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The article analyzes the world’s scientific literature on the effects of heavy metals in general and cadmium in particular
on the organism’s morpho-physiological state and the cardiovascular system. Analysis of experimental data and cadmium
exposure indicators in the medical literature prove the negative impact of heavy metals and cadmium salts on the morpho-
functional state of the cardiovascular system and morphogenesis of the heart. The correlation between cadmium body level and
myocardial infarction occurrence and mortality rate has been proven. Recent studies have unequivocally shown that cadmium
can accumulate in the heart, cross the placental barrier, and alter embryonic heart cardiogenesis. The level of cadmium
accumulation in the heart tissue is quite significant and leads to a violation of the trace element composition (dyselementosis),
changing the level of zinc and calcium. The immunohistochemical markers used allowed us to determine that when exposed
to cadmium, there is a change in the basic histogenetic processes of the heart wall of embryos: proliferation, apoptosis, and
vasculogenesis, which provokes myocardial and vascular disorders. A comparison of the presented results of the scientific
literature proves the feasibility and relevance of experimental work to detect the effects of cadmium salts on the functional
state of the heart and blood vessels and cardiogenesis when exposed to cadmium in pregnant experimental animals. Due to
the different design of the study (route of administration, dose, sex, age), most of the results obtained cannot be compared to

draw logical conclusions about the effects of cadmium on the cardiovascular system.
Key words: cadmium, heavy metals, experiment, heart, vessels.

Relationship of the publication with planned
research works. The experimental study was per-
formed as part of research work of the Department of
Medical Biology, Pharmacognosy and Botany Dnipro
State Medical University «Biological basis of organs
morphogenesis and animals under the influence of
trace elements and ultramicroelements in the experi-
ment» (state registration Ne 0118U 006635).

Introduction. Cardiovascular disease (CVD) remains
the leading cause of death worldwide and Ukraine.
Thus, according to the State Statistics Service, in 2021,
the death rate in Ukraine due to CVD was 60 % of the
total number of deaths. In addition, CVD significantly
affects the duration and the quality of life, so the
treatment and prevention of CVD remain one of the
critical tasks of the WHO and the Ministry of Health
of Ukraine. Over the decades, basic clinical, biologi-
cal, and statistical studies have identified the causes
of CVD as age, heredity, gender, bad habits (smoking
and alcohol abuse), stress, nutrition, hypodynamics,
obesity, diabetes mellitus, environmental factors, pol-
lution. In addition, some studies have found that air-
borne particles containing increased amounts of heavy
metals are potentially dangerous to the cardiovascular
system [1, 2].

Extraction of cadmium, often as a by-product of
zinc ores, its widespread use in batteries, pigments,
and solar panels, in the stabilization of plastics has led
to air and soil pollution. Cadmium enters the human
body through the food chain by consuming vegetables,
grains, and meat. The half-life and excretion period are
10 to 30 years, so cadmium has been identified as a
class | carcinogen (International Agency for Research
on Cancer, 2012). Its use is limited by international law.

Heavy metal ions that enter the body from the envi-
ronment can bind to many molecules in body tissues,
including proteins and polysaccharides. In addition,
many of these metals are biologically active and are
involved in a variety of physiological and pathophysi-
ological reactions. As a result of the body’s absorption
of cadmium, it is widely transported and distributed
to tissues and organs. Even in low doses, cadmium has
toxic effects on the nervous system [3, 4], the immune
system [5, 6], the reproductive system [7, 8], and the
cardiovascular system [9].

The study aims to analyze the scientific medical
and biological literature on the cadmium compound’s
effects on the cardiovascular system.

Research results and their discussion. Carroll R.E.
published the first data about the cadmium effects on
CVD development in 1966 [10], which showed a cor-
relation between the average cadmium concentration
in the air and mortality from hypertension and athero-
sclerotic heart disease (correlation coefficient r=0.76).

Recent studies of the cadmium effects on the car-
diovascular disease risk are presented in studies by
Liu Y. and co-authors [11, 12], who proved the corre-
lation between cadmium levels in the body and the
occurrence and mortality of myocardial infarction.
Furthermore, an analysis of the impact of environmen-
tal pollutants with heavy metals such as lead and cad-
mium, which increase the risk of atherosclerotic car-
diovascular disease, revealed the dependence of the
disease state on the dose of heavy metals [13, 14].

Cadmium, getting into the body, forms metal-
lothionein in the liver and develops dispositional
tolerance through binding to metallothionein (MT)
protein. However, elevated cadmium levels lead to
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unbound and free cadmium circulation, inducing toxic
effects. Researchers Lech T. and Sadlik J.K. [15] meas-
ured human tissue cadmium levels in a ten-year study
among non-poisoned populations. Autopsies of the
brain, stomach, small intestine, liver, kidneys, heart,
and lungs were performed. The lowest level of cad-
mium was found in the brain (0.02 pg/g), and high con-
centrations were found in the kidneys (16.0 ug/g) and
liver (1.5 pg/g). MT-bound cadmium is easily absorbed
by the kidneys and can simulate the function and
behaviour of basic metals. In addition, in 2019, when
comparing residents of two cadmium-contaminated
areas with the control region, a connection was found
between osteoporosis, bone fractures, and high levels
of cadmium consumption [16].

Recently, much attention has been paid to the cad-
mium accumulation in the heart and arteries. Thus, a
group of scientists studied different types of human
tissues [17]. Among several samples were tissues of
the left ventricle anterior wall, aortic root, abdominal
aorta, femoral artery of the femoral triangle, inferior
vena cava, and femoral vein of the femoral triangle.
According to the study results, tissues were divided into
three main groups: low, medium, and high cadmium
concentrations. Tissue cardiovascular system samples
showed the ability to accumulate cadmium in medium
and high concentrations: the average concentration
of cadmium (median 50 to 150 mg/kg™) was found in
ascending order in organs and tissues responsible for
immunity, blood vessels, gastrointestinal system, and
lungs; high concentrations of cadmium (median =150
mg/kg?) were found in skeletal muscle (170 mg/kg?),
abdominal aorta (200 mg/kg?), ovaries (270 mg/kg?)
and testicles (340 mg/kg?). The highest cadmium con-
centrations, as expected, were found in the liver (750
mg/kg?) and kidneys (average concentration of renal
medulla 5100 mg/kg?, cortex 6800 mg/kg?) [17]. This
study also demonstrates a wide range of cadmium
transmission into different tissues and organs. Previous
organ studies suggest that cadmium levels are also
affected by gender, age, smoking habits, and other
diseases.

In addition, histopathological studies of the cad-
mium effects on cardiovascular tissue in the labora-
tory showed a significant change in the structure and
integrity of experimental rat’s myocardial tissues [18],
a powerful blood pressure increase, inhibition of vas-
cular response to vasoactive agents, increased aortic
stiffness and hypertrophic remodeling by increasing the
smooth muscle cells number and collagen deposition,
reducing elastin levels and increasing matrix metallo-
proteinase in the medial aortic wall [19], fibrosis and
depletion of collagen fibers and oxidative stress [20].

A group of researchers in the United States evalu-
ated the connection between cadmium intake and car-
diovascular disease in the population using NHANES
(National Health and Nutrition Examination Survey)
data. In the study period from 1988 to 1994, for every

doubling of the cadmium concentration in urine, there
was an increase in mortality from coronary heart dis-
ease in men by 36 %, but no increase in women mor-
tality [22]. However, between 1999 and 2004, cadmium
in blood and urine was associated with increased mor-
tality from cardiovascular disease, including coronary
heart disease, in both men and women [23]. Systematic
analysis of these results confirms the role of Cadmium
as a risk factor for cardiovascular disease, especially
coronary heart disease [24].

