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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common
disease with incidence of 5-10% among women of
fertile age [1]. This disorder is multifactorial. It was
previously thought that PCOS is a disease of women
of fertile age only. However, the last years' studies re-
vealed that reproductive age disorders go alongside
women throughout their life [2].

ANALYSIS OF PUBLISHED DATA AND

RESEARCH OBJECTIVE

In fact, human body contains 3% of metals [7].
Their content varies from a couple of micrograms
to a couple of grams [8]. Though 69 metals are pre-
sented in cells in different amounts, all of them play
an important role in different processes within the
human body [5]. Biometals are included into en-
zymes or coenzymes, controlling wide range of en-
ergy and constructive metabolism reactions, and
also act like compounds or coordinators of specific
cellular functions of the main body tissues [10].

The most important feature of chemical ele-
ments’ function within human body is their inter-
action with each other. This interaction often mani-
fests in forms of synergic or antagonistic effects [9]
(Picture 1).

Despite essential microelements are necessary
for providing body’s life sustenance, they may
demonstrate toxic properties in high concentra-
tions. There are only limited amount of scientific
works in foreign literature concerning serum levels
of microelements in PCOS. Moreover, their results
are often controversial. In Ukraine such studies
have not been performed yet. For this reason, the
objective of this study was to determine the serum
levels of some essential macro- and microelements
in patients with PCOS. Taking into account high co-
incidence of PCOS and inflammatory disorders of
genital tract, it was decided to explore microele-
ments levels in this category of patients as well.

MATERIAL AND METHODS OF THE STUDY

Three groups of women were included into the
study: 30 women with polycystic ovarian syndrome
associated with pelvic inflammatory disease
(I group), 22 patients with polycystic ovarian
syndrome without pelvic inflammatory disease (Il
group), and 25 healthy women (lll group).

In all groups serum levels of next macro- and
microelements were determined: magnesium (Mg),
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copper (Cu), manganese (Mn), nickel (Ni), zinc (Zn),
chromium (Cr), selenium (Se), vanadium (V).

Microelements studies were performed in
an accredited laboratory of Scientific Centre of
Preventive Toxicology, Nutritional and Chemical
Safety named after LI. Medved according to
validated methodology according to Methodical
Instruction 4.1.1483-03. Approximately 3 ml of
serum were used for performing of tests. After
microwave-based mineralization samples were
analyzed in mass-spectrometer with inductively
binded plasma Bruker MS 820 (Australia) using
special software ICPMS Expert.

Statistical data processing was performed
using software Statistika 6.0. Median value, 95-
th percentile, and mean value (M) were counted.
In order to access statistical significance of data
obtained (P) Mann-Whitney U-test, Kolmogorov-
Smirnov test, and Student t-test were used.

RESULT OF THE STUDY AND DISCUSSION

Based on the research findings, PCOS women
had deviations in serum microelements levels in
comparison to the control group (Table), namely
increased levels of nickel, zinc, and manganese.

Magnesium plays a very important role in
regulation of metabolism, as well as functioning
of central nervous, cardiovascular and other
body systems. Data on magnesium role in PCOS
development are highly controversial. While
some authors claim that magnesium takes part in
PCOS genesis, even though they mostly associate
these changes with impaired glucose metabolism
[5], others argue against it [6]. Our studies
demonstrated that in PCOS women, irrespective
of presence or absence of pelvic inflammatory
disease, serum magnesium concentrations were
comparable to those in control group.

Role of copper in regulation of hypothalamic-
pituitary axis functioning was proven in a great
number of works. It was demonstrated that
in PCOS women serum copper level increases
[6]. Recent studies confirmed that apart from
hormonal disorders, changes in serum copper are
associated with oxidative stress activation, in which
copper acts as a catalyst. In our explorations it was
demonstrated that in PCOS women there was a
tendency towards increase of copper serum level
(I group - median 0.88 g/l and Il group median
0.86 g/l) in comparison to control group (median
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0.81 g/1) (
revealed.
Besides copper, zinc is also of great concern in oxidative
stress genesis being included into the structure of numerous
enzymes and hormones. Both microelements are included into
the structure of Cu/Zn-superoxide dismutase - an antioxidant
enzyme. Also, zinc is accumulated in human body as part of
specific, cysteine-rich proteins — metallothioneins which
are able to bind other metals as well. It is known that zinc is a
potent inductor of metallothionein synthesis in human cells [12].
Therewith, metallothionein synthesis in human and animal cells
increases under the influence of other heavy metals as well as
other factors like oxidative stress, heat exposure, injury, radiation,
hypoxia, some cytokines like interleykin (IL)-1, IL-6, tumor necrosis
factor (TNF-a), interferon-y (IFN-y) [13]. In our previous study the
increase of interleykin-18 was demonstrated in PCOS women with
PID, this cytokine is known to affect the inflammatory disease
development: it stimulates production of TNF-q, IL-2, IFNy, and
activates cells of the monocyte-macrophage system [13].

