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Osmotic Characteristics of Erythrocytes After Freezing
with Composition-Modified Cryopreservatives

Pedrepat: Y poboti gocnigxyBanuM OCMOTWUYHI MOKA3HWKA E€PUTPOLIUTIB, 3aMOPOXEHUX Yy MOAMMIKOBaHWX 3a CKIagoM cepepno-
BMLIax i3 rmiuepuHoM i 1,2-nponaHgionoM. BcTaHOBNEHO, IO 3HWKEHHS KOHLUEHTpaLii rmiuepuHy y KpiOKOHCepBaHTI 3a MiABULLEHHS
BMICTY HEMPOHMKHOrO 3aXMCHOr0 KOMMOHEHTa CopbiTony BMNMBae Ha XapaKTePUCTUKN epUTPOLITIB Ha Pi3HUX eTanax 3amMOpOXyBaHHS
i rinotepmivHoro 36epiraHHs. 3HUXeHHs1 kKoHUeHTpauii 1,2-nponaHaiony Ta NaCl 3a nigBULLEHHS] BMICTY caxapo3u B KpPiOKOHCEPBaHTI
[03BOMSIE 3MIHUTW OBOETANHUIA PEXUM 3aMOPOXYBaHHS-BiATaBaHHS epuUTPOLMTIB Ha ofgHoeTanHuii. [NpeacraeneHa y poboti moaudi-
Kauisi Kpio3axMCHOro cepefoBulla [03BONSE 3MEHLUMTU PiBEHb MOLLKOMKEHHS epUTPOUMTIB Y MpoLeci 3aMOpOXXYyBaHHS-BiATaBaHHS-
BiAMMBAHHS, LLIO MOXe nonepea)KyBaTu PO3BUTOK 3anarneHHsi B opraHiaMi y Bunagky TpaHcdysii Takmx KniTuH.

Knro4yoBi crnoBa: eputpouuTi, 3aMOpOXyBaHHs, MilepuH, 1,2-nponaHaion, OCMOTUYHWIA CTpecC.

Abstract: Here, we have studied the osmotic parameters of erythrocytes frozen in the composition-modified media with glycerol
and 1,2-propanediol. A decreased glycerol concentration in a cryopreservative and an increased content of impermeable protective
component sorbitol were established to affect the erythrocyte characteristics at different stages of freezing and hypothermic storage.
Reduction of 1,2-propanediol and NaCl concentrations when augmenting the sucrose content in cryopreservative agent enabled chan-
ging a two-stage mode of erythrocyte freeze-thawing to the single-stage one. The presented here modification of cryoprotective
medium allowed to diminish the level of damage to erythrocytes during freeze-thawing-washing out, that might prevent the inflammation

development in a body when transfusing these cells.
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Tpancdysist epUTPOLUTIB MaLieHTaM TMix dYac
TreMOpariyHoro MIOKY BHUKIMKAE MOCTTpaHCQy3il-
He 3ananeHHs [6, 9, 14] BHacmigoKk pyHHYBaHHS
MOUIKODKEHUX EPHUTPOLNTIB, 3BiUIbHEHHS 1OHIB 3a-
Ji3a Ta MiABUILEHHS aKTUBHUX (GopM KucHio [12].
BararopasoBa TpaHCQy3isi €pUTPOLMTIB Yy pe3yiib-
TaTi MEepEeBaHTAXEHHS OPraHi3My 3aji30M IOTIpIIye
(YHKINIO HiANUTYHKOBOI 3aj103M, IMEYiHKH 1 cepls
[13].

VY KJIiHIYHIA TPaKTHIl BUKOPHUCTOBYIOTHCS JIBA
OCHOBHMX METOIU KpIOKOHCEPBYBAaHHS E€pUTPO-
IIUTIB Y 3aXHUCHUX CEPEIOBHUINAX 3 BUCOKUM 1 HHU3b-
kuM BMmicToM rmitepuny [8, 10, 15]. IIpote 3amo-
POXeHI IMMH METOAAMHU €PUTPOLMTH MAIOTh HEJOC-
TaTHIO CTIMKICTH ITICJIA BIJTAaBaHHS Ta IOMIIIEHHS B
i3otoniune cepenosuuie [8, 10]. Haite y 3mopoBux
JOOpOBONBIIB Micis ayToTpaHcdysii 3Ha4Ha dac-
THHA KIITWH, MJIaHAX 3aMOPOXKYBaHHIO TIiIe-
PUHOBUM METOJIOM, PYHHYETHCS TIPOTIATOM 24 TOIWUH
[15].

