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0COB/IMBOCTI PO3BATKY CHHIPOMY
NONIKICTO3HAX ACHHHKIB B YMOBAX
NMIABALLEHOr0 PIBHA EXCIIOHYBAHAA
HIKENEM

Pestome. CuHOpom nonikicmo3Hux siedHukie (CI1K5) sidHocumbcsi 00 eHOoKpuHomamili XXIHOK pernpoOyKmugHO20 6iKy.
lpu4uHor yux nopyweHs Moxyms 6ymu sk eHO02eHHI (€HOOKPUHHI MOPYWeHHS, XPOHiuHi iHgheKuii, cmpec mowo), mak i
€K302€HHI (hakmopu (eKosoeiyHi, naniHHs mowo).

Mema. Bu3sHayeHHs1 MOKa3HUKI8 HIKEM 8 cuposamui Kposi y XIHOK 3 CUHOPOMOM MOMiKICMO3HUX SIEYHUKI8 ma OOCIOKEHHS
MexaHi3Mie, siKi nexxams 8 OCHO8i MOKCUYHO20 8rusy Hikesnto Ha penpodykmugHy cucmemy. BugyeHHs momeHyitiHux 0xepen
€eKCIOHy8aHHS1 Hikenem ma po3pobka pexkomeHOauiti 3 npocgpinakmuku ma snikyeaHHs CIKA, suknukaHux nidsuWeHUM pieHeMm
EKCIOHY8aHHSI HiKenem.

Mamepianu ma memodu. [JocnidxeHHss nposodunuck Ha 6asax Y «IlHcmumym nediampii, akywepcmea ma ziHekonoeil
imeri akademika O.M. flyk’ssHogoi HAMH YkpaiHu». [ns docnidxeHHs: 6yno 8idibpaHo 52 xiHKu, y sikux 6yno diaeHocmosaHo
ClIKA. KoumponbHa epyna cknadanacb 3 38 XiHOK perpodykmugHoz20 eiky 6e3 namosoaii penpodykmugsHoi cucmemu.
BusHavyeHHs noka3Hukig Hikerto @ cuposamui kposi y xiHok 3 CIK5 nposoduniocs 3a dornomozor mac-cnekmpomempa 3 iHOyK-
musHo 38’a3aHoto nnasmoto Bruker MS 820 (Aecmparnis) 3 sukopuCcmMaHHAM crneyianbHo20 npoepamMHo20 3abesneyeHHs ICP-
MS Expert. Bug4eHHs noka3Hukig 3abpydHeHHs HaBKONMUWHBb020 cepedosulya Hikenem nposodusniock Wsxom o6pobku 0aHuXx,
ony6nikogaHux y sidkpumux Oxepenax iHhopmauji.

Pesynbmamu. Y xirok i3 CI1KA eusieneHo nidsuileHi nokasHUKU Hikeno y cuposamui kposi (mediaHa — 0,036 ma/n, 95-npo-
ueHmuns — 0,194 me/n), wjo cymmeso nepesulysarno noka3HUKU KOHMPOsbHOI epynu (mediaHa — 0,001 me/n, 95-npoueHmunb
— 0,097 me/n, p=0,0012). Bug4yeHHs1 MOXIUuBUX OXepesT eKCrIOHy8aHHS oKa3saro, Wo nidsuweHuUl piseHb Hikemto suseneHul
8 numHiti 800i 3 nogepxHesux Oxepen eodornocmayaHHs. Takox 8useneHo 3abpydHEHHS N0BEPXHEBUX 800 ma rpyHmis, sKi
8UKOPUCMOBYMbLCA 8 CillbCbKOMY 20C100apcmei.

Asmopamu 3anponoHo8aHo KoMriekc 3axodie Ans npoghinakmuku ma nikyeaHHs ycKrnadHeHb, SKi 8UHUKITU 8HACTIOOK eKcro-
Hy8aHHSs1 Hikenem.

BucHoeku. EkcrioHysaHHs1 Hikeriem 8idbygaembCsi 8 OCHOBHOMY ariMeHmapHUM ma iHeansauyitiHum wiisixom. [pu eKcrioHyeaH-
Hi HiKenem criocmepizaembcs MOpyWeHHs hyHKUIT eHOOKPUHHOI cucmemi, akmusauis 3ananbHuX rMpoyecie ma oKUCnsarb-
Hoeo cmpecy. Y xiHok 3i CIK5 8 ymosax nideulyeHoeo pieHsi eKCroHy8aHHs Hikenem HeobxiOHO nposodumu Komrinekc 3axodie,
CrPSIMOBAHUX Ha 3MEHLWEHHS PiGHSI eKCOHY8aHHS!, MPUCKOPEHHS EKCKPeUii HIKen ma JiKy8aHHs yCKnaOHEHb, WO BUHUKIIU.
Knro4oei croea: cuHOPOM nonikicmo3HUX SIEYHUKIB, HIKeNb, EKCMOHY8aHHS, MPUHYUNU npoginakmuku ma siKyeaHHs.

S. Gunkov', N. Kosey?, S. Regeda?
'L.1. Medved’s Research Centre of Preventive Toxicology, Food and Chemical Safety,
Ministry of Health, Ukraine (State Enterprise), Kyiv, Ukraine
2 Institute of Pediatrics, Obstetrics and Gynecology of the NAMS of Ukraine, Kyiv, Ukraine

FEATURES OF THE DEVELOPMENT OF POLYCYSTIC OVARY SYNDROME IN THE
CONDITIONS OF INCREASED LEVEL OF NICKEL EXPOSURE

Abstract. Polycystic ovary syndrome (PCOS) refers to endocrinopathies that women of reproductive age could have. These
disorders can be caused by both endogenous (endocrine disorders, chronic infections, stress, etc.) and exogenous factors
(environmental, smoking, etc.).

Aim. Determination of serum nickel values in women with polycystic ovary syndrome and investigation of the mechanisms
underlying the toxic effects of nickel on the reproductive system. Explore potential sources of nickel exposure and develop rec-
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ommendations for the prevention and treatment of PCOS caused by increased levels of nickel exposure.

Materials and Methods. The research was conducted on the bases of State Institution “O.M. Lukianova Institute of Pediatrics,
Obstetrics and Gynecology of NAMS of Ukraine” 52 women who were diagnosed with PCOS were selected for the study. The
control group consisted of 38 women of reproductive age without reproductive system pathology. Determination of serum nickel
values in women with PCOS was performed using a Bruker MS 820 inductively coupled plasma mass spectrometer (Australia)
using special ICP-MS Expert software. The study of indicators of environmental pollution with nickel was carried out by pro-
cessing data published in open sources of information.

Results. Women with PCOS showed elevated serum nickel values (median — 0.036 mg/l, 95-percentile — 0.194 mg/l), which
significantly exceeded the control group (median — 0.001 mg/l, 95-percentile — 0.097 mg/l, p=0.0012). The study of exposure
possible sources showed that elevated levels of nickel were found in drinking water from surface water sources. Contamination
of surface waters and soils used in agriculture was also detected.

The authors propose a set of measures for the prevention and treatment of complications caused by nickel exposure.
Conclusions. Nickel exposure occurs mainly by alimentary and inhalation. When exposed to nickel, there is a violation of the
function of the endocrine system, activation of inflammatory processes and oxidative stress. In women with PCOS with an
increased level of nickel exposure, it is necessary to carry out a set of measures aimed at reducing the level of exposure, accel-

erating nickel excretion and treating complications that have occurred.
Keywords: polycystic ovary syndrome, nickel, exposure, principles of prevention and treatment.

Beryn. Cungpom nonikictosHux siedHukis (CIMKA)
BiAHOCUTLCH 00 €HAOKPWHOMATIN Ta € HaMMOLIMPEHi-
IO MPUYMHOIO aHOBYNATOPHOrO 0e3nnigas XiHOK
penpoaykTuaHoro Biky [1]. 3a gaHuMK okpemux aBTo-
piB YacToTa LbOr0 3aXBOPIOBAHHSA KOMUBAETLCA B
mexax 8-13 % cepeq XIHOK PenpoAyKTUBHOIO BKY.
Ane 3anexHo Big nonynsuii, 3a JaHUMU Pi3HUX aBTO-
piB, Ui NOKa3HWKW MOXYTb 3MiHOBaTUCb. [pnbnmaHo
75 % xiHok 3 CIKA ctpaxpaloTb Ha Hennigas, Lo
po6uTb CIMKA HainoLwmMpeHiWOo NPUYMHOK aHoBYNS-
TopHoro 6e3nnigas [1].

