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HALLU IOBUAAPBI

AHATOAUN BUKTOPOBUY CKAABHbBIN
(k 60-AeTHUIO CO AHSI POXXAEHUSA)

12 mas 2022 r. MICNOAHUAOCH 60 AeT
npoceccopy AHATOoAMIO Buktoposndy CKAAbBHOMY —
BCEMUPHO N3BECTHOMY YYEHOMY B OOAQCTH M3yHeHuns
XMMUYECKUX IAEMEHTOB B MeAULUHE U Buoaorum,
OCHOBATEAIO HAYHHOM LUKOAbl MEANLUHCKON SAEMEHTOAOINM.

Amnatonuii Bukrtoposuu pommincs 12 mas 1962 .
B I. MBano-®pankosck (YCCP). B 1985 r. oH ¢ ort-
JIMyueM 3akoHumi lBaHO-DpaHKOBCKUI MeEIMIIMH-
ckui uHCTUTYT. B 1990 r. 3ammuTun auccepranuio Ha
COUCKaHWE YYECHOW CTeleHW KaHIuIaTa MeIWIIH-
ckux Hayk «MccremoBaHue BIMSHUS XPOHUUECKOM
QJIKOTOJIbHOH MHTOKCHUKAIIMK Ha OOMEH ITUHKA, MEIU
U JINTUSL B OPTaHU3ME POJIUTENICH W UX MOTOMCTBA»
no crneudansHocTH «Hapkonorusa». IIpoBoaumblie
AHatonueM BUKTOpOBHYEM B IaibHEUIIEM UCCIIEHO-
BaHUS JIETIM B OCHOBY JIOKTOPCKOH JHcCepTaIiy
«Oxonoro-puznonoruueckoe obocHoBaHue 3hdek-
TUBHOCTU HCTOJB30BAHUA MAaKpPO- U MHKPODJIEMEH-
TOB TIPHU HAPYIICHHSIX TOMEOCTa3a y 00CIeIyeMbIX U3
Pa3NMUYHBIX  KJIMMATOTeOrpadUuecKuX PErrOHOBY
(2000) mo criermanpHOCTSIM «HopmanbHas duznomno-
rusa» u «BoccraHoBuTenpbHas Mequnuaay. B 2004 r.
A.B CxanbpHbId. OIy4wi 3BaHue npodeccopa.

Hapsany ¢ pabotoit B Beaymux Hay4IHO-HCCIIE-
JIOBATEeILCKUX IeHTpax, Takux kak HUW O6mel u
cynebnol mcuxuarpun uM. B.I1. Cep6ckoro, HUU
Oo6meit maronornn u marodusnonoruu, ['HL[ Hap-
kosiorurt M3 P®, HCTHTYT TOKCHUKOJNIOTHH, TIpodec-
copoM CKaJbHBIM OpraHU30BaH Hay4YHO-MEIHLIMH-
ckuit neHTp «Anement» (1988) Ha ocHOBE KOTOPOTO
BITOCJIEICTBUM OCHOBaHa ABTOHOMHAs HEKOMMepye-
cKast opranuzaiys «LleHTp 6MoTHYeCKOl MEANUIIMHBD)
(1995). B 2012 r. mpu AHO «LIbM» ocHOBaHa HCITBI-
tatenbHas saboparopust (OO0 «MuKpoHYyTpUEH-
TbD»). B 0CHOBY pab0Thl MEIMIIMHCKOTO LIEHTPA U HC-
MBITATEIHHOM Tab0PaTOPHH JIeTTa TEXHOJIOTHUS BbISB-
JIeHWs W KOPPEKLUMH HapyIIeHuil oOMeHa XuMHue-
CKHX JIEMEHTOB B OpraHM3MeE, M3BECTHas Kak «Me-
ton nmoktopa CkambHOro®». 3a Tombl paboThI C UC-
nonb3oBanueM «Mertoga nokropa CKanbHOTO» 00-
CIIeIoBaHO OoJee TOMyMWIIMOHA TTalUEeHTOB, CPEIH
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KOTOPBIX CIIOPTCMEHBI C MHUPOBBIM HUMEHEM, B TOM
Yrciie WICHB COOPHBIX, MPHU3EPhl OJUMITHAJ, MUPO-
BBIX TMIEPBEHCTB, TYPHUPOB OOJIBIIIOTO IIIEMA.

OO0yacTh Hay4YHBIX MHTEPECOB Tpodeccopa
A.B. CkambHOTO BKJIIOYACT U3YyYCHHE POJIM OOMEHA
MaKpO- U MUKPO3JIEMEHTOB B HOPME U MATOJIOrUH, a
TaKKe B OIOCPENOBaHHBIE MEIUKO-IeMorpaduyec-
KHX TPOILIECCOB, TAKMUX KaK POXKIAEMOCTb, CMEPT-
HOCTb, 3a00JICBAEMOCTb M MPOIOJKUTEIBHOCTh
xku3an. B 2009-2014 rr. Anatonuem BukrtopoBuuem
B pamkax ®III «HanuonanpHasg cucrema XuMuye-
cKoil n Omomornueckoit OezomacHocTH Poccuiickoit
®enepanmu (2009-2014 1T.)» peanu3oBaH MPOEKT
«JneMeHTHBIN cTaTyc HaceneHus Poccum», mos3Bo-
JUBIIAN YCTAaHOBUTH PETHOHAIILHBIE OCOOCHHOCTHU
3JIEMEHTHOI'0 CTaTyca HaceNeHHUs Pa3iINYHBIX CyO0bh-
ekToB Poccuiickoit ®@enepauuu U OTYETIHUBO MpPO-
JEMOHCTPHUPOBABIINI WX B3aMMOCBS3h C 3a00JeBae-
MocThi0 HaceneHus. B 2016 r. nmpoektr A.B. Ckanb-
HOTO «DJIEMEHTHBIHN cTaTyc HaceneHus: Poccum» ot-
MedeH HalnoHanbHOW 3KONOTUYECKOW TPEMUEH UM.
B.U. Bepnanckoro. B xonme ¢yHmameHTanpHBIX U
MIPUKJIAHBIX HCCIIEIOBAaHUN, B TOM YHCIIE B KOJJa-
Ooparii ¢ BEAYIIUMH HAyYHBIMH KOJUJIEKTHBAMHU
CIIA, Kuras, ['epmanun, Utanuu u Apyrux cTpa,
AHatonmueM BukTOpOBHYEM NPOAEMOHCTPUPOBAHA
POJb HapYIICHUH OOMEHa XUMHYECKHX JICMCHTOB B
Pa3BUTHUN HEPBHO-TICHXHYECKUX, CEPICTHO-COCYIUC-
TBIX, SHJIOKPUHHBIX, PEIIPOAYKTHBHBIX 3a00JICBaHUM,
WHTOKCHUKAIlMH, a Takke HOBOW KOpPOHABUPYCHOM
nadpexu (COVID-19). MHorue u3 wcclieoBaHAR
mojieprkanbl TpanTtamu Poccuiickoro donma dyrHma-
MEHTAJIBHBIX HCCIe0BaHuM, Poccuiickoro HayqHOro
tdhonna, oHma coaecTBUSI NMHHOBAIIHSM.

B 2000 r. 6su10 ocHOBaHO Poccwuiickoe o01e-
CTBO MeaHMIMHCKOW 3iemeHToNornn (POCMOBM) m
€ro MevyaTHBIM Oprad — xypHan « MHUKPO3JIEMEHTHI B
MenunuHe». B Hacrosimee Bpem POCMODM 00b-
EJIMHSCT CICIMAUCTOB B O0JIACTH W3yYCHUS MUK-
poaiemeHToB B Poccun u 3a py6exxom.

Hayunas mkona npogeccopa CKalbHOTO MMEeT
TOYKH pOcTa BO MHOTUX ropojiax Poccuu. B 2003 r. B
OpeHOyprckoM Trocy/IapcTBEHHOM YHUBEPCHTETE
ObUTa OCHOBaHa Kadenpa HYTPHIHOIOTHH U OHO-
3JIEMEHTOJIOTUH, a Takke MHCTUTYT OMO3JIeMEeHTO-
JIOTHH, SABASIOmuics PoccuiickuM caTeIIUTHBEIM
ueHTpom HucTuTyTa MuKposnemeHToB FOHECKO.
B 2016 r. B PoccuiickoM YHHBepCcHTETE IPYIKOBI
HaponoB (PYJIH) B MemuuuHCKOM WHCTUTYTE Opra-
HU30BaHa Kadeapa METUIIMHCKOW 3JIeMEHTOJIOTHH,
3aBeIyIOLMM KOTopoi cran mpodeccop A.B. Ckanb-
Helid. B 2021 r. Anaronuii BuktopoBrud ObIT OTMEUEH
npemuei PYJIH B obmactu Hayku u mHHOBauuii. B

2019 r. Ha 6aze llepBoro MOCKOBCKOTO TOCYIapCT-
BEHHOr0 MeAuUMHCKOro ynusepcurera um. .M. Ce-
YeHOBA OTKpBITAa J1a0OpaTOpusi MOJEKYJSpPHOH ame-
TOJIOTHH, OCHOBHBIM (DOKYCOM Hay4dHO#H paboThI KO-
TOpOH TakXke SBIJIOCh N3y4eHHE HapyIIeHuil oOMeHa
XMMHYECKHX JIEMEHTOB IPU PA3IWYHBIX MAaTOJIOIU-
six. [Ipu aktuBHOM ywyactun AHartonusi Buktoposuua
B YHuBepcutere U'TMO otkpeiT Haydno-o0pazoBa-
TENBHBINA EHTP HHPOXUMHU.

Hoctmwxkenus mpodeccopa A.B. CkampHOro B
OMOAJIEMEHTOJIOTHH PEealn30BalINCh HE TOJBKO B
pa3BUTUM €0 Hay4yHOM IIKojbl B Poccuu, HO U Bce-
MUpPHBIM HOpu3HaHueM. AHaTtonuil BuxrtopoBuu —
npe3uAeHT MeXIyHapoIHOro oouiecTBa Mo u3yue-
HUIO MUKpodsieMeHToB y uenoBeka (ISTERH), Bure-
npe3uaeHT Penepanyn eBpoIeiHcKUX COOOIECTB MO
M3YYEHHI0O  MHKpPODJUIEMEHTOB M MHHEpaloB
(FESTEM), wren mpasnennss OOIecTBa Mo u3yde-
HUIO MHKPORJIEMEHTOB Y YEJIOBEKa M >KUBOTHBIX
(TEMA), mnouetHwnid uieH DOHUHCKOro o0IIecTBa
OMOdTIEMEHTONOTUH, AKaJeMHH  JKOJIOTHYECKUX
Hayk Uuammu (NESA). IIpodeccop A.B. CkanbHblit
3aHHMMAaeT JOJDKHOCTh BHUIle-TIpe3uaeHTa MHcTtuTyTa
mukpoasiemenToB  TOHECKO (JImon, ®panrus),
y4acTBysi B PELICHUH NPAKTHYECKHX IPOJOBOJIb-
CTBEHHBIX HpOOJIEeM HaceJeHUsl Pa3JInYHBIX CTpaH
mupa. K TakuMm npoexkram MO>KHO OTHECTH ydacTue
B mnoxanepxkanHod OOH mporpamMe pedopMel
HIKOJIbHOTO TMTaHus B PecmyOnuke Tamxukucran
(2016), Tynumce (2015). On Takxke SBISICTCS TPH-
TNalieHHbIM TipodeccopoM Taiberckoro MeauiuH-
ckoro yauBepcureta (TaitOeli, TaiiBaHs).

OpranuzaTopckue CcrnocoOHoCcTH Tpodeccopa
A.B. CkanpHOTO MO3BOJIMIIN C YCIIEXOM IPOBECTU B
2010 r. B Cankr-IlerepOypre IV cumnosuym Pene-
panuu eBponeucKux coOOIIECTB M0 U3YUSHUIO MHUK-
poanementoB u munepaioB (FESTEM), B 2017 r. —
KoHrpecc OOmecTBa M0 U3Y4YEHUIO MUKPOAJIEMEHTOB
y denoBeka u >kuBOTHBIX (TEMA), coOpaBmmit
YY4acTHUKOB M3 Oonee yem 42 cTpaH MHpa, B TOM
gucne CLIA, Kuras, ['epmanun, Utanuu, Anonun u
JIpYyTUX CTpaH. AHatonuii BUKTOpOBUY — 4IEeH MEX-
JTYHapOAHBIX HAYYHBIX KOMHTETOB, a TAKKe IUICHap-
HBII NOKITaAYMK Ha KPYHHEHIIMX MEXIyHapOIHBIX
MeponpuaTusax, npopoaumeix B CHIA, I'epmanum,
Kurae, Sinonun, Unanu u npyrux ctpanax. B 2017 1.
npodeccop A.B. CkayibHBIN SABJISIICS JIENEraroM Ha
dopymMe IO 3IpaBOOXPAHEHHIO HOBOTO IIEIIKOBOT'O
nytu (Cuanb, Kutaif).

CBoil OoraTelii OMBIT YYEHOTO M OpraHU3aTOpa
HayKH, Jy4llie TPaJuliH, Ha KOTOPHIX OBbLI BOCIH-
TaH, AHaTtolMii BUKTOpOBUY IIenpo mepeaaeT MHO-
TOYUCIICHHBIM yYeHUKaM U Koiuteram. [Ipodeccopom



AHaToAMM BukToposud CKAAbHbIM
(K 60-A€TUIO CO AHS POXAEHMS)

A.B. CkalpHBIM MNOATOTOBJIEHHI 14 KaHOUAATOB U
9 JOKTOPOB MEIWIIMHCKUX M OHOJIOTHYSCKHX HAyYK.
B Hacrosiee Bpems BeAeTCsl MOJITOTOBKa 7 COMCKaTe-
Jiel ¥ acniupaHToOB. Pe3ynbTarsl uccienoBanuii A.B.
CKaJBHOTO U ero KOJUIEKTHBA IIMPOKO MPEICTABICHBI
6osee yeMm B 600 cTaThsx, OIMyOIMKOBAHHBIX B OTEYE-
CTBEHHOH W 3apyOeKHOH rmevaTtw, 58 MoHOrpapusix u
rJlaBax MoHoOrpaduii Ha PyCCKOM si3bike, 12 MOHOIpa-
¢usx u rmaBax MoHorpaduii Ha MHOCTPAHHBIX S3bI-
kax, Oonee yeM 40 METOMUUECKHX PEKOMEHIALWN U
mocoOmii IyIs Bpade, a Takxke 15 mareHTax Ha M300-
peterns. [lo KomuMdecTBY IUTHPOBAaHU paboT, Tpo-
(beccop CkanbpHBI BXOAUT B COTHIO HamOoJee IUTH-
pyembIX ydeHbIX B Poccum kak B METUIIMHE, TaK U
Oouonornu. AHatonuii BUKTOPOBUY — 4iieH penakiy-
OHHOM KOJUIETMH Takux u3JaHui, kak «Journal of
Trace Elements in Medicine and Bio-logy» (Elsevier),
«Biological Trace Element Re-search» (Springer),
«Bonpockl OnonornYecKoi, MEIUIIMHCKONW 1 (apma-
LEBTHYECKON XUMUNY», « BECTHUK BOCCTaHOBUTEIBHOU
MEJMIMHED, copefakTop xypHaia «Trace elements
and Electrolytes» (Dustri), TJ1aBHbIA pelakTop H3za-
HUSl « MUKPOdJIEMEHTHI B METUIIHE.

[Inpokuii HAYYHBIA KpPYro3op, 3pYAUIUS IM03-
BoIITIOT TIpodeccopy A.B. CkanbHOMY B peanmu3anuu
HAKOILJICHHOTO OTIBITA M SHIMKIIONCAMYCCKUX 3HAHUN
IPU pEIICHUM aKTYalbHBIX 3aJlad B Pa3IMYHbIX

HampasJleHUsIX Haykd. Hapsangy c wuccnemoBaHuem
(yHIaMEHTAJIbHBIX BONPOCOB OOMEHA XHMHYECKUX
3NIEMEHTOB, AHaTtonnii BUKTOPOBHY akTHBHO yyacT-
BYeT B Pa3padOTKEe HOBBIX OMOJIIOTHYECKH aKTHBHBIX
no0aBOK K mwie, (hapMarieBTHUECKUX IIPerapaToB
MHKPO3JIEMEHTOB, IPOAYKTOB (DYHKIIMOHAIBHOIO MH-
tanus («IIpodeccop CkambHbI pekoMmeHayeT®»). B
00J1aCTh €ro Hay4YHbIX MHTEPECOB TaK)Ke BXOIUT pas-
pabOTKa HOBBIX METOJOB IHATHOCTUKH HapyLICHUH
00MeHa MUKPOIJIEMEHTOB, B TOM YHCIIE TIOPTATHBHBIX
U DKCIIPECC-METOI0B, IO3BOJIIIOLUINX HMHTETPUPOBATH
JOCTH)KEHHS MEIULUHCKON 3JEMEHTOJIOTHUH B ILIHPO-
KYIO MEIUIHUHCKYIO IIPAKTHKY.

UnTtepecs npodeccopa A.B. CkaabHOrO BBIXO-
JST JaleKo 3a TPaHu 00JacTh M3YYESHUS MHKpOJJIe-
MEHTOB, Kacasch (QyHIaMEHTAIBLHBIX BOMPOCOB (u-
nmocodum u aHTpororeresa. Tak, B 2021 r. BeITIen B
cBeT cOOpHUK «3amucku (HuaocoCTBYIOMETo Bpa-
Yay, 3aTpardBaroOlUi npobiemMy OyAyIero u 3Bo-
JIOIMK YenoBedecTBa, Ouocdepsl 1 Hoochephl, po-
T MEJULIUHCKOW 3JIEMEHTOJIOTHH KaK MEepPCIIeKTHB-
HOW HayKu Uil KOHCTPYHPOBaHHs 4eloBeKa Oymay-
mero, a Takke (yHIAMEHTaJIbHBIE BOIPOCHI BO3-
HUKHOBEHHSI HOBOW KOPOHABHPYCHOW WHGEKIHH H
ee poJM B ONpeleleHuH OyIyILIero 4enoBeYecTBa
(«MOP? Menununckas ¢puinocodust KOpOHOKpH3UCa
Y MUKPOJJIEMEHTBI»).

OT BCeu AyLM NO3APABASIEM HALLETO YBAXKAEMOTIO KOAAEry
AHaToAns Buktoposuia CKAABHOIO C lo6uaeem,
JKeAdemM eMy AOATUX AT 3A0POBbs, TBOPYECKOro NpoLBeTAHUSA
M HOBbIX AOCTMXKEHNU B HAYYHO-NEeAArorm4eckou
M NPAKTUYECKOU AEATEAbHOCTH!
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MPOBAEMHAS CTATbA

NEW WAY TO ASSESS THE BIOELEMENT SELENIUM NUTRITIONAL STATUS
NON INVASIVELY IN VIVO

J. Prejac!, S. Morovié2, S. Drmié3, J. Morovic4, 1. Pisl5, B. Momciloviéé

! University Hospital Centre Zagreb, Department of Oncology,

Kispati¢eva 12, 10000 Zagreb, Croatia; e-mail: juraj.prejac@gmail.com

2 Aviva Medical Center, Nemetova 2, 10000 Zagreb, Croatia;

e-mail: Sandra.morovic@poliklinika.aviva

3 Cliniical Hospital Dubrava, Department of Clinical Psychiatry,

Avenija Gojka Suska, 10000 Zagreb, Croatia; e-mail: stipe.drmic@gmail.com
4Centar IGW, d.o.0. Gestalt d.o.o.,

Kralja Drzislava 12, 10000n Zagreb, Croatia; e-mail: jadran.morovic@zg-tcom.hr
3 Institute for Research and Development of the Sustainable Ecosystems (IRES),
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% Institute for Research and Development of the Sustainable Ecosystems (IRES),
Srebrnjak 59, 10000 Zagreb, Croatia; e-mail: berislav.momcilovic@gmail.com

ABSTRACT. Selenium (Se) is essential trace element in human nutrition. The aim of this study was to assess sele-
nium nutritional status by analyzing Se frequency distribution in the long-term biological indicator tissue of hair (H-Se)
and in the short-term biological indicator tissue of whole blood (WB-Se). Hair selenium was analyzed in 1073 apparent-
ly healthy adult Croats (339 & and 734 Q) and the whole blood selenium was analyzed in a random subsample of 91 &
and 143 Q. Samples were analyzed by the ICP-MS at the Center for Biotic Medicine, Moscow, Russia. There were no
significant gender dependent difference in the selenium adequate linear reference range which was (ug-g™") for H-Se
0.078-0.701 and for WB-Se 0.120-0.200, respectively. Hair selenium concentrations below 0.078 and 0.120 for WB-Se
indicate selenium deficiency. The estimated upper adequate selenium limits for H-Se and WB-Se are set at 0.701 and
0.200 ug-g™!, respectively. The linear segment of the generated H-Se logistic distribution sigmoid curve is considered to
represent adequate Se intake range. This adequate selenium intake segment can be itself partitioned by a 60:30:10 per-
centage ratio into Sparsely adequate (@  0.078-0.405, &  0.174-0.474), Adequate (Optimal)
(2 0.405-0.573, & 0.474-0.608), and Ample adequate segment (P 0.573-0.623, & 0.608-0.709). These reference dose
data are essential for continuous monitoring of the selenium nutritional status and selenium supplementation medication
The noninvasive selenium status assessment is especially important when dealing with a vulnerable segments of human
population like pregnant and lactating women, and their infants. The Median Derivatives Bioassay provides a new pub-
lic health asset for general medical practice.

KEYWORDS: Selenium, Hair, Whole blood, Se nutritional status.

INTRODUCTION

Selenium (Se) is an essential trace bioelement
in human health and nutrition (World Health Organ-
ization..., 1996; 2004). Selenium is ubiquitously
present in the human diet and it’s daily dietary in-
take varies in a wide range (in pg-d™') from 30 in
Finland, to 60—70 and/or 80 in the USA, about 105
in Turkey, and 113-120 in UK (Institute of Medi-
cine..., 2000; Reilly, 2006; Reyman, 2012). Se is es-
sential constituent of selenoprotein glutathione pe-

* Corresponding author:
Berislav Mom¢ilovi¢
E-mail: berislav.momcilovic@gmail.com

roxidase (GSH) and its isomorphs; a cluster of en-
zymes which protects the cell membrane polyun-
saturated fatty acids from the free radicals oxidative
species (ROS) damage (Roman et al., 2013). Seleni-
um, together with iodine, is crucial in the control of
the thyroid gland hormone synthesis, and it is also
essential for normal metabolism, growth and devel-
opment (Berry, Larsen, 1992).

A fatal congestive heart failure condition of se-
vere dietary selenium intake deficiency (30-50

© Mukpo3aAeMeHTbl B MeanumHe/Trace elements in medicine, 2022
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pg-g~'-d™"), when associated with the Coxackie viral
infection, is known as a Keshan disease (Germelli et
al., 2002), whereas dietary selenium doses exceeding
>900 pug-g~' d~' and when associated with the plasma
Se levels >1000 pg-L™', generates selenosis, a toxic
syndrome of dermatitis, lose hair, diseased nails, and
peripheral neuropathy (Yang et al., 1983). Whether
the higher, i.e. higher than optimally abundant or
mildly excessive dietary Se intakes, may prevent
cancer, is still controversial (Griffin, 1979; Bera et
al., 2012; Cai et al., 2016).

Dietary selenium intake ranges widely from 7 pg
per day to 4990 ug per day, and the UK recommenda-
tions for selenium intake average are 60 pg per day for
men and 53 ug per day for women (Reyman, 2012).
Similar expert consensus Recommended Dietary Al-
lowances (RDA) for selenium in the USA are set at 55
and 45 ug-g™' for adults of both sexes aged 19-50 y
and over 50 y, respectively (Institute of Medicine...,
2000). Only recently, the safe upper levels of Se die-
tary intake are set at 450 pg per day (Expert Group on
Vitamins and Minerals..., 2003).

Assessing selenium requirements and adequacy
of its nutritional status is still the challenging issue
(Thomson, 2004). Thus far, serum and/or plasma se-
lenium and their selenoproteins were the mostly
tested bio indicators (Kipp et al., 2015), i.e., the in-
dicators under the strong homeostatic control. The
aim of this study is to demonstrate that the Se nutri-
tional status may be accurately assessed by analyz-
ing its cumulative frequency distribution in the long
term biological indicator tissue of hair (H-Se) and in
contrast to that of the short term biological indicator
tissue of whole blood (WB-Se). Median derivatives
bioassay was used to analyze the collected data
(Momg¢ilovi¢, et al., 2017).

SUBJECTS AND METHODS

This prospective, observational, cross-sectional,
and exploratory nutritional epidemiology study was
approved by the Ethical Committee of the Institute for
Research and Development of the Sustainable Eco
Systems (IRES), Zagreb, Croatia. The study was con-
ducted by adherence to the Declaration of Helsinki on
Human Subject Research (Browne, 2005). Every sub-
ject gave her/his written consent to participate in the
study and filled out a short questionnaire on his/her
health status and medical history (data not shown)
(Oppenheim, 2004). None of the tested subjects used
selenium containing hair shampoo.

Hair selenium (H-Se) was analyzed in a random
sample of 1073 apparently healthy adults (339 men,
734 women). Whole blood was analyzed in a ran-

dom subset of 212 subjects (143 women and 91
men); the median age of women and men was 47
and 50 years, respectively. Our population consisted
of subjects from the general Croatian population
who were interested to learn about their health sta-
tus; the majority of them were living in the capital
city region of Zagreb, Croatia. All the subjects con-
sumed their usual home-prepared mixed mid-
European diet, and none of them have reported an
adverse medical health condition.

Hair selenium (H-Se) and whole blood selenium
(WB-Se) were analyzed with the inductively coupled
plasma mass spectrometry (ICP-MS) (Elan 9000,
Perkin Elmer, USA) at the Center for Biotic Medicine
(CBM) laboratory in Moscow, Russia (Appendix A).
The CBM is an ISO Europe certified commercial la-
boratory for analyzing bio elements, i.e., electrolytes,
trace elements, and ultra-trace elements, in different
biological matrices. CBM laboratory is also a member
of the exclusive External Quality Assessment of Sur-
rey scientific group for the quality control of the trace
element analysis in UK.

Preparation of scalp hair and whole blood sam-
ples for selenium ICP-MS analysis followed the In-
ternational Atomic Energy Agency and other rele-
vant recommendations (International Atomic Energy
Agency (IAEA)..., 1980; Burges, 2000) (Appendix
B). The detection limits for hair selenium (H-Se) and
whole blood selenium (WB-Se) were (ug-g™") 0.0001
and 0.00105 pg-g™', respectively. All chemicals were
of pro analysis grade (Khimmed Sintez, Moscow,
Russia). Selenium belongs to the pleiad of 125 ele-
ments sharing the same mass number (number of iso-
topes/name of the element): 4 Zn, 7 Ga, 13 Ge, 16 As,
22 Se, 18 Br, 17 Kr, 11 Rb, 10 Sr, 6 Y, 1 Zr (Mom¢i-
lovi¢ et al., 2008).

Median derivatives bioassay (Appendix C).
The frequency distribution of selenium in the hair
and whole blood samples was analyzed with the me-
dian derivatives bioassay of the log transformed data
what yielded Gaussian bell-shaped frequency distri-
bution. The data were fitted to form the sigmoid lo-
gistic regression function (power function) for men
and women separately (Finey, 1952):

4+ Al—- A2 ,

p
x0

where A1 is the initial value (lower horizontal asymp-
tote), 42 is the final value (upper horizontal asymp-
tote), x0 is the center (point of inflection) of the detect-
ed median (M0), p is power (the parameter that affects
the slope of the area about the inflection point).
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The OriginPro 8.0 data analysis and graphing
software was used for this analysis (OriginLab
Corp., OriginPro Version 8.0., Northhampton, MA).
We can visually describe the sigmoid frequency dis-
tribution curve into five distinct segments describing
Se nutritional status: (1) Deficient Se nutritional sta-
tus (Lower horizontal asymptote), (2) the lower
boundary segment connecting the Deficient and the
adequate linear segment, (3) Adequate linear seg-
ment, (4) the upper boundary segment connecting
the Adequate linear segment with the Excessive up-
per horizontal asymptote (5).

The Adequate linear segment of the sigmoid
bioassay curve can be further partitioned by a
60:30:10 ratio to differentiate between the respective
Sparsely adequate, Adequate (Optimal), and Amply
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Fig. 1. Hair selenium frequency distribution
in men and women (a)

and whole blood selenium frequency distribution
in men and women (b)

adequate Se nutritional status. This partition of Ade-
quate linear segment into three referent clinical in-
tervals (Hermann, 1971), allows us to monitor the
range where Se supplementation would be benefi-
ciary, the range where Se supplementation is unnec-
essary and the range where Se supplementation may
induce adverse health effects, respectively.

RESULTS

Selenium was detected in all the 1073 analyzed
hair samples and in every of the 234 analyzed whole
blood sub-samples, respectively. After the data were
log transformed, the previous skewed and kurtic se-
lenium data distribution assumed a standard bell
shaped Gaussian frequency distribution curve for
both the hair and whole blood (Fig. 1).

Hair selenium median derivatives (Appendix C)
were used to fit the bioassay sigmoid power function
curve. The data on the upward and downward arm of
the median derivatives H-Se and WB-Se are shown
in Fig. 2 for men and women, respectively.

The bioassay sigmoid curve showed that there
is a linear segment of median derivatives bioassay
that covered the same ranges of 9d2-u2 and 4D2-
U2 for both H-Se and WB-Se, respectively.

This linear range represents the adequate (op-
timal) selenium nutritional range where the rate of
hair and whole blood selenium incorporation (satu-
ration) is linearly proportional to the dietary seleni-
um intake. This Adequate H-Se range of concentra-
tions of Croatian women have a span from 0.078—
0.623 pg-g™' (median 0.269 pg-g™") and that for Cro-
atian men ranged from 0.134-0.701 pg-g™' (median
0.346 pg-g™'). The respective low linear region of
the sigmoid power function curve below d2 for
women and D2 for men were defined as a deficient
Se nutritional status. Similarly, the respective upper
linear region of the sigmoid power function curve
above the respective linear segments u2 for women
(range u3—u6) and segment U2 for men (range
U3-U6) were defined as an excessively high H-Se
exposure. Evidently, on average, men tend to retain
somewhat more Se in their hair than women, where-
as this linear WB-Se segment was identical for both
women and men, i.e., their Coefficient Intervals
were completely merged.

Hair selenium levels below 0.070 (ug-g™) for
women and 0.134 (ug-g™) for men, indicate selenium
nutritional deficiency, whereas H-Se above 0.623 and
0.701 should be considered excessive for @ and &, re-
spectively. Similarly, our WB-Se deficiency level is be-
low 130 in & and 120 in Q@ whereas the WB-Se exces-
sive levels are 200 in & and 193 in Q, respectively.
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Fig. 2. Selenium median derivatives bioassay (D, U Men downward (D) and upward (U) median derivatives; d, u Wom-
en downward (d) and upward (u) median derivatives. See Appendix C for median derivatives input numerical values):
a - hair: the difference between the H-Se median derivatives of men n=339 (m) and women n=734.

Logistic function Y = A2+ (A1-A2)/(1 + (X/X0)r), - - - 0.95 confidence limit, e+ 0.95 prediction limit.

Men: Y =0.991 + (0.026 — 0.991)/(1 + (X/0.029)1:¢40), r2 = 0.998; Women: Y = 1.006 + (0.021 — 1.006)/(1 + (X/0.027)1:1), r2 = 0.999.
Box: Hair selenium linear saturation range for 3 and ¢ (log concentration);

b —whole blood: the difference between the WB-Se median derivatives of men n=91 (m) and women n=143 (o).
Logistic function Y == A2 + (A1-A2)/(1 + (X/X0)r), - - - 0.95 confidence limit, ¢+ 0.95 prediction limit.