Metabolic pathways of zinc and metallothioneins within a cell
are strictly connected. Zinc sulfas intoxication was demonstrated
to cause decrease in antioxidant enzymes activity [12, 13].
Probably, this might be described as adaptive reaction of human
body (Picture 2).

The literature data about zinc levels in PCOS are controversial.
Some investigators revealed decrease in zinc serum levels in
women with polycystic ovarian syndrome [7, 8]. However, our
studies gave evidences of increased zinc serum levels in PCOS
women with and without pelvic inflammatory disease (I group
median 0.659 g/|, Il group median 0.648 g/l), in comparison to
control group (median 0.442 g/l) (p 1323 < 0.05). These findings
correspond to results obtained by Chakraborty P. et al. (2013) and
Kurdoglu Z. et al. (2012), who also observed increased level of this
microelement in PCOS women [5, 6].

Besides zinc and copper, one more microelement — manganese —
participates in oxidative stress-related processes. Cations of
this microelement damage cellular membranes through the
activation of oxidative processes. Destruction of plasmatic cellular
membrane may lead to changesin cellular receptors function and
inversion of cell’s reaction on internal regulatory signals. In such
a case the function of mitochondrial membranous structures is
also damaged which leads to damaged energetic metabolism
of cells and their functional activity. All these changes may lead
to development of morbid conditions. Manganese ions are able

P 1,5 < 0.05). However, no significant differences were

TABLE. SERUM MACRO- AND MICROELEMENTS LEVELS IN WOMEN, g/I

Elements I group, n =30

Median 95-th percentile M Median

Magnesium 224 75.1 28.11 224

Copper 0.88 1.54 0.92 0.86
Manganese 0.0098* 0.16 0.035 0.0094*
Nickel 0.046* ** 0.198 0.064 0.032*
Zinc 0.659* 1.68 0.763 0.648*

Chrome 0.054 0.25 0.083 0.05
Selenium 0.084 0.32 0.118 0.087
Vanadium 0.0116 0.063 0.019 0.0127

“significant difference vs Il group, p< 0.05;
“significant difference vs Il group, p < 0.05
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PICTURE 2. INTRACELLULAR LOCALIZATION OF ZINC TRANSPORTERS AND
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MTs — metallothioneins; MTF1 — metalsensitive element-binding transcription factor; ZIP (blue)
and T (red) — zinc transport proteins; ER — endoplasmic reticulum

to replace magnesium ions in enzymatic reactions. However,
because of different size of these ions a lot of errors occur; for
instance, in phosphotransferase reactions while reading of DNA
and RNA matrices by DNA and RNA-polymerases.

Some studies revealed that manganese may be involved
into the process of glucose metabolism aberrations in PCOS
women. According to Kurdoglu Z. et al. (2012) serum manganese

Il group, n =22 Ill group, n=25
95-th percentile M Median 95-th percentile M
75.1 28.11 21.59 85.35 26.78
1.49 0.97 0.81 1.62 0.84
0.12 0.032 0.0035 0.014 0.0056
0.185 0.051 0.001 0.097 0.013
1.59 0.751 0.442 0.65 0.46
0.25 0.085 0.069 0.25 0.086
039 011 0.093 0.62 0.129
0.059 0.019 0.01 0.058 0.019
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levels were decreased in PCOS women [6]. Authors revealed
strengthening of manganese deficiency in case of insulin-
resistance. Majority of authors explain these changes by
manganese deficiency in meal and recommend including
manganese into diet. Studies performed gave evidences of lower
manganese serum concentration in PCOS patients, for example,
in control group of women median manganese concentration
was 0.0035 g/I, whereas in PCOS women groups it was 0.0098
g/l in | group and 0.0094 g/I in Il group, the difference was
statistically significant (p  ,, , < 0.05).

