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ASSESSMENT OF THE DIFFERENT SIZE LEAD SULPHIDE NANOPARTICLES
INFLUENCE ON ERYTHROCITES AND BLOOD PLASMA IN VITRO

e-mail: ginna5@ukr.net

Disclosure of mechanisms for the implementation of toxic effects of lead compounds becomes necessary to assess the
potential risks of their industrial use and to develop effective prevention measures. The aim of the study was evaluation in vitro of
biochemical changes in rats erythrocytes and blood plasma under the action of lead sulfide nanoparticles depending on their size
and their concentration. The obtained results showed a statistically significant increase in the antioxidant enzymes and the level of
thiol groups activity in erythrocytes and blood plasma, as well as changes in the concentration of TBA(thiobarbituric acid)-active
products and diene conjugates in erythrocytes under the action of lead nanoparticles. Biochemical changes in plasma and
erythrocytes had the same tendencies, with erythrocytes parameters undergoing greater changes. The effect of PbSa6.34 showed a
more active toxic effect, especially in dilutions of 10-3-10-4 Mol/l.

Key words: lead, nanoparticles, erythrocytes, blood, antioxidant system, lipid peroxidation products, oxidative stress.
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OUIHKA BIVIMBY HAHOYACTUHOK CYJIb®IAY CBUHLIO PI3HOT'O PO3MIPY
HA EPUTPOIIMTH TA IIJIA3ZMY KPOBI IN VITRO

Po3kpuTTs MexaHi3MiB peani3amii TOKCHYHUX €(EeKTiB HAHOYACTHHOK CIONYK CBHHIJIO CTa€ HEOOXiJHMM JUIsS OL[HKU
MOTEHLIWHUX PHU3MKIB HIOJ0 IX MPOMHCIOBOIO 3aCTOCYBAaHHs Ta UIsi PO3pOOKM e(eKTUBHUX 3axomiB mpodimakruku. Meta
JOCIIKSHHSI - OLIIHKA B YMOBAX in Vifro 010XiMIYHHX 3MiH IUIa3MH Ta €PUTPOLMTIB KPOBI LIypiB 3a [i1 HAHOYACTUHOK CYIb(imLy
CBUHIIIO B 3QJIS)KHOCTI BiJ X po3MipiB Ta KoHLEHTpalii. OTpuMaHi pe3ylbTaTy MoKa3ajld CTaTHCTUYHO JOCTOBIPHE 3POCTaHHSI
aKTHBHOCTI (pepMEHTIB aHTHOKCUAAHTHOI'O 3aXHCTY Ta PIBHS TIOJOBUX I'PYIT B ePUTPOLUTAX 1 IJIa3Mi, a TAKOXK 3MiHHM KOHIIEHTpamil
TBK(TiobapOiTypoBa KHCIOTa)-aKTHBHUX MPOMYKTIB Ta MIEHOBHX KOH IOTaTiB B CPUTPOLUTAX MPHU il CMOTYK HAHOYACTHHOK
CBHHIIIO. BioXiMi4HI 3MiHH [1a3MHU Ta EPUTPOLIMTIB MAJTU OJIHAKOBI TEHACHLIIT Ta 3aJIe)Kalld BiJl KOHLIEHTPALIT IOCIi THUX PEUYOBHH,
IPY IbOMY TTOKa3HUKH €PUTPOLUTIB 3a3Haiu OliblnX 3MiH. BrumB PbS26-34 BUABUB OLibll aKTHBHY TOKCHYHY A0, OCOOIUBO Y
possenennsax 1010 Mons/i.

KumiouoBi cjioBa: CBHHEIb, HAHOYACTUHKH, €PUTPOLIUTH, KPOB, aHTHOKCHAAHTHA CHCTEMa, MPOAYKTH MEPUKHUCHOTO
OKHMCIICHHSI JIiMifIiB, OKCUJJATHBHUI CTpec.

