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The creation of new more effective methods of long-term storage of cellular components of blood today is one of the
current directions of development of modern cryobiology, medicine, and transfusiology.

Existing modern technologies of cryopreservation of human erythrocytes at low and ultralow temperatures are mainly based
on cryoprotective media, the main component of which is cryoprotectant glycerin in high concentrations. The disadvantage of
cryopreservation of blood cells with glycerol is the need for a multi-stage process of deglycerinization of cells after thawing,
before immediate clinical use, which causes additional costs and damage and complicates the process of cryopreservation of
human donor blood. This significantly limits the practical use of glycerin as a cryoprotective substance. In recent years, special
equipment has been developed to automate glycerol and deglycerinization of erythrocytes, but it is expensive and requires
unique systems and large volumes of solutions for washing.

One of the areas of research on cryopreservation of blood cells is the use of cryoprotectants of extracellular action, which do
not require removal before transfusion. However, these cryopreservation methods have not found practical clinical application
due to the low osmotic stability of thawed cells and, as a consequence, the risk of developing intravascular hemolysis.

The search for multicomponent cryoprotective solutions for freezing various biological objects is actively developing.
In the last five years, despite the many cryopreservatives already developed, interest in multicomponent environments is
growing with renewed vigor. Some time ago, it was considered most appropriate to combine penetrating and non-penetrating
cryoprotectants, and various biologically active components in the cryopreservative. This approach aimed to eliminate the root
cause of damage to biological objects during cooling, that is, to inhibit the growth of extracellular and intracellular ice crystals

during cooling. Secondly, stabilization of cell membranes at the stages of cryopreservation.
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Relationship of the publication with planned
research works. The study was performed within the
research work of the Cryoprotectants Laboratory,
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine «Study
of polyvinyl alcohol properties as a recrystallization
inhibitor in cryoprotective media based on endo- and
extracellular cryoprotectants» (No state registration
0116 0116).

Introduction. The formation and growth of ice
crystals both in the biological cell and outside create
a severe problem in developing methods and technol-
ogies for cryopreservation of biological objects for fur-
ther use (regenerative and transplant medicine, trans-
fusiology, etc.) [1, 2]. Therefore, for several years the
problem of finding and using a compound that can
impact ice formation, especially — in the recrystalliza-
tion process, is currently being actively studied in scien-
tific institutions worldwide [3, 4, 5].

One of the critical causes of cell death is the recrystal-
lization of ice at the stage of heating [6, 7, 8]. Inhibition
of recrystallization activity is a desirable effect that can
significantly improve the safety of cryopreserved mate-
rial [9, 10]. Today the main problem is the development
of effective cryoprotectants. These new cryopreserva-
tives will have an enhanced effect on the inhibition of
ice recrystallization, which will improve the cryopres-

ervation of not only cells but also human tissues and
organs [11].

It is known that inhibition of ice recrystallization,
that is reduction of already formed ice crystals, is one
of the three main effects of natural antifreeze proteins,
along with the ability to adsorb ice crystals on the sur-
face and modify their growth and shape [12, 13]. Since
the discovery of antifreeze proteins in the blood serum
of Antarctic fish [14], they have attracted the atten-
tion of scientists as essential applications, in particu-
lar, in the cryopreservation of biological material [15].
However, there are several essential obstacles that
researchers have encountered in the practice of cryo-
preservation: the minimal number of compounds that
can be obtained from natural resources, the complex-
ity or impossibility of complete chemical synthesis of
analogs [16, 17, 18]; contradictory data on the effec-
tiveness of using these compounds in cryopreservation
of biomaterial [19]; cytotoxicity and immunogenicity
of natural antifreeze proteins. Due to these obstacles,
in recent years, researchers have turned their atten-
tion to synthetic compounds, which, like natural ones,
have specific antirecrystallization activity without side
effects [20, 21].

The solution to this problem is the development of
cryopreservatives, which, along with traditional cryo-
protectants, will use synthetic antifreeze compounds
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characterized by specific antirecrystallization activ-
ity [22, 23 24]. From the list of these compounds, the
attention of researchers is focused on a synthetic pol-
ymer — polyvinyl alcohol (PVA) [25, 26, 27]. Previous
studies have shown the properties of PVA as an active
inhibitor of ice recrystallization, the ability to increase
the efficiency of freezing of some cells, in particu-
lar — sheep and human erythrocytes, mesenchymal
cells and sperm [28]. However, it should be noted that
the mechanisms of antirecrystallization activity of PVA
have not been yet determined and the elucidation of
the identified biological (antirecrystallization) effect in
cryopreservation of biological material (sheep eryth-
rocytes, humans) is devoted to few works [29]. But all
these results are only preliminary and require more
detailed research. The solution to this problem is the
development of cryopreservatives, which, along with
traditional cryoprotectants, will use synthetic anti-
freeze compounds characterized by specific antirecrys-
tallization activity [22, 23 24]. From the list of these
compounds, the attention of researchers is focused on
a synthetic polymer — polyvinyl alcohol (PVA) [25, 26,
27]. Previous studies have shown the properties of PVA
as an active inhibitor of ice recrystallization, the ability
to increase the efficiency of freezing of some cells, in
particular — sheep and human erythrocytes, mesenchy-
mal cells and sperm [28]. However, it should be noted
that the mechanisms of antirecrystallization activity of
PVA have not yet been determined and the elucidation
of the identified biological (antirecrystallization) effect
in cryopreservation of biological material (sheep eryth-
rocytes, humans) is devoted to few works [29]. But all
these results are only preliminary and require more
detailed research.

The aim of the study. Investigate the properties
of polyvinyl alcohol of different molecular weights as
an active inhibitor of ice recrystallization and the level
of preservation of erythrocytes in the process of slow
and rapid freezing-heating in cryoprotective media
based on standard cryoprotection glycerol of different
concentrations.

Object and methods of research. The material
of the study was erythroconcentrate obtained from
donor human blood type A (ll), prepared on hemocon-
servative «Glugicir» in Kharkiv Regional Blood Service
Center, which was stored for no more than 48 hours
at a temperature of (44+2)°C. Erythroconcentrate was
obtained by centrifugation of conserved donor blood at
1250 g for 25 minutes. Polyvinyl alcohol (PVA) (molecu-
lar weight 9 and 31 kDa), (Sigma-Aldrich, USA), and glyc-
erin (Alchem, Ukraine) were used as cryopreservation
media. For experimental studies, cryoprotective media
were prepared by weight based on 0.1 M phosphate-
buffered saline (PBS) (pH 7.7) and expressed as a weight
percentage (%). All solutions were used after 24 hours
at a temperature of (20+2)°C.

The obtained data were calculated according to the
following indicators: the concentration of free hemo-

globin in the supernatant and total hemoglobin of the
cell suspension was determined by the hemoglobin
cyanide method using the set «Hemoglobin SpL 200»
(Ukraine) and spectrophotometer KFK-3—01. «ZOMP»
(Russia) 545 nm., hematocrit — determined by centrifu-
gation SM-70, the percentage of hemolysis of erythro-
cytes in the supernatant was calculated by the formula
given in this article [30].

We used different compositions for the study in
the comparative aspect of the influence of multicom-
ponent cryoprotective media on the preservation of
erythrocytes after cryopreservation.

We used different compositions for the study in
the comparative aspect of the influence of multicom-
ponent cryoprotective media on the preservation of
erythrocytes after cryopreservation.

Samples were frozen in cryoampoules «Nunc» (1,8
ml) by immersion in liquid nitrogen (—196 °C), stored
at — 196 °C for 1-3 weeks. Other samples were frozen
in the software freezer «UOP-6» at an average speed
cooled 3 °C/min. The samples were heated in a water
bath at a temperature of 40 + 42 °C with constant shak-
ing of the containers.

Erythrocytes frozen in glycerol-based solutions after
thawing were washed from cryoprotectant solutions
by double serial centrifugation using standard saline
solutions.

Statistical processing of the results was performed
using the Mann-Whitney test for small samples using
the software package «Statistica».

Research results and their discussion. Cryoprotective
media of the following composition were studied:

20 % glycerin + 0,1 % PVA,

20 % glycerin + 0,5 % PVA,

30 % glycerin + 0,1 % PVA,

30 % glycerin + 0,5 % PVA,

40 % glycerin + 0,1 % PVA,

40 % glycerin + 0,5 % PVA molecular weight 9 and
31 kDa.