Men: Y =0.992 + (0.013 -0.992)/(1 + + (X/4.075)12.145), r2 = 0.999; Women: Y = 0.989 + (0.016 — 0.989)/(1 + (X/3.867)12.288),
r2 = 0.999. Box: Whole blood selenium linear saturation range for 3 and ¢ (log concentration)
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Fig. 4. Age does not affect selenium distribution in men and women (O —women, B —men)

There was no correlation between the H-Se and
WB-Se (Fig. 3), and there was no effect of age on
H-Se and WB-Se accumulation (Fig. 4). Considering
the median values, the observed concentrations of
selenium in the hair were two times higher than
those in the circulating whole blood.

The Adequate linear segment of the sigmoid
bioassay curve can be further partitioned by a
60:30:10 ratio to differentiate between the respective
Sparsely adequate, Adequate Optimal), and Abun-

dantly adequate Se nutritional status. Such partition
of Adequate linear segment into different subseg-
ments may have Public Health implications (Her-
mann, 1971), because it allows us to closely monitor
the Sparsely adequate range (60%) where selenium
supplementation would be beneficiary, the Adequate
(Optimal) 30% range where Se supplementation is
unnecessary, and the highest 10% of Ample range
where Se supplementation may induce the long term
adverse health effects, respectively.
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DISCUSSION

In this article we have presented a new way on
how to assess the adequate selenium nutritional sta-
tus by analyzing its frequency distribution in a short
term biological indicator tissue of the whole blood,
and long term biological indicator tissue of the hair
of the Croatian population. Hair analysis was al-
ready claimed to be a reliable bio monitor tissue for
detecting health problems, nutritional disease diag-
nosis, and environmental toxicology (Kempson,
Lombi, 2011). Indeed, our preliminary results pre-
sented at TEMA 15 indicated that the Adequate Se
nutritional status range (pg-g”') was between
0.13—0.78 in 183 men and 0.08-0.63 in 447 women,
respectively (Momcilové¢ et al., 2014). These results
are almost identical to those of this study where the
Adequate nutritional Se status have a range of
0.134-0.701 in 339 men and 0.078—0.623 in 734
women. In China they consider hair Se concentra-
tions to be deficient when there is less than 0.250
ng-g~' selenium, adequate when it is 0.250-0.500
ug-g”', being highly adequate when 0.500-3.000
pg-g~' (Tan, 1989). This study revealed that the se-
lenium Sparsely adequate status is when there were
0.174—0.474 selenium in the hair, Adequate (Opti-
mal) when it was 0.474-0.608, and Amply Adequate
when 0.608—0.701). Apparently, there is a need for a
more precise grading of Se nutritional status with the
hair Adequate selenium range, and even the more so
for more research of the Se upper safe limits and be-
yond in the future studies (Thomson, 2004).

Median H-Se concentrations were higher than
those in the whole blood; apparently, hair follicle
acts as a levy for removing circulating Se earlier (or
more efficiently) in women than men. We do not see
such discriminatory response in the whole blood
where selenium is in permanent equilibration with
the surrounding tissue. In difference, hair Se is the
unidirectional process of incorporation, and hence a
reliable time log of the actually available selenium
over the time (Tan, 1989).

Various authors reported somewhat different
Hair selenium median values. Indeed, median hair
Se concentrations were (ug-g™): 0.1 in Belgium
(Carneiro et al., 2011), 0.34, 0.369, and 0.394 in
three different regions in Tajikistan, Russia (Skalny
et al., 2019), 0.37 in Palermo and 0.78 in Sardinia,
two cities in Italy (Dongarra et al., 2011; 2012), 0.39
on Sicily, Italy (Tamburo et al., 2015), 0.54 in
France (Goull¢é et al., 2005), 0.54 (Tamburo et al.,
2016), and 0.60 again in Italy (Astolfi et al., 2020).
Since hair samples from Palermo and Sardinia were
all analyzed in the same laboratory in Italy, and hair

samples from Croatia (this study) and Tajikistan, Rus-
sia, were also analyzed in the same laboratory in Mos-
cow, it is evident that the observed differences in the
hair Se content depended upon the geographical loca-
tion (locality) where the people were living. Apparent-
ly, in the Europe, only Belgium (Carneiro et al., 2011)
appears to be low and approaching close to the lower
threshold for Se deficiency. It should be noted that the
hair selenium data from different locations belong to
the different points along the same sigmoid curve; thus
it allowed for a quick comparison of the various inter-
national data bases, i.e., the local nutritional status of a
certain bioelement of interest.

In China they consider hair Se concentrations to
be deficient when less than 0.250 pg-g™', adequate
when 0.250-0.500 pg-g™', and abundantly adequate
when 0.500-3.000 pg-g™ (Tan, 1989). Our study pro-
vides a more strict estimation on how the Se nutritional
status is to be inferred and classified (ug-g™), i.e., sele-
nium Sparsely adequate when hair Se is 0.174-0,474,
selenium Adequate (Optimal) when 0.474—-0.608, and
selenium Amply Adequate when 0.608—0.701.

Recently, Kohler et al (Kohler et al., 2018) re-
ported how higher plasma selenium concentrations
are associate with increased odds of prevalent Type
2 diabetes. Indeed, Yuan et al. (Yuan et al., 2021)
showed that the hair Se values close to the upper
threshold for average hair selenium of 0.600 pg™
were associated with increased obesity, diabetes and
lipid metabolism impairment. Our results suggest
that the bottom part of the linear part of the sigmoid
covering for 60%, would belong to the Sparsely ad-
equate linear range. That range may provide suitable
guidelines for monitoring the Se nutritional status
during the dietary selenium supplementation. The
middle or Adequate (Optimal) 30% of the linear
sigmoid range would require no supplementation,
and when hair selenium is Amply adequate, i.c., the
upper 10% of the hair Se linear saturation uptake,
the Se supplementation should be discouraged. It is
pertinent to note here that it would be of great im-
portance to simultaneously assess the iodine and se-
lenium nutritional status since adding Se to a defi-
cient iodine subjects may severely impair the thyroid
function (Deuel et al., 2013). There is a need to
elaborate the Se dietary supplementation, especially
in the countries like China, where the question of Se
deficiency became a matter of common population
knowledge so that the people try to help themselves
by active Se supplements. It would be advisable to
control for the possibility of too much selenium sup-
plement intake when subclinical selenosis (selenium
toxicity) may be a silent threat.
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The here presented results confirmed the ad-
vantage of the median derivatives bioassay for as-
sessing selenium and the other bio element nutri-
tional status (Momcilovi¢ et al., 2017). The median
derivatives bioassay gets formed directly by the ac-

a caveat that every selenium supplementation is de-
pendent upon the concomitant iodine nutritional sta-
tus; the ratio of the selenium and iodine content in
the hair needs to be close to one.

This study was in part presented at

tually collected hair selenium data, and not by some
arbitrary conceived mechanical grid model upon the
data (Haggerty et al., 2013). The proposed grading
of the sigmoid curve provides biologically reference
values for the entire range from Se deficiency, over
their entire adequate range interval, and up to the
excessive and beyond it to the overt toxic exposure
levels (Poulsen et al., 1997). The lower 30% of the
overall Adequate Se nutritional status linear range,
may be considered as a subclinical selenium defi-
ciency suitable for selenium supplementation. With
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Appendix A. ICP-MS ANALYSIS OF SELENIUM

The ICP-MS system was conditioned and calibrated via external calibration. The external calibration solutions containing 0.5,
5, 10 and 50 ppb were freshly prepared for every sample batch from the Universal Data Acquisition Standards Kit (#N9306225,
PerkinElmer Inc.) diluted in DDIW acidified with 1% of HNOs. In order to account for incomplete acidity and viscosity matching be-
tween calibration and sample matrices the online internal standardization with yttrium-89 and rhodium-103 was used via 7-port
FAST valve. The internal standard solution containing 10 ppb Y and Rh was prepared from the stock yttrium and rhodium solutions
(#N9300167 and #N9300144, PerkinElmer Inc.) in 8% of 1-Butanol ((#1.00988, Merck KGaA), 0.8% Triton X-100 (Sigma #T9284
Sigma-Aldrich, Co.), 0.02 % TMAH (#20932, Alfa-Aesar, Ward Hill, MA 01835 USA), and 0.02% EDTA acid (Sigma #431788
Sigma-Aldrich, Co).

Certified reference material GBW09101 — Human Hair (Shanghai Institute of Nuclear Research, Academia Sinica, China) was
used for the quality control of the analytical data.
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DRC mode 0.55 mL-min-1 ammonia (294993-Aldrich Sigma-Aldrich, Co., St. Louis, MO 63103 USA) for Na, K, Ca, Ti, V,
Cr, Fe optimized individually for RPa and RPq. STD mode for the rest of analytes at RPa=0 and RPq=0.25.

Appendix B. HAIR AND WHOLE BLOOD SELENIUM ANALYSIS

Hair selenium (H-Se) analysis. A strand of hair 5-7 cm long and weighting less than one gram would be cut with titanium
coated scissors over the anatomically well-defined bone prominence at the back of the skull (lat. protuberantia occipitalis externa).
The individual hair samples were further minced into strands less than 1 cm long prior to chemical analysis, stirred 10 min in an eth-
ylether/acetone (3:1, w/w), rinsed three times with the deionized H20 (18 MQ-cm), dried at 85°C for one hour to constant weight,
immersed one hour in 5% EDTA, rinsed again in the deionized H>O, dried at 85°C for twelve hours, wet digested in HNO3/H202 in a
plastic tube, sonicated, and microwaved. The digested solutions were quantitatively transferred into 15 ml polypropylene test tubes.
The liners and top were rinsed three times with the deionized water, and the rinses were transferred into the individual test tubes.
These test tubes were filled up to 15 ml with deionized water and thoroughly shaken to mix. The samples were run in NexION 300 +
NWR 2013 spectrometer (Perkin Elmer, USA). Graduation of the instrument was carried out with a monelement Perkin Elmer refer-
ence solution. We used certified GBW09101 Human Hair Reference Material (Shanghai Institute for Nuclear Research, Academia
Sinica, Shanghai 201849, China to validate the quality of the analytical work.

Whole blood selenium (WB-Se) analysis. Whole blood was drawn by venipuncture from cubital vein and collected into
green-cup Vacuette collecting tubes (#454082 LotA13030M7m Greineer Bio On International AG Kremsmunster, Austria) which
were randomly assigned for the ICP-MS analysis. Whole blood samples of 0.5 ml were digested in a microwave oven with 0.1 ml of
HNO3 at 175 °C. Blood standards were liophylised Seronorm TM Trace Elements Whole Blood Reference Standards Level 1 (OK
0036, Level 2 (MR 9067), and Level 3 (Ok 0337) for selenium in the whole blood (SERO AS, Bilingstadt, Norway). Five ml of re-
distilled H>O were added to every reference standard and stirred gently at a room temperature for two hours to equilibrate. One ml of
such equilibrated standard was pipetted in 25 ml quartz glass vial, dried at 105 °C for 24 hours. The microwaved samples were dis-
solved in 5 ml of redistilled H20 with 0.1 ml of H202 added.

Appendix C. Hair selenium median derivatives bioassay (Population Size, PS = 1.000)

Median (MO, pg-g")

< >p< >
Median Derivative Downward (Descending) Median Derivative Upward (Ascending)
Branch (D0, PS/2 = 0.500) Branch (U0, PS/2 = 0.500)
Descending Median Derivatives Ascending Median Derivatives
D1=D0/2 0.250 U1l =00+ U0/2 0.750

< a >< o >

D2 =D0/4 0.125 U2=U1+U0/4 0.875

< o > < o >
D3 =D0/8 0.062 U3=u02+U0U0/8 0.937

S O------- > S S [ JR—— >

D4 =D0/16 0.030 U4=U3+U0/16 0.969
<----g----> <----g---->

D5 =D0/32 0.016 U5=U4+U0/32 0.983

<g> <g>
D6 =D0/64  0.008 U6=U5+U0/64 0.992

o o

We studied the frequency distribution of hair selenium (H-Se) median derivatives to assess the selenium nutritional status.
First, we assess the median (MO) hair selenium concentration of our subject population. By definition, one half of the studied popula-
tion was above the median (upward median branch, U0), and the other half was below the median (downward median branch, DO0).
Hence, the population size (PS) for MO0 is the sum of the respective upward and downward median branches around the central inflec-
tion "hinge" MO, i.e., PS=U0+ D0 = 0.5 + 0.5 = 1.0. Both the respective upward and downward median branches can be further divided
in the same “median of median” way into a series of sequential median derivatives (U0,1,2,3,...,n—1, n and D0,1,2,3,...,n—1, n). For eve-
ry median derivative of the population, the actual hair selenium concentration can be identified. Thus, instead of mechanically throw-
ing the preconceived percentile grid upon the observed data, we inferred the median derivative grid out from the data set itself
(Smylevich, Dougherty, 2002).
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PE3KOME. Ceren (Se) sBiserTcss Ba)KHBIM MHKPOJJIEMEHTOM B MMUTAHUH YejioBeKa. 1[ebio JaHHOTO HCCIeI0Ba-
HUSI OBLIO OIICHUTH AJTMMEHTAPHYI0 00ECIICUCHHOCTh CEJICHOM ITyTEeM aHaJIM3a YaCTOTHOTO PACIPEICICHUs COACPIKAHUS
CeJIeHa B MHIUKATOPHBIX OWMOJIOTHYECKHX oOpasiiax — JoirocpodHoMm (Bojockl, H-Se) m kpaTkocpodHom (IiebHAS
kpoBb, WB-Se). Cenen B Bojyiocax npoananuzuposat y 1073 npakTudeckn 3710pOBBIX B3pOCIbIX XOpBaToB: 339 MyX4uH
(&) u 734 xenmun (Q); ceneH B HENbHOM KPOBU IPOAHAIM3UPOBAH B ClyuyaiiHOH moaBbibopke u3 91 MyxuuH u 143
skeHmmH. O06pasnbl ananusuposainu merogoM MCIT-MC B Ilentpe 6notndeckoin meaunmnabl (Mocksa, Poccus). B pe-
3yJbTaTe HE BBISBICHO 3HAYMMBIX ITOJIOBBIX PA3IMYHA B aJlCKBATHOM JITHEWHOM pe)epeHTHOM AHUANa30He COIACPKAHUS
Se, koTopsrit coctaBui it H-Se 0,078—0,701 mkr/t, a st WB-Se 0,120-0,200 mkr/r. Konnentparnums H-Se vrmxe 0,078
MKr/T 1 WB-Se amxe 0,120 Mkr/r yka3piBaeT Ha Ae(UIUT ceneHa. PacyeTHble BEpXHHE a/IeKBAaTHBIE PEIEIIbl COIepkKa-
Hus cenena ms H-Se u WB-Se ycranosnens! Ha ypoBasax 0,701 u 0,200 MKr/T cooTBeTcTBeHHO. [Ipenmonaraercs, 9To
JIMHEHHBIA CETMEHT NMOCTPOCHHON CUTMOBUHOW KPUBOM JIOTUCTUUECKOTO pactipeneneHust H-Se oTpaxaer agekBaTHbIN
JIMara3oH MOCTYIUICHHUs Se. DTOT CerMeHT aJIcKBaTHOTO MoTpeOyieHus Se caM 1Mo cebe MOKeT OBITh pa3zeiicH MPOICHT-
HEIM cooTHommeHneM 60:30:10 Ha ckyaHO-amexBatHbi (@ 0,078-0,405, & 0,174-0,474), aneKBaTHEIA (ONTHMAIbLHEIH)
(? 0,405-0,573, & 0,474-0,608) u obumbHO-agexBaTHEI (@ 0,573-0,623, & 0,608-0,709) cermenThl. DTH pedepeHT-
HBbI€ JaHHBIE O J103aX HEOOXOAWMBI ISl MOHUTOPHHIrA MOCTYIJIEHUS Se ¢ MUTaHWeM M IMpHeMa CEJIeHOCOAep KalluX
npenaparoB. HenHBazuBHas oneHka cratyca Se 0cOO€HHO BaKHA IPH PabdOTe C TAKUMH IPYIIIAMU HACeNIeHHs, Kak Oe-
PEMCHHBIC U KOPMSIIUE JKEHINUHBI, a TaK)Ke TPYIHbIC IeTH. broaHann3 MeIWaHHBIX MPOU3BOJHBIX MPEICTABISET CO-
00i1 HOBBIH 1OJIX0/1 B OOLIIECTBEHHOM 3/IpaBOOXPAaHEHUH JJIsl IPUMEHEHHS B 00LIeH MEAUIIMHCKOW TIPaKTHKE.

KAKOYEBBIE CAOBA: ceneH, BOJIOCHI, LIEBHAS KPOBb, AJJTUMEHTAPHAS 00€CIIEUeHHOCTS.
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PART Il: INDUSTRIAL WASTES AND AQUATIC HAZARDS
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ABSTRACT. It is a well-known fact that human beings are in the process of rapidly modernizing the world by uti-
lizing various natural resources at an unprecedented speed. The accomplishment can initially be mistaken as human’s
great achievement, but during the course of this swift development, we have been adding extra pressure on the envi-
ronment, especially by disposing the harmful chemicals of industry. Secondly, we humans are also overly using the lim-
ited sources of nature, which is resulting in its depletion, eventually interrupting the natural cycle. Metals are the indis-
pensable raw material for constructing infrastructures and for producing electronic products. However, extracting these
metals from their corresponding ores can inflict serious consequences if no precautions are taken. Similarly, the ever-
changing fashion industry has exponentially raised the demand for cotton, which has eventually encouraged people to
exploit the natural resources like water even more, resulting in climate change and even drying up of the whole sea in
some cases. These activities also impose a formidable threat to the environment we live in and even can lead to the end
of human existence. Due to human’s carelessness, the concentration of harmful chemicals in water, soil, and the air is
already far higher than the permissible upper limit in many regions. These unacceptable higher levels of these harmful
chemicals directly affect the health of not only human beings but all the living organisms living on the Earth. If the pro-

cess is not curbed on time, we humans, with other wildlife and innocent organisms are bound to pay a hefty price.

KEYWORDS: pollution, cotton, dye, thallium, aluminium, arsenic, mercury, tin, lead.

INTRODUCTION

At the first look, it seems as if human industri-
alization has made a great stride in past centuries, as
we’re able to extract metals required to power up our
modern world. But another facet of modernization
greatly goes snubbed. The same process, on the oth-
er hand, is also responsible for polluting the envi-
ronment, since a lot of toxic metals are released back
into the environment during the procedure.

The second problem is the vogue of the 21* cen-
tury, related to the fashion industry. The ever-lasting
fashion change has increased the demand for corre-
sponding resources like clothes, which adds a toll on
the environment by increasing the use of freshwater
in cotton. The dye is another culprit because its by-
products are released directly into the river without
proper treatment. The toxic elements, released with it
have dreaded effects on the environment.

* Corresponding author:
Galchenko Alexey Vladimirovich
E-mail: gav.jina@gmail.com

CONTEMPORARY INDUSTRIALIZATION

Now let’s see how the fashion industry has in-
curred a catastrophe to the environment. There is psy-
chological pressure in the modern world that compels
everyone to keep up with the latest fashion trends.
The trend is furthermore fueled by advertisements
and rapid economic growth, which has enabled peo-
ple to spend even more money. The economic growth
and people’s ability to spend form a vicious cycle, in-
tensifying each other where the feeling of flamboy-
ance surpasses the feeling of necessity.

Now, the fashion industry has already held the
title of one of the most polluting industries in the
world. Almost everyone is aware of its tremendous
negative impacts on the environment. A regular need
to update the wardrobe for being in trend has made
the bad situation even worse. A mass fashion cam-
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paign, performed by famous bloggers on social net-
working sites also puts their followers under pres-
sure to copy their outfits. A failure to address such
problems in their preliminary state could lead to ir-
reversible damage to the environment in the near fu-
ture. So, let's dig into this rabbit hole of the common
polluter of the environment.

METALLURGICAL PROCESSES
AND INDUSTRIAL PLANTS

Thallium is an extremely toxic metal (Liu et al.,
2019a). It is used in the production of electronics,
semiconductors, solar cells and in metallurgical pro-
cesses as a catalyst (ATSDR, 1992). Thallium can be
released into the environment from coal-fired power
plants, cement plants, metal smelters, chemical plants
and mining plants (for example, pyrite mining)
(Campanella et al., 2016; ATSDR, 1992).

In the recycling plants and e-waste disposal ar-
eas in India, thallium levels in the air are about 20
times higher than usual (Ha et al., 2009). Similarly,
it is widely accepted that China is the world leader
in terms of copper production. Wang et al. conduct-
ed a study of the bottom of a lake located near a
copper smelter in China and found that the lake had
been subject to severe thallium pollution over the
past 60 years. This may be due to the discharge of
waste from the copper smelter, which contains thal-
lium (Wang et al., 2019).

Another source of environmental pollution in
China is the steel industry. In the area of the steel
plant in Guangdong Province, in China, the thallium
content in the river silt was 3-7 times higher than the
maximum level (Liu et al., 2019). A Series of out-
breaks of local pollution has been recorded in China,
one of the reasons for which is also considered to be
the metallurgical industry (Liu et al., 2018). In Gui-
zhou Province, levels of thallium in the environment
have also been found, which exceed the average
background values in soils by about 40 times (and
the maximum value is 130 times). This level of pol-
lution is recognized as high (Jiang et al., 2019).

In Tuscany (Italy), increased content of thalli-
um in groundwater was found. The source of pollu-
tion was found to be thallium-bearing ores in aban-
doned pyrite mining sites. Thallium levels in the
urine and hair of the residents of this area correlated
with the concentration of tap water (Campanella et
al., 2016).

Marine thallium pollution is supported by a
study in Indonesia, where elevated thallium concen-
trations were found in the skeleton of coral reefs

near gold mining areas (Edinger et al., 2008). In the
Polish city of Katowice, the maximum concentration
of thallium in the air was exceeded by 660 times.
This has been attributed to industrial dust and fumes
(Karbowska, 2016).

Earth’s crust consists of plenty of aluminium. It
has found wide application in human activities: cans
for drinks, dishes, foil, aeroplanes, cars, building
materials, and fireworks. It is also used in medicine
(antacids), industry (AICl; as a catalyst) and water
purification. It is included in pesticides, cosmetics
and antiperspirants (ATSDR, 2008).

Elevated levels of aluminium in the environment
can be associated with mining (including coastal) and
processing of minerals, and the production of its al-
loys and compounds. Small quantities are emitted into
the atmosphere from coal-fired power plants and in-
cinerators. These actions can increase the concentra-
tion of aluminium in coastal waters, rivers and soil
(ATSDR, 2008; Gillmore et al., 2016).

The aluminium level in the coastal waters of the
United States (Florida Bay) was 0.8-16.7 ug/L (Cac-
cia, Millero, 2003); in Australia — 1.3-5 ug/L with a
concentration of 83 pg/L in industrial ports (Angel et
al., 2012; Angel et al., 2016); in the UK - 1.4-2 pg/L
(Upadhyay, 2008; Upadhyay, 2012). At the same
time, the level of aluminium in the open ocean does
not exceed 0.68 ug/L (Angel et al., 2016).

The highest levels of aluminium in wastewater
have been found in areas where batteries and auto-
mobiles are manufactured. In all cases, levels ex-
ceeded the permitted level (Iloms et al., 2020).

In Bangladesh, a survey revealed an exception-
ally increased level of aluminium in the rivers in the
vicinity of Dhaka (capital of Bangladesh), and in ur-
banized and industrial areas. This confirms reports
that industrial wastewater is discharged into the en-
vironment without pretreatment and treatment. At
the same time, an increased amount of aluminium
can spread downstream, polluting relatively ecologi-
cally clean areas (Rampley et al., 2019).

Arsenic is naturally widespread in the earth's
crust but is toxic to humans and the environment. Its
increasing level in the environment should be an ur-
gent issue to be addressed. Most of it is released dur-
ing the processing of ores containing lead, cobalt,
gold or copper, where arsenic is a by-product. Thus,
it enters the environment in the form of fine dust in
the flue gases of the metallurgical industry or during
the incineration of municipal waste (ATSDR, 2007).
Arsenic compounds are widely used in human ac-
tivities: they are used as antimicrobial additives in
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animal and bird feed; herbicides, insecticides, pesti-
cides (mainly for cotton); components of alloys (for
example, in batteries for cars), semiconductors and
solar cells (ATSDR, 2007; Jarup, 2003).

Meshalkina's study noted that 5% of soil sam-
ples contain arsenic concentrations to a dangerous
level near a sulfuric acid plant (Meshalkina, 1996).
Similarly, Manay et al. did an analysis of the data
and revealed that arsenic pollution in Uruguay is a
serious problem. This is associated with the fact that
the concentration of arsenic in the main water
sources exceeded the permissible level set by the
WHO (Mafiay et al., 2019). Arsenic pollution is also
common in other Latin American countries, especial-
ly Chile, Mexico, and Argentina (Bundschuh et al.,
2012). In Brazil, there is a high concentration of arse-
nic in water (exceeds WHO standards by 5-290
times) and soils. Local fish and seafood are contami-
nated with this element and may pose a risk to human
health (Baeyens et al., 2019; De Souza et al., 2018).

Groundwater pollution with this element is also
an acute problem in Nepal (Terai region), where
23% of the sources had arsenic levels higher than the
WHO recommendations (10 pg/L), and 5% of them
had a level higher than the internal norms of Nepal
(5 times higher, than WHO) (Shrestha and Maskey,
2002; Shrestha et al., 2003). In Bangladesh and West
Bengal, detected arsenic concentrations in drinking
water exceeded the permissible 50 pg/L in 59% and
34% of samples, respectively. It is noteworthy that
in 8.7% of cases in Bangladesh and 0.9% in West
Bengal, the values were 10 times or more exceeded
(Chowdhury et al., 2000). A number of studies con-
firm the seriousness of the arsenic pollution problem
in Bangladesh (Islam et al., 2018). In Pakistan, 73%
of groundwater samples have arsenic levels that are
10 times the WHO limit (Shahid et al., 2018). It is
also well-known that in the southern part of Thai-
land (Wattanasen et al., 2006), India (Chakraborti et
al., 2018) and 19 provinces of China, the amount of
arsenic in the environment exceeds the permissible
limits by tens of times (Jia et al., 2018). The same is
the case in the United States, where the area of
abandoned mines had more than 100 pg/L of arsenic
(Foust et al., 2004).

In Nigeria, the accumulation of arsenic in corn,
peanuts, and spinach leaves in the area of waste
dumps was noted (Opaluwa et al., 2012). It has been
known that arsenic is able to be accumulated in rice,
provided that its soil concentration is high (Williams
et al., 2007; Awasthi et al., 2017). An important way
of spreading arsenic is the ingress of dust with its

content into the air and its subsequent precipitation
with rain. For example, in Australia, it was found
that the concentration of arsenic in rainwater is 3-55
times higher than the allowable amount (Chubaka et
al., 2018). The level of arsenic in the air over Europe
tends to decrease, but the values are still 2-3 times
higher than the permissible levels (Jitik et al., 2016).
In a study in India, it was noted that human intoxica-
tion with arsenic increased with an increase in the
frequency of fish consumption by the subjects. It is
to be remarked that India is a highly arsenic-polluted
region (Jose and Ray, 2018).

Mercury is used in industry and medicine (dental
fillings, thermometers), which puts people working in
these fields and those with amalgam fillings at a higher
risk of mercury toxicity (Jarup, 2003). The main food
sources of mercury are fish and seafood (they predom-
inantly contain methylmercury). It is also found in rice,
green vegetables, and mushrooms (Zahir et al., 2005).
It is noted that plants accumulate heavy metals, includ-
ing mercury, when growing on soil that is poor in es-
sential micronutrients (Gothberg et al., 2004). Mercury
is also found in algae, especially when it comes to the
market from the sea waters around Portugal and Spain
(Bay of Biscay) (Paz et al., 2019).

In a study of Jose and Ray (2018), the concen-
tration of mercury in the blood of vegetarians (0.66 +
0.33 mg/L) was significantly lower than that of ad-
herents of a mixed diet (2.12 £ 1.31 mg/L). The au-
thors noted that the concentration of mercury in the
blood increased with the increase in the frequency of
fish consumption by the subjects (since the level of
mercury is significantly associated with the presence
of fish and seafood in the diet) (Kim et al., 2016).

COTTON

The garment industries frequently choose cotton
as the first choice of their raw material for their manu-
facturing process. But the cotton cultivating proce-
dure is quite resource-intensive and requires a lot of
water and chemicals. According to the study done by
Glynis Sweeny, cotton covers only 2.4% of the total
cropland but consumes 10% of the agricultural chem-
icals and insecticides (Sweeny, 2015). China, as in
other industries, is the leader in the cotton-producing
industry. Other countries like India, the USA, Uzbek-
istan, Brazil and Pakistan also produce cotton, follow-
ing just behind China. It is clear that cotton has seen
its market in every corner of the world.

Uzbekistan holds the title of the 6™ largest cot-
ton producer in the world. The record has cost Uz-
bekistan a huge price in terms of the environment
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and now serves as a perfect example on how cotton
production could degrade the surroundings (Aliyeva,
2018). For irrigation purposes, the two central Asian
rivers — “Amu Darya” and “Syr Darya” were divert-
ed from the Aral Sea. These rivers provided the nec-

essary water for producing cotton in Uzbekistan and
Turkmenistan. In the process of irrigating cotton
plants, the Aral Sea is now left with only 10% of its
original volume of water in just 50 years (Map of the
dynamics of the Aral Sea from 1960 to 2015, 2018).

Image 2. Citarum River. A villager navigating his way through heavily dye-polluted water
(Ksumadireza, 2018)
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The decreased water level put forward a number
of consequences and made the local inhabitants wary.
One of the consequences is that the fertilizers and
pesticides used in the crop field began to contaminate
the sea and oversalinated it. One of the unprecedented
ramifications of the decreased water level of the Aral
Sea is a dramatic change in the climate. Each year,
the residents have been noticing extreme temperatures
in the summer and winter seasons because the de-
creased water level of the lake couldn’t counterbal-
ance the extremities (Sakiev et al., 2015).

DYES

Dyes are manufactured and used almost every-
where, but Indonesia is probably most seriously hit
by its dye industry, especially the Citarum River.
Since all the textile companies dump their byprod-
ucts directly into the river, the Citraum River has
become one of the most polluted rivers in the world
(Tarahita and Rakhmat, 2018). With the polluted
river, the lives of almost 5 million people living near
the river bank are at risk. Similarly, animals also
consume the same contaminated water, which is
threatening wildlife. Initially, the weak regulations
allowed the manufacturers to dump their wastes into
the river because nobody thought about the deep ef-
fect it could have in the future (Handbook of Textile
Effluent Remediation, 2018).

A test result of a sample of water from the pol-
luted river revealed a disheartening result. It was full
of nonylphenol which could easily kill all the aquat-
ic forms of life. The water was described as highly
caustic and could deteriorate aquatic life and even
could burn human skin (Soares et al., 2008).

Nonylphenol is found not only in the Citarum
River but also in various household things like oil ad-
ditives, dish and laundry detergents. Nonylphenol
consists of a group of organic compounds which is al-
so used in the antioxidant manufacturing process.
They are especially more toxic to aquatic organisms
due to their bioaccumulative property (National Center
for Biotechnology Information. PubChem Database,
2020). If the chemical is used in the garment industry,
it can cling to the clothes even after a few washes and
keep on harming human health till it has been com-
pletely removed. That’s why the European Union has
prohibited nonylphenol ethoxylates containing gar-
ment products into its territory (Government Chemist
and Environment Agency, 2015).

