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Prolonged storage of thawed red blood cells

Volodymyr Orlyk!?, Bohdan Kondratskyi?, Mariya Vynarchyk?,
Sofia Prymak?, Halyna Savuliak'?, Vasyl Novak!-?

I Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
2 Public Institution «Institute for Blood Pathology and
Transfusion Medicine of the Academy of Medical Sciences of
Ukraine», Lviv, Ukraine

Introduction.In moderntransfusion practice, bothin peacetime
and in military conditions, red blood cells (RBCs) are widely
used as the main component of donor blood. Cryopreserved
red blood cells are considered the most safe and high-quality
RBC-containing environment. However, the storage period of
thawed RBCs after cryopreservation is limited to 24 hours, and
significantly complicates their use. Therefore, extending the
storage period of thawed RBCs is relevant for the blood service.
Research objective: study the RBCs morphological state and
functional completeness that were cryopreserved at -40°C
and stored for 7 days at a temperature of +2°C - +40C after
thawing.

Materials and methods. The object of the study were RBCs
that were cryopreserved at -40°C and stored for 7 days at a
temperature of +2°C - +40C after thawing. Deglycerolization
of the thawed red blood cells, cryopreserved at -40°C, required
three time washing by using reverse cytoagglomeration.
Thawed RBCs were re-suspended in lactate-sucrose-
phosphate solution. After RBC thawing and storage for 7 days
(186 doses) in the suspension the following indicators were
studied: free hemoglobin, extracellular potassium, adenosine
triphosphoric acid (ATP), 2,3-diphosphoglycerate (2,3-DPG),
hematocrit, degree of hemoglobin affinity to oxygen (P.,,),
viscosity coefficient, osmotic stability, electrophoretic mobility
of erythrocytes. as well as the total number of cells lost and
recovered.

Results. After storage for 7 days of suspension of thawed
RBCs at a temperature of +2°C - +40C indicators of free
hemoglobin (0,62+0,02 g/l), extracellular potassium (2,7+0,3
mmol/l), hematocrit (0,4+0,02 I/I) were within normal limits.
Osmotic resistance (0,46+0,02%), electrophoretic mobility
(0,94+£0,04 pm-cm-V-t-st) of RBCs, suspension viscosity factor

(5,5£0,20mPa-C) did not exhibit changes in comparison with normal values. High levels of ATP
indicators (3,0+0,2 umol/gHb) and 2,3-DPG (10,5+1,3 umol/gHb) were established. Indicator
P., (24,1+1,3 hPa) corresponded to low hemoglobine affinity for oxygen. After 7-day storage at
+20C - 4+49C total cell loss was insignificant and amounted to 5,6+0,4%. High percentage of
viable thawed RBCs 94,4+0,5% was shown.
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MponoHrauina 36epiraHHA
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1 JIbBIBCbKUK HaLUiOHa/IbHUM MEANYHNE YHIBEPCUTET iMEHI []a-
Huna Fanuybkoro, M. JIbBiB, YKpaiHa

2 [lep>xaBHa ycTtaHoBa «IHCTUTYT nNaToJiorii KpoBi Ta TpaHCcpy-
3iKiHOI meanUnHn HauioHasibHOI akagemii MegnYHUX HayK
Ykpainn», m. JibBiB, YKpaiHa

BcTtyn. Y cy4acHin TpaHcdy3ionorivyHii npakTuui B MUPHUN
yac i B ymMOBax BiCbKOBMX Ai LWUMPOKO 3aCTOCOBYIOTb €pu-
TPOUMUTM — OCHOBHWI KOMMOHEHT AOHOPCbKOI KpoBi. Han-
6inbw 6e3nevyHUM i AKICHUM epUTPOLUTOBMICHUM Ccepeno-
BMLLEM BBaXarlTbCA KPiOKOHCepBOBaHi eputpounTtn. OAHaK
CTpok 36epiraHHa PpO3MOpPOXEHUX MNicna KpiokoHcepBauii
epuTpouunTiBa obMexeHunn 24 rogvMHaMu, WO 3HAYHO YTpya-
HIOE iX 3aCTOCyBaHHSA. TOMY aKTyanbHUM ANS Ciyxbu KpoBi
€ NpoJsioHrauisa cTpoky 36epiraHHa po3MOPOXEHUX EPUTPOLIN-
TiB. MeTa po60Tn — BUBUUTU MOPGOOriYHNIA CTaH i PyHKLi-
OHaJlbHY MOBHOLIHHICTb KpioKOHCepBOBaHMX 3a -40°C epwu-
TpouuTiB, Aki 36epiranuca nicna po3MopoXxyBaHHA 7 Ai6 3a
TemnepaTtypu +2°C - +40C.

MeTtoau pocnipxeHHA. O6'ekToM gocnigxeHHs 6ynm kpio-
KoHcepBOBaHi 3a -40°C eputpouunTu, aKi 36epiranucs nicns
po3MoOpoXyBaHHSA 7 Ai6 3a TemnepaTtypu +2°C - +49C. Onga
AerniuepuHisauii po3MOpPOXEHUX epUTPOLINTIB, KPIOKOHCEPBO-
BaHuX 3a -40°C, 3acTocoByBanm TpmpasosBe BiAMMBAHHS METO-
[OM 3BOPOTHOI uuTaraoMepadil. PecycneHaysanm po3Mopoxe-
Hi epUTPOLUNTM Yy NaKTaTHO-caxapo3o-pochaTHOMY po3yunHi. B
3aBUCi epuUTPOLUTIB Micnsa IX pO3MOPOXYBaAHHS i 36epiraHHa 7
Ai6 (186 0o3) BMBYaNK NOKa3HUKK: BiNbHOro remornobiny, no-
3aKNiTUHHOrO Kanito, aaeHo3nHTpudochopHoi knucnotu (ATO),
2,3-andocdornivepaty (2,3-A@r), rematokpuTy, CTyneHs
cnopigHeHocTi reMornobiHy Ao KucHiwo (P.,), koediuieHTa B'a3-
KOCTi, OCMOTMUYHOI CTiMKOCTi, enekTpodOopEeTUYHOI pPyXIMBOCTI
€pUTPOLMTIB, @ TAaKOX 3arasibHy KiJibKiCTb BTPa4YeHUX i BiAHOB-
NEeHNX KNiTUH.

