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Titanium dioxide (TiO,) powder which is used as a white dye was considered to be an inert material
for a long time despite its accumulation in liver tissues after penetration into organism. The aim of the study
was to estimate biochemical markers of liver functioning in blood plasma and ATPase activity of erythrocyte
plasma membrane under the oral administration of TiO, nanoparticles suspension (0.1 mg/kg, daily) to Wistar
rats for 30 and 100 days. A significant increase of alanine aminotransferase and aspartate aminotransferase
activity as well as of direct, indirect and bound bilirubin content, a decrease of connjugated (taurocholic,
taurochenodeoxycholic, taurodeoxycholic, glycocholic, glycochenodeoxycholic, and glycodeoxycholic) and
free (glycodeoxycholic and deoxycholic) bile acids concentration with concomitant increase of free cholic
acid concentration in blood plasma of rats under TiO, administration were revealed, indicating a significant
impairment of pigment exchange in the liver of rats. Under TiO, administration a substantial inhibition
of erythrocyte plasma membrane Mg**-dependent ouabain-sensitive Na*,K*-ATPase and ouabain-insensitive
ATPase was observed. These results presume the disturbance of transplasmalema ion-transporting processes
and cells ionic homeostasis induced by TiO,.

Keywords: TiO, nanoparticles, alanine aminotransferase, aspartate aminotransferase, bilirubin, bile

acids, plasma membrane ATPase activities.

anomaterials are artificially synthesized

N materials, containing at least 50% parti-
cles of 1-100 nm in at least one projection.

Modern industrial technologies envisage extensive
application of nanomaterials, as the approximation
of a system to the electron coherence length leads
to significant changes in its properties, including
enhanced stability and catalytic activity [1, 2]. For
instance, titanium dioxide (TiO,) powder is used as
a white dye (for instance, to dye paper, paints, food,
medical and cosmetic products) and is manufactured
in the amount, exceeding 70% from the total amount
of pigments [3, 4]. Food additive E171 is a suspen-
sion of micro- and nanoparticles of TiO, with the
diameter within 30—400 nm, and a third of its mass
is composed of particles, sized < 100 nm [5]. Na-
noscale TiO, may be in the form of crystal structures

of rutile, anatase, and brookite, though the latter is
almost not found in industrial samples [6].

TiO, has been considered inert material for a
long time. However, a considerable amount of ac-
cumulated data proves the ability of this material
to have damaging effect on the cells of different tis-
sues and organs [7-10]. For instance, a key cellular
mechanism of nano-TiO, effect is generation of re-
active oxygen intermediates and active forms of ni-
trogen, and, as a result, oxidative stress of the cell.
Nano-TiO, increases the concentration of reactive
oxygen intermediates in several ways: firstly, via de-
pletion of molecules of the antioxidant protection of
cells; secondly, via high superficial activity of nano-
particles, conditioned by oxygen vacancies on their
surface. Nanoparticles of TiO, in the form of anatase
are relatively more active [11].
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Nano-TiO, penetrates the organism in several
ways: inhaling, intragastric, transdermal; these par-
ticles may also occur in the milieu interieur due to
medical manipulations, for instance, via injection
of medical preparations and during the destruc-
tion of bioimplants, based on titanium dioxide [12].
However, the most common way of organism expo-
sure to this nanomaterial is its penetration via the
intestinal barrier. In addition, the experiments on
chronic effects of TiO, in vivo demonstrated that, af-
ter penetrating the organism, this nanomaterial gets
accumulated in liver tissues in considerable amounts
[8,13,14]. It is known that venous blood from the di-
gestive system goes to the portal system of the liver,
therefore, we performed the analysis of biochemical
markers of liver functioning and damage along with
the enzymatic activity of preparations of rat erythro-
cyte plasma membrane under the effect of nano-TiO,
during intragastric administration in vivo.

Materials and Methods

The chronic effect of nanoscale TiO, material
was studied using female rats of Wistar line from the
population of the vivarium of SI Institute of Pharma-
cology and Toxicology NMA of Ukraine. The rats
were kept with standard diet and under standard con-
ditions: temperature of 20 £ 2 °C, relative air humidi-
ty 5070 %, light regime — light:darkness = 12:12 h.

