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In vivo EFFECTS OF RARE-EARTH BASED
NANOPARTICLES ON OXIDATIVE BALANCE
IN RATS
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The purpose of the research was to find the influence of rare-earth based nanoparticles (CeO,,
GdVO,: Eu®") on the oxidative balance in rats. We analyzed biochemical markers of oxidative stress
(lipid peroxidation level, nitric oxide metabolites, sulfhydryl groups content) and enzyme activities
(superoxide dismutase, catalase) in tissues of rats. It has been found that administration of both
types of the nanoparticles increased nitric oxide metabolites and products of lipid peroxidation in
liver and spleen within 5 days. At injections of GAVO,: Eu®" lipid peroxidation products, nitric oxide
metabolites in serum at 5, 10 and 15 days of the experiment was also increased whereas the level of
sulfhydryl groups decreased compared to the intact state and the control. In contrast, under the
influence of nanoparticle CeO, level of diene conjugates were not significantly changed and the level
of nitric oxide metabolites within 15 day even decreased. During this period, under the influence of
both types of nanoparticles the activity of superoxide dismutase was increased, catalase activity was
not changed. Oxidative stress coefficient showed the less pronounced CeO, prooxidant effect (2.04)
in comparison to GdVOsy: Eu®" (6.89). However, after-effect of both types of nanoparticles showed
complete restoration of oxidative balance values.

Key words: nanoparticles CeO, and GdVO,:Eu®', oxidative balance.

Reactive oxygen and nitrogen species
(ROS, RNS) are constantly generated in the
body from internal metabolism and external
exposure [1, 2]. In normal cells, reactive
oxidants are produced in a controlled manner
in response to physiological cues and act as
important signaling molecules to regulate
such processes as cell division, inflammation,
immune function, autophagy, and stress
response [1]. Uncontrolled production of
oxidants results in oxidative stress that
impairs cellular functions and contributes
to the development of cancer, chronic
disease, and toxicity [2—4]. Considering
the pathogenic role of the oxidative stress
in the damage of vital functions, the use of
nanoparticles as long-term antioxidants has
great prospects [5].
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The nonstoichiometry of cerium oxide
in the nanocrystalline state enables its
participation in various redox processes,
in particular, in the inactivation of toxic
reactive oxygen species such as hydrogen
peroxide and nitric oxide radical. The study
of nanoparticles (NPs) of cerium oxide as
antioxidants [6] have shown an activity
similar to the one of superoxide dismutase
(SOD) [7—9] and catalase [10, 11] as well as
neuroprotective [12] and anti-inflammatory
[13] action. Cerium oxide exhibits also the
radioprotective properties [14, 15]. Among
the potential compounds for nanomedicines
along with cerium oxide, the vanadium
compounds attract much attention. The main
insulin effects on carbohydrate and lipid
metabolism are simulated by the vanadium
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compounds in vitro and in vivo. The vanadium
compounds, beyond the hypoglycemic
effect, exhibit also antihypertensive and
anticholesteric activity [16, 17]. In addition,
these compounds exhibit antineoplastic
action [18].

It is obvious that using of nanotechnology
in medicine is possible only after the risk
assessment. Some researchers have found
negative — cytotoxic and proapoptotic
effects of cerium oxide. It is shown that
Ce0O,-NPs can increase the production of
reactive oxygen intermediates (ROI), reduce
the level of glutathione as well as induce the
oxidative stress (OS) [19]. It is shown that
NPs of CeO, can cause the inflammation and
damage of lungs in rats, and this effect is
dose-dependent [20]. It is stated that the toxic
effects of nanoparticles of cerium oxide can be
realized through OS [21]. Also, high toxicity of
vanadates impedes their use. The problem of
the toxicity of these compounds can be solved
by the creation of vanadates in nanocrystalline
form. The orthovanadate nanoparticles
doped with rare-earth elements (REE) allow
profitable combining of biocompatibility,
bioactivity, and optical properties caused by
the presence of REE that allow using NPs as
probes or lables in biomedical researches and
diagnostics.

Data inconsistency on NPs effects can
be determined by the peculiarities of the
applied methods, by the use of different
concentrations of nanoparticles, by different
sensitivity of the cells and cell lines to the
influences, and finally, by different duration
of the experiment. It is indicated that not
only the physical and chemical properties of
the material, but also the size, shape and the
presence of related compounds used in the
synthesis of NP can determine the end result of
the interaction of the particles with biological
structures [22].

