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Effect of experimental pneumoconiosis on lipid
peroxidation and the activity of enzymes the antioxidant
protection system in albino rats
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Pneumoconiosis (Pc) are interstitial pulmonary diseases of professional genesis, caused by long-term
inhalation of high dust concentrations. Pc affects from 26.6 to 53 percent of professional workers associated
with dust contamination. The peculiarity of the course of Pc is in its incurability and irreversibility. Pc was
modeled in 72 albino rats by endotracheal injection of a suspension of coal according to its own modification
of the technique O.Yu. Nikolenko. The activity of lipid peroxidation and enzymes of the antioxidant protection
system was related to the sickness period. The development of experimental Pc led to the increasing level
of malonic dialdehyde in 1.68-3.05 times in the blood, and also increase in the level of diene conjugates,
and triene conjugates 2.43—5.63 times, depending on the duration of the disease. 1.77—4.42 times decrease
in catalase, superoxide dismutase, and glutathione peroxidase activity, alongside with 1.56—2.02 times
increase in glutathione reductase activity, depending on the disease phase, occurred. The content of reduced
glutathione decreased in proportion to the duration of the disease. Initiation of lipid peroxidation and
suppressed activity of antioxidant protection system enzymes may be among the pathogenic mechanisms
of experimental Pc development.

Key words: experimental pneumoconiosis; lipid peroxidation; catalase, superoxide dismutase, glutathione
peroxidase; glutathione reductase.

INTRODUCTION Capable and skilled workers being prone
to the disease, the problem of Pc morbidity
should be regarded both medically and socio-
economically. Pc is fraught with occupational
disability and long-term disability payments
and, therefore, to economic losses. The sickness
course also depends on the presence of associated
diseases and individual systemic sensitivity. Pc

irreversibility, propensity for progression, and

In the current structure of chronic occupational
diseases, Pneumoconiosis (Pc) is ranking second
in terms of prevalence, the average for the last
5 years 33.6-36.1% of the total number of
cases. 26.6-53% of the workers dealing with
dust pollution are afflicted by Pc [1]. According
to different authors, average 5-6% of the total

of first found occupational diseases have been
diagnosed Pc [2]. Recently, the number of
recorded Pc cases has been remaining stable
that can be attributed to the two factors. On
the one hand, improving working conditions at
the dust-polluted production facilities lead to
morbidity reduction. On the other hand, with
Pc diagnostics improving, the total number of
diagnosed cases increased [3].
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frequent complications in the form of specific
(tuberculosis) and nonspecific pulmonary
diseases, as well as of extrapulmonary processes,
alongside with lacking effective treatment
methods make studying of pathogenesis crucial,
the latter being intertwined with the issues of
general pathology, biochemistry, physiology,
and other basic branches of medicine. Increased
lipid peroxidation is known to be a universal
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pathogenic mechanism of a number of patholo-
gic processes, including Pc [4]. The risk of
Pc development depends on the period of
sickness, the intensity of the dust factor, and dust
fibrogenicity degree. However, Pc development
is not always caused by the above-mentioned
factors only. Hereditary factor is known to be
involved in the onset of occupational diseases
to some extent. This is demonstrated by the fact
that the pathogenic effect of industrial dust is not
comprehensive, and respiratory diseases, if any,
are different in terms and severity [5]. According
to Imanaka, 2017 [6], a factor that can determine
individual systemic sensitivity to the fibrogenic
action of the dust is the state of the antioxidant
protection system. A hereditary propensity to
Pc development is assumed to depend, in part,
on the activity of the mentioned enzymes, since
it affects the state of the immune system [7, 8].

Available sources on the activity of the
enzymes of antioxidant protection system are
contradictory, some of them indicating increa-
sing [9], while the others — decreasing activity
[10]. The authors mentioned above emphasize
the need for a more detailed study of antioxidant
protection system in Pc. To date, we have not
found works dealing with lipid peroxidation and
antioxidant protection system in Pc, depending
on the sickness period or its phase. The study
of their state in conditions experimental Pc is
justified with regard to the future development
of corrective therapy methods.

The objective of this research is the study
of lipid peroxidation and antioxidant protection
system activity in albino rats, depending on the
period of experimental Pc.