As a control were 20 %, 30 % and 40 % solutions of
glycerol and 0,1 % and 0,5 % PVA with molecular weight
9 and 31 kDa.

Researchresultsandtheirdiscussion. Determination
of the preservation of human erythrocytes after cool-
ing by immersion in liquid nitrogen (—196 °C) under the
protection of PVA solutions with a molecular mass of 9
kDa (concentration of 0,2 % and 1 %) and subsequent
thawing in a water bath (40-42 °C) showed that when
using the rapid method of cooling erythrocytes, they
completely hemolyze (table 1).

After freezing-thawing of erythrocytes in 20 %, 30 %
and 40 % solutions of glycerol (control), the highest
level of preservation of erythrocytes in terms of hemol-
ysis was obtained with 40 % solutions of glycerol.

Analysis of the results of erythrocytes freezing in
combined media showed the dependence of the level
of erythrocytes preservation on their composition:
the concentration of glycerol and PVA, the molecular
weight of polyvinyl alcohol.
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Table 1 - Preservation of erythrocytes in glycerol
solutions in combination with PVA after fast freezing
(immersion in nitrogen)

Media Hemolysis,% | Hematocrit,%
0,1 % PVA molecular masses 9 kDa | Complete -
hemolysis
0,5 % PVA molecular masses 9 kDa | Complete -
hemolysis
Glycerin + PVA 9 kDa
20 % glycerin 10,7 15
20 % glycerin + 0,1 % PVA 8,2 29
20 % glycerin + 0,5 % PVA 2,75 15
30 % glycerin 11,2 27
30 % glycerin + 0,1 % PVA 32 12
30 % glycerin + 0,5 % PVA 28 _
40 % glycerin 43 28
40 % glycerin + 0,1 % PVA Hemolysis 7
40 % glycerin + 0,5 % PVA 4,42 25
Glycerin + PVA molecular masses 31 kDa
20 % glycerin + 0,1 % PVA 70 17
20 % glycerin + 0,5 % PVA 2,75 15
30 % glycerin + 0,1 % PVA 29 18
30 % glycerin + 0,5 % PVA 2,9 20

Thus, introducing 0,1 % and 0,5 % PVA molecular
masses 9 kDa to 20 % glycerol solution helped increase
the safety of cells after freezing. The combination of
30 % glycerol solution with 0,1 % and 0,5 % PVA molec-
ular masses 9 kDa led to an increase in the number of
hemolyzed cells and deterioration of freezing results.

The combination of 20 % and 30 % glycerol solutions
with 0,5 % PVA with molecular mass 31 kDa also con-
tributed to a significant increase in the level of pres-
ervation of erythrocytes compared to cryoprotectant
solutions.

The highest rates of preservation of erythrocytes
were obtained in the following combined solutions:

20 % glycerin + 0,1 % PVA 9 kDa;

20 % glycerin + 0,5 % PVA 9 kDa;

40 % glycerin + PVA 0,5 % 9 kDa;

20 % glycerin + 0,5 % PVA 31 kDa;

30 % glycerin + 0,5 % PVA 31 kDa.

Thus, there is a tendency to increase the safety
of erythrocytes after freezing-reheating combined
with PVA media compared to individual glycerol
solutions.

The obtained results give grounds to predict the
prospects of developing multicomponent media based
on acombination of glycerol with PVA molecular masses
9 kDa and 31 kDa for freezing human erythrocytes.

At the next stage, experiments were performed to
freeze human erythrocytes at a 3 °C/min rate in com-
bined solutions containing glycerin (20 %, 30 % and
40 %) in combination with PVA molecular masses 9 kDa
and 31 kDa (0,2 % and 1 %).

It was found that freezing erythrocytes at a rate of
3 °C/min in combined solutions containing 20 %, 30 %,
and 40 % glycerol in combination with 0,1 % and 0,5 %
PVA leads to almost complete death of erythrocytes
after thawing (table 2). During cell freezing in 30 % glyc-
erol solution with 0,5 % PVA we got up to 20 % of the
preserved cells.

Table 2 - Preservation of erythrocytes in glycerol
solutions in combination with PVA after slow freezing

(3°C/min)
Media Hemolysis,% Hematocrit,%
Control 0,01+0,01 40,04+2,1
0.1 % PVA hemolysis
0,5 % PVA 85 21
20 % glycerin hemolysis
20 % glycerin + 0,1 % PVA hemolysis
20 % glycerin + 0,5 % PVA hemolysis
30 % glycerin + 0,1 % PVA hemolysis
30 % glycerin + 0,5 % PVA 74 25
20 % glycerin + 0,1 % PVA hemolysis
30 % glycerin + 0,1 % PVA hemolysis
40 % glycerin + 0,1 % PVA hemolysis

Thus, the use of low freezing rates for cryoprotec-
tive solutions containing 20—40 % of the glycerol con-
centration is unacceptable.

Conclusions. As a result of a comparative study
of cryoprotective media of different cryoprotectants
with solutions of polyvinyl alcohol in the rapid method
of freezing blood cells in particular (erythrocytes) by
immersing the samples in liquid nitrogen. It was found
that after freezing-reheating erythrocytes in multicom-
ponent solutions based on glycerol in combination with
PVA with molecular mass 9 kDa and 31 kDa, there is a
tendency to increase the preservation of erythrocytes
by hemolysis compared with the action of 20 %, 30 %
and 40 % glycerol mono solutions.

Prospects for further research. The research results
are the basis for further research aimed at the devel-
opment and detailed study of multicomponent media
based on combinations of different cryoprotective
compounds with polyvinyl alcohol for freezing cell
suspensions.
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OOCNIAXEHHA Y NOPIBHA/IBHOMY ACMEKTI KPIO3AXUCHOT Al KPIOKOHCEPBAHTIB HA OCHOBI MILEPUHY
B KOMBIHALI 3 NONIBIHINOBMM CMUPTOM PISHUX MONEKYIAPHUX MAC MPU LUBUOKOMY TA NOBIJIbHOMY
OXOJIOAMKEHI AOHOPCbKOI KPOBI IOAUHU

Bo3atoK A.B. KomnaHieub A.M.

Pe3tome. ®opmMyBaHHA Ta 3pOCTaHHA KPUCTaniB Aboay AK B BioN0rivHil KNITUHI TaK i No3a ii meXkaMu CTBOPIOE cep-
M03HY npobnemy npu po3pobui cnocobis i TeXHONOTI KPiOKOHCEPBYBAHHSA BioNoriYHMX 06’EKTIB 415 MOAA/bLLIOIO BUKO-
pUCcTaHHA. ToMy NPOTATOM AEKiNIbKOX POKiB Npobiema 3 NMoLUyKy Ta BUKOPUCTAHHA CNOYKK, 343THOT CTBOPIOBATM BNAUB
Ha MpoLecu NboAoyTBOPEHHSA, 0COB/IMBO — Ha NPOLEC PeKpUCTanisaujii, Hapasi aKTUBHO AOCNIAMKYIOTbCA B HayKOBUX
3aK/1a4ax pPi3HUX KpaiH CBITY.

OfHi€to 3 BaXK/IMBUX MPUUNH 3arnbeni KNiTUH € pekpucTaisalis N1boay Ha eTani Bigirpisy. MpuUrHiyeHHs pekpucranisa-
LiMHOT aKTMBHOCTI € BayKaHUM eEKTOM AKUIA MOXKE 3HAYHO NMOKPALLMTU 36epeKeHICTb KPIOKOHCEPBOBAHOTO MaTepiany.

Ha cborogHiwHin aeHb ronoBHo Npobnemolo € po3pobKa edheKTUBHUX 3ac0b6iB KPio3axMCTy, HOBUX KpPiOKOHCep-
BaHTIB AKI MaTUMyTb NOCU/IEHY A0 Ha NPOLLECK MPUTHIYEHHA peKkpucTanisalii 1boay, Wo B CBO Yepry byage cnpusatm
NOKPALLEHHIO Kpio3beperKeHHOCTi He Ti/IbKW KAITUH @ 1 TKaHMH | OpraHiB Nt0AMHN.

