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Cryopreservation of erythrocytes is the main method for long-term storage of blood cell components, but the ef-
fectiveness of this process is limited by damage caused by the formation and recrystallization of ice crystals. A prom-
ising approach to reducing cryodamage is the use of macromolecular impermeable cryoprotectants, in particular
polyvinyl alcohol (PVA). The aim of the study was to investigate the effect of PVA with a molecular weight of 9 kDa at
different concentrations on ice recrystallization processes and to evaluate its effectiveness in cryopreserving human
erythrocytes. The study's objective was to examine human erythrocytes obtained from donor blood. PVA solutions
in phosphate-saline buffer at concentrations ranging from 0.1 to 1.5% were used. Phase transformations and ice
recrystallization were studied using thermomechanical analysis. The cryopreservation modes used differed in cooling
rates and had the same heating rate. The preservation of human erythrocytes was assessed by hemolysis levels. It
was found that an increase in PVA concentration contributes to the effective inhibition of ice recrystallization, and at
a concentration of about 1%, this process is almost completely suppressed. It was shown that uncontrolled cooling
leads to complete erythrocyte hemolysis. The best cell preservation was achieved with slow, controlled cooling at 3
degrees/min in a 1% PVA solution. Polyvinyl alcohol exhibits cryoprotective activity and is a promising component of
cryopreservation media for human erythrocytes under slow, controlled cooling conditions.

Key words: cryopreservation, phase transition, ice recrystallization, polyvinyl alcohol, human erythrocytes.

Connection of the publication with planned re-
search works.

The proposed study is a fragment of SRW “The influ-
ence of naturally occurring gel-forming polysaccharides
on the cryoprotective effect of cryoprotective solutions”
(state registration number 0125U004150) of the Insti-
tute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine.

Introduction.

The preservation of biological material remains a
fundamental focus for modern biotechnology and prac-
tical medicine. The basic principles of most preserva-
tion methods are usually based on lowering the tem-
perature, which ensures long-term storage by slowing
down the temperature-dependent metabolism of living
organisms [1]. The fact remains that biological objects
are mainly water, which forms ice crystals at low tem-
peratures. This, in turn, leads to dehydration and lethal
damage to biological material, which is currently one of

the biggest problems in cryopreservation of cells, tis-
sues, and organs [2].

Cryopreservation, as one of the modern methods
of preserving biological objects, is important for fur-
ther practical application. However, the formation and
growth of ice crystals during the freezing-thawing pro-
cedure decrease the viability of the biomaterial, which
is the dominant factor in damage and the biggest prob-
lem in cryopreservation. Therefore, the introduction of
methods to control the growth of ice crystals during
cooling and inhibit their recrystallization during heating
is crucial for minimizing cell damage [3].

To preserve the structural integrity and biological
activity of the material being frozen, it is important to
select highly effective cryoprotective solutions that con-
tain modern cryoprotective agents [4]. The chemical
composition of the cryoprotective solution plays an im-
portant role in the successful cryopreservation of vari-
ous biological samples [5].
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Today, permeable, low-molecular-weight cryopro-
tectants, such as glycerol and dimethyl sulfoxide, are
the dominant components in the formulation of pro-
tective solutions for low-temperature storage. However,
in practical use, they have a negative effect on cells and
the human body as a whole and therefore require fur-
ther removal. In view of this, scientists are increasingly
turning their attention to impermeable cryoprotectants
that act in the extracellular space. Membrane-tropic
macromolecular cryoprotectants, which stabilize the
membrane against cryodamage and are easily removed
after thawing, are promising additives to cryoprotective
solutions [4]. One of the most common representatives
is polyvinyl alcohol (PVA), which has significant potential
as an ice crystal growth inhibitor (CGI) [6, 7]. The work
[8] describes the use of PVA for cryopreservation of red
blood cells, several types of nuclear cells, and microor-
ganisms. For many years, work has been underway on
the cryopreservation of erythrocytes, describing the use
of combined cryoprotective solutions with the addition
of synthetic PVA polymer [9, 10].

Cryopreservation remains the primary method for
long-term storage of blood cell components to meet the
needs of clinical medicine, transfusion medicine, and re-
plenishing blood bank supplies.

Given the promising prospects for using PVA as a
substance that inhibits ice recrystallization, it is relevant
to investigate the possibility of using PVA solutions as an
independent cryoprotective medium.

The aim of the study.

A study of the ice recrystallization process in cryopro-
tective solutions containing polyvinyl alcohol (PVA) with
a molecular weight of 9 kDa at various concentrations,
and the effectiveness of their use during the cryopreser-
vation of human red blood cells.

Object and research methods.

The subject of the study was a red blood cell con-
centrate obtained from human donor blood of group A
(I1), collected using the “Glyugitsir” blood preservative
at the Municipal non-profit enterprise of the Kharkiv
Regional Council “Regional Blood Service Center” which
was stored for no more than 48 hours at a temperature
of (4+2)°C. The packed red blood cells were obtained by
centrifuging the preserved donor blood at 1250 g for 25
minutes.

PVA solutions (molecular weight 9 kDa) (Sigma-Al-
drich, USA) were used in the study at concentrations of
0.1, 0.2, 0.5, 1, and 1.5%. For experimental studies, the
solutions were prepared gravimetrically based on 0.1 M
phosphate-saline buffer (PSB, pH 7.4) and expressed as
mass percent (mass %). In the experiment, the solutions
were used after a 24-hour incubation at a temperature
of (20%2)°C.

Thermomechanical analysis was used to study the
effect of PVA solutions on the recrystallization of ice
during the thawing of biological specimens [11]. A sam-
ple with a volume of 0.5 x 10° m3 was placed in a defor-
mation device, cooled at rates of 3 °C/min or 20 °C/min
to a temperature of —160 °C, subjected to an external
deformation stress (o = 0.66 x 10° kg/m?), then heated
at a rate of 1 °C/min, and the thermomechanical curve
(TMA curve) was recorded. The temperature intervals of
phase-structural transformations in the samples were
determined by the deviation of the experimental curve

from tangents drawn to sections of the TMA curve with
a constant rate of change [12-14].

The concentration of free hemoglobin in the super-
natant and total hemoglobin in the cell suspension was
determined by the hemoglobin cyanide method using
the “Hemoglobin SpL 200” kit (Ukraine); the hematocrit
value was measured on a CM-70 centrifuge (Elmi, Lat-
via); and the percentage of erythrocyte hemolysis in the
supernatant was calculated as described in [15].

In a study of the cytotoxic and cryoprotective
effects of PVA on human erythrocytes, cryoprotective
solutions were added dropwise to erythroconcentrate
over a period of 5 minutes at a temperature of (20+2)°C
in a 1:1 volume ratio. The cryoprotective effect of PVA
solutions was studied over a concentration range of 0.1-
1%; the duration of erythrocyte exposure to the solu-
tions was 10 minutes. The control group consisted of
erythrocytes added to PSB in a 1:1 ratio (by volume).

Some samples were frozen in 2-mL microtubes (Ep-
pendorf, Ukraine) at an uncontrolled rate by immersion
in liquid nitrogen and stored at —196°C for 1 to 3 weeks.
Other samples were frozen in a programmable freez-
er “UOP-6" (Institute for Problems of Cryobiology and
Cryomedicine, National Academy of Sciences of Ukraine)
with controlled cooling rates of 1 and 3 °C/min. The sam-
ples were thawed in a water bath at a temperature of (40
+ 2) °C with constant gentle agitation of the containers.

Research results and their discussion.

The primary factor in cryodamage to cells during
freezing and thawing is the formation and growth of ice
crystals during cooling and their subsequent enlarge-
ment during the recrystallization process in the heating
phase. It is precisely the recrystallization of ice that leads
to mechanical damage to cell membranes, disruption of
osmotic balance, and, as a result, hemolysis of red blood
cells. In this regard, the primary objective of the study
was to investigate the effect of PVA on the course of re-
crystallization processes in cryoprotective solutions.