Pe3ynbtaTtn. lNicng 36epiraHHa npoTtsarom 7 4i6 3a Temnepa-
TYypu +2°C - +40C B 3aBUCi pPO3MOPOXEHNX EPUTPOLUTIB MO-
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Ka3HWKKN BinbHOro remornobiHvy (0,62+0,02 r/n), no3akniTuHHoro kanito (2,7+0,3 mmonb/n),
rematokputy (0,4£0,02 n/n) 6ynn B Mexax HOpManbHUX BennynmH. OCMOTMYHA CTIMKICTb
(0,46£0,02%), enekTpodopeTnyHa pyxnmeictb (0,94+£0,04 MkM-cM-B1-Cc!) epuTtpoumnTiB, KO-
ediuieHTn B'a3kocTi (5,5+0,20mMa-C) He 3MiHIOBanuMca nNOPIBHAHO 3 HOpMOK. BcTtaHoBNeHo
HOpManbHUI piBeHb nokasHukie AT® (3,0+0,2 mkmonb/rHb) i 2,3-A4®r (10,5+1,3 MkmMonb/
rHb). MokasHuk P, (24,1+1,3 rMa) BiAnoBiAaB HMU3bKil CNOPIAHEHOCTI reMornobiHy A0 KUCHIO.
Micnsa 36epiraHHa npoTtaroMm 7 ai6 3a +2°C - +40C 3aranbHa BTpaTa KAiTMH 6yna He3HA4YHOW
i ctaHoBuna 5,6+0,4%. BuaBneHO BUCOKWI BiACOTOK BMXOAY MOBHOLIHHMX PO3MOPOXEHUX
eputpoumnTie 94,4+0,5%.
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Conclusions. Deglycerolization of thawed red blood cells, cryopreserved at -40°C, by reverse
cytoagglomeration, as well as use of lactate-sucrose-phosphate solution for washed RBCs
resuspending promote prolongation of thawed RBCs storage period up to 7 days at +2°C - +4°C

in viable condition.

Keywords: Hematology, red blood cells, cryopreservation, thawing.

Introduction

Improving blood system is a strategic task
which affects provision of medical aid in
peaceful time as well as during military
operations [1,2,3]. Practical medicine makes
extensive use of RBCs which are one of the
donor blood major components. According to
the modern data, the safest RBC-containing
environment for recipient are thawed washed
RBCs [4,5,6,7]. Cryobiology success allowed
to consider cryopreservation to be an effec-
tive method of long-term blood cell storage
[8,9,10,11,12]. There are two technological
possibilities to cryopreserve RBCs. The first
method is fast freezing and long-term RBCs
storage at ultra-low temperature [13]. Prac-
tical implementation of this method requires
complicated, cumbersome, expensive equip-
ment with usage of liquid nitrogen. Another
method is slow cooling and long-term storage
of blood cell components (RBCs) at moderate-
ly low temperatures in electric refrigerators.
The preference is given to more economic and
simple methods of RBCs freezing and storage
at moderately low temperatures [14,15]. But
widespread clinical use of cryopreserved RBCs
(irrespective of preservation method) is hin-
dered by the storage period of thawed RBCs
which is limited to 24 hours. Therefore, the is-
sue of developing rational methods of thawed
RBCs deglycerolization, as well as creation of
special resuspending solutions to maintain
RBCs functional properties during the post-
thaw storage period, for the period exceed-
ing 24 hours, is topical for the modern blood
system [8,16,17,18]. Objective. To study the
morphological state and functional capabilities
of RBCs, that were cryopreserved at -40°C
and stored after thawing for 7 days at a tem-
perature of +20C - +40°C.

Materials and Methods

The object of the study were cryopreserved
RBCs at -40°C, which were stored after thawing
for 7 days at a temperature of +2°C - +40°C..
To obtain red blood cell component 1-day
storage blood was used, obtained with informed
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consent from donors meeting all the procedural
requirements under the Law of Ukraine [19]. In
transfusion substances technology lab in PI IBP
& TM AMSU, under aseptic conditions, plasma
and white and platelet layers were removed by
aspiration from hemocontainers (“Hemakon”,
“RAVIMED” with hemopreservative CPDA-1
(Poland)) with whole donated blood. Free from
plasma and white and platelet layers RBCs were
transferred into sterile polymer cryocontainers
CS 1000 and were supplemented in equal pro-
portion (1:1) protective solution —cryopreserva-
tive, which contained: glycerol (State Pharma-
copoeia of Ukraine, issue 1, p.355) - 791,2 g,
dinatrii aethylendiamintetraacetas) (State Phar-
macopoeia of Ukraine, issue 1, appendix 1.1,
p.327) - 3,0 g, glucosum anhydricum (State
Pharmacopoeia of Ukraine, issue 1, appendix
1.1, p.360) - 90,0 g and aqua ad iniectabil-
ia (State Pharmacopoeia of Ukraine, issue 1,
appendix 1.1, p.307) - to 1000,0 ml. The final
concentration of glycerol in the mix was 39,6%.
After completion of glycerolization air was re-
moved from the cryocontainer and the cryo-
container was sealed. RBCs, suspended in cryo-
protective solution, were kept for 30 minutes
at room temperature. After this cryocontainers
with the mix of RBCs and cryopreservative were
placed in low temperature electric refrigerators
“Frigera” NZ280/75A or “Frigera” HZ700/50.2
(the Czech Republic) for freezing and storage
up to 2 years at -40°C. 186 doses of RBCs were
studied (table 1).

Table 1

The number of RBCs doses
frozen at -40 °C,
depending on their storage periods

The number of RBCs
doses frozen at
temperature -40 °C

Red blood cells storage
periods in frozen condition
at temperature -40 °C

Up to 6 months 36
From 6 months to 1 year 45
From 1 to 1,5 year 51
From 1,5 to 2 years 54
Total: 186
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BuCHOBKMWU. 3acTocyBaHHA JerjiuepuHisauii po3MOPOXEHUX EpUTPOLUTIB,
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KpiOKOHCEpPBOBaHMX

3a -40°C, MeTo40M 3BOPOTHOI LMTarsoMepadii, @ TakoX 3aCTOCYBaHHS /laKkTaTHO-caxapo3o-docdaT-
HOro pO34YuMHY ANa pecyCneHAyBaHHS BIAMUTUX epUTPOLMTIB Aal0Tb 3MOry MOLOBXWUTU CTPOK 36e-
piraHHS PO3MOPOXEHUX epuTpoumnTiB A0 7 Aib 3a Temnepatypu +2°C-+4°C y NOBHOLIHHOMY CTaHi.

KnroyoBi c/ioBa: remMaTosIorisi, epuTPOLMTN, KPIOKOHCEPBYBAHHS, PO3MOPOXKYBaHHS.

