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Cadmium (Cd) is one of the main toxic and most widespread heavy metals (HM) affecting public health. Work
with Cd pigments, plastic, glass, metal alloys and electrode material in nickel-cadmium batteries, as well as non-oc-
cupational exposures such as food, water and cigarette smoke, causes Cd to be absorbed from the environment into
the body through the pulmonary and enteric routes, which affects the liver, kidneys, vascular, nervous, reproductive
and other organ systems. Scientific studies have shown that the basis of Cd polytropic toxicity is oxidative stress (OS)
due to excessive formation of reactive oxygen species (ROS), which leads to cell dysfunction, necrosis or apoptosis.
Using natural compounds with antioxidant properties is relevant and essential because natural biologically active
compounds are safe and have a positive anti-inflammatory and anti-tumour effect on the body, reducing the adverse
effects of toxicants, including Cd. Dietary antioxidants, including selenium (Se), are ingested with food and have an
antagonistic effect against Cd-induced carcinogenesis and epigenome disorders, manifested in the mitigating impact
of pathological changes. Se does not occur in nature in its pure form, only in the form of any compounds (most often
sulfides). Its content in various foods is given. The leader in Se content is Brazil nuts, but the fruit's chemical composi-
tion depends on the tree's age, which can live up to 500 years. Se supplementation has proven to be effective against
drug side effects, but the narrow range between therapeutic and toxic doses of Se, as well as the dependence of
its impact on the form used, dose and method of treatment, makes the choice of an effective supplement a difficult
issue. The most recent research concerns its nanoparticles (SeNP), which are a promising new food additive due
to their ability to gradually release Se. When ingested internally, SeNP and Si-SeNP demonstrate anti-cancer and
antimicrobial properties that can contribute to human health not only as food supplements but also as therapeutic
agents.
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Connection of the publication with planned re-
search works.

This work is a fragment of the research work of the
Department of Fundamental Disciplines: “Develop-
ment and morphological and functional state of organs
and tissues of experimental animals and humans in
normal and ontogenetic conditions under the influ-

ence of external factors”, state registration number
0111U009598.

Introduction.

The problem of environmental pollution by toxic
substances, including heavy metals, is a growing con-
cern for scientists and the population of different
countries. Numerous studies have shown a correlation
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between HM concentrations in the body and human
health [1]. The body absorbs various HMs, which are
distributed to organ systems and lead to various dis-
eases [2]. Epidemiological observations of HM stud-
ies in humans are often complicated by mixed effects,
such as, for example, tobacco smoking with Cd and
simultaneous exposure to environmental pollutants,
including bio-phenols, dioxins, phthalates, and other
compounds that are likely to increase the toxic effects
on various human organ systems [3, 4, 5].

Cd is one of the main toxic and most widespread
HMs affecting public health. Working with Cd pig-
ments, plastic, glass, metal alloys and electrode mate-
rial in nickel-cadmium batteries, as well as non-occu-
pational exposures such as food, water and cigarette
smoke, causes Cd to be absorbed from the environ-
ment into the body through the pulmonary and enteric
routes [6, 7]. This metal has a toxic effect on the liver,
kidneys, vascular, nervous, reproductive and other
organ systems [8, 9, 10, 11]. Using natural compounds
with antioxidant properties, such as selenium (Se), is a
relevant and promising area for reducing the negative
impact of Cd.

The aim of the study.

To determine the role of dietary antioxidant sele-
nium (Se) in Cd-induced processes.

Main part.

Scientific studies have shown that the basis of
polytropic Cd toxicity is oxidative stress of the OS as
a result of the formation of reactive oxygen species
(ROS), such as superoxide, hydroxyl radical, hydrogen
peroxide and nitric oxide and/or depletion of the anti-
oxidant defence system of cells [12].

It is known that ROS typically play an essential role
in the regulation of several physiological processes in
the cell, modulating the activity of enzymes through
redox cycles [13]. However, excessive production of
ROS through the oxidation of proteins, lipids, and DNA
causes changes in metabolic pathways, ultimately
leading to cell dysfunction, necrosis, or apoptosis [14,
15].

Given the critical role of ROS in Cd toxicity, one of
the most important and promising strategies at pres-
ent is the food supply system using compounds with
antioxidant properties [16, 17]. Natural biologically
active compounds or medicinal plants that have posi-
tive, mainly antioxidant, anti-inflammatory, and anti-
tumour effects on the body can mitigate and even sig-
nificantly reduce the adverse effects of Cd [18].

Antioxidants are compounds that prevent or re-
pair oxidative damage to cells. They can act directly
by eliminating the effects of ROS or indirectly by regu-
lating antioxidant defences, inhibiting ROS production
[19].

There are several classifications of antioxidants. The
most commonly used classification is based on their
origin as endogenous and exogenous. In this review,
we consider exogenous, so-called dietary antioxidants,
which can be obtained mainly from food through con-
suming fruits, vegetables, berries and/or food supple-
ments [20]. These include, first of all, Se with an an-
tagonistic effect against Cd-induced carcinogenesis
and epigenome disorders, which was manifested in

the mitigating impact of changes mediating the devel-
opment of human breast cancer (MCF-7), other neo-
plasms and epigenetic regulation of 10 genes damaged
by Cd. Se inhibited APBA2 and KIAA0895 genes and
simultaneously activated DHX35, CPEB3, SVIL, MYLK,
ZFYVE28, ABLIM2, GRB10 and PCDH9 genes, which are
involved in multiple cancer-related pathways, such as
focal epigenome adhesion, namely DNA methylation
and the expression of micro RNAs (miRNAs) and long
RNAs (IncRNAs) [21, 22], which play a significant role in
the manifestation of features without directly affecting
DNA/pistons.

Se is present in varying amounts in all plants, mush-
rooms, seafood and other animal products. Plants
absorb it from the soil, convert it and store it. Then,
through the food chain, the trace element enters the
tissues of animals and humans. In nature, it occurs only
in an unstable form, and in biological organisms, it is
presented as the amino acid selenomethionine. The
studies show the Se content in products (concentra-
tion is given in ug/100 g): unprocessed wheat bran
77.6; wholemeal wheat flour 61.8; barley groats (dry)
37.7; wholemeal wheat pasta 36.3; white bread 28.8;
boiled couscous 27.5; raw mushrooms 26.0; halva
11.5; cooked rice 9.4; roasted peanuts 9.3; dark choco-
late 8.43. The leader in Se content is Brazil nuts, with
100 g of raw nuts containing 103 to 1917 pg. This dis-
crepancy is because the fruit’s chemical composition
depends on the tree’s age. Bertholletia excelsa, better
known as Brazil nut (the plant’s fruits are also known
by the same name), lives up to 500 years. In any case, it
is better not to take risks and not consume more than
20-30 g of nuts daily. This amount will be enough to re-
plenish Se deficiency. Brazil nuts are even better than
coconuts and macadamia nuts in terms of taste and
nutritional value, and they are often used to replace
them in cooking. Nuts are also used to extract oil from
them. Regarding nutritional value, Brazil nuts are the
richest source of Se, with the highest possible content,
although the amount varies widely. These nuts are also
a good source of magnesium and thiamine. Several
studies have shown that Se reduces the risk of breast
and prostate cancer. It has led to recommendations to
eat Brazil nuts as a preventive measure for many dis-
eases [23].

