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Environmental pollution with the heavy metal cadmium (Cd). is widely studied due to the fact that more and
more evidence appears in scientific sources regarding its negative impact on human health. The main pathological
effect is considered to be Cd-induced hyperproduction of reactive oxygen species with subsequent oxidative stress
(0S), which leads to the occurrence of many pathological changes in the body. In this regard, the scientific communi-
ty is actively searching for substances that counteract such disorders, and one of them is substances with antioxidant
properties. In this review, a group of natural substances of plant origin, capable of counteracting OS caused by Cd,
was studied. Experimental and clinical studies have shown that ascorbic acid, rutin, quercetin, N-acetyl-1-cysteine,
resveratrol, epigallocatechin-3-gallate, isocyanate are able to influence various links of the metabolic process, weak-
ening the effect of Cd-induced OS. These studies are important for their use in preventive and therapeutic purposes
in the form of dietary antioxidants, having a scientific theoretical basis. Pharmacological effects of improvement of
vascular dysfunction and Cd-induced hypertension under the action of vitamin C are given in the review. The role of
OS in the development of cancer, the negative impact on energy metabolism and epigenetic regulation of microR-
NAs is widely discussed in the literature. The role of rutin hydrate against Cd-induced neurotoxicity and cognitive
impairment in rats was investigated. Rutin has been shown to alleviate Cd-mediated cognitive impairment. due to
the limitation of apoptosis pathways, as well as the recovery of brain damage and memory impairment. Administra-
tion of quercetin prevented the development of steatosis and liver fibrosis in rats by suppressing the expression of
miRNA-21. N-acetyl-1-cysteine effectively resists increased invasiveness of tumor cells, Resveratrol weakens epigen-
etic changes caused by exposure to Cd. The green tea antioxidant epigallocatechin-3-gallate counteracts Cd-induced
mitotoxicity, mitochondrial lipid peroxidation, and has anticancer properties in humans. The use of natural plant
antioxidants has great prophylactic and therapeutic prospects for diseases based on oxidative stress.
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Connection of the publication with planned
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This work is a fragment of the SRP of the Department
of Medical Biology: «Developmentand morphofunctional
state of organs and tissues of experimental animals
and humans in the norm, in ontogenesis under the
influence of external factors» (state registration number
0111U009598).

Introduction.

The saturation of the environment with heavy
metals (HM) as a result of the industrialization of
countries and the urbanization of cities is increasing
every year, which causes great concern to researchers
of their toxic effects and practicing doctors who are daily
faced with the results of the effects of lead, cadmium,
mercury and other toxic metals on health people [1-
3]. This study is devoted to the study of the influence
of natural dietary substances on the action of the most
toxic and widespread cadmium (Cd) [4-7]. Its influence
is associated with hyperproduction of reactive oxygen
species (ROS), resulting in oxidative stress (OS), which
can lead to irreversible changes in various organs and
organ systems. Many works of recent years have proven
that OS disrupts the work of the cardiovascular system,
contributes to a decrease in cognitive abilities and the
development of neurodegenerative diseases, can lead
to Alzheimer’s disease, which in the modern world is
one of the first places in terms of prevalence [8-10].

In addition, critically important organs are affected:
the liver, kidneys, reproductive system, gastrointestinal
tract, as well as calcium loss in the skeleton with
subsequent osteoporosis [11]. The role of OS in the

development of cancer, the negative impact on energy
exchange and epigenetic regulation of microRNA
(miRNA) in the process of protein synthesis is widely
explained in the literature. [12-14].

The use of natural substances with an antioxidant
effect is an important link in the prevention and
reduction of damage to the above-mentioned disorders
in the body.

The aim of the study.

Study and analysis of modern scientific literature
on the use of natural plant substances with antioxidant
properties under the influence of Cd.

Object and research methods.

The work uses foreign scientific publications on the
given topic in recent years, implements bibliosemantic
and analytical methods of a systematic approach to the
study of the problem by searching Pub Med, Scopus, and
Google Scholar databases.

Main part.

The analysis of modern foreign research on the
identification of the main components of plant
origin, capable of influencing OS and reducing its
negative impact when consumed with food, led to the
determination of the mechanism of the implementation
of the positive effect of such substances as: vitamin C,
vitamin P, quercetin, resveratrol, N-acetyl- 1-cysteine,
etc., which allows you to avoid negative consequences
when Cd enters the human body [15].

Vitamin C (L-ascorbic acid, AsA) is an outstanding
antioxidant that plays an indispensable role in the
sequestration of excess ROS in cells undergoing abiotic
stress. Scientific studies involving genetic manipulation

84 ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguumnnn — 2024 - Bun. 4 (175) / Bulletin of problems in biology and medicine — 2024 - Issue 4 (175)



ornaAaun NITEPATYPU / LITERATURE REVIEWS

of genes responsible for the biosynthesis, catabolism,
and recycling of AsA to modify the synthesis of AsA in
plants have shown that AsA can counteract or prevent
various stresses, including those caused by HM, such as
Cd[16]. Inamodel system of mice, exposure to CdCI2 (100
mg/| with drinking water for 8 weeks) caused vascular
dysfunction, closely related to a change in the body’s
antioxidant capacity. The pharmacological effects of AsA
(50 or 100 mg/kg body weight) on mitigating oxidative
damage and ameliorating Cd-induced hypertension
and vascular dysfunction in mice were demonstrated,
according to which the use of AsA supplementation can
be proposed as a therapeutic and preventive approach
in cardiology [17].

Rutin hydrate, known as vitamin P, is a plant
bioflavonoid found in many plants, including: the fruit
of the Dimorphandra mollis tree that grows in Brazil, the
leaves and petioles of the Rheum rhabarbarum plant,
the flowers of Sophora japonica, and the fruits and
skins of citrus fruits (especially in oranges, grapefruits,
lemons and limes), in apples, berries such as mulberries,
cranberries, in chokeberry, buckwheat and asparagus.
Tatar buckwheat (Fagopyrum tataricum) seeds contain
more rutin (about 0.8-1.7% dry weight) than common
buckwheat seeds (0.01% dry weight). Rutin is one of the
main flavonoids found in peach pits. It is also found in
green tea extract. Rutin is not produced by the human
body, it is contained in products of plant origin only. In
order to prevent its deficiency in the body, it is necessary
to constantly replenish this substance by eating products
containing it: raspberries, tomatoes, grapes, black
currants, rose hips, mountain ash, blackberries, cherries.
Rutin helps the body to retain its youth, protects the
vascular system from damage, strengthens capillary
walls — makes them less fragile, which prevents internal
and external bleeding. It also improves the elasticity of
erythrocytes, expands blood vessels, and improves blood
flow, which is why it is used by doctors as a prevention
of varicose veins and blood stasis. Vitamin P increases
immunity, helping the body to resist various bacteria
and viruses [18, 19].