MpoTe iCHYE HN3KA BaXK/IMBUX NEPELLKOA 3 AKMMWU AOCNIAHUKN CTUKHYIMCA B NPAKTULL KPIOKOHCEPBYBAHHA: Lie AyKe
Mana KiNbKiCTb CNONYK, AKI MOXKHA OTPUMATU 3 NPUPOAHUX PECypPCiB, CKNAAHICTb a0 HEMOXKINBICTb MOBHOMO XiMi4HOro
CMHTE3y aHa/oriB; cynepeynunsi AaHHi WoA0 ePeKTUBHOCTI BUKOPUCTAHHSA LIMX CNOYK NPU KPiOKOHCepBYBaHHI biomaTe-
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piany; LMTOTOKCUYHICTb Ta iIMYHOTEHHICTb MPUPOAHUX aHTUDPU3HMX BiNKiB. Y 3B’A3KY 3 UMMM NepeLlKogaMn B OCTaHHI
POKM AOCNIAHNKM 3BEPTAtOTb CBOKO YBAry HAa CUHTETUYHI CMONYKM, AKUM TEX NOAIOHO NPUPOAHUM NpUTaMaHHa crewm-
¢divHa aHTMpeKpuMCTanisauiiHa akTUBHICTb 6e3 NobiuHMX edeKTis.

BupiweHHAM nocTaBaeHOi 3a4a4i € po3pobKa KPiOKOHCEPBAHTIB, B AKMX MOpPA4, 3 TPALULIMHMMM KPioNpoTEKTOPaMU
OyayTb BUKOPUCTOBYBATUCA CUHTETUYHI CMIONYKM-aHTUDPU3UM, AKUM NPUTAMaHHA cneundidyHa aHTUpeKpucTanisaliiHa
aKTMBHICTb. 3 Nepeniky LMX CNoNYK yBara OCAiAHUKIB MPUKYTA [0 CUHTETUYHOTO Nosimepy — nonisiHinosuit cnupt (MBC).

Memoto Hawoz20o 0ocnidxceHHA byno pocnianTn BnactuBocTi MNBC pisHUX MONEKYAAPHUX MAC AK aKTUBHOIO iHribi-
TOopa pekpucTanisauii 1boay Ta piBeHb 36epexeHOoCTi epUTPOLMTIB B MPOLLECI MOBI/IbHOTO Ta LWBUAKOIO 3aMOPOXKYBaHHSA-
BiZirpiBy B KPio3axMCHUX cepefoBULLAX HA OCHOBI CTAaHAAPTHOrO KpionpeTeKkTopa riuepuHy PisHMX KOHUEHTPaLIN.

06’ekm i memoOdu docnidnceHHs. O6’eKToM AoCniaKeHHs ByB epPUTPOKOHLLEHTPAT, OTPMMAHWUIN 3 OHOPCLKOI KPOBi
moanHun rpynu A(ll), 3aroToBneHOi Ha remoKoHcepBaHTi «[ntoriump». EpUTPOKOHUEHTPAT OTPUMYBAAM LEeHTpUdyry-
BaHHAM KOHCepBOBaHOI AOHOPCLKOI KpoBi npu 1250 g npoTtarom 25 xB. OTpMMaHHI JaHHI pO3paxoByBasiv 3@ HACTyn-
HMMW MOKa3HMKAMM: KOHLLEHTpaLis BiIbHOro remornobiHy B Ha40CaA0BilN PiAWHI Ta 3araibHOro remoriobiHy KAiTUH-
HOI cycneHsii, BU3Ha4yaam remornobiHuiaHigHMM meTogom 3a gonomoroto Habopy «femornobid CnJ1 200» (YkpaiHa) Ta
cnektpodoTomeTpy KPK-3-01 «30M3» (Pocis) A0B¥KUHA XBUAT 540—-545 HM., NOKA3HUK remMaToOKpPUTY — BU3Ha4Ya M Ha
ueHTpuoysi CM-70, NpoLEHT remonisy epuTpoLmTiB B HaZ0CaAl po3paxoByBaiv 3a Gopmynor HaBedeHO B poboTi
Huggins CE. (Prevention of hemolysis of large volumes of red blood cells slowly frozen and thawed in the presence of
dimethylsulfoxide).

CTaTucTUYHy 06pOoOKY pe3ynbTaTiB NPOBOAM/IM 3 BUKOPUCTAHHAM KpuTepito MaHHa-YiTHI a41a manunx BubipoK 3 BUKO-
PUCTAaHHAM NPOrpamHoOro nakety «Statistica».

Pesynomamu. B pe3ynbraTi NpoBeseHOro NOpiBHANABHOIO AOCAIAXKEHHA KPiO3aXMCHUX CepesoBULL, Pi3HOro CKaaay
KPiONpOTEKTOPIB 3 PO34YMHAMM MOAIBIHINOBOrO CNMPTY NPU LWBUAKOMY METOAI 3aMOPOXKYBAHHA KNITUH KPOBI 30Kpema
(epuTpouunTiB) LWNAXOM 3aHYPEHHA 3pa3KiB 40 PiAKoro a3oTy. BctaHoBAEHO, WO Nicia 3amMOpOXKyBaHHA-BIAiIrpisy epu-
TpouMTiB Y 6AaraTOKOMMNOHEHTHUX PO34YMHAX Ha OCHOBI riLepunHy B KombiHauii 3 NMBC m. m. 9 i 31 K/la cnocTepiraeTbca
TEHAEHLUiA A0 MiABULLEHHA 36eperkeHOoCTi epuTPOLMTIB 3a pe3y/ibTaTaMu remMonisy y NopiBHAHHI 3 gieto 20 %, 30 %
i 40 %-X MOHOPO34MHIB FNiLEPUHY.

KntouoBi cnoBa: epuUTpoOLLMTHY, KPiIOKOHCEPBaLLisi, peKpucTanisalis, MoNiBiHINOBUI CNMPT, MiLEpPUH.

RESEARCH IN COMPARATIVE ASPECT OF CRYOPROTECTIVE ACTION OF GLYCERIN-BASED CRYOPRESERVATIVES IN
COMBINATION WITH POLIVINYL ALCOHOL OF DIFFERENT MOLECULAR WEIGHTS AT FAST AND SLOW COOLING OF
HUMAN DONOR BLOOD

Hvozdiuk Y.V., Kompaniets A.M.

Abstract. The formation and growth of ice crystals both inside and outside the biological cell pose a serious problem
in the development of methods and technologies for cryopreservation of biological objects for further use. Therefore, for
several years the problem of finding and using a compound that can influence the processes of ice formation, especially
the recrystallization process, is currently being actively studied in scientific institutions around the world.

Oneoftheimportant causes of cell deathis the recrystallization of ice at the thawing stage. Inhibition of recrystallization
activity is a desirable effect that can significantly improve the safety of cryopreserved material.

Today the main problem is the development of effective means of cryoprotection, new cryoprotectants that will have
an enhanced effect on the inhibition of ice recrystallization, which in turn will improve the cryopreservation of not only
cells but also human tissues and organs.

However, there are a number of important obstacles that researchers have encountered in the practice of
cryopreservation: the very small number of compounds that can be obtained from natural resources, the complexity
or impossibility of complete chemical synthesis of analogues; contradictory data on the effectiveness of the use of
these compounds in cryopreservation of biomaterial; cytotoxicity and immunogenicity of natural antifreeze proteins. In
connection with these obstacles, in recent years, researchers have turned their attention to synthetic compounds, which
are also similar to natural specific antirecrystallization activity without side effects.

The solution to this problem is the development of cryoprotectants, which, along with traditional cryoprotectants
will use synthetic compounds — antifreeze, which has a specific antirecrystallization activity. From the list of these
compounds, the attention of researchers is focused on a synthetic polymer — polyvinyl alcohol (PVA).

The aim of our study was to investigate the properties of PVA of different molecular weights as an active inhibitor of
ice recrystallization and the level of preservation of erythrocytes in the process of slow and rapid freezing — heating in
cryoprotective media based on standard cryoprotectant glycerin of different concentrations.

