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The presence of suspended ultrafine particles in the air of the working area of workers in various industries
has been proven by numerous studies by scientists and, accordingly, requires a detailed study of the possible toxic
effects of these particles on the body of workers. The aim of the study is to investigate changes in haematological
parameters of peripheral blood in rats under the influence of suspended ultrafine particles of industrial aerosol. The
toxic effect of suspended ultrafine particles, collected at workers' workplaces of machine-building enterprises, was
assessed by modelling subchronic intoxication in Wistar rats. Hematological parameters were evaluated at week 6
(after the cessation of the introduction of suspended ultrafine particles) and at week 12 of the experiment (after 6
weeks of recovery period). It was found that changes in haematological parameters of blood were characterised by
a decrease in the concentration of haemoglobin, erythrocytes and hematocrit, a decrease in the average volume of
erythrocytes at 6 and 12 weeks of the experiment. In all experimental groups of animals, the erythrocyte anisocyto-
sis index increased at week 12 of the experiment compared to the control. The leukocyte formula was characterised
by an increase in the number of leukocytes and monocytes and a decrease in the number of lymphocytes. The data
obtained from the peripheral blood of experimental animals, based on the results of subchronic intoxication with
suspended ultrafine particles of industrial aerosol, were characterised by impaired hematopoiesis, haemoglobin
synthesis, and changes in the leukocyte blood formula. These indicate their potential hepatotoxic effect and require

further investigation for the implementation of effective preventive measures.
Key words: Wistar rats, hematological parameters, suspended ultrafine particles, working area air.

Connection of the publication with planned re-
search works.

This work is a fragment of the research work of the
Department of General Hygiene, Medical Ecology and
Preventive Medicine of Zaporizhzhia State Medical and
Pharmaceutical University ‘Modern risk factors and their
prevention in the public health system’, state registra-
tion number 0123U100215.

Introduction.

Today, the study of the toxic effects of nanoparti-
cles and suspended particles of the ultrafine range on
the body of workers in the air of the working area is an
urgent issue of occupational medicine. This interest of
scientists is due to the widespread distribution and use
of nanomaterials with various chemical compositions in
multiple industries and, as a result, their direct contact
and impact on the body of workers. The peculiarities of
the physical and chemical properties of nanoparticles
and suspended particles in the ultrafine range make
them more dangerous than large particles [1], and re-
quire the introduction of special safety measures at
work.

It is known that in Ukraine, the leading place in
the structure of occupational pathology is occupied by
dust-related respiratory pathology, which at the same
time causes a high level of temporary disability, disabili-
ty and mortality [2]. Among the main causes of respira-
tory diseases are significant excesses of industrial dust
in the air of the employees’ working area. Currently, in
Ukraine, only the total dust mass is measured and reg-
ulated, without considering its fine and ultrafine com-
ponents. Although it is, the suspended particles of the

fine and ultrafine range, have the most damaging health
effects, causing pathological changes in various organs
and systems of the human body [3, 4, 5].

According to the literature, more than 6 million
workers worldwide who work in the field of nanotech-
nology are exposed to nanoparticles, which are acciden-
tally formed during various technological processes [6,
7]. Workers in other industries may also be exposed to
them.

Most of the literature describes animal experiments
that investigate the toxic effects of artificially synthe-
sised metal nanoparticles, but there is no data on the
toxic effects of suspended ultrafine particles generated
during various technological processes, such as melting,
welding and grinding of metal. In view of this issue, the
study of the toxicity of ultra-dispersed nanoscale parti-
cles present in industrial aerosols is very relevant.

The aim of the study.

To investigate changes in haematological parameters
of peripheral blood of laboratory animals under the in-
fluence of suspended ultrafine particles (UFPs) of indus-
trial aerosol.

Object and research methods.

The experiment was conducted on 24 mature male
Wistar rats weighing 220-335 g. The experimental an-
imals were kept in a special vivarium room with a 12-
hour light/dark cycle, with free access to clean tap water
and a standard diet. All animal manipulations were per-
formed by the provisions of the European Convention
for the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg, 1986).
The experiment was approved by the Biotechnical Com-
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mission (Extract from the meeting minutes of the ZSMU
Bioethics Commission of 10.11.2022). Rats were divided
into 3 experimental and 1 control group (6 animals each):
Group 1 —received injections of a solution of air sample
with UFPs (mass 8.08 pug/m3 number 60403 particles/
cm?), which was collected at the workplace of a pol-
isher; Group 2 — UFPs solution from the melter’s work-
place (mass 23.12 pg/m?3, 142358 particles/cm?); Group
3 — UFPs from the welder’s workplace (mass 176.53 ug/
m3, 182460 particles/cm?); Group 4 — intact control ani-
mals. A colloidal solution of suspended UFPs collected at
each workplace was prepared in deionised water, and 1
ml was injected intraperitoneally into the animals daily,
except for weekends, simulating a working week. The
control group was administered deionised water in the
same way. At the end of the experimental period, the an-
imals were decapitated by fasting in compliance with the
requirements for humane treatment. Blood was taken
from the animals immediately after decapitation. Whole
blood was used to determine haematological parame-
ters. Haematological parameters were assessed at week
6 (after cessation of UFPs administration) and week 12
of the experiment (after 6 weeks of recovery). The study
was performed on an Abacus 5 haematological auto-
matic analyser (Diatron Ml Zrt, Hungary). The following
parameters were determined: leukocyte count, x10%/I,
erythrocyte count, x10*?/I, platelet count, x10°/l, mono-
cytes, %, haemoglobin g/I, hematocrit, %, mean corpus-
cular volume, fl (femtolitre), mean corpuscular haemo-
globin pg (picogram), mean corpuscular haemoglobin
concentration, g/l, erythrocyte anisocytosis, %, mean
platelet volume, fl, thrombocrit, %, platelet anisocytosis,

%, reticulocytes, %, ESR, neutrophils, % eosinophils, %.
Statistical processing of the primary data was performed
using Microsoft Excel 2013 and SPSS 21.0 (StatSoft Inc.,
licence number JPZ8041382130ARCN10-J). The reliability
of differences between the indicators was assessed by
the Mann-Whitney U-test, Student’s t-test, and Wilcox-
on’s t-test.

Research results.

The results of determining the haematological pa-
rameters of experimental and control rats at week 6 of
the experiment are presented in table 1. Thus, a signif-
icant increase (p=0.008) in the level of lymphocytes by
55.06% was observed in rats of group 2 (smelter’s work-
place) compared to the control group. Instead, in group
3 (welder’s workplace), a significant decrease (p=0.005)
in lymphocyte levels (by 12.34%) was found compared
to the control group.

The level of monocytes significantly decreased in
group 1 (p<0.001) (polisher’s workplace) and group 2
(p<0.001) by 62.50% and 75.00%, respectively, com-
pared to the control group. At the same time, in rats of
experimental group 3, the level of monocytes increased
by 28.13% (p=0.03) compared to the control group. The
level of haemoglobin moderately decreased in animals
of groups 2 (p=0.005) and 3 (p=0.03) (by 6.17% in each
group) compared to the control group. The haematocrit
content in the blood of the experimental rats also mod-
erately decreased (in group 2 — by 4.43% (p=0.05) and
group 3 — by 8.29% (p=0.005), respectively). The mean
corpuscular volume decreased in animals of all experi-
mental groups compared to the control group: by 14.07%
(p=0.04) in group 1, by 10.89% (p=0.005) in group 2 and

Table 1 — Peripheral blood parameters in the control and experimental groups
of rats at week 6 of the experiment

Experimental rat groups
Group 1 Group 2 Group 3 Control
Haematological UFPs from the UFPs from the melter’s| UFPs from the welder’s| group
indicators polisher’s workstation workplace workstation
White blood cells, 10%/I 8,67+0,82 |-10,00%| 8,63+0,52 |-10,38% | 9,55+0,47 | -0,87% | 9,63+0,67
Lymphocytes, % 53,67+2,84 | 1,90% |81,67+1,31*% | 55,06% | 46,17+0,95* | -12,34% | 52,67+1,69
Monocytes, % 2,00+0,37* | - 62,5% | 1,33+0,21* |-75,00% | 6,83+0,60* | 28,13% | 5,33+0,33
Red blood cells, 10*%/I 8,31+0,26 | -1,87% | 8,12+0,26 | -4,11% | 8,05+0,09 | -5,00% | 8,47+0,22
Haemoglobin, g/| 157,33+2,16| 0,43% |147,0041,24%*| -6,17% |147,00+2,21*| -6,17% |156,67+2,50
Hematocrit, % 46,13+1,03 | -0,25% | 44,20+0,29 | -4,43% | 42,42+0,58* | -8,29% |46,29+1,01
Mean cell volume, fm 52,72+1,03*| -14,07% | 54,67+1,12* | -10,89% | 53,35+0,19* | -13,04% | 61,35+3,79
Mean corpuscular haemoglobin, pg 27,95+0,19*%| 24,13% | 18,03+0,24* | -19,91% | 18,65+0,17* | -17,16% |22,52+1,86
g/'/fa” corpuscular haemoglobin concentration, | 34 13,0 46| 1 68% |33,45£0,24% | -3,65% | 34,85£0,30% | 0,38% |34,72+0,35
Anisocytosis of erythrocytes, % 14,20+0,51 | -12,79% | 17,68+0,16 | 8,60% | 18,53+0,20 | 13,82% |16,28+1,15
Banded neutrophils, % 4,50+0,67 | 3,85% | 4,00%+0,37 | -7,69% 3,67+0,49 |-15,38% | 4,33+0,49
Segmented neutrophils, % 47,6743,30 | 17,21% [13,00+0,86*|-68,03% | 43,00+1,59 | 5,74% |40,67+3,03
Eosinophils, % 1,50+0,34 |-10,00% | 0,67+0,21* [-60,00% | 1,67+0,21 0,00% | 1,67+0,33

wxn

Notes:

— indicates the significance of the change in indicators in relation to the control group, p<0.05.
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Table 2 — Changes in peripheral blood parameters of the experimental groups
of rats at week 12 of the experiment

Group 1
Group 1 Group 2 Group 3 UFPs
UFPs from the polisher’s UEPs from the merzcer's workplace UFPs from the welder’s from the
workstation P workstation polisher’s
Haematological workstation
indicators o © o_ o © o_ o © o _
$5g| 53 5852l 83 s8¢l 5
M+m g%w gE Mzm gg.q, s Mzm g%w g e Mzm
s 3| oo 23| o8 o3 o9
X e X X = X X o X
\1"(’)2‘}7‘? bloodcells, | g 434020 | 8,77% | 4,43% | 11,60+0,25* ** | 34,36% | 28,41%|5,95+0,18% **| -37,7% |-34,13%| 9,03+0,80
Lymphocytes, % 50,83%1,14 | -5,28% |-8,96% | 48,17+2,39* ** |-41,02% |-13,73%| 51,33%1,63 |11,19% | -8,06% | 55,83+3,30
Monocytes, % 9,00£0,37*** [350,00%|50,00%| 9,83+0,61* ** |637,50%|63,89%| 7,830,31** |14,63%|30,56% | 6,00+1,44
?Sﬂﬁ'“d cells, | 744+0,18%** |-10,53%|-8,15% | 7,34:0,06* ** | -9,67% |-9,39%| 8,18+0,29 |1,66% | 1,03% | 8,10+0,24
Haemoglobin, g/l | 149,33+1,5%* | -5,08% |-0,55% [141,33+1,99% **| -3,85% |-5,88% | 149,67+4,48 | 1,81% | -0,33% [150,17+3,58
Hematocrit, % 41,570,45 |-9,90% |-2,04% | 41,83+1,25 |-535% |-1,41% | 45,02+1,29 | 6,13% | 6,09% |42,43+1,58
meance"v°'“me' 55,62+0,83* | 5,50% |-7,69% | 54,45+1,12* |-0,40% |-9,63% | 55,40+0,22* | 3,84% | -8,05% | 60,25+2,03
m‘zar:cfg"lg%‘i‘ic‘;ﬁr 19,67+0,42*, **|-29,64%|-25,79%| 18,73+0,18** | 3,88% |-29,31%| 18,30+0,08* | -1,89% |-30,94%| 26,50+1,86
Mean corpuscular
haemoglobin 34,30+0,18 | 0,49% |-0,24%| 33,75£0,21 | 0,90% |-1,84% | 33,33+0,18* |-4,35% | -3,05% | 34,38+0,45
concentration, g/l
Qfﬁﬁfgx:;"f/o 18,45+0,21* **| 29,93% |27,98%| 17,85+0,14* | 0,94% |23,82%| 18,65+0,22* | 0,63% |29,36% | 14,42+0,35
xzfriihns % 3,670,49%** |-18,52%|-18,52%| 5,17+0,31*** |29,17% |14,81%| 4,67+0,49* |27,27%| 3,70% | 4,50+0,62
Segmented +1,45% [-21,33%|-7,02% | 41,67+2,38* [220,51%| 3,31% 1742 11,249 % | 40,33+2
neatrophils, % 37,50+1,45% [-21,33%| -7,02% | 41,672,38 0,51%| 3,31% | 38,17+2,33 |-11,24%| -5,37% | 40,33+2,63
Eosinophils, % 1,33£0,21%* |-11,11%|-27,27%| 1,67:0,21* [150,00%|-9,09% |0,83+0,17* **|-50,00%|-54,55%| 1,83+0,40

Notes: * —indicates the reliability of changes in indicators about the control group ** — at week 6, p<0.05.

by 13.04% (p=0.04) in group 3. The mean corpuscular
haemoglobin compared to the control group significantly
increased in group 1 (p=0.02) by 24.13% and decreased
in group 2 (p=0.03) and group 3 (p=0.05) by 19.91% and
17.16%, respectively. Anisocytosis of erythrocytes in the
experimental groups of rats did not change significantly
compared to the control group (table 2). The results of
haematological studies on week 12 of the experiment
(after 6 weeks of recovery period) are presented in table
2. The data obtained indicate a significant increase in the
number of leukocytes in rats of group 2 compared to the
previous period (at week 6 of the experiment) by 34.36%
(p<0.001) and compared to the level of leukocytes in the
control group by 28.41% (p=0.01).

A significant decrease in the number of leukocytes
was observed in group 3 at week 12 of the experiment,
both in comparison with group 3 at week 6 of the exper-
iment by 37.7% (p<0.001) and in comparison with the
control group by 34.17% (p=0.005).

The relative number of lymphocytes at week 12 of
the experiment in group 2 significantly decreased by
41.02% compared to group 2 at week 6 of the experi-
ment (p<0.001), and by 13.73% compared to the control
(p=0.05).

The number of monocytes increased significantly
(p<0.001) in group 1, both in comparison with group 1
(at week 6 of the experiment) and in comparison with
the control group (p=0.05) by 350.0% and 50.0%, respec-

tively. Similarly, in group 2, the number of monocytes
increased significantly, both in comparison with group 2
at week 6 of the experiment (p<0.001) by 637.50% and
in comparison with the level of monocytes in the control
group (p=0.02) by 63.89%, respectively.

The number of erythrocytes at the 12th week of the
experiment in group 1 significantly (p=0.01) decreased
both in comparison with group 1 at the 6th week of
the experiment and in comparison with the number of
erythrocytes in the control group (p=0.03) by 10.53 and
8.15%, respectively. In group 2, the number of erythro-
cytes also significantly decreased, both in comparison
with group 2 at week 6 of the experiment (p=0.01) and
in comparison with the number of erythrocytes in the
control group (p=0.01) by 9.67 and 9.39%, respectively.
The haemoglobin level at week 12 of the experiment in
group 1 significantly (p=0.01) decreased by 5.08% com-
pared to the level at week 6 of the experiment, in group
2 significantly decreased (p=0.03) compared to the con-
trol group by 5.88% and by 3.85% compared to the level
at week 6 (p=0.02). The average red blood cell volume
significantly decreased in groups 1, 2 and 3 compared to
the control group by 7.69% (p=0.04), 9.63% (p=0.02) and
8.05% (p=0.03), respectively. The haemoglobin content
in erythrocytes significantly decreased in groups 1, 2 and
3 compared to the control group by 27.79% (p<0.001),
29.31% (p=0.004) and 30.94% (p=0.003). Indicators of
erythrocyte anisocytosis increased in group 1 compared
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to the values at week 6 of the experiment and compared
to the control group by 29.93% (p<0.001) and 27.98%
(p<0.001), respectively.

Thus, after 12 weeks of the experiment, in groups 1
and 2 (air samples taken from the workplace of a polish-
er and a melter, respectively), a decrease in the level of
red blood cells and the content of haemoglobin in red
blood cells was observed, which was confirmed by an
increase in red blood cell anisocytosis. In group 3 (air
samples taken from the welder’s workplace), a decrease
in the mean corpuscular haemoglobin and the mean
corpuscular haemoglobin concentration were observed,
and erythrocyte anisocytosis also increased.

Discussion of research results.

Numerous experimental studies of the effect of
nanoparticles of different chemical composition on lab-
oratory animals confirm their toxic effect on the cellular
composition of the blood, accompanied by a violation of
the process of erythropoiesis and inhibition of the pro-
cess of haemoglobin synthesis [8, 9], which were char-
acterised by a decrease in the number of red blood cells
and haemoglobin in the peripheral blood of animals,
and as a result, a decrease in the percentage of hemato-
crit, which also coincide with our studies obtained in the
experiment on weeks 6 and 12 of the study.