The role of rutin hydrate against Cd-induced
neurotoxicity and cognitive impairment in rats was
investigated. The experimental group of rats received
orally 25, 50 or 100 mg/kg rutin for 14 or 30 days
against the background of 5 mg/kg CdCI2. The results
showed that rutin alleviated Cd-mediated cognitive
impairment by inhibiting the ERK1/2 and JNK apoptosis
pathways. In addition, rutin decreased the activity of
ectonucleotidase, adenosine deaminase (ADA) and
monoamine oxidase (MAO), while the levels of thiols
increased. Thus, rutin contributed to the recovery of
brain damage and memory impairment by improving
the Cd-altered activity of purinergic and monoaminergic
regulatory enzymes [20].

Quercetin (QUE). A flavonoid found in cabbage,
onions, many berries, apples, red grapes, broccoli,
cherries, tea and red wine. It is also used against the toxic
effects of Cd. The protective effect of QUR modulating the
epigenetic activity of mcroRNA-21 (miRNA-21), a known
hepatic lipogenic and fibrotic miRNA, against cadmium
chloride (CdClI2)-induced liver steatosis and fibrosis was
studied. Male ferrets were divided into 5 groups: 1 —
control, 2 — control + QUR (50 mg/kg; oral), 3—CdCI2 (10
mmol/l in drinking water), 4 — CdCI2 + inhibitor (miRNA-

21) and 5 — CdCI2 + QUR (50 mg/kg). The exposure was
carried out for 20 weeks every day on an empty stomach.
All types of combinations did not show any effect on the
level of glucose and insulin. Administration of miRNA-21
inhibitor (group 4) or QUR (group 5) prevented CdCl2-
induced liver damage and promoted collagen deposition.
Both factors reduced serum levels of ALT and AST and
levels of total cholesterol, triglycerides, and low-density
lipoproteins in rats treated with CdCI2. At the same time,
they reduced the levels of reactive oxygen species (ROS),
malondialdehyde, interleukin-6, and tumor necrosis
factor-a in the liver, and increased the levels of nuclear
factor erythroid-related 2 (Nrf2), glutathione (GSH),
and superoxide dismutase ( SOD). QUR significantly
decreased the expression level of miRNA-21, increased
the levels of protein, GSH, SOD and Nrf2 activity in the
liver of both control rats (group 2) and rats treated with
CdClI2 (group 5). It can be noted that the levels of Nrf2
(a redox-sensitive transcription factor that protects cells
and tissues from toxins, oxidative stress and carcinogens)
are negatively correlated with the expression of
miRNA-21.

Thus, administration of 50 mg/kg QUE prevented
the development of steatosis and liver fibrosis in male
shrews by inhibiting the expression of miRNA-21, which
was caused by Cd-induced ROS production. MiRNA-21
plays a critical role in various biological functions and
diseases, including cancer development, cardiovascular
disease (CVD), and inflammation [21]. miRNA-21
stimulates fibrosis in various organs, promoting the
activation of fibroblasts with the subsequent deposition
of the intracellular matrix (collagen and fibronectin),
while QUE reduces the production of ROS and increases
the level of antioxidant enzymes. It can be said that in
this case, QUE protected the liver from Cd-induced
changes, mainly by attenuating its ability to modulate
miRNA-21 and as a result of QUE’s activation of Nrf2,
which provides its powerful antioxidant potential [22].

N-acetyl-1-cysteine (NAC) is a soluble component
of garlic that has been attributed various properties,
including antioxidant effects. NAC has been shown
to reduce Cd-generated ROS hyperproduction and
effectively reverse the increased tumor cell invasiveness
that occurs concurrently with Cd-induced malignant
transformation [23].

Resveratrol is another antioxidant used to attenuate
Cd-induced epigenetic changes. It is found in red grapes,
grape skins, and peanuts. The targets of this antioxidant
are cyclooxygenases, phosphodiesterases, estrogen re-
ceptors, miRNAs, and various proteinkinases. These
substances are involved in many biochemical processes,
including inflammation, cell metabolism, cell cycle regu-
lation, cell signaling, and post-translational modification
of miRNAs. In vivo and in vitro studies have shown that
RES regulates epigenetic mechanisms, including en-
zymes such as DNMT, HDAC, and LSD1 [24]. Studies were
conducted on shureling mice exposed to CdCI2 (4.5 mg/
kg intraperitoneally) on JEG-3 (trophoblast) cells, and
RES reduced Cd-induced DNA hypermethylation [25].

Epigallocatechin-3-gallate (EGCG) is a powerful an-
tioxidant that is found in large quantities in green tea.
Many claims have been made about its medicinal prop-
erties, including neuroprotection. Cd causes neurotoxic-
ity in both animals and humans. Although Cd entry into
the adult central nervous system (CNS) is limited, devel-
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opmental neurotoxicity has been shown to result from
blood-brain barrier (BBB) immaturity. High levels of Cd
are known to disrupt BBB function, but the molecular
mechanisms associated with its neurotoxic properties
remain unknown. The protective effect of the main anti-
oxidant of green tea EGCG against Cd-induced mitotox-
icity was evaluated in vitro using mitochondria-enriched
mouse brain fractions. Co-incubation of EGCG with Cd
prevented Cd-induced mitochondrial dysfunction. Fur-
thermore, EGCG completely prevented Cd-induced mito-
chondrial lipid peroxidation, but did not affect the level
of non-protein thiols. The demonstrated effectiveness
of EGCG in protecting against Cd-induced mitochondrial
dysfunction and lipid peroxidation is likely due to its an-
tioxidant and chelating properties. Spectroscopic studies
have shown that EGCG is able to form a chemical com-

extract with proven antioxidant and anti-inflammatory
properties I1SO is extracted from plants such as valerian
and from many fruits and herbs [29].

The study of the cells of the proximal tubules of the
shura (NRK2E and rPT) showed that the introduction of
80 uM ISO reduces the production of ROS, phosphor-
ylation of histones H2AX, and oxidative DNA damage
caused by exposure to Cd. This indicates that I1SO pro-
tects DNA from Cd-induced OS. In addition, ISO is able
to facilitate cell cycle arrest caused by this metal. [30].

Considering the critical role of OS in Cd-induced
changes, the use of natural dietary antioxidants should
be considered as a promising therapy to prevent its
damaging effects.

Conclusions.

plex with Cd in an equimolar ratio [26, 27].

Green tea/EGCG has also been shown to have an-
ti-cancer effects in humans. A review of epidemiological
studies found that 5 out of 11 cancer cases were posi-
tively affected by tea consumption. Many human stud-
ies published between 2019 and April 2020 have also
shown anticancer effects of green tea. For example, a
population-based prospective cohort study of 13,957
men and 16,374 women found that the multiple adjust-
ed risk of colon cancer in men who consumed 24 cups
of green tea per day was lower than in those who con-
sumed <1 cups [28].

Isocyanate (ISO), an antioxidant also used against
Cd-induced damage, is a traditional Chinese medicine

1. Dietary natural substances with antioxidant
properties have a positive effect on the negative
consequences of oxidative stress caused by Cd toxicity.

2. The use of food dietary antioxidants, with
scientifically proven positive properties, is one of the
effective methods of prevention and treatment of
diseases based on oxidative stress.

Prospects for further research.

