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nmimpaneHonaTii, TemaTocIUIEHOMeramii 3 ypaXXeHHIM
LTYHKOBO-KHIIIKOBOrO  Tpakty.  Mopdororiuni  Ta
ricronoriudi 3MiHM BHYTpIIIHIX OpraHiB y jited 3
JIeTaJIbHUM 3aBEPLICHHIM 3aXBOPIOBAHHS
XapaKTepH3yBaJINCSI HEPIBHOMIPHMM KPOBOHAIIOBHEHHSIM,
HaOpsSKOM 1 KpOBOBWJIIMBAMH B CJIH30BYy OOOJOHKY
BHYTPILIHIX Oprasis, IUCTPOdIYHIMEI 3MiHaMH
MapeHXIMaTO3HUX OpPraHiB, YTBOPEHHSM KOHIJIOMEpATiB
TiM(paTHYHUX BY3JiB 3 AUITHKaMU HEKpo3y. OTpuMaHi AaHi
CBi4aTh, IO JIETANbHI BHUIIAJKH KHUIIKOBOI'O €PCHHIO3Y
3yCTpidanucs y OiTeld paHHbOTO BiKy Ha TJi OOTSXKEHOTO

JTUM(aFCHOIATHH, TeraTociuieHoMeranu ¢ nopaxenneM JKKT.
Mopdosnorudyeckie U TUCTOIIOTHYECKUE U3MEHEHHsI BHYTPEHHUX
OpraHoB y JIeTeil ¢ JeTalbHbIM 3aBEpIICHHEM 3a00JeBaHUSL
XapaKTepH30BAlICh  HEPAaBHOMEPHBIM  KPOBEHAINOJTHEHHEM,
OTEKOM U KPOBOM3IIUSIHUSIMH B CIIU3HCTYIO 000JIOUKY BHY TPEHHHX
OpraHOB, MUCTPO(PUUSCKUMH H3MEHEHUSIMH ITapeHXUMATO3HBIX
OpraHoB, 00pa30BaHUEM KOHITIOMEPATOB JIUM(ATHYECKUX Y3JIOB C
ydJacTkamu Hekpo3a. [TorydeHHble TaHHbIe CBUIETENBCTBYIOT, YTO
JieTaTbHbIE CITy4Yad KUIIEYHOTO HePCHHN03a BCTPEUaluCh Y AeTeH
paHHEro Bo3pacra Ha (JOHE OTATOIIEHHOTO PeMOpOuIHOro GoHa
1 COIMYTCTBYIOMIEH MAaTOIOTHH.
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The purpose of the experimental study was to déterrthe impact of cadmium chloride on the overallirse of
cardiogenesis with intragastric administration tlyloout the entire pregnancy period in rats. Expental studies were carried
out on female Wistar rats. To simulate the effdata@imium chloride throughout the pregnancy, Wistanale rats were daily
administered the aqueous solution of cadmium dlidgrér osvia a probe at the dose of 1.0 mg/kg. The cartibfedex growing
in the group of exposure to cadmium chloride inisaan increase in the cardiac weight in the grmehen the embryo body
weight is reduced due to intoxication. Microscoplican 12.3% of rats the atrium endocardium hypasia was detected in the
group exposed to cadmium chloride at the indicdtesk. In 26-29% of rats cadmium chloride also ¢echtanges in the formation
of the embryo heart ventricles wall: thickeninglafth the compact and trabecular myocardium layadsthe formation of
abnormal forms of trabeculas.

Key words: cardiogenesis, myocardium, heart ventricle, atricamium.

The study is a fragment of the research project fihmfunctional state of organs and tissues of expental animals
and humans at ontogenesis in the normal and underirifluence of external and internal factors”, t&taegistration No.
0117U003181.

The urbanization growth inevitably leads to theimnmental conditions complication in the areas
occupied by industrial enterprises, transport higysy as well as in the adjacent territories. The
environmental changes in industrialized countressessitate intensive studies of the environmeatabfs
impact on biological objects. In most industriatizeountries, the priority eco-toxicants are heawtats
and, in particular, cadmium compounds, which asé\edigested by plants in sufficiently large amtsyn
enter the bio-systems and have the property tonaglaie in the body [1, 2]. Despite significant acdves
in the diagnosis and treatment of many cardiovascsystem (CVS) diseases, in the whole world,
including our country, their incidence continueggtow in adults and children [3, 10]. Over the p2ist
years, the prevalence of cardiovascular pathologyrg the population of Ukraine has grown by 3 times
and its mortality rate has grown by 45% [7]. At #eme time, according to the World Heart League,
Ukraine is among the first in the European coustingerms of mortality from blood circulation asitloke
diseases.

