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Relevance. In Uzbekistan, a list of chemical substances harmful to human
reproductive health has been approved - reprotoxicants, included in the document
approved by the Chief State Sanitary Doctor of the Uzbekistan on July 29, 2009,
“UzR 2.2.2008-05. Guidelines for hygienic assessment of factors." [1,2,3,4,5,6,7].
Reproductive toxicants (reprotoxicants) are chemical, physical or biological agents
that have a harmful effect on the reproductive processes, regardless of gender. In the
European Union, according to Directive 92/32/EEC, the concept of “toxic for
reproduction” i1s defined as harmful effects on sexual function and fertility of adult
men and women, as well as effects on the development of offspring. Reproductive
toxicity is a harmful effect on male and female sexual function and fertility, as well
as toxic effects on the development of offspring. Definition adapted by the Working
Group on Harmonization and Risk Assessment for Reproductive and Developmental
Toxicity of PC8/OEC (17-21.10.1994), [1,8,9,10,11,12,13,14].

Reproductive toxicity includes two groups of effects.

* 1. Reproductive toxicity - changes in the male and female reproductive system and
associated endocrine system, adverse effects on maturation, gamete production and
transport, the reproductive cycle, sexual behavior, fertility, childbirth, premature
reproductive aging, and changes in other body functions , determining the integrity
of the reproductive system.

* 2. Developmental toxicity - effects from the time of conception to and after birth,
resulting from harmful exposure to the parents before conception, or exposure to the
developing organism prenatally, postnatally until puberty. The main manifestations
of developmental toxicity are lethal effects, structural abnormalities, growth
disturbances and functional impairment.
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In order to assess the possible risk of damage to reproductive function, gynecologists
must conduct preliminary and periodic medical examinations of women entering
work and working in hazardous conditions. Under equal conditions, examinations
of men by a urologist or andrologist are not provided.

To obtain a real picture of the working conditions in which employees work, a
special assessment of working conditions is carried out. Based on the results
obtained, the risk of developing pathologies in the reproductive function of workers
and their offspring is determined, and measures are developed to prevent possible
violations.

Thus, harmful occupational factors create high levels of risk for reproductive health.
This is manifested by reproductive dysfunction in both men and women, which
makes a certain contribution to the increase in the number of weakened and sick
generations.

The mechanism of the damaging action of chemicals. There are relatively few
poisons that have a specific effect on the gonads (or the direct apparatus for
regulating their functions). Among them are ethyleneimine, chloroprene,
manganese, vinyl chloride, allyl-allyloxy-carbonyloxyacrylate, phosphate-pol and-
2-pyridylethyl methacrylate, tert-butyl peracetate, phenol.
[1,21,22,23,24,25,26,27,28,32]. The adverse effects of toxicants (and their
metabolites) on the male and female organs of the reproductive system can be due
to both direct cytotoxic effects and indirect effects due to disruption of the
mechanisms of physiological regulation of their functions.

The direct effect of chemicals lies in their structural similarity to endogenous
hormones (endocrine disruptors). Estrogen-like effects are inherent in a large
number of different chemical compounds, which include herbicides, fungicides,
insecticides, nematicides, organophosphates, pyrethroids, heavy metals,
polychlorinated biphenyls (PCBs), phthalates [1,15,16 ,17,18,19,20]. Interaction
with endogenous hormones is possible through various mechanisms. First,
xenobiotics affect the synthesis, secretion, transport, effects, metabolism and release
of hormones. The second group of foreign compounds interferes with hormones at
the receptor level. This group includes the phytoestrogens coumestrol, daidzein,
genistein, drugs diethylstilbestrol, ethinyl estradiol, tamoxifen, as well as industrial
products dichlorodiphenyl trichloromethylmethane (DDT), p-nonylphenol and
bisphenol A. These substances interact with estrogen receptors and interfere with the
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process binding of endogenous hormones. The third group of substances - DDT
metabolite p, p'-EEE and vinclozolin metabolites - block androgen receptors.
Chemical substances that act through metabolic activation and transformation into
toxic metabolites include polycyclic aromatic hydrocarbons, cyclophosphamide,
and ethanol. This also includes substances that cause induction or inhibition of
various enzymes. Thus, ovarian dysfunction was observed with changes in the
activity of microsomal monooxygenases, epoxide hydrases and transferases, which
are actively involved in the metabolism of certain chemicals in the ovaries.

