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Introduction. The production of lead and its use in various industries cause its entering the human body in the form of an 
aerosol with particles of different dispersion, including nanosized. Specific physicochemical properties of nanoparticles 
(NPs), the ability of lead to bioaccumulation and the polytropic toxicity necessitate studying its toxicity and hazard in the 
nanoscale state.
The purpose of the study – investigate the effect of lead compounds with different particle sizes on human plasma proteins 
(NPs with the size of 30 nm and 65 nm, human blood plasma (OA, R+), albumin and human immunoglobulin G (IgG) 
(Sigma. The effect of lead compounds on protein structure was determined using an Autoflex II mass spectrometer (Bruker, 
Germany) and a Mefan spectrophotometer (Ukraine).
Results. The obtained mass spectra of human plasma proteins after incubation with lead nitrate and PbS NPs differed by the 
availability and intensity of peaks, which is a consequence of different types of interaction of ions and NPs with proteins. Also, 
the indices of optical density of the studied protein solutions indicate different types of interaction of lead with proteins in the 
form of ions and NPs. It is shown that the degree of conformation changes of albumin and IgG depends on both the chemi-
cal form of lead compounds and the size of nanoparticles, as well as on their concentration in the incubation medium. The 
largest changes in the protein structure were caused by PbS with NPs of 26–34 nm, and the smallest – by lead nitrate (ionic 
form). Human IgG was more sensitive to lead compounds than albumin. 
Conclusions. The established selective interaction of PbS ions and NPs with blood proteins can lead to changes in the structure 
of proteins, in their functional activity as well as in properties and behavior of nanoparticles, as it can affect their size, trans-
port, accumulation and elimination. A model «nanoparticles – blood plasma proteins» can be used for express assessment of 
the biocompatibility of metal NPs and their toxicity.
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Introduction

Wide use of lead and its compounds in various sectors 
of the economy, as well as large volumes of production 
cause excessive entry of the metal in the environment. 
According to WHO experts, lead is recognized as a 
global and dangerous pollutant [1].

It is known that when entering the body, lead 
causes a polytropic toxic effect, disrupts the function-
ing of the nervous and cardiovascular systems, affects 
negatively the gastrointestinal tract, kidneys, blood, 
reproductive and immune systems [2–4].

With the development of nanotechnology there has 
begun the synthesis and use of lead in the form of 
nanoparticles (NPs).

Synthesized NPs of lead compounds (PbS, PbSe, 
PbTe) are actively used in the development of new fluo-
rescent materials, lasers, electronic systems, LEDs, 
solar panels, which in turn can promote human contact 
with them and create health risks [4, 5].

It has been studied that metals in the form of nanopar-
ticles, due to their small size and large surface area, have 
greater permeability and reactivity, which leads to greater 
toxicity [6, 7]. In view of the above, studying the hazards of 
nanoparticles of heavy metals and their compounds is an 
important issue. The hazard assessment of nanomaterials 
includes both traditional toxicological studies and predic-
tion of possible risks and adverse effects on the human 
body using alternative in vitro test models [8–10].
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According to the literature data [11], proteins of 
blood plasma are considered as one of the models for 
establishing the general toxicity of chemical com-
pounds. This is due to the fact that blood proteins 
perform a number of important functions in the body: 
transport (many substances are transported with 
blood proteins, including metal ions); protective (part 
of proteins: complement system, interferons, inter-
leukins, etc. provides for nonspecific protection, oth-
ers – different classes of antibodies perform specific 
protection against foreign substances and microor-
ganisms); trophic (with a sharp or prolonged restric-
tion of protein intake, proteins are breaking down, 
forming amino acids, which are used by cells for vari-
ous plastic processes; also, proteins create osmotic 
pressure and are involved in maintaining blood pH, as 
well as protect the body from blood loss (fibrinogen 
and other factors involved in blood clotting) [12].