The work is a fragment of the research projects “Investigation of cardiovasotoxic action mechanisms of heavy metal
nanoparticles (on the problem of biosafety of nanomaterials)”, state registration No. 0119U100182; “Investigation of the heavy
metal nanoparticles toxic effects, search and substantiation of preventive measures”, state registration No. 0116U000497;
“Changes in internal organs and regulatory systems under the conditions of experimental damage and historical aspects of
histology, cytology and embryology development in Ukraine”, state registration No. 0116U000121 and “Study the of tissue
reaction features and their modulation in lesions of various origins”, state registration No. 0120U102691.

New physicochemical properties of engineered nanoparticles make them very attractive for
industrial and biomedical use. Nowadays, the manufacture and application of nanotechnology products all
over the world have reached industrial scale and have the potential for further growth and expansion.

It is known that the synthesized nanocrystals of lead compounds, the so-called “quantum dots”, are
successfully used in the manufacture of semiconductors, solar cells, biosensors, polymer composites,
paints, electronic systems, including LEDs, flat light-emitting panels [4, 7, 12].

However, the social and commercial benefits of nanomaterials should not outweigh the potential
negative health consequences for both nanoindustry workers and consumers of nanoproducts [6, 11, 14].

In our previous work on the effect of PbS NP 26-34 nm and 50-80 nm under subchronic
intraperitoneal introduction and in acute intratracheal introduction it was indicated damage to heart
myocardium and aorta [2, 3].

Lack of thorough knowledge of the nanoparticles (including lead NP as one of the most common
and highly toxic metals) effects on the body requires a wide range of medical and biological studies and
necessitates the study of their mechanism of action both in vivo and at the level of cells and subcellular
structures in in vitro.
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In particular, the study of the interaction of erythrocytes and blood plasma antioxidant proteins
with lead sulfide nanoparticles will allow to assess the direct effect of these NP on the state of the protein
molecule, as well as on its functional (enzymatic) activity. The disclosure of lead compounds realization
the toxic effects the mechanisms is necessary to assess the potential risks for their industrial application
and to develop effective prevention measures.

The purpose of the study was evaluation in vitro biochemical changes in erythrocytes and blood
plasma of rats under the action of lead sulfide nanoparticles depending on the size of the nanoparticles and
their current concentration.

Materials and methods. Studies of the peculiarities of the cytotoxic effect of different sizes PbSzs.
aanm and PbSso.go lead sulfide NP, as well as lead nitrate Pb (NO3), were performed in vitro on erythrocyte
suspension and blood plasma of adult male rats. Animals were kept in a vivarium for 2 weeks on a standard
diet with free access to drinking water before the start of the experiment. Animals sacrificed in compliance
with the requirements of humane treatment. Blood was collected with the addition of heparin, centrifuged
for 5 minutes at 3000 V/min. At the end, plasma was taken for further research.

To obtain a suspension of erythrocytes, saline in the ratio of 1:3 was added to formed elements the
precipitate in the test tube remaining after removal of plasma, mixed thoroughly and centrifuged for 5
minutes at 3000 V/min. Finally, the supernatant was removed. The procedure was repeated three times.
Finally, a suspension of erythrocytes in saline was prepared.

Experimental procedure. Working solutions of lead compounds were added to the erythrocyte and
plasma suspension in a ratio of 1:1. The final concentrations of the test compounds were 102, 10*, 10°,
10, 107 Mol/l. The incubation lasted 3 hours. At the end of the experiment, the parameters were
determined in plasma, and to the erythrocyte suspension was added saline and centrifuged for 5 minutes at
3 at 3000 V/min, the supernatant was removed. Then 1 ml of distilled water, kept for 5 minutes and frozen
at -20° C was added to the erythrocytes for their destruction.

Catalase and SOD activity were determined on an erythrocyte suspension in vitro; general level
of thiol groups; the level of thiol groups in the composition of low molecular weight and high
molecular weight compounds; concentrations of MDA (malonic dialdehyde) and diene conjugates.
Plasma activity of catalase and SOD (superoxide dismutase), as well as the total level of thiol groups
were determined [8].

