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The article presents the prospects for nanomaterials’ application in medi-
cine, biology, and pharmacology. The possibility of nanoparticles’ usage as
contrast agents for tomography, luminophores, and biologically active
substances is shown. At the same time, the potential toxic effect on living
organisms of the concerned substances is indicated, in particular, the pos-
sibility of free-radicals’ formation. These substances are capable of trig-
gering the chain reaction of free-radicals’ transformations, which can re-
sult in the development of pathological processes. To clarify this issue,
effects of the complex substance composed of lanthanides’ nanoparticles
on the biochemical parameters of free-radical processes have been studied
in experiment. The results show that infusion of the preparation induces
an increase in the content of diene conjugates and TBA-reactive products.
Moreover, the content of sulfhydryl groups reduces significantly as com-
pared with the intact group. Catalase activity also decreases, while super-
oxide dismutase activity increases. Thus, the results show that the sub-
stance concerned affects the processes of free-radical oxidation. However,
the effect depends on a number of factors, and additional studies are
needed to determine the contribution of each of them.

V¥V crarTi 3a3HaUYEHO MEPCIEKTUBU 3aCTOCYBaHHA HAHOMATEPiAJIB y MeIUITH-
Hi, Oiosorii Ta ¢gapmaroJsiorii. Ilokazamo MOKJIHUBICTL BUKOPHUCTAHHSA HAHO-
YACTUHOK AK KOHTPACTHHUX peareHTiB aasd Tomorpadii, mominodopis i 6io-
JIOTiYHO aKTWBHUX pPedyoBWH. IIpw 1IboMy BKa3yeThCA Ha MOMKJMBICTH IOTe-
HIIITHOTO TOKCHUYHOTO BIJIUBY IIUX MaTepiAJiB Ha KUBi opraHismu, 3oKkpema
imimiroBaHHA BiIbHMX paguKasiB abo iHTepMeTiATiB paguKaIbHOI MPUPOIH,
AK1 3maTHi 3amycKaTu JIAHIIOTOBHII MeEXaHi3M BiJIbHOPAAWMKAJILHUX IIEepeT-
BOPEHb, IO BPEHITi-PEIIT MOKe HPUSBOAUTU OO PO3BUTKY IATOJOTiUHUX
mporieciB. A 3’sicyBaHHA ITHOTO TMHUTAHHA IPOBEIEHO EKCIIePUMEHTAJNbHI
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IOCJIiIKEeHHS CTOCOBHO BILIMBY PO3UMHY KOMILJIEKCHOTrO IIpelapary, CKJa-
JIeHOTO 3 HAaHOYACTMHOK JIAHTAHOIAiB Ha O6ioxeMiuHi MOKA3HWKHU BiJbHOpA-
IVKaJIbHUX IIpoleciB. PesayabTaTm mokasaniu, mio Iricjada iH@ys3ifiHOTO BBe-
IeHHsA IaHOI'0 IpeliapaTy CIOCTepiraJjocs MiABUINEHHA BMICTY Ii€HOBUX KO-
vporaris i TBK-akTuBHuUX mpoaykTiB. IIpu mpomMy BMicT cyabdrigpuiabHUX
TPyO JOCTOBipHO IOHMKYBABCSA B IOPIBHSAHHI 3 JAaHMMMU iHTAKTHOI T'PYIIU.
AKTUBHiCTD KaTaja3u TaKOXK 3aJIHINIAJIacs IIOHMMKEHOI0, TOJl K aKTHUBHICTH
CYIIEePOKCUAINCMYTa3u IIiABUINyBajacsa. TaKUM YMHOM, Pe3yJbTAaTH IIOKa-
3ayu, 1[0 JaHWIH IIpemapaTr BILIMBAE€ Ha TPOIeCH BiIbHOPAAUKAJIBHOTO OKU-
CHEHHSA, OTHAK Iell BIJIUB 3aJIe;KUTh Bifl paAAy UMHHUKIB, 1 1i1a 3’sAcyBaHHA
BHECKY KOXKHOTO 3 HUX IIOTPiOHI J0maTKOBi mociigsKeHHA.

Kew words: nanoparticles, lanthanides, toxicity, radicals, enzymes.
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1. INTRODUCTION

Recently, inorganic nanomaterials based on rare-earth metals are of
particular scientific interest [1, 2].