Both the amino acid (peptide) sequence and the 
three-dimensional structure formed during coagula-
tion are extremely important for the functioning of 
proteins. The three-dimensional structure of proteins 
under normal natural conditions is called the native 
state of a protein [13].

It has been studied that the following changes 
occur during interaction of proteins with heavy metal 
ions: binding and blocking of active centers of pro-
teins, their denaturation. As a result, a protein mole-
cule loses its native state and necessary properties to 
functioning in the cell. Denatured proteins acquire 
other properties, in particular – loss of solubility and 
aggregation [14].

In our previous studies [15] it is shown that lead 
ions are able to join the IgG molecule, change its 
mass, affect the processes of ion formation and disor-
der functional activity.

As regards nanoparticles (NPs), it is known that 
they are of approximately the same size as proteins, so 
an important aspect of their behavior in the human 
body is their reaction with plasma proteins. The 
authors [16] have been studied that NPs are able to 
adsorb proteins from biological fluids and form a pro-
tein layer, called a «protein crown». The composition 
of the protein crown depends on physicochemical 
properties of NPs, including their size, shape, surface 
area. A biological reaction of a cell on NPs can depend 
on protein composition by which it is covered. 
Therefore, the study of the effect of NPs of lead com-
pounds on blood proteins that perform transport and 
protective functions is relevant.

The purpose of the study was to investigate the 
effect of lead compounds with different particle sizes 
on human plasma proteins (albumin and immuno-
globulin G) in model experiments in vitro.

 

Materials and methods of investigation

Lead compounds were investigated: Pb (NO3)2 
(ionic form) and PbS (nanoparticles). Nanoparticles 
of lead sulfide (NPs of PbS) were synthesized by 
mixing equimolar amounts of the concentrated Na2S 
solution (0,1 mol/l) and a relatively diluted solution 
of lead nitrate (Pb(NO3)2) (3 • 10–3 mol/l), with 
the addition of a sodium polyphosphate stabilizer 
(NaPO3)n (5 • 10–3 mol/l) with intensive stirring at 
4 °C and 56 °C. 

The size of the PbS nanoparticles was measured 
using ANALYSETTE 12 DynaSizer laser analyzer 
(Germany). The particle size in the studied colloidal 
PbS solutions was 26–34 nm and 50–80 nm.

Human plasma (OA, R+) and human albumin and 
immunoglobulin G (IgG) preparations (Sigma, USA) 
were used as in vitro models.

A method of MALDI-ToF mass spectrometry was 
used in the study, which is one of the modern methods 
for studying macromolecular biological compounds, 
including proteins, nucleic acids, lipids, oligosac
charides [17, 18]. 

During the experiment, human blood plasma was 
diluted with deionized water in a ratio of 1:100. In the 
first series of studies, 0,5 ml of Pb (NO3)2 solution 
was added to 0,5 ml of diluted plasma, and in the 
second series – 0,5 ml of PbS solution with NPs 
sized 26–34 nm was incubated for 2 hours at the 
temperature of +22 °C. Then, the solutions were cen-
trifuged at 10,000 rotations/min in 15 min. The solu-
tion of blood plasma with deionized water was taken 
as the control. The studies were performed using a 
matrix of synaptic acid (Sinapic Acid, Fluka).

The studies were performed in two mass ranges: 
6–20 kDa (low molecular weight) and 20–200 kDa 
(high molecular weight). Protein mass spectra were 
measured on Autoflex II device (Bruker, Germany). 
The total spectra of positive ions, which were obtained 
by accumulating 600 single spectra, were analyzed.

Conformation changes (denaturation) in human 
plasma proteins after incubation with lead com-
pounds were determined spectrophotometrically by 
measuring the optical density of the solution as 
described in the paper [11]. The principle of the 
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method is that when adding a reactive chemical com-
pound to the protein, there is a decrease in the trans-
parency of the solution, due to denaturation of the 
latter.