The animals were randomly divided into
3 groups: group 1 — intact rats; group 2 — rats, oral
administered the suspension of TiO, nanoparticles,
estimated as 0.1 mg/kg, daily for 30 days; group
3 — rats, oral administered the suspension of TiO,
nanoparticles, estimated as 0.1 mg/kg, daily for 100
days. The weight of animals was controlled every
4-6 days for adequate estimation of TiO, amount.

Nanoparticles of TiO, (PlasmaChem GmbH,
D-12489 Berlin, Germany) were used in the form
of nanopowder (mixture of rutile and anatase in 1:4
ratio), the size of particles (21 £ 5) nm, the specific
surface — (50 + 10) m?/g; purity > 99.5 %, content
of AL,O, < 0.3 wt; SiO, < 0.2 wt. TiO, nanopowder
was resuspended in water; the aggregates of TiO,
nanoparticles in the suspension were broken using
the ultrasound.

The biochemical markers of damage and func-
tional ability of the liver under long-term exposure
of the organism to nanosize TiO, were studied using
the preparations of blood plasma and the suspen-
sion of rat erythrocyte plasma membranes. All the
experiments using animals were conducted in ac-
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cordance to the legislation of Ukraine and norms of
the European Union regarding humane treatment of
laboratory animals.

Obtaining blood plasma. Blood with anticoagu-
lant (heparin, 5,000 IU/ml) in blood:heparin ratio of
9:1 was centrifuged at 3,000 rpm for 10 min. Plasma
was thoroughly isolated with a pipette and further
kept for 12-24 h at 4 °C until used in the experi-
ments of determining the activity of alanine ami-
notransferase (ALT) and aspartate aminotransferase
(AST), bilirubin concentration and thymol test. The
precipitation (blood corpuscles) was further used to
obtain the preparations of erythrocyte plasma mem-
branes.

Determining the activities of aspartate ami-
notransferase and alanin aminotransferase in blood
plasma of rats was performed by the method of
Reitman and Frankel using the kits, manufactured
by R&D enterprise Felicit-Diagnostika (Ukraine)
[15].

Total and direct bilirubin in blood plasma were
determined by the method of Jendrassik using the
kits, manufactured by R&D enterprise Felicit-Diag-
nostika (Ukraine) [16].

Thymol test was performed using thymol rea-
gent from the kits, manufactured by R&D enterprise
Felicit-Diagnostika (Ukraine) [17].

Isolating and determining concentrations of
free and conjugated bile acids from the blood of rats
was performed by the method of S.P. Veselskyi [18].
Bile acids were extracted from the biological mate-
rial at (-10—0 °C) using the mixture of ethanol and
acetone (1:3). Free and conjugated bile acids were
chromatographically separated in the system, con-
taining amyl acetic ester, toluene, butanol, acetic
acid and water in the (3:1:1:3) ratio, which ensured
simultaneous separation of free and conjugated
biliary acids with unidimensional chromatography
on standard Silufol plates. The content of each bile
acid was quantitatively estimated after spraying
chromatograms with 5% solution of phosphatomo-
lybdic acid in the mixture, containing ice-cold acetic
acid, concentrated sulphuric acid and 50% solution
of trichloroacetic acid in 15:1:5 ratio.

Obtaining preparations of erythrocyte plas-
ma membrane. The preparations of suspension of
erythrocyte plasma membrane were obtained by
slightly modified method of Dodge. Erythrocytes
were washed thrice with a cooled solution of the
following composition: NaCl 145 mM, Tris-HCI
20 mM (pH 7.6 at 20 °C), each time precipitating
the cells by centrifugation at 3,000 rpm for 10 min.
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Erythrocyte membranes were obtained by hypos-
motic hemolysis in the following solution: EDTA
10 mM, Tris-HCI 10 mM (pH 7.6 at 20 °C). For this
purpose, one volume of washed erythrocytes was
thoroughly mixed with 20 volumes of cooled (4 °C)
hemolytic medium and kept at the same tempera-
ture for 15 min. The hemolysate was centrifuged at
18,000 rpm for 15 min. The precipitate (membranes)
was washed thrice with 20 volumes of 10 mM Tris-
HCI buffer (pH 7.6 at 20 °C). The preparations of
plasma membranes were further kept for 12-24 h
at 4 °C until used in the experiments to study the
enzymatic activity: total Mg?",Na*,K*-ATPase, basal
Mg?*-ATPase and Na*,K'-ATPase. Protein concen-
tration in the preparations of rat erythrocyte plasma
membrane was determined by Lowry’s method [19].