The phosphate-saline buffer is a component of the
cryoprotective solution that contains the majority of
free water, which in turn determines the presence and
intensity of the recrystallization process. Therefore, in
the first stage, phase-structural transformations in the
PSB were analyzed, with particular attention paid to the
recrystallization process. Then, PVA was added to the
PSB, and the effect of increasing its concentration on the
intensity of the recrystallization process was observed.

Figures (a-f) show the TMA curves of PSB and PSB
solutions with added PVA at various concentrations, ob-
tained at different cooling rates (3 and 20 degrees/min)

Given that the intensity of ice recrystallization during
the heating stage depends on the rate of prior cooling,
different cooling rates (3 and 20 degrees/min) were ap-
plied to the samples to confirm the course of this pro-
cess. It is known that each melting of the solid phase is
preceded by a corresponding recrystallization process of
the fraction that subsequently melts [16-18].

According to the thermomechanical analysis (fig. a),
a kink is observed in the PSB during the heating stage
in the temperature range from —30 to —22°C, associated
with recrystallization prior to the melting of the PSB eu-
tectic. Further on, the slope of the TMA curve changes
again in accordance with the subsequent phase transfor-
mation, namely the melting of the PSB eutectic. The ad-
dition of PVA leads to significant changes in the charac-
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Figure — TMA curves of PSB (a) and PVA solutions with added surfactants (b —0.1%, c — 0.2%, d — 0.5%, e — 1%, f — 1.5%, respectively) under
identical experimental conditions: cooling rate of 3 °C/min (curves —-) or 20 °C/min (curves —), heating rate of 1 °C/min.

teristic inflections on the TMA curves. Even at a low PVA
concentration (0.1%), signs of PSB eutectic recrystalliza-
tion during the heating stage disappear, indicating PVA’s
ability to effectively suppress this process even at low
concentrations. This is consistent with experimental data

for samples containing PVA, in which the corresponding
inflection point in the specified temperature range (from
—30 to —22°C) is absent (fig. b-f). At the same time, in
PSB (fig. a), a clearly defined ice recrystallization region
is observed, manifested by a characteristic inflection in
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the TMA curve in the temperature range from -21 to
—15°C, which is in good agreement with literature data
on the high susceptibility of aqueous buffer systems to
ice crystal growth [1, 2].

The ice recrystallization process then gradually tran-
sitions into a phase transition corresponding to its melt-
ing (temperature range from —15 to —5°C). As the cool-
ing rate of the samples increases, the kink on the TMA
curves corresponding to the recrystallization transfor-
mations of ice becomes more pronounced. The obtained
results correlate with the data presented in the works of
Thorat A. and Suryanarayanan R. [19] and Han B. et al.
[20], which also investigated phase-structural transfor-
mations in PSB using methods such as cryomicroscopy,
differential scanning calorimetry, X-ray diffraction, and
thermal analysis.

The addition of PVA to PSB leads to a concentra-
tion-dependent decrease in the intensity of ice recrys-
tallization, while the temperature range of this process
remains unchanged. Already at PVA concentrations
ranging from 0.2 to 0.5%, a decrease in recrystallization
intensity is observed, and at PVA concentrations of 1 to
1.5%, signs of such a transformation on the TMA curves
practically disappear (fig. f), indicating effective inhibi-
tion of ice crystal growth during heating due to the ad-
dition of PVA.

The obtained data are consistent with the current
understanding of the mechanism by which PVA acts as
an inhibitor of the ice recrystallization process, similar to
natural antifreeze proteins, which involves the specific
adsorption of polymer macromolecules onto the surface
of ice crystals and the inhibition of their further growth
[6, 7]. The mechanism of PVA-mediated inhibition of ice
recrystallization is attributed to the formation of hydro-
gen bonds between the polymer’s hydroxyl groups and
the ice surface, which impedes the recrystallization pro-
cess [6, 7]. Our data on the inhibition of ice recrystalli-
zation at PVA concentrations of about 1% are in good
agreement with the results of Dyubko T. et al. [7], who
demonstrated that PVA with a molecular weight of 9 kDa
effectively modifies the processes of ice crystallization
and growth in aqueous solutions.

Given the potential for undesirable osmotic and vis-
cosity effects at higher polymer concentrations, a PVA
concentration range of up to 1% was selected for further
biological studies. Furthermore, such concentrations do
not lead to the accumulation of toxic effects from PVA
use.

In the next stage, the cryoprotective efficacy of PVA
solutions was investigated during the freezing of human
red blood cells. It was shown that during uncontrolled
rapid cooling by direct immersion of samples in liquid
nitrogen, complete erythrocyte hemolysis was observed
regardless of PVA concentration (0.1-1%). This indicates
that under conditions of high cooling rates, the primary
mechanism of cell damage is intracellular ice formation,
which cannot be prevented solely by inhibiting ice re-
crystallization in the extracellular space.

In contrast, during slow, controlled cooling at 1 and 3
°C/min, a clear relationship between PVA concentration
and red blood cell viability after thawing was observed.
The table presents data on red blood cell viability after
cryopreservation with different PVA concentrations in
the cryoprotective solution and at different slow cooling
rates (1 and 3 °C/min).

Table - Survival of red blood cells during cooling
at rates of 1 and 3 degrees per minute in a PVA

solution
Substance PVS concentration, % Hemolysis, %
Control - 0.02+0.01
cooling rate: 1°C/min
0.1 100
PVA solutions in 0.2 100
phosphate buffer 0.5 92.4+5.1
1 84.9+2.1
cooling rate: 3°C/min
0.1 100
PVA solutions in 0.2 100
phosphate buffer 0.5 15+5.0
1 1.2+0.5

At a cooling rate of 1°C/min in 0.1% and 0.2% PVA
solutions, red blood cells underwent complete hemo-
lysis, whereas increasing the polymer concentration to
0.5% and 1% reduced the hemolysis rate to (91.4+5.1)%
and (84.9+2.1)%, respectively, however, cell viability re-
mained insufficient for practical application. The best
results were obtained when erythrocytes were cooled
at 3°C/min. Under these conditions, in a 0.5% PVA solu-
tion, the hemolysis rate was (15+5)%, whereas in a 1%
PVA solution, the number of destroyed cells decreased
to (1.2+0.5)%. Such high erythrocyte survival indicates
the effective cryoprotective action of PVA under condi-
tions of slow cooling, which is likely due to an optimal
balance between cell dehydration, a reduction in free
water volume, and the inhibition of ice recrystallization
processes.

Similar results were described by Deller R. et al. [9],
who demonstrated the possibility of effective cryopres-
ervation of erythrocytes using polymers - IRl - with-
out the use of glycerin. The authors also attribute the
increased cell viability to the inhibition of ice crystal
growth in the intercellular space, a finding consistent
with ours.

At the same time, the literature suggests that PVA’s
cryoprotective efficacy may be cell-specific. In particular,
it has been shown that for platelets, the addition of PVA
does not lead to a significant increase in survival after
freezing, which is attributed to other cell-specific dam-
age mechanisms unrelated to ice recrystallization [21].
This underscores that the cryoprotective effect of PVA is
most effectively realized in systems where ice recrystalli-
zation is the determining factor of cryodamage, particu-
larly for erythrocytes.

Thus, the results of our own studies, combined with
data from the literature, confirm that PVA with a mo-
lecular weight of 9 kDa is a macromolecular compound
that can be used as a component of cryoprotective
media for the cryopreservation of human erythrocytes
to inhibit recrystallization processes. Its cryoprotective
effect is primarily realized under conditions of controlled
slow cooling, which must be taken into account when
developing protocols for the low-temperature storage of
blood cell components.
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Conclusions.

Thermomechanical analysis has shown that the ad-
dition of PVA with a molecular weight of 9 kDa to PSB
leads to concentration-dependent inhibition of ice re-
crystallization. At PVA concentrations of approximately
1%, recrystallization processes are practically absent, in-
dicating high IRI activity of the polymer.

Under uncontrolled rapid cooling by immersion in
liquid nitrogen, complete erythrocyte hemolysis occurs
regardless of PVA concentration. The best preservation
of erythrocytes was achieved during slow programmed
cooling at a rate of 3°C/min in the presence of a 1% PVA
solution, at which the hemolysis level after thawing did
not exceed (1.2+0.5)%. The results indicate that PVA is
a promising component of cryoprotective media for the
cryopreservation of human red blood cells under con-
trolled, slow cooling conditions.