It has been shown that Cadmium promotes ather-
osclerosis through oxidative mechanisms [25]. In addi-
tion, Cadmium may indirectly deplete antioxidants
such as glutathione by increasing reactive oxygen spe-
cies [26]. Subclinically, Cadmium is associated with
early atherosclerosis, including greater intima of the
middle carotid artery and carotid plaque in European
women [25]. Like some other heavy metals, Cadmium
directly affects vascular endothelium, accompanied by
the release of endothelin, to which mast cells have spe-
cific receptors and the action mechanism of which on
these cells is associated with activation of calcium ions
through potentially dependent calcium channels [27].

A study of the cadmium effect on the heart devel-
opment during embryogenesis showed that different
heart chambers respond to the influence of cadmium
salts differently due to other hemodynamic loads of
the heart chambers. The right half of the heart does
not carry a sizeable hemodynamic load in the embryo.
The small circle of blood circulation has no load, and
the cadmium influence on the myocardium of this body
part is not pronounced. The left half is more damaged,
associated with a large circle of blood circulation that
performs a more physiological load during embryogen-
esis [28].

Morphological studies of the Dnipro State Medical
University staff, which compared the accumulation
level of different cadmium salts during chronic intragas-
tric administration to pregnant female rats in the same
doses, showed the following. In the group exposed
to cadmium citrate, the accumulation of cadmium
in embryonic tissues is the highest and significantly
(p<0.001) higher than the accumulation in the group
exposed to cadmium chloride, despite the identity of the
dose of cadmium. Analysis of morphological changes in
the embryonic heart with cadmium-mediated exposure
to females throughout pregnancy revealed different
processes of heart development: exposure to cadmium
chloride led to an increase in the compact layer of the
myocardium of all heart chambers interventricular sep-
tum on the background of heart weight loss. Compact
myocardial parameters were restored with the com-
bined administration of cadmium salts with citrates of
zinc, germanium, and selenium, which indicates the
antagonistic nature of the studied substance’s effect on
the cadmium cardiotoxicity [28]. These experimental
studies also evaluated the basic histogenetic processes
of the embryonic heart wall in all groups. The immu-
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nohistochemical marker Ki67 revealed the diversity
of proliferative processes in the heart myocardium of
both experimental groups. Isolated administration of
cadmium chloride on the 20th day of embryogenesis
leads to increased activity of proliferative processes in
the myocardium, which in turn provokes an increase in
heart mass and explains the increase in the cardiofe-
tal index. In the isolated cadmium citrate administra-
tion group, the accumulation of markers did not differ
significantly from the control. However, it was slightly
reduced, indicating inhibition of cadmium citrate prolif-
eration processes and explaining the decrease in cardi-
ofetal index with this method of administration in rats.
In the rat embryo’s hearts, females receiving cadmium
salts throughout pregnancy showed that the highest
level of cadmium accumulation in the embryo organ
complex — the heart-lung complex is observed when
exposed to identical doses of cadmium chloride and
cadmium citrate in different ways. The level of cadmium
accumulation in the cadmium chloride group increased
2.43 times, while the introduction of cadmium citrate
increased the accumulation rate by 12.1 times com-
pared to the control group [29].

Ivano-Frankivsk  National Medical University
researchers have studied the energy metabolism state
in the heart muscle of experimental animals (rats)
under the influence of cadmium chloride. Animal intox-
ication was performed by intramuscular administra-
tion of cadmium chloride at a dose of 1/10 LD 50 for
ten days. The analysis was performed on the 1st, 14th,
and 28th days after the end of toxicant administration.
The following criteria determined indicators of energy
metabolism: ATPase activity, lactate dehydrogenase,
glucose concentration; level of pyruvic, lactic, adeno-
sine triphosphate (ATP) acids; the content of macro-

and microelements (Cd, Zn, Cu, Mg) using an atomic
absorption spectrophotometer. The presented results
indicate increased use of glucose by the heart muscle
anaerobically, as there was an increase in the lactic acid
concentration, which confirmed the data on the devel-
opment of hypoxia under the action of cadmium ions.
At the same time, there was a decrease in the aden-
osine triphosphate level and the activity of ATPase in
heart tissue. The results of studies indicate a violation
of the energy supply of cardiac muscle tissue under
cadmium intoxication conditions [30].

Thus, the world scientific literature analysis proved
the feasibility and relevance of experimental work to
identify the effects of cadmium salts on both the func-
tional heart state and blood vessels and cardiogene-
sis with indirect cadmium effects on pregnant experi-
mental animals. However, due to the different study
designs (method of administration, dose), most of the
results obtained cannot be compared to draw logical
conclusions about the effects on the cardiovascular
system.

Conclusions. Analysis of experimental data and
cadmium exposure indicators in the medical literature
prove the negative impact of heavy metals and cadmium
salts on the morpho-functional state of the cardiovas-
cular system and heart morphogenesis. Furthermore,
these studies are relevant given the diversity of admin-
istration routes, cadmium doses, and the age and sex
of the subjects.

Prospects for further research. In our opinion, it is
perspective to determine the morphological changes
that occur in the heart structure of adult experimen-
tal animals with chronic cadmium exposure and in the
embryo’s hearts that indirectly receive cadmium in the
intoxication of pregnant females.
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BMNAMB CNONYK KAAMIKO HA CTAH CEPLLEBO-CYAUHHOI CUCTEMM (nitepaTtypHuii ornag)

LWaTtopHa B.®., Jlomura J1./1.

Pestome. CepLeBO-CyANHHI 3aXBOPIOBAHHA 3aAMLWAKOTLCA Nigepamm NPUYMH CMEPTHOCTI B YCbOMY CBITi Ta B YKpaiHi.
3a gaHumun Oepxkcraty y 2021 poui NOKasHUK CMePTHOCTI B YKpaiHi yepes xBopobu cepus Ta cyamnH cknas 60 % Big,
3arasibHoI KinbKoCTi cmepTeld. Kpim Toro, cepLeBo-CyANHHI 3aXBOPHOBAHHA CYTTEBO BM/IMBAIOTbL HE /iMLIE Ha TPUBANICTb,
a /N Ha AKICTb XMUTTA, TOMYy /iKyBaHHA Ta npodinaktuka CC3 3a/MIIAETLCA OAHIE 3 KA4YOBMX 3agad BOO3 Ta
MO3 YKpaiHu.

BnpoaoBXk AecaTuniTe KAiHiYHI, 6ionoriyHi, MopdOoNoriYHi Ta CTaTUCTUYHI AOCAIAKEHHS BU3HAUYNAN CEPEs NPUYMH,
LLIO BMK/IMKAIOTb CepLLeBO-CYANHHI 3aXBOPIOBAHHA, BiKOBY CK1af0BY, CMAaAKOBICTb, CTaTb, WKIAAMBI 3BUYKM, CTPEC, Xap-
4yBaHHsA, rinogMHamia Ta 3abpyAHEHHs HaBKONULWHLOMO cepenoBuiLa. Cy4acHUMU JOCNIAKEHHAMMU BCTAHOBEHO, WO
NiABULLEHA KiNIbKICTb BaKKMX MeTasliB B HAaBKOIMLIHbOMY CEPEAOBULLI € NOTEHLiMHO Hebe3neyHuMu gaa cepuLeso-
CYAVHHOI CUCTEMMU.