BcTtyn

BAockoHasieHHS CUCTEMN KPOBi KpaiHW € cTpa-
TeriyHuM 3aBAaHHAM, Bif peanisauii aKoro 3a-
NeXNTb SAKICTb HaAaHHS Meau4YHOl A0MOMOrn
B MMUPHWI 4ac, a TakKoX B YMOBaX BiNCbKOBUX
ain [1,2,3]. Y NnpakTUYHIn MeauuUMHI LWMPOKO
3aCTOCOBYHOTb €PUTPOLMNTU — OAUNH 3 OCHOBHUX
KOMMOHEHTIB AOHOPCbLKOI KPOBi. 3rigHO 3 Cy-
YaCHMMM AaHUMU, HaNbinblw 6e3nedyHuUM ans
peuunieHTa epuTpoLMTOBMICHUM  cepeno-
BMLLEM € PO3MOPOXEHi BIAMUTI €pUTPOLINTH
[4,5,6,7]. Ycnixn B ranysi kpiobionorii gatoTb
niaCcTaBn BBaXaTu KPiOKOHCepPBYBaHHSA edek-
TUBHUM MeTOAOM JAOBroTpuBanoro 36epiraH-
Hs KNiTUH kpos.i [8,9,10,11,12]. IcHytOTb ABI
TEXHOI0MYHI MOX/TMBOCTI KPIOKOHCEPBYBaHHSA
eputpoumTiB. lepwuin MeToa - Ue WBUAKE
3aMOpOXYBaHHA Ta AOBroTpusare 36epiraHHs
€pUTPOLNTIB 3a YNbTPa HU3bKUX TeMmMnepaTyp
[13]. Ana NpaKTUYHOro BNPOBAAXKEHHS LibO-
ro metoay HeobxigHe cknajaHe, rpomisake,
BapTicHe obniagHaHHS i3 3aCTOCyBaHHAM pia-
KOro as3oTty. IHWWMA MeToa - nOBiSIbHE OXO-
NoaXeHHs | poBroTpmBane 36epiraHHs Kii-
TUHHUX KOMMOHEHTIB KpOBi (epuTpounTiB) 3a
NMOMIpHO HU3bKWMX TeMnepaTyp B enekTpoped-
puwxepaTtopax. [lepeBara HapaeTbca 6inbl
€KOHOMIYHWUM | MPOCTUM MEeTOoAaM 3aMOPOXY-
BaHHSA Ta 36epiraHHa epuTpOLMTIB 3@ NOMIpPHO
HU3bKNX Temnepatyp [14,15]. Ane wurpokomy
KMiHIYHOMY BMPOBAAXEHHIO KPIOKOHCEPBO-
BaHUX epuTpouuTiB (He3anexHo Big MeToay
KOHCepBaUii) nepewkoaXae obMmexeHun p[o
24 roanH CTpok 36epiraHHA pPO3MOPOXKEHUX
epuTpouunTiB. TOMY NMUTaAHHSA poO3pobku paui-
OHaNbHUX MeToAiB AerniuepuHisauii po3Mo-
POXEHUX €EepUTPOLNTIB, @ TAKOX CTBOPEHHSA
criedianbHMUX pecycrneHayuymx po3yunHiB Ans
NiaTpUMKN  PYHKLUIOHaNbHUX BACTUBOCTEN
epuTpounTiB y npoueci ix 36epiraHHa nicns
pPO3MOpPOXYBaHHA, TpuBaniwe HixX 24 roau-
HW, 3a/INWLAETLCA aKTyaslbHUM ANA Cy4acHOI
cnyx6bu kposi [8,16,17,18]. MeTta: BUBYNTHU
MOP@ONOriYHUIN CTaH i GYHKLIOHAbHI MOXN-
BOCTI KpiokOHCcepBoBaHMx 3a -40 °C eputpo-
umMTiB, SKi 36epiranuca nicna po3MOpPOXYyBaH-
Ha 7 ai6 3a TemnepaTypu +2°C - +40C.
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MaTepianu i MeToaM focnip>keHb

O6’ekTOoM pocnigpxeHHst 6ynn KpioKOHCepBOBa-
Hi 3a -40°C epuTpounTn, SKi 36epiranmcs nicns
pPO3MOpOXYBaHHA 7 Ai6 3a Temnepatypu +2°C -
+40C. Ina 0TpUMaHHSA KOMMOHEHTa epUTPOLMUTIB
BMKOPUCTOBYBaNN KpPOB 0A4HOA060BOr0 CTPOKY
36epiraHHs, oTpuMaHy 3a iHOOPMOBAHOK 3ro-
[010 BiA, AOHOPIB 3 BUKOHAHHAM BCiX npoueayp-
HMX BMMOT BiANOBIAHO A0 3akoHy YkpaiHn [19].
B nabopatopii TexHonorin TpaHcdy3inHnUX npe-
napartis [epxaBHoi ycTaHoBW IHCTUTYT natonoril
KpOBi Ta TpaHcdys3iiHOI MeanuuHM HauioHanb-
HOI akazeMmii MeanyHuX Hayk Ykpaitum (4Y INKTM
HAMHY), B acenTuyHMX yMOBaX, i3 FEMOKOH-
TeliHepiB («lemakoH», «RAVIMED» 3 reMoOKOH-
cepBaHToM CPDA-1, (Monbwa)) 3 uinbHOKO A0-
HOPCbKOK KpOB't0 METOAOM acnipauii Buaansnm
nnasMy i nemkountTapHo-TpoMboumnTapHmin Lwap.
EpuTpounTn, 3BifbHEHI Biad nia3Mu i nemkoun-
TapHO-TPOMOOUMTApHOro LWapy, NepeHocunu y
CTepunbHi NoniMepHi KpiokoHTelHepn CS 1000 i
Aojasann Ao HUX Y piBHiN nponopuii (1:1) 3axuc-
HUA PO34YMH—KPIOKOHCEPBAHT, KNI MICTUB: TJli-
uepwuH (glycerolum) (A®Y Bun.1, c.355) - 791,2
r, OVHATPIEBY CiNb eTuneHAiaMiHTeTpPaouTOoBOI
kncnotn  (dinatrii  aethylendiamintetraacetas)
(A®Y Bun.1 popatok 1.1, ¢.327) - 3,0 r, rntoKo-
3y (glucosum anhydricum) (A®Y Bun.1 gogaTtok
1.1, ¢.360) - 90,0 r Ta BOAY ANg iH'ekuin (aqua
ad iniectabilia) (A®Y Bun.1 goaaTtok 1.1, ¢.307)
- 8o 1000,0 mn. KiHueBa KOHUeHTpauisa rniuepu-
Hy B CyMili ctaHoBuna 39,6%. KpiokoHTeliHe-
py 3 CYMiLILUIO epUTPOLMTIB Ta KPiOKOHCEPBAHTA
pO3MiLLlyBafin Y HU3bKOTEMMNEPATYPHUX E/TEKTPO-
pedpwmxepaTopax «Frigera» NZ280/75.A abo
«Frigera» HZ700/50.2 (Yecbka Pecnybnika) ans
3aMOpOXyBaHHs Ta 36epiraHHsa A0 2-X pOKiB 3a
TemnepaTtypu -40°C. JocnigkeHo 186 no3 epu-
TpouuTie (Tabnuuga 1).

