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(cesarean section, conservative myomectomy, perforations during hysteroscopy, reconstructive operations, etc.)
and uterine ruptures with the onset obstetric activity, explains the clinical need for an in-depth study of this issue in
order to improve the provision of medical care.

Every pregnancy should be planned and especially for women who have undergone surgical interventions on
the uterus. It is important to encourage patients to consult a doctor in a timely manner in order to prepare for
pregnancy planning.

It is important to assess the patient’s somatic condition, the metabolism of connective tissue, the period after
cesarean section, indications for surgery, the technique of execution, suture material, the course of the postoperative
period, etc.

In clinical practice, during repeated cesarean sections in the case of «failure» of the uterine scar, technical
difficulties often arise with the restoration of the integrity of the uterine wall. In most cases, there is no bleeding
from the edges of such a wound. It is most difficult to connect the edges of the wound on the uterus when the edges
of the wound are of different thickness. Hermetic restoration of the integrity of the uterine wall presents technical
difficulties. Full restoration of the uterine wall in the area of the incision/trauma is the prevention of defects. It
is important to determine the stages of such operations, prevention of additional ruptures of uterine tissues and
ruptures of adjacent organs, etc. The technique of surgery for rupture of the uterus after hysteroscopy also has its
own characteristics.

In the daily work of a doctor, timely diagnosis of this pathology at the stage before pregnancy planning is
extremely important. Timely diagnosis of the negative consequences of the «operated uterus» before pregnancy
makes it possible to determine and carry out personalized not only preventive/therapeutic measures, but also a
probably safe term for pregnancy planning and features of managing gestational periods by trimesters, term and
method of delivery, etc.
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Heavy metal cadmium (Cd) toxicity is a real problem in industrialised and predominantly rapidly industrialised
countries due to the steady pace of industrial activity, one of the primary sources of pollution that has been steadily
increasing over the decades. Changes caused by Cd lead to pathological changes in many organ systems of living
organisms. The metal accumulation in tissues causes disturbances in haematological and biochemical parameters
and damage to the liver, kidneys, bones, nervous tissue, etc. Understanding how Cd affects living systems allows us
to develop new ways to protect organisms from its toxicity. This review focuses on calcium (Ca) and its compounds,
which can be used as an exogenous food supplement to protect organisms from Cd-induced stress due to its chemi-
cal similarity to Ca. It was shown that Ca-based additives have great potential for producing rice grains with low Cd
content. Assessment of the protective effect of Ca on the skeleton against bone damage is useful in assessing the
health risks associated with Cd. Ca exposure is able to restore the Cd-inhibited autophagy flux and reduce Cd-induced
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apoptosis in kidney cells. The combined addition of Ca and vitamin D to the diet significantly reduces Cd levels in
serum and tissues, and inflammatory and oxidative markers in the liver suggest that simultaneous treatment with
vitamins D and Ca protects organisms from Cd hepatotoxicity.

Key words: cadmium, toxic effect, calcium-cadmium interaction, calcium compounds as protection against cad-

mium.
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mental Animals and Humans in Normal and Ontogeny
under the Influence of External Factors”, state registra-
tion number 0111U009598.

Introduction.

Heavy metals are one of the most common catego-
ries of pollutants in the environment. They are almost
ubiquitous, released into the environment mainly as a
result of anthropogenic emissions into the biosphere
due to their widespread use in industry and pose a
threat to human health due to their long-term pres-
ence in the environment and accumulation at various
levels of organisation of living matter, from the molec-
ular to the biosphere. In this context, special attention
of scientists is focused on the toxic effects of the heavy
metal cadmium (Cd), as it has become a real problem in
industrialised and predominantly rapidly industrialised
countries due to the steady pace of industrial activity,
which is one of the primary sources of cadmium pollu-
tion, which has been constantly increasing over the de-
cades [1]. Airborne particles of Cd and Cd compounds
are transported and deposited in soil and water; aver-
age total Cd concentrations in the air depend on the
proximity to the industrial source and can vary from
0.1 ng/m?3 to 100 ng/m?3 in remote areas and near the
source of emissions, respectively. The average concen-
tration of Cd in the ocean ranges from <5 to 110 ng/L.
It is primarily due to natural weathering and erosion,
as well as deposition of the atmosphere from both nat-
ural and anthropogenic emissions. It is reported that
the concentration of Cd in sediments ranges from 0.03-
1 mg/kg in marine sediments to 5 mg/kg in river and
lake sediments, while the average concentration of Cd
in soil is about 0.1-0.2 mg/kg. Cd bioaccumulates in or-
ganic matter, entering the food chain [2, 3].

Tissue-specific changes have been recorded in var-
ious parameters of oxidative damage, with metal ac-
cumulation in tissues accompanied by disturbances in
haematological and biochemical parameters and in the
redox status in plasma, liver, and kidneys of animals [4-
71.

The problem of the 21st century in global condi-
tions may be not acute lethal, but chronic exposure to
Cd with its low content, mainly in food products, which
increases the risk of increasing Cd-induced cancer and
cardiovascular diseases [8-11]. Occupational exposure
to Cd has also been reported to be associated with cog-
nitive impairment in adults. It can be a potent neuro-
toxic agent for the peripheral nervous system, leading
to the development of peripheral polyneuropathy in
older age. Changes in gene expression caused by Cd-in-
duced oxidative stress have severe consequences for
the body [12].

In this regard, there is a need to find effective ways
to prevent and treat the adverse effects of its exposure
[13, 14]. One of them is using food additives that can
reduce Cd-induced damage in the body. Many of these
compounds, such as selenium (Se), ascorbic acid (ACA),
alpha-tocopherol acetate (vitamin E), quercetin (QUE),
resveratrol (RES), epigallocatechin-3-gallate (EGCG),
cyanidin-3-0-glucoside (C3G), N-acetylcysteine (NAC),
are actively studied and used in medical and everyday
practice [15-18].

The aim of the study.

To assess the current scientific data on the interac-
tion of Cd with calcium (Ca) and their compounds in
biological systems.

Object and research methods.

Analysis of modern scientific literature in foreign
scientific journals on studying the interaction of Ca and
Cd.

Main part.

Ca is an important chemical element in various
physiological processes, including growth and develop-
ment, cell division, cytoplasmic movement, intracellu-
lar signalling, etc. Due to its chemical similarity to Ca,
it can be used as an exogenous supplement to protect
organisms from Cd-induced stress [19].

