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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Kazakhstan’s abundant reserves of non-

ferrous and rare metals, which are critical for electronic 
and digital technologies, orient the country’s economy 
toward the development of the mining industry. The 
high level of occupational morbidity in the mining and 
coal industries makes research on the effects of rare 
metals on detoxification organs particularly relevant. 
Aim: The aim of our study was to assess the hepatic 
detoxification function under the influence of tungsten-
molybdenum-polymetallic mine dust containing 
natural radionuclides in an animal experiment. 
Methods: Wistar rats (n = 31) were divided into 2 groups: 
I – control (n = 11), II – subjected to inhalation exposure to 
polymetallic dust containing radioactive impurities (n = 20) 
for 5 months. Biochemical, antioxidant stress, histological, 
and electron microscopic analyses of liver tissue were 
performed after 153 days of inhalation exposure to mine 
dust containing rare metals and natural radionuclides. 
Results: In the chronic inhalation effect of mine dust containing 
rare metals and natural radionuclides on the animal body, 
the primary mechanism driving pathological changes in the 
liver is disruption of oxidative processes. A progressive 
decline in antioxidant enzyme activity under conditions of 
prolonged exposure to dust and radiation factors increases the 
risk of structural disorganization of biomembranes and the 
development of characteristic cellular changes in hepatocytes. 
Conclusions: Mine dust containing rare metals and impurities 
of radioactive substances causes activation of free-radical 
oxidation processes in animals, impaired cholesterol and 
oxyproline metabolism in the liver. Under the influence of 
polymetallic dust, morphological changes characteristic of 
chronic productive hepatitis develops in the liver tissue, 
with distinctive features including dystrophic and focal 
necrotic changes in hepatocytes, a productive tissue reaction 
of the intralobular and portal stroma, and signs of impaired 
microcirculation. The results obtained can serve as a basis for 
the development of preventive measures, taking into account 
the possible health risks for workers employed in the mining 
industry.

Key words. Polymetallic mine dust, rare metals, natural 
radionuclides, peroxidation, hepatocyte.
Introduction.

The largest reserves of non-ferrous and rare metals are 
concentrated on the territory of Kazakhstan, according to 
the Concept for the Development of the Geological Industry 
for 2023-2027, it is envisaged: coverage of the geological 

exploration of the territory of Kazakhstan from 94.5% to 
100%. An increase in the degree of geological and geophysical 
exploration of sedimentary basins - developed from 30% to 
80%, poorly studied to 10%. Growth of forecast resources: 
gold - 200 tons; copper - 5 million tons, polymetals - 5 million 
tons, uranium - 50 thousand tons, hydrocarbons - 700 million 
tons. It is planned to increase private investment in geological 
exploration to 800 billion tenge [1-3].

In Kazakhstan, mining enterprises continue to occupy one 
of the leading places in the development of the country's 
economy, providing 10-12% of GDP [4]. Modern working 
conditions at mining enterprises are characterized by elevated 
dust concentrations, intense noise and vibration, and an 
unfavorable microclimate, the levels of which frequently 
exceed established hygiene standards [5,6]. Moreover, even 
very effective complexes of engineering means of combating 
harmful production factors do not always ensure a decrease in 
their levels to acceptable values [7].

Working conditions during underground work, where the 
effect of adverse production factors on the body of miners 
is aggravated by psychoemotional loads, lack of sunlight, 
unfavorable microclimate, limited space during work operations 
(forced postures), the presence of explosive and soufflard 
(natural) gases, and the release of radioactive elements, are 
particularly hazardous and demanding [8,9].

An analysis of occupational morbidity indicators by economic 
activity sector revealed that a high incidence of occupational 
disease is noted in the mining industry. Thus, according to 
the Bureau of National Statistics of the Agency for Strategic 
Planning and Reforms of the Republic of Kazakhstan in the 
structure of occupational morbidity, mining and quarrying 
workers make up 59.3% in 2022, 52.5% in 2023, and 59.3% in 
2024 [10]. 