METHODS

50 male albino Wistar rats (body weight 200—
250 g) were used in the experiment. Pneumoco-
niosis was simulated on our own modification
of the technique O. Yu. Nikolenko, 2013 [11].
For this purpose, fixed on the back under surface
ether anaesthesia animals were injected 250 mg/kg
of coal suspension with a blunt needle for spinal
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anaesthesia (G22). O.Yu. Nikolenko’s method
included the use of intratracheal injection of
the coal dust regardless of a rat body weight.
The dose of 250 mg/kg was chosen according
to recommendations by G. Hatch, 1984 [12],
who had proved that the dose indicated results
in morphologic manifestations of initial
pneumoconiosis, developing into extensive
disease within a 12-week installation.

To make coal suspension we used laboratory
vibration eraser 75T-JIPM making possible
to obtain suspension of fine-dispersed coal
particles up to 5 pm. In our opinion, it is
essential since numerous studies have proved
that only 5 um and smaller dust particles
penetrate into the alveoli. Prior to endobronchial
loading, the dust was sterilized at 105°C and then
processed on the ultrasound dispergator Y3/1H-
2T (frequency 44 kHz), another modification
of O.Yu. Nikolenko’s methodology. An auri-
cular otolaryngological funnel was used for
the fixation of the rat pharynx. Promptly after
injection of the suspension, the rats were
positioned upright.

The terms introduction animals of coal
dust were determined, based on the following
considerations [13]. The average length of a
lab rat life cycle is about 36 months or 3 years,
which is roughly correlated to 72-year human
age as 1:24. Based on this extrapolation, 1 week
of rat life is comparable on the average to 6
months of human life, and 20-year human age
prior to working at the mine roughly matches
8-month rat age. In our research, the term of
animals’ priming with coal dust was 1, 3, 6,
and 12 weeks, which is appropriate to correlate
with 0.5, 1.5, 3.0, and 6-year man’s work at the
mine, respectively. These terms match early Pc
manifestations [13].

The rats were kept in Fengshi plastic
cages, 4 in each, on the litter of wooden chips.
Light conditions: 12 hours — light, 12 hours —
dark. Temperature regime — 19-25°C. Rela-
tive humidity — 50-70%. Temperature and
humidity indices were taken daily. Ventilation
was controlled with the anemometer and by
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measuring carbon dioxide and ammonia air
content. Ventilation regime, providing 15-room
volume per hour, carbon dioxide concentration
up to 0.15 volume percent, and ammonia — up
to 0.001 mg/l, was set. The rats were fed twice
a day, water available ad libitum.

The animals were blindly randomized into
5 groups (n = 10): 1) intact rats; 2) l-week
priming with coal dust; 3) 3-week priming; 4)
6-week priming; 5) 12-week priming. The blood
content of lipid peroxidation (LP) markers:
malonic dialdehyde (MDA), as well as of
diene conjugates (DC), and triene conjugates
(TC) was determined [14]. Studied in the
blood serum was the activity of antioxidant
protection system enzymes: catalase (CAT),
superoxide dismutase (SOD), glutathione
reductase (GR), glutathione peroxidase (GPR),
and reduced glutathione (RG). To collect
blood samples, the animals were anaesthetized
with intraperitoneal propofol injection (4 mg/
kg), and then laparotomized. The blood was
taken through diaphragm puncture from the
abdominal cavity and left ventricle. Then the
wound in the abdomen was sutured up and
the rats were put down with intraperitoneal
propofol injection (10 mg/kg). Strict adherence
to the regulations of the European Convention
for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986) and the Directive 2010/63/
EU of the European Parliament and of the
Council on the protection of animals was
provided [15]. Clearance from the bioethics
commission of the Ternopil National Medical
University was got.

Mean arithmetic values (M) and standard
deviation (m) were calculated. Source data
having normal distribution, the Student’s t-test
was used to determine the statistical significance
of various mean values. Levels of statistical
significance were calculated. Changes were
regarded as reliable at P < 0.001. Microsoft
Excel XP (USA) and StatSoft STATISTICA
program was used for calculations.
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RESULTS AND DISCUSSION