DOI 10.29254/2077-4214-2026-1-180-171-181
YOK 678.744.7:612.111.014.43:57.086.13

Prospects for further research.

Further research should focus on developing mul-
ticomponent cryoprotective media containing PVA in
combination with other intracellular cryoprotectants,
aiming to reduce their concentrations and improve over-
all cryoprotection effectiveness for biological samples
during cryopreservation.

A promising area of study is the effect of PVA molec-
ular weight and concentration on red blood cell viability
after freeze-thaw cycles due to the inhibition of ice re-
crystallization, as well as the investigation of the osmotic
and rheological properties of cryoprotective solutions
containing PVA.

The results obtained can serve as a scientific basis
for optimizing cryopreservation protocols for blood cell
components and expanding the use of PVA in low-tem-
perature storage technologies for biological objects.

leo30iok A. B., Centoma A. A., lNMonskoea I. /1., [ypiHa T. M.

BUKOPUCTAHHA MOAIBIHIZIOBOIO CINUPTY Y CKNIAAI KPIO3SAXUCHOIO
PO34YUHY NPU KPIOKOHCEPBYBAHHI EPUTPOLIUTIB NHOANHU

IHcTUTYT Npo6nem Kpiobionorii i Kpiomeguumuu HAH Ykpainu (m. Xapkis, YKpaiHa)
poliakova79ann@gmail.com

KpiokoHcepsysaHHA epumpoyumie € OCHOBHUM Memooom 00820CMpPOKOB020 36epicaHHA KAIMUHHUX
KOMMOHEHMIi8 Kpoei, O00HAK epeKmusHiCMmb Ubo20 Mpoyecy O0BMeMyeEMoCa YWKOOHEHHAMU, 3YMOBAEHUMU
YMBOPEHHAM i peKpucmanizayieto kpucmasie nbo0y. [epcrieKmusHUM MidX000M 00 3MEHWEeHHS KPioyulKoOXeHb
€ BUKOPUCMAHHA MUAKPOMOSEKYAAPHUX HEMPOHUKHUX KpiornpomeKkmopis, 30Kpema rosnisiHinogozo cnupmy
(MBC). Mema pobomu — docnidoumu enaue BC 3 moseKynsapHor macoro 9 k/a pi3zHoi KoHueHmpauii Ha npouecu
peKpucmanizayiinbody maoyiHumu lio2o echekmueHicMb rnpu KpioKoHcepaysaHHiepumpoyumisatoouHu. 06’ekmom
docnionceHHa byau epumpoyumu AOUHU, OMPUMAHIi 3 OOHOPCLKOI Kpoei. Bukopucmosyeanu po3quHu BC Ha
@occhamHo-conbosomy bygepi y KoHueHmpayiax 6id 0,1 do 1,5%. ®a3oei nepemesopeHHA Ma pekpucmanizayiro
1600y 00CnidMHcysanu MemoOOM MEePMOMEXAHIYHO20 aHAnI3y. BukopucmaHi pewumu KpiOKOHCepsy8aHHS
8iOPIi3HANUCA WBUOKOCMAMU OX0/100H(eHHA ma Manu O0OHAOKOBY WBUOKicmb HaepieaHHA. 3bepexeHicmb
epumpouyumie MOUHU OUiHI08AAU 30 pieHeM eemosni3zy. BcmaHoeneHo, wo nidsuujeHHa KoHueHmpauii MBC
Crpuse eghekmusHoMy [H2ibysaHHIO pekpucmanisayii 1600y, a npu KoHueHmpayii 6auzeko 1% ueli npoyec
malixce nosHicmo npuzHiyyemocs. [TOKA3aHO, WO Mpu HEKOHMPOALOBAHOMY 0X0M00M(eHHI 8i06ysaembcs nosHuli
2emoni3z epumpouumie. Halikpawa 36epexceHicmb KaimuH 00cH2aaACA NPU M08ibHOMY KOHMPOAbOBAHOMY
0X0/100M(eHHI 3i weuokicmo 3 2pad/xe y 1 % posyuHi BC. MonisiHinosul crnupm Mae Kpio3axucHy akmueHicme ma
€ NepcrneKmMusHUM KOMMNOHEHMOM KpPiO3axucHux cepedosuly 018 KPiOKOHCEPB8YBAHHA epumpoyumis AtoOUHU 30
YMOB8 108i/1bHO20 KOHMPObOBAHO20 OXO00HEHHS.

Knto4oei cnoea: KpiokoHcepg8ys8aHHs, (ha308i nepemeopeHHs, peKpucmanizayis n6ody, nonisiHinosuli cnupm,
epumpouyumu A0OUHU.

[1]. He3amiHHMM 3anuwiaeTbes Tol GakT, Wo b6ionoriyxi
06’€KTM B OCHOBHOMY CKNaZaloTbCA 3 BOAM, AKA 33 HU3b-
KMX TemnepaTtyp NepeTBOPHETLCA Ha KPUCTanU Nboay.

38’A30K ny6niKauii 3 n1aHOBUMM HAyKOBO-AoCAIA-
HUMK poboTamu.
3anponoHoBaHe fdocnigxeHHAa € dparmeHtom HAP

«Bnaus reneytBoptoOYMX Nonicaxapugis NpUpoaHoOro
NOXOAXKEHHA Ha KPIOMPOTEKTOPHY Ait0 KPiO3axMCHUX
po34MHiB» (HOMep AeprKaBHOI peecTpaLii0125U004150)
IHCTUTYTY npobnem Kpiobionorii i KpiomeanunHn HAH
YKpaiHu.

Bcryn.

36epexkeHHA BionoriyHOro martepiany 3aBxAu 3a-
NVWAETbCA GyHAAMEHTANbHUM HaNpPAMKOM AN cyyac-
HUX 6ioTeXHONOrIN Ta NpPaKTUYHOI MeanunHU. OCHOBHI
NPUHUMNKM BinbwocTi meToais 36epexeHHA AK NPaBuIo
6a3ytoTbCA HA 3HUMKEHHI TemnepaTypu, AKe 3abe3neyye
TpuBase 36epiraHHA WAAXOM YNOBIIbHEHHA 3a/1EXKHO-
ro Big, Temnepatypu mMeTaboniamy KMBMX OpraHiamis

Lle B cBOIO Yepry npu3BogMTb A0 3HEBOAHEHHA Ta Jie-
Ta/NIbHOTO MOLUKOAMKEHHA bionoriyHoro matepiany, Lo
Ha CbOTOAHILWHIM AeHb € OAHI€E 3 HANBINbLWKNX NPO6AEM
KPiOKOHCEepPBYBaHHA KNITUH, TKAHWH Ta OpraHis [2].
KpioKoHcepBYBaHHA AK OAMH i3 cy4acHMX crnocobis
36epekeHHsn b6ionoriyHMx 06’€KTIB € BaXKANBMM ANA MO-
OaNbLIOro NPaKTUYHOro 3acTocyBaHHA. O4HaK yTBOpEH-
HA Ta 3POCTAHHA KpWUCTaniB /ibogy Mif, Yac npouenypwu
3aMOpPOXKYBaHHA — BiATaBaHHA NPU3BOAMUTL [0 3HUMKEH-
HA KUTTE3ZATHOCTI bGiomaTtepiany, WO € AOMIHYOUYMM
$aKTOPOM MOLWKOAMKEHHA i Halbinblwo npobiemoto
KpiOKOHCepBYBaHHA. TomMy BRPOBAZMKEHHA Cnocobis
KOHTPO/IKO POCTY KPUCTANIB bOAY NPU OXONOAMKEHHI Ta
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iHribyBaHHA npouecy X pekpucTanisauii nig yac Harpi-
BaHHA MaloTb BMpillasibHE 3HAYEHHA ANA MiHiMi3au,ii
NOLWKOAMEHHA KNiTuH [3].

