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Nanomaterials based on rare earth metals have become widely used in medicine for radiotherapy for patients
with cancer. However, irradiation of nanoparticles (NP) generates many short-range electrons, which can cause their
modification. Polyethylene glycol-400 (PEG-400) is a cell-impermeable substance that can adsorb on the membrane
surface, causing changes in its structure and charge value, being incorporated into its hydrophobic regions and in-
teracting with the fatty acid tails of phospholipids or hydrophobic regions of integral proteins. The fluorescent probe
010 (2-(2-hydroxy-phenyl)-5-phenyl-1,3-oxazole) was used to study the state of rat erythrocyte membranes under
the influence of NP (with and without irradiation) and PEG-400, whose fluorescence parameters depend on the po-
larity and proton donor capacity of its microenvironment. Since an increase in the hydration of the lipid bilayer of
cell membranes leads to an increase in the proton donor capacity and polarity of the membrane environment, the
010 probe can be used to detect changes in the hydration of lipid membranes. An experimental study of the fluores-
cence spectrum of the O10 probe in a suspension of rat erythrocytes exposed to polyethylene glycol-400 indicates
the formation of an additional shell of its molecules on the surface of the membranes. The study of the fluorescence
spectrum of the 010 probe in the suspension of erythrocytes from rats exposed to NP of yttrium gadolinium ortho-
vanadate activated with europium at doses of 100 ug/kg and 200 ug/kg, both under conditions of their preliminary

UV irradiation and without it, did not reveal any changes in the erythrocyte membranes.
Key words: yttrium gadolinium orthovanadate, nanoparticles, fluorescence of probe 010, polyethylene gly-

col-400, rat erythrocyte membranes.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work “In-
vestigation of the effectiveness, mechanisms of action
and safety of the use of rare earth element orthovana-
dates nanoparticles for optimisation of radiotherapy
in oncological pathology”, state registration number
0121U110920.

Introduction.

Due to their low toxicity and unique optical prop-
erties, nanomaterials based on rare earth metals are
increasingly being used in fields such as biology, phar-
macology, and medicine [1-5]. In the medical field,
nanoparticles (NPs) are of particular interest both for
creating systems for targeted delivery of biologically
active substances to target organs and as a noninvasive
tool in biological and chemical research [6-8].

The most common is the use of colloidal solutions
containing lanthanide ions, in particular, stable gadolin-
ium compounds, which are characterised by high solu-
bility, biological compatibility and low toxicity, used as
magnetic resonance contrast agents in radiotherapy
for patients with cancer [9-12]. However, irradiation of
NPs with a photon beam generates many short-range
electrons, and Auger cascades, causing a modification
of NPs. These chemical transformations can result in
increased generation of reactive oxygen species (ROS),
which subsequently leads to more significant cytotox-
icity and genotoxicity to tumours [13-15]. It has been
demonstrated that NPs can have not only antioxidant
but also prooxidant effects, so their effect can be consid-
ered, on the one hand, as favourable and, on the other
hand, as unfavourable, depending on the nature of NPs,
their shape, size, dose, and environment [16-20].

There is a danger of developing pathological condi-
tions caused by nanomaterials, so finding out the caus-
es of the toxic effects of NP is one of the experimental
areas of modern medicine. At present, more than 2000
types of NPs are known, but none of them has been
thoroughly studied. The number of reports on the toxic
effects of NP is increasing [21-25]. Upon ingestion, NPs
can be transported through blood vessels and accumu-
late in various organs, including the liver, heart, kidneys,
spleen, bone marrow, and other organs and tissues,
where they can cause pathological changes [6-8], which
indicates the relevance of this study. There are few stud-
ies on the use of nanomaterials in radiotherapy in which
various effects are possible as a result of the synergy of
factors.

In our study, we determined the effect of polyeth-
ylene glycol-400 (PEG-400) on various cell systems and,
first of all, on plasma membranes, particularly on its
surface and hydrophobic properties [12-16]. Accord-
ing to the research of L. A. Babiychuk [7-10], PEG-400
is a non-penetrating substance that can adsorb on the
membrane surface, causing changes in its structure and
charge. With its lipophilic groups, PEG-400 can be in-
corporated into hydrophobic areas of the plasma mem-
brane, interacting with the fatty acid tails of phospho-
lipids or hydrophobic regions of integral proteins. Due
to the polar groups in its structure, PEG-400 can inter-
act with hydrophilic regions of molecules, in particular
with the polar heads of phospholipids [21-23]. We chose
PEG-400 as a model object of influence on the erythro-
cyte membrane in vivo.

The fluorescent probe 010 (2-(2¢-hydroxy-phenyl)-
5-phenyl-1,3-oxazole) was used to study the state of rat
erythrocyte membranes under the conditions of expo-
sure to NP (with and without irradiation) and PEG-400,
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whose fluorescence parameters depend on the polarity
and proton donor capacity of its microenvironment [15-
18].

The aim of the study.

To evaluate the state of erythrocyte cell membranes
in rats using the fluorescent probe 010 under the influ-
ence of yttrium gadolinium orthovanadate nanoparticles
activated with europium at doses of 100 pg/kg and 200
ug/kg, both under conditions of their preliminary UV ir-
radiation and without it and polyethylene glycol-400 at a
dose of 2.89 g/kg (1/10 LD, ).

Object and research methods.

Samples of chemically pure substances with regu-
lated physicochemical characteristics were used in the
study: synthesized polyethylene glycol-400 (PEG-400)
(Barva-Pharm, Ivano-Frankivsk) and yttrium gadolinium
orthovanadate nanoparticles activated with europium
GdYVO,:Eu*. Gadolinium gadolinium orthovanadate
nanoparticles with europium impurity GdVO4:Eu3+
were provided for the study by the Institute of Scintil-
lation Materials of the National Academy of Sciences
of Ukraine (Department of Nanostructural Materials
named after Y. V. Malyukin, Kharkiv, Ukraine).

Polyethylene glycol-400 (PEG-400) is a colourless
viscous liquid with a characteristic odour and a bitter,
slightly burning taste, highly hygroscopic. Density: 1.1-
1.2 g/cm 3; flash T 182-287 C. Melting point 4-8°C. Solu-
ble in many organic solvents: benzene, carbon tetrachlo-
ride, chloroform, dimethylformamide, acetonitrile.

The experimental part of the study was carried out
following the general ethical principles adopted by the
First National Congress of Ukraine on Bioethics (Kyiv,
2001), the provisions of the European Convention for the
Protection of Vertebrate Animals (Strasbourg, 1986) and
the Council Directive 86/609/EEC (1986), Law of Ukraine
No. 3447-IV of 21.02.2006 «On the Protection of Ani-
mals from Cruelty». The experiment was carried out on
sexually mature (6-8 months old) white male WAG rats
weighing 200-250 g obtained from the research and ex-
perimental clinic of Kharkiv National Medical University.
The study was conducted during an experiment lasting
14 days under exposure to GdYVO,:Eu* and PEG-400.

The experimental animals were kept in standard
vivarium conditions with a 12-hour day/night regime.
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Figure 1 — Scheme of the intramolecular proton phototransfer
reaction (IMPPT) in 2-(2'-OH-phenyl)-5-phenyl-1,3-oxazole (010
probe). The up arrow indicates electronic excitation, and the down
arrow indicates light emission (fluorescence).

According to the standards, animals received sufficient
water and granular feed ad libitum [15-21].

Water and aqueous solutions of NPs were admin-
istered orally to rats using a pipette with a tip, and an
aqueous solution of PEG-400 was administered intragas-
trically using a metal probe daily in the morning on an
empty stomach.

The experiment was conducted on 36 sexually ma-
ture male rats of the WAG population, randomly divided
into six groups (6 animals in each group). The first group
was the control group (rats received drinking water);
groups 2 and 3 were animals injected with aqueous solu-
tions of gadolinium yttrium orthovanadate for 14 days,
respectively, at a dose of 100 pg/kg body weight (group
2, Gd-100) and 200 pg/kg (group 3, Gd-200); groups
4 and 5 — animals receiving a similar dose of aqueous
solutions of nanoparticles for 14 days, i.e. 100 pg/kg
(group 4, Gd(UV)-100) and 200 pg/kg (group 5, Gd(UV)-
200), which were pre-irradiated with UV light in quartz
cuvettes, UV radiation source «Quartz-125» (A=200+400
nm) for 20 min at a distance of 1=20 cm. The sixth group
of animals received an aqueous solution of PEG-400 at a
dose of 2.89 g/kg body weight.