Materials and methods. The material of the study was erythroconcentrate obtained from human donor blood
group A (ll), prepared on the hemopreservative «Glugetsir». Erythroconcentrate was obtained by centrifugation of
canned donor blood at 1250 g for 25 minutes. The obtained data were calculated according to the following indicators:
the concentration of free hemoglobin in the supernatant and total hemoglobin of cell suspensions, determined by
hemoglobin cyanide method using the kit «Hemoglobin SPL 200» (Ukraine) and spectrophotometer KFK — wave — 3-01
«ZOMZ», 540-545 nm, hematocrit was determined on a centrifuge «SM-70%», the rate of hemolysis of erythrocytes in
the supernatant was calculated by the formula given in Huggins CE. (Prevention of hemolysis of large volumes of red
blood cells slowly frozen and thawed in the presence of dimethylsulfoxide).
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Statistical processing of the results was performed using the Mann-Whitney test for small samples using the software
package «Statistics».

Analysis of results. As a result of a comparative study of cryoprotective media of different composition of
cryoprotectants with solutions of polyvinyl alcohol in the rapid method of freezing blood cells in particular (erythrocytes)
by immersing the samples in liquid nitrogen. It was found that after freezing -heating of erythrocytes in multicomponent
solutions based on glycerol in combination with PVA m. m. 9 and 31 kDa, there is a tendency to increase the preservation
of erythrocytes by hemolysis in comparison with the action of 20 %, 30 %, 40 % glycerol mono solutions.

Key words: erythrocytes, cryopreservation, recrystallization, polyvinyl alcohol.
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AOCNIAXEHHA Y NOPIBHANIbHOMY ACMEKTI KPIO3AXUCHOI Al KPIOKOHCEPBAHTIB
HA OCHOBI MMIUEPUHY B KOMBIHALLIT 3 NO/IBIHIZIOBUM CMTUPTOM PI3HUX
MOJEKYNAPHUX MAC NPU LUBUAKOMY TA NMOBI/IbHOMY OXO/I04KEHI IOHOPCbLKOI
KPOBI TIOAUHU

IHcTuTyT Mpo6nem Kpiobionorii i KpiomeguumHu HAH Ykpainm (m. Xapkis, YKpaiHa)
yana.hvozdiuk@gmail.com

CmeopeHHA Hosux binbw eghpekmusHUX Memodie 00820CMpPOKOB8020 36epicaHHA KAIMUHHUX KOMMOHEHMI8 KPo8i € 00HUM
3 AKMYaAbHUX HANMpPAMKI8 p038UMKY Cy4acHoi Kpiobionoeaii, MeduyuHu i mpaHcgy3zionoaii Ha cbo20OHIWHIl OeHsb.

IcHyroYi y c8imi cy4acHi mexHoso2ii KpioKOHCepP8y8aHHA epumpouumie AOUHU NMPU HU3bKUX MA Y/AbMPOHU3bKUX MEM-
nepamypax 8 0CHOBHOMY 6a3ylombCA HA 3ACMOCYBAHHI KPio3axucHUX cepedosuw, 20/108HUM KOMIMOHEeHMOM fKUX € Kpio-
npomeKkmop aniyepuH y 8eauKuUx KOHYeHmpauisx. Hedosnikom KpiokoHcepsayii KnimuH Kposi 3 eniyepuHom € HeobxioHicmob
6azamoemanHozo ripouecy OeaniyepuHizayii KAimuH nicas po3mopoxcysaHHs, neped besnocepedHim KaiHIYHUM 3acmocy-
BAHHAM, W0 8 C80I0 Yepay CNPUYUHAE 000aMKO8i BUMPAMU MA MOWKOOKEHHSA, YCKAAOHIOE MeXHOM02IYHUU Mpoyec KPiOKOH-
ceps8y8aHHA O0OHOPCLKOI Kposi MoOUHU. Lie cymmeso obmexcye npakmu4He BUKOPUCMAHHA 2AiyepuHy AK KpionpomeKkmopHy
peyosuHy. B ocmaHHi poKu 6yno po3pobnaeHo crneyianbHy anapamypy 048 aemomamu3auii eniyepuHizayii ma oeaniyepuHi-
3ayii epumpoyumis, MpPome 80HA MAKOX € BUMPAMHOI, MoMpebye crneyianbHUX cucmem i 8eanuKkux ob’emie po3vuHie 014
8i0MUBAHHA.

OOHUM 3 HanNpPAMKI8 HayKosux 00C/iOHeHb KPIOKOHCEPBYBAHHSA KAIMUH KPO8i € BUKOPUCMAHHSA KpionpomeKkmopis eK30-
uentonapHoi dii, AKi He mompebyrome sudaneHHA neped MpaHcgysiero. lpome ui Memoou KpioKOHCep8y8aHHA He 3Haliwau
MPAKMUYHO20 K/IHIYHO20 3ACMOCYBAHHA Y 38°A3KY 3 HU3bKOK OCMOMUYHOI CMIliKiCmIo po3MOpPOMCEHUX KAIMUH i, AK HACAI-
00K — Hebe3neKor po38UMKY 8HYMPiwWHbO-CYyOUHHO20 2eMONi3y.

MowyK 6a2amoKOMMNOHEHMHUX KPiO3aXUCHUX PO3YUHI8 019 3aMOPOXYBAHHSA Pi3HUX 6ios102iYHUX 06'EKMi8 AKMUBHO PO3-
8UBAEMbLCA. B ocmaHHIi N’amb pokie, He38aM(aro4U HA 8es1UKY KiflbKicmb 8xce po3pobraeHuUX KpiokoHcepsaHmis, iHmepec 00
602aMOKOMNOHEHMHUX cepedosull, MOPOOHYEMBLCA 3 HOBOK cuaotk. Aeakuli yac momy Halibinbw OOUinbHUM 88aXaA10ChL
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06°€0Hy8amMu y KpiOKOHCeP8AHMI MPOHUKAKYI Ma HEMPOHUKAYi KpionpomeKkmopu, pi3Hi 6iono2i4Ho aKMU8Hi KOMMOHeHmMU.
Linnto makozo nidxody 6yno, no — nepuwie, ycyHEHHA OCHOBHOI MPUYUHU MOWKOOX eHHA 6io06’eKmis 8 Npoyeci 0X0n00HeHHS,
mobmo iHeiby8aHHA pocmy No3a —ma 8HyMPpIiWHbO KAIMUHHUX Kpucmasie 1600y npu oxon00xceHHi. [1o —0pyae cmabinizayia

MemMbBPaH KAimuH Ha emanax KPioKoHcepa8ysaHHS.

Kntouosi cnoBa: epumpoyumu, KpikoHCepsauis, pekpucmanizauis, noaieiHinosuli ciupm, eniyepuH.

38’A30K po60TM 3 NNAHOBMMM  HAYKOBO-
pocnigHumu  pobotamu. [ocnigrKeHHA BUKOHAHO
Yy pamKax HayKoBoO-gocniaHoi poboTu nabopatopii Kpi-
onpoTeKTopiB, IHCTUTYTY npobaem Kpiobionorii i Kpio-
megmumHmn HAH Ykpainun «[locnigrKeHHs BAacTUBOCTEM
nonisBiHiNoBOro cnupTy fK iHribitopa peKkpucranisauii
Y KpiO3aXMCHUX cepesioBULLAX HAa OCHOBI eHAO- | eK30-
uentonapHux Kpionpotektopie» (Ne aeprkaBHOI pee-
cTpauii 0116U 003492).

Bcryn. ®opmyBaHHA Ta 3pOCTaHHA KPUCTANiB 1boay
AK B BI0NIOTIYHIN KNITUHI TaK i No3a il meXkamMun CTBOPIOE
cepiosHy npobnemy npu po3pobui cnocobis i TexHo-
NIOTiN KpiOKOHCepBYBaHHA HionoriyHMx o6’ekTiB Ans
NnoJanbliOro BUKOPWUCTaHHA (pereHepaTvBHa i TpaH-
CM/aHTALiMHA MeauuMHa, TpaHcdysionoria, Towo)
[1, 2]. Tomy npoTarom AekinbKox pokis npobnema
3 MOLYKY Ta BUKOPUCTAHHS CMOAYKU, 34aTHOT CTBOPIO-
BaTU BMJIMB HA NPOLLECU SIbOAOYTBOPEHHSA, 0CO6/MBO —
Ha Npouec peKkpucTanisalii, Hapasi akTUBHO AOCAIAXKY-
I0TbCA B HAYKOBMX 3aKafax pPi3HMX KpaiH csiTy [3, 4, 5].