Protein solutions were prepared with 0,9 % NaCl 
with the final protein concentration in the reaction of 
1 mg/ml. Lead compounds were added in concentra-
tions (1, 10–1, 10–2, 10–3 mol/l) in a ratio of 1: 1, 
carefully mixed and incubated for 2 h at 37 °C. For 
each protein a series of studies was performed:

1st test tube – 1 ml of protein + 1 ml of 0,9 % 
NaCl (negative control); 2nd test tube – 1 ml of pro-
tein + 1 ml of 0,1 M NaCl with 0,9 % NaCl (positive 
control); 3rd – 7th tubes – 1 ml of protein + 1 ml of 
salt solution or NPs of PbS in concentrations (1, 
10–1, 10–2, 10–3 mol/l). The optical density of the 
solution of the studied samples was measured in rela-
tion to the negative control with the spectrophotom-
eter Mefan (Ukraine) at a wavelength of 405 nm. The 
percentage of protein denaturation in the test sample 
was calculated as the ratio: unit of optical density of 
the tested sample /unit of optical density of the posi-
tive control.

Statistical processing of the obtained results was 
performed using the program of a statistical analysis 
Exel; the significance of the differences between the 
control and experimental indicators was determined 
using a Student's t-test criterion.

Research results and discussion 

Comparative studies on lead effects in the form of 
nanoparticles (NPs of PbS) and ions (Pb (NO3)2) 
on human plasma proteins by the results of MALDI-
ToF mass spectrometry showed the following. Mass 
spectra of the low-molecular area of human blood 
plasma after 2 h incubation with the solution of Pb 
(NO3)2 did not undergo any significant changes. At 
the same time, there were some differences in the 
mass spectra after contact of blood plasma with 
NPs of PbS as compared with the control, which 
consisted in reducing the relative intensities of all 
peaks and the absence of peaks at 13770 and 
14050 m/z (Fig. 1).

The mass spectra of the high molecular weight area 
in the tested samples make it possible to state that the 
values of 66 411 m/z and 33205 m/z belong to the 
double- and single-charged albumin molecule, the 
peaks at 150,000 m/z correspond to the whole immu-
noglobulin G (Ig G) molecule, and 133,000 m/z – to 
albumin dimer (Fig. 2).

The general picture of the blood plasma mass spec-
trum changed significantly after incubation with NPs 
of PbS. Thus, the disappearance of the peak corre-
sponding to IgG was observed, as well as the increase 
of values of m/z approximately by 6000 Da belonging 
to albumin (from 66 411 m/z to 72150 m/z), as well 

Fig. 1. Mass spectra of the low molecular weight area of human blood plasma: 1 – spectrum of native blood plasma 
(control); 2 – after incubation with Pb(NO3)2; 3 – after incubation with PbS NPs of 26–34 nm 
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as its double-charged ion (from 33205 m/z up to 
36050 m/z, respectively).

The mass spectra of native human plasma proteins, 
defined in our studies in low- and high molecular 
areas, coincided with those obtained by other authors 
[18]. Therefore, we can assume that the established 
changes in the mass of albumin and IgG, occurred 
after incubation of blood plasma with Pb(NO3)2) and 
NPs of PbS, are the result of different interactions of 
ions and nanoparticles with these proteins.

Serum albumin is a transport system for various 
physiologically active substances, including metal ions 
[19]. The established increase in the mass of the albu-
min molecule in our experiments may be due to the 
addition of ions of Pb and PbS NPs and can be explained 
by the fact that the transferred albumin protein plays a 
leading role in their transportation to organs and tissues. 

The disappearance of peaks in the low molecular 
zone, as well as the peak corresponding to the Ig G 
molecule after incubation with NPs of PbS can be 
explained by the adsorption of these proteins on the 
NP surface, which makes it impossible to determine 
their mass spectrum. This, in turn, can affect their 
physical characteristics (size, charge) as well as their 
transport and elimination.

