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ABSTRACT

The aim: Was to compare the changes in hematological parameters of blood in the conditions of prolonged exposure of lead sulfide nanoparticles (NP) of different sizes and
of lead nitrate.

Materials and methods: The study was conducted on mature male Wistar rats 160-180 g, intraperitoneally injected with Pb(NO,), and NP PbS of 26-34 nm and 50-80 nmiin 0,94
mg/kg/day dose adjusted to lead. Toxic effects were evaluated after 1,5 months, 3 months and 1 month after exposure. The studies were performed on hematologic analyzer.
Results: Changes in peripheral blood were characterized by decrease in the hemoglobin level in the blood. An increase in the total number of leucocytes was observed, which
is statistically significant by the increase of number of lymphocytes and the absolute number of monocytes. Changes in the platelet number were characterized by an increase
in the average volume of platelets and a decrease in the platelet heterogeneity index.

Condlusions: The most pronounced changes hemoglobin level in the blood and concentration of hemoglobin in the erythrocyte were observed in the effects of PbS NP (50-80
nm), but leucocytes indicators - of PbS NP (26-34 nm) and Pb(NO,),.
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INTRODUCTION

Among the chemicals that pollute objects of the environ-
ment, heavy metals and they compounds form a signifi-
cant group of toxicants [1 - 6]. Lead, as one of the most
widespread and highly toxic metals, is included by World
Health Organization and other international organizations
in the list of global pollutants. The toxic effect of lead and
its compounds on the body is manifested predominantly by
damage to the nervous, cardiovascular, blood and kidney
systems, and a violation of porphyrin metabolism [7 - 11].

A classic manifestation of the negative effects of lead
on the body is the development of anemia due to damage
to the organs of the hematopoiesis. It is known that lead
that has got into the respiratory tract and/or into the gas-
trointestinal tract, enters to the bloodstream after a few
minutes. Blood cells are among the first to get the negative
impact of lead.

Lead, even in the short-term intake in the body at rela-
tively low doses, causes a pronounced hematotoxic effect
characterized by a violation of hemopoiesis and morpho-
functional changes in all of the formed blood elements,
the result of which is the emergence of anemia and the
development of hypoxia in the organism, activation of free
radical oxidation and oxidative stress, which causes the
implementation of vaso-toxic action of the metal [12, 13].
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The development of nanotechnology is a promising in-
dustry in the modern information world [14]. When the
particles of lead compounds are reduced to nanometers,
their optical and quantum-chemical properties change sig-
nificantly which contributes to the widespread implemen-
tation of nanoparticles (NP) of lead compounds in various
industries and provides an opportunity to improve already
existing as well as create more sensitive devices [15].

Lead sulfide in a nanocrystalline state has been widely
used in infrared optics as a material for the manufacture of
temperature-sensitive sensors, detectors, photoconductors, se-
lective sensors; in flexible optoelectronics — high-performance
photodetectors; in solar elements of the third generation in the
form of quantum dots, which greatly increases the efficiency
of the transformation of solar energy; as well as in a variety of
polymer films and nanoporous matrices [16, 17].

However, the widespread use of specific properties of lead
nanoparticles and its compounds not only opens up new
perspectives, but can also pose a danger both to human
health and to the environment [18 - 21]. The lack of thorough
knowledge about the degree of lead nanoparticles toxicity and
its potential danger to the organism requires a wide range of
medical and biological research [22 - 24], in particular, the
study of hematotoxic activity in evaluating the toxic properties
of new compounds and NP which containing lead.
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differences between the indicators of the groups of animals exhibited by lead sulfide NP of different sizes; ~ — statistically significant differences between
the indicators of the groups of animals exhibited by lead sulfide NP and lead nitrate.

Figure 1. Changes in parameters of the erythrocytes of peripheral blood cells of experimental animals.

THE AIM MATERIALS AND METHODS

The aim of the study was to compare the changes in hema-  In this work are used lead compounds in nanoform: NP of
tological parameters of blood of experimental animals in the  lead sulfide (NP PbS) with 26-34 nm and 50-80 nm average
conditions of prolonged exposure of lead sulfide NP of various  size and in ionic form: lead nitrate (Pb(NO,),) which is
sizes and lead nitrate (ionic form). readily soluble in water. Lead sulfide NP was obtained by
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Figure 2. Changes in the parameters of the leukocytes of peripheral blood cells of experimental animals.
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Figure 3. Changes in hematocrit and platelets of peripheral blood levels of experimental animals.

chemical synthesis using a sodium polyphosphate stabilizer
(NaPO,) . NP size was determined by electron microscopy.

