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ABSTRACT. Background. In modern society, changes in the environment that arise under the influence of anthropogenic
factors, an increase in the number of salts of heavy metals, which are teratogens and can provoke disorders in the develop-
ment of organs, are the object of interest. One such compound is lead acetate. Lead acetate has a high polytropic toxicity. The
heart and the vascular system are sensitive to the effects of lead compounds, during the prenatal and postnatal period. Pur-
pose. To study the ultrastructural manifestations of the cardiotoxic effect of lead acetate on the morphogenesis of the heart.
Methods. On the 1st and 7th day after birth, rat pups were dissected and hearts were taken for electron microscopic examina-
tion. The research was carried out using a transmission electron microscope. Electronograms were obtained by taking ultra-
thin sections on Agfa orthochromatic film. The diameter and bulk density of mitochondria, the length of sarcomeres of con-
tractile myofibrils, and the bulk density of myofibrils were quantified. Results. The structure of the myocardium at the level
of the right ventricle was investigated by the method of electron microscopy. A comparative analysis of the ultrastructure of
cardiomyocytes and morphometric indicators, which may indicate dystrophic changes, was conducted. The decrease in the
density of myofibrils in our own studies was detected already on the first day of the exposure of lead acetate. Changes in the
density of myofibrils on day 7 were not detected, indicating a certain stability of these protein structures. At the same time,
the length of sarcomeres was reduced. These changes should not be considered as a manifestation of the recovery process,
since a significant number of myofibers have suffered damage. The general conclusion is an increase in the destructive
changes in cardiomyocytes during the exposure of lead acetate. Conclusion. Cardiotoxic effects of lead acetate are manifest-
ed by swelling of cardiomyocytes and destructive changes in mitochondria and contractile myofibrils. The detected ultra-
structural disorders are a consequence of the acute toxic effect of lead acetate.
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Introduction

Pathological changes, anomalies and defects in
the development of the organism, which arise as a
result of various factors, including the negative im-
pact of the environmental situation, occupy one of
the central places in modern research. In modern
society, changes in the environment caused by an-
thropogenic factors, an increase in the amount of
heavy metal salts, which are teratogens and can pro-
voke organ development disorders, are the object of
interest. One such compound is lead acetate.

Lead acetate has high polytropic toxicity. The
effect on physiology, organ morphogenesis, and
metabolic parameters was studied in experimental
studies and recorded in patients with acute intoxica-
tion [1]. The heart and vascular system are sensitive
to the influence of lead compounds during the prena-
tal and postnatal period [2]. Many mechanisms have
been proposed to explain lead-induced hypertension,
including changes in calcium and sodium metabo-
lism [3], disturbances in the functioning of the renin-
angiotensin system [4], involvement of the sympa-
thetic nervous system [5], effects on surface gly-
coconjugates of the heart [6] and increased sensitivi-
ty to other compounds [7]. At the biochemical level,
toxicity is explained by a violation of redox balance,
hyperproduction of free radicals, and damage to en-
dogenous antioxidant systems [8]. The study of the
impact on the development of this or that organ in
the embryo after exposure to the mother's body by
such teratogens as, for example, lead acetate is far
from complete [9,10]. In this aspect, comparative
embryology and its experimental research methods
become important.

Purpose

To study the ultrastructural manifestations of
the cardiotoxic effect of lead acetate on the morpho-
genesis of the heart.

Materials and methods

The research material was the heart of rats on
the 1st and 7th day after birth. The control group
consisted of pregnant females who received distilled
water. The experimental group consisted of pregnant
females who received a 2.5% aqueous solution of
lead acetate at the rate of 50 mg/kg of rat body
weight per day. The solutions were administered
daily throughout the pregnancy.

