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Annoramusi. Due to the widespread use of titanium dioxide nanoparticles (NPs-
Ti02) in completely different areas of human activity, the question arises about the
safety of this nanomaterial. Of particular interest is the study of the problem of the
influence of nanoparticles on the body, since the substance in nanoform has
completely new properties. The toxic properties of TiO2 NPs have not yet been
sufficiently studied, so this topic is relevant. The study assessed the morphological
and biochemical parameters of the blood of Wistar rats after intraperitoneal injection
of titanium dioxide nanoparticles (TiO2 NPs) at doses of 13.3 and 133.3 mg/kg. The
selected concentrations of nanoparticles did not exceed the maximum tolerated dose
(MTD) for a given metal. The size of the nanoparticles used was 90 nm. On the first,
seventh and fourteenth days, blood was taken from the tail vein for further analysis.
The results showed an increase in serum levels of aspartate aminotransferase,
alanine aminotransferase, urea and creatinine activity against the background of
general leukocytosis. During the experiment, the dose-dependent nature of the
effects was not established, but their manifest manifestations were noted on the first
day of the experiment, followed by leveling off by the seventh day, which indicates
the presence of adaptive reactions in the body. The identified toxic effects of TiO2
NPs indicate a potential risk to women's health.
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Relevance. Due to their unique physicochemical properties (pigment, sensor,
adsorption, optical, electrical and catalytic), titanium dioxide nanoparticles (TiO2
NPs) have acquired a wide range of uses. Approximately 60% of TiO2 NPs are used
in construction (in paint and varnish products, cement, facing tiles), 30% in the
production of plastics, about 13% in paper production and 3% in electronics,
catalysts, cosmetics (sunscreen, dental paste), as well as in the production of
ceramics, printing ink, welding fluxes, self-cleaning glass, mirrors and other
surfaces [1,15,16 ,17,18,19,20]. Of great interest is the study of the photocatalytic
(PC) properties of this material, which make it possible to increase the efficiency of
technological FC processes for purifying water and air from toxic impurities. All
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these processes are aimed at solving global energy saving problems [1,29,30,31,32].
In addition, this property is also used in medicine — photodynamic therapy, which
has found application in oncology [1,2,3,4,5,6,7]. The main producers of TiO2 today
are: Du Pont (USA), Crystal Global (Saudi Arabia), Kronos (Germany), Tronox
(USA), whose shares account for more than 60% of global TiO2 production, which
in 2014 amounted to about 6, 5 million tons [1,8,9,10,11,12,13,14]. Due to the
widespread use of TiO2 NPs in completely different areas of human activity, the
question arises about the safety of this nanomaterial. The toxic properties of TiO2
NPs have not yet been sufficiently studied, although extensive research is being
conducted in different countries of the world to assess their safety
[1,21,22,23,24,25,26,27,28]. TiO2 NPs can enter the body through the mucous
membranes of the respiratory tract and digestive tract, as well as transdermally when
using cosmetics. According to Professor G.M. Balan, the main target organs of TiO2
NPs are the tissues of the respiratory, digestive, immune, and skin systems, and the
critical ones in terms of the consequences of their action are the brain, spinal cord,
reproductive and excretory organs.

Purpose of the study: To evaluate the influence of TiO2 NPs on the morpho-
biochemical parameters of the rat body.

Research methods. The studies were carried out in the experimental biological
clinic of the Bukhara State University named after Abu Ali lbn Sina on 30 white
male Wistar rats weighing 150-180 g, kept under standard vivarium conditions and
a diet for laboratory animals, in accordance with the rules of laboratory practice
when conducting preclinical studies in UzR (GOST 3 51000.3-96 and GOST
51000.4-96).

Experimental studies on animals were carried out in accordance with the instructions
recommended by the Uzbek Regulations, 1987 and “The Guide for the Care and Use
of Laboratory Animals (National Academy Press Washington, D.C. 1996).” Efforts
were made during the research to minimize animal suffering and reduce the number
of samples used.

Experimental design. All experimental animals were divided into three groups
(n=10). Animals of experimental groups | and 11 were administered a single dose of
TiO2 NPs at a dose of 13.3 mg/kg and 133.3 mg/kg. The control group of animals
was administered an isotonic solution of sodium chloride 0.9% in an equivalent
volume. The selected concentrations of nanoparticles did not exceed the maximum
tolerated dose (MTD) for a given metal. On the first, seventh and fourteenth days,
blood was taken from the tail vein for morphological and biochemical studies.
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Results. When comparing morphological blood parameters, it was revealed that the
most significant changes were observed on the first day after intraperitoneal
administration of NPs in experimental group | with an administered dose of NPs-
Ti02 of 13.3 mg/kg (Table 1). In particular, an increase in the number of leukocytes
(1.2 times; p<0.05), lymphocytes (1.3 times; p<0.05), monocytes (in

1.4 times; p<0.05), granulocytes (1.2 times; p<0.05), erythrocytes, hemoglobin and
platelets. In experimental group 1, on the seventh day, a tendency towards a decrease
in all studied parameters was noted, with the exception of a slight increase in platelet
levels.