In addition, chemicals have an effect (stimulating or inhibiting steroid secretion) and
changing the rate of hormonal synthesis. Changes in hormonal balance were
observed in rodents under the influence of polycyclic halogenated hydrocarbons,
including DDT, polychlorinated and polybrominated biphenyls, and tricresol
[1,29,30,31]. High chemical reactivity underlies the action of heavy metals lead,
cadmium, mercury, boron, which cause disturbances in the reproductive function of
animals.

Indirect action associated with disturbances of hormonal regulation. For example,
polyhalogenated biphenyls disrupt the metabolism of sex hormones. When
administered to newborn rats, these substances significantly alter liver function,
significantly changing the level of sex hormones circulating in the blood.
Subsequently, this leads to impaired fertility of animals.

Purpose of the study: Study of the effect of titanium dioxide nanoparticles when
administered orally on the morphofunctional state of the liver of rats.

Research methods. In this work, using classical morphological approaches and
specific markers: proliferation - Ki-67, apoptosis - protein p5S3 and macrophages -
CD68, which make it possible to adequately identify not only the cells themselves,
but also their functional state, we studied the liver of rats after oral administration
(10 mg/kg animal body weight, 28 days) of a nanodispersed form of TiO (rutile form,
40-60 nm), obtained by diluting TiO powder in distilled water. Aggregation of
nanoparticles was prevented by treating a suspension of nanodispersed TiO in an
ultrasonic bath. Rats in the control group were orally administered distilled water in
the same volume. Serial paraffin sections of the liver were stained with hematoxylin-
eosin, picrofuchsin according to Van Gieson, and immunohistochemical staining
was performed using antibodies to Ki-67, CD68, p53.

Results. Significant changes in liver tissue were revealed when exposed to TiO NPs.
In the liver of experimental animals, a decrease in the proportion of the cortical
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substance by 17.6% was established, and a significant decrease in the density of the
cell population was noted due to a decrease in the number of hepatocytes.
Immunohistochemical typing revealed that under conditions of exposure to TiO NPs,
there 1s a decrease in the number of Ki-67-positive cells in the cortex of the thymus
lobule, which indicates inhibition of proliferation processes under these conditions.
Under the influence of TiO NPs, an increase of 5.18 times in the number of cells
entering apoptosis in the cortex of the liver lobule of the experimental group was
found, as evidenced by the results of an immunohistochemical study of the
expression of the apoptosis marker p53 protein. Perhaps, as a compensatory
mechanism, there is a pronounced increase in the number of macrophages, as
indicated by an increase in the average number of CD68-immunopositive cells in
the liver cortex of the experimental group by 2.61 times, and in the medulla by 1.35
times.

Morphological changes in the liver under the influence of TiO NPs may be
associated, among other things, with damage to the DNA of lymphocytes, which i1s
manifested in a decrease in their proliferative activity and increased apoptosis. This
was confirmed by the results of the study. Our data are consistent with the data of
studies conducted in recent years on the toxic effect of TiO NPs on other models,
indicating the immunosuppressive effect of the latter. Thus, when studying the effect
of intraperitoneal injection of TiO NPs into mice for four weeks on immune cells
and the growth of melanoma cells (B16/F10), Moon E.Y., et al. (2018) found
inhibition of proliferation of B- and T-lymphocytes, increased apoptosis of various
types of cells, activation of macrophages, as well as a significant increase in tumor
size [1]. In another study, intragastric administration of TiO NPs significantly
reduced the proliferation of CD4+ and CD8+ T cells, as well as their ratio in the liver
of mice, which ultimately led to suppression of the immune response [2].
Conclusion: The detected morphofunctional changes in the liver after oral
administration of TiO nanoparticles indicate their immunosuppressive effect.
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