It is known that when developing mining deposits, metals 
can enter the body of workers through the respiratory tract and 
gastrointestinal tract, alveolar macrophages contribute to the 
movement of xenobiotics in the respiratory tract and further 
through the pharynx into the digestive tract [11]. According 
to the IAEA (International Atomic Energy Agency) model, 
at least 50% of the incoming dust enters the lungs in the first 
hours and about 12.5% of the dust particles removed from the 
lungs are also swallowed on the first day. As a result, the total 
fraction of swallowed particles increases to 62.5%. Thus, the 
gastrointestinal tract plays a significant role in the ingress of 
toxic substances into the body of miners. At the same time, the 
compounds that make up mine dust often have a toxic effect 
on the morphofunctional state of both the gastrointestinal tract 
itself and the hepatobiliary system. This fact is confirmed by a 
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number of clinical studies in which functional changes in the 
esophagus, stomach and digestive glands were noted in patients 
with silicosis [12], the presence of silicotic nodules in the liver, 
kidneys, lungs and lymph nodes was noted in animals receiving 
oral quartz dust. These data were similar to the changes in the 
above organs during inhalation experimental silicosis. In this 
regard, the authors conclude that quartz dust, regardless of the 
path of penetration into the body (aerogenic or enterogenic), 
causes a pathological process of the same morphology.

It is generally accepted that one of the main indicators 
reflecting the influence of production and professional factors 
on the health status of workers is the incidence of temporary 
disability. Recent studies on the health status of workers based 
on an in-depth analysis of the incidence of temporary disability 
and periodic medical examinations indicate a high incidence 
of workers involved in the extraction and production of non-
ferrous metals [13]. At the same time, workers in contact with 
molybdenum and tungsten found changes in the digestive 
system: heartburn, decreased appetite, pain in the epigastric 
region during palpation. The involvement of the liver in the 
pathological process is evidenced by the presence of symptoms 
such as an increase in the size of the organ, tenderness during 
palpation in the right hypochondrium, impaired antitoxic, 
protein and glycogen-forming function. This is confirmed 
by the results of biochemical studies of workers exposed to 
polymetallic dust. The vast majority of the examined had 
shifts in protein metabolism: a significant decrease in the 
content of albumin, albumin-globulin coefficient, an increase 
in alpha-globulin in blood serum; increase in the level of betta-
lipoproteins, cholesterol, and with a load test with galactose 
- an increase in the glycemic coefficient with a slowdown in 
the return of the glycemic curve to the initial level. The effect 
of rare earth elements on the synthesis of procoagulants by the 
liver was noted, which led to a violation of blood clotting, a 
decrease in the intensity and rate of blood filling of liver vessels 
compared to the control.

Given that world technological progress is inextricably linked 
with the extraction of rare earth metals, it seems relevant to 
study the effect of polymetallic mine dust containing natural 
radionuclides in an animal experiment, followed by taking 
into account possible health risks for workers employed in the 
mining industry.

The aim of our study was to assess hepatic detoxification 
function under the influence of tungsten-molybdenum-
polymetallic mine dust containing natural radionuclides in an 
animal experiment.
Materials and Methods.
Experimental design:

In order to study the effect of polymetallic dust containing 
natural radionuclides, an experimental study was carried out on 
male rats of the Wistar breed with an average body weight of 
animals of 140-160 g (about 5–6 weeks old).

In our study, we investigated the effects of akchatau tungsten-
molybdenum polymetallic mine dust. The results of chemical 
analysis and semi-quantitative spectral analysis of the laboratory 
of the production geological association «Centrkazgeologiya» 

in Karaganda indicate a high content of 74.3% silicon dioxide, 
the content of rare and rare earth metals (Tables 1 and 2).

According to the results of gamma-spectrometric analysis, the 
effective total activity of akchatau polymetallic mine dust is 
314-322 Bq/kg. An increased content of uranium and thorium 
is determined in the ore, during the alpha decay of which radon 
gas is formed.
Inhalation dusting with polymetallic dust:

The experimental study was performed in accordance with 
the international rules and regulations for the treatment of 
laboratory animals, not contradicting the Geneva Convention 
of 1985 on «International Principles of Biomedical Research 
Using Animals». All treatments with animals were approved by 
Protocol No. 7 of 01.04.2025 by the Local Bioethics Commission 
of Karaganda Medical University. Chronic inhalation dusting 
of animals was performed in dust inoculation chambers 
according to the method of L.B. Borisova, L.B. Mareeva, R.S. 
Dosmagambetova, A.M. Tekebayeva et al. [14].

