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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 11 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.

Key words: lead ions and nanoparticles, human blood plasma, albumin, immunoglobulin G, denaturation,
toxicity

Introduction
Synthesized NPs of lead compounds (PbS, PbSe,

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).

© Kosnektus aBTopis, 2020

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 (NOj),
(ionic form) and PbS (nanoparticles). Nanoparticles
of lead sulfide (NPs of PbS) were synthesized by
mixing equimolar amounts of the concentrated Na,S
solution (0,1 mol/1) and a relatively diluted solution
of lead nitrate (Pb(NO3),) (3 = 1073 mol/1), with
the addition of a sodium polyphosphate stabilizer
(NaPO,)n (5 + 1073 mol/l) with intensive stirring at
4 °Cand 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 (NO,), 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

203



( )

1632020

ISSN 2223-6775, Ukrainian Journal of Occupational Health, 2020, 16 (3), 202—209

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, 107!, 1072, 1073 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:

1! test tube — 1 ml of protein + 1 ml of 0,9 %
NaCl (negative control); 2" test tube — 1 ml of pro-
tein + 1 ml of 0,1 M NaCl with 0,9 % NaCl (positive
control); 3™ — 7! tubes — 1 ml of protein + 1 ml of
salt solution or NPs of PbS in concentrations (1,
1071, 1072, 1073 mol/1). 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),)
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
(NO,), 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 [gG 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
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Fig. 1. Mass spectra of the low molecular weight area of human blood plasma: | — spectrum of native blood plasma
(control); 2 — after incubation with Pb(NOs) ,; 3 — after incubation with PbS NPs of 26—34 nm
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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 (NO,) ,; 3 — after incubation with PbS NPs of 26—34 nm

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
aiter incubation of blood plasma with Pb(NO,),) 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~! mol/1.

Low concentrations of the tested lead compounds
(1072 and 1073 mol/1), 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 1072 and
1073 mol/I (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
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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)

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), — 17,37 %.

A tenfold decrease in the concentration of NPs and
lead ions (10~! 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 (NO,), —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/I
(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 (NO,), and NPs of PbS can be evidence of differ-
ent nature of the interaction of lead ions and nanopar-
ticles with these proteins.

Tahle

Indices of denaturation of human plasma proteins under the influence of lead compounds with different
particle size (in % relative to the positive control)

Proteins/lead compounds Lead concentration, mol/l
1 | 10! 102 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(NO,), 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(NO,), 20,00 6,32 1,16 1,26
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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 (NO,), is a conse-
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AOCAIAKEHHS BNIAVUBY CNOAYK CBUHLLIO 3 YACTUHKAMU PISHOI ANUCNEPCHOCTI
HA GIAKN NAASMW KPOBI AFOAVHW SIK EKCNPEC-METOA OUIHKW IXHbLOI
HEBE3NE4YHOCTI

1Aep>kaBHa ycTaHoBa «IHCTUTYT MeanunHM npadi imeHi 10. 1. KyHaiesa HauioHaAbHOI akasemii
MEeAUNYHUX HayK YKpaiHn», m. Knis

2|HCTUTYT Ximii nosepxHi im. O. O. Yyiika HauioHanbHOI akaasemii Hayk YipaiHu, M. Kuis

Bcmyn. BUpoOHULITBO CBMHITIO Ta HOTO 3aCTOCYBaHHSI B Pi3HUX TaTy3sIX IPOMUCIOBOCTI 3yMOBITIOE 1OTO HAIXOMKEHHS B
OpraHi3M JIOAWHU Y BUIJISIII aepo30JIi0 3 YAaCTUHKAMM Pi3HOI JMCIIEPCHOCTI, Y TOMY YMCJi HaHOpo3MipHUMU. OcobimnBi
¢i3uKo-XiMiuHi BracTuBoCcTi HaHOYacTUHOK (HY), 31aTHICTh CBUHIIIO 10 Oi0OKYMYJIsILLii, MOJITPOIHICTh TOKCUYHOI JIii 00Yy-
MOBJTIOIOTh HEOOXiIHICTh MPOBEAEHHS TOCTiIKEHb IOr0 TOKCUYHOCTI Ta HEOE3MEeYHOCTi B HAHOPO3MipHOMY CTaHi.

Mema docnidncentss — BABYSHHSI BIUTUBY CTIOJYK CBUHIIIO 3 Pi3HUMU PO3MipaMK YaCTUHOK Ha OiIKY IJ1a3MU KPOBIi JIIOIUHU
(apOyMiH Ta iMmyHOTIIOOYTiH G) Y MOAETHLHUX NOCIAX in vitro.