The interaction of Ca and Cd, which exists in biolog-
ical systems as the Cd(2+) ion and in this state structur-
ally resembles Ca(2+), was investigated. It is well known
that Cd is involved in several Ca-dependent pathways,
which is explained by its action as a Ca mimetic with a
central role for calmodulin and Ca/calmodulin-depen-
dent protein kinase-Il (CaMK-Il), which affects cytoskel-
etal dynamics and apoptotic cell death. Cd interacts
with receptors and ion channels on the cell surface and
with the intracellular estrogen receptor, where it com-
petitively binds to residues common to Ca. It increases
cytosolic Ca through several mechanisms, reduces the
transcript levels of some Ca transporter genes, initiates
mitochondrial apoptosis pathways, and activates cal-
pains that promote mitochondria-independent apop-
tosis [20-22].

The recent discovery of the role of CaMK-Il in Cd-in-
duced cell death and the subsequent involvement of
CaMK-Il in Cd-dependent changes in cytoskeletal dy-
namics has opened up a new area of research in Cd
toxicology. Calmodulin is required for the induction of
apoptosis by several agents, but the induction of apop-
tosis by Cd is prevented by blocking CaMK-Il, and there-
fore, Ca-dependent phosphorylation of CaMK-Il was as-
sociated with an increase in Cd-dependent apoptosis.
A key question for future Cd research is whether cyto-
skeletal disruption leads to apoptosis or whether apop-
tosis initiates cytoskeletal disruption in the context of
Cd exposure [19, 23].

Numerous studies in plant model experiments have
confirmed the positive effect of Ca against Cd stress.
Thus, soil contamination with Cd poses a great danger
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both to agricultural production and human health [24].
At the same time, Cais an element that plays an import-
ant role in protecting plants from Cd toxicity. The reg-
ulatory role of Ca in Cd uptake and upward transloca-
tion in rice at different growth stages has been studied.
However, how Ca affects the uptake and translocation of
Cd in rice has not yet been fully elucidated. The results
showed that adding 5 mM Ca significantly reduced Cd
uptake by roots due to competition for Ca-permeable
channels at the uptake site and Ca-induced inhibition
of the target genes OsNRAMP1 and OsNRAMPS5. Never-
theless, Ca application promoted upward translocation
of Cd both by increasing the expression of OsHMA?2
gene, which caused xylem Cd loading, and by suppress-
ing OsHMA3 gene, which reduced vacuolar Cd seques-
tration. These opposite results suggest a dual role for
Ca in regulating root Cd uptake and root-to-shoot Cd
translocation in rice. Although it increased the Cd con-
tent in aboveground vegetative tissues throughout the
growth period, adding 5 mM Ca ultimately reduced the
Cd content in rice grains. All these results indicate that
Ca-based additives have great potential for producing
rice grains with low Cd content [25, 26].

Low Ca intake and lifelong Ca deficiency play an es-
sential role in the development of osteoporosis, con-
tributing to reduced bone density, early bone loss and
increased risk of fractures. The positive effects of Ca
have been demonstrated in animals. Assessment of the
protective effect of Ca on the skeleton in Cd-induced
bone damage is useful in assessing the health risks as-
sociated with it [27]. The cited study aimed to deter-
mine whether Ca supplementation during exposure to
different doses of Cd relevant to the population could
prevent Cd-induced bone damage at an acceptable
upper level of Ca intake. Young female Sprague-Dawley
rats were given different doses of Cd (1, 5 and 50 mg
Cd/kg diet) and Ca (0.4% Ca supplementation) depend-
ing on the population. Ca supplementation significantly
reduced Cd-induced damage to bone microstructure,
improved bone biomechanics (p<0.05), serum osteo-
genesis marker levels (p<0.05) and osteogenic gene
expression at 5 and 50 mg Cd/kg diet. However, the
diet with a concentration of 1 mg Cd/kg did not affect
these parameters due to the expression of osteogen-
ic marker genes. Ca supplementation significantly de-
creased the level of Klotho (fibroblast growth factor)
protein in the serum (p<0.05), and the expression of
fibroblast growth factor 23/Klotho-associated gene in
the kidneys and bones showed significant changes. In
conclusion, Ca supplementation has a positive effect on
bone formation and quality, counteracting the damag-
ing effects of Cd, especially when using a diet of 5 mg
and 50 mg Cd/kg, which may be due to its impact on
fibroblast growth factor 23/Klotho axis [28, 29].

In the kidneys, disruption of Ca homeostasis can
cause changes in renal haemodynamics, leading to
glomerulonephritis, tubular damage, and renal vascu-
lar disease. Thus, it contributes to the development of
chronic heart disease (CHD). Cd causes disturbances in
Ca homeostasis and nephrotoxicity [6].

The Ca-sensitive receptor (CaSR) is highly expressed
in the kidneys and is essential in maintaining Ca ho-
meostasis in the body. Activation of CaSR may act as a
protective pathway to reduce Cd-induced cytotoxicity

in renal proximal tubular cells. However, its application
in animal models, treatment efficacy and underlying
mechanisms are still unknown. The calcimetic com-
pound NPS R-467 restored the Cd-inhibited autopha-
gy flux and reduced Cd-induced apoptosis and kidney
damage. The results of this study showed that CaSR
activation prevents Cd-induced nephrotoxicity and kid-
ney damage, which may be useful for the clinical treat-
ment of CHD. An in vivo animal model (male ICR mice,
n=5) subjected to Cd-induced nephrotoxicity was used.
The results showed that long-term (4 weeks), but not
short-term (7 days) exposure to Cd caused kidney dam-
age, including induced glomerular atrophy, damage
to the proximal tubules, increased malondialdehyde
(MDA) levels, increased urine levels, protein levels, and
activation of kidney injury factor 1 (KIM-1). In addition,
it was noted that its chronic exposure leads to the in-
hibition of autophagy, which causes apoptosis [30, 31].

Co-supplementation with Ca and vitamin D sig-
nificantly reduces serum and tissue Cd levels, and in-
flammatory and oxidative markers in the liver suggest
that concurrent treatment with vitamin D and Ca sig-
nificantly protects organisms from Cd hepatotoxicity.
Using a calcium/vitamin D mixture may serve as a suit-
able strategy to prevent Cd-mediated nephrotoxicity
and hepatotoxicity, which may help treat clinical chron-
ic kidney or liver diseases caused by Cd [32].

