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The physico-chemical properties of combined media containing PVA with a molecular weight of 9 kDa and 20-
40% solutions of cryoprotectant 1,2-propanediol (1,2-PD) were studied to characterize hydrophilic-hydrophobic in-
teractions in these solutions. From the list of physicochemical properties of cryoprotectant solutions, dynamic viscos-
ity and surface activity are of particular interest to cryobiologists. The surface activity of cryoprotectant solutions,
which is determined at the boundary of the water-nonpolar media phase distribution, gives an idea of the ability
of substances to adsorb on the surface of the cell membrane; dynamic viscosity of cryoprotectant solutions - about
the interaction of substances with water. It was established that the viscosity and density indicators increase with
the increase in the concentration of 1,2-PD and PVA, which, in turn, indicates an increase in the hydrophilicity of the
combined media. The surface tension index of the combined media decreased due to the change in the structure of
1,2-PD-PVA, which leads to a decrease in the hydrophobicity of these media. Combined media containing 1,2-PD and
PVA can form micelles in the liquid phase.

Cryoprotective media of different composition based on the combination of endocellular 1,2-propanediol (1,2-
PD) with solutions of polyvinyl alcohol (PVA) during freezing of erythrocytes were studied. After freezing-thawing of
erythrocytes in multicomponent solutions based on 1,2-PD with PVA of molecular weight 9 kDa, there is a tendency
to increase the preservation of erythrocytes as a result of hemolysis in comparison with the effect of 20%, 30%, and
40% monosolutions of 1,2-PD. When erythrocytes were frozen in solutions containing a combination of PVA with the
cryoprotectant 1,2-PD, at a slow controlled speed (32C/min.), the highest cell preservation rates were obtained for
the media of 30% 1,2-PD +0.2% PVA This solution made it possible to preserve 89% of erythrocytes with low osmotic
fragility. The preservation of erythrocytes depends on the composition of the combined media: on the molecular

weight of PVA, the concentration of solutions of individual cryoprotectants and PVA.
Key words: erythrocytes, hemolysis, hematocrit, hydrophilic-hydrophobic interactions, viscosity, surface tension,

1,2-PD, PVA.

Connection of the publication with planned re-
search works.

The studies were carried out as part of the research
works of the laboratory of cryoprotectants of the Insti-
tute of Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine «Investi-
gation of the properties of polyvinyl alcohol as an inhibi-
tor of recrystallization in cryoprotective media based on
endo- and exocellular cryoprotectants» (state registra-
tion number 0116U003492) and «Investigation of cryo-
protective properties of media based on combinations
of penetrating cryoprotectants with polyvinyl alcohol
during cryopreservation of human erythrocytes» (state
registration number 0121U109456).

Introduction.

Finding new highly effective cryoprotective media
for cryopreservation of human erythrocytes and optimal
temperature regimes for their long-term storage is one
of the priority tasks of modern cryobiology. Some time
ago, it was considered most expedient to combine pen-
etrating and non-penetrating cryoprotectants in a cryo-
preservative. The goal of this approach is to inhibit the
growth of external and internal ice crystals during cool-
ing. Secondly, cell membrane stabilization at the stages
of cryopreservation [1-4].

To create modern effective cryopreservatives, a new
approach was applied with the use of 1,2-PD with am-
phiphilic properties and enhanced effect on the crystal
formation process, which was previously studied as a
cryoprotectant in the cryopreservation of erythrocytes

[2]. Low toxicity of 1,2-propanediol, stability during stor-
age attracted attention to the use of this diol. Combined
media containing 1,2-propanediol and the use in their
composition of PVA with a molecular weight of 9 kDa,
which in low concentrations exhibits the properties of
an effective recrystallization inhibitor, and contributes to
increasing the freezing efficiency of some cells, including
erythrocytes [5-10].

Development and research of new cryoprotective
media, optimization of blood cell cryopreservation stag-
es will contribute to increasing the efficiency of erythro-
cyte cryopreservation for practical use [11-14].

The aim of the study.

To study the physicochemical properties and cryopro-
tective action of media of different composition based
on the combination of the endocellular cryoprotectant
1,2-propanediol with 9 kDa polyvinyl alcohol solutions
during erythrocyte freezing.

Object and research methods.

Solutions of 1,2-propanediol (Germany), polyvinyl al-
cohol (Sigma-Aldrich, USA) were used for the research.
PVA solutions were prepared using the weight method
on the basis of 0.1 M phosphate-salt buffer (pH 7.4), 1,2-
PD solutions were prepared on the basis of 0.9% Nacl,
the concentration of the solutions was expressed in
mass percentages (wt%). All solutions were used after
24-hour exposure at a temperature of (20+2)°C.

The object of the study was erythrocyte concentrate
obtained from human donor blood of group A(ll)*, pre-
pared with the hemopreservative «Glyugitsir» in the
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KRBTC, which was stored for no more than 48 hours at
a temperature of (4+2)eC. Erythroconcentrate was ob-
tained by centrifugation of preserved donor blood at
1250 g for 25 minutes, the percentage of hemolysis of
erythrocytes in the supernatant was calculated as de-
scribed in [15].

To study the effect of combined media on the preser-
vation of erythrocytes after cryopreservation, composi-
tions with different compositions were studied. When in-
vestigating the cryoprotective effect of combined media
based on 1,2-PD in combination with PVA m.m. 9 kDa
on human erythrocytes to erythroconcentrate by drip
methods within 5 minutes at a temperature of (20£2)°C,
cryoprotective solutions were added in a ratio of 1:1 by
volume. The control was erythrocytes that were frozen
in 20%, 30% and 40% solutions of 1,2-PD.

The studied samples were frozen in «Nunc» cryoam-
pules (1.8 ml) in the program freezer «UOP-6» with an
average cooling rate of 32C/min. Frozen samples were
stored in liquid nitrogen at -196°C for 1-3 weeks. The
samples were heated in a water bath at a temperature
of 40 — 42°C with constant shaking of the containers.

Thawed erythrocytes were washed from combined
cryoprotective solutions using the method of threefold
serial centrifugation using standard sucrose-salt solu-
tions [11].

An Ostwald viscometer was used to determine the
physicochemical properties — viscosity, surface tension
and micelle formation of the combined solutions were
determined using the stalagmometric method described
in [12].

Research results and their discussion.

For the development of new cryopreservatives con-
taining PVA, some scientists establish the influence of
physicochemical properties on the preservation of cells
[3, 4, 13, 16-20]. To study the effect of multi-component
cryoprotective media on the preservation of erythro-
cytes after cryopreservation, compositions with different
compositions were studied, and the highest indicators
of preservation of erythrocytes were determined. In this
regard, indicators of the physicochemical properties of
20%-40% solutions of 1,2-PD in combination with 0.1%,
0.2%, 0.5% solutions of PVA with a molecular weight of
9 kDa were investigated.

PVA is an artificial, water-soluble, thermoplastic
polymer that has hydroxyl and methylene groups. As a
rule, PVA is a weakly branched polymer. The centers of
branching are the weakest points of the polymer chain
and behind them the chain breaks during the saponifi-
cation reaction. The degree of polymerization (p) of PVA
is 500-25

Table 1 presents the physical and chemical proper-
ties of combined media, which include 1,2-PD and PVA.

The conducted studies showed that the combina-
tion of cryoprotectants 1,2-PD and PVA of molecular
weight 9 kDa in cryoprotective solutions, which belong
to different chemical compounds, changes the physi-
cochemical parameters of these environments. Thus,
the surface tension of combined media, which include
20%-40% solutions of 1,2-PD and 0.1%, 0.2%, 0.5% solu-
tions of PVA with a molecular weight of 9 kDa, decreas-
es with increasing concentration 1 ,2-PD and PVA from
0.1% to 0.5%, at the same time the viscosity indicators
increase. The decrease in surface tension indicators is
explained by the fact that 1,2-PD and PVA compounds

Table 1 — Physico-chemical properties of combined
media containing 1,2-PD and PVA, m.m. 9 kDa

Concentraﬁon in sol_utions of tseur::?;: Density,g/ | Viscosity,
combined media,% 5 cm? Pa's, 107
mg/m
20% 1,2- PD +0,1% PVA 51,22 0,9998 1,670
20% 1,2- PD +0,2% PVA 50,83 1,0028 2,903
20% 1,2- PD +0,5% PVA 48,19 1,0098 3,074
30% 1,2- PD +0,1% PVA 48,15 1,0087 4,681
30% 1,2- PD +0,2% PVA 47,83 1,0255 4,720
30% 1,2- PD +0,5% PVA 46,66 1,0276 4,997
40% 1,2- PD +0,1% PVA 46,23 1,0039 7,108
40% 1,2- PD +0,5% PVA 45,28 1,0232 7,132

are adsorbed on particles of the dispersion phase (pos-
itive adsorption), which, due to the orientation of their
molecules on the surface of the phase distribution, re-
duces the surface tension in the solution. The surface
tension indicators of the cryoprotective media with a
content of 20% 1,2-PD and 0.1% PVA with a molecular
weight of 9 kDa have the highest values. The more the
surface tension decreases with increasing concentration
of substances, the greater the surface activity. It was
previously shown by the authors in work [21] that PVA
molecules have an ordered arrangement of hydrophobic
groups capable of forming local cavities with increased
hydrophobicity, in particular, PVA can rearrange its struc-
ture in the presence of external molecules. That is, the
structure of polyvinyl alcohol, which is in solution, de-
termines the efficiency of its adsorption on the surface
of ice or the orientation of the hydrophobic groups of
the polymer on this surface. These studies echo the re-
sults presented in [22], in which it was confirmed that
PVA polymers m.m. 9 kDa are able to form local, hydro-
phobic regions, the presence of which can affect their
recrystallization activity. However, the combination of
PVA solutions with 20%-40% 1,2-PD solutions leads to a
change in the structure of the PVA-1,2-PD complex and
a decrease in hydrophobic areas [22].