OpHielo 3 BaXAUBUX MPUYMH  3arnbeni KAiTUH
€ peKkpwucTanisauia nbogy Ha eTani Bigirpisy [6, 7, 8].
MpUrHiYeHHA peKpucTanisauiiHoi akTUBHOCTI € Barka-
HUM edEeKTOM AKUI MOXKe 3HAYHO MOKpaLuTK 36epe-
YeHicTb KpioKoHcepBoBaHoro matepiany [9, 10].

Ha cborogHiWwHin AeHb ronosHow npobaemoto
€ po3pobKa edeKTUBHUX 3acobiB KPio3axmcTy, HOBUX
KPiIOKOHCEPBAHTIB AIKi MAaTUMYTb MOCUJIEHY Ait0 HA MPO-
LLecU MPUrHiYeHHA peKpucTanisaLii 1boay, WO B CBOKO
yepry byae cnpusaTU NOKPALLEHHIO Kpio3bepeKeHHOCTi
He TiINbKW KNITUH @ 1 TKaHWH i opraHis ntogmuu [11].

Bigomo, WO npurHidyeHHA peKkpucTanisauii aboay,
TO6TO 3MEHLWEHHSA BXKe CPOPMOBAHUX KPUCTANIB 1bOAY,
€ OOHMM 3 TPbOX FOJIOBHUX e(dEKTIB NPUPOAHUX aHTU-
bpusHMX BiNKiB, Hapaay i3 34aTHiCTIO agcopbysaTu
Ha NOBEpPXHi KpucTanis nboay, moandikysaTm ix picT
i dopmy [12, 13]. 3 yacy BiAKPUTTA aHTUDPU3HMX NPO-
TeiHiB B CMPOBATLi KPOBi aHTAPKTUUYHUX pnb [14], BOHM
npPUBEPTatOTb YyBary HayKOBLIB AK BaXK/IMBI [04ATKM,
30KpeMa, Npu KpioKoHcepByBaHHI BionoriyHoro mare-
piany [15]. MpoTe iCHye HU3Ka Ba*K/JMBUX MNepeLLKos,
3 AKMMWU OOCAIOHUKN CTUKHYANCA B NPAKTULi Kpio-
KOHCEPBYBaHHA: Lle AyXe Mana KifbKiCTb CNONyK, AKi
MOXHa OTPMMATU 3 NPUPOAHUX PecypcCis, CKNALHICTb
ab0 HEMOXK/INBICTb MOBHOIO XiMiYHOrO CMHTE3Yy aHao-
ris [16, 17, 18]; cynepeununsi gaHHi woa0 ePpekTUBHOCTI
BMKOPUCTAHHS UMX CMOJIYK MNPW KPiOKOHCEepBYBaAHHI
biomatepiany [19]; LMTOTOKCMYHICTb Ta iIMYHOTEHHICTb
NPUPOAHUX aHTUPPU3HUX BiNKiB. Y 3B’A3KY 3 UMMM
nepeLKogamm B OCTaHHI POKM JOCNIAHUKM 3BEPTAIOTb
CBOO YBary Ha CMHTETUYHI CMONYKN, AKUM TeXK nNogibHo
NPUPOAHMM MpUTaMaHHa cneyudiyHa aHTUPEKpPUCTa-
Ni3auiliHa aKTUBHICTb 6e3 NobiuyHux edekTis [20, 21].

BupilleHHAM nocTaBieHOl 3a4a4i € po3pobKa Kpi-
OKOHCEpPBAHTIB, B AKWUX MOpAA, 3 TPAAULINHUMK Kpio-
npoTeKkTopamu 6yayTb BUKOPUCTOBYBATUCA CUHTETUYHI
CNONYKU-aHTUDPU3U, SKUM NpUTamaHHa crneundiyHa
aHTMpeKpuCTanisalinHa akTUBHICTb [22, 23, 24]. 3
nepeniky UMx CNOAYK yBara AOCNISHMKIB NPUKyTa A0
CUHTETUYHOTO nosimepy — nonisiHinosuit cnupt (MBC)
[25, 26, 27]. NMonepeaHi AocCAiAMKeHHs NOKasain BAac-
TmBocCTi MBC AK aKTUBHOrO iHribiTopa pekpucranisauii
NboAy, MOXAMBICTb NiABULLYBaTN ePEKTUBHICTb 3aMO-
POXYBAHHA AEAKUX KANITMH, 30KpemMa — epUTPOLUTIB
BiBL | NOOMHM, Me3eHXiMa/lbHUX KAITUH i cnepmiis
[28]. MpoTe cnig 3a3HAuYMTH, WO MeEXaHI3MU aHTUpe-
KpucTanisauinHoi aktuBHocTi MBC we He BU3HayYeHi Ta
3’AcyBaHHA BUsABNEHOro bionoriyHoro (aHTUpeKpuc-
Tani3auiiHoro) edpekTy npu KpiokoHcepByBaHHi b6io-
NloriyHOro MmaTepiany (epuTpoumTn BiBLi, NHOAUHM)
npucBsYeHi HeuyncenbHi pobotn [29]. Ane Bci HaBe-
[OeHi pe3ynbTaTy MatoTb TiZIbKM NonepeaHin xapakTep i
noTpebytoTb Bifbl AEeTaIbHOFO AOC/iAKEHHS.

MeTta pocnigkeHHA. Jocniaguty BNacTUBOCTI NOAi-
BIHINOBOrO CAMPTY PIi3HUX MOJIEKYNAPHUX Mac AK
aKTUBHOTO iHribGiTOpa pekpucTanisauii 1boay Ta piBeHb
36eperKeHoCTi epuTPOLMTIB B NpoLeci NoBiNIbHOTO Ta
LWBWAKOrO 3aMOPOXKYBAHHA-BIAIrPiBY B KPiO3aXMCHUX
cepefoBMLLAX Ha OCHOBI CTaHZAPTHOrO KpionpeTtek-
TOpa MiLepPUHY Pi3HMUX KOHLEHTPaL,in.

06’eKT i meTOoaM gocnigyKeHHA. MaTepianom gocni-
OKEeHHA ByB epUTPOKOHLLEHTPAT, OTPMMAHUI 3 AOHOP-
CbKoi Kposi ntoguHu rpynu A (ll), 3arotoBneHoi Ha
remoKkoHcepBaHTi «lnworiunp» y XOUMK, Aka 36epira-
nacb He bGinbwe 48 roauH npu TemnepaTypi (44+2)°C.
EpUTPOKOHLLEHTPAT OTPUMYBAZIM METOAOM LEHTPUbY-
ryBaHHA KOHCEPBOBAHOI AOHOPCbLKOI Kposi npu 1250 g
npotarom 25 xs.

Y poboTi B AKOCTi cepenoBuLL, AN KPiOKOHCEPBY-
BaHHA BUMKOPWUCTOBYBa/M noniBiHinosuii cnupt (MBC)
(m. m.9 Ta 31 kda), («Sigma-Aldrich», CLUA), rniuepuH
(dipma «Anxim», VYKpaiHa). [na eKkcnepumeHTasb-
HUX O0CANiOXKEeHb KPiONPOTEKTOPHI cepefoBMLLa roTy-
Ba/IM BAaroBMM MeToZom Ha ocHosi 0,1 M ¢ocdaTHO-
conboBoro 6ydepy (PCB) (pH 7,7) Ta Bupaxanu
B MaCOBMX BiACOTKax (mac.%). Bci po3umHM BUKOPUCTO-
ByBa/amcA nicna 24-roaMHHOI BUTPUMKM Npu Temnepa-
Typi (20+2)°C.

OTpuMaHHI gaHHI po3paxoByBaan 3a HACTYMHUMM
NMOKa3HMKaMW: KOHLEHTPaALiA BiIbHOroO remornobiHy
B HaJoCagoBili PiAMHI Ta 3arasbHOro remornobiHy
KNITUHHOI cycneHsii, BM3Ha4yanu remornobiHuiaHia-
HUM MeToAOM 3a gonomoroto Habopy «lemornobiH
Cn/1 200» (YKpaiHa) Ta cnektpodoTomeTpy KOK-3-01
«30M3» (Pocia) gaosxuHa xBuni 540-545 HM., NOKas-
HUK remMaToKpuUTy — BU3Ha4Yanu Ha ueHtpuoysi CM-70,
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NPOLEHT remoisy epuTpoLLUTIB B HA40CaAi pO3pPaxoBy-
Banu 3a Gopmysioto HaBegeHoto B poboTi [30].