BcraHoBneHHs giarHo3y CINKA 6asyeTbes Ha kpute-
pisix PoTTepaamcbkoro KOHCEHCYCY, 060B'I3KOBUM Kpu-
TEpieEM SIKOTO € Oniro-/aHoByNALis Ta/abo HasBHICTb
rinepaHgporeHii (KniHiyHoi Ta/abo GioxiMivHOI), a Takox
MynbTUCONIKyNApHa CTPYKTYpa SieyHuKiB, oniro- abo
aHOBYNALS.

CIKA — ue nonietionoriyHe 3axBOptoBaHHS, NiArpyH-
TS SIKOr0 — reHeTUYHI hakTopu, NOPYLUEHHS (YHKLT
€HOOKPUHHUX 3aro3, sBWLLA 30BHILLUHLOrO CepenoBu-
La, ncuxocouianbHuii cTaH, 0COBNMMBOCTi Xap4yBaHHS,
CTWUNb XNTTS TOLO [1].

MatoreHes CIMKA nos'a3aHuin 3 NopyLIeHHAMU Npo-
LeciB perynsuii B cucteMi rinotanamyc-rinogis-roHa-
O, IXHBOK MPUYMHOI MOXYTb BYTW SIK EHOOreHHi
(eHOOKPWHHI MOpPYLUEHHs, XPOHIYHI iHdeKuii, cTpec
TOWLO), TaK i eKk30reHHi dhakTopy (eKonoriyHi, naniHHs
Towo). MogibHi 3MiHN CyNPOBOMKYIOTLCS HErAaTUBHUMM
3MiHamn (PYHKUIT HeMPOMEaTOPHUX CUCTEM.

B ocTtaHHi poku BENWKY ponb NpUAINsoTe BUBYEHHIO
poni XpOHIYHOrO 3ananbHOro NpoLecy Ta OKCUAATUBHO-
ro ctpecy B natoreHesi CMKA. Y xiHok, aki cTpaxaa-
toTb Ha CIKA, BusiBNeHO nigBuLleHi mapkepu nepe-
KUCHOrO OKMCIEHHs ninigis, nigBuLieHui piBeHb C-
peakTuBHOro Ginka, 3ananbHUX LUTOKIHIB, BUCOKI KOH-
LieHTpauii niMcoumTiB i MOHOLMTIB Y KPOBi [2, 3].

BcTaHoBNEHO, WO Hikenb BUKIMKAE MOpPYLIEHHS
MikpoGioTn B opraHiami [4]. OcTaHHi JoCRigKeHHs
nokasanu, Lo Lie MOXHa BiHECTU K JO CaMOCTIiHOrO
dakTopa, TaK i ko-(hakTopa B naToreHesi BUHUKHEHHS
CINKA.

Introduction. Polycystic ovary syndrome (PCOS)
refers to endocrinopathies and is the most common
cause of anovulatory infertility in women of reproduc-
tive age [1]. According to some authors, the incidence
of this disease ranges from 8-13% among women of
reproductive age. But depending on the population,
according to different authors, these indicators may
vary. Approximately 75% of women with PCOS suffer
from infertility, making PCOS the most common cause
of anovulatory infertility [1].

The diagnosis of PCOS is based on the criteria of the
Rotterdam consensus, the mandatory criterion of
which is Oligo-/anovulation and/or the presence of
hyperandrogenism (clinical and/or biochemical) and
the multifollicular structure of the ovaries, oligo — or
anovulation.

PCOS refers to polyetiological diseases. The main
etiological factors of PCOS occurrence include genetic
factors, endocrine gland disorders, environmental fac-
tors, psychosocial factors, nutritional characteristics,
lifestyle, etc. [1].

The pathogenesis of PCOS is associated with a vio-
lation of regulatory processes in the hypothalamus-
pituitary-gonadal system. These disorders can be
caused by both endogenous (endocrine disorders,
chronic infections, stress, etc.) and exogenous factors
(environmental, smoking, etc.). Such changes are
accompanied by a violation of the function of neuro-
transmitter systems.

In recent years, much attention has been paid to the
study of the role of chronic inflammatory process and
oxidative stress in the pathogenesis of PCOS.
Elevated markers of lipid peroxidation, elevated levels
of C-reactive protein, inflammatory cytokines, and high
concentrations of lymphocytes and monocytes in the
blood were found in women suffering from PCOS [2, 3].
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BOOS Bu3Hana, Wo [XepenoMm eKCroHyBaHHS Hike-
nem MoXyTb OyTn 3abpygHeHi NPogyKTW xapyyBaHHs,
NMUTHa BOZA, MOBITPS, TpaHCAEePManbHWA KOHTAKT
TOWO. THOTIOHOKYPIHHS TaKOX BifHECEHO [0 MOTYXHMX
[DKepen eKCMOHYBaHHS OpraHiYHMMKU Ta HeopraHivyHK-
MW pPEYOBMHAMMU, B TOMY YMUCHi i Hikenem [5].

Y cyyvacHux nigxogax po nikysanHa CIIKA ayxe
Garato yBaru NpuainseTbCsl JOTPUMAHHIO 300POBOTO
crnocoby XuTTS (NpaBUNbHE XapyyBaHHS, LO30BaHi
(hisnyHi HaBaHTaXXeHHs, HOpMani3auis Barv Tina, Big-
MOBA Bif LWKIAMMBKX 3BMYOK KYPIHHS, BXMBAHHS anko-
ronto Towo) [1, 5] Ta 3acTocyBaHHIO HEroOpMOHaNbHUX
npenaparis, Ais SKUX CNpsMOBaHa Ha OKpeMmi natore-
HETWUYHI NaHKK.

MeTa. BusHayeHHs1 NOKa3HWKIB HiKento B cMpoBaTLi
KPOBI Y XiHOK 3 CUHOPOMOM MOMIKICTO3HMX SIEYHUKIB Ta
[JOCNiIKEHHS MEXaHi3MiB, LLIO NexaTb B OCHOBi TOKCWY-
HOTrO  BMMIMBY HIiKEMO Ha PENPOLYKTUBHY CUCTEMY.
BuBYEHHA NOTEHUIMHUX OXXepen eKCMOHYBaHHSA Hike-
neMm Ta pospobka pekomeHAauin 3 npodinakTuku Ta
nikysaHHa CI1KA, BMKnMkaHMX nNiaBULLEHUM piBHEM
€KCMOHYBaHHS Hikenem.

Martepianu Ta metogu. Y pocnimxeHHi Gpanu
yyacTb [Bi rpynu XiHOK. 38 XiHOK penpoayKTUBHOrO
Biky 6e3 nmaronorii penpoayKTUBHOI CUCTEMU — KOH-
TporbHa rpyna.

[o ocHoBHOI rpynu Byno BigibpaHo 52 XiHkK, y SAKUX
AiarHoctoeaHo CIKA 3a kputepismu PoTTepgamcbko-
r0 KOHCEHCycy. 3a [OOomoMOrol yrbTpasByKOBOI Aiar-
HOCTWKM NPOBOAMNM MigpaxyHOK KinbKOCTi Ta po3mipu
donikynis (He MeHwe 12 aHTpanbHuX onikynis Ta
BiACYTHICTb [OMIHaHTHMX), OLIHIOBaNM OBYNSATOPHY
dyHkuito. Kpim Toro, npoBogunock obCTEXeHHst ans
BUSIBINIEHHS rinepaHaporeHii (kniHiyHoi Ta/abo Bioximiy-
HOI) Ha KmiHiyHMX 6a3ax [Y «IHCTMTYT negiartpii,
akywepctBsa Ta riHekonorii iMeHi akafemika
O.M. Nyk’'aHosoi HAMH Ykpainny (M. Kuig).

Bn3HaveHHs KOHLEHTpaUii HIKento y crpoBartLi KpoBi
NPOBEAEHO 3a JONOMOTOK Mac-CnekTpoMeTpa 3 iHaykK-
TUBHO 3B'A3aHO nna3motw Bruker MS 820
(ABcTparist) 3 BUKOPUCTAHHAM criewjiansHOro nporpam-
Horo 3abe3neyeHHst ICP-MS Expert.

Mpu cTatncTnyHin 06pobui pesynbraTie BU3HAYanm
MoKasHWKM  MefiaHn Ta  95-ro  MpPOLEHTUAH.
CraTuctnyHy 06pobKy 3aiCHIOBanM 3 BUKOPUCTaHHAM
nporpamHoro 3abesneyeHHs Statistika 8.0.

OujiHioBanu nokasHuky 3abpygoHEHHs [OBKINIS B
Kunegi lwnaxom BuBYeHHS iHhopMalLii, onybnikoBaHoi B
HaYKOBUX BUAAHHSIX, @ TaKoX 3 OILiiHWUX Jxxepen.

Pesynbtatu. [poBeaeHi Hamu JocnigpKeHHs 3adik-
cyBanu, Lo y xiHok 3 CINKA nokasHuku Hikento B cupo-
BaTLi KPOBi 3HAYHO BMLLi MOPIBHAHO 3 KOHTPOMLHOM
rpynoto (Tabn. 1).

