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Cardiovascular toxicity of Pb compounds NP (nantiglas) 26-34 nm and 50-80 nm in size was invegtigan the
experiments. Morphological and morphometric methedee used to detect structural changes in the hadraorta after 30 and
60 injections of Pb compounds NP. The results@gttperiments indicate damage to the myocardiurithdonsists in increasing
of the interstitial space between the fibers oflmanyocytes, dystrophy of cardiomyocytes, stasislobd in the microvessels of
the heart” ventricles. A greater sensitivity of éitigal myocardium to the toxic effects of Pb compds NP was detected. Structural
changes of the aorta consisted in a stratificatioalastic membranes, a decrease in the densityeofonnective tissue of the
adventitious layer, which tended to progressivengka.
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The work is a fragment of the research project dstigation of the heavy metal nanoparticles toffieats, search and
substantiation of preventive measures”, state ttegfion No. 0116U000497, and “Changes in internayjans and regulatory
systems under the conditions of experimental daraadehistorical aspects of histology, cytology @mibryology development
in Ukraine”, state registration No. 0116U000121.

The development of new technologies and nanomédeisaa prerequisite for technological
advancement in various industries [7]. The sigaific increase in environment and workspaces
pollution by heavy metal nanoparticles, in parteauhe lead PbS NP (nanoparticles), one of the most
common and highly toxic metals, is worrying [10]hel small size, shape, chemical composition,
charge, structure of NP as well as the large sarfaca determine their unique properties as a
promising material for the manufacture of tempematsensitive sensors, detectors, photoresistors,
selective sensors; in flexible optoelectronics - hagh-performance photodetectors; in the third
generation solar elements as quantum dots, whiehtlyrincreases the efficiency of solar energy
conversion; as well as in the composition of vasipolymer films and nanoporous matrices, abrasive
treatment of lead materials, etc [12, 14].

Lead compounds are characterized by pronouncedtosicity, hepatotoxicity, nephrotoxicity,
gonadotoxicity and cardiotoxicity and are indicalgdblood indices [6]. Lead can have direct andraud
toxic effects on cardiovascular system [13]. Expemntal studies have shown its high affinity to be
accumulated in blood vessels, stimulate the praéoluaif reactive oxygen species, the development of
oxidative stress and impaired nitric oxide metabuli resulting in the development of endothelial
dysfunction [15].

The nanoscale and the properties of the surfacé¢Poillow coming into direct contact with
proteins and individual cell structures of the batlyhe molecular level. Overcoming cellular bagiend
damaging cell structures, NP can disrupt functemd even lead to cell death of all organs andessit
the same time, numerous experimental data do metayi unambiguous answer to the dangerous effects
of NP on human health, since NP toxicity dependdhair characteristics (including size, method of
stabilization, etc.) [2]. This determines the relewe of the study of the effects of nanoparticiethe body
and the assessment of potential risks

The purposeof the study was to examine features of morpholdgibanges in the organs of the
cardiovascular system under the action of leaddsuifanoparticles of different sizes and lead t@t(@mnic
form) in the experimental model of intoxication.

Materials and Methods. In this work lead compounds are used in nanoforf:dfllead sulfide
(PbS NP) with 26-34 nm and 50-80 nm average sideiraionic form: lead nitrate (Pb(N{2) which is
readily soluble in water. Lead sulfide NP were oi#d by chemical synthesis using a sodium
polyphosphate stabilizer (NaB)R@ NP size was determined by electron microscopy.
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The study was conducted on mature male Wistal 61180 g. The animals were kept in vivarium
on a standardized diet with free access to drinkiater. The rats were divided into 3 experimentaligs
and control group. The first experimental group wgexcted with 26-34 nm PbS NP (Pe&n-NP group),
the second — 50-80 nm PbS NP (Rk&-NP group), the third — with Pb(Nfionic form ((NG)2 group);
the control group received a physiological solutibhese substances were administered intraperitpnea
daily 5 times a week (simulation of a working week) 0,94 mg/kg/day dose adjusted to lead [1].
Histological examinations were performed after i§@dtions (1.5 months) and 60 injections (3 months)
To study the morphological changes, the internglans of the experimental rats were taken after
decapitation under mild ether anesthesia. The hedraorta were fixed in 10% neutral formalin (pitage
buffer, PBS). The fixed frontal tissues were delyell and embedded in paraffin. Paraffin sectionmg we
made on a Thermo Microm HM 360 microtome. The sestiwere deparaffinized and stained with
hematoxylin and eosin, using Picro-Mallory methathich can reveal collagen. The micropreparations
were examined on an Olympus BX51 microscope. Mamg#tdc analysis was performed using Carl Zeiss
software (AxioVision SE64 Rel.4.9.1), magnificatisn200, x 400. Aorta wall thickness (mkm), tunica
adventitia of aorta thickness (mkm), comparativeoant of collagen fibers in tunica adventitia (%),
number of elastic membranes in tunica media (comweal units) were examined. The statistical study
was performed in Origin Lab version 8.0 using tlim-parametric Kruskal-Wallis test, becous normal
distribution of data was not proven. Data are preskas medians with smaller and larger quartiés (
[Q1-Q3]). The difference was considered statidjcsignificant at P <0.05.