 Inhalation-dynamic exposure was carried out for 5 hours 5 
days a week for 5 months in cylindrical chambers, the animals 
were placed in individual bottles with extracameral placement. 
The average dust concentration in the chamber was 50 mg/m3, 
with an average mass median aerodynamic particle diameter of 
50 μm. The concentration of dust in the chamber was controlled 
by the weighing method. 

The inhalation method has a number of advantages: 1) it is 
a fully physiological method, since the protective role of the 
upper respiratory tract remains, which is especially important 
in modeling dust pathology; 2) changes in internal organs due 
to inhalation priming are closer to those characteristic of similar 
diseases in humans; 3) inhalation exposure makes it possible 
to simultaneously detect general toxic and fibrogenic exposure 
property of polymetallic dusts.

We used a camera to carry out dust seeding, which allows us 
to conduct research, ensuring a uniform concentration of dust 
in the breathing zone. The requirements of the aerodynamic 
distribution of dust particles are to the greatest extent met by 
cylindrical chambers that allow creating optimal aerodynamic 
conditions for the distribution of dust flow, and the installation 
of the diffuser and the design of the upper cover - stable 
concentrations of dust in the zone of animal respiration. To 
obtain a stable level of concentration and eliminate the large 
range of its oscillations, we used a metering device that 
allows spraying polymetallic dust and maintaining the desired 
concentration at a constant level.

Animal groups: Wistar rats (n = 31) were divided into 2 
groups: I - control, animals were placed in a similar chamber 
for a time corresponding to dusting, without scattering dust (n = 
11), II - subjected to inhalation dusting with polymetallic dust 
containing impurities of radioactive substances (n = 20) for 5 
months.

Biochemical analysis: The intensity of POL processes 
was determined in liver tissue, which was assessed by the 
accumulation of primary products - diene conjugate (DC) with 
conjugated double bonds. During peroxidation, at the stage of 
free radical formation, a system of conjugated double bonds 
arises in the molecules of polyunsaturated higher fatty acids.
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Table 1. Chemical analysis of akchatau tungsten-molybdenum polymetallic mine dust.
Compound Content %% Compound Content   %%
SiO2 74,3 MgO 0,74
Al2O3 9,8 TiO2 0,30
Fe2O3 4,6 CO2 0,25
K2O 2,8 MnO 0,08
CaO 1,9 WO3 0,08
FeO 1,8 P2O5 0,06
Na2O 1,5 MO 0,04

Table 2. Semi-quantitative spectral analysis of akchatau tungsten-molybdenum polymetallic mine dust.
Elements Content g/kg Elements Content g/kg Elements Content g/kg
Titanium 2,5 Zirconium 0,15 Yttrium 0,025
Barium 1,0 Beryllium 0,12 Halium 0,015
Phosphorus 0,8 Zinc 0,10 Niobium 0,015
Manganese 0,8 Copper 0,06 Scandium 0,012
Tungsten 0,5 Vanadium 0,05 Nickel 0,008
Lead 0,4 Bismuth 0,05 Germanium 0,004
Molybdenum 0,3 Chromium 0,04 Ytterbium 0,0025
Strontium 0,3 Tin 0,03 Silver 0,0008
Lithium 0,2 Cobalt 0,02 - -

Table 3. Status of POL-AOC Processes in Rat Liver Tissue Dusted with Polymetallic Dust Containing Natural Radionuclides.

Biochemical parameters Control group (n=11) Dust group 5 months (n=20) p-value

DC, rel. units 3.83±1.21 8.18±2.11 p <0.05
TBC-AP mM/g protein 10.98±3.46 36.30±9.38 p<0.01
GPO, mm NADPH min/g 246.20±77.80 123.50±32.60 p <0.05
SOD, unit act/mg of protein 8.52±2.68 1.92±0.49 p<0.01
Catalase, mM/sec 2/g protein 388.10±122.60 121.00±31.20 p <0.05

Table 4. Change in cholesterol and oxyproline levels in liver tissue of rats exposed to dusting with polymetallic dust containing natural radionuclides. 