It can be assumed that administering mixtures con-
taining several biologically active substances can also
effectively counteract Cd [33-34].

Thus, Cd is one of the most toxic and widespread
heavy metals. Changes caused by Cd lead to pathologi-
cal changes in many organ systems of living organisms.
Understanding how Cd affects living systems allows for
the development of new ways to protect organisms
from toxicity. The data presented here represent only
a small part of the studies that have shown how to
protect the body from the adverse effects of this heavy
metal.

The study of the influence of individual chemical el-
ements on the toxic effects of Cd allows for the future
production and use of complex drugs or food mixtures
to prevent or treat Cd-induced damage.

Conclusions.

1. Using Ca mixtures may be a suitable strategy to
prevent Cd-mediated nephrotoxicity and hepatotox-
icity, including reducing Cd-inhibited autophagy and
Cd-induced apoptosis.

2. Ca reduces the damage to bone microstructure
and architecture and the occurrence of osteoporosis in
Cd intoxication.

3. Growing rice with the addition of Ca allows grain
to be obtained with a low Cd content.

Prospects for further research.

Search and analysis of dietary substances that affect
Cd-induced effects in order to minimise their damaging
effects in most types of biological samples.
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ToKcu4yHicmo s8axko2o Mmemany Kaomiro (Cd) € peansHoto npobaemoro 8 NPOMUCI080 PO3BUHEHUX i 0COBAUBO
WBUOKO iHOYcmpianizo8aHuUx KpaiHax Yepe3 cmiliKi memmnu rnpomucaosoi 0isabHOCMI, W0 € 0OHUM 3 OCHOBHUX
O0xcepen 3ab6pyOHeHHsA, AKe npomsa2om oecamunime nocmiliHo 3pocmano. 3miHu, suknukaHi Cd, npu3sodsmes 00
namosoaiyHux 3miH y 6a2ameox cucmemax opeaHie #cusux op2aHiamie. HazpomaodiceHHA memasny 8 MKAHUHOX
BUK/IUKOE MOPYWeEHHA 2eMamosio2iyHux i 6ioximiyHUX MOKA3HUKIB, YUIKOOX(EeHHS MeYiHKU, HUPOK, KICmOK, Hep8oeoi
MKAHUHU mouwjo. Po3ymiHHA moeo, Ak Cd 8nausae Ha #usi cucmemu, 00380/5€ po3pobaamu Hosi crocobu 3axucmy
opaaHizmis 8i0 tio2zo mokcuyHocmi. faHuli 02170 npuceaYeHuli sug4eHHo Kanbyito (Ca) i io2o crnosnyk, ki Moxymeo
bymu suKopucmaHi 8 AKoOCMi eK302eHHOi xap4yosoi 006a8KU 0414 3axucmy opaaHiamie 8i0 cmpecy, crpuvyuHeHUM
Cd yepe3s (o2o ximiyHy nodibHicms 3 Ca. lokazaHo, wo 0obasku Ha ocHosi Ca marome eeaukuli nomeHuian 014
B8UPOBHUUMBA PUCOBO20 3epHA 3 HU3bKUM emicmom Cd. OuiHka 3axucHoi 0ii Ca Ha ckeaem npu MOWKOOMEHHI
KICMOK KOPUCHa Mnpu OUiHui pu3uky 078 300pos's, nos'szaHozo 3 Cd. Bnaue Ca 30amHuli sioHosaoeamu Cd-
iHeibosaHuli nomik aymodgpazii i 3meHwye Cd-iHOyKosaHuli anonmos 8 KaimuHax HUpok. CymicHe dodasaHHA Ca
i eimamiHy D 8 payioH 3Ha4YHOIO Miporo 3HUMCYE emicm Cd 6 cuposamuyi i MKAHUHAX, O 3aMasbHI | OKUC/H08AbHI
MapKepu 8 neyviHyi 00380780Mb MpUNycmMumu, o o0HoYacHe niKy8aHHA eimamiHamu D i Ca 3axuwae op2aHizmu

8i0 eenamomokcu4yHocmi Cd.

Knro4voei cnosa: kaomili, mokcuyHa 0is, 83aeM00is Kanbyili — KadMmili, crioanyKu Kanbyito AK 3axucm 8i0 Kaomito.

3B’A30K ny6aikauii i3 n1aHOBMMK HayKOBO-AOCAIA-
HUMK poboTamu.

[aHa pobota € PpparmeHTom Kadeapn dyHOAMEH-
TaNbHUX AUCUMNAIH «P0o3BUTOK i MopdodyHKLiOHANb-
HWIM CTaH OpraHiB i TKAHMH eKcnepyMMeHTaIbHUX TBAPUH
i ntoaen B HOpMi, B OHTOreHesi Nig, BNJIMBOM 30BHiLLIHIX
daKTopiB», HOMEp AepKaBHOI peecTpaLii0111U009598.

Bcryn.