TTomkoKEeHHST €PUTPOIUTIB  IMCIISA  [TBUIKOTO
BINITABaHHS € PE3YJIbTaTOM OCMOTHUYHOIO ILIOKY ue-
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Erythrocyte transfusion to patients during haemor-
rhagic shock may cause a post-transfusion inflam-
mation [2, 6, 14] because of the destruction of
damaged erythrocytes, release of iron ions and
increased production of reactive oxygen species
[12]. Multiple erythrocyte transfusion aggravates
the functions of pancreas, liver and heart due
to the iron overload in a body [13].

In clinical practice, two main methods for
erythrocyte cryopreservation in protective media
with high and low glycerol contents are used [5,
7, 15]. However, the erythrocytes frozen by these
methods are not resistant enough after thawing
and transferring into isotonic medium [5, 7]. Even
in healthy volunteers, after autotransfusion, a major
part of cells subjected to freezing by glycerol method
is destroyed within 24 hrs [15].

Erythrocyte damage after rapid thawing is
the result of osmotic stress due to the inability of
excess intracellular glycerol to leave the cells quite
rapidly. In addition, the very process of erythro-
cyte glycerolization and deglycerolization without

|
Institute for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Kharkiv, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: ramazanovviktor9891@gmail.com

Received 22, July, 2020
Accepted 14, December, 2021

© 2022 V.V. Ramazanov, et al. Published by the Institute for Problems of Cryobiology and Cryomedicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



pe3 HE3JaTHICTh HAJIMIIKY BHYTPIIIHBOKIIITHH-
HOTO TIIIEPUHY BUXOAUTH 3 KINITUH TOCHTH MIBUIKO.
Kpim Toro, cam mpouec mrinepomizaunii-aentinepoti-
3aIil epUTPOIHTIB O€3 3aMOPOXYBAHHS BHUKIUKAE
iX momKomKeHHs 1 remoni3 [5, 10], mo Bkazye Ha
HEOOXIAHICTh 3HWKCHHS KOHIICHTpAIll TIIICpHHY
B KpioKoHcepBaHTI. Jlms 3amo0iraHHS TOUTKOIKY-
BaNlbHIA i MIIBUIIEHUX KOHIICHTpAIlA COJEeH TIif
gac KpHCTai3alii MO3aKIiTHHHOTO PO3YMHY BaXK-
JIUBO TaKOX 3HIKYBaTu KoHIeHTparito NaCl y cepe-
JoBUIII 3aMopoxyBaHHA. [IpexcraBieni maHi mite-
parypH BKa3ylOTb Ha HEOOXiJHICTh KOPEKLil cKiamy
KpIOKOHCEPBaHTa IJIsl TOTO, 100 3MEHIIIUTH OCMOTHY-
HUH CTpec 1 MOIIKOKeHHST MEeMOpaH y Imporeci 3a-
MOPOXKYBaHHSI-BiITABAHHS-BiIMUBaHHS EPUTPOIIUTIB
Ta TOCIAOUTH PO3BUTOK 3alajieHHS B OpraHi3Mi
micist Tpa”cdysii [12].