At the end of the experiment on day 14, the animals
were anaesthetised by cervical dislocation [15-22]. All
manipulations were performed from 8:30 to 10:00 under
standard conditions. During the experimental part of the
study, the general condition of the animals, as well as
water and feed intake, was monitored every day except
for weekends. Blood was collected in sterile tubes con-
taining K2 EDTA Vacutainer (BD Vacutainer). Red blood
cells were separated from plasma by centrifugation for
15 min at 3000 g on a UNIVERSAL 320 R centrifuge. The
leukocyte film and supernatant were removed by aspi-
ration. The erythrocyte suspension was washed three
times by centrifugation at 1500 g for 3 min in a 10-fold
volume of phosphate-salt buffer (0.15 mol/L NaCl, 0.01
mol/L phosphate buffer, pH 7.4) [13-19].

The fluorescent probe 010 (2-(2¢-hydroxy-phenyl)-
5-phenyl-1,3-oxazole) was used to study the state of rat
erythrocyte membranes under the influence of NP and
PEG-400. Its fluorescence is sensitive to changes in the
polarity and proton-donating capacity of its microenvi-
ronment [8-14].

When the 010 probe is in the excited electronic
state, an intramolecular proton phototransfer reaction
(IPPT) occurs [3-5]: the hydroxyl group in the ortho po-
sition of the lateral benzene ring acts as a proton donor,
and the nitrogen atom of the oxazole ring acts as a pro-
ton acceptor (fig. 1). This reaction results in the forma-
tion of the phototautomeric form (T*). The photoprod-
uct has fluorescence in a much longer wavelength region
of the spectrum compared to the original (or so-called
«normal») form (N*) [12-17].

The presence of dual-band fluorescence allows for
ratiometric measurements, i.e., the ratio of fluorescence
intensities of the phototautomeric form and the original
form (I../1..) is used as a parameter for assessing chang-
es in the physical and chemical properties of the 010
probe microenvironment: for example, with increasing
polarity and/or proton donor capacity of the medium,
the ratio I/l . decreases [5-7].

The use of ratiometric fluorescent probes eliminates
the measurement error caused by deviations in the con-
centration of the fluorescent probe (e.g., uneven con-
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tent of the fluorescent probe in different membranes),
as well as measurement errors due to deviations in the
configuration and adjustment of fluorescence measure-
ment equipment (e.g., due to changes in photodetector
sensitivity, deviations (fluctuations) in the intensity of
the excitation light source, etc.) [8-14].

Since an increase in the hydration of the lipid bilayer
leads to an increase in the proton donor capacity and
polarity of the membrane medium [6], the 010 probe
can be used to detect changes in lipid membrane hydra-
tion [10-12]. Given that changes in membrane hydra-
tion, in turn, are associated with changes in membrane
lipid order [5-8], the 010 probe can indicate the latter.

In phospholipid membranes, the 010 probe is lo-
cated (fig. 2) in the region of glycerol residues of phos-
pholipids (closer to the centre of the lipid bilayer), in the
area of carbonyl groups of phospholipids, and the region
of fatty acid chains of phospholipids near the region of
carbonyl groups of phospholipids [15-21].

The state of the lipid bilayer of the cell membranes of
rat erythrocytes toxicated with PEG-400 was determined
using the fluorescent probe 010 in physiological solu-
tions [17]. The fluorescent probe was dissolved in ace-
tonitrile to an initial concentration of 2:10-4 mol/L; 10
uL of the corresponding probe solution was added to 2
ml of erythrocyte suspension. The final concentration of
the probe in the suspension of the studied membranes
was 1-10-6 mol/L. Thus, the molar ratio of lipid/probe
was 1000:1. The fluorescence spectra were measured
using a Hitachi 850 spectrofluorometer (Japan) one hour
after the probes were added to the cell suspension. The
fluorescence spectra of the probes were measured in
the region of 340-600 nm at a slit width of 5 and 5 nm,
respectively, and an excitation wavelength of 330 nm.

In the case of fluorescence measurements of the
010 probe in suspensions of rat erythrocytes toxicised
with yttrium gadolinium orthovanadate, the cells were
stained with the fluorescent probe by adding an ali-
quot of the initial probe solution in acetonitrile to the
cell suspensions: the final probe concentration was
~5-10-6 mol/L. Before measuring fluorescence, the cell
suspensions were incubated with the probe at room
temperature for 1 hour. A PerkinElmer FL8500 spectro-
fluorometer was used to measure the emission of the
probe in the range of 340-550 nm. Other parameters of
fluorescence acquisition: spectrum scan increment was
0.1 nm, emission scan rate was 240 nm/min, excitation
wavelength was 330 nm, excitation and emission band
gaps were 5 nm.

Research results and their discussion.

Figure 3 shows the results of measurements of the
fluorescence of the 010 probe bound to erythrocytes of
rats toxicated with the xenobiotic (XB) PEG-400 in com-
parison with the fluorescence of the probe in solution
with erythrocytes of the control group of rats.

According to fig. 3, in the case of animals admin-
istrated with PEG-400, the ratio of intensities of the
long-wave (emission of the phototautomeric form of
the probe [4-7]) and short-wave (emission of the nor-
mal form of the probe [9-16]) fluorescence bands of the
probe practically did not change compared to the cor-
responding value for the control group of rats: the ratio
of fluorescence intensities of | was 110 and 108,
respectively.
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Figure 2 — Localisation and orientation of the fluorescent probe 010
in phospholipid membranes. Two molecules of 1,2-dipalmitoyl-
phosphatidylcholine from the outer lipid bilayer of the membrane
are shown to indicate the localisation of the probe.

Thus, as a result of PEG-400 exposure, no changes
were observed in the area of localisation of the 010
probe, i.e. in the region of glycerol residues of phospho-
lipids (closer to the centre of the lipid bilayer), in the re-
gion of carbonyl groups of phospholipids and the region
of fatty acid chains of phospholipids near the area of car-
bonyl groups of phospholipids.

However, in the case of erythrocytes from rats toxi-
cated with PEG-400, a marked decrease in the fluores-
cence intensity of the probe used was observed, indi-
cating a reduction in the number of probe molecules
that bound to erythrocyte membranes during one hour
of incubation. The decrease in the rate of probe binding
to the membranes can be explained by the formation
of an additional protective membrane around each lipid
membrane [15-20], consisting of PEG-400 molecules
that were adsorbed on the surface of the erythrocyte
membrane.

The dynamics of the fluorescence intensity of the
probe were recorded, as well as the absence of changes
in the area of glycerol residues of phospholipids, in the
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Figure 3 — Fluorescence spectrum of the 010 probe in solution
with rat erythrocytes under the influence of PEG-400 compared to
the spectrum of 010 in the solution of erythrocytes of the control

group of rats.
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Figure 4 — Representative fluorescence spectra of the 010 probe
in rat erythrocyte suspensions: (a) control sample, (b) under the
influence of NP of yttrium gadolinium orthovanadate activated with
europium GdYVO4:Eu3+ and under irradiation.

Table — Ratio of fluorescence intensities of normal and
phototautomeric forms (IT*/IN*)a of the 010 probe in rat
erythrocyte membranes after exposure to NP of yttrium
gadolinium orthovanadate activated with europium (GdYVO4:
Eu3+) under UV irradiation and without it

nificant changes in the 010 spectrum were recorded in
the rat erythrocyte suspension after exposure to yttri-
um gadolinium orthovanadate activated with europium
(GdYVO,:Eu*) under UV irradiation, both under UV con-
ditions and without it.

The absence of changes in the IT*/IN* ratio of the 010
probe in rat erythrocytes exposed to yttrium gadolinium
orthovanadate activated with europium (GdYVO4:Eu3+)
under UV irradiation and without it, compared to the
corresponding ratio for control cells, indicates that there
are no changes in membrane hydration in the probe area
under the action of nanoparticles: in the area of glycer-
ol residues of phospholipids (closer to the centre of the
lipid bilayer), in the area of carbonyl groups of phospho-
lipids and the area of fatty acid chains of phospholipids
near the area of carbonyl groups of phospholipids. The
absence, as mentioned above, of changes in hydration,
in turn, indicates the absence of changes in the order of
membrane lipids [23-25].