B cTaTTi NpeacTaBieHO aHaNi3 CBITOBOI HAYKOBOI NiTepaTypu 3 AOCNIAXKEHDb BMANBY BaXKKMX MeTaniB B3arani 1a Kaa-
Mito 30Kpema Ha Mopdo-di3ionoriyHnIA cTaH opraHiamy Ta CEpLLEBO-CYANHHOT cucTemun. AHani3 AaHUX eKCNepuMeHTab-
HUX A0CNiAXKEHb Ta MOKA3HMKIB BNIMBY KagMito B MeAMYHIl NiTepaTypi 4OBOAUTb HEFAaTUBHUI BMNIMB BaXKKMX METaiB Ta
conei Kaamito Ha Mopdo-dyHKLiOHANBbHUIA CTaH cepLLeBO-CYAMHHOI cMcTemMu Ta mopdoreHes cepud. JoBeaeHo Kopens-
Lit0 MiXK piBHEM KagMito B OpraHiami Ta BUHMKHEHHAM i piBHEM CMepPTHOCTI Big, iHpapKTy miokapaa.

JocnifrKeHHA OCTaHHIX poKiB 6e33anepeyHo CTBEPAXKYIOTb, WO KaAMili Ma€ 34aTHICTb HAKOMMYyBaTUCb B CepLi Ta
MWHAE NnaueHTapHUiM 6ap’ep i 3MiHIOE KapaioreHe3 embpioHanbHOro cepuA. PiBeHb HAKOMMYEHHS TKAHMHAMK cepuA
KaZMito [OCUTb 3HAYHWI Ta NPU3BOAMUTD A0 NOPYLUEHHS MIKPOENEMEHTHOTO CKaay (AncenemeHTos), 3miHtoUM piBEHD
LMHKY Ta KabLito. BUKOPUCTAHHSA iMYyHOTiICTOXIMIYHUX MapKepiB 403BONA0 BU3HAYMTH, LLLO NPU BNANBI KagMiem Biady-
BAETbCA 3MiHa 6a30BUX riCTOreHEeTUYHMX NPOLECIB CTIHKM cepusa embpioHiB: nponidepalis, anonTos, BacKy/oreHes, Lo
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NPOBOKYE NOPYLUEHHA PO3BUTKY MiOKapay Ta CyAmMH cepus.

CniBCTaBNeHHA NpeacTaBAeHUX pes3y/bTaTiB HayKoBOI NiTepaTypu AOBOAWTL AOLNBbHICTL Ta aKTyaNbHiCTb npose-
[EHHA eKCneprMeHTaNIbHUX POBIT 3 BUABY BNAUBY CONEN KaAMilo AK Ha CTaH QYHKLiOHAAbHOrO CTaHy cepus i CyauH, Tak
i Ha KapaioreHes Npu BNAMBI KagMiEM Ha BariTHUX eKcnepuMeHTanbHUX TBapWH. Y 3B’A3KY 3 PisHUM AM3aMHOM A0CAi-
[O)KeHHs (cnocib BBeAeHHsA, 403U, CTaTb, BiK) BiNbLWICTb OTPUMAHUX PE3y/abTaTiB HEMOXK/AMBO CMIBCTaBUTU A/ OTPU-
MaHH#A JIOTIYHMX BUCHOBKIB BN/IMBY KaAMito Ha CepLLeBO-CYAUHHY CUCTEMY.

KntouoBi cnosa: KagMiit, BaxKKi MeTann, eKCNepuMeHT, cepLe, CYaUHW.

INFLUENCE OF CADMIUM SALTS ON THE CONDITION OF THE CARDIOVASCULAR SYSTEM (literature review)

Shatorna V.F., Lomyha L.L.

Abstract. Cardiovascular disease remains the leading cause of death worldwide and in Ukraine. According to the
State Statistics Service, in 2021 the death rate in Ukraine due to cardiovascular disease amounted to 60 % of the total
number of deaths. In addition, cardiovascular diseases significantly affect not only the duration but also the quality of
life, so the treatment and prevention of CVD remains one of the main tasks of the WHO and the Ministry of Health of
Ukraine.

Over the decades, clinical, biological, morphological and statistical studies have identified the causes of cardiovascular
disease are age, heredity, gender, bad habits, stress, nutrition, hypodynamics and environmental pollution. Recent studies
have shown that increased levels of heavy metals in the environment are potentially dangerous to the cardiovascular
system.

The article presents an analysis of the world scientific literature on the effects of heavy metals in general and
cadmium in particular on the morpho-physiological state of the organism and the cardiovascular system. Analysis of
experimental data and indicators of cadmium exposure in the medical literature proves the negative impact of heavy
metals and cadmium salts on the morpho-functional state of the cardiovascular system and morphogenesis of the heart.

The correlation between the level of cadmium in the body and the occurrence and mortality rate from myocardial
infarction has been proven. Recent studies have unequivocally shown that cadmium has the ability to accumulate in the
heart and cross the placental barrier and modify the cardiogenesis of the embryonic heart. The level of accumulation of
cadmium in the heart tissue is quite significant and leads to a violation of the trace element composition (dyselementosis),
changing the level of zinc and calcium. The use of immunohistochemical markers allowed to determine that when
exposed to cadmium there is a change in the basic histogenetic processes of the heart wall of embryos: proliferation,
apoptosis, vasculogenesis, which provokes myocardial and vascular disorders.

Comparison of the presented results of the scientific literature proves the feasibility and relevance of experimental
work to detect the effects of cadmium salts on the functional state of the heart and blood vessels, and cardiogenesis
when exposed to cadmium in pregnant experimental animals. Due to the different design of the study (route of
administration, dose, sex, age), most of the results obtained cannot be compared to draw logical conclusions about the
effects of cadmium on the cardiovascular system.

Key words: cadmium, heavy metals, experiment, heart, vessels.
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BMN/IUB CNONYK KAAMIIO HA CTAH CEPLEBO-CYAUHHOI CUCTEMMU
(nitepatypHuii ornag,)

[OHINpOBCbKUIA Aep>KaBHUI meguuHuii yHiBepcuteT (M. OHinpo, YKpaiHa)
verashatornaya67 @gmail.com

B cmammi npedcmasaneHo aHani3 ceimosoi HayKosoi nimepamypu 3 00CAiI0MEHb 8MaAUBY 8AXKUX Memasnie 83az2ani ma
KaOmito 30Kpema Ha mopgo-gizionoziyHuli cmaH opeaHiamy ma cepuyeso-cyOUHHOI cucmemu. AHAsI3 OQHUX eKcriepuMeH-
masbHUX 00Ci0HeHb ma MOKA3HUKI8 8Mausy Kaomito 8 medu4Hili nimepamypi 00800uMs HeaamusHul 8MaAU8 8AHCKUX Mema-
nie ma coneli KAOMIO Ha MOPGO-PYHKUIOHAABHUT cCmaH cepuyeso-cyOuHHOI cucmemu ma mopgozeHe3 cepud. JosedeHo
Kopenauito Mixc pisHem KaoMito 8 Op2aHi3Mi ma 8UHUKHEHHAM | pisHemM cmepmHocmi 8i0 iHpapkmy miokapda. [ocnidxceHHsa
OCMAHHIX poKie 6e33anepeyHo cmeepoXytoms, W0 KaoMili Mae 30amHicmb HaKoONuU4y8amuce 8 cepyi ma MUHAE MAAueH-
mapHuli 6ap’ep i 3miHIO€ KapdiozeHe3 eMbpPioHAbHO20 cepys. PiseHb HOKONUYeHHA MKAHUHAMU cepysa Kaomito 0ocumes 3Ha-
YyHul ma npu3sodume A0 NOpPyWeHHsA MiKpoenemeHmMHo20 cKAady (OucenemeHmo3s), 3MiHIOKYU pieeHb YUHKY Ma Kaabuyito.
BUKopucmaHHsA imyHoz2icmoximiyHux mapkepie 00380s1Us10 8U3HAYUMU, U0 NpU 8rausi Kadmiem 8idbysaemocs 3miHa 6a3osux
2icmoeaeHemMuYHUX rpoyecie cmiHKu cepys embpioHis: nponighepayis, anonmos, 8acKyn02eHe3, W0 MPOBOKYE MOPYUEeHHSA PO3-
8UMKy miokapdy ma cyOuH cepys. CriecmasneHHA NpedcmassaeHuUx pe3yabmamis HayKosoi simepamypu 00800Umb 00yisnb-
Hicmb ma akmyasbHiCMb NposedeHHsA eKcriepumeHmanbHux pobim 3 eussy erausy coneli KAOMito AK HQ CMAH PyHKUIOHAsb-
HO20 CMaHy cepuys i CyOuH, Mak i Ha KapoiozeHe3 npu 8rnausi KAOMIEM HA 802iMHUX eKCriepuMeHmanbHUX meapuH. Y 38°a3Ky
3 pi3HUM Ou3aliHom 0ocniorceHHA (crocib esedeHHs, 003U, cmame, 8iK) binbWiCMb OMPUMAHUX Pe3yaAbmamie HeMOX(UBO