Earlier studies by domestic scientists on the toxicity
of iron oxide nanoparticles on the body of experimen-
tal animals under the condition of a single intratracheal
administration were also characterised by a decrease in
the level of haemoglobin and erythrocytes, as well as a
reduction of the absolute number of lymphocytes and
granulocytes and, conversely, an increase in the percent-
age of monocytes [10]. Our studies of the toxic effect of
suspended UFPs on experimental animals at weeks 6 and
12 of the experiment also indicate the development of
anaemia in experimental animals and an increase in the
percentage of erythrocyte anisocytosis, both at weeks
6 and 12. The percentage of lymphocytes increased in
groups 1 and 2, decreased in group 3 at week 6 of the
experiment, and decreased in all experimental groups at
week 12. The decrease in the number of lymphocytes in
the peripheral blood may be due to the development of
acute inflammation in the body of animals, and as a re-
sult, the movement of lymphocytes to the foci of inflam-
mation to recognise foreign bodies and participate in the
immunological response. The percentage of monocytes
increased in all groups of animals at week 12 of the ex-
periment, indicating the activation of nonspecific natu-
ral immunity cells.

In our work, we found a decrease in the number of
leukocytes at week 6 of the experiment and an increase
in the number of leukocytes in animals of groups 1 and
2 at week 12 of the study. An increase in the number
of leukocytes may be due to the development of the in-
flammation process, while a decrease in the number of
eosinophils may be a consequence of the development
of the initial phase of the infectious and toxic process.

The results of our study correlate with the data of
foreign scientists, which describe the fact of an increase
in leukocytes, monocytes, neutrophils and a decrease
in erythrocytes, haematocrit and lymphocytes in exper-
imental animals after oral administration of zinc oxide
nanoparticles [11], and an increase in the number of
leukocytes, a decrease in erythrocytes and haemoglobin

after intraperitoneal administration of zinc and copper
nanoparticles to experimental rats [12].

In our work, we found a decrease in the number of
leukocytes at week 6 of the experiment and an increase
in the number of leukocytes in animals of groups 1 and
2 at week 12 of the study. An increase in the number
of leukocytes may be due to the development of the in-
flammation process, while a decrease in the number of
eosinophils may be a consequence of the development
of the initial phase of the infectious and toxic process.

The results of our study correlate with the data of
foreign scientists, which describe the fact of an increase
in leukocytes, monocytes, neutrophils and a decrease
in erythrocytes, haematocrit and lymphocytes in exper-
imental animals after oral administration of zinc oxide
nanoparticles [11], and an increase in the number of
leukocytes, a decrease in erythrocytes and haemoglobin
after intraperitoneal administration of zinc and copper
nanoparticles to experimental rats [12].

The relevance of our study is determined by the lack
of sufficient information in the modern domestic and
foreign literature on the toxic effects of suspended ul-
trasonic particles on the bodies of workers, especially
those accidentally generated at the workplace. It is also
important to study the peculiarities of their impact to
predict the risk of developing pathological changes in
the bodies of workers.

Conclusions.

Assessment of peripheral blood parameters of ex-
perimental animals demonstrated the presence of a
primary reaction of animals to the introduction of sus-
pended UFPs, both on the 6th and 12th week of the
experiment. The established changes in haematolog-
ical parameters in the experimental groups of animals
were characterised by a decrease in the concentration
of haemoglobin, erythrocytes and haematocrit, which
may manifest the onset of anaemia. An increase in the
number of leukocytes and monocytes and a decrease in
lymphocytes in the blood under the influence of UFPs
indicate the activation of the cellular link of nonspecific
natural immunity.

The study’s results indicate the toxic effect of sus-
pended UFPs on haematopoiesis, haemoglobin synthe-
sis and cellular composition of peripheral blood. The
most significant changes in haematological parameters
were found in the 2nd and 3rd groups of experimental
rats injected with UFPs selected at the workplace of a
metal melter and welder, where the mass and number
of UFPs were higher than at the workplace of a polisher
(by weight 2.9 and 21.8 times, and by number 2.4 and
1.3 times, respectively). These data complement the in-
formation on the toxic effects of industrial aerosol UFPs
and can be used to assess the risk of their adverse health
effects on workers in these occupations.

Prospects for further research.

The obtained experimental results confirm the need
for further research on the potential toxicity of suspend-
ed UFPs of metals present in the working area’s air as a
by-product of various technological operations ( polish-
ing, melting, and welding) with metals.
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NOPYLUEHHA TEMATO/TIOINYHUX NMOKA3SHUKIB Y LLIYPIB 3A YMOBU BMN/1UBY
3ABUCNTUX YNIbTPAAUCTIEPCHUX YACTUHOK NMPOMMUC/TIOBOIO AEPO30/1H0
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lpucymHicme 3a8UCAUX YGCMUHOK yAbmpaoucnepcHo2o 0iana3oHy y nosimpi poboyoi 30HU NpayieHUKIE pi3HUX
2anyseli supobHUUMBa 008e0eHa YucesnbHUMU 00CMIOHEeHHAMU HayKo8ie ma 8idnosioHo nompebye 0emasnbHo20
BUBYEHHSA NMUMAHbL W,000 MOX/UBOI MOKCUYHOI Oii ix Ha opaaHiam npayrorodux. Mema 0ocniorweHHs — docaioumu
3MIHU 2emMamoso2iYHUX MOKA3HUKI8 rnepughepuyHoi Kposi y wypie 3a ymoe 8rausy 3a8ucsux yabmpaoucnepcHUx
YACMUHOK MPOMUCA08020 aepo30:to. OUiHKY MOKCUYHOI Oii 3asucaux yabmpaoucrnepcHUx YaCmuHOK, 8idibpaHux
Ha poboyux micuax npayieHUKie MawuHobydieHo20 MiOnpuemcmea, nposoousau rnpu Mooento8aHHI cybXpoHiYHOI
iHmoKcukayii y wypie Bicmap. [eMmamonozaiyHi NoKa3HUKU OUiHKB8aAU HA 6 mMUMOeHb (Micaa npunuHeHHs 68e0eHHs
3a8UCAUX YAbMPAOUCTePCHUX YACMUHOK) ma Ha 12 muxOeHb eKcriepumeHmy (Yepe3 6 muxHie 8i0HO8HO20 nepiody).
BcmaHosneHo, wo 3MiHU 2emamoso2iYHUX MOKA3HUKI8 KpOoB8i XapakKmepu3y8anuca 3HUMEHHAM KOHUeHmpauii
2emoenobiHy, epumpoyumie ma pigHem 2emamoKpumy, 3MeHWeHHAM cepedHbo20 06’emy epumpoyumie Ha 6
ma Ha 12 muxcdeHb eKcriepumeHmy. Y 8Cix eKcriepumMeHmasbHUX 2pyrnax meapuH Ha 12 muxcdeHsb ekcriepumeHmy
36inblWyBaBCA MOKA3HUK QHI304UMO3y epumpouyumis y MopieHAHHI 3 KoHmMpoaem. JlelikoyuumapHa ¢hopmyna
Xxapakmepu3syeasnacd 36inbWeHHAM KinbKocmi nelikoyumis ma MoHOUUmMie ma 3MeHWeHHS KinbKocmi nimgoyumis.
OmpumaHi 0aHi nepughepuyHoi KPoBi eKcrepuMeHmMasbHUX MBAPUH, 3a pe3yabmamam cybxpoHiYHa iHmoKcuKauii
308UCAUMU  YAbMPadUCnepcHUMU YACMUHKAMU MPOMUC/I08020 AEPO30/t0, XAPAKMepPU3ysanucs nopyuweHHam
npouecie 2emoroesy, cuHme3sy 2emoanobiHy, 3miHamu y aelikouumapHili popmyni Kpoei, Wo eKasyroms Ha ix
rnomeHuyitiHy 2eMamomokKcu4Hy 0ito ma nompebye nodanbwo2o 00CAIOHEHHA 0019 8MPOBAOHEHHA eheKmUBHUX

npoginakmu4yHux 3axodis.

Knro4oei cnoea: wypi niHii Bicmap, 2emamosnoziyHi MoKa3HUKU, 3a8Ucsi yaempaducnepcHi YacmuHKU, nosimps

poboyoi 30HU.

3B’A30K nyb6niKaLii 3 Nn1aHOBMMWU HayKOBO-A0CNIA-
HUMU poboTamu.

MpoBeneHa pobota € PparmeHTOM HayKoBO-A0-
cniaHoi poboTn Kadeapw 3arasbHOI FirieHN, meanyHol
ekonorii Ta NpodiNakTUYHOI MeauLMHU 3anopi3bKoro
[EeprKaBHOTO MeaMKo-(GapMaLLeBTUYHOTO YHIBEpCUTETY
«CyyacHi ¢aKTopu pM3nKY Ta iXx NpodiNaKkTMKa B CUCTEMI
rPOMaACbKOro 340p0B’'A», HOMep AeprKaBHOI peecTpallii
0123U100215.