Thus, in comparison with the control
sample of erythrocyte suspension, no
changes in rat erythrocyte membranes were
recorded under the influence of NP gadolin-
ium yttrium orthovanadate activated with

] europium (GdYVO,:Eu*) even at the maxi-
fluﬁiézgrfmce mum concentrations of NP (200 pg/kg) and
Groups of rats after exposure to NP of gadolinium intensities of | UV irradiation.
No. yttrium orthovanadate activated with europium normal and Conclusions.

(GdYVO,:Eu*) under UV irradiation and without it phototautomela'ic 1. The experimental study of the fluo-
forr{,‘;o(:;/l”‘) rescence spectrum of the 010 probe in the
suspension of erythrocytes of rats exposed
1 | Control group 17 to 14 days of intragastric administration of
2 | GdYVO,: Eu**in a dose of 100 pg/kg 1.67 PEG-400 at a dose of 2.89 g/kg of the animal
3 |GdYVO,: Eu**in a dose of 100 pg/kg and UV irradiation 1.74 body (1/10 of the LD, ) indicates the forma-
4 | GAYVO,: Euin a dose of 100 pg/kg 172 tion of an additional membrane of polyeth-
— — ylene glycol-400 molecules on the surface

5 |GdYVO,: Eu**in a dose of 100 pg/kg and UV irradiation 1.72 of erythrocyte membranes.

Notes: @ — the relative error in determining |T*/|N is less than 6%.

area of carbonyl groups of phospholipids and the area of
fatty acid chains of phospholipids of erythrocytes of the
experimental group of animals, treated with PEG-400 at
a dose of 1/10 LD, is evidence of the formation of an
additional membrane of polyethylene glycol-400 mole-
cules on the surface of erythrocyte membranes in vivo,
which is adsorbed on the membrane surface.

In the next series of experimental studies, the state
of rat erythrocyte membranes under the influence of NP
yttrium gadolinium orthovanadate activated with eu-
ropium (GdYVO,:Eu*) was studied: the results of mea-
surements of the fluorescence spectra of the fluorescent
probe 010 bound to erythrocytes are shown in figure 4
and table.

In comparison with the corresponding spectrum of
the 010 probe in the case of the control sample, no sig-

2. The study of the fluorescence spec-
trum of the 010 probe in the suspension of
erythrocytes of rats exposed to 14 days of exposure to
NP of gadolinium gadolinium orthovanadate activated
with europium at doses of 100 ug/kg and 200 ug/kg of
the animal body, both under UV irradiation and without
it, did not reveal any changes in the erythrocyte mem-
branes of rats, even at the maximum concentrations of
NP (200 pg/kg) and UV irradiation.

Prospects for further research.

The obtained results of using gadolinium yttrium or-
thovanadate nanoparticles, activated by ultraviolet irra-
diation or not, provide new grounds for further testing
and implementation of the approach in clinical practice
to improve the effectiveness of radiation therapy in pa-
tients with cancer without negative consequences.
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AOCNIAXEHHA CTAHY MEMBPAH EPUTPOLUTIB KPOBI LLYPIB 3A 4ONOMOIoKo
®J/TYOPECUEHTHOIO 30HAA 3A YMOB B/inBY HAHOYACTUHOK OPTOBAHAZIATY
FAAONIHIKO ITPIKO TA NONIETUNEHTNIKO/IO-400

XapKiBCbKUIA HaLiOHaNbHUIT MeauUHUIA yHiBepcuteT (M. XapkKiB, YKpaiHa)
2HauioHanbHUM TEXHIYHMI YHiBepcuTeT «XapKiBCbKUA NOAITEXHIYHUI IHCTUTYT» (M. XapKiB, YKpaiHa)
ai.bezrodna@knmu.edu.ua

HaHomamepianu Ha OCHosi piOKo3emMesnbHUX Memasie MoYasau WUPOKO BUKOPUCMO8y8amuca 8 MeduyuHi
npu nposedeHHi npomeHesoi mepanii NAUIEHMAM 3 OHKOMO02IYHUMU 30X80PHOBAHHAMU. OOHAK OMPOMIHEHHSA
HaHoyacmuHok (HY) eeHepye 8enuKy KinbKicmos enekmpoHie 6aux Hboi 0il, ujo Moxe 8uKAUKamu ix moougikayito.
MoniemuneHenikono-400 (MEM-400) € HENPOHUKAGIOYOK Y KAIMUHY pPevyYoB8UHOK, fAKA MAE e1acmusicme
adcopbysamucsa Ha nosepxHi MemMbpPaHU, BUKAUKAKYU 3MIHU iT cmpyKmypu ma eenu4vuHy 3apsAdy, sby008yro4uCch
8 Ii 2i0pohobHi OinAHKU Ma 830EMOOIiOYU 3 HUPHOKUCAOMHUMU Xx8ocmamu ¢hocgponinidie abo 2iopogobHUMU
obaacmamu iHmeepanabHUx binkie. [na 0ocniOoweHHA cmaHy MembpaH epumpouyumis wypie 3a ymos erausy
HY (Ha mani onpomiHioeaHHA ma 6e3 Hbo2o) ma [1E[-400 6yno0 3acmocosaHo ¢ayopecuyeHmHuli 30H0 010
(2-(2-2i0poKcu-gpeHin)-5-¢peHin-1,3-okcazosn), napamempu ayopecuyeHyii AK020 3anexams 8i0 MnoaAapHoOcMi
ma npomoHo00HOpPHOI 30amHocmi lo2o mikpoomoyeHHA. OcKinbKu 36inbweHHs 2idpamayii ninioHozo 6iwapy
KAIMUHHUX MemMbpaH rpu3eodums 00 36inbWeHHA MPomoHOO0HOPHOI 30amHOCMi ma noAspHoCcMi MeMmbpaHHO20
cepedosuuwa, 30H0 010 MoxHA 8uKopucmosyeamu 078 BUABAEHHA 3MiH 2idpamayii ainidHuUx Mem6paH.
ExciepumeHmarsibHe susvyeHHs cnekmpy ¢hayopecueHyii 3oH0a 010 y cycrieHsii epumpoyumie Kposi wypis, ujo
3a3Hasanu dii noniemusneHanikonto-400, cgidYume rpo opmy8aHHA HA Mo8epPxHi MembpaH 000amKo8oi 060/10HKU
3 lio2o moneKyn. flocnioxweHHa cnekmpy ayopecueHyii 3oH0a 010 y cycneHsii epumpoyumie Kposi wypis, wo
3a3Hasanu dii HY opmosarHadamy 2adoniHili impito, akmusosaHozo esponiem y 0o3ax 100 mre/ke i 200 MK/Ke, AK 8
ymosax ix nonepedHbo2o Y onpomiHeHHs, mak i 6e3 Hb020, 3MiH y MeMbpaHax epumpoyumis wypie He 8UABUSO.

Knwouoei cnosa: opmosaHadam 2adoniHiro

impito,

HAHOYACMUHKU, ¢hayopecyeHyia 3oHO0a 010,

noniemuneHanikono-400, MeMbpaHu epumpoyumis wypis.

3B’A30K nyb6nikauii 3 nnaHOBMMM HayKOBO-AOCAIL-
HUMK poboTamu.

Pob6ota € pparmeHTom HAOP «LocnigxeHHA epeKTmB-
HOCTi, MexaHi3miB Aii Ta 6e3NeKkn BUKOPUCTaHHA HaHo-
YACTMHOK OPTOBaAHAAATIB PigKICHO3EMENbHUX ENIEMEHTIB
AN ONTUMI3aL,ii NpoMmeHeBOI Tepanii 38 yMOB OHKOMaTo-
norii», Homep aeprkaBHoi peectpauii 0121U110920.

Bcryn.

3aBAAKM Manih TOKCUYHOCTI Ta YHiKasbHMM OMNTUY-
HWM BNACTUBOCTAM HAHOMATepiaM Ha OCHOBI pigKo3e-
MeNIbHUX MeTasiB BCe YacTille 3HAaX04ATb 3aCTOCYBaHHA
B TaKuUx obnactax Hayku sk 6ionoria, papmaKkonoria Ta
meanumHa [1-5]. Y cdepi meanumHm ocobamsuii iHTe-
pec BUKANKaOTb HAHOYACTUHKM (HY), AK ANA CTBOPEHHA
CcUCTEM afpecHOoi A0CTaBKM Bi0N0OrYHO-aKTUBHUX peyo-
BWH [0 OpraHiB-milleHel, TaK i B AKOCTi HeiHBA3MBHOTO
iHCTPYMEHTY B 6i0N0MYHUX Ta XIMIYHUX OOCNIAMNKEHHAX
[6-8].