LOnAa pocnigrKeHHA y NopiBHANBHOMY aCNeKTi BNANBY
6araTOKOMMOHEHTHUX KPiO3aXMCHUX CepefoBuL, Ha
36eperKeHicTb epuUTPOUMTIB NicNA KPiIOKOHCEpPBYBaHHA
6yno AocnigxeHo pisHi 3a CKNagomM KOMMNO3unLi.

3pa3ku 3amopoxkyBaam B Kpioamnynax «Nunc»
(1,8 mn) wnaxom 3aHypeHHs B pigkmit asoT (—196°C),
36epirann npu — 196°C npotaram 1-3 TUIKHIB. IHLI
3pa3KM 3aMOPOXKYBa/IM Yy MPOrPaMHOMY 3aMOPOXKY-
Bayi «YOI-6» i3 cepefHbOIO WBUAKICTIO OXONOAMKEHI
3°C/xB. 3pa3ku Bigirpisannm Ha BoAAHIN 6aHi npwm
Temnepatypi 40142°C npu nNocTiiHOMY MOXUTYBaHi
KOHTeMnHepiB.

EpUTpOUMTN 3aMOpPOMKEHI Yy PO34YMHAX HA OCHOBI
rNiLepuHy nicna po3MpOXKYBAHHA BigMMBANMU Bif, Kpi-
03aXMCHUX PO3YMHIB METOAOM ABOKPATHOrO CEPIHOro
LeHTpMdyryBaHHA 33 4ONOMOrOK CTaHAAPTHUX CONbO-
BUX PO3YMHIB.

CTaTUCTMYHY 06pOobKy pesynbTaTiB  NpPOBOAUM
3 BUKOPUCTAHHAM KpuTepito MaHHa-YiTHI ana mannx
BMOIPOK 3 BMKOPUCTAHHAM MPOrPaMHOro MakeTy
«Statistica».

Pe3ynbTaT gocnigxeHHA Ta ix obroBopeHHa. byan
OOCNioKeHi  Kpio3axuCHI  cepefoBMLWA  HACTYNMHOro
cKnaay:

20 % rniuepwH + 0,1 % MBC,

20 % rniuepwH + 0,5 % MBC,

30 % rniyepuH + 0,1 % MNBC,

30 % rnigepuH + 0,5 % MNBC,

40 % rnivepuH + 0,1 % NBC,

40 % rnivepuH + 0,5 % NMBC m. m. 9 kOa i 31 kOa.

B aKocTi KoHTposto 6ynun 20 %, 30 % i 40 % po3unHU
rniuepuHy 12 0,1 % i 0,5 % MNBC 3 m. m. 9 ka i 31 ka.

Pe3ynbTaTm [AocCnipgKeHHA Ta iX 06roBopeHHs.
BusHaueHHa 306epeKeHOCTi epuUTPOLUTIB  NOAUHU
NiCNA OXONOAMKEHHA WAAXOM 3aHYPEHHS Y PiAKMIA a30T
(—196°C) nig, 3axuctom po3umHis MBC 3 m. m. 9 K[a
(KoHUeHTpauia 0,2 % Ta 1 %) i NnoAaNbLWOro PO3Mopo-
YKYBaHHA Ha BoAsAHIM 6aHi (40-42 °C) nokasanu, Lo npm
BMKOPWUCTAHI LWIBWAKOrO CNocoby OXONoAMKEHHA epu-
TPOUMTIB BOHW MOBHICTIO remonisytoTb (Tabn. 1).

MicnA 3aMOpOXKyBaHHA-BIATAaBAaHHA epPUTPOLUTIB
y 20 %, 30 % i 40 %-x po34MHax riLepuHy (KOHTPOsb)
HaMbiNbL BUCOKUI piBeHb 36eperKeHOCTi epUTPOLUTIB
33 MOKa3HUKOM remofiisy oTpumaHuin 3 40 % posuu-
HaMW TNiLepuHYy.

AHani3 pesynbTaTiB 3aMOPOKYBaHHA €pPUTPOLUTIB
B KOMOIHOBaHMX cepenoBULLAX MOKa3aB 3a/iIeXKHiCTb
piBHA 36epeXKeHOCTi epuUTPOLMTIB Big, iX CKNady: KOH-
ueHTpauii rniuepuHy i NMBC, monekynapHoi macu noni-
BiHINOBOrO CAMPTY.

Tak, BBegeHHA 0,1 % i 0,5 % MNMBC m. m.9 Ka go
20 %-ro po34mHy MiLepuHy CpUAIOo NiABULLEHHO 36e-
PEeXEeHOCTi KAITUH Nicns 3amMoporKyBaHHA. KombiHauin
30 % po3unHy rmiunepuHy 30,1 %i0,5 % NMBC m. m. 9 ka
npussoanaa Ao 36inbWeHHA KiNbKOCTi remosiisoBaHUX
KNITUH i NOriplWIEeHHA pe3ynbTaTiB 3aMOPOKYBaHHA.

Tabnuua 1 — 36epeKeHicTb epUTPOLUTIB Yy PO3UUHAX
rniuepuHy B KombiHauii 3 MBC nicna wseugkoro
3aMOpPOXKYBaHHA (3aHypeHHA B a30T)

Cepepgosulue lemonis, % lematokpuT,%

0,1 % NBC m. m. 9 klla MoBHWIA remonis -

0,5 % NBC m. m. 9 kla MoBHWUIA remoni3 -

MniuepuH + NBC 9 ka

20 % rniuepwH 10,7 15
20 % rniuepuH + 0,1 % NBC 8,2 29
20 % rniuepwuH + 0,5 % MNBC 2,75 15
30 % rnivepuH 11,2 27
30 % rnivepuH + 0,1 % NBC 32 12
30 % rniuepuH + 0,5 % NBC 28 _
40 % rniuepwH 4,3 28
40 % rniuepuH + 0,1 % NBC lemonis 7
40 % rniuepuH + 0,5 % MNBC 4,42 25

MiuepuH + NMBC m. m. 31 kda

20 % rniuepuH + 0,1 % NBC 70 17
20 % rniuepuH + 0,5 % NMBC 2,75 15
30 % rniuepuH + 0,1 % NBC 29 18
30 % rniuepuH + 0,5 % NMBC 2,9 20

KombiHauia 20 % i 30 % po3unHis riuepuHy 30,5 %
MBC 3 m. m. 31 k[la TaKOX CAPMUANO 3HAYHOMY NifBU-
LLLEHHIO PiBHA 36epeKeHOoCTi epUTPOLMUTIB Y NOPIBHAHHI
3 MOHOPO34YMHAMM KPIONPOTEKTOPY.

Halibinblw BWCOKI NMOKa3HWKK 36epexkeHOoCTi epu-
TpoumTiB 6yNM OTPMMAHI B HACTYMHMUX KOMOBiIHOBAHWUX
pO34YMHax:

20 % rniuepuH + 0,1 % NBC 9 ka;

20 % rnigepunH + 0,5 % NBC 9 K/a;

40 % rniuepwuH + MNBC 0,5 % 9 ka:

20 % rnigepuH + 0,5 % MNBC 31 k/a;

30 % rniuepuH + 0,5 % MBC 31 kda.

TaKMMUYMHOM, BUHAYeHa TeHAEHLIA A0 NiABULLEHHA
36eperKeHoCTi epuTPoOLMTIB MicNA 3aMOPOXKYBAHHA-
BiAirpisy y kombiHoBaHMx 3 MBC cepenosumiax y nopis-
HAHHI 3 OKPEMUM PO3YUHAMMU TNiLLEPUHY.

OpeprkaHi pe3ynbTatm [akoTb NigCTaBy MPOrHO3y-
BaTWU NEpPCneKTUBHICTb PO3pOobKM HaraTOKOMMOHEHT-
HUX CepeflioBULL, Ha OCHOBI B KOMGIiHaLii rniuepuHy
3 MBC m. m. 9 ka i 31 k[la gnA 3aMOPOXKYBaAHHI epu-
TPOLMTIB NOANHM.