The activity of LP and antioxidant protection
system in experimental Pc has been found
to depend on the effect on the animals of the
introduced coal dust (Table 1). Pc simulation
resulted in a solid increase in the content of
intermediate lipid peroxidation products in the
blood serum, directly related to the period of
coal dust priming. At the background of 3- and
6-week priming with the coal dust, blood serum
DC content increased 3.33 and 4.41 times,
whereas MDA content 2.47 and 2.51 times
increased. 12-week priming resulted in 5.33
and 3.05 times increase, respectively. Activity
changes in the enzymes of antioxidant protection
system were also related to the priming pe-
riod. While after 1-week dust priming only
the tendency to changing enzymatic activity
occurred, after 3—6—12-week exposure to the
dust reliable decline in the activity of CAT, SOD,
GPR and reliable increase in GR activity. SOD
activity at the background of 3—6—12-week dust
priming demonstrated 1.76, 2.42, and 6.18 times
decrease. After 6 and 12 weeks of exposure to
the dust, GPR activity decreased by 138.0 and
142.0%, respectively, and that of CAT — 88.0
and 173.0%, respectively. At the background
of experimental Pc, GR activity increased in
3, 6, and 12 weeks by 56.0, 94.0, and 102.0%,
respectively. Besides, proportional to exposure
the decrease of RG content occurred. After 3-week
priming, RG content decreased 2.13 times, the
values for 6-and 12-week priming being 2.66
and 4.92 times.

In recent years, many pathogenic mechanisms
of Pneumoconiosis development have been
specified due to the use of various biochemical,
cytochemical, and immunologic methods, as
well as electron microscopy and polarography.
Inhaled with the air, the dust partly accumulates
on the mucous membrane of respiratory ducts,
partly in the alveoli and then penetrates into
lymphatic vessels of interalveolar septa and
lymphatic nodes of lung roots. Dust particles up
to 5 um in size are mostly aspirated, the larger
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Table 1. Effect of experimental pneumoconiosis on the indices of lipid peroxidation, and antioxidant protection system
in albino rats

Period of Catalase SOD RG GPR GR mmol/| MDA DC TC
exposure mmol/l mmol/ mmol/l mmol/ minel mmol/l | mcmol/l | mcmol/l
to coal dust minel minel
suspension
Intact animals 5.86+ 1.36+ 1.28 £ 0.62 £ 0.48 £ 1.44 + 0.12+ 0.11 +
0.02 0.05 0.03 0.04 0.02 0.03 0.01 0.01
1 week 5.75+ 1.31+ 0.79 + 0.59 + 0.59+ 2.42+ 0.36+ 0.27+
(n=10) 0.60 0.10%* 0.01* 0.05* 0.06%* 0.02* 0.02%* 0.01*
3 weeks 3.48+ 0.77+ 0.60+ 0.35+ 0.75+ 3.56+ 0.40= 0.35+
(n=10) 0.02* 0.01% 0.02* 0.01%* 0.06* 0.20%* 0.01% 0.01%
6 weeks 3.11+ 0.56+ 0.48+ 0.26+ 0.93+ 3.62+ 0.53+ 0.38+
(n=10) 0.02* 0.03* 0.03* 0.02%* 0.09* 0.15% 0.03* 0.02*
12 weeks 2.14+ 0.22+ 0.26+ 0.14+ 0.97+ 5.05+ 0.64= 0.62+
(n=10) 0.03* 0.02* 0.03* 0.02* 0.07* 0.30%* 0.03* 0.02*

* P <0.001 —reliable changes regarding control animals.

particles not penetrating into the alveoli [16].

Upon getting into respiratory ducts, the dust
irritates the receptor apparatus of the mucous
membrane and provokes defense and adaptive
reactions. Initially, they reveal themselves in the
activation of the secretion activity of mucous
membrane glands and ciliated epithelium,
thus contributing to precipitation and removal
of dust particles. Lasting and intensive dust
inflow results in the development of sustainable
changes in the form of subatrophic and then
atrophic processes which, in fact, is a direct
causative factor of chronic dust bronchitis and
obstructive lung emphysema [17].

There are various pathogenic theories of
lung fibrosis emergence and development in
Pneumoconiosis [18]. The advocates of the
mechanic theory believe that lung fibrosis is
caused by dust physical properties. In particular,
importance is attached to the hardness and shape
of dust particles. There have been opinions that
dust particles with sharp borders and angles have
a damaging mechanical effect on the pulmonary
tissue and provoke fibrosis at the site of their
accumulation as a response.

