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PEROMEHAALII 10 MEAHYROrO CYNPOBONMY
HIHOK I3 CHHAPOMOM NONIKICTO3HHX
SICYHUKIB B YMOBAX NIABHIIEHOIO
PIBHA EXCIIOHYBAHHA MAPTAHLEM

Pestome. bacambma OocrniOxeHHsIMU 008eJeHO, WO ceped Pi3HOMaHIMHUX NPUYUH 8UHUKHEHHS CUHOPOMY MOMIKICMO3HUX
SIEYHUKIB OKpeme Micue rocidaroms ghakmopu O0BKifs.

Mema. BusHayeHHs1 emicmy MapeaHUto 8 Kpoesi XIHOK ¢hepmusibHO_0 iKY, WO Mpoxugaoms 8 yMosax ypbaHizoeaHo020 peaio-
HY, @ makox onmunmi3auis nioxodig 0o cynpoody XiHOK 3i CUHOPOMOM MOMIKICMO3HUX SEYHUKI8 8 yMO8aX €KCIIOHY8aHHS Map-
2aHyem.

Mamepianu ma memodu. AHani3 0aHux 0epxasHo20 MOHIMOpUHay XiMiYHo20 3abpydHeHHs 06’ekmig doekinns m. Kuesa ma
Kuigcbkoi obriacmi. BusHa4eHHs1 MapaaHuto 8 cuposamui Kposi y XiHok 30ilicHeHo 3a Memodom mac-criekmpomempii 3 iHOYK-
mugHo-nos'azaHoro nnasmoto (ICP-MS). CmamucmuyHul aHanis: xapakmepucmuky eubipku 30iliCHEeHO 3a MoKasHuKamu
mediaHu ma 95-20 NpPoUeHMUITo; aHasi3 38’s13Ky Mixk daHUMU y epynax XiHOK (pieHi MapeaHuto ma npoiakmuHy 8 Kpoei) 30il-
CHEHO 3a MemoOom paH2080i kopensauii CripmaHa.

Pe3ynbmamu. 3a daHUMU MOHIMOPUH2Y 8CMaHOBMEHO, WO Mae Micue rnepesulyeHHs OOMycCmuMuX PieHi8 MapaaHulo y
rosepxHesux godax (8i0 3,2 do 28 pasie) ma y nosimpi m. Kuesa (6inbwe Hix y 10 pasig). 3a pedynbmamamu 00CHiOKeHHs
KpOBi XIHOK 3 CUHOPOMOM rOMIKICMO3HUX SIEYHUKI8 (2pyna 0ocnioxeHHs, N=52) susieneHi nidsuweHi NoKasHUKU MapeaHyo 8
cuposamui kposi (mediaHa — 0,0095 me/n, 95-npoyermuns — 0,13 Ma/n1) y NOpiGHSIHHI 3 KOHMPOITLHOK 2PYOH0 (300P08I XKiHKU,
n=38), mediaHa — 0,0035 me/n, 95-npoueHmuns — 0,014 me/n, p=0,0012; koeiuieHm paHaoeoi kopensuii CriipmaHa — rc=0,38,
p<0,05. Y XiHOK i3 2pynu O0CIOKeHHST 8USIBNIEHO MO3UMUBHUL KOpensuitiHul 38'a30K Mix nideuwieHUMU MoKasHUKamu map-
2aHuto ma pigHem riponakmuHy kposi — r=0,4137, p=0,0134.

BucHoeku. B ymosax ypbaHizosaHo20 peeioHy icHye 6a2amo nomeHuiliHux 0xepes eKCrioHysaHHs MapaaHuem, wo nidsuwye
PUBUK BUHUKHEHHS CUHOPOMY MOMIKICMO3HUX SIEYHUKI8, y sikocmi GioMapKepy MOXHa po3ansdamu pieeHb nNponakmuHy Kposi.
MeduyHul cynposio XiHOK i3 CUHOPOMOM MOMIKICMO3HUX SIEYHUKI8 Ha (hOHI EKCIOHY8aHHsI MapaaHueMm nepedbadyae cmumyris-
uito 0emokcuKauitiHux cucmem opaaHiamy, npoghinakmuky okcudamugHO20 CMpecy ma opaaHonPOMEKMOPHY mepariito.
Knroyoei croea: cuHOPOM Mosikicmo3HUX SIEYHUKIG, MapaaHeyb, MPoIakmuH.

S. Hunkov', N. Kosei?, S. Reheda?
1" .I. Medved’s Research Center of Preventive Toxicology, Food and Chemical Safety,
Ministry of Health, Ukraine (State Enterprise)”, Kyiv, Ukraine
2 State Institution “O.M. Lukianova Institute of Pediatrics, Obstetrics and Gynecology
of NAMS of Ukraine”, Kyiv, Ukraine

RECOMMENDATIONS FOR MEDICAL SUPPORT OF WOMEN WITH POLYCYSTIC
OVARY SYNDROME IN THE CONDITIONS OF ELEVATED MANGANESE EXPOSURE

Abstract. A substantial body of research has demonstrated that environmental factors play a distinctive role in the aetiology
of polycystic ovary syndrome, ranking among the numerous underlying causes of this condition.

Aim. To determine the manganese content in the blood of women of fertile age living in an urbanized region, and secondly, to
optimise approaches to the care of women with polycystic ovary syndrome in conditions of manganese exposure.

Materials and methods. Analysis of the data from the state monitoring of chemical pollution of environmental objects in Kyiv
and Kyiv region. The determination of manganese in blood serum of women was carried out by the method of inductively cou-
pled plasma mass spectrometry (ICP-MS). Statistical analysis: the sample characteristics were determined by the median and
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95th percentile indicators; analysis of the relationship between the data in groups of women (levels of manganese and prolactin
in the blood) was performed using the Spearman rank correlation method.

Results. According to state monitoring data, it was established that the permissible levels of manganese have been surpassed
in surface waters (from 3.2 to 28 times) and in the air of Kyiv (more than 10 times). According to the results of blood tests of
women with polycystic ovary syndrome (study group, n=52), increased levels of manganese in blood serum were detected
(median — 0.0095 mg/l, 95th percentile — 0.13 mg/l) compared to the control group (healthy women, n=38), median — 0.0035
mg/l, 95th percentile — 0.014 mg/l, p= 0.0012; Spearman’s rank correlation coefficient — rc=0.38, p<0.05. In women from the
study group, a positive correlation between elevated manganese levels and blood prolactin levels — r=0.4137, p=0.0134 was
found.

Conclusions. In an urbanised region, there are numerous potential sources of manganese exposure that increase the risk of
polycystic ovary syndrome. Blood prolactin levels can be considered a biomarker. The medical care of women suffering from
polycystic ovary syndrome who have been exposed to manganese necessitates the stimulation of the body’s detoxification sys-
tems, the prevention of oxidative stress, and organoprotective therapy.

Keywords: polycystic ovary syndrome, manganese, prolactin.

Bctyn. CuHagpom nonikictosHux sieqnukis (CIKA) —
[AOCUTb MOLUMPEHE 3aXBOPHOBaHHS | 3@ AaHUMM Pi3HUX
[pKepen HaykoBoi iHchopmaLii 3ycTpivaetees y 6—20 %
BUNagKax cepes XiHok depTunbHoro Biky [1].

Mepebir CMNKA xapakTepusyeTbCs MOPYLUEHHSM
npoueci Ao3piBaHHSA (honikyniB i BiACYTHICTIO OByns-
uii, WO CynpOBOAXKYETLCSA PO3BUTKOM FOPMOHAMBHO
00YMOBMEHMX NATONOrYHUX NpoLeciB. 3rigHo 3 kpuTe-
piaMu PoTTepaaMcbKoro KOHCEHCYCY KMiHIYHWI AiarHo3
ClKA Bu3Ha4aeTbCs 3a HAsSIBHOCTI: OMiro-/aHoBynsiLis
(oboB'askoBMI KpWTEPIN), rinepaHaporenis (KniHiYHa
Ta/abo GioxiMmiuHa), MynbTUONIKyNspHa CTPYKTypa
SEeYHUKIB [2].

Cepen npuumH BuHUKHEHHS CIKA eHpoKpuHHI Ta
reHeTUYHi hakTopy, 3anasbHi npouecy, ncuxocouiasb-
Hi dbakTopu, 0COBNMBOCTI Xap4yyBaHHs, aKTOpu 30B-
HilLHbOrO cepenosuLia ToLo [3]. B ocHOBI nopyLueHHs
npoueciB aospiBaHHsa doonikynie npu CIKA nexatb
MaTonoriyHi 3MiHW YHKLIT €HOOKPUHHOT CcucTemu.
Mepw 3a Bce, cnocTepiraeTbCs PO3pUB MEXaHi3MiB
perynsuii 3BOPOTHOrO 3B'AA3KY B CUCTEMI rinoTanamyc-
rinogpis-roHagn, WO MNOB'A3yOTb 3 AUCperynsuieto
4acToTU MynbCaTMBHOI CeKpeLii roHagoTponiHiB, 3Mi-
HOI YYTNMBOCTI CTPYKTYp rinotanamycy Ta rinodiay,
MOpYLUEHHAM (YHKL T HermpomeaiaTopHux cuctem [1, 3].

Mpu CIKA BigbyBaeTbcs 3MiHa CTepoigoreHesy B
seyHukax. Ha BigMmiHy Big 300pOBMX, Y XKIHOK, SKi
cTpaxpgatotb Ha CIIKA, seyHukn HeagekBaTHO pea-
ryloTb Ha NtoTeiHi3yrounin ropmoH (111). € npunyLleHHs,
wo npu CIKA gucperynsuis crepoigoreHesy cnocre-
piraeTbCsa He Nue B TeKa-kMNiTMHaX SEYHWKIB, a N B
zona reticularis HagHWPHWKIB, BHACNZOK Yoro 36inbLuy-
€TbCS METaboNi3M KOpPTVU30MNy Ta NigBULLYETHCS CeKpe-
uist AKTT Ta BigbyBaeTbCs CTUMYIALLA CeKpeLlii aHapo-
reniB [1, 3, 4]. BuHukHeHHs CIKA Takox no'asytots 3
rinepnponakTuHeMieto Ta NopyLeHHAM (YHKLT LMTO-
BMAHOI 3a5103u [5].

OcTaHHiM yacom Bce Oinblue yBarum MpuainseTbest
BVMBYEHHIO NOpYLUEHb METaboMiYHMX NPOLECIB Ta iHCY-
NiHOPE3WUCTEHTHOCTI B naTtoreHesi BUHUKHeHHs CIKA.
MpunyckatoTb, WO HaAULOK iHCYNiHY 36inbLiye YyT-
nmBicTb sieyHmkiB go J. Yepes ue 36inbluyeTbes CTu-
myntotounn edpekt JIT Ha Teka-KniTuHKM, WO niaBuLlye
KiNbKiCTb aHAPOreHiB Ta BUKNUKAE nepeayvacHy niotei-
HisaLito aHTpanbHuX donikynis [1].