EdexTuBHUM UIS KpPIOKOHCEPBYBaHHS EpPHTPO-
LIUTIB € CEpEeIOBUIIIE, sIKE CKiIafaeThes 3 37% 1,2-mpo-
nanmiony (1,2-ITJ1), 3% caxaposu, 0,6% NaCl. Take
cepenoBHIIe 3a0e3reyye 30epeKEHHsS IMOBHOLIIH-
HOCTI KJIITHH MicJsl PO3MOPOKYBaHHS 1 BiIMHUBaHHS.
Onnak y nepui 24 roaunu micns TpaHcdysii BTpara
CPUTPOLUTIB y KPOB’SHOMY pYyCli CTaHOBUTH 18%
[2]. Takwii piBeHb TeMoJi3y € MEHIIUM, HDK IIic-
7 TpaHCcQy3ii epUTPOLUTIB, KpPIOKOHCEPBOBAHHX
13 JI0JaBaHHSAM IJIILEPHHY, TPOTE 3aJUIIAETHCS BCE
K TOCTaTHRO BUCOKUM [15]. Pazom 3 TuM a1 3amo-
POKYBaHHS €PUTPOITUTIB 3 TPOMAHII0Ib-CaXapoaeM
HEOOX1THO BHKOPHCTOBYBATH HEBHUCOKY IIBHIKICTH
oxonmomkenus (12—14 rpan/xB) m0 Temreparypu
—150...—170°C, sxy 3abe3mnedye KOHTEHHEpP y Me-
TaJIeBOMY YOXJIi B TIPOIECI 3aHYPEHHS 1 BUTPUMY-
BaHHA KJIITHUH y piakomy a3oTi (—196°C) mpotsrom
15 xB. [licig 3aMOpOKyBaHHS! KOHTEHHEP BUTATYIOTH
13 4oXJia 1 MEePEeHOCATh Yy PiAKHA a30T Wi 30epiran-
Hs. BinraBaHHs epuTpoMacu 3MIHCHIOIOTH JBOE-
TanmHo: | — HarpiBaHHS 31 MBUAKICTIO 5 Tpaj/XB 10
—80...—110°C, ske 3ale3ne4yyeTbcs BUTPHUMYBAaH-
HSM KOHTEHHEepa B MHOIIIACTOBOMY YOXJIi MTPOTATOM
20 xB; Il — 3aHypeHHS KOHTEHHEpa 3 EPUTPOMACOIO
y BomsHy Oanto (42—45°C) Ha 45-60 ¢ mo moBHO-
TO pO3MOpOXKyBaHHS epuTporuTis [1]. s copo-
IEHHS JaHOI TEXHOJOTil MOXXHA CKOPHUTYBAaTH BMICT
KOMIIOHCHTIB ~ KPiOKOHCEpBaHTa IPOIIAaH/II0b-Ca-
xapomo. IlokazaHo, MmO HIBHAKE 3aMOpPOXKYBaHHS
CpUTPOLUTIB B i300CMOTHYHOMY CaXapo30-CONbO-
Bomy cepemounii 3 1,2-I1J1 (7% caxapo3u, 0,3%
NaCl, 5% 1,2-I1]]) mocnabiroe iXx 0CMOTUYHHMIA CTpeC
micas mBuAKoro BiaraBaHHs [3]. IlomiOHME ckian
KpIOKOHCEpBaHTa, MHMOBIPHO, JO3BOJUTH OTpH-
MaTH 3aMOpOXKEHI €PUTPOLUTH B HEYIIKOIKEHOMY
CTaHi.

Meta poOOTH — BHW3HAUCHHS BIUIMBY OCMOTHY-
HOTO CTpeCy 1 CTymeHs MOUIKOMKEHHS 3aMOpO-
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freezing causes their damage and hemolysis [,
8], thereby suggesting the need to reduce glycerol
concentration in the cryopreservative. To prevent
a damaging effect of increased saline concentra-
tions during extracellular solution crystallization, it
is also important to reduce the NaCl concentration
in freezing medium. The reported data point at
the necessity to correct the composition of cryo-
preservative agent in order to reduce an osmotic
stress and membrane damage during erythrocyte
freeze-thawing-washing out as well as to mitigate
the inflammation development in the body after
transfusion [12].

The medium, consisting of 37% 1,2-propane-
diol (1,2-PD), 3% sucrose, 0.6% NaCl is efficient
for erythrocyte cryopreservation. This medium en-
sures an integral cell survival after freeze-thawing
and washing out procedures. However, in the
first 24 hrs after transfusion, the erythrocyte loss
in bloodstream is 18% [9]. This level of hemolysis
is lower than after transfusion of the erythro-
cytes cryopreserved with glycerol supplement,
but remains quite a high [15]. At the same time,
a low cooling rate (12-14 deg/min) down to
—150...-170°C should be wused for erythrocyte
freezing with propanediol-saccharol, ensured by
container in a metal cover during cell immer-
sion and exposure to liquid nitrogen (—196°C) for
15 min. After freezing, the container is removed
from the cover and transferred into liquid nitrogen
for storage. The erythromass is then thawed in
two steps: the step I includes the warming with
5 deg/min rate up to —80...—110°C, that is ensured
by container exposure in a foam cover for 20 min;
the step Il comprises the immersion of container
with erythromass into a water bath (42-45°C) for
45-60 s until erythrocytes are fully thawed [4].
To simplify this technique, the concentration of
components of propanediol-saccharol cryopreser-
vative may be adjusted. The rapid freezing of
erythrocytes in the isoosmotic sucrose-saline me-
dium with 1,2-PD (7% sucrose, 0.3% NaCl, 5%
1,2-PD) demonstrated the mitigation of their osmo-
tic stress after rapid thawing [10]. The similar
composition of the cryopreservative agent is likely
to enable obtaining the frozen erythrocytes in
undamaged state.