In Ukraine, since the mid-1970s and until 2016 usole, over half of deaths are due to blood
circulatory system diseases. In 2016, mortalityrfithe causes of this class reached 920.3 per 1@0f00
population [7]. On average, today up to 73.3% bfaahl cases in Ukraine fall under three main eausf
death: circulatory system diseases, external cafs#sath and neoplasm [7].

The results of numerous studies confirm that onthefetiopathogenetic causes is the impact of
environmental factors: emissions from industriakeprises and vehicles, radiation pollution, agtical
chemistry, use of dyes, preservation agents aret otiemical additives in food production [6, 9].

However, the influence of cadmium compounds ondiénelopment of cardiovascular sytems is
an underinvestigated field, both in experimentatphology and in medicine. In a number of studies by
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M.P. Chekunov et al. [5] it was found that withralpnged presence of the increased concentratibns o
the potentially toxic stibium element in the botlyere occurs a change in the QRS complex, increased
voltage of P and T waves, and shift of the ST wdakabove the isoline. The authors distinguish the
studied metals by the mechanism of pathogenetiocraoh the myocardium: 1) those who do not possess
selective cardiotoxicity and are characterized tyaly thiol mechanism of action (lead and copper);
and 2) those with the pronounced cardiotoxic actioough the catecholamine mechanism (cadmium
and cobalt).

In sub-acute and chronic experiments on the cadnsalts impact in animals, disorders of the
cardiovascular system were observed as well aathé¢hat the observed functional disorders aredas
biochemical changes, in particular, reduction & tftycogen level, enhancing of glycolysis processes
growth of the pyruvic acid concentration in the rogaium, decrease of the lactate dehydrogenasetacti
growth in the activity of lysosomal hydrolases, ghloorylase, acid phosphatase, disorders of the nor
adrenaline and adrenaline metabolism, significaateiase in the activity of monoamine oxidase, acidi
ribonuclease and phosphatase, phosphorylase dmepsais [8, 4].

Thus, the topical field of morphological experimedrgtudies is the detection of a range of disorders
in the embryo cardiac morphogenesis under the ilngfazadmium chloride on the pregnant female.

The purposeof the study was to experimentally determine thénasium chloride impact on the
overall course of cardiogenesis with intragastdmanistration throughout the entire period of praigey
in rats.

Materials and methods Experimental studies were performed on female Wiata (“Dali” vivarium,
Kyiv). The choice of these laboratory animals astualy subject is due to the low level of spontaseou
developmental defects (0.02-0.85%) compared to (0i6d-15.7%) and rabbits (0.74-4.2 %) [1].

To simulate the effect and the toxic impact of da&lmium chloride exposure throughout the
pregnancy period, the female Wistar rats were aidteired daily with a cadmium chloride solution (1.0
mg / kg)per osvia the probe. We have selected a dose approatiengne that can enter the body from
the environment when it is polluted with cadmium.

In compliance with the conditions and requiremaiftembryonic experiments, we have provided
a complete diet, drinking water and due care ferfémales; the of metal solutions administering (e
probe) was carried out from the first day of pregnyadaily, at the same time of day (from 10 to dRris).

For embryonic study, females with a dated pregnasicy were obtained using the vaginal smear method,
which permitted to determine the oestrus cycleestag

At the stage of proestrus and oestrus, males waneggl in cages with females in the amount of 1:
3. The first day of pregnancy was established baseithe detection of sperm in a vaginal smear.i@n t
13th and the 20th day of pregnancy, an operatevegsiter was performed. The embryo rats were taken
from the uterus, checked for the “live-dead” tegtighed, photographed and fixed by the 10% neutral
formalin solution (fig. 1).