BiaTatoBaHHA 3aMOPOXKEHUNX epuTpoLMTIB
npoBoaunn y BOAAHIN 6aHi 3a TemnepaTypu
+38°C-+40°C. 3 MeTol BiAMMBAHHA €puUTPO-
uMTiB Bi4 rniuepuHy (npouec aerniuepuHisauii)
3acTtocoByBanu GeHoMeH 3BOPOTHOI LuTariome-
pauii epuTpoLmnTIB Y HU3bKOMOHHOMY CepeaoBu-
LLi, WO YTBOPIETLCA 3aBAAKM PO3YMHAM LIYKpIB.
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Thawing of the frozen RBCs was done in water
bath at +38°C - +40°C. Suspension of the
thawed RBCs was transferred into plasticized
1000,0 ml volume containers. To wash the
RBCs from glycerol (deglycerolization process)
the phenomenon of reverse cytoagglomeration
of RBCs in low-ion environment, created
due to sugars solutions. Glucose solutions of
30%, 10%, 5% were used. In the process of
deglycerinization, thawed RBCs were added
to the 30% glucose solution in the amount of
100 ml per 250 ml of the thawed RBCs mix
was added to the mix of thawed RBCs and then
it was mixed. In 2-3 minutes the mixture of
RBCs and 30% glucose solution was mixed with
10% glucose solution in the amount equal to 4
volumes of frozen RBCs. After mixing there was
RBCs agglomeration and their sedimentation.
The fluid above the sediment was removed. The
agglomerated RBCs were once again mixed with
4 volumes of 10% glucose solution, After the
RBCs settled, the washing fluid was removed.
To prevent RBCs haemolysis and preserve in
the mixture greater number of recovered cells
the RBCs were mixed with 5% glucose solution,
which was twice bigger in terms of volume than
the volume of thawed RBCs. After sedimentation
of agglomerated RBCs the fluid on top of the
sediment was removed. Three times washing
of the thawed RBCs promoted RBCs freeing
from cryopreservative-glycerol and significant
amount of free hemoglobin. Resuspending of
agglomerated RBCs was done by adding to
them two volumes of 0,9% saline solution,
prepared according to the “Guideline” [20].
The latter procedure was applied to achieve
complete deaggregation of thawed RBCs and
to fully preserve their functional viability to
prolong their storage term at temperature
+20C - +49C. Deagglomerated RBCs were
transferred to the polymer hemocontainers
with 300,0 ml volume centrifuged at 1100 g
during 10-12 minutes at +49°C (centrifuge PC-
6Mu, “Dastan”, Kyrgyzstan). The liquid that
was above the sediment containing excess free
hemoglobin was removed. Deglycerinized RBCs,
were resuspended in the plasma-substituting
lactate-sucrose-phosphate solution at the
ratio of 1:1 or 1:%. Components of plasma-
substituting solution: sucrose (PhEur, 10.0) -
7,0 g, dinatrii phosphas dodecahydricus (State
Pharmacopoeia of Ukraine, issue 1, p.365) - 0,2
g, sodium hydrocitrate dibasic 1,5 liqour (State
Pharmacopoeia of Ukraine, issue.2, p.493) -
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0,1 g, sodium lactate (PhEur, 10.0) - 1,75 g
and aqua ad iniectabilia (State Pharmacopoeia
of Ukraine, issue 1, appendix 1.1, p.307) - up
to 100,0 ml; pH solution - 6,8.

RBCs freezing, thawing, washing and
resuspending procedures were performed
under sterile conditions.

Thawed deglycerolized RBCs, resuspended in
plasma-substituting lactate-sucrose-phosphate
solution, prior usage in the clinic were stored
in the refrigerators (“Dnipro”, Ukraine) at
temperature +2°C - +4°C during 7 days.

Immediately after thawing of RBCs, their
deglycerolization, resuspension in lactate-
sucrose-phosphate solution and on the 7th
storage day at +2°C - +4°C the obtained RBCs
were analysed with respect to the changes in
the indicators’ dynamics:

e the content of free hemoglobin in the RBCs
sediment using the ABX MICROS 60-0OT
analyzer (France);

e extracellular potassium level by flame
photometry on FPL-1 device (Ukraine);

e Viscosity factor by formula:

__1,06.RBCs susp.
H Tw

(mPa.s),
taking water density as p = 1 g/cm3,

where u- viscosity factor (mPa.s);
1,06 - blood density in g/cm3;
TRBCs susp. - time for 1 ml RBCs
suspension outflow;
Tw - time for 1 ml of water outflow [20];

e corpuscular volume with ABX MICROS 60-
OT analyzer (France);

e RBCs osmotic resistance [21];

e degree of hemoglobin affinity for oxygen
(Py,) [22];

e 2, 3-diphosphoglycerate concentration (2,3-
DPG) - indicator of RBCs oxygen delivery
function [23]:

e concentration of adenosine triphosphoric
acid (ATP) - RBCs viability indicator [24].

e the number of red blood cells lost after all
cryopreservation procedures (mixing RBCs
with cryopreservative, freezing, thawing,
washing, resuspending) and on the 7th day
of post-thaw storage at +2°C - +4°C was
determined by calculation method:
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Tabanys 1

KinbkicTb 403 3aMOPOXKEHNX EPUTPOLIUTIB
3a/1eXKHO Bifi CTPOKiB Ix 36epiraHHsA
3a Temnepartypum -40°C

Ctpokwn 36epiraHHsa epuTpo- KinbkicTb 403 epuUTpO-
LMTIiB B 3@aMOPOXEHOMY CTaHi LUMTIB, 3aMOPOXEHUX
3a TemnepaTtypu -40 °C 3a -40 °C
[o 6 micsauis 36
Bia 6 micauis go 1 poky 45
Big 1 no 1,5 poky 51
Bia 1,5 no 2 pokis 54
Bcboro: 186
Bukopucrosysann 30%, 10%, 5% po3unHu

rnioKo3n. B npoueci gerniyepuHisauii 40 CyMi-
Wi po3MOpPOXEHUX epuTpouunTie gogasanu 30%
pO34MH rNOKO3M B KinbkocTti 100 mn Ha 250 mn
CyMiLli pO3MOPOXEHUX €PUTPOLMTIB i 3MiLLyBanu.
Yepes 2 - 3 XBW/IMHW 4O CyMilli epuTpounTiB 3
30% po3umHoM rnoko3un goaasanv 10% po3umH
r/1IOKO3M B KisIbKOCTI, WO AopiBHIOBana 4 o6’emam
3aMOpPOXEHNX epuTpoumTiB. [licna 3MilyBaHHSA
BiabyBanacs arnomepalis epuTpounTiB Ta ix oci-
AaHHs. PiguHy, wo 6yna Hag ocafoM, BUAANSN.
[lo arnomMmepoBaHMxX epuTpoLNTIB MOBTOPHO AoAa-
Banun 4 06’eMmn 10% po3umnHy rawkosu. Micnsa Toro
AK epuTpouMTUN ociganun, BIAMUBHY pianHY BuAa-
nanu. Wo6 nonepeantu remonis eputpoumTis, a
TakoxX Ans 36epexeHHs B cyMiLli 6inbLuol KinbKko-
CTi BiAHOBNIEHUX KNITWUH, OO epuTpouuTiB Aoaa-
Bann 5% po3umH rnoKo3n, SKUM BABIYI NepeBu-
LwyBaB 06’eM po3MOpOXeHUX epuTpouumTis. lMicns
OCiflaHHA arnoMepoBaHMX E€pUTPOLMTIB pianHy,
wo 6yna Hag ocagoM, BuZansnu. Tpupasose
BiAMMBAHHA PO3MOPOXXEHNX EPUTPOLIUTIB Cripu-
A710 3BiNIbHEHHIO E€PUTPOLUTIB Bi4 KpPIOKOHCEp-
BAHTY-rNiLlepuHy Ta 3Ha4yHoOI KiNbKOCTi BifIbHOrO
remorniobiHy. PecycneHayBaHHS aroMepoBaHUX
€pUTPOLMTIB MPOBOAUNM LUSIAXOM AOAABAHHSA A0
HUX ABOX 06’eMiB 0,9% pO34MHY XN0puay HaTpito.
3acTocoByBanu L0 npoueaypy 478 MNoBHOI Aea-
rperauii po3MOPOXEHNX epUTPOLINTIB, a TakoX 3
MeTol 36epexeHHs iX (yHKUiOHAaNbHOI NOBHO-
LLIHHOCTI ANst NPOAOBXEHHS CTPOKY iX 36epiraHHs
3a TeMmnepatypu +20C-+40C. [earnomepoBaHi
epuUTpoLUTN NepeBoansiN B MOJiMEepHi reMOKOH-
TerHepn o6’emom 300,0 Mn i ueHTpudyrysanm
npu 1100 g Bnpogosx 10 - 12 xB 3a Temnepaty-
pn +4°C (ueHTpudyra PC-6Mu, «dactaH», Knp-
rusis). PignHy, ska 6yna Hag ocagoM i sika MicTu-
Na HaA/IMLLKOBY KiNbKiCTb BiNIbHOro remMorsobiHy,
Bugananu. [erniuepuHizoBaHi eputpouuTn, AKi
3aauMannca B EMHOCTI, pecycrieHayBsanu B rnias-
MO3aMiHHOMY JlaKTaTHO-Caxapo30-pocdaTHOMyY
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pO34nHi y cniBBigHoWweHHI 1:1 abo 1:%-. MNponuc
naasMo3aMiHHOIO pO34YMHY: caxaposa (sucrose)
(PhEur, 10.0) - 7,0 r, anHaTpito docdat goae-
kadocdar (dinatrii phosphas dodecahydricus)
(4A®Y Bun.1, c.365) - 0,2 r, HaTpito rigpoun-
TpaT ABox3aMiweHui 1,5 sogHunin (JOY BUN.2,
c.493) - 0,1 r, HaTpito nakTaT (sodium lactate)
(PhEur, 10.0) - 1,75 r Ta Boga ans in'ekuin (aqua
ad iniectabilia) (A®Y Bun.1 gopatok 1.1, ¢.307)
- oo 100,0 mn. pH po3umHy - 6,8. lMpouenypu
3aMOpPOXXyBaHHS, PO3MOPOXYBaHHS, BiAMMUBAHHS
Ta pecycrneHayBaHHS epUTPOLINTIB BUKOHYBaNu B
CTEPUIbHUX YMOBaX.