The research aim was to determine the impact
of osmotic stress and the damage rate of frozen
erythrocytes after using the composition-modified
cryopreservatives with glycerol and 1,2-propanediol.

Materials and methods
Here, we have used the following freezing
media: the medium 1 consisted of 38% glycerol,
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KEHUX EPUTPOLUTIB TMIiCId BUKOPHUCTAHHS MOJIU-
¢hikOoBaHMX 3a CKJIQZOM KPIOKOHCEpPBAaHTIB 3 IJi-
LEpUHOM 1 1,2-mponanmionem.

Marepiaau i MmeToaH

Y poGOTi BHKOPHCTOBYBAJIH CEpENOBHINA JIJIsS
3amopoxxyBaHHs: 1 — 38% miinepuny, 2,9%
copbitory i 0,63% NaCl; 2 — 28% miiuepuny,
6,8% copbitony i 0,25% NaCl; 3 — 22% 1,2-11]],
10% caxapo3u i 0,25% NaCl. JIoHOPCBKY KpOB
I rpymu orpumyBamu Ha XapkiBCchKili oOnac-
Hifl craHuii nmepenuBaHHA KpoBi (Ykpaina). Ilicns
BHUJIQJICHHS TUIA3MU CPUTPOIMTH BiAMHBaIU (izio-
noriuauM po3unHoM (0,9% NaCl) npu ueHTpu-
¢yrysanni 430 g mporsrom 5 xB. [emarokpur
EepUTpOMACH TICIS UEHTPU(DYTYBaHHSI CTaHOBUB
70-74%. Jlns HacHYEHHS €PUTPOIUTIB TIIIEPUHOM
a6o 1,2-I14 mo 0,5 Mm ocamy KpamembHO J0ja-
Bamu 0,5 M KpioKOHCepBaHTa 3 2-XBUJIMHHUM
nepeminryBanasMm  [10]. Orpumani 3pa3ku 00 e-
MOM | M Yy TONETHJICHOBUX KallCylax iHKyOy-
Bamu mnporsaroM 20 xB mpu 22-24°C, 3aHyproBa-
mu B pigkuid a3ot (—196°C) i BurpumyBanu 10 xB.
Kancynu micns 3aMopoXyBaHHSI TEPEHOCHIN Ha
BomsHy Oanro (40°C) ma 2 xB (mpoueaypa LIBHI-
koro BinraBaHHs). Ilicns BimirpiBaHHS pPO3MOpPO-
XKeHi 3pasku neHtpudyryBamu mpu 430 g mpo-
TATOM 5 XB, HANOCAZOBY pIAWHY BHIASUIH, a
SPUTPOITUTH TIAMaBald  TPOIEAYpPl BiIMHUBAHHS
3 BuxopucTta”usm 6 1 0,9% NaCl [10].

PiBeHp BUTBHOTO TEMODIOOIHY B TO3aKJIITHH-
HOMY CEpENIOBHIN BH3HAYaJId CIEKTPOPOTOMET-
PUYIHUM METOJOM Ha MOBXHHI XBWIi 543 HM. Bin-
COTOK TeMOJi3y PO3PaxoByBalld 3a JOTOMOTOIO
BiJTHOIIICHHS ONTHYHOI IMIIBHOCTI 3pa3ka 0 OIl-
TUYHOI IMITBHOCTI 3pa3ka remonizosanoro Ha 100 %
[11].

lnorepmiune 30epiranns eputpouutiB (4°C)
npoTsroM 24 TOAWH 3IIMCHIOBANN y CEpEeIOBHILI,
sske  mictuth 7% caxapo3u, 0,3% NaCl, 0,2%
Na,HPO, x 12H,0, 0,1% NaH,PO, x 2H,0.

OCMOTHYHHANA TEMOJI3 EPUTPOIHTIB TOCHIIKY-
BaJli B CEPENOBHIII 3 pi3HOIO KoHIIeHTparrieto NaCl
(0,09-0,9%). Knmitnau B cepenoBuii 00’emom 1 mit i
rematokputoM 0,4% iakyOysanu 30 xB mpu 20-22°C,
ueHtpudyrysanu npu 430g mporsarom 5 xB. Bin-
COTOK TEMOJIi3y pO3paxoByBajHM SIK BKa3aHO BHUIIE
32 TIOCUJIAHHSIM.