Ha HactynHomy eTani 6ynu nposefeHi ekcnepu-
MEHTW MO 3aMOPOXKYBAHHIO €pPUTPOLMTIB NOAUHU 3i
weunakictio 3 °C/xB. y KOMBIHOBaHUX PO3UMHAX AKi
MicTaTb rnigepuH (20 %, 30 % i 40 %) B noegHaHHI
3MBCm. M. 9kAai31kOa(0,2%i1%).

BcTaHOBNEHO, WO 3aMOpPOXKYBaHHA epUTPOLMUTIB
3i weKnAKicTio 3°C/xB. y KOMBIHOBAaHMX PO3UYMHAX SAKi
mictatb 20 %, 30 % i 40 % rnivepuH y noegHaHHi 0,1 %
i 0,5 % MNBC npu3BoAUTb A0 MaliXKe MOBHOI 3aru-
6eni epuTpouLMTIB MicAA PO3MOpPOXKYBaHHA (Taba. 2).
Mpn 3amoporkyBaHHi KNiTMH y 30 % po3unHi rnige-
puHy 3 0,5 % MBC oTpumaHo g0 20 % 36eperkeHnx
KNITUH.
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Tabnuus 2 — 36eperKeHicTb epUTPOLIUTIB Y PO3UMHAX BucHoBKU. B pesynbTtaTti npoBeaeHOro nopiBHANb-
rniyepuHy B KombiHauii 3 NNBC nicaa nosinbHoro HOFO AOCNIAMKEHHA KPiO3aXUCHUX CepefoBuLL, Pi3HOro
3amoporKyBaHHsA (3°C/xs) . . L
CKNaZly KPiOMpOTEKTOPIB 3 PO3YMHAMM MONIBIHINOBOTO
12 9 0,
Cepeaosyie femonis,% | femarokpu,% CMUPTY NPU LWBUAKOMY METOZi 3aMOPONKYBaHHA K-
+i + . .
KorTpone 0,010,01 40,0£2,1 TUH KPOBi 30Kpema (epUTPOLMTIB) LAAXOM 3aHYPeHHS
9 i . . .

0.1% NBC remonis 3pasKiB Ao pigKkoro asoTy. BcTaHoBneHo, WO nicns

0,5 % MBC 85 21 L .
3aMOpPOKYBaHHA-BIAIrPiBY epUTPOLMTIB Yy BaraToKOM-

20 % rnivepuH remonis

NMOHEHTHMX PO3YMHAX Ha OCHOBI rNiLepUHy B KOMbBiHa-
uii 3 MBC 3 m. m. 9i 31 K[la cnocTepiraeTbca TEHAEHLA
00 NiABULLEHHA 30epeXXeHOCTi epUTPOLUTIB 3a pesy/ib-
TaTamu remonisy y nopisHAHHI 3 aieto 20 %, 30 % i 40 %

20 % rnivepuH + 0,1 % NBC remonis

20 % rnivepwuH + 0,5 % MNMBC remonis

30 % rnivepuH + 0,1 % MNMBC remonis

30 % rnivepuH + 0,5 % MBC 74 25 -X MOHOPO3UMHIB MNiLLEPUHY

20 % rniuepuh + 0,1 % MBC remania MepcnekTMBM NOgaNbLUNX AOCAIAMKEHD. Pe3yabTaTh
30 % rniueput + 0,1 % NBC remonis NpoBeAeHUX AOCNIAKEeHb € MiACTaBol MOAANbLUNX
40 % rniuepur +0,1% MBC | remonis [OCNIAXeHb, CNPAMOBAHUX Ha PO3POBKY i JOKNagHe

BMBYEHHA 6HAaraTOKOMMNOHEHTHUX CEPELOBULL, HA OCHOBI
KOMDOiHaLiM Pi3HMX KPiOMPOTEKTPHUX CMOAYK 3 MNONi-
BIHINOBMM CNUPTOM ANA 3aMOPOXKYBAHHA KAITUHHUX
CyCneHsil.

TaKMM UYMHOM BMKOPUCTAHHA HU3bKUX LUBUAKO-
CTell 3aMOPOXKYBAHHA [AN1A  KPiO3aXMCHUX  pPO34u-
HiB, WO mictaTb 20-40 % KOHUeHTpauii raiLepuHy,
€ HEMPUNHATHUM.
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OOCNIAXEHHA Y NOPIBHA/IBHOMY ACMEKTI KPIO3AXUCHOT AIi KPIOKOHCEPBAHTIB HA OCHOBI MILEPUHY
B KOMBIHALIi 3 MOANIBIHINIOBUM CNUPTOM PI3HUX MONEKYAAAPHUX MAC MPU LLUBUAKOMY TA NOBI/IbHOMY
OXONOAXEHI AOHOPCLKOI KPOBI IOAUHU

so3atoK A.B. KomnaHieub A.M.

Pe3stome. PopMyBaHHA Ta 3pOCTAaHHA KPUCTaNiB boay AK B BIONOriYHIM KAITUHI TaK i No3a ii MeXXaMu CTBOPHOE cep-
Mo3Hy npobaemy npu po3pobui cnocobis i TexHoNOriN KpioKoHCepBYBaHHA HionoriyHMX 06’€KTIB ANA NOLANBLLIOIO BUKO-
puctaHHs. Tomy NpoTAroM AeKiNibKoX PoKiB Mpobiema 3 NOLWYKY Ta BUKOPUCTAHHSA CNOYKW, 34aTHOT CTBOPIOBATU BMNIMB
Ha NpoLecKn NbOAOYTBOPEHHSA, 0COBAMBO — HA NPOLLEC PeKpUCTani3aLii, Hapasi aKTUBHO AOCAIAKYIOTbCA B HAYKOBUX
3aKNa[ax pPisHUX KpaiH CBITy.

OfHi€0 3 BaXIMBUX NPUYKMH 3arnbeni KNiTUH € pekpucTanisalia 1boay Ha eTani Bigirpisy. MpurHiveHHA pekpucTtanisa-
LiMHOT aKTUBHOCTI € BayKaHUM ePEKTOM AKUIA MOXKE 3HAUYHO NOKPALLMTHN 36epekeHiCTb KPiIOKOHCEPBOBAHOIO MaTepiany.

Ha cborogHiwHit geHb ronoBHO Npobaemoto € po3pobKa ePpeKTUBHUX 3acobiB KPiO3axmMCTy, HOBUX KPIOKOHCep-
BAHTIB AKI MaTUMyTb NOCUIEHY Ait0 HA NPOLECK NPUTHIYEHHA peKkpucTanisaLii 1boay, Wo B CBOO Yepry byae cnpuatu
NMOKpPALLEHHIO KPio36epeKeHHOCTI He TiIbKM KNITUH @ 1 TKAHWH i OpraHiB 0AMHMN.

MpoTe iCHYE HM3KA BaXIMBUX NEPELLKOA 3 AKUMU LOCNIAHUKM CTUKHYIUCA B NPAKTULL KPIOKOHCEPBYBaAHHA: LLe iyKe
Mana KiNbKiCTb CNOYK, AKi MOXKHa OTPMMaTK 3 NPUPOLHUX PECYPCiB, CKNAAHICTb a60 HEMOXKAUBICTb NOBHOIO XiMiYHOTO
CMHTE3y aHa/IoriB; cynepeynunsi AaHHi Woa0 ePeKTUBHOCTI BUKOPUCTAHHSA LIMX CMOIYK NPU KPiOKOHCEpBYBaHHI GiomaTe-
piany; LMTOTOKCMYHICTb Ta iIMYHOFEHHICTb NPUPOAHMX aHTUPPU3HMX BiNKiB. Y 3B'A3KY 3 LMK NepeLlkofaMu B OCTaHHI
POKM AOCNIAHNKM 3BEPTAOTL CBOKO YBAry HA CUHTETUYHI CMONYKM, SKUM TEX NOAIOHO NPUPOAHUM NpUTaMaHHa cnewu-
¢divHa aHTMpeKpuUCTanisaujiiHa akTUBHICTb 6e3 NobiuHMX edeKTiB.