Statistical processing of primary data was performed using Microsoft Excel 2003 and StatPlus LE,
IBM SPSS Statistics Subscription (demoversion). Data were presented as medians with upper and lower
quartiles M [Q1-Q3]. Significance of differences between indicators was assessed by the Mann-Whitney
U-test with a significant difference at the level of p<0.05.

Results of the study and their discussion. Plasma studies indicate that low-sulfide lead and
lead nitrate directly affect the activity of the enzyme catalase, reducing it (fig. 1—1). Namely: there was
a statistically significant (p<0.05) decrease in catalase activity in blood plasma compared to intact cells
in all dilutions of test substances (except for the minimum concentration of PbSzs.32 NP). It was found
that the decrease in enzyme activity under the action of larger nanoparticles was more significant in
comparison with PbSzs-32 NP in the whole range of concentrations (statistically significant changes
(p<0.05) were determined at concentrations of 10 Mol/l). Statistically significant (p<0.05) changes of
catalase activity were recorded at the maximum concentration of lead compounds in the incubation
medium (the largest decrease in blood plasma was recorded under the action of lead nitrate, the smallest
changes — under the influence of PbS2s.34 NP) when comparing the effects of both sizes PbS NP with
Pb(NO3)2.

The level of catalase activity in erythrocytes was statistically significant (p<0.05) exceeded the
control values of enzyme activity in intact erythrocytes (fig. 1-2) in both ionic and nanoform (at
concentrations of 10°3-10"" Mol/l) after incubation with the studied lead compounds. It should be noted that
lead sulfide nanoparticles with a size of 26-34 nm at concentrations of 103-10" Mol/l caused a more
pronounced increase in catalase activity compared to PbS nanoparticles with a size of 50-80 nm and lead
nitrate in ionic form. Statistically significant difference (p<0.05) was observed in all dilutions of test
substances except the minimum — 107 Mol/l. The increase in catalase activity under the action of lead
compounds (especially lead sulfide sulfide of smaller size) in erythrocytes, probably due to activation of
the antioxidant defense system in response on the development of oxidative stress.

Plasma SOD activity (fig. 2-1) was statistically significant (p<0.05) increased only in the study
group with PbSa.s4 in higher concentrations (10°-107°), respectively statistically significant (p<0.05)
differing from SOD in experiments with PbSso.0and Pb(NOs),. The level of SOD activity in plasma did
not change at lower concentrations of PbSz.34, as well as after incubation with a larger PbS NP and lead
nitrate.
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Fig. 1. Rats blood biochemical parameters dynamics after studied incubation in ionic and nanoform at

concentrations of 10-3-1077 Mol/l.
Notes: 1 — plasma catalase activity and 2 — erythrocyte catalase. * — statistically significant difference from control (p<0.05).

lead compounds

The activity of SOD in erythrocytes (fig. 2-2) was statistically significantly higher than intact
erythrocytes after incubation with lead sulfide NP of both sizes and lead nitrate in concentrations (10°-10°
> Mol/l). The activity of SOD in erythrocytes gradually decreased with a further decrease in the
concentration of lead compounds in the incubation medium. Indicator of SOD activity was observed only
under the action of PbS NP s of both sizes at a concentration of 10° Mol/l, a statistically significant
difference (p<0.05) compared with the control. The same indicator at a minimum concentration of 107
Mol/I was observed under the influence of PbSsog0 and lead nitrate nanoparticles. Comparing the effects
caused by the studied lead compounds, it should be noted that smaller PbS nanoparticles caused a more
pronounced increase in SOD activity: the activity of SOD in erythrocytes was statistically significant
(p<0.05) higher in comparison with the influence of PbS NP of larger size under the action of PbS2.34 (at
a concentration of 10 Mol/l); statistically significant (p<0.05) excess of SOD activity was recorded in
dilutions of 10 and 10°® Mol/l after incubation with the ionic form of lead.
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Fig. 2. Rats blood biochemical parameters dynamics after studied lead compounds incubation in ionic and nanoform at
concentrations of 10-3-10"7 Mol/I.