The analysis of the physicochemical properties of
combined media containing 1,2-PD and PVA shows that
the highest viscosity indicators have media containing
(40% 1,2-PD+0.5% PVA, m.m. 9kDa). This phenomenon
is characterized by a relaxation effect that depends on
the shape of the relaxation spectrum and is determined
by the polydispersity of the polymer [23].

Therefore, on the basis of previous studies, we can
assume that the combination of PVA polymer with a
molecular weight of 9 kDa with cryoprotectant 1,2-PD in
combined cryoprotective media leads to an increase in
hydrophilicity and a decrease in hydrophobicity of these
media.

Cryoprotectant 1,2-PD and polyvinyl alcohols belong
to the class of surfactants (surfactants). Determining the
critical concentrations of micelles (CCM) of surfactant
solutions is important for the description of adsorption.
Micelle formation can be considered as an intermediate
phenomenon between phase separation and micelle
formation. Previously, works [24-26] investigated the mi-
celle formation of oxyethylene glycerol with a degree of
polymerization n=5, combined media based on oxyeth-
ylene glycerol with a degree of polymerization n=25,
polyvinyl alcohols of different molecular weights (9, 31,
72 kDa). Our goal was to study the process of micelle
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formation in solutions of combined media containing
1,2-PD and PVA with a molecular weight of 9 kDa.

Table 2 presents experimental data, based on which
we observe the dependence of surface tension on con-
centration: with increasing concentration, the surface
tension of combined media containing 1,2-PD and PVA
with a molecular weight of 9 kDa decreases. By calcu-
lating the values of the surface tension indicators, a sur-
face tension isotherm was constructed in logarithmic
coordinates 6-lgc of solutions of combined media (fig.).
Curves are defined on the surface tension isotherm, one
of which reflects the properties of systems in the molec-
ular state, and the second — in the colloidal state.

Table 2 — Surface tension of aqueous solutions of
combined media containing 1,2-PD and PVA with a
molecular weight of 9 kDa

p Copcentration in combined Surface tension, mg/m?
environments 1,2-PD:PVA, % !
1 0,05 52,28
2 0,07 51,86
3 0,10 51,13
4 0,15 51,16
5 0,25 50,40
6 2,50 49,66

Figure shows the surface tension isotherm of solu-
tions of a combined media containing 1,2-PD and PVA
with a molecular weight of 9 kDa. In the area of low
concentrations, a curvilinear section is observed, which
at the intersection with the straight line forms CCM, (lg-
0.60) and is equal to the value of 0.25% and describes
the properties of the system in the molecular state. The
concentration at which changes in micellar properties
begin is called CCM,, which is associated with the com-
pletion of spherical micelles in these solutions and has
a value of 2.5%. Indicators of surface tension decrease
sharply.

Hydrophobic PVA chains with a molecular weight of
9 kDa ensure the formation of hydrophobic cavities in
the structure of micelles [22], which are able to reduce
recrystallization activity, therefore, we assume that the
combined media have the activity of an inhibitor of ice
recrystallization.

Our goal was to study the influence of solutions of
polyvinyl alcohol m.m. 9 kDa (0, 2% and 1%) when add-
ing to 20%, 30%, 40% solutions of cryoprotectant 1,2-PD
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Figure — Dependence of the surface tension of the combined media
1,2-PD:PVA 9 kDa on the logarithm of the solution concentration.
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on the cryoprotective effect of the obtained combined
media. As a hydrophilic compound, it deserves special
attention polyvinyl alcohol, which has a sufficiently
large number of hydroxyl groups. It is likely that due to
this structure, this substance can have cryoprotective
properties and have a protective effect on cells during
freezing. In studies [6], it was shown the possibility of
increasing the viability of cryopreserved sheep and
human erythrocytes, mesenchymal cells and sperm. Ex-
periments were conducted on freezing erythrocytes of
human donor blood at a speed of 32C/min. The control
was erythrocytes, which were frozen in 20%, 30%, 40%
solutions of 1,2-PD.

It was observed that the freezing of erythrocytes at
a rate of 32C/min. in combined solutions containing 20%
1,2-PD, 20% 1,2-PD +0.2% PVA, 20% 1,2-PD +1% PVA,
leads to almost complete death of erythrocytes after
thawing (table 3). When cells were frozen in 40% 1,2-
PD, as well as in media 40% 1,2-PD+0.2% PVA, 40% 1,2-
PD+1% PVA, the number of preserved cells was higher
than in solutions based on 20% 1,2-PD, but more than
50% of erythrocytes after thawing were hemolyzed,
which indicates low cryoprotective activity of these
solutions. Combined media containing 1,2-PD and PVA
have the ability to form micelles in the liquid phase and
are determined by the critical concentration of micelles
(CCM). It was established that at a value of CCM of the
cryoprotective media of 0.25%, the properties of the sys-
tem are described in the molecular state. At a concentra-
tion (CCM 2.5%), changes in micellar properties and the
formation of spherical micelles begin [10]. Micellar frac-
tions during freezing of erythrocytes disrupt the integri-
ty of the membrane, the permeability of membranes to
water increases, which leads to osmotic shock of mem-
brane systems and to complete or partial death [14].

The greatest preservation of erythrocytes, which
were frozen with at a rate of 32C/min. obtained in the
following combined solutions: 30% 1,2-PD+0.2% PVA
and 30% 1,2-PD+1% PVA. It was found that the combined
solution containing 30% 1,2-PD and 0.2% PVA allows to
significantly reduce the hemolysis of erythrocytes after
rewarming in comparison with the 30% solution of 1,2-
PD. The value of hemolysis of erythrocytes during the
procedure for removing 1,2-PD from cells using su-
crose-salt solutions is shown in table 3 and equals 11%.
The effectiveness of the amphiphilic compound 1,2-PD is
probably due to the peculiarities of the physicochemical
properties of 1,2-PD (surface tension, dynamic viscosi-
ty, from the ratio of PVA and 1,2-PD, concentrations of
compounds in combined media, freezing speed, which
were used (table 1). Perhaps the structure of 1,2-PD al-
lows to successfully prevent membrane defects, as the
compound is embedded in the protein-lipid layer of the
erythrocyte cell membrane. The ratio in the combined
media of 30% 1,2-PD + 0.2% PVA is optimal for the pres-
ervation of erythrocytes after freezing. Combining in a
cryoprotective media 30% 1,2-PD and 1% PVA (the level
of erythrocyte hemolysis is 22%), on the contrary, led to
an increase in the number of hemolyzed cells in com-
parison with 30% 1,2-PD and a solution of the combined
media 30% 1 ,2-PD+0.2% PVA.

It is shown that the highest cryoprotective activity is
when freezing erythrocytes at a speed of 32 C/min and is
possessed by a solution of a combined media containing
30% 1,2-PD+0.2% PVA. The combined media preserves
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89% of erythrocytes, is non-toxic to human erythrocytes
and exhibits cryoprotective activity during slow cooling
of cells.

The analysis of the obtained results indicates the im-
portance of the mode and method of freezing erythro-
cytes, provided that 1,2-PD is used as a cryoprotectant,
and the need for further studies of the effectiveness of
combined media (1,2-PD + PVA) in different programs
and methods of cooling.

Conclusions.

The investigated cryoprotective effect is based on the
combination of the penetrating cryoprotectant 1,2-pro-
panediol with polyvinyl alcohol. 9 kDa on the preserva-
tion of erythrocytes of human donor blood. The use of
1,2-PD in combination with PVA at a concentration of
0.2% made it possible to reduce damage to thawed cells
at the washing stage.