Low toxicity and unique optical properties allow them to be in-
tensively used in biology, pharmacology, and medicine [3].

Colloidal solutions containing lanthanide ions are most commonly
used [4]. They are used in medicine both in the treatment of cancer
and as contrast agents in tomography. The use of these solutions
allows luminescence analysis of cells due to autoluminescence of
biological material [6]. Metals’ orthovanadates activated by rare-
earth elements are considered particularly effective luminophores
[6].

Terbium and europium ions with filled 4f energy level are of
greatest interest for luminescent-labels’ creating [7].

Luminescent systems based on lanthanide ions show great solubil-
ity, biocompatibility and low toxicity, which contribute to their ap-
plication [8]. Therefore, studies in this field are of considerable in-
terest.

It is known that lanthanides are able to regulate effectively bio-
chemical processes in cells [9]. Since the ionic radius of lanthanum
is almost the same as that of calcium, it can sometimes replace cal-
cium and directly affect calcium-dependent processes in cells. Inter-
action of nanoparticles with blood components is of particular in-
terest because they are the first substances that injected nanoparti-
cles meet [10]. Being introduced into the bloodstream, nanoparticles
adsorb plasma proteins on their surface. These interactions make
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significant changes in the properties of nanoparticles, such as ag-
gregation state, surface chemistry, and surface charge, which affect
their functionality [11].

The above-mentioned ability of lanthanides to influence the
structure of a protein is widely used in medicine. For example, lan-
thanides can be used as anticoagulants (inhibit prothrombin synthe-
sis).

It is also known that, in the human body, lanthanides are able to
accumulate in cancerous tumours in large quantities and disrupt
calcium, magnesium and phosphorus metabolism in them. This
property determines the use of radioactive isotopes of lanthanides
in oncology. Lanthanum compounds reduce accumulation of calcium
in the skin that positively affects its elasticity and prevents the ap-
pearance of wrinkles. In addition, lanthanide ions have an affinity
for phospholipids that helps to stabilize the cell membrane by block-
ing of ion channels [12].

Biological properties of lanthanides are mainly due to the pres-
ence of f-electrons in the electronic shells, which create the effect
of magnetic microfields. This effect explains the ability of lantha-
nides to increase the phagocytic activity of leukocytes. In addition,
the organic complexes of lanthanum in biological systems contribute
to the removal of heavy metals, have osmotic activity, bactericidal
properties, as well as accelerate wound healing and skin regenera-
tion.

Nanoparticles have specific physicochemical properties and bio-
logical effects on living organisms, which make them possible to be
potentially used in biological analysis and medicine. Therefore, the
study of the potential risk of effects of nanomaterials on health and
environment is very actual [13]. The risk of pathologies caused by
nanomaterials is not yet completely clear; therefore, investigation
of toxic effects of nanoparticles today is becoming the new direction
in experimental medicine [14].

According to the literature data [15], toxicity of nanoparticles
directly depends on their size and, therefore, on the specific surface
area, which causes high chemical activity. The smaller the particle
size, the larger its specific surface and the higher the degree of
substance toxicity [17].

Thus, nanoparticles entering the body can cause formation of
highly reactive intermediates or free radicals participating in many
biochemical reactions. These products can catalyse free-radical oxi-
dation and can be harmful because they trigger the chain reaction
of new free-radicals’ formation [18]. Free-radical products can in-
teract with lipid components of membranes leading to the formation
of lipid hydroperoxides. As a rule, their excessive accumulation
leads to change of membranes’ structure, alteration of their physi-
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cochemical properties, disturbance of ion transport, etc.

Modification of the components of cell membranes caused by free-
radical oxidation affects all its functions. This results in disruption
of the functioning of cells, imbalance in regulatory processes, de-
cline in tissue repair potential, and, as a result, the development of
irreversible pathological processes, which form the base of various
diseases in individual organs and systems of the body, such as in-
flammation, immune status disorders, endocrine disorders, and car-
diovascular diseases, etc. [19]. The intensity of free radical process-
es in cells and tissues is controlled by physiological antioxidant
(AO) systems. They inhibit the processes, which contribute to the
destruction of cell membranes inhibiting free-radical oxidation of
lipids and other biological compounds [20].