Physical and chemical properties of
nanoparticles that affect the expression
of prooxidant or antioxidant effects of
nanoparticles in vitro were identified
earlier [23, 24]. It was discovered that
microenvironment in biosystem strongly
determines expression of NPs redox effects.
So, the comprehensive assessment of the
effects on biostructure and processes at
different levels of living systems organization
is required.

In the paper we have investigated
the impact of GdVO,:Eu®" and CeO, NPs
on the oxidative balance in vivo. Based
on evaluation of pro- and antioxidant

parameters as well as on the level of
biochemical markers of the OS in different
tissues the response of organism was
registered in the dynamics of NPs action.
Luminescent properties of GdVO4:Eu3+ NPs
have allowed evaluation of their distribution
in body tissues. The correlation between the
preferential accumulation of NPs in tissues
and used parameters was found.

Materials and Methods

The aqueous colloidal solutions of cerium
oxide [24] and europium doped orthovanadates
(GdVO,:Eu®') were synthesized by methods
described previously [25, 26].

Synthesis of the GdVO,:Eu®" and CeO,
nanoparticles

The synthesis of GdVO,:Eu®" and CeO,
water colloidal solutions has been carried out
according to the method reported earlier [24,
25]. GAVO,:Eu®' nanoparticles with an average
size of 258 nm, and CeO, with an average size
of 8 nm have been obtained.

NPs were characterized using Transmission
electron microscopy (TEM-125K electron
microscope, Selmi, Ukraine). Standard
deviation does not exceed +10% from average
size of the particle. GAVO,:Eu®" and CeO,
nanoparticles were stabilized by sodium
EDTA and sodium citrate, respectively. The
solutions were additionally dialyzed for
24 h against deionized water to remove the
excess of ions and organics species. Dialysis
membrane tubing with a molecular weight
cutoff of “Cellu Sep H1” 6 KDa was used. All
sols were transparent in transmitted light.
The process solutions have physiological value
pH = 7.2-7.8. The colloidal solutions were
stored in sealed ampoules without changing
their properties for more than 2 months at
normal conditions.

Experimental procedure

Male Wistar rats (180—200 g body weight)
and outbred mice (20+1 g body weight) were
kept at 24 °C on a cycle of 12 h light/12 h
darkness and had free access to a standard
chow diet and drinking water ad libitum.
Animals were killed by decapitation under
anesthesia. The experiments were conducted
according to the regulations of the European
Convention on the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and
Law of Ukraine [27].
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Animals were randomized into following
groups:

1°" group. Male rats (30 animals) injected
intramuscularly with the aqueous solution
of GAVO,:Eu®" NPs (0.5 ml, concentration —
0.2 g/1) once per day for 15 days.

2" group. Male rats (30 animals) injected
intramuscularly with the aqueous solution of
CeO, NPs (0.5 ml, concentration — 0.2 g/1)
once per day for 15 days.

Control group — male rats (30 animals)
injected intramuscularly with 0.5 ml of sterile
water for injection once per day for 15 days.

Intact control — the untreated rats which
had free access to a standard chow diet and
drinking water ad libitum were used for intact
control (30 animals).

After 5 injections period from the every
group it was taken out 15 animals for analysis
of biochemical parameters in organs — brain,
liver, lungs, kidneys, heart, spleen, pancreas,
testes, skin (at the injection place). In the
remaining part (15 rats) of the each group
the experimental treatment lasted. Blood
was taken from the tail vein, the biochemical
parameters were evaluated at 5, 10 and 15
injections period and aftereffect.

The following parameters were
determined in the blood plasma and tissues:
the content of diene conjugates (DC), TBA-
active products (TBA-AP), sulfhydryl
groups (SH-groups), total metabolites of
nitric oxide (mNO), nitrates, nitrites. In
the erythrocyte hemolysates the activity of
antioxidant enzymes — catalase and SOD was
determined.

The DC level was measured
spectrophotometrically according to the
method of Stalna in the modification of
Skornyakova et al. [28] at 233 nm.

The lipid peroxides were estimated
according to the method of Uchiyma & Michara
in the modification of Volchehorskiy and
others using a thiobarbituric acid (TBA) test
for malondialdegyde (MDA) absorbance was
measured at 535 and 580 nm.

The catalase assay was carried out by the
rate of hydrogen peroxide H,0, utilization as
described [29] at 410 nm.