Searching for resources to identify the effects of food
antioxidants that have not yet been fully investigated
with an assessment of the risk of their use in therapeutic
practice, including under the influence of such toxicants
as Cd.
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3abpydHeHHA HABKOAUWHbLO20 cepedosullya 8aXKUM Memasaom Kaomiem (Cd). wupoKo sus4aemscs y 368°A3Ky
3 mum, wo ece binble 00Ka3ie 3’A8/15€EMbCA Y HOYKOBUX OXcepenax w000 lioeo HeaamugHOo20 8risusy Ha 300p08’s
n100uHU. OCHOBHOK ramosoziyHor dieto 8saxaemoca Cd-iHOyKo8aHa 2inepripodyKyia aKMUBHUX hOPM KUCHHO 3
HacmynHUm okucHum cmpecom (OC), aKkuli npu3zeoodums 00 8UHUKHEHHSA 6a2ambox Mamoso2iYHUX 3MiH 8 0pP2aHI3Mi.
Y 38’A3Ky 3 UM y HaGyKO8OMY cepedosuwyi lide akmusHUl NMowyK pe4o8uH, W0 Mpomuoditome MAaxKUM rnopyweHHAM i
O00HUMU 3 HUX € pe408UHU 3 GHMUOKCUOGHMHUMU 8/10Cmusocmamu. B 0aHomy o2n14a0i susyanaca 2pyna npupooHUX
pPEYO0BUH POCAUHHO20 MOX00M(eHHS, 30amHux npomudismu OC, euknukaHomy Cd. B ekcrnepumeHmansHux i
KAIHIYHUX 00Cni0OXEeHHAM MOKA30HO, WO acKopbiHosa Kucsaoma, pymuH, keepuemuH, N-auyemus-1-yucmeiH,
peceepamposi, enieannokamexiH-3-2asaam, i3oyiaHam 30amHi 8rnausamu Ha pi3Hi NaHKU memabosiyHo20 rpouecy,
nocnabnrorodu dito Cd-iHOykosaHozo OC. Li docnioxceHHA saxcausi 0718 3aCMOCYB8AHHA iX 8 npoginakmu4yHux
i mepanesmuyHux Uinax y eue2nadi Oiemu4yHux aHMUOKcuOaHmie, maro4u ni0d cobor HaykKose meopemuyHe
niorpyHms. B 027140i HasedeHi (hapMaKoaoeiyHi egpeKmu noKpauweHHA cyOUHHoI ducgpyHKuii ma Cd-iHOyKkosaHoi
einepmeHs3ii npu 0ii eimaminy C. B nimepamypi wiupoko ocgimatoemeca posns OC 8 po38UMKY paky, HecamusHull
8raue Ha eHepeemuyHuli 06MiH ma enizeHemuy4Hy pezynayito mikpoPHK. [locnioxcysanu poasb pymuHy 2iopamy
npomu Cd-8UKAUKAHOI HelipomoKCU4YHOCMi Mma KO2HIMUBHUX NopyweHs y wypis. [MOKa3aHo, Wo pymuH rnoae2uye
Cd-onocepedkosaHi KO2HIMUBHI MOPYUWEHHS. 3a PAXYHOK 0OMeXeHHA W/AXie anonmosy, a MaKox 8i0HOBAEHHIO
MOWKOOMEHb 20/108HO20 MO3KY i MopyweHHA nam'ami. BeedeHHA KeepuemuHy 3arnobieano po3sumeky y wypie
cmeamo3y ma @ibpo3y neviHku wWaaxom rnpuzHiveHHA ekcnpecii miPHK-21. N-auemun-1-yucmeid egpeKkmusHo
npomucmoime nidsuwjeHili iHeasusHocmMi NyxX/AUHHUX KAimuH, Pecgepampon ocaabnaroe enieeHemuyHi 3MiHU
BUKMUKAHUX 8rnaueom Cd. AHMUOKcuGaHmM 3e1eH020 Yaro enizannokamexiv-3-2anam Odie npomu Cd-iHOyKosaHoi
MimomoKcuU4YHOCMi, MimoxoHOpiasbHOMY MepeKuCHOMY OKUC/AeHHIo Ainidie i mae npomupakosi enacmusocmi y
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Mmooeli. BUKOPUCMAHHA NPUPOOHUX POCAUHHUX GHMUOKCUOGHMI8 MAE 8eaUKy npogioakmuy4Hy i mepanesmuyHy
nepcrekmusy rnpu 3axe0pPHOBAHHSX, 8 OCHOBI AKUX AeX UMb OKUCHUl cmpec.

Knro4oei cnoea: kadmili, mokcu4yHa 0is, OKUCHUl cmpec, NpupoOHi xap4yos8i AHMUOKCUOAHMU, 3MeHWeHHS Oii

OKUCHO20 cmpecy.

38’A30K ny6aikauii i3 nnraHoBMMM HayKOBO-gocChiA-
HUMU poboTamu.

[aHa poboTa € pparmeHtom HAP Kadeapu meanu-
Hoi 6ionorii: «Po3BUTOK i MOpPOdYHKLIOHaNbHUIA CTaH
OpraHiB i TKAHWH eKCNepUMEeHTaNbHUX TBAaPWH i toaein B
HOPMiI, B OHTOreHesi Nig BNAMBOM 30BHILLHIX ¢paKkTopiB»
(Homep peprkaBHOi peecTpauii 0111U009598).

Bctyn.

HacnuyeHicTb HaBKONMLIHBOTO CepefoBULLA BaAXKKU-
My meTanamu (BM) BHacnigok iHaycTpianisauii KpaiH Ta
ypbaHisaLii MiCT 3 KO)KHMM POKOM 3POCTAE, L0 BUKAN-
Ka€ BeNMKe 3aHENOKOEHHA AOCNIAHUKIB iX TOKCUYHOI Al
Ta NPAKTUYHUX NiKapiB, AKI MOBCAKAEHHO CTUKAOTbCA 3
pe3ynbTaTamu BMNJNBY CBUHLIO, KaAMito, PTYTi Ta iHLWKX
TOKCUMYHUX MeTaniB Ha 300poB’a noaen [1-3]. AaHe go-
CNigXKEeHHA NPUCBAYEHEe BUBYEHHIO BMJIMBY MPUPOLHUX
OIETUYHUX PEYOBMH Ha Ait0 HaMbiNbll TOKCUYHOTO Ta
po3nosctogxeHoro BM kagmito (Cd) [4-7]. Moro Bnaus
noB’A3aHUI 3 rinepnpoayKLe akTUBHUX GOPM KUCHIO
(ADK), B pesynbrati 4yoro BUMHMKaE oKkncHuin ctpec (0OC),
AKUIA MOXKe NPUBECTU 0 HE3BOPOTHUX 3MiH B Pi3HUX Op-
raHax i cuctemax opraHis. baraTbma npauAMM OCTaHHIX
pokiB goseaeHo, wo OC nopywye poboTy cepLeBo-cy-
OVHHOI CUCTEMU, CNPUAE 3HUMKEHHIO KOTHITUBHUX 34i-
6HOCTel Ta PO3BUTKY HEMPOAEreHepPaTUBHUX 3aXBOPHO-
BaHb, MOXe NPUBOAUTU A0 XBOPO6M AnbLreimepa, Aka
Yy Cy4acHOMYy CBITi BUXOAUTb HA OA4HE 3 NepLIMX MiCLb NO
po3snosctogKeHocTi [8-10].