Metal ions with variable valence are also an equally important
factor of the regulation of free-radical oxidation in cells and tis-
sues. They are in the composition of the active centres of some en-
zymes including antioxidant ones. They catalyse many biochemical
reactions being in a free state or in the form of complex compounds
with proteins and other substances [21].

Some enzymes involved in the inactivation of certain products of
lipid peroxidation can also be attributed to substances exhibiting an
antioxidant effect. These include: superoxide dismutase that limits
formation of reactive oxygen species and inactivates the superoxide
anion radical; catalase that decomposes hydrogen peroxide H,0, into
water and molecular oxygen; glutathione-related enzymes involved
in the utilization of lipid hydroperoxides, which help to reduce
their toxic effects on membranes and prevent the initiation of sec-
ondary reactions of free-radical oxidation. Without direct participa-
tion in non-enzymatic reactions, AO enzymes affect their intensity
by inactivation of either initiators or products of chain reaction
and, thereby, reducing the possibility of chain propagation [22].

Nitric oxide (NO) is of great interest in the fields of biology and
medicine. It is a highly reactive short-lived free radical, which can
control many functions and biochemical processes in cells. Nitric
oxide regulates the intracellular concentration of Ca®" ions,
transport and consumption of O, in tissues, affects activity of num-
ber of enzymes, and acts as an important neuromediator that
transmits a signal between the central and peripheral nervous sys-
tems [23].

Nitric oxide causes intensification of vascular permeability, for-
mation of edema, and subsequent development of inflammatory re-
sponse. In this case, nitric oxide combines with superoxide radical
and forms a peroxynitrite anion (ONOO7), which contributes to
DNA damage and mutations. Thus, peroxynitrite anion is involved
in the oxidative stress developing. Nitric oxide is irreversibly inac-
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tivated by superoxide radical in the wall of a blood vessel or by free
oxygen in a solution. Reaction of nitric oxide with oxygen is ac-
companied by formation of stable end products—nitrites and ni-
trates, which are indirect markers of the nitric-oxide concentration
in the body.

Thus, it can be concluded that lipid peroxidation is not only a
universal modifying of the properties, structure and function of bi-
ological membranes, but it is also an important physiological regu-
lator of normal cell activity, and nitric oxide is one of the key links
in the oxidative stress pathophysiology.

Studying the mechanisms of oxidative stress development and
preventing its detrimental effects open up new prospects for medi-
cal science.

The aim of this work is to study the effect of CdVO,Eu®*" prepara-
tion on a number of biochemical parameters of free-radical process-
es.

2. MATERIALS AND METHODS

The authors declare that all the procedures and experiments of this
study respect the ethical standards in the Helsinki Declaration of
1975, as revised in 2008 (5), as well as the national law. All institu-
tional and national guidelines for the care and use of laboratory an-
imals were followed.

The experiments were carried out using 25 sexually mature WAG
line female rats with weight of 180—-200 g. Rats were divided into 2
groups:

— group 1 included 15 rats, which received intramuscular injec-
tions of the CAVO,Eu®*" (C=0.2 g/1) preparation once a day at a dose
of 1 mg/kg;

— group 2 included 10 intact rats.

The blood was taken from the caudal vein in test tubes with
EDTA solution after the 1%, 8™, and 5™ injections. The following
lipid peroxidation (LPO) parameters were determined in the blood
plasma: the content of diene conjugates (DCs), thiobarbituric acid
reactive substances (TBARS), sulfhydryl groups (SH-groups), total
nitric oxide metabolites (mNO), nitrates and nitrites. The activity
of antioxidant enzymes’ catalase and superoxide dismutase (SOD)
was determined in erythrocyte haemolysates. Determination of the
DCs level was done in accordance with Ref. [24]. The method is
based on lipid peroxidation-products’ determination in the blood us-
ing absorption of ultraviolet monochromatic light flux by lipid ex-
tract. Determination of the malondialdehyde (MDA) concentration
was carried out according to Uchiyma M. & Michara M. using reac-
tion with thiobarbituric acid (TBA) [25]. The method is based on the
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interaction of MDA with two molecules of thiobarbituric acid (TBA)
at a temperature of 90—-100°C. Coloured trimethine complex with
maximum absorption is formed. Catalase activity was determined by
the rate of hydrogen peroxide H,0, utilization. The method is based
on the ability of H,0, to form a stable coloured complex with mo-
lybdenum salts [26]. The activity of SOD was determined by the
quercetin-oxidation method [27]. The method is based on the ability
of SOD to inhibit the quercetin-autooxidation reaction at pH =10 in
the presence of tetramethylethylenediamine. The content of SH-
groups was determined spectrophotometrically using Ellman’s rea-
gent [28]. The content of total nitrogen-oxides’ metabolites was de-
termined according to Ref. [29]. The method is based on the ability
of primary aromatic amines to form intensely coloured diazo com-
pounds in the presence of nitrous acid. Determination of nitrite
content was carried out according to Ref. [30]. The method is based
on photometric measurement of colour intensity of a pink-
raspberry-coloured azocompound, which is formed by the reaction of
nitrites with alpha-naphthylamine and sulfanilic acid (Griss rea-
gent) in acidic medium. The reaction is specific for nitrites. Statis-
tical processing was carried out according to the standard method
by means of the Student’s ¢-test.