cniscmasumu 0158 OMPUMAHHSA /102iYHUX BUCHOBKIB 8/1UBY KAOMIlO Ha cepueso-cyOUHHY cucmemy.
KntouoBi cnoBa: kaomill, saxcki memarnu, ekcriepumeHm, cepye, CyouHuU.

38’A30K ny6nikauii 3 nNAaHOBMMM HAYKOBO-
pocnigHumu pobotamu. EKcrnepumeHTasnbHe p[ochi-
OXKEHHA BMKOHAHO Yy paMKax HAyKOBO-AO0CNiIAHOI
poboTn Kadenpu meanyHoi 6ionorii, apmaKkorHosii Ta
6oTaHikm A3 «AMA» «BionoriyHi ocHoBM mopdoreHesy
OpraHiB Ta TBAPWH MiA BNIMBOM MIKPOE/EMEHTIB Ta
YNbTPaMiKpOenemMeHTiB B ekcrnepumeHTi» (N2 geprkas-
HoT peecTpauii 0118U 006635).

Bcryn. CepueBo-cyanHHi 3axBoptoBaHHaA (CC3) 3anu-
LWAOTbCA Nigepamn NPUYMH CMEPTHOCTI B YCbOMY CBITI
Ta B YKpaiHi. Tak, 3a gaHumu Lepkctaty y 2021 poui
NOKa3HMK cmepTHOCTI B YKpaiHi yepe3 CC3 cknas 60 %
Bif, 3aranbHoOi KinbKocTi cmepTtent. Kpim Toro, CC3 cyT-
TEBO BMN/IMBAIOTb HE NINLLE HA TPUBANICTb, @ 1 Ha AKiCTb
KUTTA, TOMY NiKyBaHHA Ta npodinaktuka CC3 3anunwwa-
€TbCA OAHI€0 3 KNtoYoBMX 3aaa4 BOO3 ta MO3 YKpaiHu.
BnponoBx gecATMNiTb 6a30Bi KANiHiYHI, BionoriyHi Ta
CTAaTUCTUYHI OOCNIAXEHHA BU3HAUUAUM cepen, MPUYUH,
Wo BUKAMKatOTb CC3, BiKOBY CK/aZoBY, CMaZKOBICTb,
CTaTb, WKIgAMBI 3BMYKM (NaniHHA Ta HagMipHe B¥XKu-
BaHHA a/IKOTO/0), CTPEC, XapuyyBaHHA, TinoguHamis,
OXUPiHHA, LyKpoBMIi giabeT Ta 3abpyaHEHHA HaBKO-
NNWHbOro cepefosBuwia. [leAaki gocnigKeHHA BCTaHO-
BW/IN, LLLO YACTKM B NOBITPI, LLLO MiCTATb NiABULLEHY KifNb-
KiCTb Ba*KKMX MeTasniB, € MOTEHLiNHO Hebe3neyHumu
ANA cepueBo-cyaAnHHOI cuctemu [1, 2].

BuaobyToK Kagmito, 4acto B AKOCTI NobiYHOro npo-
OYKTY UMHKOBMX pyA, MOro LMPOKE BUKOPUCTAHHA
y baTtapesx, nirmeHTax, COHAYHUX NaHensax, y crabini-
3auii N1acTMKy Npu3Beno Ao 3abpyaHeHHA NoBITPA Ta
rpyHTY. Mo TpodiyHMX nNaHUtorax Kagmih HagxoguTb
Yy OpraHiam N0AMHM i3 BXMBAHHAM OBOYIB, 3epHa Ta
m’sca. Mepiog HaniBpo3nafy Ta BUBEAEHHSA CKNAAAE
Bia 10 go 30 pokiB, came ToMy Kaamili 6yB BU3HAYEHU M

AK KaHueporeH | knacy (MixHapoaHe areHTcTBO A0Ci-
OxeHb paky, 2012 p.) i Moro BUKOPUCTAHHA 0BMEXKEHO
Mi>KHAaPOOHMM 3aKOHOZABCTBOM. |OHM BaKKMX meTa-
NiB, AKI MOTPanAAlTb B OPraHiam 3 HABKOJMLIHBbOIO
cepefoBULLLIA, MOXKYTb 3B’A3yBaTMCA 3 BaraTbma mone-
Kyflamu B TKaHWHaX OpraHiamy, BKAwYatouu 6ifku Ta
nonicaxapunan. Kpim toro, 6arato umx metanis € 6iono-
rYHO aKTUBHMMMU i BepyTb y4acTb B Pi3HOMAHITHUX i3i-
onoriyHunx Ta natodizionoriyHMx peakuiax. Y pesynbrari
NMOMMHAHHA OPraHisMOM KagMito, BiH LUMPOKO TpaH-
CNOPTYETbCA | PO3NOAINAETLCA NO TKAHMHAX | opra-
Hax. HaBiTb y HM3bKUX A03aX KagMih MaA€ TOKCUYHWI
BMNAMB Ha HepBOBYy cucTemy [3, 4], imyHHY cuctemy [5,
6], penpoayKTUBHY cuctemy [7, 8] Ta cepLeBO-CyANHHY
cuctemy [9].

MeTta pocnigeHHA. [lpoBecTn aHani3 HayKoBoi
mepgmKo-6ionoriyHoi  niTepatypu WOAO pe3ynbraTiB
BMJINBY CMOAYK KaAMito Ha CEPLEBO-CYAUHHY CUCTEMY.

Pe3ynbTaTM AOCNigKeHHA Ta iX 06GroBOpeHHS.
Mepwi AaHi Woao BNAMBY Kagmito Ha po3suTok CC3
6ynn onybnikosaHi Carroll R.E. y 1966 poui [10] wo
NOKa3a/in KOpPenauito MiX cepeaHbO KOHLUEHTPaLLE
KagMito y NOBITPi Ta CMepPTHICTIO Big, rinepToHii Ta aTe-
POCKIepOTUYHOT XBOPObYM cepusa (KoediLieHT Kopenauii
r=0,76).