The study was conducted on mature male Wistar rats
160-180 g. The animals were kept in vivarium on a stan-
dardized diet with free access to drinking water. The rats
were divided into 3 experimental groups and control
group. The first experimental group was injected with NP
PbS 26-34 nm in size, the second - NP PbS 50-80 nm in

size, the third — with Pb(NO,) ; the control group received
a physiological solution. These substances were adminis-
tered intraperitoneally daily 5 times a week (simulation of
a working week) in 0,94 mg/kg/day dose adjusted to lead.
Toxic effects were evaluated after 30 injections (1.5 months)
and 60 injections (3 months) - subchronic experiment and
in the postexposure period (1 month after cessation of
exposure). The blood was taken immediately after decap-
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itation. The studies were performed on the ABX MICROS
60 hematologic analyzer in accordance with the manu-
facturer’s instructions. Statistical processing of primary
data was carried out using the program Microsoft Excel
2003 and SPSS 21.0. Statistical significance of differences
between indices was evaluated by Mann-Whitney U-test.

The studies were performed within the frame of research
of State Institution Institute for Occupational Health of
NAMS of Ukraine: «Comparative toxicity of micro- and
nanoparticles of lead in experiments in vitro and in vivo
(to the problem of improving the principles and methods
of toxicological and hygienic studies of heavy metals)»
(State registry number 0110U000299), «Investigation of
the toxic effects of heavy metal nanoparticles, search and
substantiation of preventive measures » (State registry
number 0116U000497).

All manipulations with animals were carried out in accor-
dance with the provisions of European Convention for the
Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg, 1985). The
study meets bioethical requirements. The experiment plan
is approved by the Bioethics Commission State Institution
«Institute for Occupational Health of NAMS of Ukraine,
Kyiv» (Minutes Ne 5, session of bioethics commission from
23.11.2017).

RESULTS

The results of conducted experimental studies indicate that
after subchronic experiment of lead compounds to experi-
mental animals there were changes in the erythrocytes (fig. 1).
A statistically significant reduction of hemoglobin concen-
tration in blood (compared to the corresponding indicators
of control group) was detected after the injection of lead
nitrate and lead sulfide in the form of nanoparticles, which
may indicate a violation of the heme synthesis processes.

In the post-exposure period (PEP), hemoglobin level
was also reduced in all three experimental groups. After
subchronic experiment of lead compounds to rats, the
average content of hemoglobin in erythrocyte (per unit
volume of the cell) was significantly lower in animals of all
three experimental groups, moreover with action of the NP
PbS this indicator was significantly lower than with action
of lead nitrate. One month after the cessation of exposure,
a significant decrease in this index was observed in ani-
mals exposed of lead nitrate and NP PbS with smaller size
(26-34 nm).

In animals, exposed with studied lead compounds in
nano- and ionic forms, there were no statistically significant
changes in the number of erythrocytes.

The average volume of erythrocytes in the first study
period was reduced in the blood of animals of all three
experimental groups compared with control parameters
indicating the outflow in the vascular bed of function-
ally immature erythrocytes. After the recovery period
(1 month), the average volume of erythrocytes was statisti-
cally significantly lower in animals exposed of lead nitrate
and of NP PbS with smaller size.
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Indicator of heterogeneity of erythrocytes which charac-
terizes the degree of heterogeneity of erythrocytes by their
size, was increased in animals of all three experimental
groups compared with the control group. NP PbS of 50-
80 nm caused more pronounced statistically significant
morphological changes in red blood cells of animals than
other compounds.