Se belongs to inorganic polymers and is similar in
nature to sulphur. It is not found in its pure form, only in
the form of any compounds (most often in sulphides).
In terms of chemical properties, it is a non-metal that
exists in two modifications: crystalline and amorphous.
It is an essential trace element in the human body, in-
volved in numerous processes, including immune func-
tion and antioxidant defence. Its various forms are still
being studied, including both inorganic and organic
compounds and natural foods enriched with it. Se defi-
ciency can cause acute disorders, but an overdose can
also lead to severe consequences. The functions of Se
in the body are mainly related to its antioxidant prop-
erties, as it is a component of necessary antioxidant
enzymes. Se supplementation has been shown to be
effective against drug side effects. However, the nar-
row range between therapeutic and toxic doses of Se
and the dependence of its effects on the form, dose
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and treatment method used makes choosing the most
effective supplement a very complex issue. Recent
research also focuses on Se nanoparticles (SeNPs), a
promising new nutritional supplement due to their
ability to gradually release Se after ingestion. SeNPs
show anti-cancer and antimicrobial properties that can
contribute to human health not only as food additives
but also as therapeutic agents [24].

Silymarin (Si, an anti-inflammatory extract of milk
thistle) was studied. Se-mediated nanoparticles (Si-
SeNPs) were developed using green synthesis tech-
nology to reveal their enhanced anti-inflammatory ef-
fect in lipopolysaccharide (LPS)-stimulated RAW264.7
macrophages. Compared to Si, the Si-SeNP complex
exhibited a significantly increased inhibitory effect on
LPS-induced nitric oxide release and expression of pro-
inflammatory cytokines: tumour necrosis factor-alpha
(TNF-a) and interleukin 1B (IL-1B). Immunofluores-
cence analysis showed that Si-SeNPs inhibit nuclear
translocation (chromosome rearrangement that leads
to cancer development) and hyperactivation of the
NF-kB signalling pathway (characteristic of malignant
tumours).

There is an intracellular signalling pathway called
PI3K/AKT/mTOR, whose central components are the
enzymes phosphoinositide 3-kinase (PI3K), AKT and
mTOR kinases. It is one of the universal signalling path-
ways characteristic of most human cells. It is respon-
sible for avoiding apoptosis, cell growth, proliferation,
and metabolism. This signalling pathway also has sev-
eral tissue-specific functions, for example, in the heart.
Phosphoinositide 3-kinases are enzymes that catalyse
the transfer of a phosphate group from the adenos-
ine triphosphate molecule to the 3D position of the
inositol ring of phosphatidylinositols. The most impor-
tant lipid products, phosphatidylinositol-3,4,5-triphos-
phate (PIP3), are secondary mediators and ensure sig-
nal transduction from the membrane to the cell. Genes
of negative regulators of PI3K/AKT/mTOR signalling in
the signalling pathway are tumour suppressor genes.
These regulators include the phosphatase PHLPP,
which catalyses the cleavage of the phosphate group
at Ser-473 in the AKT1 molecule. The activity of this
enzyme leads to apoptosis and inhibition of tumour
cell proliferation. 740 Y-P (an agonist of the PI3K family
of enzymes, a key element of the PI3K/Akt signalling
pathway) was used to demonstrate that activation of
PI3K/Akt signalling can partially reverse the inflamma-
tory response, suggesting a causal role of the PI3K/Akt
signalling pathway by Si-SeNPs. These data indicate
that Si-SeNPs can be a functional agent to attenuate
LPS-induced inflammatory responses demonstrated
in RAW264.7 macrophages by inhibiting the PI3K/Akt/
NF-kB signalling pathway. Furthermore, biosynthe-
sised Si-SeNPs may be more effective in reducing in-
flammation than Si extracts. Thus, this study provides
an experimental basis for the clinical application of the
Si-SeNP complex as a new candidate for inflammation-
related diseases [25].

Se has a great potential to protect the body from
a wide range of environmental pollutants, including
heavy metals such as Cd, drugs and physical factors.
Numerous scientific studies on various model systems

have confirmed its positive effect against inflammatory
processes. For example, male avian hepatoma cells
(LMH) exposed to CdCI2 (2.5 uM for 24 hours) suffered
from a marked disturbance in Ca2+ homeostasis. By al-
tering the cadherin (CNX)/calreticulin (CRT) cycle, Cd
triggered endoplasmic reticulum (ER) cell OS and au-
tophagy, leading to cell death. Se (Na2SeO3 (at a con-
centration of 1.25 or 2.5 uM) enhanced the expression
of components of the calmodulin (CaM)/calmodulin ki-
nase IV (CaMK-IV) signalling pathway and thus mitigat-
ed the Cd-induced intracellular Ca2+ imbalance. The
study’s authors concluded that Se-mediated regulation
of Ca2+ homeostasis protects LMH cells from Cd-medi-
ated hepatotoxicity by reducing Cd-induced crosstalk
between autophagy and ER stress [26].

Se is also beneficial for plant growth. Foliar appli-
cation of Se (10, 20 or 40 mg/l Na2Se0O4 three times
during tillering, elongation and earing) to wheat leaves
grown in Cd-contaminated soil (0.3 mg/kg soil CdCI2
for six months) significantly increased photosynthesis,
tissue biomass and antioxidant enzyme activity, sug-
gesting that leaf spraying is a cost-effective strategy to
reduce Cd toxicity [27].

In addition, Se is required to synthesise selenopro-
teins, regulatory proteins distributed throughout vari-
ous tissues to perform important biological functions.
Due to their high antioxidant activity, the main role
of selenoproteins, including glutathione peroxidase
(GPX), thioredoxin reductase (TrxR) and iodothyronine
deiodinase (IDD), is to prevent oxidative damage to
cells. Thus, Se, with its antioxidant properties, is one
of the most important trace elements for humans and
is offered as a dietary supplement for health improve-
ment.

Conclusions.

1. Se reduces the development of Cd-induced pro-
cesses and, as an antioxidant, has a great potential to
protect the body from Cd and other environmental
pollutants.

2. SeNP nanoparticles demonstrate anticancer and
antimicrobial properties that can contribute to human
health not only as food additives but also as therapeu-
tic agents.

3. Using a complex of Si-SeNPs provides an experi-
mental and clinical basis for treating inflammation-re-
lated diseases and inhibits the development of malig-
nant tumours.

Prospects for further research.