3rigHo 3 gaHumn BOOS, pedepeHTHi KOHUEHTpauil
Hikento B cuposaTLi ctaHoBnsATL 0,00014-0,00065 mr/n
[6]. Akwo uen nokasHuk Buwe 1,1 mkr/n (0,0011 mr/n),
BOOS3 pekomeHaye BigHOCWUTM MOro A0 NiABULLEHOMO
PiBHS €KCMOHYBaHHS. TOKCUYHOK BBAXKa€ETHCS KOHLIEH-
Tpauisi Hikento B cupoBatui kposi — 0,005 mr/n. Ak
6aunmo 3 Tabn. 1, MeaiaHa NokasHWKiB Hikento B cMpo-

e

Aim of the study is to determine the parameters of
nickel in the blood serum of women with polycystic
ovary syndrome and to study the mechanisms underly-
ing the toxic effects of nickel on the reproductive sys-
tem. Explore potential sources of nickel exposure and
develop recommendations for the prevention and treat-
ment of PCOS caused by increased levels of nickel
exposure.

Materials and Methods. The study involved two
groups of women. Women of reproductive age without
pathology of the reproductive system were presented
in a control group consisting of 38 patients.

52 women diagnosed with PCOS were selected for
the main group.

The Rotterdam consensus criteria were used to diag-
nose PCOS. Using ultrasound diagnostics, the number
and size of follicles were counted (at least 12 antral fol-
licles and no dominant follicles) and ovulatory function
was evaluated. In addition, an examination was per-
formed to detect hyperandrogenism (clinical and/or
biochemical). The examinations were conducted at the
clinical bases of the State Institution “O.M. Lukianova
Institute of Pediatrics, Obstetrics and Gynecology of
NAMS of Ukraine” (Kyiv).

Determination of serum nickel concentration was
performed using a Bruker MS 820 inductively coupled
plasma mass spectrometer (Australia) using special
ICP-MS Expert software.

During statistical processing of the results, indicators
of the median and 95th percentile were determined.
Statistical processing was performed using Statistika
8.0 software.

Assessment of environmental pollution indicators in
Kyiv was carried out by studying information published
in scientific publications and from official sources.

Results. Our studies have shown that women with
PCOS have significantly higher serum nickel values
compared to the control group (Tab. 1).

According to WHO data, the reference concentra-
tions of nickel in serum are 0.00014 — 0.00065 mg/! [6].
Serum nickel concentrations above 1.1 mcg/L (0.0011
mg/L) are recommended by WHO (World Health
Organization) to be classified as elevated exposure
levels. Toxic is the concentration of nickel in the blood
serum — 0.005 mg/l. As can be seen in Table1, the
median serum nickel values of control women are
close to those of increased exposure. In women with
PCOS, the median serum nickel values exceed toxic
concentrations. Thus, toxic concentrations of nickel
were found in the blood serum of women with PCOS.

Since the main sources of nickel exposure are cont-
aminated food, drinking water, and air pollution, we
analyzed the relevant current international and domes-
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Tabnuus 1/ Table 1

BwmicT Hikento B cupoBartui kpoBi (Mr/n) / Serum nickel content (mg/l)

Movna / Grou Kinbkictb / Megiana / 95 npoueHTUNb / Cefﬂeeﬂ:i::?d)'
24 P Number Median 95 percentile P
Average
Korpons / 38 0,001 0,097 0,013
Control
< 0,001
ClKA / PCOS 52 0,036 0,194 0,056

BaTLi KPOBi XiHOK KOHTPOMbHOI rpynu HabnumxaeTbcs
[0 NOKa3HWKIB NiABULLEHOrO PIBHS EKCMOHYBaHHA. Y
xiHok 3 CINKA wmepiaHa nokasHuWKiB Hikento B cMpoBart-
Ui KpOBi MepeBuLLYE TOKCMYHI KOHLEHTpauii. Takum
YMHoM, y xiHok 3 CIMKA B cuposatLi kposi 6ynu Busie-
NeHi TOKCWUYHI KOHLEHTpaUii Hikento.

OcCKinbkn OCHOBHUMM [xepenamu eKCroHyBaHHS
Hikenem € 3abpyaHeHi NpPOodyKTU XapuyBaHHS, MWUTHa
Boga, 3abpydHeHe NoBiTps, MW NPoOBenu aHanis Bigno-
BiOHWX YNHHUX MDKHAPOAHWX i BITYM3HSHUX HOPMATMB-
HUX aKTiB.

Ak BUAHO 3 Tabn. 2, iCHyOTb HOPMATWBHI Ta gonyc-
TUMi NOKa3HMKM BMICTYy HiKeno B BOZi, SKi MawTb
JOCUTb LUMPOKWIA [iana3oH BigXUNeHb.

[NocnigxeHHs, npoBeaeHi B M. Kuesi nokasanu, wwo
BWCOKI PiBHI BMICTY HiKENI0 BUSIBMNEHI Y KONOASA3HIN BOAi
(0,16+0,036 wmr/n). B aptesiaHCbkii BOAi MOKa3HWKM
craHosunmn (0,0650,017 wmr/n). Xoya NOKasHWKM B
apTesiaHCbKin BOAI NepeBuLLYIOTb JONYCTUMI CTaHaap-
™ OCTY 7525:2014, ane 3HaxogsTbCs B Mexax, siki He
CMPUYMHAIOTL TOKCUYHWIA BNAMB. Bnnsbki 3a piBHEM
KOHLEeHTpaLii Hikento Gyno BUSIBNEHO B NMOBEPXHEBUX
Bopaax (0,047+0,013 mr/n). Takum YnHOM, aHani3 HasB-
HUX daHWX Mpo piBeHb 3abpyAHEHHs BOAM Hikenem
CBigYATb, WO BOAa He Morna BGyTv OCHOBHUM axepe-

tic regulations.

As can be seen from Table 2 there are standard and
permissible indicators of nickel content in water, which
have a fairly wide range of deviations.

Studies conducted in Kyiv have shown that high lev-
els of nickel content are found in well water (0.16 +
0.036 mg/l). In artesian water, the indicators were
(0.065 + 0.017 mg/l). Although the indicators in arte-
sian water exceed the permissible standards of SSTU
7525:2014, they are within the limits of indicators that
do not cause toxic effects. Similar nickel concentra-
tions were found in surface waters (0.047+0.013 mg/).
Thus, the analysis of available data on the level of
water pollution with nickel shows that water could not
be the main source of increased exposure about
women with PCOS living in Kyiv.

According to the Ministry of Ecology and natural
resources, there is nickel contamination of soils in
Ukraine. This means that there is a certain risk of nickel
entering food grown on contaminated land.

Although the alimentary exposure pathway is the
main source of nickel ingestion, exposure can also
occur by inhalation.

Tabnuusa 2 / Table 2

MopiBHAHHA Ail04MX HOPMaTUBIB BMICTY HiKernio B NUTHIN BoAi /
Comparison of current standards for nickel content in drinking water

Po3po6Huk ctaHpapty /
Standard developer

HopmaTuBHMI NOKa3HMK,
He Ginbuwe (mr/n) /
Standard indicator, max
(no more than) (mg/l)

JonycTumui noKasHUK
He G6inbwe (mr/n) / Acceptable indicator,
max (no more than) (mg/l)

BOO3 [9] / WHO [9] 0,02 0,07

OCTY 7525 2014 / SSTU (State <0.02 .
Standard of Ukraine) 525 2014 -

EPA/ 0,1 10eHb — 1,0
EPA (Environmental Protection 0,7* EkcnoHyBaHHsa |10 gHiB — 1,0
Agency) MocTiviHo — 0,1
Oupektnea Pagn €C 2020/2184 / 0,02 .

EU Council Directive 2020/2184

rinkin ater Equivalent Level — koHUeHTpaLis pe4oBMHM B NUTHIN BOAI, sika HE CTBOPIOE NOBIUYHMX edekTiB
* Drinking Water E lent Level 0

Ons 300pOB’A NI0ANHU

* Drinking Water Equivalent Level — concentration of a substance in drinking water that does not create side

effects for human health.
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Tabnuua 3/ Table 3

HopmaTtuBu piBHiB BmicTy Hikento B noBiTpi / Standards for the level of nickel content in the air

Po3po6Huk ctaHgapty / Standard developer

FpaHny4yHO AonycTUMI KOHLEHTpaLii (cepeaHbOA0-
6oBa, mr/m3) / Maximum permissible concentrations
(average daily, mg/m3)

Hakas MO3 14.01.2020 Ne 52 /
Order of the Ministry of Health 14.01.2020 Ne 52

- Hikenb meTanesuii cepegHbogobosa - 0,001

- Hikenb, po3ynHHi coni (y nepepaxyHKy Ha Hikenb):
- pasosa 0,002 mr/m3;

- cepeaHboaobosa - 0,0002 Mr/m3;

- Hikenb cipyaHokucnuim (y nepepaxyHKy Ha Hikernb):
- pasosa 0,002 mr/m3;

- cepeaHbonobosa - 0,001 mr/m3;

- Hikento okenga (y nepepaxyHKy Ha Hikenb)

- cepeaHboao6oea - 0,001 mr/m3

- Metal nickel average daily-0.001

- Nickel, soluble salts (in terms of nickel):
- single dose 0.002 mg/m?;

- average daily-0.0002 mg/m3,

- Nickel sulfate (in terms of nickel):

- single dose 0.002 mg/m3;

- average daily-0.001 mg/m3;

- Nickel oxide (in terms of nickel)

- average daily dose-0.001 mg/m3

BOO3 [8] / WHO [8]

3.8 x 104 (mkr/m3)"!