On the 1st and 7th day after birth, rat pups were
dissected and hearts were taken for electron micro-
scopic examination. Heart ventricle samples were
fixed at a temperature of +2°C in a 2.5% solution of
glutaraldehyde in 0.1M phosphate buffer (pH 7.3)
followed by postfixation for 1 hour in a 1% buffered
solution of osmium tetroxide ("SPI", USA). After
dehydration in alcohols of increasing concentration
and in propylene oxide, the materials were embed-
ded in Epon-812 ("SPI-PonTM 812 Epoxy Embed-
ding Kit", USA), and ultrathin sections were made
from the epoxy blocks on an YMTII-6M ultramicro-
tome ("SELMI", Ukraine) placed on support grids
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(Mesh Regular Grid 200). Double contrast was per-
formed using the Reynolds method for 30 minutes.
The research was carried out using a transmission
electron microscope II9M-100-01 ("SELMI",
Ukraine) at an acceleration voltage of 75-90 kV and
primary magnifications from 8000 to 80000 accord-
ing to the scheme described [11]. Electronograms
were obtained by taking ultra-thin sections on Agfa
orthochromatic film at magnifications of x3000 and
%5000, followed by scanning with a high-resolution
Canon CanoScan 9000F scanner to obtain digital
images [Fig.1]. The diameter and bulk density of
mitochondria, the length of sarcomeres of contractile
myofibrils, and the bulk density of myofibrils were
quantified. Morphometric analysis was performed
using Carl Zeiss software (AxioVision SE64
Rel.4.9.1) and Origin 8.0. Before the statistical anal-
ysis, the hypothesis of normal distribution of data in
groups was tested using the Shapiro-Wilk or Kol-
mogorov-Smirnov test. The intergroup difference
was assessed by the Kruskel-Wallis test. The data
are presented in the form of the arithmetic mean (M)
and the error of the mean deviation (m) [Table. 1].

Results and discussion

The structure of the myocardium at the level of
the right ventricle was investigated by the method of
electron microscopy. A comparative analysis of the
ultrastructure of cardiomyocytes and morphometric
indicators, which may indicate dystrophic changes,
was conducted. At the ultrastructural level, structur-
ally intact cardiomyocytes containing contractile
myofibrils, mitochondria and cisterns of the sarco-
plasmic reticulum were recorded in the control
groups. The cytoplasm is granular, without signs of
hydropic edema. The nuclei occupied the central
position of the cell and contained chromatin of vari-
ous levels of organization, with the dominance of
euchromatin, which is a manifestation of active pro-
tein-synthetic processes. Cardiomyocytes were in
close contact with each other. No significant differ-
ence was found between the period of observation
on the 1st and 7th day of the experiment.

Pronounced swelling of the cytoplasm of cardi-
omyocytes and reduction of organelles were found
in the experimental groups. The main manifestations
of the cardiotoxic effect of lead acetate were the
destruction of myofibrils and mitochondria. Some
dependence on the period of exposure to lead acetate
was revealed. Thus, on the 1st day of observation,
mitochondrial fragmentation and stretching of sar-
comeres dominated, on the 7th day of the experi-
ment, sharp swelling and destruction of mitochon-
dria and a lesser degree of damage to myofibrils
were detected [Fig. 1].

The cardiotoxic effect of lead acetate was quan-
tified by the morphometric method. A sharp de-
crease in the volume density of contractile myofi-
brils in the cytoplasm of cardiomyocytes and an in-
crease in the length of sarcomeres for 1 day of expo-
sure were established. The volume density of mito-
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chondria did not differ from the control values, but
their diameter was smaller, which is the result of
fragmentation of the studied organelles. On the 7th
day, the increase in the diameter of mitochondria
and volume density is a consequence of matrix

swelling and destruction of organelle crystals [Table.
1]. That is the results of morphometry confirmed the
ultrastructural manifestations of the toxic effect of
lead acetate on cardiomyocytes.

Fig. 1. Ultrastructure of the myocardium of animals of the control and experimental groups. Swelling and dystrophic
changes of cardiomyocytes, reduction of organelles, destruction of contractile myofibrils, swelling of mitochondria. Note: 1 —
control, 1 day (x5000); 2 — control, 7 days (x3000); 3 — experiment, 1 day (x3000); 4 — experiment, 7 days (x5000); CN —
cardiomyocyte nucleus; NE - endotheliocyte nucleus; ER - erythrocyte. Electronograms.
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Table 1

Results of morphometric assessment of cardiomyocytes under lead acetate intoxication

Group Sarcomere length, Mitochondrial Volume density of  Volumetric density of
mkm diameter, mkm myofibrils, % mitochondria, %
Control, 1 day 1,65+0,04 0,69+0,05 36,08+3,58 5,04+1,29
Control, 7 day 1,51+£0,10 0,62+0,04 32,87+45,12 5,91£1,06
Study, 1 day 1,85+0,04* 0,26+0,02* 11,55+4,41* 4,91+0,48
Study, 7 no6a 1,47+0,03*# 0,66+0,03# 16,33+2,23*" 12,6743 ,95%#/

Note: * - significantly compared to control for 1 day (P<0.05); ~ - significantly compared to the control on the
7th day (P<0.05); # - reliable up to 1 day of the experiment (P<0.05)