All manipulations with animals were carried outaoccordance with the provisions of European
Convention for the Protection of Vertebrate Animaded for Experimental and Other Scientific Purgose
(Strasbourg, 1985). The study meets bioethicalirements. The experiment plan is approved by the
Bioethics Commission of State Institution "Kundiiénstitute of Occupational Health of the National
Academy of Medical Sciences of Ukraine" (Minutdls 5, session of bioethics commission from
23.11.2017).

Results of the study and their discussionin all tested heart samples of the control and
experimental groups, the overall morphological cttice of the heart was preserved. The endocardium,
myocardium, and epicardium were recorded in thetricdes and atria. In the control group, the
myocardium is represented by densely oriented dilmdr cardiomyocytes. Cardiomyocyte nuclei and
intercalated discs are recorded. There is almoshteocellular space between the fibers. Morphaabi
differences were found in myocardium of the atrid aentricles: in the ventricles the fibers areoted
more straightforwardly, whereas in the atria they aften tortuous (nuclei of cardiomyocytes in ttea
are larger). There are microvessels (arteriolesules, capillaries), in the myocardium, their dgnss
higher in the ventricles.

Morphological features of structural disordersiu heart were established in the experimental
groups (Fig. 1). In the endocardium of the heaf@lld3 groups after 30 and 60 injections, no sinual
changes were detected; endotheliocytes and staligtyreserved valves (including the aortic valve)
were recorded. The epicardium is morphologicallresented by a thin layer of connective tissue with
elastic elements, as in the control groups, withsttictural changes. The ventricular and atrial
myocardium was heterogeneous, like in the conlvad, a greater thickness and density in the veasicl
represented by bundles of cardiomyocytes, betwddanhwthin layers of collagen fibers were detected
(when stained by the Picro-Mallory method). Thesignof collagen fibers was higher around medium-
and large-caliber myocardial vessels, but withoutclear difference in control groups. Some
morphofunctional differences were found betweendbmmparison groups. Thus, after 30 injections of
Pb(NQ),, less collagen fibers were detected in the vemicmyocardium, whereas no qualitative
changes were observed in the atria compared toafiteol. In all 3 experimental groups, a lower dgns
of cardiomyocyte nuclei was observed in the ingggtd areas of the ventricles, as well as a deziiaas
the tinctorial properties of the cardiomyocytesopfasm in the atria and dystrophic changes at the
cellular level, in particular destructive contréetinyocyte processes, this is an evidence of teftaxcts
both PbS NP and Pb(ND.

After 60 injections, structural changes in the mardoum of experimental group animals were
more pronounced. Increased interstitial space kmiweardiomyocyte fibers, stasis in ventricular
myocardial microvessels, atrial damage, and dyktcopardiomyocyte changes were observed. In the
group with expose Phl&so, local dystrophic myocardial changes (destructivanges of cardiomyocytes
with loss of histological structure of the myocant) were established between the ventricle andttiie
In the atrial epicardium of group with expose PbgNOfocal accumulation of mast cells was detected,
which could indicate their infiltration / migratioprbut no other types of leukocytes (neutrophils,
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lymphocytes, etc.) were detected. In general, Ine&berimental groups progressive damage to the
myocardial cardiomyocytes, to a greater extenhéndtria, was revealed.