Halibinbl nowMpeHMm € 3aCTOCyBaHHA KONOIAHUX
PO34YMHIB, AKi MICTATb IOHM NAHTAHOIAIB, 30Kpema, CTa-
BinbHI CNONYyKM ragoniHito, AKi XxapaKTepusyrTbCa BUCO-
KO PO3YMHHICTIO, Bi0NOriYHOK CYMICHICTIO i HU3bKOIO
TOKCUYHICTIO, LLO BWKOPMUCTOBYIOTb B AKOCTI MarHit-
HO-PE30HAHCHMX KOHTPACTHMX MpenapaTis npu npose-
OEeHHi NpoMeHeBOi Tepanii NaLiEHTaM 3 OHKONOTIYHMMMU
3axBoptoBaHHAMM [9-12]. Ane onpomiHeHHA HY nyykom
$OTOHIB reHepye BENMKY KifIbKICTb eneKkTPoHIB 6aMK-
HbOI Aii Ta oOxe-KackaaMm, BUKAMKatoum moaudikauito
HY. Pe3ynbTatom LMX XiMiYHUX NepeTBOpPEeHb MoXKe byTh
niABULLEHa reHepauia akTMBHUX Gopm KucHio (ADK), wo
3roaom npussege A0 6inbluoi LUTOTOKCUYHOCTI Ta reHo-
TOKCMYHOCTI MO BigHOLWeEeHH0 A0 nyxauH [13-15]. Mpoge-
MOHCTPOBaHO, Wo HY MOXYTb YNHUTU He TiZIbKM aHTU-

OKCUOAHTHY, ane i NPOOKCUAAHTHY Aito, TOMY iX BNAUB
MOKHa po3rnsAaTh 3 04HOro BOKyY, AK CNPUATANBUYA, a 3
iHLWOrO, AK HEraTMBHWM, WO 3anexaTb Big npupoan HY,
ix dopmu, po3mipy, 403K Ta OTOYeHHs [16-20].

IcHye Hebe3neKa pPO3BWUTKY MNATOMOrYHMX CTaHiB,
BMK/JMKAHMX 3aCTOCYBaHHAM HaHOMaTepianis, Tomy
3’cyBaHHA MPUUYNH TOKCUYHOI Aii HY cTaHoBAATL OAMH
3 eKCnepuMMeHTaIbHUX HaNPAMKIB Cy4acHOi MeANLUHMN.
Ha TenepiwHin yac sBigomo noHag 2000 suais HY, ane
*KOAHA 3 HUX AOCTEMEHHO He gochigxeHa. KinbkicTb
nosigoM/ieHb NPO TOKCMYHY Aito HY Bce 3pocTae [21-
25]. Npu noTpanasHHi B opraHiam ntoamun, H4 moxyTtb
TPaHCNOPTYBAaTUCh MO KPOBOHOCHUX CyANHAX Ta HaKOMM-
4yBaTUCA B Pi3HMX OpraHax, 30Kpema B NeuviHui, cepui,
HUPKax, cenesiHui, KICTKOBOMY MO3KY Ta iHLWMX OpraHax
Ta TKaHWHAX, e BOHW MOXKYTb BUK/IMKATM NATONOTIYHI
3MiHW [6-8], WO BKa3ye Ha aKTya/ibHiCTb NPOBEAEHHA
LbOro AOCNIAMKEHHA. ICTOTHO Mano AocnigKeHb Wwoao
3aCTOCYBaHHA HaHOMAaTepianiB NPU NPOBeAEHHI Nnpome-
HeBOi Tepanii, Npu AKi MOXAMBI Pi3Hi edpeKTn AK Hacni-
OOK CUHEeprismy BNAMBY YUMHHMUKIB.

Y Hawomy A0CAiAXKeHHi 6y0 BU3HAUYEHO BMNAUB MO-
nietunerrnikonto-400 (MEM-400) Ha pi3Hi cMcTeMM KNITUH
i NepwoYyeproBo, Ha NJa3mMaTUYHI membpaHu, 30Kpema
Ha ii noBepxHeBi Ta rigpodobHi BnactusocTi [12-16]. 3a
pocnigxkeHHamm J1. A. babinuyk [7-10] MET-400 € Henpo-
HUKAKYOK Y KNITUHY PEYOBMHOID, AKa MAE BNACTUBICTb
apcopbyBatmca Ha NOBEPXHI MeMbpaHu, BUKIMKAOUM
3MiHW Ti CTPYKTYpKU Ta BeNUYMHY 3apagy. Matoun nino-
odinbHi rpynu, NEMr-400 moke BbyaoByBaTUCA B Tigpo-
$Oob6HI AiNAHKM NnasmaTUYHOT MembpaHK, B3aeMoajioun
3 KMPHOKUCIOTHUMK XBocTammn ¢docdoninigis abo ria-
podobHMMU obnacTaMmK iHTerpanbHUX 6inkKis. 3aBOsKM
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HaABHUM NONAPHUM rpynam B CTpyKTypi, MEMr-400 moxe
B3aEMOAIATM 3 TiApodiNbHUMKN AINAHKAMW MOSEKY,
30Kpema 3 MnosApHUMK rosioBkamu docooninigis [21-
23]. Hamu 6yno obpaHo MEM-400, Ak MmoaenbHU 06’ eKT
BM/IMBY Ha meMbpaHy epuUTPOLMUTIB in vivo.

Ons pocnigykeHHA cTaHy membpaH epuTpoumTie
WwypiB 3a ymoB Bnausy HY (Ha Thi onpomiHiOBaHHA Ta
6e3 Hboro) Ta [MEM-400 6yno 3actocoBaHo ¢nyopec-
LUeHTHMI 30HA 010 (2-(2'-rigpoKcun-deHin)-5-peHin-1,3-
OKCa30/1), napameTpu GayopecLeHLii SKoro 3anexartb
Bif, MONAPHOCTI Ta NPOTOHOLOHOPHOI 34aTHOCTI MOro
MiKpooTo4YeHHs [15-18].

MeTta gocnigKeHHs.

OUiHUTM CTaH KAITUHHUX MembpaH epuTpouuTiB
KpoBi LWypiB 3a gonomoroto $ayopecueHTHOro 3oHAa
010 32 ymoB BMN/IMBY HAaHOYACTUHOK OpPTOBaHaAaTy ra-
[LONiHIN iTpito, aKTMBOBAHOTO eBpOMieM y go3ax 100 mKr/
Kr i 200 MKr/Kr, ik B ymoBax ix nonepegHboro Y& on-
POMiHEHHS TaK i 6e3 Hboro Ta nonieTnneHmikono-400 y
A03i 2,89 r/kr (1/10 AN, ).

06’eKT i meTOAU AOCNIAXKEHHA.

Y pob6oTi BUKOPUCTAHO 3PasKM XiMIYHO YMCTUX pe-
YOBUH 3 pernameHToBaHMMM Bi3UKO-XIMIYHUMK XapaK-
TEPUCTUKAMWN: CUHTE30BaHUI nosieTuaeHrnikonb-400
(MEr-400) («bapBa-papm», m. IBaHO-PpaHKIBCbK) Ta Ha-
HOYACTUHKM OPTOBAHAAATY raJoNiHit0 iTPitO, aKTUBOBA-
HOro EBPOMIEM GdYVO4:Eu3*. HaHo4YacTMHKKM opTOBaHa-
[aTy rafloNiHit0 3 4OMILLIKOK €EBPONItO GdVO4:Eu3+ Hagas
ONA JOCAIAXKEHHA |HCTUTYT CUMHTUAALIMHWMX MaTepia-
nie HAH YKpaiHu (Biagin HaHOCTPYKTYpHUX maTepianis
imeHi H0. B. MantoKiHa, M. Xapkis, YkpaiHa).

MonietuneHrnikonb-400 (MNEr-400) — 6e3b6apBHa B'A3-
Ka pigMHa 3 XapakTepHMM 3anaxoMm i ripkyBaTum, fegb
NeKy4Ynm MPUCMAKOM, AyrKe rirpockonivyHa. [ycTuHa:
1,1-1,2 r/cm 3; T cnanaxy 182-287 C. Touka nnaBaeHHs
4-8°C. PO34MHHMI y 6araTbox OpraHiYHMX PO3YMHHMKAX:
6eH30/1i, YoTUpPUXNOPUCTOMY BYraeLi, xnopodopmi, au-
meTundopmamigi, aLueToHiTpui.