Determining total ATPase activity. Total
Mg?,Na*,K'-ATPase activity was determined at
37 °C in the fraction of erythrocyte plasma mem-
branes in the standard incubation medium (volume
of 0.4 ml) of the following composition (in mM):
1 ATP, 3 MgCl,, 125 NaCl, 25 KCI, 1 EGTA, 20
Hepes-Tris-buffer (pH 7.4), 1 NaN, (inhibitor of mi-
tochondria ATPase) [20]. It was added 0.1 uM thap-
sigargin (selective inhibitor of Ca?*,Mg*-ATPase of
endo(sarco)plasmatic reticulum) and 0.1 % digitonin
(factor of plasma membrane perforation). Protein
amount in the membrane fraction of the sample was
20-30 pg, the incubation lasted 4 min.

The enzymatic reaction was initiated by the
introduction of the aliquot (20 ul) of plasma mem-
brane suspension (8 °C) to the incubation medium,
and terminated by the introduction of 1 ml of 20%
trichloroacetic acid (pH 4.3 at 8 °C) to the incubation
mixture.

The incubation medium, having a similar
composition but lacking fragments of plasma mem-
branes, served as control for non-enzymatic hy-
drolysis of ATP. Aqueous solution of the membranes
served as control for the amount of endogenous P,
in the membrane preparation. Thus, total ATPase
activity was calculated as the difference between
the amount of P, formed in the incubation medium
with and without plasma membranes. The allowance
for the amount of endogenous P, in the membrane
preparation was made. The amount of P, reaction
product was determined by the method of W. Rath-
bun et V. Betlach [21].

Determining Mg?-ATPase activity. Basal Mg?*-
ATPase activity was determined in the incubation
medium, used for total ATPase activity, but in the

presence of 1 mM ouabain (selective inhibitor of
Na*,K*-ATPase) [20].

Estimating Na*,K*-ATPase activity. Oua-
bain-sensitive Na*,K'-ATPase activity was calcu-
lated as the difference between the amount of total
Mg?# ,Na*,K*-ATPase and basal (ouabain-insensitive)
Mg?*-ATPase activity [20].

Statistical analysis. Experimental data were
processed by variation statistics methods using
OriginPro 8 program. The samples were checked in
terms of belonging to normally distributed general
populations according to Shapiro-Wilk test. Para-
metric one-way ANOVA analysis was used to de-
termine reliable differences between mean values
of samplings; post-hoc comparison was made using
Tukey test. In all cases the results were considered
reliable on condition of the probability value P, un-
der 5% (P < 0.05). The results were presented as the
mean =+ standard error of the mean value, N — number
of experiments.

Results and Discussion

Studying biochemical markers of rat liver func-
tioning under chronic exposure to nanosize TiO, ma-
terial. The activity of ALT and AST in the control
group of rats was (48.4 £ 3.5) and (167.2 £ 7.8) U/l
(n =17), respectively. Chronic (30 and 100 days) oral
introduction of TiO, suspension caused a significant
increase in the activity indices for these enzymes:
in case of rats, receiving nano-TiO, suspension for
30 days, ALT increased more than 6-fold, and the
activity of AST increased 2.5 times on average the
control. The prolonged effect of nano-TiO, up to 100
days was characterized with the following chang-
es inactivity: ALT indices were still increasing,
reaching the 7-fold increase compared to the control,
whereas AST activity was slowing down to some de-
gree, on average amounting to 201.4% compared to
the control (in all cases P < 0.001, n = 6) (Fig. 1). A
significant increase in the activity of ALT and AST
indicated the process of hepatocyte lysis — one of
the main pathological syndromes of liver damage.
However, a significant excess in the activity of these
enzymes may be also related to the activation of
muscle tissue destruction processes under chronic
effect of TiO, nanoparticles [22].