OKpiMm UbOro Bpa*KatoTbCA KPUTUYHO BarKkAMBI opra-
HU: NeYiHKa, HUPKK, PeNpPOAYKTUBHA CUCTEMA, LUIYHKO-
BO-KMLUKOBMM TPAKT, TaKOXK BTPATa Ka/bLiito B CKeneTi 3
HacTynHUM octeonopo3om. [11]. B nitepaTtypi wmpoko
OCBITNOETbCA ponb OC B PO3BUTKY paKy, HeraTMBHUM
BM/IMB HAa EHEPreTUYHNI OOMIH Ta enireHeTUYHY peryns-
uito MikpoPHK (miPHK) B npoueci cuHTesy binkis [12-14].

3acTocyBaHHA NPUPOAHUX PEYOBUH 3 aHTUOKCUAAHT-
HOIO Ai€0 € BAXK/IMBOKO /TAHKOK B 3anobiraHHi Ta 3meH-
LWEeHHA YWKOAMEHb BULLE Ha3BaHWX MOPYLIEHb B Oopra-
Hi3Mi.

MeTa gocnigKeHHs.

BuBYEHHA 11 aHaNi3 cy4acHoi HayKoBOI fiTepaTypu no
3aCTOCYBaHHIO NPUPOAHUX POCIUHHUX PEYOBUH 3 QHTU-
OKCUAAHTHUMM BAacTuBocTaMM npwm aii Cd.

O6’eKT i meTOoAM AOCNIAKEHHS.

B poboTi BMKOpUCTaHi iHO3eMHi HayKoBi ny6nikauji
3 3a/1aHOi TeEMM 33 OCTaHHi POKM, peanizoBaHi bibnioc-
€MaHTUYHUI Ta aHaNITUYHUIA METOAM CUCTEMHOTO NiA-
X04y A0 BUBYEHHA NPobaemu LWASXom MowyKy B 6asax
AaHmx PubMed, Scopus, Google Scholar.

OcCHOBHa YacTuHa.

AHani3 cyyacHux 3apybisKHUX A0oCNigXeHb MO BUAB-
JIEHHIO OCHOBHMX KOMMOHEHTIB POC/IMHHOTO MOXOAMEH-
Hf, 34aTHUX BNAMBaTK Ha OC i 3HWUKYBATK MOro HEraTuB-
HUW BMNJIB NPU BXXMBAHHI 3 iXeto, NPMBIB 4,0 BU3HAYEHHA
MeXaHi3my peani3aLii NO3UTUBHOI Aii TAKMX PEYOBUH AK:
BiTamiH C, BiTamiH P, kBepueTuH, pecsepaTtpon, N-aue-
TUN-1-UnCTeiH TOLWO, WO A03BONAE YHUKHYTU HEraTms-
HWX Hacnigkis Npy notpannaHHi Cd B opraHiam ntognMHuU
[15].

BitamiH C (L-ackopbiHoBa Kucnota, AcA) e Buaat-
HUM aHTMOKCUAAHTOM, KWW Bifirpae He3aMiHHY posib
y cekBecTpaLii HagmipHoi KinbKocTi AOK y KniTnHax, wo
3a3HatoTb abioTMyHoro ctpecy. HaykoBi gocnigeHHs,
WO BK/OYAKOTb FEeHETUYHI MaHinynAauii 3 reHamu, Big-
noBiganbHMMM 3a BioCMHTE3, KaTaboniam Ta peuupky-
nagito AcA gna mogmdikauii cuHTesy AcA B poCaMHax,
nokasanu, wo AcA 3gaTHa npoTuaiati abo 3anobiratm
Pi3HUM cTpecam, y TOMY YUCAiI BUKAUKaHUM BM, Taknum
aKk Cd [16]. Ha mogenbHilt cuctemi muweit sname CdCl2
(100 mr/n 3 NUTHO BOAOID NPOTATOM 8 TUNKHIB) BUKAU-
KaB CYAMHHY AMCOYHKLiO, TICHO NoB’s3aHy i3 3MiHO
QHTMOKCUMAAHTHOI 34aTHOCTI opraHiamy. bynu posegeHi
dapmakonoriuni edektn AcA (50 abo 100 mr/Kr macu
Tina) Ha NOM’SIKLWIEHHA OKMUCHOTO MOLUKOAMKEHHA Ta No-
KpaweHHs Cd-iHAyKoBaHOI rinepTeHsii Ta CyauMHHOI guc-
bYHKUIT Y MULIEN, 3TigHO 3 SKMMK BUKOPUCTaHHA aoba-
BOK AsA MoKe OyTM 3anponoHOBaHe AK TepaneBTUYHUIN
Ta npodinakTMYHMI Nigxia y Kapaionorii [17].

PyTuH rigpaT, BiZoMMIA K BiTamiH P, € pOC/IMHHUM
6iopnaBOHOIAOM, WO MICTUTLCA Y BaraTbox POCANHAX, Y
TOMy Ymchi: B nnogax gepesa Dimorphandra mollis, wo
pocte B bpasunii, y AMcTax i yepewKax pocamHu Buay
Rheum rhabarbarum, kBitkax Codopu anoHCbKOI, nio-
Aax i WKipnuax umMTpycoBmx (0cobnmBo y anenbcuHa,
rpenndpyTa, NMMOHa i nalimu), B abayKax, Aarogax, Takmux
AK LUOBKOBWULA, KYPaAB/IMHA, B N04aX apOHii, B rpey-
Ui Ta cnapxi. Y HaciHHi rpeyku TatapcbKoi (Fagopyrum
tataricum) mictutbca 6inbwe pyTuHy (6ina 0,8-1,7%
CyXOi Macwu), HiXK y HaciHHi rpeyku 3BuuyaiHoi (0,01%
cyxoi macu). PyTUH € 0AHUM 3 OCHOBHMX GIaBOHOIAIB,
3HANAEHUX B KICTOYKax NepcuKa. BiH TakoxX micTutbea y
BUTANKLI 3e1eHOro 4Yato. PyTUH He BUMpPOBNsETbCA Ntosa-
CbKMM OPraHi3amMoM, BiH MICTUTbCA B MPOAYKTAX TiIbKK
POCANHHOIO MoxoAsKeHHs. LLlo6 He BMHUKANO ioro ge-
diunTy B OpraHiami HeobxigHe MNOCTiiHE MOMOBHEHHSN
[aHOI PeYOBUHM 33 PaXyYHOK CMOXMBAHHA B IXXY NPOAYK-
TiB, WO MOro MiCcTATb: MasIMHa, TOMATK, BUHOTPaL, YopHa
CMOPOANHA, WWNWWHA, rOpobMHA, OXMHA, YepeLuHs.
PyTmH gonomarae opraHiamy 36epiratv monogictb, 3a-
XULWAE CYOUHHY CUCTEMY Bif, YLIKOAKEHb, 3MILHIOE Ka-
NiNAPHI CTIHKM — POBUTH X HE TaKMMU NaMKUMU, YUM
3anobirae BHYTPILWHIlM i 30BHILWHIN KpoBoTEYaM. TaKoXK
BiH NOKpaLLyE eN1aCTUYHICTb EPUTPOLMTIB, PO3LLMUPIOE CY-
OVHU, NOKPALLYE TOK KPOBIi, CaMe TOMYy BUKOPUCTOBYETb-
CA NiKapAMK B AKOCTI NPodinakTMKM BapuKO3y i 3aCToto
KpoBi. BiTamiH P nigsuwiye imyHiteT, gonomaratoum op-
raHiamy NpPOTUCTOATU Pi3HMM BakTepiam i Bipycam [18,
19].