EkcnepvmeHTanbHa YaCTUHA AOCAIAMKEHHA BUKOHY-
Baslacb BiAMNOBIAHO A0 3aranbHUX €TUYHUX MPUHLKNIB,
yxBaneHux Mepmm HauioHanbHUM KOHIpecom YKpaiHu
3 bioeTnku (Kuis, 2001), nonoxeHb EBPONENCLKOT KOH-
BeHLii Npo 3axucT xpebeTHux TBapuH (CTpasbypr, 1986)
Ta Aupektnsm Pagu Esponu 86/609/EEC (1986), 3aKoHYy
Ykpainm Ne 3447-1V Big, 21.02.2006 «[1po 3axucT TBApUH
BiZ, YKOPCTOKOrO MOBOAMKEHHA». EKCNepuMmeHT npoBo-
OMBCA Ha CTaTeBO3pPiNnX (6-8 micauis) 6innx wypax-cam-
uax nonynauii WAG macoto 200-250 r, oTpMmaHux 3
HAYKOBO-eKCNePMMEHTANbHOI KiHIKM XapKiBCbKOro Ha-
LiOHaNbHOrO MeAnYHOro yHiBepcuteTy. JlocnigKeHHA
npoBeAeHO B NPOLECi eKcnepuMeHTy TpuBsaicTio 14 ai6
3a ymos snmsy GdYVO,:Eu** ta MET-400.

EKcnepumeHTanbHi TBapuHM nepebyBann B CTaH-
[APTHUX YMOBax BiBapito 3 12-roAMHHUMM pPeEXUMOM
OeHb/Hiv. TBapUHM OTPUMYBa/IM BOAY B AOCTATHIN KiNb-
KOCTi Ta rpaHynboBaHMi Kopm ad libitum 3rigHo Hopm
[15-21].

Boay Ta BOAHI po3umHn HY BBOAMAM Wypam nepo-
panbHO — 32 AOMNOMOrOK MiNeTKM-A403aTopa 3 HAaKOHeY-
HUKOM, BOAHWIM po3unH MEM-400 — 3a 4ONOMOroo MeTa-
NIeBOT0 30HAY BHYTPILIHbOLIYHKOBO LOAEHHO BpPaHL
HaTwecepLe.

EkcnepmeHT npoBoguManm Ha 36 CTaTeBO3pPINMX
wypax-camuax nonynauii WAG, AKMX BMNAAKOBUM
YMHOM PO3MOAINAAM Ha 6 rpyn (MO 6 TBAPUH Y KOXKHIN).

MepLa rpyna — KOHTPOAbHA (Lypy OTpUMYBanU MUTHY
BoAy), 2 Ta 3 rpyna -TBapuHU, SIKMM Ha npoTasi 14 ai6
BBOAM/IN BOAHI PO3YMHM OPTOBAHAZATY rafonNiHil iTpito,
BignosiaHo B A03i 100 MKr/Kr macu Tina TBapuHu (2
rpyna, Gd-100) i 200 mkr/Kr (3 rpyna, Gd-200); 4i 5 rpyna
—TBApPUWHMU, AKi OTpuMyBanun npoTarom 14 ni6 aHanoriyHy
[03Y BOAHUX PO34YMHIB HAaHOYACTUHOK, T06TO 100 MKr/
Kr (4 rpyna, Gd(UV)-100) i 200 mkr/kr (5 rpyna, Gd(UV)-
200), wo 6ynn nonepeaHbo ONPOMiIHEHHI Y®P-ceitiom
Y KBapLUOBUX KlOBeTaX, AxKepeno YP-BUNPOMiHIOBAHHSA
«KBapu-125» (A=200+400 Hm) npoTtarom 20 XB. Ha Big-
cTaHi I=20 cm. LWocTa rpyna TBapuH OTPMMYBaJia BOAHUM
po3umnH NEM-400 y nosi 2,89 r/kr macw Tina.

Mo 3aKiHYeHHIO eKkcnepuMeHTy Ha 14 poby TBapuH
3HEXUBAKOBAZIM  METOAOM LEepBiKaabHOI  AMCNOKaLii
[15-22]. Bci maHinynauii nposoanan 3 8:30 go 10:00 B8
CTaHAAPTHUX YMOBax. [1poTArom npoBeAeHHA ekcnepu-
MEHTANbHOI YaCTUHWN AOCAIAKEHHA KOXHOIo AHA, Kpim
BUXiZHWX, KOHTPO/HOBAAN 3ara/ibHUIN CTaH TBapUH, BXMK-
BaHHSA BoAM Ta KopMy. KpoB Bifbupanu B cTepuabHi npo-
6ipKu, wo mictuam K2 EDTA Vacutainer (BD Vacutainer).
EputpounTn Bigainanm Big nnasmu LeHTPUPYryBaHHAM
npotarom 15 x8. npu 3000 g Ha ueHTpudysi UNIVERSAL
320 R. /leKouMTapHy NAIBKY Ta CynepHaTaHT BUAANAAN
meTogom acnipauii. CycneHsito epuTpoumnTiB TPUYi Npo-
MMBAN LWNAXOM UeHTpudyrysaHHa npu 1500 g 3 xB B
10-kpaTHomy 06’emi docdaTHO-conboBoro bydepy (0,15
monb/n NacCl, 0,01 monb/n dpochatHuin 6ydep, pH 7,4)
[13-19].

Y npoBeAeHUX OOCNIAMKEHHAX CTaHy meMbpaH epu-
TpoumTie wypis npu snamsi HY Ta MEM-400 6yno 3acto-
coBaHO d¢nyopecueHTHU 30Hg 010 (2-(2'-rigpoKkcu-
deHin)-5-dpeHin-1,3-okcason, ¢ayopecueHLia AKOro €
YYTIMBOK A0 3MiH MONAPHOCTI Ta MPOTOHOAOHOPHOI
3[,aTHOCTi MOro MiKpOOTOUYEHHSs [8-14].

Konu 30Ha 010 3HaxoauTbea y 36ya)KeHOMY enek-
TPOHHOMY CTaHi, BifAOYBA€ETbCA peaKL,ia BHYTPiLUHbOMO-
NekynspHoro ¢gotonepeHocy npotoHa (BM®MM) [3-5]:
ri4POKCU/bHA Fpyna B OPTO-MOJIOXKEHHI NaTepanbHOro
6€eH30/1bHOTO KiNbLA Ai€ AK NPOTOHOA0HOP, @ aTOM a30Ty
OKCa30/IbHOTO KiNbLA fi€ K akuenTop npotoHa (puc. 1).
Y pe3ynbTaTi L€l peaKuii yTBOpPOETbCA GOTOTayTOMEPHA
dopma (T*). doTonpoayKT mae payopecueHL;ito y 3Hau-
HO 6iNblW AOBroXBM/bOBIN 06NACTI CNEKTPY NMOPIBHAHO 3
BUXiAHOW (abo TaK 3BaHOK «HOPMasibHOK») GOPMOLO
(N*) [12-17].

HasasHicTb gBocmyrosoi  ¢nyopecueHLii  A03Bo-
JIAE NMPOBOAUTU PaALIOMETPUYHI BMMIpIOBAHHA, TOOTO
BMKOPUCTOBYBATM  CMiBBIAHOWEHHA  iHTEHCUBHOCTEMN
dnyopecueHujii ¢otoTayTomepHoi dopmn Ta BUXIHOT
dopmu (I./1.,) Ak napameTp AnA ouiHKM 3MiH di3m-
KO-XiMiYHWX BNACTMBOCTEM MiKpPOOTOUYeHHA 30HAa 010:
HaMnpuKnag, i3 3pocTaHHAM nonspHocTi Ta/abo npoTo-
HOOOHOPHOI 34aTHOCTI cepefoBMLLA CMiBBIAHOLWEHHA
./ . 3MeHwyeTbea [5-7].