KoxkeH ekcnepuMeHT NpOBOAMIM INICTH pasiB
Ha JABOX NapanenbHux mnpodax. [lyis Bcix 3paskis
OOUHCITIOBAIM  CepefHE apu(METUYHE 3HAUYCHHS
1 3HaYEHHS CEepPeAHBOKBAAPATHIHOI MOMWIKA (M =+
+ m). JImg BU3HAUEHHS CTATUCTHUYHOI 3HATYIIOCTI
pe3yibTaTiB  BUKOPUCTOBYBAJIM HeEMapaMEeTPUIHHUNA
Merton Manna-Bitai ipu p < 0,05.
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2.9% sorbitol and 0.63% NaCl; the medium 2 com-
prised 28% glycerol, 6.8% sorbitol and 0.25%
NaCl; medium 3 included 22% 1,2-PD, 10%
sucrose and 0.25% NaCl. Donated blood of group
II (A) was procured at the Kharkiv Regional Center
for Blood Services (Ukraine). After plasma remo-
val, the erythrocytes were washed out with phy-
siological saline (0.9% NaCl) by centrifugation
at 430 g for 5 min. After centrifugation, the he-
matocrit of erythromass made 70-74%. To saturate
erythrocytes either with glycerol or 1,2-PD, 0.5 ml
of pellet was dropwise supplemented with 0.5 ml of
cryopreservative with a 2-min mixing [7]. The
obtained specimens of 1 ml volume were incubated
in polyethylene capsules for 20 min at 22-24°C,
then immersed into liquid nitrogen (—196°C) and
kept for 10 min. After freezing, the capsules were
transferred into water bath (40°C) for 2 min (rapid
thawing procedure). After thawing, the specimens
were centrifuged at 430 g for 5 min, followed
by supernatant removal and erythrocyte washing
out with 6 and 0.9% NaCl [7].

Free hemoglobin in extracellular medium was
measured using spectrophotometry at 543 nm wa-
velength. The hemolysis percentage was calcu-
lated by the ratio of optical density of the specimen
to that of the sample hemolyzed by 100% [8].

Erythrocytes were hypothermically stored (4°C)
for 24 hrs in the medium containing 7% sucrose,
0.3% NaCl, 0.2% Na HPO,, 12H,0, 0.1% NaH_PO,,
2H.0.

Osmotic hemolysis of erythrocytes was studied
in the medium with different NaCl concentrations
(0.09-0.9%). Cells in the medium of 1 ml volume
and 0.4% hematocrit were incubated for 30 min
at 20-22°C, and centrifuged at 430 g for 5 min. The
percentage of hemolysis was calculated as indi-
cated above by the reference.

Each experiment was performed six times in two
parallel samples. For all the specimens, the mean
value and the mean square error (M + m) were
calculated. The Mann-Whitney U test was applied to
determine the significance of the results, p < 0.05.

Results and discussion

The Table presents the data on erythrocyte
loss at various stages of freezing and hypothermic
storage (HS). A decrease in glycerol concent-
ration from 38% [7] down to 28% with modifying
the concentrations of sorbitol (from 2.9 up to
6.8%) and NaCl (from 0.63 down to 0.25%) reduced
the erythrocyte hemolysis at all the cryopreserva-
tion stages and during HS. Lowering the 1,2-PD
concentration down to 22% in a sucrose-saline
medium, in contrast to the cryopreservative, con-
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lemonia epuTpouUUTIB NiCNst 3aMOPOXXYBaHHST Ta rinoTepMivyHOro 3éepiraHHs
Erythrocyte hemolysis after freezing and hypothermic storage

CepepnoBuLLe 3aMOpPOXKYBaHHA

Freezing medium Freeze-thawing cycle, %

Linkn 3amopoxyBaHHA-BiATaBaHHA, %

Micna '3 (24 roannn), %
After HS (24 hrs), %

Micna BiaTaBaHHA i1 BiaMUBaHHA, %
After thawing and washing out, %

1 4,5 1,0 17 £ 2,0 1,5 +£0,2
2 2,56 +0,5 10 £ 1,6 1,0 £0,2
3 2,0 £ 0,5 5+1,56 0,7 £0,2