Bcryn.

Ha cboroaHi BUBYEHHA TOKCMYHOI Aii HAHOYACTUHOK
Ta 3aBUC/IMX YACTUHOK YNbTPAAUCNEPCHOrO AianasoHy
Ha OpraHi3am MpauoYnX, AKI 3HaXoAATLCA Y MOBITPI po-
60407 30HU, € aKTYyaIbHUM MUTAHHAM MeAULMHU NpaLi.
Taka 3aUjiKaB/eHiCTb HayKOBL,iB 0OYMOB/IEHA LUMPOKMUM
PO3MOBCIOAKEHHAM | BUKOPUCTAHHAM HaHOMaTepianis
3 PIBHOMAHITHUM XIMIYHMM CKNAZOM Yy Pi3HUX ranysax
NPOMMC/IOBOCTI, i AK HAcNigoK — ix 6e3nocepenHii KoH-
TaKT i BN/AMB Ha opraHiam npautotoumx. OcobamnsocTi
bi3NKO-XIMIYHMX BNACTMBOCTEN HAaHOYACTMHOK Ta 3aBU-
C/INX YaCTUHOK YNbTPaAMCNEPCHOrO Aiana3oHy pobuTs ix
6inblu He6e3NeYHUMM y MOPIBHAHHI 3 YaCTUHKaMM Kpyn-
Horo po3mipy [1], i noTpebye BNpoBaAKeHHA Ha BUPOL-
HULTBI CneLianbHUX 3axXoLiB 6e3neku.

AIK Bigomo, B YKpaiHi y CTpyKTypi npodeciinHoi naTo-
norii npoBigHe MicLe 3aliMae NUI0BA NATO/IONisA OpraHiB
OVXaHHA, fIKa BOAHOYAC € MPUYMHOKO BUCOKOTO PiBHA
TMMYACOBOI HENpPaLe3aaTHOCTI, iIHBaNiAHOCTI Ta cMepT-
HocTi [2]. Cepen, OCHOBHUX MPUYUH PO3BUTKY XBOPOO
OpraHiB OMXaHHA € 3HaAYHi NepeBULLEHHA BMICTy BU-
pobHMYOro nuay y noeiTpi poboyoi 30HM NpaLiBHUKIB.
Ha TenepiwHM yac, B YKpaiHi BU3HAYAETLCA Ta HOPMY-

€TbCA NNLIE 3arasibHa Maca Nuay, He BpaxoBytoYi Apib-
HOAMCMEPCHY Ta ynbTpagucnepcHy 1i cknagosy. Xoya
came 3aBMUC/i YaCTUHKM ApibHOAMCNIEPCHOrO Ta yabTpa-
AMcnepcHOoro AianasoHy MatoTb HaMbiNbLL HeraTUBHI Ha-
CNiAKW ANA 300POB’s, BUKAMKAKOUYM NaTOOrYHI 3MiHM B
Pi3HMX OpraHax Ta cMcTemax opraHiamy ntoaunHu (3, 4, 5].

3a JaHuMMKU niTepaTypHUX AxKepen binblue Hix 6
Mi/IbMOHIB MpPaLiBHMKIB Y BCbOMY CBITi, AKi MpaLuotoTb
y cdepi HaHOTEXHONOrIN, NiALATHCA BNMBY HAHOYAC-
TUHOK, KpPiM TOro MpauiBHMKK iHWKWX rany3er npomMmuc-
NIOBOCTi TaKOX MOXYTb 3a3HaBaTW iXHbOro BMNAMBY, AKi
BMMNAAKOBO YTBOPIOKTLCA Mif Yac Pi3HUX TEXHONOTIYHUX
npouecis [6, 7].

Y 6inbLlocTi NiTepaTypHUX AXKEPEN ONUCYHOTHCA EKC-
NepMMEHTU Ha TBapUHAX, B AKUX AOCNIAKYHOTb TOKCUY-
HY Ail0 WTYYHO CMHTE30BaHMX HAaHOYACTMHOK METaniB.,
npoTe BiACYTHIi AaHHI WOAO TOKCUYHOI Aii 3aBUCANX
YNbTPaAMCNEPCHUX YAaCTUHOK, LLIO YTBOPHOKOTLCA Mif, Yac
Pi3HMX TEXHONOTIYHUX MPOLECIB, TaKMUX AK MNABNEHHA,
3BapIOBaHHA Ta WNipyBaHHA meTany. 3 ypaxyBaHHAM 3a-
3HAYEeHOro NUTAHHA BUBYEHHA TOKCUYHOCTI YIbTPa AUC-
NepCcHMX HAHOPO3MIPHMX YaCTUHOK, MPUCYTHIX Y CKAagi
NPOMMC/IOBOrO aep0o30/1t0 € BE/IbMWU aKTya/lbHUM.

MerTta gocnigeHHs.

Jocnignuty 3miHWM remaToNoriYHMX NOKA3HUKIB Nepu-
dbepuyHoi KpoBi 1abopaTopHUX TBAPUH 33 YMOBW BM/IU-
BY 3aBUCANX YNbTPAAMUCNEPCHUX YacTMHOK (YOY) npo-
MWC/I0BOTO 2epO30/10.

O6’eKT i meTOAU AOCNiAXKEHHSA.

EkcnepumeHT npoBegeHo Ha 24 cTaTeBO3pinX
Lypax-camuAx NiHii Bictap macoto 220-335 rp. Ekcnepu-
MEHTa/IbHUX TBAapUH YTPMMYBAAW B CreLiaibHOMYy Npu-
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MillleHHi BiBapito 3 12-roAMHHMM CBITIOBUM/TEMHOBUM
LLMK/IOM, 3 BIIbHMM A4OCTYNOM 40 YNCTOI BOAONPOBIAHOT
BOAM | CTAaHAAPTHUM PEXMMOM XapyyBaHHA. YCi ma-
HinynAuii 3 TBapuHamm NPOBOAMAN BiANOBIAHO A0 NO-
NOXeHb «EBPONENCcbKOi KOHBEHLLT 3aXMCTy XpebeTHUX
TBapUWH, AKi BUKOPUCTOBYIOTbCA 3 €KCNePUMEHTAIbHOIO
Ta iHWOW Haykosoto meToto» (Ctpacbypr, 1986). Ekc-
NnepuMeHT cxBasieHo BioTMYHOM KoMicieto (BuTar 3 npo-
TOKO/y 3acigaHHA Komicii 3 nuTaHb 6ioetnkn 34MY Big,
10.11.2022 p.). LLypi 6ynu posnogineHi Ha 3 gocnigHnx
Ta 1 KOHTPONbHY rpynu (o 6 TBapuH): rpyna 1 — oTpu-
MyBana iH'eKuii po3umHy 3paska nosiTpsa 3 YAY (maca
8,08 MKr/m3; kinbKictb 60403 yacTuHOK/cm3), wo 6ys
BinibpaHnin Ha pobouyomy micui WwnipyBanbHUKa; rpyna
2 — po3umnHy Y4 3 poboyoro micus naaBuabHUKa (Maca
23,12 mKr/m3, KinbKictb 142358 vactuHok/cm3); rpyna 3
— Y4 3 poboyoro micua 3BaptoBanbHMKa (Maca 176,53
MKr/M3, KinbkicTb 182460 yacTMHOK/cM3); rpyna 4 — KOH-
TPOJIbHI iHTAKTHI TBapuHU. KonoigHuU po3uymHUK 3aBU-
camx YOY, BiaibpaHMx Ha KoXKHOMY poboyomy MmicLi,
roTyBasn Ha AeioHi3oBaHilM BoAi, BBOAMAN 1 MAa TBapU-
HaM BHYTPILWHbOOYEPEBUHHO LLOAEHHO, KPiM BUXIAHWNX
OHIB, MOAENtoun pobounini TUKAEHb. KOHTPOALHIlM
rpyni y Toi xe cnoci6 BBoguau aeioHizoBaHy Bogy. Mo
3aKiHYEHHI0 J0CNiAHOrO nepiofy TBapuH 3HEXMUB/OBA-
N HaTLLLe MEeTOAOM AeKaniTaLii i3 4OTPUMaHHAM BUMOT
LLLOA0 FYMaHHOro noBoaxeHHA. KpoB y TBapuH 3abupa-
N oppasy nicna gekanitayii. JnAa BU3HAYEHHA remaTo-
JIOTIYHUX MOKA3HUKIB BUKOPUCTOBYBA/IN Li/IbHY KPOB. le-
MAaTO/IOTiYHi MOKA3HMKM OLiHIOBaNN Ha 6 TUXKAEHD (Mican
NpUNUHeHHn BeeaeHHA YY) Ta Ha 12 TuKAEeHb ekcne-
puMmeHTy (Yepes 6 TUKHIB BigHOBHOro nepioay). Aocni-
OYKeHHA BMKOHAHO Ha remMaTo/IoriYHOMY aBTOMATUYHO-
My aHanisatopi Abacus 5 (Diatron MI Zrt, YropwmHa).