Mamepiaau ma memoou docaidxcennss. O0'€KTOM TOCITIIKEHHS OyJIM Pi3Hi CIIOJYKH CBUHIIO: HITpaT CBUHITIO (i0HHa (hopMma)
i HY PbS posmipom 26—34 um i 50—80 um, mia3ma kposi moaudu (OA, R+), npenaparu anp0ymiHy ta iMmyHorio0yminy G
(IgG) mronuHu. BB criosiyK CBUHIIIO HA CTPYKTYpY OiJIKiB BU3Hauaau 3a nornomororo MALDI-ToF mac-cniekrpomeTpa
(Himeuuuna) i cnekrpodotomerpa MedaH (Ykpaina).

Pesyabmamu. OrprMaHi Mac-CIieKTpu OLJIKiB TJ1a3MU KPOBI JIOAWHM TTicsl iHKyOalii 3 HiTpatom cBuHIO Ta HY PbS Bin-
PI3HSUIUCh 32 HASBHICTIO Ta iHTEHCUBHICTIO MiKiB, 110 € HACIiAKOM pi3HOro TUIy B3aeMmopii ioHiB i HY i3 Oinkamu.
IToka3HMKYU ONTUYHOI TYCTUHU PO3UYMHIB JOCTIIKYBAaHUX OLJIKiB TAKOX BKA3YIOTh Ha Pi3Hi TUMM B3aEMO/i1 CBUHIIIO 3 OiJ-
kaMu y ¢dopwmi ioHiB i HY. [TokaszaHo, 1m0 ctyniHb KoH(popMalliitHux 3MiH anbOymiHy Ta IgG 3anmexaB sIK Bif XiMiuHOT
¢opMU CIOTYK CBUHIIIO, TaK i Bill pO3Mipy HAHOYACTHHOK, a TAKOX BiJl IXHbOI KOHIIEHTPAIllil B iHKy0alliiilHOMY cepeIOBUIIIi.
HaiiGinpiri 3MiHn y cTpykTypi 6inkiB Bukinnkann HY PbS 26—34 Hwm, a HaliMeHIIi — HiTpaT cBUHLIO (ioHHA (opMma). IgG
JIIOIMHYU BUSIBUBCS OiIbII YYTJIUBUM JIO BIUIUBY CIIOJYK CBUHIIIO HiXX aTbOyMiH.

Bucnosxu. BcranosneHa cenektuBHa B3aemoist ioHiB i HY PbS i3 6imkamMu KpoBi MOXe TIPU3BECTH 10 3MiHU SIK CTPYKTYpU
OiIKiB, IXHBOI (DYHKIIIOHAJIbHOT aKTUBHOCTI, TaK i BJaCTUBOCTEN Ta MOBEIIHKM HAHOYACTUHOK, OCKIJIbKM MOX€ BILJIMBATH
Ha IXHili po3Mip, TPAHCIIOPT, HAKOITMYEHHS Ta eJliMiHalliio. Mojeslb «<HaHOYaCTUHKY — OUIKM IJIa3MU KPOBi» MOXe OyTH
BUKOpHMCTaHa JJIsl eKCcripec-oLiHKu 6iocymicHocti HY MeTaniB Ta iXHbOI TOKCUMYHOCTI.

KirouoBi cioBa: ioHM Ta HAHOYACTHHKM CBMHIIO, IJIa3Ma KPOBi JIOAMHHU, aJs0yMiH, iMyHOr100ydiH G,
JeHaTypalis, TOKCUYHICTh
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WCCAEAOBAHUVE BANSIHNSI COEAVUHEHNIA CBUHUA PASANYHOW ANCNEPCHOCTU
HA BEAKU NAA3MBbBI KPOBU YENOBEKA KAK 3KCNPECC-METOA OUEHKW UX
B6E30NACHOCTUN

MocyaapcTeeHHOe yypeXkaeHue «HCTUTYT MeanunHbl Tpyaa uvenn 0. W. KyHavesa HaumoHanbHOM akasemumn
MEAVNLMHCKNX HayK YKpauHbI», . Kues

2NHCTUTYT XYM NoBEepXHOCTU nM. A. A.Hy1iko HaunoHaALHOM akaaemnm HayK YKpauHsl, r. Kues

Bemynaenue. TIpon3BoncTBO CBUHIIA W €TO NMPUMEHEHKWE B Pa3IMYHBIX OTPACISIX MTPOMBIIIJIEHHOCTH OOYCIaBIMBAET €ro
MOCTYIIJICHWEe B OPTaHW3M 4YeJloBeKa B BUIE a’pOo30Jisl C YaCTUIIAMU DPA3TUIHON IUCTIEPCHOCTH, B TOM YHUCIE
HaHopa3MepHbIMU. Ocobbie puznko-xuMudeckue cBoiictsa HaHouactuil (HY), crmocoOHOCT CBUHIIA K OMOKYMYJISIIINY 1
MOJIUTPOITHOCTh TOKCUYECKOTO IEHCTBUST O0YCIOBIMBAIOT HEOOXOMMMOCTD TIPOBEIEHUSI UCCIETOBAHUI €T0 TOKCUIHOCTHU B
HaHOPa3MEPHOM COCTOSTHUMU.