3. RESULTS AND DISCUSSION

The data obtained (Table 1) show that the first administration of
the studied substance did not provoke significant changes in the
LPO parameters in rats of group 1. The levels of peroxide prod-
ucts—DCs and TBARS coincide with intact values.

Intensification of peroxidation processes was observed after the

TABLE 1. Influence of the CdVO,Eu®" on the LPO parameters.

Terms
Indexes Intact, after 1 after 3 after 5
n=10 administration, [administrations,jadministrations,
n=15 n=15 n=15
Diene
conjugates, 19.26+1.83 20.68 +2.36 2::}74;?)2652)3 391;,1?()36;6
mmol/L re 1=
TBA reac-
tive sub- 5.11+0.36 5.563+0.45
e ene, 3.83+0.33  3.79+0.33 P < 0.05 e 0.05
mcmol /L

Note: "P,—statistically significant versus intact.
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TABLE 2. Influence of the CdVO,Eu®" on the AO systems.

Terms
Indexes Intact, after 1 after 3 after 5
n=10 administration,administrations,jadministrations,
n=15 n=15 n=15
SH-groups, 2.91+0.27

mmol /L 5.65+0.63 5.40+0.57 6.35+£0.61 ‘P, <0.05

Catalase
sttty Gy, 3-25£0.38 3.05:0.33  2.825032  2.76+0.32

Superoxide
dismutase 4.96+0.48 4.80+0.31  5.57+0.56  0:20%0.56
P, <0.05

activity, U/L

Note: “P,—statistically significant versus intact.

3" injection of the studied preparation as evidenced by the in-
creased plasma content of lipids peroxidation products—DCs and
TBARS. The level of DCs in rats of group 1 was elevated on average
by 23% ; the concentration of TBARS was increased by 33—-34%.

Peroxidation activity continued to increase after the 5™ injection
in rats of group 1. The content of peroxide-oxidation products was
significantly higher than both intact values and results after the 3™
injection.

Introduction of the substance also influenced the work of protec-
tive antioxidant systems (AO) in a certain way (Table 2). The single
injection of the preparation did not cause any changes in the stud-
ied parameters: the level of SH-groups in the blood plasma re-
mained within the intact values; the activity of AO enzymes was
not affected.

There was a tendency to increase the concentration of SH-groups
in plasma after the 3™ administration, although the differences
with the intact values were not significant. At this stage of the
study, a slight decrease in the activity of catalase was noted, and
the activity of another AO enzyme, SOD, on the contrary, tended to
increase (Table 2).

The content of SH-groups was changed significantly after the 5™
injection: it decreased almost 2 times compared to the intact group.
Catalase activity remained decreased, while SOD activity continued
to increase and was 20-30% higher than intact values (the differ-
ences are significant, P, < 0.05).

CdVO,Eu*" administration influenced the nitric-oxide system
most significantly (Table 3).

After the 1°' administration, plasma contents of mNO, nitrates
and nitrites were tended to increase, however, the differences with
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TABLE 3. Influence of the CAVO,Eu®" on the level of nitric-oxide metabo-
lites.