Measurement of the optical density of a solution of 
human albumin and immunoglobulin G (Ig G) after 

incubation with lead compounds in the form of ions 
and NPs also revealed some differences that depend-
ed on the particle size and its concentration (Fig. 3). 
The highest indicators of the optical density of albu-
min were determined after its incubation with NPs of 
PbS of 26–34 nm at concentrations of 1 mol/l and 
10–1 mol/l. 

Low concentrations of the tested lead compounds 
(10–2 and 10–3 mol/l), regardless of particle size, did 
not significantly affect the structural organization of 
albumin, while the optical density of the tested sam-
ples was close to indices of the negative control (pro-
tein + deionized water). The most significant struc-
tural disorders in Ig G were found after incubation 
with NPs of PbS at a concentration of 1 mol/l, as 
evidenced by the high indices of optical density of the 
solution. The smallest disorders in the structure of  
Ig G and changes in the indices of optical density of 
the tested solutions were determined after incubation 
with lead compounds at a concentration of 10–2 and 
10–3 mol/l (Fig. 3).

Based on the measured indicators of the optical 
density of protein solutions in accordance with the 
method [11], we calculated the percentage of dena-
turation of albumin and Ig G (Table). 

It is found that the highest percentage of denatur-
ation of Ig G during incubation with lead compounds 

Fig. 2. Mass spectra of the high molecular weight area of human blood plasma: 1– spectrum of native blood plasma 
(control); 2 – after incubation of plasma with Pb (NO3)2; 3 – after incubation with PbS NPs of 26–34 nm
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at a concentration of 1 mol/l was caused by NPs of 
PbS of 26–34 nm (66,74 %), compared with NPs of 
PbS of 50–80 nm (46,11 %) and lead nitrate 
(20,0  %). Denaturation of albumin under the influ-
ence of the same concentration of NPs of PbS of 
26–34 nm was 29,26 %, NPs of PbS of 50–80 nm – 
12,11 %, and Pb (NO3)2 – 17,37 %.

A tenfold decrease in the concentration of NPs and 
lead ions (10–1 mol/l) in the incubation solution 
caused correspondingly smaller changes in the pro-
tein structure. In particular, NPs of PbS of 26–34 nm 
and of 50–80 nm caused denaturation of albumin by 
6,42 % and 5,47 %, and Pb (NO3)2 –2,32 %, and  
Ig G – 13,47 %, 10,53 % and 6,32 %, compared to 
the positive control.

Minor changes in the structure of proteins occurred 
under the influence of NPs of PbS at a concentration 

of 10-2 mol/l. Denaturation of albumin under the 
influence of NPs of PbS of 26–34 nm made 2,21 %, 
NPs of PbS of 50–80 nm – 0,95 %, and Ig G 
2,74  % and 1,16 %. The smallest changes in the 
structure of proteins were observed under the influ-
ence of lead nitrate at a concentration of 10–3 mol/l 
(denaturation of albumin made 0,11 %, and Ig G – 
1,05 %) (Table).  

The obtained data suggest that human IgG after 
incubation with the studied lead compounds under-
went more pronounced conformation changes, com-
pared to albumin. The determined indicators of the 
optical density of human albumin and Ig G solutions 
and % of their denaturation after incubation with  
Pb (NO3)2 and NPs of PbS can be evidence of differ-
ent nature of the interaction of lead ions and nanopar-
ticles with these proteins.