BakKi meTann € ogHielo 3 HaWNOWMPEHIWNX KaTe-
ropiv 3abpyaHOBaydiB Y HAaBKOIMILIHbOMY CEpesoBuLL.
BoHM Mmaike noBClOAHI, BUKMOAIOTbCA B A0BKiNAA B
OCHOBHOMY B pe3y/ibTaTi aHTPOMHMX BUKMAIB Yy biocde-
py 4yepes ix WMPOKe BUKOPUCTAHHA B MPOMMUCIOBOCTI i
CTAHOBAATH 3arpo3y A4 340Pp0B’A NOAUHUN Yepes iX TPK-
Basly NPUCYTHICTb Y HABKOIMLLHbOMY CEpeaoBMLLi Ta Ha-
KOMWUYEHHA Ha Pi3HMX PiBHAX OpraHi3au,ii XXMBoi maTepii,
BiZ, monekynapHoro o 6iochepHoro. B Lbomy KOHTEKCTI
ocobnnBa yBara HayKoOBL,iB MPUKOBAHA A0 TOKCUYHO-
ro BM/MBY BaXKoro metany Kagmito (Cd), 6o ue crano
peanbHO NPo6seMod B MPOMUCIOBO PO3BUHEHMX i
0C06/MBO WBMAKO iHAYCTPiani3oBaHMX KpaiHax yepes
CTiKi TEMNM NPOMMUCNOBOI AiANBbHOCTI, WO € O4HUM 3
OCHOBHMUX AKepen 3abpyaHEeHHs KaaMieM, fKe npoTs-
rom AecATUANITb NocTikHo 3pocTano [1]. YactuHkm Cd i
cnonyk Cd, AKki nepeHocATbCA NOBITPAM, NEPEHOCATHCA 1
OCifatoTb Y I'PYHTI Ta BOAi; cepesHi 3arasbHi KOHLEHTpa-
uii Cd y noBiTpi 3anexaTb Big 6/1M3bKOCTI 40 NPOMMKCIO-
BOrO AsKepena i MoXKyTb BapitoBatuca Big 0,1 Hr/m3 go
100 Hr/m3 y BigpaneHux panioHax i 6ina axkepena BUKKU-
Ais, BianosigHo. CepeaHs KoHueHTpaLis Cd B okeaHi Ko-
NnMBaETbesA Big <5 Ao 110 Hr/n i Hacamnepes 3ymoBaeHa
ABMLLAMM MPUPOLAHOTO BMBITPIOBAHHA Ta epo3ii, @ TaKOX
BMMAZAHHAM B aTMmocdhepy AK NPUPOLAHMX, TaK i aHTpon-
HUX BUKKMAIB. MOBIAOMANAETLCSA, WO KOHUeHTpauia Cd y
BiAKNaaeHHAX KoMBa€eTbea Bif 0,03-1 Mr/Kry MOPCbKMX
BiZKNAAEHHAX 40 5 MI/KT y BiAKNAZEHHAX PiYOK Ta 03ep,
ToA4i AK cepeAHA KoHueHTpauis Cd y rpyHTi cTaHOBUTL

6am3bko 0,1-0,2 mr/Kkr. Cd 6ioakyMynt0ETbCA B OpraHiy-
HUX PEYOBMHAX, NOTPANAAIYM B XapPUOBUIA NAHLLIOMKOK
[2,3].

TKaHMHHO-cneundiyHi 3miHM 6ynu 3apeecTpoBaHi
Nno PpPi3HWX MapameTpax OKWUCHOTO  YLIKOAMKEHHSA,
npu UbOMY HArpoMaZKeHHs MeTany B TKaHMHax
CYNPOBOAKYBANOCA MOPYLIEHHAMMU TFEMATONOTYHUX i
6ioXiMiYHMX MOKA3HUKIB, @ TAKOX B OKMCHO-BiZIHOBHOMY
cTaTyci y nnasmi, nediHui i HUpKax TBapuH [4-7].

Mpobnemoto 21 cToniTtTa B rNobasbHUX YyMOBax
MOKE CTaTM He TOCTPUIM CMEPTENbHUIA, a XPOHIYHWI
Bnane Cd 3 HW3bKMM MOro BMICTOM, B OCHOBHOMY, Y
XapyoBUX MPOAYKTaX, WO MiABULLYE PU3UK 36inblieH-
HA Cd-iHAYKOBaHWMX OHKO/OFYHUX i CepLeBO-CYAUHHUX
3axBoptoBaHb [8-11]. Takox nosigomnaanoca, Wo npo-
deciiinin Bnamne Cd 3B’A3aHUI 3 KOTHITUBHUMK MOpPY-
WEHHAMM Yy J0POCAUX. BiH MoXKe BYTU CUAbHUM HeW-
POTOKCUYHUM areHTom Ana nepudpepuyHoi HepBOBOI
CUCTEMM, WO MNPUBOAUTL A0 PO3BUTKY NepudepuyHoi
nosiiHeMponarTii B cTapwomy BiLi. 3MiHM eKcnpecii reHis,
BUKNMKaHI Cd-iHOAYKOBaHUM OKUCHUM CTPECOM MatoTb
BaXKKi Hacnigku ana opradismy [12].

Y 3B’A3KY 3 MM BUHUKAE HEOOXiAHICTb NOLWYKY edek-
TUBHUX cNocobiB NPodiNaKTUKM Ta NiKyBaHHSA HECNPUAT-
NIMBUX Hacniakis noro snavey [13, 14]. OgHUM 3 HUX €
3aCTOCYBaHHA Xap4YOBWMX AOMILIOK, WO 34aTHi 3HU3UTU
Cd-iHayKOBaHi yWKOAKEHHA B OpraHiami. barato 3 umux
CNONYK, Taki AK ceneH (Se), ackopbiHoBa KucnoTa (ACA),
anbda-Tokodpepon aueTat (BiTamiH E), kBepuetmH (QUE),
pecsepaTtpon (RES), eniranokatexiH-3-rannat (EGCG), ui-
aHiguH-3- O-rtoko3ung (C3G), N-auetmnuymcrtein (NAC),
AKTUBHO AOC/IAMKYIOTbCA Ta 3aCTOCOBYIOTHCSA B MEAMYHIN
Ta NOBCAKAEHHIN npakTmui [15-18].

MeTta gocnigKeHHs.

OUuiHKa Cy4acHMX HaAyKOBMX AaHWUX LLOAO B3aemogii
Cd 3 Kanbujiem (Ca) Ta ix cnonyk B 6ionoriyHMX cuctemax.
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06’eKT i meToaM pOCNipKEHHS.

AHani3 cy4acHOi HayKOBOI NiTepaTypu B iHO3EMHMUX
HAYKOBMX BUAQHHSAX MO JOCAIAKEHHI0 B3aemogii Ca i Cd.

OCHOBHa YacTuHa.

Ca € BaXk/IMBMM XiMiYHMUM enemeHTOM, Wo bepe
y4yacTb y pi3HMX ¢isionoriyHnx npouecax, BKAKOYAOUM
picT i pO3BUTOK, MOAIN KNITUH, UMTONNA3MATUYHUIA PYX,
nepeaayy BHYTPIWHbLOKNITUHHUX CUrHanis Towo. BiH
MOXKe ByTM BUKOPUCTAHUIA B AKOCTi eK30reHHoi f06aB-
KM ON19 3aXUCTY OpraHi3mis Big cTpecy, cnpuunHerum Cd
yepes 1oro ximiyHy nogibHictb 3 Ca [19].