Po3sMopoykeHi gerniuepuvHisoBaHi epuTtpoumnTH,
pecycrneHaoBaHi B nja3Mo3aMiHHOMY faktaT-
HO-caxapo30-docdaTHOMY po34unHi, 36epira-
nn B xonoaunbHukax («AHinpo», YkpaiHa) 3a
Temnepatypn +2°C-+4°C Bnpogosx 7 gib.

be3nocepeaHbOo NiCid poO3MOPOXYBaHHA epu-

TpouuTiB, IX AerniuepuHisadii, pecycrneHay-

BaHHA B JlaKTaTHO-Caxapo3o-docdaTHOMY

pPO34unHi i Ha 7-My poby 36epiraHHsA 3a +2°C

- +4°C B OTpMMaHi 3aBuUCi epuUTpOLMUTIB aHa-

nisyBann AMHaMiKy 3MiH MOKA3HUKIB:

e BMICTYy BiflbHOro remornobiHy B Hag ocagi
epuTpoumnTiB 3a A[OMNOMOrol aHanilartopa
ABX MICROS 60-OT (®paHuis);

e BMICTY MO3aKNITUHHOIO Kanito METOAOM Mo-
nym’sHoi  doTtomeTpii Ha anapati OMJ1-1
(YkpaiHa);

e koediuieHTa B’A3KOCTI 3a dopMyok

U= 1,06.Tep.3aB.

S (mMaxC),

NPUNHABLUM WiNbHICTL BOoAn p = 1 r/cm3,

ne P- koediuieHT B'a3kocTi (MMa.c);
1,06 — winbHicTb KpOBi B r/cm3;
Tep.3aB. — 4ac, 3a AKui BUTIKae 1 mMn 3aB.i-
CUHW epUTpPOLMTIB;
TB - yac, 3a akui BuTikae 1 mn Boaun [20];

e reMaToOKpWUTHOI BENYMHM 3a [OMNOMOroH
aHanizaTopa ABX MICROS 60-OT (®paHuis);

e OCMOTMYHOI CTIMKOCTI eputpoumTie [21];

e CTyneHs cnopigHeHOCTi reMornobiHy Ao Kuc-
Hio (P.,) [22];

e KOHUeHTpauii 2,3-audocdornivepaty (2,3-
Aor) [23];

e BMIiCTY afeHo3uHTpudochopHOi
(ATO) [24];

® KiNlbKiCTb BTPAYE€HMUX EPUTPOLMTIB MiCA BCiX
npouenyp KpiokOHCepPBYBaHHS (3MillyBaHHS

KNCNOTH
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total cell loss (%) =

Hb free of washing solutions + Hb free of suspension

Hb total
x 100

where Hb total - total hemoglobin in a frozen
dose (9);
100 - factor of converting in percentage;

number of the recovered RBCs after all the
cryopreservation procedures (mixing red
blood cells with cryopreservative, freezing,
thawing, washing, resuspending) and on the
7th post-thawing storage day at temperature
+2°C - +4°C was calculated by formula:

number of the RBCs recovered =

Hb cellular

x 100,

Hb cellular + Hb free of washing solutions

where Hb_, .. — total hemoglobin of the entire
dose of the washed RBCs concentrate
(9);
Hb, .. - free hemoglobine, dissolved in the
entire volume of the washed RBCs (g);
100 - percentage conversion factor;

- RBCs electrophoretic mobility (EPM) - with
“Opton” cytopherometer (Germany) under
standard conditions [25]: current - 5 maA,
voltage - 100 V, suspension fluid temperature
- 25°C. Normal saline was taken as suspension
fluid, buffered with phosphate buffer to pH
7,28-7,30. Time necessary for the cell to cover
a certain distance (two squares of a grid net
micrometer) was calculated with a stopwatch.
In each specific case the speed of movement of
40-50 cells was counted.

Package “STATISTICA FOR WINDOWS 6.0"
(Statsoft, USA) was used to provide statistic
processing of the results. Difference probability
between average indicators (p) in groups,
which were compared, were established with
Student’s t-test (t); difference probability
between average values was taken as p<0,05.

Results

We conducted a study of stability and
morphological completeness of cryopreserved
RBCs at -40°C, which were stored after
thawing for 7 days at a temperature of +2°C
- +40C. To achieve this, the intactness of their
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membranes, as well as the degree of destruction
(hemolysis) was studied by the indicators of
the free hemoglobin content, the concentration
of extracellular potassium, electrophoretic
mobility, the number of lost cells and the yield
of restored cells. We evaluated the possibilities
of engraftment of thawed RBCs by studying
their osmotic stability in vitro.

In order to evaluate the viability, energy po-
tential, the possibilities of the oxygen trans-
port function, the ability to give oxygen to
the tissues by thawed RBCs during the 7-day
storage period at a temperature of +2°C -
+40C, we studied the content of ATP in RBCs
(an indicator of viability, energy potential)
and 2,3-DFG (an indicator of oxygen transport
function), as well as the degree of their hemo-
globin affinity to oxygen (an indicator of P)).