3acTocyBaHHA pauiomeTpuyHnx GAyopecLeHTHUX
30HAiB ycyBa€e NOXMOKY BUMIPIOBAHHA, BUK/IMKAHY BiA-
XMNEHHAM  KOHUeHTpauii  dnyopecueHTHOro 30HAA
(Hanpuknan, HepiBHOMIpPHUI BMICT (pyopecUeHTHOro
30HZa B Pi3HUX MembpaHax), a TaKoX MOXMOKM BUMi-
ptOBaHHA Yepes BiAXWMNEHHA B KOHirypauii Ta Hanaw-
TyBaHHi 061aAHaHHA ANA BUMIpOBaHHA dayopecueHLii
(HanpuKnaga, 3a yMOB 3MiHM YyTAMBOCTI GOTOAETEKTOPA,
Aesiauii (KonnBaHb) IHTEHCUBHOCTI AyKepena 36yaxyio-
yoro cBiTna Touo) [8-14].
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OckifnbkK 36inbleHHA rigpaTauii AinigHoro Giwapy
npw3BoAUTb A0 36iNblEeHHA MPOTOHOAOHOPHOI 34aTHO-
CTi Ta nonApHOCTi MembpaHHOro cepesoBulLa [6], 30HA,
010 mOKHa BMKOPUCTOBYBATM A/1IA BUABNEHHA 3MiH
rigpaTauii ninigHMx mem6paH [10-12]. Bpaxosytouu, Wo
3MiHUM rigpaTauii membpaH, y CBOK 4epry, nos’A3aHi 3i
3MiHaMM BNOPAAKOBAHOCTI Nliniais membpaH [5-8], 30Hz,
010 mOXKe BKasyBaTK Ha OCTaHHI.

Y docdoninig HUX membpaHax 30HA 010 posTa-
WwoBaHui (puc. 2) B AiNAHUi riLEePUHOBUX 3a/INLLKIB
docooninigis (6amKkye Ao ueHTpy ninigHoro 6Giwapy),
B AinsHUi KapboHinbHMX rpyn ¢ocdoninigis i B ginanui
YUPHOKUCNOTHUX naHutoris pocdoninigis nobamnsy aj-
NAHKM KapboHinbHMX rpyn docooniniais [15-21].

Bu3HauyeHHA cTaHy ninigHoro 6iwapy KAITUHHMX
mMembpaH epuUTpoLUTIB WypiB, ToKkcudikoBHUX MET-400,
NpoBOAMIOCA 32 AOMNOMOroto GyopecLEeHTHOro 30HAa
010 y disionoriyHmx posunHax [17]. dnyopecueHTHNU
30HA, PO3YMHANM B aUETOHITPUAI A0 MOYATKOBOI KOH-
ueHTpauii 2-10* monb/n; 10 mMKA BigNOBIAHOIO PO3yK-
HY 30HAa A04aBaAW A0 2 MA CyCneHsii eputTpoumTiB.
KiHueBa KOHUEHTpaLiA 30HA4a B CycneHsii 4OoCNiaXxKyBa-
HUX MmembpaH — 1-10® Monb/n, TaKUM YMHOM, MONAPHE
BigHoWeHHA ninig / 3044 ctaHosmno 1000:1. Bumipto-
BaHHA CMeKTpiB ¢yopecueHuii npoBeaeHe Ha Cnek-
TpodnyopumeTp «Hitachi 850» (AnoHis) yepes roguHy
nicnAa foAaBaHHA 30HAIB 40 cycneHsii KNiTuH. Cnektpu
dnyopecueHuji 3oHAiB BUMiptoBanu B obnacti 340-600
HM NPV WWPUHI WiIMH MOHOXPOMATOpiB 36yaAsKeHHsA
i dnyopecueHuii 5 i 5 HM BignoBigHO, i AOBXMHI XBUAI
36yaKeHHa 330 Hm.

Y BUNazKy BMMIiptoBaHb daiyopecueHuii 3oHaa 010
Yy CYCMeHsiax epuTpoumTiB wypiB, ToKcudbikoBHUX HY
opToBaHagaTy ragoniHilo iTpito, KAiTMHU dapbysanu
bnyopecLEHTHUM 30HAOM WAAXOM AOAABAHHA anikBo-
TU BUXiZHOrO PO34YMHY 30HAA B aLETOHITPUAI A0 CyCneH-
3il KNITWH: KiHLEeBa KOHLEHTpaLia 30H4a CTaHOBMAAQ ~
5:10° monb/n. Mepen BumiptoBaHHAM dayopecueHLii
KNITUHHI cycneHsii iHKybyBanu i3 30HAOM Npw KimHaT-
Hi TemnepaTtypi npotarom 1 roguHu. na BUMiprOBaH-
HA BUNPOMIHIOBAHHA 30HA4A B AianasoHi 340-550 Hm
BUKOPUCTOBYBaN cnekTpodayopumetp «PerkinElmer
FL8500». IHWi nmapameTpu OoTpMMaHHA bayopecLeHLil:
NPUPICT CKaHyBaHHA cneKkTpy ctaHosuB 0,1 HMm, wBKa-
KiCTb CKaHyBaHHA BUMPOMIiHIOBaHHA 240 HM/XB, [40B-
MHa XBUAi 36yaKeHHA 330 HM, WinnHKW 36yaKeHHA Ta
BUMPOMIHIOBAHHA 5 HMm.

Pe3ynbTatu gocniaKeHb Ta ix 06roBopeHHs.

Ha pucyHKy 3 npepactaBneHo pesynbTaTv BUMMIpO-
BaHb ¢iyopecueHuii 30HAa 010, 38’s3aHOr0 3 epuUTpo-
UMTaMK LypiB, TOKcMdikoBaHMX KceHobioTukom (KB)
MEr-400, nopiBHANbHO A0 payopecueHLii 30HAa Y po3-
YMHI 3 ePUTPOLUTAMM KOHTPOJIbHOI FPYNH LLYPIB.

3rigHO puc. 3, y BMNaaKy TBapWH, AKi oTpumMmyBanm
MEr-400, cniBBiAHOLWEHHA IHTEHCMBHOCTEN [AOBrOXBU-
NbOBOI (BUMNYCKaHHA ¢oToTayTOMEepHON GopmKu 30HAY
[4-7]) i KOPOTKOXBUNLOBOTO (BUMYCKaHHA HOPMAaNbHOI
dopmu 30Hay [9-16]) cmyr dnyopecueHLii 30HAa NpakK-
TUYHO HE 3MIHIOBANOCA B MOPIBHAHHI 3 BigNOBIAHUM
3HAYEHHAM [/19 KOHTPOJIbHOI rPynW LUypiB: CNiBBiAHO-
LWeHHsA iHTeHcuBHOCTelM dayopecueHu;i | CTaHO-
Buno 110 108, signosigHo.

Takum 4mHom, B pesynbtati Bnamsy MEM-400 He cno-
cTepiraeTbca 3miH B obnacti nokanisauii 3oHay 010,
TO6TO B AiNAHUI riuepnHOBMX 3aauwWwKiB docdoniniais

477 / I370

30YKEHNIN €NEKTPOHHWI CTaH

T N*
HO Ho
— N N
B . U N/ N\
Y (o} -« lo) —
330 Hm 373 Hm 473 Hm

T N

OCHOBHUI €MNEeKTPOHHUI CTaH

PucyHoK 1 — Cxema peaku,ii BHYTpilLHbO MoneKynspHoro ¢ortone-
peHocy npoTtoHa (BM®IM) y 2-(2'-OH-¢eHin)-5-dpeHin-1,3-okcazoni
(3oHg, 010). Ctpinka Bropy NoKasye e/IeKTPOHHe 36yaKeHHs, a
CTpinKa BHU3 — BUNPOMiHIOBaHHA cBiTAa (pnyopecueHuito).
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PucyHoK 2 — JloKanisauin Ta opieHTauia ¢payopecLueHTHOro 30HAa
010 y pocdoninigHmx membpaHax. [na no3HaueHHA noKanisauii
30HAA NOKa3aHo ABi Monekynu 1,2-aunanbmitoin-pocpatngunxoni-
Hy i3 30BHiLUHbOrO NiNiAHOro Wapy mem6paHu.

KOHTOOMNL

NEr-400

so00 = A

some

zo00 —

IHTEHCHEHICTE dAyopecueHuil, 8.0,

T T T
400 450 so0 550 LLE

OoBsuHa XBUAi, HM

PucyHok 3 — Cnektp ¢pnyopecueHuii 3oHaa 010 y po3umHi 3 epuTpo-
uuTamm wypis npu enamsi MET-400 nopiBHANbHO A0 cnekTpa 010
Y PO34MHi epUTPOLUTIB KOHTPO/ILHOI FPYNM LLYPIB.
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gomnd * == (3)KOHTPONEHI EPUTPOLIMT
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PucyHoK 4 — Penpe3seHTaTuBHI cneKTpu payopecueHuii 3oHga 010
B CYCMeH3iAX epUTPOLMTIB LLypiB: (a) KOHTPONbHMIA 3pa3ok, (6) B
ymoBax Bnaunsy HY opToBaHaaaTy rafoniHiit iTpito, akTMBOBaHOro
eBponiem GdYVO 4 :Eu 3+ Ta B ymOBax onpoMiHeHHs.