Bu3HaYyanu HaCTynHi MOKA3HUKU: KiNbKIiCTb NENKOLMTIB,
x10°/n, KinbkicTb eputpoumTis, x102/n, KiNbKicTb TPOM-
6ouuTis x10°/n, MoHOUUTU, %, remornobiH r/n, remato-
KpuT, %, cepepHin 06’em eputpouuty, da (demtonitp),
BMICT remornobiHy B epuTpouuTi, Nr (nikorpam), KoH-
LeHTpaLjia remornobiHy B epuUTPOLUTI, I/A, aHi30UMTO3
eputpouunTis, %, 06’em TpomboLUTy, Gn, TPOMBOKPIT,
%, aHi30UMNTO3 TpOMbOLMTIB, %, peTurynoumTth, %, LLIOE,
HeWTpodinn, % eosnHodinmn, %. CTaTUCTUUHY 0B6POOKY
NepBUHHUX SAHUX BUKOHAHO 3a AOMOMOIOK Nporpamm
Microsoft Excel 2013 T1a SPSS 21.0 (StatSoft Inc., niueHsia
Ne JPZ8041382130ARCN10-J). locToBipHicTb BigMiIHHOC-
TeW MiXK NOKa3HMKaMU oLiHoBanu 3a U-kputepiem MaH-
Ha-YiTHi, t-Kputepito CTbtogeHTa Ta BifIbKOKCOHa.

Pe3ynbratu pocnigKeHHs.

Pe3ynbtaT BU3HAUYEHHA remaTo/IoNYHUX MOKA3HUKIB
OOCNIAHNX Ta KOHTPONIbHUX LWYPiB Ha 6 TUXKAEHb eKcne-
PUMEHTY nNpeacTaBfieHi B Tabauui 1. Tak, y Wwypis rpynu
2 (poboue micle NiaBUAbHKUKA) CriocTepiraan AOCTOBip-
He 3pocTaHHA (p=0,008) pisHa nimdoumnTiB Ha 55,06% B
NOPIBHAHHI 3 KOHTPONbHO rpynoto. HatomicTb B rpyni
3 (poboue micLe 3BaproBasibHUKA) ByN0 BU3HAYEHO A0-
CToBipHE 3HUXeHHs (p=0,005) pisHa nimdoumTie (Ha
12,34%) B NOPiBHAHHI 3 KOHTPO/IBHOIO FPYMOHO.

PiBeHb MOHOUMTIB [OCTOBIPHO 3MEHLLYBABCA B rpyni
1 (p<0,001) (poboue micue wnibysBanbHMKa) Ta rpyni
2 (p<0,001) Ha 62,50% Ta 75,00%, BiAnoBiAHO, B MO-
PiBHAHHI 3 KOHTPOAbLHOW rpynoto. MNpu ybomy y Lypis
pocnigHoi rpynu 3 piBeHb mMoHouwuTiB 36inbliyBaBcA
Ha 28,13% (p=0,03) B MOpiBHAHHIi 3 KOHTponem. Pi-
BEHb reMor/106iHy NMOMIPHO 3HUMKYBABCA Y TBApPWUH 2-0i
(p=0,005) Ta 3-o0i rpyn (p=0,03) (y KOXHilt Ha 6,17%) B
NOPIBHAHHI 3 KOHTPO/IbHOK rPynoto. BmicT remaToKpu-
Ty Y KPOBi AOCAIAHUX LLYPiB TaKOX NOMIPHO 3HW>KYBaB-

Ta6bnuua 1 — NoKasHUKK nepudepUyYHOi KPOoBi B KOHTPOJIbHINM Ta JOCNIAHUX rpynax LWwypis
Ha 6 TUXKAEHb eKCnepuMeHTy

[ocnigHi rpynu wypis
Tpyna 1 Tpyna 2 lpyna 3 KoHTponbHa
T Y4 3 po6ouoro mic- |YAY 3 poboyoro micus| YAY 3 po6oyoro micusa | TPYM3
NOKa3HUKK uA WwnidyBanbHUKa NNaBUNbHUKA 3BapOBa/IbHMKA
%, 80 %, 80 %, 8O
Mtm KOHTpO- Mtm KOHTpPO- Mtm KOHTpPO- Mtm
nto N0 N0

NeikoumnTn, 10°/n 8,67+0,82 |-10,00% | 8,63+0,52 |-10,38% | 9,55+0,47 | -0,87% | 9,63+0,67
Nimobountn, % 53,67+2,84| 1,90% |81,67+1,31* | 55,06% | 46,17+0,95* | -12,34% | 52,67+1,69
MoHoumnTH, % 2,00+0,37* | -62,5% | 1,33+0,21* |-75,00% | 6,83+0,60* | 28,13% | 5,33%0,33
EputpouwnTn, 10*2/n 8,31+0,26 | -1,87% | 8,12+0,26 | -4,11% | 8,05+0,09 | -5,00% | 8,47+0,22
femorno6iH, r/n 157,33+2,16| 0,43% (147,00+1,24*| -6,17% |147,00+2,21*| -6,17% |156,67%2,50
lematokput, % 46,13+1,03 | -0,25% | 44,20+0,29 | -4,43% | 42,42+0,58* | -8,29% |46,29+1,01
CepegHilt 06’em eputpouuty, dm 52,72+1,03*| -14,07% | 54,67+1,12* | -10,89% | 53,35+0,19* | -13,04% | 61,35+%3,79
BMmicT remornobiHy B eputpouuTi, nr 27,95+0,19*| 24,13% | 18,03+0,24* | -19,91% | 18,65+0,17* | -17,16% | 22,52+1,86
KoHueHTpauis remornobiny 8 eputpoumTi, r/n | 34,13+0,46 | -1,68% |33,45+0,24* | -3,65% | 34,85+0,30* | 0,38% |34,72+0,35
AHI30UMTO3 epuUTpOLMTIB, % 14,20+0,51 | -12,79% | 17,68+0,16 | 8,60% | 18,53+0,20 | 13,82% |16,28+1,15
HenTtpodinu nannuko-agepHi, % 4,50+0,67 | 3,85% | 4,00+0,37 | -7,69% 3,67+0,49 |-15,38% | 4,3310,49
HenTtpodinu cermeHTo-aaepHi, % 47,67+3,30 | 17,21% |13,00+0,86* | -68,03% | 43,00+1,59 5,74% |40,67+3,03
Eo3uHodinu, % 1,50+0,34 |-10,00% | 0,67+0,21* |-60,00% | 1,67+0,21 0,00% | 1,67+0,33

MpumiTKa: «*» — No3Ha4YeHOo AOCTOBIPHICTb 3MiHM NOKA3HMKIB MO BiAHOLEHHIO 40 KOHTPObHOI rpynu, p<0,05.
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Tabauuysa 2 — 3miHU NoKasHUKiIB nepudepuyHOi KPoBi A0CNiAHUX rPyn WypiB Ha 12 TUXKAEHb eKCNepPUMEHTY

pyna 1 lpyna 2 lpyna 3 T E
Y4 3 poboyoro micus Y4 3 poboyoro micus Y4 3 poboyoro micus r P na
LLIJ'Iid)yBaI'IbHVIKa nnaBU1bHUKa 3BaprOBaibHUKa Py
femaTonoriyHi
MOKa3HUKU kg g k: g k\g g
o gl o o g| o o T gl o
M:m Tsx| 28 Mim TSx| T2 mem TS E T2 | Mem

XRSE| Rz RSE| Xz RS E Xz

a 2 2 S e g
Neiikountn,x10%/n | 9,43+0,20 | 8,77% | 4,43% |11,6020,25* ** | 34,36% |28,41%|5,95+0,18* **| -37,7% |-34,13%| 9,03+0,80
Nimbounty, % 50,83%1,14 | -5,28% |-8,96% | 48,17+2,39* ** |-41,02% |-13,73%| 51,33%1,63 |11,19% | -8,06% | 55,83+3,30
MoHounTn, % 9,00£0,37*** [350,00%|50,00%| 9,83+0,61*** |637,50%|63,89%| 7,830,31** |14,63%|30,56% | 6,00+1,44
E%‘L%’””T”' 7,44+0,18% ** |-10,53%|-8,15% | 7,34+0,06%** | -9,67% |-9,39% | 8,18+0,29 | 1,66% | 1,03% | 8,10+0,24
lemorno6in, r/n | 149,33+1,5%* | -5,08% |-0,55% [141,33+1,99% **| -3,85% |-5,88% | 149,67+4,48 | 1,81% | -0,33% [150,17+3,58
FemaTokpuT, % 41,570,45 |-9,90% |-2,04% | 41,83+1,25 |-535% |-1,41% | 45,02+1,29 | 6,13% | 6,09% |42,43+1,58
gSETeS:LZS\?m 55,62+0,83* | 5,50% |-7,69% | 54,45+1,12* |-0,40% |-9,63% | 55,40+0,22* | 3,84% | -8,05% | 60,25+2,03
E“é‘;f;Trso""u°Mrfi°g'r”y 19,67+0,42*, **|-29,64%|-25,79%| 18,73+0,18** | 3,88% |-29,31%| 18,30+0,08* | -1,89% |-30,94%| 26,50+1,86