As it is shown by data in table 2 in the
suspension of the thawed RBCs on the 7th
storage day at +2°C - +4°C free hemoglobine
content was normal and did not exceed the
transfusion value of 1, 2 g/l acceptable in the
clinic, which demonstrated RBCs resistance,
stability, no destruction, haemolysis.

Extracellular potassium level indicator on the
7th day of storage at +2°C - +4°C fluctuated
within normal values (table 2). It showed that
a RBC membrane was preserved.

An important criterion characterizing the
effectiveness of the washing and resuspension
process is the value of cell loss and cell recovery.
After 7 days of storage of thawed RBCs at
temperature +2°C - +4°C, the total cell loss was
insignificant and amounted to 5.6 + 0.4%. It
was established that the use of deglycerolization
of thawed RBCs by reverse cytoagglomeration,
as well as the use of lactate-sucrose-phosphate
solution for their resuspension ensured a high
yield of 94.4 £ 0.5%. of recovered viable cells
after their 7-day storage at + 2°C - +4°C.

To determine the integrity of thawed RBCs
cellular membrane depending on the storage at
+2°C - +4°C their electrophoretic mobility was
studied (EPM). The research has shown that on
the 7th day of storage EPM of thawed RBCs was
within normal values (table 2). The findings have
shown no thawed RBCs membrane changes
during 7-day storage at +2°C - +4°C.
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epUTPOLMUTIB 3 KPIOKOHCEPBAHTOM, 3aMOpoO-
)KYBaHHSA, BiATalOBaHHSA, BiAMMBAHHA, pe-
cycneHAyBaHHSA) i Ha 7-My noby 36epiraH-
HS NiC9 pO3MOPOXYBaHHA 3a TeMmrepaTypu
+2°C - +4°C BM3Ha4yanuM 3a [OMNOMOroko
pO3paxyHKOBOro Metoay

3aranbHi BTpaTh KNiTUH (%) =

Hb BinbHWI BiAMMBHMX po3umHiB + Hb BinbHWIA 3aBicnHM

Hb 3aranbHumn

x 100,

ne Hb 3aranbHUn — 3aranbHui remornobiH B
3aMOpoXeHin no3i (r);
100 - dakTop NnepeBoay Yy BiACOTKM;

- KiNbKiCTb BIAHOB/EHUX epuUTpoUUTIB nicng
BCiX npoueayp KpiOKOHCEpBYBaHHA (3Miwy-
BaHHA epuUTpoLMTIB 3 KPIOKOHCEPBAHTOM, 3a-
MOpPOXYBaHHSA, BiATalOBaHHA, BiAMUBaAHHSA,
pecycrneHayBaHHS) i Ha 7-My poby 36epiraH-
HHA nicng pO3MOPOXXYBAaHHA 3a TeMmnepaTypwu
+2°C - +4°C Bu3Ha4anu 3a hopMynor

KinbKiCTb BiAHOBIEHUX epUTPOLMUTIB =

Hb KNiTUHHWA

= . . - — — x 100
Hb KAiTUHHWI + Hb BinbHMI BiAMWBHOI pianHK

ne Hb KkKnNiTMHHMM - 3aranbHU remMornobiH
BCi€El A403M BIiAMUTOrO €pUTPOLUTHOrO
KoHueHTpaTy (r);
Hb BinbHMI - reMornobiH BiNlbHWIA, pO34yMHe-
HUI y BCbOMY O6’EMi BIigMUTUX epuTpouM-
TiB (I);
100 - dakTop NnepeBoay Yy BiACOTKM;

- eneKTpoOpPETUYHOI PYX/IMBOCTI E€PUTPOLIMTIB
(E®P) - 3a ponomoroto umtodepomeTpa dipMum
«Opton» (®PH) B craHgapTHmx ymoBax [25]:
cuna ctpyMmy - 5 MA, Hanpyra - 100 B, TeMne-
paTtypa CycneHsiiHoi pianHn - 25°C. [k cycneH-
3iHYy piavHy BMKOpUCTOBYBanu @i3ioNorivyHnm
po3uunH, 3abydepennin dochatHnM Bydepom ao
pH 7,28-7,30. Yac, 3a akumin KniTMHa npoxoamna
BigNoBigHMI WNAX (ABa KBaApaTU CiTY4aCTOro Mi-
KpoMeTpa), niagpaxoByBanu 3a JONOMOIroK CEeKyH-
AoMipa. B KOXXHOMY KOHKpPEeTHOMY BMMNaaKy nigpa-
XOBYBa/IM WBUAKICTb nepeMiweHHs 40-50 KiTuH.

[na crtaTUCTUYHOro oOnpautoBaHHA pe3yib-
TaTiB  BUMKOPWUCTOBYBA/IM  MaKeT nMporpam
«STATISTICA FOR WINDOWS 6.0» (Statsoft,
USA). BiporigHicTb pi3HuUi MiX cepeaHiMK no-
KasHukamu (p) B rpynax, siki nopiBHoBanu-
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CH, BM3HA4Ya/n 3a napameTpuyHuUM KpUTEpPIEM
CrtbtogeHTa (t); BiporigHicTb pi3HMUi MiX ce-
peaHiMuM BenMunHaMm npuinManach 3a p<0,05.

Pe3ynbTtatn gocnig)xeHHs

Mwn npoBenu AOCNiIAXEHHS CTIMKOCTi, cTabinb-
HOCTi, MOpP@ONOriyHOi MOBHOLIHHOCTI epu-
TpOUMUTIB, KPiOKOHCepBOBaHuX 3a -40 OC, gxi
36epirannca nicng po3MopoxyBaHHA 7 Aib 3a
Temnepatypu +2°C - +40C. 114 uboro smp4ye-
HO iHTaKTHICTb iXHiIX MeMbpaH, a TakKoX CTy-
NiHb pyMHyBaHHA (remonisy) 3a AO0MOMOrot
[OCNIAXEHHSA MOKA3HWUKIB BMICTY BiflbHOro re-
Morno6iHy, KOHUeHTpauii no3akniTMHHOro Ka-
nito, enekTpodOopeTUYHOI pyXIMBOCTI, KislbKO-
CTi BTpa@uyeHUX KNIiTUH | BUXOAY BiAHOBJ/IEHUX.
Mu ouiHMAKM in vitro MOX/IMBOCTI NPUXUBIIEH-
HS PO3MOPOXEHUX EPUTPOLMTIB 38 AOMOMOIroH
BMBYEHHS iXHbOI OCMOTMYHOI CTiKOCTi.

[ns Toro, Wwob ouiHNTKN XUTTE3AATHICTb, eHepre-
TUYHMIA MNOTEHUian, MOXJ/IMBOCTI KMCHEBO-TPaH-
CNOpPTHOI YHKLIi, CMPOMOXHICTb BigAayi Kuc-
HIO TKaHWHaM PO3MOPOXEHUX E€PUTPOLUTIB 7-MU
noboBoro TepMmiHy 36epiraHHa 3a TemnepaTypu
+20C - +4°C, Mx BMBYaNM BMICT B epuUTpoUUTax
ATO (NoKasHUK XUTTE3AATHOCTI, EHEPreTUYHOro
noteHuiany) i 2,3-4®I (NOKa3HUK KNCHEBO-TPaH-
CNOPTHOI DYHKLIi ), @ TaKOX CTyNiHb CNOPIAHEHO-
CTi ix reMorfiobiHy A0 KMCHIO (NOKasHKK P, ).