Despite nickel was included by the WHO into the group of
possibly essential microelements, literature data about its role in
reproductive function regulation are practically absent. However,
it is known that nickel is also able to induce free-radical oxidation
in cellular membranes (Picture 3).

We found the single work of Chinese investigators which
revealed increase in serum nickel levels in PCOS women [7].
This direction of changes was confirmed by the results of
our own study. In | group of women was revealed significant
increase in nickel serum concentration with median of 0.046
g/l in comparison to Il group median of 0.032 g/l and Il group
median of 0.001 g/l (p , , ; < 0.0001). Significant difference was
also revealed while comparing of data from groups Il and Il It
is known that this microelement is able to cause dysfunction
of cellular membranes and mitochondria, DNA molecules
rupture with damage of transcription and RNA synthesis, and
modification of metabolism of lipids and proteins, including
enzymes. For these reasons accumulation of excessive amount
of nickel may participate in damaging of folliculogenesis and
ovulation in PCOS patients.

By virtue of its ability to change macrophages functional
activity, inhibit natural killers, as well as induce inflammation, this
metal is able to promote the reproductive tract’s inflammation
and its chronization in this category of women.

Until now, it was unclear, whether chromium is involved into
development of genital tract’s pathology [9]. Changes described
are rather connected with disturbances of glucose metabolism.
According to Chakraborty P. et al., in PCOS patients decrease in

serum levels chromium was observed in women with insulin
resistance [5]. At the same time, in other work no changes in
serum chromium levels were demonstrated [7].

The role of selenium in pathogenesis of this disease also
remains uncertain. Turkish studies showed decrease in serum
selenium in hyperandrogenic women [10]. At the same time,
Polish investigations did not prove any changes of serum
selenium in women with PCOS [11]. Our studies are also failed
to demonstrate any selenium level differences between both
groups of women.

Our studies showed that vanadium serum levels have not
differed in both groups of women, which corresponds to data
obtained in other countries [7].

CONCLUSIONS

Revealedincrease in zincand nickel levels, as well as decrease in
serum manganese in PCOS, might indicate their potential role in
depression of folliculogenesis and ovulation processes, especially
in light of known abilities of these microelements to activate lipid
peroxidation, to decrease antioxidant systems activity, to cause
damage of cellular membranes and mitochondria, to disrupt
DNA molecules, and damage transcription processes. Relatively
higher concentrations of zinc and nickel in PCOS associated
with inflammatory disease, are indicative of the possible role of
inflammation in development of disorder, as pro-inflammatory
cytokines (IL-1, IL-6, IL-18, TNF-a) promote zinc accumulation,
whereas increased nickel levels may induce inflammation and
inhibit macrophages and natural killers activity, which leads to
chronicity of inflammatory disease.

Inview of theforegoing, determination of serumzing, nickel,and
manganese levels, as well as control of these elements content in
complex multivitamin supplements might be recommended for
women with PCOS associated with inflammatory disease. Dietary
intake of manganese-rich products (such as bananas, blueberry,
currants, raspberry, potatoes, beets, and nuts) alongside with
decrease in zinc-containing (seafood, screenings, pulses) and
nickel-containing (chocolate, cacao, soya, pulses) products intake
might be recommended as well.

Modification of lipid, proteins
(enzymes), glycogen, glucose,
DNA, and RNA metabolism

Destruction of
mitochondria, changes
in energy metabolism
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Increase in Nickel
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PICTURE 3. CARCINOGENIC AND TOXIC EFFECTS OF NICKEL IN HUMAN BODY
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Polycystic ovary syndrome (PCOS) is the most common endocrinopathies in women of reproductive age.

The aim of the study was to determine the concentrations of some essential macro- and microelements in the body of women with PCOS. Taking into account the frequent combination of PCOS with inflammatory processes of
genitals, it was decided to examine trace elements concentration in this category of women.