A solution of a combined media containing 30%
1,2-PD+0.2% PVA has high cryoprotective activity when
freezing erythrocytes at a speed of 32C/min.

With an increase in the concentration of 1,2-PD, PVA
solutions in combined media, the viscosity and density
increase, which indicates an increase in the hydrophilic-
ity of the studied solutions. We assume that, in com-
bined environments that include 1,2-PD+PVA, structural
changes occur when 1,2-PD solutions are added to PVA,
the hydrophobicity of PVA decreases due to the pres-
ence of alkyl groups in 1,2-PD solutions.

Combined media based on the combination of 1,2-
PD and PVA have the ability to form micelles in the lig-
uid phase. Combined media with PVA with a molecular

Table 3 — Indicators of stability of human
erythrocytes in solutions of combined media
1,2-PD+PVA with m.m. 9 kDa after thawing (Mtm)

Solutions of combined media,% Hemolysis, %
20%1,2- PD 100+5
20%1,2PD +0,2% PVA 10045
20%1,2- PD +1% PVA 97+3
30%1,2- PD 16+1,1
30%1,2PD +0,2% PVA 11+0,9
30%1,2 PD +1% PVA 22+1,8
40%1,2- PD 70+1,6
40%1,2- PD +1% PVA 8513,4
40%1,2PD +0,2% PVA 80+2,5

weight of 9 kDa are able to form mixed micelles and PVA
molecules are adsorbed on the surface of the micelles,
which ensure the formation of hydrophobic cavities in
the micelle structure and are able to reduce recrystalli-
zation activity, therefore, we can assume that the com-
bined media have the property of a recrystallization in-
hibitor.

Prospects for further research.

In our opinion, today it is promising to study and con-
duct further research, aimed at the development of new
cryoprotective media in combination with polyvinyl al-
cohol for freezing erythrocytes, optimization of the stag-
es of cryopreservation of blood cells will contribute to
increasing the efficiency and cryopreservation of eryth-
rocytes for practical use.
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®I3UKO-XIMIYHI BNACTUBOCTI TA KPIO3AXUCHA A1 KOMBIHOBAHWUX CEPEAIOBULL
HA OCHOBI 1,2-MPONAHAIONY B KOMBIHALLIT 3 NONIBIHIZIOBUM CMTUPTOM
MOEKYNIAPHOI MACU 9 kfla

IHcTUTYT Npo6nem Kpiobionorii i Kpiomeguumuu HAH Ykpainm (m. Xapkis, YKpaiHa)
yana.hvozdiuk@gmail.com

JocnioxeHi gizuko-ximiyHi enacmusocmi kKombiHosaHux cepedosuuw, AKi micmame [BC moneKyndapHoi macu
macu 9 kJa ma 20-40% po34uHu Kpionpomekmopa 1,2-nponaHdiona (1,2-M4), wo xapakmepusyroms 2iopoinbHo-
2i0poghobHi 83aEMODIi y yux po34uHax. 3 nepeniky Gizuko-ximiyHUX enacmusocmeli po34uHie Kpionpomekmopie
iHmepec 0nAa Kpiobionozie npedcmasnse OUHAMIYHA 8’A3KicMb ma rnosepxHesd aKkmMuseHicme. [losepxHesa
GKMUBHICMb PO34UHI8 KpionpomeKkmopis, AKa 8U3HAYEHA HA Mexi po3rnodiny (a3 800a-HenoAspHaA cepedd, 0de
npedcmassneHHsA npo 30i6Hocmi peyosuH adcopbysamucs Ha No8epxHi KAiMmuHHOI MeMbpaHu; OUHAMIYHA 8°A3KicMb
pPO3YUHI8 KpionpomeKkmopie npo 83aemMo0ito pe4o8uH 3 8000+0. BcmaHoss1eHo, Wo MOKA3HUKU 8’A3Kocmi i 2ycmuHu
36inbwyromeca 3 nidsuwWeHHAM KoHueHmpauii 1,2-I1/4 i MBC, wo csidyums npo 36inbweHHA 2idpoginbHocmi
KombiHosaHux cepedosuly. [TOKA3HUK nogepxHe8020 HamMsA2y KOMbOIHOBAHUX cepedosuly 3MeHWYy8a8CA BHACMIOOK
3miHU cmpykmypu 1,2-M4-MNBC, wo npu3sodums 00 3MmeHWeHHs 2idpogobHocmi yux cepedosuwy. KombiHOBaHI
cepedosuwa 3 emicmom 1,2-14 ma MBC 30amHi 0o miyesioymeopeHHs y pioKil ¢asi.

JocnioxcysanukpiosaxucHicepedosuuw,apizHo20CcKAA0yHA OCHOBIKOMbiHaujiieHdouentonapHo2o1,2-nponaHoiony
(1,2-114) 3 pozyuHamu nosnisiHinosozo cnupmy (MBC) npu 3amMopoxcy8aHHi epumpoyumis. [1icaa 3aMOpPOHCY8AHHS-
8i0marosaHHA epumpouyumis y 6a2aMOKOMMNOHEHMHUX PO34YUHAX Ha ocHosi 1,2-M/4 3 MBC moneKkyadapHoi macu 9
k/la cnocmepiecaemoscs meHOeHyia 00 nidsuweHHs 36epexreHocmi epumpoyumis 3a pesyanbmamamu 2emMosnizy
y nopisHAHHI 3 dieto 20%, 30% ma 40% moHoposuuHie 1,2-M/. lNpu 3aMopoxcy8aHi epumpoyumis y po34uHaXx,
AKi micmunu noedHarHA [BC 3 Kpionpomexkmopom 1,2-I1/], 3 noginbHOKW KOHMpPOAb08AHOW weudkicmio (3°C/
x8.), HalibinbW BUCOKIi MOKA3HUKU 36epexceHocmi KaimuH ompumaHo 041 cepedosuwia 30% 1,2-N4 +0,2% [1BC.
Lleli po34yuH 0038048 36epeamu 89 % epumpoyumis 3 HU3bKOK OCMOMUYHOIO Kpuxkicmio. 3bepexceHicmeo
epumpoyumis 3anexums 8i0 ckaady KoOMbIHOBAHO20 cepedosuuia: 8i0 MosnekynasapHoi macu BC, KoHueHmpauii
pPO34YuHi8 oOKpemux Kpionpomexkmopie ma BC.

Knwouosi cnosa: epumpoyumu, 2emosnis, 2eMamokpum, 2idpogineHo-2idpoobHi 83aemodii, 8’a3kicme,
nosepxHesuli Hamsae, 1,2-I1/, MBC.
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3B8’A30K po60TH 3 NNAHOBMMU HAYKOBO-A0CAIAHU-
MU pobotamu.

Jocnif»eHHA BUKOHYBA/IMCA Y paMKax HayKOBO-A0-
cnigHux pobit nabopaTopii KpionpoTeKTopiB IHCTUTYTY
npobsnem Kpiobionorii i KpiomeanunHu HAH YKpaiHu
«JlocnigsKeHHs BNACTMBOCTEM MOANIBIHINOBOrO CnMpPTy
AK iHribiTopa pekpuctanisauii y Kpio3axucHuUx cepea-
OBMLIAX Ha OCHOBI €HAO- i eK30LeNONAPHUX Kpionpo-
TekTopiB» (N2 aepskaBHoi peecTpauii 0116U003492) Ta
«JocniasKeHHn Kpio3axmMCHMX BNACTUBOCTEN cepesoBuLy,
Ha OCHOBi KOMDGiHaLiM MPOHMKAUMX KpPiONpPOTEKTO-
piB 3 MOANIBIHINOBMM CMMPTOM NPU KPIOKOHCEPBYBAH-
Hi epuTpouuTie noauHM» (Ne AeprkaBHOI peecTpalii
0121U109456).

Bcryn.

MOoWwyK HOBMX BUCOKOEDEKTUBHUX KPiO3aXMCHUX
cepefioBULL, AN1A KPIOKOHCEPBYBaHHA €PUTPOLUTIB /to-
OVHU T ONTUMAJIbBHUX TEMMNEPATYPHUX PEXUMIB ANA iX
[0BroCTPOKOBOrO 36epiraHHA € OAHIE0 3 NPIOPUTETHUX
3aJa4 cy4acHoi kpiobionorii. Jeakunit Yac Tomy HanbinbL
OOLiNbHUM BBaXKaNocb 06’eAHYBATH Y KPiOKOHCEPBAHTI
NPOHMKAOYi Ta HenpoHMKatoui Kpionpotektopu. Llinb
TaKoro nigxoay iHribyBaHHA POCTy No3a- Ta BHYTPILWHIX
KpuCTanis nbody npu oxonogxKeHHi. Mo-apyre-ctabini-
3auia membpaHuM KNITUH Ha eTanax KPioKoHCepBYBaHHA
[1-4].