'\

To determine the impact of cadmium
chloride on the course of cardiogenesis,
the removal of the heart was performed in
fixed embryos of rats of the 20th day in
the control and experimental groups. The
heart was examined from the outside for
compliance with the stage of
development: the atrial auricula
formation, the heart sulcuses and its
shape and location in the thoracic cavity
were determined. Then the determination
of the heart weight and its filling into
paraplast were performed according to
the above factors on the course of
cardiogenesis on the 20th day of
cardiogenesis, we calculated the

Fig. 1 Rat embryos with placenta on the 13th daglesfelopment, removed cardiofetal index: the ratio of the heart
from the uterus: A - control group; B - group opesure to cadmium chloride. The

photo is made on a gauging surface to comparezbethe length of the square wall W€ight to the fetus weight, expressed as a
is 10mm. percentage.

The obtained results were processed by the vaniatatistics method. The reliability of statistical
studies was assessed using the Student’s t-criterio
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Animal studies were carried out in accordance \hitn “General Ethical Principles of Animal
Experiments” (Kyiv, 2001), which comply with the Bpean Convention for the Protection of
Experimental Animals (Strasbourg, 1985).

Results of the study and their discussiori-ormation of the ventricle walls and the heart ghap
forming processes in rats on the 13th day of end®gesis is due to the ventricular wall delaminatidme
process of heart septation begins by stratificafd@lamination) of the ventricular myocardium’s epp
part, and in the cusps formation, a significanenigl played by endocardial pads: provisional organs
future atrial-ventricular valves. Simultaneouslhtiwihe formation of the atrial-ventricular lumenwes
formation of the heart papillary-trabecular appasaiccurs. The myocardium, as a result of delamoimat
is divided into 2 layers: the internal one, whitdgether with the endocardial pads remnants, gigeso
the valve cusp, forms the primary chordae tendirza the primary papilliform muscles; and the
myocardium external layer, which becomes a sulestiatming the compact myocardium and heart
trabeculae.

Thus, the formation of chordae tendinae, trabecutgrocardium, and the ventricular
papilliform muscles is the unitary process thatwscwith the separation of the valve cusps in the
process of delamination. It is during this peribattcardiogenesis is actively undergoing rebuilding
of the embryonic heart’s primary myocardial venitar layer and formation of the compact and the
trabecular layers of the heart wall. Under the cam chloride impact, on the 13th day of
embryogenesis, the thickness of the ventricle wals 26-29% compared to that in the control group
(fig. 2). Such significant thickening occurred baththe compact and in the trabecular layers of the
myocardium.

With an external examination of
the removed embryonic hearts
on the 20th day of
embryogenesis, we have not
detected external developmental
defects of the heart, though the
study of the cadmium chloride
effect on the heart development
revealed certain deviations in
cardiogenesis compared to the
control group. Disorder of the
cardiogenesis  course  has
already been detected at the
. _ S SRSt T level of determining the rat
oy of o Y e b Sy e b ! e rggTDTYOS” heart weight, €. in
exposured to cadmium chloride. Magn. x 400. Stajliphematoxylin according to Heidenhainth®  cadmium  intoxication
Labelling: 1 - heart ventricle, 2 - endocardial pad group, not only the embryos’
body weight reduction itself, but also a reliatecrease in the heart weight veaserved. In order to
exclude errors concerning the effect of embryosigive and their hearts weight reduction on the
cardiotoxicity indices, we calculated the cardiaféndex on the 20th day of embryogenesis, i.¢haend
of the rat prenatal development (fig. 2).

Table 1
Values of the cardiofetal index and the number andaveight of rat embryos on the 20th day
of development in the experiment
Index Control Group exposed to the cadmium chloiragact

Number of live fetuses per 1 female 9.50+0.13 70884+

Body weight of 1fetus, g 2.76+0.07 2.72+0.08

Embryo heart weight, mg 34.08+0.53 34.80+0.58

Cardiofetal index 1.23+0.02 1.33+0.04

Notes: * -p<0.05;compared to the control group.

As it is shown by the analysis of the results atgeiwith the cadmium chloride impact on pregnant
females, there are changes not only in the numbkveoembryos in the litter, but also changeshe t
massometric indices of the embryos themselves., dwmspared to the control group, a reliable reduncti
in the number of live embryos was determined inglamup exposured to cadmium chloride, though the
mean indices of fetus weight and the heart weigli o reliable difference (table 1). An increas¢him
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cardiofetal index in the group exposured to cadmalnforide indicates an increase in the cardiac ktsig
in the group when the body mass of the embryodaaed due to the intoxication.
¥ Histological studies have shown that

changes in the atria and ventricles
structure have been detected in the
cadmium chloride impact group. In 12.3%
of the examined sections, hyperplasia of
the atrial endocardium was determined
(fig. 3), with the ventricular endocardium
remaining normal. The hyperplasia
processes may indicate the formation of
compensatory mechanisms by the
endothelium in response to the toxic
effects of cadmium chloride during
embryogenesis.