In the post-exposure period, the erythrocyte heteroge-
neity index was also elevated in the blood of animals in
all three experimental groups compared with the control
parameters, but was most changed by the action of PbS
NP of larger size. Thus, changes in the erythrocyte series
of blood cells of rats exposed of PbS NP of different sizes
were characterized by a decrease of hemoglobin level in
the blood, a decrease in the content and concentration of
hemoglobin in the erythrocyte, which indicates a violation
of the processes of hemoglobin synthesis

Reducing the volume of red blood cells and increasing
the heterogeneity of erythrocytes indicates the violation of
the erythropoiesis processes and the output in the vascular
bed of functionally immature and poor on hemoglobin
erythrocytes. The most pronounced changes in the blood
of rats were observed with the effect of PbS NP with larger
size compared with smaller PbS NP and lead nitrate.

Indicators of leukocyte series of peripheral blood cells of
rats after exposure to lead compounds were characterized
by certain changes (Fig. 2).

In animals there was a tendency to increase the number
of leukocytes in comparison with the control group, but
it was not statistically significant. The number of lympho-
cytes in the blood, both absolute and relative, increased
statistically significantly after 30 days of exposure in an-
imal from experimental groups, but the most significant
changes occurred after injection of a smaller PbS NP and
lead nitrate. In the post-exposition period, there was a
normalization of the level of lymphocytes in the blood of
experimental groups of rats relative to the control group of
animals. In the blood of rats exposed to PbS NP and lead
nitrate, there was a statistically significant increase of the
absolute number of monocytes, while the relative number
of monocytes decreased, which was due to an increase in
the number of lymphocytes in the leukocyte formula. At
the end of the recovery period, in experimental rats of all
groups there was observed approximation of the number
of monocytes to control levels. There were no significant
changes in the number of neutrophils in the experimen-
tal animals both after subchronic experiment and in the
post-exposure period.

Hematocrit was statistically significantly lower in the
blood of animals after exposure to lead compounds with
respect to control in the first study period, and 1 month
after the cessation of exposure was not statistically different
from the control values. The rate of thrombocyte in the
blood of animals in experimental groups was not statistically
different from the rate of the control group in both research
periods (Fig. 3).

The number of platelets in the first study period of the
animals’ blood exposed to lead compounds was not sta-
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tistically different from the control values. In the post-ex-
position period, platelet count decreased in animals after
the introduction of a larger PbS NP. The average platelets
volume in animal blood in experimental groups in both
monitoring periods increased with respect to control, but
a statistically significant change was observed in the rats
exposed to smaller PbS NP.

The platelet heterogeneity index, which characterizes the
thrombocytes volume distribution in the blood of animals
in experimental groups, decreased with respect to control
group in both studies, but these changes were statistically
significant in the post-exposure period, especially in the
effect of smaller PbS NP. An increase in the average volume
of platelets is due to accelerated thrombocytopoiesis (young
blood platelets have a larger volume), this is also confirmed
by the decrease in platelet heterogeneity. Thus, changes by
the effects of a smaller PbS NP after the restoration period
are observed due to accelerated thrombocytopoiesis and the
output of young, functionally immature blood platelets in the
bloodstream. At the same time, these changes are adaptive in
nature. After injections oflarger PbS NP, these changes are less
pronounced, and there is a decrease in platelet count. The latter
indicates a breakdown of compensatory mechanisms and a
more negative impact of the PbS NP on thrombocytopoiesis.

DISCUSSION

The obtained results allow to state that after injections of
lead compounds, changes in the peripheral blood of rats
were characterized by a decrease in the level of hemoglobin
in the blood, decrease in the content and concentration of
hemoglobin in the erythrocytes indicating a violation of the
processes of hemoglobin synthesis and a decrease in the
volume of erythrocytes and an increase in the heterogeneity
of erythrocytes, that indicates a violation of the processes
of erythropoiesis and the exit to the vascular bed of the
functionally immature erythrocytes poor on hemoglobin.
The most pronounced changes in the peripheral blood of
rats were observed in the effects of PbS NP with a larger
size (50-80 nm) compared to a smaller PbS NP (26-34 nm)
and lead nitrate (ionic form).

Indicators of the leukocyte series of peripheral blood cells
of rats were characterized by a slight increase in the total
number of leukocytes, significant increase in the absolute
and relative number of lymphocytes and the absolute
amount of monocytes. The most significant changes oc-
curred after injections of a smaller PbS NP and lead nitrate.