The advocates of pathogenic toxic chemical
theory regard the emergence of pneumoconiosis
fibrosis from the standpoint of dust solubility in
body fluids. As a chemically active substance,
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dust exerts a direct toxic effect on the cells.
When damaged, dust crystals can form free
chemical active radicals, capable of hydration
with the formation of hydroxyl groups which, by
easily reacting with body tissue proteins, cause
their destruction with fibrosis development to
follow. Noteworthy are the data indicating dust
particles’ capacity to adsorb various proteins on
their surface, primarily globulins.

Actually, biological theories of pathogenesis,
theories on the role of infection in fibrosis
development included, deal with the study of
systemic biological reactions on the effect of
coal dust. Lung fibrosis due to the dust effect
has been also attributed to the development of
lymphostasis owing to the blockade of lymphatic
ducts by dust particles [17].

Presently, pathogenic theories under which
phagocytosis and direct effect of dust particles
with chemically active radicals on the cytoplasm
of the macrophages, causing damage to the
membranes of intracellular organelles, are the
basic mechanisms of coal dust action, are most
recognized [16]. The primary reaction of the lung
tissue to the dust penetration is phagocytosis
of dust particles with the active involvement of
macrophages. In fact, it is a reaction to a foreign
body. Phagocytosis is usually accompanied by
accelerated death of macrophages, released
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dust particles being again absorbed by the
other macrophages. The direct relation between
fibrotic process intensity and death speed
of macrophages which had phagocyted dust
particles was found. Macrophages’ death is
attributed to the toxic effect of dust on the
cellular cytoplasm that leads to the disturbance
of their enzyme systems. In the macrophages,
which have absorbed dust particles, mitochond-
ria degeneration occurs, accompanied by their
membranes’ damage [18]. Thereafter, the
permeability of lysosome membranes occurs,
the latter deranging the process of energy
exchange in the pulmonary tissue, and then
contributing to collagen excessive formation.
These changes in membrane structure contribute
to the decrease of cellular biosynthetic activity
and lead to the decrease of redox processes, the
latter, in its turn, causing distorted scleroprotein
synthesis [17]. Within the first week of coal
dust injection, 250 mg/kg intratracheally,
morphologic changes specific of Pc occur: dust
phagocyting by macrophages, interalveolar
septa sclerosis, accumulation of alveolar
macrophages in alveoli lumen, and formation
of inflammatory infiltrates [12, 16]. Initially,
chronic bronchitis with lymphohistiocytic
infiltration of lymphoid follicles in bronchi walls
and accumulation of a number of goblet cells in
the epithelium develops that makes for irregular
bronchi widening and narrowing. In the vessels,
hypertrophy of endothelial cells develops
alongside with growing cell nuclear components
and nuclear hyperchromia. Lung structure
undergoes changes through the formation
of emphysema foci with sharp thinning and
rupture of interalveolar septa. Peribronchial and
perivascular sclerosis, as well as interalveolar
septa sclerosis, develop [12, 16]. Morphologic
alveolar disorders, as well as peribronchial
and perivascular sclerosis aggravate blood
oxygenation processes in the lungs [8]. Damage
to pulmonary structures, destruction of cellular
membranes and elements are accompanied
by intensified lipid peroxidation, resulting in
the further destruction of cellular membranes.
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Severe morphologic changes of the pulmonary
tissue develop causing hypoxia and aggravation
of the functional state of lungs. Clinically, it
reveals itself in the reduced saturation of arterial
blood and of partial oxygen pressure in the
arterial blood [1].