Another element that is used to make the dye is
tin. Its organic compound is mainly used for anti-
fouling paint for ships, but, besides it, it is also a key

constituent of cans, aerosol cans, and toothpaste and
is present in many alloys and materials, and in the
glass industry (ATSDR, 2005). Its concentration in
the environment increases during extraction, pro-
cessing and recycling. They can also be decomposed
by bacteria and sunlight, releasing inorganic tin into
the environment (ATSDR, 2005). The tin derivatives
were widely used in the 1960s-1980s as antifouling
paints for ships and its consequences can still be in
the skeleton of a coral (Micronesia) (Inoue et al.,
2004). Similarly, it was found that there was a toxic
effect on shell formation and growth of oysters and
molluscs due to the accumulation of organic tin de-
rivatives in them (Diaz et al., 2007; Tang et al.,
2010; Sebesvari et al., 2005). The concentration of
tin in the soil in a national park in Spain is 14 times
higher than the background average. The reason for
this may be human activity due to uncontrolled soil
fertilization and diffuse environmental pollution
(Jiménez-Ballesta et al., 2016). In Germany, this dif-
ference was 3-22 times (Rinklebe et al., 2019).

Lead is also the next toxic component of the
paint and pigments. Other felids, where lead can be
used are rechargeable batteries, pesticides, plumb-
ing, cosmetics and military products (ATSDR,
2019). An important derivative of lead, that pollutes
the environment is tetraethyl lead, which is produced
as exhaust gases when using leaded gasoline (Skalny
and Rudakov, 2004). Major environmental hazards
are posed by large landfills, including those contain-
ing lead, in countries such as Tanzania, Kenya, Sen-
egal, Nigeria, Indonesia, Philippines, India and Paki-
stan (Blacksmith Institute, 2010). A study in Hong
Kong found that average lead concentrations in soil
and grass near highways are 991 pg/g and 134 pg/g,
respectively. The level of pollution along the car-
riageway was proportional to the amount of traffic
on these roads (Ho and Tai, 1988).

A similar pattern was observed in Bangladesh
(Naser et al., 2012). China also suffered from excessive
amounts of lead, especially in economic zones such as
Shanghai and Guangzhou (Duan et al., 2016). In the
same way, In Nigeria, the concentration of lead in agri-
cultural soils in some states exceeded acceptable levels.
The highest levels of this element were found in rice
and local pears (Orisakwe et al., 2012). Lead in spices
(such as chilli peppers, nutmeg, and some typical local
spices) was 8 to 30 times higher than acceptable limits
(Asomugha et al., 2016). It is noteworthy that the con-
centration of lead is higher in areas involved in oil pro-
duction, which is reflected in its accumulation in plan-
tains and cassava (Alum et al., 2014). Similarly, a high
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concentration of this heavy metal was found in the
Turag River, along the banks, where metallurgical, tex-
tile, pharmaceutical and food industries were promi-
nent (Aktar and Moonajilin, 2017).

CONCLUSION

In short, the process of extracting the metals
from their corresponding ores should be on par with
high standards of safety, else the pre-existing niche
of high toxic areas can spread its territory, leading to
the ultimate fatality to human beings. The legislation
should enforce the proper regulation of these indus-
tries. On the other hand, each one of us can also play
a vital role in controlling pollution. For instance, it is
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SKOAOTNHECKUE MOCAEACTBUA

YEAOBEYECKOM BE3OTBETCTBEHHOCTU
YACTD II: MTPOMbBILWAEHHBIE OTXOAbI U ¥YTPO3bl BOAOEMAM
U BOAOTOKAM

PaHAXMT Paasxew’, A.B. TaAb4eHKO?

' Poccuiickuii yrusepcuret apysk6n1 Hapogos (PYIH),
yi1. Mukinyxo-Maxkias, 6, Mocksa, Poccuiickas @enepanus, 117198

2 ®ULI [Nutanus, GHOTEXHOJIOTHH M 6€30IACHOCTH MHILH,
YcreuHCKMiA ipoe3n, oM 2/14, MockBa, Poccuiickas ®eneparust, 109204

PE3IOME. Xoporio u3BeCcTHO, YTO JOAN HAXOASATCS B MPOLEcce OBICTPOI MOAEPHU3ALMH MUPA, MCIIONIb3Ys Pa3-
JIMYHbIE TIPUPOIHBIC PECYPCHI ¢ OECIPELEIEHTHON CKOPOCThIO. IIoHAYaly 3TO JOCTHXKEHHE MOXKET OBITh OLIMOOYHO
MPHHSITO 32 BEJIMKOE JOCTIKCHUE YEIOBEKA, HO B XO/E 9TOT0 CTPEMHTENBHOIO Pa3BUTHS MBI OKa3bIBAIIH AOMOITHHUTEIb-
HOE [aBJICHHE HA OKPY)KAIOIIYIO CpPedy, OCOOCHHO 3a CUET YTHIIM3ALMH BPEIHBIX HPOMBIIUICHHBIX XHMMHKATOB. Bo-
BTOPBIX, MBI, JIFOAHU, TAKXKE YPE3MEPHO HCIIOIB3yeM OIPaHMYCHHBIC HCTOYHUKH MIPUPOJIBI, YTO MPHBOIUT K €€ HCTOLIC-
HUIO, B KOHEYHOM HUTOTEC MpECphIBas €CTECTBEHHBIN UKII. MerTaibl SBJISIOTCS HE3aMEHUMbBIM ChIPbEM JId CTPOUTCIIb-
CTBa MH(PACTPYKTYPHI M MPOU3BOJICTBA DIICKTPOHHBIX MPOAYKTOB. ONHAKO M3BJICUYCHUE METAIIOB U3 COOTBETCTBYIO-
IIMX Pyl MOJKET MPUBECTH K CEPHE3HBIM MOCIIEICTBHAM, €CIIM He OyIyT MPUHSATHI MEPBI IIPEIOCTOPOKHOCTU. TOYHO Tak
e MOCTOSIHHO MEHSIOIIAsICS HHAYCTPHUSI MOJIbI SKCIIOHEHIIMATBEHO MOBBICHIIA CIIPOC HA XJIOMOK, YTO B KOHEYHOM HUTOTE
noOyIIIIO JIFoMeH ele GOJbIe KCIUTyaTHPOBaTh NPHUPOAHBIE PECYPChI, TAKHE KAaK BOJAA, YTO MPUBEIO K W3MEHEHHIO
KIMMaTa M JaXe B HEKOTOPBIX CIIy4asx K BBICHIXAHHIO BCETO MOpPS. DTH ACHCTBHUS TAaK)Ke MPEICTABISIOT OIPOMHYIO
yIpo3y ISl OKPYXKAIOLIEH Cpebl, B KOTOPOI MBI )KUBEM, M YEIOBEYECKOTO CYIIECTBOBaHUsL. 3-3a HCBHUMATEIBHOCTH
YEI0BeKa KOHLCHTPALMSA BPSAHBIX XUMHIECKHAX BELIECTB B BOJIE, I0YBE M BO3MyXE BO MHOTHX PETHOHAX YK€ HAMHOTO
[PEBBIIIACT AOIYCTUMBINA BepXHH npeen. HepomycTHMO BEICOKHE YPOBHH BPEIHBIX XMMHYECKUX BEIICCTB HAMPSIMYIO
BIUSIIOT Ha 30POBBE HE TOJIBKO JIIOZCH, HO W BCEX JKMBBIX OPraHM3MOB, XUBYLIMX Ha 3emite. Ecimu 3ToT mpouecc He
OCTAQHOBHUTH BOBPEMsI, MBI, JIFOJM, BMECTE C IUKHMH JKUBOTHBIMUA W HEBHHHBIMU OPraHM3MaMK OyIeM BBIHYKICHBI 3a-
IJIATUTH OTPOMHYIO [IEHY.

KAKOYEBBIE CAOBA: 3arpsi3HeHne, XJIOMOK, KPACKH, TAIUTHM, ATFOMUHIMA, MBIIIBSK, PTYTh, OJIOBO, CBHHEI.
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MPOBAEMHAS CTATbA

COAEP)XAHUE KPEMHUA

B BUOAOTUHECKUX CYBCTPATAX YEAOBEKA U XKUBOTHbIX
(OB3OP AUTEPATYPbI)

H.A. EropoBa’, P.U. MuxaiaoBa’, U.H. PbixxoBa’, I A. Mopo3oBa?, M.l KoyeTkoBa!

L®I'BY «lleHTp CcTpaTernyecKoro MIaHUPOBAaHHUs M YIIPABJIEHHUS MEIUKO-OMOIOrMIECKUMH PUCKAMH 310POBBIO»
®OMPBA Poccun, yn. [Torogunackas 1. 10c1, 119121, Mocksa, Poccust

2@I'BY «Hayuno-knuuudeckuil uentp tokcukosorud um. C.H. Tonukosa» ®MBA Poccun,
yi. Bextepesa, 1. 1, 192019, Cankr-IlerepOypr, Poccnst

PE3IOME. IIpescraBieH OQuH U3 aClEKTOB MPOOIEMbI GHOJIOTHIECKON PO KPEMHHSI — €r0 COOCP)KaHHE B Op-
raHu3Me uyesioBeka U KHUBOTHBIX. Jlo 1970-x rr. kpeMHMI paccMaTpUBaNIN Kak MHEPTHBIN YHUBEPCANbHBIA TPaH3UTHBIN
3arpsA3HUTENb 0€3 KaKUX-THOO OIpPEAEIEHHBIX OMOJOTHYECKUX CBOMCTB, «CIIy4allHOE€ HAIIOMUHAHUE O HAIIEM I'€OXH-
MHYECKOM MPOMCXOXKICHUH WM TOKA3aTelb BO3AEHCTBHUS Ha OKPY’KaloOIIyto cpexy». Ilo3nHee cTanm oOpamarh BHH-

MaHHE Ha TOT (aKT, YTO KPEMHHHA — TpeThii (1ocie PU3HONIOTHIECKH 3HAYNMEBIX JKeJle3a W WHKA) TI0 PacIpoCTpaHeH-
HOCTH B OpTaHM3ME UYeJIOBEKa MUKPORJIEMEHT, YTO CHOCOOCTBOBAIO MPOBEIACHHUIO AATbHEHIINX NCCIEIOBAHUN €ro COo-
JIep’KaHMsl B OT/IENBHBIX OpraHax M TKaHsX. B o03ope coOpanbl 1aHHBIE 00 00LIEM KOJIMYECTBE KPEMHUS B OpraHH3Me
YeJI0BeKa U )KUBOTHBIX, CBEJICHUS O €T0 MPOLEHTHOM COJIEPKAHNM B HEKOTOPHIX BHYTPECHHUX OpraHax 4ejoBeKa, KOH-
LEHTPAUIX B KOXKE, HOTTAX, BOJIOCAX, 3yOHOI 3Maiy, MEXIO3BOHOYHBIX JHCKAX, TKAHAX MOJIOYHBIX JKEJE3, B CHIBO-
POTKe, IIa3Me M HeJbHOM KpOBH, 00pa3nax »KeindH, HaHKPeaTHYECKOro COKa, CIIMHHOMO3TOBOM, IUIEBPAJIbHOM, MepH-
TOHEAIbHOM, CHHOBUAJILHOM ¥ aMHMOTHYECKON >KMIKOCTEN U B Mode. IIpencraBieHsl pe3ynbTaTsl U3y4eHUsT HATUYUA
KPEMHUsI B TaKMX OMOJIOTMYECKHX CyOCTparax >KHBOTHBIX, KaK CHIBOPOTKA KPOBH, TKaHH Pa3HBIX OTJEJIOB TOJCTOTO
KHIIEYHUKA, MBIIICUYHbIC TKaHH, KOCTH, KOXa, BHyTPEHHHE OpraHbl — NeYeHb, TIOYKH, CEp/LE, JIErKHUe, Tpaxes, MHIe-
BOJI, MO3T, CYOKJICTOUHbIE (DpaKIMW MEYEHH, BKIIOYAs sSApa, MUTOXOHAPHUH U MUKpOCOMBL. OOpalieHo BHUMaHUE Ha
BO3MOXKHOCTH BIIMSTHHSI BO3PACTa U TI0JIa HA YPOBHU KPEMHHUS B OpraHax U OMOJIOTMYECKUX KUAKOCTAX YEIOBEKA M XKH-
BOTHBIX. OTMEYEHO, YTO B OOJBLIMHCTBE HUCCIIEIOBAaHUN COJIEp KaHHS KPEMHHUSI B OHONIOTHUECKHX CYOCTpaTax MCIIOIb-
30BaHbl ATOMHO-20COPOIIMOHHBIE 1 ATOMHO-IMHUCCHOHHBIE METO/bI aHalu3a. J[aHHbBIE O MPHUCYTCTBUU KPEMHUS B pa3-
HBIX 4acTsAX OpraHU3Ma 4YelOBEKa HE BCET/la MOJIHOCTHIO COBMAIAIOT U HE BCETa HEMOCPEACTBEHHO CONOCTABUMBI, OI-
HaKO XOpPOIIO WJUTIOCTPHPYIOT AWHAMHU3M B3aMMOJEHCTBUS KPEMHHUSI C OMOJIOTHYECKUMH CcyOCTpaTtamMM, CIOCOOCTBYS
OTBETY Ha BOIPOC — SIBJSIETCSI JTM KPEMHHH MUKPOAJIEMEHTOM M UCTUHHO 3CCEHIMAIBEHBIM JIEMEHTOM JUIS YeJIOBEKa.

KAKOYEBBIE CAOBA: kpemuuii, MUKpO3JIEMEHTEI, OUONOTMYECKHE CYyOCTPAThl, aTOMHO-aOCOPOLMOHHBIE M
aTOMHO-OMHCCHOHHBIE METO/IBI AHAIN3A.

BBEAEHUE

pacpoCTpaHCHHOCTU B OpraHU3ME Y€JIOBCKa MHK-

Ho 1970-x rr. kpemHwuii (Si) He paccMaTpUBaIH
Kak OHOJIOTHYECKH 3HAYMMBIH sjeMeHT. [lonroe
BpEMSI CUMTAJIOCh, YTO KPEMHUIl — MHEPTHBIA YHU-
BEepCATBHBIA TPAH3UTHBIA 3arpS3HUTEND 0€3 KaKHMX-
00  ompeneNeHHBIX OHOJOTHYECKHUX CBOWCTB,
«cnyyailHOe HAllOMUHAHHME O HaIleM TeOXUMUYe-
CKOM TMPOUCXOXJICHUY WU TIOKA3aTeb BO3ICHCTBUS
Ha okpyxkaroniyto cpexay» (Nielsen, 1991; Jug-
daohsingh, 2007). Ilo3gHee cramm oOpamiaTh BHH-
MaHHe Ha TOT (akT, 9YTO KpEeMHUU — TpeTuil (mocie
(bm3noIOTHYEeCKN 3HAYMMBIX JKelle3a W I[UHKA) 110

* AAPEC AAS MepenncKu:
EropoBa HaTaAns AAeKCaHAPOBHA
E-mail: NEgorova@cspmz.ru

poanement (Jugdaohsingh, 2007; Ziota-Frankowska
et al., 2017; Mokwuenko, 2020), XOTSI OLIEHKUA CPEJI-
HETO COJIEPKaHUsI KPEMHHsSI B OpraHU3Me YelloBeKa y
pa3HBIX aBTOPOB HECKOJBKO pazivyaiuch: 1-2 1
(Jugdaohsing, 2007), n-10°% (Konecnukos, 2001;
Moxkuenko, 2020), 140-700 Mr y ueigoBeka Maccoit
70 xr (BanupoB u ap., 2017), 1-10 mr/kr (Ziota-
Frankowska et al., 2017). Kpemuuii npomomkaer
BBI3bIBATh HE CHIKAIOUIMICS HHTEPEC YYCHBIX B
CBSI3U C OCTAIOIIUMCS OTKPBITBIM BOIPOCOM O €ro
3CCEHIMATIBHOCTH M OMOJIOTUYECKOW POJIH B JKUBBIX
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cucrteMax. HakamnuBaroTcs CBEJICHUS O TMPHUCYT-
CTBUM KPEMHHS TPAKTUYCCKH BO BCEX OpraHax, TKa-
HSIX U OMOJOTMYECKUX KHAKOCTSIX YEIOBEKA U KH-
BOTHBIX, HOHerHHH}OHII/Ie MHCHHC O TOM, 4YTO CO-
JEpIKAIUIACA BO BCEX OPraHM3MEHHBIX CHCTEMax
3JIEMEHT HE MOXKET HE MIPaTh OIHY M3 BaKHBIX PO-
Jel B oOecreveHHH ONTUMABHOTO (DYHKIIMOHHPO-
BaHUS BCEX CHUCTeM opraHusMa B 1enoMm (Jug-
daohsingh, 2007; Moxkuenko, 2020).

COAEPXAHUE KPEMHUSA B OPTAHAX,
TKAHAX U BUOAOTNYECKUX
XUAKOCTAX HEAOBEKA

Ilo manueM, npuBeneHHbIM M.II. KonecHuko-
BbIM B 2001 r., «KpeMHHIA COAEPKUTCS B THIO(H3E
(3,8:102%), B TBep0ii MO3rOBOI 060I0OUKE U B be-
JoM BemecTBe rojoBHOTo Mosra (5,3:10°%), B
CIMTHHOMO3TOBOM JKHAKOCTH, B XPyCTaJHKe Ta3a u
IIUTOBUAHON *kene3e (1,9 10"2%), a TaK)Xe B TKAHIX
MOYEeK, Cepla U APYyTrux opraHoB. B cTeHkax apre-
puil y HOBOPOXIAEHHBIX O6HapyxkeHo 7,3-107%
kpemuus» (Konecuuxos, 2001).

B Gomnee mo3aHUX IMyOIUKAITUSAX TTOTICPKABACT-
Csl, YTO KPEMHUI BXOJUT B COCTaB KOJIJIareHa, OCHOB-
HOro Oenka COeNWHHUTENbHOW TKAaHW XHBBIX Opra-
HU3MOB, BKJItOYas denoBeka. HanbonbmmMm conepixa-
HUEM KPEMHHS OTJIMYAIOTCS COCTUHUTEIBLHBIE TKaHU
Tpaxeu, aopThl, TUMQPATHUCCKUE Y3IIbI, KEIIE3HI, JIeT-
KHe, CYXOXXWIHSA, TJaJKAe MBIl KeITyI0THO-
KHWIIIEYHOTO TpaKTa, Koka denoBeka (49,5 MKr/T),
XpyCTaJIMK TJa3a, KOCTH, HOTrTH (26,12 MKr/T), BOJIO-
cbl (42 MKI/T), 3yOHast amManb (242 MI/Kr cyxoi mac-
cel) (BanmpoB u np., 2017; Mokuenko, 2020; Ron-
danelli et al., 2021; Churadze et al., 2021).

B 30 oOpasmax MeXI03BOHOYHBIX IHUCKOB, yaa-
JIEHHBIX Y 22 MalMeHTOB, ONEPUPOBAHHBIX MO TTOBOJTY
JIeTeHEepaTUBHBIX 3a00JIeBaHU TTO3BOHOYHHUKA, KOH-
LICHTpAIMY KpEMHUs ObLIH Ha ypoBHE 5,37—12,8 MKr/T
(7,82+1,76 MKr/T). Y >KeHIIUH MUHMMAIbHAS KOHIICH-
Tpalys KpeMHHsI B TKaHU JTUCKa cocTaBuia 5,37 MKI/T
(marmenTka 42 jer), MakcuManbHas — 10,7 Mir/T (1a-
IMeHTKA 28 JIeT), y My>XYHMH MHUHHMAaJIbHOE KOJIHYe-
CTBO 3TOT'0 DJIEMEHTA B JUCKe ObLIO 5,72 MKI/T (Tamm-
eHT 38 1eT), MakcuMaabHOe — 12,8 MKI/T (marpeHT 61
roaa). OmnpeneneHue coaepkaust KpeMHUS TPOBOAMIN
Ha aTOMHO-DMHCCHOHHOM CIIEKTPOMETPE Mapauieib-
HOTO JEUCTBHUA C WHIYKTUBHO-CBS3aHHOM IUIa3MOM
(Ziota-Frankowska et al., 2017).

CpenHre ypoBHU KpeMHHUsS B 16 oOpasmax Tka-
HU MOJIOYHOH JKEJE3bl, B3ATHIX OT 8 MAIMEHTOK, Ie-
pEHEeCHINX OMEpalMi0 MO0 YMEHBIICHUIO TPYIH, CO-
crapisin ot 0,046 10 0,742 MKr/r cyxoil Macchl,

nipu cpenneM 3HaueHnu 0,0927 mkr/t (Peterset et al.,
1996). B nocnenyromux ucciaenoBaHus3 ObUIO MOKa-
3aHO, YTO ypOBEHb KPEMHUS B IJIa3M€ KPOBH KEH-
nmH cocrarisier 140+10 Hr/mi, cpeaHee comepxa-
HUE KPEeMHHSA B CHIBOPOTKE KPOBH OIPEAETIIIA Ha
ypoBHe 130 £70 m 170+100 HI/MII; COOTBETCTBYIO-
e Meauansl 100 ar/min (auamazod 30-209 Hr/mi);
u ot 10 mo 250 ur/mn (Peters et al., 1999). ABTops
MIPUMEHSIN CIIEIYIONE METOAbI KOJIMYECTBEHHOIO
ompeAeNeHus] KpeMHUS B Ouocpenax: 3JIEeKTpoTep-
MHYECKYI0O aTOMHO-a0COpPOITMOHHYIO CIIEKTPOMET-
PUIO, SMHCCHOHHYIO CIIEKTPOMETPHIO C TIa3MOH T10-
CTOSIHHOTO TOKa M AMHCCHOHHYIO CHEKTPOCKOIIHIO C
WHIYKTUBHO CBSI3aHHOM ILJIa3MOil.

B pabote S.J. Lugowski et al. (2000) npusene-
HBI pPe3YyJIbTaThl U3MEPEHUI KOHUEHTPALUNA KPEMHMS
B IIEJIbHOM KpOBHU >XKEHIIMH. B mepBoMm uccienoa-
HUU YpPOBEHb KPEMHHS B KpPOBH COCTaBIISUI
24,2+26,7 MKT/KT, a B TIOBTOPHOM — KPEeMHHU OBLI
UACHTH(GUIUPOBAH B KPOBH Ha 3HAYMTENBHO Oojiee
BBICOKOM ypoBHe — 74,3£86,5 mkr/kr. [lo maHHBIM
3THX K€ aBTOPOB B IPYAHOM MOJIOKE€ YPOBHH KOH-
MEHTpaui KpeMHus coctaBisin 51,1+ 31,0 MKr/kr
(Lugowski et al., 2000).

B kpoBu npakTHuecKu 340pOBbIX KuTene Yy-
Bamickoii PecnyOmuku conepxkanocs 0,895+0,091
Mr/n kpeMHus (#n=10) mpu KOHLEHTPAUUN KPEMHHUS
B 1uTheBoH Bome 14,5+0,37 wMr/m H TONBKO
0,45+0,120 mr/im (n=10), ecou A TUTHEBBIX IeTeH
MCTIOJH30BANIaCh BOJA C KOHIIEHTPALUSIMH dJIEMEHTa
3,33+0,65 mr/n. Paznuuus ObLIM CTATUCTUYECKH J10-
croBepHbIiMY, p < 0,01 (Toamauena, 2011).

Jugdaohsingh et al. (2002) npu u3yuyenuun aod-
copOIMK KpeMHHUS U3 JKeTyJOYHO-KUIIIEYHOTO TpaK-
Ta 'y 8 3I0pOBBIX YyYaCTHUKOB PPaMUHI€MCKOTO KO-
TOPTHOTO MCCIIEZIOBAHUS C TIOMOIIBI0 METOJa ONTH-
YeCKOW SMUCCHOHHOW CIIEKTPOCKOMHUHN C WHAYKTHB-
HO CBSI3aHHOH MJIa3MOH YCTaHOBMJIM, YTO CHIBOPOTKA
KpoBH 4 MyX4uH U 4 XeHUH (B Bo3pacte 29,5+7.4
JIeT) conepkana B cpeaneMm 7,5+3,1 mxMoub/a (¢
mpexenamu  2,5-12,2 mxMonb/im) kpemuus (Jug-
daohsingh et al., 2002). Cpennssi KOHIIEHTpAIHsI
KPEMHHS B CBIBOPOTKE 3J0POBBIX BOJIOHTEPOB 19—-40
net (16 myxuun u 16 xenmun) u3z Kopomnerckoro
koyutemka Jlonmona Obuta Ha ypoBHe 113,9 MKr/xn
(38,5-326,7 mxr/n) (Sripanyakorn et al., 2009).

MetosoM  aTOMHO-a0COpPOIIMOHHONW — CIIEKTPO-
METPUH OILIEHWBAJM COJep)KaHHEe KPEMHHS B CHIBO-
potke 1325 3m0poBeIx Moaeil B Bo3pacte 19-91 ner.
MenuaHel KOHLEHTpAllMd KPEMHHS B CBIBOPOTKE
KpPOBH CTaTUCTUYECKU 3HAUMMO 3aBHCEIHM OT BO3pac-
Ta u moja obcienoBaHHBIX. Y MyXumH 18-59 ner
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MEIHaHa COCTaBIILIA 9,5 MKMOJB/I M CHIXKAJIACH 10
8,5 MKMomnb/ B Bo3pacTHO kaTeropun 60—74 net. Y
)keHIMH ¢ 18-29 ner mo 30-44 ner HaOIIOIAIOCh
yBenuueHue memuanbl ¢ 10,00 mxmonw/n mo 11,10
MKMOJIB/JI ¢ TIOCIEAYIONTUM CHIDKCHHEM B BO3pacT-
HOH Tpymme 45-59 ner mo 9,23 MkMoiw/m. Y Il
cTapuie 74 5eT MeauaHa 3HaYCHU KPEMHHUSI B ChIBO-
pOTKEe KpOBH cocTaBmiia 7,70 MKMOJB/T I MyKUUH
# 8,00 MKMOJIB/JI IJId JKEHIIUH. B 11e710M MeauaHHbIe
3HAYCHUS] KOHIICHTPALUI KPEMHHS B CHIBOPOTKE ObI-
1 B mpeaenax 215,6—280 mxr/i (Bissé et al., 2005).

B wuccnenoBanusx, nposeaeHHbIX B Ilomblie,
ONpeaeNsid KOHLIEHTPaluu KpeMHus B miasme 126
3I0POBBIX B3pOCHBIX kuteneit Bpommasa 20-70 net
C HCITOJIb30BaHUEM METOJIa aTOMHO-a0COPOIIMOHHON
CHEeKTpOMETpHH B rpadutoBoii neun. CpenHee co-
Jep’)KaHue dJIEMEHTAa B IUTa3Me HCIBITYEMBIX COCTa-
Bwio 152,3 (116,3-195,6) Mkr/m, B TOM dYHuClIe y
MyxuuH (n=64) — 168,3 (121,2-208,2) wmxr/m, y
x)eHmuH (n=63) — 144,8 (114,7-175,0) mkr/n. Kon-
LEHTPAIIUN KPEMHUS B TUIa3ME HE UMEIIU TeHICPHBIX
pas3nuymnii, HO OTIMYAIKNCH B BO3PACTHBIX T'PYIIax U
OTPHUIIATEIHHO KOPPEITUPOBAIA C BO3PACTOM HCITHI-
tyemex (= —0,40, p < 0,001) (Prescha et al., 2019)
(trabmuma). Ilocnemnee corjacyeTcst ¢ JaHHBIMHU
. O6epmuc u ap. (2008), cornmacHO KOTOPBHIM C BO3-
pacToM B HEKOTOPBIX TKAHSIX COACpNKAHUE KPEMHUS
ymensbIinaetcs (O6epnuc u ap., 2008).

B 1momip3y 3TOTO YTBEpIKICHHUS CBHICTCIBCTBYET
HCCIIEIOBaHKE, B XOJI¢ KOTOPOTO C TIOMOIIIBIO AJIICKTPO-
TEPMHUYECKOTO aTOMHO-a0COPOIIMOHHOTO CHEKTPOMET-
PUYECKOTO METOAa M3y4Yalld COACP)KaHHE KPEMHUS B
CBIBOPOTKE >KuTene bemprum pasHOro Bo3pacra,
Hawnbosee BpIcOKOI MeMaHa KOHLEHTPAIMH KpeMHHUS
OKa3aJlach B CBIBOPOTKE JIETCH IO OJJHOTO TOAA JKU3HU
— 491 MKT/71, ¢ BO3pacTOM KOHIICHTPAITUS KPEMHHS B
CBIBOPOTKE 3HAYMTEIHFHO CHIKAJIACh M COCTABIUIa B
Bo3pactHOU rpymre 19-39 mer 115 mkr/n. Haumens-
LIUM COJEpKaHUEM KPEMHUS XapaKTepU30Balach ChI-
BOPOTKa KpPOBH OEPEMEHHBIX JKEHIIIMH — Meuana 39,2

MKr/1. Y myxunH 40-60 nmer mMeauaHHOE 3HAYEHHE
KOHIICHTpAIMii KPEMHHUS B CHIBOPOTKE KPOBH OTMEYA-
Jochk Ha ypoBHe 122 mkr/n, y xeHmwmH 40-60 mer —
146 mxr/n (Van Dyck et al., 2000). B aroii ke pabote
aBTOpHl TPUBOMSAT CPaBHHUTENBHBIE JIATEPATYPHBIC
JTAHHBIE OIIPEICIICHN KOHIIEHTPAIINA KPEMHUS B ChHI-
BOPOTKE KPOBH KHUTENeH pa3HbIX CTPaH.

Ha nmpumepe CIIIA MOXHO OTMETUTH H3BECT-
HYIO 3aBUCHUMOCTb PE3YyJIbTATOB OMpPEIEICHUS KOH-
LIEHTPALM KPEMHHUS B CHIBOPOTKE OT MPUMEHEHHOM
ananuTHaeckoi texHukn: ET-AAS — smextporep-
MHYECKOH aTOMHO-a0COPOIIMOHHOM CTICKTPOMETPHH;
ICP-AES — aTOMHO-3MHUCCUOHHON CIIEKTPOMETPUHU C
WHAYKTUBHO CBsi3aHHOW tuia3moii; DCP-AES —
aTOMHO-OMHUCCHOHHOM CIIEKTPOCKONUHU C IUIa3MOit
MTOCTOSTHHOT'O TOKa.

OO0pa3mel  JKemdr, IMMaHKPeaTHIeCKOro COKa,
CIMIMHHOMO3TOBOM, TMJIE€BpalibHOM, NEPUTOHEATHHOM,
CHHOBUAJIBHOM M aMHUOTHUYECKOH >XUIAKOCTEH, Mo-
Jy4eHHBIE OT MAlMEHTOB BO BPEMs OOBIYHBIX KIIH-
HUYECKUX TPOLEAYp, aHATU3UPOBAIU Ha COAEpXka-
HA€ B HHX KpPEeMHHS C TIOMOIIbIO aTOMHO-
abcopOIMOHHOH crieKTpocKomnu. Bo Bcex mccieno-
BaHHBIX JKUAKOCTAX OBIIM OOHApYXEHBI CXOIHBIC
KOHIICHTpAIIMH 3TOTO 3JIEMEHTa, KOTOpPHIe, B CBOIO
ouepe/lb, OKa3aJIUCh aHAIOTMYHBIMU KOHIICHTPAIIH-
SAM KpEeMHHs B CbhIBOpOTKe 50 310pOBBIX mroAeH —
21,5+4,5 mxMounb/n. Omnpenensyia TakKe KOHIICH-
Tpaluo KpeMHHS B 24-4acoBbIX mopuusix Mouu S50
3IOPOBBIX JIIOZIEH, CpedHee 3Ha4deHHe COCTaBWIIO
194494 mxmons/n (Dobbie, Smith, 1982).