Locniaxysanu B3aemogito Ca i Cd, skuit icHye B bio-
NIOFiYHMX cucTemax y Burnsagi ioHa Cd(2+) i B ubomy cTaHi
CTPYKTypHO Haraaye Ca(2+). Jobpe Biaomo, wo Cd bepe
yyactb B paai Ca-3anexHux LWAAXiB, WO MOACHIOETLCA
1oro gito B AKOCTi mimeTrKa Ca 3 LEeHTPasibHO PO
KasibmoayniHy i Ca/KanbmogyniH-3anexHoi NpoTeiHKiHa-
3o0to-Il (CaMK-Il), ska BNAMBaE Ha AMHAMIKY LMTOCKene-
Ty i anonTo3Hy 3aribenb KniTuH. Cd B3aemogie 3 peuen-
TOpamM Ta IOHHUMW KaHa/laMW Ha NOBEPXHi KAiTWH, a
TAKOX 3 BHYTPIWHbOKNITUHHUM PeLLenTOPOM eCTPOreHY,
[ BiH KOHKYPEHTHO 3B'A3YETbCA 3 PELUTKaMM, 3araibHu-
mun ans Ca. BiH 36inblye untosonbHuii Ca 3a 4ONOMO-
roto AeKiNIbKOX MeXaHi3MiB i 3HUXKYE PiBHI TPAHCKPUMTIB
OEeAKNX TeHiB-nepeHocUuKiB Ca, iHILLIHOE WAAXN MITOXOH-
OpianbHOro anonTo3y i aKTUBYE KasbNaiHW, cnpuatoudi
MITOXOHApPIa/IbHO-He3aneXXHOMY anonTo3y [20-22].

HewopaasHe BigKkputTa poni CaMK-1l B Cd-iHaykoBa-
HoT 3arMbni KnituH i noganbuwy ydactb CaMK-Il B Cd-3a-
NEXHUX 3MiHAX OMHAMIKM LMUTOCKENEeTY, BiAKPUNO HOBY
obnacTb gocnigxKeHb TokcmKonorii Cd. KanbmogayniH He-
0bxigHWI AnAa iHAYKUiTi anonTo3y AeKiflbkoMa areHTamu,
ane iHAyKuis anontosy 3a gonomoroto Cd 3anobiraeTben
6n0KkyBaHHAM CaMK-II i Tomy Ca-3anerkHe dochopuntio-
BaHHA CaMK-Il 6yno nos’asaHo 3i 36inbweHHAM Cd-3a-
NeXXHoro anontosy. KAtouoBe NUTaHHA AAA MalbyTHIX
pocnigxeHb Cd nonsrae B Tomy, Yn NPU3BOAUTL PYMHY-
BaHHA LMTOCKeneTy Ao anonTtosy, abo, ckopile, anon-
TO3 iHiLitOE PYMHYBAHHA LUTOCKENETY B KOHTEKCTI BNaK-
By Cd [19, 23].

MNigTBepaKeHHAM no3uTmeHOI Aii Ca npoTu cTpecy
Cd € UncneHHi AOCNIAKEHHA B MOAENbHUX eKCNepUMEeH-
Tax Ha pocanHax Tak, 3abpyaHeHHa rpyHTy Cd cTaHo-
BUTb BE/IMKY Hebe3neky AK A/1A CiIbCbKOrocnoAapCbKo-
ro BUpobHMUTBA, TaK i 41A 340poB’s AtoanHn [24]. Mpwn
ubomy Ca € eNeMeHTOM, WO BiAirpae BaxK1MBY ponb y
3aXUCTi pocanH Big TokcmnuHocTi Cd. BuBuyanaca peryns-
TopHa ponb Ca B nornnHaHHI Cd v BUCXiAHIM TpaHC/OKa-
Lii y puca Ha pi3Hux cTagiax pocty. Mpote, Ak Ca Bnaun-
Ba€ Ha MOMMHaHHA i TpaHcnoKauito Cd B puci, Ao umx
nip NOBHICTIO He BUABNEHO._Pe3ynbTaTh nokKasanu, Lo
AofaaBaHHA 5 MM Ca 3HayHO 3HUXKYE NorMmnHaHHA Cd Ko-
peHAMM i3-3a X KOHKypeHLii 3@ Ca-NPOHUKAMBI KaHaan
B MiCLi NOMMMHAHHA Ta iHAYKoBaHoro Ca npurHiyeHHa
uinbosux reHiB OSNRAMP1 i OsNRAMPS. Tum He meHL,
3acTocyBaHHA Ca cnpuaao BUCXigHIM TpaHcnokauii Cd ak
32 paxyHoOK nocuneHuna ekcnpecii reHa OsHMA2, wo Bu-
K/NIMKANo 3aBaHTaXKeHHs Kcunemun Cd, Tak i 3a paxyHOK
npurHiyeHHA reHa OsHMAS3, 3meHLWY4Y0ro BakyonspHy
cekBecTpauito Cd. Taki NpoTUne)KHi pesynbTatv npu-
nycKatoTb ABOAKY ponb Ca B perynauii nornmHaHHa Cd
KOPEHsAMM U TpaHcioKau,ii Cd Bif KopeHel 40 NaroHiB y
pucy. Xoya BiH 36inbwyBas BmictT Cd B HaA3eMHUX Bere-
TATUBHUX TKAHMHAX NPOTATOM YCbOro nepiogy 3pOCTaH-
HA, AoAaBaHHA 5 MM Ca B KiHUEBOMY NiACYMKY 3HU3UO

BmicT Cd B 3epHax pucy. YCi Ui pe3ynbratv cBigyaTb npo
Te, Wo A06aBKM Ha ocHOBi Ca MatloTb BEIMKWUIA NOTEHLian
ANA BUPOOHULUTBA PUCOBOrO 3€pHA 3 HU3bKMM BMIiCTOM
Cd [25, 26].