We have observed significant increase in
blood serum of the content intermediate products
(MDA, DC, and TC) of lipid peroxidation at
the background of suppressed SOD, CAT, GPR
and increased GR activity. In our opinion,
excessive activation of free radical oxidation
reactions is a typical pathologic process that
occurs in different hypoxia-associated diseases,
supernormal formation of highly active free
radical oxygen forms being the initial stage
of oxidative stress development. It is regarded
as proved that increasing lipid peroxidation
activity is an essential pathogenic mechanism
in the development of dust lung pathology. Free
radicals that have been formed due to the effect
on the structures, destroy phospholipids, or
more precisely, unsaturated fatty acids which are
integral, subjecting them to lipid peroxidation
[2]. Excessive activation of the processes of
chain free radical lipid oxidation leads to the
tissue accumulation of lipid peroxides, fatty
acid radicals, ketones, aldehydes, and ketoacids
which cause damage to cellular membranes
and their increased permeability, and lead
to oxidative modification of the structure of
proteins, enzymes, and biologically active
substances [19]. The antioxidant protection
system act as a regulator of lipid peroxidation
state [20]. SOD, CAT, and glutathione are the
main antioxidant enzymes of the system. First
among the enzymes of antioxidant protection
system is CAT that neutralizes superoxide
anion radical and hydrogen peroxide. It can
reveal its reducing activity towards small
molecules, such as hydrogen peroxide and
methyl-or ethyl peroxide. CAT is mostly
localized in peroxisomes. Glutathione redox
cycle is a central mechanism of intracellular
hydroperoxides reduction, far exceeding
catalase in eliminating various hydroperoxides.
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GPR is an enzyme that reduces containing
hydrogen peroxide and lipid peroxides with
simultaneous glutathione oxidation (GSH)
[21, 22]. GPR is 1000 times more related with
hydrogen peroxide in comparison with CAT
and is, therefore, regarded as a first choice
in the protection of the cell from hydrogen
peroxide. GPR activity increases depending
on the number of emerging lipid peroxides.
In this, accumulation of oxidized glutathione,
as well as of mixed glutathione and protein
disulfides occurs; NADP-H and then reduced
glutathione level decreases. Antioxidant activity
of reduced glutathione is closely related to that
of glutathione system protective enzymes. In
conditions of lipid peroxidation activation, the
level of reduced glutathione declines, whereas
that of oxidized glutathione — increases.

Our findings confirm the results of Abidi P.
et al., 1999 [21], concerning tension between
activity changes of different antioxidant
protection system enzymes in Pc. According
to Anlar H., 2017 [22], functional disorders of
antioxidant protection system play a leading role
both in the processes of systemic adaptation to
extreme conditions and the development of more
serious disorders. In some author’s opinion [19,
20], primary pathogenic shifts occurring due
to the formation of respiratory dust pathology
are associated with the overstrain of utilization
mechanisms of active oxygen forms and degree
of disorders in the antioxidant protection system
that largely determines the state of immune
system.

It should be mentioned that lipid peroxidation
products are among potential anti-inflammatory
factors [19]. They play a key role in damaging
vascular endothelium and are capable of
suppressing endothelium-dependent vascular
relaxation and of causing vasoconstriction [4].
All the above-mentioned reactions occur in Pc
pathogenesis.

While interpreting findings, it should be
mentioned that one-week action of dust, roughly
corresponding to half a year man’s stay in the
coal mine, the solid increase in the activity of
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lipid peroxidation processes were observed
with lacking reliable changes in the activity of
the enzymes of antioxidant protection system.
Probably, in this case antioxidant protection
system keeps on inactivating lipid peroxidation
products. Further lipid peroxidation increase at
the background of 3-, 6- and 12-week exposure
to the dust that corresponds to 1-, 1.5- and
3-year stay in the mine, was accompanied by the
reliable decrease in CAT, SOD, GPR activity,
also alongside with simultaneous increase of
GR activity. It is noteworthy that the rate of the
enzymes’ activity changes were the lowest at
the late stage of the experiment — within 6- and
12-week exposure to the dust. It may be that 12-
week exposure to the dust corresponded to the
phase of lung fibrosis development, at which,
according to Abidi P. et al. (1999), activity of
antioxidant protection enzymes declines, the
latter remaining hypothetical only, requiring
further research.

CONCLUSIONS

1. The development of experimental pneu-
moconiosis is accompanied by 1.68-5.63 times
increase in blood content of lipid peroxidation
markers: malonic dialdehyde, diene conjugates,
and triene conjugates depending on the duration
of the disease.

2. The development of experimental pneu-
moconiosis is accompanied by the stable in
1.74-4.42 times decline in the activity of
catalase, superoxide dismutase, and glutathione
transferase alongside reliable 1.56-2.02 times
increase in the activity of glutathione reductase,
the changes being directly related to the duration
of pneumoconiosis.

The research has been performed under the
Agreement on the scientific cooperation between
Pope John Paul Il State Higher School (Panstwowa
Szkota Wyzsza im. Papieza Jana Pawla Il w
Biatej Podlaskiej), Poland, and I. Horbachevsky
Ternopil National Medical University, as an
integral part of the interdepartmental scientific

57



Effect of experimental pneumoconiosis on lipid peroxidation and the activity of enzymes the antioxidant protection system in albino rats

themes of 1. Horbachevsky Ternopil National
Medical University “Morphofunctional Basis
for Adaptation Processes in Greater and Lesser
Circulation under Different Corrective Influence”
(State registration Ne 0104U004522). There is no
conflict of interest.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of coauthors of the
article.