Changes in the platelet count of blood cells were char-
acterized by an increase in the average volume of platelets
and a decrease in the platelet heterogeneity index. Under
the influence of PbS NP (26-34 nm) in the post-exposi-
tional period, changes are observed due to accelerated
thrombocytopoiesis and the release of young, functionally
immature blood platelets to the bloodstream. At the same
time, these changes were adaptive in nature. These effects
were less pronounced under the influence of PbS NP (50-80
nm), but there was a decrease in platelet count, indicating
a breakdown of compensatory mechanisms and a more

negative influence on thrombocytopoies.

The obtained data testify that the toxic effect of the PbS
NP is conditioned by the negative influence of lead on the
organism, which is consistent with the data on the study
of the mechanism of its hematotoxic action [25]. The
results of studies [26] show that lead inhibits enzymes of
haem biosynthesis and alters haematological parameters of
battery manufacturing workers, which confirms our exper-
imental data (after injection of lead compounds, changes
in the peripheral blood of rats were also characterized by
a decrease in hemoglobin levels in the blood, a decrease
in the content and concentration of hemoglobin in the
erythrocyte, a decrease in the volume of erythrocytes and
an increase in the total number of leukocytes).

The results of our experimental studies on changes in the
leukocyte series of peripheral blood cells of rats (increase
in the number of monocytes and lymphocytes) were also
confirmed in the data obtained by V.A. Kondratyuk [27]
with oral administration of lead NP to rats at doses of 7
mg/kg of body weight against the background of drinking
water of various composition.

Toxicological studies of Asghar Amiri [28] shows
increasing of Pb nanoparticles toxicity compared to mi-
crometer particles of the same composition with a single
intravenous injection of PbO and PbO-NPs to rats at doses
of 5 mg/kg of body weight (once a week for 8 consecutive
weeks), which is consistent with our results.

The dynamics of the content of alanine aminotransferase
(ALT) and aspartate aminotransferase (AsAT) in the blood
serum of experimental animals demonstrates a statistically
significant decrease in the activity of enzymes on 30 in-
jections and increase on 60 injections. This is evidence of
compensatory processes with toxic effects of Pb (NO3) 2,
PbS NP with a larger size (50-80 nm) and small size (26-34
nm) on hepatocyte [29].

CONCLUSIONS

1. The study was conducted on mature male Wistar rats
in a subchronic experiment: 30 and 60 injections Pb(-
NO,), and PbS NP of 26-34 and 50-80 nm during 1,5
and 3 months five times a week in 0,94 mg/kg/day dose
adjusted to lead and in the end of the recovery period
(1 month) revealed a change in the hematological pa-
rameters of the animals.

2. After injections of lead compounds, changes in periph-
eral blood of rats were characterized by a decrease in
hemoglobin levels in the blood, a decrease in the content
and concentration of hemoglobin in the erythrocyte,
indicating a violation of the processes of hemoglobin
synthesis, and a decrease in the volume of erythrocytes
and an increase in the heterogeneity of erythrocytes, that
shows a violation of the processes of erythropoiesis and
the exit to the vascular bed of the functionally immature
erythrocytes poor on hemoglobin. The most pronounced
changes in peripheral blood of rats were observed in the
effects of PbS NP (50-80 nm) compared with smaller PbS
NP (26-34 nm) and Pb(NO,), (ionic form).
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3. For indicators of the leukocyte of peripheral blood
cells of rats, a small increase in the total number of
leukocytes was found, which is statistically significant
with an increase in the absolute and relative number of
lymphocytes and the absolute amount of monocytes. The
most significant changes occurred after the introduction
of PbS NP (26-34) nm and Pb(NO,),.

4. Changes in the platelet count of blood cells were charac-
terized by an increase in the average volume of platelets
and a decrease in the platelet heterogeneity index. Under
the influence of PbS NP (26-34 nm) in the post-exposi-
tional period, changes were observed due to accelerated
thrombocytopoiesis and the release of young, func-
tionally immature blood platelets in the bloodstream.
At the same time, these changes had a compensatory
adaptive nature. By the effects of PbS NP (50-80 nm),
these changes were less pronounced, however, there was
a decrease in platelet count, indicating a breakdown of
compensatory mechanisms and a more negative effect
on thrombocytopoiesis.
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