Aminotransferases, represented by ALT
(EC 2.6.1.2) and AST (EC 2.6.1.1), transfer amino-
groups from 2-aminoacid to 2-oxoacid involving
pyridoxal phosphate as a cofactor. Enhanced activi-
ty of these enzymes in blood plasma indicates the
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Fig. 1. The indices of enzymatic activity of alanine
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) in blood plasma of rats in the control
(n = 7) and under the chronic effect of nanosized
TiO, material in vivo (average size of 21 nm, the ra-
tio of polymorphs — rutile: anatase = 1:4) for 30 and
100 days (n = 6);***P < 0.001 regarding the control

damage of plasma and/or mitochondrial membranes.
Thus, enhanced activity of AST is a marker of
damaged tissues of liver, kidney, heart and/or skele-
tal muscles as well as erythrocytes; in a similar way,
enhanced activity of ALT accompanies the destruc-
tion of these tissues [23]. Although hepatocytes con-
tain AST in a relatively higher amount, enhanced
relative activity of ALT in blood plasma is a marker
of damaged liver tissue.

Thus, detecting the hepatotoxic effect of TiO,
involved determining the dynamic pattern for De
Ritis ratio (the ratio of AST/ALT activities) in blood
plasma of rats in the control group and animals, bur-
dened with nanomaterial. There was a reliable time-
dependent decrease in this ratio, which amounted to
3.45 for the control, whereas under the effect of TiO,
for 30 days it was 1.44 and for 100 days — about 1.
Therefore, as the deviation of De Ritis ratio was ob-
served towards decreasing, it proved the hepatotoxic
effect of nano-TiO, [24-26].

We have also studied one of the main indices
of pigment exchange — bilirubin of blood, which is
a highly informative parameter of the functional
state of liver. The concentration of bilirubin in
blood plasma of control rats was as follows: direct —
(2.84 £ 0.17) uM, total — (8.96 + 0.53) uM and in-
direct — (6.12 + 0.32) uM (n = 7). In case of rats,
oral administered nano-TiO, for 30 days, there was
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Fig. 2. The concentrations of direct, indirect and to-
tal bilirubin (BL) in blood plasma of rats in control
(n = 7) and under chronic effect of nano-TiO, in Vivo
(average size of 21 nm, the ratio of polymorphs —
rutile: anatase = 1:4) for 30 and 100 days (n = 6);
***P < 0.001 regarding the control

an observed reliable increase in bilirubin concen-
tration, which was as follows: direct — (6.11 + 0.31)
uM, bound — (20.16 = 0.72) uM and indirect —
(14.05 = 0.42) uM (in all cases P < 0.001 regarding
the control group, n = 6). Bilirubin concentration in
the plasma of rats, burdened with TiO, for 100 days,
was as follows: direct — (6.30 + 0.28) uM, total —
(17.92 £ 0.56) and indirect — (11.62 £ 0.59) uM (in all
cases P < 0.001 regarding the control group, n = 6)
(Fig. 2). Therefore, the indices of bilirubin concen-
tration remained at a higher level under the exposure
to TiO,, which indicated hepatotoxicity of this na-
nomaterial, but no time dependence was observed.
A significant increase in bilirubin concentration in
blood plasma demonstrated a considerable destruc-
tion of liver parenchyma which allowed bilirubin to
penetrate blood [24, 27].

We have also made thymol test in control and
under chronic exposure of rats to TiO,. A significant
increase in thymol test was observed: in control —
(0.95 £ 0.12) rel.un., under the effect of TiO, for 30
days (2.94 + 0.31) rel.un. and under the effect of TiO,
for 100 days (3.01 + 0.29) rel.un. Thymol test is a
marker of mesenchymal inflammatory process in the
liver, and its results are determined by the ratio be-
tween the content of - and y-globulins and albumin
in blood plasma. Thus, our results demonstrate that
nano-TiO, has considerable hepatotoxicity and under
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chronic effect causes the impairment of protein and
pigment exchange in the liver.

The concentration of bile acids in blood plasma
of rats under chronic exposure to nano-TiO,. Along
with the indices of enzymatic activity of ALT and
AST, a sensitive index of impaired liver functioning
is the level of bile acids in blood plasma [23, 24].
Thus, as our previous studies detected significant
changes in protein and pigment exchange in liver
tissue of rats under chronic intragastric burden of
the organism with nano-TiO, in vivo, the following
series of experiments was targeted at analyzing the
exchange of bile acids in the organism of rats, bur-
dened with TiO, for 30 days.