Ak cBig4yaTb HaBeaeHi B Tabn. 2 AaHi, B 3aBuUCi
pPO3MOPOXEHUX BIAMUTUX EPUTPOLIUTIB HA 7-MYy
noby 36epiraHHa 3a +2°C-+4°C BMICT BiflbHO-
ro remornobiHy 6yB B HOpMi, LLO CBiAYMA0 Npo
CTiNKicTb, CTabinbHICTb epuTpOUUTIB, BIACYT-
HICTb iX pyMHYyBaHHSA, reMonisy.

[Moka3HMK KoHUeHTpauil No3ak/iTUHHOro Ka-
nito Ha 7-My poby 36epiraHHs 3a +2°C-+4°C
KO/IMBABCA B MeXaX HOPMasibHOI BeSIMYUHU
(Tabn. 2). Ue cBigunno npo 36epexeHHs Kiii-
TUHHOI MeMbpaHn epuUTPOLUTIB.

BaxnmMBMM KpUTEPIEM, SKUA XapaKTepusye
eeKTUBHICTb npouecy BiAMMBAHHA | pecy-
CrneHAyBaHHSA, € BEIMUNHA BTPATU KIITUH | BU-
xig BigHoBneHux. Micng 7-mu pi6 36epiraHHs
PO3MOPOXEHUX epuUTpoUUTIB 3a TemnepaTypu
+2°C-+4°C 3aranbHa BTpaTa KIiTMH 6yna
He3HauyHow i cTaHoBuna 5,6+0,4%. 3'acoBa-
HO, WO 3acCcToCyBaHHA aerniyepuHisauii po3-
MOPOXXEHNX epUTPOLMUTIB METOAOM 3BOPOTHOI
uuTarnoMepadil, a TakoX 3acToCyBaHHA JaK-



Mpaui HTLW MeanyHi Hayku
2022, Tom 69, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2022, Vol. 69, 2

OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKHu

Original research: Basic sciences

Table 2

Indicators of the morphological state and functional capabilities of cryopreserved
RBCs at -40°C immediately after thawing and on the 7th day
of storage at a temperature of +2°C - +4°C ( n = 186)

Indicators under stud Statistical Reference Immediately 7t storage day
Y indicators values after thawing at +4 °C
) M+ m 0,36-0,46 males 0,40 £ 0,02
Hematocrit, I/I p 0,41-0,53 females 0,39 £ 0,01 > 0,05
: M*m 0,42 £ 0,02
Free hemoglobin, g/I p 0,20-0,70 0,35 +£ 0,03 > 0,05
. Mxm 2,3+£04
Extracellular potassium, mmol/L P 1,2-8,9 1,7+0,2 > 0,05
M+m 2,5+0,2
ATP, mcmol/g Hb p 2,0-4,0 3,0%+0,2 < 0,05
M+m 10,5+ 1,3
2,3- DPG, mcmol/g Hb p 6,0-12,0 11,2+ 1,0 > 0,05
RBCs osmotic resistance, % sodium chloride M 2 m 0,40 0,42 = 0,02 0’4>6 ;005’02
RBCs electrophor_eltlc_lmoblI|ty, M £ m 1,088 0,945 + 0,020 0,935 £ 0,040
pm-cm-Vis p > 0,05
Suspension viscosity factor, mPa-C M£m 5,9 5,40 £ 0,20 250 £ 0,16
p > 0,05
MEtm 24,1£1,3
P, hPa P 34,7 25,5+£1,6 > 0,05

Note: p - credibility of the difference of thawed RBCs indicators under research on the 7th storage day at +4 °C in

comparison with indicators directly after thawing.

Taking into account the fact that RBCs osmotic
resistance is a test which can be used to in vi-
tro evaluate RBCs acceptance in patient’s blood
flow, we have researched the changes in this in-
dicator depending on the storage period of RBCs
at +2°C - +4°C. The studies have shown that
on the 7th storage day high RBCs osmotic resis-
tance values were observed (table 2). High os-
motic resistance of thawed RBCs during 7-day
storage period at +2°C - +4°C is explained by
the fact that during washing process unstable
cells, which are in pre-haemolytic stage and,
consequently, potentially lack viability, are re-
moved from thawed RBCs suspension.

On the 7th day of thawed RBCs storage at
a temperature of +2°C-+4°C, no significant
changes were observed in the viscosity coeffi-
cient of the suspension, as well as the hema-
tocrit index (table 2). This contributed to the
preservation of the normal shape of RBCs and
the intact state of their membranes.

Discussion

The content of ATP and 2,3-DPG, indicators
of viability, energy potential, oxygen transport
function, in thawed RBCs on the 7th day of
storage were within the normal range (table
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2). The P, indicator, which reflects the
degree of hemoglobin affinity to oxygen,
decreased on the 7th day of storage of
thawed RBCs at a temperature of +2°C-+4°C
(table 2), which indicated a decrease in the
degree of hemoglobin affinity to oxygen and
simplification of its return to the tissues. Thus,
the normal level of ATP and 2,3-DPG and a
decrease in the P, level indicated the viability,
high energy potential, and high oxygen
transport capabilities of thawed RBCs on the
7th day of their storage at a temperature of
+2°C-+4 °C.

In conclusions, the obtained research results
showed that the use of deglycerinization of
thawed RBCs, cryopreserved at -40°C, by
the reverse cytoagglomeration method, as
well as the use of plasma-substituting lac-
tate-sucrose-phosphate solution for resus-
pension of washed RBCs make it possible to
extend their storage period at a temperature
of +2°C - +4 °C from 24 hours to 7 days in a
functionally complete state, which can con-
tribute to the widespread implementation of
RBC cryopreservation methods in the state
blood service.
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Tabanys 2

Moka3Huku MophoIoriYHOro ctaHy Ta (hyHKUiOHa/IbHUX MOXKJIMBOCTEN
KpiokOoHcepBOBaHuX 3a -40 °C eputpouutiB 6e3nocepeaHbo MNic/isi pPO3MOPOIKYBaAHHSA
i Ha 7-My no6y 36epiraHHa 3a Temnepartypm +2°C - +4°C (n = 186)