0. Ouiiinnk!, A. Crigipunk!, O. Benrep?

BIIVIUB EKCHIEPUMEHTAJIBHOTI'O ITHEB-
MOKOHIO3Y HATIEPEKUCHE OKUCHEHHS
JIMIAIB TA AKTUBHICTb ®EPMEHTIB
AHTHOKCHUJAHTHOI CHCTEMH 3AXUCTY
Y IIYPIB-AJIBBIHOCIB

[THEeBMOKOHI03 € IHTepCTULIAIEHIM 3aXBOPIOBAHHSIM JIETCHb
npohecifHOTo TeHe3y, 0 BUHUKAE ITPU TPHBAJIOMY BUXaHHI
BHCOKHX KOHIICHTpAIi{ MITy Ta PO3BUBAEThCA Yy 26,6-53%
MPaIiBHUKIB, IO MepeOyBaloTh B yMOBaxX 3a0pyIHEHHS ITH-
oM. Hloro 0coGmuBiCTIO € HeBUITIKOBHICTb i HE3BOPOTHICTS.
ExcniepuMeHTaNbHAI THEBMOKOHIO3 MH MOJIEIIOBATIH y 72
IIypiB-aJILOIHOCIB €HA0TpaxXeaabHO. iH EKIIEI0 CYCIeH3I11 By-
TS 3T1THO 3 BIIacHOr0 Moudikariero Mmetoauku HikomeHko.
AKTHBHICTh TIEPEKUCHOTO OKHCHEHHS JIIIJIIB Ta pepMEHTIB
AQHTHOKCHJIAHTHOI CHCTEMH 3aXHCTy Oyila TOB’s3aHa 3 Ie-
piomoM XBOpoOH. 3aJIeKHO BiJl TPUBAIOCTI 3aXBOPIOBAHHS,
ITHEBMOKOH103 HiJIBHUIyBaB BMIiCT MaJOHOBOTO Jiajbie-
rizy B kpoBi B 1,68-3,05 pasa, a Ii€HOBHX Ta TPUEHOBHX
KOH 1orartiB y 2,43-5,63 pasa. 3anexHo Bix (a3u 3aXxBopro-
BaHHA y 1,77-4,42 pa3a 3HIKyBajacsi akTUBHICTE KaTallasH,
CYIEepOKCHINCMYTa3H Ta IIyTaTioHIepoKcu1a3y. BoxHouac
AKTHBHICTH IIyTaTIOHPEAyKTa3u 30iipnryBanacs y 1,56-2,02
pa3a. BMicT BiJHOBIICHOTO IIIyTaTiOHy 3MEHIIYBaBCS IIPO-
MOPIIHO TPUBAIOCTI 3aXBOPIOBAHHSL. [HiIiaIis TEPEKICHOTO
OKHCHEHHS JIMIiIB Ta MPUTHIYeHA aKTHBHICTH (PepMEHTIB
AQHTHOKCHIAHTHOI CHCTEMH MOXYTh OyTH cepe]| TaTOTeHHIX
MEXaHI3MiB PO3BUTKY EKCIIEPHMEHTAIBHOTO THEBMOKOHIO3Y.
KitrouoBi cioBa: eKcriepiMeHTAIFHHN THEBMOKOHI03; mepe-
KHCHE OKHMCHEHHSI JIIT/IiB; KaTaia3a; CyepoKCHIIICMyTa3a;
DIyTaTiOHNEePOKCH1a3a; NIy TaTiOHPeyKTas3a.