The superoxide dismutase (SOD) activity
was determined by quercetin oxidation in
the modification of Kostiuk et al. [30] by
monitoring at 406 nm.

The content of sulfhydryl (-SH)-groups
in blood was measured by spectrophotometric
method using Ellman’s reagent at 412 nm.

The level of total nitric oxide metabolites
was quantified according to L. C. Green et al.
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in the modification of Metelska and Humanova
[81] by monitoring at 540 nm.

The nitrites content was measured
according to Zvyagina [32] at 540 nm.

The nitrates content was estimated by the
difference of total metabolites and nitrites.
The nitrates content is expressed in pmol/ml
of blood serum or pmol/g of tissue [33].

Identification of GdVO .Eu®" NPs in the
tissues of experimental animals

To study the dynamics of NP distribution
in certain organs, GdVO,:Eu®' NPs were
injected to male mice at the dose of 50 mg/kg
intraperitoneally. In 1, 3, 7, 24 hours, 5, 10
and 30 days after injection in 5 animals were
decapitated. The state of organs was examined
by the autopsy. Brain, hypophysis, thymus,
spleen, lungs, heart, kidney, adrenal gland,
liver, testes, epididymis, and the ventral
part of the prostate (VPP), suspension of
epididymal sperms were taken. The blood was
collected and separated to serum and pellet
contained blood cells by centrifugation. Tissue
samples were subjected to double freeze-thaw
cycle, homogenized by glass homogenizer and
the spot with diameter of 0.5 cm was applied to
a glass and dried.

Based on the luminescence intensity
of tissue samples, the semi-quantitative
estimation of NPs content in different
organs was carried out. Content of NPs
was determined from the calibration curve
“luminescence, rel. un — NPs content in a
standard sample”. Luminescence spectra were
obtained using spectrofluorimeter based on
the grating monochromator, luminescence was
excited by He-Cd laser with A.,.= 325 nm.

Results were expressed as the mean + SEM.
Differences between groups were determined
using Student’s ¢ test. The values at P < 0.05
were regarded as reliable.

Used reagents

Heptane (Dow Chemical, Germany),
isopropanol (BASF, Germany); TBA
(ORGANICA, Germany), phosphoric acid
(Chang Hui, China); DTNB (LOBA, Austria);
H,0, (Intersintez, Ukraine), ammonium
molybdate (Hebei Hehua Energy Development
Co., Ltd., China); EDTA (Akzo Nobel, China),
TEMED (Himlaboreaktiv, Ukraine), quercetin
(AppliChem, Germany), DMSO (Halychpharm,
Ukraine); Griess reagent (LabMir, Ukraine),
vanadium chloride (ALOPICH, USA);
chloroform (CHEMICO GROUP, United
Kingdom).
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Results and Discussion

The study of metabolic changes under an
influence of GdVO,:Eu®" NPs and CeO, NPs
was carried out using a set of parameters
that characterize the free-radical processes,
namely: the level of DC; MDA; the catalase;
superoxide SOD activities; the content of
-SH groups; the concentration of total stable
metabolites of the nitric oxide cycle and
nitrites in experimental animals tissues: brain,
liver, lungs, kidneys, heart, spleen, pancreas,
testes, skin (at the injection place).

Relations between the prooxidant and
antioxidant reactions — the ability of pro- and
antioxidants to protect the cell from the excess
of free radicals were analyzed.

Doping of the vanadate NPs with europium
ions supplies them luminescent properties
and makes it possible to identify GAVO,:Eu®"
NPs accumulation in animal’s tissues. The
luminescence of GdVO,:Eu®" nanocrystals
is effectively excited in the visible range
of spectrum and has the significant Stokes
shift (more than 200 nm), allowing to get rid
of the noise signal of the autofluorescence
of biological objects. The features of NP
accumulation in cells were investigated using
the methods of luminescence spectroscopy and
luminescence microscopy [34, 35].

Based on data of literature analysis of
various NPs distribution in the body under the
inhalation conditions, oral or intraperitoneal
supplementation, the organs of excretory
(kidney, lung, intestine), endocrine (hypophysis,

adrenal and reproductive glands, ventral part
of the prostate, epididymis), immune (thymus,
spleen) system, metabolizing (liver) and such
important organs as heart, brain, serum and
blood clot containing erythrocytes and proteins
were selected for the study [36—40].