The cardiotoxicity of lead acetate on the mor-
phogenesis of the heart was fragmentarily described
in scientific publications [12]. Thus, a decrease in
the thickness of the myocardium of the atria and
ventricles of the heart, thinning of the interventricu-
lar septum and a negative effect on the morphogene-
sis of the aortic valve were found, but the structural
basis of the delay in the morphogenesis of the myo-
cardium remained unclear. Biochemical methods
and in vitro studies can help to understand the causes
of delay and disorders of heart development. An
increase in the level of O2 and the subsequent accu-
mulation of H202 have been shown in the culture of
human endothelial cells [13]. These results prove the
endogenous development of oxidative stress and
explain the mechanisms of endothelial dysfunction
[14]. Dystrophic changes in the endothelium of
blood capillaries of the myocardium have been con-
firmed in previous studies [15,16]. Our results do
not contradict the studies of other authors and fur-
ther expand the understanding of the structural basis
of the cytotoxic action of lead acetate at the stage of
morphogenesis of blood vessels of the heart.

Identifying primary signs of cardiotoxicity is a
difficult task. Thus it is known from literary sources
that the earliest ultrastructural manifestations of
damage to cardiomyocytes are changes in mitochon-
dria. At the same time, the morphology of organelles
can have significant variability, and some of the
forms are related to the mechanism of damage. Thus
a decrease in the electron density of the matrix is
first recorded, then the swelling of the matrix occurs.
Swelling of the cristae ends with their destruction,
which explains the cause of energy deficit in cardi-
omyopathy. Such changes were found in our own
research on the 7th day of exposure to lead acetate.
The destruction of mitochondria was most pro-
nounced in cardiomyocytes with a sharp reduction of
organelles. These changes have a causal relation-
ship. Primary mitochondrial fragmentation appears
to be a response to acute lead acetate intoxication,
and subsequent mitochondrial impairment is caused
by an energy deficit that progresses with duration of
lead acetate exposure. Hyperproduction of free radi-
cals causes lipid peroxidation of organelle mem-
branes [17], which was recorded as destruction of
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mitochondrial cristae. Membrane damage is not the
only consequence of energy deficiency. Proteolysis,
protein degradation is also a manifestation of de-
structive changes. In cardiomyocytes, these changes
are most strikingly manifested in the destruction of
myofibrils. Myofibrils in intact cardiomyocytes are
complexly organized into sarcomeres. Changes in
the length and density of contractile proteins in sar-
comeres are a manifestation of their destruction. A
decrease in the density of myofibrils in our own re-
search was detected already on the 1st day of expo-
sure to lead acetate, no changes in the density of
myofibrils were detected on the 7th day, which indi-
cates a certain stability of these protein structures
[Fig. 1]. At the same time, a decrease in the length
of sarcomeres was noted. These changes should not
be considered as a manifestation of the recovery
process, since a significant number of myofibrils
were damaged

Conclusion

The general conclusion is an increase in de-
structive changes in cardiomyocytes upon exposure
to lead acetate. Thus cardiotoxic effects of lead ace-
tate are manifested by swelling of cardiomyocytes
and destructive changes in mitochondria and con-
tractile myofibrils. The detected ultrastructural dis-
orders are a consequence of the acute toxic effect of
lead acetate.

Prospects for further research

The next stage of work is planned to investigate
the expression levels of immunohistochemical
markers on the morphogenesis of the heart under the
influence of lead acetate.
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leBuenko I.B., Hedproaosa 0.0., KymnapsoBa K.A., Ky3uenosa O.B., Pyrraiizep B.I'., Boiiko O.B.
KapaioToxcnyHa ist aneraty cBHHIIO Ha Mop(oreHes cepusi Ha OCHOBI eJ1eKTPOHHOI Mikpockomii.