Introduction. Polycystic ovary syndrome (PCOS) is
a fairly common disease and, according to various
sources of scientific information, occurs in 6-20 % of
cases among women of fertile age [1].

The course of PCOS is characterized by impaired
follicle maturation and lack of ovulation, which is
accompanied by the development of hormonally deter-
mined pathological processes. According to the
Rotterdam Consensus criteria, the clinical diagnosis of
PCOS is determined by the presence of: oligo-/anovu-
lation (mandatory criterion), hyperandrogenism (clini-
cal and/or biochemical), multifollicular structure of the
ovaries [2].

Among the causes of PCOS are endocrine and
genetic factors, inflammatory processes, psychosocial
factors, nutritional characteristics, environmental fac-
tors, etc. [3]. Pathological changes in the function of
the endocrine system are the basis for the disruption of
follicle maturation processes in PCOS. First of all,
there is a disruption of the feedback regulation mecha-
nisms in the hypothalamic-pituitary-gonadal system,
which is associated with dysregulation of the frequency
of pulsatile secretion of gonadotropins, changes in the
sensitivity of the hypothalamic and pituitary structures,
and dysfunction of neurotransmitter systems [1, 3].

PCOS causes changes in steroidogenesis in the
ovaries. In contrast to healthy women, in women with
PCOS, the ovaries respond inadequately to luteinizing
hormone (LH). It is suggested that in PCOS, dysregu-
lation steroidogenesis is observed not only in theca
cells of the ovaries, but also in the zona reticularis
adrenal glands, resulting in increased cortisol metabo-
lism and increased of adrenocorticotropic hormone
(ACTH) secretion and stimulation of androgen secre-
tion [1, 3, 4]. The occurrence of PCOS has also been
associated with hyperprolactinemia and thyroid dys-
function [5].

Recently, more and more attention has been paid to
the study of metabolic disorders and insulin resistance
in the pathogenesis of PCOS. It is assumed that
excess insulin increases the sensitivity of the ovaries to
LH. Due to this, the stimulating affect of LH on theca
cells increases, which increases the amount of andro-
gens and causes premature luteinisation of antral folli-
cles [1].



CyuacHa koHuenuis BuHUKHeHHs1 CTKA nepenbavae
HasIBHICTb XPOHIYHOTO 3ananbHOrO MPOLECY B OpraHis-
Mi. XiHku, siki cTpaxaatoTe Ha CIKA, MaroTb nigBuLLEHi
MapKepu NePEKNCHOrO OKUCHEHHS MiNiaiB, NiABULLEHWIA
piBeHb C-peakTuBHOro Ginka, 3ananbHuX LWTOKIHIB, a
TaKoX OiNnbLL BMUCOKi KOHLEHTpaUii NiMpoLmnTiB i MOHO-
LmTIB Y KpOoBI [6]. [10 BUHMKHEHHS XPOHIYHOIO 3anarnbHo-
ro NpoLiecy MOXyTb OYTW MPUYETHI HE TiNbKW aBTOIMYHHI
3aXBOpPOBaHHS abo iHCYMIHOPE3WUCTEHTHICTb, a TaKoX
iHCbeKLiHI npoLiecy B opraHi3mi, afpke ninononicaxapu-
an BakTepianbHOTO MOXOMKEHHS MOXYTb BWKIMKaTU
OKWCNOBanbHWIA CTPeC Ta rinepaHgporeHito [7]. [o Toro
X PEenpopyKkTVWBHa CUCTEMA Ha3BMYaWHO 4YyTrMBa [0
MopyLleHHss BGanaHcy OKWUCIIOBanbHOI Ta aHTUOKCU-
JaHTHOI cucteM. [locnimKeHHst OCTaHHIX POKiB nokasa-
NW, WO OKWCIIHOBanbHWIA CTPEC Bifirpae BENWKY posb Y
natoreHesi CIKA [8].

lNopyLUEHHs1 CTaHy MIKPOBIOMY KULLIEYHWKY pO3rnisi-
JalTb K CaMOCTIiHWIA cpakTop abo ko-dakTop, Lo
obymoBnioe BuHUKHEHHst CIKA. Cepen MOXnmBux
naToreHeTUYHMX MexaHiamiB — amucbanaHc meTaboniy-
HUX NpoLeciB, NOpyLLEHHs Bap'epHOi yHKLiT cnn3oBoi
0BOMOHKM KULLEYHVKY, NiIXBM Ta iMYHHI peakuii opraHia-
My Y BignoBigb Ha ninononicaxapugn Gaktepin. Kpim
TOro, HewogaBHo Oyno BusBnNeHO GesnocepeHin
BMAMB MiKpOBIOMY KULLEYHWMKY Ha (DYHKLilO cucTemm
KULLEYHWK-MO30K [9]. BucrnoBnoeTbcs npunyLeHHSs
CTOCOBHO BMAMBY MiKpODBiOTH OpraHiamy Ha perynsitop-
Hy oyHKLito rinodisy 3a paxyHOK BNAUBY Ha MegiaToOpHi
cuctemu [10].

MeTa. JJocnifxeHHs NOTEHLINHUX [HKepen eKCrnoHy-
BaHHA MapraHLUeM; BK3HA4YeHHSI BMICTY MapraHui y
KPOBI XiHOK (hepTUMBHOrO BIKY, LLIO NPOXMBAOTb B YMO-
Bax ypbaHi30BAHOrO PErioHy, a TakoX ONTUMI3aLis nia-
XOfjiB OO0 CYnpoBOAY XIHOK 3i CUHAPOMOM MofiKi-
CTO3HWX SIEYHVKIB B yMOBaX EKCMOHYBaHHS MapraHLueM.

Matepianu Ta metogu. CTaH ekonorivyHoi cuTyauii y
M. KneBi OLIHEHMI 3a faHUMK JEPXKABHOMO MOHITOPUH-
ry. Tpyny OocnigXeHHs CTaHOBUIM XiHkn (n=52)
penpoayKTUBHOTO BiKY, SIKUM, Y BIiQMNOBIAHOCTI 4O Kpw-
TepiiB PoTTepaamcbKoro KoHceHcycy, 6yno giarHocTto-
BaHo fiarHo3 CIKA. Yci xiHkn — melukaHkn M. Kuesa i
KuiBcbkoi 06nacTi; KOHTPOIbHY rpyny CTaHOBUITU XiHKK
(n=38) 6e3 nartonorii penpoayKTUBHOI CUCTEMM.
O6cTexeHHs xiHok 060x rpyn Byno 3giicHEHO Ha Kni-
HiyHUX Gasax Y «lHcTUTYT nepiatpii, akywepcTsa i
rinekonorii imeHi akagemika O.M. Jlyk'sHoeoi HAMH
YKpaiHuy.

CTaTUCTUYHMA aHami3: XapakTepucTuky BMBIpKK
30iiCHEHO 3a NoKasHWKamu Mediann Ta 95-ro npoLeH-
TUNS; aHani3 3B’A3Ky MiX JaHUMUK y rpynax JoChiKeH-
HS1 (PiBHI MapraHLi0 Ta NPOMaKTUHY Y KPOBI XIiHOK) — 3a
MeTOoOM paHroBoi kopensuii CnipmaHa.

JocnigxeHHs BUKOHaHI BiAnoBigHO [0 nnaHy HayKo-
BO-AOCMiAHOI poboTu [epxaBHOro nignpuemMmcTaa
«HaykoBWI LLeHTp NPEBEHTUBHOI TOKCMKOMNOTil, Xap4o-
BOI Ta ximiuyHoi 6e3neku imeHi akagemika J1.I. Megseas
MiHicTepcTBa OXOpOHM 300pOB'S YkpaiHuy» (Oepxa.-

Tyubkos C., KoceitH,, PeregaC. /. Hunkov, N, Kosei, §, Reheda

The modern concept of PCOS occurrence assumes
the presence of a chronic inflammatory process in the
body. Women suffering from PCOS demonstrate
increased markers of lipid peroxidation, increased lev-
els of C-reactive protein, inflammatory cytokines, as
well as higher concentrations of lymphocytes and
monocytes in the blood [6]. The occurrence of a chron-
ic inflammatory process may be caused not only by
autoimmune diseases or insulin resistance, but also by
infectious processes in the body, since lipopolysaccha-
rides of bacterial origin can cause oxidative stress and
hyperandrogenism [7]. In addition, the reproductive
system is extremely sensitive to imbalances in the
oxidative and antioxidant systems. Recent studies
have shown that oxidative stress plays a major role in
PCOS pathogenesis [8].

Disturbances in the gut microbiome are considered
as an independent factor or co-factor in the develop-
ment of PCOS. Possible pathogenetic mechanisms
include metabolic imbalance, disruption of the intesti-
nal and vaginal mucosal barrier function, and immune
responses to bacterial lipopolysaccharides. In addition,
a direct effect of the gut microbiome on the function of
the gut-brain system has recently been demonstrated
[9]. It has been suggested that the microbiota of the
body may influence the regulatory function of the pitu-
itary gland through its effects on mediator systems [10].

Aim. To investigate potential sources of manganese
exposure; to determine the manganese content in the
blood of women of fertile age living in an urbanized
region, and also, to optimise approaches to the care of
women with polycystic ovary syndrome in conditions of
manganese exposure.

Materials and Methods. The ecological situation in
Kyiv was assessed according to the state monitoring
data. The study group consisted of women (n=52) of
reproductive age who were diagnosed with PCOS in
accordance with the Rotterdam Consensus criteria. All
women were residents of Kyiv and Kyiv region; the
control group consisted of women (n=38) without
reproductive system pathology. The examination of
women in both groups was carried out at the clinical
bases of the State Institution Institute of Paediatrics,
Obstetrics and Gynaecology named after Academician
O. M. Lukyanova of the National Academy of Medical
Sciences of Ukraine.

Statistical analysis: the sample characteristics were
determined using median and 95th percentile indica-
tors; analysis of the relationship between the data in
the study groups (manganese and prolactin levels in
the blood of women) was performed using the
Spearman rank correlation method.

The studies were carried out in accordance with the
Research Plan of the State Enterprise Research
Centre of Preventive Toxicology, Food and Chemical
Safety named after Academician L. I. Medved of the
Ministry of Healthcare of Ukraine (state registration
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HUI peecTpaLituin Homep — 0123U102087) 3a kowTm
nignpuemcTBa i cxBaneHi Komicielo 3 nutaHb €TUKM
MeANYHMX Ta BioNorivYHMX AOCHImKEHb.