Husbke BXMBaHHA Ca Ta MOro MOXWUTTEBA HecTaya
BiZLirpa€e BaXKNMBY POJib Y PO3BUTKY OCTEOMNOPO3Y, CNpu-
AOYN 3MEHLIEHHIO LWiNIbHOCTI KiCTOK, paHHil BTpaTi Ki-
CTKOBOi Macu Ta NiaABMLLEHOMY PU3NKy nepenomis. Mo-
3UTMBHI epeKTn Ca NPOAEMOHCTPOBAHI i Ha TBapMHax.
OuiHKa 3axucHoi aii Ca Ha ckenet Npu MNOLIKOAMKEHHI
KiCTOK, BMKAMKaHOMy Cd, KOpWCHa MpwW OUiHLI pU3MKY
ONA 300p0B’A, nos’s3aHoro 3 HUM [27]. MeTa uuToBa-
HOTO AOCNIAKEHHA CKNaZanaca B TOMYy, W06 BU3HAUUTH,
4Yn MorKe fofasaHHA Ca nig yac Bnamey pisHUx no3s Cd,
peneBaHTHUX AN HAaceNeHHA, 3anobirTM NOLKOAMKEHHIO
KiCTOK, BUKAMKaHoro Cd, npu AonycTMMOMY BEPXHbOMY
piBHi noTpebu Ca. Monogum camkam Lypis Sprague-
Dawley gasanu pisHi go3m Cd (1, 5 i 50 mr Cd/Kr pauio-
Hy) i Ca (mo6aBka 0,4% Ca) B 3aneXKHOCTI Big, nonynauii.
[NopaBaHHA Ca 3Ha4yHO 3MeHWyBaso iHAyKoBaHe Cd
MOLUKOAMEHHA MIKPOCTPYKTYPU KiCTKKM, MOKpPaLLyBano
b6iomexaHiKy KicTku (p<0,05), piBeHb MapKepa ocTeore-
He3y B cmpoBaTui (p<0,05) i ekcnpecito mapkepis ocTe-
oreHHoro reHa npu Aii 5 i 50 mr Cd/kr gietn. OgHak npu
pauioHi 3 koHueHTpauieto 1 mr Cd/Kr BiH He BN/IMHYB Ha
LLi MOKA3HMKM 32 PaxXyHOK eKcnpecii reHiB 0CTeoreHHmxX
mapkepis. [JogaBaHHA Ca 3HA4YHO 3HWMKYBANIO PiBEHb
6inka Klotho (pakTopa pocty ¢pibpobnacTis) y cuposaTLi
(p<0,05), a ekcnpecia ¢akTopa pocty ¢ibpobnactis 23/
Klotho-acoujioBaHoro reHa B HApKax i KicTKax Nokasana
3HAYHI 3MiHK. Y NiACYMKY MOKHa CKa3aTw, WO A0A4aBaH-
HA Ca HaZa€e NO3UTUBHUIM BNAMB Ha GOPMYBaHHA i AKICTb
KiCTOK, MpoTuAitoum yKogKytouin aji Cd, ocobanso npm
BMKOpPUCTaHHI pauioHy 5 mri 50 mr Cd/Kr, L0 MoKe ByTK
nos’A3aHO 3 MOro BMAMBOM Ha ¢akTop pocTty ¢ibpob-
nacris 23/Klotho axis [28, 29].

Y HUMpKax nopyleHHA romeocTtasy Ca MoXxKe BUKAU-
KaTW 3MiHW HUPKOBOI remoguHamiku, WO BeayTb A0
rnomepynoHedpuTy, MOLIKOAMKEHHA KaHabLiB i HUP-
KOBO-CYAWHHUX 3aXBOPHOBaHb i, TAKMM YMHOM, CNPUATH
PO3BUTKY XpPOHiuHOT xBopobu cepua (XXC). Cd BUKAUKaE
nopyLueHHs romeoctasy Ca i HeppOTOKCHYHiCTb [6].

PeuenTtop, yytameuii go Ca (CaSR), BenmKkowo mipoto
EKCNPEecCyeTbCA B HUPKAX i Bigirpae Baxnmey ponb y nia-
Tpumui romeoctasy Ca B opraHiami. Aktusauia CaSR
MOMKe AiATU AK 3aXUCHUM WAAX ANA 3HUKEHHSA iHAYKOBa-
HoT Cd UMTOTOKCMYHOCTI B KNITUHAX MPOKCMMA/IbHUX Ka-
HanbLiB HUPOK. O4HAK MOro 3acTOCyBaHHA Ha MoAenax
TBAPWH, ePEeKTUBHICTb NiKyBaHHA Ta OCHOBHI MexaHi3mu
00 UbOro yacy Hesigomi. KanbummeTuyHe 3’'€gHaHHA
NPS R-467 BigHoBntoBano Cd-iHriboBaHuit MOTIK ayTo-
darii i 3meHwysano Cd-iHAyKOBaHW anonTos i NOLIKO-
OXKEeHHA HUPOK. Pe3ynbrati LbOro AOC/AiAXKEeHHA MoKa-
3a/u, Wo akTueauia CaSR 3anobirae HeGPOTOKCUUYHOCTI i
NMOLUKOAMKEHHIO HUPOK, BUKANKaHUX Cd, Wwo moxke 6yTu
KOPUCHUM ANA KNiHIYHOTOo NiKyBaHHA XXC. BuKopucTosy-
Ba/IN TBAPUHHY MoZesb in vivo (camui muweit ICR, n=5),
nigaaHux Cd-iHoyKoBaHiM HeppPOTOKCUYHOCTI. Pesynb-
TaTW NOKasanu, Wo TpuUBanuin (4 TUKHI), ane He KopoT-
KoyacHui (7 gHiB) Bnave Cd BMKAMKAB MOLWKOAKEHHSA
HUPOK, BK/KOYAKOUM iHAYKOBAHY FNOMEpPYAAPHY aTpo-
bito, NOWKOAXKEHHA NMPOKCMMANIbHUX KaHaNbLB HUPOK,
niaABULLEHHA pPiBHA ManoHoBoro Aianbaeriay (MAA),
NiaBULEHHA PiBHIO cedi, KiNbKOCTI Bifka Ta aKTUBaL,to
daKTopa NOLWKOoAKEHHsA HUpoK 1(KIM-1). Kpim Toro,
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6YyN10 3a3HAYEHO, LLLO MOro XPOHIYHUI BNAUB NPUBOANUTD
00 iHribyBaHHs noToky ayTodarii, Wo BUKANKAMO anon-
T03 [30, 31].

CymicHe popaBaHHA Ca i BiTamiHy D B 3HauHil mipi
3HMKYe BmicT Cd B cMpoBaTLi i TKAHWHAX, a 3ananbHi i
OKUCNIOBAJIbHI MapKepu B MeyviHui A03BOAAOTb MNpU-
nycTUTK, WO OAHOYACHEe NiKyBaHHA BiTamiHom D i Ca B
3HAYHIN Mipi 3aXM1LLLAE OPraHi3MK Big, renaToTOKCUYHOCTI
Cd. BuKopucTaHHA cymiwi KanbLi/siTamiH D moxe
CNYXKUTKM BignoBigHoto cTpaTerieto gna 3anobiraHHAa Cd-
onocepeaKoBaHOI HEPPOTOKCMYHOCTI Ta renaToTOKCUY-
HOCTI, WO, Y CBOIO Yepry, MOXe AONOMOITU B NiKYBaHHI
KNiHIYHUX XPOHIYHMX 3aXBOPIOBAaHb HUPOK abo meuyiHL,,
BUKAMKaHMx Cd [32].