Pe3yabTaTi T2 00rOBOpEHHS

VY Tabmuii momaHo AaHi IMOMO BTPATH EPUTPO-
LUTIB Ha Pi3HUX eTanax 3aMOpOXXYBaHHS 1 32 YMOB
rimotepmiudoro 30epiranas (I'3). 3MeHITICHHS KOH-
nenTpanii rmoepury 3 38% [10] mo 28% i3 mo-
nudikariiero KoHIeHTpaii copbiromy (3 2,9 10 6,8%)
i NaCl (3 0,63 mo 0,25%) 3HMKYy€e piBEeHb TeMOII3y
SPUTPOITUTIB HAa BCIX eTamaxX KPiOKOHCEPBYBAHHS
Ta y nporeci ['3. 3menmenns koutentparii 1,2-11)]
no 22% y caxapo30-COJIbOBOMY CEpEIOBHILI Ha
BiIMIHY BiJ KpIOKOHCEpBaHTa, SKHA MIicTUTH 37%
1,2-ITJ1 1 BUKOPUCTOBYETHCS Uil OBOETAITHOTO pe-
KUMy 3aMOpOKyBaHHSI 1 BigraBaHHs [1], 3abesme-
qy€ 3HIKEHHS TEeMOJi3y MOPIBHSIHO 3 TEeMOJIi30M
y CepemoBHILAX 3 J0AAaBaHHIM TIilepuHy (Talmiu-
). PiBeHb TeMOI3y EpPUTPOLMTIB ITICTSA IIIBHII-
KOI'O OIHOETAIIHOTO 3aMOPOXYBaHHS 3 BUKOPUCTaH-
HSIM KpIOKOHCEPBaHTa, CKOPUIOBAHOIO 3a CKJIAJOM,
cTaHOBUTH 5% (Tabmuiis) [4].

TToka3HUKY TEMOITI3Y EPUTPOIIHTIB, 3aMOPOIKEHUX
y Mo (iKOBaHHMX CEPEIOBHINAX, BKa3YIOTh Ha OLTBIITY
iXHIO OCMOTHYHY CTIMKICTH IMOPIBHSHO 3 KPiOKOH-
CEpBaHTOM, SIKUH MiCTHTB 38% miinepuHy (TabauLs).
[opiBHsBPHMI aHaNi3 OCMOTHYHOTO TE€MOJI3y He
BUSIBUB 3HAYYIIO! Pi3HUII B OCMOTHUYHINA KPUXKOCTI
CpUTPOLIUTIB, 3aMOPOXKECHUX Yy PI3HUX KpPIOKOHCEp-
BaHTax (PUCYHOK).

TTomkoKEeHHS EPUTPOITUTIB Y TIPOIeCi 3aMo-
POXKYyBaHHS BUKIMKAaHE HE TUIBKA 3 TINEPTOHIY-
HAM CTPECOM BHACIIZOK IIiABUINCHHS KOHIICHTpA-
uii NaCl, ajge # 3 OCMOTHYHUM IIIOKOM Y IPOILECi
PO3MOPOXKYBaHHS, SIKUW TIOB’sS3aHUH 3 HE3IaTHICTIO
HaJUIMIIKY BHYTPIITHBOKIITHHHOTO TJIIIEPHHY BH-
XOIIUTH 3 KIITHH JIOCUTHh IIBUJKO B IPOIIECi BiATa-
BauHst [12]. MMOBipHO, 3HMKEHHS KOHIIEHTpALLii
rrinepuny Ta NaCl, a Takox 30iUIbLICHHS BMICTY
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taining 37% 1,2-PD and used for a two-step freeze-
thawing regimen [4], provided the hemolysis reduc-
tion as compared with that in glycerol-supplemented
media (Table). After rapid one-step freezing using
the cryopreservative with adjusted composition, the
erythrocyte hemolysis made 5% (Table) [11].
Hemolysis of the erythrocytes frozen in the
modified media indicated their higher osmotic
resistance as compared with the cryopreservative
containing 38% glycerol (Table). Comparative

100

80 -

60 -

Femonis, %
Hemolysis, %

O T T
0 0.3 0.6 0.9

KoHueHTpauia NaCl, %

NaCl concentration, %
Puc. 1. 3anexHictb remonidy Big koHueHTpauii NaCl
AN iHTaKTHUX epuTpouuTiB (m) Ta BigMUTUX nicns 3a-
MOPOXYBaHHSl B cepefoBuiax: e — 1; ¢ — 2; A —