JocnigxKyBanu ponb pyTuHy rigpaTy npotu Cd-Bu-
K/IMKaHOI HEMPOTOKCUYHOCTI Ta KOTHITUBHUX MOpPYLLIEHb
y wypis. JocnigHa rpyna LiypiB oTpuMyBasia nepopasib-
HO 25, 50 a60o 100 mr/Kr pyTuHy npoTtarom 14 a6o 30 ai6
Ha TAi BuBaHHA 5 mr/kr CdCl2. Pe3ynbrati nokasanwu,
wo pytvH nonerwye Cd-onocepenKoBaHi KOTHITUBHI
NMOPYLUEHHA 33 PaXyHOK OOMEXKEHHA LNAXiB anonTosy
ERK1/2 i JNK. Kpim TOro, pyTvH 3HW)KYBaB aKTUBHICTb
EKTOHYK/NeoTMaas, ageHo3mHaesamiHasm (ALA) i MoHo-
amiHoKkcuaasmna (MAOQ), B Tol Yac sK piBHI TioniB 36inb-
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WyBanncA. TaKUM YMHOM, PYTUH CNPUAB BifHOBNEHHIO
NMOLWKOAEHb FONOBHOTO MO3KY i MOPYLWeEHHs nam’sTi
wnaxom noninweHHA Cd-3miHeHOT aKTUBHOCTI NypuHep-
MYHUX i MOHOAMIHEPTriYHUX PerynaTopHUX GepmMeHTiB
[20].

KeepuetuH (QUE). ®naBoHOIA, WO MICTUTbCA B Ka-
nycti, umbyni, 6aratbox Arogax, A6/yKax, YepBOHOMY
BMHOrpaai, 6poKoi, BULWHI, 4ai i B YepBOHOMY BUHI. BiH
TAKOX BMKOPUCTOBYETLCA NPOTU TOKCUYHUX edekTiB Cd.
BuBuaBsca 3axucHuit epekt QUR, moaynioroumin enireHe-
TUYHY aKTUBHICTb MiKpoPHK-21 (MiPHK-21), Bisomoi ne-
YiHKoBOI ninoreHHoi Ta ¢pibpo3Hoi MiPHK, npoTtu iHayKo-
BaHoro xnopungom Kaamito (CdCI2) creatosy Ta ¢ibposy
neyiHku. LUypu-camui 6ynu posgineHi Ha 5 rpyn: 1 — KoH-
TpOAb, 2 — KOHTPosb + QUR (50 mr/Kr; nepopanbHo), 3 —
CdCI2 (10 mmonb/n B nuTHIN BOAi), 4 — CdCI2 + iHribiTop
(miPHK-21) i 5 — CdCI2 + QUR (50 mr/kr). Bnaus nposo-
omnn npotarom 20 TUXKHIB WOAHA HaTwe. Bci Buan kom-
6iHaLi He MOKa3anu HiKoro BN/AMBY Ha PiBEHb [1HOKO3M
Ta iHCyniHy. BBeaeHHs iHribitopa miPHK-21 (4 rpyna) abo
QUR (5 rpyna) 3anobirano CdCl2-iHaykoBaHOMY NOLLUKO-
OXKEHHIO MNeYiHKM | CNpUANM BiAKNAAEHHIO KONareHy.
O6uasa dpaKTOopW 3HUNKYBaANAN B CMBOPOTL piBHI AT i
ACT i piBHi 3araflbHOro XonecTepuHy, TPUrNiLepPUAaIB i Ni-
nonpoTeifiB HU3bKOI WiIbHOCTI B LWYPIB, WO OTPUMYyBa-
nn CdCI2. OgHOYaCHO BOHM 3HUMKYBAIM B MeYiHLi PiBHi
aKTUBHMX GOpM KucHIo (ADK), manoHoBOro aianbaeriay,
iHTEpNENnKiHy-6 i daKTopy HEKPO3Y NYX/IMHU-A, @ TAKOXK
niZBULLYBaAM pPiBHI AgepHOro ¢daKkTopy, Nos’s3aHoro 3
eputpoigom 2 (Nrf2), rnytatioHom (GSH) i cynepokcuna-
ancmyTasoto (SOD). QUR 3HaYHO 3HMXKYBAB PiBEHb eKC-
npecii miPHK-21, nigsuwysas piBHi 6inka, GSH, SOD
Ta akTMBHicTb Nrf2 B neyiHuUi AK KOHTPOAbHUX LypiB (2
rpyna) Tak i wypis, wo otpumysanu CdCI2 (5 rpyna).
MorKHa BiA3HauMTH, Wo pisHi Nrf2 (peaokc-yyTameoro
TPaHCKPUNLIiHOTO GaKTOPa, LLO 3aXMULLAE KNITUHM i TKa-
HUHM Bi, TOKCUHIB, OKMCHOTO CTPECY i KaHLLepPOoreHiB) He-
raTUBHO KOPE/ITb 3 eKkcrpecieto miPHK-21.

Takum umHom, BBegeHHA 50 mr/kr QUE 3anobirano
y CaMLiB LWypiB PO3iUTKY cTeaTo3y Ta $Gibpo3y neviHku
WAAXOM MpUrHiveHHA ekcnpecii MiPHK-21, wo 6yna
BMKAMKaHa Cd-iHayKkoBaHoto npoaykuieto AOK. MiPHK-
21 BigirpatoTb BUpilWaNbHY Po/b Y Pi3HMX BioNOriYHUX
byHKLiAX | 3aXBOPIOBAHHAX, BKIOYAOUYM PO3BUTOK PaKy,
cepueBo-CyaAMHHI 3axBoptoBaHHA (CC3) i 3amaneHHs
[21]. MiPHK-21 ctumynioe ¢ibpo3 B pi3HMX OpraHax,
cnpusaoumn aktueauii ¢pibpobnacTis 3 HAaCTyNHUM BiaKna-
[OAHHAM BHYTPILIHBOKAITUHHOIO MaTpWKCy (Konarely i
bibpoHekTuHY), Toai Ak QUE 3HMKye npoaykuito APK i
NigBULLYE PiBEHb aHTUOKCUAAHTHUX pepMeHTiB. MoXKHa
CKasaTu, Wo B gaHomy Bunaaky QUE 3axuwas neyiHky
Big Cd-iHAYKOBaHMX 3MiH, FO/IOBHMM YMHOM, 3@ PaxyHOK
nocsnabneHHA Moro 3gaTtHocTi moayntoBaTn miPHK-21 Ta
y pe3ynbTaTi aktuBauii QUE Nrf2, wo 3abesneuye lioro
NOTYXHUIM AHTUOKCUAAHTHUI noTeHuian [22].