Search for new effective dietary antioxidants aimed
at reducing the toxic effects of Cd and other heavy
metals.
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AHTUOKCUAAHTHI EQEKTU CEJIEHY NPU TOKCUYHIN AiT KAQMIKO
(ornag IHO3EMHOI NITEPATYPW)

€BponeicbKnii meguuHuii yHisepcutet (m. [iHinpo, YKkpaiHa)
s.ostr2018@gmail.com

Kaowmiti (Cd) € oOHUM i3 ocHOBHUX MOKcUuYHUX | Halbinbw pPoO3MOBCOOHEHUX B8aMKUX Memasnis (BM), wo
enausarome Ha 300po6’s HaceneHHA. Poboma 3 Cd-niemeHmMamu, naacmuKom, CKAOM, Memanesumu Craaeamu
i enekmpoOHUM Mamepianom 6 Hikenb-KaOMiesux bamapesx, a Maxkox« HenpogpeciliHa 0is, maka AK ixa, eoda
i cueapemHuli OuM, BUKMAUKAE no2auHaHHA Cd 3 HOBKOAUWHbLO20 cepedosuwia 8 Op2aHism Yepes nezeHesi ma
eHmepasibHi WAAXU, W0 8MaAUBA€E HA CMAH NeYiHKU, HUPOK, CyOUHHOI, Hep8o8oi, perpodyKmueBHOi ma iHwux cucmem
opeaHis nOuUHU. Haykosumu 0ocnioneHHAMU 008e0eHO0, Wo 8 O0CHO8I noaimponHoi mokcuyHocmi Cd nexcume
oKucHuli cmpec (OC) y pe3ynbmami HAOMIpHO20 ymeOopeHHs aKMueHUX (popM KucHwo (A®K), wo npuzsodume
00 OuchyHKyil, Hekpo3y abo arnonmo3sy KAimuH. BUKOpUCMAHHA HAMypasnsHUX CAOAYK 3 GHMUOKCUOGHMHUMU
8/10CMUBOCMAMU € GKMYQAbHOK i 8axaueoro, 60 npupoOHi 6iono2iyHO aKMuUeHi crionykKu 6e3nevHi, marme
103UMUBHY MPOMuU3anasbHy, MPOMUNyXaAUHHY 0ito Ha Op2aHi3M, MOM'AKWYYU HeaamueHUl 8MaU8 MOKCUKAHMIS,
8 momy yucai Cd. iemuyHi aHMuUoKcudaHmu, 00 AKUX HAAexumso cesneH (Se) nompanagioms 8 op2aHi3m 3 ixero
i marome aHmazoHicmuyHuli egpekm npomu Cd-iHOYKOBAHO20 KaHUepoz2eHe3y ma nopyweHs ericeHomy, Wwo
pos8aAA0CA 8 MOM'AKWYHYOMY eghekmi Namosno2idHux 3miH. Se He 3ycmpiyaemoscs y npupoodi 8 Yucmomy euensoi,
minbKu y ghopmi 6ydb-aKkux crionyk (Halivacmiwe cyneghioax). [Mpusodumecsa (iozo emicm 8 pi3HUX MPoOyKmMax
Xap4yeaHHs. Jlidepom 3a emicmom Se € 6pasunbcbKuli eopix, ane XiMiyHUl ckaad naodie 3anexcums 8i0 GiKy
Oepesa, sKke #use 00 500 pokie. BeedeHHs Se 8us8UAOCA egheKmUBHUM npomu nobiyHUX ehekmis nikie, 0OHAK
8y3bKuli 0ianas3oH Mix mepanesmMu4YHUMU Ma MOKCUYHUMU 003aMU Se, 0 MaKoxc 3aaexcHicme lo2o 0ii 8i0 hopmu,
wo 3acmocosyemscs, 003U Mma Memoody MiKy8aHHS, pobums 8ubip egpekmusHoi 006aBKU CKAAOHUM MUMAHHAM.
HaliHogiwi docnidmceHHs cmocytombcs oo HaHoYacmuHok (SeNP), sKi € HOB0K MepcrieKmMuUBHOK Xap4Yyo80H0
dobasKoro 4epe3 30amHicme nocmynoso eusinbHAmuU Se. BHympiwHil npuliom SeNP, Si-SeNP demoHcmpye
npomupaxkosi ma npomumikpobHi enacmueocmi, AKi MOXCymeb crnpusmu 300p08'to MH0OUHU HE MIifbKU AK Xap4osi

0ob6asKu, ase i AK mepanesmuyHi 3acobu.

Knro4voei cnosa: kadmil, oKucHUli cmpec, ceneH AK AHMUOKCUOAHM, AiKy8asbHi eghekmu.

3B’A30K nybniKauii i3 n1aHoBUMM HayKOBO-gOCNIA-
HUMK poboTamum.

[aHa pobota € pparmeHtom HAP kadeapu dyHaa-
MEHTA/IbHUX AMCUMNNIH: «PO3BUTOK i MOPPO-OYHKL, -
OHANbHUIM CTAH OPraHiB i TKAHWH EKCNepUMEHTANbHUX
TBApPWH i Ntogelt B HOpPMi, B OHTOreHesi nig BMNAMBOM
30BHILLHIX daKTopiB», HOMep AepKaBHOI peecTpaLii
0111U009598.

Bcryn.

Mpobnema 3abpyaHEHHA HABKONWLLIHLOTO CEPEeSoBU-
LA TOKCUYHWMM PEYOBUHAMM, B TOMY YMCAI BArKKMMMU
MmeTanamu, aegani Typbye HayKOBL,B i HACENEHHA Pi3HUX
KpaiH CBiTy. YncenbHi JOCNIAKEHHA NOKas3ann Kopena-
Lit0 MiXK KOHLUEeHTpauiamm BM B opraHiami Ta 340poB’sam
noanHn [1]. OpraHism nornunHae pisHi BM, aki posnogi-
NATLCA NO CUCTEMAM OPraHiB Ta NPU3BOAATL [0 Pi3HUX
3axBoptoBaHb [2]. EnigemionoriyHi cnoctepeskeHHs Oo-
cnigxeHb BM y ntofelt 4acto yCKNaAHIOETbCA 3MillaHK-
MW BMNAMBAMM, TaKUMMU, HAMPUKNAL, AK THOTIOHOMNANIHHA
3 Bmictom Cd i ogHouyacHa Ais 3abpyaHIOBaYiB AOBKiN-
NA, BKAOYalun bGiodeHonun, AioKcuMHM, dTanatu, iHwWwi
3’€lHAHHA, LLO 3 BUCOKOO iMOBIPHICTIO MOCU/IIOOTb TOK-
CUYHMIA BNAMB Ha Pi3Hi CUCTEMM OpraHiBs toauHu [3, 4, 5].