Fig. 1. Dependence of hemolysis on NaCl concentration
for intact erythrocytes (m) and washed out ones after
freezing in the following media: ¢ — 1; ¢ — 2; A —
3.
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HETIPOHUKHOTO 3aXMCHOTO KOMIIOHEHTa COpOiTONmy
B CEPEIOBUILI 3aMOPOXKYBaHHS 3a0€3MeUyI0Th OCMO-
TUYHY CTiHKICTb €pUTPOLMTIB Ha €Tali BiITaBaHHS.
Pe3ynbraTy aHamizy TOMIKOMKEHHS KIIITHH BHAC-
JJOK 3aMOpPOXKYBaHHS-BINTABAaHHS B 1300CMOTHY-
HUX C€axapo30-CONbOBUX CEPENOBHINAX ITOKA3aIH,
mo 3HmwkeHHs koHmeHtpamii NaCl numsixom 3ami-
IIEHHS COJII CaXapo30i0 3MCHIIYE PIBEHb TEMOJI3Y
[3]. MoxumBo, 1m0 Takuii edekT OOYMOBICHO IIO-
CJTabJICHHSM TIMIEPTOHIYHOTO COJILOBOTO CTPECY.

Eputponmuty, 3aMOpoXKeHi B CEpeIOBUII 3 IITiLie-
PHHOM, MaIOTh BUCOKUH CTYIIHb 30€pPEKEHOCTI Mics
BiJITaBaHHs JIMIIE y TOMY BUNAJKY, KOJHM TIPOIle-
Iypa pO3BEICHHS KpIOMPOTEKTOpa € IOBLIBHOIO
1 KOMIIEHCYETHCSl IoAaBaHHAIM copbitomy [7]. As-
TOpaMu 3p00JIeHO HACTYITHHN BHUCHOBOK: ITOBIThHA
MIBUIKICTD, 3 SKOIO TJIIEPHH BUXOAUTH 3 KIIITHH,
€ OCHOBHOIO TIPHUYMHOIO MOIIKOMKEHHS KIITHHHHUX
MemOpaH. O4YeBHIHO, 3HMKEHHS KOHIICHTpAIlii TJIi-
nepuny i NaCl Ta migBUIIEHHS KOHIIGHTpAIlii cop-
0ITOJTy 3MEHIIYIOTH COJIbOBUYU TIMIEPTOHIYHHUHA CTpeC
y Tpoleci 3aMOpOXYBaHHS EPUTPOLMTIB 1 Hera-
TUBHUH OCMOTHYHHU e(PeKT mmicis iX BiaTaBaHHS.

PiBeHb MOWIKOMKEHHS EPUTPOLMTIB MicHs 3a-
MoOpoXyBaHHS B ceperoBuii 3 1,2-I1J meHmmii
MOPIBHSHO 3 CEPEAOBUINEM, III0 MICTUTh TIIIEPHH.
Ile moB’s3aHO 3 OLNBIIOI MPOHHUKHICTIO MeMOpaH
st 1,2-1TJ1, sk masg miinepuny [4], BHacHigok
goro B cepenoBummi 3 1,2-I1J1 epurporuTu micis
PO3MOPOKYBaHHS 3a3HAIOTH MEHIIOTO OCMOTHYHO-
ro crpecy. MIMOBIpHO, Ile MOHA BBAKATH NPUUH-
HOIO TOro, mo0 micis TpaHc(ysii g000Ba BTpara
CPUTPOITUTIB, 3aMOPOKCHHX Yy KpPIOKOHCEPBAHTI
3 1,2-I1J1, cranoButh 18% [3], mo MeHIIE HIX
micns TpaHcdysii epUTPOLMTIB, 3aMOPOKEHUX IJIi-
LEepUHOBUM MeTozioM (25%) [15].

BucHoBku

1. 3a yMOB WIBHJIKOTO 3aMOpOXYBaHHS-BiATa-
BaHHS CPUTPOIWTIB y KPIOKOHCEPBAHTI 31 3HIKE-
HOI0 KOHIeHTpamito miinepuny mo 28%, NaCl mo
0,25% Ta 30UTBIIEHOI0 KOHIIEHTPAIEI0 COPOITOIY
1o 6,8% 3MeHIIyeThes iX BTpara IMiCisl BiAMHBaHHS
1 rimotepMidHOTO 30€piraHHsa, HE 3MIHIOETHCS OC-
MOTHYHA KPUXKICTh Ta 30€pira€ThCsi OCMOTHYIHA pe-
3HCTEHTHICTB.