The dynamics of NPs redistribution in
vivo after the single injection of luminescent
GdVO,:Eu®" NPs is shown in Fig. 1. The
semiquantitative analysis has revealed
NPs accumulation mainly in the liver and
spleen that is consistent with literature
data in vivo distribution of NPs with
similar characteristics [41], and reflects
the significance of these organs in the body
protection from xenobiotics, detoxification
processes as well as the activation of immune
system.

Metabolic parameters in the tissues are
consistent with the data of NPs distribution.
Most significant increase of NOx was found
in the liver and spleen tissues induced by
GdVO,:Eu®’ NPs as well as CeO, NPs (Fig. 2).

Non-enzymatic LPO in the liver tissue
induced by the orthovanadate NPs was more
expressed than the process intensified by the
CeO, NPs (Fig. 3). It should be noted there
were no significant changes of the parameters
in the other investigated tissues.

The data evidenced that GAVO,:Eu®" NPs
injections induced the LPO strengthening
in serum (Fig. 4). In contrast to this, the
stabilization of state at the certain level
within two-week period of CeO, NPs treatment
was observed. In control groups significant
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Fig. 1. The semiquantitative analysis of luminescent GdVO4:Eu3+ NPs redistribution
in tissues after the single injection:
the luminescence intensity of other examined tissues was below the detection limit (not shown)
*P < 0,05 the differences of signal intensity significant versus background noise
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fluctuations of the metabolic parameters were
not observed.

Within the same period the changes in of
NOx metabolism in blood serum, in response to
the NPs GdVO,:Eu®’, may also be the evidence
of OS deepening (Fig. 5, A). This increase, has
a maximum on the 10" injection, and was also
significant for the level of nitrites (46%), and
after 15 injections — 38% (Fig. 5, B, C). In
contrast, NOx in serum was stable under the
influence of CeO, NPs. Even the drop in NO
metabolites was registered at the end of the
experiment (Fig. 5, B, C).
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The secondary regulatory mechanisms can
prevent the negative effects of xenobiotics.
Among inducible enzymes, SOD was
remarkable increased under the action of CeO,
NPs. Also that is possible that not only enzyme
induction in response to the prooxidative
effect of NPs takes place, but intrinsic SOD-
mimetic activity of CeO, NPs define the final
effect of NPs on oxidative metabolism as well.
The greater increase in SOD activity under the
action of Ceog (41% ) as compared to the action
of GAVO,:Eu®" NPs (28%) (Fig. 6) can inhibit
significantly the development of prooxidant
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Fig. 2. NPs influences on level of nitric oxide metabolites:
A — liver; B — spleen; hereafter * P < 0.05, the differences significant versus control groups
(differences between intact control and control groups are non significant)
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Fig. 4. Biochemical parameters in blood serum:
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Fig. 6. Dynamics of SOD activity in blood serum induced by the NPs
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Fig. 7. Aftereffect of NPs action on the parameters of oxidative balance:
A — the orthovanadates NPs effect; B — the cerium oxide NPs effect (days after the last injections,
at zero point- intact control as unit)

reactions, the accumulation of LPO derivatives
and reduces the coefficient of oxidative stress
(COS). COS reflects changes in the level of LPO
derivatives and indexes of the antioxidants
reactions [42]. That parameter was 6.89 for
GdVO,:Eu®’ NPs at the end of experiment and
only 2.04 for CeO, NPs.

Despite greater metabolic changes under
the influence of GdVO,:Eu®" NPs within
two weeks of injection, in 7 days after the
last injections of the both types of NPs any
differences with intact organism was not
registered (Fig. 7).

Temporary nature of changes in metabolism
under the influence of NPs indicates rapid
compensation of the oxidative imbalance
induced by the NPs.

Thus we can summarize, that
orthovanadate (GdVO,:Eu®") and cerium oxide
(Ce0,) NPs exerted free radical processes in
vivo — LPO activation as well as antioxidant
reactions. Starting from the early stage of
NPs influence the output of peroxide products
(DC and MDA) was registered. Such activation
of free radical processes registered in tissues
and serum causes significant changes in
antioxidant reactions. In consistence with
COS estimations, the prooxidant effect of
GdVO,:Eu®" NPs exceeded significantly
the effect of CeO, NPs and the deepening
of imbalance occurred over time. Unlike
GdVO,:Eu®" NPs, metabolic stabilization in
response to the CeO, NPs lasted for two weeks.
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Furthermore, at the end of the experiment, the
fall of DC level and significant increase in SOD
activity was marked.