Pesynbratn. Ha nepomy etani gocnigxeHHs OyB
3iCHeHUIN aHani3 ekonorivyHoi cutyauii y M. Kuesi Ta
KuiBcbkii obnacTi LWogo HasiBHOCTI J)Kepen eKCroHy-
BaHHA MapraHueM, BpaxoByH4W, LIO EKCMOHYBaHHS
MapraHuem Moxe BigbyBaTUCb OpanbHWM, iHranswin-
HUM Ta TpaHcAepManbHUM LNsxamu. 3rigHo 3 JaHUMu
[epxaBHoi ycTaHoBW «KWIBCHKMIA MiCbKniA Nabopatop-
HWIA LeHTp MiHicTepcTBa OXOPOHU 340POB'S YKpaiHW»
MOKa3HVKM BMICTY MapraHLto B BOZONPOBIAHiM BOA) Bia-
nosigaloTb HopMmi i He mepesuuyote 0,001 mr/omd.
OTxe, NUTHa Boda B PETiOHi AOCMIIKEHHS HE MOXe
OyTn mKEpenom ekcrnoHyBaHHA MapraHuem [11].

[kepenom eKkcnoHyBaHHS MapraHuem MoXyTb OyTu
MOBEPXHEBI BOAM, WO BUKOPWCTOBYKTLCS ANS CiMb-
cbkorocnogapchkux notped Ha nonsix, hepmax, pubHo-
My rocrnogapcTBi, npucagubHmx ginsHkax. Tak, 3rigHo 3
fAaHumu [lenapTameHTy ekornorii Ta NpupoaHuX pecyp-
ciB KuiBcbkoi obnacTi B pidkax KuiBLimHM 3adikcoBaHO
nepeBuLLEeHHs ©e3neyHnx KoHueHTpauin y 3,2-8,5
pasa, a B OKpemMux Bumnagkax crnocTepiranocb nepesu-
WweHHs y 10-28 pasis [22]. [aHi wono pekomeHgosa-
HUX HOPMAaTUBIB MapraHLuto y NUTHIN BOAi HaBeLEHO Y
Tabnuui (Tabn. 1).

Tak1M YMHOM, [)KEPENOM EKCMOHYBaHHS MapraHLleMm
MOXyTb OyTW Konogsi3aHa BOAa, LU0 BUKOPUCTOBYETHCS
0e3 HanexHOro O4YMLLEHHS Yy AOMOrocnogapcTBax.
Kpim TOro, icHye pusuk, WO CinbrocnnpoaykLis, BMpo-
LleHa Ha TepuTopisx, A€ A9 NOMMBY BUKOPUCTOBY-
€TbCS BOAA 3i 3aDpyaHEHNX PIYOK, MOXE CIYXWTU Ke-
PENOM MiABULLEHOTO PIBHS EKCMOHYBAHHS MapraHLueM.

Baxrnumeo 3a3HauuTy, LIO BiACYTHI HOPMaTUBMK BMICTY
MapraHLo B XapyoBWX NpogyKTax, oTke, Taki gocnia-

number — 0123U102087) at the expense of the enter-
prise and were approved by the Commission on Ethics
of Medical and Biological Research.

Results. At the first stage of the study, an analysis of
the ecological situation in Kyiv and Kyiv region was
carried out regarding the presence of sources of man-
ganese exposure, taking into account that manganese
exposure can occur by oral, inhalation and transdermal
routes. According to the data of the State Institution
Kyiv City Laboratory Centre of the Ministry of
Healthcare of Ukraine, the manganese content in tap
water meets the norm and does not exceed 0.001
mg/dm3. Therefore, drinking water in the study region
cannot be a source of manganese exposure [11].

The source of manganese exposure can be surface
waters used for agricultural needs in fields, farms, fish-
eries, and homesteads. Thus, according to the
Department of Ecology and Natural Resources of Kyiv
Oblast, exceedances of safe concentrations were
recorded in the rivers of Kyiv Oblast by 3.2-8.5 times,
and in some cases, by 10-28 times [22]. Data on rec-
ommended standards for manganese in drinking water
are given in the table (Table 1).

Thus, well water used without proper treatment in
households may be a source of exposure to man-
ganese. In addition, there is a risk that agricultural
products grown in areas where water from polluted
rivers is used for irrigation may serve as a source of
elevated levels of manganese exposure.

It is important to note that there are no standards for
manganese content in food products, therefore, such
studies are not performed. Consumption of products
grown in contaminated areas is considered to be the

Tabnuus 1/ Table 1

HopmaTtuBm BMicTy mapraHuto B NUTHi BoAi /
Standards for manganese content in drinking water

Po3po6Huk ctaHpapty / HopmaTtuBHUI nokasHuk, mr/n / OonycTumui nokasHuk /
Standard developer Normative value, mgl/l Acceptable indicator
BOO3 / WHO* [18] 0,05 0,4
OCTY/ DSTU** 7525 2014 [19] / 0,05 0,5
FDA [20] / 0,05 —
0,3 (mocrTiriHe cnoxuBaHHs) /
(constant consumption)
EPA[21]/ 0,05 1,0 (cnoxvBaHHS NPOTAroM
1-10 gHiB) / (consumption
within 1-10 days)

lMpumimka / Note:

* BOO3 /WHO — BcecsimHsi opaaHi3auis oxopoHu 30opos’si / World Health Organization
** [ICTY/DSTU — [HepxasHutli cmaHOapm Ykpairu / Ukrainian Standards
**FDA — YnpaeniHHs 3 caHimapHo20 Haznsidy 3a sikicmio xap4yosux npodykmie ma medukameHmie / Food and Drug

Administration

****EPA — YnpaeniHHs1 3 oxopoHu doskinns CLUA / US Environmental Protection Agency



XEHHS1 He npoBoAATbCsA. CMoXMBaHHS MNPOAYKTIB,
BUPOLLEHNX Ha 3abpyLHEeHUX TepuTopisx, po3rns-
JaTbCS SK NPUYMHU NIOBULLEHOTO PIBHSI €KCMOHYBaH-
HSl HaceNeHHs MapraHueMm.

lMoBITPS TaKOX MOXHa BiOHECTM A0 Hebe3neyHux
IDKepen eKCrMoHyBaHHS MapraHuem, npoTe LWogo Jony-
CTUMUX KOHLEHTpaLjii MapraHuto B MOBITPi iCHYIOTb
pi3Hi gaHi (Tabn. 2).

BuByeHHs cTaHy sakocTi noBiTps B M. Knesi nokasano:
BMICT MapraHul B aTtMocdepHOMy MOBITpi MicTa Y
COTHI pasiB nepesuLLye 6e3neyHi KoHUeHTpauii (Meaia-
Ha MOoKa3HUKIB 3HaxoauTbes B Mexax 0,01-0,04 mr/m3,
a MakcumarnbHi KoHueHTpauii — 0,02-0,07 mr/m3) [27,
28]. HanbinbLu 3abpyaHEHUMU TEPUTOPISIMIA BUSIBUTN-
CSl 30HU aKTWBHOTO aBTOMOGINBLHOMO pyxy Ta NMpoMu-
CIOBI 30HMW.

Bucoki piBHi MapraHuto y MoBiTpi pob0YO0i 30HM
MOXyTb OyTM Ha nNpOMUCMOBUX BUPOOHMLTBAX,
MOB'A3aHMX 3 MeETanyprieto, 3BaproBanbHUMM poboTa-
MK, KOnanbHAMM, SIK NPaBUMo, B LX BMNAagKax eKcno-
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cause of increased exposure of the population to man-
ganese.

Air can also be considered a hazardous source of
manganese exposure, but there are different data on
permissible concentrations of manganese in the air
(Table 2).

A study of the air quality in Kyiv showed that the
manganese content in the city’s ambient air is hun-
dreds of times higher than safe concentrations (the
median values are within 0.01-0.04 mg/m?, and the
maximum concentrations are 0.02-0.07 mg/m3) [27,
28]. The most polluted areas were areas of active auto-
mobile traffic and industrial zones.

It has been established that elevated concentrations
of manganese are present in the atmosphere of work-
places engaged in industrial activities associated with
metallurgy, welding, and mining. It is generally accept-
ed that exposure occurs through dust, evaporation,
and other such means. Furthermore, a significant

Tabnuuga 2 / Table 2

HopmaTuBHi noka3HUKM BMiCTy MapraHuio B atTmocdepHOMy MoOBIiTpi 3a AaHUMU
pi3HuX mkepen odiuinHoOI iHcopmauii /
Normative indicators of manganese content in atmospheric air according
to various sources of official information

Po3po6Huk ctaHpgapTy (NokasHuk) /
Standard developer (indicator)

3HaueHHs (Mr/m3) / Value (mg/m?)

BOO3* / WHO* [23]

0,00015

EPA** (RfC — pecbepeHcHa KoHUeHTpaList) /
EPA** (RfC — reference concentration) [24]

0,00005

ATSDR*** (MRL — MiHiManbHUI piBeHb pU3nKy Ansi
noguHn) / ATSDR*** (MRL — minimal risk level for
humans) [11]

0,0003 (365 gHis i 6inbLe) / (365 days or more)

OEHHA™** (RELSs — pedepeHCHi piBHi) /
OEHHA™** (RELs — reference levels) [25]

0,00009 — nocrTinHo / constantly
0,0001 (7 — 8 roauH Ha aeHb) / (7—8 hours per day)

Hakas MOS Ykpainn 10.05.2024 Ne 813 «[po
3aTBEPIKEHHS OEPXABHUX MEAMKO-CaHITAPHUX HOpMa-
TMBIB ZOMYCTMMOIO BMICTY XiMi4HUMX i BionoriyHux pevo-
BWH B aTMOCEpPHOMY MOBITPi HaceneHnx mMicub»
(BapeecTpoBaHo B MiHicTepcTBi tocTULii Ykpainm 24
TpaBHs 2024 p. 3a Ne 763/42108) / Order Ministry of
Healthcare of Ukraine of 10.05.2024 No. 813 On
Approval of State Medical and Sanitary Standards for
the Permissible Content of Chemical and Biological
Substances in the Atmospheric Air of Populated Areas
(Registered with the Ministry of Justice of Ukraine of
May 24, 2024 under No. 763/42108) [43]

0,01 (pasoBa) / (one-time)

0,001 (nobosa) /(daily)

lMpumimka / Note:

*BOO3 /WHO — BcecsimHsi opeaHisauis oxopoHu 30opos’s / World Health Organization
** EPA —YnpaerniHHs 3 oxopoHu 0oskinns CLUA / US Environmental Protection Agency
*** ATSDR —Az2eHmcmeo no peecmpauii mokcu4Hux pe4osuH ma 3axeoprosaHb CLUA / US Agency for Toxic Substances and

Disease Registry

**** OEHHA — [denapmameHmom ouiHKuU ekonoeidHoi 6esneku 0ns 30opoes’ss CLUA / US Office of Environmental Health

Hazard Assessment
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HyBaHHS BIOYBAETbCA Yepe3 Mun, BUMApOBYBaHHS
ToWO. [JO TOro X, BENMKa KiNlbKiCTb TOKCUYHWUX PEYOBMH
YTBOPIOETLCA NMPUW 3ropaHHi nanuea B asTomobinsx. Lie
TaKOX MOXHA BBaXaTu MOTYXXHUM KEPESIOM EKCMOHY-
BaHHs, LLIO MiATBEPAXYETLCS NONEPEAHIMM AOCTIAKEH-
HAMK [11]. TaKUM YMHOM BCTaHOBIIEHO, LLO aKTUBHUM
[PKEpenoM eKCroHyBaHHA MapraHuem Moxe OyTu
3abpyaHeHe noeiTps M. Kuesa.