Y 23 310pOBBIX B3pPOCHBIX C UCIOJB30BaHHEM
METOJIOB DJICKTPOTEPMHUYECKOW aTOMHON abcopOuuu
ObTM WM3y4YCHBl IIOKa3aTelld, XapaKTepHU3yIoIIue
MIPOIIECCHI BBICTICHHSI KpeMHHUA depe3 nouku. Cpen-
HSSL OKCKpeIus KpPEeMHHS C MOYOH COCTaBHIIa
33,143,85 mr/meHb; cpemHUil MOYEYHBIH KIUPEHC —
88,6+7,94 mn/muH; cpeaHsas (pakUMOHHAs SKCKpe-
uusa — 86,35£8,1%, cpenHsis KOHIEHTpaUUs Kpem-
Hus B mode — 0,265 mkr/mi (Berlyne et al., 1986).

Tabamua. CpeaHee coAepXXaHne KpeMHHUA B NAd3Me KPOBU B 3BUCUMOCTH OT BO3PACTA
(Prescha et al., 2019)

Bospacr, ner N, uenoBek CpenHee cofiepKaHue KPEMHHSI, MKT/JT
<30 32 197,8 (140,5-224,1)
31-50 46 147,9 (120,8-171,6)
>51 48 123,6 (94,2-180,1)

Takum o00pa3oMm, K HacTOSIIEMY BpEMEHHU
HAKOIUICH JOCTaTOYHBI MacCHB WHQpOpPMAaIUH O

MPUCYTCTBUU KPEMHHA B pa3HbIX COCTABHBIX YAaCTAX
OopraHu3sMa 4€JI0BC€Ka. Ot JaHHBIC HC BCCrjia II0JI-



H.A. Eroposa, P./. Muxarnaosa, U.H. PbixkoBa m Ap. COAEPXAHME KPEMHMS
B BUOAOIMYECKMX CYyBCTPATAX YEAOBEKQ M XKMBOTHbIX (06300 AMTELATYPbI) 27

HOCTBIO COBIAJIAIOT M HE BCETAa HEMOCPEICTBEHHO
COIOCTaBHMBI, HO TeM HE MEHEe XOpOIIO WILIIO-
CTPUPYIOT AWHAMH3M B3aUMOICUCTBHSI KPEMHHUS C
OuocpenamMu 4eloBEYECKOTO Tena, MPUOIMKas MO-
MEHT OTBETa Ha KPaeyTOJbHBIH BONPOC — SIBIAETCS
JIU KPEMHUI MUKPO3JIEMEHTOM U MCTUHHO 3CCEHITH-
AIBHBIM 3JIEMEHTOM [T YEeIIOBEKa.

COAEPXAHUE KPEMHUSA B OPTAHAX,
TKAHAX U BUOAOTNYECKUX
XUAKOCTAX XUBOTHbIX

WnTepecHble maHHBIE IPUBOIATCS B JINTEPATY-
pe O TPUCYTCTBUU KPEMHHUS B OpraHaX W TKaHIX
JKUBOTHBIX. McClaenoBaiuCh CHIBOPOTKA KPOBH, KH-
IICYHBIA TPAKT, MBIIICUYHBIC TKAHH, KOCTH, BHYTPCH-
HUE OpraHbl, CyOKJICTOYHbIC (PPAKIIUN TICUCHH, TIPU-
MCHSJIUCh  pa3juYHble MomuduKamuu  (QU3UKO-
XIMHYECKAX METOJIOB OMNpEIEeIICHNUsT KPeMHHS B
Omonornueckux cyocrparax.

Cuuraercs, 4To 00IIee Co/epKaHue KPEeMHUS B
OpraHu3Me >HMBOTHBIX cocTaBisieT okoso 0,001%
(Iumkos, 2005).

B ceBOpOTKE KpOBH TaOOPATOPHBIX KPBIC Cpel-
Hee COJIepXKaHHWE KPEMHHS TIPH KOHIICHTPAIHIX
KpeMHHUsl B muTheBOl Boge 3,33+0,65 u 14,5+0,37
MI/1T OBUTO OJNM3KMM U CTaTUCTHYECKH HE pasiuya-
sock: coorBercTBeHHO 0,89+0,79 1 0,99+0,34 mr/a1. B
TO K€ BpEMsi, KaKk OTMEUAJIOCh BBIIIIE, Y JIFOJICH B aHa-
JIOTHYHBIX YCIIOBHSIX BOIOTIOTPEOICHUsT 00HAPYKEHO
CTaTUCTUYECKA 3HAYNMOE MeEHbIee COAep)KaHHe
KPEMHUS B CHIBOPOTKE IMPU KOHIIEHTPALIUHU dJIeMeHTa
B Boae 3,33%+0,65 wmr/n (Tommauera, 2011). Ilpum
OTIPEJICIICHUN COJICPIKAHUS KPEMHHS B PAa3HBIX OTIE-
JlaxX TOJICTOTO KHIIICYHUKA JabOpaTOpHBIX KPBIC, IMO-
Jy9aBIOINX JUIS THUTbS BOAY C KOHIIEHTpAIUAMHU
kpemuus 3,33+0,65 u 14,5+0,37 Mr/mn, BBISIBIICHBI 3a-
METHBIE Pa3NN4uus YPOBHEH KPEMHHS B CJETION, IT0-
MepeyHoil 000MOYHOM, CUTMOBHIHOM U NPSIMOM
KHIIIKE KPBIC, 3aBHUCAIINE OT KOHIICHTPALIUH JIeMeHTa
B IMUTHEBOI BOJIE, MPUUEM B TPEX OTACIAaX KUIICUHH-
Ka TIPOCIIeKUBATIaCh 00paTHAs 3aBUCHMOCTH — OO0JIb-
mee cofepKaHne KPeMHUS B TIUTHEBOW BOJZIE COMPO-
BOXKJAJIOCh CHIDKEHHEM KOHIICHTpAIlMA KPEMHHUS B
norepevyHoit 06om0uHOM Kutike B 1,7 paza (p < 0,05),
B CUTMOBHIHOW Kuke B 2,6 paza (p < 0,01), B nps-
Moii kutike B 3,7 paza (p < 0,01) (Cycmuxos, Tomma-
geBa, 2009, Ttabn. 3). [logoOHBIE pe3ynbTaThl MOTYT
OBITh CBHETEIHCTBOM HM3BECTHON pPa3HOHAIIPABIICH-
HOCTH TIPOIIECCOB TOMEOCTa3a KPEMHHUS B OTACIBHBIX
YacTsAX KHUBBIX OPTaHU3MOB.

MBpIleUHbIe TKAaHU OCPEMEHHBIX CAMOK KPBIC
cogepxanu 55 mr/kr kpemuus (51-59 mr/kr, 25-75

nepueHTn). O0pasibl MBIIIEYHBIX TKaHEH KUBOT-
HBIX aHAIM3UPOBAIM C HUCIOIB30BAHHEM METOJ/IOB
ATOMHO-3MHUCCHOHHOH M Macc-CIEKTPOMETPUHU C
WHAYKTHBHO CBSI3aHHOW aproHoBoi miazmoi (bopu-
ctok, Ksan, 2015).

Pacnipenenenne kpeMHUS B TKAHSIX KPBIC U Ma-
KaK-pe3yCc W3y4Yalll C TMOMOIIBI0 KOJOPUMETpUYIE-
CKOT0 MeETOJa, CIHEelHalbHO Pa3padOTaHHOTO IS
aHaliM3a OWMOJIOTMYSCKUX MAaTepUaIOB. Y POBHU
KPEMHHSI B MATKUX TKaHAX OOOMX BHIOB BapbHPO-
BaIUCh OT 1 10 33 MKTI/T cyXoi Macchl, HCKITIOUCHUE
— nerkue u JTuM@aTHYecKre y3ibl IPUMAaToB, B KO-
TOpBIX HaineHo B cpenHeM 942 u 101 MKT/T Kpem-
Hust. ComeprkaHue KpeMHHS B 1IeJIol OeIpeHHOH KO-
CTH KPBICHI COCTaBISIO 38 MKI/T (MCHOJIB30BAIIU
METOJI SMHUCCHOHHON CIIEKTPOCKOMUH), TOTJa KaK B
nraduze 6emIpeHHOW KOCTH 00€3bsHBI — 43 MKI/T, a
B TOJIOBKE OeapeHHOW KocTu ¢ smudmom — 456
MKr/T. Kpome Toro, ompenensiv KOHIIEHTpAIUU
KPEMHUsSI B CyOKIIETOUHBIX (PpakIusX MEYeHU KPBIC:
CYNEpHATaHT, siipa U MUTOXOHJpPUAIBbHAS 9acTh CO-
Jepkanu kpemuuit B konmdectse 0,6—1,0 MKr/T 3k-
BHBAJICHTOB TI€UYEHH, TOTAa KaK MHKpPOCOMAalbHas
bpaknusa coxepxana Toibko 0,2 MKT KpeMHUS/T JK-
BHBaJICHTOB niedeHu (LeVier, 1975).

[lo manneiM B.B. BanmpoBa B smudusze oOen-
PEHHON KOCTH 00€3bsSH KPEMHUU MPUCYTCTBOBAI B
kosmuectBe 453,6 Mr/kr cyxoii maccel (Bamupos,
2017).

WnTepecHble cBeACHNUA O TWHAMUKE pacipere-
JIEHWsI KPEMHUSI BO BHYTPEHHUX OpraHax camok Oe-
JIBIX KPBIC B 3aBUCHMOCTH OT BO3pacTa MPUBE/ICHBI B
pabore R. Jugdaohsingh et al. (2015). IIpu nocra-
TOYHOM KOJUYECTBE SKCIECPUMEHTABHBIX JIaHHBIX
XOpOIIIO 3aMETHO OTHOCHUTENBHO OOJIBIIEE CoAepKa-
HUE KPEeMHHS B aopTe, MHUILEBOJE, TPyIUHE, Tpaxee
Y MBIIIIAX 10 CPaBHEHUIO, HATIPUMEP, C KOXKEH, X0-
TS OHA CUUTACTCsA, OJHOM M3 HamOoiee OOorarhix
kpemHueM TkaHe#l. [lo Mepe yBenmuueHus Bo3pacra
JKUBOTHBIX 10 43 Hemenb B psijie TKaHEW MPOUCXO-
JIWIIO CHIDKEHNE KOHIIEHTPAINi KPEeMHHsI, 0COOEHHO
OTYETIINBOE B TKAHSIX aOPTHI, MUIIEBO/A, CEP/Ia U B
CBIBOPOTKE KPOBH; B TO K€ BpPEeMs B MEYCHU COJEP-
JKaHHe KpPEeMHHs B TEUEHHE BCEro Mepuoja KCIe-
pUMEHTa BO3pacTajo. JTO €IIe OJHO CBHIETEILCTBO
pa3HOHAIIPABIIEHHOCTH  TPOLIECCOB  TOMEOCTa3a
KpEMHHSI B OpraHu3Me, YXe OTMEYeHHOE paHee
(Cycnuxos, Tonmauesa, 2009).

B meyenu cBuHe# 0o oOHapyxkeHo 32,0+0,6
MI/KT, B IIeY€HHU OBIKOB — 3,9+0,3 MI/KI, B MEBIIIIAaX
0b1kOB — 503£34 mr/kr kpemuus (n=6). 3amepenue
KOHIICHTpAaIMii KpeMHUs B 00pa3iiax TKaHel CBUHEH
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1 OBIKOB TPOBOIMIN C HCHOJIB30BAaHHEM OITHKO-
SMHUCCHUOHHOTO CIEKTPOMETpa C HHAYKTUBHO CBSI-
3aHHOM mna3moii. (Hauptkorn et al., 2001).

B cynepHaraHTax roMOreHaToOB TKaHEH ABYXMe-
CSYHBIX KpbIc-camIioB Bucrap (180-220 1) HaifmeHbI
CIIETyTOIe KOHIIEHTPAIlMd KPEeMHHS: B TIEUCHU —
2,2+0,5, moukax — 3,5+0,3, mo3re — 1,6+0,4, Genpen-
Ho# MeIte — 1,5+0,7 MKMONB/T cBexkel Tkanu. Kon-
LCHTPAIMIO KPEMHUS M3MEPSUIA CHEKTPOPOTOMETPH-
yeckuM MetonioM (Kietczykowska et al., 2008).

UccnenoBanus, BBINIOJHEHHBIE Ha J1abopaTop-
HBIX JKUBOTHBIX, JOTMONHSIOT Pe3yJbTaThl N3y4IEeHUS
coJiepKaHUs KPEMHHS B OpraHax, TKaHsSX W OHOJIO-
THYECKUX >KUIKOCTSIX Tela YeJIOBEKa U IO3BOJISIIOT
YBUJICTh MOJ00HME B paCIPECIICHUN KPEMHHUS B KH-
BBEIX OpraHm3Max, Ha KOTOPOM M OCHOBAHO JKCIIe-
PUMEHTaIBHOE MOJENPOBaHNE KapTHHBI TOMEOCTa-
3a KpeMHHUS y YeJoBeKa.

3AKAKOYEHUE

[Ipoananu3upoBaHHbIC JaHHBIC HAYYHOH JTUTE-
patypsl CBHIETEIbCTBYIOT O NMPAKTHYECKH yOWKBHU-
TapHOIN PacIpOCTPaHEHHOCTH KPEMHHSI B OMOJIOTH-
YeCKHX CyOcTpaTax opraHm3Ma YellOBeKa W JKUBOT-
HbeIX. O0Oparaer Ha ce0si BHIMaHUE BEISBICHUE 3HA-
YUTEIbHBIX BapHAIMii €ro COJCPXKAHHUS B OTIENb-
HBIX OpraHax, TKaHsX W XHIKUX cpenax. [Ipencras-
JSieT MHTEpeC HaKOIUIeHWe cBeleHWd o (akropax,
BIUSIONINX HAa KOJWYECTBEHHBIE XapaKTEPHCTUKU
KpeMHHS B OpraHHM3Me: HallpuMep, yKa3aHHe Ha 3a-

AUTEPATYPA

BHCHUMOCTh COJICP’KaHUS KPEMHHS B TKaHSX OT BO3-
pacrta 4YenoBeKa, B YaCTHOCTU, CHU)KCHUE KOHIICH-
Tpanuii KpeMHUs B IUIa3ME U CHIBOPOTKE KPOBU B
CTapIIMX BO3PACTHBIX IPYIIAxX; BBISBICHUE MPSIMON
CBSI3M MEXAY KOHIIEHTpaluel KpeMHHUS B MUThEBOM
BOJIE U COJIEpYKAaHHEM KPEMHHS B CHIBOPOTKE KPOBHU
Jmofe U 00paTHOHM CBA3W MEXIy KOHIICHTpamuen
KPEMHHUSI B MUTHEBOU BOJIE U KOJIMUYECTBOM KPEMHUS
B TKaHSIX Pa3HBIX OTJICJIOB TOJICTOIO KUIIICYHHKA Jia-
00paToOpHBIX KPBIC.

B mepcnextuBe momoOHBIE HCCIeIOBaHUS Iie-
JIeCO00Pa3HO MOTONHATE YTIyOJICHHBIM H3yYEeHUEM
MPOIECCOB YCBOGHUS, paclpesielieHHs] M HaKoIUIe-
HUSl KpEMHUS B OpraHu3Me U (JakTOpOB HA HUX BIIH-
SFOIUX, (POPM M TOUEK MPUIIOKECHUS OTACTHHBIX BH-
JIOB OMOJIOTHYECKOTO JICHCTBUS KPEMHUSL.

3acmy’KMBalOT BHIMAaHUS U METOJBl N3MEPEHHUS
colepkaHusl KpEeMHHUS B OWOJIOTMYECKHX CyOcTpa-
Tax. B HacTosIiee BpeMs B 3TUX MENSAX MPUMEHSIOT-
Csi TJIABHBIM 00pa3oM aTOMHO-aOCOpPOIMOHHBIE W
aTOMHO-3MUCCHOHHBIE MeToAbl. [lenecooOpa3Ho co-
MOCTaBJICHUE PE3YJIbTATOB, MOIYYCHHBIX Pa3HBIMU
MOIN(UKAIUSIMHA 3TUX METOJOB, JJII MUHHUMHU3AINAN
BO3MOJKHBIX HETOYHOCTEW B CPAaBHHUTEIHHBIX OIICH-
Kax Cco/ep)KaHUs KPEMHHUS B OHOJOTHYECKHX CyO-
CTpaTax YelOBEKa M JKUBOTHBIX MPH JI0KA3aTEIbCTBE
€ro IMpenojiaraéMoi 3CCEHIMAILHOW POJId B 00ec-
MEYCHUU ONTHUMAJILHOTO MPOTEKAHUS (PU3NOJIOTHYC-
CKHX TIPOILIECCOB B OpTaHMU3ME.
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SILICON CONTENT IN BIOLOGICAL SUBSTRATES ON ANIMALS
(LITERATURE REVIEW)

N.A. Egorova’, R.I. Mihajlova’, I.N. Ryzhova', G.D. Morozova?, M.G. Kochetkova'

'FSBI "Centre for Strategic Planning and Management of Biomedical Health Risks FMBA of Russia",
10/1, Pogodinskaya str., 119121, Moscow, Russian Federation

2FSBI "Scientific and Clinical Center of Toxicology named after S.N. Golikov FMBA of Russia"

1, Bekhtereva str., 192019, St. Petersburg, Russia

ABSTRACT. The review is devoted to one of the aspects of the problem of the biological role of silicon — its content
in the human and animal organisms. Until the 1970s, silicon was considered as an inert universal transit pollutant with no
specific biological properties, "an accidental reminder of our geochemical origins or an indicator of environmental im-
pact." Later, attention began to be paid to the fact that silicon is the third (after physiologically significant iron and zinc)
trace element in the human body in terms of prevalence, which contributed to further studies of its content in individual or-
gans and tissues. The review contains data on the total amount of silicon in the human and animal body, information on its
percentage in some internal human organs, concentrations in the skin, nails, hair, tooth enamel, intervertebral discs, mam-
mary gland tissues, in serum, plasma and whole blood, samples of bile, pancreatic juice, cerebrospinal, pleural, peritoneal,
synovial and amniotic fluids and in urine. The results of studying the presence of silicon in such biological substrates of
animals as blood serum, tissues of different parts of the large intestine, muscle tissue, bones, skin, internal organs — liver,
kidneys, heart, lungs, trachea, esophagus, brain, subcellular fractions of the liver, including nuclei, mitochondria and mi-
crosomes are presented. Attention is drawn to the possibility of the influence of age and gender on the levels of silicon in
organs and biological fluids of humans and animals. It is noted that in most studies of the silicon content in biological sub-
strates, atomic absorption and atomic emission methods of analysis are used. The data on the presence of silicon in differ-
ent parts of the human body do not always completely coincide and are not always directly comparable, however, they
well illustrate the dynamism of the interaction of silicon with biological substrates, contributing to the answer to the ques-
tion whether silicon is a trace element and a truly essential element for humans.

KEYWORDS: silicon, trace elements, biological substrates, atomic absorption and atomic emission methods of
analysis.
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OPUTUHAAbHAS CTATbA

BUOXUMUYECKUE ACNEKTbl KOPPETMPOBAHMUA
AHEMUYECKUX COCTOSHUIA UHAIOLLAT
B PAHHEM OHTOTIEHE3E TAMLUHATOM KOBAADBTA

T.B. MoHcTakosa, U.U. Kounw, T.A. Caasosckas, T.O. AsapHoBa

OI'BOY BO «MockoBckas rocyJapCTBEHHas aKkaleMUs
BETepHHAPHOW MeauIuHBI 1 OnotexHonorud — MBA umenu K.U. Ckpsbunay,
yi. Akanemuka Cxpsiouna, 1. 23, 109472, Poccus, Mocksa

PE3IOME. Ha ceropusiiiaumii IeHb OCHOBHAs MpOOJIeMaTHKa BeICHUSI MHICHKOBOJACTBA COINPSDKEHA CO criaboii
YCTOWYHMBOCTBIO 3TUX NTHI K BO3JEHCTBHIO (PAaKTOPOB CTpecca, YTO HEMUHYEMO MPUBOIMT K Ype3MEPHOI MHTEHCU(H-
Kal1 CBOOOJHOPAANKAIBHBIX IPOLECCOB M JIUMONEPOKCUIALNY, 00yCcIaBInBas METaOOJINYECKUE HAPYIICHUS U Je-
CTPYKTHBHBIE M3MEHEHUsI B KJIETKAaX Pa3IMYHBIX TKaHEH, opraHoB. Hapymenus, npexie Bcero, B CTpyKTypax 3pUTpoO-
HUTOB OIPEACIAIOT PA3BUTHE TCMOJMTUYCCKUX U aHEMHUYCCKUX HBHeHldf/ll, 4YTO HCMHUHYEMO COIPSKECHO C pa3BUTHUEM T'U-
MIOKCHUH, alU103a, yCYTyOSIOMUXCS HAPYIIEHUAMH (YHKIMOHAIBHOCTH Te€MOIIOOMHOBOTO U OKCHUTE€MOITIOOMHOBOTO
Oydepa npu CHIDKEHUH KOJUIOWAHON 3alIMTHI. B 3TOMH CBSA3M B OpraHn3Me ITHUI] CO3AAIOTCS YCIOBUS A KPUCTAIIHN3A-
MM W Pa3BUTHS, HAIIPUMEP YPAaTHOTO JIUTHA3a. DTH (aKTOpbl A€30praHU3YIOT HE TOJIBKO METabOJIMYECKHe B3aUMOCBS-
3M, CHHTE3 MaKpO3proB, CHIDKAIOT aHTHOKCHJAHTHbIE BO3MOKHOCTU OPraHU3Ma, HO M €CTECTBEHHYIO PE3UCTEHTHOCTb,
MMMYHHTET, HApYIIAIOT TEPMOPETYIISIIIMOHHBIC MEXaHU3MBI, YTO HEM30€)KHO HETaTHBHO OTPAXKACTCsI Ha )KU3HECIIOCO0-
HOCTH M Ka4eCTBe KaK MOJIOJHSKA, TaK M B3pocibIX ocobeil. L{ens paboTel — n3ydeHne OMOXMMHYECKHUX aCIEKTOB KOp-
pETHpPOBaHUS aHEMHUYECKHUX COCTOSTHUIN Y MHIIOLIAT B pAaHHEM OHTOTI'€HE3€ MIMIMHATOM KoOanbTa. Mcronp30BaHue CHH-
TE3MPOBAHHOTO aBTOPAMH OMOCTUMYJIATOPA MO3BOJIMIIO 3HAYUTEIHHO MOBBICUTH SMOPHOHAIBHYIO KH3HECTIOCOOHOCTH
MOJIOZHSIKA OIBITHON I'PYIIIBI, YTO BBIPA3WIIOCH B YBEIMYEHHH BBIBOA MHIIONIAT M BHIBOJUMOCTH siUI Ha 6,86% (p <
0,05) u Ha 8,65% (p < 0,5) COOTBETCTBEHHO, IIPX STOM MTOPOKOB PA3BUTHS M 0COOCH, OTHOCSINUXCS K KATCTOPUH «Cla-
Oble» OBLIO 3HAYMTEIHHO MEHbINE. BRICOKas KM3HECITOCOOHOCTH COMPOBOKAANACH OoJiee BBICOKMM KadeCTBOM (TIpe-
BocxozcTBO Mo mkaigaMm «[lacrap» m «OnTucTapT OTHOCHTENHEHO KOHTpOIs coctaBmio 1,1 u 1,4 6amna) u )KuBOM Mac-
COH NOJIy4EeHHBIX MHIIONIAT CYyTOYHOTro Bo3pacTa (mpeumyectso — 4,2% (p < 0,05). Yka3anHoe ObUIO 00yCIOBICHO
CTUMYJHPYIOIIUM JI€HCTBHEM METAa0OJINTa Ha aHTHOKCHIAHTHYIO CHCTEMY IPH CHIDKEHWH KOHLICHTPAIMH LEHTPAab-
HBIX TIPOJYKTOB IIEPEKHCHOTO OKHCIICHHS JIMMHIOB. V3MeHeHne HHTEHCHBHOCTH JIMIIONIEPOKCHIAINY OTIPEIEIINIIO 10~
BBIIIICHUE KOHIICHTpAIMK 00IIero 0enka, alnb0yMHHOB, aKTUBHOCTH ()epPMEHTOB TKaHEBOTo Kartabosm3ma. CTuMynupy-
IolIee BO3JICHCTBHE IMTMIMHATA KOOaIbTa 00YCIIOBHIO HE TOJIBKO COXPAaHEHHE LIEIOCTHOCTH SPUTPOLUTOB, HO U MO3BO-
JIUII0 00ECIeYnTh MHTEHCUBHOCTh CHHTE3a TeMOTIIOONHA Ha (DU3HOJIOTHYECKH HE0OXOIMMOM ypOBHE, TIO3BOJISSI B J10-
CTaTOYHOW CTETICHH PEan30BBIBATH CBOU (YHKIMHU. Tak, KOJIMYECTBO IPUTPOLIUTOB B KPOBH 0COOEH OMBITHOW TPYIIIIBI
moBBICcHIIOCE Ha 11, 5% (p < 0,01), a koHIIeHTpanus remMoriiodbuHa — Ha 3,2% (p < 0,05). Takum 0Opa3zom, TITUIMHAT KO-
6anpra sBisieTcst 3P PEKTUBHBIM OMOCTUMYJIITOPOM — MHOTOIIAHOBO 3aIIUILAIONINM HE TOJIBKO CTPYKTYpHBIE dJIEMEH-
TBI KPOBH, HO 00€CIIeYNBAIOIINM IOAAEpKaHHE (PU3HOIOTNYECKH HEOOXOIUMONH HHTEHCUBHOCTH CHHTE3a I'eMa

KAIOYEBBIE CAOBA: riniHaT K00anbTa, HHAIOKH, alli03, SPUTPOI033, Gochounassl, CBOOOJHOPAIUKAIIb-
HOE OKHUCIICHHUE, JTaKTaT.
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WnpeiikoBogcTBO — OofHA W3 HamOolee Iep-
CIICKTUBHBIX OTpaciiedl MTUIICBOJCTBA, 3TO 00YCIIOB-
JICHO TOJIYYCHHEM OOJBIION MAacChl TUETUYECKOTO
Msca OT OJHOM TYIIKH, OTIUYAIONIETOCS OT Msca
JIPYTUX ITOMAITHUX MITHUI] BEICOKOW IMMUTATEIHLHOCTHIO,
KOJIMYECTBOM Oellka, BUTAMHHOB, psia MUHEpalb-
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HBIX BEIIECTB U MUHHMMAJIbHOW KOHIIEHTpALHend Xo-
necrepuHa. [lo CKOPOCTH NMpHPOCTa >KUBOH MacChl
WHAEWKYU MPEBOCXOMAT Kyp, YTOK, Tycel; Ipu 3TOM
3aTpaThl KOpMa Ha 1 Kr Maccel TYHIKH y HUX HHXKE
M0 CPaBHEHMIO C IBILIATaMU-Opoiinepamu (I'anen-
ko, 2012; Mupocs, 2014). UTaTeHCUBHOCTH MeTab0-
JIU3Ma B OpraHM3Me€ MHIEEK OTHOCUTENIBHO IPYIHX
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CEIIbCKOXO3AMCTBEHHBIX MTHI[ Hamboyiee BBICOKA
(bypnakosa, 2019; I'anenko, 2012). B 3roii cBs3u
HEOOXOJMMO YYHUTHIBATh, YTO BBICOKOIPOYKTHB-
HbIC TIOPOJbI MHICEK HAHUOOJIee CTPECCOHEYCTOUYH-
BBl (Bypmakoga, 2019; INarenko, 2012). Kak u3Bect-
HO, OHH OY€Hb IIOXO MEPEHOCST TPAHCTIOPTHPOBKY,
CKYYeHHOCTb, PE3KYI0 CMEHY TEMIEpaTyphl M BIIaX-
Hoctd B ntuuHukax (I'anenko, 2012). Ilpu sToM B
0oJbIlIeH CTENeHW YSI3BUMBI JCHCTBHIO (HDaKTOPOB
cTpecca SMOPHOHBI M MHIIONIATA; 110 JaHHBIM sl
aBTOPOB WX BBDKMBAEMOCTH TOpa3lo HUXKE TpU He-
OJIarONpUATHBIX YCIOBUSAX MO CPaBHEHUIO C IIBITLISA-
tamu (Mupocs, 2014; HoBurkwuii, 2016).

JlokazaHo, 4TO MPU MPOMBINUICHHOW WHKYOa-
U (QUKCUPYIOT OOJBIIME MOTEepH MoOJomHsAKA. [lo
nanaeiM b.®. beccapaboBa, B yCIOBHUSX IMPOU3BOII-
CTBa B CpelHEM BBIBOJ HHAeeK 1o Poccuiickoit de-
nepamuu coctasisier 75% (beccapabos, 2007; bec-
capaboB u np., 2015). B oTiimymie oT HaCHKHUBaHUS
SIMI] HECYHIKAMU B €CTECTBEHHBIX YCIOBHSX, B HH-
KybaTope JI0 CuX TOp, K COXAJICHUI0, HEBO3MOXKHO
CO3/aTh UJCANbHBIC YCIOBHS I dMOpHOreHesa uH-
IIOMIAT: WA B MapTHA U WHKyOaTope He Iporpe-
BalOTCS PaBHOMEPHO, OTCYTCTBYeT OHMOAKyCTHKa U
aspononusamus (beccapabos u ap., 2015; Kouumr u
ap., 2021). Bee 310 00ycnaBnuBaeT aHOMaIbHYIO
WHTCHCUBHOCTh CBOOOJHOPAMKAIBHBIX pEaKIui, a
BMECTE C TEM JIUIOIECPOKCUAAINH, YTO HETaTHBHO
OTpakaeTcsl Ha MeTaboIM3Me M LETOCTHOCTH KIETOK
pa3MYHBIX OpraHoB W TKaHed (bopoBckas um mp.,
2010; JlyroBckast u ap., 2014). IlosToMy akTyaib-
HOM 3ajayeil UWHACHMKOBOACTBA SIBISETCS IIOMCK
HauOonee 3p(EKTUBHBIX U OJHOBPEMEHHO 3KOHO-
MHUYHBIX aHTHOKCHJIAHTOB I ONTHUMHU3AIUNA COCTO-
SHUSI OpPTaHHU3Ma CEJbCKOXO3AMCTBEHHONW MNTULBI B
YCIIOBUSX MIPOU3BOJICTBA, B YACTHOCTH B PAaHHEM OH-
TOTeHe3e, YTO HeOOXOAUMO JISi MUHUMU3AINH T10-
TE€ph IIPOU3BOJICTBA, HApAIMBAHUSI TEMIIOB UM-
MOPTO3aMEIICHUSI W TEPCHEKTUB IKCIOPTa CEelb-
xo3nponykiun (Xapuenko, 2016). Passutne mpo-
MBIIIEHHOTO MTHUIIEBOJCTBA U OCOOEHHO HHIEHKO-
BOJICTBA — 3TO Hamboyiee OBICTPBIA W TIPOU3BOJIHU-
TENBHBIN crocod oOecriedeHusl HaceJIeHHUs AueTHde-
CKUMH TPOJAYKTAMU THUTAHUA >KHUBOTHOTO IIPOUC-
xoxaenus (I"'anenko, 2012; Hosurkuii, 2016).