Ons 36epekeHHA CTPYKTYPHOI wificHocTi Ta 6iono-
riYHOT aKTMBHOCTI MaTepiany, WO 3aMOPOXKYETbCA, BaXK-
INBO NiAibpaTh BUCOKOEPEKTUBHI KPiO3axXMCHI PO3UMHMU
3 BMICTOM Cy4YaCHWMX KpiOMpPOTEKTOPHWUX pevyoBuH [4].
XiMiYHWI CKNaf KpionpoOTEKTOPHOro PO34YMHY Bigirpae
Ba)KAMBY PO/b ANA YCMILWHOINO KPiOKOHEepBYBaHHA pi3-
HUx 6ionoriyHnx 3paskis [5].

Ha cbOorofHiWwHii AeHb NPOHWKHI  MasioOMONIEKY-
NAPHI KPioNpoTeKTOopM, TaKi AK TIiUepuH i gumeTu-
ncynbdoKena, €  AOMIHYIOUMMM  CKAAZ0BUMKM NP
CTBOPEHHI 3aXMCHUX PO3YMHIB A/1A HU3bKOTEMNEPATYP-
Horo 36epiraHHA. OfHaK NPV NPAKTUYHOMY BUKOPUC-
TaHHi BOHWM MalOTb HEraTMBHWWA BMJWMB Ha KAITUHKW Ta
OpraHiam NOANHU B LLIIOMY | TaKUM YMHOM NOTPebytoTb
Nnofanbloro BUAANEHHA. 3 Or1A4Y Ha Le yBary BYEHUX
Bce biNble NpuBepTatoTb HEMPOHUKHI KPiONPOTEKTOPMU,
AKi AitoTb Y N03aKAITMHHOMY npocTopi. MembpaHoTpon-
Hi MaKpOMOEKYAPHI KpionpoTeKkTopwu, AKi 3abesnevy-
I0Tb cTabinisayito membpaHn NPoOTM KPioyLKOAKEHHA
Ta SIerko BUAANAOTLCA NiCAA PO3MOPONKYBAHHA, € Nep-
CNEKTUBHUMM AOMILIKAMWU A0 KPiO3aXMCHUX PO3YMHIB
[4]. OaHUM i3 HanowWMpPEHIWMX iX NPeACTaBHUKIB € No-
nisiHinosuit cnupt (MBC), AKMIA Ma€ 3HAYHMIA NOTEHLian
AK iHribiTop pocty Kpuctanis nvoay (IRI) [6, 7]. B poboTi
[8] onncaHo BukopucTaHHs MBC ana KpiokoHcepByBaH-
HA YepPBOHWUX KPOB'AHUX TiNleLb, KibKOX BUAIB AAEPHUX
KNITUH Ta MiKpoopraHiamis. He oaunH pik BXe BeayTbCcA
po60TH 3 KPIOKOHCEPBYBAHHA EPUTPOLLUTIB, B AKMUX ONKU-
CYHOTbCA BUKOPUCTAHHA KOMBIHOBAHMX KpionpoTeKTop-
HUX PO3YMHIB 3 AOAABAHHAM CMHTETUYHOTO NosiMepy
MNBC [9, 10].

KpioKkoHCcepBYBaHHA 3a/IMLIAETBCA OCHOBHMM CMO-
cobom [0BrocTPOKOBOro 36epiraHHA KAITMHHUX KOM-
MOHEHTIB KPOBi ANA 3abe3nedyeHHsA NoTpeb npakTUYHOI
MeauLMHU, TpaHcdysionorii, nonoBHeHHA 3anacis 6aH-
KiB KpOBI.

Mpuiimatoum [0 yBaru MepcrneKkTUBHICTb BUKOPU-
cTaHHA MNBC B AKOCTi pe4oBMHM, LLO NOAABAE PEKPUCTA-
ni3auito 1boAY aKTyalbHUM € JOCNIAKEHHA MOXK/IUBOCTI
3acTocyBaHHA po34mHiB MNBC AK camocTiliHOro Kpionpo-
TEKTOPHOrO cepenoBuLLa.

Merta gocnigKeHHs.

JocnigreHHA npoLuecy pekpucTanisauii 1boay B Kpi-
03aXMCHUX POo34MHax 3 Bmictom MNBC 3 monekynsapHo
macoto 9 K[la pi3HOi KOHLeHTpauji Ta epeKTUBHICTb iX
BMKOPWUCTAHHA Mif, Yac KPiOKOHCEPBYBAHHA €PUTPOLLUTIB
NOAMHM.

O6’eKT i meTOAM AOCNIAXKEHHA.

O6’ekTOM AOChigKeHHs OyB €epUTPOKOHLIEHTpPAT,
OTPVMMaAHUI 3 JOHOPCbKOI KpoBi AtoauHu rpynn A (l1),
3aroToB/IeHOI Ha remoKoHcepBaHTi «ntoriuyp» y KHIM
XOP «OLICK», Aka 36epirasnacb He 6inblie 48 roanH 3a
TemnepaTypu (4+2)°C. EpUTPOKOHUEHTPAT OTPUMYBaIU
LeHTpUdyryBaHHAM KOHCEPBOBAHOI AOHOPCbKOI KpOBI
3a 1250 g npotarom 25 xB.

Y  poboti BMKOpUCTOBYBaAM  po3umHuM  [BC
(m. m. 9 ka) (Sigma-Aldrich, CLLA) y KoHUgHTpaL,iax
0,1;0,2;0,5; 1 1a 1,5%. Ansa ekcnepuMeHTanbHUX JOCAI-
[OsKeHb PO3YMHM rOTYyBaIM BaroBUM METOAOM Ha OCHOBI
0,1 M docdaTHo-conbosoro bydepa (PCB, pH 7,4) i Bu-
parka/vM B MacoBMX BigCOTKax (Mac. %). B ekcnepumeHTi

BUKOPMCTOBYBAAN NicnA 24-roaMHHOI BUTPUMKM 33 TEM-
nepatypu (20£2)°C.

Ons pocnigeHHa BnanBy po3unHis MNBC Ha nepebir
pekpucTanisauii abogy nif Yac BiATaBaHHA BioNoriyHMX
06’eKTiB BMKOPUCTOBYBA/IM TEPMOMEXAHIYHUIN aHani3
[11]. 3pa3ok 06’emom 0,5-10°° m® nomiwanu 8 gedopmy-
HOUMIA MPUCTPINA, OXON0AKYBaANM 3i LuBMAKOCTAMM 3 rpas/
xB abo 20 rpaa/xs Ao Temnepatypun —160 °C, npuknaaa-
NV 30BHIiWHIO aedopmyrody Hanpyry (0=0,66-10° Kr/m?2),
noTiMm Harpisanu 3i weuakictio 1 rpaa/xe Ta peecTpysa-
M TepmomexaHiyHy Kpusy (TMA-KpuBa). TemnepatypHi
iHTepBanM $pa3oBO-CTPYKTYPHUX NEPETBOPEHD Y 3pasKax
BM3HAYa/M 3a BiAXMNEHHAM eKCNepUMEHTaNbHOI KPUBOT
Bifl, AOTMYHMX, NpoBeAeHUX A0 AinaHoK TMA-KpuBoi 3
NoCTiNHO WBKAKICTIO Nepebiry [12-14].

KoHueHTpaLito BibHOro remornobiHy B Hagocano-
Bil1 piAWHI i 3aranbHOro remornobiHy KNiITMHHOI cycneHsii
BM3Ha4anu reMornobiHuiaHiAHMM MeToA0M 33 AONOMO-
roto Habopy «femornobiH CnJ1 200» (YKkpaiHa), noKasHUK
rematokpuTty — Ha ueHTpuoysi CM-70 (Elmi, Natsis),
NPOLLEHT reMoi3y epuTpoLmTiB B HaJ0Cai PO3PaxoBy-
Ba/In, AK onumcaHo B pobori [15].