Using extraction methods (with the mixture
of ethanol:acetone = 1:3) and separation with liquid
thin-layer chromatography (in the mixture of amyl
acetic ester:toluene:butanol:water=3:1:1:3:1), we have
studied the composition of conjugated (TCA — tauro-
cholic acid, the mixture of TCDCA — taurochenode-
oxycholic acid and TDCA — taurodeoxycholic acid,
GCA - glycocholic acid, the mixture of GCDCA —
glycochenodeoxycholic acid and GDCA — glycode-
oxycholic acid) and free (CA — cholic acid and the
mixture of CDCA — chenodeoxycholic and DCA —
deoxycholic) bile acids in blood plasma of animals.
It was determined that mass concentrations of all the
mentioned bile acids undergo reliable changes com-
pared against the control (Fig. 3), with a significant
increase in the content of free cholic acid only (from
23.0 + 1.4 mg% to 30.8 + 1.8 mg%, n =6, P <0.05),
whereas the concentrations of other free and conju-
gated biliary acids decrease by 30—50% on average.
In particular, the content of the mixture of GCDCA
and GDCA in blood plasma of rats decreased under
chronic effect of TiO, from 29.0 + 1.8 mg% (in con-
trol) to 15.5+0.9 mg% (n = 6, P < 0.05); in case of
conjugated glycocholic acid, there was an observed
decrease in its concentration from 149.9 = 4.3 mg% to
96.8 £ 5.5 mg% (n =6, P <0.05). The concentration
of taurocholic acid decreased from 195.0 + 6.7 mg%
(in control) to 137.6 £ 4.6 mg% (n = 6, P < 0.05).
In case of the mixture of free biliary acids CDCA
and DCA, there was an observed decrease in their
concentrations in blood plasma of rats under chronic
effect of TiO, from 9.5 + 0.3 mg% to 5.5 + 0.7 mg%
(n =6, P <0.05). The most significant decrease was
remarkable for the mixture of conjugated bile acids
TCDCA and TDCA: from 94.2 + 3.2 mg% in control
to 47.6 + 2.7 mg% under the effect of TiO, (n = 6,
P <0.05).

Nanoparticles of metaloxides, in particular,
TiO,, are capable of penetrating the tissues of the
organism and accumulating therein. The methods of
mass-spectrometry, electronic microscopy and ra-
dioisotope assay [8, 28, 29] demonstrated that liver
was one of the organs, depositing a considerable
amount of nano-TiO,. At the sometime, numerous
studies using laboratory animals indicate that in vivo
the burdening of the organism with nano-TiO, is ac-
companied with inflammatory reactions and size-,
polymorph- and time-dependent disruptions in the
functioning of internal organs (including liver, kid-
neys, spleen, heart muscle and reproductive glands)
[28, 30-32]. For instance, according to the data of
E. Abbasi-Oshaghi et al. [33], the application of TiO,
in the concentrations of 10-100 mg/kg for 30 days
conditioned a considerable increase in the activity
of ALT and AST and in the concentration of total
bilirubinin blood plasma of rats, and these effects
were accompanied with a considerable inhibition
of the expression of antioxidant protection genes
(superoxide dismutase, glutathione peroxidase, cata-
lase) and enhanced expression of proapoptotic genes
(Bax and p53) and decreased expression of anti-
apoptotic genes (Bcl2) in liver tissue; the effect of
effector caspases in the homogenate of hepatocytes
also increased considerably. Similar hepatotoxic and
genotoxic effects were also observed by the group of
Jia X.et al. [34] after intragastric administration of
5-50 mg/kg of nano-TiO, to mice for 14 days. The
studies of Yang J. et al. [28] using the simulation of
intragastric burdening mice with high concentra-
tions of nano-TiO, (5-150 mg/kg/day for 14 days)
demonstrated that the initial marker of toxic damage
to liver by nanomaterials is bilirubin: the concen-
tration of the latter in blood plasma was increased
in a dose-dependent manner at the background of
changes in enzymatic activity of ALT and AST; the
increase in bilirubin concentration correlated with
a considerable increase in the expression levels of
transporter genes Oatpl and Mrp3, and enzymes
Cyp2bl0 and Cyp2c37. The results, obtained by us
(the increase in the activity of ALT and AST, the
change in De Ritis index, increased level of biliru-
bin), demonstrate that subchronic intake of non-high
concentrations of nano-TiO, in the organism is ac-
companied with the accumulation of this nanomate-
rial in the liver tissue and conditions considerable
changes in its functioning. The result of thymol test
also demonstrates disrupted metabolism in the liver
tissue of rats at the effect of nano-TiO, [35].
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As mentioned above, nanoparticles of TiO, con-
dition expressed genotoxic effects (oxidative damage
and breaks in DNA molecules, induced apoptosis),
and also change gene expression profiles in liver
cells, here the changes are related to genes of an-
tioxidant protection and apoptosis as well as meta-
bolic genes [28, 36, 37]. For instance, Yang J. et al.
[28] determined that burdening the organism of mice
with nano-TiO, is accompanied with disrupted ex-
pression of genes, encodings specific enzymes of
P450 superfamily; these enzymes are known to en-
sure the metabolism of bilirubin and bile acids [38].
One of the central links of the toxic effect of TiO, on
cells is disrupted functioning of mitochondria [39].
The changes, obtained by using the level of some
bile acids in blood plasma of rats, burdened with
nano-TiO,, may be related to nanoparticle-induced
changes in the level of enzymes, ensuring synthesis
and transformation of bile acids, in liver.