KoHueHTpauis
remornoBiHy B 34,30+0,18 | 0,49% |-0,24%| 33,75£0,21 | 0,90% |-1,84% | 33,33+0,18* |-4,35% | -3,05% | 34,38+0,45
epuTpoumTi, r/n

f;(')i‘;ﬁ‘l"?; €PM118,4540,21% ** | 29,93% | 27,98%| 17,85:0,14* | 0,94% |23,82%| 18,65+0,22* | 0,63% |29,36% | 14,42+0,35
;'Mef;g:g’;’;:l”; 3,670,49% ** |-18,50%|-18,52%| 5,17+0,31*** |29,17% |14,81%| 4,67+0,49* |27,27%| 3,70% | 4,50+0,62

Helitpodinn % % o
cormonmonnepni | 3750£145% |21,33%| 7,02% | 41,67+2,38% [220,51%) 3,31% | 38,17+2,33 |-11,24% -5,37% | 40,33+2,63
Eo3uHobinm,% 1,33+0,21%* |-11,11%|-27,27%| 1,67+0,21* [150,00%|-9,09% |0,83+0,17* **|-50,00%|-54,55%| 1,83+0,40

MpuUMiTKN: *— no3HayeHo AOCTOBIPHICTb 3MiH NOKA3HMKIB MO BiAHOWEHHIO A0 KOHTPONbHOI rpynu ** — Ha 6 TuxaeHb, p<0,05.

ca (B rpyni 2 — Ha 4,43% (p=0,05) Ta rpyni 3 — Ha 8,29%
(p=0,005), BignosiaHo). CepegHiit 06’em epuUTPOLUTY
3HMXKYBABCA Yy TBAPUH YCiX JOCAIAHWUX FPYN MOPIBHAHO 3
KOHTPOJIbHOLO rpynoto: Ha 14,07% (p=0,04) y 1 rpynu, Ha
10,89% (p=0,005) y 2 rpynu Ta Ha 13,04% (p=0,04) y 3
rpynu. Bmict remornobiHy B epUTpoLMTaX Y MOPIBHAHHI 3
KOHTPOJIbHOLO FPyMnoto AOCTOBIPHO 36iNbLyBaBCA B rpyni
1 (p=0,02) Ha 24,13 % i 3HMKyBaBCA B rpyni 2 (p=0,03)
Ta rpyni 3 (p=0,05) Ha 19,91% Ta Ha 17,16%, BiAnoBiA-
HO. AHIi30UMTO3 EPUTPOLMTIB B AOCNIAHMX FPynax WypiB
NMOPIBHAHO 3 KOHTPO/IbHOIO [AOCTOBIPHO He 3MiHMBCA
(rabn. 2). Pe3ynbTaT remaTtoNoriyHmUxX AOCAiAKEeHb Ha
12 TUKAEHb eKCNepPUMEHTY (Yepes 6 TUXKHIB BiAHOBHOrO
nepiogy) npeacrtasieHo B Tabnuui 2. OTpuMaHi gaHHi
CBiAYaTb NPO AOCTOBIPHE 3POCTAHHA KiNbKOCTI NeiMkoum-
TiB Y LWLYpPiB rpynu 2 B NOPiBHAHI 3 nonepegHim TepmiHOM
(Ha 6 TMRAEHDb eKkcnepumeHTy) Ha 34,36% (p<0,001) Ta
B MOPIBHAHHI 3 piBHEM IEMKOLMTIB Y KOHTPO/IbHIM rpyni
Ha 28,41% (p=0,01). B rpyni 3 Ha 12 TuxAeHb eKcne-
PUMEHTY CMoCTepiranoch AOCTOBIPHE 3HUMKEHHA YMcaa
NEeNKoUUTIB, AK B MOPIBHAHHI 3 rpynoto 3 Ha 6 TUKAEHDb
eKkcnepumeHTy Ha 37,7 % (p<0,001), TaK i B NOPiBHAHI 3
KOHTPOJIbHOLO rpynoto Ha 34,17% (p=0,005).

BigHocHa Kinbkictb nimdoumtie Ha 12 TUKAEHb
eKCNepuMeHTy y rpyni 2 AOCTOBIPHO 3MeHLWKuaca Ha
41,02% B NOpiBHAHHI 3 TPYMNoOt0 2 Ha 6 TUXKAEHDb eKcne-
pumeHTy (p<0,001), a TaKOX BiAMNOBIAHO 40 KOHTPOIO
Ha 13,73% (p=0,05).

KinbKicTb MoHoLMTIB gocToBipHO (p<0,001) nigBu-
Wwunaca B rpyni 1, sk B nopisHaAHI 3 rpynoto 1 (Ha 6 Tuxk-
OeHb eKCMepUMEHTY), TaK i B MOPIBHAHHI 3 MOKa3HMKOM
Yy KOHTpOAbHiW rpyni (p=0,05) Ha 350,0% Ta Ha 50,0%,
BignoBigHO. Tak camo B rpyni 2 YNCENbHICTb MOHOLUTIB
OOCTOBIPHO NiABMLLMAACA, AK B NOPIBHAHI 3 rpynoto 2 Ha
6 TMXKAEHb ekcnepumeHTy (p<0,001) Ha 637,50%, TaK i
B MOPIBHAHHI 3 PiBHEM MOHOUMTIB Y KOHTPO/IbHIN rpyni
(p=0,02) Ha 63,89%, BianosigHoO.

KinbkicTb epuTpoumTiB Ha 12 TMXKAEHb eKCnepuMeH-
Ty B rpyni 1 gocTtosipHo (p=0,01) 3meHwyBanach, AK B
NOpPIBHAHI 3 rpynoto 1 Ha 6 TUXKAEHb EKCNEPUMEHTY, TaK
i B NOPIBHAHHI 3 KiNbKIiCTIO €PUTPOLUTIB Y KOHTPObHIN
rpyni (p=0,03) Ha 10,53 Ta Ha 8,15%, BignosiaHo. B rpyni
2 KiNbKiCTb epUTPOUMTIB TAKOXK A0CTOBIPHO 3MEHLYBa-
N1acb, AK B NOPIBHAHI 3 rpynoto 2 Ha 6 TMXKAEHb ekcnepwm-
MeHTy (p=0,01), TaK i B MOPIBHAHHI 3 Ki/bKiCTIO epuTpo-
LUTIB Y KOHTPOAbHIK rpyni (p=0,01) Ha 9,67 Ta Ha 9,39%,
BiANoBiAHO. PiBeHb remornobiHy Ha 12 TUXKAeHb eKcrne-
pumeHTy B rpyni 1 goctosipHo (p=0,01) 3meHLwwyBaBCA
Ha 5,08% y NOpiBHAHHI 3 piBHEM Ha 6 TUXAEHb eKcne-
PUMEHTY, y rpyni 2 AocToBipHO 3meHwyBaBsca (p=0,03) B
NOPIBHAHI 3 KOHTPOILHOO rpynoto Ha 5,88% Ta Ha 3,85%
Y NOPIBHAHHI 3 NOKa3HUKOM Ha 6 TMXAeHb (p=0,02). Ce-
peaHii 06’em epuUTPOLUTIB AOCTOBIPHO 3MEHLLYBABCS B
rpynax 1, 2 Ta 3 B NOPiBHAHHI 3 KOHTPOLHOO FPYMNOI0 Ha
7,69% (p=0,04), Ha 9,63% (p=0,02) Ta Ha 8,05% (p=0,03),
BiANoBiAHO. BMicT remornobiHy B epuTpoumuTax AocCTo-
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BipHO 3meHwWyBaBcs B rpynax 1, 2 Ta 3 B NOPiBHAHHI 3
KOHTPO/IbHOO rpynoto Ha 27,79% (p<0,001), Ha 29,31%
(p=0,004) Ta Ha 30,94% (p=0,003). MNMOKa3HWMKK aHi30-
LUTO3Y epUTPOLMTIB NigBMLLYBanmca B rpyni 1 B nopis-
HAHHI, AK 3 MOKAa3HUKaM Ha 6 TUXKAEHb EKCMEPUMEHTY,
TaK i B NOPIBHAHHI 3 KOHTPO/IbHOMO rpynoto Ha 29,93%
(p<0,001) Ta Ha 27,98% (p<0,001), BignosigHo.