Cd € 0f4HMM i3 OCHOBHMX TOKCUYHMX | HaWbinbL Po3-
noscrogeHux BM, Wwo BnavBatoTb Ha 340pOB’A Hace-
neHHA. Pobota 3 Cd-nirmeHTamu, NAACTUKOM, CK/IOM,
MeTaZIeBUMM CMAaBaMu | eNeKTPOAHUM MaTepiaom
B HiKenb-KagMmieBMx baTtapesx, a TaKoX HenpodecinHa
Ain, TaKa AK iXKa, BoAa i CMrapeTHU AMM, BUKIMKAE MOo-
rMMHaHHA Cd 3 HAaBKO/IMLIHBLOTO CEPEAOBULLA B OpPraHiam

yepes fiereHeBi Ta eHTepasbHi Waaxu [6, 7]. Lleit meTan
Ma€ TOKCUYHWI BMAUB Ha MEYiHKY, HUPKW, CYAMHHY, He-
pBOBY, PENPOAYKTMBHY Ta iHLLi CUCTEMM OPraHiB NHOANHN
[8, 9, 10, 11]. BUKOPUCTAHHSA HaTypa/ibHUX CMOAYK 3 aH-
TUOKCUMAAHTHUMM BAACTUBOCTAMM, TaKMX AK ceneH (Se), €
AKTYaNbHUM i NePCNEeKTUBHUM HAMPAMKOM A5 3HUMKEH-
HA HeraTusHoro snamsy Cd.

MeTa gocnipKeHHs.

BW3HAYeHHA poni AIETUMHOIO aHTUOKCUAAHTY CEeNeHy
(Se) y Cd-inaykoBaHuMX npouecax.

OcHOBHa YacTUHa.

HaykoBMMK focCnifKeHHAMU JOBEAEHO, WO B OCHO-
Bi MONITPONHOI ToKcMYHOCTI Cd NenTb OKMUCHUI CTpec
OC y pe3ynbTaTi yTBOPEHHSA aKTUBHUX GOpM KUCHIO ADK,
TAKUX IK CYNEePOKCUA, TiAPOKCUNbHUI paguKan, NePeKnc
BOAHIO 1 OKCMA, a30Ty i/ ab0 BUCHAMKEHHS CUCTEMM aHTH-
OKCWAAHTHOIO 3aXMCTy KAiTWH [12].

Bigomo, wo APK y Hopmi BigirpatoTb BaXKAnBY pPosb
y perynauii pagy ¢isionoriyHnx npouecis y KAiTUHI, mo-
OYNO0YM aKTUBHICTb PEepPMEHTIB 3a AOMOMOrow LUMKAIB
OKMCHO-BiAHOBHMX peakuilt [13]. OgHaK HagmipHa npo-
aykuia AOK wnaxom okMcHeHHsA 6inkis, ninigis, AHK, Bu-
K/IMKA€E 3MiHY MeTaboiuHMX LUAAXIB, LLO, B OCTAaTOYHOMY
niACyMKY, NPMBOAUTL A0 AUCPYHKLLT, HEKpo3y abo anon-
TO3Y KAiToK [14, 15].

BpaxoBytoum KputnyHy ponb OC y ToKcuyHocTi Cd,
oAHa 3 HaWbiNbL BaXK/MBUX i NEPCNEKTUBHUX CTPaTErin
B [laHMI Yac € cMcTeMa NocTavyaHHA NPOAOBONbCTBA i3 3a-
CTOCYBaHHAM CMOYK 3 aHTMOKCUAAHTHUMMW BNACTUBOCTA-
mu [16, 17]. NpupoaHi bionoriyHo aKTUBHI cnonykun abo
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NiKapCbKi POCNHM, AKI MatOTb NO3UTUBHY, B OCHOBHOMY
QHTUOKCMAAHTHY, NPOTM3anasbHy, NPOTUMYX/IMHHY Ait0
Ha OpraHiam, MOXYTb MOM’AKLYBATW i HaBiTb 3HAYHO
3MeHLLIYyBaTK HeraTueHuit Bnams Cd [18].

[0 aHTMOKCMAAHTIB BiAHOCATLCS CNO/YKM, LLLO 3anobi-
ratoTb abo ycyBatOTb OKUCHE YLUKOAMKEHHA KNiTUH. BOoHM
MOXyYTb Aiatn 6esnocepenHbo, ycyBatoun ebektn APK,
abo onocepenKoOBaHO, PEry/toYU AaHTUOKCUAAHTHUIA
3aXMCT, LLLO TaKOXK NpUrHivye npoaykujio AOK [19].

IcHye AekKinbka Knacudikauii aHTMOKcKAaHTie. Hali-
yacTile BUKOPUCTOBYETLCA KnacudikaLlis 3a iX NOXoaXKeH-
HAM AK eHOOreHHi Ta eK30reHHi. Y ubomy ornagi posrns-
[AKOTbCA €K30reHHi, Tak 3BaHi AIETUYHI aHTUOKCUOAHTH,
AKi MOXYTb BYTM OTPUMaHIi, FOIOBHUM YMHOM, 3 iXKeto
LUNAXOM B¥KMBaHHA GPYKTiB, 0BOMIB, Arig Ta/abo xapyo-
BMX A06aBoK [20]. [lo HMX, B NepLUy Yepry, HafexnTb Se 3
aHTaroHicTMyHUM edektom npotn Cd-iHAYKOBAHOTO KaH-
LeporeHesy Ta NOpPYyLUEHb enireHoMY, LLLO NPOABAANOCA B
nom’sikwytoyomy edekTi 3miH, onocepeaKoByOUNX PO3-
BUTOK PaKy MOJIOYHOI 3an103u AoanHn (MCF-7), iHwmx
HOBOYTBOpPEHb Ta enireHeT4YHOI perynauii 10 reHis, no-
wroaxeHmx Cd. Se npurHivysas reHn APBA2 i KIAAO895
i ogHo4acHoO aKTmByBaB reHn DHX35, CPEB3, SVIL, MYLK,
ZFYVE28, ABLIM2, GRB10 i PCDH9, akKi 3any4eHi B MHO-
KUHHI LWAAXKM, NOB'A3aHI 3 pakoM, TaKUMKM AK doKasibHa
agresia enireHomy, a came, meTtuaoBaHHa AHK Ta ekc-
npecito mikpo PHK (MiPHK) Ta gosrux (arPHK) [21, 22],
AKi BifirpatoTb 3Ha4YHY pO/b B NPOABI O3HAK, He 3adinato-
um 6esnocepeaHbo AHK/nicToHw.