By day 14, the experimental group was characterized by an increase in hemoglobin
(1.3 times; p<0.05) and a decrease in platelets (1.5 times; p<0.05) compared to the
control group. In experimental group |1, no statistically significant differences with
the control were detected. Analysis of biochemical blood parameters showed that a
single intraperitoneal injection of TiO2 NPs leads to an increase in all studied
parameters on the first day.

In the process of analyzing the results, it was noted that the greatest changes were
observed in the indicators of ALaT, ASaT, creatinine and urea.

Thus, the highest ALaT activity was observed in experimental group | on the first
(3.5 times; p<0.05) and seventh days (2.5 times); on the 14th day, the enzyme
activity drops slightly, but remains higher than in control almost 2 times.

ACaT is also most active in group | and exceeds the data in the control on the first
(2 times), seventh (4.8 times) and 14 days (2 times). Paradoxical, in our opinion, is
the absence of changes in the levels of ACaT and ALaT on the first day at the
maximum dose of NPs. However, by the seventh and 14th days in experimental
group Il there was a clear tendency towards an increase in data activity enzymes.
The level of LDH is characterized by high values throughout the experiment in
experimental group Il compared with the control and group .

On the first (2.6 times) and especially on the seventh day (4 times) there was a sharp
increase in the level of urea in group I, then by the 14th day this indicator began to
level off to normal. In group |1, despite the higher dose of TiO2 NPs, the indicators
remained virtually unchanged.

As is known, the main sphere of action of leukocytes is the specific and nonspecific
protection of the body from external and internal pathogenic agents, therefore it is
absolutely natural that on the first day after a single administration of TiO2 NPs,
leukocytosis was observed, which serves as an indicator of the inflammatory
process. By the seventh day, the levels of leukocytes and its fractions had recovered,
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which probably indicates the normalization of homeostasis due to adaptive reactions
in the body. At the end of the experiment, the “white blood” indicators were
practically no different from the control, which is probably due to the removal of
Ti02 NPs from the body.

Throughout the study, there was a trend toward an increase in the amount of
hemoglobin with a fairly stable level of red blood cells. Our data are consistent with
the results of a study examining the biological effects of intragastric administration
of TiO2 NPs [2, 3]. There was a decrease in platelets in all experimental groups. It
IS interesting to note the fact that in experimental group |1, against the background
of the maximum dosage, there was an increase in platelet levels, while the overall
dynamics of their decrease in experimental group | was observed.

ALaT and ACaT are metabolic enzymes of the liver; an increase in their activity in
the blood serum indicates damage to liver cells and their membranes [4].

The results obtained indicate damage to hepatocytes by TiO2 NPs. Urea is formed
in the body during the breakdown of proteins, is the end product of protein
metabolism and is excreted along with urine. Its content level is used to judge the
functioning of the kidneys [3]. An increase in urea in the blood may be a sign of
kidney disease, and necrosis of the renal tubules is possible.

Creatinine is excreted from the body by the kidneys in the urine, so its amount in the
blood is an important indicator of the functioning of this organ [1]. Its increase in
experimental groups | and Il may indicate moderate renal failure. As a result, serious
disturbances of water-salt, acid-base and osmotic homeostasis can develop, which
lead to secondary damage to all body systems.

The study of protein metabolism parameters showed that no significant differences
were identified. However, on the first day, a sharp increase in this indicator was
noted in experimental groups | (2 times) and Il (2.5 times). By the seventh and 14th
days, the level of protein in the body approached the levels of the control group.
During the study, we monitored changes in blood glucose levels. On the first,
seventh and 14th days in experimental groups | and Il we saw a slight increase in
glucose levels within normal limits. This shows that the introduction of NPs did not
disrupt carbohydrate metabolism [2].

Conclusion. The studies carried out reveal the negative impact of TiO2 NPs on the
body, which may cause the development of pathological conditions, in particular the
liver and kidneys. During the experiment, the dose-dependent nature of the effects
was not established, but their manifest manifestations were noted on the first day of
the experiment, followed by leveling off by the seventh day, which indicates the
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presence of adaptive reactions in the body. The identified toxic effects of TiO2 NPs
indicate a potential risk to women’s health, as well as to environmental biota.
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