Biochemical parameters Control group (n=11) Dust group 5 months (n=20) p-value

Cholesterol, μM/g 14.21±1.67 24.82±3.83 p<0.02

Hydroxyproline, μg/100mg dry tissue 398.70±12.80 467.50±21.40 p<0.02

Figure 1. Portal stroma, represented by infiltration by round-cell elements and macrophages. Hematoxylin and eosin staining, scale bar = 50 μm.
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The level of secondary POL products capable of forming 
colored complexes with thiobarbituric acid (TBC-AP) was 
determined by a method based on the ability of a part of the lipid 
peroxidation products belonging to the class of endoperexes to 
decompose in an acidic environment and at high temperature to 
form compounds capable of reacting with thiobarbituric acid to 
form a colored trimethine complex.

The liver tissue was also evaluated for the state of the AOZ 
enzymatic link of the body. Glutathione peroxidase (GPO) 
activity was recorded by the loss of glutathione with peroxide 
as substrate, and the amount of enzyme required to oxidize 1 
micromole of glutathione in 1 mg of protein was taken as a unit 
of activity.

Superoxide dismutase (SOD) activities by the method based on 
the ability of the enzyme to compete with nitrosine tetrazolium 
for superoxide radical anions formed as a result of the aerobic 
interaction of nicotinamide adenine dinucleotide (NADH) and 
phenazine metasulfate. Sodium hydroxide was added to the 
samples to increase the sensitivity of the method.

Catalase activity was determined by a method based on the 
ability of hydrogen peroxide to form a stable-colored complex 
with molybdenum salts.

Cholesterol synthesis was assessed by measuring its 
accumulation in liver tissue homogenate, using a method based 
on the ability of cholesterol to form a stable-colored complex 
with the Liebermann-Burchard reagent, with results expressed 
as micromoles per gram of tissue.

Tissue oxyproline content was determined by oxidizing 
oxyproline to a compound close to pyrrole and then condensing 
the compound with p- (dimethylamino) benzaldigide to form a 
stably colored complex.

Histology: For histological examination, liver tissue was fixed 
in a 10% neutral formalin solution, then embedded in paraffin 
using a conventional procedure. Sections 5-7 μm thick were 
stained with hematoxylin and eosin.

Electron microscopic examination. For electron microscopic 
examination, organ tissue pieces were placed in 2.5% 

glutaraldehyde solution on Millonig phosphate buffer pH 7.2-
7.4. Additionally, the material was fixed for two hours in a 
buffered 1% osmium tetroxide solution, dehydrated in alcohols 
of increasing strength and poured into a mixture of epon and 
araldite. 

Statistical studies: Statistical analyses were performed using 
IBM SPSS Statistics v.26.0. Categorical variables are presented 
as absolute and relative frequencies (%), and continuous 
variables as mean ± standard deviation. Differences between 
groups were assessed using the χ ² test or Student's t-test, 
depending on distribution.
Results.

The results of the experiment showed that prolonged exposure 
to polymetallic mine dust causes hyperperoxidation syndrome 
in animals, as evidenced by the excessive formation of liver 
lipid membrane peroxidation products.

There was a significant increase in both primary (DC) and 
secondary (TBC-AP) metabolites of POL, 2.13 (p <0.05) and 
3.3 (p <0.01) times, respectively, in the liver in relation to 
similar control parameters. The predominance of accumulation 
of secondary highly reactive products indicates a pronounced 
increasing nature of violation of free radical processes in 
animals exposed to mine dust containing natural radionuclides.

Also, the data obtained by us indicate that the activity of 
SOD decreases in the liver by 4.3 times. Catalase is 2.5-fold 
inactivated in the liver. At the same time, the activity of GPO, 
the substrate of which is fatty acid hydroperoxides and hydrogen 
peroxide, is reduced in the liver by 2 times.

The results of the experiment showed that in the group of 
animals exposed to polymetallic mine dust, a significant increase 
in the level of hydroxyproline and cholesterol in the homogenate 
of liver tissue was found. Thus, in the liver, the cholesterol 
content in animals of the experimental group increased by 74% 
at t = 2.54 (p <0.01) compared to the control group.

The interaction of xenobiotics with the body is accompanied by 
damage and death of tissue elements, proliferation of fibroblasts 

Figure 2. Councilman bodies. Electronogram x21500.
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and an increase in the number of collagen-producing cells. 
The content of hydroxyproline, which reflects tissue sclerosis 
processes, in the group of animals exposed to chronic inhalation 
exposure to mine dust in the liver was increased by 1.2 times at 
t = 2.76 (p <0.0l) compared to the control level.