Se y Pi3HMUX KiNIbKOCTAX MPUCYTHIN Yy BCiX POC/IMHAX,
rpnbax, MopenpoayKTax Ta iHLWMX MNPOAYKTaxX TBAPWH-
HOMO MOXOAMKEHHA. POCAMHM aKymyntoloTb MOro 3 rpyH-
Ty, NEPETBOPIOOTL i HakonmuyoTb. [ani, No xap4yoBomy
NAHLIOKKY MiKpOe/ieMeHT NoTpanife A0 TKaHWUH TBapWH
i ntoguHU. Y npupoai BiH 3yCTPiYaeTbCA NnLIE Yy HecTa-
6inbHilt dopmi, a B BioopraHiamax BiH NpeacTaBAeHNNA Y
BUMALI aMiHOKMCNOTM CENEeHOMETIOHIH. B gocnigrKeH-
HAX HaABOAMTLCA BMICT Se B MPOAyKTax (KOHLeHTpauis
AaHa B MKr/100 rp): BMUCIBKM MEHUYHI HeobpobneHi
77,6; BOPOLWHO LibHO3epHOBE MNweHWYHe 61,8; AYHa
Kpyna (cyxa) 37,7; MaKapoH#M 3 LiNIbHO3ePHOBOI MLLEHU-
ui 36,3; xni6 6inni 28,8; Kyckyc BiasapeHuii 27,5; cupi
neyepuui 26,0; xanea 11,5; puc BigapeHui 9,4; cma-
eHui apaxic 9,3; YopHuit Wwokonag 8,43. Nligepom 3a
BMicTOM Se € 6pasnibcbkuin ropix, y 100 r cuporo ropixa
moro mictmutbea Big 103 fo 1917 mkr. Taka po36iKHICTb
OaHMX 06yMOB/ieHa TUM, L0 XIMiYHUIA CKNaz naoais 3a-
NIeXKUTb Bif, BiKy AepeBa. bepToneTia Bucoka (Bertholletia
excelsa) 6inblw BigOMa nig HazBamu BpasnabcKuii ropix
(nia MK XK HazBamK BiZOMI | N1OAN POCANHW) KMBE A0
500 pokiB. Y byab-AKOMy BUNAAKY Kpalle He pU3MKyBaTu
i He BXuBaTu Ginbwe 20-30 r ropillKie Ha AeHb. Aas no-
NnoBHeHHA AediunTy Se i€l KinbKocTi byae AocTaTHbLO. 3a
CMAKOBMMM Ta MOXMBHUMM AKOCTAMM BPa3nabCbKi ropi-
XV NepeBepLUyoTb HaBiTb KOKOCOBI Ta MaKaAaMmito, BOHU
YacTo 3aMiHIOOTb iX Y KyniHapii. fopixn TakoX BMKOpUC-
TOBYOTbCA 1A BUYABAIOBAHHA 3 HUX OAii. 33 NOXMBHIC-
Tio 6PasubCbKi ropixu € HalbaraTwmm axkepesnom Se,
BMICT AKOFO MAKCMMaNbHO MOMIMBUI, XO4a MOFO Kinb-
KiCTb BapIlOETbCA B LUMPOKMUX MeXKaXx. TaKoXK Lji ropixu €
rapHUM AXKEPesIOM MarHito Ta TiamiHy. Pag aocnigkeHb
CBiAYMTb NPO Te, WO Se 3HMKYE PU3UK 3aXBOPIOBAHHA HA
PaK MOJIOYHOI 3371031 Ta paKk NepeamixypoBoi 3an03u. Le
np13Beno A0 NoABU PeKoMeHAaL BXXMBAHHA 6pasuib-

CbKMX ropixiB AK NpodinakTMYHOro 3axody npu HGaraTbox
3axBOpPHOBaHHAX [23].

Se BigHOCUTbLCA 0 HEOPraHiYHMX nosimepis i 6AN3b-
KU1 33 CBOEIO NPUPOAOIO A0 CipKK. BiH He 3ycTpivaeTbea B
yncTomy BUMAL], TiIbKK Y opMi Byab-aKUX CronyK (Han-
yacTiwe B cynbdigax). 3a XimiyHMMM BNACTUBOCTAMMU — Lig
HemeTan, AKUIM iCHye y ABOX MoandiKaLiax: KpUCTaNIYHIN
Ta amopdHil. BarknmMeuii MikpoenemeHT B opraHiami /to-
AMHK, WO 6epe yyacTb y YUCNEHHMX NPOLEecaX, BKIOYa-
104U IMYHHY GYHKLiO Ta aHTUOKCUAAHTHMIA 3axucT. Moro
pi3Hi dopmK [OCi BUBYAOTLCA, BKIKOYAIOUM AK Heopra-
HiYHi, TaK i OpraHivyHi CNOAYKMK, i HAaTypasbHi NPOAYKTH, im
36arayeHi. Jediunt Se MmoKe CNPUYNUHUTK FOCTPi po3na-
aW, ane " nepefosyBaHHA MOXKe MPU3BECTU A0 TAMKKUX
Hacnigkie. PyHKLUIT Se B opraHiami, nepeBakHo, NOB’A3aHi
3 /0r0 @aHTMOKCUAAHTHUMM BAACTUBOCTAMM, OCKINIbKW BiH
BXOAWUTb [0 CKNAZY BaK/IMBUX aHTMOKCUOAHTHUX dep-
MeHTiB. BBeaeHHA Se BuaBMAOCA ePEeKTUBHUM NPOTH
nobiuHmx edekTiB nikiB. OAgHaK BY3bKMIA Aianas’oH Mix
TepaneBTUYHUMM Ta TOKCUYHMMM [03aMK Se, @ TaKOoX
3a/1eXKHiCTb Moro aji Big 3actocoByBaHOi popmun, 403K Ta
meToay NiKyBaHHA pobuTb BMBIp Halbinblw epeKTUBHOI
[06aBKM AyKe CKNafHUM nNUTaHHAM. HaltHosiwi pocni-
OMKEHHS TaKOXK CTOCYHOTbCA MOro HaHO4YacTMHOK (SeNP),
AKi € HOBOIO NEPCMNEKTUBHOIO XapyoBoto Ao6aBKo Yepes
X 34aTHICTb NOCTYNOBO BMBI/IbHATW Se NiC/1A BHYTPIWHbO-
ro npuitomy. SeNP geMOHCTpyoTb NPOTMPAKOBI Ta Npo-
TUMIKPOOHIi BNaCTUBOCTI, IKi MOXKYTb CNPUATU 340POB’ 10
JIOAMHW He TiNbKM AK Xxap4oBi ,o6aBKK, ane i AK Tepanes-
TWYHi 3acobu [24].