The injections of NPs of both types caused
fast temporal changes in NO metabolism in
liver and spleen, reflected by the increase in
NOx content, nitrates and nitrites. But the
opposite changes in NOx cycle in blood serum
were observed in response to the action of
GdVO,:Eu®" NPs and CeO, NPs, which may
reflect the peculiarities of influences. Thus,
the increase in NOx level in blood plasma was
observed at the influence of GdVO,:Eu®" NPs
only. Unlike that, the significant drop in the
concentration of nitrates and nitrites in blood
plasma was observed at the influence of CeO,
NPs. The direct interaction of NO' radicals
with CeO, NPs and their neutralization,
inhibition of gene expression or the activity
of eNOS enzyme as well as the increase of
endogenous inhibitors of NO synthase can be
involved in observed effects. That requires
detailed study of the mechanisms and
regulatory ways involved in the process.

In addition the significant increase in SOD
activity within two weeks at the influence of
NPs of both types has antioxidant actions. The
progression of the process under the influence
of GdVO,:Eu®" NPs is confirmed also by
accumulation of LPO derivatives and by the
calculations of COS.

In addition, luminescent properties allowed
tracing dynamics of GAVO,:Eu®" NPs in tissues.



Experimental articles

The maximum of the NPs accumulation was
observed in liver and spleen that correlated
with fast changes of the analyzed indexes in
these tissues. NPs in trace quantities were
found in other examined tissues. NPs removal
through the kidney and lungs was accompanied
by a slight rise of NPs luminescence in these
organs and occurred against a background of
luminescence decrease in liver and spleen to
30th day after the injection of NPs.
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MeToo gociaim:keHHs OyJI0 3 AcCyBaHHSA
BIJNBY HAHOUYACTMHOK Ha OCHOBI pigkKicHO3e-
MenbHEX eneMeHTiB (CeO,, GAVO,:Eu®") ma
TMIPOOKCUIAaHTHO-AaHTUOKCUJAHTHUI OaJiaHC Op-
ra"ismy mrypiB. AHajnisyBasu 6ioximiuni mMap-
Kepu OKMCHOTO cTpecy (piBeHb meporcumparrii
Jinigis, MmeTaboJIiTH ITUKJIY OKCHUAY a30Ty, BMiCT
CYyAbPrifpuIbHUX TPyN), a TAKOMK aKTHUBHICTH
€H3UMiB (CyIepoOKCUANUCMYTa3u, KaTajlasu) y
TKaHMHAaX MypiB. BuasieHo, o BBeJeHHA Ha-
HOYAaCTUHOK 000X BUAIiB COIPUUYMNHIOE 30iJIbIIeH-
HSA BMicTy MeTaOOJIITIiB UKJIY OKCUAY a30Ty Ta
OPOAYKTIB IIEPOKCUIHOTO OKMCHEHHSA JimigiB y
HeviHIli i cesesdiHIi 10 5-ro JHA eKCIIePUMEHTY.
V¥V cupoBariii KpoBi BMiCcT IPOAYKTiB IEePOKCHU/I-
HOTO OKUCHEHHSA, MeTaboJiTiB OKCUIY a30Ty B
pasi BBemeHHS HAHOUYACTUHOK GdVO4:Eu3Jr Ha
5-, 10- i 15-# geusb gocaigy Tako:k OyB HigBUIIe-
HUM, TOPiBHAHO 3 BUXiJHUM CTAHOM i BiZIIoBif-
HUM KOHTPOJIEM, TOJAi AK piBeHb CyJab(TiIpPUIb-
HUX TPyl 3HM:KyBaBca. Ha BiqmiHy Bix mboro,
mix BusimBoM HaHouacTHHOK CeOy piBeHB mi€eHO-
BUX KOH’IOTaTiB MOCTOBipHO He 3MiHIOBaBCH, a
piBeHb MeTabo0JIITiB OKCuUAY as30Ty a0 15-ro gusa
eKCIIepUMEHTY — 3HUKYyBaBcA. ¥ el JKe Imepios
MiJ BUJIMBOM HAHOYACTUHOK 000X TUIIIB aKTUB-
HIiCTh CyHmepoKCcUAAUCMYTas3u 30iabITyBasach, a
KaTaJjiad3um — He 3MiHIOBaJiach. Po3paxXxyHOK Ko-
e(imieHTa OKCHUIATUBHOTO CTPECY IMOKas3aB, IO
OPOOKCHUAAHTHUN BIAuUB HaHouacTuHOK CeQ
BUpakeHuil caabue (2,04), Hixk y GAVO,:Eu?
(6,89). V¥V nepion micaanxii HesaseKHO Bim TUITY
HaHOYACTUHOK CIIOCTepirajocsa MOBHE BiJHOB-
JIeHHS MMOKAa3HUKIB OKMCHOTO 0aJaHCy Y TBAPUH.