In order to more fully assess and objectify the effect of 
polymetallic mine dust containing natural radionuclides on the 
animal body, we considered it necessary to use morphological 
research methods.

Microscopic changes in the liver tissue of rats of the control 
group on day 153 correspond to age-related changes. The 
structure of the tissue is unchanged.

Microscopic examination of the liver tissue of rats subjected 
to inhalation dusting with polymetallic mine dust for 5 
months shows pronounced inflammatory changes in the portal 
stroma, represented by infiltration by round-cell elements and 
macrophages, which are accompanied by increased sclerotic 
processes. The vessels of the portal tracts are full-blooded, while 
hyalinosis of the artery walls is noted, they are concentrically 
thickened, their lumen is narrowed. Experimental animals 
develop signs of impaired microcirculation, as evidenced by the 
deposition of collagen fibers at the sinusoidal pole of individual 
hepatocytes, that is, there is capillarization of sinusoids. Some 
hepatic cells in the periportal sections of the hepatic lobules are 
in a state of intracellular regeneration, binuclear hepatocytes 
are found, while the round shape of the hepatocyte nucleus is 
characterized by a dispersed chromatin distribution (Figure 1).

Ultramicroscopic examination of the liver showed that most 
hepatocytes contain light nuclei with even nuclear envelope 
contours and reduced chromatin content. The tubules of the 
granular endoplasmic reticulum are randomly arranged and are 
characterized by the shedding of fixed ribosomes, pronounced 
destruction of membranes with the formation of disintegrating 
and fuzzy fragments. Many mitochondria are characterized 
by destruction with complete breakdown of mitochondrial 
membranes. The number of free ribosomes and polysomes in the 
hyaloplasm is reduced. Individual hepatic cells are in a state of 
partial collicative necrosis. Councilman bodies are rarely found, 
with pronounced pycnosis of the nucleus and «mummification» 
of organelles (Figure 2).
Discussion.

The revealed significant activation of POL processes with 
prolonged exposure to the body of polymetallic mine dust is 
apparently explained by its strong membranotoxic effect, leading 
to disruption of membranes, both cellular and subcellular. It can 
be thought that when entering the body, dust generates reactive 
forms and, due to its strong oxidizing capacity, produces active 
oxygen metabolites with the initiating property of POL [15]. 
So, in the process of stimulation, hepatic macrophages begin 
to produce and release activated oxygen species into the 
medium, while reactive oxygen metabolites initiate POL in the 
membranes of sinusoid liver cells and can damage them [16].

In addition, free radical processes are further activated by the 
products of radiolysis of natural radionuclides of the uranium-
radium and thorium series. Activation of the processes of POL 
membranes leads to an increase in their microviscosity, whereby 
oxidized chains of unsaturated fatty acids migrate to the surface 

layer of the membranes while unsaturated hydrocarbon chains 
remain within the interior, resulting in increased membrane 
microviscosity.

However, in our studies, we did not quantify the degree of 
accumulation of heavy metals and radionuclides in liver tissue 
(ICP-MS), and these pathological changes in liver tissue were 
not considered as effects from systemic exposure or direct 
accumulation in the liver.

When animals are exposed to Akchatau tungsten-molybdenum-
polymetallic mine dust, the harmful effects are compounded by 
ionizing radiation, which, in addition to suppressing phagocyte 
function (manifested in our studies as Kupffer cell blockade), 
also promotes the formation of free radicals. Radioinduced 
processes caused by radioactive impurities included in the 
studied dust, in our opinion, significantly modify the biological 
effects of polymetallic aerosol, further burdening the processes 
of peroxidation.

Under conditions of activation of lipoperoxidation processes, 
the state of the antioxidant system for protecting the integrity of 
cell membranes is of particular interest. The balance between 
the POL and AOC systems is maintained until, under conditions 
of continued exposure to the harmful factor, the rate of peroxide 
formation exceeds the detoxification capacity of the antioxidant 
systems [17].

As the results of the study show, under the influence of 
polymetallic mine dust, free-radical processes intensify in 
animals against a background of a general decline in antioxidant 
enzyme activity, which undoubtedly increases the imbalance and 
contributes to an even greater accumulation of POL products.