Fig. 1. Damage to the myocardium of the rat's hegainst the background of exposure to Pb compo@igsificant structural changes in
the atrial myocardium and partial damage to therfilof the cardiomyocytes in the ventricle, bloitlth§, erythrocytic stasis of the microvessels.
Increasing interstitial space between cardiomyacyidote: 1, 2 - atria and ventricle of the congmup; 3, 4 - ventricle of PBS;4nmNP group
after 30 and 60 injections; 5, 6 - atria of the 8l&n NP group after 30 and 60 injections; 7, 8 - atrioffPb(NQ), group after 30 and 60

injections: cardiomyocyte nucle,@ the epicardiuntt Aartery; L - atrial / ventricular lumen. Hemagtin-eosin (1, 2, 4, 5, 6, 8), Picro-
Mallory (3, 7): obj. 40, oc. 10.
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In the control and experimental groups, the higjigial structure of the aortic wall had similar
morphological features. All three tunicae were stggied — inner (intima), middle (media) and outer
(adventitia). In the control group, the elastic nbeames of the tunica media were tightly orienteih w
nuclei of smooth muscle cells registered betweemt(fig. 2). The adventitia was represented byifis
connective tissue; adipose tissue was often deteateund the aorta. The results of aortic wall
morphometry are shown in table 1.

After 30 injections of Pb%.ssnmand Pb%.sonmNP group, a decrease in rats’ aortic wall thickness
as well as in connective tissue density in the atitreus layer was detected. After 30 injections of
Pb(NG)., on the contrary, a local increase in the derditgollagen fibers and fibroblasts was observed
(the connective tissue density in the adventitithefPb%.sonm NP group was lower). The morphometric
study confirmed the morphological changes: thektigéss of the aortic wall statistically significantl
decreased in both PbS NP groups, compared to tofrirébSoe-sonmNP group, the thickness of the
adventitial layer is less than that of BoS.mNP group and Pb(N£) (Table 1). In the Pb(N£) group,
guantitative and morphological changes in aorteeviess pronounced (wall thickness decreased, but th
relative content of adventitia remained at the ll@festatistical error). Slight reduction in thember of
elastic membranes in tunica media of aorta is elesein all groups, especially with PRSsmNP and
Pb(NG). expose.

Note: 1 - control group; 2 - PRSsnmNP group; 3 - PbggonmNP group; 4 - Pb(NE),; < elastic membranes of tunica media; Adv - adventitia.
Hematoxylin-eosin, obj. 40, oc. 10.

After 60 injections, all structural samples showgdilar structural changes as in the previous term,
as well as the tendency of decreasing density efdfnuctural elements of the adventitia after the
introduction of Pb. Additionally, focal disorgantian of the tunica media (delamination, edema, céidn
of cell nuclei between elastic membranes) and arbsiuced density of elastic membranes were ftedlea
in all experimental group. Especially these matidfiisns are significant in Pb&anmNP and Pb(NE)-.
experimental animal groups. After 60 injection®dS0-so0nmNP, the tendency of the aortic wall thickness
to increase due to the development of structurahghs (loosening of collagen fibers) of the adviahti
layer and elastic membranes in the tunica mediaesteblished.

Currently, there is insufficient data on the togftects of lead NPs on the cardiovascular system,
S0 it is important to study the features of cardi&mular toxicity in order to prevent possible nagatffects
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of lead nanoparticles on the health of the poputatiFerreira de Mattos G. et al. explain the
morphofunctional disorders of the heart in peopiiecéed by lead poisoning, disorders of cardiac
excitability, the appearance of a negative inot@fect, and increased diastolic tension [5]. @elatable

is the question of the dependence of lead NP tyxici their size. Thus, Qingzhao et al. expresew of

the dependence of a greater degree of lung lesidiPof smaller size, in particular 30 nm [11]. lowisky
S.P. et al. found that 12.5 nm PbS NP compare@®@onin NP have a greater area of interaction wigh th
structural elements of the skin and thus increisepermeability through the skin and toxic effemtghe
liver, kidneys and heart [9]. It is already estsidid that Pb NP accumulate in tissues, crystaltize,
phagocytozed by siderophages, causing hydropicaptst of organ cells having dose-dependent toxicity
[3]. Lebedova J. et al. found that lungs and kidgnase more sensitive to Pb NP than liver and beaid,