[na cTBOpeHHA cydacHUX edeKTUBHMX KpiOKOHcep-
BAHTIB BMKOPUCTAHO HOBMI MigxXia, 3 BMKOPUCTAHHAM
PO34MHiB AKi Bo10AIOTb amidinbHUMM BAACTUBOCTAMMU,
1,2-M[ i nocuneHowo A€o Ha NPoLEC KPUCTAaNOYTBOPEH-
HA, KW paHiwe A0CNiAXKyBaBCA Y AKOCTI KpionpoTek-
TOpa Npu KpiokoHcepByBaHHI epuTpoumTiB [2]. Hu3bka
TOKCUYHICTb 1,2-MponaHgiony, CTiMKICTb Npu 36eperker-
Hi 3a71y4Mnum yBary 40 BUKOPUCTaHHA Lboro giony. Kom-
biHOBaHi cepegoBuwa 3 BMiCTOM 1,2-nponaHaiony Ta
BMKOPUCTAHHA Yy X cknagi MBC monekynapHux mac 9
K[la, AKMIN B MasINX KOHLLEHTPALiAX BMN/IMBAE Ha BNACTU-
BOCTi edpeKTMBHOrO iHribiTopa pekpucTanisauii, i cnpuse
niaBULWEHHIO edEeKTUBHOCTI 3aMOPOXKYBAHHA AEAKNX
KNiTUH, B TOMY 4ncai eputpouumTis [5-10].

Po3pobKa i gocnifrKeHHs HOBUX Kpio3axMCHUX ce-
pesoBuLL, ONTMMI3aLLA eTaniB KPIOKOHCEPBYBAHHA KAi-
TUH KpoBi Oyae cnpuaTM NiABULLEHHIO e(dEeKTUBHOCTI
Kpio3bepeKeHHA epUTPOLMTIB A/1A NPAKTUYHOIO 3aCTo-
cyBaHHA [11-14].

Merta gocnigeHHs.

JocnigrKeHHs  @i3MKo-XimiYHMX BnacTMBOCTEM Ta
Kpio3axmcHoi Aii cepenoBuLy, pi3HOro CKnagy Ha oc-
HOBi KOMGIiHaLil eHAOoLEeNtoNAPHOro KpionpoTeKkTopy
1,2-nponaHgiony 3 po34yMHamu NONiBiHINOBOro cnmpTy 9
k[la Npy 3amMOpPOXKYyBaHHI €PUTPOLIUTIB.

O6’eKT i meTOAM AOCNIAKEHHS.

[Jna npoBefeHHA [OCNIAXKEHHA BWKOPWUCTOBYBaNU
po3unHu 1,2-nponaHaiony (HimeuunHa), nonisiHinosuit
cnupT («Siga-Aldrich», CLLUA). Po3uuHu MNBC rotysanu Ba-
roBMm mMmetogom Ha ocHosi 0,1 M ¢ochaTHO-coNbOBOTO
bydepy (pH 7,4), po3unHu 1,2-MJ roTyBanau Ha OCHOBI
0,9% NaCl, KOHLEeHTpaLjilo PO34YMHIB BMPaXkaan y Maco-
BUX BiAcoTKax (Mac.%). Bci po3unMHM BUKOpUCTOBYBaNU
nicns 24-rogMHHOI BUTPUMKM Npu TemnepaTypi (20£2)°C.

O6’ekTOM OOCNiAXKEeHHS 6yB €epUTPOKOHLIEHTpAT,
OTPUMAHUI 3 LOHOPCbKOI KpoBi NtoanHu rpynu A(ll)*, 3a-
roToBAEHOI Ha remoKoHcepBaHTi «Mnworiunp» y XOLUMK,
AKa 36epiranacb He Ginble 48 roguH Npu TemnepaTtypi
(4£2)2C. EpUTPOKOHLEHTPAT OTPMMYBAIN METOAOM LLEH-

TpudyryBaHHA KOHCEPBOBAHOI AOHOPCbKOI KpoBi npu
1250 g npotArom 25xB., NPOLEHT reMoNi3y epuTpoLmTIiB
B Haf0Caji po3paxoByBanu, AK onncaHo B poborti [15].

[nAa BMBYEHHA BNAMBY KOMOIHOBaHWX cepesoBuL,
Ha 36epeXKeHicTb epUTPOLMTIB NiC/A KPiOKOHCEepPBYBaH-
HA OyNno AocnigrKeHo pisHi 3a cknagom Komnosuuii. Mpu
[OCNIAMKEHI Kpio3axMCHOT AiT KOMBIHOBAHWUX cepeoBULL,
Ha ocHoBi 1,2-M/[, B KombiHauii 3 MBC m.m. 9 K[la Ha epu-
TPOLMTU NOANHU 00 €PUTPOKOHLEHTPATY KpaneibHUM
MeToZam npoTarom 5 x8. npu Temnepatypi (20+2)2C po-
[aBann KPio3axMCHi po34nHM y cniBBigHoweHHi 1:1 3a
06’emom. KoHTponem 6ynun eputpounTu, aki 6ynm samo-
poxeHi B 20%, 30% Ta 40% po3uunHax 1,2-MA4.

Jocnig)KeHi 3pa3kM 3aMopoXKyBa/iM B Kpioamny-
nax «Nunc» (1,8 mn) y nporpamHOMY 3aMOPOKyBadi
«YOrl-6» i3 cepeaHbOIO WBMAKICTIO OXonoaKeHHs 32C/
XB. 3aMOpPOXeHi 3pa3Kku 36epirann y pigkomy asoTi npu
—196°C npoTarom 1-3 TUXKHIB. Bigirpisanu 3pasku Ha BO-
AaHin 6aHi npu Temnepatypi 40 — 42°C npu nocTinHoMy
NOXUTYyBaHHI KOHTENHepIB.

Po3moposKeHi eputpoLMTN BiAmMMBaNK Bif KOMBIHO-
BaHWX KPiO3aXMCHUX PO3YMHIB METOAOM TPbOXKPATHOTO
cepiHoro uUeHTpMyryBaHHA 3 BUMKOPUCTAHHAM CTaH-
[apPTHUX CaxapO3HO-CONbOBUX PO3umHiB [11].

[na BM3HauyeHHA Oi3nKo-XiMiYHMX BAacTMBoCTel —
B'A3KOCTI BMKOPWUCTOBYBanAW Bicko3MmeTp OcTBanbAay,
NoBEPXHEBUM HATAT Ta MiLLENOYTBOPEHHA KOMBIHOBaHMX
PO34YMHIB BM3HAYaNM 3@ AOMOMOrOK CTaslarMOMETPUY-
HOro meToAa onuncaHoro B poborTi [12].

Pe3ynbTati pocnigKeHHA Ta ix 06roBopeHHs.

[ns po3pobKM HOBUX KPIOKOHCEPBAHTIB, AKI MICTATb
MNBC, aesAki BYeHi BCTAHOBOIOTb BMIMB (i3NKO-XiMiYHMX
BNACTUBOCTEN Ha 36epekeHicTb KNiTuH [3, 4, 13, 16-20].
[na BuBYEHHA BNANBY 6AaraTOKOMNOHEHTHUX Kpio3axmc-
HUX cepenoBULYL Ha 36epeKeHicTb epuTpoLMTIB nicaA
KpioKOHCepBYBaHHSA 6y/10 AOCAIAMKEHO Pi3Hi 33 CK1agoMm
KOMMO3ULii, BM3HauYeHi HaMbinbll BMCOKI MOKA3HMKMK
36eperkeHoCTi epuTpoLmTiB. B 3B°A3KY 3 LMM, AochigxKe-
Hi MOKa3HWKM i3nKo-ximiyHnx snactmsocten 20%-40%
po3uunHis 1,2-MA y KombiHauii 3 0,1%, 0,2%, 0,5% po3un-
Hamu MBC moneKkynsapHoi macm 9 Ka.

MBC-WTYYHN, BOAOPO3UYNMHHWUIA, TEPMONAACTUYHUI
nosiimep, AKWIA Ma€ rigpPOKCU/IbHI Ta METUNEHOBI rpynu.
Ak npasuno, NBC € cnabKo po3rany>KeHMm nonimepom.
LleHTpu po3ranyeHocTi € Halbinbw cnabkumm micua-
MW MONIMEPHOTO NaHLora i 38 HUMK BifbOYyBaETbCA PO3-
pvB NaHutora npu peakuyii ommneHHA. CTyniHb nonime-
pu3adii (n) NMBC cknagae 500-2500 .