Mpn gocnigKeHHi LMTOTOKCUYHOI i Kpio3axMCHOI Ail
MBC Ha epuTpOUUTU NIIOAUHN [0 E€PUTPOKOHLIEHTPATY
no Kpanaax Ha npotasi 5 xB8 3a TemnepaTypu (20+2)°C
[0AaBaNN KPio3axmCHi pO34YMHKM Yy cniBBigHOWeEHHI 1:1
3a 06’emom. KpionpoTekTopHy aito posuuHis MNBC go-
cnigxKyBanu B AianasoHi KoHueHTpauii Big 0,1 go 1%,
TPUBANICTb EKCNO3ULLIT epUTPOLMUTIB Y KPIO3aXMCHUX PO3-
uynHax ctaHoBuna 10 xB. KOHTponem Bynm eputpoLnTH,
AKi gogasanu y dCh B cnisBigHoweHHi 1:1 (3a 06’emom).

YacTuHy 3paskiB 3aMOpOXKyBaM B MiKponpobipKax
ob’emom 2 mn (EnneHaopd, YKkpaiHa) 3 HEKOHTPONbLO-
BaHOM LUBMAKICTIO LIIAXOM 3aHYPEHHA B PiAgKMIA a3oT,
36epiranu 3a Temnepatypu —196°C npotarom Big 1 go 3
TUXKHIB. |HLWI 3pa3KK 3aMOpPOXKYyBan y NPOrpaMHOMY 3a-
moposkyBadi «YOM-6» (OB INKiK HAH YkpaiHu) i3 KoHTp-
0/1bOBaHMMM LWIBUAKOCTAMM OXonoaxeHHs 1 1a 3 rpaa/
XB. 3pa3Ku BiATalOBaNM Ha BOAAHIN HBaHi 3a TemnepaTypu
(40+2)°C npu NocTinHOMY NOXUTYBaHHI KOHTEHepIB.

Pe3ynbTatu gocnigyeHHs 1a ix 06roBopeHHs.

OCHOBHMM  GAKTOPOM  KPIiOYLUKOAMKEHHA  KAITUH
nif, 4ac 3aMOPOXKYBAHHA — BiATaBaHHA € YTBOPEHHA Ta
3POCTAHHA KPUCTaniB Nboay MPWU OXONOAMKEHHI Ta Mo-
Aanbwe 36inbweHHA X po3mipiB nig Yac npouecy pe-
KpucTanisauii Ha eTani HarpisaHHA. Came peKpucTanisa-
Lia Aboay NPU3BOAMUTL L0 MEXAHIYHOMO MOLUKOAMKEHHA
KNITUHHUX MembpaH, NopyLUeHHA OCMOTUYHOI piBHOBA-
M Ta, AK HacNigoK, A0 remonisy epuTpoumTiB. Y 3B’A3KY
3 MM NepLIoYeproBuUm 3aBAaHHAM AOCAIAKEHHA 6yno
BMBYeHHS BnamBy MNBC Ha nepebir pekpucTanisauinHmnx
NpoLLeCiB Y KPiO3aXMCHUX PO3YMHAX.

docpatHo-conboBmin bydpep € KOMNOHEHTOM Kpiosa-
XUCHOTMO PO34YMHY, LLLO MICTUTb OCHOBHY Ki/IbKiCTb Bi/IbHOI
BOZM, fIKa B CBOO Yepry 06YMOBIOE HAABHICTb Ta iHTEH-
CMBHICTb NPOTiKaHHA NpoLecy peKkpuctanisauii. Tomy Ha
nepwomy eTani aHanizyBann $pa3oBO-CTPYKTYpHi nepe-
TBOpeHHA y ®CB, npuainatoum ocobamsy yeary npouecy
pekpucTanizayii. Notim go ®Cb poaasanm NMBC i cnocte-
pirann Ak 36iNblIeHHS MOro KOHLEeHTpauii BNAMBAE Ha
iHTEHCMBHICTb PEKPUCTaNI3aLLIMHOIO NePeTBOPEHHS.

Ha puc. (a-e) 306paxeHo TMA-kpusi ®CE Ta pos-
ynHis ®Cb 3 pgopaBaHHaAm [BC pi3HOI KOHLEHTpaUi,
OTPMMaAHMX 33 Pi3HUX LIBUAKOCTEN OXONOAMKEHHSA (3 Ta
20 rpaa/xs).
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3 ornapy Ha Te, WO iHTEHCUBHICTb peKpucTanisauii
NbOAy Ha eTani HarpiBaHHA 3ai1eXXnTb BiA LWBUAKOCTI No-
nepeaHbOro OXONOOXKEHHA, ANA NiATBEPAXKEHHA nepe-
6iry uboro npouecy B 3pa3kax 6yn0 3aCTOCOBAHO Pi3Hi
LBUAKOCTI oxonoaxkeHHs (3 Ta 20 rpaa/xs). Bigomo, wo
KOXXHOMY NnaBneHHto TBepaoi ¢pa3u nepenye sianosia-
HWI peKpucTanisaLinHnin npouec Tiei dpakuii, Aka Haga-
ni nnasuTbea [16-18].

3a gaHMMKM TepMmomexaHiyHoro aHanisy (puc., a) y
®CBb Ha eTani HarpiBaHHA B Aiana3oHi TemnepaTyp Big,
—30 go —22°C cnocTepiraeTbcs NepervH, Nos’A3aHuin i3
peKkpucTanisauieto nepen naaBneHHAM eBTeKTUKKU PCB.
Lani Haxun TMA-KpuMBOi 3HOBY 3MiHIETbLCA BiANOBIAHO
HacTynHomy ¢a30BOMYy MepPeTBOPEHHI0, a came Nnas-
neHHto eBTeKTUKN PCB. [logasaHHs MNBC npu3BoauTb
[0 CYTTEBMX 3MiH XapaKTepHUX nepernHis Ha TMA-Kpu-
BMX. ByKe 3a HU3bKOI KoHUeHTpauii MBC (0,1%) o3HaKK
pekpucTanizayii eBtekTnkn ®CH Ha eTani HarpiBaHHA
3HMKAOTb, WO CBiAYMTb NPo 34aTHICTb MNBC edpeKTUBHO
NPWrHiYyBaTK Lel Npouec HaBiTb Y MaNnMX KOHLEHTpa-
uiax. Lle y3rogpKyerbca 3 eKCnepumeHTalbHUMWU JaHU-
MU ans 3paskis 3 MNBC, y AKMX BigNOBIAHUA NepernH y
3a3HavyeHoOMy TemnepaTypHomy iHTepsani (Big —30 Ao
—22°C) BiacyTHili (puc., 6-e). B 1ol e yac y ®Cb (puc.,
a) cnocTepiraeTbcA YiTKO BMparKeHa AiNAHKA peKkpucTa-
ni3auii 1boay, AKa NPOABAAETbCA XapaKTEPHUM nepe-
rmHom TMA-KpuBOI y TemnepaTypHOMY iHTepBani Bif,
—21 po —15°C 1a gobpe y3roaKyetbcsa 3 fiTepaTypHU-
MW A@aHUMW PO BUCOKY CXMbHICTb BOAHWUX BydepHmx
cMcTeM A0 poCTy Kpuctanis nboay [1, 2]. MoTim npouec
peKpucTanisauii iboay NoCcTynoBo nepexoauTb y dasose
nepeTBOPEHHA, LLO BiAMNOBIAAE MOro NAaBAEHHIO (TemM-
nepatypHuin inTepsan Big —15 go —5°C). 3i 3pocTaHHAM
LIBMAKOCTI OXO/IOAMKEHHA 3pa3KiB Ha TMA-KpuBux nepe-
TMH, SKUW BiANOBIAAE PEKPUCTANi3aLiMHUM NepeTBOPEeH-
HAM NboAy, € 6inbw BMparkeHui. OTpMMaHi pesynbTaTn
KOpentoTb i3 AaHUMK, HaBeaeHUMU B poboTax Thorat
A. Ta Suryanarayanan R. [19] i Han B. Ta cnigasrT. [20], ae
TaKoX byno pocnigxeHo $a3oBo-CTPYKTYpPHI nepeTBo-
peHHAa y ®CB TakMmmn meTofamu, AK KpiomikpocKonis,
AndepeHuianbHa CKaHylo4a KallopuMeTpia, peHTreHis-
CbKa AndpaKLia Ta TepMiYHUA aHanis.