Pb NP toxicity was correlated with oxidation andmased glutathione [8]. The latter is explainedhzy
development of oxidative stress and a decreaskerattivity of antioxidant enzymes, which leads to
dystrophic and proteolytic processes [11]. In own@xperiments, we found damage to the myocardium
and the aorta wall due to the action of Pb compsimdanoscale and ionic form, and observed a teryde
for progressive morphological changes after 60ctipas, which was manifested by a decrease in the
number of nuclei of cells in the walls of some addium caliber vessels in myocardium and bloodfili

of ventricle capillaries. The decreasing of thediignof cardiomyocyte cytoplasm (in the inner las/ef

the myocardium, while the outer layers remained anoompact) may indicate a damage of the
cardiomyocytes contractile elements and their destm against the background of NP Pb exposure.

Table 1
Results of morphometric investigation of the aortiavall in control and experimental groups (Me [Q1-Q3)
Aorta wall thickness, T.adv. thickness, Comparative Number Of. elastic .
Group amount of collagen| membranes in t.media,
mkm mkm ! .
fibers in t.adv., % conv. un.

Control group 230.1 97.3 42.2 11 [10.2-11]

[220.7-240.7] [85.3-110.7] [38.3-46.1]
PbS6-3anm NP — 30 199.0 70.2 35.3 8 [8-9]
injections [185.5-220.0] * [63.8-71.9] * [29.2-38.8] *
PbSo-sonm NP — 30 193.4 57.1 29.3 9[9-9]
injections [171.9-200.4] * [42.1-60.8] * [24.5-30.4] *

P<0.05m10 Pbl. Pb3 P<0.0510 Pbl
Pb(NG)2 - 30 193.2 85.9 44.6 8 [8-9]
injections [171.6-205.4] * [67.0-99.6] [38.0-47.7]
PbS6-3anm NP— 60 183.2 51.1 28.4 9[9-9]
injections [176.2-201.8] * [46.1-62.6] * [25.0-31.8] *
PbSo-sonm NP — 60 2155 82.8 38.3 9 [8-10]
injections [200.1-223.3] [60.6-96.3] [30.2-43.1]
P<0.0510 Pbl

Pb(NG). - 60 197.0 68.2 346 8[8-8]
injections [192.1-198.2] * [56.4-72.1] * [29.3-36.3] *

Note: * - statistically significant differences cpared to control (P <0.05)

Our results are confirmed by other authors. Thystahic changes of arteries and capillaries
(paretic enlargements and spasmodically constriegsdels), blood stasis in capillaries, red bloelsc
aggregation and development of cardiomyocyte dghiyon the form of appearance of cells with sighs o
their contractural damage were revealed [9]. Onb@efong-term effects of lead toxicity on cardisgalar
system is the restructuring of the connective &ssiithe aorta, capillaries, and myocardium, whgh
identical to changes in accelerated aging of thegans. As a result of the damage to an elast@asarof
vessels there was development of aortic delaminatial its aneurysm [4]. Disorganization of the iaort
tunica media was detected in the Ragm and Pb(NG). groups, as well as changes in connective tissue
in all study groups. According to the results of thorphometric study after the introduction of PB N
there was found statistically significant decreafsthe thickness of its wall, after 30 and 60 itijgas (an
average of 15.6% and 14.3%), which is associatduavecrease in the thickness of the adventitayes
and a slight reduction in the number of elastic ftnemes in its tunica media. This may indicate a
suppression of the development (morphogenesi$ieof@nnective tissue against the background ofPb N
exposure.

Prolonged administration of PaS4nmNP and Pb&-sonmNP groups to rats caused damage to the
myocardium and structural changes of the aorta,wallich consist in cardiomyocyte dystrophy,
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delamination of the elastic membranes of tunicaimgdaorta, and a decrease in the content of attivee
tissue in tunica adventitia.
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KAPJIOBA3SOTOKCUYHHUIM E®EKT BBEJEHHS
HAHOYACTHOK CBUHIIIO PI3HUX PO3MIPIB
I'ybap 1.B., JlaBpunenko B.€., Uyxpaii C.M.,
Casocbko C.1., Cokypenko JI.M., Anuxtina O.J1.,
SBopoBebkmii O.11.