B Tabauui 1 npeacrasneHi gpisMKo-ximiuHi Bractmso-
CTi KOMBIHOBAHWX CepeaoBULL, [0 CKAAAY AKUX BXOAATb
1,2-n4 ta NBC.

MpoBeageHi AOCNiAXKEHHA NOKa3ain, WO NOEAHAHHA
Y KpiO3axXMCHUX po34MHax KpionpoTektopis 1,2-M[ Ta
NBC monekynapHoi macm 9 klla, AKi HanexaTtb 40 pi3-
HUX XiIMIYHMX CMNOAYK, 3MiHIOE i3UKO-XiMiYHI NOKa3HK-
KW UnX cepenoBuL,. Tak, NOBEPXHEBUI HATAT KOMBIHO-
BaHMX CepefoBuLL, A0 CKAaay AKkux BxogAatb 20%-40%
po3umHu 1,2-M4 1a 0,1%, 0,2%,0,5% po3unHum MBC 3 mo-
nekynapHoto macoro 9 k[a, 3MeHLWYeTbCA 3 NiABULLEH-
HAM KoHUeHTpauii 1,2-M4, ta NBC Big 0,1% go 0,5%, 8
TOW e Yac NoKasHMKKU B’A3KOCTI 36inblIyOTbCA. 3MEeH-
LWEeHHA MOKA3HWKIB MOBEPXHEBOro HATAry MOACHIOETb-
ca ™Mm, wo cnoayku 1,2-NJA ta MBC agcopbyotbes Ha
YacCTUHKax gucnepciHoi ¢asmn (nosmTtueHa aacopbuin),
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a3 3HMKYIOTb MOBEPXHEBUIM HATAT Y PO34MHI. [OKa3HK-
KM NOBEPXHEBOrO HATAry KPio3axMCHOro cepeaoBuLLa 3
BmicTtom 20% 1,2-M1 1a 0,1% MNBC monekynapHoi macu 9
K[a matoTb HalbinbLWi 3HaYeHHA. Yum Binblue 3meHLy-
€TbCA NOBEPXHEBUM HATAT 3 NiABULLEHHAM KOHLLEHTpaL,ii
peyoBuH, TUM Binblua NoBepXHEBa aKTMBHICTb. PaHiwe
6yno nokasaHo aBTopamu B poboTi [21], Wo B Moneky-
nax MNBC BnopsagKoBaHe po3TallyBaHHA TiapodobHMX
rpyn, WO 34aTHi 40 YTBOPEHHA JIOKA/IbHUX NMOPOMKHMH 3
niasuweHoto rigpodobHicTio, 30Kkpema MBC moxke ne-
pebyaoByBaTh CBOIO CTPYKTYPY B NPUCYTHOCTI 30BHILLHIX
monekyn. Tob6Tto, 6yaoBa NoniBiHINOBOro CNMpTy, AKUIA
3HaXOAWUTbCA B PO3YMHI, BU3HAYae epeKTUBHICTb MOro
apcopbuii Ha noBepxHi Nbogy abo opieHTaLilo rigpo-
$ob6HMX rpyn nosimepy Ha uin nosepxHi. Li gocnigrkeH-
HA NEPEK/INKAOTLCA 3 HABEAEHUMM pe3ynbTaTamu B po-
60Ti [22], B AKil Byno niaTBepaKeHo, wo nonimepun NMNBC
M.M. 9 K[la 34aTHi yTBOPOBATW JIOKasbHi, rigpodobHi
ob61acTi, HAABHICTb AIKMX MOXKe BMN/IMBATU Ha iX pekpucTa-
Ni3auinHy akTMBHICTb. OAHaK, NoegHaHHA po3umHis MBC
3 20%-40% po3umHamum 1,2-M[, npn3BoanTb A0 3MiHK
cTpykTypu MNBC-1,2-M[ KomnaeKkcy i 3MeHLWeHHA rigpo-
$obHux obnacrteit [22].

AHani3z ¢i3nKo-ximiYHUX BnacTMBOCTEN KOMbiIHOBaA-
HUX cepegosuwy, 3 BMicTom 1,2-M/ ta NBC cBigunTb, WO
HaMbiNbWi NMOKa3HMKM B'A3KOCTI MaloTb cepenoBuLLa 3
Bmictom (40% 1,2-M4+0,5% MNBC m.m. 9k[a). Lie asuiue
XapaKTePU3YETLCA penaKkcaLiiHnm edbekTom, AKUIN 3ane-
XUTb Bif dOpMM penakcaLimHOro CNeKTPY, i BUSHAYAETb-
cA nonigucnepcHicTio nonimepy [23].

OT)Ke, Ha OCHOBI NonepeaHix AOoCNIoXKEHb MOXKEMO
NPUNYCTUTU, WO NOEAHAHHA nonimepy MNBC monekynap-
Hoi macu 9 k[la 3 KpionpotekTopom 1,2-MA y KombiHo-
BaHMX KPIiO3aXMCHUX CepeaoBMLLAX NPU3BOAMUTL A0 Nig-
BULLLEHHA TiapodiNbHOCTI i 3MeHLWeHH rigpodobHocTi
LMX cepenosuLL,

KpionpoTekTop 1,2-M[ Ta nonigiHinoBi cnupTH BigHO-
CATbCA A0 K/acy NOBepPXHEeBO-aKTUBHMX pedyoBuH (MAP).
BM3HAYEHHS KPUTUYHUX KOHLLEHTpPALiM MiLenoyTBOpeH-
HA (KKM) posuuHiB MNMAP mae BaxkaumBe 3HayeHHA AnA
onucaHHa aacopbuii. MiuenoyTBOpPeHHA MOXHa po3-
rNALATU AK NPOMIXKHE ABULLE MiXK po3noinom Ha ¢asu
i yTBOpeHHsM miuen. PaHiwe B pobotax [24-26] go-
CNiAXKyBaNoCb MiLLeNIOYyTBOPEHHA OKCUMETUNbOBAHUX Mi-
LePMHIB 3i CTyneHem nosiimepu3sadii n=5, KombiHoBaHMX
cepefioBULL, HAa OCHOBI OKCMETWJIbOBAHOTO [/iLEpPUHY
3i cTyneHem nonimepmsauii n=25, nonisiHinoBUX cnup-
TiB pi3HUX monerynapHux mac (9, 31, 72 kda). Hawoto
MeToto 6yno focAiaKeHH:A NpoLecy MiLenoyTBOPEHHA Y
po34YMHax KoMbiHOBaHMX cepeaosuLy 3 Bmictom 1,2-M7
Ta NBC monekynapHoi macm 9 ka.

B Tabnuui 2 npeactaBneHi ekcnepumeHTabHi AaHi,
Ha NiACTaBi AKMX CNOCTEPIraEMO 3a/eXHiCTb NOBepxHe-
BOrO HATATY Bif, KOHLEHTpaAUi: 3 NiABULWEHHAM KOHLEH-
TpaLyii NoBepxHeBUIA HaTAT KOMBIHOBaHMX cepeaoBulLL 3
smictom 1,2-MA4 i NBC monekynapHoi macu 9 K[la 3HKU-
KY€ETbCA. OBpaxoByoUM 3HAYEHHS NOKA3HWKIB MoBepX-
HeBOro Hatary, nobygosaHa i30Tepma MOBEPXHEBOro
HATAry y NorapuomiyHux KoopamHaTax b-lgc posumHis
KombiHoBaHUX cepenosuly, (puc.). Ha isoTepmi nosepx-
HEeBOro HaTAry BU3HauYeHi KpuBIi, ogHa i3 AKMX Bigobpa-
YKa€ BNACTMBOCTI CUCTEM B MONEKYIAPHOM CTaHi, i gpyra-
B KONOIZAHOMY.

Tabauua 1 — disuko-ximiuHi BracTmBocTi
KombiHoBaHMX cepeaoBuLy 3 BMmicTom 1,2-M[,
T1a NBC m.m. 9 KAa

KOHu,eHTpa_u,m B pO34YMHax I'IoEserHe- fyctuna, | B'AskicTs,
KOMBiIHOBaHMX BWW HaTAr, 3 5
o r/cm MNa-c, 10
cepenosuw,% MK/ M
20% 1,2- PD +0,1% PVA 51,22 0,9998 1,670
20% 1,2- PD +0,2% PVA 50,83 1,0028 2,903
20% 1,2- PD +0,5% PVA 48,19 1,0098 3,074
30% 1,2- PD +0,1% PVA 48,15 1,0087 4,681
30% 1,2- PD +0,2% PVA 47,83 1,0255 4,720
30% 1,2- PD +0,5% PVA 46,66 1,0276 4,997
40% 1,2- PD +0,1% PVA 46,23 1,0039 7,108
40% 1,2- PD +0,5% PVA 45,28 1,0232 7,132

Tabnuua 2 — NoBepxHeBUiA HAaTAT BOGHUX PO3YUHIB
KombiHoBaHMX cepeaoBuLy 3 BMicTom 1,2-M7,
Ta NBC monekynsapHoi macu 9 KQa

o KoHLeHTpaLia B KoMBiHOBaHUX MNoBepxHeBwit
cepeposuwaxl,2-Ma:nec, % HaTar, MaxK/m?