ATSDR [10]

(MRL — miHiManbHWIM piBeHb pu3nky Ans noguHun) /
ATSDR [10]

(MRL — maximum residue limits)

MomipHa TpuBanicTe ekcnoHyBaHHs - 0.0002 mr/m3
(6 roguH 5 gHiB Ha TwxAEHb, 13 TUXHIB)

MocTinHe ekcnoHyBaHHst - 0.00009

(6 roanH 5 gHIB Ha TUXAEHb 2 POKK)

Moderate exposure time — 0.0002 mg/m?3
(6 hours 5 days a week, 13 weeks)
Permanent exposure — 0.00009

(6 hours 5 days a week, 2 years)

OEHHA
(RELs — pedbepeHcHi piBHi)

OEHHA (Office of Environmental Health Hazard
Assessment)
(RELs — reference levels)

Hikenb Ta 1oro cnonyku (KpiMm okcuay Hikento)
Makc. pasosa 0,0002 mr/m3

8-rogmHHe - 0.00006 mr/m3

XpoHiuHe - 0.000014 mr/m3

Hikero okenp (xpoHiuHe) - 0.00002 mr/m3

Nickel and its compounds (except nickel oxide)
Maximum single dose 0.0002 mg/m3

8-hour — 0.00006 mg/m3

Chronic — 0.000014 mg/m?3

Chronic nickel oxide — 0.00002 mg/m3

Oupektnea €C 2004/107/EC /
EU Council Directive 2004/107/EC

0,00002 mr/m3

MOM NiABULLEHOMO PIBHA eKCMOHYBaHHs XiHok 3 KA,
K MeLLKaloTb B M. KueBi.

3a gaHumm MinictepcTBa ekonorii Ta NpUPOAHUX
pecypciB B YkpaiHi Mae Micue 3abpyaHeHHs I'pyHTiB
Hikenem. Lie o3Havae, WO icHye NeBHWIA pu3unk notparn-
NSHHS HIKENKO B XapyoBi MPOAYKTW, BUPOLLEHI Ha
3abpyaHEHNX 3EMNSX.

As can be seen from Table 3, the current standards
in Ukraine for permissible concentrations of nickel in
the air are ten times higher than foreign standards.

To assess the situation in the city of Kyiv, we ana-
lyzed freely available data on nickel air pollution. The
existing information is quite contradictory, which is
associated with the use of different research methods.
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Xoya aniMeHTapHWiA LWNSX € OCHOBHWUM [DXeperiom
MOTPanIISHHSA HIKEMNO B OPraHiam, eKCNoHYBaHHA MOXe
BigOyBaTUCh TaKOX iHranAuUinH1MM cnocobom.

Ak BugHO 3 Tabn. 3, gitodi B YkpaiHi Hopmatvsu
WoJO AOMYCTUMMX KOHUEHTpaUii Hikemio B MOBITPI
BOECATEPO NEPEBULLYIOT 3aKOPAOHHI HOpMaTUBH.

LLo6 ouiHnTyh cutyauito y M. Knesi My nposenu aHani3
iCHYHOUMX Y BiNbHOMY JOCTYNi AaHWX LWodo 3abpyaHeH-
Hs NOBITPS HikeneM. cHytova iHdopmaLis JocuTb cyne-
peynmBa, Lo NOB’A3aHO 3 BUKOPUCTAHHSAM Pi3HUX METO-
avk  gocnimkeHHsl. CnipobiTHMKM KuiBCbKOro Hauio-
HanbHOro YyHiBepcuTeTy imMeHi Tapaca LleeyeHka Ta
LleHTpanbHOi reogisuuHoi obcepsaTopii  BUBYMNU
AKICTb NOBITPS B 7 MyHKTaX CMOCTEPEXEHHS B Pi3HUX
yactTuHax Micta B nepiog 3 06.2015 no 08.2016.
OtpumaHi pesynsraty nokasanu, WO MefiaHa piBHIB
BMICTY HiKeno B MNOBITPi 3Haxogunacb y mexax
0,01 - 0,02 mr/m3, a MakcMarnbHi 3Ha4eHHs! gocsiranm
0,05 — 0,07 mr/m3 [9]. HaBedeHi nokasHUKKU iCTOTHO
NepeBuLLYOTb iCHYtOWi HOopmaTuBW. [aHi, HaBegeHi
YnpaeniHHAM €Konorii Ta NPUPOOHWUX PeCcypciB BUKO-
Haeyoro opraHy KuiBcbkoi micbkoi paaun 3a 2021 pik
cBigYaTh, WO cepedHbOpiYHa KOHLEHTpaLis Hikeno B
nositpi gopieHioe 0.00003 mr/m® a makcumarnbHa
0,00014 mr/m3 [10]. Buxoasun 3 omepkaHWX OaHuX,
HE3BaXalouu Ha iCTOTHI KONIMBaHHS NOKa3HWKIB 3 Pi3HWX
LKepen, MU MOXEMO rOBOPUTWM NPO MiABULLEHWIA
piBEHb HiKENo, SKWA MICTUTLCA B aTMOCqepHOMY
noBiTpi. PO3BiXXHOCTI LLMX NOKA3HUKIB MOXHA NOB'A3aTU
3 Ppi3HUMM YacoBMMW MeEPiofaMU  BUMIPIOBAHHS.
TpaHcaepManbHUM LWNSX eKCNOHYBaHHS He po3rnsaga-
€TbCS B AKOCTI MOXMNWBOTO iCTOTHOrO LUASXY moTpan-
NSAHHSA HIKENO B KPOB. 3Ha4yHa YacTuHa Hikento 3aTpu-
MYETbCS LUKIPOK | NUWE HEe3HayHa WOoro YactuHa

BCMOKTYETbCA B KpoB [7, 8, 12].

O6roBopeHHs. Hikenb 3a gaHumu BOO3 BigHeceHo
[0 nepeniky MiKpOeneMeHTIB, siKi € NOTEHLAHO eCeHLi-
anbHuMMK. [lo uiei kaTeropii Hikenb noTpanue Yepes Te,
LU0 BiH € CKNagoBOK HU3KM (DEPMEHTIB: ypeasa, rigpo-
reHasa, MeTunkoeHsum M-pegyktasa, MOHOOKCUA BYr-
neuto gerigporeHasa. Hikenb 6epe yyactb y 6araTbox

meTaboniyHmx npouecax opraHiamy [11].

Takox Oyno BCTAHOBMEHO, WO Hikenb, SK i Aeski
metanu (cypma, antoMmiHin, muw'sk, bapin, kagmii Ta
iHLWIi), 30aTHMI 3B'A3yBaTUCL 3 peLienTopamu ecTpore-
HiB, iMiTytouM ecTporeHHi edpektn. Tomy Ul rpyny
MeTaniB HasBanu MeTanoectporeHamu. 34aTHICTb
HiKento NpPosBNSATW eCTPOreHHi BNacTUBOCTI € MiarpyH-
TAM NS NPOBEAEHHS psdy AOCHiAKeHb LWOAO BANMBY
HIKeNt Ha penpoaykTuBHY cuctemy. BoHu BuBYaloTb
BMMMB HIKENIO Ha EHOOKPUHHY CUCTEMY, MakTb B
OCHOBHOMY eKCnepuMeHTanbHuin xapaktep. Y 2021
poui BOOS3 Bu3Hana, WO KPUTUYHUM edekTom Ans
XapakTepuCTUKA PU3MNKY XPOHIYHOTO NepopanbHOro
BMIMBY HIKENO € PenpoayKTUBHA TOKCUYHICTb | TOKCHY-
Hi edbekTm Ha npouecy embpioreHesy. Came Ui kpuTepii
Bynu noknageHi B 0CHOBY npu po3pobui HopmaTuBiB

Hikento B NuTHIN Bogi BOOJ [7].
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Employees of Taras Shevchenko National University of
Kyiv and the Central Geophysical Observatory con-
ducted a study of air quality at 7 observation points in
different parts of the city in the period from 06.2015 to
08.2016. The results showed that the median levels of
nickel content in the air were in the range of 0.01 —
0.02 mg/m8, and the maximum values reached 0.05 —
0.07 mg/m?®[9]. These indicators significantly exceed the
existing standards. Data provided by the Department
of Ecology and Natural Resources of the executive body
of the Kyiv City Council for 2021 indicate that the aver-
age annual concentration of nickel in the air is
0.00003 mg/m3 and the maximum is 0.00014 mg/m?
[10]. Based on the available data, despite significant
fluctuations in indicators from various sources, we can
talk about an increased level of nickel, which is con-
tained in the atmospheric air. Discrepancies in these
indicators may be related to different measurement
time periods. The transdermal exposure pathway is not
considered as a possible significant pathway for nickel
to enter the bloodstream. A significant part of nickel is
retained by the skin, and only a small part of this nickel
is absorbed into the blood [7, 8, 12].