2. 3menmenns kouueHtpamii 1,2-I1J1 3 37 mo
22% ta NaCl mo 0,25% 3a yMOB MiJIBUIIICHHS BMi-
cTy caxapo3u 110 10% 103BoIIsie 3aMiHUTH IBOCTAITHY
TEXHOJIOTII0 3aMOPOKYBaHHS-BIITaBaHHS HA OJIHO-
CTaIHYy.

3. BcraHoBneHHO, MO 3HW)KEHHS KOHIIEHTpA-
uii roinepuny ta 1,2-ITJ1 mocmabmoe 0CMOTHYHUN
CTpEeC 3aMOPOKEHUX CPUTPOIUTIB MICIA BiATaBaH-
Ha. Kpim Toro, Taka momudikamis CKIaxy KpiOKOH-
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analysis of osmotic hemolysis revealed no signi-
ficant difference in osmotic fragility of the erythro-
cytes frozen with different cryopreservatives (Fi-
gure).

Erythrocyte damage during freezing is asso-
ciated not only with hypertonic stress due to the
increased NaCl concentration, but with osmotic
stress during thawing as well. In addition, an osmotic
stress is related to the inability of excess intracel-
lular glycerol to leave the cells quite rapidly
during thawing [12]. Decreased glycerol and NaCl
concentrations, as well as an increased content
of impermeable protective component sorbitol in
freezing medium are likely to ensure the osmotic
resistance of erythrocytes during thawing. Results
of the analysis of cell damage due to freeze-
thawing in isoosmotic sucrose-saline media showed
the lowering of NaCl concentration via replacing
salt with sucrose to reduce the hemolysis level
[10]. This effect was likely due to the mitigation
of hypertonic saline stress.

The erythrocytes, frozen in a glycerol-contai-
ning medium have a high survival rate after
thawing only if the cryoprotectant dilution is slow
and compensated by sorbitol supplement [3]. The
authors concluded that a slow rate of glycerol release
out of cells was the main cause of cell membrane
damage. Obviously, a decrease in glycerol and
NaCl concentrations and an increase in sorbitol
one reduce the saline hypertonic stress during
erythrocyte freezing and a negative osmotic effect
after their thawing.

Erythrocyte damage after freezing in the me-
dium with 1,2-PD is lower as compared with the
glycerol-containing one. This is due to a higher
permeability of membranes for 1,2-PD than for
glycerol [11], as a result of which the erythrocytes
undergo less osmotic stress in the medium with
1,2-PD after thawing. This is likely to be the
reason that after transfusion a daily loss of erythro-
cytes, frozen in cryopreservative with 1,2-PD is
18% [10], that is lower vs. that after transfusing the
erythrocytes frozen by glycerol method (25%)[15].

Conclusions

1. When rapidly freeze-thaw the erythrocytes
in the cryopreservative with decreased concentra-
tions of glycerol and NaCl down to 28 and 0.25%,
respectively, and an increased sorbitol concentra-
tion up to 6.8%, their loss after washing out and
hypothermic storage was reduced, an osmotic fra-
gility remained unchanged and an osmotic resis-
tance was kept.

2. Lowering the 1,2-PD concentration from
37 down to 22% and to 0.25% for NaCl under
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cepBaHTIB 3abe3neuye MEHINWH CTYIHb TMONIKO-
JKEHHST MeMOpaH 30epeKCHHX EpPUTPOLUTIB y TIPO-
Imeci 3aMOpOXyBaHHS-BiATaBaHHSI-BIIMHUBAHHS, IO
MO)Ke 3MEHIITYBAaTH CTYHiHb PYWHYBaHHSA KJIITHH
micns TpaHcdy3ii 1 3HWKYBAaTH piBEHb 3alajcHHS
B OpraHi3mi.
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increasing the sucrose content up to 10% enabled
replacing the two-step freeze-thawing for the sin-
gle-step one.

3. Decreased glycerol and 1,2-PD concentra-
tions were established to mitigate an osmotic stress
of frozen erythrocytes after thawing. In addition,
this modified composition of cryopreservatives
ensured a lower damage rate to membranes of pre-
served erythrocytes during freeze-thawing-wa-
shing out, which could reduce the destruction
rate of cells after transfusion as well as mitigate
the inflammation level in the body.
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