[opasaHHsa MNBC go ®Cb npr3BoguTb 40 KOHLEHTPA-
LiIHO-32/1eKHOTO 3HWMMKEHHA IHTEHCUBHOCTI peKpucTa-
nisauii nbogy, MpY LbOMY TemMnepaTypHWUIA iHTepBan
nepebiry LbOro NpoLecy 3a1MLAETLCA HE3MIHHUM. Bike
33 KoHUeHTpauin Big 0,2 po 0,5% MBC BigmivyaeTbea
3HWMMKEHHSA IHTEHCMBHOCTI peKpUCTanisaLlii, a 32 KOHLEeH-
Tpauin NBC Big 1 o 1,5% 03HaKM TaKoro nepeTBopeH-
HA Ha TMA-KpUBUX MPaKTUYHO 3HUKAIOTL (pUc., €), Wo
CBigYMTb NPO edpeKTuBHe iHribyBaHHA POCTYy KpucTanis
NboAy Nif, Yac HarpiBaHHA 3a paxyHOK AoaasaHHA MBC.

OTpMMaHi AaHi y3rofKytTbCA 3 Cy4aCcHUMM yAB-
NIeHHAMM npo mexaHi3m aii MBC sk iHribiTopa npouecy
pekpucTanisaLii, nogibHo 40 NPUPOAHUX aHTUGPUSHUX
6inKkiB, AKMI nonsrae y cneymoivHin aacopbuii makpo-
MOJIEKYN MOJIiIMepy Ha MOBEPXHi KpucTaniB nbogy Ta
6/710KyBaHHi iX noganbworo pocty [6, 7]. MexaHi3m iH-
ribyBaHHa pekpuctanisauii nbogy MNBC nos’asytoTb i3
bopMyBaHHAM BOAHEBMX 3B’A3KIB MiXK MiAPOKCUABHUMM
rpynamu nosnimepy Ta NOBEPXHE N1bOAY, LLLO NepeLLKoa-
)ae npouecy pekpuctanizauii [6, 7]. OTpumaHi Hamm
OAHI WOAO0 NPUrHIYeHHA peKpucTanisauii nbogy npu
KOHUeHTpauiax MNBC 6ansbko 1% pobpe y3roaKytoTbes
3 pesynbtatammn Dyubko T. Ta cnisaBT. [7], AKi nokasanu,

wo MNBC 3 monekynsapHoto macoto 9 Kla epeKTMBHO MoO-
Andikye npouecu KpucTanisauii Ta pocty Abogy B BoAA-
HUX PO3YMHAX.

BpaxoBytounm  MOMKAMBUI  PO3BUTOK  HebarkaHMx
OCMOTUYHMUX | B'A3KICHUX epeKTiB Npu NiABULLEHHI KOH-
LeHTpauii nonimepy, Ana noganblumx GionoriyHMx go-
cnigkeHb 6yn0 06paHO KOHUEHTpaUilMHMIA Ajana3oH
MNBC po 1%. Okpim TOro, Taki KOHUEHTpaLii He Npu3Bo-
OATb 40 HAaKOMUYEHHA TOKCUYHOTO edeKTy Bif BUKOPU-
ctaHHA MNBC.

Ha HacTynHomy eTani [OCHigXeHO Kpio3axmcHy
edeKTMBHICTb po3umHis MBC nig 4ac 3aMopOKyBaHHSA
epuTpouumTiB NtogmHW. MoKa3aHo, Wo Npu HEKOHTPObO-
BaHOMY LUBMAKOMY OXO/I0AMKEHHI WwWasxom 6esnocepes-
HbOrO 3aHYpPEHHA 3paskKiB y pigKMIA a30T cnocTepirascs
NOBHUI remoi3 epUTPOLUTIB HE3aNEeXKHO Big, KOHLEH-
Tpauii MBC (Big 0,1 go 1%). Lle cBigumTb Npo Te, Wo 3a
YMOB BUCOKMX LUBUAKOCTEN OXONOAMKEHHA OCHOBHUM
MEXaHI3MOM YLUKOAMXKEHHA KNITUH € BHYTPILWHbOKNITUH-
He /IbOJIOYTBOPEHHS, AKe He MoXe ByTu nonepeaxeHe
Nvwe iHribyBaHHAM peKkpucTanisauii nbody y nosakni-
TMHHOMY NPOCTOPI.

HaTtomicTb npu NOBIABHOMY KOHTPO/1bOBAaHOMY OXO-
NOAMKEHHI 3i wBmakoctamm 1 1a 3 rpaa/xs 6yn0 BCTaHOB-
JIEHO YiTKY 3a/IEXKHICTb MiXK KOHUeHTpauieto MNBC Ta 36e-
pEeKeHicTio epuTpOLMTIB Nicns BiaTaBaHHA. Y Tabauui
HaBeZeHi AaHi Woao 36epekeHoCTi epuUTpoLLmTiB nicna
KPiOKOHCEepBYBaHHA 3 Pi3HMMMU KoHLUeHTpauiamu MNBC y
KpPiO3aXMCHOMY PO34YMHI Ta 32 Pi3HMX NOBINIbHUX WBKA-
KocTei oxonomxeHHs (1 ta 3 rpaa/xs).

Tabnuua — 36eperKeHicTb epuTPoLUTIB NPU 0X0N0-
A)KeHHi 3i weuakictio 1 1a 3 rpaa/xs B po3umnHi NBC

PeyoBuHa KoHueHTpauia MBC, % | Temonis, %
KoHTponb - 0,02+0,01
WBMAKICTb OX0N0AMeEHHSA 1 rpaa/xs
0,1 100
Po3unHum NBC 0,2 100
Y ¢°6°y¢df‘§;°"“y 0,5 92,445,1
1 84,9+2,1
LBMAKICTb OXO/I0AKEHHA 3 rpas/xs
0,1 100
Po3uunHun NBC 0,2 100
y dochaTHOMyY
6ydepi 0,5 1545,0
1 1,2+0,5

Mpu weunarocTi oxonogxeHHa 1 rpaa/xey0,11a0,2%
po3umHax [BC epuTpouMTM MOBHICTIO remonisyBanm,
TOAI AK NiABULLEHHA KOHUeHTpauii nonimepy 7o 0,5i 1%
[03BOIAN0 3MEHLUNTU piBeHb remonisy o (91,4+5,1)%
Ta (84,912,1)% BianoBigHO, ogHAK 36epeXkKeHicTb Khi-
TWUH 3anMLIaNacb HEeAOCTAaTHLOK ANA MPAKTUYHOrO 3a-
cTocyBaHHA. Hallkpalli pesynbtat 6ynm oTpumaHi npu
OXONOAMKEHHI epuUTpoLMTIB 3i WBKAKICTIO 3 rpaa/xs. 3a
Takmx ymoB y 0,5% po3uuHi MNBC piBeHb remonisy cTtaHo-
BMB (1515)%, Toai AK y 1% po3uunHi MBC KinbKicTb 3pyii-
HOBaHMX KAITUH 3HUXKyBanack Ao (1,2+0,5)%. Taka Buco-
Ka 36eperkeHicTb epuUTPoLMTIB CBIAYMTL NP0 ePEKTUBHY
Kpio3axucHy aito MNBC 3a yMOB NOBi/IbHOrO OXO/NOAMKEH-
HS, WO, MMOBIPHO, NOB’A3aHO 3 ONTUMaNbHUM BanaH-
COM MiX AerigpaTaluieto KAiTUH, 3MeHLWeHHAM 06’emy
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PucyHok — TMA-kpusi ®CB (a) Ta po3umHis ®CB 3 pogasaHHam MNBC (6 — 0,1%, 8 —0,2%, r—0,5%, A — 1%, e — 1,5% BignoBigHO) 3a ogHaKo-
BUX YMOB €KCNEPUMEHTY: LBUAKICTb oXonogKeHHs 3 rpaa/xs (kpuei ——) a6o 20 rpaa/xs (Kpusi —), WBMAKICTb HarpiBaHHA 1 rpaa/xs.
Bi/IbHOT BOAM Ta MPUTrHiYEHHAM MPOLECiB peKpuctaniza- 6e3 3acTocyBaHHSA MiLepuHy. ABTOpPU TeXK MOB'A3YIOTb

uii nboay.
MopibHi pesynsbtaty onucani Deller R. Ta cnisasr. [9], ) o )
AKi MOKa3ann MOXKAUBICTb ePEKTUBHOIO KPiOKOHCEpPBY- KpUCTanIB SIbOAY B MEKK/IITUHHOMY NPOCTOPI, WO y3roA-