N-auetun-1-upncreid (NAC) € pO3UMHHUM KOMMOHEH-
TOM YaCHWKY, AKOMY MPUNUCYIOTLCA Pi3Hi BNACTMBOCTI,
B TOMY YMC/i aHTUOKCUAAHTHI edekTu. byno nokasaHo,
wo NAC 3Hukye rinepnpoaykuito A®K, reHepoaHy Cd,
i edEeKTMBHO BigMIHAE NiABULLEHY iIHBA3MBHICTb MYXJNH-
HUX KNITWH, WO BigbyBaeTbca ogHovacHo 3 Cd-iHayKoBa-
HOO 3/105KiCHO TpaHcpopmauieto [23].

PecBepatpon Le We 0AMH aHTUOKCUAAHT, AKMI BUKO-
PUCTOBYETLCA A1A 0CNAbNEHHA enireHeTUYHNX 3MiH, BU-
KNMKaHux snamesom Cd. BiH micTUTbCA B YepBOHOMY BU-

HOrpagi, Wkipui BMHOrpaay, apaxici. MilwweHammM Lboro
QHTUOKCUIAHTY € LIMKNOOKCUreHasn, pocdogaiectepasuy,
peuentopu ectporeHy, miPHK i pi3Hi npoTeiHKiHa3sun. Li
peyoBMHU GepyTb y4acTb y Haratbox GioximiyHUX npo-
Lecax, BK/OYAtOUM 3anaseHHsA, KNITMHHUIA 0BMiH, pery-
NALIO KNITUHHOrO UMKAY, KNITUHHY nepegady CUrHanis
i nocTTpaHcnauiiHy moaudikauito miPHK. locniakeHHA
Yy NPUPOAHMX YMOBAX Ta in vitro nokasanu, wo RES pe-
ry/NI0€ enireHeTUYHI MexaHi3mu, BKAtoYatoun GepmeHTy,
Taki Ak DNMT, HDAC i LSD1 [24]. docnigxeHHs npo-
BOAMAMCA Ha wypax npu aii CACI2 (4,5 mr/Kr BHYTpILL-
HbOOYEPEBMHHO) Ha KAiTuHK JEG-3 (TpodobnacTa), npm
uboMy RES 3ameHLwwyBaB iHaykoBaHe Cd rinepmeTnnysaH-
HAa OHK [25].

EnirannokatexiH-3-ranat (EGCG) — NOTYKHWIA aH-
TUOKCUAAHT, AKUI Y BENUKIN KiNbKOCTI MiCcTUTbCA B 3e-
NneHomy yai. byno 3pobneHo 6araTto 3aaBOK MpPO MOro
NiKyBaNbHi BNACTMBOCTI, B TOMY YMC/i W,0A0 HENMPOMPO-
Tekuii. Cd BUKIMKAE HEMPOTOKCUYHICTb K Y TBAPUH, TaK i
y ntogein. Xova HagxoaKeHHA Cd y LeHTpanbHy HepBoBy
cuctemy (LLHC) aopocnnx obmexkeHa, HeMpPOTOKCUMYHICTb
y nepiof po3BUTKY b6yna nokasaHa fiK pe3ynbTaTt He3pi-
nocti rematoeHuedaniyHoro 6ap’epy (FEB). Bigomo, wo
BUCOKI piBHi Cd nopywytoTb ¢yHKLUito 96, ogHaK mose-
KYNAPHi MeXaHi3Mu, Nos’A3aHi 3 1Oro HeMPOTOKCUYHU-
MW BNACTMBOCTAMM, 3aauwlatoTbcAa Hesigomumu. Oui-
HIOBaAN 3aXUCHUIN edeKT OCHOBHOrO AHTUOKCUAAHTY
3enieHoro Yato EGCG npotu Cd-iHAyKOBaHOT MiTOTOKCUY-
HOCTi B YyMOBaXx in vitro 3 BUKOPUCTAHHAM 36arayeHmnx mi-
TOXOHAPIAMKM dpaKLin Mo3Ky WypiB. CymicHa iHKybaLis
EGCG 3 Cd 3anobirana Cd-iHayKoBaHili miToxoHApianb-
Hin ancdyHKuii. Kpim Toro, EGCG nosHicTio 3anobiras
MITOXOHApPIaAbHOMY NEePEeKNCHOMY OKUCAEHHIO Ainiais,
iHayuiosaHomy Cd, ane He Bn/iMBaB Ha piBeHb Hebin-
KoBMX TioniB. BuasneHa edpektmsHictb EGCG y 3axucTi
Big Cd-iHAyKoBaHOi MiTOXOoHApPWanbHOI ANchYHKLUiT Ta
NepeknCcHOro OKMUCAEHHs niniais, MMoBipHO, NoB’A3aHa
3 IOr0 aHTUMOKCUAAHTHUMM Ta XeNaTUPYOYMMKN BAACTU-
BOCTAMM. CNEKTPOCKONIYHI JOCNIAKEHHA NMOKa3anu, Wwo
EGCG 3gaTHMIA yTBOpIOBATM XiMiYHWMI Komnieke 3 Cd B
eKBiMOoNIAPHOMY CniBBiAHOLWEHHI [26, 27].

MoKa3aHO TaKOM MPOTMPAKOBY Ait0 3eN1eHOro vaw/
EGCG Ha ntogeir. Ornag enigemionoriyHmMx AocnigxeHb
HafaB gaHi npo Te, wo 5 3 11 BMnaaKiB paky manm nosun-
TUBHWUI eeKT Bif BXKMBAHHA 4Yato. barato AOCNiAXKEHb
Ha ntoaax, wo onybaikosaHi 3 2019 no KBiTeHb 2020
POKY, TAKOXK MOKa3a/iM NPOTUPAKOBY Ait0 3€/1IeHOr0 Yato.
Hanpuknag, nonynauinHe NpocneKkTMBHE KOropTHE A0-
cnigXeHHA 3a yyactio 13957 yonosikiB i 16374 »KiHOK
CBIAYMTb NPO Te, LLLO MHOXKUHHUI CKOPEKTOBAHUM PU3MNK
pPaKy TOBCTOI KMLUKWM Yy YOJOBIKIB, AKi CNOXMBAIOTL 24
YaLUKK 3e/1IEHOTO Yato B AeHb, OYB HUMKYE, HiXK Y TUX, XTO
cnoxusaB <1 valKku [28].