Y  ekcnepuMEHTax  JOCTIDKYBAIH  KapIioBaso-
TokcHyHy Aif0 HY (HAHOYAaCTHHOK) CBHHIIIO PO3MipoM 26-
34 um Tta 50-80 HM. Mopdonoriuni Ta mMopdomerpHdHi
Meroan Oyii BHKOPUCTaHI Uil BHSBICHHS CTPYKTYPHHX

3min cepus ta aoptu uepe3 30 i 60 Beemenr HY Pbh.

Pe3ynbraté eKCHIEpUMEHTIB BKa3yIOTh Ha IONIKOUKCHHS
MiOKapay cepus, SKi IOJATaloTh y  30LIBIICHHI
IHTePCTULIIHHOTO NIPOCTOpPY MDK BOJIOKHAMH
KapAioMionuTiB, TUcTpodil KapAiOMIOLHTIB, CTa3y KPOBI y
MIKpOCyIMHAaX LUTyHOYKIB cepiisi. BusiBieHo OiiblIy

Yy TIIMBICTH MiOKapy mepezcepas 1o Tokcuuroi aii HY Pb.

CTpyKTYpHI 3MiHM aoOpTH TIONSTalH y pO3IIapyBaHHI
eIaCTHYHUX MeMOpaH, 3MEHIICHHI MIUTBHOCTI CHONTYyYHOT
TKaHWHY aJBEHTHIIIHHOI OOOJIOHKY Ta MaJli TEHIEHIIIO 10
MIPOTPECYFOUYHX 3MIH.

KxarouoBi cjoBa. CcBHUHEND,
MopdooriyHi 3MiHH, a0pTa, MiOKapA.

Pb, HaHOuacTHHKH,
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KAPJIAOBA3OTOKCUYECKHUA YPPEKT BBEJIEHUS
HAHOYACTHUYEK CBUHIA PA3JIMYHBIX PASMEPOB
I'yoaps U.B., Jlappunenko B.E., Uyxpaii C.H., CaBocbko
C.H., Cokypenxko JI.M., Ansixtuna E.JI., SIBopoBckmuii A II.

B skcnepuMeHTax HCCleNOBalld KapIHOBa30TOKCHYECKOE
neiicreue HY (HaHouactuir) cBuHIA pasmepoM 26-34um u 50-80
HM. Mopodonoruueckie 1 MOPHOMETPUUECKHE METOIbl ObUTH
HCHOJNBb30BaHbl Il  OOHApPYKEHUSI CTPYKTYPHBIX H3MEHEHHIl
cepaua u aoptel uepe3 30 u 60 BBexenuit HU Pb. Pesynprater
SKCIEPUMEHTOB YKa3bIBAIOT Ha MOBPEXKJECHHUS MHOKap/a Cepla,
KOTOpBIC 3aKIIOYAlOTCS B YBEIMYCHUHM HWHTEPCTULIHAIBHOTO
MPOCTPAHCTBA MEXIY BOJOKHAMH KapIHOMHOLTOB, TUCTPO(UH
KapIMOMHOLIUTOB, CTa3a KPOBH B MHKPOCOCYJAaxX JKENyJZOYKOB
cepaua. BbisBIeHO OONBLIYI0 YyBCTBHTEIBHOCTH MHOKap.a
npezcepanii Kk Tokcmdyeckomy geiictsuro HU Pb. CtpykrypHbie
H3MEHEHHS aOpThl 3aKIIOYAINCh B PACCIOCHHUM DJIACTHYCCKHX
MeMOpaH, YMEHBLICHHH IUIOTHOCTH COCJMHUTCIBHONH TKaHH

aJBCHTHLHMAIBHON  OOOIOYKM M  HMEId  TEHACHLIUI0 K
MPOTPECCUPYIOIINM U3MECHECHUSIM.
KinoueBble  ciaoBa:  cBuHel, Pb, HanowacTHIbI,

MOp(hOJIOrnuecKue N3MEHEHNs, a0pTa, MHOKap/I.
Penenzent €pomenko I'.A.
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