Omxke, nicna 12 TUXKHIB eKcnepumeHTy B rpynax 1 Ta
2 (3pas3ku nosiTpA BigibpaHi 3 poboyoro micusa wnidy-
Ba/IbHMKa Ta M/aBMAbHUKA, BiAMNOBIAHO) BiA3Ha4anoch
3HUKEHHS PIiBHA epUTPOUMTIB Ta BMICTYy remornobiHy
B epuTpoumTax, Wo NiATBEPAKYBaNOCh NiABULLEHHAM
aHi3oumMTO3y epuTpoumTie. B rpyni 3 (3pasku nosiTps Bi-
AibpaHi 3 poboyoro micus 3BaptoBasibHMKa) cnocrepira-
N1OCA 3HUMKEHHA BMICTY remornobiHy B epuTpouuTax Ta
3HMMEHHS KOHUEHTpauii remornobiHy B eputpoumTax,
TaKOX NiABULLYBABCA AHI30LMTO3 EPUTPOLUTIB.

O6roBopeHHA pe3ynbTaTiB AOCNIAKEHHA.

YncenbHi ekcnepMmeHTanbHi OOCNIOXKEHHA BNAMBY
HAHOYACTUHOK Pi3HOro XiMiYHOro CKNaZy Ha nabopaTop-
HUX TBAaPWH MiATBEPAXKYIOTb iX TOKCUYHY Ait0 Ha KNITUH-
HUI CKNaj, KPOBi, WO CYMNPOBOAMKYETbCA MOPYLUEHHSAM
npoLecy epuTponoesy Ta NPUrHiYeHHAM NPOLLeCY CUHTe-
3y remorn06iHy [8, 9], aKi xapaKTepunsyBanncs ameHLeH-
HAM KiNbKOCTi epuTpouuTiB Ta remornobiHy B nepude-
PUYHIN KpOBi TBAPUH, i AK HACNIAOK 3MEHLLEHHA BiCOTKY
remMaTOKpUTY, LLLO TaKOXK CMiBMagatoTb 3 HaWWMK A0CAi-
OXKEHHAMM OTPUMAHUMM B EKCMEePUMEHTi Ha 6 Ta 12 TmxK-
OeHb JOCNIAXKEHHA.

PaHiw npoBepgeHi ocnigKeHHA BITYU3HAHMMM Hay-
KOBLIAAMW TOKCMYHOCTI HAaHOYaCTMHOK OKCMAyY 3ajli3a Ha
OpraHiam ekcnepmMmeHTasIbHUX TBApMH 3a YMOBU OOHO-
pPa30BOro iHTpaTpaxeasibHOrO BBEAEHHA TAaKOX Xapak-
TEPU3YBANINCA 3HUKEHHAM PiBHA remornobiHy Ta epu-
TPOUMTIB, @ TAKOX 3HWKEHHAM abCONIOTHOI KiNbKOCTI
NimpoumTiB i rpaHyNoLMTIB Ta HaBMaKM 36iablUEHHAM
BificoTKa moHoumTiB [10]. Hawi aocniayeHHsa TOKCUYHOT
Aii 3asucamx Y4 Ha ekcnepmMmeHTaNbHUX TBAPUH Ha 6
Ta 12 TMXKOEHb eKCNepMMEHTY TaKOXK BKA3yloTb Ha po3-
BUTOK Y EKCNepUMEHTaNIbHUX TBapUH aHemil Ta 36ib-
LEHHA BiACOTKY aHI30LMTO3Y epUTPOLLUTIB, AK HA 6, TaK
i 12 TMxKAEHb eKkcnepumeHTy. BigcoTok nimeountis Ha 6
TUXKOEHb eKcnepumeHTy 36inbwyBsaBcs y 1 Ta 2 rpyni Ta
3MeHLWyBaBcA Y 3 rpyni TBapuH, a Ha 12 TXAEeHb 3MeH-
LWYBaBCA Y BCiX JOCAIAHWUX rpynax. 3MeHLEeHHA KifbKo-
cTi nimdouunTis y nepudepunyHin Kposi moxe bytn oby-
MOB/IEHO PO3BMTKOM TOCTPOrO 3anajeHHA B OPraHi3mi
TBapUH, i AK HACNiLOK, nepemileHHAM nimbounTiB 4o
BOTHML, 3ananeHHA ANA po3ni3HaBaHHA CTOPOHHIX TiN i
yyacTi y imyHONoriyHii Bignosigi. BigcoTok moHouumTiB
36inblUYyBaBCA Y BCiX rpynax TBapuH Ha 12 TUXKAEHb eKc-
NEPUMEHTY, L0 BKA3yE Ha aKTUBALLi0 KNITUH Hecneuu-
diYHOro NPUPOAHOro IMYHITETY.

B Hawin poboTi BM3HAYEHO 3MEHLUEHHS Ki/lbKOCTI
NIeMKOUMTIB Ha 6 TUXKAEHb €KCNepUMEHTY i 36inblUeHHs
iX y TBapuH rpynn 1 1a 2 Ha 12 TXKAEHb AOCNIAXKEHHA.

36inbWEHHA KiNbKOCTI 1EMKOUUTIB MOXKe byTn 0bymoBs-
JIEHO PO3BMTKOM MpOLLEeCy 3amnaneHHs, 3HUXKEHHA Kifb-
KOCTi e031HO®INIB — HACNiAKOM PO3BUTKY MOYATKOBOI
dasu iHPEeKLIMHO-TOKCUYHOTO Npouecy.

Pe3ynbTaTyt HaWOro AOCNIAMKEHHA KOPENOTb 3 Aa-
HUMM 3aKOPAOHHMX BYUEHUX, e OnncaHo GaKT 36inblueH-
HA NEeNKOUUTIB, MOHOLMUTIB, HEMTPOIiNiB i 3MEHLLEHHA
KINbKICTb epuUTpOLUTIB, reMaToKpuTy Ta AimpounTis y
[OCNIAHMX TBAapWH NiCNA NepopasibHOro BBeAEHHA Ha-
HOYACTMHOK OKCMAy UMHKY [11], a 36inbleHHsA KinbKoCTi
NeNKoUNTIB, 3MEHLLEHHA epPUTPOLUTIB Ta reMornobiHy
nicna BHYTPILWHbOOYEPEBMHOIO BBEAEHHA AOCNIAHUM
LLLypam HaHOYaACTUHOK LMHKY Ta migi [12].

AKTya/bHICTb NPOBEAEHOro HaMM AOCNIAXEHHA BU-
3HAYAETbCA BIACYTHICTIO AOCTAaTHbLOI KiNbKOCTI y cy4yac-
Hil BITYM3HAHIN Ta 3aKOPAOHHINM NiTepaTypi BigomocTen
NpPO TOKCUYHWI BNAMB 3aBUCAUX YOY Ha opraHiam npa-
LIooYMX, 0cobAnBO TUX AKI BUMNALKOBO YTBOPHOIOTHCSA
Ha poboyomy Micui NpauiBHUKIB, @ TaKOXK BaAXK/IUBICTIO
BMBYEHHA 0cOBAMBOCTEN iXHbOFO BMN/NBY 3 METOH NpPO-
rHO3YBAHHA PU3MKY PO3BUTKY NATONONYHUX 3MiH B Opra-
Hi3Mi MpauoynXx.

BucHoOBKM.

1. OuiHKa NoKasHMKiB nepudepuryHoi KpoBi eKcne-
PUMEHTANbHUX TBAPWH MPOAEMOHCTPYBasa HaABHICTb
NepBMHHOI peaKLii TBApMH Ha BBeAEHHA 3aBucaunx Y\,
AK Ha 6, Tak i 12 TXKAEHb eKcnepumeHTy. BctaHoBAeHi
3MiHW remMaToNOoriYHMX NMOKA3HUKIB Y AOCNIAHMX rpynax
TBApPUH XapaKTepU3yBaZMCA 3HMMKEHHAM KOHLLeHTpauii
remoriobiHy, epuTPOUUTIB Ta PiBHEM reMaTOKpUTY, WO
MOXKe ByTh NPosiBOM MOYaTKy PO3BUTKY aHemii. 36inb-
LWEHHSA KiINbKOCTi NeMKOLMTIB Ta MOHOLMTIB, 3SMEHLLUEHHA
nimdoumTie B cKNaai Kposi 3a BnavBy Y4 BKasytoTb Ha
aKTMBALO KAITUHHOT NaHKK HecneuudiyHoro npupoa-
HOrO iMYHITETY.