Msico MHJEEeK — OYEHb MUTATENIbHBIM, TUIIOAJI-
JICPTE€HHbIH W JUETUYECKUU MPOIYKT, COAEPIKUT
MHOTO OellKa, BUTAMHHOB, MHHEPAIbHBIX BEIIECTB.
Kenesza v HaTpUS B MHIIOIIMHOM MSICE COICPIKHUTCS
0oJbllle, YeM B TOBAIWHE, a cojaepkanue Qocdopa
npuOImKeHo K pbide. M3 munumoB comepskutcs
MHOTO JIETKOIUIABKUX JXHPOB, COJEPKalUX OOJb-

10€ KOJIMYECTBO HEHACHIIIEHHBIX )KUPHBIX KUCIOT U
MHUHHMAJIBHOE KOJIMYECTBO XoiyectepuHa (Jlyros-
cKad u zip., 2014).

Kak u3BecTHO, OJHON M3 MPOOJIEM HHIEHKO-
BOJICTBA, TPHBOJIAIMIEH K CHIDKEHHIO KadecTBa W
KU3HECTIOCOOHOCTH WHJIEEK, SIBIIICTCS pa3BHUTHE
anemmuuecknx cocrosHuit (boposckas u np., 2010).
Cy1ecTByeT MHOTO Pa3sHOBUAHOCTEH aHEMHi: Ke-
ne3oneduuTHas, BUTAMUHOACHUIIUTHAS, TEMOJIH-
TUYECKasi, HaCJIeACTBEHHAs U Ap. B meproa smoOpuo-
TeHe3a MHIIOMAT Jaxe Ha (oHe OJIaromoiaydus po-
JTUTEITHCKOTO CTaJa 4acTo HabIIoaeTcs TeMOIUTH-
geckas (hopMa aHEMUH, TMOCKOJIBKY 3PUTPOIMTHI B
3TO BpeMsi HauOoJjiee yS3BUMBI U MOJBEPIKEHBI pa3-
PYLICHHUIO BCIEACTBHE MHTEHCH(UKALUN CBOOOTHO-
pagukansHOTO OoKucieHus (beccapabdos u np., 2015;
Goldstein et al., 2016).

B cnenuanusupoBaHHOl TUTEpaType OTMEUEHO,
YTO TEMOTJIOOWH BBITIONHSET EINBIA Psi/I BAKHEHIITNX
(bYHKIMA: TOMHMO TIepeHOca KHCIOPOAa U YIJIeKUC-
JIOTO ra3a, OH y4acTBYET B MpoLEcCcaX TePMOPETyYIIs-
uu, obecreunBaeT OydhepHyI0, KOJUIOUIHYIO H HUM-
MYHHYIO 3alllUTy, a Takke psa Apyrux. HemocraTou-
HBI YPOBEHb €r0 CHHTE3a OOYCIIaBIMBAET IPOSBIIE-
HUE pasiW4yHBIX HapylIeHWH B opraHusme. Tak,
HarpuMep, B 3TOM ClIydae HEBO3MO>KHA MOIHOLEHHAS
peanuzanus Oy(depHbIX CBOMCTB TAKOBOTO, YTO HEra-
TUBHO BIIUSIET Ha MOCTOSHCTBO pPH KpoBH, onpenensis
YCIIOBHSA U Pa3BUTHA alliA03a, MHAKTUBAIMA (ep-
MEHTOB U JAECTPYKTHBHBIX SBICHUH B Pa3IUYHBIX Op-
raHax u TkaHsx. OJHUM U3 TIOCIEACTBUN CHIDKSHUS
KOJUIOWZHOW 3alllUThI, KUCIOTHO-ILENOYHOTO PaBHO-
BECHsl B OPraHU3Me ITHII SIBJIAETCS Pa3BUTHE YPaTHO-
ro JIUTHA3a, THULUUPYIOIIETrocsl BCeACTBUHE (HOPMHU-
pOBaHUS yCIOBUH I 00pa30BaHUs HEPACTBOPHMBIX
dbopMm MoueBor KucIOTHI M e€ coner (beccapabos,
2007; llpyaaukoB u ap., 2002).

B cBsi3u ¢ COBOKYNHOCTBIO M3J0KEHHBIX (ak-
TOpOB, HE BBHI3BIBAET COMHEHHMH 3HAYMMOCTH HEO0O-
XOJMMOCTH KOPPErHpOBaHUsI aHEMHUYECKHUX COCTOS-
HUN y NTHI, BICKYIIUX Pa3BUTHE THIIOKCHH M3-32
HEJOCTaTKa KUCIIOpOJa B TKAaHAX M KaK CIEACTBHE
MpeBAIMPOBAaHUE aHA’POOHBIX IPOIECCOB KaTado-
nu3Ma HajJ a’dpoOHBIMHU, 00YCIaBiIMBas MEPEePacxon
SHEPreTHYEeCcKOro cyOcTpara — TJIFOKO3BI, C IOCie-
IOYIOUIMM alujo30M. B pesynbTare B TKaHSX U B
KpOBHU OyIIeT HAKAILUTUBATHCSA MPOAYKT aHadPOOHOTO
TJIAKOJIH3a — JIAKTaT, KOTOPBIH Y NTHII XYK€ yTHIIH-
3UpyeTcs B TedeHHu, 4yeM y murekonuraronmx (bec-
capabos, 2007; [Ipyaaukos u ap., 2002).

Y MonoaHsSKa W B3pOCIOW NTHLE aHEMHU
OOBIYHO (MKCHPYIOT TPH HENPaBUILHOM KOpMIle-
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HUH, TOTJAa KaK Yy SMOPHOHOB HAOJIOJAIOT TEHCH-
LUIO K Pa3BUTHIO YK€ Ha (POHE UCKYCCTBCHHOMN HHKY-
Oaruu. Kak m3BecTHO, MeMOpaHHBIE CTPYKTYPBI SPUT-
POILIMTOB M3-3a UX OCOOCHHOCTEH CTpoeHHs Hanbosee
VSI3BEMBI TI0 OTHOIICHHUIO K TEMOIUTHUECKUM (DaKTO-
pam, Ipyu ISHCTBUHM KOTOPBIX OBICTPO TEPSIFOT OCMOTH-
YECKYIO PE3UCTEHTHOCTh M pa3pymiaroTcs. Takum 00-
pa3oM, CTAaHOBHUTCS OYEBUIHOW MEPCIICKTHBHOCTH
MIPOBECHUS NPO(QUIAKTHYSCKUX MEPOIIPHUATHI B OH-
TOreHe3e, Kak MOHO paubine ([IpymHukoB u map.,
2002; beccapabos, 2007; beccapabos u ap., 2015).

N3BecTHO, 4TO TIPU Pa3BUTUU TEMOJIUTHYECKON
AHeMHUU ISl SPUTPOIIMTOB XapaKTEPEH OMNpe/eNicH-
HBII PsiJ] HETATUBHBIX U3MCHEHU, HE 3aBUCSIIUX OT
STHOJIOTHH TIOBPEXJArONIero Qakropa: AcpuIuT
SHEPrONPOAYKIIMA M WHTCHCH(HKAIMS MPOIECCOB
CBOOOIHOPAIUKATIBHOTO OKUCIICHHS;, aKTUBH3AIIHS
(dhocdommmaz (’HAOTEHHBIX W AK30TE€HHBIX) Ha (hoc-
(homumuapl MeMOpaHHOTO OWCIION;, MEXaHHYEeCKOoe
pacTsbkeHue MeMOpaHbl, 00YCIIOBJICHHOE B YCIIOBU-
SIX JKMBOM KJIETKM HApPYIICHUSMHU OCMOTHYECKOTO
Oayranca; afcopOIus Ha TOBEPXHOCTH OMCIIOs Ompe-
JICTICHHBIX ~ MOJMAHUOHOB WIIM  IOJHKATHOHOB,
Harpumep 6enkoB (boposckas u mp., 2010). Ycmme-
HHUE TPOIIECCOB MEPEKUCHOTO OKUCIICHUS JTUMUIOB B
KJICTOYHBIX MEMOpaHax INPUBOIUT K HAPYIICHUIO
TEKYy4eCTH, TOBBIIICHUIO MHKPOBA3KOCTH H K
YIUIOTHCHUIO WX ACCTPYKHOHUU JTAUIIUAHOI'O 6HCJIO$I,
YMEHBIICHUIO TJIOMAIH OCIOK-IMIUIHBIX KOHTaK-
TOB, HapyImIeHUIO (QYHKIIMOHAJIBHOW AaKTHBHOCTH
oenkoB (bopoBckas u ap., 2010; Catala, 2016), B
TOM YHCJIC MO0 MPUYUHE MX XUMHYECKOTO B3aWMO-
JNEHCTBHS C almbJCTHAAMHU C TOCICIYIONIMM 00pa3o-
BanueM ocHoBanui Illudda (Camosckas, 2001).
Hapymrenne ¢u3nko-XMMHUYIECKUX CBOUCTB (ocdo-
JATIA0B MEeMOpaH BIUSET Ha W3MEHEeHHE KOHDOp-
Malul MeMOpaHHBIX OETKOB, HapyIIaeTcs uX QyHK-
LIMOHUPOBAHUE, B TOM YHUCIIe 00yCIaBIMBasi CHUXKE-
HUe akTuBHOCTH psga ¢epmentoB (CamoBckas,
2001; Pizzimenti et al., 2013). Hanpumep, cHuxe-
HHME aKTMBHOCTH Harpuii-kanueBod ATd-a3bl mpu-
BOJUT K HapyIIEHUIO BOJHO-COJNEBOro OaynaHca
SPUTPOIUTOB, PA3PYIICHHUIO MEMOPAHbl U TEMOIU3Y
(beccapa6os, 2007; boposckas u ap., 2010). Kpome
TOr0, TMIEPEKUCHOE OKUCIeHUE (Gochonmnuaos o0y-
CJIaBJIUBACT M3MCHEHHUE MEMOPaHHOH MPOHUIIAEMO-
CTH H TOBEPXHOCTHOTO 3apsijia, HapyIIeHNI0 (QyHK-
[MUOHATLHOT'O COCTOSIHUSI MEMOPaHHO-PETCTITOPHOTO
KOMILIEeKCA.

CB0OOOHOPAIUKATFHOS OKUCIICHUE JIMITUIHBIX
1 OEJKOBBIX MOJICKYJ UTPACT POJIb TPUTTEPHOTO Me-
XaHW3Ma, 00eCTIeYNBAIOIIETO JOCTYTHOCTh OEITKOBO-

JUTHUIHBIX KOMIIOHEHTOB MeMOpaHBl JPUTPOIHTA
i Gocdonunas u nporeas. HapymeHue snepretu-
YecKoro oOMeHa CTUMYJHPYET cBOOOTHOPaIHKab-
HBIE TIPOIECCHl B KJIETKE, @ aKTUBAIHUs CBOOOIHOpa-
JMUKATHHOTO OKHCIIEHHUS MPHUBOIUT K MOBPEXKACHUIO
MeMOpaHbl H YCyIyOseT AeQUIIUT DHEPTUH.
YMeHbIIIeHHEe coAep KaHus MaKpOdProB B SPHUTPO-
UTaX COMPOBOXKAACTCSI HAKOIUJICHHEM B KIETKaX
nonoB Ca®’, akTuBammeii dpochonumnas, THAPOITH3IOM
gacti (HocornnuIoB, YBEIHYCHUEM MTPOHUIIAEMO-
ctu MeMOpansl. Hapsiny ¢ akTuBanuei mepeKucHoro
OKHCIIEHUS JINMHJIOB, HAaKOIUIGHWE B JPHUTPOIIUTAX
noHoB Ca’’ — BTOPMYHOTO MecCEeHIKepa, MepeHo-
CSIILIETO CHTHAJ OT MOBEPXHOCTH BHYTPb KIIETKH, 3a-
MyCKaeT COBOKYIHOCTh TMPOLECCOB, K KOTOPBIM, B
YaCTHOCTH, OTHOCUTCS akTuBalus Ca’’-3aBHCHMBIX
docdonunias u mporeas, MPUBOAAIIHNX K HAPYIICHUTO
CTPYKTYpPBI MeMOpaHbI, MeTaboIm3Ma, HOHHOTO TO-
MeocTasza KJIETKA W B JalbHelmeM ee (pyHKINOHH-
posanuto B 1enoM (boposckas u ap., 2010; Kounm
u ap., 2021). HabyxaHue KIeToK, HalpUMep B THIIO-
OCMOTHYECKOM PacTBOpPE, MPUBOIUT K PE3KOMY yBe-
JUYEHUI0 WOHHOW MPOHUIIAEMOCTH, IMOAOOHO aj-
copOIM Ha MeMOpaHax IOJIMKATHOHOB W OCIIKOB
(boposckas u ap., 2010; Kowwmr u gp., 2021).

Jnsi cHWKEHUs] aHOMalbHO BBICOKOW HWHTEH-
CHUBHOCTH TIEPEKHCHOTO OKHCIeHUs (ochonmunuaos
OPUTPOLIUTOB, OOYCIOBIICHHOW YCJIOBUSIMH IPO-
MBIIIUIEHHOW WHKYOAllnu, X aJIeKBaTHOW (DYHKITHO-
HaJBHOCTH, oOecriedeHs (GU3HOIOTHIECKH HE0OXO-
MUMOY MHTEHCHBHOCTH CHHTE3a TeMa y MOIOJHSIKA
CENIbCKOXO3AHCTBEHHOW NTUIBI B PaHHEM OHTOTEHE-
3¢ KOJUIGKTUBOM aBTOPOB ObLT CHHTE3UPOBAaH OHO-
CTHMYJISITOP HOBOTO TOKOJICHHS — TJHMIWHAT KO-
OarnbTa.

Hens paboTH — U3yYHTh OHOXUMHUE-
CKHE€ aCIleKThl KOPPETUPOBAaHUS aHEMHYECKHUX CO-
CTOSHUH y MHIIOMIAT B PaHHEM OHTOTEHe3€ IIIHIH-
HATOM KOOanbTa

MATEPUAABI U METOADI

OKCHEpUMEHT INPOBEAEH B YCJIOBUSX MNTHUIIE-
¢dabpuku «JlobaHOBCKass WHAEHKa» C HCIOIB30BA-
HUEM WHKYOAIlMOHHBIX SIUII, OJTYYEHHBIX OT MHAEEK
Kkpocca «XaiOopun KonBeprep», momoOpaHHBIX MO
NPUHIMITY [ap-aHaJOroB B OMBITHYIO U KOHTPOIIb-
Hyto maptuu no 208 mTyk B KaxJ0i. Bee uccneno-
BaHMsI OCYIIECTBIISUIM IO OOLICTIPUHATHIM METOIU-
kaM. ONBITHYIO HNapTHIO MOABEPrajd OJHOKPATHOH
o0pabotke BomHBIM 0,05%-HBIM pacTBOPOM TIIHIU-
Hata KoOanbra. OnNTHMaNbHasE KOHLEHTpauus Oblia
BBISIBJICHA B CEPHH MPEAIIECTBYIOIUX IKCIIEPHMEH-
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TOB M OKa3bIBala HAanOOJIee BBIPAKECHHOE MO3UTHB-
HOE BJIMsIHUE Ha 3MOpuorene3 ntuis! (Kouum u np.,
2019). TlonyyeHHble JAaHHBIE 00padaTHIBAIM METO-
JIOM BapHAIlMOHHOW CTaTHCTUKU C UCIOJIb30BAHUEM
t-xputepust CTerofeHTa. Beraucisum cpeaaue apud-
METHYECKHE 3HAYEHUS U MX OmMUOKH. PasHuiry O6mo-
XUMHYECKUX, (DPU3UOJOTHICCKUX M 300TCXHUYCCKUX
mokasaTesied cuutanu noctoBepHoit mpu p < 0,05.
Cratuctuyeckyro 00pabOTKy JaHHBIX MPOBOIMIH C
nomMo1sio porpammel Microsoft Office Excel 2007,
PYKOBOJCTBYSICH ~ METOAMYECCKHMHU  MOCOOUSIMU
(Kouwm, 1992; Mepkypsesa,1990).

PE3YABTATbI U OBCY)XAEHUE

B chIBOpOTKE KpOBU MHAIOMIAT OBLIM HUCCIIE0-
BaHEI IICHTPATbHBIC TIOKA3aTEIN MEPEKUCHOTO OKHUC-
JIeHUs TUnuaoB (Tabi. 1).

Ananmu3 nmaHHBIX Tabd. 1 CBHIETENBECTBYET O
TOM, YTO KOHIIEHTpAIWs BCEX M3Y4YaeMBIX TOKa3aTe-

Jiel TUNONEePOKCHIANNK 3HAYUMO YMEHBIIUIACH, YTO
YKa3bIBa€T Ha TIEPCIICKTUBBI COXPAHEHUS IIEIOCTHO-
CTH KJICTOYHBIX CTPYKTYP, B TOM YHCJIC SPUTPOIIUTOB,
YTO COTJIACYETCsI C AaHHBIMU, PUBEICHHBIMHU B Ta0JI.
2 u 3. [Ipu >ToM HanOOIBIIAS PA3HAUIIA MEXKIY OIBI-
TOM M KOHTPOJEM IO OOCYXIaeMbIM ITOKa3aTelsiM
OpLTa ycraHoBieHa mmo ocHoBaHusaM LlIudda u cocra-
Bua 1,6 pasa (p <0,05).

[TomydeHHbIC JaHHBIC MTO3BOJSIOT YTBEPKIATh,
YTO B OpraHU3Me HMHJIIONIAT ONBITHOH TPYIIbI B
MEHBIICH CTETICHH, YeM B KOHTPOJIE, TIPOTEKAIN pe-
aKIW¥M B3aMMOJICHCTBUS aJIbJIETHI0B (00pa3oBaB-
HIMXCS B PE3yJIbTAaTe pa3pbiBa XUMHUECKUX CBs3EH U
OKHUCIJICHUSI TPYNI TI0 MECTy pa3pbiBa) U OCIIKOB.
[lpu 3TOM cCHU3MIACH BEPOSATHOCTh HAKOIUICHUS
MPOAYKTOB 3THUX pPEaKIUd — MOAU(PHUIIMPOBAHHBIX
OCTKOB, 4YTO TMOJIOXKHUTEIBHO OTPA3UIOCh, KaK Ha
(GYHKIIMOHATBHOCTH OEJIOKCOMEPIKAIIUX CTPYKTYD,
TaK U Ha OEIIKOBOM OOMEHE B IICIIOM.

Tabamua 1. MokasaTeAm nepeKkMCHOro OKUCA€HUSA AMMUAOB
U QHTMOKCHAQHTHOM 3ALUUTHOM CUCTEMbI Y MHAIOLLAT CyTO4YHOro Bo3pacta (n=>5)

Iloxa3arens [pynna
Konrponphas OnbITHAs
AOA, % 42,0 £ 0,70 48,0 £1,37**
WJIC, en. ont. 1. M 3,46 £ 0,08 3,02+£0,12%
JK, ex. onT. mi. Mt 1,3+£0,04 1,12 £ 0,04*
TK, ex. ont. . mi 0,74 + 0,04 0,64 + 0,02
OJIK, exn. onT. 1. M 0,58 +£ 0,04 0,48 + 0,04
OlLl, exn. omrT. TUT. MJT 0,42 +£0,03 0,26 +0,04*

ODpumeuanusa: AOA — aHTHOKCHIAHTHASA aKTHBHOCTH CHIBOPOTKU KpoBH, TK — TpueHoBsie kKoHBIoraThl, OILl — 0OcHOBaHMs
udda, NJIC — ankamaueHsl ¢ H30JIMPOBAHHBIMU BOWHBIMHE CBsi3siMH, JIK — nueHoBbie kKoHbrorathl, OJIK — 0KcOMMeHOBBIC KOHB-

foratsel; 31ech U ganee * — p < 0,05; ** —p <0,01; *** — p <0,001.

TabamLa 2. BHoxummyeckue NoKasaTeAn KPOBU MHAIOLLAT CYTOYHOro Bo3pacTta (n=>5)

IMoka3zarens [pynna
Konrponshas OnbITHAs
OO6muit 0eok, /11 21,54 +£0,23 23,18 £0,29%*
Anp0yMuH, /1 6,52+0,16 7,58 £0,23%*
o-Amunasa, En/n 455 +2.32 487 £ 4,16%**
I'nmroko3a, MMOJIB/1 12,44 £ 0, 12,66 +£0,08
Jlakratneruaporenasa, En/n 3110+ 35,65 2788 £ 55,17**
Tpurnunepuap, MMOJb/ T 0,81 +0,013 0,88 £0,030
JIunaza, En/n 4,56 +0,10 4,64 +0,09
pH 7,53 + 0,008 7,56 + 0,009
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W3 manHbBIX Tabn. 2 BUAHO, YTO YHCIICHHBIE 3HA-
YeHUs OOJBIIMHCTBA W3YYCHHBIX OHOXUMHYECKUX
rokazareiell MOBBICHIINCH: KOHIICHTPAIUs OOIIero
6enka Ha 7,6% (p < 0,01), amsbymuna Ha 16,3% (p <
0,01) u Tpurmumepunos Ha 8,6%. B cBoro ouepensp,
MOBBIIIIEHNE AKTUBHOCTH o-aMiuiazel Ha 7% (p <
0,001) cBunmeTenbcTBYyeT 00 MHTEHCU(DUKAIIMH paciia-
Jla TIIMKOTeHa, a unasbl Ha 1,8% — uHTeHCupUKamm
karaboyim3Ma TPUTIHIEpUIoB. Beecte ¢ TeM cHibke-
HUE aKTUBHOCTH JlakTaTaeruaporenassl Ha 10,4% (p
< 0,01) moxer OBITH CBA3aHO C OoJiee OBICTPBIM Tie-
pPEXOIOM OpraHW3Ma BBIBEIEHHOTO MOJIOTHIKA K
a3pO0HOMY TIHMKOJH3Y, 4TO 00ycIaBIUBaeT MpoQu-
JAKTHKY TUIMOSHEPTETHUSCKUX COCTOSHUMA, HEIOITy-
IICHUE TIepepacxo/ia yriieBOJIOB, & BMECTE C TEM Ipe-
IYTIPEXKICHUE H30BITOYHOTO HAKOIUICHHE JIaKTaTa,
BBI3BIBAIOIIETO Pa3BUTHE anmo3a (ypoBeHb pH nmen
TEH/ISHIINIO K TIOBBIIIICHHUIO).

CHmKeHHe WHTEHCHBHOCTH JTUIIOMEPOKCHAA-
LMW U ONITUMU3AIUS OOMEHHBIX MPOIIECCOB 00yCIIO-
BHJIM COXPaHCHHE IIEJIOCTHOCTH SPUTPOLUTOB U
o0ecreunIn yCJIOBUS JJIsi CHHTE3a reMOrIo0MHa Ha
(bu3mosornyeckn HeoOXOIUMOM ypoBHE (Tabm. 3),
[TO3BOJISAE B JIOCTAaTOYHOW CTEMEHH PeaTn30BBIBATH
CBOM (PYHKIIMU, YTO HEOOXOAUMO JJisi oOecriedeHus
WHTCHCUBHOT'O, KAYECTBEHHOTO Pa3BUTHS M BRICOKON
KU3HECTIOCOOHOCTH MHJIEEK.

[IpenpiHKYOAIIMOHHOE HKCIOJIb30BAHUE TJIHIIH-
HaTa KoOalbTa B ONTHUMAIBHOW KOHIIEHTPAIIWH, BE-
POSITHO, 3a CUY€T HEMOCPEACTBEHHOTO YYacTHs B
CHHTE3¢ TeMa W pealn3alud aHTHOKCHUIAHTHBIX
CBOWMCTB oOecrieumyio 0oJiee MHTCHCUBHBIA CHHTE3

reMoriio0nHa, 4TO BHIPA3WIOCh B TIOBEHIINICHUH €r0
KOHIICHTPAIIMH Y MOJIOJIHSAKA ONBITHOW TPYNIbl Ha
3,3% (p < 0,05). CoxpaHeHne LIETOCTHOCTH CTPYK-
TYPHBIX 3JIEMECHTOB PUTPOIUTOB B COOTBETCTBHH C
M3bICKaHmsIMHU aBTOpoB (JIyroBckas u mp., 2014) co-
MPOBOXKIAETCS YBEIUYCHNEM KOJIHYECTBA MOCTE/-
HUX, YTO COTJIACYeTCs C JaHHBIMH Tabi. 3 (mpeumy-
IIECTBO 1O 3asBIICHHOMY II0Ka3aTelI0 COCTaBUIIO
12,9% (p < 0,01). CnexyeT OTMETUTH, YTO BCE 00-
Cy’KJIaeMbIE MOKa3aTeld HE MPEBOCXOAMIN COOTBET-
CTByIOIINE pehepeHTHBIC 3HAUCHNS.

3aduKcupoBaHHAS HWHTCHCHBHOCTH JIMIIOIIC-
POKCHIIAINH, a BMECTE C TeM IEHTPaIbHBIX MeTabo-
JIMYECKHUX TMPOIIECCOB, YCTAHOBICHHBIA T€MAaTOJIOTH-
YeCKuil ()OH, OYEBHIHO, OBLTH 0O0JIEE ONTUMAILHBI-
MH Y UHJEEK OMBITHON IPYIIbI, YTO MOJTBEPKIACT-
¢S TaHHBIMH, TIPUBEACHHBIMA B Ta0I. 4 1 5.

AHanmu3 TpencTaBiICHHBIX B Tabn. 4 MaHHBIX
YKa3bIBaeT Ha TOT (DaKT, 4TO AMOpPHOHANBHAS JKH3-
HECHOCOOHOCTh Y 3apOJBIIICH ONBITHOW TPyl HA
BCEX ATamax BbIIIC. ITO CBUACTEIBCTBYET O BBICO-
KOW OHOJIOTMYECKOH aKTHBHOCTH HCIIOIB3YEMOTO
OMOCTUMYJISITOpPa, a TakXKe IOATBEPIKIACTCS TEM,
YTO BBIBOJIUMOCTb SIUI] M BBIBOJ MHJEEK B OIIBITE J10-
CTOBEPHO MPEBOCXOUIN KOHTPOIb (TIPEUMYIIIECTBO
coctaBmwio 8,65% (p <0,05) u 6,86% (p <0,05) co-
OTBETCTBEHHO), B KOTOPOM IMOJIyYCHHbBIC MTOKA3aTeln
OBUIM 3HAYMUTENBHO BbIIIE cpenHuX 1Mo Poccuiickoit
®denepanuu.

Bricokast )Ku3HECTIOCOOHOCTH COTPOBOXKIATACH
PSAIOM UHTEPHEPHBIX H SKCTEPHEPHBIX MTPEHMYIIIECTB
(Tabm. 5).

Tabanua 3. FfemaToAorMyeckue NoKAa3aTeAu KpoBu CyTOYHbIX MHAOLWAT (n=5)

I'pynna
Iloxasarens
Kontponphas OmnbITHAs
Dpurtpouutsl, 10'%/11 2,32+ 0,06 2,62 £ 0,04**
T'emornoOuH, /1 79,40 £ 0,51 82,0 +£ 0,84*
Jeiixorutel, 10%/1 17,96 + 0,07 18,37 £ 0,26
TabauLa 4. MokazaTeAn GUOKOHTPOAS MHKYBauum, %, n=208
OTx0/6! MHKYOAIIMN
BrBoguMocTh BriBog
[pymna Heomnnon. K A TA
(B TOM "HCIE POBAFEIS 3amepmme | 3agoxmuku | Crabbie I MHAtoMmAT
N KOJIbIIa
JIOXKHBIH)
KontponbHas| 6,25+ 1,68 | 2,88 +1,16 | 3,85+ 1,33 | 3,37+1,25 |3,37+ 1,25 85,64 +2,43 - 80,29+2,76 -
OnbiTHas | 3,85+1,33 | 1,44+0,83 | 2,40+ 1,06 | 1,44+0,83 |1,92+0,95] 92,50 +1,83* | +6,86 |88,94+2,17*| +8,65
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Tabamua 5. Macca MHAKLIAT CyTOYHOro BO3PACTA M MX BHYTPEHHMX OPraHos, r (n = 10)

ITokazarens Tpymna
Kontponbhas OnblTHAs

Macca HHIIOMIOHKA 58,93 £ 0,41 61,38 + 0,67*
Macca uH/I0mOoHKa 6€3 0CTAaTOYHOTrO JKEJITKA 49,29+ 0,41 53,92 +£ 0,65%*
JKenTouHbIil MEIIOK C OCTATOYHBIM 3KEIITKOM 9,64 £ 0,29 7,48 £ 0,27**
[Teuens 2,48 +0,03 2,56 + 0,02
Cepaue 0,65+ 0,01 0,59 +£ 0,007
MBIIIeYHBIN JKeTy 10K 3,69 £ 0,044 3,84 £0,046
Kene3uctolil xkeiy a0k 0,55+0,01 0,58 £0,01*
Cenesenka 0,034 + 0,001 0,041 +0,001**
dabpurreBa cymka 0,067 = 0,001 0,071 £0,001*

Tabamua 6. Ka4ecTBO MHAIOLLUAT CYTOYHOro BO3pPACTA MO WKAAAM «lacrapy u «OnTucTapTy,

6aaa (n=10)
okasamens xana «Ilacrap» Ixana «Ontucrapm»
Konrponphas rpynma OmnebITHAs rpynna KonTponbHas rpynma OmnebITHAS rpymHa

Pednexc nosenenus 1,6 £0,16 1,9+0,1 1,6 £0,16 1,9+0,1
IIynouyHoe ko110 1,9+0,1 2,0+0,0 1,9+0,1 2,0+0,0
T11roCcHBI ¥ ANBIBL 1,8+0,13 2,0+ 0,00 - -
MpliIe4HbIH TOHYC 1LIEU - — 1,5+0,16 2,0 +0,00%*
Kiros 1,9+0,1 2,0+ 0,00 1,9+0,1 2,0+ 0,00
XKusot 1,6 £0,16 2,0 +0,00%* 1,6 £0,16 2,0 +0,00*
Kpurepuit mxans 8,8 £0,36 9,9 £0,1* 8,5+0,37 9,9 £0,1**

Tak, u3 AaHHBIX TaOJ. 5 BHIAHO, YTO >KHBas
Macca WHIIONIAT CYTOYHOTO BO3pacTa OMIBITHOU
rpynisl O6bu1a Beime Ha 4,2% (p < 0,05). Ilpu sTom
BECOBBIC 3HAuCHHs OOJBIIMHCTBA WX BHYTPEHHHUX
OpPTaHOB TAaK)KE WMENU TEHIEHIMIO K TOBBIICHHIO.
OTnenpHO cleqyeT OTMETHTh CHH)KEHHE MacChl
JKEJITOYHOTO MEIIKa C OCTaBIIMMCS JKEITKOM Ha
22,4% (p < 0,01) mo cpaBHEHUIO ¢ KOHTPOJIEM, YTO
Ha PAIly C YBEIMICHHUEM JKETIE3UCTOTO U MBITIIEYHOTO
JKEJTyIKOB CBUJAETENbCTBYET O JydYIlleM YCBOCHHUU
MUTATENILHBIX BEIIECTB M MEPCHEKTHBaxX Oonee BbI-
COKOM KOHBEPCUM KOpPMa B JAJIBHEHUIIIEM OHTOIE€HE3E
y oco0eil, TOIyIeHHBIX U3 00pabOTaHHBIX OHOCTH-
mysaropoMm s, CrieyeT TakXe OTMETHTh, YTO
YBEIMYEHHE MAaCChl CceJie3eHKH U (aOpuIueBon
CYMKH — OpPTaHOB, UTPAIOIIUX BAXXHYIO POJIb B UM-
MYHOIIO33€, 110 JaHHBIM psifa aBTopoB (beccapabos,
2007; Beccapabos u np., 2015), yka3siBaeT Ha OoJiee
BBICOKMI YpOBEHb €CTECTBEHHOM pPE3UCTEHTHOCTH
WX OpraHu3Ma.