Thus, in our studies, TiO, mostly (except for
CA) caused a significant inhibition of biosynthesis of
both free and glycine-conjugated trihydroxycholane

acids, the synthesis of which is closely related to
the activity of enzymes of microsomal oxidation
in a neutral way [23]. Similarly, this nanomaterial
induced the inhibition of conjugation processes be-
tween bile acids and taurine. As the synthesis of
the primary chenodeoxycholic acid by hepatocytes
occurs with active involvement of mitochondria
enzymes, the decrease in the level of the mixture
[CDCA + DCA] in blood plasma demonstrates that
one of the primary mechanisms of impairing pig-
ment exchange in the liver tissue is inhibiting the
mitochondrial function of hepatocytes [8, 23].

The activity of ATPs of rat erythrocyte plasma
membranes under the chronic effect of nano-TiQO,.
Membrane proteins with ATP activity maintain
the transmembrane difference in the concentration
of ions Na*, K" and Ca?". These systems of primary
ion transport of plasma membrane include Na*K*-
ATPase (pumps 2 K* ions into the cell per one cata-
lytic action and pumps out 3 Na* ions) and Ca?-
pump (ensures the extrusion of Ca?" ions into the
extracellular space). The impairment of the transport
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Fig. 3. The relative concentration (in % regarding the corresponding control values) of conjugated and free
bile acids in blood plasma of rats, burdened with nanosize TiO, material (average size of 21 nm, the ratio of
polymorphs — rutile: anatase = 1:4) for 30 days (n = 6). Legends: TCA — taurocholic acid, TCDCA - tauro-
chenodeoxycholic acid, TDCA - taurodeoxycholic acid, GCA - glycocholic acid, GCDCA - glycochenode-
oxycholic acid, GDCA - glycodeoxycholic acid, CA - cholic acid, CDCA - chenodeoxycholic acid, DCA —

deoxycholic acid; *P < 0.05 regarding the control
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Fig. 4 The enzymatic activity of total, ouabain-sensitive (Na*,K*-ATPase) and ouabain-insensitive ATPases
in control and under the chronic effect of nanosize TiO, material in vivo (average size of 21 nm, the ratio of
polymorphs — rutile: anatase = 1:4) for 30 and 100 days (h = 6); ***P < 0.001 regarding the control

function of active ionic transport systems may cause
different effects, including apoptosis or mixed pro-
cesses of cell death [27].