PE®EPAT. AxryaibHicTh. B cydacHOMy cycHiibCcTBI 00’€KTOM IHTEpeCy CTAarOTh 3MiHM B HAaBKOJIHIII-
HBOMY CEPEIIOBHIIIi, [0 BHHUKAOTH ITiJ] BIUTABOM aHTPOIIOTEHHUX (PaKTOPIB, 301TBIICHHS KITBKOCTI COJIEH Baxk-
KHX METaliB, 5IKi € TEPaTOreHaMu Ta MOXYTh ITPOBOKYBATH ITOPYLIEHHS PO3BUTKY OpraHiB. ALlETaT CBHHIIIO Ma€
BHCOKY HOJITPOIHY TOKCHYHicTh. Ceplie Ta CyIMHHA CHCTEMa YYTJIMBI JI0 BIUIMBY CIHOJYK CBHHIIO, IIPOTSITOM
NPEHaTaJbHOTO Ta IOCTHAaTAIBHOTO mepiogy. Merta. JlocmimuTy yapTpacTpyKTYpHI MPOSIBH KapAiOTOKCHYHOTO
BIUIMBY alleTaTy CBUHIIO Ha MopgoreHe3 cepus. Meroam. Jlocmi/keHHs TPOBOAMIN 32 JOIIOMOTOI0 TPaHCMi-
ciiinoro enekrponHoro mikpockomna [I9M-100-01 («SELMI», Ykpaina). EnekrpoHorpaMu OTpUMYyBalid, 3HiMa-
I0YM yIBTPa TOHKI 3pi3H i3 MOJANBIINM CKaHYBAaHHIM 3a JOIIOMOTOIO CKaHepa 3 BUCOKOIO PO3JIUIBHOIO 37aTHIC-
T10. KiIbKiCHO OIiHIOBaNM AiaMeTp i 00’ €MHY IIIIBHICTh MITOXOHJPIH, TOBXHHY CApKOMEPiB CKOPOTIMBUX MiO-
¢ibpwi 1 06’eMHy HIiNBHICT MiodiOpui. Pe3yabTaTu. MeToa0oM eNeKTpOHHOT MIKPOCKOTIIi JOCTII)KEHO OyI0BY
MiOKapAy Ha piBHI MpaBoOro HuTyHOuYka. Ha yIbTpacTpyKTYypHOMY piBHI y KOHTPOJBHHX TpyNax PEeecTpyBajH
CTPYKTYPHO HEYIIKO/KECHI KapAiOMIOLUTH, SKi MICTSITh CKOPOTINBI Mio(hiOpuin, MITOXOH/IpIi Ta IICTEpPHNU cap-
KOIUIa3MaTHYHOI CITKH. Y JOCIITHUX TPyIax BCTAHOBJIEHO BHPaXEHHH HAOPSIK IMTOIUIA3MHU KapAiOMIOIHUTIB Ta
penykuito opranes. I'0JOBHUMH NPOsSBaMH KapJi0TOKCHYHOI Aii aieraTy CBUHIIO Oyin AeCTPYKLis MiogiOpwui i
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MitoxoHpiii. Ha 1 mo0y crocTepekeHHs JOMiHYBall O3HAaKH (parMeHTallis MiTOXOHIIPIA Ta pO3TAT capKoMe-
piB, Ha 7 10Oy EKCIIEPUMEHTY BUSABIICHO Pi3KUI HAOPSK i MECTPYKIIiI0 MITOXOHIPIA Ta MEHIIIMKA CTYIiHb MOIIKO-
JoKeHHS Mio(hiOpwir. 3MeHIIeHHS MiTbHOCTI Mio(iOpIII y BIACHUX JOCITIKCHHAX BHABICHO BXe Ha | 100y ekc-
TO3|IIi areTaTy CBUHIIO, 3MiH IMITBHOCTI MioQiOpwin Ha 7 o0y He BHABICHO, IO BKAa3ye HA IEBHY CTIHKICTh
X OLTKOBHX CTPYKTYp. HalOinbIn paHHIMHE yIBTPAaCTPYKTYPHUHUMHE IPOSIBATH ITOIIKOKEHHS KapIiOMiOINTIB
€ 3MiHU MiTOXOHpiH. [IposBOM KapaiOTOKCHYHOI il ameTaTy CBUHINIO € HAOPAK KapIiOMIiOIHTIB Ta JeCTPYKTH-
BHI 3MiHHM MITOXOHAPIH 1 ckopoTimBux Miodiopui. Ilimcymok. 3araJbHUM BUCHOBKOM € 30UIBIIEHHS JIECTPYK-
TUBHHX 3MiH KapAiOMIOIMTIB IIPH €KCIO3ULIT aneraTy cBHHIO. [IposBOM KapJioTOKCHYHOI Aii alieraty CBUHIIIO
€ HaOpsK KapAiOMIOIMTIB Ta JECTPYKTUBHI 3MIHM MITOXOHAPIH 1 ckopoTiMBux Mio¢iopui. Bussieni ynprpa-
CTPYKTYpPHI IIOPYLIEHHS € HACIIKOM rOCTPOT TOKCHYHOT Aii aleTaTy CBHHIIO.

KarouoBi ciioBa: arerar CBHHIO, ceplie, MiOKapA, MaTpUKC, Mio(hiOpHiIM, KapAiOMIOLUTH, CapKOMEpH,
KPHCTH, Kap/li0TOKCHYHA JIisl alleTaTy CBUHIIIO.
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