Study includes 3 groups of women: 30 women with PCOS against the background of inflammatory diseases of pelvic organs (I group), 22 patients with PCOS without inflammatory processes of pelvic organs (Il group) and 25
healthy women (Ill group). In all groups it was studies macro- and microelements concentration in blood: magnesium (Mg), copper (Cu), manganese (Mn), nickel (Ni), zinc (Zn), chromium (Cr), selenium (Se), vanadium (V).

The study revealed increase zinc and nickel level, decrease manganese level in women with PCOS, that give grounds suppose their participation in the infringement of folliculogenesis and ovulation due to their properties
to intensification of the lipids peroxide oxidation and reduction activity of antioxidant system, injuries cell membranes and mitochondria, gap DNA molecules and to disturh transcription processes. More high zinc and nickel
concentrations in patients with PCOS in the background of inflammatory process indicates on possible inflammation role in disorders development, because proinflammatory cytokines (IL-1, IL-6, IL-18, TNF-a) leads to the zinc
accumulation and elevated nickel concentrations can induce inflammation and inhibit the functional activity of macrophages and natural killer cells, setting the conditions for chronic inflammation.

Level study of trace elements (zinc, nickel and manganese) may be recommended for women with PCOS and with inflammatory diseases of pelvic organs and control their administration in complex multivitamin preparations.

Keywords: polycystic ovary syndrome, inflammatory diseases of pelvic organs, manganese, nickel, zinc.

BMICT MIKPO- TA MAKPOE/IEMEHTIB Y KPOBI »KIHOK I3 CUHIPOMOM NMO/IKICTO3HUX A€YHUKIB HA ©OHI 3AMANIbHUX 3AXBOPIOBAHb OPTAHIB MAJIOr0 TA3Y

T.0. Tatapuyk, 4. Mea. H., npodecop, unen-kop. HAMH Ykpaitu, 3acT. AVipeKTopa 3 HayKoBoi poboTw, 3aB. BifAiNeHHAM eHpokputHoi rikekonorii Y «IMAT HAMH Ykpainu»
H.B. Kocei, 1. Mep. H., ron. HayK. CI'IIBpOﬁITHVIK BIf/AINEHHS EHAOKPUHHOI rmeKonoru,Ely «[MAT HAMH Ykpaitu»

I.B. BeTox, akywiep-riHexonor xiHouoi kocynsrauii diniany N° 3 KoncynbratuBHo-aiarHocTuuHoro ueHTpy JHinpoBcbKoro paitoHy M. Kiesa

C.B. TyHbKOB, K. Mep. H., NPOBiAHMIi HayK. cniBpobiTHUK [l «HayKoBWii LieHTp NpeBeHTUBHOI TOKCUKONOTii, XapuoBoi Ta XiMiuHoi 6e3neki im. J1.I. Meaena»

Curigpom nonikicro3nux sieurukie (CMKA) € Haituactiwoto eHAOKpUHONATiE B KiHOK PENpOLYKTUBHOTO Biky.

Metoto [ZlO(ﬂIﬂ)KEHHﬂ (Tano BU3HaueHHs Kouueurpaum AeAKiIX ECCEHLlIaﬂhHI/IX MaKpo- Ta MiKpoenemeHTiB B oprani3mi xiHok i3 CMKA. Bpaxosytoun focuTb yacte noesHannsa CMKA i3 3ananbHumu npouecamm rewitaniii, 6yno
BUpiLLEHO AOCTIAMTM BMICT MIKpOESIEMEHTIB TaKOX y Wit KaTeropii XiHok.

[ina pocnimxena byno BMﬁpaHo 3 rpynu xitok: 30 xiok i3 CTKA Ha (OHi 3ananbHX 3aXBOPI0BaHb OpraHiB Maoro Tasy (I rpyna), 22 nauientkv 3 CMKA Ha GoHi BiACyTHOCTI 3ananbHX npowecis reitanii (Il rpyna) Ta25
380poBitX iHOK (Il rpyna). B ycix rpynax XiHok My BUBYanK BMICT MaKpo- T MiKpoesieMeHTiB B cupoBarti kposi: Martio (Mg), miai (Cu), mapratuo (Mn), wikento (Ni), unkky (Zn), xpomy (Cr), ceneny (Se), Baagito (V).