Discussion. According to WHO, nickel is included in
the list of trace elements that are potentially essential.
Nickel fell into the category of potentially essential due
to the fact that it is a part of a number of enzymes: ure-
ase, hydrogenase, methyl-coenzyme M-reductase,
carbon monoxide dehydrogenase. The participation of
nickel in a number of metabolic processes of the body
has been proven [11].

It was also found that nickel, like some metals (anti-
mony, aluminum, arsenic, barium, cadmium, etc.), is
able to bind to estrogen receptors, mimicking estro-
genic effects. Therefore, this group of metals was
called metalloestrogens. The ability of nickel to exhibit
estrogenic properties has led to a number of studies on
the effects of nickel on the reproductive system.

The available studies on the effects of nickel on the
endocrine system are mostly experimental in nature. In
2021, WHO noted that reproductive toxicity and toxic
effects on embryogenesis are a critical effect for char-
acterizing the risk of chronic oral exposure to nickel.
These criteria were used as the basis for the develop-
ment of WHO standards for nickel in drinking water [7].

For example, chronic exposure causes nickel
buildup in the pituitary gland. There is a decrease in
prolactin secretion. Meanwhile, under other experi-
mental conditions, it has been shown that a single
injection of a high dose of nickel chloride, on the con-
trary, increases prolactin values [13].

Individual human studies are associated with emer-
gencies and industrial accidents. Female workers at
the nickel processing plant showed an increase in the
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Tak, XpOHi4HE eKCMOHYBaHHS BUKITMKAE HAKOMUYEHHS
Hikento B rinodpisi. CnocTepiraeTbesa 3HMKEHHS cekpeLii
nponakTuHy. Ane 3a iHWKWX YMOB eKCNEePUMEHTY MoKa-
3aHO, L0 pa3oBa iH'eKLis BUCOKOI J03W Xropugy Hike-
o, HaBnakw, 36iMbLUyE NOKa3HWKKU nponakTuHy [13].

MoognHOKI [OCMIAXEHHS Ha MioAuHI NoB'A3aHi 3
HaA3BMYaHUMK CUTyauisMK Ta aBapisMu Ha BMpODL-
HUUTBI. Y npauiBHAUb Ha BMPOGHWMUTBI 3 mepepobku
HIKENto cnocTepiranoch 36irbLUEHHA YacTOTW CMOHTaH-
HKX abopris (Ha 15,9 %). Ha ranbBaHi4yHOMy BUPOGHMLI-
TBi Oynn BUSBNEHI BWUCOKI MOKA3HWKM HIiKEMio B Ceui.
lNpauiBHUKM CKapXMMNCb Ha CekCyanbHi po3nagu. Mpu
obCcTexeHHi BUsiBneHo Bucoki nokasuukm J1I ta ®Cr [8].

O6cTexeHHs1, NpoBeAeHEe KUTANCBKUMU BYEHUMM,
nokasano: y xiHok 3 CINKA nokasHukn Hikemio B KpOBI
Oynu 3HAYHO BULLMMW, HIXK Y KOHTPOMbHIWA rpyni.
BucnosnioBanocs npunyLLEHHs, WO HiKenb MOXe Bigir-
paBaTtu ponb y natoreHesi CMKA i Bnnueatu Ha piBeHb
penpoayKTUBHWUX rOPMOHIB. B iHLWOMY gocnigxeni 6yno
nokasaHo, Lo Binbll BUCOKI KOHUEHTpaUji Hikeno B
ceui y matepi NoB’a3aHi 3 NigBULLEHUM PU3NKOM nepes-
YyacHuX nomorie Ta 3 Bagamu pos3suTKy nnogy [14].
lMosicHunu Taki 3MiHM B PENPOAYKTUBHIN CUCTEMI EKC-
nepuMeHTanbHi JOCNIMKEHHA: HAHOYACTWUHKN HIKENto
MPUYETHI 4O MOSBM O3HAK 3ananbHOro MPoLEcy B Sey-
HWKax, Ae cnocrtepiranacb nimdgounTapHa iHginsTpa-
List, 30iNbLUEHHS KINbKOCTi anonTOTUYHUX KNiTWH. Bei Ui
3MiHN CTPYKTYPU SIEYHWKIB CYynpOBOAXYBanucb 36inb-
weHHaAM nokauukis OCr, JIIM Ta 3HWKEHHAM ecTpagio-
ny. Le cBiguute npo Te, WO Mae Miclue TOKCUYHWIA
BNMMB HIKEN HA rOHaAW, SKUMA CynpPOBOMXKYETHCS
MOPYLIEHHAM (OYHKLiT Se4HuKiB. 36iNblLIEHHS NOKa3HK-
ki JIIM Ta ®CI" MOXKHA PO3LiHIOBATK SK KOMMNEHCATOPHY
peakLito rinodisy Ha 3MEHLIEHHS CekpeLii ecTpagiony.

Y uYnCnEeHHUX eKCnepuMeHTax Ta KniHiYHWMX gocnig-
XKEHHSIX CMOCTEPIraBcs BMNIIMB BUCOKOTO PIiBEHS HIKENH0
Ha PO3BUTOK OKCMOATMBHOTO CTPECY, 3ananbHOro npo-
LIECY, BUHUKHEHHS NOPYLUEHb B iMYHHi CUCTEMI Ta CUC-
TEMU MIKpPOBIOTU B KULLIKIBHUKY.

TakuM YMHOM, MOXHa PO3rNsAaTh Taki naToreHeTny-
Hi MexaHi3mn popmysanHs CINKA B ymoBax nigsuie-
HOTO PIBHS €KCMOHYBAHHS HiKenem:

1. 3paTHiCTb Hikento 3B'A3yBaTUCh 3 peLenTopamm
ecTporeHiB. [MopyLuyBaTV Ha LEHTpanbHOMY piBHI pery-
NS0 cekpewii roHagoTponiHie. B opraHax-milleHsx
iMiITyBaTW Ljl0 €CTPOreHiB, CTUMYMIOKYM nponidepa-
TWUBHI NpoLecy.

2. BUHWKHEHHS OKCMAATUBHOIO CTPECY B OpraHiami i,
SIK HACNiAOK, XPOHIYHOro 3anasibHOro NPoLecy.

3. TopyLUeHHs QyHKLIiT iIMyHHOI cUCTEMM Ta cUCTEMM
MiKkpobioTn opraHismy.

PekomeHpauii 3 npodinakTukn Ta nikyBaHHA. Y
3B'A3KY 3 aKTyanbHICTIO NUTaHHSA NikyBaHHSA Ta Npodi-
naktukn ClMKA octaHHiMM pokamm po3pobnsetbest
3HaYHa KinbKiCTb peKOMeHAaLIn Woo Kypauii XiHOK 3
Liel0 naTonorield Ta BIOHOBMEHHIO PENPOAYKTUBHOI
doyHKUii. AKLWO B nonepeaHi poku B LMX pekomeHaaLi-
SIX OCHOBHWUM NENTMOTNBOM Oyno 3acTOCYBaHHS rop-

e

frequency of spontaneous abortions (by 15.9%). High
levels of nickel in the urine were found in electroplating
production. Employees complained of sexual disor-
ders. The examination revealed high levels of LH
(Luteinizing Hormone) and FSH (Follicle-stimulating
Hormone) [8].

A survey of women with PCOS conducted by
Chinese scientists showed that women with PCOS had
significantly higher levels of nickel in their blood than
those in the control group. It has been suggested that
nickel may play a role in the pathogenesis of PCOS
and affect the level of reproductive hormones. Another
study showed that higher concentrations of nickel in
maternal urine were associated with an increased risk
of preterm birth and fetal malformations [14]. The
explanation for such changes in the reproductive sys-
tem was given in an experimental study. It was shown
that nickel nanoparticles are involved in the appear-
ance of signs of an inflammatory process in the
ovaries, where lymphocytic infiltration was observed,
an increase in the number of apoptotic cells. All these
changes in ovarian structure were accompanied by an
increase in FSH, LH and a decrease in estradiol. This
indicates that there is a toxic effect of nickel on the
gonads, which is accompanied by impaired ovarian
function. An increase in LH and FSH values can be
regarded as a compensatory response of the pituitary
gland to a decrease in estradiol secretion.