CyyacHi gocnig)eHHA BNAMBY KaAMil0o Ha PU3KK
BUMHMKHEHHA CepLeBO-CYANHHMUX 3aXBOPIOBaHb npes-
CTaBNeHU y pocniaxeHHax Liu Y. 3i cniBaBTopamu
[11, 12], aki moBenu Kopenauito Mixk piBHEM KagMmito
B OpraHi3ami Ta BUHUKHEHHAM | piBHEM CMEpPTHOCTI Bif
iHbapKTy miokapaa. AHanis BNAMBY 3abpyaHtoBauiB
HaBKOJIMLWIHLOIO CepefoBULLA Ba*KKUMU MeTanamm,
TAaKUMK AK CBMHELb i KaaMmii AKi NigBULLYIOTb PUSKK
aTEPOCKNIEPOTUYHUX CEPLEBO-CYAMHHUX 3aXBOPIOBAHb
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BMABMWB 3a/IEXHICTb CTAHY XBOPOOW Bif, [03U BaXKKUX
meTanis [13, 14].

MoTpannsawyM [0 OpraHismy Kaamii yTBOPHOE
B MNeyYiHUi MeTaNoTioHeiH, BUPOBAAE AUCNO3ULINHY
TONEPAHTHICTb Yepes 3B’A3yBaHHA 3 BiIKOM MeTanoTi-
oHeiHy (MT). OgHak nigBuLLEeHUI piBeHb KagMmito npu-
3BOAMTb A0 LMPKYAALii He3B'A3aHOro Ta BiNbHOTO Kaa-
Mito, IHOYKYIOUM TOKCUYHI edekTn. JocniaHukm Lech T.
i Sadlik J.K. [15] BuMiptoBanuM piBeHb KaaMito B TKAHUHaX
NOOMHN B AEeCATUPIYHOMY AOCNIAXKEHHI cepes, HeoTpy-
€Hoi nonynAauii. byan nposeaeHi PO3TUHU FONOBHOIO
MO3KY, LTYHKY, TOHKOI KMLUKM, NEYiHKN, HUPOK, cepLA
Ta nereHb. HallHWKUNI piBeHb KagMito 6yB BUABAEHWN
y M0o3Ky (0,02 MKr/r), BUCOKi KOHUEeHTpaL,ii 6yau BU3Ha-
yeHi B HUpKax (16,0 mkr/r) i neyinui (1,5 mkr/r). Kagmin,
3B’A3aHMI 3 MT, 1erko NorIMHAETLCA HUPKAaMM Ta MOXKe
imiTyBaTK YHKLIiO Ta NoBeAiHKy OCHOBHWUX MeTaniB.
Kpim Toro, y 2019 poui npu nNOpPiBHAHHI MeLIKaHLiB
OBOX 3abpyAHEHUX KagMiEM PaMOHIB i3 KOHTPOJIbHUM
perioHom 6yn0 BCTaHOB/EHO 3B’A30K MiX OCTEOMNOPO-
30M i MepenoMoM KiCTOK Ta BUCOKMM PiBHEM CNOXMU-
BaHHA Kagmito [16].

OcTaHHIM Yacom Be/InKa yBara NPUAINAETbCA HAKO-
MUYEHHIO KAAMIlO Yy Cepui Ta apTepiasbHUX CygMHaXx.
Tak, rpyna BYeHMX NpoBena JOCNIAKEHHA Pi3HUX TUNIB
TKaHUH noguHn [17]. Cepen HU3KM 3paskiB byan TKa-
HWUHW MepegHbOoi CTIHKM NiBOTO LW/AYHOYKA, KOpPEeHA
A0pPTW, YepEeBHOi aOpPTH, CTEFHOBOI apTepii CTerHOBOro
TPUKYTHUKA, HWXKHbOI MOPOMHMUCTOI BEHW, CTErHOBOI
BEHW CTErHOBOrO TPUKYTHWKA. Y pe3ynbraTtax Aochi-
OXEHHA TKaHWHU PO3NOAIAMAM HA 3 OCHOBHI rpynu:
3 HWU3bKOIO, CepeaHbOlD Ta BUCOKOK KOHLEHTpaLlieto
KaaMito. 3pasKM TKAHUH CepueBO-CYAMHHOI CUcTemmn
NOKas3annM 34aTHICTb HAaKOMW4YyBaTM KaaMmili y cepepg-
Hi Ta BMCOKil KOHLEHTpaALii: cepegHA KOHLEHTpaLis
Kaamito (megiana Big 50 go 150 mr/krt) 6yna suas-
JIeHa y NopAAKY 3pOCTAaHHA B OpraHax i TKAaHMHax, Lo
BigNOBiAAOTb 33 IMYHITET, KPOBOHOCHWX CyAMHaX,
LUTYHKOBO-KMULLIKOBI CUCTEMI Ta JIereHAX; BUCOKI KOH-
ueHTpauii Kagmito (megiaHa =150 mr/krt) 6ynm susas-
neHi B ckeneTHmx m’asax (170 mr/krl), uepesHiit aopTi
(200 mr/kr?), sedHumkax (270 mr/krl) i Aeykax
(340 mr/Kkr?). HamBuLli KOHUEHTPALi Kagmito, AK i oyi-
KyBasnocsa, 6ynn BuasneHi B nediHui (750 mr/kr?) Ta
HUPKax (cepefHA KOHLEHTPALia MO3KOBOI PeYOBUHM
HUPKKM 5100 mr/kr?, kopu 6800 mr/krl) [17]. OaHe
OOCNIAMKEHHA TAKOX OEMOHCTPYE LUMPOKUIA CMEKTP
NPOMYCKaHHA KaaMito B Pi3HiI TUMW TKAHMH Ta OpraHu.
MNonepegHi nocnigKeHHA opraHis cBigy4aTb Npo Te, Wo
Ha KOHLEHTPaL,it0 KaaAMilo TaKOX BN/ANBALOTb CTaTh, BiK,
3BMYKa A0 NaNiHHA Ta iHLWIi 3aXBOPHOBAHHSA.

Kpim TOro, ricronatosoriyHi gocnigXeHHsa BnaAuBy
KagMIil0O Ha TKAaHMHW CepueBO-CYAMHHOI CcUCTEMM
y 1abopaTopHUX YMOBaX NOKa3aaM 3HAYHY 3MiHY CTPYK-
TYpU Ta WUiNICHOCTI TKaHWMH MioKapay niaaocnigHux
Wwypis [18], 3HaYHe NigBULLLEHHA apTepiaibHOro TUCKY,
NPUrHiYEHHA peakuii CyAuMH Ha Ba30aKTUBHI areHTw,
36inblUEHHA XOPCTKOCTI a0pTH Ta rinepTpodiuHe pemo-

OEeNtoBaHHA CTIHKM a0PTHM 3@ PaxXyHOK 36inblUEHHA Kinb-
KOCTi rnaaKmx M’ a30BUX KNITUH i BiAKNaAeHHA KoareHy,
3HUMKEHHSA PiBHA eNacTUHY Ta 36iNblUeHHA MaTPUYHOI
MeTaNonpoTeiHa3M B MefianbHin cTiHUi aoptn [19],
$ibpo3 i BUCHAXKEHHA KONAareHOBUX BOIOKOH Ta OKCU-
[aTUBHUI cTpec [20, 21].

lpyna gocnigHukis y CLUA ouiHOBanM 3B’A30K MiXK
NPUMOMOM KagMito Ta cepLeBo-CYAMHHUMM 3aXBOPLO-
BaHHAMM y nonynauii, Bukopuctosytoun gaHi NHANES
(nporpama pocnig)eHb CTaHy 340pOB’A Ta Xapuy-
BaHHA). Y nepioa pgocnigrkeHb 3 1988 no 1994 pp. Ha
KOYKHE MOABOEHHA KOHLEHTPAL,ii KaaMito B cedi cnocre-
piranoca 36inblIEeHHA CMepPTHOCTI Bifg ilemiuyHoi XBo-
pobu cepusa y Y0N0BIKiB Ha 36 %, ane He cnocTepiranocs
36inblUEeHHA CMepPTHOCTI Yy XiHOK [22]. OgHaK y nepiog,
31999 no 2004 pp. KagMii y KpoBi Ta cedi acou,itoBaBcsA
3i 36iNblIEHHAM CMEPTHOCTI Big, CcepueBO-CyAUHHUX
3aXBOPHOBaHb, BK/OYAOUM ilemMiyHy xBopoby cepus,
AK Y YOJIOBIKIB, TaK i y XiHOK [23]. CucTeMaTU4YHMI aHa-
Ni3 UMx pe3ynbTaTiB NiATBEPAKYE POb KaaMito AK dpak-
TOpPY PU3MKY CepLeBO-CYANMHHUX 3aXBOPHOBAHb, OCO-
611BO iWemivyHOI XBopobU cepusa [24].