MoHa NpunycTuTK, WO BBEAEHHA Cymillen, LWo
BK/IIOYAIOTb  Kilbka 6i0NI0OMNYHO aKTUBHUX PEYOBUH,
TAKOX MOXKE CNYKUTU ePEKTUBHOI CTpATErierd NpoTUAii
Cd [33-34].

Taknum ynHom, Cd € ogHUM 3 HaMBINbLL TOKCUYHUX i
PO3MOBCIOAMKEHUX Ba*KKMX MeTaniB. 3MiHM, BUKIUKAHI
Cd, np13BOAAT A0 NATONOTYHMUX 3MiH Y 6araTbox cucTe-
Max OpraHiB »MBMX OpraHiamis. Po3ymiHHs Toro, sk Cd

MpeactaBneHi AaHi ABAAOTb COBOK AUlE HEBEUKY
YacTUHY [OCNigKeHb, B AKUX MOKasaHO 36epekeHHs
OpraHiamy BiZ, HEFraTUBHOTO BMN/IMBY LbOro BaXKKOro me-
Tany.

BWBYEHHA BMAMBY OKPEMMUX XiMIYHMX €N1eMEHTIB Ha
TOKCUYHY gito Cd, fo3Bonsi€ B MalibyTHbOMY BUFOTOB/A-
T i 3aCTOCOBYBATU KOMMMJIEKCHI Npenapati abo xap4osi
cymiwi gns 3anobiraHHs abo nikyBaHHA Cd-iHAYKOBaHUX
YLIKOAMKEHb.

BucHoBKM.

1. BuKkopucTaHHA cymiwet 3 Ca moxe byTu Bignosia-
Hoto cTpaTerieto Ana 3anobiraHHa Cd-onocepenKoBaHol
HedPOTOKCUYHOCTI Ta reNaTOTOKCUYHOCTI, B TOMY YUCAI
ana 3meHweHHa Cd-iHriboBaHoro notoky ayTodarii i
Cd-iHaykoBaHOro anonTosy.

2. Ca 3MeHLyE NOLKOAKEHHA MIKPOCTPYKTYPM i ap-
XITEKTOHIKM KiCTKM | BUHUKHEHHS ocTeonopo3y npu Cd
iHTOKCMKaUL,ii.

3. BupolyBaHHA pucy 3 gogasaHHam Ca 403BONAE
OTPMMYBATU 3€PHO 3 HU3bKUM BMicTom Cd.

MNepcnekTMBM NOAANBLUNX JOCNIAMKEHD.

MowykK i aHani3 LiETUYMHUX PEYOBWMH, LLO BMNIMBAOTb

BMN/IMBAE Ha KMBI CUCTEMW, A03BONAOTL PO3P0HAATU
HOBi CNOCcobu 3aXMUCTy OpraHi3miB Bif, MO0 TOKCUYHOCTI.
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KANbLIN, AK EK3ONEHHA XAPYOBA AOBGABKA NP KAAMIM IHOYKOBAHOMY CTPECI

Octposcbka C. C., AtoatoH A. [1., LeBuyeHKo . ®., Arapkos C. ®., degueHKo M. ., PogioHos B. K., bawra l. T.

Pestome. BakKi meTann cTaHOBNATbL 3arpo3sy 415 340P0B A N0AMHM Yepes iX TPMBaAY NPUCYTHICTb Y HaBKOIMLL-
HbOMY cepegoBuLLi Ta Bioakymynsauito. OcobnmBy Hebesneky cepes, HUX, BHACAIAOK LUMPOKOT PO3NOBCIOAMKEHOCTI i
TOKCUYHOCTI, NpeacTaBnne kagmiii (Cd) B pe3ynbTaTi aHTPONHUX BUKMAIB Y Biochepy i yepes oro LMPOKe BUKOPK-
CTaHHA B NPOMMUCAOBOCTI. BHacnigoK BennKoi 3arpo3mn ans 3g0pos’a Atogei, wo cteoptoe Cd, € HeobxigHICTb NoLwyRy
epeKTnBHUX cnocobiB NPodiNaKTUKM Ta NiKYBaHHA HEraTUBHWUX HACiAKIB Moro BnavBy. B AaHomy ornaai posrnapa-
€TbCA B3aEMoifA KanbLito (Ca) 3 Cd, TOKCUYHI edEeKTU SKOro LIMPOKO NPeACcTaBieHi B HAYKOBUX AOCNIAKEHHAX pi3-
HUX KpaiH cBiTy. Ca i MOro cnosykKuM MoKyTb 6YTM BUKOPUCTaHI B AKOCTI eK30reHHOoI A06aBKKM A/15 3aXUCTy OpraHiamis
BiA cTpecy, cnpuimHeHum Cd yepes Moro ximiuHy nogibHictb 3 Ca. BiH 36inbluye unTo301bHUI Ca 32 4ONOMOroH
OEKINbKOX MeXaHi3MiB i 3HUKYE PiBHI TPAHCKPUNTIB AEAKUX reHiB-nepeHOCHMKIB Ca, iHiLiH0E WAAXM MITOXOHAPIaNb-
HOTO anonTo3y i aKTUBYE KanbMnaiHW, CNPUAIOYI MITOXOHAPIAaNbHO-HEe3anexXHoMy anonTtosy. Bigkputta poni CaMK-II
B Cd-iHAayKoBaHil 3arMbi KNiTUH i noganbluy yyactb B Cd-3an1eXHUX 3MiHaX AMHAMIKM LMTOCKENeTY, BiAKPMAO HOBY
obnacTb pocniaeHb TokcuKonorii Cd. MigtBepaKeHHAM nNo3nTMBHOI Aji Ca npotn Cd-iHAyKOBaHOro CTpecy € Yuc-
NeHHI AOCNIAKEHHA B eKCNepMMeHTax Ha pocinHax. Pesynbtatu ceigyaTtb Npo Te, Wwo fo06aBKkKM Ha ocHoBi Ca MatoTb
BE/IMKMI NOTeHLian 41a BUPOOHULTBA PUCOBOrO 3epHa 3 HU3bKMM BMicToM Cd. Mo3utueHi edpektn Ca NnpogemMoH-
CTpoBaHi i Ha TBapuHax. JoaaBaHHA Ca 3HAYHO 3MeHLWYE BUKAMKAHI Cd NOLWKOAKEHHA MIKPOCTPYKTYPU KiCTOK Ta
nokpatyye ix biomexaHiky. AkTnBauia CaSR MorKe AiATY K 3aXUCHUI WAAX 418 3HUKEHHS iHAyKoBaHo! Cd uMTOTOK-
CUYHOCTI B KNITMHAX HUPOK. BUKOPMCTaHHA cymili KanbLiii/BiTamiH D moske Cny»KUTK BiANOBIAHO cTpaTerieto AnA
3anobiraHHa Cd-onocepeakoBaHoi HEGPOTOKCUUYHOCTI Ta renaToTOKCMYHOCTI. BUBYEHHA BNIMBY OKPEMMUX XiMIUHUX
eleMeHTiB Ha TOKcUYHY aito Cd, f03BONAE B MalbyTHbOMY BMUIOTOB/IATM | 3aCTOCOBYBAaTM KOMMIEKCHI NpenapaTtu
abo xapuoBi cymilwi ana 3anobiraHHa abo nikyBaHHA Cd-iHAYKOBaHMX YLLIKOAKEHb

