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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 TAEA (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»
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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 Bg/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. 70f01.04.2025 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 pm. 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: | - control, animals were placed in a similar chamber
for a time corresponding to dusting, without scattering dust (n =
11), IT - 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.



Table 1. Chemical analysis of akchatau tungsten-molybdenum polymetallic mine dust.

Compound Content % % Compound Content %%

SiO, 74,3 MgO 0,74

ALO, 9,8 TiO, 0,30

Fe O, 4,6 CO, 0,25

K,0 2,8 MnO 0,08

CaO 1,9 WO, 0,08

FeO 1,8 PO, 0,06

Na,O 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, uM/g 14.21+1.67 24.82+3.83 p<0.02
Hydroxyproline, pg/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 um.
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Figure 2. Councilman bodies. Electronogram x21500.

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 pum thick were
stained with hematoxylin and eosin.

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



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 <0.01) 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
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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



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
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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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COCTOSHHUE NEYEHU D3KCIIEPUMEHTAJIBHBIX

JKMBOTHBIX IPM BO3JAEMCTBUM PYJIHUYHOM
NbLIM, COJEPXAIIEA PEJIKHUE METAJUIbI H
ECTECTBEHHBIE PAJITUOHYKJINbI



Pyman JdocmaramGeroBal, Aiiryar Texedaesa®’, Hoiiia
Tanku6aesa', lllosman Iukantaesa’

'Kapaecanouncxuit. Meouyunckuii Ynusepcumem, yn. I'oz2ons
40, MO1K7G6, Kapaeanoa, Kazaxcman.

Meouyuncxuii  ynusepcumem Acmana, ya. Betlbumuunux
494, Z10K9D9, Acmana, Kazaxcman.

AOcCTapKT.

BBenenne: Pecypcroe GorarctBo KaszaxcraHa IBETHBIMU U
PEAKMMH METaJJIAMH, SIBIISIONIMMUCS KPUTHUYCCKH BaXKHBIMH
JUTSL 3JICKTPOHHBIX U MUA(POBBIX TEXHOJOTHH, MPEAOIpPeaesieT
HAMpaBJICHUC D3KOHOMUKUA CTPaHbl B CTOPOHY Pa3BUTHS
TOPHOIOOBIBAIOIIEH MPOMBIIIJIEHHOCTH. BBICOKUIT ypOBeHb
npodeccHoHaIbHOM  3a00JeBaGMOCTH B TOPHOPYIHOM
U YrOJbHOW  MPOMBIIUICHHOCTH  JCJAeT  aKTyaJbHBIM
UCCIIC/IOBAHMS [0 M3YYCHUS BIMSHHS PEAKHX METAIOB Ha
OpraHbl JCTOKCHKALIHH.

Heab: OueHuTh COCTOSSHME  OpraHa  JIETOKCHKALUU
TIEYCHU pu BO3JICHCTBUH BOJIb(hpaM-MOIHOACH-
NOJUMETANIMYECKOH  PYAHMYHOM  IbUIM,  CcOAepXKallen
€CTECTBEHHbIE PaaMOHYKIIH]IbI B JKCIIEPUMEHTE.

Metoabi: Kpoicel mopoast Wistar (n=31) Obun moneneHa
Ha 2 rpynmnsl: | — koHTponsHag (n=11), II — moxBeprasmascs
UHTAILUOHHOMY 3allbUICHHUIO IOJIMMETaJNIMYECKOW IIBLIBIO,
cofepKaliel TNpHMeCH paauoakTHBHBIX BemiecTB (n=20)
B TeueHHe 5 MecsieB. bHoXuMMHMYECKHMM aHanmu3, aHajau3
AQHTHUOKCHUJIAHTHOI'O CTpecca, THCTOJIOTHYECKUE U IIEKTPOHHO-
MUKPOCKONMYECKUEUCCIEA0BAHUA TKAaHU [IEYEHU U3y YaIUIIOCIIE
153 cyTOK MHramsIIUOHHOTO BO3IACUCTBUS PYIHHYHOW IBLIH,
CoZleprKallell peKue METAIUIbI M €CTECTBEHHBIE PAIUOHYKIUBL.
Pe3yabTaTshi: IIpu XPOHUYECKOM HHTAUBIIAOHHOM
BO3JCHCTBUM PYJHUYHOH NBUIM, COAEPIKAIIECH PEIKUE METAILIbI
U €CTECTBEHHBbIC PaJUOHYKIUABI Ha OPraHu3M >XUBOTHBIX,
BEyLMM 3BEHOM B IIPOLECCE Pa3BUTHs IATOJIOIMYECKHUX
U3MEHEHUN B IICUYEHHU SIBIISIETCS HApyLICHUE OKUCIMTENIbHBIX

IPOIECCOB.  YCHJIGHHOE IaJeHHe YpPOBHA  (DEpMEHTOB
AQHTHUOKCUJIAHTHOM CHCTEMBI 3alUThI B YCIOBUAX AJIUTEIBHOIO
BO3JICHCTBMS TBUIEBOTO M PaJUAlMOHHOTO  (hakTopoB

MOBBIIIACT PUCK CTPYKTYPHOH Je30praHu3anud OnomMeMOpaH,
Pa3BUTHIO XapaKTEPHBIX KJIETOUYHBIX U3MEHEHUH IenaTolUuTOB.
BoiBoabl: PyaHuuHas nblIb, colepikalias pelKue MeTayllbl
U MIPUMECH PAJAMOAKTUBHBIX BEUIECTB, BBI3BIBACT Y HKUBOTHBIX
aKTUBAIMIO MPOIECCOB CBOOOIHO-PAIUKAIBFHOIO OKHCICHUS,
HapylIeHuss OOMeHa XOJecTepruHa U OKCUIPOJIMHA B TICUYCHHU.
Ilon Bo3aeiicTBHEM OJMMETAIIIINYECKOM MMBUIH B TKAHU TICYEHU
pa3BuBarOTCS MOP(OIOTrHIECKIE N3MEHEHUS, XapaKTEPHBIE JIS
XPOHUYECKOTO MPOAYKTUBHOTO renatuta. OTIUYUTEIHHBIMU

OCOOCHHOCTSIMH ~ KOTOPOTO  SIBIISIIOTCS  AUCTPO(HUYECKUE
)51 O4aroBbIC HEKPOTHUYECCKUEC HU3MCHCHUS T'CIIaTOLMTOB,
NpOAYKTHBHAaA TKaHEBasg  PpECaKIusi BHyTpH}IOHBKOBOﬁ u

NOPTaJIbHOM CTPOMBI, IPU3HAKU HAPYLIEHUSI MUKPOLIUPKYJISLIUH.
Ilonyuennble pe3ynbTaThl, MOTYT IOCIYXHUTh OCHOBOW IS
pa3pa60T1<1/I IMPEBCHTUBHBIX MEP C YUYETOM BO3MOKHBIX PUCKOB
JUIS 3I0POBBSI PabOUNX, 3aHATHIX B TOPHOI00BIBAIOILEH OTPACITH.
KiioueBble ciioBa: IOJIMMETAIMYECKAS pyaHu4dHas 1bUIb,
PEAKUE METaJlJIbl, €CCTCCTBECHHBIC PAJUOHYKIIN/bBI, TIEPEKUCHOEC
OKHCJICHHE, TeIaTOIHT.
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