Terms
Indexes Intact, gfjcer 1 ‘ ‘after 3. 'af‘ter 5.
n=10 |administration,jadministrations,jadministrations,
n=15 n=15 n=15
Total metabo-
lites of mitric , 044 377 47574365 00 41627 45951408
oxides, P,<0.05
mcmol/L
Nitrates 47,563 + 5,28
’ + * ’ .04 £ 5.
memol /L. 36.37+3.26 40.91 +3.63 P, <0.05 40.04 +5.11
Nitrites, 8.21+0.73
+ + A .91 +0.
memol /L, 5.67+0.49 6.65+0.40 P, <0.05 5.91 +£0.50

Note: “P,—statistically significant versus intact.

the intact values were not significant.

Later, after the 3™ injection, accumulation of the metabolites in
rats of group 1 continued to increase, and experimental values ex-
ceeded the intact ones: for mNO content, by 32%; nitrates, by
30% ; nitrites, by 44% (P; <0.05).

By the end of the experiment, the content of nitric-oxide metabo-
lites as well as nitrates and nitrites in the blood plasma decreased to
intact values and completely corresponded to the normal level.

Thus, it can be concluded that the experimental substance
CdVO,Eu®*" influences free-radical oxidation processes, in particular,
lipid peroxidation and AO systems, and response of the studied sys-
tems was ambiguous. A single administration of the substance
caused changes only in the NO metabolism system that was mani-
fested in increase in mNO, nitrates’ and nitrites’ contents in the
blood plasma of rats. Intensification of nitric-oxide formation after
the 1°* injection can be explained as a nonspecific response of the
body to any external effect. NO radical is able to trigger a cascade
of free-radical reactions in the cells, which leads to the activation
of LPO.

Experimental results show that the 8™ injection induced intensive
formation of mNO, nitrates and nitrites as well as peroxide prod-
ucts—DCs and TBARS. Such activation of free-radical reactions
caused significant shifts in the function of protective AO systems.
After the one injection, the level of SH-groups, activity of catalase
and SOD did not change, but then, after the 3™ injection, activity
of catalase decreased and activity of SOD increased that, obviously,
was a compensatory reaction of the protective AO systems.
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After the 5™ injection, levels of mNO, nitrates and nitrites corre-
sponded to intact values, but the concentration of SH-groups was
significantly reduced that indicated the depletion of AO resources
of the glutathione system. Intensity of LPO continued to increase
that was expressed in high concentrations of DCs and TBARS (dif-
ferences with the intact group were significant). The data obtained
indicate that the administration of CdVO,Eu®" has destructive effect
on cell membranes.

The substance concerned did not cause acute intoxication during
the entire experimental period. Rats were mobile, active; they did
not show a decrease in appetite, the stool was normal, the coat was
smooth, clean, and the skin was without lesions.

4. CONCLUSIONS

Administration of CdVO,Eu®*" nanocrystals did not cause acute in-
toxication in experimental animals, but affected free-radical oxida-
tion processes depending on the number of injections of the sub-
stance.

— The first administration of nanocrystals did not cause any
significant changes but minor changes in the NO metabolism were
observed. This fact can be attributed to a non-specific response of
the body to any external influence.

— After the 3™ injection, peroxide processes as well as activity of
protective antioxidant systems were intensified. Further admin-
istration of the substance caused increasing of peroxidation activ-
ity and depletion of protective antioxidant systems.

— After the 5™ injection, serum levels of NO metabolites returned
to normal intact values.

— Reducing concentrations of NO metabolites in the liver, kidneys,
and brain after the 5™ injection can be explained by decrease in
the prooxidative effect of nanocrystals in the body due to the
compensatory action of antioxidant systems.

— The ambiguity of the data obtained shows selective accumulation
of nanocrystals in different organs and requires additional stud-
ies to identify specific effects of the substance on target organs.
It is still hard to evaluate degree of toxicity of CAVO,Eu®*" due to

the short time of experiment.

Most of the biochemical parameters returned to normal values by
the end of the study. Increased contents of DCs and TBARS in the
blood plasma of rats are probably due to the presence of Cd (cadmi-
um) in the preparation, which can cause metabolic disturbances, or
due to the presence of V (vanadium), which enhances tissue oxygen
uptake and, thus, can activate LPO.

Additional experiments are needed to determine the degree of
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toxicity of CAVO,Eu®" and its effect on different types of metabo-
lism.
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