Ha ppyromy etani pocnimxeHHss Oyno 3giicHeHo
BMMIpIOBaHHS BMICTY MapraHLto y KpoBi xiHok i3 CIKA
Ta y XIHOK KOHTpOnbHOI rpynu (n=38).

OujHtotoun piBHI MapraHLto y KpoBi, MU NOCKMNANMCs
Ha OaHi AreHTCTBa peecTpalil TOKCUYHMX PEYOBUH i
3axBoptoBaHb CLUA (ATSDR), o pekomMeHaye BBaxa-
TW HOPManbHUMW KOHLEHTPALil MapraHLo B CMpOBaTL
kposi 0,0004 — 0,0008 mr/n [11]. MpoTe, 3a gaHUMK
iHLIWX DKepen, JonyCTUMUIA OianasoH MOXe CTaHOBW-
™ 0,0005 — 0,0013 Mr/n; Npo NiABULLEHWI PiBEHb EKC-
MOHYBaHHA MapraHUeM CBiguuTb KOHLEHTpaLis map-
raHuto B cuposartui kposi 0,0054 mr/n [12]. PisHi oxe-
pena HaykoBoi iHthopMaLlii NPONOHYIOTb BBaXaTtu Hop-
ManbHUMK PiBHI MapraHu B KpOBi, O AOPIBHIOKTb
4,0 — 15 wmkr/n, y cevi 1,0 — 8,0 mkr/n Ta y cvposaTLi
kpoBi 0,4 — 0,85 Mmkr/n. MNepeBULLEHHS LIMX NOKA3HWKIB
CBIQYMTb MPO MiABWLLEHU PIBEHb EKCMOHYBaHHS. 3a
iHLUIMMW J@HUMKU, HOPManbHUMMN BBaXAKOTbCS NMOKa3HK-
K1 MapraHuto B kposi — 4,0 —15,0 mkr/n, B cevi — 1,0 —
8,0 mkr/n Ta B cuposartui kposi — 0,4 — 0,85 mkr/n, a
NEPEBULLEHHS LIMX NOKA3HMKIB CBiAYNTb MPO MiaBuLLe-
HUI piBeHb ekcnoHyBaHHs [11, 13, 34].

BumiptoBaHHs BMICTY MapraHLio B CvpoBaTLi KpoBi
nokasanu, Wwo xiHku 3 CIMKA manu nigBuLleHi nokas-
HUKW MapraHLuio Yy MOPIBHSHHI 3 KOHTPOMBHOK TPYMNOHo
(Tabn. 3), Wo cBig4YMTL NPO BUCOKWIA PiBEHb EKCMOHY-
BaHHSI MapraHLem.

JocnigpxeHHs piBHiB NponakTuHy y xiHok 3 CIKA Ta
Y XKIHOK KOHTPOMbHOI rpynu (Tabn. 4) BUSIBUMO BHLL
MOKa3HUKW NPOnakTuHy cepen xiHok i3 CIKA y nopie-
HSIHHI 3 KOHTPOIMNbBHOK TPYMoto, WO NiATBEPAXYE AaHi,
LLO HaKOMUYEHHS! MapraHL B OpraHiaMi Moxe BUKMK-
KaTu NigBULLIEHHS PIBHIO NponakTuHy y kposi [11, 17].

JocnigxyBaBcs KopensuiiHWiA 3B'A30K MiX piBHEM
€KCMOHYBaHHS MapraHLeMm Ta NokasHWKaMu nponakTu-
Hy B 000X rpynax xiHok (tabn. 5).

BcTaHoBneHo, WO Yy XIHOK KOHTPOMbHOI rpynu He
BUSIBNEHO [OCTOBIPHOMO 3B'SI3KYy MK KOHLEHTpaLiero

quantity of toxic substances is produced during the
combustion process in automobiles. It is evident that
this may also be regarded as a significant source of
exposure, a notion that has been corroborated by pre-
ceding studies [11]. Consequently, it was determined
that air in Kyiv, which is characterised by its high levels
of manganese, can serve as an active source of expo-
sure.

In the second stage of the study, manganese levels
were measured in the blood of women with PCOS and
in women in the control group (n=38).

When assessing manganese levels in the blood, we
referred to the data from the US Agency for Toxic
Substances and Disease Registry (ATSDR), which rec-
ommends that normal serum manganese concentra-
tions be 0.0004-0.0008 mg/L [11]. However, other
sources suggest that the acceptable range may be
0.0005-0.0013 mg/L; elevated manganese exposure
is indicated by a serum manganese concentration of
0.0054 mg/L [12]. Various scientific sources suggest
that normal blood manganese levels are 4.0-15 ug/L,
urine levels 1.0-8.0 pg/L, and serum levels 0.4—
0.85 ug /L. The surpassing of these values indicates
elevated exposure. According to other data, normal
levels of manganese in the blood are 4.0-15.0 pg/l, in
urine 1.0-8.0 ug/l, and in serum 0.4-0.85 ug/l, and an
increase in these levels indicates an increased level of
exposure [11, 13, 34].

Serum manganese measurements showed that
women with PCOS had elevated manganese levels
compared with controls (Table 3), indicating high levels
of manganese exposure.

A study of prolactin levels in women with PCOS and
in women in the control group (Table 4) revealed higher
prolactin levels among women with PCOS compared to
the control group, which confirms the data that man-
ganese accumulation in the body can cause an
increase in prolactin levels in the blood [11, 17].

The correlation between the level of manganese
exposure and prolactin levels in both groups of women
was investigated (Table 5).

It was found that in women of the control group, there
was no significant relationship between the concentra-

Tabnuusa 3 / Table 3

BwmicT mapraHuto B cupoBaTui KpoBi y xiHok i3 CIKA Ta y KoHTponbHin rpyni /
Serum manganese levels in women with PCOS and in the control group

MapraHeub CepenHe
(mr/n) / MegaiaHa / o apudmeTuyHe /
Fpyna/ Group Manganese Median 95 % Arithmetic P
(mgll) mean
Kowpons / 38 0,0035 0,014 0,0056
Control
0,0012
CIKA / PCOS 52 0,0095 0,13 0,035
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Tabnuus 4 / Table 4

Moka3Hukn nponakTuHy y xiHok 3 CIMKA Ta y KoHTponbHin rpyni /
Prolactin levels in women with PCOS and in the control group

KoHTtponb / Control (n=38) CINKA / PCOS (n=35)
FopmoH / b
Hormone M sD M sD
MponaktuH
(Hr/mn) / Prolactin 12,26 5,42 17,93 9,57 0,0024
(ng/ml)

Tabnuua 5/ Table 5

KopensiuinHun 3B'A30K MiXk NOKasHMKaMyM BMiCTYy MapraHLilo B cMpoBaTLi KpoBi Ta piBHIO NPONaKTUHY
B rpyni xiHok i3 CI[KA ta y koHTponbHin rpyni / Correlation between serum manganese levels
and prolactin levels in women with PCOS and controls

Tpynu Aocnipxkehs / KoHTponb / Control CIKsA / PCOS
Research groups
KoedilieHT koedilieHT
MokasHukn / n CnipmaHna / n CnipmaHa /
Indicators Spearman’s P Spearman’s P
coefficient coefficient
Mn & lponakTvik / 38 0,1536 03571 | 35 0,4137 0,0134
Mn & Prolactin

NPonakTMHy Ta MapraHul B CUpOBaTLi KpoOBi
(p=0,3571), HaTOMiCTb Yy XiHOK i3 CIKA Takuin 3B'a30K
6yB BcTaHoBneHun (p=0,0134).

Byno BM3Ha4YeHO KpUTUYHE 3HAYEHHS KOeqiliEeHTY
paHroBoi kopensuii CripmaHa — r, ans 52 XiHOK 3
CIKA, wo craHosuno 0,38 (p<0,05).

Takum 4uHOM, pesynbTaTv [OCHIMKEHb [AEeMOH-
CTpYHOTb, WO Yy XiHok 3 CIKA cnocTtepiraetbesa nigsu-
LUEHMI piBEHb EKCMOHYBaHHA MapraHuem 3 ofgHo4ac-
HUM MiABULLEHHSM PIBHS NPOMAKTUHY, KU MOXe po3-
rnsgaTmes K YyTIMBUIA KMiHIYHUIA GioMapkep eKCMoHy-
BaHHS MapraHLuem.

He moxHa BMKMOUMTH, LLIO CaMe EKCMOHYBaHHS Map-
raHUEeM € MPUYMHOK MIOBWLLEHHS PIBHA MPOMaKTUHY,
AKUIA CBIAYNTb NPO NOPYLUEHHS dyHKUIT AodamiHepriy-
HOT cucTeMu Ta perynauii yHKUIT rinodiay, Wwo € naro-
FEHETUYHUM YMHHMKOM po3BUTKYy CIKA.

O6roBopeHHs. MOXNMBICTb MOHITOPUHIY MapraHLto
GionoriyHMK TecTamm 3anuaeTbcst obmexeHor. 3a
JaHUMK HayKOBOI niTepatypu, iCHye neBHa Kopensuis
MiX PiBHEM EKCMOHYBaHHS Ta HEMPOMYHKLiOHaNbHUMM
Tectamu [11, 13]. ICHyt0Tb AaHi, Wo B yMOBax nigsuLLe-
HOrO EKCMOHYBaHHS MapraHLeM Y XiHOK CocTepiraeTb-
CS NIOBULLEHHS PIBHS NPONAKTUHY, LU0 MOSICHHETHCS
3HWKEHHSAM cekpelii godamiHy. OTxe, BU3HAYEHHS
MPONakTUHY OKPEMWMMW aBTOPaMU PO3rMSAZAETCA K
KNiHiYHWIA Giomapkep LoAO NiABMLLEHOrO PiBHS €KCMo-
HyBaHHs mapraHuem [11].

Cepeqn iHWKMX GiomapkepiB po3rnsgatTbcs Mapra-
Helb-3anexHi gepmeHTn: MnSOD, apriHasa, rnyTa-
MiHCMHTeTa3a, docodeHinnipysar gekapbokcunasa,
nipyBaTtkapbokcunasa, ane ixHe BU3Ha4YeHHs NoTpedye
creuianbHOro obnagHaHHs, sike He 3aBXau OOCTYMHe

tion of prolactin and manganese in the blood serum
(p=0.3571), while in women with PCOS, such a rela-
tionship was established (p=0.0134).