KnrouoBsi cnoBa: Kaamil, TOKCUYHA Ais, B3AEMOAiNA KanbLilhi — KaaMild, CNONYKMU KanbL,ito AK 3aXUCT Bif Kaamito.

CALCIUM AS AN EXOGENOUS FOOD SUPPLEMENT IN CADMIUM-INDUCED STRESS

Ostrovska S. S., Dyudun A. D., Shevchenko I. F., Agarkov S. F., Fedchenko M. P., Rodionov V. K., Bashta I. G.

Abstract. Heavy metals pose a threat to human health due to their long-term presence in the environment and
bioaccumulation. A particular danger among them, due to its widespread distribution and toxicity, is cadmium (Cd)
as a result of anthropogenic emissions into the biosphere and its widespread use in industry. Due to the great threat
to human health posed by Cd, there is a need to find effective ways to prevent and treat the negative effects of its
exposure. This review discusses the interaction of calcium (Ca) with Cd, whose toxic effects are widely reported
in scientific studies around the world. Ca and its compounds can be used as an exogenous supplement to protect
organisms from Cd-induced stress due to its chemical similarity to Ca. It increases cytosolic Ca through several
mechanismsand decreases transcript levels of some Ca transporter genes, initiates mitochondrial apoptosis pathways
and activates calpains that promote mitochondria-independent apoptosis. The discovery of the role of CaMK-II
in Cd-induced cell death and its further involvement in Cd-dependent changes in cytoskeletal dynamics opened
a new field of research in Cd toxicology. The positive effect of Ca against Cd-induced stress has been confirmed
by numerous studies in plant experiments. The results indicate that Ca-based additives have great potential for
the production of rice grains with low Cd content. The positive effects of Ca have also been demonstrated in
animals. Ca supplementation significantly reduces Cd-induced damage to bone microstructure and improves bone
biomechanics. Activation of CaSR may act as a protective pathway to reduce Cd-induced cytotoxicity in kidney cells.
The use of a calcium/vitamin D mixture may serve as an appropriate strategy to prevent Cd-mediated nephrotoxicity
and hepatotoxicity. The study of the influence of individual chemical elements on the toxic effect of Cd allows in
the future to manufacture and use complex preparations or food mixtures to prevent or treat Cd-induced damage

Key words: cadmium, toxic effect, calcium-cadmium interaction, calcium compounds as protection against
cadmium.
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Pivtorak V. I., Verkholantsev D. S.

POTENTIAL APPLICATIONS OF PLATELET-RICH AUTOLOGOUS PLASMA FOR PERIPHERAL

NERVE REGENERATION IN UPPER EXTREMITY TRAUMATIC INJURIES
National Pirogov Memorial Medical University (Vinnytsia, Ukraine)
pivtorakv@gmail.com

Ukraine is currently experiencing a surge in limb injuries due to occupational accidents, traffic collisions, and,
more recently, mine-blast injuries resulting from the ongoing conflict. In the rehabilitation of these injuries, peripher-
al nerve regeneration is of paramount importance. Traditional surgical techniques such as neurolysis and neurorrha-
phy often fall short of providing optimal outcomes and may result in the loss of a portion of the nerve trunk.

The problem of nerve regeneration remains a pressing issue, necessitating the exploration of novel approaches to
optimize the treatment of limb injuries. To accelerate nerve repair, factors that promote nerve growth are required.
Platelet-rich plasma, with its ability to stimulate cell proliferation, has emerged as a potential candidate to expedite
tissue regeneration. The application of PRP has garnered increasing attention within the neurosurgical community.

This article delves into the properties of plasma and analyzes current methods of its utilization for tissue regen-
eration. The mechanism underlying the accelerated regenerative effects on damaged tissues is attributed to the
properties of platelets. Experimental and clinical studies have demonstrated the significant potential of platelets.
Furthermore, platelet-rich plasma has been shown to stimulate nerve cell growth, enhance angiogenesis, reduce
inflammation, and improve functional recovery following peripheral nerve injury. However, a comprehensive under-
standing of the impact of activated plasma on peripheral nerve regeneration remains elusive.

The influence of platelet-rich plasma on peripheral nerve regeneration in the context of traumatic muscle injuries
warrants further investigation and elucidation.

Key words: upper extremity, peripheral nerve regeneration, platelet-rich plasma, Schwann cells.
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Introduction.

Peripheral nerve injuries are common in the practice
of neurologists, surgeons, and traumatologists. They

are caused by domestic and industrial injuries, road ac-
cidents, military actions, toxic, autoimmune, and infec-
tious lesions. The upper extremity is the most common
site of traumatic injury [1], with nerve injuries occurring
in 1-3% of patients with hand injuries [2]. Military sur-
geons today are confronted with complex open head,
neck, and limb injuries and have to reconstruct soft
tissues to close up post-traumatic wounds on the limbs
after battle [3]. In this case, it is important torestore the
integrity of the damaged peripheral nerves. The “gold
standard” for restoring the integrity of a peripheral
nerve is autologous sensory nerve transplantation [4],
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