JoBeneHo, WO KagMi cnpuse pPo3BUTKY aTepo-
CKNEepo3y Yyepes OKUC/OBAJIbHI MexaHismu [25], Kaa-
Mii MOXe OMnocepeaKOBaHO BMCHAXKyBaTWM aHTUOKCHU-
OAHTK, TaKi AK IyTaTioH, 36iNblYOYM aKTUBHI popmu
KMCHIO [26]. CybKniHiYHO Kaamili noB’A3aHWMA 3 paH-
HiM aTepoCKNepo30M, BKAtOYAOUM Oinblly TOBLLMHY
iHTUMM cepeHbOi COHHOI apTepii Ta KAPOTUAHUI HaniT
CYAMH Y KiHOK 3 €EBponu [25]. Kagmii, aK i geski iHLWi
BaXKKi meTann, 6besnocepeaHbO BNAMBAE HA eHAOTENIN
CYAWH, LLO CYNPOBOAMKYETLCA BUAINEHHAM €HOO0TENIHY,
[0 AKOTO rnageHbKi KNiTMHK MatoTb cneundivHi peuen-
TOPU i MexaHi3m fgji AKoro Ha Ui KAiTMHKU NoB’A3aHUi
3 aKTMBALLEIO BXOAY iOHIB Ka/bLiito Yepes NoTeHLiliHO-
3aeXHi Kanbliesi kaHanu [27].

JocnigxKeHHA BNAMBY KagMito Ha PO3BUTOK cepus
BMNPOAOBXK embpioreHesy noKasasno, PisHi Kamepwu
cepus pearyloTb Ha BNUB COMEN KaaMito No-pisHOMY,
O MOACHIOETbCA PISHUM TFeMOAMHAMIYHMM HaBaH-
TaXXeHHAM Kamep cepus. [paBa nonoBuHa cepua He
Hece B eMbpioHa Be/IMKOI reMoANHaMIYHOI Harpysku,
Masie KO0 KpoBOObiry He Ma€e HaBaHTaXeHHA i BNANB
Ha MiOKapa, Li€l YacTMHM OpraHy Maso BUPANKEHWUN.
biNble yWKOAKYETbCA NiBa NONOBMHA, AKA NOB’A3aHa
3 BE&/IMKMM KOJIOM KPOBOOBIry i BUKOHYE Mig, Yyac embpi-
oreHesy b6inblue disionoriyHe HaBaHTaxKeHHA [28].

MopdonoriyHi [OCNiAXeHHA cniBpobiTHUKIB
[JHINPOBCbKOro Aep*KaBHOrO MeANYHOro YyHiBepcu-
TeTy, AKi MOPiBHIOBANM pPiBEHb HAKOMWYEHHA PIi3HUX
conelt Kaamito npu XpOHIYHOMY BHYTPILUHbOLLTYHKO-
BOMY BBEAEHHI BariTHUM CaMULAM LLYypiB B O4HAKOBUX
[,03ax NOKas3anum HacTynHe. Y rpyni BNAWBY LUTPATOM
KaZMit0O MOKA3HMKM HAKOMUYEHHA KAAMIil0 B TKaHMHaX
emMbpioHy € HalBULLMMK i gocToBipHO (p<0,001) nepe-
BULLYIOTb HAKOMMYEHHA B rpyni BNAWBY KagMito X/0-
PUAOM, HE3BAXKAKOYM Ha TOTOXKHICTb A03M 32 KagMieEM.
AHanis mopdosoriyHMx 3miH B eMbpioHanbHOMY cepui
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npu onocepenKoBaHOMY BNAMBI KagMIiEM Ha CaMULLIO
BNPOAOBX BCbOro Mepiogy BariTHOCTI BUABMB Pi3HO-
CNpAMOBaHi NPOLLeCH PO3BUTKY CepLsa: BNAMB Xa0pmay
KaZMito Npun3BOAMB A0 306i/bLUEHHS Wapy KOMMAKTHOTO
MiOoKapAa BCiX Kamep cepLA Ta MiXKLIIYHOYKOBOI nepe-
ropoAKu, a BBEAEHHA UMTPATy KaaMito 3MeHLLyBano
TOBLUMHY CTIHOK Kamep Ta Neperopogkn Ha T/ 3MeH-
WeHHA macu cepud. Mpn KombiHOBaHOMY BBeAEHHI
conem Kagmito 3 LMTpPaTaMU LUHKY, repMaHito, ceneHy
NOKAa3HMKM KOMMAKTHOrO MiOKapZa BigHOB/OBA/UCD,
O CBiAYMTb MPO AHTArOHICTUYHUI XapaKTep BMNAMBY
OO0CNIAXKYBAHUX PEYOBMH Ha KapAiOTOKCUMYHICTb Kag-
Mito [28]. B AaHUX eKcnepuMeHTaNbHUX OO0C/iAXKeH-
HSX NPOBOAMIACh TAKOXK OLiHKA 6a30BUX riCTOreHeTny-
HUX MpoueciB CTiHKM cepua eMbpioHiB B yCix rpynax.
BukopucTaHHa imyHorictoximiuHoro mapkepy Ki, Bus-
BWJ1I0 PiI3HOCNPAMOBAHICTb NPoJidepaTUBHUX NPOLLECIB
B MioKapai cepzeub 060X eKcnepumeHTasnbHUX Fpyr.
I3onboOBaHe BBeAEHHA XN0pUAYy KagMilo NpU3BOAMUTH
Ha 20-1 nobi embpioreHesy A0 NiABULLEHHS aKTUBHOCTI
nponidpepaTtMBHMX NPOLECIB B MiOKapAi, WO B CBOM
yepry NpoBOKYyE 30iNbIEHHS MacK Ccepus Ta MOACHIOE
niaBuLWeHHA KapaiodetanbHoro iHaeKkcy. B rpyni i3o-
NIbOBAHOTO BBEAEHHA UMTPaTy KagMito HAaKOMUYEHHA
MapKepy He Mano AOCTOBIPHOI Pi3HUL 3 KOHTpoONeMm,
HaBiTb O6YN0 AEWo 3MeHLWEHE, WO CBiAYUTL NPO Mpu-
FHIYEHHS LMTPATOM KagMmito npouecis nponidepauii i
NOACHIOE 3MEHLLEHHA KapaiodeTanbHOro iHAeKCy npu
AaHomy crnocobi BBeAeHHA 3a3HAYeHUX A03 B eKcne-
PUMEHTI Ha Wypax. HakonuyeHHA Kaamito B cepuax
eMbpioHiB Lypa, camulpb, WO OTPUMYBaAW CONi Kaa-
Mit0 BNPOAOBXK BCi€l BariTHOCTi NOKa3as, WO HalnBULLMI
piBEHb HAKOMWYEHHS KagMito B OpraHOKOMIM/IeKCi emb-
pioHa cepue-nereHi CnoCTepiraeTbCA NP BN/INBI TOTOX-
HUX 403 N0 KaAMIil0 Xn0opuay Ta Kaamito uMTpaTy no
pisHOMy. PiBEHb HAaKOMWYEHHA KagMito B rpyni BNAMBY
XI0pUAOM KagMito 36inblwyBasca y 2,43 pasu, B TOM
Yyac AK BBEAEHHA LUUTPATY KagMito Npu3BogMao Nigsu-
LEHHA NOKa3HWKa HakonuyeHHA y 12,1 pasis no BigHo-
LUEHHIo A0 rpynu KoHTponto [29].