Cadmium chloride also caused
changes in the development of the

Fig. 3. Microphotography of the rat embryo heariuat on the 20th day of ve_ntnc[es, namely’ we observed a
embryogenesis under the exposure to cadmium chlorsiperplasia of the atrial thickening of both the compact and
endocardium. Magn. x 400. Staining by hematoxyticcading to Heidenhain. trabecular layers of the both ventricles

myocardium in 26-29% of the experimental group.alidition to the thickening, the formation of
stratifications in the trabecular myocardium arelfttrmation of abnormal forms of “claviform” trahdae
were also determined (fig. 4).

Such disorders in the
formation of the compact
and trabecular myocar-
dium indicated the
negative effects of the
substance under study at
the early stages of
cardiogenesis, in particular
on the processes of
myocardial delamination,
resulting in the formation
of not only trabeculae, but
also the papilliform
muscles of atrial-
ventricular valves.

: Thus, the study of the
Fig. 4. Microphotography of the rat embryo hearttviele on the 20th day under the cadmiu ; ; i

chloride impact. A. Stratification of trabeculae;Brmation of “claviform” thickenings in the veittie "tadmium chloride Impact
trabeculae (indicated by arrows). Magn.x 400. $taily hematoxylin according to Heidenhain. on the overall course of

cardiogenesis with intragastric administration dgrihe entire period of pregnancy in rats has teguh
changes of the embryonic heart structure at mano-macro-levels.

Bioavailability and toxicity of metals depend natlypon their overall concentrations, but also on
the form in which they exist. Therefore, a complatelerstanding of the behavior of metals and the
prediction of their potential risk in biologicalsigms and organisms is possible only when all geoatal
forms in which they exist in the environment anddifferent doses and methods of administration are
identified. The influence on the physiological pgeses of a living organism of various salts of dadm
has not only a dose-dependent nature, but alsereiffly affects embryogenesis and developmenteof th
heart. Increasing importance in the developmenieafit diseases in children and adolescents is dgoven
the influence of negative environmental factors {&hich is confirmed by the results of our expetime
Comparison of the results obtained in the experiméth the data of experimental studies of otheéhars
not only complemented the information on the negaéffects of cadmium compounds on the state of
peripheral blood in the formation of adaptive-potitee reactions from the embryo itself in chronffeets
of cadmium [2,5], but also determined the degredashage to the heart of the embryo on macro- and
microlevels at the effect of these doses of thiecaspound.
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The cardiofetal index growth in the group exposiordadmium chloride indicates an increase in
the cardiac weights in the group when the body s embryo was reduced due to the intoxication.

Microscopy has revealed the atrial endocardium tptpsia in 12.3% of the embryos in the group
exposed to cadmium chloride in the indicated d@simium chloride also caused changes in 26-29%
expressed in the embryos’ heart ventricles walhfation: thickening of both the compact and trabecul
layers of the myocardium and the formation of abmadrforms of trabeculae.