1 0,05 52,28

2 0,07 51,86

3 0,10 51,13

4 0,15 51,16

5 0,25 50,40

6 2,50 49,66

Ha pucyHKy nobynosaHa i3oTepma MOBEpPXHEBOro
HaTAry po34YMHiB KOMbBIHOBAHOro cepefoBULLA 3 BMIC-
Tom 1,2-MJ 1a NBC monekynapHoi macu 9 kfa. B obnacTi
HU3bKMX KOHLEHTpPaLi crnocTepiraeTbCA KPUBOAiHIMHA
AiNAHKa, AKa Ha NepeTuHi 3 npamoto yteoptoe KKM. (lg-
0,60) i popiBHIOE 3Ha4yeHHO 0,25% Ta onucye BAacTU-
BOCTi CUCTEMM B MOJIEKYIAPHOMY CTaHi. KOHLEeHTpaLia,
npW AKIN NOYMHAKOTLCA 3MIHW MiLEeNAPHUX BNACTUBOC-
TeW, MatoTb Ha3By KKM,, wo 3B’A3YI0Tb 3 3aBEPLUEHHAM B
LMX PO34MHaX cHepPUYHNX MiLen Ta MA€ 3HaYeHHA 2,5%.
MoKa3HMKM NOBEPXHEBOIO HATAry Pi3KO 3MEHLUYHOTHCA.

rapodobHi naHutorm NMBC monekynapHoi macu 9 ka
3abe3nevytoTb GOpMyBaHHA FigPOPOOHUX NOPOKHUH Y
CTPYKTYpi miuen [22], siKi 34aTHI 3SMeHLWYBaTU peKkpucTa-
Ni3auinHy aKTUBHICTb, TOMY, NPUMYCKAEMO, KOMBIHOBaHI
cepefioBMLLLA MatOTb aKTUBHICTb iHriGiTOpa peKkpucTani-
3aujii nboay.
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PUCYHOK — 3aneHicTb NOBEPXHEBOro HaTAry KoM6iHOBaHOro
cepeposuwa 1,2-NA:MBC m.m.9 k/la Big, norapudmy KoHUeHTpauii
PO3uMHiIB.
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Tabnuusa 3 — MoKasHMKM CTINKOCTI epuUTpouUTiB
NIOAVHU B pO34YMHAX KOMBIHOBaHUX cepeaoBULL
1,2-N4+MNBC 3 m.m. 9 K[a nicna po3MoOpoOKyBaHHA

(Mim)

Po3unHM KOMbBiHOBaHMX cepenoBuLL,% lfemonis, %
20%1,2- PD 10045
20%1,2PD +0,2% PVA 10045
20%1,2- PD +1% PVA 97+3
30%1,2- PD 16+1,1
30%1,2PD +0,2% PVA 11+0,9
30%1,2 PD +1% PVA 22+1,8
40%1,2- PD 70£1,6
40%1,2- PD +1% PVA 85+3,4
40%1,2PD +0,2% PVA 8042,5

Hawoto meToto 6yn0 BUBYEHHA BNIMBY PO3YMHIB NO-
niBiHinosoro cnupty m.m. 9 ka (0, 2% Ta 1%) npu po-
pasaHHi oo 20%, 30%, 40% po34uMHIB KpionpoTeKkTopy
1,2-M[ Ha Kpio3axucHy Ailo OTPMMaHUX KOMBiHOBaHMX
cepenosull. B sKkocTi riapodinbHoi cnonykn ocobansoi
yBarn 3acayroBye MOAIBIHINOBUI CNUPT, AKUA Ma€E ao-
CTaTHbLO BEMKY KiNbKICTb FifPOKCUAbHUX rpyn. MoBip-
HO, LLLO 3aBAAKM TaKill CTPYKTYPi LA PEYOBMHA MOXKE BO-
NOAITU KPIONPOTEKTOPHMMM BNACTUBOCTAMM | HAZaABaATH
3aXMCHY A0 Ha KNITUHM NPW 3aMOpPOXKYBaHHI. Y gocni-
OKeHHAX [6], byna noKasaHa MOXAMBICTb MigBULLEHHSA
KUTTE3AATHOCTI KPIOKOHCEPBOBAHUX €PUTPOLUTIB BiBLLI
Ta NOOMHU, Me3eHXiMaNbHUX KNITUH i cnepmiis. byaun
npoBeAeHi eKCNePUMEHTU N0 3aMOPOXKYBaHHIO EPUTPO-
UMTIB JOHOPCHKOI KPOBI NI0AMHM 3i Wweunaxictio 32C/xs.
KoHTponem 6ynn eputpoumnT, AKi By 3aMoporKeHi B
20%, 30%, 40% po3umHax 1,2-M4.

Cnocrepiranoch, WO 3aMOPOXYBaHHA €pUTPOLMTIB
3i wemakictio 32C/xB. y KOMBIHOBaHMX PO34YMHaX, AKi
mictatb 20% 1,2-MA4, 20% 1,2-NA4 +0,2% NBC, 20% 1,2-
na +1% NBC, np13BOAUTL A0 MaiKe MOBHOI 3arnbeni
€pUTPOLMTIB MiciA PO3MOpPOXKyBaHHA (Tabauua 3). Mpu
3aMOpOKyBaHHI KNiTnH y 40% 1,2-M/, a TaKoXK y cepen-
osuwax 40% 1,2-N4+0,2% MNBC, 40% 1,2-NA+1% NBC
KiNbKiCTb 36epeskeHunx KAITUH Byna BULLE, HiXK Y po3un-
Hax Ha ocHosi 20% 1,2-MNJ, ane 6inbwe 50% eputpouu-
TiB Mic/1A pO3MOpPOXKYBaHHA b6Y/IM reMo/1i30BaHi, WO CBiA-
YUTb MPO HU3bKY KPiO3aXMUCHY aKTUBHICTb LMX PO3UYMHIB.
KombiHoBaHi cepegosuuia 3 Bmictom 1,2-M4 ta MNBC
MatoTb 34i6HICTb A0 MiLLeNIOyTBOPEHHA B piakKii ¢asi Ta
BM3HAYalOTbCA KPUTUYHOKO KOHLEHTPALLIEID MiLEeNoyTBo-
peHHs (KKM). BcTaHoBAEHO, Wo npu 3HayeHHi KKM Kpi-
o3axucHoro cepeposua 0,25% BnactMBoCTi cuctemm
OMUCYHOTBCA B MONIEKYNIAPHOMY CTaHi. [pn KOHUeHTpaLil
(KKM 2,5%) nouymHatoTbca 3MiHM MiLeNspHUX BAACTU-
BOCTel Ta yTBopeHHs chepmuHmnx miuen [10]. MiuenapHi
dpaKuji Npn 3aMopoXKyBaHHI epUTPOLMUTIB NOPYLLYIOTb
LiNOCTHICTb MeMbpaHu, 36iNblYETHCA MPOHUKHICTb
MmembpaH Ans BoAM, WO HAaBOAWUTb 4O OCMOTUYHOMY
LWOKY memMbpaHux cuctem Ta 40 NoBHOI abo YacTKoBOI
3arnbeni [14].