JocnigHukn  IBaHO-PpaHKiBCbKOro  HaLuioHanb-
HOr0 MeAMYHOrO YHIBEepCUTETY JOCNIOUAN CTaH eHep-
reTM4Horo 0bMiHy B cepueBOMy M’A3i eKcnepumeH-
Ta/bHMX TBApPWH (WypiB) 3a YMOB BMAMBY KaZMmii
xnopuay. IHTOKCMKaLia TBAapWH 3AilicHOBasach WS-

XOM BHYTPILWHbOM'A30BOr0 BBEAEHHA KagMito Xno-
puay 8 Ao3i 1/10 LD 50 snpoaos 10-Tn aHiB. AHani3
nposoamMBeca Ha 1-wy, 14-1y, 28-my Ao6u nicns 3asep-
LWEeHHA BBeAEHHA TOKCMKAHTY. MOKAa3HUKKN eHepreTuy-
HOro 06MiHY BM3HA4Ya/M 33 HACTYNMHUMU KpUTEPIAMHU:
aKTMBHICTb AT®-a3u, naKrtataerigporeHasu, KOHUEH-
Tpauia [OKO3KN; piBEHb NIPOBMHOIPaAHOI, MOOY-
HOi, apeHo3nHTpudochopHoi (ATD) KucnoT, BmicT
MaKpo- Ta MmikpoenemeHTis (Cd, Zn, Cu, Mg) 3a gono-
MOTO0 aTOMHO-abcopbuiiHOro crnekTpodpoTomeTpa.
MpeacTaBneHi pesynbTatv CBigYaTb MNPO MNOCUAEHE
BMKOPWUCTAHHA [IOKO3N CepLeBMM M’A30M aHaepob-
HMM LWAAXOM, OCKIiNbKM CnocTepiranyM nigBuLLEHHA
KOHUEHTpaLii MONOYHOI KMCNOTK, WO nigTBepamno
OaHi NPO PO3BUTOK TiMOKCIii 32 YMOB Aii iOHIB Kagmito.
BogHouac BigmiyeHO 3HUXKEHHA PIBHA afeHO3UHTPU-
dochOopHOi KMCNOTU, a TaKOXK aKTMBHOCTI ATd-asu
Yy TKaHWHI cepuA. Pe3ynbTaTn npoBefeHUX AOCNIOKEHD
BKa3ylOTb Ha MOPYLIEHHA eHepreTMyHoro 3abesne-
YEHHA TKaHUH CepueBoro m’asa 3a yMoOB KagMieBoi
iHTOKcKKau,ii [30].

TaknMm YMHOM, aHaNi3 CBITOBOI HAYKOBOI NliTepaTypu
[0BIB JOLIIBHICTb T aKTYa/IbHICTb MPOBEAEHHSA eKcne-
PUMEHTaNbHUX POBIT 3 BUABY BNNBY COMEN KagMito AK
Ha QYHKLLIOHANbHUI CTAH CepuA i CYAMH, TaK i Ha Kap-
AioreHes nNpu onocepeaKoBaHOMY BMJIMBI KagMIieEM Ha
BariTHUX eKCnepumMeHTaIbHUX TBapUH. Y 3B'3Ky 3 pi3-
HUM OAU3aliHOM AOoCNiAKeHHA (cnocib BBeAeHHA, A03M)
6iNblWIiCTb OTPMMAHUX Pe3y/bTaTiB HEMOMKAMBO ChiB-
CTaBUTU ONA OTPUMAHHA NOTYHMX BMCHOBKIB BM/IMBY
Ha CepLeBO-CYANHHY CUCTEMY.

BUCHOBKK. AHanis JaHUX eKkcnepmmMeHTaIbHUX
[O0CNiaXeHb Ta NOKA3HWUKIB BNIMBY KagMito B MeaUYHil
niTepatypi 4OBOAUTL HEraTUBHUI BINJIMB BaXKKMUX MeTa-
NiB Ta conen Kagmito Ha Mopdo-dyHKLiOHaNbHNUI CTaH
CepUEBO-CYAMHHOI cucTeMM Ta MopdoreHes cepus.
[aHi pocnigrKeHHA € aKTyanbHUMK 3 ypaxyBaHHAM pi3-
HOCMPAMOBAHHOCTI cnocobiB BBeAEHHSA, 403 KaAMito Ta
BiKY i cTaTi 06’€KTiB fOCNIAXKEHHA.

MepcnekTMsn noganblimx gocnig:KeHb. Ha Hawy
OYMKY, NepCneKTUBHUM € BU3HAYEHHA MOPDONOTIYHUX
3MiH, LLLO BMHMKAIOTb B ByA0Bi cepus AOPOCAUX AOCNia-
HUX TBAPMH NPU XPOHIYHOMY BM/IMBI KAagMIEM Ta B cep-
LAX eMbpioHiB, AKi onocepefKoOBAaHO OTPUMYIOTb Kaj-
Mi1 NpW IHTOKCMKaL,ii BariTHOI camuu,i.
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BMN/IUB CNONYK KAAMIO HA CTAH CEPLIEBO-CYAUHHOT CUCTEMM (nitepaTypHuii ornag)

LWaTtopHa B.®., Jlomura J1./1.

Pe3stome. CepLieBO-CyANHHI 3aXBOPIOBAHHA 3a/1MLLIAKOTLCA Nigepamm NPUYMH CMEPTHOCTI B YCbOMY CBITi Ta B YKpaiHi.
3a gaHumun OepxKctaty y 2021 poui NOKasHUK CMepTHOCTI B YKpaiHi yepe3 xBopobu cepus Ta cyanH cknas 60 % Big,
3arasibHoI KinbKocTi cmepTeit. Kpim Toro, cepueBo-CyaAnHHI 3aXBOPOBAHHA CYTTEBO BMN/IMBAOTbL HE /INLLIE Ha TPMBAJICTb, A
1 Ha AIKICTb KUTTA, TOMY NiKyBaHHSA Ta npodinakTnka CC3 3anMLWAETbCA OAHIE 3 KNtoYoBMX 3a4a4 BOO3 Ta MO3 YKpaiHu.

BnpogoBX AecaTUAiTb KNiHiYHI, BionorivyHi, MopdonoriyHi Ta CTaTUCTUYHI AOCNIAKEHHA BU3HAYMAU cepen, NPUYMH,
LLIO BMK/IMKAIOTb CepLLeBO-CYANHHI 3aXBOPIOBAHHA, BiKOBY CK1aZ0BY, CMAaAKOBICTb, CTaTb, WKIAAMBI 3BUYKM, CTPEC, Xap-
YyBaHHSA, rinogMHamin Ta 3abpyAHEHHs HaBKONULWHbLOIO cepenosmiLa. Cy4acHUMM JOCNIOKEHHAMMU BCTAHOB/IEHO, WO
NiZABULLEHA KiNIbKICTb BaXKKMX MeTasliB B HAaBKOIULWIHbOMY CEPEAOBULLI € NOTEHUiMHO Hebe3neyHumMu gaa cepueso-
CYAVHHOI CUCTEMMU.