Tabnuuysa — CniBBigHOLWEHHA iHTEHCUBHOCTEN dayopecueHu;ii
HopManbHoi Ta poTotayTomepHoi popm (IT*/IN*)a 3oHaa 010 B
membpaHax epuTpouuTis WypiB nicna snansy HY oproBaHaga-
Ty raponiHii iTpito, akTMBOBaHOrO eBponiem (GdYVO4 : Eu3+) B

ymoBax Y® onpomiHeHHA Ta 6e3 Hboro

Y HacTynHin cepii ekcnepMmeHTaibHUX AOCNiAKeHb
NpoOBeAEHO BUBYEHHA CTaHy MemMbpaH epuTpouMUTiB
Wwypis B ymosax Bnauey HY opToBaHazaTy rafgofiHin
iTpito, akTMBOBaHOro eBporniem (GAdYVO4:Eu3+): pesynb-
TaTM BMMIptoBaHb dyopecueHLii cnekTpis dayopec-
LeHTHoro 3oHaa 010, 3B’A3aHOro 3 epuTpoLMTaMK,
npeacTaBieHo Ha PUCYHKY 4 Ta B Tabauui.

Y nNOpiBHAHHI 3 BIANOBIAHMM CMEKTPOM 30HAA
010 vy BMMAZAKy KOHTPONIbLHOrO 3paska, He 3ape-
ECTPOBAHO 3HaA4yHMX 3MiH cnektpa O10 y cycneH-
3ii eputpoumTie wypis nicna snamey HY opToBa-
Hagaty ragoniHii iTpito, aKTMBOBAHOrO EBPOMIEM
(GdYVO,: Eu**), aKk B ymoBax Y onpomiHeHHs TaK i 6e3
HbOrO.

BigCyTHICTb 3MiHM CniBBiAHOLWEHHSA IT*/IN* 30HAa
010 y epuTpoumTax LWypis, Wwo 6ynu nig gieto HY op-
TOBaHaAaTy ragoniHili iTpito, aKTMBOBAHOIO EBPOMIEM
(GdYVO,:Eu*), B ymoBax Y® onpomiHeHHs Ta 6e3 Hboro,
NOpiBHAHO A0 BiAMOBIAHOMO CNiBBIAHOWEHHA ONA KOH-
TPOJIbHUX KNITUH, BKA3y€ Ha Te, LLO NiJ, Ai€t0 HAHOYACTOK
He BiAbyBaeTbcA 3MiH rigpatauii membpaHu
B 30Hi pO3TallyBaHHA 30HAA: B AiNAHU Ni-
LEepMHOBMX 3anuLWKiB dpocdoniniais (6amsk-
ye 00 UeHTpy finigHoro 6iwapy), B Ainanui
KapboHinbHMX rpyn docdoninigis i B ginaH-

OnpoMiHeHHA Ta 6e3 Hboro

CniBBigHOWEHHA

Hoi ¢popm (I../1..)?

Ui *KUPHOKUCNOTHUX naHutoris pocdonini-
AiB No6an3y AinAHKM KapOOoHiNbHMX Tpyn

.. iHTEHCMBHOCTEN oL . . .
Tpynu wypis nicna enansy H4 optosaraaary dnyopecuenyji | Pocdoniniais. 3rapaHa BIACYTHICTb 3MiH
Neo rafloNiHi iTpito, aKTMBOBAHOTO EBPOMIEM B . .
riapaTauii, y CBOM Yepry, € CBiAYEHHAM Npo
n/n (GdYVO, : Eu*') B ymoBax YO HopmanbHolTa :a,p U' Y . PrY, A . P
¢poToTayTomep- | BigCyTHICTb 3MiH BMOPAAKOBAHOCTI MeMb-

paHHuX ninigis [23-25].

1,0l .
(470370 TakMM YMHOM, MNOPIBHAHO 4O KOH-

KoHTponbHa rpyna

GdYVO,: Eu** B 4,03i 100 MKr/Kr

1
2
3 | GdYVO,: Eu* B #03i 100 mMKr/Kr Ta Y® onpomiHeHi
4 | GdYVO,: Eu*B 803i 200 MKr/Kr

5 |GdYVO,: Eu* B #03i 200 MKr/Kkr Y onpomiHeHi

171 TPONLHOrO 3pa3Kka cycrneHsii epuTpouu-
1.67 TiB, B ymoBax BnauBy HY oprtoBaHagaty
174 rafloniHii iTpito, aKTMBOBAHOrO €EBPOMIEM

(GdYVO,:Eu*"), He 3apeecTpoBaHO 3MiH
1.72 y MembpaHax epuTpouMUTIB LypiB HaBiTb
1.72 NpU MaKCMManbHUX KOHUeHTpauiax HY

MpPUMITKK: °— BigHOCHa NOXMBKa BU3HAYEHHSA IT*/IN CKNafae MeHwW 6%.

(6nunxkue oo ueHTpy NinigHoro Giwapy), B AinAHLUI Kapbo-
HiNIbHUX rpyn docdoninigis i B 4iNAHLI XKUPHOKMUCNOTHUX
naxutoris pocdoniniais no6an3y AinaHKM KapOOHINbHUX
rpyn ¢ocdoninigis.

Pasom 3 Tum, y BMMNAAKy pO3rnagaHHA epuTpoLUTIB
wypis, TokcudikosaHmx MEM-400, crnoctepiraeTbcsa no-
MIiTHE 3HUKEHHA IHTEHCMBHOCTI pnyopecLeHLi BUKOpU-
CTaHOrO 30HAQ, WO CBiAYNTb NPO 3MEHLIEHHA KiNbKOCTi
MOJIEKYN 30HAA, WO 3B'A3a/1MCA 3 MembpaHammn eputpo-
LMTIB 33 OA4HY rogMHy iHKy6aLji. 3MeHLWeHHA WBMAKOCTI
3B'A3yBaHHA 30HA4A 3 MeMbpaHamu moxke ByTn nosAcHe-
HO GOpPMYBaHHAM HaBKOIO KOXHOI NinigHoT membpaHu
[04aTKOBOI 3aXMCHOT 06010HKK [15-20], Wo cKnagaeTb-
ca 3 monekyn MEr-400, aki agcopbyBannca Ha NoBepXHi
MeMBpaHN epUTPOLLUTIB.

3apeecTpoBaHa AMHaMiKa iHTEeHCMBHOCTI dayopec-
LeHUji 30HAa, a TaKoX BiACYTHICTb 3MmiH B obnacTi mi-
LEepMHOBMX 3anuWKiB docdoniniais, B obaacti kapbo-
HiNbHMX rpyn pocdoniniais i B 06naCTi KUPHOKMCAOTHUX
NaHUoXKKiB pocdoniniais epUTpounTie 4oCNigHOI rpynm
TBapuH, AKi oTpumysanum MEM-400 8 gosi 1/10 A/150, €
cBigYeHHAM GopMyBaHHA Ha NOBEPXHi membpaH epu-
TPOLMTIB in Vivo KpOBi LypiB A0AaTKOBOI 06ONOHKM 3
MONEeKyN nonieTuneHmikonto-400, AKka afcopbyeTbea Ha
NnoBepxHi MembpaHu.

(200 mKr/kr) Ta YO onpomiHeHHi.

BucHoBKM.

1. EKcnepuMmeHTanbHe BUBYEHHA CneKTpy dayopec-
ueHuii 3oHga 010 y cycneHsii epuTpOLMTIB LLYpIB, WO
3a3HaBann 14 OeHHOro BHYTPIWHbLOL/IYHKOBOrO BBe-
AeHHa MEr-400 B fo3i 2,89 r/kr Tina TBapuHm (1/10 A1, )
CBigYMTb NPo GopMyBaHHA Ha NOBEPXHI MembpaH epu-
TPOLMTIB KPOBI LLYpPiB A0AATKOBOT 060/IOHKU 3 MONEKY
noni etmneHrnikonto-400.