Prospects for further research, in our opinion,lirde the immunohistochemical study of embryos lagid brgans after
exposure to cadmium chloride is promising in ortdepredict possible changes in the basic histogempebcesses with cadmium
intoxication of pregnant females.
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3MIHU KAPAIOTEHE3Y
M1 BINIMBOM XJIOPUAY KAJIMIIO
B EMBPIOI'EHE3I IIYPA
Hedwonosa 0.0, HlaTtopua B.®., I'anbnepin O.1.,
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Mera EKCIIePUMEHTAILHOTO JOCIIIJKEHHSI:
BU3HAYWTH BIUIMB Ha 3araJibHUIl XiJ KapaioreHesy
XJIOpUAY  KaaMilo TpH  BHYTPILIHBOILTYHKOBOMY
BBEJICHHI BIPOJOBX BCHOTO MEPIOy BariTHOCTI y LIypiB.
ExcnepuMeHTanbHi  OOCHiIKeHHs OyiaM HpOBEICHI Ha
caMuLpix uiypis Jinii Wistar. s MoJestoBaHHs BIUIUBY
XJIOPUJIOM KaJMIF0 TPOTSATOM BCi€l BariTHOCTI CaMUIISIM
nrypis tinii Wistar moguast per 0Suepes 30H BBOIWIH
BOJHUN PO3YMH XJIOpHUAY Kaamiro B 103i - 1,0 mr/kr.
30inbIIeHHS] TOKa3HUKA KapAiodeTanbHOro iHACKCY B
rpyIi BIUTUBY XJIOPUIOM KaJIMil0 BKa3ye Ha 301IbIICHHS
BaroBUX IMOKAa3HHKIB cepLs B TPYIIi NP 3HIKEHHI MacH
Tina eMOpioHa BHACTINOK iHTOKCHKAIil. MiKpOCKOIIYHO
BusiBiieHO y 12,3%rinepruasis eHIokapay nepencepap B
Ipymi BIUIMBY XJIOPHIOM KaaMil0 B 3a3HAuCHIN H03i.
Xnopua KaaMiro Takox y 26-29%npu3BoauB 10 3MiH B
(dopMyBaHHI CTIHKM IIUIyHOYKIiB ceplsl eMOpIiOHIB!
MOTOBIIEHHS $IK KOMIAKTHOTO TaK i TpaOeKyJspHOro
apiB Miokapay Ta popMyBaHHs aHOMaJIbHHX 32 GopMoro
TpabeKy.I.

Knaouosi cJIoBa: KapIioreHes,
IITYHOYOK CepIis, Hepeacepast, KaaMiil.
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V3MEHEHUS KAPJAMOTEHE3A
MO/ BO3JECTBUEM XJIOPUJIA KAJIMUSI
B DMBPUOTEHE3E KPbICBI

Hegenona E.A., llatopuas B.®., Nanbnepun A.U., Hedenon
A.A., Epomienko I''A., TBepaoxueé U.B.,
I'apen B.HM.

Llenp HKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS.  ONPEICINUTh
BIMSHME Ha OOWIMH XOJ KapauOreHe3a XJIOpWIa KaaMHs IIpU
BHYTPWIKCITyJOYHOM BBEJCHHM B TEUYEHHE BCEro IEpHOJA
0EpEeMEHHOCTH y KpBIC. DKCIEPUMEHTAIbHBIE UCCIIEIOBAHNUS OBLIH
NpoBeJeHbl Ha caMkax Kpeic juauu Wistar. s MopenupoBaHust
BIIMSTHHS XJIOPHJIOM KaJMUs B TEUCHUE BCeH OEPEMEHHOCTH caMKaM
kpbic auHuE WistarexeaHeBHO Per 0Siepe3 30H BBOAMIN PaCTBOP
xyopuza kaamus (B 1o3e - 1,0mr / kr). Uccnenosanue BIUsSHHUS HA
o0IIuii X0/ KapHoreHe3a XJIOpHUAa KaaMus IT0Ka3aJlo U3MEHEHHUs B
CTPOCHUH SMOPHOHAIBHOIO CEpAlld Ha MaKpo- M MAaKpOYpOBHE.
VBenuueHue mokaszarens Kapauo(eTaabHOTO HHIEKCa B TpYyIIe
BIIMSIHUS XJIOPHAOM KaJMHUs YKa3blBaeT Ha YBEJIMYCHHE BECOBBIX
oKa3aTeNei cep/ua B IpyIIe Ipy CHIKEHUH MacChl Tella SMOpHOHa
BCJIC/ICTBHE HMHTOKCHKAIMH. MUKPOCKOIIMYECKH OOHapyXXeHO B
12,3% runeprurasus 3HAOKapHAa NPEACEpAWil B TPyMIE BIIUSHHS
XJIOPUIOM KaJMHS B yKa3aHHOW 103e. XJIOpHI KaJMusl Takxke B 26-
29% npuBomMI K M3MEHEHHMsSIM B (DOPMUPOBAHMH CTCHKH
KEJTYIOUYKOB cep/iiia SMOPHOHOB. YTOJIIEHNE KaK KOMIIAKTHOTO TaK
1 TPabeKyJIIPHOrO CIOEB MUOKapJa U (pOPMUPOBAHHS aHOMAJIBHBIX
o hopme TpabeKyI.

KiloueBble cj0Ba: KapaAHOTeHE3,
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