[ocnigyBanu cunimapuH- (Si, npoTnsananbHUI eKc-
TpaKT po3Toponuwi). OnocepekoBaHi HaHOYaCTUHKK Se
(Si-SeNP) po3pobneHi 3 BUKOPUCTaHHSAM TeXHOJOTIi 3e-
JIEHOTO CUHTE3Y A1A BUABNEHHA iX MOCUNEHOro NpoTu3a-
nanbHOro epeKTy B CTUMY/IbOBaHMX NiNOMNOAICaxapuaom
(LPS) makpodarax RAW264.7. Y nopiBHAHHI 3 Si, Komn-
nekc Si-SeNP BMABAAB 3HAYHMI NiABULLLEHWNI iHTiBYOUYNiA
edeKT Ha iHayKoBaHe LPS BMBI/NIbHEHHS OKCuAy a30Ty Ta
eKCnpecito Npo3ananbHUX LUTOKIHIB: daKTopa HEKpPO3y
nyxavHu-anboa (TNF-a) Ta iHTepnenkidy 1B (IL-1B). Imy-
HOQIYyOpPECLLEHTHUIA aHani3 nokasas, wo Si-SeNP iHribye
AAepHY TPAHC/oKaLito (NepebyLoBy XPOMOCOM, LLLO NPpU-
3BOAWTL 40 PO3BUTKY PaKy) Ta rinepakTMeaL,ilo CUrHab-
Horo wnsxy NF-kB (xapaKTepHy A5 3/10SKICHUX NYXUH).

ICHY€E BHYTPILUHBOKNITUHHMIA cUrHaNbHWUIA Wwnsx PI3K/
AKT/mTOR —LUEeHTPanbHUMM KOMMOHEHTaMM SKOro €
bepmeHTU docdoiHosnTUa-3-KiHasy (PI3K), kiHasu AKT
Ta mTOR. Lle oauH i3 yHiBEpCaNbHMUX CUTHANbHUX LINAXIB,
XapaKTepHUX A BinblwocTi KNiTUH AtoguHn. BiH Bigno-
BiJa€ 3a YHMKHEHHA anonTo3y, 3pOCTaHHA, nponidepa-
Lito KNITUH, meTaboniam. TaKoK Leil CUTHaNbHUI Waax
MaE€ KisibKa TKaHMHO-cneundiuHMx GYHKLIN, Hanpuknag,
y pobori cepus. PochoiHo3nTUA-3-KiHa3n — Le pepmeH-
TW, AKi KaTanisyloTb nepeHeceHHAa ¢ocdaTHOi rpynu 3
MONEeKyNM ageHo3nHTpudocdaTty Ha 3D-NoNoKEHHS iHO-
3UTO/NIbHOTO KinbuAa pocdatnanniHosumtonis. JlinigHi npo-
OYKTY, WO YTBOPIOKOTLCA B PE3yNbTaTi, HAMBAXKAUBILLMM
3 AKKX € pochaTnamniHosuton-3,4,5-Tpudocdar (PIP3), €
BTOPUHHMMM NocepesHMKaMu i 3abe3neyytoTb nepegayy
CUrHaNy Bifg MembpaHu BcepeauHy KAITUHW. TeHn Hera-
TUBHUX perynaTopis nepeadi curHany PI3K/AKT/mTOR
Ha CUTHANIbHOMY LUAAXY € FEHAMMW-CYNPecopamm NyxvH.
[o Takux perynstopis BigHocuTbcs docdatasa PHLPP,
AKa KaTanisye BigwenneHHa ¢ocdaTHOI rpynu 3a no-
noxeHHam Ser-473 8 monekyni AKT1. AKTUBHICTb LbOro
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bepmeHTy Npr3BOAUTL A0 arnonTo3y Ta YMNOBiIbHEHHA
nponidepauii KNiTok NyxavH. 740 Y-P (aroHicT cimelicTBa
¢depmeHTiB PI3K, Knwo4yoBOro enemeHTa CUrHasbHOrO
wnaxy PI3K/Akt) suKopucToBYBanu Ana AeMOHCTpaLLi
TOro, WO aKktuealia curHany PI3K/Akt moke 4acTKoBO
NOBEPHYTWU Ha3aj, 3anajbHy peakuio, WO CBiAYUTb Npo
MPUYMHHY POJb cUrHanbHoro wnsaxy PI3K/Akt Si-SeNP. L
[aHi BKasytoTb, Lo Si-SeNPs morke 6yt GyHKLiOHaNAbHUM
areHTom nocsabneHHaA iHAyKoBaHWX LPS 3ananbHux pe-
aKLUii, NpoAeMOHCTPOBaHMX Ha Makpodarax RAW264.7
3a OOMOMOroK iHrByBaHHA CUrHanAbHOTO WwAxy PI3K/
Akt/NF-kB. Kpim Toro, 6iocuHTe3oBaHmin Si-SeNP moske
OyTV Ginbll ePEeKTUBHUM Y 3HWUMKEHHI 3aMafieHHs, HixX
E€KCTPaKTh Si. TaKUM YMHOM, Le OCNISKEHHA 3aKNagae
eKCMepuMeHTaIbHy OCHOBY ANA KNiHIYHOrO 3acTOCyBaH-
Hs Komnnekcy Si-SeNP siKk HoBoro KaHauaata B obnacrTi
3aXBOpPHOBaHb, NOB’A3aHMX i3 3ananeHHaMm [25].

Se Ma€ Be/NMKUIA NOTEHLUian Ana 3aXUCTy OpraHiamy
BiZ, LUMPOKOrO CreKTpy 3abpyaHIoBayiB AOBKINAA, Y TOMY
ynchni Big, BaxKKMX MeTanis, Takux AK Cd, nikis Ta ¢isnyHmX
¢daKTopiB. YMcenbHi HayKoBI JOCAIAKEHHA HA PiI3HUX MO-
Oe/bHUX CUCTeMaxX NiATBEPAUAN KOTO NO3UTUBHUI edekT
NPOTK 3aMasbHMUX NPOLECIB. TaK, KNITUHM renatomm cam-
uis ntaxis (LMH), wo 3asHanm snamey CdCI2 (2,5 mKM
npoTarom 24 rop), CTpaxganu Bif NOMITHOTO NopyLleH-
HA romeocTasy Ca2+. 3MiHIOHUM UMKA KagrepuHy (CNX)/
KanbpeTukyniny (CRT), Cd 3anyckas OC KniTUH eHAgonnas-
maTuyHoro petukynymy (ER) Ta aytodarito, Wwo npusso-
AUNO A0 KNiTMHHOT cmepTi. Se (Na2SeO3 (B KoHUeHTpaUji
1,25 ab6o 2,5 mKM) nocunoBaB eKcnpecito KOMMOHEHTIB
CUrHaNbLHOTO WAAXY KanbmoayniHy (CaM)/kanbmomyniH-
KiHasu IV (CaMK-IV) i, TakMm YMHOM, NMOM’SIKLLIYBaB, iH-
AykoBaHwui Cd, BHYTPIWHBOKNITUHHUIA ancbanaHc Ca2+.
ABTOpPU AOCNIAMKEHHA MPUALIAM A0 BUCHOBKY, WO Se-
onocepefikoBaHa perynauia romeoctady Ca2+ 3axuuae
KnitnHm LMH Big, Cd-onocepefKoBaHOi renaToTOKCKY-
HOCTI, OCKi/ZIbKM 3MeHLYe BUKAMKaHI Cd nepexpecHi ne-
pelwKkoam mix aytodarieto Ta ctpecom ER [26].