Analyzing the data obtained, it can be assumed that the 
direct, destructive effect of active oxygen intermediates during 
oxidative phagocytosis of polymetallic dust particles on the 
active centers of these enzymes cannot be excluded from the 
mechanism of reducing the activity of antioxidant enzymes. 
In addition, in reducing the activity of antioxidant enzymes, 
free-radical damage to synthesis systems can also be important 
under conditions of prolonged increase in peroxidation [18]. 
Furthermore, beyond the radiolysis processes characteristic of 
free unsaturated fatty acids and protozoan membrane formations, 
ionizing radiation in biomembranes can also suppress protective 
systems at various levels [19,20].

The various levels of decrease in antioxidant enzyme activity 
identified during the experiment, in our opinion, can be explained 
as follows. Given that high levels of SOD are observed in the 
liver, such a significant inactivation of this enzyme seems to 
be associated with the predominant formation of a superoxide 
radical anion during biotransformation of dust particles during 
oxidative phagocytosis. Some parallelism in the change in the 
activity of GPO and catalase, noted in our work, is possibly 
associated with the conjugate nature of the action of enzymes - 
both enzymes constitute an anti-peroxide line of defense.

Thus, with the chronic inhalation effect of polymetallic mine 
dust containing natural radionuclides on the animal body, the 
leading link in the development of pathological changes in the 
liver is a violation of oxidative processes. An increased drop in 
the level of enzymes of the antioxidant protection system under 
conditions of prolonged exposure to dust and radiation factors 
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increases the risk of structural disorganization of biomembranes.
Similarly to what we found during the experiment, increased 

cholesterol synthesis and hepatic accumulation are also observed 
against the background of exposure to industrial toxins [21,22]. 
At the same time, the process of cholesterol accumulation is 
always accompanied by the activation of free radical oxidation 
of lipids with the accumulation of its toxic products. This 
phenomenon can be explained by the fact that the key enzyme 
that oxidizes cholesterol in liver microsomes is cholesterol 
7-alpha-hydroxylase, which is an isoform of cytochrome P-450. 
Production toxins, damaging cell membranes and thereby 
inhibiting the functions of liver microsomal enzymes, lead to 
a decrease in cholesterol-7-alpha-hydroxylase activity. As a 
result, there is an accumulation of cholesterol, triglycerides 
and a decrease in phospholipids in the membrane, which is 
accompanied by an increase in microviscosity of the membranes 
and the activation of POL processes [23,24].

At the same time, it is known that cholesterol metabolism 
is a sensitive link in metabolism when exposed to foreign 
substances, under the influence of toxic compounds, cholesterol 
accumulates, which is accompanied by a decrease in the 
permeability of plasma membranes in various tissues and can 
serve as one of the characteristic signs of the development of 
sclerotic changes in organs and tissues [25,26].

Thus, the increase in cholesterol found by us in the liver 
tissues of animals exposed to inhalation exposure to mine dust 
indicates the development of sclerotic processes.

The biochemical changes obtained by us are confirmed at 
the ultrastructural level: a decrease in the amount of nuclear 
chromatin, the number of ribosomes in the hyaloplasm, a sharp 
destruction of the elements of the granular endoplasmic reticulum 
reflect a decrease in the processes of synthesis of specific and 
plastic proteins, a sharp decrease in the total protein due to its 
decay. The absence of agranular endoplasmic reticulum and 
glycogen vesicles indicates a pronounced decrease in antitoxic 
and glycogen-forming liver function. Submicroscopic features 
of mitochondria partially reflect the compensatory-adaptive 
reaction of providing the remaining organelles with energy. 
Fibrous changes develop in the form of capillarization of 
sinusoids and remote fibrillogenesis, reflecting the transition of 
the process to a chronic stage. Possibly, blockade of the Kupffer 
cells of the reticuloendothelial system of the liver develops. 
Colliquative and coagulative necrosis of individual hepatic cells 
has been observed.	