B cTaTTi NpeacTtaBneHo aHani3 CBITOBOI HAYKOBOI NiTepaTypy 3 AOCAIAKEHD BNNBY BaXKKMX MeTaniB B3arani Ta Kaj-
Mito 30Kpema Ha Mop¢o-¢i3ioNoriyHNI CTaH opraHiamy Ta cepueBO-CYyAUHHOT cMcTeMU. AHANI3 AaHUX eKCnepUMEHTa b-
HUX A0CNigXeHb Ta MOKA3HMKIB BNIMBY KagMito B MeAMYHIM NiTepaTypi 4OBOAUTb HEFAaTUBHUI BMNIMB BaXKKMX MeTasiB Ta
coner Kaagmito Ha MopdOo-PyHKLLIOHANBHUI CTaH cepLeBo-CYAMHHOI cuctemun Ta mopdoreHes cepua. [loBeeHo Kopens-
Lit0 MiXK piBHEM KagMito B OpraHiami Ta BUHMKHEHHAM i piBHEM CMepPTHOCTI Big, iHpapKTy miokapaa.
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JocniayKeHHA oCTaHHIX poKiB 6e33anepeyHo CTBEPAKYHOTb, WO KaAMiI Ma€E 34aTHICTb HAKOMMYYBATUCh B cepui Ta
MMHaE NnaueHTapHuin bap’ep i 3miHIOE KapgioreHes embpioHanbHOro cepud. PiBeHb HaKOMMYEHHA TKAaHMHAMK cepuA
KaZMit0 [OCUTb 3HAYHWI Ta NPU3BOAUTD A0 NOPYLUEHHA MIKPOeIeMEeHTHOTO CKaay (AncenemeHTos), 3miHtoUM piBeHb
LMHKY Ta Ka/ibLito. BUKOPUCTAHHA iIMYHOTICTOXIMIYHMX MapKepiB A03BO/IN/I0 BU3HAUYMTH, LWLO NP BMNIMBI Kagmiem Bigdy-
BAETbCA 3MiHa 6a30BUX FiCTOreHEeTUYHMX NPOLECIB CTIHKM cepusa embpioHiB: nponidepalis, anonTos, BacKy/oreHes, Lo
NPOBOKYE NOPYLUEHHA PO3BUTKY MiOKapAy Ta CYyAMH cepus.

CniBCcTaBNeHHA NpeAcTaBNeHUX pPe3y/bTaTiB HAayKOBOI NiTepaTypy 4OBOAWTL AOLINBHICTL Ta aKTyasibHICTb MpoBe-
OEHHA eKcnepumeHTaibHUX PObIT 3 BUABY BMN/IMBY CO/IEN KaAMito K Ha cTaH QYHKLIOHANbHOTO CTaHy cepusd i CyamH, Tak
i Ha KapaioreHes Npu BNMBI KagMIiEM Ha BariTHUX eKCMepUMEeHTaIbHUX TBapUH. Y 3B’A3KY 3 pi3HUM AU3alHOM LOChi-
OyKeHHA (cnocib BBeAeHHA, 403K, CTaTb, BiK) BiNbLIICTb OTPMMAHUX pe3y/abTaTiB HEMOX/MBO CMiBCTaBUTUM ANA OTPU-
MaHHA IOTIYHUX BUCHOBKIB BMN/IMBY KaAMilO Ha CEPLLEBO-CYAUHHY CUCTEMY.

KntouoBi cnoBa: KagMmiii, BakKi MeTanun, eKCnepumMeHT, cepLe, CyauHu.

INFLUENCE OF CADMIUM SALTS ON THE CONDITION OF THE CARDIOVASCULAR SYSTEM (literature review)

Shatorna V.F., Lomyha L.L.

Abstract. Cardiovascular disease remains the leading cause of death worldwide and in Ukraine. According to the
State Statistics Service, in 2021 the death rate in Ukraine due to cardiovascular disease amounted to 60 % of the total
number of deaths. In addition, cardiovascular diseases significantly affect not only the duration but also the quality of
life, so the treatment and prevention of CVD remains one of the main tasks of the WHO and the Ministry of Health of
Ukraine.

Over the decades, clinical, biological, morphological and statistical studies have identified the causes of cardiovascular
disease are age, heredity, gender, bad habits, stress, nutrition, hypodynamics and environmental pollution. Recent studies
have shown that increased levels of heavy metals in the environment are potentially dangerous to the cardiovascular
system.

The article presents an analysis of the world scientific literature on the effects of heavy metals in general and
cadmium in particular on the morpho-physiological state of the organism and the cardiovascular system. Analysis of
experimental data and indicators of cadmium exposure in the medical literature proves the negative impact of heavy
metals and cadmium salts on the morpho-functional state of the cardiovascular system and morphogenesis of the heart.

The correlation between the level of cadmium in the body and the occurrence and mortality rate from myocardial
infarction has been proven. Recent studies have unequivocally shown that cadmium has the ability to accumulate in the
heart and cross the placental barrier and modify the cardiogenesis of the embryonic heart. The level of accumulation of
cadmium in the heart tissue is quite significant and leads to a violation of the trace element composition (dyselementosis),
changing the level of zinc and calcium. The use of immunohistochemical markers allowed to determine that when
exposed to cadmium there is a change in the basic histogenetic processes of the heart wall of embryos: proliferation,
apoptosis, vasculogenesis, which provokes myocardial and vascular disorders.

Comparison of the presented results of the scientific literature proves the feasibility and relevance of experimental
work to detect the effects of cadmium salts on the functional state of the heart and blood vessels, and cardiogenesis
when exposed to cadmium in pregnant experimental animals. Due to the different design of the study (route of
administration, dose, sex, age), most of the results obtained cannot be compared to draw logical conclusions about the
effects of cadmium on the cardiovascular system.

Key words: cadmium, heavy metals, experiment, heart, vessels.

ORCID Ko»KHOro aBTOpa Ta iX BHECOK A0 CTaTTi:
Shatorna V.F.: 0000—0002—-5853—9864 A*
Lomyha L.L.: 0000—-0002-7881—-1386 5°

KoHdnikT iHTepeciB:
ABTOpPU CTaTTi NiATBEPANKYIOTb BiACYTHICTb KOHMANIKTY iHTepeciB.

Appeca gna KopecnoHgeHu,i

LWaTtopHa Bipa ®epopisHa

[HINPOBCbKUI AepXKaBHUN MeANYHUIN yHiBEepCcUTET

Appeca: YkpaiHa, 49044, m. IHinpo, Byn. Bonoanmupa BepHaacbkoro 9
Ten.: 0633943435

E-mail: verashatornaya67@gmail.com

A — KoHUenuis pobotu Ta gu3aitH, B — 36ip Ta aHani3 gaHux, C — BiANOBIAANbHICTb 33 CTaTUYHMIA aHani3, D — HanucaHHA cTaTTi, E — KpUTUYHKUI ornAag,
F — ocTaToOuYHe 3aTBepAKEHHA CTaTTI.

CraTtTa Hagiiiwna 12.11.2021 poky
CraTTa NpUNHATA A0 APYKY 23.04.2022 poKy

88 ISSN 2077-4214. BicHuK npo6aem 6ionorii i meguumnum — 2022 — Bun. 2, Tom 1 (164)



