUXKICTE, %

piBanHst. [Ipu BuKopuc Tﬁgﬂepﬂyya Excrosunis Osmotic fragility, % i3 9 9
. . YA aerHs,”C €PUTPOIIUTIB, XB T'emonis, % T'ematoxkpur, %
TaHH1 KOM61Ha]—[11 3%-1 Introduction Erythrocyte Hemolysis, % Hematocrit, %
caxaposu i3 0%-10 temperature, °C exposure, min NaCl 0,6% NaCl 0,9%
OET BiAMIYEHO
n=30 15 21%0,5% 13,7%0,5' 1,3%0,1 25,8%0,6

3MEHILIEHHS OCMOTHUY-
HO1 KpI/IXKOCTi B IIO- 37 30 27,2+0,5 14,5+0,2 2,7%0,2 25,6+0,6
PIBHSAHHI 31 3pa3Kamu,
9Ki HE MICTSTD caxapo- 60 31,7%0,5 16,8+0,1 3,2%0,2 25%+0,5

1. MaHiT, SIKWii BBOIH-
3 a300’/ . o 15 25,5%0,7 19,70,5% 1,4%0,2 25,6=0,2
oy 0-i po3uMH
OEl" _,, Takox crpu- 20 30 24,6=0,1 16,707 1,20,1 2605
SIB TT1IBULICHHIO KPiO-
3aXHCHOT e(peKTUBHOCTI 60 20,6=0,5 15,6%0,7 1,1+0,3 27,5%0,1
EPIOHPOTGKTOP& 3a- 15 23,805 18,525 1,504 26,1205

C3MNCYYHYU BHCOKY
OCMOTHYHY CTIHKICTB 1 2 30 21,4%0,5 14=1,1 1204 26,2%0,5
HU3BKHUIl PiIBEHb T€MO-
i3y KpiOKOHCEpBOBa- 60 20,7+0,2 13,4+0,5 10,4 27,4%1,4
HHUX EPUTPOLUTIB  *— p<0,05 po3GixHOCT] BiporixHi y MOPIBHSHHI 3 YacOM eKCIIO3HIii 60 XB.
(puc. 2). * is p<0.05 difference is statistically significant compared to 60 min exposure.
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Puc. 2. [Toka3HUKH CXOPOHHOCTI epmpoumns 11iCI1s1 KpIOKOHCEPBYBaHHsl B KPI03aXMCHHX CepefoBuiax Ha ocoBi OEI
O-OErl_,,+0,15M posth NaCl; O-OEI" _, +0,2% uurpar Hanuo B - OEl' , + 5% nmoxosa; - OEl '33/0
caxapoaa 0O- OEl _,, + 5% MaHiT *— p< 65 p0361>1<H00T1 BIpOTiJHI y HOplBH}IHHl 3 BiZIOBIAHUMH [TOKA3HHKAMHU
CXOPOHHOCTI epPITpOL[I/ITlB TIpY 3aMOPOXKyBaHHi B cepenoumti 3 30% konuentpaniero OET _, +0,15 M NaClL
Fig. 2. Indices of erythrocyte integrity after cryopreservation in OEG _, -based cryoprotectlve media: O-is OEG_, +
0 15 M NaCl solution; O—is OEG __, +0.2% sodium citrate; Bl —is OEG , T 5% glucose; AA—is OEG__, + 3% sucrose ;
—is OEG ;) +5% mannltol *_ p<0 05, statistically 51gn1ﬁcant differences compared to the correspondlng indices of
erythrocyte mtegrlty under freezmg in the media with 30% OEG__,,+0.15MNaCl.

BucHosku

BanpHCTaHHﬂ po3qMHiB OET _,, mpu 3amopo-
JKYBaHHI €pPUTPOIIUTIB T03BOJISIE OTPUMATH BHCOKHUN
PIBEHB KHUTTE3NATHUX KIIITHH MiCIIS 3aMOPOKYBaHHS -
BIIIrpiBaHHsL, MPH IIOMY e()eKTHBHICTB iX KPiO3aXHCHOT
JTiT 3aJIeKUTH Bl KOHIIEHTPAIIi{, 9aCy €KCIIO3HIIiT, TeM-
neparypu eKBuTiOpallii KIiTHH 3 KpiOIPOTEKTOPOM, a
TAKOX BiJ] CKJIaly Kpi03aXHUCHOTO CEepeOBUIIIA.

Buicoki moka3HUKN CXOPOHHOCTI €PUTPOLIUTIB MiCIs
KpiOKOHCEpBYBaHHS OTPUMAaHO IPY BUKOPUCTAHHI He-
MIPOHMKAIOUOTO KpionpoTeKTopa B KoHUeHTpaii 30%.
TpuBamicTh ekcro3uuii Npu TeMnepaTypi BBEACHHS
KpiozaxucHoro po3unny 37°C mae 6ytu 15 xB, a mpu 2
120°C — 60 xB.

KpioszaxucHi cepenosuna va ocaosi OEL _, | ki
MicTATh 3% caxapo3y abo 5% MaHiT, NiJBUILYIOTh
MOKA3HUKY CXOPOHHOCTI €PUTPOIINTIB MiCIIT HU3bKOTEM-
[IepaTypHOro KOHCEPBYBAaHHSI.

TakuM YUHOM, TIEPCTICKTHBHUM HAIPSIMKOM I10-
JaNbIINX AOCHIDKEHb MPH 3aMOPOXKYBaHHI €pUTPO-
LUTIB € CTBOPEHHS 1 JOCIIPKEHHST KOMIIO3HIIIHIX
0araTOKOMIIOHEHTHUX KPi03aXMCHHUX CEPEeNOBHII Ha
ocnosi OEI"

n=30"
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also contributed to an increase in cryoprotective
efficiency of cryoprotectant by providing a high osmotic
resistance and low hemolysis level in cryopreserved
erythrocytes (Fig. 2).

Conclusions

Application of OEG__, solutions during erythrocyte
freezing enables to obtain a high level of viable cells
after freeze-thawing, at the same time the efficiency
of their cryoprotective action depends on concentration,
exposure time, cell equilibration temperature with cryo-
protectant, as well as cryoprotective medium compo-
sition.

High indices of erythrocyte integrity after cryopre-
servation were obtained when using a non-penetrating
cryoprotectant in 30% concentration. Exposure dura-
tion at 37°C temperature of cryoprotective medium
introduction should be 15 min but 60 min at 2 and 20°C.

OEG __, -based cryoprotective media, containing
either 3% sucrose or 5% mannitol, augment the indices
for erythrocyte integrity after low temperature preser-
vation.

Thus, designing and studying the OEG__, -based
compositional multicomponent cryoprotective media are
the perspective directions for further research in eryth-
rocyte freezing.
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