! Tepacasna wixona euwoi oceimu leana Iasna 11,
bsna-ITionsacka, [onvwa;
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BJIMSHUE SKCIIEPUMEHTAJIBHOT'O ITHEB-
MOKOHHUO3A HA TIEPEKUCHOE OKHUC-
JIEHUE JIMTINJOB 1 AKTUBHOCTbDb ®EP-
MEHTOB AHTUOKCHUIAHTHOM CUCTEMBI
SAIIUTHI ¥ KPBIC AIBBUHOCOB

ITHEBMOKOHHO3 — 3TO MHTEPCTHIHAIBHOE 3a00JICBaHHUE JIeT-
KUX TPO(eCCHOHANBHOTO IeHe3a, BHI3BAHHOE [UIHTEIbHBIM
BJ/IBIXaHHEM BBICOKHX KOHLEHTpAUUH mbutd. [THEBMOKOHHO3
nopasaer ot 26,6 10 53% npodeccHoHanbHbIX PAOOTHHUKOB,
KOTOPBIM TIPUXOAUTCS paboTaTh B CPEAE C IOBBILICHHBIM
coxepkanueM nbplIn. OcoOOCHHOCTh MPOTEKAHUS THEBMOKO-
HMO032 3aKJII0YAeTCS B €r0 HeM3JIeUMMOCTH U HEOOPAaTHMOCTH.
[IHeBMOKOHMO3 MOAENUPOBaIU y 72 O€dBIX KpbIC MyTEM
9HAOTPAXEAILHOTO BBEJICHHS CYCIICH3UM YIVIS B COOTBETCT-
BUU ¢ COOCTBEHHOW Moau¢ukanueil Mmeroauku HuxomneHko.
AKTHBHOCTb IEPEKMCHOTO OKUCIICHUS JIUITUIOB U (PEPMEHTOB
CHCTEMbI AaHTHOKCHIAHTHOW 3allUThl 3aBHCENA OT IEepUOa
Gone3Hu. Pa3BuTHE HKCHEPUMEHTAIBHOTO MHEBMOKOHHO32
MPUBOIMJIIO K IOBBILICHUIO B KPOBH COZICPIKAHHS MAJIOHOBOT'O
nuanpaeruga B 1,68-3,05 pasa, 1MEHOBBIX KOHBIOTaTOB M
TPHEHOBBIX KOHBIOTATOB B 2,43—5,63 pa3a B 3aBUCHMOCTHU OT
MIPOIOKUTEIBHOCTH 3a00s1eBanus. Habmronanu cHukeHHe
AKTUBHOCTH KaTaJa3bl, CyNEPOKCHAANCMYTA3bl U [Ty TATHOH-
nepoxcuaassl B 1,77-4,42 pa3a, a Tak)Ke NOBBILICHUE aKTHB-
HOCTH IIyTaTHOHPEAYKTa3bl B 1,56—2,0 pa3a B 3aBUCMOCTH
oT (a3sl 3a0oneBanus. ComepkaHue BOCCTAHOBICHHOTO
DJIyTaTHOHA CHI)KAJIOCh PONOPLMOHAIBHO NPOAOKUTEIIBHO-
ctu 3abosneBanus. THUIMUPOBAHKE IEPEKUCHOTO OKUCIICHUS
JMIIMIOB M MOJAaBJICHUE aKTMBHOCTH (DEPMEHTOB CHCTEMBI
AQHTHOKCHIAQHTHOW 3all[UThI BEPOATHO SBIISIOTCS OJHUMH H3
HanboJiee BaXXHBIX ATOICHETHYECKUX MEXaHU3MOB Pa3BUTHS
9KCIEPUMEHTAIBHOTO THEBMOKOHHO34.

KiroyeBble clIOBa: HKCIEPUMEHTAIBHbBIH THEBMOKOHHO3;
[IEPEKUCHOE OKMCIICHUE JIMITHJIOB; Karalasa; CyHepoKCHI-
JIUCMYTa3a; II0TaTHOHIEPOKCHIA3a; IF0TATHOHPEAYKTa3a.

REFERENCES

1. Colinet J, Rider J, Listak J, Organiscak J, Wolfe A. Best
Practices for Dust Control in Coal Mining. National
Institute for Occupational Safety and Health. Pittsburgh:
PA; WA: DHHS (NIOSH). Publication Ne 2010-110; 2010.

2. ShiJ,Mao L, Chen Z, Zhou S, Bian L, Sun D. Comparison
of' welder’s pneumoconiosis with silicosis and follow-up
study of welder’s pneumoconiosis. Zhonghua Lao Dong
Wei Sheng Zhi Ye Bing Za Zhi. 2015,Nov;33(11):826-9.
[Chinese].

3. Tang H, Wang Y, Chen H, Xu J, Li B. Case fatality rate in
patients with pneumoconiosis in China: a meta-analysis.
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi.
2015; 33(3):229-32. [Chinese].