Se TaKoX KOPUCHWUI ANs pOCTy POC/UH. [o3aKkopeHe-
Be BHeceHHs Se (10, 20 abo 40 mr/n Na2SeO4 Tpu pasu
B Mepiof KyLiHHSA, MOAOBMXKEHHSA Ta KOMOCIHHA) Ha /IUCTI
nweHnui, BupoLeHnx y 3abpyagHeHomy Cd rpyHTi (0,3
mr/kr rpyHTy CdCI2 npotarom 6 micAuiB) 3Ha4yHO 36inb-
wue GoToCcMHTE3, BioMacy TKAaHWH Ta aKTUBHICTb aHTU-
OKCUOAHTHUX GEePMEHTIB, L0 A03BOJIAE 3aNPONOHYBaTH
0OMPUCKYBAHHSA INCTA AK EKOHOMIYHO edeKTUBHY CTpa-
TErito ANA 3HUMKEHHS ToKkecuyHocTi Cd [27].

Kpim Toro, Se HeobxiaHW oNa cMHTE3y ceneHomnpo-
TeiHiB, perynaTopHux Binkis, sKi po3noainaTbea no pis-
HUX TKaHWMHaX ANA BMKOHAHHA BaX/MBMX 6ion0OriyHMX
OYHKUIN. Yepes iXHIO BENMKY aHTUOKCUMAAHTHY aKTWB-
HICTb OCHOBHA POJIb CE/IEHONPOTEIHIB, BKAOYAOUM /1y-
TaTioHnepokcuaasy (GPX), TiopeaokcnHpeaykrasy (TrxR)
Ta MoaTupoHiHaelioauHasy (IDD), nonsrae y 3anobiraHHi
OKMC/tOBA/IbHOTO MOLUKOAMKEHHA KAITUH. TaKUM YMHOM,
Se 3 MOro aHTMOKCUAAHTHUMM BAACTUBOCTAMMU BifHO-
CUTbCA A0 BaXK/MBUX MIKPOENEMEHTIB A1A IIOANHM i Npo-
NMOHYETLCA AK XapyoBa f06aBKa A/19 0340POBNEHHS.

BucHoBKuU.

1. Se 3HMKYe po3BuUTOK Cd-iHAYKOBaHMX MNPOLLECIB i,
AK aHTMOKCUAAHT, MA€E BE/IMKUIA NOTEHLiAN A1A 3aXMCTy
opraHi3my Big, Cd Ta iHWKX 3abpyaHIOBaYiB AOBKINNA.

2. HaHouactHKM SeNP aemoHCTpytoTb NpOTUpPAKO-
Bi Ta NPOTMMIKPOOHI BNACTUBOCTI, AKI MOXKYTb CNPUATK
3[,0pOB’t0 NIIOAMHUN He TiNIbKKN AK XapyoBi AOMILLIKK, ane 1
TepaneBTUYHI 3acobu.

3. 3actocyBaHHA KOMMIEKCY OMOCEAKOBAHUX Ha-
HO4YacTMHOK Si-SeNP 3aKnapae ekcnepumeHTanbHy i
KNiHIYHY OCHOBY B 06/1acTi 3aXBOPHOBaHb, NOB'A3aHMX i3
3aMasieHHAM Ta iHribyOTb WAXU PO3BUTKY 3/105KICHUX
NyX/INH.

MepcnekTMBM NOAANbLUNX AOCAIAMNKEHD.

Mowyk HOBMX ePEKTUBHUX LOIETUHHUX AHTUOKCU-
[LAHTIB, CMPAMOBAHMX Ha 3HUMKEHHA TOKCUYHOI aji Cd Ta
IHLIMX BaXKKUX MeTani..
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AHTUOKCUOAHTHI E®EKTU CENEHY NPU TOKCUYHIN AIT KAAMIO (ornaa IHO3EMHOI NNITEPATYPU)
OctpoBcbKa C. C., Abpamos C. B., baitbakos B. M., AHToHOBa O. B., MapxoHb H. O.,
Xmenb O. C., KoHoBanosa O. C.

Pestome. B ornsgi nokasaHa posb ceneHy (Se) npu TOKCUYHIN aii kagmito (Cd).

Mema 0ocnidxceHHA. BU3HaYeHHA poni AIETUYHOrO aHTUOKCMAAHTY Se y Cd-iHAyKOBaHMX npoLiecax.

OcHosHa YacmuHa. Kagmili € 0O4HUM i3 TOKCUYHMX | HAMBINbL PO3NOBCIOAKEHMX BAXKKUX MeTaniB. BiH Ma€e yLwKo-
OXKYIOUNIA BNAMB Ha NEYiHKY, HUPKW, CYAMHHY, HEPBOBY, PENPOAYKTUBHY Ta iHLWI CUCTEMM OpraHiB NtoamHu. [loseae-
HO, L0 B OCHOBI MOAITPONHOI TOKCMYHOCTI Cd 1eXKUTb OKMCHUIA CTPeC y pe3ynbTaTi yTBOPEHHA aKTUBHUX GOPM KMCHIO
ab0 BUCHAXEHHA CUCTEMU aHTUOKCUAAHTHOIO 3aXMCTY, WO, B OCTAaTOMHOMY NiACYMKY, NMPUBOANUTL A0 AUCOYHKUT,
HeKpo3y abo anonTo3y KNiTWUH. BUKOPUCTAHHA HaTypasibHUX CMOAYK 3 aHTUOKCUAAHTHUMM BAACTUBOCTAMM, TaKUX
AK Se, € aKTyaNbHUM i NePCNEKTUBHMUM HaNPAMKOM A/1A 3HUKEHHA HeraTusHoro BnamBy Cd. Se mae aHTaroHicTmy-
HUI edekT npotn Cd-iHAYKOBAHOIO KaHUeporeHesy Ta NopyLeHb enireHoMy. B gocnigxeHHi HaBoguTbCA BMIcT Se
B NpoaykTax. Hanbaratwmm gxkepenom Se, 3 MaKCMMaibHUM MOTo BMICTOM, € BPasnabCbKUiA TOPiX, XiMiYHUI CKAag,
N/0A4iB AKOro 3a/71eXnUTb Big, BiKy AepeBa, Ake xuse Ao 500 pokis. JediunT Se MoXKe CNpUYMHUTK FToCTpi po3iagu,
ane 1 nepefo3yBaHHA MOXe NPU3BECTM 40 TAXKKUX HACNiAKIB. Se BUABMBCA eDEKTUBHMM NPOTU NOBIYHUX edeKTiB
NiKiB. By3bKuii Aiana3oH Mix TepaneBTUYHUMM Ta TOKCMYHUMM A03aMU Se 3a1eXHICTb Big dopmu, 403K Ta meToay
NiKyBaHHA | TOMYy NpM3HaYeHHA A/1A 3aCTOCYBaHHA € HEMPOCTUM NUTAHHAM. HalHOBIWI AOCAIAXKEHHA CTOCYHOTHCA
Moro HaHo4acTMHOK (SeNP), Aiki € HOBOI MEPCMEKTUBHOI XapyoBOK AOMILIKOK Yepes 34aTHICTb MOCTYNOBO BU-
BiNIbHATM Se nicns BHYTPiWHbOro npuitomy. SeNP AeMOHCTPYOTb NPOTUPAKOBI Ta MPOTUMIKPOOHI BAaCTUBOCTI, SKi
MOYTb CNPUATU 340POB’I0 NHOANHU He TiZIbKK AK XapyoBi AOMILLKK, @ 1 TepaneBTUYHi 3acobu. [ocnigxysanum cuni-
MapuH- (Si, NpoTM3ananbHUIA eKCTPaKT po3Toponuwi). OnocepeaKoBaHi HaHOYACTUHKM Se (Si-SeNP) iHribyoTb npo-
LLeCu, XapaKTepHi 418 PO3BUTKY 3N10AKICHUX MYXUHI.