Notes: 1 — Activity of plasma SOD and 2 — erythrocytes. * — statistically significant difference from control (p<0.05).
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The level of thiol groups in blood plasma (fig 3—1) was statistically significant (p<0.05) increased
in the whole range of concentrations after incubation with the studied lead compounds. The most
pronounced changes occurred under the action of PbS nanoparticles of both sizes at maximum
concentrations (10°-10* Mol/l), and especially — PbS2 34,

The increase in the total level of thiol groups in blood plasma may be due to changes in the
conformation of protein molecules, which is a result of the destruction of their quaternary structure after
incubation with lead compounds, which leads to the appearance of free SH groups that interact with EIman's
reagent. Changes in the structure of the protein molecule can cause changes in the functional activity of
enzymes as a component of antioxidant protection (SOD, catalase). These mechanisms play a leading role
in the pathogenesis of the toxic effects of lead compounds.

The total level of thiol groups, thiol groups in the composition of low molecular weight compounds
and in the composition of high molecular weight erythrocytes increase statistically significantly from the
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control indicator in all experimental groups, and this indicator decreases with increasing dilution. The total
level of thiol groups in the experiments with PbSso.soand Pb(NO3)- is restored at dilutions of 10”7 Mol/l and
10°-107 Mol / 1, respectively (fig. 3-2).

There was a difference between the levels of thiol groups in the composition of low molecular
weight erythrocytes (Fig 3-3) under the action of lead nitrate in ionic form and nanoparticles with a size of
both 26-34 nm and 50-80 nm (statistically significant difference) (p<0.05) was observed in all dilutions
of test substances (except for insignificant increase in PbSso.g at a concentration of 10° Mol/l). of smaller
lead size. Statistically significant difference (p<0.05) between the indicators in the groups under the
influence of PbS nanoparticles of different sizes was recorded in dilutions of 10°-10"° Mol/l. The increase
in the thiol groups level in low molecular weight compounds may be due to the increase in glutathione
levels in erythrocytes and may be a manifestation of compensatory processes in response to the growth of
ROS production and the development of oxidative stress.

The level of thiol groups also increased statistically significantly in the composition of
macromolecular compounds (fig. 3) in erythrocytes after incubation with the entire concentration range
lead sulfide NP Pb(NQg), (fig. 3-4). The level of thiol groups in the composition of macromolecular
compounds of erythrocytes is restored in dilutions of 10°-10" Mol/l in the experiment with Pb(NO3), and
107 in the experiment with PbSso.so.

A difference was found between the levels of thiol groups in the composition of macromolecular
compounds under the action of PbS NP of each size and the effect of Pb(NO3),, namely: a statistically
significant increase (p<0.05) was observed in all dilutions of test substances under the influence of PbS .-
3« NP and only under the action of the maximum concentration of PbSsq.g0 NP in the incubation medium. It
should be noted that a more significant increase in the level of thiol groups in the composition of
macromolecular compounds caused a lower lead sulfide low*sulfide (statistically significant difference
(p<0.05) between the indicators was recorded in dilutions of 10, 10* and 10”7 Mol/l).
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Fig. 3. Rats blood biochemical parameters dynamics after studied lead compounds incubation in ionic and nanoform at
concentrations of 103-107 Mol/ I.

Notes: 1 — total thiol groups of plasma; 2 — common thiol groups of erythrocytes; 3 — thiol groups as a part of low-molecular
compounds of erythrocytes, 4 — thiol groups as a part of high-molecular compounds of erythrocytes. * — statistically significant difference
from control (p <0.05).
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The concentration of TBA-active (thiobarbituric acid) products in erythrocytes (malonic
dialdehyde is one of the TBA-active products) increased statistically significantly after incubation with the
studied lead compounds at concentrations from 107 Mol/l to 10°° Mol/I (except for an insignificant increase
in exposure to lead nitrate at a concentration of 10 Mol/l) (fig. 4-1). It should be noted that the most
significant increase in the concentration of TBA-active products was observed after incubation of
erythrocytes with PbS.34 at concentrations of 10 and 10 Mol/l. At a minimum concentration of 107
Mol/l lead nanoparticles of both sizes did not cause changes in this indicator compared with intact
erythrocytes. At the same time, a significant increase in TBA-active products in erythrocytes was recorded,
when studying Pb(NOs). in the lowest concentration. Since the concentration of MDA is maintained at a
certain level with the participation of antioxidant enzymes, its increased levels are a marker of lipids
peroxidation.