Spearman rank correlation coefficient — r, — was
determined for fifty two women with PCOS, it was 0.38
(p<0.05).

The results of the study demonstrate that women
with PCOS have increased levels of manganese expo-
sure, which is concomitant with an increase in prolactin
levels. This can be considered a sensitive clinical bio-
marker of manganese exposure.

It cannot be dismissed that manganese exposure is
the cause of increased prolactin levels, which indicates
a dysfunction of the dopaminergic system and regula-
tion of pituitary function. This is a pathogenetic factor in
the development of PCOS.

Discussion. The capacity to monitor manganese
using biological tests remains constrained. The scien-
tific literature indicates a correlation between the level
of exposure and neurofunctional tests [11, 13]. The
present study provides evidence to suggest that in con-
ditions of increased manganese exposure in women,
there is an observed increase in prolactin levels. This
phenomenon can be explained by a decrease in
dopamine secretion. Consequently, the assessment of
prolactin is regarded by certain authors as a clinical
biomarker for elevated manganese exposure [11].

Among the various biomarkers under consideration,
manganese-dependent enzymes have been identified
as a significant factor. The determination of MnSOD,
arginase, glutamine synthetase, phosphophenylpyru-
vate decarboxylase, and pyruvate carboxylase
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3aKknagam OXOpPOHM 340poB’s. KpiM TOro, Ha akTUBHICTb
3a3HayeHnx (PepMeHTIB MOXYTb BNANBATY iHLLI (hakTo-
pu, Hanpuknag, MiToxoHapianbHa AUCHYHKLIS pisHOro
reHesy. ToMy BUKOPUCTaHHS hepMeHTHIX Giomapkepis
ANS OiarHOCTWKK eKCMOHYBaHHS MapraHUuem mae 4omno-
MiXHUIA xapakTep. OcTaHHIM 4acom 3ycTpiyaeTbces
iHhopMaLlisi PO BUKOPUCTAHHS MarHiTHO-pe30HAHCHOT
Tomorpadii ronosHoro mMo3ky (MPT) ans giarHoCTuku
HaKOMWYEHHS1 MapraHuio y cTpykTypax LUHC, ane uen
METOZ AiarHOCTMKN He € nowmpeHum [13].

MeTaboniam MapraHul Ta NPOSBU TOKCMYHOCTI.
Brnnabko 90 % mapraHL BUBOAUTLCS 3 XOBYIO, CEYEHD,
MOTOM Ta rPyaHWM MOJIOKOM, afne B 3Ha4YHO MEHLUMX
KinbKocTaX. Y ntogen, sKi npuiiManu pagioakTUBHWIA
MapraHelpb, nepiof /oro HaniBBUBEAEHHS CTAHOBUB
13-37 pHiB. 3a iHWKWMM OaHUMK MOBHE BUBEOEHHS
MapraHuto 3 opraHismy csrae 38 OHIB y XiHOK i 48 y
YOrOBIKiB, ane 3 TKaHUH MO3KY BUBEOEHHS MOXe Tpu-
BaTV Aekinbka micauis [11, 13, 31]. Ha nokasHukm map-
FaHUIo y KPOBI JIOAVHU MOXE BMAMBATU MOPYLUEHHS
00MiHy 3ani3a. Tak, y nauieHTiB i3 3anisogediunTHuMu
aHeMiAMKU CMoCTepiralTbCs MiABULLEHI MOKA3HUKM
MapraHuto B KpOBi, WO MOB'A3aHO 3 KOHKYPEHTHUM
3B'A3yBaHHAM MapraHulo Ta 3anisa B TPaHCMOPTHUX
cucTtemax. Yepesa HU3bKI KOHLEHTpaLii 3anisa Bigbysa-
€TbCs 30iNbLUEHHS NOrMMHaHHA MapraHuo [13].

Npn BUCOKMX KOHLEHTPpALSIX MapraHLlo B OpraHiami
MOXe crocTepiraTuca pi3HOMaHiTHa HEeBpOSoriYHa
cumnTomatuka. Hanpuknag, npy CMpPOBaTKOBMX KOH-
ueHTpauisx mapraduyto 0,009 mr/n dikcyBanm nopy-
LeHHs nam'aTi, npu 0,0075 mr/n — cnocTepirascs nia-
BULLEHMI piBeHb CTypOOBAHOCTI, ApaTiBNMBOCTI, EMO-
LiMHI po3naau, arpecisi, 3HWKEHHS KoopauHaLii pyxy.
[itn BusiBMnmMca Ginbll YyTNMBMMK OO NiOBULLEHUX
KOHLIEHTpAL|ii MapraHLu, Tak MOKa3HWK MapraHLul B
cuposarLi kposi 0,0045 Mr/n Moxe CynpoBOAXYyBaTUCS
HeyBaXHICTIo, rinepakTusHicTio [12].

OuiHol4M BNMMB MapraHLlo Ha 340pOB'S MHOAWHM,
Cnig BpaxoByBaTW HE TiNlbKW MOKA3HWKM MapraHui B
GionoriyHOMY CepefoBHLLi, @ TaKoX CMocid eKCroHy-
BaHHS Ta HasBHICTb CyNyTHIX 3axBOptoBaHb. OCKiNbKM
MapraHeLb BUBOOUTLCS 3 OPraHiamMy nepeBaxHO Yepes
OB, TO AMCCYHKLIS NEYiHKM Ta Xonectas BigHOCATb-
€S [0 (baKTOpiB PU3NKYy 30iNbLUEHHS HAKOMUYEHHS
MapraHuto y TKaHuHi Mo3ky. Bigomo, Wwo B fopocnumx
NauieHTIB i3 XPOHIYHOK MEYIHKOBOK eHLedanonarieto
CnocTepiraeTbCa MiABULLEHWA pPiBEHb MapraHulw B
GazanbHUX raHrmisx. auieHT 3 nopTokaBanbHUMK
WyHTaMU Ta [AiTM 3 aTpesield KOBYHMX LUNAXIB
BUSIBNAIOTb NiABULLEHI PiBHI MapraHLio KpoBi HaBiTb 3a
BIACYTHOCTi MiABULLEHOrO PIBHA WOr0 CMOXWBAHHS.
HakonuyeHHs1 MapraHLo Takox mMoxe OyTv nos'sasaHe
3 TOPYLIEHHSIM WOr0 BUBEOEHHS 3 OpraHiamy.
Hanpwuknag, y HOBOHapOmKeHUX, SKi 3HAaXOAATLCS Ha
napeHTepanbHOMY BUrO[0BYBaHHI, MapraHeLb B opra-
Hi3M nmoTpannse pasom 3 NOXMBHUMWU CyMiliamu. Y
HEMOBMAT HepiaKo Mae Micle NopyLleHHs Aedekauil,
XXOBYOBUAINEHHS | Xxonectas, AUCHYHKUIA NeviHKu,

requires specialised equipment, which is not universal-
ly available in healthcare institutions. Furthermore, the
activity of these enzymes can be influenced by other
factors, including mitochondrial dysfunction of various
origins. Consequently, the utilisation of enzyme bio-
markers for the diagnosis of manganese exposure is of
an auxiliary nature. Recent studies have indicated the
potential of magnetic resonance imaging (MRI) of the
brain as a diagnostic tool for manganese accumulation
in the structures of the central nervous system (CNS).
However, it should be noted that this method is not yet
widely available [13].

Manganese metabolism and toxicity. It has been
established that approximately 90 % of manganese is
excreted in bile, urine, sweat, and breast milk, albeit in
much smaller amounts. In human subjects who ingest-
ed radioactive manganese, the half-life of the isotope
was found to range from 13 to 37 days. As indicated by
the available data, the complete elimination of man-
ganese from the body is achieved within 38 days in
women and 48 days in men. However, from brain tis-
sue, elimination can persist for several months [11, 13,
31]. Manganese levels in human blood can be affected
by iron metabolism disorders. For example, patients
with iron deficiency anaemia have elevated blood man-
ganese levels, which is associated with competitive
binding of manganese and iron in transport systems.
Due to low iron concentrations, manganese absorption
increases [13].

The presence of elevated concentrations of man-
ganese within the body has been demonstrated to
induce a range of neurological symptoms. For instance,
at serum concentrations of manganese of 0.009 mgl/l,
memory impairment was recorded, while at 0.0075
mg/l, increased levels of anxiety, irritability, emotional
disorders, aggression, and decreased motor coordina-
tion were observed. It has been demonstrated that chil-
dren are more susceptible to the effects of elevated
concentrations of manganese. Consequently, a serum
manganese level of 0.0045 mg/l may be accompanied
by symptoms of inattention and hyperactivity [12].

When evaluating the impact of manganese on
human health, it is imperative to consider not only the
indicators of manganese in the biological environment,
but also the method of exposure and the presence of
concomitant diseases. As manganese is primarily
excreted from the body via bile, liver dysfunction and
cholestasis have been identified as risk factors for
increased accumulation of manganese in brain tissue.
It is known that adult patients suffering from chronic
hepatic encephalopathy exhibit elevated levels of man-
ganese in the basal ganglia. Patients with portocaval
shunts and children with biliary atresia exhibit elevated
levels of manganese in the blood, even in the absence
of increased levels of its consumption. The accumula-
tion of manganese has also been linked to impaired
excretion from the body. To illustrate this point, consid-
er the case of new-borns receiving parenteral nutrition,



TOMY 32 TaKMX YMOB MapeHTepasibHe BWUIO40BYBAHHS
MOXe CMpUSTW EeKCMOHYBaHHIO MapraHueM. MiaBuLLeHi
PiBHI MapraHLto MOXyTb hopMyBaTuCa Ha (OOHI Auc-
(byHKUiT HMPOK, HAsIBHOCTI LyKpPOBOTO AiabeTy Ta MeTa-
GonivnHoro cuHapomy [11].