In numerous experiments and clinical studies, high
levels of nickel have also been shown to affect the
development of oxidative stress, the inflammatory
process, and the occurrence of disorders in the
immune system and the gut microbiota system.

Thus, the following pathogenetic mechanisms of
PCOS formation can be considered under conditions of
increased nickel exposure:

1. The ability of nickel to bind to estrogen receptors;
to disrupt the regulation of gonadotropin secretion at
the central level; in target organs, to mimic the action
of estrogens, stimulating proliferative processes.

2. The occurrence of oxidative stress in the body
and, as a result, a chronic inflammatory process.

3. The impaired function of the immune system and
the body microbiota system.

Recommendations for prevention and treatment.
Due to the high relevance of PCOS treatment and pre-
vention, a large number of recommendations have
been developed in recent years to curate women with
this pathology and restore reproductive function. If in
previous years in these recommendations the main
leitmotif was the use of hormonal drugs, then in recent
recommendations the emphasis is on the normaliza-
tion of lifestyle [1].

In these recommendations, first of all, attention is
paid to the need for a healthy diet, regular physical
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MOHarbHWX Npenapartis, TO OCTaHHIM YacoM pobuTbCS
aKUeHT Ha HopManisauii cnocoby xutTs [1].

Y umux pekomeHaauisx nepeg yciMm 3BepTaioTb yBary
Ha HeobXigHICTb 300POBOTO XapyyBaHHS, pPerynspHuX
i3MYHMX HaBaHTaXeHb, NOKPALLEHHS CTaHy NCUXIYHO-
ro 30opos's. OCHOBHI NPUHLMNW 300POBOrO XapyyBaH-
HSl CnpsAIMOBaHi Ha HopManisawilo Baru Tina Ta nepeg-
6ayaloTb 3MEHLLEHHS CNOXMBAHHSA eHeprii y niogen 3
BMCOKOW Macot Tina. Kpim 36anaHcoBaHoOi gieTh,
BENuWKa yBara nNpuainaeTbcs (isUYHIN aKTUBHOCTI
cepenHbOl iIHTEHCUBHOCTI.

OcTaHHIMK pokaMu B YKpaiHCbKWUX BUOAHHSAX 3'ABUB-
¢S psag nybnikaui Npo 3acTocyBaHHSA Pi3HUX HErOPMO-
HanbHMX npenapatis  Ana  nikysaHHa  ClIKA.
BpaxoBytoun [oCBia BITYM3HSHUX KOSET, MU 3BEPTAEMO
yBary Ha npenapati, edeKTUBHICTb skux Byno gose-
AeHO B YKpaiHi.

lMopyLweHHs cTaHy MCUXOMONYHOMO 340POB'S BigHe-
CEHO [0 MMOBIPHUX NpUYMH BUHUKHEHHS CIIKA.
PekoMeHayeTbCA NpWainaTk yeary Hopmanisauii ncu-
XOIOMYHOrO CTaHy, a came: MposiBaM TPUBOXHOCTI,
Aenpecii, npobnemam i3 CNPUNHATTAM BRACHOrO TiNa,
po3fnajam Xap4oBOi MOBEAiHKM Towo. Takox Heobxia-
HO BYMTUCS CaMOKOHTPOMIO, KOHTPOM CTUMYNIB,
nocTaHoBLi Uinen Towo [1].

3a HasBHOCTI BULUEBKa3aHOI CUMMTOMATUKM PEKO-
MeHAyloTb NpuAmaTu  3acnokivnuei npenapaTtw,
Hanpuknag HoodeH, Akuin ycyBae ncuxoemoliiHe
HarnpyXeHHsl, TPMBOXHICTb, CTpax, emouiiHy nabinb-
HiCTb, OpaTiBNMBICTb, NOKPALLYE COH. 3a HaLUMM [OCBI-
[0M, e(DEKTUBHUM € BXMBaHHS rOMeonaTUyHKX npena-
paTtiB Ta BiTAMiHHO-MiHEPaSbHUX KOMMNMEKCIB, HaNpPuK-
nag HoTta Ta npenapar BiTYM3HAHOTO BUPOBHMLTBA
MarHikym [15].

AkicTb XUTTS 3anexuTb | Big poskinng. Came
NOTPanssiHHS 4O OpraHi3aMy INAWHN TOKCUYHWX Peyo-
BUH MOXeE CTaTu OfHIEK 3 NPUYUH BUHUKHEHHS CITKA.
lNpoBeneHi HamMmn [OCNIMKEHHS NOKa3anu, WO Y XIHOK 3
CIKA cnocTepiraloTbCs NiABULLEHI PiBHI €KCNOHYBaH-
Hs Hikenem [16]. Y noganbwomy 6yno BCTaHOBIEHO,
WO Ue sBuWe Moxe ByTu NOB'A3aHUM 3 BXMBaHHAM
3abpyaHeHMX XapyoBMX MNPOAYKTIB Ta BOWXAHHAM
3abpyaHeHoro nosiTps [17]. Tomy 3a Takux ymoB Heob-
XigHO pobuTn BCE MOXNMBE, abu 3MeHLWNUTW noTpan-
NSAHHSA HIKENo 40 OpraHiamy MgUHA, NPUCKOPUTW MO0
BMBEOEHHS 3 OpraHismy.

[aHi nitepatypu ceigyath, WO B YkpaiHi nepeBuLLeH-
HS HOpMaTuMBIB BMICTy Hikenio CcrnoctepiraeTbCs B
MOBEPXHEBWUX BOJdaX, IPyHTaX, MOBITPi. 3MEHLUEHHS
PiBHS €KCMOHyBaHHS, 6e3nocepefHbO MOB'A3aHe 3
MOKpaLLEeHHSM eKonoriYHol cuTyauii Ta Mae BUpiLLYyBa-
TUCb MiCLEBUMW OpraHamv Bnagu.

KypiHHA — Lie NOTyXHe [Kepeno eKCrOoHYBaHHA He
TiNbKM Hikenem, a n 6aratbmMa iHWWMKU TOKCUYHUMMU
peyosnHamMu. TOMy BiAMOBY Bif THOTIOHOKYPIHHS MOXHa
Ha3BaTW OAHIE 3 YyMOB ycniwHoro nikysaHHsa CIKA.

BueHi, ririeHicTM, Meguku OBroBOPHOKTb MUTAHHS
LL,OA0 AOLINBHOCTI AiET 3 HU3bKUM BMICTOM Hikento. Lle
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activity, and improving mental health. The basic princi-
ples of healthy eating are aimed at normalizing body
weight and provide for reducing energy consumption in
people with high body weight. In addition to a balanced
diet, much attention is paid to moderate-intensity phys-
ical activity.

In recent years, a number of studies have appeared
in Ukrainian publications about the use of various non-
hormonal drugs for the treatment of PCOS. Taking into
account the experience of our domestic colleagues, we
pay attention to drugs whose effectiveness has been
proven in Ukraine.

Violation of the state of psychological health is attrib-
uted to the probable causes of PCOS. It is recom-
mended to pay attention to the issue of normalization
of the psychological state, namely: manifestations of
anxiety, depression, problems with the perception of
one’s own body, eating disorders, etc. It is also neces-
sary to pay attention to issues of self-control, incentive
control, goal setting, etc. [1].

In the presence of the above symptoms, it is recom-
mended to take sedatives, such as Noofen, which elim-
inates psycho-emotional tension, anxiety, fear, emotion-
al lability, irritability, and improves sleep. In our experi-
ence, the use of homeopathic medicines and vitamin
and mineral complexes, for example, Notta and the
drug of domestic production Magnicum, is effective [15].

The quality of life also depends on environmental
factors. It is the ingestion of toxic substances in the
human body that can be one of the causes of PCOS.
Our studies have shown that women with PCOS have
elevated levels of nickel exposure [16]. Subsequently,
it was found that increased exposure to nickel may be
associated with the use of contaminated food and
inhalation of polluted air [17]. Therefore, in conditions
of increased exposure to nickel, great attention should
be paid to measures to reduce the ingress of nickel into
the human body, accelerate its elimination from the
body, and treat and prevent complications caused by
toxic effects of this metal.

Available literature data indicate that in Ukraine,
excess of nickel content standards is observed in sur-
face waters, soils, and air. Some of the issues related
to reducing the level of exposure are directly related to
improving the environmental situation and should be
resolved by local authorities.