Haibinbla 36eperkeHicTb epUTpOLMTIB, AKi Byan 3a-
MOPOXeHi 3i weunaxictio 32C/xB., OTPMMaHa B HaCTyMHUX
KombiHoBaHMX po3unHax: 30% 1,2-M4+0,2% NBC ta 30%
1,2-NA+1% MNBC. BuasneHo, o KOMbBIHOBaHUA PO3UMH
AKUN mictutb 30% 1,2-MM4 1a 0,2% MNBC 003BONSAE 3HAYHO
3HU3UTM FeMONi3 epUTPOLMTIB MiCAA BigirpiBaHHA y No-
piBHAHHI 3 30% po3umHom 1,2-M[. 3Ha4YeHHA remonisy

epuTpoLmTIB Nig, Yac npoueaypu suganeHHa 1,2-M1 3
KNITUH i3 BUKOPUCTAHHAM CaXapO3HO-CObOBUX PO3YU-
HiB HaBeZeHo y Tabauui 3 Ta gopisHioe 11%. EdekTms-
HicTb amoidinbHoi cnonykm 1,2-MNA, “mosipHO, 06yMoB-
NleHa ocobamnBocTaAMM  Hi3UKO-XIMIYHUX BNACTUBOCTEM
1,2-N[4 (noBepxHeBOro HaTAry, AMHaMi4YHOI B A3KOCTI,
BiA cnieBigHoweHHA MNBC ta 1,2-M/[, KOHUeHTpaLil cno-
NIYK Y KOMBIHOBAHMX CepefoBMLLAX, LWBMAKOCTI 3amo-
pOKyBaHHSA, AKi BUKopuctosysaau (Taén. 1). Monuso,
bynosa 1,2-M[ po3BosAe ycniwHo 3anobirth memb-
paHHUX aedekTiB, Tak AK cnonyka BbynoByeTbcA y 6in-
KOro-NiniAHWIM Wwap KNiTMHHOI MeMbpaHu epUTPOLMTIB.
CnisBigHOWeHHA y KombiHoBaHOMY cepezosuwi 30%
1,2-N4 + 0,2% NBC € onTumanbHUM gna 36eperkeHHn
epUTPOLUTIB MicNA 3amMOpOoXKyBaHHA. KOMBiHyBaHHA Yy
KpiosaxmucHomy cepegosuii 30% 1,2-MA4 1a 1% NBC (pi-
BEHb remo/1isy epuTPOLMTIB MA€E 3HaYeHHA 22%), HaBna-
KW, NpuU3BeNo A0 36iblUeHHA KiIbKOCTi reMoni3oBaHmX
KNITUH Y NOPiBHAHHI 3 30% 1,2-MN[, i po34MHOM KOMBiIHO-
BaHoro cepegosuwa 30% 1,2-M4+0,2% MNBC.

MoKasaHo, Lo Hanbinbl BUCOKOK KPioMpOTEKTOp-
HOK aKTUBHICTIO NPU 3aMOPOXKYBAHHI €pUTPOLMUTIB 3i
weunakictio 3°C/xB., BONOAjE PO3YMH KOMBIHOBAHOrO
cepegoBuLLa AKUI mictuTb 30% 1,2-MA+0,2% NBC. Kom-
b6iHOBaHe cepenosule Ao3Bonse 3bepertn 89% epwu-
TPOLMITIB, € HETOKCUYHUM ANA ePUTPOLUTIB NIOAUHN i
NPOAB/IAE KPiO3aXMCHY aKTUBHICTb NPU NOBIILHOMY OXO-
NOAKEHI KNITUH.

AHani3 oTPMMaHNX Pe3ynbTaTiB CBIAYNTb NPO BAXKAN-
BE 3HAYEHHA PeXUMY i MeTOAY 3aMOPOXKYBAHHA EPUTPO-
LMTIB 32 YMOBMW BMKOPUCTAHHA Yy AKOCTI KpionpoTeKkTopa
1,2-NA4, i npo HeobxiAHICTb MpPOBeAEHHA MOAANbLUNX
focnifxeHb edeKTUBHOCTI KOMBIHOBAHMX cepenoBuLL
(1,2-NA+NBC) npu pisHMX Nporpamax i MeTogax oxoso-
OXKEeHHA.

BucHoBKM.

[ocnigrKeHa Kpio3axucHa AiA Ha OCHOBI MOEAHAH-
HA NMPOHMKAKYOro KpionpoTtekTopy 1,2-nponaHgiony 3
nosisiHinoBum cnvptom M.m. 9 K[a Ha 36epekeHicTb
€pUTPOLUTIB OHOPCHKOI KPOBI NH0AMHU. 3aCTOCYBaAHHA
1,2-NA4 y kombiHauii 3 MBC y KoHueHTpauii 0,2% [0380-
JINNIO 3MEHLUMTW NOLUKOAMKEHHA PO3MOPOXKEHMUX KNITUH
Ha eTani BiAMWBaAHHA.

BWCOKOIO KPiONPOTEKTOPHOI aKTUBHICTIO MPU 3aMo-
POXKYyBaHHI epuTpoUMTIB 3i WBMAKicTio 32C/xB., BONOAiE
pPO34MH KOMbBIHOBAHOrO cepeaoBumLa, AKMI MicTUTb 30%
1,2-N4+0,2% NBC.

3i 36iNblLUEHHAM KOHLeHTpauii po3unHis 1,2-MNJ4, NBC
y KOMBiHOBaHMX cepenoBuLLax, 36iNblIYETLCA B A3KICTb
Ta rycTWHa, Ue cBiguyMTb npo 36inbleHHA rigpodinb-
HOCTI A0CANiAXKyBaHUX PO34MHIB. MpMNycKaemo wWo, B
KOMBIHOBaHMX cepefoBULLAX A0 CKNAZy AKUX BXOAUTb
1,2-NA+NBC BiabyBatoTbCA CTPYKTYPHI 3MiHM Npu Oo-
hasaHHi go MBC posunHis 1,2-M[ 3mMeHLWyeTbCA Tigpo-
¢$0o6HicTb MNBC, 32 paxyHOK HaABHOCTI asKiIbHUX rpyn y
po3umHax 1,2-M4.

KombiHOBaHi cepefoBuLLa Ha OCHOBI MOEAHAHHA
1,2-N4 1a NBC matoTb 34i0HICTb 40 MiLEeNoyTBOPEHHSA
B piakii ¢asi. KombiHoBaHi cepegosula 3 MNBC mone-
KynApHo Macoto 9 K[a 34aTHi yTBOPHOBATU 3MilLaHi
miuenn Ta BiabysaeTbcs agcopbuis monekyn MNBC Ha
NnoBepxHi MiLen , AKi 3abe3neyytoTb GOpPMyBaHHSA rigpo-
$OBHMX MOPOXKHMH Y CTPYKTYpi Milen Ta 34aTHi 3MeH-
LIYBATW PEKPUCTANi3aLiiHy aKTUBHICTb, TOMY, MOXEMO
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NPUNYCTUTY, LLIO KOMDBIHOBAHI cepeOByLLLA MAOTb BflaCc-  CepefoBuLY, Y NOEAHAHI 3 MONIBIHINOBMM cnnpTOM ANA
TMBICTb iHribiTopa pekpucTanizauii. 3aMOpPOXKYBaHHA epUTPOLMTIB, ONTUMI3aLiA eTanis Kpi-
MepcnekTMBM NOAANbLUUX AOCNIAMKEHD.
Ha Hawy AymMKy, Ha CbOrogHilWHiiN AeHb nepcnek-
TMBHMM € BUBYEHHA Ta NPOBEAEHHA MOAANbLUMX AOCAI-
[XKEeHb, CNPAMOBAHMX Ha PO3PO6KY HOBUX KPiO3axMCHUX  MPAKTUYHOrO 3aCTOCyBaHHA.
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®IBUKO-XIMIYHI BIACTUBOCTI TA KPIO3AXUCHA Al KOMBIHOBAHUX CEPEAOBULL, HA OCHOBI 1,2-MPO-
MAHZIONY B KOMBIHALLIT 3 MOANIBIHIZIOBUM CNUPTOM MOJEKYIAPHOI MACU 9 kfa

YekaHoBa B. B., Bo3gtoK 4. B., Maxomosa 0. C., KomnaHieub A. M.

Pestome. MowyK HOBUX BUCOKOEDEKTUBHUX KPiO3aXMCHUX CepenoBULL, ANA KPIOKOHCepPBYBAHHA LOHOPCHKOI
KpOBi NOANHM (30Kpema epuUTpoLMTIB) Ta NiAdip ONTUMANbHUX TEMNEPATYPHUX PEXMUMIB ANA TX [OBrOTPUBANOTO
36epiraHHs, Uue ogHa 3 HaMroNOBHILWMX CbOrOAHIWHIX 3a4a4. BBaxanoch, Lo 3a fonomoroto ob’egHaHHA Kpionpo-
TEKTOPIB eH0- Ta eK30LEeHNAPHOI Aji, MOXKHa BMPIWKUTK Npobaemy pocTy no3a- Ta BHYTPILIHbO KAITUHHUX KpUCTa-
NiB NbOAY NPU OXONOOMKEHHI.

Mema — pocnigxeHHA GisnKo-XiMiYHMX BNACTMBOCTENM Ta KPio3axXMCHOI Aji cepeaoBuL, Pi3HOrO CKAagy Ha OCHOBI
KombiHaLji eHaouentonApHOro KpionpotekTopy 1,2-nponaHaiony 3 po3ynMHamu noaisiHinosoro cnvpTy 9 ka npu
3aMOPOXKYBaHHI €PUTPOLMUTIB.
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06’ekm | memodu 0ocnidieHHA. Onsa [OCNiAKEHHS BUKOPUCTOBYBAM PO3YMHKM 1,2-nponaHaiony Ta NonisiHi-
nosuii cnupt. PosumHm NBC roTyBasn BaroBMm metogom Ha ocHosi 0,1 M docdaTHo-conboBoro bydepy (pH 7,4),
po3uunHu 1,2-MN[ rotyBanu Ha ocHoBi 0,9 % NaCl, KOHLEeHTpaL,ito PO3YMHIB BUPArKa/IM Y MacoBMX BiACOTKax (Mac.%).
Bci po34MHM BUKOPUCTOBYBAM Micaa 24-roAMHHOT BUTPUMKM Npu Temnepatypi (20+2) °C.