['OCTpi OTPYEHHS HaNYacTille BUHWKaOTb BHACMIOK
MOTPaNISHHAM BUCOKMUX KOHLEHTPALA My MapraHuto
yepes AuxanbHi WAsSXK, WO BUKIMKAE 3ananbHy peak-
Uito B nereHsx 3 nofanblUMM MOPYLIEHHAM TXHbOT
pyHKUIT y BUrNAAi NigBULLEHOT YyTNMBOCTI A0 iHGEKLIN,
OpPOHXITIB i cneumndivHOi «MapraHLEeBOi NHEBMOHIi». Y
GinbLIOCTi BMNAZKIB 3yCTPIYAETLCS XPOHIYHE EKCMOHY-
BaHHS MapraHLeM, KIiHiYHi NposiBY XapakTepuayTbCs
cumnTomamu ypaxeHHs LIHC. PiBeHb, npu sikomy
BMSIMB MapraHul BWKMUKAE MaTOMOriYyHi HEBPOMOriyHi
edheKTn y NoAnHK, A0CI He BCTaHOBNEHUI. KniHiYHUMK
o3Hakamu ypaxeHHsa LIHC mapraHuem € Tpemop,
YTPYZHEHHs1 xoabbu Ta cna3mu M’a3iB 06nmyus. B nite-
paTypi Ons BM3HAYEHHSI LIbOrO CUMMTOMOKOMMIEKCY
BUKOPUCTOBYIOTb TEPMIH «MapraHUeBUA MapKiHCO-
Hiam». [lpunyckawTb, wWo xBopoba [lapkiHcoHa
noB's3aHa 3 pyyWHIBHUM BMNMBOM MapraHLo Ha goda-
MiHepriyHy cuctemy Mo3ky [13]. 3asHaveHum cumnTo-
MaM YacTo NepenyoTb ApaTiBMBICTb, 3MIHU HACTPOIO,
arpecuBHICTb, rantouyHaLi, 3aranbHa crnabkicTb, Bere-
TaTMBHa NabinNbHICTb, BTOMIIOBAHICTb, NMOTOBUAINEHHS
Towo. [leski JocnimKkeHHs nokasytoTb, WO iHransuinHe
EKCMOHYBaHHS MapraHueM MOXe Npu3BecT [0
HECNPUSATANBUX KOTHITUBHMX €qeKTIB, BKMHOYAKUM
MOpYLUEHHS KOHLeHTpauii ysarv Ta nam'ati [11, 13].

MapraHeLb BNnvBae Ha CTaH MikpoObioTW B OpraHiami
MIOOMHK, OCKiNbKM BaraTo nmaToreHHUX GakTepin BUKO-
PUCTOBYIOTb MapraHeLpb K NOXVBHE CEPEAOBULLE, L0
iHOAI NpK3BOAMTL A0 30iNblUEHHS TXHbOI KiNbKOCTI Ta
BipYNeHTHOCTI. TakoX MapraHelb MOXe BUWKIMKaTH
peakuil iIMyHHOI cuCTeMU, LLO CTBOPIE YMOBW [Ms
BMHUKHEHHS 3ananbHuX npouecis. MMpunyckatoTb, Wo
BHacCnigoK B3aeMOAii mapraHuto 3 GakTepianbHOW
chnopoto, BigOyBaETbCS aKTMBI3aList OKWUCIHOBANbHUX
MPOLeCiB, 3MiHW HYKNeoTMAHOro MeTaboniamy Ta nocu-
NEHHs1 pesncTeHTHoCTi OakTepi. Bci Ui dakTopm
CNpUSOTb BUHWKHEHHIO 3ananbHoro npouecy [13].
ToMy BiQHOBMEHHS MiKpOBiOMY KWLLEYHWKY po3rnsiaa-
€TbCS SIK HOBA TEpANEeBTMYHA CTpaTeria Ans npodinak-
TVKW NATOMOTIYHKX CTaHIB i 3aXBOPHOBaHb, BUKITUKAHUX
BNMBOM MapraHuto [33].

TOKCMYHI eekTW MapraHul Ha penpogyKTUBHY
CUCTeMy MNOB'A3aHi 3 BNNMBOM Ha MeiaTOpHi CUCTEMU
Mo3Ky: gocaminepriuny, FAMK-epriyHy Ta rmytamiHep-
riyHy. 3asHaveHi MegiaTopHi cuctemm 6epyTb yyacTb y
perynsuii cuctemu rinotanamyc-rinois-roHagu, Tomy
MOPYLUEHHS TXHBOT (PYHKUii MOXe cTaTu NPUYUHOK
BUHMKHeHHs1 CITKA [13, 31]. CborogHi Hanbinbw BMB-
YEHO TOKCUYHWIA BNUB MapraHLuto Ha godamiHepriyny
cucTemy, JOBeLEHO, L0 MapraHeLb BUKNWKAE JereHe-
paTMBHI 3MiHW B [0G)aMiHEPriYHUX HEWpOHax, SKi
OepyTb yyacTb y ranbMiBHUX MexaHiamax perynsuii
FOpMOHIB. TakoX iCHyHTb [aHi, Wwo Yy xiHok 3i CIMKA
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where manganese is introduced into the body con-
comitantly with nutritional mixtures. Infants frequently
exhibit impaired defecation, biliary excretion and
cholestasis, and liver dysfunction. Consequently, par-
enteral nutrition may contribute to manganese expo-
sure in such cases. Elevated manganese levels have
been observed in patients with renal dysfunction, dia-
betes mellitus and metabolic syndrome [11].

Acute poisoning most often occurs as a result of
inhaling high concentrations of manganese dust. This
causes an inflammatory reaction in the lungs, impairing
their function and increasing sensitivity to infections,
bronchitis and a condition known as ‘manganese pneu-
monia’. Chronic exposure to manganese is more com-
mon, and clinical manifestations are characterised by
symptoms of CNS damage. The level of exposure to
manganese that causes pathological neurological
effects in humans has not yet been established.
Clinical signs of CNS damage caused by manganese
include tremor, difficulty walking, and facial muscle
spasms. In the literature this symptom complex is
referred to as ‘manganese Parkinsonism’. It is
assumed that Parkinson’s disease is associated with
manganese’s destructive effect on the brain’s
dopaminergic system [13]. These symptoms are often
preceded by irritability, mood swings, aggression, hal-
lucinations, general weakness, autonomic instability,
fatigue and sweating. Some studies suggest that expo-
sure to manganese through inhalation can lead to
adverse cognitive effects, including impaired concen-
tration and memory [11, 13].

Manganese affects the state of the microbiota in the
human body. Many pathogenic bacteria use man-
ganese as a nutrient, which can lead to an increase in
their number and virulence. Manganese can also trig-
ger immune system responses, creating conditions
that facilitate inflammatory processes. It is thought that
manganese interacts with bacterial flora, leading to the
activation of oxidative processes, changes in
nucleotide metabolism, and increased bacterial resis-
tance. All these factors contribute to the inflammatory
process [13]. Therefore, the restoration of the intestinal
microbiome is considered as a new therapeutic strate-
gy for the prevention of pathological conditions and dis-
eases caused by the influence of manganese [33].

The toxic effects of manganese on the reproductive
system are associated with the effect on the brain
mediator systems: dopaminergic, GABAergic and glut-
aminergic. These mediator systems are involved in the
regulation of the hypothalamic-pituitary-gonadal sys-
tem, so their dysfunction can cause PCOS [13, 31].
Today, the toxic effect of manganese on the dopamin-
ergic system is the one which is most studied; it has
been proven that manganese causes degenerative
changes in dopaminergic neurons, which are involved
in the inhibitory mechanisms of hormone regulation.
There is also evidence that in women with PCOS, the
level of prolactin approaches the upper limit of refer-
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piBEHb NPONAKTUHY HAGMMKAETHCA 4O BEPXHBOI MEXI
pedepeHTHMX 3HaveHb abo nepesuwye ix [11, 17].
Tomy natoreHeTnyHa Tepanis nauieHTiB i3 CIKA B
yMOBaXx NigBMLLEHOTO PIiBHSA EKCMOHYBAHHS MapraHLueMm
mae ByTu cnpsiIMOBaHOK Ha HOpManisaLilo MoKasHUKIB
NPONaKTUHY Ta BIGHOBNEHHS (PYHKLIT rinoTanamo-rino-
dhizapHoi cuctemu.

Peanizauis ToKCMYHMX edhekTiB MapraHLito nos's3aHa
3 MITOXOHAPIaNbHOKW AUCHYHKLIEID Ta MOPYLUEHHSAM
€HepreTMyHoro GanaHcy KniTuH, NPUCKOPEHWM OKWC-
NEHHAM MefliaTopiB, yTBOPEHHSM TOKCUYHUX MeTabori-
TiB. Bce Le BMKNMKae NOpyLUEHHS PyHKLUIT aHTUOKCK-
JAaHTHOI Ta doepmeHTaTnBHOI cuctem [13]. Y rnianbHux
KNiTMHax Mae Micle HaKOMWYEHHS MapraHuto, Lo
CYNMPOBOOXYETLCA 3POCTAHHAM KifbKOCTi aKTUBHUX
KUCHEBMX Ta a3oTHMX (POpM, 3ananbHWUX LUTOKIHIB.
Came Ui MexaHi3amu nexaTb B OCHOBi HEBPONOriYHOI
AUCCYHKUIT Mig BRAMMBOM TOKCUYHMX KOHLEHTpaLii
mapraHuto [13, 32]. Tomy xiHkam 3i CIKA mopeyHe
NpU3HaYeHHs1 aHTMOKCMOAHTHOI Tepanii.

PekomeHpauii Ao meanyHoro cynpoBoay XiHOK i3
CUHAPOMOM NONIKICTO3HMX AIEYHUKIB B yMOBaX nia-
BULLEHOrO PiBHA €KCMOHYBaHHSA MapraHuem.
PekomeHpaLii wopo nikyBaHHs xiHok i3 CIMKA y cBiTi
MOCTINHO OHOBMIOKOTLCS, 30KPEMA 3BEPTAETLCH yBara
Ha (OHOBY naTonorit, WO BNAWBAE HA PO3BUTOK
ClKA. Le 3axBoptoBaHHS LMTOBUAHOI 3amosn, Lo
CyNpOBOMXYHTLCS TinepnponakTuHeMieto abo iHcyni-
HOPE3NCTEHTHICTIO Towo. OCTaHHIM Yacom cTpaTerist
MeaMKaMeHTO3Horo nikyBaHHs CIKA 3aminunacs.
OcHoBHa yBara npuAinseTbCs 30OPOBOMY Cnocoby
KUTTS.

1. PekomeHgauii ofo 340poBOro Crnocoby KUTTS
OXOMMoTh 30anaHCcoBaHe XapyyBaHHS Ta PerynspHi
(i3nyHi HaBaHTaXEHHS, NMOKPaLLEeHHS CTaHy MCUXivYHO-
ro 300poB's. XapyyBaHHA nepenbadac pisHOMaHITHI
30anaHcoBaHi AieTUYHi nigxoaw: 3MEHLLEHHS CroXu-
BaHHS eHeprii; CAMOKOHTPOSb XapyyBaHHS AN 3MEH-
LUEHHS Bary y XiHOK 3 OXWPIHHAM; (i3UYHi HaBaHTa-
XeHHs y gopocnux Big 18 go 64 pokis nepenbavaiotb
MiHiMym 150 XxB. Ha TWKOEHb (DI3NYHOI aKTUBHOCTI
cepeaHbOl iHTEHCMBHOCTI abo 75 XB./TXOEHb eHeprin-
HOT iIHTEHCUBHOCTI abo ekBiBarneHTHa KoMbiHaLjis 060X,
BKJ1tOYa04M 3aX04M LWoao 3MiLiHeHHa M’'a3iB. CtaH ncu-
XOMOriYHOrO 340POB'A 3aneXuTb Bif NPOSIBIB TPMBOX-
HOCTIi, CUMNTOMIB Aenpecii, Npobnem i3 CNpURHATTAM
BNacHoro Tina, po3nagiB Xxap4oBOi MOBediHKW, Npuai-
NSETLCS yBara CaMOKOHTPOSH0, @ TaKOX KOHTPOITHO CTH-
MyniB, NOCTaHOBL Linen Towwo [2].