It should be noted that the liver plays a major role in the 
metabolism of compounds entering the human and animal 
body and their neutralization. In the development of toxic 
liver injuries, two main pathogenetic mechanisms should 
be distinguished: specific, associated with the realization 
of its detoxifying function, and non-specific, related to the 
participation of the liver in maintaining homeostasis under 
stressful conditions [27-29]. By regulating blood chemistry, the 
liver, together with the lungs, is involved in the regulation of gas 
exchange processes. At the same time, liver pathology exerts 
a significant influence on pulmonary ventilation and acid-base 
balance. For example, in chronic liver diseases, metabolic 
acidosis is detected, associated with the accumulation of pyruvic 

and lactic acids and tricarboxylic acids of the Krebs cycle in 
the blood. In response to metabolic acidosis, patients develop 
compensatory hyperventilation aimed at excreting carbonic 
acid and, as a result, respiratory alkalosis develops. Evidence in 
the literature indicates that changes accompanied by functional 
ventilation-perfusion disorders of the air-blood barrier are 
detected in the lungs in chronic liver diseases – including an 
increase in respiratory rate and minute respiratory volume, and a 
reduction in maximum ventilation, pneumotachometry, airflow 
velocity, and vital capacity [30,31]. At the same time, patients 
with combined pulmonary-hepatic pathology require longer 
inpatient treatment; the author attributes this to the fact that this 
category of patients presents with more profound immunological 
disorders compared to those with isolated pathology. The 
inclusion of hepatoprotective agents (hepatrin, karsil, heptral, 
essentiale, and others) in the therapeutic regimen improves the 
clinical course of chronic non-specific lung diseases.
Conclusion.

Mine dust containing rare metals and impurities of radioactive 
substances causes activation of free-radical oxidation processes 
in animals, impaired cholesterol and oxyproline metabolism in 
the liver. Under the influence of polymetallic dust, morphological 
changes characteristic of chronic productive hepatitis develops 
in the liver tissue, with distinctive features including dystrophic 
and focal necrotic changes in hepatocytes, a productive tissue 
reaction of the intralobular and portal stroma, and signs of 
impaired microcirculation.

The data we obtained during the experiment on animals on 
the effect of mine dust containing rare metals and natural 
radionuclides on the state of such a detoxification organ as the 
liver enable a better understanding of the pathological changes 
occurring in the bodies of miners. These findings allow for the 
development of personalized protection programs, taking into 
account the possible health risks for workers in the mining 
industry.
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Абстаркт.
Введение: Ресурсное богатство Казахстана цветными и 

редкими металлами, являющимися критически важными 
для электронных и цифровых технологий, предопределяет 
направление экономики страны в сторону развития 
горнодобывающей промышленности. Высокий уровень 
профессиональной заболеваемости в горнорудной 
и угольной промышленности делает актуальным 
исследования по изучения влияния редких металлов на 
органы детоксикации.

Цель: Оценить состояние органа детоксикации 
печени при воздействии вольфрам-молибден-
полиметаллической рудничной пыли, содержащей 
естественные радионуклиды в эксперименте. 
Методы: Крысы породы Wistar (n=31) были поделена 
на 2 группы: I – контрольная (n=11), II – подвергавшаяся 
ингаляционному запылению полиметаллической пылью, 
содержащей примеси радиоактивных веществ (n=20) 
в течение 5 месяцев. Биохимический анализ, анализ 
антиоксидантного стресса, гистологические и электронно-
микроскопические исследования ткани печени изучали после 
153 суток ингаляционного воздействия рудничной пыли, 
содержащей редкие металлы и естественные радионуклиды. 
Результаты: При хроническом ингаляционном 
воздействии рудничной пыли, содержащей редкие металлы 
и естественные радионуклиды на организм животных, 
ведущим звеном в процессе развития патологических 
изменений в печени является нарушение окислительных 
процессов. Усиленное падение уровня ферментов 
антиоксидантной системы защиты в условиях длительного 
воздействия пылевого и радиационного факторов 
повышает риск структурной дезорганизации биомембран, 
развитию характерных клеточных изменений гепатоцитов. 
Выводы: Рудничная пыль, содержащая редкие металлы 
и примеси радиоактивных веществ, вызывает у животных 
активацию процессов свободно-радикального окисления, 
нарушения обмена холестерина и оксипролина в печени. 
Под воздействием полиметаллической пыли в ткани печени 
развиваются морфологические изменения, характерные для 
хронического продуктивного гепатита. Отличительными 
особенностями которого являются дистрофические 
и очаговые некротические изменения гепатоцитов, 
продуктивная тканевая реакция внутридольковой и 
портальной стромы, признаки нарушения микроциркуляции. 
Полученные результаты, могут послужить основой для 
разработки превентивных мер с учетом возможных рисков 
для здоровья рабочих, занятых в горнодобывающей отрасли. 
Ключевые слова: полиметаллическая рудничная пыль, 
редкие металлы, естественные радионуклиды, перекисное 
окисление, гепатоцит.
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რომლებიც ექვემდებარებოდნენ იშვიათი ლითონებისა 
და ბუნებრივი რადიონუკლიდების შემცველი მაღაროს 
მტვერს
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აბსტრაქტი.
 შესავალი: ყაზახეთის ფერადი და იშვიათი ლითონების 