Eniouwosi cnoea: nanogacruaku GAVO,:Eu®’ ra
CeO,, okcupaTuBHUY 6anaHc.
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Ilenbro ucciengoBaHuA OBLIO BHIACHUTH BJIU-
AHWEe HAHOYACTHUI[ HAa OCHOBE pPeIK03eMeJbHBIX
asiemeHTOB (CeOy, GdVO4:Eu3+) Ha IPOOKCUIAHT-
HO-aHTHUOKCHUIAHTHBINA 0aJaHC OpraHnu3Ma KpBIC.
AmnanusupoBaiu OMOXUMHUUYECKHE MapKepPhl OKMC-
JINTEJILHOTO cTpecca (YPOBEHDb IMEePOKCU AN JIK-
IIU0B, META0OJUThI OKCHA a30Ta, COAepPIKaHIe
CYJbPruAPUIBHBIX TPYIM), a TaKKe U3MepPsAJIn
AKTHUBHOCTL 9H3MMOB (CYIEPOKCUIINCMYTAa3HEI,
KaTajasbl) B TKAHAX KPBIC. ¥ CTAHOBJIEHO, UTO
BBeJeHME HAHOYACTHUI[ 000MX BHUJOB BBLI3LIBAET
yBeJINYeHNEe COLEPKaHUsA MeTabOJMUTOB I[MKJa
OKCIH/IA a30Ta U IIPOAYKTOB IIEPOKCUIHOI0 OKIIC-
JIEHUS JUTNO0B B IeUeHH! U CeJie3eHKe K B-My ITHIO
9KCIIepUMeHTa. B ChIBOPOTKE KPOBU COAEPKAHIIe
MIPOAYKTOB MIEPOKCUAHOTO OKUCJIEHUS, MeTabo-
JINTOB OKCHUA a30Ta IIPYU BBEIEHUN HAHOYACTHUIL
GdVO,:Eu®" ma 5-, 10- u 15-i 1eHb OmbITa TAKIKe
OBLIIO IMOBBIIIIEHHBLIM, II0 CPABHEHUIO C MCXOTHBIM
COCTOAHMNEM U KOHTPOJIEM, B TO BpeMs KaK ypo-
BEHb CYJb(PrUAPUILHBIX IPYIIN CHUKAJICI. B oT-
JI4Yue OT 9TOTo, 1oJ BiauaHueM Hanouactur CeO,
YPOBEHDb IHMEHOBBLIX KOH'BIOraTOB JOCTOBEPHO He
M3MEeHsJICs, a MeTaboJIMTOB OKCHAA a30Ta K 15-My
JHIO 9KCIIEPUMEHTA — CHIKAJICA. B aTOT mepuos
IOJ, BAUSHIEM HaHOYACTHUI[ 000UX TUIIOB aKTUB-
HOCTb CYIEPOKCHALMCMYTAa3bl YBEJINUYNBAJIACD,
a KaTajasbl — He U3MeHsAJach. Pacuer Koadqdu-
IUeHTa OKUCJIUTEJIHLHOTO CTpecca MmoKasaJ, uTo
IIPOOKCHUJAaHTHOe BiaugHue HaHodacTun CeOy BBI-
pakeno cuaabee (2,04), uem y GdVO4:Eu3Jr (6,89).
B nmepuon nocaemeiicTBUs HE3aBUCHUMO OT THIIA Ha-
HOYACTUIL HAOJII0a/I0Ch TOJTHOE BOCCTAHOBJICHUE
TMoKasaTesiel IPOOKCUIaHTHO-AaHTUOKCHUAAHTHOTO
bajsaHca y "KMBOTHBIX.

i
Knrouesvle cnoea: HaHOYACTUILBI GdVO4:Eu3 u
CeO,, okcugaTUBHBIN OaIaHC.

81