BAHHA €PUTPOLMTIB i3 BUKOPUCTAHHAM nosimepiB — IRl JKYETbCA 3 OTPUMAHUMM HAMU JAHUMM.

niasuLEeHy 36epeXKeHicTb KAITUH i3 NPUrHIYeHHAM poCTy
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BogHouyac nitepaTypHi AaHi cBigyaTb, WO edek-
TMBHicTb MBC 5K KpionpoTeKkTopa moXe OyTW KANiTUH-
Ho-cneumdiyHo. 30Kpema, NokasaHo, Wo ANs TPOM-
6ouuTie goaasaHHs MBC He NpM3BOAUTL A0 CYTTEBOTO
NiABULEHHA 36epeKeHOCTi NiCA 3aMOPOXKYBaHHSA, WO
nos’A3ytoTb 3 iHWKUMKU cneundiyHUMK ONA OaHUX KAi-
TUH MeXaHi3MaMW YLLIKOAMKEHHS, He MOB’A3aHNMM 3 pe-
KpucTanisauieto nboay [21]. Lle niakpecntoe, wo Kpiosa-
xucHa ajia MBC Hainbinbw edpeKTUBHO peanizyeTbca came
B CUCTEMAX, A€ PEKPUCTANi3aLia 1boay € BU3HAYAAbHUM
baKTOPOM KPiOYyLUKOAMKEHHA, 30Kpema ANA epuTpoLm-
TiB.

TakKMM YMHOM, pPe3ynbTaTV BAACHUX AOCNIAKEHb Y
NOEAHAHHI 3 AaHUMM NiTepaTypu NiATBEPANKYIOTb, LLO
MBC 3 monekynapHoto macoto 9 k[la € makpomoneky-
NIAPHOIO CNOJIYKOO, IKa MOKe BYTU BUKOPUCTaHA Y CKNa-
AOi KpiO3aXMCHUX cepefioBULL, ANA KPiIOKOHCEPBYBAHHA
€PUTPOLLUTIB NIOANHUN 3 METOHO iHTiByBaHHA peKpucTani-
3aLjiiHnx npouecis. Moro KpiosaxucHa gis peanisyeTbes
nepeBaXHO 32 YMOB KOHTPOJIbOBAHOIO NMOBIZIbHOTO OXO-
JIOAKEHHS, WO HeobxigHO BPaxoByBaTU Mpu po3pobui
NPOTOKO/IB HU3bKOTEMMNEPATYPHOIO 36€epiraHHA KNiTUH-
HUX KOMMOHEHTIB KPOBI.

BucHoBKM.

MeToaom TepMOMEXaHIYHOro aHani3y NokKasaHo, Lo
popasaHHA MBC 3 moneKkynAapHoto macoto 9 ka ao ®Cb
NpPU3BOAUTb [0 KOHLEHTPALiMHO-3a1EeXKHOr0 iHriby-
BaHHA peKkpucTanisauii abogy. MNpu KoHueHTpauiax MNBC
6An3bKo 1% peKpucTanisauivHi NepeTBOpPeHHA MpakK-
TUYHO BIACYTHI, WO CBig4YMTb NPO BUCOKY IRI-aKTUBHICTb
nonimepy.

BctaHOBNEHO, WO 332 YMOB HEKOHTPOJIbOBAHOTO
LUBUAKOFO OXOJIOAMEHHA LUNAXOM 3aHYPEHHSA Yy PigKuit
a30T CrocTepiraeTbCA MOBHWIA remonis epuTpouuTis
He3aneXHo Big, KoHueHTpauii MBC. Hahkpawa 36e-
PEXEHICTb epuUTPOLMTIB A0ocAranacAa npu MoBiIbHOMY
MPOrpaMHOMY OXOJIOAMKEHHI 3i WBMUAKICTIO 3 rpas/xs
y npucyTHocTi 1% po3unny MBC, npn akomy piBeHb re-
MoONi3y nicns BigTaBaHHA He nepesuwysas (1,210,5)%.
OTpuMmaHi pe3ynbTaTu cBig4vaTtb, wo MBC € nepcnekTms-
HMM KOMMOHEHTOM KPiO3axXMCHUX cepesoBULL ANA Kpio-
KOHCEepPBYBaHHA epUTPOLMTIB JIIOANHM 32 YMOB KOHTpPO-
JIbOBAHOTO NOBIZIbHOTO OXONIOAMKEHHA.

MepcnekTMBM NOAANbLUNX AOCNIAMXKEHD.

Mopanbwi AOCNIgKEHHA AOUINbHO CpAMYBaTM Ha
po3po6KYy 6araTOKOMMNOHEHTHUX KPiO3aXMCHUX cepeso-
BuL, Wo mictatb MNBC y NOEAHAHHI 3 iHWMMN eHAaoLe-
NIONAPHUMM KPIONPOTEKTOPAMM 3 METOK 3HMMKEHHA iX
KOHUEHTpaLil i niaBuweHHA 3aranbHOi epeKTUBHOCTI
Kpio3axucty 6ionoriyHnx o6’eKTiB Mif, 4ac iX KPiOKOH-
cepByBaHHA.

MepcnekTMBHUM € BUBYEHHA BMJIMBY MONEKYAAPHOI
Macu Ta KoHUeHTpauili MBC Ha 36epeKeHicTb epuUTpoLm-
TiB MiC/1IA 3aMOpPOXKYBaHHA — BiATaBaHHA B HACNIOK iH-
ribyBaHHA pekpucTanisauii nboay, a TAKOX JOCNIAKEHHA
OCMOTUYHMX | PEONOFIYHNX BACTUBOCTEN KPiO3aXMCHUX
po3uuHiB 3 BmicTom MMBC.

OTpuMaHi pe3ynbTaTv MOXyYTb ByTn BUKOPUCTaHI AK
HayKoBe MiArPYyHTA ANA ONTMMI3aLii MPOTOKONIB Kpio-
KOHCEPBYBAHHA KNITUHHMUX KOMMOHEHTIB KPOBi Ta po3-
WMpeHHA 3actocyBaHHA MBC y TexHoNoriax HU3bKOTEM-
nepatypHoro 36epiraHHa 6ionoriyHnx 06’eKTiB.
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BUKOPUCTAHHA NOAIBIHIZIOBOIO CUPTY Y CK/ZIAAI KPIO3AXUCHOIO PO34UHY NMPU KPIOKOHCEPBYBAH-
HI EPUTPOLMUTIB NIOAUHU

Bo3atok A. B., Centota A. A., NMonakosa . /1., lypiHa T. M.