Lleab uccnedosanus — U3ydeHNe BIUSIHUS COEAMHEHUI CBUHLIA C PA3TMYHBIMU pa3MepaMy YacTULL Ha OEIKU T1a3Mbl KPOBU
yesioBeka (an1bOyMUH U UMMYHOIJI00YIUH G) B MOJICJIBHBIX OMbITAX N Vitro.

Mamepuanvt u memodvt uccaedosanus. OOGBEKTOM MCCIIENOBAHUSI ObITU pa3TUIHbIE COSIMHEHUST CBUHIIA: HUTPAT CBUHIIA
(monHast ¢opma) u cyiabbun csunuma (HY pasmepom 30 HM u 65 HM), miasma KpoBu deaoBeka (OA R+), mpemapatsr
anpoymmHa u uMmmyHornooynmua G (IgG) genoBeka (Sigma). BiausHue coemvHeHWit CBMHIIA Ha CTPYKTYpY OEIKOB
ucciaenoBanu ¢ nomouislo MALDI-ToF macc-cniekrpometpa (Iepmanust) u ciekrpodorometpa Medan (YkpauHa).
Pesyavmamut. [TonydeHHbIE MacC-CIIEKTPbI OEIKOB MJIa3Mbl KPOBU YeJIOBEKa MOoce MHKYOalMu ¢ HUTpaToM cBuHIa 1 HY
PbS oTmyanvck Mo HATMYKMIO 1 MTHTEHCUBHOCTHY IMTKOB MacC, UTO SIBJISIETCS CJISICTBUEM PA3TUIHOTO TUTIA B3AUMOIEHCTBUS
noHoB 1 HY c Genkamu. [Tokazarenn onTUyecKoi MJIOTHOCTH PAcTBOPOB MCCIIEAYEMbIX OETKOB TaKKe YKa3bIBAIOT Ha
pa3UYHbBIE TUTIBI B3aUMOJIECTBYSI CBUHIIA ¢ 6ekamu B hopme noHoB 1 HY. [MokazaHo, 4To cTenieHb KOH(GOPMAIIMOHHBIX
n3MeHeHui anpoymuHa u IgG 3aBucena Kak oT OpMbl COeIMHEHUI CBUHIIA, TaK U OT pa3Mepa YacTHII, a TaKXKe OT MX
KOHILIEHTpAaLlMM B MHKYOAIIMOHHOM cpene. Hanbonbine nsmMeHeHus B CTpykType 6eakoB BeizBaan HY PbS 26—34 uwm, a
HauMEHbIIIMe — HUTpAT cBUHIA (MOHHas ¢dopma). IgG yenoBeka okaszajcs 0oJjiee YYBCTBUTEJIbHBIM K BO3JACHCTBUIO
COCIMHEHMI CBUHIIA, YeM aJIbOyMUH.

Bui6o0dbi. YcTanoBiieHO ceneKTuBHOE B3ammojeiictBue noHoB 1 HY PbS ¢ Genkamu 1uta3mMbl KpOBU, KOTOPOE MOXKET
MPUBECTH K W3MEHEHWIO KaK CTPYKTYPHl OeNKOB, WX (DYHKIMOHATHHOW AaKTMBHOCTU, TaK U CBOWCTB U TOBEICHUS
HaHOYACTHII, YTO MOXET BIMSIThH HA UX pa3Mep, TPAHCIIOPT, HAKOTUIEHNE U SJTMMUHALNIO. Moaenb «HAaHOYACTULIBI — OETTKU
MJ1a3Mbl KPOBU» MOXKET OBITh UCIOIb30BaHAa AJIsI 9KCIIPecc-oLeHKU 6ruocoBmMecTUMocT HY MeTaioB 1 X TOKCUUHOCTH.

KaroueBbie ciI0Ba: MOHBI U HaAHOYACTHMIbI CBHHIIA, IIJIa3Ma KPOBU 4YeJIOBEKa, aJIBGyMI/[H, MMMyHOI‘JIOGyJIMH G,
AeHaTypauusi, TOKCUYHOCTH
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