BucHosku. 1) Se 3HWKYe po3BUTOK Cd-iHAYKOBAHMX MPOLLECIB i, AK aHTUOKCUAAHT, MA€ BE/IMKUI NOTeHLian ans
3axucTy opraHismy Big Cd Ta iHWMX 3abpyaHoBaYiB foBKiNNA. 2) HaHOYaCcTMHKM SeNP AeMOHCTPYOTb NPOTUPAKOBI
Ta NPOTUMIKPOBHI BnacTuBocTi. 3) 3acTocyBaHHA KoMmnaeKcy Si-SeNP 3aknagae ekcnepumMmeHTanbHy i KNiHiYHY OCHO-
By B 061acCTi 3aXBOPIOBaHb, NOB'A3aHMX i3 3aNaNeHHAM Ta iHFIOYIOTb WAAXM PO3BUTKY 3N0AKICHUX MYXIUH.

Kntouosi cnosa: KagMmili, OKUCHUI CTPeC, TOKCUYHA AifA, CeNneH AK aHTUOKCUAAHT, NiKyBaNbHi epeKTu.

ANTIOXIDANT EFFECTS OF SELENIUM IN THE TOXIC EFFECT OF CADMIUM (REVIEW OF FOREIGN LITERATURE)
Ostrovska S. S., Abramov S. V., Baibakov V. M., Antonova O. V., Markhon N. O., Khmel O. S., Konovalova O. S.
Abstract. The review shows the role of selenium (Se) in the toxic effect of cadmium (Cd).

The aim of the study. Determination of the role of dietary antioxidant Se in Cd-induced processes.

Main part. Cadmium is one of the most toxic and widespread heavy metals. It has a damaging effect on the liver,
kidneys, vascular, nervous, reproductive and other systems of human organs. It has been proven that the polytropic
toxicity of Cd is based on oxidative stress as a result of the formation of reactive oxygen species or depletion of the
antioxidant defense system, which ultimately leads to cell dysfunction, necrosis, or apoptosis. The use of natural
compounds with antioxidant properties, such as Se, is a relevant and promising direction for reducing the negative
impact of Cd. Se has an antagonistic effect against Cd-induced carcinogenesis and epigenome disturbances. The
study indicates the content of Se in products. The richest source of Se, with its maximum content, is the Brazil nut,
the chemical composition of the fruits of which depends on the age of the tree, which lives up to 500 years. Se
deficiency can cause acute disorders, but overdose can also lead to severe consequences. Se has been shown to
be effective against drug side effects. The narrow range between therapeutic and toxic doses of Se depends on the
form, dose and method of treatment, and therefore the purpose for use is a difficult issue. The most recent research
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concerns its nanoparticles (SeNPs), which are a promising new food additive due to their ability to gradually release
Se after internal ingestion. SeNPs exhibit anticancer and antimicrobial properties that can contribute to human
health not only as food additives, but also as therapeutic agents. Silymarin- (Si, an anti-inflammatory extract of milk
thistle) was studied. Mediated Se nanoparticles (Si-SeNP) inhibit the processes characteristic of the development of
malignant tumors.

Conclusions. 1) Se reduces the development of Cd-induced processes and, as an antioxidant, has great potential
to protect the body from Cd and other environmental pollutants. 2) SeNP nanoparticles demonstrate anticancer
and antimicrobial properties. 3) The use of the Si-SeNP complex lays an experimental and clinical basis in the field of
diseases associated with inflammation and inhibits the development of malignant tumors.

Key words: cadmium, oxidative stress, toxic action, selenium as an antioxidant, therapeutic effects.
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Petrushchenkova M. S., Lukyantseva H. V.

THE ROLE OF BIOETHICS IN THE WORK OF SPECIALISTS

PROVIDING HEALTHY EATING COUNSELING
National University of Ukraine on Physical Education and Sport (Kyiv, Ukraine)
mariya.petrushchenkova@gmail.com

The basic principles underlying bioethics emphasise the moral dimension of the relationship between doctor
and patient. Bioethics, and in particular its fundamental ethical norms expressed in codes of ethics, can become a
methodological tool for addressing issues that arise in the practice of nutritionists, sports nutritionists, and non-
clinical nutritionists as specialists who also have a direct impact on human life and health. The unresolved issue of
regulating ethical principles for specialists in healthy eating and dietary interventions in Ukraine leads to more and
more frequent violations. The most common violations of professional ethics occur during direct communication
and consultations with patients, as well as in communications within a multidisciplinary team and when advertising
their services on social media. To date, the scientific literature does not sufficiently outline the topic of applying the
principles of bioethics in the activities of nutritionists, non-clinical nutritionists and nutritionists. In Ukraine, there is
still no framework document that would define ethical standards for nutritionists, while the leading countries of the
world have such a document, and it operates under professional associations or at the level of specialised institu-
tions. The article synthesises the fundamental international documents regulating the field of nutrition and non-
clinical dietetics — codes of bioethics of professional associations of nutritionists and nutritionists. They became the
basis for developing a draft ethical professional code of nutritionists in Ukraine. The article emphasises the absence
of provisions in the current codes of ethics for nutritionists and non-clinical nutritionists on the use of modern digital
technologies, particularly artificial intelligence programmes, which raises many ethical issues. Recommendations
are made for developing a future Code of Bioethics for Ukrainian nutritionists, considering the international experi-
ence and the current realities of the activities of professionals providing healthy nutrition advice.

Key words: bioethics, sports dietetics, nutrition, ethical principles, code of ethics, artificial intelligence, healthy
nutrition.
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