In the control the indices of total Mg?*-
dependent, ouabain-sensitive, and ouabain-insensi-
tive ATPase activity were as follows: (1.64 + 0.05)
mg P./mg of protein‘h, (0.85 + 0.06) mg P./mg of
protein-h and (0.79 + 0.05) mg P/mg of protein-h;
therefore, the activity of Na*,K*-ATPase for rat
erythrocyte plasma membrane was 51.8% on average
compared against the total ATPase activity, which
served as 100%. Under chronic exposure (for 30 and
100 days) to nanosize TiO, material, the activity of
enzymes of the primary active ionic transport de-
creased considerably compared against the data for
the control group. For instance, for the group of 30
days of exposure to TiO,, the indices of total Mg*-
dependent, ouabain-dependent, ouabain-sensitive
and ouabain-insensitive ATPase activity respectively
were as follows: (0.37 £ 0.02) mg P./mg of protein‘h,
(0.14 = 0.01) mg P /mg of protein-h and (0.23 + 0.02)
mg P/mg of proteinh (n = 6). In the group of 100
days of exposure to TiO, we observed further de-
crease in the activity of total Mg?*-dependent, oua-
bain-sensitive and ouabain-insensitive ATPases, the
values of which were as follows: (0.32 + 0.01) mg P/

mg of proteinh, (0.10 + 0.01) mg P /mg of proteinh
and (0.22 £ 0.01) mg P /mg of protein‘h (N = 6). Ana-
lyzing these data, it is noteworthy that there was also
a decrease in the relative contribution of Na*,K'-AT-
Pase into the total Mg?*-dependent ATPase activity
of erythrocyte plasma membranes under the effect of
TiO, in vivo: in the group of animals, treated for 30
days, these parameters were 38.0% on average, and
in the group of animals, treated for 100 days — 31.6%
on average (Fig. 4).

Simulated studies of long-term burdening of
the organism with nano-TiO, demonstrate that the
disruption of cell metabolism, induced by these na-
noparticles, is accompanied with considerable inhi-
bition of the effect of both intracellular enzymes and
transmembrane systems of active ion transport. For
instance, Hong F. et al. determined the inhibition of
Na*,K'-ATPase, Ca?*-ATPase and Ca?*,Mg?*-ATPase
of plasmatic spermatozoa membranes of rats, which
were oral administered the suspension of nanosize
TiO, for 60 days [40]. Similar results were obtained
for neurons of the central nervous system and car-
diomyocytes of mice, these effects were accompa-
nied with the disruption of ion concentration in the
tissues [41, 42]. The systems of primary ion transport
create the driving force for transmembrane transport
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of substances, in particular, in the liver tissue the
gradient of ions Na*, which forms Na*,K*-ATPase,
is the prerequisite of transporting biliary acids and
bile secretion [43]. Therefore, when the organism
was burdened with nanosize TiO, material in vivo,
there was observed impairment of transmembrane
balance of ions Na* and K*, and probably even Ca?".
It can also be predicted, it is not possible to assume
that the impairment of ion-transporting processes in
plasma membrane is one of the factors of the toxic
effect of titanium dioxide.

The functional state of liver and enzymatic ac-
tivity of the preparations of rat erythrocyte plasma
membranes under chronic effect (for 30 and 100
days) of nanosize titanium dioxide material in vivo
(average size of 21 nm, the ratio of polymorphs — ru-
tile: anatase = 1:4) was studied in this work. It was
established that burdening the organism with TiO,
caused a significant increase in the activity of en-
zymes of alanine aminotransferase and aspartate
aminotransferase in blood plasma along with the de-
crease in the ratio of their activities (De Ritis ratio),
which generally proved the destruction of hepato-
cytes in the presence of TiO, in the organism.

It was demonstrated that under the chronic ef-
fect (for 30 and 100 days) of nanosize TiO, material
in vivo, there was a significant increase in the con-
centrations of direct, indirect and bound bilirubin
in blood plasma of rats, which proved TiO,-induced
impairment of pigment exchange in the liver tissue.

It was found that under chronic effect (for 30
days) of nano-TiO, in vivo, there was an observed
decrease in the concentrations of conjugated (tau-
rocholic, taurochenodeoxycholic, taurodeoxycholic,
glycocholic, glycochenodeoxycholic, and glycode-
oxycholic) and free (glycodeoxycholic and deoxy-
cholic) bile acids in blood plasma of rats, whereas
the concentration of free cholic acid increased; the
mentioned results demonstrated significant impair-
ment of pigment exchange in the liver of rats.