Smoking is a powerful source of exposure not only to
nickel, but also to many other toxic substances.
Therefore, quitting smoking can be called one of the
conditions for successful treatment of PCOS.

The feasibility of low-nickel diets is currently being
debated. This is due to the fact that not only nickel, but
also other essential trace elements get along with food.
According to WHO, people’s total consumption of nick-
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noB's3aHe 3 TUM, LLO Pa3oM 3 NPOAYKTaMU XapyyBaHHs
MoTpannse He TiMbKU HiKeMb, a TakoX W iHWi eceHLj-
anbHi MikpoenemeHTun. 3rigHo 3 iHopmauieto BOO3
3aranbHe CMOXMBaHHS HIKEnto NoabMu 3 keto 3ane-
XWUTb B KiNbKOCTI Ta nponopuii ixi TBapuHHOMO (3
HU3bKUM BMICTOM HiKento) abo pOCIIMHHOTO NOXOAXKEH-
HS (3 BUCOKMM BMICTOM HIKEMK0), @ TaKOX Bif KiNbKOCTi
padiHoBaHMX abo 0b6pobneHnx NPOJYKTIB Yy pauioHi
[11]. AreHTCTBO 3 peecTpauii TOKCUYHUX PEYOBWH i
3axsoptoBaHb CLUA (ATSDR) HaBoguTb AaHi Npo xap-
YOBI NPOAYKTM 3 BUCOKUM BMICTOM Hikento. Hamsuiyi
KOHLeHTpaLii Hikemio BUSIBNEHi B acopTi 3 ropixis, BiB-
CSIHUX Kpynax, LUOKoniagHoOMy cyuponi, MICHi Ta apaxici.
[HLWi NpoayKTY 3 BUCOKMM BMICTOM Hikento — Lie 60608,
Kpynu, WO MICTATb NEPEBAXHO LifbHY NWEHWLIO, KyKY-
pyZa3y, oBec abo pwvc, LWokonaaHi BUpoOm, a Takox KOH-
CepBOBaHi Nepcuku Ta aHaHacoBum cik [8]. Cnig Takox
BPaxOBYBaTW, WO MNigBULLEHA KiNbKICTb Hikeno Oyae
MICTUTMCS B CiNbrocnnpoayKLii, BUPOLLEHiN Ha 3abpya-
HEHUX TepuTopisix, abo NMpW BUKOPUCTAHHI B CinbCbKO-
rocnogapcbkomy BUPOBHMUTBI 3abpyaHeHux nosep-
XHEBUX BOA.

OCHOBHWIA WINSX BUBEAEHHS HIKEMO 3 OpraHismy —
Lie HMPKW, @ TaKOX LLUITYHKOBO-KWLLKOBUI TpakT. Hikenb
MOXE CMPUYMHATM TOKCUYHUWA BMSIMB HA TKaHWHK
Hupok. Came TOMYy MOPYLUEHHS (PYHKLiT HUPOK MOXe
BUKIIMKATU  HAKOMWYEHHS  HIKEN B OpraHiami.
lNposiBnsouM NiNOTPONHi BNAcTMBOCTI, BiH HaKonW4y-
€TbCA B KMITUHHMX MembBpaHax pisHux opraHie [18].
Lium nosicHoeTbCA AOCWTL TPMBANUI Nepios BUBELEH-
HS 3 OpraHi3My ManopO34YMHHKX CMOMYK HiKerto.

3Haroun ocobnmBOCTI eKCKpeLii Hikento 3 opraHiamy
B YMOBaXx NiABULLEHOrO PiBHSA KCMOHYBaHHS, Npw niky-
BaHHi nauieHTis 3 CMKA HeobxigHO npoBoaMTM focnia-
XeHHs (DyHKUiT HMpOK. B pasi HeobxigHoCTi noTpibHO
MPOBOAWTM Tepanilo, CNpPsIMOBaHy Ha Hopmanisauito
yHKUIT HUPOK.

€BpoONenCcLKMM TOBapUCTBOM €HOOKPUHOMOTIB PeKo-
MEHOO0BaHO 3acTocyBaHHs CnipOHOMaKTOHy (aHTaro-
HICT anbZOCTEPOHY 3 aHTUAHAPOreHHUM epekToM) Ans
MIOE  CEYOBUAINEHHS, CMPUAIYN BUBEAEHHIO BAXKMX
MeTanis 3 opraHiamy. ToMy 3a BigCYTHOCTI O3HaK nopy-
LUEeHHS QOYHKLT HUPOK Mae ByTn 3aCTOCOBAHUM Y XKIHOK
3 ClKA B ymoBax MigBWLLEHOrO PiBHA EKCMOHYBAaHHS
Hikenewm [1].

AnbBymiH € OCHOBHWUM TPaHCMOPTHUM BINKOM Hikeno
B OpraHiami, Kpim Toro anbbymiH 3B'A3ye BEnuKy Kinb-
KicTb aHgporeHiB. CuHTes anbbymiHy BiabyBaeTbCs B
neviHui. Tomy Ans npuckopeHHs eniMiHauii Hikento 3
OpraHi3My Ta 3MEHLUEHHs eheKTiB aHAPOreHiB JoLinb-
HO npu3HayaTy xiHkam 3 CIKA Tepanito, cnpsamoaHy
Ha noKpalleHHs ¢yHKUil renatobiniapHoi cuctemu.
Ona Hopmanisauii poboTM nediHkM, NOKpaLleHHSs
[EeTOKCMKaLii BUKOPUCTOBYIOTb renaTonpoTekTopy.

Mepebir CIMKA cynpoBogxyeTbcs MiTOXOHApIarnb-
HOK AUCKYHKUIE Ta OKCUMAATUBHWUM CTPECOM, amKe
iIHTOKCMKaLisi HiKeneM cnpusie MOro NMOCUIEHHI0. Taki

e

el in food varies greatly depending on the amount and
proportion of animal (low nickel) or plant (high nickel)
food, as well as the amount of refined or processed
foods in the diet [11]. The U.S. Agency of Toxic
Substances and Diseases Registration (ATSDR) pro-
vides data on foods with a high nickel content. The
highest concentrations of nickel were found in assorted
nuts, oatmeal, chocolate syrup, muesli, and peanuts.
Other foods with a high nickel content are legumes,
cereals containing mainly whole wheat, corn, oats or
rice, chocolate products, as well as canned peaches
and pineapple juice [8]. It should also be taken into
account that an increased amount of nickel will be con-
tained in agricultural products grown in contaminated
areas, or when using contaminated surface water in
agricultural production.

The main route of nickel elimination from the body is
the kidneys, some of this metal is also excreted
through the gastrointestinal tract. Nickel can cause
toxic effects on kidney tissue. This is why impaired kid-
ney function can cause nickel buildup in the body.
Since nickel exhibits lipotropic properties, it accumu-
lates in the cell membranes of various organs [18]. This
explains its rather long period of elimination of poorly
soluble nickel compounds from the body.

Based on the peculiarities of nickel excretion from the
body in conditions of increased exposure, it is neces-
sary to conduct a study of renal function in the treatment
of patients with PCOS. If necessary, it should be decid-
ed on therapy aimed at normalizing renal function.

The European Society of endocrinologists has rec-
ommended the use of spironolactone (an aldosterone
antagonist with an antiandrogenic effect) for the treat-
ment of PCOS. In addition to its antiandrogenic effect,
it increases urination and thereby promotes the
removal of heavy metals from the body. Therefore, in
the absence of signs of impaired renal function, it
should be used in women with PCOS in conditions of
increased exposure to nickel [1].

Albumin is the main transport protein of nickel in the
body, in addition, albumin binds a large number of
androgens. Albumin synthesis occurs in the liver.
Therefore, to accelerate the elimination of nickel from
the body and reduce the effects of androgens, it is
advisable to prescribe therapy to women with PCOS
aimed at improving the function of the hepatobiliary
system. Hepatoprotectors are used to normalize liver
function and improve detoxification function.