Fig. 3. Changes in the optical density of human albumin and immunoglobulin G solutions after incubation with lead 
nitrate and lead sulfide nanoparticles of different sizes in the range of metal concentrations of 1–10–3 mol/l 
(wavelength 405 nm)

Proteins/lead compounds
Lead concentration, mol/l

1 10–1 10–2 10–3

Human albumin
NPs of PbS of 26–34 nm 29,26 6,42 2,21 0,11
NPs of PbS of 50–80 nm 12,11 5,47 0,95 1,26
Pb(NO3)2 17,37 2,32 0,42 0,21

Human immunoglobulin G
NPs of PbS of 26–34 nm 66,74 13,47 2,74 1,47
NPs of PbS of 50–80 nm 46,11 10,53 2,42 1,05
Pb(NO3)2 20,00 6,32 1,16 1,26

Table
Indices of denaturation of human plasma proteins under the influence of lead compounds with different 

particle size (in % relative to the positive control)
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In studies [20] it was found that albumin when 
added to the solution of NPs of PbS covered the sur-
face of nanoparticles, affected their size, as evidenced 
by the broadening of the bands of diffraction reflec-
tion. Other authors [21] considered the possibility of 
using colloidal gold nanoparticles conjugated with 
immunoglobulins to develop immunochemical meth-
ods for identifying pathogens of infectious diseases.

The results of our research allow us to draw the fol-
lowing conclusions.

Conclusions

1.	It was found that changes in the mass spectra of 
human plasma proteins and indices of the optical 
density of their solutions after incubation with lead 
compounds with particles of different dispersion 
depended on the chemical nature of the compound, 
particle size and their concentration in the incuba-
tion medium.

2.	The difference in mass spectra and conformation 
disorders in human plasma proteins after incuba-
tion with NPs of PbS and Pb (NO3)2 is a conse-

quence of the different nature of the interaction of 
ions and nanoparticles with proteins.

3.	The largest conformation changes in proteins 
according to MALDI-ToF mass spectrometry and 
indices of the optical density of the control and 
tested samples were caused by PbS NPs with the 
size of 26–34 nm, and the smallest – by lead ions 
(Pb (NO3)2).

4.	It is established that human immunoglobulin G is 
more sensitive to the effects of lead NPs than 
albumin. This may be due to different protein 
functions. Albumin as a transport protein per-
forms its function by binding metal ions and NPs 
in the blood, their transfer to organs and tissues, 
whereas Ig G are antibodies that perform a pro-
tective function and eliminate ions and NPs from 
the body.

5.	The results of the study indicate that the experi-
mental model «nanoparticles – blood plasma 
proteins» can be used for express assessment of 
NPs biocompatibility and further improvement of 
methodical approaches to assess the hazards of 
heavy metal compounds and their nanoparticles.
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Вступ. Виробництво свинцю та його застосування в різних галузях промисловості зумовлює його надходження в 
організм людини у вигляді аерозолю з частинками різної дисперсності, у тому числі нанорозмірними. Особливі 
фізико-хімічні властивості наночастинок (НЧ), здатність свинцю до біокумуляції, політропність токсичної дії обу-
мовлюють необхідність проведення досліджень його токсичності та небезпечності в нанорозмірному стані.
Мета дослідження – вивчення впливу сполук свинцю з різними розмірами частинок на білки плазми крові людини 
(альбумін та імуноглобулін G) у модельних дослідах in vitro. 
Матеріали та методи дослідження. Об'єктом дослідження були різні сполуки свинцю: нітрат свинцю (іонна форма) 
і НЧ PbS розміром 26–34 нм і 50–80 нм, плазма крові людини (ОА, R+), препарати альбуміну та імуноглобуліну G 
(IgG) людини. Вплив сполук свинцю на структуру білків визначали за допомогою MALDI-TоF мас-спектрометра 
(Німеччина) і спектрофотометра Мефан (Україна).
Результати. Отримані мас-спектри білків плазми крові людини після інкубації з нітратом свинцю та НЧ PbS від-
різнялись за наявністю та інтенсивністю піків, що є наслідком різного типу взаємодії іонів і НЧ із білками. 
Показники оптичної густини розчинів досліджуваних білків також вказують на різні типи взаємодії свинцю з біл-
ками у формі іонів і НЧ. Показано, що ступінь конформаційних змін альбуміну та IgG залежав як від хімічної 
форми сполук свинцю, так і від розміру наночастинок, а також від їхньої концентрації в інкубаційному середовищі. 
Найбільші зміни у структурі білків викликали НЧ PbS 26–34 нм, а найменші – нітрат свинцю (іонна форма). IgG 
людини виявився більш чутливим до впливу сполук свинцю ніж альбумін. 
Висновки. Встановлена селективна взаємодія іонів і НЧ PbS із білками крові може призвести до зміни як структури 
білків, їхньої функціональної активності, так і властивоcтей та поведінки наночастинок, оскільки може впливати 
на їхній розмір, транспорт, накопичення та елімінацію. Модель «наночастинки – білки плазми крові» може бути 
використана для експрес-оцінки біосумісності НЧ металів та їхньої токсичності.
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ИССЛЕДОВАНИЕ ВЛИЯНИЯ СОЕДИНЕНИЙ СВИНЦА РАЗЛИЧНОЙ ДИСПЕРСНОСТИ 
НА БЕЛКИ ПЛАЗМЫ КРОВИ ЧЕЛОВЕКА КАК ЭКСПРЕСС-МЕТОД ОЦЕНКИ ИХ 
БЕЗОПАСНОСТИ
1Государственное учреждение «Институт медицины труда имени Ю. И. Кундиева Национальной академии 
медицинских наук Украины», г. Киев
2Институт химии поверхности им. А. А.Чуйко Национальной академии наук Украины, г. Киев