2. PekoMeHpaLii WOAO 3MEHLUEHHS PiBHA €KCMOHY-
BaHHA MapraHuem nepeg yciM CrpsiMOBaHi Ha 3MeH-
LUEHHSI PIBHSI €KCMOHYBaHHS1, MPUCKOPEHHS BUBELEHHS
MapraHLto 3 OpraHiamy Ta nikyBaHHS yCKMagHeHb, sKi
BUHMKIIN. 3MEHLUEHHS PiBHS €KCMOHYBaHHS HACENEHHS
noB'a3aHe 3 MNOMINWEeHHAM EeKOMOriYHOl cuTyalil Ha
piBHI OepxaBHUX opraHis. [lpoTe, cnig BpaxoByBaT
NOTEHLiHI [)kepena ekcnoHyBaHHs. Hanpuknag, cinb-
rocnnpoaykuisl, ika BUpOBNaeTbCa Ha TepuTopisx, ae

ence values or exceeds them [11, 17]. Therefore,
pathogenetic therapy of patients with PCOS in condi-
tions of increased manganese exposure should be
aimed at normalizing prolactin levels and restoring the
function of the hypothalamic-pituitary system.

The toxic effects of manganese are associated with
mitochondrial dysfunction, disruption to cellular energy
balance, accelerated mediator oxidation and formation
of toxic metabolites. This all causes a disruption to the
function of antioxidant and enzymatic systems [13].
Manganese accumulates in glial cells, which is accom-
panied by an increase in the number of reactive oxy-
gen and nitrogen species, inflammatory cytokines.
These mechanisms are the basis of neurological dys-
function under the influence of toxic concentrations of
manganese [13, 32]. Therefore, antioxidant therapy is
appropriate for women with PCOS.

Recommendations for medical support of
women with polycystic ovary syndrome in condi-
tions of increased manganese exposure.
Recommendations for the treatment of women with
PCOS in the world are regularly updated; in particular,
attention is paid to the background pathology that
affects the development of PCOS. These are thyroid
diseases accompanied by hyperprolactinemia or
insulin resistance, etc. Recently, the strategy of drug
treatment of PCOS has changed. The main attention is
paid to a healthy lifestyle.

1. Recommendations for a healthy lifestyle include a
balanced diet and regular physical activity, and
improved mental health. Nutrition involves a variety of
balanced dietary approaches: reducing energy intake;
self-monitoring of food intake for weight loss in obese
women; physical activity for adults aged 18 to 64 years
includes at least 150 minutes per week of moderate-
intensity physical activity or 75 min/week of vigorous-
intensity physical activity, or an equivalent combination
of both, including muscle-strengthening activities.
Psychological health depends on the manifestations of
anxiety, symptoms of depression, issues with body
image, eating disorders; attention is paid to self-con-
trol, as well as stimulus control, goal setting, etc. [2].

2. Recommendations for reducing exposure to man-
ganese are primarily aimed at reducing exposure,
accelerating the excretion of manganese from the
body, and treating complications that have arisen.
Reducing the level of exposure of the population is
associated with improving the environmental situation
at the level of state bodies. However, potential sources
of exposure should be taken into account. For exam-
ple, agricultural products produced in areas where
water from polluted rivers is used for irrigation are likely
to serve as a source of increased exposure. In addi-
tion, consumption of fish from polluted reservoirs is



AN MOonMBY BUKOPUCTOBYETHCS BOZA 3i 3aOpyaHEHMX
PiYOK, LWBMALLE 3@ BCE MOXE CMYyXWUTW DXepernom nia-
BYLLIEHOTO PiBHS eKCnoHyBaHHS. KpiM Toro, cnoxwvsax-
HS pubu 3abpygHEeHVWX BOLOMMWLL, TEX € [KEPEnom
HaOXOMKEHHS MapraHuto [22]. IcHyloTb Takox npobne-
MK 3abe3neveHHst HaceneHHsl NUTHOK Bopgotk. Bopa,
sIka NOCTa4YaeTbCs LIEHTpani3oBaHo, BignoBigae caHi-
TapHUM HopMaMm. Ane BUKIMKAE HapiKaHHS Ha il SKiCTb
i3 cCBepaAnoBuH, Ae Oynu BUSIBMEHI NiABMLLEHI NOKa3HU-
Kn mapraHuto [35]. Buxogsaum 3 HaBegeHoi iHdopmali,
CNif 3BEpHYTU yBary Ha CMOXWBaHHA MUTHOI BOAM 3
nepeBipeHnX [Xepen BOAOMOCTaYaHHs. 3MEHLLEHHS
PIBHS €KCMOHYBaHHS MapraHueM 3anexuTb He TifbKu
BiJ CTaHy eKomnorii, a Takox Big cnocoby XuTTsa Ta
LUKIANMBMX 3BMYOK. [JO TaKMX 3BUYOK HEOOXiAHO BiaHe-
CTW TIOTIOHOKYPiHHA. 3a HaWwWMW [aHumu, cepeq
XIHOK, LIO KypsiTb, 3HAYHO YacTille 3ycTpivaeTbes
ClKA. Tomy BigMOBa Bif TIOTHOHOKYPIHHS Mae OyTw
pekomeHzoBaHa iHkam 3 CIIKA. Bapto 3BepHyTM
yBary Ha ocobrnmBocTi xapyyBaHHs. JTrogw, KoTpi cro-
XVBaKTb BENUKY KiMbKICTb DXi 3 BUCOKMM BMICTOM Map-
raHLto, TaKOX 3a3HatloTb MIABMULLEHOMO PiBHS EKCMOHY-
BaHH4. [lo uiei rpynu MoxHa BigHECTU BereTapiaHLis, y
pauioHi sikux Ginblua yacTka 3epeH, 6060BKX Ta ropi-
XiB, TakoX M'toTb Barato Yato. Xova HagxXomKeHHs Map-
raHLUI Npu BereTapiaHChbKin dieTi MOXe nepeBuLLyBaTi
MOKa3HWKM LLIOAEHHOIO CMOXMBAHHS TXi, CMig BpaxoBy-
BaTH, IO BIOAOCTYMHICTE MapraHL0 3 POCIIMHHKX AXKe-
Pern iCTOTHO 3HVKYETLCS 3@ PaxXyHOK TakUX LIETUHHMX
KOMMOHEHTIB, K KMITKOBMHA Ta (iTMHOBa KucroTa.
[ietn 3 BUCOKMM BMICTOM pachiHOBaHWX 3epeH, M'saca
Ta MOJIOYHMX NPOAYKTIB 3HWXKYIOTb PU3MK NiABULLEHOMO
eKCnoHyBaHHS mapraHuem [11]. B oprarismi nioguHu
MapraHeLb i 3ani3o KOHKYpyTb 3a MicLs 3B'A3yBaHHS
B TPaHCMOPTHMX cucTemax. LBmakicTb normuHaHHs
MapraHLto 3pocTae npu gediuunTi 3anisa. byno nokasa-
HO, LU0 JOZABaHHS 3ani3a pa3oM 3 XenaTHUMK Crony-
KaMy MOKpaLlye HEBPOSOriYHY CUMMTOMATUKY, BUKIU-
KaHy BMCOKMMM KOHLIEHTpaLisiMM MapraHu. Tomy npu
iHTOKCUKaLiSiX MapraHuem MokKa3aHe 3acTOCyBaHHS
npenapartiB 3asisa Ta xenaris (napaamiHocaniyunosoi
kucnotu, EOTA) [11, 36].

3. PexomeHpauii L1000 3MEHLLEHHSI OKCUAATMBHOMO
CTpecy Ta nokpalleHHs dyHKuii renatobiniapHoi
CHCTEMM I'PYHTYIOTBCS Ha TOMY, WO MapraHeLpb 6esno-
CEepenHbO MPUYETHWUIA OO BUHUKHEHHSI OKCWMAATVMBHOTO
CTpecy, K1 NPU3BOANTb [0 NOpYyLLEHb QYHKLIT AE4HU-
KiB, rinogpisy, neviHkW, HUpok Towo [13]. Ponb okcuaa-
TVBHOrO cTpecy B natoreHesi CIMKA He BuKnvkae cym-
HiBiB [37, 38]. ToMy MW BBaXaEMO OOLINbHUM NpuU3sHa-
YEeHHS aHTMOKCMAAHTHOI Tepanii xiHkam 3i CITKA.
Hacnigkn iHTOKCUKaLii 3anexaTb He TinbKu Big nornu-
HYTOI 1031 PEYOBMHU, @ TAaKOX Bil aKTUBHOCTI npoLie-
ciB geTokcukauii. OCHOBHa YacTiHa MapraHut BUBO-
OUTbCS 3 OpraHiamMy Yepes xoB4. [1pu HasgBHOCTi 3aXBO-
ptoBaHb renartobiniapHoi cuctemm Mae Micue nopy-
LUEHHS BWBedEHHs MapraHul 3 opraHismy [31].
MpusHadeHHs xiHkam 3i CMKA Tepanii, cnpsimoBaHoi
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also a source of manganese intake [22]. There are also
problems with providing the population with drinking
water. Water that is supplied centrally meets sanitary
standards. However, the quality of the water in wells
with elevated levels of manganese is called into ques-
tion [35]. Based on the information provided, attention
should be paid to the consumption of drinking water
from verified water supply sources. Reducing man-
ganese exposure depends on both the state of the
environment and lifestyle factors, such as harmful
habits like smoking. According to our data, PCOS is
much more prevalent among women who smoke.
Therefore, quitting smoking should be recommended
to women with PCOS. It is worth paying attention to the
peculiarities of nutrition. People who consume large
amounts of food with high manganese content also
experience an increased level of exposure. This group
includes vegetarians, whose diet includes a larger pro-
portion of grains, legumes and nuts, and who also drink
a lot of tea. Although the intake of manganese in a veg-
etarian diet may exceed the daily food intake, it should
be taken into account that the bioavailability of man-
ganese from plant sources is significantly reduced due
to such dietary components as fibre and phytic acid.
Diets high in refined grains, meat and dairy products
reduce the risk of increased manganese exposure [11].
In the human body, manganese and iron compete for
binding sites in transport systems. The rate of man-
ganese absorption increases with iron deficiency. Iron
supplementation with chelating agents has been
shown to improve neurological symptoms caused by
high manganese concentrations. Therefore, iron
preparations and chelating agents (para-aminosalicylic
acid, EDTA) are recommended for manganese intoxi-
cation [11, 36].