4. Behn C, Araneda O, Llanos A. Hypoxia-related lipid
peroxidation: evidences, implications and approaches.
Respir Physiol Neurobiol. 2007;158(2-3):143-50.

ISSN 0201-8489 @ision. scypH., 2020, T. 66, Ne 1



O. Oliynyk, A. Slifirczyk, O. Venger

5. Cecala A, O’Brien A. Dust Control Handbook for
Industrial Minerals Mining and Processing. National
Institute for Occupational Safety and Health. Pittsburgh:
PA; WA: DHHS (NIOSH). Publication Ne 2012-110;
2012.

6. Imanaka M, Suganuma N. Japanese workplace health
management in pneumoconiosis prevention. J Occup
Health. 2017 Mar 28;59(2):91-103.

7. Peskov S.A. Biological markers of early development of
pneumoconiosis. Novosibirsk, 2000. [Russian].

8. Peskov SA, Poteryeva EL, Nikiforova NG. On prognostic
value of some phenotypic markers of blood groups,
reactivity of neutrophils and lipid peroxidation during
pneumoconiosis. Med Tr Prom Ekol. 2002;(1):12-5.
[Russian].

9. Pilipenko N. Disturbances in the system of LPO-AOD in
patients with chronic obstructive pulmonary disease and
pneumoconiosis of professional genesis. Actual Probl
Modern Med. 2017;17:164-7. [Russian].

10. Shontsova TS, Ilderbaev OZ., Salambayeva GA.
About the activity of some antioxidant enzymes in
experimental pneumoconiosis. Available from: www.
rusnauka.com/11_EISN_2008/Medecine/30819.doc.htm
(20.04.2019). [Russian].

11. Nikolenko O Ju. An experimental approach to the
reproduction of anthracosilicosis in rats. Med. Today and
Tomorrow. 2013;1:132-8. [Russian].

12. Hatch GE, Raub JA, Graham JA. Functional and
biochemical indicators of pneumoconiosis in mice:
comparison with rats. J Toxicol Environ Health.
1984;13(4-6):487-97.

13. Gelashvili OA. A variant of the periodization of
biologically similar stages of ontogenesis of humans and

ISSN 0201-8489 ®ision. scypn., 2020, T. 66, Ne 1

20.

21.

22.

rats. Saratov J Med Sci Res. 2008;4:125-9. [Russian].

. Vollhardt P, Neil E. Organic Chemistry. 6th ed. New York:

W.H. Freeman & Company; 2007.

. European Union Directive 2010/10/63 EU on the

protection of animals used for scientific purposes. Official
J Eur Union (OJ) C 277; 17.11.2009.

. Mikhailova NN, Bondarev OI. Pathomorphological

changes in the vessels of the heart and lungs in
pneumoconiosis. Med in the Kuzbass. 2017;(3):36-43.
[Russian].

. Jiang M, Li L, Wang Z, Zhang C. Preliminary study of

exon sequence in pneumoconiosis and pneumoconiosis
complicated with lung cancer using high-throughput
sequencing technology. Zhang Zhonghua Lao Dong Wei
Sheng Zhi Ye Bing Za Zhi. 2017;35(11):801-6. [Chinese].

. Steenland K, Stayner L. Silica, asbestos, man-made

mineral fibers, and cancer. Cancer Causes Control. 1997
May;8(3):491-503.

. Wang P, Xie K, Wang C, Bi J. Oxidative stress induced

by lipid peroxidation is related with inflammation
of demyelination and neurodegeneration in multiple
sclerosis. Eur Neurol. 2014;72(3-4):249-54.

Rauchova H, Vokurkova M, Koudelova J. Hypoxia-
induced lipid peroxidation in the brain during postnatal
ontogenesis. Physiol Res. 2012;61(1):89-101.

Abidi P, Afaq F, Arif J. Chrysotile-mediated imbalance
in the glutathione redox system in the development of
pulmonary injury. Toxicol Lett. 1999;106(1):31-9.
Anlar HG, Bacanli M, iritas S, Bal C, Kurt T, Tutkun
E, Hinc Yilmaz O, Basaran N. Effects of occupational
silica exposure on oxidative stress and immune system
parameters in ceramic workers in Turkey. J Toxicol
Environ Health A. 2017;80(13-15):688-96.

Received 24.06.2019

59