Pe3tome. KpioKoHCepBYBaHHA KAITUHHUX KOMMOHEHTIB KPOBIi € Ba*K/IMBUM HaNpPsAMOM Cy4acHoT biomeauumnHu Ta
TpaHcdysionorii, npote ePeKTUBHICTb LbOro NPOLLeCy 3HAYHOK MiPOD 0OMEKYETHCA YLIKOAMKEHHAMM KNITUH, NOB’A-
3aHUMW 3 YTBOPEHHAM i PeKpUCTaNi3aLiErd KpMCTanis Aboay Nif, Yac-3aMOpPOXKYBaHHA — BiATaBaHHA. TpaguLiiHi
NPOHMKHI KpioNPOTEeKTOPK, TaKi AK rniLepuH abo gumetuncynbdokeng, xoua i 3abe3neyyoTb 3aXMCT KAITUH, O4HaK
XapaKTepPU3YOTbCA LIUTOTOKCUYHICTIO Ta NOTPebYyoTb CKNAAHMX Npoueayp BUAANEHHA MICAA PO3MOPONKYBAHHA. Y
3B’A3KY 3 LM aKTya/IbHUM € MOLYK aNibTEPHATUBHUX HEMPOHUKHUX KPIONPOTEKTOPIB, 34aTHUX ePEKTUBHO iHFibY-
BaTM PiCT i peKpucTanisaLito 1boay y No3aKkAITMHHOMY NpocTopi. Y npeactaBieHiin poboTi AocnigKeHo MOXKANBICTb
BMKOPUCTaHHA nonisiHinosoro cnupty (MBC) 3 MmonekynsapHoto macoto 9 Ka AK KOMMNOHEHTa KPio3axMCHOTo po3yn-
HY AN KPiIOKOHCEPBYBaHHA epUTPOLUTIB NI0AMHU. BMBYEHO BNAMB KOHLEeHTpauin MBC y aianasoHi Big 0,1 go 1,5%
Ha nepebir $pa3oBO-CTPYKTYPHUX NEPETBOPEHb Y BOAHMX PO3UMHAX Ta 3a/1€XKHICTb 36eperKeHOCTi epuTpounTis nicns
3aMOPOXKYBaHHA — BiATaBaHHA Bif, LbOro NOKasHWKa. A aHanisy pekpucranisauii 1bofy 3acTOCOBYBaAN MeETOL,
TEPMOMEXaHIYHOro aHanisy. BM3Hayanu TemnepaTtypHi iHTepBaan $pa3oBMX NEPETBOPEHb i OLIHIOBANU iHribytouy
Aito MBC Ha peKpu1cTanisauiiHi npouecu.

MokasaHo, Wwo 36inbweHHA KoHueHTpauii MBCy pocdaTHO-coboBOMY Bydepi NpM3BOANTL A0 NOCTYNOBOrO NPU-
rHiYEeHHA peKkpucTanisalii 1boay, a 3a KoHLUeHTpauin Big 1 ao 1,5% BiabyBaeTbca maiyke NoOBHE iHribyBaHHA LbOro
ABuwWa. JocnigreHHa Kpio3axucHoi aii NBC Ha epuUTpoLUTM NOAUHU CBIAYNTD, WO ePEKTUBHICTb 3aXMUCTY KAITUH
3aN1EeXMUTb Bif, LUBUAKOCTI OXONOAMKEHHSA. 1PN HEKOHTPOIbOBAHOMY OXO/I0AMKEHHI LAAXOM 3aHYPEHHA Y PigKMi a30T
cnocTepiraBcA NOBHUIM remMoni3 KNiTUH He3aexXHo Big KoHueHTpauii MBC. BogHovac npu NOBiIbHOMY NPOrpamHoOMy
OXO0/I04KEHHI 3i WBKMAKICTIO 3 rpaa/xB y po3unHax 0,5 Ta 1% MNBC gocArHyTo BUCOKOrO piBHA 36eperkeHoCTi epuTtpo-
umTiB. MiHiMmanbHMA remoni3 3adikcoBaHo y 1% po3uumHi MNBC.

OTpumaHi pe3ynbtaTi cBigyaTh, Wo MBC € HETOKCMYHOK MaKPOMOJIEKYNAPHOID CNOYKOD, 34aTHO NPOABAATU
Kpio3axMCHi BNACTUBOCTI WAAXOM iHFibyBaHHSA pekpucTtanisauii abogy. 3actocyBaHHs MBC AK camoCTiliHOT pe4yoBUHM
abo y cknagi 6araTOKOMMNOHEHTHUX KPi03aXMCHUX CepefoBULLY € NePCNEeKTUBHMM HAMPAMOM 418 BAOCKOHANEHHA
METOZA,iB KPIOKOHCEPBYBAHHA EPUTPOLMTIB NOOUHMN.

KnwuoBsi cnoBa: KpioKoHcepByBaHHSA, $a30Bi NepeTBOPEHHS, peKpucTanisauis ibody, NoAiBiHIIOBUA CNNPT,
ePUTPOLLUTU NOANHMN.

USE OF POLYVINYL ALCOHOL AS A COMPONENT OF CRYOPRESERVATIVE SOLUTION TO CRYOPRESERVE HUMAN
ERYTHROCYTES

Hvozdiuk Ya. V., Seliuta A. A., Poliakova H. L., Gurina T. M.

Abstract. Cryopreservation of cell blood components is an important direction of modern biomedicine and
transfusion medicine; however, the effectiveness of this process is largely limited by cell damage associated with
the formation and recrystallization of ice crystals during freeze-thawing. Traditional permeable cryoprotectants,
such as glycerol or dimethyl sulfoxide, although they provide cell protection, are characterized by cytotoxicity and
require complicated removal procedures after thawing. In this regard, the search for alternative impermeable
cryoprotectants capable of effectively inhibiting the ice growth and recrystallization in the extracellular space is
relevant. In this research the possibility of using polyvinyl alcohol (PVA) with a molecular weight of 9 kDa as a
component of a cryoprotectant solution for cryopreservation of human erythrocytes was investigated. The effect
of PVA concentrations in the range from 0.1 to 1.5% on the course of phase-structural transformations in aqueous
solutions and the dependence of erythrocyte preservation after freeze-thawing on this parameter were studied. The
method of thermomechanical analysis was used to analyze ice recrystallization. The temperature intervals of phase
transformations were determined and the inhibitory effect of PVA on recrystallization processes was evaluated.
Increased concentration of PVA in phosphate-saline buffer has been shown to lead to a gradual inhibition of ice
recrystallization, and at concentrations from 1 to 1.5%, this phenomenon is almost completely inhibited.

The study of the cryoprotective effect of PVA on human erythrocytes shows that the effectiveness of cell
protection depends on the cooling rate. With uncontrolled cooling by immersion in liquid nitrogen, complete
hemolysis of cells was observed regardless of the PVA concentration. At the same time, with slow programmed
cooling at a rate of 3 deg/min in 0.5 and 1% PVA solutions, a high level of erythrocyte preservation was achieved.
Minimal hemolysis was recorded in 1% PVA solution.

The findings indicate that PVA is a non-toxic macromolecular compound capable of exhibiting cryoprotective
properties by inhibitingice recrystallization. The use of PVAasan independent substance or as part of multicomponent
cryoprotective media is a promising direction for improving methods of cryopreservation of human erythrocytes.

Key words: cryopreservation, phase transition, ice recrystallization, polyvinyl alcohol, human erythrocytes.
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Dychko D. V., Dychko O. A., Kurylchenko I. Yu., Kushakova I. V., Klimenko Yu. S., Dychko V. V.

PHYSIOLOGICAL FEATURES OF ADAPTIVE STRESS IN YOUNG FEMALE FUTSAL PLAYERS
State higher educational institution «Donbas State Pedagogical University»
(Sloviansk - Dnipro, Ukraine)
v.v.dichko@ukr.net

Physical exertion in sports triggers a systemic reorganization of the body’s requlatory mechanisms, which occurs
through neuroendocrine and immune interactions and leads to the development of long-term functional adaptation.
During adolescence, when growth and maturation are not yet complete, homeostatic stability is relatively fragile,
increasing the risk of overexertion and the development of adaptive stress. This is particularly relevant for team
sports, specifically futsal, which is characterized by high-intensity interval training, frequent changes in pace, and
significant psycho-emotional stress.

The aim of the study was to assess the level of adaptive stress in 15- to 16-year-old female futsal players based
on immunohaematological parameters of peripheral blood.

A group of athletes who train regularly and a control group of otherwise healthy peers without regular athletic
training were examined. We determined the total white blood cell count and the white blood cell differential using
the Romanovsky-Giemsa method, and calculated the integral adaptation index. Statistical significance was assessed
using Student’s t-test.

No statistically significant differences were found in total white blood cell count or red blood cell parameters
between the groups. Female athletes showed an increase in the proportion of band neutrophils without the devel-
opment of leukocytosis, indicating mobilization of the bone marrow reserve and training-induced activation of the
immune system. The values of the adaptation index corresponded to control indicators, with a state of calm activa-
tion - characteristic of physiological adaptation - predominating.

Regular futsal training during adolescence contributes to the formation of an adequate adaptive response in the
body without signs of chronic adaptive stress, confirming the safety of rationally dosed physical activity.

Key words: futsal, adolescents, adaptation, adaptive stress, immunohematological parameters.
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