lpoBezeHe J0CiZKeHHA BUABUNO NABULIEHHA PIBHIB LYIHKY Ta HIKENI0, 3HWXEHHS PiBHA MapraHLto 3a yMoB HasHocti CIKA, wo Aae nigcrasy npunycTuTy ix yuacTb y nopyweHHi npoueci donikyniorexesy Ta oBynAui,
3BaQI0YM HA BIZOMI BNACTUBOCTI LyIX MIKpOE/IEMEHTIB LL{0A0 aKTUBI3aL|i NePEKWCHOTO OKUCIEHHS NINIAIB Ta 3HIPKEHHS KTUBHOCTI aHTUOKCUZAHTHOT CUCTEMY, MOLUIKOAXEHHS KNITUHHIIX MeMOpaH Ta MITOXOHAPIH, po3pusy
monekyn IHK i nopyLueHHs npoLiecis TpaHckpunii. [leLo BILL KOHLEHTPALi LUHKY Ta Hikenio B navienTok i3 CKA Ha dowi 3ananbHoro npoLiecy BKasykoTb Ha MOXIMBY PONb 3ananeHHs y MexaHi3Mi pO3BUTKY NOpYLLEHb, ajpke
npo3ananbHi UNTOKiHY (iHTepnelikiHig 1-ro, 6-ro, 18-ro TuniB, GakTopy HEKPO3y MYXAWH a) CNPUAIOTL HAKOMMYEHHIO LUHKY, a NiABHLLEH] KOHLEHTPaLi HiKento MOXyTb iHAYKyBaTH 3ananeHHa Ta npurHivyBatit GyHKLioHanbHy
aKTVBHICTb MaKpOGariB Ta HaTypasnbHWX Kiniepis, CTBOPIOIOYM YMOBY ANA XPOHI3aLi 3ananbHoro npowecy.

3BaXalouy Ha BIKaeHe BHLLe, MOXHA PeKoMeH/yBaT 0BcTexeHHs XiHok i3 CMTKA 3a yMoB No€eAHaHHA ii0ro i3 3ananbHUMM 3aXBOPIOBAHHAMM FeHiTaniil Ha BMICT MiKpoenemeHTiB, 30Kpema, LIMHKY, HiKenio i MapraHLio Ta
KOHTPOJI0BATY iX BBEIEHHA Y CKNaji KOMMNEKCHUX NONIBITaMiHHIX Npenaparis.

KnioyoBi cnosa: CMHAPOM NOMIKICTO3HYX AEYHNKIB, 3aNanbHi 3aXBOPIOBAHHA OPraHiB Manoro Tay, MapraeLib, Hikefb, LUVHK.

COZIEPXKAHUE MUKPO- 1 MUKPO3NIEMEHTOB B KPOBY MEHLLWH C CUHAIPOMOM NONMKNCTO3HBIX ANYHUKOB HA OOHE BOCTANMTENbHDIX 3ABONIEBAHNIT OPTAHOB MAJIOT0 TA3A

T.0. Tatapuyk, 4. Mea. H., npodeccop, unen-kopp. HAMH YkpauHbl, 3am. AupekTopa no HayuHoii pabore, 3aB. oTaeneHuem dHaokpuHHoi ruHekonorn Y «AMAT HAMH Ykpautibl»
H.B. Koceit, . Mep. H., r11aB. Hayy. COTPYAHIK OTAeneHUA SHAOKPUHHOIA ruekonorun Y «MAT HAMH YkpauHbi»

I.B. BeTox, aKyLep-rnHeKonor XeHckoi koHcynbrauun dunmnana No 3 KoHcynbTaTuHo-auarHocTinueckoro LienTpa JlHenposckoro paiioHa r. Kuesa

C.B. TyHbKOB, K. Mep. H., BeayLLyii HayuHblil cOTpYAHIK ] <HayuHbIii LieHTp NpeBeHTUBHOI TOKCUKONOTM, NULLEBO U XuMUecKoii besonackoctit um. J1.U. Mengensa»

CuHApom noukucTo3HbIX AnuHMKkoB (CKA) AngeTca YacToil 3HAOKPUHONATUEN Y XEHLUNH PenpoAyKTUBHOrO BO3pacTa.