O6’ekTOM AOCAiAKEHHS OYB €PUTPOKOHLLEHTPAT, OTPMMAaHWI 3 IOHOPCbKOI KpoBi NtoauHu rpynu A(ll)*, 3aroTtos-
JIeHOT Ha reMOKOHCcepBaHTi «[toriunp», Aka 36epiranack He binblue 48 rognH npu Temnepatypi (4+2)2C. EpUTPOKOH-
LEHTpaT OTPMMYBaAM METOAO0M LEeHTPUYryBaHHA KOHCEPBOBAHOI AOHOPCHKOI KpoBi npu 1250 g npotarom 25x8.,
NMOKa3HWK reMaToKpUTY BU3HAYan 3a gonomoroto LeHTpudyrn CM — 70 «ELMI», npoueHT remonisy epuTpoLmTiB B
Hafocasi po3paxoByBanM 3a CTAHAAPTHUMU dopMynamMU.

PO3MOpOIKeHi epuUTPOLMTH BiAMUBANM Bif KOMBIHOBAHMX KPiO3aXMCHUX PO3UYMHIB METOLOM TPbOX KPATHOrO ce-
piiHOTO LEeHTPUPYryBaHHA 3 BUKOPUCTAHHAM CTaHAAPTHMX CaxapO3HO-CO/IbOBUX PO3UMHIB.

[na BU3HaUeHHA Gi3MKO-XiMIYHMX BNACTMBOCTEN — B’A3KOCTI BUKOPUCTOBYBA/IM Bicko3MmeTp OcTBaibay, NOBEPX-
HEBWUM HATAT Ta MiLLe/IOYTBOPEHHA KOMBIHOBaHMX PO3YMHIB BU3HAYaIM 32 LONOMOTOO CTa/lArMOMETPUYHOTO METO-
ba.

Pe3ynemamu. TMicna 3aMOpOXKyBaHHA—BIATaBaHHA epUTPOLMTIB Y KOMBIHOBaHUX cepefoBULLAxX Ha OCHOBI 1,2-
N4 8 kombiHauii 3 MBC m.m. 9 kK[a cnocTepiranocs NiABULLEHHA 36epeXeHOCTi epUTPOLMTIB 33 pesyibTaTaMu re-
MOAi3Y, Y NOPIBHAHHI 3 Ai€et0o MOHOPO34MHIB 1,2-M/l. BUCOKOI KPiONPOTEKTOPHOK aKTUBHICTIO MPW 3aMOPOXKYBAHHI
epuTpouunTiB 3i WenakicTio 32C/xB., BON0OAIE PO34MH KOMBIHOBAHOro cepeaoBuLLa, AKMI mictutb 30% 1,2-NA+0,2%
MBC. B A3KicTb i rycTMHa 36inblYOTLCA 3 NiABULLEHHAM KOHUeHTpauii 1,2-M4, NBC y KombiHOBaHUX cepenoBumLLax,
Le CBiaYnTb Npo 36inblieHHA rigpodinbHOCTI A0CNiAKYBaHMX PO3UMHIB. MpMUNYCKAaEMO WO, B KOMBIHOBaAHUX cepea-
OBULLAX A0 cKnaay akux BxoguTb 1,2-MA+MBC BiabyBatoTbcA CTPYKTYPHI 3MiHM Npu AogaBaHHi ao MNBC po3uunHis
1,2-N4 3meHwyeTbea rigpodobHictb MBC, 3a paxyHOK HAasABHOCTI afIKiNbHUX rpyn y po3umHax 1,2-MNA.

KombiHoBaHi cepepoBuLLa Ha ocHOBI noeaHaHHA 1,2-M/ Ta MBC matoTb 34i6HICTb 40 MiLEe/IOyTBOPEHHS B PiaKin
¢dasi. KombiHoBaHi cepeaosuiua 3 NMBC mosekynspHoto macoto 9 k[a 34aTHi yTBOPOBATU 3MillaHi miuenu Ta Bigoy-
BaeTbcA aacopbuina monekyn MBC Ha nosepxHi miuen , aki 3abesnevytoTs dopmyBaHHA FigPOPOBHUX NOPOKHUH Y
CTPYKTYpi MiLlen Ta 34aTHi 3SMEHLIYBATU PeKPUCTaNi3aLiiHy akTUBHICTb, TOMY, MOXKEMO NPUNYCTUTH, LLLO KOMBiHOBa-
Hi cepeZoBULLLA MatOTb BNACTUBICTb iHribiTOpa pekpucTanisadii.

Kno4oBi cnoBa: epuTpoumnTH, remonis, reMaToKpuT, rigpodinbHo-rigpodobHi B3aemogii, B'A3KicTb, NoOBEpXHe-
BuiA HaTar, 1,2-N4, NBC.

PHYSICO-CHEMICAL PROPERTIES AND CRYO PROTECTIVE EFFECT OF COMBINED ENVIRONMENTS BASED ON
1,2-PROPANEDIOL IN COMBINATION WITH POLYVINYL ALCOHOL MOLECULAR WEIGHTS 9 kDa

Chekanova V. V., Hvozdiuk Ya. V., Pakhomova Yu. S., Kompaniets A. M.

Abstract. The search for new, highly effective cryoprotective media for the cryopreservation of donated human
blood (in particular, erythrocytes) and the selection of optimal temperature regimes for their long-term storage is
one of today’s most important tasks. It was assumed that it is possible to solve the problem of the growth of extra-
and intra-cellular ice crystals during cooling by combining cryoprotectants of endo- and exocellular action.

The aim was to study the physicochemical properties and cryoprotective action of media of different composition
based on the combination of the endocellular cryoprotectant 1,2-propanediol with 9 kDa polyvinyl alcohol solutions
during erythrocyte freezing.

Object and research methods. Solutions of 1,2-propanediol polyvinyl alcohol were used for the study. PVA
solutions were prepared by the weight method using 0.1 M phosphate-salt buffer (pH 7,4), and 1,2-PD solutions
were prepared using 0.9% NaCl. The concentration of the solutions was expressed as mass percentages (wt%). All
solutions were used after 24-hour exposure at a temperature of (20+2) °C.

The object of the study was erythrocyte concentrate obtained from human donor blood of group A(ll)+ and
prepared with the hemopreservative «Glyugitsir», which was stored for no more than 48 hours at a temperature
of (4+2)9C. Erythrocyte concentrate was obtained by centrifugation of preserved donor blood at 1250 g for 25
minutes, the hematocrit index was determined using a CM-70 «ELMI» centrifuge, and the percentage of hemolysis
of erythrocytes in the supernatant was calculated according to standard formulas.

Thawed erythrocytes were washed from combined cryoprotectant solutions by threefold serial centrifugation
using standard sucrose-salt solutions.

An Ostwald viscometer was used to determine the physicochemical properties — viscosity, and the surface
tension and micelle formation of the combined solutions were determined using the stalagmometric method.

The results. After freezing-thawing of erythrocytes in combined media based on 1,2-PD in combination with
PVA m.m. 9 kDa increased preservation of erythrocytes as a result of hemolysis, in comparison with the action of
monosolutions of 1,2-PD. A solution of a combined media containing 30% 1,2-PD+0.2% PVA has high cryoprotective
activity when freezing erythrocytes at a speed of 32C/min. Viscosity and density growth with an increase in the
concentration of 1,2-PD, PVA in combined media indicates an increase in the hydrophilicity of the studied solutions.
We assume that, in combined environments that include 1,2-PD+PVA, structural changes occur when 1,2-PD
solutions are added to PVA, and the hydrophobicity of PVA decreases due to the presence of alkyl groups in 1,2-PD
solutions.

Combined media based on the combination of 1,2-PD and PVA can form micelles in the liquid phase. Increasing
m.m. PVA 9 kDa in combined media to the formation of mixed micelles and the adsorption of PVA molecules on
the surface of micelles. These ensure the formation of hydrophobic cavities in the structure of micelles and can
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reduce recrystallization activity. Therefore, we can assume that combined media have the property of an inhibitor
of recrystallization.

Key words: erythrocytes, hemolysis, hematocrit, hydrophilic-hydrophobic interactions, viscosity, surface tension,
1,2-PD, PVA.
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