BupilueHHAM nocTaBneHoi 3a4a4i € po3pobKa KPiOKOHCePBaHTIB, B AKMX NOPAL, 3 TPAAULIMHUMUK KpionpoTEKTOPamMm
6yayTb BUKOPUCTOBYBATUCA CUHTETUYHI CMONYKM-aHTUDPU3UN, AKUM NPUTAMaHHA cneundidyHa aHTMpeKpucTanisaliiHa
aKTUBHICTb. 3 nepeniky UMx CnosyK yBara A40oCNiAHUKIB MPUKYTa A0 CUHTETMYHOrO Noaimepy — nonisiHinosuii cnmpt (MBC).

Memotr Hawoao OocnioxeHHs byno gocnigntn snactueocTi NMBC pisHUX MONEKYNAPHUX MAC SIK aKTUBHOTO iHribi-
TOpa peKpucTanisauii nboay Ta piBeHb 36eperkeHOCTi epUTPOLLMTIB B NPOLLECi MOBIZIbHOTO Ta LWBWUAKOFO 3aMOPOXKYBaHHA-
BiZirpiBy B KPio3axmMCHMX cepefoBMLLAX HA OCHOBI CTaHAAPTHOrO KPioNpeTeKTopa rMiLepUHY Pi3HUX KOHLLEHTPaLLN.

06’ekm i memoOdu docnidnceHHsa. O6’eKToM AoCniaKeHHs ByB epPUTPOKOHLIEHTPAT, OTPMMAHWUIN 3 OHOPCLKOI KPOBi
moanHn rpynu A(ll), 3aroToBneHOi Ha remoKoHcepBaHTi «lnworiuyp». EpUTPOKOHUEHTPAT OTPUMYBAAU LEeHTpUdyry-
BaHHAM KOHCEPBOBAHOiI AOHOPCbKOI KpoBi Npu 1250 g npoTtarom 25 xB. OTpMMaHHI JaHHI po3paxoByBasiM 33 HacTyM-
HUMW MOKa3HMKAMM: KOHLLEHTpaLia BiIbHOro remMornobiHy B HaZ0CaA0BIN PiAWHI Ta 3aranbHOro remornobiHy KAiTUH-
HOI cycneHsii, BU3Ha4yanun remornobiHuiaHigHMm meToaom 3a gonomoroto Habopy «femornobid CnJl 200» (YkpaiHa) Ta
cnektpodoTomeTpy KPK-3—-01 «30M3» (Pocis) goBkuHa xBuni 540-545 HM., NOKA3HMK reMaToOKPUTY — BU3HaYyaan Ha
ueHTpudy3i CM-70, NpoLEeHT remonisy epuTpoLMTIB B HaZocasi po3paxoByBanun 3a Gopmynoto HaBeaeHO B poboTi
Huggins CE. (Prevention of hemolysis of large volumes of red blood cells slowly frozen and thawed in the presence of
dimethylsulfoxide).

CTaTUCTUYHY 06POOKY pe3yabTaTiB NPOBOAW/IN 3 BUKOPUCTAHHAM KpuTepito MaHHa-YiTHI 415 mannx BUbipoK 3 BUKO-
PUCTaHHAM NPOrpamMHoOro nakeTy «Statistica».

Pe3zynsmamu. B pe3ynbtaTi NpoBeAeHOro NOPiBHANBHOTO AOCAIAMKEHHA KPiO3aXMCHUX CepefoBuLL, PiISHOTO CKaaay
KPiONpOTEKTOPIB 3 PO3YMHAMM MONIBIHINOBOrO CNMPTY NPU WBUAKOMY METOAI 3aMOPOXKYBAHHA KNITUH KPOBi 30Kpema
(epuTpouumTiB) WAAXOM 3aHYPEHHA 3pa3KiB 40 piAKoro a3oTy. BctaHoBAEHO, WO Nic/iA 3aMOpPOXKYBaHHA-BIAIrpiBy epu-
TpouMTiB Y 6AaraTOKOMMNOHEHTHMX PO34YMHAX Ha OCHOBI riLepunHy B KombiHawii 3 NMBC m. m. 9 i 31 K/la cnocTepiraetbca
TEeHAeHLUiA 00 NiaBULWEeHHA 36epexeHOoCTi epuTpoumTiB 3a pe3ybTaTamu reMmonisy y NopiBHAHHI 3 aieto 20 %, 30 %
i 40 %-X MOHOPO3UMHIB rNiLEepuUHy.

KntouoBi cnoBa: epuUTpoLNTHM, KPiIOKOHCEPBALLisi, PEKpUCTaNi3aLis, MONIBIHINOBUI CNMPT, MiLEPUH.
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RESEARCH IN COMPARATIVE ASPECT OF CRYOPROTECTIVE ACTION OF GLYCERIN-BASED CRYOPRESERVATIVES IN
COMBINATION WITH POLIVINYL ALCOHOL OF DIFFERENT MOLECULAR WEIGHTS AT FAST AND SLOW COOLING OF
HUMAN DONOR BLOOD

Hvozdiuk Y.V., Kompaniets A.M.

Abstract. The formation and growth of ice crystals both inside and outside the biological cell pose a serious problem
in the development of methods and technologies for cryopreservation of biological objects for further use. Therefore, for
several years the problem of finding and using a compound that can influence the processes of ice formation, especially
the recrystallization process, is currently being actively studied in scientific institutions around the world.

Oneoftheimportant causes of cell deathis the recrystallization of ice at the thawing stage. Inhibition of recrystallization
activity is a desirable effect that can significantly improve the safety of cryopreserved material.

Today the main problem is the development of effective means of cryoprotection, new cryoprotectants that will have
an enhanced effect on the inhibition of ice recrystallization, which in turn will improve the cryopreservation of not only
cells but also human tissues and organs.

However, there are a number of important obstacles that researchers have encountered in the practice of
cryopreservation: the very small number of compounds that can be obtained from natural resources, the complexity
or impossibility of complete chemical synthesis of analogues; contradictory data on the effectiveness of the use of
these compounds in cryopreservation of biomaterial; cytotoxicity and immunogenicity of natural antifreeze proteins. In
connection with these obstacles, in recent years, researchers have turned their attention to synthetic compounds, which
are also similar to natural specific antirecrystallization activity without side effects.

The solution to this problem is the development of cryoprotectants, which, along with traditional cryoprotectants
will use synthetic compounds — antifreeze, which has a specific antirecrystallization activity. From the list of these
compounds, the attention of researchers is focused on a synthetic polymer — polyvinyl alcohol (PVA).

The aim of our study was to investigate the properties of PVA of different molecular weights as an active inhibitor of
ice recrystallization and the level of preservation of erythrocytes in the process of slow and rapid freezing — heating in
cryoprotective media based on standard cryoprotectant glycerin of different concentrations.

Materials and methods. The material of the study was erythroconcentrate obtained from human donor blood
group A (ll), prepared on the hemopreservative «Glugetsir». Erythroconcentrate was obtained by centrifugation of
canned donor blood at 1250 g for 25 minutes. The obtained data were calculated according to the following indicators:
the concentration of free hemoglobin in the supernatant and total hemoglobin of cell suspensions, determined by
hemoglobin cyanide method using the kit «Hemoglobin SPL 200» (Ukraine) and spectrophotometer KFK — wave — 3—-01
«ZOMZ», 540-545 nm, hematocrit was determined on a centrifuge «SM-70», the rate of hemolysis of erythrocytes in
the supernatant was calculated by the formula given in Huggins CE. (Prevention of hemolysis of large volumes of red
blood cells slowly frozen and thawed in the presence of dimethylsulfoxide).

Statistical processing of the results was performed using the Mann-Whitney test for small samples using the software
package «Statistics».

Analysis of results. As a result of a comparative study of cryoprotective media of different composition of
cryoprotectants with solutions of polyvinyl alcohol in the rapid method of freezing blood cells in particular (erythrocytes)
by immersing the samples in liquid nitrogen. It was found that after freezing -heating of erythrocytes in multicomponent
solutions based on glycerol in combination with PVA m. m. 9 and 31 kDa, there is a tendency to increase the preservation
of erythrocytes by hemolysis in comparison with the action of 20 %, 30 %, 40 % glycerol mono solutions.

Key words: erythrocytes, cryopreservation, recrystallization, polyvinyl alcohol.
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