Llenbto nccnefoBatma cTano onpegenenie KOHLEHTPaLyil HeKOTOPbIX JCCeHLManbHbIX Makpo- 1 MUKPoIneMeHToB B opraHu3me xeHwuH ¢ CTKA. YuutbiBas foctatouHo yactoe coyetanue CMKA ¢ BocnanuenbHbimm
MPOLieCcamyl reHuTanuii, 6bino pelLeHo UCcneAoBaTb COAePXKaHIe MIKPOINEMEHTOB TaKe B 3T0M KaTeropui XKeHLLMH.

[ina uceneoBaHus 6bino BbIOpaHo 3 rpynnbl xeHiuyH: 30 eyt ¢ CMIKA Ha GoHe BocnanuTenbHbIx 3abonesanuit opraHo manoro Tasa (| rpynna), 22 naumetkm ¢ CIKA Ha doke oTcyTCTBIUA BoCanUTeNbHbIX NPOLIECCOB
renutanuii (Il rpynna) n 25 350poBbix eHLwuH (IIl rpynna). Bo Bcex rpynnax eHuwmH Mbl U3y4yanu cofiepxaite Makpo- 1 MUKpoINeMeHTOB B CbiBOpoTKe kpoByt: Markua (Mg), meau (Cu), mapranua (Mn), hukena (Ni), unnka (Zn),
xpoma (Cr), cenena (Se), BaHapua (V).

TpoBezieHHoe Uccnef0BaHye BbIABUNO NOBBILLIEHIE YPOBHA LMHKA I HUKENS, CHINKeHUe YPOBHA MapraHLa npy ycnoun Hanuuua CMKA, uTo fjaeT 0cHoBaHMA NPeANonoXuTb X yuacTiie B HapyLUeH!y NpoLeccoB
donnuKynoreHesa 1 OBYNALIN, UCXOAA U3 U3BECTHDIX CBOWCTB STUX MUKPOENEMEHTOB B OTHOLLIEHIY aKTVBM3aLMM NEPEKVCHOT0 OKVCTIEHA MUMIAOB U CHIKEHVA aKTUBHOCTI QHTUOKCUAAHTHOM CUCTEMbI, OBPEXAEHNA
KNeTouHbIX MemMOpaH 1 MUTOXOHAPHIA, pa3pbiBa Monekyn IHK v HapyLeHa npoLieccoB TpaHckpunLu. Heckonbko Gonee BbicoKMe KOHLEHTPaLWV LIMHKA 1 HuKena y naumenTok ¢ CTKA Ha doHe BocnanuTenbHoro npotecca
YKa3bIBAIOT Ha BO3MOXHYI0 Pofib BOCMaNieHWA B MexaHy3Me pa3BUTIAA HapyLUeHWit, BeAb MPOBOCTIANMTENbHbIE UUTOKUHbI (MHTEpAEiikUHOB 1-ro, 6-To, 18-r0 TUNOB, GakTOpa Hekpo3a onyxoneii ) cnocobCTBYIOT HaKOMNEHMIo
LIMHKQ, @ NOBBILLIEHHbIE KOHLIEHTPALMM HUKENA MOryT UHAYLMPOBATb BOCNAeH!A 1 NOAABAAT GYHKLMOHANbHYI0 aKTMBHOCTb MaKPO(GaroB i HaTypanbHbIX KUNNepoB, C03AaBaA YCNOBYA ANA XPOHU3ALIMN BOCNANUTENbHOIO
npovjecca.

MoxHo pekomeHz0BaTb 06cnefoBaHue ety ¢ CKA B ycnosuAx coueTaxuta ero ¢ BocnanuTeNbHbIMM 3a601€BaHUAMM reHUTaMiA Ha COAepXanie MUKPO3NIeMeHTOB, B YaCTHOCTI, LiMHKA, HUKENA U MapraHLia 1
KOHTPONMPOBATb UX BBEAEHIE B COCTaBe KOMMEKCHbIX MONMBUTaMUHHbIX NpenapaTos.

KnioueBbie cnoBa: CvHAPOM NOANKNCTO3HBIX ANYHUKOB, BOCNANUTENbHbIE 3abonesaHua 0praHoB Manoro Tasa, MapraHel,, HuKefb, LHK.
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