2. JocnigeHHs cnektpy ¢ayopecueHuii 3oHaa 010
y CycneHsii epuTpoLMTIB LLYpPIB, WO 3a3HaBanu 14 geH-
Hoi aii HY opToBaHaaaty rafloniHii iTpito, akTMBOBAHOTO
esporniem y gosax 100 mKkr/Kkr Ta 200 MKr/Kr Tina TBapu-
HU, K ymoBax YO onpomiHeHHA Tak i 6e3 Hboro, 3miH
y MembpaHax epuTPOLMTIB LLypiB, HaBiTb MPWU MaKCK-
MasibHMX KOHUeHTpauisx HY (200 mkr/kr) Ta YO onpomi-
HEHHi He BUABWUIIO.

MepcneKkTMBM NOAANbLUIUX [OCNIAMKEHD.

OTpuMaHi pe3ynbTaTv BUKOPUCTAaHHA HAaHOYACTUHOK
opToBaHaAaTy rafoNiHin-iTpito, AKi 6YIM aKTUBOBAHMMMU
yNbTpadioneToBMm OMNpPOMiHEHHSIM abo He aKTMBOBaA-
Hi, JAlOTb HOBI NigCTaBM AN NPOBEAEHHA NOAANbLUMX
BUNpoOyBaHb Ta iMMNJEMEHTAUi0 Migxody B KAiHIYHY
NPaKTUKY ANA NigBUWEHHA ePeKTUBHOCTI NpomeHeBoil
Tepanii y XBOpux Ha OHKoNaTo/orito 6e3 HeraTMBHUX Ha-
cnipkie.
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OOCNIAXXEHHA CTAHY MEMBPAH EPUTPOLIUTIB KPOBI LUYPIB 3A AOMOMOIOK0 $/IYOPECLEHTHOIO
30HAA 3A YMOB BN/1IMBY HAHOYACTUHOK OPTOBAHAAATY TAAONIHIKO ITPIHO TA MONIETUNEHINTIKO/1HO-400

HakoHeuHa O. A., Mocoxos €. 0., be3pogHa A. |., Apmuw H. B., BaunHcbKuii P. O.

Pestome. Y cdepi megmumHn 0cob6AMBUIA IHTEPEC BUKIMKAKOTb HAHOYACTUHKM (HY), AK ANs CTBOpPEHHS cuctem
aApecHoi A0CTaBKKU BioN0OrYHO-aKTUBHUX PEYOBMH A0 OPraHiB-MilleHeMn, TakK i B AKOCTi HeiHBAa3MBHOIO iIHCTPYMEH-
Ty B 6i0N0MYHUX Ta XiMIYHUX OOCAIAMKEHHAX, 0COBINBO B AKOCTI MarHiTHO-pPe30HAHCHMX KOHTPACTHUX Mpenaparis
npu NpoBeAeHHi NPoMeHeBOi Tepanii NaLieHTam 3 OHKONOTIYHMMM 3aXBOPIOBAHHAMM. Ane onpomMiHeHHA HY nyykom
dOTOHIB reHepye BEIUKY KifbKiCTb €/1eKTPOHIB BAUXKHBOI il Ta 03 e-Kackaam, BUKAUKaoUM moaudikauito HY, wo
MOMKe MiZBULLYBATU reHepaLis akTUBHUX GopMm KucHIo (ADK), Wwo 3rogom npussese Ao 6inbluoi LUTOTOKCUYHOCTI Ta
reHOTOKCUYHOCTI NO BigHOLWEHHIO 40 NyXAUH. NMoKa3aHo, Wo nig, Aieto onpomiHeHHA HY MOXKYTb UNHUTU He TiNbKK
AHTUOKCMAOAHTHY, ane 1 NPOOKCUAAHTHY Aito, WO 3as1eXaTb Big npupoan HY, ix dopmu, po3mipy, 4031 Ta OTOYEHHA.

PoboTa BMKOHaHA ANA AOCAIOKEHHA CTaHy MeMbpaH epuTPOLMTIB LWypiB 33 YMOB BMN/IMBY NOMIETUNEHTAIKO-
Mmo-400 (y posi 1/10 ,CI,I'ISO), peyoBMHO, AKa, aAcopbytoumMcb Ha NOBEPXHI MeMBPaHU, MOXKe BUKAMKATU 3MiHW ii
CTPYKTYpM Ta BeAnumHy 3apagy, Ta HY, a came opToBaHazaTty rago/iHito iTpito, aKkTMBOBAHOIO €BPOMIEM Y A03ax
100 mKr/Kkr Ta 200 MKr/Kr, Ha TAi ONPOMiHIOBaHHA Ta 6e3 Hboro 6yn0 BUKOpPUCTaHO ¢yopecueHTHU 30Ha 010
(2-(2'-rigpokcu-deHin)-5-beHin-1,3-okcason), napametpu bayopecLeHLii AKOro 3anexaTtb Big, NONAPHOCTI Ta
NPOTOHOAOHOPHOI 34aTHOCTI MOFO MiKPOOTOYEHHS.
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MpoBeageHi ekcnepnMeHTanbHI AocniaKeHHA cnekTpy dayopecueHuii 3oHAy 010 B cycneHsii KpoBi epUTPOLMUTIB
Wypis Mig BNAMBOM MnonieTuneHrnikonto-400 cBig4aTe NpPo YTBOPEHHA A0AATKOBOI 060/MOHKM 3 MOro MOMEKYN Ha
noBepxHi membpaHu. [locniakeHHA cnekTpy dayopecueHuii 3oHaa 010 B cycneHsii epUTpoLMTIB KPOBI LLYPIB, AKi
niagannca gji optoBaHaaaTy iTpito rafoniHito, aKTMBOBAHOIO EBPOMIEM, K B ymoBax YP-onpomiHeHHsn, TaK i 6e3
HbOTO, HE BUABM/IO 3MiH MeMbpaH epUTPOLUTIB LLYPiB, HABITb MPU MaKCUMaIbHMX KOHLEeHTpauiax HY (200 mKr/Kr).

KnwouoBi cnoBa: opToBaHagaT iTpil0  ragoniHito, HAHOYACTMHKKM, dayopecueHuia 3oHga 010,
nosieTuneHrnikonb-400, MembpaHu epUTPOLMTIB LLYPIB.

INVESTIGATION OF THE CONDITION OF THE ERYTHROCYTE MEMBRANES OF RATS USING A FLUORESCENT
PROBE UNDER CONDITIONS OF EXPOSURE TO YTTRIUM GADOLINIUM ORTHOVANADATE NANOPARTICLES AND
POLYETHYLENE GLYCOL-400

Nakonechna O. A., Posokhov Y. O., Bezrodnaya A. I., Yarmysh N. V., Bachynskyi R. O.

Abstract. In the field of medicine, nanoparticles (NPs) are of particular interest, both for the creation of targeted
delivery systems of biologically active substances to target organs, and as a non-invasive tool in biological and chem-
ical research, especially as magnetic resonance contrast agents during radiation therapy patients with oncological
diseases. But irradiation of NPs with a photon beam generates a large number of short-range electrons and Auger
cascades, causing the modification of NPs, which can increase the generation of reactive oxygen species (ROS),
which will subsequently lead to greater cytotoxicity and genotoxicity in relation to tumors. It is shown that under
the influence of irradiation, NPs can have not only an antioxidant, but also a pro-oxidant effect, which depends on
the nature of the NPs, their shape, size, dose, and environment.

Work conducted for the study the state of rat erythrocyte membranes under the conditions of exposure to
polyethylene glycol-400 (in a dose of 1/10 DL50), a substance that, adsorbed on the surface of the membrane,
can cause changes in its structure and the amount of charge, and NPs, namely yttrium gadolinium orthovanadate,
activated with europium in doses of 100 pg/kg and 200 pg/kg, with and without irradiation, the fluorescent probe
010 (2-(2'-hydroxy-phenyl)-5-phenyl-1,3-oxazole) was used, the fluorescence parameters of which depend from the
polarity and proton-donating ability of its microenvironment.

Experimental studies of the fluorescence spectrum of the 010 probe in the blood suspension of rat erythrocytes
under the influence of polyethylene glycol-400 indicate the formation of an additional shell of its molecules on the
surface of the membrane. The study of the fluorescence spectrum of the 010 probe in the erythrocyte suspension
of the blood of rats exposed to europium-activated yttrium gadolinium orthovanadate, both under UV irradiation
and without it, did not reveal changes in the membranes of rat erythrocytes, even at the maximum concentration
of NPs (200 pg/kg ).

Key words: yttrium gadolinium orthovanadate, nanoparticles, fluorescence of probe 010, polyethylene gly-
col-400, rat erythrocyte membranes.
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