Diene conjugates are known to be primary products of lipids peroxidation. The concentration of
diene conjugates in erythrocytes (fig. 4-2) was statistically significantly higher than the control value after
incubation with test compounds of lead in both ionic form and nanoform at concentrations of 102107
Mol/l.
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Fig. 4. Rats blood biochemical parameters dynamics after studied lead compounds incubation in ionic and nanoform at
concentrations of 10-°-107 Mol/I.

Notes: 1 ~TBA-active products; 2 — Diene conjugates. * — statistically significant difference from control (P<0.05).

Throughout the concentration range, a greater increase in diene conjugates resulted in lower levels
of lead sulfide. A statistically significant difference (p<0.05) was observed in comparison with larger PbS
NP in dilutions of 10 and 10® Mol/I; and in comparison with Pb(NO3),. Statistically significant excess
(p<0.05) was determined at concentrations of 1010 Mol/I.

Thereby, decreased plasma catalase in blood plasma activity further confirms that lead sulfide NP
have prooxidant effects in the cell, stimulating increased reactive oxygen species (ROS) formation and
inhibiting the antioxidant defense systems activity, leading to the development of oxidative stress and lipids
peroxidation.

Catalase decomposes hydrogen peroxide, oxidizes low molecular weight alcohols and nitrites in
the presence of hydrogen peroxide and participates in cellular respiration processes. Its growth in
erythrocytes in our study can be explained by the increase in the content of hydrogen peroxide against the
background of the lack of influence on the lead ions enzyme active center [10]. This effect of lead ions can
be explained by the fact that catalase contains heme in its active center [13].

A positive correlation was found in workers engaged in steel production between the content of
lead in the blood and the activity of SOD or the content of malonic dialdehyde (MDA) [15]. The addition
of lead at doses of 10 mg/kg or 20 mg/kg caused inhibition of SOD activity in peripheral erythrocytes in
vitro and in vivo, while in our study this figure increases, indicating other mechanisms of oxidative stress
[5, 9].

Changes in the activity of SOD as metalloenzymes in plasma and erythrocytes can have different
causes, which is primarily due to oxidative stress caused by Pb?" ions. It is possible that the increase in the
activity of SOD is due to the mobilization of low molecular weight antioxidants that reduce the amount of
peroxide radicals that can attack the enzyme molecule and inhibit its activity.

The increase in the level of thiol groups in the composition of macromolecular compounds may be
due primarily to changes in the protein molecules conformational properties and the release of thiol groups,
because erythrocytes are not able to synthesize proteins de novo.
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Diene conjugates are formed mainly in the first stage of lipid peroxidation, malonic dialdehyde is
formed in the body during the degradation of polyunsaturated lipids by reactive oxygen species. Both serve
as a marker of lipids peroxidation and oxidative stress [1]. The increase in malonic dialdehyde is explained
by the activation of antioxidant enzymes that are responsible for the neutralization of lipid peroxidation
triggers [10].

There was a statistically significant increase in the activity of antioxidant enzymes (SOD, catalase)
and the level of thiol groups in erythrocytes and blood plasma, as well as changes in the concentration of
TBA-active products and diene conjugates in erythrocytes under the action of lead nanoparticles, which
may indicate significant stress protective systems of the body against the background of oxidative stress
activation.

The results of the effect lead nanoparticles compounds study on antioxidant plasma proteins and
erythrocytes showed a dependence on the test substances concentration. Biochemical changes in plasma
and erythrocytes had the same tendencies, with erythrocyte parameters undergoing greater changes. The
effect of PbSzs-34 sShowed a more active toxic effect, especially in dilutions of 103 — 10« Mol/I.
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