Вступление. Производство свинца и его применение в различных отраслях промышленности обуславливает его 
поступление в организм человека в виде аэрозоля с частицами различной дисперсности, в том числе 
наноразмерными. Особые физико-химические свойства наночастиц (НЧ), способность свинца к биокумуляции и 
политропность токсического действия обусловливают необходимость проведения исследований его токсичности в 
наноразмерном состоянии.
Цель исследования – изучение влияния соединений свинца с различными размерами частиц на белки плазмы крови 
человека (альбумин и иммуноглобулин G) в модельных опытах in vitro.
Материалы и методы исследования. Объектом исследования были различные соединения свинца: нитрат свинца 
(ионная форма) и сульфид свинца (НЧ размером 30 нм и 65 нм), плазма крови человека (ОА R+), препараты 
альбумина и иммуноглобулина G (IgG) человека (Sigma). Влияние соединений свинца на структуру белков 
исследовали с помощью MALDI-TоF масс-спектрометра (Германия) и спектрофотометра Мефан (Украина).
Результаты. Полученные масс-спектры белков плазмы крови человека после инкубации с нитратом свинца и НЧ 
PbS отличались по наличию и интенсивности пиков масс, что является следствием различного типа взаимодействия 
ионов и НЧ с белками. Показатели оптической плотности растворов исследуемых белков также указывают на 
различные типы взаимодействия свинца с белками в форме ионов и НЧ. Показано, что степень конформационных 
изменений альбумина и IgG зависела как от формы соединений свинца, так и от размера частиц, а также от их 
концентрации в инкубационной среде. Наибольшие изменения в структуре белков вызвали НЧ PbS 26–34 нм, а 
наименьшие – нитрат свинца (ионная форма). IgG человека оказался более чувствительным к воздействию 
соединений свинца, чем альбумин.
Выводы. Установлено селективное взаимодействие ионов и НЧ PbS с белками плазмы крови, которое может 
привести к изменению как структуры белков, их функциональной активности, так и свойств и поведения 
наночастиц, что может влиять на их размер, транспорт, накопление и элиминацию. Модель «наночастицы – белки 
плазмы крови» может быть использована для экспресс-оценки биосовместимости НЧ металлов и их токсичности.

Ключевые слова: ионы и наночастицы свинца, плазма крови человека, альбумин, иммуноглобулин G, 
денатурация, токсичность
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