It was established that under the chronic ef-
fect (for 30 and 100 days) of nano-TiO, in vivo there
was observed significant inhibition of functioning of
the enzymes of primary active ionic transport (total
Mg?*-dependent, ouabain-sensitive Na*,K*-ATPase
and ouabain-insensitive) ATPase activities of eryth-
rocyte plasma membranes; these results prove the
impairment of transplasmalema ion-transporting
processes and ionic homeostasis in cells.
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IFTEDATOTOKCHUYHICTbD TiO, 3A
TPUBAJIOI'O BBEJEHHS LIIY PAM

O. B. LJumbamok, C. I1. Becenvcokuil,
A. M. Haymenxo, T. JI. [lasuooscwka,
I C. Boumewenxo, I. I. Quor,

B. A. Ckpuwescoxuii

[HCTHTYT BHCOKUX TexHONOTi#, KuiBCchKmit
HaIliOHANEHUH YHiBepcuTeT iMeHi Tapaca IlleBuenka;
e-mail: otsymbal@bigmir.net

[Topowok niokcuay tutany (TiO,), saxui Bu-
KOPUCTOBYEThCS SK Oinuii OapBHUK, TOBTUW dYac
BBAXKaBCsSI IHEPTHUM MaTepiajoM, HE3BaXKAIOUM Ha
HAKOIMMYCHHS HOro B TKAHWHAX TEUiHKH IiCHs Mpo-
HUKHECHHSI B OpraHizM. MeTow JTOCIiIKSHHS 0YII0
OIIHUTH 0i0XiMITHI Mapkepr (PyHKITIOHYBaHHS TIe-
YiHKH Y TI7a3Mi KpoBi Ta akTuBHICTh ATPazn mias-
MaTHYHOI MEMOpaHU EPUTPOLIUTIB 3a EPOPaIbHO-
T'0 BBEJICHHSI CyCIIeH31i HAHOYaCTUHOK TiO2 (0,1 mr/
Kr moaHst) mypam Wistar mpotsrom 30 ta 100 aHiB.
[lokazaHo 3Ha4HE MiJBUIICHHS AaKTUBHOCTI aa-
HiHaMiHOTpaHc(depa3u Ta acmapTaTraMiHOTpaHC-
(hepasn, a Takok BMICTY MPSIMOTO, HEMPSIMOTO Ta
3B’s13aHOT0 OLITipyOiHy. Takok BCTaHOBJIEHO BipO-
riHe 3MEHIICHHSI KOH'IOrOBaHHUX (TaypoXOJeBoi,
TaypOXEHOAE30KCUXO0JIEBOI, TaypOAE30KCUXOJIEBOI],
TJIIKOXOJIEBOI, TIIKOXEHOJAE30KCUXOJICBOI Ta TJIKO-
JIE30KCUXOJIEBO1) 1 BUTBHUX (TJIIKOIE30KCHXOJICBOI 1
JI€30KCUXO0JIEBOI ) JKOBYHUX KHUCIJIOT y pa3i CyIyTHbBO-
ro 301IbIIeHHs] KOHIEHTpalliil BiIbHOI X01eBOi KHUC-
JIOTH B IIJ1a3Mi KPOBI IypiB 1mij yac Beeaenns TiO,,
110 BKa3yBaJo Ha 3HAYHE NOPYIICHHS MIrMEHTHOT'O
0o0OMiHy B mediHmi 1mypis. [1ix yac BBeICHHS TiO2
CIIOCTEpirajiocs 3HayHE IPUTHIYEHHS EpUTPOLU-
TapHOI IMJIa3MaTHYHOI MeMOpaHu Mg?*-3a1exKHOT,
yabainuyTiuBoi Na*,K'-ATPa3u ta yabainHewyTiH-
Boi ATPa3u. Lli pesynsratu mepeaba4aroTb Mopy-
HICHHS TIPOILECiB TPAHCIOPTY TpaHCILIa3MajeMu
1OHIB Ta I0HHOTO TOMEOCTa3y KIITHH, 1HyKOBaHUH

TiO,.

2
KnwouoBi cnosa: nanosactunku TiO,,
alaHiHamMiHOTpaHc(depasza, acrmapraTaMiHOTPaHC-
(hepaza, OimipyOiH, KoBUHI KuciaoTH, ATPa3Ha ak-
THBHICTD IJIA3MaTHIHUX MEMOPaH.
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