3. Recommendations for reducing oxidative stress
and improving the function of the hepatobiliary system
are based on the fact that manganese is directly
involved in the occurrence of oxidative stress, which
leads to dysfunction of the ovaries, pituitary gland,
liver, kidneys, etc. [13]. The role of oxidative stress in
the pathogenesis of PCOS is beyond doubt [37, 38].
Therefore, we consider it advisable to prescribe antiox-
idant therapy to women with PCOS. The conse-
quences of intoxication depend not only on the
absorbed dose of the substance, but also on the activ-
ity of detoxification processes. The main part of man-
ganese is excreted from the body through bile. In the
presence of diseases of the hepatobiliary system, man-
ganese excretion from the body is impaired [31]. The
appointment of therapy to women with PCOS aimed at
improving the function of the hepatobiliary system and
increasing bile secretion will contribute to improving
manganese excretion from the body. For this purpose,
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Ha nokpaLleHHs dyHKLii renatobiniapHoi cuctemu Ta
MOCUINEHHS] KOBYOBUAINEHHS, CNPUSTUME MOIMNWEHHO
BMBEOEHHS MapraHul 3 opraHiamy. 3 Ljeto MeToro
PEKOMEHZOBaHe 3acCTOCYBaHHS renaTonpoTEKTOPIB,
KOBYOTiHHMX mpenapariB. KniHiyHi gocnigkeHHs, npo-
BedeHi B YkpaiHi, nokasanu BUCOKY e(EeKTUBHICTb
renaTonpoTeKTOPIB, SKi MalTb aHTWOKCUAAHTHI Bna-
CTMBOCTI (ecceHuiane, renTtpan, npenapaTu a-ninoesoi
KUCrnoTu, Kapcun, TioTpiasoniH, rmytapriH Towo). Ll
npenapatn cTtabiniayloTb KNiTWHHI MembpaHu, nigsu-
LUYKTb PE3UCTEHTHICTb rENaTouMTIB, CNpUAOThL Bid-
HOBMEHHIO PyHKLIT nediHku [39].

4. PexomeHgauji LoAO0 NOKpaLLEHHs dyHKLiT HepBoO-
BOi CUCTEMM FPYHTYIOTLCS Ha 30aTHOCTI HAA/ULLKY Map-
raHLo BUKIMKaTV Taki po3nagw, sik ApaTiBnmBicTb, nopy-
LUEHHS! CHY TOLLO, TOMY AOLMIbHO NpY 0GCTEXEHHI KIHOK
3BepTaTy yBary Ha nogibHi cuMnTomm, B pasi HeobXigHo-
CTi Mpu3HayaTh nikapcbki 3acobu, WO Hanexatb 00
rpynu HEMWponpoTEKTOPIB Ta aHTurinokcaHTis [39].
EdbektvBHUMM MOXYTb ByTU chiTonpenapaty 3 nogidHu-
MU ecdhekTaMu,Hanpuknag, npenapart «Tasanok», K1
OKpiM 3acnokinnueoi Aii 6epe yyacTb y Hopmanisauii
puUTMy i cekpeLii roHagoOTPOMHUX TFOPMOHIB, YCyBae
aucbanaHc M ecTpafionioM Ta NporecTepOHOM.
KomnoHeHTV npenapaty Takox 3abesnevyloTb NpoTu-
3anarnbHy, NpoTuHabpsikoBy Aito. Kpim TOro, nokasaHo
3aCcTOCyBaHHS BiTaMiHiB, npenapariB MarHito, TOLLO
[40, 41].

5. PekomeHaLii WoAO KOHTPOSHO PIBHIO MPOMaKTUHY
y XiHok 3 CIKA sk Giomapkepy MigBWLLEHOTO piBHS
EKCMOHYBaHHS MapraHuemMm. MapraHeub BUKIVKae
MOPYLUEHHS AoaMiHepriYHol cUCTeMM, WO MPU3BO-
ANTb 4O MOSIBM ranbMiBHUX MeXaHi3MiB cekpeLii npo-
NaKTWHY, TOMY MiOBWLLEHHS NPOMaKTUHY A0 BEPXHiX
Mex Hopmu, abo BuLe € ocobnueicTio nepebiry CIKA
B YMOBaXx MiABWLLEHOTO PiBHS EKCMOHYBAHHS MapraH-
ueM. Y Takvx BUNagkax AOUiNbHO Npu3HayaTty nikapcb-
Ki 3acobu Ha ocHoBi Bitekcy cBsweHHoro (nar.
Chasteberry Fruit) skwit, 3a gaHumu Komitety 3 poc-
NNHHMX NiKapCbKUX npenapaTiB €BpONencbKOro areHT-
CTBa 3 NikapCbKkux 3acobiB, MPOSBISE iHriOITOPHUNA
BMMMB Ha BUBIMbHEHHS NPOMaKTUHY Ta JodamiHepriy-
HUI (godpamiH-aroHicTU4HMI) ecpekTm [42].

BpaxoBytoun TpuBanicTb BMBELEHHSI MapraHui 3
opraHi3my, fieTOKC/KaLlinHa Tepanis Mae TpUBaTK Kinb-
ka micauis. [MTaHHS NikyBaHHSA Ta NPOMINaKTUKK YCK-
napHeHb, BUKIIMKAHUX iHTOKCMKALiE MapraHuem, B
TOMY uucni, BiOHOBMEHHS (YHKUIi cuctemu rinoTtana-
myc-rinodis-roHagun, Tpeba posrnsgartu iHauBigyanb-
HO, CMMpaKtYnCb Ha Aitovi HaLioHanbHI Ta MiXXHapOaHi
pekomeHaaLii.

BucHoBku

1. B ymoBax ypbaHizoBaHoro perioHy icHye 6arato
[oKepern EeKCMOHYBaHHS MapraHuem, [0 SKuX Hane-
XaTb: NOBITPS, IPYHTOBI BOAM, NPOAYKTU XapyyBaHHS,
BWUrOTOBIEHI Ha 3abpyaHeHUX TepuTopisx. 3a JaHUMK
AEepXaBHOrO MOHITOPVHTY BCTAHOBIIEHO, LLO Ma€e MicLie

the use of hepatoprotectors, choleretic drugs is recom-
mended. Clinical studies conducted in Ukraine have
shown high effectiveness of hepatoprotectors that
have antioxidant properties (Essentiale, Heptral, a-
lipoic acid preparations, Carsil, Thiotriazolin, Glutargin,
etc.). These drugs stabilize cell membranes, increase
hepatocyte resistance, and promote liver function
restoration [39].

4. Recommendations for improving the function of
the nervous system are based on the ability of excess
manganese to cause such disorders as irritability,
sleep disorders, etc., therefore, it is advisable to pay
attention to such symptoms when examining women,
and if necessary, prescribe drugs belonging to the
group of neuroprotectors and antihypoxants [39].
Phytopreparations with similar effects can be effective,
for example, the drug Tazalok, which, in addition to its
calming effect, is involved in the normalization of the
rhythm and secretion of gonadotropic hormones, elim-
inates the imbalance between estradiol and proges-
terone. The components of the drug also provide anti-
inflammatory, anti-edematous effects. In addition, the
use of vitamins, magnesium preparations, etc. is rec-
ommended [40, 41].

5. Recommendations for monitoring prolactin levels
in women with PCOS as a biomarker of elevated man-
ganese exposure. Manganese causes disruption of the
dopaminergic system, which leads to the appearance
of inhibitory mechanisms of prolactin secretion, there-
fore, an increase in prolactin to the upper limits of nor-
mal or higher is a feature of the course of PCOS in con-
ditions of elevated manganese exposure. In such
cases, it is advisable to prescribe medicines based on
Vitex agnus-castus (Latin Chasteberry Fruit) which,
according to the Committee on Herbal Medicinal
Products of the European Medicines Agency, exhibits
inhibitory effects on prolactin release and dopaminer-
gic (dopamine-agonist) effects [42].

Given the duration of manganese excretion from the
body, detoxification therapy should last several
months. The issues of treatment and prevention of
complications caused by manganese intoxication,
including restoration of the function of the hypothalam-
ic-pituitary-gonadal system, should be considered indi-
vidually, based on current national and international
recommendations.

Conclusions

1. In an urbanized region, there are many sources of
manganese exposure, including: air, groundwater, and
food produced in contaminated areas. According to
state monitoring data, it has been established that per-
missible levels of manganese are surpassed in surface
waters (3.2 to 28 times) and in the air of Kyiv (more



MepeBWLLEHHS OMYCTUMUX PiBHIB MapraHLo y NOBEpPX-
HeBux Bogax (Big 3,2 o 28 pasiB) Ta y NOBITPI M.
Kueea (6inble Hix y 10 pasis). [poTe, cborogHi Bia-
CYTHI BMOTU O KOHTPOSII0 BMICTY MapraHLo B Xap4o-
BUX NpoaykTax. Taki 4OCNiMKEeHHs HE NPOBOASATLCS.

2. BumiptoBaHHS BMICTY MapraHLi0 B CUpOBaTLLi KPOBI
nokasanu, Wo xiHku i3 CIMKA manu BuLLi NokasHUKK
MapraHuto y MOPIiBHSHHI 3 KOHTPOMbHOK Tpynoto
(p=0,0012). 3a pe3ynkratamut [OCHILXXEHHS KPOBI XKIHOK
tbepTuneHoro Biky 3 CIKA BcTaHOBREeHWn npsMuig
KopensuiiHuiA 38’30k (CnipmMaHa) Mix piBHSIMM Nponak-
TWHY Ta MapraHuo y cuposarui kposi (p=0,0134).

3. CyyacHi pekomeHzauii 3 MegM4yHOro CynpoBogy
xiHok i3 CIMKA B ymoBax NigBULLEHOMO PiBHS EKCMOHY-
BaHHS MapraHLUeM CNpsiIMOBaHi Ha: 3MEHLLUEHHS eKCro-
HyBaHHS Ta MPUCKOPEHHS BUWBEOEHHS MapraHuto 3
OpraHi3aMy 3 OfHOYaCHWUM KOHTPONeM (OYHKLiI HepBo-
BOI, renatobiniapHoi CUCTEMM i NOKa3HMKIB OKCMaATHB-
HOTO CTpecy.

KoHdpnikT iHTepeciB. ABTopy 3a3HavatoTb Npo Bif-
CYTHICTb KOHGNIKTY iHTEpECIB.

Tyubkos C., KoceitH,, PeregaC. /. Hunkov, N, Kosei, §, Reheda

than 10 times). However, today there are no require-
ments for controlling the content of manganese in food
products. Such studies are not conducted.

2. Serum manganese measurements showed that
women with PCOS had higher manganese levels com-
pared to controls (p=0.0012). Blood samples from
women of childbearing age with PCOS showed a direct
correlation (Spearman’s method) between serum pro-
lactin and manganese levels (p=0.0134).

3. Current recommendations on medical support of
women with PCOS in conditions of increased man-
ganese exposure are aimed at: reducing exposure and
accelerating the elimination of manganese from the
body while simultaneously monitoring the function of
the nervous, hepatobiliary systems and oxidative
stress indicators.
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