სიმდიდრე, რომლებიც კრიტიკულად მნიშვნელოვანია 
ელექტრონული და ციფრული ტექნოლოგიებისთვის, 
განსაზღვრავს ქვეყნის ეკონომიკურ მიმართულებას 
სამთო მრეწველობის განვითარებისკენ. სამთო 
და ქვანახშირის მრეწველობაში პროფესიული 
დაავადებების მაღალი დონე აქტუალურს ხდის 
იშვიათი ლითონების დეტოქსიკაციის ორგანოებზე 
ზემოქმედების კვლევას. მიზანი. ღვიძლის 
დეტოქსიკაციის ორგანოს მდგომარეობის შეფასება 
ბუნებრივი რადიონუკლიდების შემცველი ვოლფრამ-
მოლიბდენ-პოლიმეტალური მაღაროს მტვრის 
ექსპერიმენტული ზემოქმედებისას.

მეთოდები: ვისტარის ჯიშის ვირთხები (n=31) დაიყვნენ 
ორ ჯგუფად: I ჯგუფი – საკონტროლო ჯგუფი (n=11), 
II ჯგუფი – 5 თვის განმავლობაში რადიოაქტიური 
მინარევების შემცველი პოლიმეტალური მტვრის 
ინჰალაციის ზემოქმედების ქვეშ (n=20). ღვიძლის 
ქსოვილის ბიოქიმიური ანალიზი, ანტიოქსიდანტური 
სტრესის ანალიზი, ჰისტოლოგიური და ელექტრონული 
მიკროსკოპიული კვლევები შესწავლილ იქნა იშვიათი 
ლითონებისა და ბუნებრივი რადიონუკლიდების 
შემცველი მაღაროს მტვრის 153-დღიანი ინჰალაციის 
შემდეგ.

შედეგები: ცხოველებში, რომლებიც ქრონიკულად 
ექვემდებარებიან იშვიათი ლითონებისა და 
ბუნებრივი რადიონუკლიდების შემცველი მაღაროს 
მტვრის ინჰალაციის გზით ზემოქმედებას, ღვიძლში 
პათოლოგიური ცვლილებების განვითარების 
წამყვანი ფაქტორია ჟანგვითი პროცესების დარღვევა. 
მტვრისა და რადიაციის ხანგრძლივი ზემოქმედების 
დროს ანტიოქსიდანტური ფერმენტების დონის 
მნიშვნელოვანი შემცირება ზრდის ბიომემბრანების 
სტრუქტურული დისორგანიზაციის და ჰეპატოციტებში 
დამახასიათებელი უჯრედული ცვლილებების 
განვითარების რისკს.

დასკვნები: იშვიათი ლითონებისა და რადიოაქტიური 
მინარევების შემცველი მაღაროს მტვერი ცხოველებში 
ააქტიურებს თავისუფალი რადიკალების დაჟანგვის 
პროცესებს, რაც არღვევს ქოლესტერინისა და 
ჰიდროქსიპროლინის მეტაბოლიზმს ღვიძლში. 
პოლიმეტალური მტვრის ზემოქმედება იწვევს 
ღვიძლის ქსოვილში მორფოლოგიურ ცვლილებებს, 
რაც დამახასიათებელია ქრონიკული პროდუქტიული 
ჰეპატიტისთვის. გამორჩეული ნიშნებია ჰეპატოციტების 
დეგენერაციული და ფოკალური ნეკროზული 
ცვლილებები, პროდუქტიული ქსოვილის რეაქციები 
ინტრალობულურ და პორტალურ სტრომაში და 
მიკროცირკულაციის დარღვევის ნიშნები. მიღებული 
შედეგები შეიძლება საფუძვლად დაედო პრევენციული 
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