[IpeBocxoACcTBO 0COOEH OIBITHON TPYMITHI TIO
paHee OOCYXICHHBIM WHTEPHEPHBIM IapaMeTpam

COTIPOBOXKIIATIOCH 0OJIee BBICOKOH OaTEHOM OIeH-
KOH KadecTBa MOJOJHSKA 10 OOBEKTHBHO-
CyOBEKTUBHBIM IIKasaM (Tabi. 6).

Kak BusHO U3 Tab1. 6, MOJOAHSIK, TOJTYYCHHBIH
13 00pabOTaHHBIX TJIMIIMHATOM KOOAlbTa SHII, 10
BCEM IMPEICTABJICHHBIM IIOKa3aTelsIM HMMEJ Ipe-
MMYIIECTBO, YTO BBIPA3MIIOCH B TOBBIIIEHHH COBO-
KYITHON OaJIITbHOW OIEHKH OTHOCHTEIEHO KOHTPOJISI
no wkanaMm «[lacrap» u «Ontuctapt» Ha 1,1 u Ha
1,4 6amna, COOTBETCTBEHHO.

3AKAIOYEHUE

[peapiHKyOalMOHHOE HCIOIB30BaHUE TITUIH-
HaTa KoOalbTa B ONTHMAIBHOW KOHICHTPAIMH B
SMOpUOTeHe3e MHJCCK BCIEICTBUE HEMOCPEICTBCH-
HOT'0 y4YacTHs B CUHTE3€ rema, peain3allii aHTHOK-
CUJAHTHBIX, OOMCHOCTUMYJIHUPYIOIIUX  CBOWCTB,
CIIOCOOCTBYET COXPAHEHHIO IICIOCTHOCTH MEMOpaH
KJIETOK KPOBH, COXpaHSET CHHTE3 reMOTJIO0HHA Ha
(M3UOTOTHIECKH HEOOXOIMMOM ypOBHE, 00ecIieyn-
Bas yCIOBHUS JJIsl MOBBINICHHUS KAYECTBEHHBIX U KO-
JIUYECTBEHHBIX PE3yJILTATOB UHKYOAIHH.
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BIOCHEMICAL ASPECTS OF ANEMIC CONDITIONS CORRECTED
WITH COBALT GLYCINATE IN TURKEY POULTS IN EARLY ONTOGENESIS

T.V. Monstakova, I.I. Kochish, T.A. Sadovskaya, T.0. Azarnova

Moscow State Academy of Veterinary Medicine and Biotechnology — MVA by K.I. Skryabin,
st. Academician Scriabin, 23, Russia, Moscow, 109472

ABSTRACT. Presently, the main challenges in turkey breeding are associated with weak resistance of these birds
to stress factors, which inevitably leads to excessively intensified free-radical processes and lipid peroxidation causing
metabolic disorders and destructive changes in the cells of various tissues and organs. The stated above, as a number of
authors report, causes disorders primarily in the structures of erythrocytes due to specific nature of the morphological
structure, which determines the development of hemolytic and anemic events. The foregoing is inevitably associated
with hypoxia and acidosis that are aggravated by impaired functionality of hemoglobin and oxyhemoglobin buffers with
colloidal protection decreased. In this regard, conditions are created in the body for crystallization and development of,
for example, uric acid lithiasis. All of the above disorganizes not only metabolic relationships and the synthesis of mac-
roergs, and reduces antioxidant capabilities of the body, but also natural resistance and immunity, and damages ther-
moregulatory mechanisms, which inevitably negatively affects the viability and quality of both young birds and adults.
In this regard, the research purpose was to study biochemical aspects of anemic conditions corrected with cobalt
glycinate in turkey poults in early ontogenesis. The biostimulator we have synthesized made it possible to significantly
increase the embryonic viability of the young birds from the test group, which resulted in increased hatching of turkey
poults and egg hatchability by 6.86% (p<0.05) and 8.65% (p<0.5), respectively, with malformations and specimens
considered “weak” being significantly fewer. High viability was accompanied by a higher quality (superiority on the
“Pasgar” and “Optistart” scales was 1.1 and 1.4 scores versus the control) and the live weight of the obtained day-old
turkey poults (advantage, 4.2% (p<0.05). The mentioned above was due to the stimulating effect of the metabolite on
the antioxidant system with the decreased concentration of main lipid peroxidation products. The change in the lipid pe-
roxidation intensity determined an increase in the concentration of total protein, albumin, and the enzymatic activity of
tissue catabolism. The stimulating effect of cobalt glycinate led not only to the preserved integrity of erythrocytes, but
also made it possible to ensure the intensity of hemoglobin synthesis at a physiologically appropriate level and allow it
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to sufficiently implement its functions. Thus, the number of erythrocytes in the blood of the specimens from the test
group increased by 11.5% (p<0.01), and the hemoglobin concentration, by 3.2% (p<0.05). Consequently, cobalt
glycinate is an effective biostimulator that not only multifacetedly protects structural blood elements, but also ensures
the maintenance of the physiologically appropriate intensity of heme synthesis.

KEYWORDS: cobalt glycinate, turkeys, acidosis, erythropoiesis, phospholipases, free-radical oxidation, lactate.
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OPUTUHAAbBHAS CTATbA

METOAOAOTUSA OLLEHKU KOHTPOAS KAYECTBA

NPU ONPEAEAEHUN TOKCUYECKUX DAEMEHTOB B MOYE
METOAOM MACC-CNEKTPOMETPUU

C UHAYKTUBHO CBA3AHHOU NAA3MOMU

IO.H. Ao6aHoBa’?, T.B. KopobenHnkosa's, E.I. CepebpaHckuin? I A. Mopo3oBa?

T®T'AOY BO «Poccuiickuil yHUBEPCUTET APYKObI HAPOIOBY,
117198, Mockaa, yi. Mukinyxo-Maknas, 6

2000 «MHUKpOHY TPHEHTED,

105082, Mocksa, niep. [lepeBenenoBckuit, 13, crp. 8

3 TepBblii MOCKOBCKHIA FOCY JaPCTBEHHBINH MEAUIMHCKUN YHUBEPCUTET

nmenu .M. CeuenoBa (CedeHOBCKUI Y HUBEPCUTET),
119991, Mockga, yn. Tpy6enxkas, x. 8, ctp. 2

4@I'BY «HayuHo-knmuaudeckuil nentp toxcukoorud um. C.H. FomikoBa ®MBA Poccun»,

192019, Caukr-IletepOypr, yi. bexrepena, 1. 1

PE3IOME. Kontposb KayecTBa B COBpEMEHHOM J1ab0paTOPHO# MPAKTHKE BKIOYAET B celsl OpeIeicHIHe METPO-

JIOTHYECKUX XapaKTEPUCTHK, TAKMX KaK BOCIIPOM3BOAMMOCTb, IPABWIBHOCTD U NMPELHU3HOHHOCT. B paboTe npoBeneHa
OLICHKA Ka4eCTBa ONpPEEICHUS] TOKCHIECKUX 3JIEMEHTOB B MOUYE METOOM MaccC-CIIEKTPOMETPHH C HHAYKTHBHO CBSI3aH-
Ho# tutazmoi coriacHo 'OCT P 53133.2-2008. M3mepenne xumuueckux snemeHtos (Hg, As, Pb, Cd, TI) B koHTpoIIB-
HBIX MaTepHaliax MOYM METOI0OM MacC-CIIEKTPOMETPUH C MHIYKTUBHO CBSI3aHHOMW IIa3MOM IOKa3aJl0 JOMYCTHMYIO MO-
BTOPSIEMOCTh M IIPEIIM3NOHHOCTb. Y CTAaHOBJIEHO, YTO IIOBTOPSEMOCTh PE3YJIbTATOB IPHEMIIEMa, TaK KaK KO3 GHUIHUEHT
BHYTPUCEPHIHHON BapHalyd METOJa HE MPEBBIIACT MOJOBHHBI MAKCUMAJIBHO JOIYCTHMOrO 3Ha4eHHs Kod(pHuuneHra
o01eil aHanmuTHyecKkol Bapuanuu. TakuM o0pa3oM, yYMTBHIBAINCH CIy4aiiHble W cHcTeMaTHyeckue ommoOku. OneHka
71a00paTOPHOTO KOHTPOJIS KadeCTBA ONPENENICHNS TOKCHUECKHX 3JEMEHTOB B MOUYE METOJOM MAacCC-CIIEKTPOMETPUH C
WHIyKTUBHO CBSI3aHHOH IUIa3MOH BBISIBUJIA BO3MOXKHOCTB MCIIOJIB30BAaHHS 3TOT0 METOAA B KIMHUKO-INArHOCTHYECKUX

U HayYHBIX JIJA0OPATOPHSIX.

KAKOYEBBIE CAOBA: moua, pTyTh, MBINIBSIK, CBUHEL, KaJMHH, TAUIMH, MAcC-CIIEKTPOMETPHUS, METPOJIOrUYe-

CKHE XapaKTEePUCTHKH.

BBEAEHUE

B HacTosimee Bpemsi KIMHUYECKas 1abopaTop-
Has JMAarHOCTHKA SBJSETCS OJAHUM U3 aKTHBHO pas-
BUBAIOIIMXCS HAIMpaBICHU COBPEMEHHOW MeIUIU-
Hbl. OHON W3 MPUOPHUTETHHIX 3a/ad COBPEMEHHOM
na0opaTOpUH SBISETCS BBIOOP ONTHMAIBHOTO METO-
Jla, KOTOPBIA TMO3BOJMT IMONYy4YaThb MHPOPMALHIO O
COCTOSIHMM OpraHu3Ma U NPUMEHATh €€ JUIs AMarHo-
CTUKH OOJIe3HEeH, a TaK)Ke KOHTPOJIA 332 XOI0M Jieue-
HUSL OONBHBIX. B CBS3W € 3THM MOCTOSHHO TIPOBO-
IUTCS TIOWCK BBICOKOTOYHBIX, UyBCTBHUTEIBHBIX W
3((hEeKTUBHBIX METOMIOB aHAIH3a U TTOJI00P COOTBET-
CTBYIOIIETO J1a0OpPaTOpHOTO OOOpYAOBaHHSA IS

* AAPEC AAS MepenncKu:
Kopo6eiHukoBa TaTbsiHa BUKTOPOBHA
E-mail: tatcvetk@yandex.ru

NpoBelleHus J1abopaTOpHbIX TecToB (CKalbHBIA H
np., 2009; JIporoOyxckas, 2017).

OmpeneneHue COAEpP KaHUS OCHOBHBIX TOKCH-
KaHTOB (CBHHEL, MBIIIBAK, PTYTh, KaAMHUI U Ap.) B
Ouocpenax, Jalie BCETO ABISIETCS A0Ka3aTeIbCTBOM
HEeOJIaronpusaTHOIO TEXHOT'€HHOI'O BO3ACHUCTBHUA H
OTpakaeT MOTEHIMAJIbHBIE PUCKH IS 310POBBS He-
noBeka. M30BITOK MOJUTIOTAHTOB MOYKET OKAa3bIBATh,
KaK MpsIMOe TOKCHYECKOe BO3JEICTBHE, TaK U KOC-
BEHHOE, IIPOSABIS AHTAarOHHCTHYECKHE CBOMCTBA
IpU B3aUMOJEHUCTBUM C 3CCEHLHUAIbHBIMH 3JEMEH-
TaMu B opraHm3me denoBeka (Epemun u mp., 2010;
I'unesa u ap., 2014; Ynanosa u ap. 2014).
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HewHBa3WBHBIM ITOCTYHHBIM OHOCYOCTpaTOM
JUISL aHAJIM33a TOKCHYHBIX 3JICMEHTOB MOXKET SIBJISTh-
cs Mmoua. OHa COJEPKUT MPOIYKTHI Karaboau3Ma u
JPYTHe BEIECTBA, OT KOTOPBIX OPraHU3M HU30aBIIs-
eTcs B TIporiecce oOMeHa BemecTB. B menom ananm3
COJIEP’KUMOTO MOYH OTPakaeT MPOIECC BHIBEIEHUS
BEUIECTB TPU 3arpsS3HEHUH TOKCHUYECKUMH Bellle-
CTBaMM BHYTpEeHHeEW cpenbl opranusma (Obepiuc u
ap. 2008; Velez-Quinones et al., 2018).

KadecTBO pesynbrara HCCIEIOBaHUS 3aBUCHT
0T MHOTHX (DakTOpOB (KadecTBa PeakTUBOB WU 000-
pyAOBaHHS, KBaIH(HUKAIIMU JTAOOPAHTOB), OIHAKO
BaXHOE 3HaueHHE HMMeeT KadecTBO meroxaa. Jlis
OOBCKTUBHOW OIICHKH aHAIMTUYCCKHX KadeCTB Me-
TOJla PEKOMECHIYETCS OICHKAa €ro aHaJIMTUYCCKOU
HaJeKHOCTU. B Hambonplield CTENeHH COBpPEMEH-
HBIM TPeOOBaHUSAM TOYHOCTH, CEJIEKTHBHOCTH, IPO-
M3BOJUTENHFHOCTH COOTBETCTBYET METO]I OTpeeie-
HUS COJEpXKaHUsI XUMHUYECKHX 3JIEMEHTOB C IIOMO-
IIbI0 MAaCC-CIIEKTPOMETPUH C WHAYKTUBHO CBSI3aH-
voit mnazmoit (MCII-MC). JlanHbplif MeTon uMeeT
HU3KHE TMpelensl OOHapyXeHus (MHUKpOrpamMM Ha
MUJUTHJIATP), BBICOKYIO BOCIPOU3BOANMOCTD M CXO-
IUMOCTh PEe3yJIbTaTOB, TpeOyeT HeOOIBIMX 00Be-
MOB OHOJOTHYECKHUX CyOCTpaToB [UIsl aHalu3a W
“MeeT OOJIBINYI0 MPOU3BOIUTEILHOCTE (YIIaHOBa U
np. 2018; Brodzka et al., 2018; Paglia et al., 2018).

Hens paboTs — 000CHOBaTH BO3MOXK-
HOCTb HCIIOJIb30BaHMUS B KITMHUKO-THArHOCTUIECKON
1ab0opaTOPUN METOJT MacC-CIIEKTPOMETPHH C HHIYK-
TUBHO CBSI3aHHOH IIIa3MOW W €ro COOTBETCTBHE
I'OCT P 53133.2-2008 «TexHonoruu yabopaTop-
HbIC KIIMHUYECKHUE KOHTPOJIb KAYeCTBa KIIMHUIECKUX
nabopaTopHbeIX ucciaenopanuii. Yacte 2. IlpaBuia
MIPOBEJICHHSI BHYTPHIIA00PATOPHOTO KOHTPOJIS Kade-
CTBa KOJIMYECTBEHHBIX METOJIOB KIMHHYECKUX JIa00-
PATOPHBIX HCCIEOBAHUN C HWCIOJIH30BaHHEM KOH-
TPOJBHBIX  MarepualioB». B  KIWHUKO-THAarHO-
CTUYECKOM J1abopaTopuu MPOBOAAT KOHTPOJIb Kade-
CTBa KOJIMYCCTBCHHOTO OIPEACICHUS Pa3IUUHBIX
abOpaTOPHBIX IIOKa3aTele COTrNIaCHO ITaHHOMY
HaI[MOHAIBHOMY CTaHIAPTY.

OCHOBHBIMH KPUTEPHUIMH, 110 KOTOPBIM OICHH-
BaeTCsl METOJ| B KIIMHUYECKOH 1abopaTopHOW aua-
THOCTHKE, SIBJIIIOTCS CJICIYFOIUE: BOCIIPOU3BOIM-
MOCTb, TPaBUIBHOCTh, CHEIUPUIHOCTh U UyBCTBH-
TENBHOCTh. B MeTposiornu Ui onpeaeneHus TO9HO-
CcTH 7abOpaTOPHBIX PE3yNbTaTOB H3MEpPEHHH WC-
MOJIE3YIOT TaKHe XapaKTePUCTHKH, KaK IPaBUIIb-
HOCTb U TIPEIU3NOHHOCTD.

[paBUILHOCTB — 3TO CTETICHb OJIM30CTU CPEIHE-
ro 3HAYCHUS, MOIYUYCHHOT0 Ha OCHOBAaHHMU OOJIBIION

CEepUH Pe3yJIbTaTOB M3MEPEHHil (MM Pe3yJbTaToB UC-
NBITAHUN), K TIPHHSATOMY OIIOPHOMY 3HaueHuro. [Ipe-
[IM3MOHHOCTh XapaKTEPU3YyeTCsl CTENEHBI0 CXOJICTBa
JpYT K APYTy HE3aBHCUMBIX PE3yJIbTaTOB U3MEPCHUH,
HOJIy4eHHBIX B KOHKPETHBIX pETJIAMEHTHPOBAHHBIX
ycIoBUsAX. B 000 mabopaTopHON MpakTHKE €CTh
HEen30eKHBIE CITy4aifHble MOTPEIIHOCTH, MPHCYIIHEe
Ka)KI0H M3MEpUTENILHOM Mpoueaype u GpakTopsl, oka-
3bIBAIOIUE BIMSHUE HA PE3YJIbTAT M3MEPEHUs], KOTO-
pble He MMOJIAIOTCS TTOJTHOMY KOHTpoJI0. [ToBbIIcHHE
HAJeKHOCTH JIaOOPaTOPHBIX METOIOB, HAIIPABIICHBI
Ha yJydIlIeHHe aHATUTHYECKHX Ka4eCTB C OIHOW CTO-
POHBI M Ha TIOBBILICHNE IUArHOCTHYECKOH MHpopMa-
THUBHOCTH C Apyroi ctoponsl (JIucerkast, 2005).

MATEPUAABI U METOADI

AHanmu3 MOYM Ha COJepXaHHWE MEBIIIbIKa,
CBUHIA, KaIMUs, pPTYTH W TaJUTHA BBITOJIHEH METO-
nom UCII-MC mo m3otomaMm MEBIBSIK-75, CBHHEI-
208, kaammii-111, ptyTp-202, Tamnuii-205 B cooOT-
BercTBUU ¢ MeToaukord MBMUM 01-2009. Metoauka
arrectoBaHa B OI'YII «YHUMM», cBUAETEIBLCTBO
00 arrectaruu Ne 223.1.07.13.10/2009. Jns usme-
peHHU  HWCIOJIb30BaH  KBAJAPYIMOJBbHBIM  Macc-
cnektpomerp NexION 300D (PerkinElmer, CIIIA)
s/n 81DN2062801 B KOMIIEKTe C KOMIBIOTEPOM U
CICIUATU3UPOBAHHBIM TPOTPAMMHBIM 00CCIICUCHH-
€M, HCCJICIOBAHWE BEHITIONHSIN B KIMHUKO-IUATHO-
crudeckoit maboparopur OO0 « MUKPOHYTPUCHTHD)
(Mockga).

Merox UCII-MC ocHOBaH Ha TEpMHUYECKOI
aTOMHU3AIUN HCCIEAyeMON TPOOBI B BBICOKOTEMIIC-
paTypHO#l IUIa3M€ U MOCIEAYIOIIEH perucTpanuu
MMOTOKOB HMOHOB OIPEAENIEMbIX H30TOIOB KBaApy-
MOJTFHBIM Macc-aHaJu3aTopoM. B obmiem Bunme pac-
TBOp HCCJEIyeMOl POoObI IOJaeTCs B CHCTEMY BBO-
Jla Macc-CIEKTPOMETpa MEPUCTAIBTUYECKIM HACO-
coMm, pnanee CGHOPMUPOBAHHBIH CHCTEMOUW BBOJA
MEJIKOJTUCTICPCHBIN a3p030Jib MPOOBI Uepe3 HHKEK-
TOp TOMAJACT B TOPENKY, B KOTOPOI TOIIEPKUBACT-
Cd WHIYKTUBHO-CBSI3aHHBIUA TIJIA3MEHHBIN pa3psij C
temmepatypoit okono 6000°K, xotopast 3pPpeKTHBHO
BO30YXKIaeT OAHO3apsIHbIE MOHBI M30TONOB. MOHBI
U3 MJ1a3Mbl Yepe3 CUCTEMY IPOO0OTOOPHBIX KOHYCOB
U 1e(DICKTOPOB BTATHBAIOTCS B BaKyyMHPOBAHHYIO
MOHHO-ONTHYECKYI0 CHCTEMY, TIe IMONaaalT B
KBaJIPYIIOJIBHBIA aHAU3aTOP, B KOTOPOM pa3els-
FOTCS 110 OTHOIICHHWIO MacChl K 3apsmy (m/z). Ioiry-
YeHHBIE HOHHBIE CUTHAIIBI OT/IEIBHBIX U30TOIOB pe-
TUCTPUPYIOTCS AUCKPETHO-AUHOIHBIM JETEKTOPOM.
Uucno coygapeHuil HOHOB OMpPEAENIIEeMOro U30TOMa
C AWHOJAMU JETEKTOpa 3a CAMHHIY BPEMEHU TIPO-
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MTOPIIMOHATIHFHO KOJIMYECTBY aTOMOB JJAHHOTO H30TO-
ma B MCXOAHOM oOpasue. s Koppekuuu BIUSHHS
CJIO)KHOM OpraHu4ecKod MaTpuIlbl U WHCTPYMEH-
TaJLHOTO Jpeiida Ha pe3ynbTaT Macc-CIEeKTPOMET-
PUYECKOTO HM3MEpEHHs COJNEpXKaHUS HCIOIB3yeTCs
METOJl BHyTpPEHHEHN cTaHaapTu3anuu mo poauro-103,
KOTOPBI BBOJUTCA B MPOOY W BO BCE KaaMOPOBOY-
Hele pactBopsl (MP, 2003; CkanbHblii U 1p., 2009).

ba3oBele  WMHCTpyMCHTaJbHBIE  MapameTphl
macc-criekrpomerpa NexION 300D (ycranaBnmBa-
0T W/WIA ONTHMHU3WPYIOT B COOTBETCTBUU C JKC-
IUTyaTallMOHHOM TOKyMEHTAITNEH ):

MOIITHOCTE, MoABoauMas K mirasme — 1600 BT;

otnomenune Ce/CeO" —<0,015;

otnomenune Ce™/Ce™ —<0,015;

HanpspkeHHe Ha aedaekrope — ot —100 mo
+20 B (ontuMu3upyemMoe);

MOTOK Ta3a pacHbUINTENS —
0,94 n/muH;

YyBCTBUTEJIBHOCTH N0 M3otomy In-115 — > 40
000 umm/c Ha 1 MKI/7;

or 0,84 no

paspemenre Ha 10%-Hoil BricoTe muka — 0,70
+0,10 a.e.m.

Jns mpoBelleHHs Macc-CHEKTPOMETPUIECKOTO
aHajli3a HaBECKH MO4YM Maccoi okojo 0,8 r mome-
IIaJTd B TIOJHIPONAJIICHOBBIE IIEHTPU(YKHBIE TPO-
OMpKu W JOBOIWIM MO0 oObema 15 mur pacTBopom
(manee MWIFOEHTOM) Ha OCHOBE JICHOHM30BAHHOMN
BOJIBI C COTPOTHBJICHHEM He MeHee 15 MOwm-cM® ¢
nobasienneM 1%-Horo 1-Oyrtanoma (#1.00988,
Merck K Ga A, I'epmanwms), 0,1% Triton X-100
(Sigma #T9284 Sigma-Aldrich, CIIA), 0,07%
azorHoi kucioTs! (Fluka #02650 Trace SELECT™,
CIIIA). Koppekiuio CHUTHAJOB HCCIEIyeMBIX 3Je-
MEHTOB B MOYE MPOBOJWIA aBTOMATHUYECKU IPO-
TpaMMHBIM ~ O0O€CIIedYeHHeM  Macc-CIEeKTpOMeTpa
NexION 300D B pexume online internal standardi-
zation TI0 BHYTpPEHHEMY CTaHmapTy pojauto-103
(#N9300144, PerkinElmer, CIILIA)

B T1abm. 1 mpuBemeHBl XapaKTEPUCTUKUA KOH-
TPOJIBHBIX 00pa3lOB ¥ KPUTEPHU OLIEHKH pe3yJIbTa-
TOB KOHTPOJIS Ka4ecTBa.

Tabamua 1. XapaKTepuCTMKU KOHTPOAbHbIX 0OPA3LL0B M KPUTEPUU OLLEHKHU PE3YAbTATOB AHAAM3A

Kompoubbiii 0O6o3naueane CO Paz6aBurens Onoproe 3H§quHe’ Kpurepuii orieHkn
obpaser HI/cM
') #N9300233 JusmoeHT 0;5; 10 r?>0,999
. . As—132; Pb - 67,2; Hg — 25,4;
% > bt ] 0
ccv ClinCal Urine Jwnmoent Cd—19.6: TI—23.3 +15%
oC #N9300144 ** Jumoent Rh-1 -
. . As—43,Pb—24, Hg—-2.3
* s > s
IQC1 ClinChek Urine Control Level I Jumoent Cd—2.46,TI—7.24 +15%
. . As—83.3,Pb—-65 Hg—-17.3
% El s > 0
1QC2 ClinChek Urine Control Level 11 Jumnioent Cd— 144, TI—19.0 +15%

IDpumedanue:*— MyIpTUIIEMEHTHBIH cocTaB xuMuaeckux 31eMeHToB ClinChek Urine Control Level I, II; ClinCal Urine
Control (Recipe, I'epmanus); ** — MoHO?1EeMeHTHBII cocTaBa HOHOB poaus #N9300144 (PerkinElmer, CILIA), morpemHocTh aTTe-

CTOBaHHOTO 3HaueHus £1% (p=0,95).

YcaoBHbIe 0603HAYEHMSI U COKPALLLEHMS:

I'(n) — xamuOpoBka mo n TouykaMm (KaaMOpPOBOYHBIM pacTBOpaM), BKIIIOYas HYJIEBYIO TOUYKY, ONpEAEseT TEKYLIyl0 WHCT-
PYMEHTAIBHYIO 4yBCTBUTEIILHOCTD 110 H30TONAM DJIEMEHTOB;

2 — IO0Ka3aTeNb JOCTOBEPHOCTH JINHEIHON aNIpOKCUMAaLUH KaTHOPOBOYHON (hyHKIIUH;

OC -  obpazen cpaBHeHUst — pacTBop Ha ocHOBe CO pojws, HCIIONB3YeTCs B KaUeCTBE BHYTPEHHETO CTaHAapTa IS KOPPEKIUH BITHS-

HUS allapaTypHOi HeCTaOMITBHOCTH U MaTPHYHBIX 3P ()EKTOB Ha pe3yIbTaThl aHATIM3a COICPKaHMS SJIEMEHTOB B IPo0ax;

CCV — obpazer 11t KOHTPOJIS IPaBUIBHOCTH (HE3aBUCHMOE MOATBEPKAEHHE) MPUTOTOBICHUS KaTMOPOBOUHON (PyHKIMH, MPU-
TOTOBJICHHBIN C Hcmoab3oBaHueM CO (ctaHzapTHOro oOpasia), OTIMYHOTO OT MPHUMEHSEMOro IJIs IPUTOTOBICHUS Ka-
JIMOPOBOYHBIX PACTBOPOB, C YYETOM MAaTpPHUIIbl aHATU3UPYyeMoro 6uocyocTpara;

1QC —
CVi—
CV"w— MOBTOPSIEMOCTH BHYTPH CEpHHU;

oOpaszer JuIst TOATBEPKICHHUS IPHEMIICMOCTH aHATUTHUECKOH CEpUH Pe3yJIbTaToB;
K03(GUIMEHT BHYTPH HHAWBHUYJILHOW OHONIOrHYecKOl Bapuanud, %

CVio — mpeznenbHO JOIMycKaeMble 3HaYE€HHs MOTPENTHOCTH Ko duirenta Bapuanuy B 10 aHamuTHyecKux cepusx (%);

CV"20 — nperu3noHHOCTh B 20 aHATUTUUECKUX CEPUSX;

CV20 — mpeznensHO JOIycKaeMble 3HaYeHHsI ITOrpelHOCTH Koadduirenrta Bapuanun B 20 aHaIMTHYECKUX cepusix (%);

B0 —
B2o -

OTHOCHUTCJIIBHOC CMCIICHUC (HpaBI/IIII)HOCTI)) B 20 aHATUTUYECKUX CepHsX;
IpeaAcCIbHO AOITYCKA€MbIC 3HAYCHU S IMOTPCITHOCTH CMCIICHUA (%).
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PE3YABTATbI U OBCY)XAEHUE

st mpuroToBIeHUs KaduOpPOBOYHOTO pacTBOpa
HCTIOJB30BaH cTaHaapTHEIA oOpaser (I'3) cocrasa pac-
TBOpa u3y4yaeMbix 3neMeHToB #N9300233 (Perkin
Elmer, CIIIA), comepxanne >1ementoB 10+1 mr/mv’,
a TaKk)Ke JIeMOHU30BaHHAs BOJA C COMIPOTHBIICHNEM HE
meHee 15 MOM cM 1 a30THas KUCIOTa.

Obpazen ans koutpona npasuiasHocTH (CCV)
U3MEpSUIM C IENbI0 TMOCTPOCHUS KaTHMOPOBOYHOI
(GyHKIWM, A7 BCeX IMOKaszarened MOJDKHO BBITION-
HATBCA ycnoBue: 7 > 0,999. Takke ydUTHIBAIM 3HA-
yeHue BHyTpeHHero ctanmapra (OC) — pacTBopa Ha
OCHOBE CTaHJapTHOTO oOpa3la pojaus, 3aTeM IIpHU
HEOOXOIUMOCTH TPOBOJMIN KOPPEKLHUIO MaTpHhy-
HBIX 9 PEKTOB.

Cornacao I'OCT P 53133.2-2008, mnopsaok
MIPOBEJICHUSI BHYTPH JIADOPATOPHOTO KOHTPOIS Ka-
YecTBa JUIS KaXKIOH BEITIONHSEMON B JabopaTopuu
KOJIMYECTBEHHON METOJUKU HCCIIEOBAHUS COCTOUT
U3 TIOCNIEA0BATEIbHBIX CTaIHMI:

cTagust 1 — OlEHKa MOBTOPSIEMOCTH pPe3yJibTa-
TOB U3MEPEHUI;

cTamusi 2 — OIeHKA MPEIM3HOHHOCTH W OTHOCH-
TEIIFHOTO CMEIeHHs M0 pe3yiIbTaTaM yCTaHOBOYHON
CepUH N3MEPEHH, TOCTPOCHNE KOHTPOJIBHBIX KapT.

BHyTpuiabopaTopHblii  KOHTpPOJIL  KadyecTBa
BBITIOJHSIA C HWCHOJIb30BAaHHEM CTaHJAPTHBIX 00-
pasuoB coctaBa Moy ueinoBeka ClinCheck Urine
Control, lot 432, level 1 u 2 mpomnsBoncTea RECIPE
Chemicals + Instruments GmbH (I'epmanns).

Y CTaHOBIEHO, YTO TOBTOPSAEMOCTh PE3yJIbTa-
TOB OyAeT mpueMiIeMol HpH YCIOBHH, €CIU KO3(-

(GULMEeHT BHYTPHCEPUHHOW BapualMd METOAUKU
(CV"y) He mpeBbIIIaeT MOJOBUHBI MPEIEIbHO 0ITY-
CTHMOTO 3HaueHHs Kod(pPUIreHTa o0LIel aHaIuTH-
yeckoi Bapuaruu ans 10 msmepenuit (CVig), BbI-
MIOJIHEHHBIX HA OJHOM U TOM K€ KOHTPOJIBHOM Ma-
Tepualie B OJJHON aHAJTUTUUYECKOU CEpUH.

