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Introduction. Nanoparticles (NPs) of metals, including zinc, can be successfully used to meet
the mineral sources of animals and poultry, they are able to increase the rate of growth and their use
of feed [1]. It is known that zinc oxide nanoparticles (ZnO-NPs) are superior to conventional
sources of zinc in terms of pharmacological activity and bioavailability, have a positive effect on
productivity and antioxidant defense, increase reproductive potential, but require detailed
clarification of toxicological parameters [2]. It has been proven that the release of Zn?* from ZnO-
NPs triggers the synthesis of an excessive amount of intracellular reactive oxygen species, which
leads to the autophagic death of immune cells and confirms their potential impact on animal
immunity. In addition, the results indicate that ZnO-NPs can be used as an effective fungicide [3,
4].

Recently, the use of metal NPs for the correction of trace element diseases in animals and
poultry has become widespread, the main condition of which was a comprehensive assessment of
their toxicological properties in order to prevent negative effects on the body and its functions [5].
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The vast majority of data on the toxicity of zinc-based NPs to white mice as a biogenic element that
is important in the animal and human body concerns ZnO-NPs, among which the main toxicity
parameters of ZnO-NPs were determined using in vitro systems that lack complex interactions cell-
cell, cell-matrix and hormonal effects, which can be determined in vivo [6, 7]. Various toxic effects
due to dosage, size of NPs are noted for different methods of administration. Thus, the aim of the
study was a comparative assessment of the toxicity of zinc-based NPs by different methods of
administration on mice model.

Results. Oral administration of ZnO-NPs causes a decrease in the body weight of animals, but
leads to an increase in its concentration in the blood serum, liver and kidneys, increases the activity
of transaminases, but does not affect the intestinal microbiota and the content of Iron, Copper and
Manganese in the kidneys, liver, etc [8]. After oral administration, ZnO-NPs were absorbed into the
blood stream, after which their biodistribution occurred in the liver, spleen, and kidney, while after
intraperitoneal administration, they remained in serum for 72 hours and accumulated in heart, lung,
and testis tissues. Clearance of ZnO-NPs in blood serum began 6 hours after oral administration,
and compared to zinc oxide microparticles, the nanoform showed a much higher absorption
capacity and biodistribution in tissues after intragastric administration [9].

Significant accumulation of nanoparticles in the liver can lead to cell damage after oral
exposure to ZnO-NPs (300 mg/kg). ZnO-NPs were also found to induce oxidative stress, as
evidenced by increased lipid peroxidation [10]. In a dose of 500 mg/kg body weight noted the
development of oxidative stress and a significant increase in the level of dopamine and
norepinephrine in the cerebral cortex, which indicates the neurotoxic potential of these
nanoparticles. These changes were also confirmed by inhibition of zinc- and copper-dependent
superoxide dismutase, which are considered important biomarkers of oxidative stress [11].

During acute intratracheal administration, the loss of body weight of mice, the development of
the inflammatory process and hyperplastic changes in the lungs, the accumulation of nitrogen oxide
and malondialdehyde in lung homogenates, etc., were observed [12]. The use of a much smaller
dose contributed to similar changes — an increase in the level of malondialdehyde in the lungs and a
decrease in the total antioxidant capacity were noted after 6 hours, as well as an increase in the
activity of lactate dehydrogenase in the bronchoalveolar lavage fluid 1 day after administration. The
manifestation of the inflammatory process was observed after 3 and 7 days, which was evidenced
by an increase in the number of leukocytes and the concentration of total protein in the
bronchoalveolar lavage liquid, as well as histological abnormalities of the lungs [13]. In general,
high dose-dependent inhalation toxicity should be noted (toxic events after administration of >6 ug
(>0.3 mg/kg), cases of death — 25-100 pg (>1.4 mg/kg) [14].

At subtoxic doses, ZnO-NPs can stimulate a strong inflammatory and antioxidant response in
lung epithelial cells. Cytotoxicity mediated by ZnO-NPs may be a consequence of the failure of the
cellular redox mechanism to restrain the excessive formation of reactive oxygen species. In
addition, exposure to a single but relatively high dose of ZnO-NPs by intranasal administration can
induce acute pulmonary inflammatory reactions in mice [15].

Intraperitoneal administration of ZnO-NPs caused significant changes in hematological and
biochemical parameters with higher toxicity after 10 days, while histopathological lesions were
observed in the liver, kidney, spleen, heart and brain of mice [16]. Also of concern is the presence
of a negative effect of ZnO-NPs on sex hormones, which increased apoptosis and caused a
steroidogenic effect in Leydig cells and increased the formation of an autophagic vacuole, possibly
due to a change in the activity of an antioxidant enzyme in mouse testicular cells [17].

Conclusions. Having analyzed a significant number of scientific sources, it is possible to
conclude that the basis of the toxic effect of zinc-based NPs is dosage. In addition, an important
factor is the chemical structure, physical parameters — structure, form-factor and size. Therefore, an
important stage in the development of drugs based on ZnO-NPs should be detailed toxicological
studies, primarily of hemato-, hepato-, cardio- and nephrotoxicity.
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The active use of Cr(VI) compounds in the industrial sector contributes to its spread in the
environment and poisoning of organisms. Cr(VI) is a heavy metal and a powerful pro-oxidant that
causes disruption of cellular metabolism by hyperproducing reactive oxygen species (ROS) and
impairing the functions of antioxidant defense system (ADS) enzymes [1]. Cr(VI)-induced
oxidative stress leads to activation of apoptosis and necrosis in hepatocytes [2]. Alkaline
phosphatase (ALP) belongs to a group of enzymes that regulate cellular metabolism by cleaving
phosphate residues from protein and nucleotide molecules at alkaline pH [3]. An increase in the
activity of ALP under the influence of Cr(VI) is an indicator of hepatotoxicity [4, 5]. Antioxidants
inhibit the prooxidant effect of Cr(\V1) by supplying their own electrons with subsequent reduction
of Cr(VI) to Cr(l11) [130]. Ethylthiosulfanylate (ETS) is an organosulfur synthetic compound of the
thiosulfonate class. The antioxidant effect of ETS contributes to the normalization of the ADS
status in liver tissue under the toxic effects of Cr(VI) [6]. It is also important to investigate whether
the antioxidant effect of ETS is sufficient to prevent Cr(V1)-induced hepatotoxicity.

Therefore, the aim of our work was to investigate the features of ETS effect on the enzymatic
activity of ALP in the blood of rats under the toxic effect of Cr(\V1).

White male Wistar laboratory rats were divided into 7 groups with 5 animals each group. The
rats in the group I (intact control) were injected daily intraperitoneally (ip) with 150 pl of
physiological saline for 14 days. Rats of group II were injected daily intragastrally (ig) with 1000 ul
of oil for 14 days and then daily ip injected with physiological saline for 14 days. Animals of group
11 /1V received KoCr20y7 ip at a dose 2,5 mg Cr(VI1)/kg body weight (bw) per day for 7days / 14
days. Rats of groups V were injected daily ig with an oil solution of ETS at a dose of 100 mg
ETS/kg bw for 14 days and then daily ip injected with physiological saline for 14 days. Animals of
groups VI and VII were administrated daily ig with an oil solution of ETS at a dose of 100 mg
ETS/kg bw for 14 days and then daily ip injected with with K>Cr207 at a dose 2,5 mg Cr(V1)/kg bw
for 7 days (group VI) of 14 days (group VII). We determined the enzymatic activity of ALP in
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