2. OTpvMaHi pe3ynbTaTn AOCAIAMKEHHS CcBigyaTb
Npo TOKCUYHMIA BNAMB 3aBUcAMX Y4 Ha npouecu Kpo-
BOTBOPEHHSA, CUHTE3 reMorobiHy Ta KAITUHHWUIA CKAag,
nepudepuyHoi Kposi. Haibinbl cyTTeBi 3miHM remato-
NIOTIYHUX MOKA3HMKIB BCTAaHOBAEHI y 2-ih i 3-i rpynax
[oCNiaHUX Wwypis, sKMm seoauan YO, BigibpaHi Ha po-
6040oMy MicLi N1aBUAbHMKA METaNy Ta 3BaptoBabHUKA,
Ae MacoBa i unmcenbHa Kinbkicte Y4 6yna 6inblioto Hix
Ha poboyomy micui wnidyBanbHUKa (3a macoto y 2,9 i
21,8 pasu, a 3a umcenvHictio y 2,4 i 1,3 pasu Bignosig-
HO). Ui AaHi AONOBHIOKOTL BiAOMOCTI WOAO TOKCUYHOI Al
YOY npoMm1CiIOBOrO aepo30/t0 i MOXKYTb ByTK BUKOpMU-
CTaHi ANA OLIHKM PU3KKY iX HECNPUATIMBOIO BN/AUBY Ha
3[,0p0B’A NpaLiBHUKIB AaHUX npodecii.

MepcneKTMBM NOAANBLUUX AOC/IAMKEHD.

OTpUMaHi pe3ynbTaTv eKCNepuMeHTY NiaTBEPAKY-
10Tb HEObXiAHICTb NpoBeAEeHHA NOAANbLUMX AOCAIOKEHD
LOAO MOTEHLiMHOT TOKCMYHOCTI 3aBucanx YOY meTanis,
NPUCYTHIX Yy NOBITPi PO60YOT 30HM K NOBIYHMIA NPOAYKT
Npu NPoOBeAEHHI Pi3HUX TEXHONOTYHMX onepau;ii (wnidy-
BaHHSA, NNABAEHHSA i 3BaplOBaHHA) 3 MeTasaMMu.
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NOPYLUEHHA FEMATO/IOMNYHUX NOKA3HUKIB Y LLYPIB 3A YMOBU BMN/INBY 3ABUC/TUX YNbTPAOAUCMEPC-
HUX YACTUHOK NPOMMC/10BOIo AEPO30/110

LWapasapa /1. M., Amutpyxa H. M.

Pestome. LLInpoKe BMKOPUCTAHHAM HaHOMATEpPIaNiB y Pi3HUX raay3sax NPOMMUCAOBOCTI Ta MNPUCYTHICTb 3aBUCAMX
YaCTMHOK YNIbTPAANCIEPCHOrO Ajiana3oHy Ha pobounx MicUAX NPaLiBHUKIB, SKi yTBOPHOKOTLCA B pe3ybTaTi Pi3HUX Tex-
HONOFYHUX MPOLECIB, CNPUAIOTL NIABULLEHIN 3aLLiKaBNEHOCTI MUTAaHHAMMU BMBYEHHSA X TOKCMYHOMO BM/IMBY Ha opra-
Hi3M NpaLoynX.

Mema docnioreHHsA. locnianutn 3MiHM remMaToNoriYHUX NOKa3HUKIB nepudepuyHoi Kposi 1abopaTopHUX TBAPUH
3a YMOB BM/IMBY 3aBUCANX YbTPAAMNCNEPCHUX YaCTUHOK NMPOMMC/I0BOrO aepo30/t0.

06’ekm i MemoOu docnidxeHHA. JlocniaxKeHHA TOKCUYHOI Aii 3aBUCAUX YNBTPaANCIEPCHUX YAaCTUHOK KOMBIHO-
BaHOroO CK/ady, MPUCYTHIX Yy MOBITPi pob0oyoi 30HK NpaLiBHMKIB MallMHOByAiBHOrO NiANPUEMCTBA NPOBOAUAN 3a
YMOB MOJEN0BaHHA CyOXPOHIYHOI iIHTOKCMKaLi y LypiB BicTap. lemaTonoriyHi NoKasHMKKM KPOBi y AOCNIAHUX TBa-
PWH BMBYaNM Ha 6 Ta 12 TMXKAEHDb Bif, NOYATKY EKCNEPUMEHTY.

Pe3ynemamu. BcTaHOBNEHO, WO NPU MOAENOBaHHI CybXpOHiIYHOI IHTOKCUKALT y LypiB 3aBUCIMMM YaCTUHKaMM
YyNbTPagmMCnepcHoro gianasoHy, wo 6ynu BigibpaHi Ha poboyomy micui WwWnipyBasbHUKA, NNABUIbHUKA Ta 3Bapto-
Ba/IbHMKA, 3MiHW reMaTo/IONYHNX MOKA3HUKIB KPOBi XapaKTEPU3YBANUCA 3HUMKEHHAM KOHLEHTpaLii remornobiny,
epUTPOLLUTIB Ta PiIBHEM reMaTOKPUTY, 3MEHLLEHHSAM cepeHboro 06’emy epuTPOUMTIB, AIK HA 6, TaK i Ha 12 TUXKAEHDb
eKcnepumeHTy. Ha 12 TmKaeHb eKcrnepuMeHTy 36i/bliyBaBCA MOKA3HMK aHi30UMUTO3Yy epUTPOLMTIB Yy BCiX eKcre-
PUMEHTANbHUX rPynax TBAPUH Y MNOPIBHAHHI 3 KOHTposeM. B neikountapHin popmyni BU3Hauanoca 36inblueHHAM
KiNIbKOCTi 1eMKOLMTIB Ta MOHOUMTIB Ta 3MEHLEHHA KiIbKOCTi NimboLmTiB.

BucHosku. OuiHKa MopdONoriYHOro ckiagy nepudepuyHoi KpoBi eKCrnepumMeHTaIbHUX TBAPUH NPOLEMOHCTPY-
Ba/la HAABHICTb NePBUHHOT peaKLLi TBAPMH Ha BBeAEHHA 3aBucamx Y4, AKi xapakTepun3syBanmca nopyLeHHAM Npo-
LeciB remonoesy Ta cMHTe3y reMornobiHy, a TakoXK 3MiHaMM Y nekoumMTapHii Gopmyni KPOBI, WO BKa3yHOTb Ha ix
NOTEHLiMHY FeMaTOTOKCMYHY /Ait0 Ta HEFAaTMBHUI BNJIMB HA 34,0P0B’A NPALLiIBHUKIB.

Knrouosi cnosa: wypi NiHii Bictap, remaTonoriuHi NOKasHMKK, 3aBUCAT YAbTPAAMUCNEPCHI YaCTUHKM, NOBITPS pobo-
YOi 30HMU.

DISORDERS OF HEMATOLOGICAL INDICATORS IN RATS UNDER THE INFLUENCE OF EXPOSURE TO SUSPENDED
ULTRAFINE PARTICLES OF INDUSTRIAL AEROSOL

Sharavara L. P.,, Dmytrukha N. M.

Abstract. The widespread use of nanomaterials in various industries and the presence of suspended particles of
the ultrafine range in workers’ workplaces, which are formed as a result of various technological processes, contribute
to increased interest in studying their toxic effects on the workers’ body.

The aim of the study. To investigate changes in hematological parameters of peripheral blood of laboratory animals
exposed to suspended ultrafine particles of industrial aerosol.

Object and research methods. The study of the toxic effect of suspended ultrafine particles of combined
composition presenting in the air of the working area of a machine-building enterprise’s employees was carried out
under conditions of modeling subchronic intoxication in Wistar rats. Hematological blood parameters in experimental
animals were studied at the 6th and the 12th week from the beginning of the experiment.

Results. It was established that when modeling subchronic intoxication in rats with suspended particles of the
ultrafine range, which were selected at the workplace of a grinder, smelter and welder, the changes in hematological
blood parameters were characterized by a decrease in the concentration of hemoglobin, erythrocytes and hematocrit
level, a decrease in the average volume of erythrocytes, both at the 6th and the 12th week of the experiment. At the
12th week of the experiment, the anisocytosis index of erythrocytes increased in all experimental groups of animals
compared to the control one. The leukocyte formula was determined by an increase in the number of leukocytes
and monocytes and a decrease in the number of lymphocytes.
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Conclusions. Assessment of the morphological composition of the peripheral blood of the experimental animals
has demonstrated the presence of a primary reaction of the animals to the administration of suspended UDPs,
which were characterized by a violation of the processes of hematopoiesis and hemoglobin synthesis, as well as
changes in the leukocyte blood formula, indicating their potential hematotoxic effect and negative impact on the
workers” health.

Key words: Wistar rats, hematological parameters, suspended ultrafine particles, working area air.
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