Koadpumment CVinpuBeneH B MPUIIOKEHUN K
I'OCT P 53133.2-2008, ogHako B JAHHOM JTOKYMEH-
T€ HE PErjJaMeHTHPYIOTCS NaHHbIC IJIs HCCilIeqoBa-
HUS YPOBHS COACPIKAHHS U3y4aeMbIX HAMU XUMHUE-
CKUX JIEMEHTOB B MOYE, YTO BEAET K OOIBLIOMY KO-
JMYECTBY MAOMOJHUTEIBHBIX pPAacdeTOB B pPaMKax
OLIGHKM KOHTPOJISI KauecTBa.

Hns pacdera mpeenbHO JOMYCKaeMbIX 3Haue-
HUH cMeleHust 1 KO3 QHULMEeHTa Bapualiuyi 0TOnpa-
T OTIpeeNICHHY0 KoropTy manueHtoB (400 uero-
BEK), Y KOTOPBIX paHEe HCCICNOBAIN XUMHUYECKHE
AJIEMEHTHI B MOYe. 3aTeM BBIOOPKY paHKHUPOBAIH T10
NPOLIEHTH/ISIM, B pacueTsl He Opainy 3HaueHHs Co-
JepKaHUsl XAMHYECKHX 3JIEMEHTOB B MOUe MeHee 25
npoueHTHs U 6onee 75. C yueToM 3aBUCHMOCTEIA,
ycraHoBieHHBIX Harris et al. (1983), ompenensiu
3HAUYCHUs KOY(PHUITNEHTAa WHIUBUIYATLHON BapHa-
LY ¥ 3HAYCHHUE CMEIIEHHS.

3Ha4YeHUs! NPEAEIbHO IOMYCKAEMBIX ITOTPELI-
HocTel ko3(dunuenta Bapuanuu B 10 u 20 ananu-
TUYECKUX CEPUSAX YCTaHOBMJIM COTJIACHO MpPHUBEACH-
HbM B 'OCT P53133.2-2008 dopmynam 3, 4.

OrmeHka TOBTOPSEMOCTH, BKIOYanga B ceOs
npoBegeHre 10 m3MepeHWil Ha ONHOM U TOM JKe
KOHTPOJIBHOM MaTepHuajie B OTHOH aHAJIMTUYECKOH
CEepHUH, Pe3yNbTaThl IPECTABICHBI B Ta0JI. 2.

Tabamua 2. OLeHKa NOBTOPAEMOCTH (CXOAUMOCTH) Pe3yAbTATOB U3MEpPEeHUH
ClinChek Urine Control Level 1,2

HasBanue snementa | IloBTopsemocts IQC1 IToBTopsiemocts 1QC2 Onenka noBTopseMoctd | CXOIUMOCTb, IpHeMIIeMa
Kanmuii CV'w=17,94 CV'w=9,79 0,5CVi0=10,18 Ja
MBpIbsik CV'w =8,65 CV'w=06,42 0,5CVi0=16,83 Ja
PryTb CV'w=13,78 CVw =837 0,5CVi0=15,08 Ja
Caunen CV'w =748 CV'w=17,99 0,5CVio=11,06 Ja
Tanmmit CV'w=4,61 CV'w=5,44 0,5CVio= 8,83 Ha

Ha ocHOBe moTy4deHHBIX TaHHBIX CETaH BBHIBO/I,
YTO MOBTOPSEMOCTh PE3YJIBTATOB OMPEACTICHUS XUMHU-
YECKHX 3JICMEHTOB (KaJMUS, MBIITBSIKA, PTYTH, CBIHITA
U TaJUIMs) B MOYE METOJIOM MAacCC-CIEKTPOMETPHH C
VHIYKTUBHO CBA3aHHOM TIIa3MOM pHeMIIeMa.

Janee npoBoAMIN OIIEHKY COOTBETCTBHSI 3Ha-
yeHuii ko3 duimenta Bapuaiun CV™y U OTHOCH-
TEJIHHOTO CMEMIeHHsI B™y9 yCTaHOBIEHHBEIM HOPMaM.

I'paduueckoe M300pakeHue MPABHILHOCTH PE3yiib-
TaTOB ONpEACTICHUS KaJMUsl, MBILIbSKA, PTYTH, TaJl-
J¥S ¥ CBUHIIA B MOYE C MCIIOJIb30BaHUEM CTaHIApT-
Horo oOpasma ClinCheck Urine Control, lot 432,
level 1,2 (mkr/cm®) mpuBeneHo Ha puc. 3,a—0.

[lo momyueHHBIM pe3yabTaTaM MPOBOAWIN
OILICHKY MPEUU3UOHHOCTH U OTHOCUTEIBHOTO CMe-
IIeHHUS, Pe3yJIbTaThl IPECTaBIeHBI B Ta0m. 3 u 4.
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Puc. 3. KOHTPOAL BOCMPOM3BOAMMOCTH PEIYABTATOB OMPEAEAEHMS PTYTH (Q), MbILLbIKA (6), CBMHLA (B), TAAAMS (1)
M KOAMMS (A) C MCMIOAB3OBAHMEM CTaHAGPTHOro obpasLa ClinCheck Urine Control, lot 432, level 1,2 (MKr/cm3)

Tabamua 3. OueHka npeuun3MoOHHOCTH U NPABUABHOCTH PE3YAbTATOB U3IMEPEHMUIH
ClinChek Urine Control Level 1

IIpenensuo
OTHOCHUTETTBHOE [penensaO
JIOITyCKaeMbIe IIpenu3noHHOCTH [IpaBuibHOCTH
HasBanue | [IpenusnonHocTh CMEILLEHUE JIOITyCKaeMbI€ 3Ha-
3HaueHus norpeu- | 1o 20 cepusm, B 20 cepusix,
JJIeMEHTa o 20 cepusim (IpaBWIIBHOCTB) | YEHHMs ITOTPEIIHO-
HOCTH K03 dHIu- npuemiemMa npuemiieMa
B 20 cepusix CTHU CMEUIEHUs
CHTA BapHaluu
Kagmuit CV'20=1,57 0,5CV20= 38,51 Ja B0=11,99 B2o=+19,33 Ha
MBEIBSIK CV™0=6,25 0,5CV20= 14,06 Ja B"20=12,38 B2o=+31,94 Ha
PryTp CV"20=10,64 0,5CV20=12,59 Ha B*0=-8,22 B2o==£28,61 Ha
Causery CV'20= 6,62 0,5CV20= 8,82 Ha B™20=-13,49 B20=+20,03 Ha
Tamnuit CV"20=5,86 0,5CV20=17,37 Ha B*20=-6,42 B2o==£16,75 Ha
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Tabamua 4. OueHKa NPeLM3MOHHOCTH U MPABUABHOCTH PE3YAbTATOB M3MEPEHNH
ClinChek Urine Control Level 2

IIpenensno
OtHocurensHoe ([IpenensHo nomyc-
nomnyckaemble | [Ipenn3uoHHOCTD [paBuibHOCTE B
Haspanue | [IpenusnoHHOCTH CMeILCHHE KaeMble 3HaUCHHUS
3HaueHus norpem-| 1o 20 cepusim, 20 cepusix,
JJIeMEHTa o 20 cepusim (IpaBUIIBHOCTB) HOIPEIIHOCTH
HOCTH K03 dHIu- npuemiiemMa npuemiieMa
B 20 cepusix CMEILEHUs
€HTa Bapuanuu
Kanmuit CV™20=17,49 0,5CV20= 8,51 Ja B20=4,55 B20=%19,33 Ja
MEIIBSIK CV™20= 6,69 0,5CV20= 14,06 Ja B20=4,90 B2o=+31,94 Ja
Pryts CV™20=11,99 0,5CV20=12,59 Ha B2o=5,84 Bao=+28,61 Ja
CauHeln CV"20=17,29 0,5CV20= 8,82 Ia B2o=-3,11 B20=+20,03 Ha
Tannmit CV™20=16,73 0,5CV20=17,37 Ia B2o=-6,57 B2o=+£16,75 Ha
3AKAKOYEHUE TEJIBHOCTH BBINOJIHEHMSI aHANM3a, MOCKOJIBKY I103-

Peructpauusi pe3yiabTaToOB yCTAaHOBOYHBIX Ce-
pyuil M3MEpPEHUH XUMUYECKUX JJIEMEHTOB B KOH-
TPOJIbHBIX MaTepuajiax MOYM MoKa3zajia JOMyCTUMYIO
MPEIU3UOHHOCTh U MPAaBMWIBHOCTh. TakuM o0pazom,
MPOBEJICH yYET CIy4alHbIX U CUCTEMaTUYECKUX TO0-
PELIHOCTEH.

OneHka BHYTPHIA0OPATOPHOTO KOHTPOJIA Ka-
YeCTBa ONMPEAEIICHUS TOKCUYHBIX 3JIEMEHTOB B MOYE
METOJIOM MacC-CIIEKTPOMETPUU C UHAYKTHUBHO CBSI-
3aHHOMU IIJIa3MOM BEISIBHIJIA BO3MOKHOCTH HMCIIOJB30-
BaHHUSA JTAaHHOTO METOJa B KIMHHUKO-IHArHOCTHYEC-
KUX MEIUIMHCKUX opranuzauusax. [lomMmumo Beico-
KHX aHaJATHYECKUX ITOKazaTeleh, JaHHBIA METOJ
HCCIIEIOBAHUS XOPOII U C MO3ULMM JHATHOCTUYE-
CKOM 3HAYHMMOCTH ITOKa3aTejiei, M C IMO3UIUH -
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METHODICAL ASSESSMENT OF QUALITY CONTROL
OF TOXIC ELEMENTS IN URINE
BY INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY
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4FSBI "Scientific and Clinical Center of Toxicology named after S.N. Golikov FMBA of Russia",
1, Bekhtereva str., 192019, St. Petersburg, Russia

ABSTRACT. Quality control in modern laboratory practice includes the determination of metrological characteris-
tics such as reproducibility, correctness and precision. This research deals with evaluation of the quality of determina-
tion of toxic elements in urine by inductively coupled plasma mass spectrometry was assessed according to GOST R
53133.2-2008. Measurement of chemical elements (Hg, As, Pb, Cd, Tl) in urine control materials by inductively cou-
pled plasma mass spectrometry showed acceptable repeatability and precision. It has been established that the repeata-
bility of the results is acceptable, since the coefficient of intra-series variation of the method does not exceed half of the
maximum allowable value of the coefficient of total analytical variation. Thus, random and systematic errors were taken
into account. Assessment within the laboratory quality control of the determination of toxic elements in urine by induc-
tively coupled plasma mass spectrometry revealed the possibility of using this method in clinical diagnostic and scien-
tific laboratories.

KEYWORDS: urine, mercury, arsenic, lead, cadmium, thallium, mass spectrometry, metrological characteristics.
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OPUTUHAAbBHAS CTATbA

B3AUMOCBA3b DAEMEHTHOIO COCTABA
U MOPPOPYHKLMNOHAAbHBLIX XAPAKTEPUCTUK NAALLEHTbI
NMPU TABAYHOU MHTOKCUKALLUK

A.B. Ausypumnk

OpenOypreckast odnacTHas KIMHAYEcKas 0oimpHUIa No 2,
yi. Heenbckas, 24, 460000, r. Opendypr, Poccus

PE3IOME. Llens wccienoBanus — BBISIBUTH B3aUMOCBSI3b MEXKIY JIIEMEHTHBIM COCTABOM U MOP(HODYHKIMOHAIb-
HBIMH XapaKTEPUCTHKaMHM IUIAIICHTHI KPBIC MpH TabadyHOW MHTOKCHKanuu. OmnpeneseHrne 3JEeMEHTHOTO COCTaBa Inia-
LIEHTHI TIPOBOAWIIH C TTOMOIIBI0 Macc-criekTpomerpa Elan 9000 u aromHO-3MuCCHOHHOTO criekTpomerpa Optima 2000
V. MopdodyHKIMOHANEHBIE XapaKTEePUCTHKH TUIALIEHTHI H3Y4alll TIOCPEICTBOM IIPUTOTOBJICHHS] CEPUIHBIX MaparHO-
BBIX THCTOJIOTHYECKUX cpe30B. JlaHHbIe 0OpabaTeiBaiv mpu noMomu U-kputepuss ManHa—YUTHH. Y CTAHOBIIEHO, YTO B
pe3yibTaTe MacCHBHOTO KypeHHsI MPOUCXOIMIO CHUKEHUE TIOJJOBUTOCTH CaMOK, HapyIlIeHne (HU3NIeCKOTO Pa3BUTHS
IJI0A0B, CHUIKCHHUE MACChl U TOJHIWHBI TUIAIICHTBI, YMCHBIICHUEC YHCJIa MJIOJOBBIX KAaIMWJUIAPOB U MAaTCPUHCKUX CUHY-
coB maneHTsl. Hambonee 9acTo BCTpeyaeMbIMH ITaTOJOTHYECKUMH M3MEHEHUSMH THCTOJIOTUYECKOTO CTPOCHUS ILIa-
LIEHT OMBITHBIX TPYHII 0KAa3all0Ch Pa3BUTHE 0YaroB PacCTPOICTB KPOBOOOpAIIEHHs, BOCIIANUTENBHBIE H aTpopuIecKre
n3MeHeHus. [Ipy cpaBHEHHM 3JIEMEHTHOT'O COCTaBa y OINBITHBIX TPYIN ObUIM BBISABIICHBI OOsiee HU3KUE 3HAUCHHS Mar-
HUS U KeJe3a, Ha (poHe Oosee BBRICOKMX 3HAUCHHUH CBMHIA M KaJMUs. BBIABICHHBIN IHCIIEMEHTO3 B COBOKYITHOCTH C
aTOMOP(OJIOTHUECKUMH N3MEHEHUSIMH TUTAIICHTHI CTaJl MPUYHHON TUTAlleHTapHOH HETOCTaTOYHOCTH, KOTOpas B CBOIO

o4depeab MpUBEiia K 3aACPIKKE BHyTpI/IyTpO6HOFO Pa3sBUTHUA JIOOOB.

KAIOYEBBIE CAOBA: naccuBHOE KypeHHE, TOKCHYECKHE MHKPOIJIEMEHTHI, SCCCHINATbHbIE MUKPOIIEMEHTHI,

KPBICHI.

BBEAEHUE

Hecmotps Ha pacmmpenne mMacitaboB 60pbOBI
npoTuB Tabaka, KypeHHE MO-NPEKHEMY OCTaeTcsl OJi-
HUM W3 BeAymx (DaKTOpOB pHCKa CMEPTH U MHBa-
muaHOCTH BO BceM mupe (Reitsma et al., 2017). Pac-
MIPOCTPAHEHHOCTh KypeHUs Cpeau )KeHIMH B Poccnn
Bo3pocna ¢ 5% B 1980-x ronax a0 20% B 2000-x ro-
nax (Kharkova et al.,, 2016). He menbmyrwo yrposy
MpEeACTaBIsIeT MpodiieMa MacCUBHOTO KypeHus (Zhou
et al., 2019). YcraHoBneHo, 4TO TIPH MTACCUBHOM KY-
PEHHH BO3MOJKHO TIOBBIIIIEHWE ypPOBHS HHUKOTHHA B
IUTa3Me KPOBH, KOTOPOE IKBUBAJIECHTHO YPOBHIO TPH
o0sryHOM Kypennu tabaka (Okoli et al., 2007). Ilo
CTaTHCTHKE Ooyee TPEeTH >KEHIIMH B Bo3pacTe OT 15
JeT W CTaplle PEeTYJISAPHO MOABEPraroTcsi BO3ICH-
CTBHMIO BTOpHYHOro tabaunoro apima (Kuzina et al.,
2016). CurapeTHblii AbIM, KaK TEPBUYHBIA, TaK H
BTOPUYHBIN COIEPIKUT THICSYM KOMITOHEHTOB, BKJIFO-
Yasi KaHIEPOTeHbl U IIUTOTOKCHYECKHE XUMHYECKHE

* AAPEC AAS MepenncKu:
A3ypuunk AtoAMUAQ BAGAMCAQBOBHA
E-mail: vaisvais13@mail.ru

BemectBa (Lewis et al., 2017). Bo3aeicTBre maccus-
HOTO KypEHHS KOPPEIHPYET C TMOBBLIIICHHEM TOKCH-
YEeCKUX DJIEMEHTOB, KOTOPBHIC SIBISIOTCS AHTATOHU-
CTaMH PsiJia 3CCCHIMAIBHBIX MAKPO- ¥ MUKPOIJICMEH-
ToB (Yang et al., 2010; Dursun et al., 2016). Kypenne
SIBJISICTCSL CYILECTBEHHBIM (PAKTOPOM, KOTOPBIN BIIHS-
€T HE TOJILKO Ha PENpOJYKIHIO U Mpolece OepeMeH-
HOCTH, HO U Ha mOTOMCTBO. OmacHOCTHL TabayHOro
JIIMa 3aKJTI0YaeTCs B TOM, YTO OH BIIMSACT HA COKpa-
IICHUE CPOKa OEPEMEHHOCTH, BEC HOBOPOXKICHHOTO U
ctpykrypy TworaneHTel  (Urbaniak et al., 2015).
B KpynmHOMAcCIITaOHBIX 3MUAEMHOJOTHYCCKHX HC-
CIICMIOBAHUSIX OBUIO YCTAHOBIICHO, YTO KypEHHE BO
BpeMsi OEpPEeMEHHOCTH MOXET TMOBBIIIATh PUCK OT-
TOPJKEHUS TUTAICHTBI, a TaKXkKe e¢ MPeICIKaHUsS
(Shobeiri et al., 2017; Shobeiri and Jenabi, 2017).
CoBpEeMEHHBIE HCCICIOBAHUS ITOATBEPIKIAIOT,
YTO IMACCHBHOE KypeHHE BO BpeMsl OepeMEHHOCTH
CMOCOOHO HEraTHBHO BJIMSTH HA OPTaHWU3M MaTepy U
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Oynmymero pebeHKa, MOATOMY MOHHUMAHHE JAHHBIX
MEXaHMU3MOB HMECT IICHTPAIbHOE 3HAYCHHE JUIS
o0ecrieyeHus: 310pOBOH OEpPEeMEHHOCTH M Pa3BUTHUS
pebeHka.

[lenp WccnemnoBaHUS — BBIIBUTH
B3aUMOCBSI3b MEXJy DJIEMCHTHBIM COCTAaBOM M MOD-
(bohyHKITMOHATBHBIME XapaKTEPUCTUKAMU TUIAICHTHI
KPBIC PH TaOAYHOW WHTOKCHUKAIIWH.

MATEPUAADI U METOADI

DKCIIepUMEHTAIBHBIE HCCIIEIOBAHMS BBITTOTHS-
JIUCh B COOTBETCTBUU C MOJIOKEHUSIMHU XEJIbCUHCKOU
JEeKJIapalii 0 TYMaHHOM OTHOIIEHHU K YKHBOTHBIM.
HUccrenoBanus NpoBOAWIN B YCIOBUSX IKCIICPUMEH-
TaJIbHO-OMOJIOTHYECKOW KIMHUKK Ha 20 TOI0BO3pe-
JIBIX camkax Wistar, U3 4uciia KOTOPBIX ObUH Chop-
MHUPOBAHBI J[BE TPYMITEI — KOHTPOJIBHAS W OIMBITHASL
OKCIIO3UITHIO CaMOK KpBIC B aTMocdepe TadadHoTro
JbIMa TIPOBOMIIM /IO M TIocie OepeMeHHOCTH. B Te-
YyeHHWe 3 Henellb HeOSPEeMEHHBIC KPBICHI OIBITHON
TPYIIIBI ©XKESTHEBHO (2 pa3a B JICHb) MOJBEPrajinuch
30-MUHYTHOMY BO3ICWCTBHIO TaOayHOTO JbIMA B 3a-
TpaBo4HOM Kamepe. [1o 3aBepiiieHnn 3TOro nepuoja K
TpymIaM caMOK A00aBISUTH CaMIOB IS MTOyYeHHUS
moromctBa. [locie ycraHoBieHUs OepeMEHHOCTH,
BO3/ICUCTBHE Ta0AYHBIM JBIMOM IPOJIOJIKATIOCH EIIIe
3 mwenmenu. Kaxxiast kpbica ONMBITHOM TPyMITBI OTyYa-
na MmakcumyMm 0,048 Mr HUKOTHHA, YTO SKBUBAICHTHO
03¢ CPEAHECTaTUCTUYECKOTO Kypwiblnuka. KoH-
TPOJIbHAsI TPyNIa Ha TPOTSHKEHWH BCETO DKCHEpH-
MEHTa 2 pa3a B IeHb B TeueHue 30 MUH HaXOAWIach B
3aTPaBOYHON KaMepe NP OTCYTCTBHU IOBPEKIAFO-
miero ¢akropa. sl mpoBeneHusT UccieaoBanui de-
TOTUIAIIEHTAPHOTO KOMIUIEKCa, OTOOpaHHBIH MaTepH-
an Opu1 3adukcupoBaH B 10%-HOM HeHTpaTsHOM
(hopmanHE C TOCIEMYIOINM TIPUTOTOBICHHEM Ce-
PHUIHBIX TTapaUHOBBIX THCTOJIOTHUYECKHX CPE30B, KO-
TOpBIE TOCIHE JenapapuHU3AIUH ObUTH OKpAIlICHBI
TeMAaTOKCUJIMHOM U 303UHOM.

OJNEeMEHTHBIM COCTaB IUIALIEHTHI OINpPENeNsid B
naboparopun AHO «lleHTp OMOTHYECKON MeTuITH-
veI» Ha VICII-ADC u UCII-MC. CraTuCTHYECKYIO
00paboTKy IU(POBOTO MaTepHana BEIMOIHSIIN C HC-
nojip3oBanueM npunoxeHus «Excel» m «Statistica
6.0». CTaTUCTUYECKYIO 3HAYMMOCTh DAY MEXKITY
IpyMIamMy OLEHUBAIM C MOMOINBIO U-KpuTepus
ManHa—YUTHH.

PE3YABTATbI

B PE3YJIbTATC aHAJIN3a MOJYUCHHBIX B 3KCIICPU-
MCEHTC MJAaHHBIX BBISABJICHO CHHMIXKCHHC ITJIOJOBHUTOCTHU

KpbIC B ombITHOM Tpymme Ha 14,1% (p < 0,05) mo
CPaBHCHHIO C KOHTPOJIGHOW, OTMEUAJIOCh CHIDKCHHE
cpennero Beca Ha 14,9% (p < 0,05) 1 AMMHBI I00B
Ha 22,4% (p < 0,05). [loMumMO M3MEHEHUsS KoJIuye-
CTBa TUIOAOB U WX (PU3UIECKOTO Pa3BUTHS OBUIO 00-
Hapy>keHO 4 MEepPTBBIX TUIOJIa B TPYIIIE, HaXOsIIecs
moJ| JieicTBueM Taba4HOTO JbIMa. BBISABICHBI M3Me-
HEHHS B MOP(HOMETPUYSCKUX MapaMeTpax IUIAIlCHTHI
OIIBITHOM T'PYTIIBI, MAacCa IUIAlEHTHl YMEHbIIAIACh Ha
5,2% (p < 0,05), Tommuua — Ha 8,4% OTHOCHUTEIHLHO
KoHTpost. Habnromanoch CHM)KEHHE YWCNa IUIOJO-
BBIX KanmmyusipoB Ha 14,3% (p < 0,05) n mateprHCKUX
cunHycoB Ha 23,4% (p < 0,01) c oOmeit TenaeHIer
YMCHBIIICHUS HX TUAMETPOB.

BosgeiicTBre TabauHOrO JbIMa OKa3ajio BIUS-
HUE Ha THUCTOJIOTMYECKOS CTPOCHHUE ILIAICHTHI
B mamenTax >KMBOTHBIX OIBITHBIX TPYIN HaOOIa-
JIOCh HEPaBHOMEPHOE YTONIIEHNE XOPHAIBHOHN IIa-
CTHHKH TUTOJTHON 4acTh, 0OHApYKEHbI PaCIINPEHHBIC
TOJICTOCTCHHBIE KPOBEHOCHBIC COCYIIbI C HEPaBHO-
MEpPHBIM TOJHOKPOBUEM. OTMEUATUCh MEJIKHE KpO-
BOUSJIMAHUA U YCUJICHHAA KJICTOYHAA I/IH(i)I/IJH)TpaHI/IH
C JATBHEUIIMM TIePEeXOA0M Ha NEePUBACKYIAPHYIO
TKaHb. Hapymrenuss KpoBooOparieHus B OOJBITHH-
CTBE CIIy4aeB  CONPOBOXKIAIUCH  CTPYKTYPHO-
(YHKIMOHANBEHOW — aKTHBHM3ALMEH MapUeTaTbHOTO
TpooOJIacTa, YTO BBHIPAKAIOCH B HEPABHOMEPHOM
04YaroBou TUNIEPILUIa3UM TUTAHTCKUX KIIETOK W IIOSB-
JIeHUHW UX MHOTosIepHbIX (opM. Croit Tpodobimacra
Mell HepaBHOMEPHYIO TOJIIUHY, PH3HAKH ITHKHO34,
TM3KCca SAep W BaKyOJIM3alUH IIUTOIIIa3Mbl, KPYTTHBIC
ouaru JECTPYKUMH KICTOK ¢ (popMupoBaHUEM pa3-
JIMYHOTO pa3Mmepa nojoctedd. KomudecTBo cioes yBe-
JUYUATIOCH ¢ 2—3 B KOHTPOJILHOM Tpymiie 10 6—8 cio-
€B B OINIBITHOM TpYIIIIE.

B mmaneHTax >KMBOTHBIX C TaOauHOW WHTOKCH-
Kaleil 0OHapy>KEHO yBeITMYEHHE IUIOMIAAH CIIOHTH-
03HOTO BHEJAOMPUHTHOTO CJOS C OeCHopsIouyHO
PacCIIONIOKEHHBIMU TIMKOTCHOBBIMY OCTPOBKaMH, KO-
TOpBIE OTIMYAIIUCH HAPYIICHHON CTPYKTYypoi. JIabu-
PHHTOBBIM CIIOM MIIALIEHThI, OCHOBHBIMHU CTPYKTypa-
MH KOTOPOTO SBJISFOTCS TUIOJOBBIE KANFJUIAPHI U Ma-
TEPUHCKHUE JIAKYHBI, B OITBITHOW TPYIITIE HMEIN PsiJT Ta-
TOJIOTHYECKUX W3MCHCHUI: pE3KOe IMOJTHOKPOBUE,
OTEK WM KpOBOM3JIMAHUE. [[0CTaTOUYHO 4acTo OTMe-
YaJIuCh ovaru MmeMuu U TpOM603a MAaTCpPHUHCKUX JIa-
KyH. B xierkax tpodobiacra pa3BUBAINCH AUCTPO-
(budgeckre N3MEHEHUS.

[Ipu cpaBHEHHH 37IEMEHTHOTO COCTaBa IUIAICHT
ONBITHOW ¥ KOHTPOJIGHOW TPYIN OBUIM BBISBICHBI
U3MeHeHus (Tabauna).
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Tabamua. KoHUeHTpaunn MMKPO3SAEMEHTOB B NAALLeHTe Kpbic, Me (q25-q75), mr/kr

I'pynna
OnemMeHT
Kontponpnas OnbITHAs

Ca 104 (90-114) 114,3 (95-131)

P 1624 (1402-1786) 1391 (1257-1537)
Mg 134 (118-147) 73,4 (60,8-85)*
Na 1457 (1300-1603) 1435 (1259-1539)

K 2086 (1807-2295) 2040 (1838-2246)
Fe 152 (142-162) 116,3 (104-131)°
As 0,11 (0,089-0,125) 0,08 (0,066—0,11)
Si 41,7 (37,3-45.,8) 33,1 (26,8-39,6)
Zn 18,1 (16,3-19,9) 15,6 (14,2-17,4)
Cu 2,1 (1,86-2,28) 2,4 (2,14-2,82)

I 0,16 (0,14-0,18) 0,18 (0,16-0,19)
Cd 0,00115 (0,001-0,0014) 0,006 (0,005-0,007)¢
Pb 0,019 (0,016-0,028) 0,031 (0,026-0,039)"

I[IpuMedaHHe:*— JOCTOBEPHOCTH PA3NINUMil B TIOKA3aTEIAX ¢ KOHTPOJILHOI rpymmoi — p < 0,05; ° —
JOCTOBEPHOCTh PA3JIMUMi B [MOKA3aTe/sIX ¢ KOHTPOJIBHOM rpymmoit — p < 0,01; © — 10CTOBEPHOCTD pa3inyuii B

MOKa3aTeNsIX ¢ KOHTPOJIbHOM rpytmoit — p < 0,001

B omnbITHO# rpynme ypoBeHb MarHusi ObLT JI0-
cToBepHo Hmxke Ha 45,2% (p < 0,05). Ormeuanack
TEHJIeHIHs K 0oiiee HU3KUM 3HAYEHHSM OCTaJbHHBIX
MakpoanemMeHToB: ¢ochopa Ha 14,4%, Hatpus Ha
1,6% u kamus Ha 2,3%. VckioueHne coCTaBUII Kajlb-
LU, KOHIIEHTpAIHs KOTOporo crana Beiie Ha 9,03%.
[Ipu cpaBHEHUM COJAEPKAHUS OSCCEHIUAIBHBIX U
YCIOBHO JCCEHIMAIIBHBIX 3JIEMEHTOB JIOCTOBEpPHEIC
pa3NuYHA MMOyYeHbI TOJIBKO TI0 XKeJe3y, CoAep KaHue
koToporo Obuto Ha 23,4% (p < 0,01) HIDKE B OMBIT-
Hoii Tpymnme. dukcupoBanack TEHICHIUS K Oojee
HU3KAM 3HAYCHUSIM COJICPXKAHHS KPEMHUS U IMHKa
Ha 21 u 14% cootBercTBeHHo. [lpu 3TOM OTMEUEHO
YBEIMYCHHE COJCpKaHUs Meau U iona Ha 144, u
12,4% cOOTBETCTBEHHO. 3aKOHOMEPHBIM TIPEJICTaB-
JISIeTCS HAKOIUICHWE TOKCUYECKHUX DJIEMEHTOB B TLIa-
neHte OepeMeHHBIX KpbIc. B mcciemyempIx oOpasiax
OIBITHOW TPYIIBI BBISBICHO JOCTOBEPHOE YBEIIMYE-
Hue cojepkaHus kaamusa Ha 79,8% (p < 0,001) u
cBuHIA Ha 63,2% (p < 0,05). B orHOmEHUU Apyrux
XAMHAYECKAX DJIEMEHTOB HE OOHapy)XeHO CTaTHCTH-
YeCKH 3HAYNMBIX Pa3ITHInil.

OBCYXAEHUE

IIpaBuibHOE IJIALIGHTAPHOE Pa3BUTHE HUMEET
[EHTpATbHOE 3HAYCHHE IJIS 3I0POBBS KaK MaTepu
BO BpeMsi OEpEMEHHOCTH, TaK M JUI IJI0Ja. AHAIH-
3Upys TOJYYCHHBIE B OKCTIEPUMEHTE JaHHBIE MOXKHO
OTMETHUTh, YTO IMACCUBHOE KypEHHE OKAa3all0 BIIHS-
HUE Ha KOJIMYECTBO U (PH3MUECKOE pPa3BUTHUE ILIO-
noB. M3BecTHO, 9TO Tabak M3MEHSET MHUTOXOHIPH-
ANTBHYIO JBIXaTeIbHYI0 (PYHKIMIO B KapIUOMHOIIH-
Tax U JISTOYHOW TKaHU, 1O 3TON MPUYNHE CYIIECTBY-
€T THIT0Te3a, YTO TUIANeHTapHasi MUTOXOHAPUATbHAS
(GYHKIIHS TOXKE MOXKET ObITh H3MCHEHA B PE3yJIbTaTe
kypenust (Bouhours-Nouet et al., 2005). B cBsi3u ¢
OTUM TOJYYCHHBIC PE3YJIbTaThl IMOKAa3bIBalOT BO3-
MOJKHOCTb DPAa3BUTHS IUIAIIEHTAPHON MHTOXOHIIPH-
aTpHOW MHUC(YHKITMH, KOTOpas MOIJia CITOCOOCTBO-
BaTh OTPAaHWYCHHUIO POCTA IUIOJA 32 CUET OrpaHuyde-
HUS JIOCTYITHOCTH HEPTUU B KJIETKAX.