I3ouiaHaT (ISO) — aHTMOKCMAAHT, AKUA TAKOXK BUKO-
PUCTOBYETLCA MPOTU MOLIKOAMKEHMX, BUKAMKAHUX Cd, €
E€KCTPAKTOM TPAAMLiINHOI KUTACbKOi MeaUUMHN 3 [0-
BeAEHUMWN QAHTUOKCMAAHTHUMW Ta MpPOTU3anaJbHUMM
BNacTMBOCTAMM ISO BUTATYETLCA 3 POCANH, TaKUX AK Ba-
nepiaHa, Ta 3 6aratbox GppyKTiB i Tpas [29].

JocnigKeHHA KAITUH NPOKCMManbHUX KaHanbliB
wypiB y (NRK2E i rPT) nokasano, o eBegeHHs 80 MKM
ISO 3HuKye npoayKuito AOK, pocdopuntoBaHmA ricTOHIB
H2AX i okucntoBanbHe nowkKkogxeHHs AHK, BUKAMKaHe
sBnaveom Cd. Lle Bkasye Ha Te, wo ISO 3axumuwae AHK Big
Cd-ingyuosaHoro OC. Kpim Toro, ISO 3gaTtHMit nonerwy-
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BaTU 3YMUHKY KJITUHHOTO LMKAY, BUK/MKAHOIO LM Me-
Tanom [30].

bepyun po yBarm KputnuHy ponb OC y 3miHax, BU-
KAnKaHux Cd, BUKOPUCTAHHA NPUPOLHUX XapUOBUX aH-
TUOKCUMAAHTIB CNlig, po3rNafaTh AK NepCcneKkTUBHY Tepa-
nito gna 3anobiraHHA KOro yLWKOAXKYUMM edeKrTam.

BucHoBKM.

1. JieTnyHi NnpMpogHi pe4oBMHU 3 AHTUOKCUAAHTHU-
MW BNACTUBOCTAMM MO3UTUBHO BM/IMBAOTb Ha HEraTUB-
Hi HACNiAKM OKMCHOTO CTPEecy, BUK/IMKAHOTO TOKCUYHUM
snansom Cd.

2. 3acToCyBaHHA Xap4yoBUX AIETUHHUX aHTUOKCUMAAH-
TiB, 3 HAYKOBO NiATBEPAKEHUMU NO3UTUBHUMMK BNACTU-
BOCTAMM, € OAHMM i3 edpeKTnBHUX cnocobiB npodinak-
TUKM Ta NiKyBaHHA 3aXBOPIOBAHb, B OCHOBI AKMX NEXUTb
OKWCHUM cTpec.

MepcnekTMBM NOAANbLUNX [OCNIAMKEHD.

Mowyk pecypcis N0 BUABAEHHIO LWe He A0 KiHUA J0-
cnigeHux edeKTiB Xap4yoBMX AaHTUOKCUMAAHTIB 3 OLiH-
KO PU3MKY iX 3aCTOCYBaHHA B TepaneBTUYHIN NpaKTuL,
B TOMY YMCAi Nif, BNIMBOM TaKMX TOKCUKAHTIB, AK Cd.
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Pestome. [ocnigKeHHA NpucBAYEeHEe BMBYEHHIO BMNAUBY NPUPOAHUX PEYOBUH 3 aHTMOKCMOAHTHUMM BNACTU-
BOCTAMM HA Ajt0 HaMBiNbLl TOKCUMYHOrO Ta PO3MOBCIOAMKEHOIO B HABKONULWHBOMY CEPELOBULLI BAXKKOro MeTany
Kagamito (Cd). B ornagi HaBeaeHi HayKoBi AaHi MO 3aCTOCYBAHHIO AIETUYHUX aHTUOKCUAAHTIB: acKopbiHOBOT KMCO-
T ((L-ackopbiHoBa KucnoTa, AcA)), pyTuHy (BiTamiHy P), kBepumTuHy (QUE), N-auetmn-1-umcteiny (NAC), pecse-
patpony (RES), enirannokartexiH-3-ranaty (EGCG), isouiaHaty (ISO) Ha ToKcmuHy ajto Cd B eKcnepumeHTabHUX Ta
KNiHiYHMX ymoBax. Cd 34aTHUI BUKAMKATK TiNneprnpoayKLi€E0 akKTUBHUX GOPM KMCHIO 3 HACTYNMHUM BUHUKHEHHAM
okucHoro cTpecy (OC), wo, B CBOK Yepry, NPOBOKYE pif, BaXKKUX 3aXBOPIOBaHb JIIOAMHM, B TOMY YUC/i CEpPLEBO-CY-
OVHHUX, OHKONOTIYHUX, HEMpOAEreHepaTMBHUX Towo. HaBeaeHi papmaKkonoriyHi edekTn NoKpaweHHs CyauHHOI
aucdyHKuji Ta Cd-iHayKoBaHOI rinepTeHsii y muwein npu gii AcA. JocnigKysanun ponb pyTuHy npotn Cd-BUKAMKaAHOI
HEeMPOTOKCUYHOCTI Ta KOTHITUBHMX MOPYLUEHb Y LWypPiB. PyTUH CNPUAB BiAHOBNEHHIO NMOLKOAMKEHb FOIOBHOMO MO3KY
i NopyLeHb Nam’sTi Wasxom nokpaueHHs Cd-3miHeHOT aKTUBHOCTI NYPUHEPTIYHMUX | MOHOAMIHEPFIYHUX PerynsTop-
HUX depmeHTiB. TaKoXK BiTamiH P moninwye enacTMyHICTb epUTPOLUTIB, PO3LUMPIOE CYANHM, NOKPALLYE TOK KPOBI,
3anobirae BapuKo3y i 3acTol0 KpoBi. KBepUETUH MOAYNIOE enireHeTUYHY aKTUBHICTb MiKpoPHK-21, 3anobiratoun
cteatosy Ta ¢ibpo3y neyiHkK. N-aueTun-1-uncTeiH, AK PO3YMHHUIA KOMMOHEHT YACHMKY, 3HUKYE TinepnpoayKLito
aKTUBHUX GOpM KUCHIO, reHepoBaHy Cd, i edeKTUBHO CKAcoBYE MNiABULLEHY IHBA3MBHICTb NYXJIMHHUX KAITUH, AKa
BigbyBaeTbcA ogHoYacHO 3 Cd-iHAYKOBAHOM 3105KiCHO TpaHCchopmaLiieto. PecBepaTposn — Lie aHTMOKCUAAHT, SIKUI
BMKOPUCTOBYETLCA ANA 0cNabneHHA enireHeTUYHMUX 3MiH, BUKAMKaHUX BNaMBom Cd 3a paxyHOK perynauii gji rpynum
depmenTiB. EnirannokatexiH-3-ranart, Wo MiCTUTbCA B 3e/1IeHOMY 4ai, NPOTUAIE HEMPOTOKCUYHOCTI Ta BUHUKHEHHIO
paKy. [locniaskeHHaA Ha noaax, Wwo onybnikosaHi y 2019 ta 2020 poKax, NoKasanu NpoTUPaKOoBY Aito 3e/1eHOr0 Yato.
I3ouianHaT 3axmwae AHK Big Cd-iHaykosBaHoro OC. MoKasaHo, Wo 3acTOCyBaHHA XapyYoBUX AIETUHHUX aHTUOKCUAAH-
TiB, 3 HAYKOBO NiATBEPAKEHUMMN NO3UTUBHUMM BNACTUBOCTAMMU, € OOHUM i3 edDeKTUBHMX cnocobiB npodinakTMkm
Ta NiKyBaHHA 3aXBOPOBaHb, B OCHOBI AKMUX NEXUTb OKUCHUI cTpec. bepyun Ao yBaru KpUTUYHy ponb OC y 3miHax,
BUKAMKaHMX Cd, BUKOPUCTaHHA NPUPOAHUX XapPHOBUX aHTUOKCUAAHTIB POC/IMHHOTO NMOXOAMKEHHSA CNig po3rnanatm
AK NepCneKkTUBHY Tepanito 414 3anobiraHHA MO0 YLKOAXKYIOUMM edeKTam.