. . CTaTUCTUYHI BesnocepeaHbo nicns | 7-1 aeHb 36epiraH-
HocnizxysaHi nokasHmkm NMOKa3HWKMU Hopma pPO3MOPOXYBaAHHSA HA 3@ +4 °C
M m 0,36-0,46 xiH 0,39 £ 0,01 0,40 £ 0,02
FemaTokpuT, n1/n p 0,41-0,53 yon > 0,05
. . . M+ m 0,20-0,70 0,35+ 0,03 0,42 £ 0,02
BinbHWI" remornobiH, r/n p > 0,05
Mo3akniTMHHWIA Kani, MMonb/N MEm 1,2-8,9 L,7£0,2 23£04
! p > 0,05
M+m 2,0-4,0 3,0+0,2 2,5+0,2
AT®, mkmonb/r Hb p > 0,05
Mxm 6,0-12,0 11,2+1,0 10,5+ 1,3
2,3-A0r, mkmonb/r Hb p > 0,05
OCMOTWUYHa CTiliKicTb epuTpounTie, % MEtm 0,40 0,42 £ 0,02 0,46 £ 0,02
HaTpito xnopuay p > 0,05
EnexkTpodopeTnyHa pyxamBicTb epuTpo- M £t m 1,088 0,945 + 0,020 0,935 £ 0,040
umTiB, MK-cM-B! -Ct p > 0,05
B's3KicTh. MMa-C M+ m 5,9 5,40 = 0,20 5,50 = 0,16
! p > 0,05
P Ma M+ m 34,7 25,5+1,6 24,1+1,3
50/ p > 0,05

lMpumiTKa: p — AOCTOBIPHICTb Pi3HMLb AOCNIAXYBAHNX NOKA3HUKIB PO3MOPOXEHUX EPUTPOLMUTIB Ha 7-My A06y 36epiraHHs
3a +20C -+4 °C nopiBHSAHO 3 NokasHWKamMn 6e3nocepeaHbO MiCsi PO3MOPOXYBAHHS.

TaTHO-Caxapo30-dpocdaTHOro po3ynHy Ans
iX pecycneHayBaHHSA 3abe3neunno BUCOKWUI
Buxig 94,4+0,5% BiAHOBNEHNX MNOBHOLIHHUX
KNITUH nicng ix 36epiraHHs Bnpoaosx 7 Aib 3a
TemnepaTtypu +2°C-+4°C.

3 MeTOK BU3HAYEHHSA HTaKTHOCTI KITUHHUX
MeMbpaH PO3MOPOXKEHUX EPUTPOLIUTIB 3anex-
HO Big CcTpoky 36epiraHHa 3a TemnepaTypu
+2°C-+4°C pocnigxeHo ixHto enekTpodope-
TUYHY pyXxoMicTb (EDP). JocnigxeHHs BUSBU-
N0, wo Ha 7-my poby 36epiraHHa EOP po3mo-
poXeHuUX epuTpounTie byna B Mexax HOpMU
(Tabn.2). OTpuMaHi pesynbTat CBIgYMAN MPO
BiACYTHICTb 3MiH MeMbpaH pO3MOPOXEHUX
epuTpounTiB BNpoaoBX 7-Mmu Ai6 36epiraHHs
3a TemnepaTtypu +2°C-+4°C.

BpaxoBytouu Te, O OCMOTUYHA CTIilKIiCTb epu-
TPOUMUTIB € TECTOM, 3@ AOMOMOrok HKOro in
Vitro MOX/IMBO OLIHUTU NPUXKUBIEHHSA EPUTPO-
LMTIB Y KPOB'SAHOMY pyChni peuunieHTa, Mn ao-
cnignnn 3MiHM LbOro NoKasHUKa 3asiexHo Bij
CTpOKYy 36epiraHHs pO3MOPOXKEHUX EPUTPOLIN-
TiB 3@ TemnepaTypu +2°C-+4°C. JocnigxeH-
HS BMSBMAM, WO Ha 7-My poby 36epiraHHs
CrocTepiranmca BUCOKi MOKasHUKN OCMOTUYHOT
CTiiKoCTi epuTpoumTiB (Tabn.2). Bucoka ocmo-
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TUYHA CTIKICTb PO3MOPOXEHUX EPUTPOLUTIB
BNPOAOBX 7-Mu Aib 36epiraHHs 3a TemnepaTty-
pn +2°C-+4°C NOSACHIETLCA TUM, WO Nig vac
BiAMMBAHHSA 3 3aBUCi PO3MOPOXEHUX epUTpo-
LUMTIB BUAANSAKOTLCA KAITUHM He CTilKi, aKi ne-
pebyBaloTb y nepej reMoniTUYHii cTagii i Tomy
MOTEHLiNHO HEXWUTTE3AATHI.

Ha 7-my noby 36epiraHHa po3MOpPOXEHUX epu-
TpouuTiB 3a TeMnepaTypu +2°C-+4°C He crno-
CTepiranocs CyTTEBUX 3MiH B KoedilieHTi B'A3-
KOCTi 3aBM1Ci, @ TaKOX NOKa3HMKa reMaToKpuTy
(tabn.2). Lle cnpusano 36epexeHHIO HOpMalb-
HOI POPMU EpUTPOLUTIB Ta IHTAKTHOrO CTaHy
iXHiX MeMbpaH.

O6roBopeHHA

Bmict AT® i 2,3-A®I, MOKa3HUKIB XKXUTTE3-
AATHOCTI, eHepreTMYHOro noTeHuiany, KUCHe-
BO-TP@HCMNOPTHOI (YHKLii, B pPO3MOPOXEHUX
epuTpoumTax Ha 7-Mmy Aoby 36epiraHHsa 6ynu
B MeXax HopMu (Tabn.2). MNMokasHuk P, aKknit
BiAA3EpKasne CTyMiHb CMOPIAHEHOCTI reMmor-
Nnob6iHy A0 KWUCHIO, Ha 7-My poby 36epiraHHs
PO3MOPOXEHUX €PUTPOLMTIB 3a TemnepaTypu
+2°C-+4°C 3mMeHwwuBcs (1abn.2), wo cBia-
UMAO MPO 3HUXKEHHS CTyneHs CnopigHEHOCTI
remornobiHy [0 KWCHIO, CNpoLleHHs Bigaadi
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noro TkaHuHaM. OTXe, HOpMasbHWI piBEHb
nokasHukis AT® i 2,3-ADI Ha POHI 3HUXKEHHS
nokasHuka P, 3acBiguYMno XWUTTE3AATHICTD,
BMCOKWUN €HepreTUMYHUm noTeHuias, BUCOKI
KWCHEBO-TPAHCMOPTHI MOXJ/IMBOCTI pPO3MOPO-
XXEHUX epuTpoLmUTIB Ha 7-My 06y ix 36epiraH-
Ha 3a TemnepaTypu +2°C-+4°C.

Y BWCHOBKax: OTpuUMaHi pe3ynbTath [OChi-
[J)KEeHb 3acBigynn, WO 3aCTOCYBaHHA Aerniue-
pUHi3aUil po3MOPOXEHUX epUTPOLUTIB, Kpio-

Original research: Basic sciences

KOHCepBOBaHMX 3a -40°C, MeTo40M 3BOPOTHOI
uuTaraoMepadlil, a TakoX 3aCTOCyBaHHSA nas-
MO3aMiHHOrO JlaKTaTHO-Caxapo30-docdhaTHO-
ro po3ynHy Ans pecycrneHAyBaHHSA BiAMUTUX
epUTpoumnTiB Aal0Tb 3MOry NpPOAOBXWUTU CTPOK
ix 36epiraHHsa 3a Temnepatypu +2°C - +4°C 3
24 roavH o 7 pi6 y yHKUiOHanbHO MOBHO-
LiIHHOMY CTaHi, WO MOXe CrpuUsATU LUMPOKOMY
BMPOBAAXXEHHIO METOAiB KpiOKOHCEpBYBaHHSA
epuTpounTiB B CNYX6i KPOBi KpaiHu.
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