The course of PCOS is accompanied by mitochondr-
ial dysfunction and oxidative stress. Nickel intoxication
increases the manifestations of oxidative stress in the
body. Such changes are accompanied by impaired
function of many organs and systems, and thus the
manifestations of PCOS will increase. For this reason,
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3MiHM CYNPOBOXKYIOTLCS MOPYLUEHHAMU yHKUii Bara-
TbOX OpraHiB i CUCTEM, | TUM CaMUM NOCUITHOBATUMYTb-
cs nposiu CMNKA. 3 uiei npuynHm xiHkam 3 CIKA
MOKasaHO NpU3HaYeHHs aHTUOKCUAAHTHOI Tepanii.
Llina H13Ka renaTonpoTeKTopiB, SKi 3aCTOCOBYIOTL ANS
Hopmanisavii yHKUii NeYiHkK1, MaloTb aHTUOKCUAAHTHI
BACTMBOCTI (eceHuiane, rentpan, npenapatu o-ninoe-
BOI KACMOTK, Kapcun, TioTpiasoniH, ryTapriH Towwo). Li
npenapatu MigBuLLYIOTb PE3UCTEHTHICTb renaTouuTiB,
NiACUNIOTb X AETOKCUKALiiHI BNAaCTUBOCTI, CNPUSHOTb
BiJHOBMEHHIO NeviHKkW, cTabinizavito membpaH KniTuH
[15]. Kpim BuLLEe Ha3BaHMX NpenapariB B SKOCTi aHTUOK-
CWAaHTHOI Tepanii, Noka3aHo 3aCTOCYBaHHS METIOHIHY,
umcTeiHy, BitamiHy E, Bitaminy P, pyTuHy, kBepLeTUHy
TOLLO.

[HTOKCMKaLia Hikenem MoOXe CynpOoBOAXYBaTUChb
NOpYLUEHHAM PYHKUIT rinodidy, SEYHWKIB, HAAHUPHWKIB.
3a HasiBHOCTI naTtonorii eHAOKPUHHOI CUCTEMW MUTaH-
HS NiKyBaHHSA YCKNagHEHb, BUKMUKAHWX iHTOKCKKALED
Hikenem, Mae BUMpilWyBaTUCb Yy iHAWUBIOAyanbHOMY
nopsaKy 3 ypaxyBaHHAM Lilounx pekoMeHaaLii.

Y nikyBaHHi CIMNKA B Hawux ymoBax pobpe cebe
3apekomeHaysaB Hopmouwukn. Mpenapat ycysae rine-
PECTPOreHito 3a paxyHoK TOro, WO CrpUsiE NepeTBOPEH-
HIO B MeviHLi ecTpagiony B eCTpoH. Hopmanisye cekpe-
Lil0 roHagoTPONiHIB, CNPUSE BiJHOBEHHIO MOPKONO-
rYHOT CTPYKTYPY SEYHUKIB Ta iX YyTNIMBOCTI 4O rOpMO-
HiB. AHTWAHOPOreHHi edekT LUbOro npenapaTy
MOB'A3aHi 3 NPUTHIYEHHAM pepMeHTy 17-rigpokcucte-
poigaerigporeHasn, sika KaTanisye nepeTBOPEHHS
aHapocTeHdioHy Ha TectocTepoH [15].. Takox B
YkpaiHi nponwos BunpobysaHHs Ans nikyaHHa CIMNKA
npenapat Tasanok. Lle He ropMOHanbHUI, KOMMIEKC-
HUIN POCNMHHWIA Npenapart. MexaHiam oro aii obymos-
NEeHW Hopmani3auieto pUTMy i CMiBBIJHOLLEHHAM Cek-
peuii roHagoTPONHMX rOPMOHIB. B Hacnigok uboro Bia-
ByBaeTbCs HOpManisavis Apyroi dasu MeHCTpyarbHo-
ro UuKny, i TUM camuM YcyBaeTbCs AucbanaHc Mmix
ecTpagionom Ta nporectepoHoM. Kpim Toro, kommno-
HEHTU npenapaTty 3abesneyyoTb NpoTM3ananbHy, Npo-
TUHAOPSKOBY, 3acrokinMBy Ta 3aranbHO3MILHIO0YY
aito.

OpHa 3 MOXMMBKX NPUYMH NOPYLLIEHHS YHKLIT EHAOK-
PUHHOI CCTEMY NOB'A3aHa 3i 30aTHICTIO Hikerio BnnvBa-
TV Ha MIKpoBioTy opraHiamy. 3 L€l NPUYNHU NOPYLLIEHHS
MIKPOBIOTW KMLLIEYHUKY BIiOHOCATL 4O hakTopa abo Ko-
(haktopa wWwodo BuHUKHeHHs CIIKA. Tomy xiHkam 3
CIKA B ymoBax NigBuMLLEHOrO PiBHS EKCTOHYBaHHS Hike-
nem HeobxigHO NpuaHayaTh NpobioTukm [5, 6].

3a HasBHOCTI 03HaK 3ananbHOro NpoLecy PeKoMeH-
AyloTb NpOBOAMTM MiCUEBY Tepanito KOMOGIHOBaHWUM
npenapaToM [TonikuHaKe, KU Mae LUMPOKY aHTUMIK-
pobHy Ajto, He BNnMBaKYM Ha naktobaktepii. Micns
3actocyBaHHS [TonikmMHaKCy 3acTOCOBYHOTL NakTobak-
Tepii (riHodnop, riHonakT Towo). MpenapaTtn nakTo-
BakTepil BUKNMKAIOTb akTMBI3aLilo NPUPOAHKUX Mexa-
Hi3MiB 3axucTy nixBu Big MikpobiB 3a paxyHok 36inb-
LUEHHS CUHTE3y MOMOYHOI KUCNOTK, 30iNbLUEHHS KuC-
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women with PCOS are indicated for antioxidant thera-
py. A number of hepatoprotectors that are used to nor-
malize liver function have antioxidant properties
(Essentiale, Heptral, alpha-lipoic acid preparations,
Karsil, Thiotriazoline, Glutargine, etc.). These drugs
increase the resistance of hepatocytes, enhance their
detoxification properties, promote liver repair, and sta-
bilize cell membranes [15]. In addition to the above-
mentioned drugs, the use of Methionine, Cysteine, vit-
amin E, vitamin P, Rutin, Quercetin, etc.is indicated as
antioxidant therapy.

Nickel intoxication can be accompanied by a viola-
tion of the function of the pituitary gland, ovaries, and
adrenal glands. In the presence of pathology of the
endocrine system, the issue of treatment of complica-
tions caused by nickel intoxication should be decided
on an individual basis, taking into account the current
recommendations.

Normocycle has proven itself well in the treatment of
PCOS in our conditions. The drug eliminates hypere-
strogenism due to the fact that it promotes the conver-
sion of estradiol to estrone in the liver. It normalizes the
secretion of gonadotropins, helps restore the morpho-
logical structure of the ovaries and their sensitivity to
hormones. The antiandrogenic effects of this drug are
associated with inhibition of the enzyme 17-hydroxys-
teroid dehydrogenase, which catalyzes the conversion
of androstenedione to testosterone [15]. Also, in
Ukraine, the drug Tazalok was been tested for the
treatment of PCOS. This is not a hormonal, complex
herbal preparation. The mechanism of its action is due
to the normalization of the rhythm and ratio of
gonadotropic hormone secretion. As a result, the sec-
ond phase of the menstrual cycle normalizes, and thus
the imbalance between estradiol and progesterone is
eliminated. In addition, the components of the drug
provide anti-inflammatory, decongestant, soothing and
restorative effects.

One of the possible causes of endocrine dysfunction
is related to the ability of nickel to affect the body micro-
biota. For this reason, a violation of the gut microbiota
is attributed to a factor or co-factor in the occurrence of
PCOS. Therefore, women with PCOS in conditions of
increased nickel exposure should be prescribed probi-
otics [5, 6].

If there are signs of an inflammatory process, it is rec-
ommended to conduct local therapy with the combined
drug Polizhinax, which shows a broad antimicrobial
effect, while it does not affect lactobacilli. After applying
Polizhinax, lactobacilli (ginoflor, ginolact, etc.) are used.
Lactobacillus preparations cause activation of the natural
mechanisms of protection of the vagina from microbes by
increasing the synthesis of lactic acid, increasing the
acidity of the environment, and so on. In addition, to pre-
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aHTubakTepianbHy Ta aHTUCENTUYHY Aito [15].
BucHoBku

My aniMEeHTapHUM Ta iHransawuiHUM LIASXOM.

OKMCNoBarnbHOro CTpecy Ta 3analbHuUX npoueciB.
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raHHa 3ananbHUM npouecam BUKOPWUCTOBYKOTL Bari-
HanbHi cynos3uTtopii Ani-HOPM Ha OCHOBI MPUPOAHMX
koMnoHeHTiB. Llen npenapat cnpusie Hopmanisauii
3aXMCHMX CWUN OpraHiamy, MpOSIBNAYM NPOTUBIPYCHY,
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vent inflammatory processes, API-norm vaginal supposi-
tories based on natural components are used. This drug
contributes to the normalization of the body defenses,
showing antiviral, antibacterial and antiseptic effects [15].

Conclusions

1. Nickel exposure occurs mainly by alimentary and
inhalation.

2. When exposed to nickel, there is a violation of the
endocrine system function, activation of oxidative
stress and inflammatory processes.

3. For women suffering PCOS with an increased
level of nickel exposure, it is necessary to carry out a
set of measures aimed at reducing the level of expo-
sure, accelerating nickel excretion and treating compli-
cations that have occurred.
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