Kntouosi cnoBa: KagMili, TOKCMYHA A, OKUCHUI CTPEC, NPUPOAHI XapyoBi aHTUOKCMAAHTU, SMEHLIEHHSA Ail OKUC-
HOro CTpecy.

APPLICATION OF NATURAL DIETARY ANTIOXIDANTS OF VEGETABLE ORIGIN TO REDUCE CADMIUM
INTOXICATION (REVIEW OF FOREIGN LITERATURE)

Ostrovska S. S., Muntian S. O., Komsky M. P., Antonova O. V.,

Gerasimchuk P. G., Yevtushenko T. V., Makarets M. F.

Abstract. The study is devoted to the study of the influence of natural substances with antioxidant properties
on the action of the most toxic and widespread in the environment heavy metal cadmium (Cd). The review provides
scientific data on the use of dietary antioxidants: ascorbic acid ((L-ascorbic acid, AcA)), rutin (vitamin P), quercitin
(QUE), N-acetyl-1-cysteine (NAC), resveratrol (RES), of epigallocatechin-3-gallate (EGCG), isocyanate (ISO) on the
toxic effect of Cd in experimental and clinical conditions. Cd is able to cause hyperproduction of reactive oxygen
species with the subsequent occurrence of oxidative stress (OS), which, in turn, provokes a variety of serious human
diseases, including cardiovascular, oncological, neurodegenerative, etc. The pharmacological effects of improving
vascular dysfunction and Cd-induced hypertension in mice under the action of AsA are given. The role of rutin
against Cd-induced neurotoxicity and cognitive impairment in rats was investigated. Rutin promoted the recovery
of brain damage and memory impairment by improving Cd-altered activity of purinergic and monoaminergic
regulatory enzymes. Also, vitamin P improves the elasticity of erythrocytes, expands blood vessels, improves blood
flow, prevents varicose veins and blood stagnation. Quercetin modulates miRNA-21 epigenetic activity, preventing
liver steatosis and fibrosis. N-acetyl-1-cysteine, as a soluble component of garlic, reduces the hyperproduction of
reactive oxygen species generated by Cd and effectively reverses the increased invasiveness of tumor cells that
occurs simultaneously with Cd-induced malignant transformation. Resveratrol is an antioxidant used to attenuate
Cd-induced epigenetic changes by regulating a group of enzymes. Epigallocatechin-3-gallate, found in green tea,
counteracts neurotoxicity and cancer. Human studies published in 2019 and 2020 have shown anti-cancer effects of
green tea. Isocyanate protects DNA from Cd-induced OS. It is shown that the use of food dietary antioxidants, with
scientifically proven positive properties, is one of the effective methods of prevention and treatment of diseases
based on oxidative stress. Considering the critical role of OS in Cd-induced changes, the use of natural plant-based
dietary antioxidants should be considered as a promising therapy to prevent its damaging effects.

Key words: cadmium, toxic action, oxidative stress, natural food antioxidants, reduction of oxidative stress.
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Pastukhova V. A., Shirai T. V.

INFLUENCE OF VESTIBULAR SENSORY LOAD ON VEGETATIVE REACTIONS
National University of Physical Education and Sports of Ukraine (Kyiv, Ukraine)
Pastuhova_V@ukr.net

In works on the theory and physiology of sports, great importance is attached to the vestibular analyzer in pro-
viding complex coordination movements and its role in cyclic locomotion and its influence on the energy capabilities
of the autonomic nervous system are underestimated. In parallel, the role of vestibular load on the functional state
of the autonomic nervous system as a factor influencing the organism is being investigated.

The aim is to analyze the information of modern scientific literature regarding the influence of vestibular-sensory
load on the vegetative reactions of a person.

It is shown that a complex of the most important nervous formations is invariably activated when vestibular
stimulation is applied, and each of them has a certain function in the overall integrated activity of the brain as a
whole system. The analyzed available results indicate a significant role of the vestibular system in the organization of
homeostatic processes, the essence of which is to bring the internal environment of the organism and its biologically

adequate spatial position to mutual compliance.

Knowledge of a sufficient level of vestibular stability proves that it is an important factor in the formation of an
adequate adaptive response on the part of central hemodynamics, and the nervous system manifests itself as a sin-
gle unit due to reflex mechanisms of various complexity, which are accordingly closed at different levels.

Key words: vestibular sensory load, homeostatic processes, autonomic reactions, vestibular analyzer, cardiovas-

cular system, autonomic nervous system.

Connection of the publication with planned re-
search works.

The work is a fragment of the research project of the
National University of Physical Education and Sports of
Ukraine «The influence of exogenous and endogenous
factors on the course of adaptive reactions of the body
to physical exertion of different intensities» (state
registration number 012U108187).

Introduction.

The sensory system that participates in maintaining
balance and provides regulatory systems with informa-
tion about the position of the body in space is the ves-
tibular sensory system. The sensory stimulus perceived
by the vestibular system is the acceleration that occurs
during organism and head movements. The receptors
of the vestibular system are located in a special organ
—the vestibular apparatus. In the process of human evo-
lution, extremely sophisticated mechanisms of sensory
analyzers were formed, aimed at developing the ability
to receive more and more information about the envi-
ronment, to analyze in more and more detail the signs
of complex stimuli, identifying from them those that de-
termine adaptive behavior and orientation in space. In
the conditions of Earth’s gravity, an important role in the

processes of intersensory integration and orientation in
space belongs to the vestibular analyzer [1].

In a complete organism, the vestibular apparatus,
which is integrated by the nervous system with other
subsystems into a single functional complex and is con-
nected in the form of a peripheral sensor with the exter-
nal environment, can be considered as a dynamic sys-
tem characterized by the accumulation and expenditure
of stimulus energy and the transition from one state to
another under the influence of the control information
circulating in it [2, 3].

In works on the theory and physiology of sports,
great importance is attached to the vestibular analyzer
in providing complex coordination movements and its
role in cyclic locomotion and its influence on the energy
capabilities of the autonomic nervous system are under-
estimated [4-6]. In parallel, the role of vestibular load on
the functional state of the autonomic nervous system as
a factor influencing the organism is being investigated
[7].

The aim of the study.

To analyze the information of modern scientific liter-
ature regarding the influence of vestibular-sensory load
on the vegetative reactions of a person.
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