Bmecre ¢ tem wuccnemoBatenu w3 Typiwm
MPEOoJaralT, YTO THOIMOHAT, TMOCTYMAIOUUN U3
CHUTapeT, MOXET HMHTHOMpOBAaTh TPAHCIOPT Homa B
TUTAlIEHTE W TaKUM 00pa3oM OTPHIIATENbHO BIHATH
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Ha pa3BUTHE IUIOJA C TIOMOIIBIO 3TOr0 MEXaHU3Ma
(Lebedev et al., 2019).

BaxkHeHmuM ~ KOMIIOHEHTOM — HOPMAaJIbHOTO
q)yHKI_[I/IOHI/IpOBaHI/ISI IJTACHTBI ABJIACTCA IIPaBUJIb-
HOE pa3BHTHE €€ cocyaucToi cucremsl (Pereira et
al., 2015). BeisiBieHHOE CTATUCTHYECKH 3HAYMMOC
CHIDKCHUE YHMCJIAa TUTOJIOBBIX KANWUIAPOB M MaTe-
PUHCKUX CHHYCOB HapyIIaeT KPOBOCHAOKEHUE Ijia-
LIEHTBI, YTO TAKXKE SIBJIACIOCH (DAKTOPOM OrpaHUyYe-
HHs POCTa ILIOAA U B HEKOTOPBIX CIIydasiX IIPUBOIU-
70 K ¢etanpHONU cMepTH. Hamboiree gacTo BeTpeda-
E€MBIMHA TATOJIOTHYECKUMH W3MEHEHUSIMH THCTOJIO-
TMYECKOTO CTPOCHHUSI TUIAIICHT OMBITHBIX TPYII ObI-
JI0 Pa3BUTHE 0YaroB PacCTPOUCTB KPOBOOOpAIICHUS,
BOCHAIIUTENILHBIC U aTpO(UYEeCKHe U3MECHEHUsS. Bhi-
1€ OMMCaHHbIC PE3YJIbTAThl TUCTOJIOTUU CBUACTECIIb-
CTBYIOT O TOM, YTO 3aMEJJICHHBIH POCT IJIoja 00y-
CIIOBIICH HApYIICHHEM MAaTOYHO-TUIAIICHTAPHOTO
KpOBOOOpAIlleHHsT B Pe3ylbTaTe MOBPEKIAONIETO
JeicTBUS HUKOTHHA. Takum 00pa3oM, IOJTydeHHBIC
TUCTOJIOTUYECKUE JTAHHBIC CBUICTEIBCTBYIOT O TOM,
YTO KYpPpCHHE MAaTCpU MOXKCT IOBJIUATHL HAa 3J0POBLE
IUI0/1a, U3MECHUB CTPYKTYpY IUIAICHTHI, W, CJIEJ0Ba-
tenpHO, ee pynkmmu (Heidari et al., 2018). Ananmm3
JAHHBIX DJIEMEHTHOI'O COCTaBa IJIALICHTHI BBISBHI,
YTO MpPH MACCUBHOM KYpPEHHH B ITUIAICHTE HAOJIO-
JAIOTCSI HU3KHE 3HAYCHHS OOJBINMHCTBA YKU3HECHHO
HCOGXOZII/IMLIX JJIEMEHTOB MW BBICOKHEC 3HAYCHHA
TOKCHYHBIX JJIEMCHTOB. BbISBICHHBIN Aeduiut
MarHusi, MPEIIOoNI0KUTEIFHO, KaK M ero H30BITOK
CMOCOOCH yrHeTaTh paboTy Kacmasbl-3, KoTopas
He00X0Ma JIJIi HOPMaIbHOTO (DYHKIIMOHUPOBAHUS
mwianeHtel (Gao and Zou, 2006). HaGmomaemoe
HU3KOE COJIEp)KAHUE Kee3a OMacHO IJisi OyayIero
pebeHKka, Tak Kak BHYTPUYTPOOHOE KOJIHMIECTBO
JAHHOTO DJIEMEHTA WMEeT BaKHOE 3HAYCHUE JUIS
Pa3BUTHS TIOJIA M TIOMOTAET CO3/IaTh IPU POXKIACHUH
3amachl JKeje3a, JOCTaTOYHBIC JUIsl TIOJICPIKaHUs
pocra B panHeMm miuaaeHdectBe (Cao and Fleming,
2016; Notova et al., 2018). 13 Bcex Makpo3ieMeH-
TOB, 0OoOjiee BBICOKOE cojcpKaHUE (HUKCUPYETCS
TOJIBKO Y KaJbIIHsl.

VY CTaHOBICHO, YTO KYpPEHHUE SIBISECTCA OJHUM
u3 QaKTopoB, KOTOPBIH CIOCOOCTBYET 0OpPa30BaHHIO
OTJIOKEHUH KanbLus B IutaneHTe (Szymanowski et
al., 2007). M3-3a kanpLWHO3a TUIAICHTH TUIOJ HE
MOJyYaeT JOCTATOYHOE KOJMYECTBO IMUTATEIHHBIX
KOMIIOHCHTOB M KHCJOpPOJa, 4YTO B JalbHEHIeMm
MOJET BBI3BaTh Y PeOCHKA psiji MATOJIOTHI, a B He-
KOTOPBIX CIydasX IMPUBECTH K MEPTBOPOKICHUIO
(Kvan et al., 2018).

OTMeueHO 3HAYHTEIBHOE MOBBIIICHHE KOHIICH-
Tpanuii KaJMUAs W CBHHIIA B IUTALIEHTaX KPhIC C Ta-
OauyHOll MHTOKCHKauueil. Kangmuii u npyrue meran-
JMYECKHEe MOHBI MOTYT JCHCTBOBaTh KaK METaJIO-
SCTPOTEHBI ¥ SHIOKPUHHBIE Pa3pyIINTeNn TKaHEeH U
Hapymath (eTalbHOE Pa3BUTHE Y MIIEKOITHTAIOIIIX
(Stasenko et al., 2010). HeraruBHoe BiusitHHE TpO-
WCXOIUT MO OTHOUICHUIO K CHHTE3Y M BBIJCICHHIO
nentuHa. JlentuH BhIpabaTeiBaeTcs TpodoOIacTOM
U MOXET pEeryJlupoBaTh OpPraHOTEHE3 W Pa3BUTHE
mnoga. Ilpenmosnarator, 4To KagMUWA NPUBOJIUT K
CHIDKEHHUIO CHHTE3a IUIAIEHTapHOTO JIETITHHA, KOTO-
PBIf, B CBOIO O4Yepelb, HapyIlaeT o0pa3oBaHuUe Ija-
IEHTApHOTO TporecTepoHa. Takue HapyIICHUS SIB-
JISIFOTCS e OJHUM JJ0Ka3aTeIbCTBOM SHAOKPUHHO-
T'O BJIMSHUS KaJIMUS U CBHHIIA KAK KOMIIOHEHTOB Ta-
0ayHOTO IBIMA HA PENMPOTYKTUBHYIO CIIOCOOHOCTH
KEHIWH. ['pymmoil KUTaHCKUX yYeHBIX OBLIO ycTa-
HOBJIEHO, 4YTO KypeHHE CHUTapeT OepeMeHHBIMU
JKEHIIMHAMH yBEJIMYMBACT HAKOIUICHUE KaJMHS B
TUTAIICHTAPHOW TKAaHW W BO3MOXXHO, MMEHHO 3TOT
3JIEMEHT OKa3bIBAaeT CTUMYIHMpYIOLIee NeiicTBUe Ha
MPOM3BOACTBO METAJUIOTHOHEWHA TuTaneHTH (Ronco
et al., 2005). IloBrIIeHHBIC KOHIICHTPAIINNA KaJaMHUS
Y CBUHIIA B TUTalleHTe O€peMEHHBIX JKECHIIWH MOBBI-
IIAI0OT PUCK BO3HUKHOBEHUS CaMOIPOHU3BOJIBHOTO
abopra (Ome-ljaniuk et al., 2018). [TosToMy ypoBHH
3THX TSDKENBIX METAJUIOB MOTYT OBITh HCIIOJB30Ba-
HBI, KaK JOTOJHHUTEIbHBIE MapKephl K y)Ke Ccylile-
CTBYIOIIMM JHAarHOCTUYECKUM IIPOILEIypaM, OCO-
OCHHO B paHHHE CPOKH OEPEMEHHOCTH B Ka4eCTBE
HOBBIX WHCTPYMEHTOB B MMEPHUHATAILHON TMOMOIIIH,
YTOOBI MMO3BOJIUTH MPOBECTU PAHHIOK UATHOCTUKY
MaToJIOTUH OEPEeMEHHOCTH U, 0COOEHHO, IIPeI0TBpa-
THTH CaMOTPON3BOJILHEIE abopThl (Lebedev et al.,
2018).

BbIBOADI

YuuThiBas W3MEHEHUs, HaONlloJacMble B ILIa-
IOEHTaX KpPBIC, MOXHO MMPECAIOJIOXUTH, YTO BbISAB-
JICHHBIA JTUCAIEMEHTO3, B COBOKYIHOCTH C MATO-
MOP(OITOTUIECKUMI U3MEHEHUSIMH B IUTAIICHTE, SIB-
JSIeTCS MPUIMHOW TMJIANCHTAPHON HEJOCTATOUHOCTH
y OepeMeHHBIX caMOK Kpbic. CHpoBOIIMpPOBaHHAS
BO3JICiCTBHEM TabayHOTO JbIMa TUIAICHTApHAsI He-
JIOCTaTOYHOCTh TMPHBEJa K 3aJepPKKe BHYTPHUYTPOO-
HOTO Pa3BUTHS IUIOAOB W AIMOPHOHAILHON THOETH ¥
OKCTIIEPUMEHTANBHBIX KHBOTHBIX B  pe3yJbTaTe
HapyleHus: TPOYUIECKOH, TPAHCIIOPTHOM, MeTabo-
JUYECKOM U ApyTuX QyHKIUH IIIaIlCHTHI.
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THE INTERCONNECTION OF THE ELEMENTAL COMPOSITION
AND MORPHOFUNCTIONAL CHARACTERISTICS OF PLACENTA
DURING THE TOBACCO INTOXICATION

L.V. Lizyrchik

Regional Clinical Hospital Ne 2 Perinatal Centre,
Nevelskaya str., 24, 460000, Orenburg, Russia

ABSTRACT. The aim of the research was to study the interconnection between the elemental composition and
morphofunctional characteristics of the rat placenta during the tobacco intoxication. Determining the elemental
composition of the placenta was performed using an Elan 9000 mass spectrometer and an Optima 2000 V atomic
emission spectrometer. The morphofunctional characteristics of the placenta were studied by preparing the serial
paraffin histological sections. Data processing was performed using the Mann-Whitney U-test. It was established that as
the result of a passive smoking, the fertility of females decreased, the physical development of fetuses also decreased,
the weight and thickness of the placenta declined, the number of fetal capillaries and maternal sinuses of the placenta
decreased. The most common pathological changes in the histological structure of the placentas of the experimental
groups were the development of foci of circulatory disorders, inflammatory and atrophic changes. When comparing the
elemental composition of the experimental groups, lower values of magnesium and iron were found, against the
background of higher values of lead and cadmium. Identified dislementasis in conjunction with the pathological
changes in the placenta caused a placental insufficiency, which in turn led to the delay in fetal development of the fetus.

KEYWORDS: passive smoking, toxic trace elements, essential trace elements, rats.
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OPUTUHAAbBHAS CTATbA

UHPOPMUPOBAHHOCTb U UCNMOAB3OBAHUE
BUTAMUHHO-MUHEPAABbHBIX KOMNAEKCOB
PA3HbIMU TPYNMNAMU HACEAEHUA

(NO AAHHbIM AHKETUPOBAHMUA)

A.A. XaaHoBa, A.B. lnwosa, U.E. Bo6oLuko

OI'BOY BO «/BaHOBCKast rocyJapCTBEHHAs] MEJUIIMHCKASL aKaIeMHsD
MunuctepctBa 3apaBooxpanenus Poccuiickoil @enepanuu,
153012, Poccus, MiBanoBo, LllepemeTeBCKIIA TPOCIIEKT, 1.8

PE3IOME. TIporpamma GpopMHpOBaHHs 3M0POBbS peOCHKA 3aKIIaIBIBACTCS J0 €r0 POXKICHHS M 3HAYHTEIBHYIO POJIb
B 3TOM MPOLIECCE UTPAET JIOCTATOYHAsI MUKPOHYTPHEHTHAsI 00ECIIEUeHHOCTD IUILEBOrO pallioHa caMoro peOeHKa, a TaKkxKe
€ro Marepy BO BpeMsi OEpeMEHHOCTH M B NIEPHOA KOpMIileHHs rpyabto. [IpencraBneHsl pe3ynbrarsl aHKeTHpOBaHus Oepe-
MEHHBIX JkeHIUH (n=612), pomuteneit (n=80), nereit mogpocTtkoBoro Bozpacta (#=100), a Takke METUIIMHCKAX paOOTHHU-
KOB JIETCKUX MOJMKIMHUK (n=124) 1m0 mpobieMe MUKPOHYTPHUSHTHOTO Ie(HUINTa U €r0 BIFSAHUS Ha MPOIEcCch (hOpMUPO-
BaHUS 3[I0POBBs JeTeil. BhlsBlicHa BHICOKasi OCBEIOMIICHHOCTh OCPEMEHHBIX KEHIIUH O T0JIb3¢ BUTAMUHOB (87,5%), KO-
TOpast ONpEeAeNsIeT X MPHUBEPKEHHOCTh K TOTAIlMd MUKPOHYTPHEHTOB. B mpoliecce rpyIHOTO BCKapMIIMBaHHS 3Ta TEH-
JeHnus Opita HepoctatouHoH (19%), uto TpeOyeT akTHBH3ALMK CAaHUTAPHO-TIPOCBETUTENFHON PabOThI ¢ KOPMSIIUMHU Ma-
tepsmu. Hu mogpoctiu (54%), au ux pomurenu (60%) B OONBIIMHCTBE CIy9acB HE OPHEHTHPOBAHBI HA PETYISIPHYIO MPO-
JOJDKUTENFHYIO JOTAlMI0 MHKPOHYTPHEHTOB, YTO OOBSICHACT NAIBHEWIIHMN PEAKHH MPHEM BHUTaMHHHO-MHHEPAIBHBIX
KOMIIJIEKCOB BO B3POCIION JKM3HH, B TOM YHCIIC Ha dTare IIAHUPOBaHMS OSpPEeMEHHOCTH. YCTaHOBIICHO, YTO y TIEAHATPOB
HEpeIKO MMEETCsl HENOCTarodHas OCBEIOMIIEHHOCTh IO BONPOCAM ONTHMAJIBHOTO HCIIONB30BAaHUS BUTAMHHHO-
MHHEPAIbHBIX KOMIUIEKCOB, & CPEIH HACEJCHUS OTMEUACTCS SBHBIN AeDUIMT KBATU(PHUIIMPOBAHHON HH(OPMAIMHU OT CIIe-
[UAITICTOB. YUYHUTHIBAs, YTO HAUOOJBIINM JOBEPHEM B KaueCTBE CTOYHMKA HH(POPMAINN Y HACETICHUS TIONB3YEeTCs MEIH-
LIMHCKHH TTepCOHal, 04eBUIHA HEOOXOIMMOCTh OPTraHU3aLlH €T0 JOTIOJIHUTEILHOTO 00yYEeHUS.

KAIOYEBBIE CAOBA: Buramutbi, popMHUPOBaHHUE 30POBbsI, MUKPOHY TPHEHTHBIN NeHIHT, 1eTH, HHHOPMUPO-
BaHHOCTb.

BBEAEHUE

I[e(I)I/ILII/IT HC3aMCHHMBIX IMTHIICBBIX BCIICCTB, B

B dopmupoBanuu 310poBhs JeTell Ha paHHUX
JTamnax OHTOTreHe3a 0COOYI 3HAYUMOCTh UMEET Xa-
paktep ero nuTaHus. McciaenoBaHus MOCIEAHUX JIET
CYLIECTBEHHO PACHIMPWIH 3HAHUS B OOJIACTH [IET-
CKOH HYTPHIIMOJIOTHH, TOKa3aB POJb aIMMEHTApHO-
ro (pakTopa B TOITOBPEMEHHOM IPOTPAMMHPOBAHUU
3JI0pOBBSI UEIOBEKA.

JloxazaHo, 4TO palMOH COBPEMEHHBLIX JeTeH
,He(i)I/IHI/ITeH 10 6OJII)IHI/IHCTBy BUTaMHMHOB H HE
o0ecrieunBaeT MOTPEOHOCTh peOCHKAa B BUTAMHHAX.
Y 3HAYUTENFHOTO YHCIa JeTed OOHapy KMBacTCs
MYyJbTUBUTAMUHHAS  HEIOCTaTOYHOCTh, KOTOpas
MMeeT XapakTep MOJUTuImoBuTaMruH030B (KomeHtio-
Ba, 2017).

* AAPEC AAS MepenncKu:
LlUnwosa AHacTacus BAaaumuposHa
E-mail: shishova@inbox.ru

TOM YHUCIIE BUTAMUHOB, HETaTHMBHO CKAa3bIBa€TCS Ha
300pOBbE peOeHKa, MOCKOJBKY SIBIAETCS (PakTopom
pHCKa pPa3BUTUS MHOTHX aIMMEHTapPHO-3aBUCHMBIX
3aboneBanuil. [loMUrUOBUTaMUHO3 TIPUBOIUT K H3-
MEHEHHUIO THarHOCTHYECKH 3HAYMMBIX MaTaboimde-
CKMX TIOKa3aTeJed IDIa3Mbl KPOBH, TIOBBIIICHUIO
YPOBHSI TJIIOKO3BI B KPOBH, YXYAIICHHUIO aHTHOKCH-
JTAHTHOTO CTaTyca OpraHu3Ma, KJIE€TOYHOTO MMMYHHU-
TeTa, Tokazateneil remoctasa (KomeHmoBa u np.,
2012). HagexHbIM cr1ocOOOM BOCTIOJIHEHHSI HEJIOCTa-
TOYHOTO MOTPEOIEHNS] BUTAMUHOB C PAIlHIOHOM Yy Jie-
Tell SBISETCS MIMPOKOE HMCIOJIh30BaHHUE BUTAMUHHO-
MuHepanbHbIX KoMmIutekcoB (BMK). B cBsizu ¢ atum
BO3HUKAaeT BONPOC 00 ypoBHE WHPOPMHPOBAHHOCTH
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KaK MEIUIIUHCKUX PabOTHUKOB, TaK W POJUTENEH O
T0JThb3€ BUTAMHHOB U TIPpaBUIILHOM BeIOOpe BMK.

3nopoBbe pebeHka QopMupyercss 3am0iro 10
ero poxaenus. Cornacio Konrenuuu nporpamMmu-
poBaHus 3710poBbs, B niepBbie 1000 nHeH xKuU3HU ye-
JIOBEKa ChOPMHUPOBAIIOCH TIpeIcTaBlIeHne 00 0co00i
3HAYUMOCTH TIEPHO/Ia OT MOMEHTA 3a4aThs JI0 IBYX-
JICTHETO BO3pacTa peOeHKa, KOTJAa OTMEUYaeTCsl MaK-
cUMallbHasi CKOPOCTh pOCTa W HAWOOJbIIas TuIa-
CTUYHOCTh OOMEHHBIX IMpOIecCoB. [Ipu »TOM moj-
YEepKHUBAETCA OCHOBOIIOJIAraromias posib nepebix 270
muelt (Herpebenko, lllemmsaruna, 2016).

JlokazaHo, 4TO cpenu aHTEeHATAIFHBIX HCTOKOB
00JIe3HEH «B3POCIBIX» 0CO00E MECTO 3aHMMAeT He
TOJILKO HEJIOCTATOYHOE WJIM W30BITOYHOE IMUTAHHE
OepeMEHHON KEHIUHBI, HO U MEQUIIUT OTICIbHBIX
aytpueHToB (Gluckman et al., 2011). Ilpu sTom B
IIporpamme onTUMHU3AIMKM BCKapMJIMBAaHUS JeTell
nepBoro roja xus3Hu B Poccuiickoil denepanuu
(2019) n HanmoHanbsHOM mporpamMme 1o ONTUMU3a-
MU 00ECIICYCHHOCTH BUTAMUHAMH M MUHEPAJIbHBI-
MU BemecTBamu aeteit Poccuu (2017) momgepkuBa-
€TCsl, YTO Ja)Ke ONTUMAIIEHO COCTABJICHHBINA PAIlOH
KOPMSIIIEH KEHIIUHBI, COCTOSIIIMN U3 HaTypallbHBIX
MIPOJYKTOB, HE MOXET COJEPkKATh JOCTATOYHOE KO-
JUYECTBO BHUTAMUHOB W MHUHEPAIBHBIX BEIICCTB.
Oto ompenenser HeoOxoauMocTh mpuema BMK ¢
ITOJIHBIM Ha60pOM BUTAaMHHOB B 103aX, HpI/I6JII/I)I(eH-
HBIX K (QU3nONOTHYeckod morpedHocTu. Ilpuem
MTOJIMBUTAMUHHBIX KOMIUIEKCOB TPUBOIUT K YIyd-
[IICHWI0O BUTAMUHHOW OOECIIEYEHHOCTH IKCHIUHBI
(Konmenmnosa, Pucuuk, 2021) u ee peOeHka 3a cuer
MOBBIIICHHUS COJICPXAHUS BUTAMUHOB B T'PYIHOM
mouioke (Konenmosan np., 2021).

B cBs13u ¢ 3TEIM akTyaipHa mpobiema mpodu-
JAKTHYECKOTO KOHCYJIBTHPOBAaHUS OYyIOyIINX MaTe-
pell mo BoIpocaM TMPEeAyNpexaACHUS MHUKPOHYTPH-
EHTHOTO Jeduimra. Jta padoTa KacaeTcs U Bpada-
neanarpa, KOTOPBIM Y4YaCTBYeT B aHTEHATAJLHOU
OXpaHe IIoJa MPU MPOBEIACHUU JOPOIOBBIX IMAaTPO-
Haxel. He MeHee BaxHbIM B peald3allid J10JIrO-
BPEMEHHOTO MPOTPAMMHUPOBAHUS 3A0POBbS SBISET-
csl TIpenynpexIeHne MUKPOHYTPUEHTHOTO Ae(HIIn-
Ta Ha JTale IUIAaHUpOBaHUS OepeMeHHOCTH. [Ipo-
OyeMa TPOQUIAKTUKYA OMPEACIAET BBICOKYIO aKTYy-
AJIBHOCTh BKJIIOYCHUA OaHHBIX BOIIPOCOB B IIPO-
rpaMMBbI THTUEHUYECKOTO O0YUYEHHS ITOIPOCTKOB

Hens padoTs — m3ydeHue WHDOPMH-
POBaHHOCTH OEpPEMEHHBIX JKEHIIWH, MOJPOCTKOB,
ponuTenel, a TakKe MEAUIIMHCKOTO MePCOHAIa JIeT-
CKUX TMOJIMKIIMHUK O MPOoOJIeMe MUKPOHY TPUESHTHOTO

JeguuuTa ¥ ero BIMSHUM Ha MpoLecChl (HOopMHPO-
BaHUS 3/J0POBbSL.

MATEPUAABI U METOADI

IIpoBoannu aHkeTMpOBaHHE OEPEMEHHBIX XKEH-
e (n=612), ponureneit (n= 80), AeTel MOAPOCTKO-
Boro Bozpacra (n=100), a Takke MEIUIMHCKUX pa-
00THUKOB (1= 124) NETCKUX TOPOJCKUX TMOIUKINHHK
NoeNe 6, 7 u 8 r. IBaHOBO.

OT KaX/I0TO U3 BKJIIOUYEHHBIX B HCCIIEOBAHUE
VYaCTHHKOB OBLIO ITOJNy4eHO WH()OPMUPOBAHHOE
nobposonbHOe coryacue. IIporokon uccnenoBaHus
yTBepKIeH studyeckuM komureroM @OI'BOY BO
NBI'MA MunsapaBa Poccun. ABTOpHI 3asBIAIOT,
YTO Y HUX HET KOH(INKTa HHTEPECOB.

[Ipu npoBeneHNN HCCIeI0BaHUS UCITOIB30BAIH
AaBTOPCKHE aHKETHl. Bompockl, BKIIIOYEHHBIE B HHX,
ObUIN SICHBIMH, YETKUMH U HE COJEpXKajld HEOIHO-
3HAYHBIX, HEMOHATHBIX ISl PECIIOHICHTOB TEPMHU-
HOB WM MOHATHUN. AHKETHI BKJIIOYAJIM 3aKpPBITHIE BO-
MIPOCHI C MPEIyCMOTPEHHBIMU 3apaHee BapHaHTaMU
OTBETOB, PECHOHEHTY MOXHO OBUIO BBIOpPATh OIWH
WIN HECKOJIBKO BapHaHTOB, WM HamucaTh co0-
CTBEHHBIN OTBET.

AHKETHpOBaHHE MPOBOIWIN OJHOKPATHO B YC-
JIOBUSIX KEHCKHMX KOHCYJIBTALMH, B3POCHBIX U IETCKUX
MOJNMKJIMHUK T. MIBaHOBO M 007acTH, aHOHUMHO, TIPH
3TOM PECTIOHJCHTHI 3aIMOJHSIN aHKETy KaK CaMOCTOS-
TEJIBHO, TAK U B IIPUCYTCTBUU aHKETEpa.

PE3YABTATbI U OBCY)XAEHUE

Hcnons3oBanue BMK GepeMeHHBIMH :KeH-
IMMHAMH. AHKETHpoBaHHE 612 OepeMEHHBIX >KEH-
HIMH TI0Ka3ajJo JOBOJBHO BBICOKYIO HH(OPMHUPO-
BaHHOCTh O BUTAMHHAX W WX BIUSHUH HAa OPTaHU3M
Oynymero pebenka. boipmuaCTBO M3 HEUX (87,5%)
3HAJIX O MOJIb3€ BUTAMUHOB U TOJBKO 12,5% He uH-
TEpPECOBAINUCH JaHHOW TeMoH. OCHOBHBIMH HCTOY-
HUKaMu WHGOPMAIUH SBISUIUCH CEMUHAPHI, TPOBO-
JTUMBIE B JKEHCKON KoHCynbTanuu (36% >KeHIIUH),
pecypcol cetn MuTteprer (64%), 3HaHUS, TOTY4YeH-
HBIE B poaniabHOM jaome (29%). CregyeT OTMETHTS,
YTO HEKOTOPBHIE KEHIUHBI JIJIsI CAMOPAa3BUTHS TIOITY-
Yaiu MHQOPMAIIUIO U3 Pa3HbIX UCTOYHUKOB. OTHAKO
Ha JTare TUIAHUPOBAHUS OCPEeMEHHOCTH BUTAaMUHBI
MPUHUMAJTA JIUIIb KaXKas TPEThs XKeHIuHa. M3 Hux
JUIIH 9yTh OOJBINE TOJOBHWHBI HpuHHMaTn BMK
Onesut (40%), Butpym (20%), a 40% >xeHIH —
TOJIEKO (hOITUEBYIO KUCIIOTY.

B nepuon Oepemennoctu (puc. 1) OonbIIMH-
cTtBo keHIUH mnpuHuMann BMK 3nesut (43%),
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Burpym (22%), ®emubuon (7%), Kommmusut
(7%). OmHako kaxjas msatas OepeMeHHas UCIOJb-
30BaJia JUIIb MOHOBHTAMHHHBIE MTpenapathl: (hou-
eByio Kucnoty (14%), KoMIIekcsl MarHusi ¢ BUTa-
MuHOM Bg (7%).

[Ipn 3TOM MHOTHE XEHIIMHBI WMENN HeOlaro-
MIPUATHBIN aKyIIEPCKUi aHaMHe3, Ha YTO MOT TOBITH-

ATh U MUKPOHYTPUEHTHBIN AeduuT; y 43% XKeHIIUH
B aHaMHe3€¢ NPOW3BeIeHBI a0OPTHl IO MEAULUHCKUM
MOKa3aHUAM, y 7% KEHIIUH ObUTH BBIKHIBILHU U Y
7% >KEHIIMH — MOTHOIIas 0EpeMEHHOCTb.

BonpmuHCTBO )eHmMH (88%), MPUHUMAaBIINX
BMK, ormeTmin yiydiieHue caMO4yBCTBUA U TOJb-
ko 12% He mpugaBanyu 3TOMY 3HaYEHHUSL.

= BMK 2nesut

= BMK Butpym

= BMK ®emubuoH
BMK Komnausut

= ponuesas KMCNOTa

= Mg c BuTammHOM B6

Puc. 1. BUTQMUHbI, MOUMEHIEMbIE XXEHLLMHAMM B MEPHMOA BEPEMEHHOCTHU

Hcnoab3opanne BMK kopMAIIMMM  KeH-
muHaMu. B nepuon makrammu Tonbko 19% xopms-
KX TpyAbto Marepeit npuHuManu BMK nms noBbi-
IeHUS Y HUX YPOBHS BHUTAMHHOB W MHHEPAJIOB B
MoOJIOKe. XOTsl B OOJIBIIMHCTBE CIy4YaeB MX JETH HC-
MBITBIBAIA BBICOKYIO HOTPEOHOCTH B BUTaMHHAX B
CBSI3M C TEKYIIMMH MATOJIOTHYECKUMHU COCTOSHUSAMHU
xeHmuH (79%) B mepuon OepeMEeHHOCTH: TecTO3
1-ro TpumMecTpa GepemenHOCcTH HaOmomancs y 18%
OepeMeHHBIX, aHEeMUsl JIETKOH cremeHu y 36%, Xpo-
HUYEeCKas BHYTpPUYTpPOOHAas THUMOKCHS IUIoHa — Y
45%., derorutaieHTapHas HEAOCTATOYHOCTD — Y 32%,
MIepEeHECEeHHOEe OCTPOE PECIIMPATOPHOE 3a00IEeBaHNE B
neproni 6epemeHHocTH — y 23%; y OONBIIMHCTBA
JKSHIIITH OTMEYaach COUYeTaHHas MaTOIOTHsI.

CrneoBaTellbHO, BBICOKAsh OCBEIOMIICHHOCTD
JKEHILUH O MO0JIb3€ BUTAMHHOB OINpEAeNsiia UxX MpH-
BEpP)KEHHOCTh K IPHEMY MHUKpPOHYTPHUEHTOB B OC-
HOBHOM II0CJIE€ YCTaHOBJICHUSI (akTa OEpEeMEHHOCTH,
a B TpoIlecce TPyTHOTO BCKApMITMBAHHUS 3Ta NpPH-
BEPXKEHHOCTh OBbIIa HEIOCTaTOYHOW. TO ke MOXKHO
CKaszaTh M 00 dTame IUTaHUPOBaHUS OEepPEeMEHHOCTH,
YTO yKa3blBaeT HA HEAOCTATOYHYIO HH()OPMHUPOBAH-
HOCTh TMOAPOCTKOB M HX POAWUTENEH O BaKHOCTHU
MpeaynpexkIeHUsT MUKPOHYTPUEHTHOTO JedHInTa
IIPH TIPETPABHUIAPHOI TOATOTOBKE.

NudopmupoBannocts poaurtesieii 0 poJu
BHTAMHHOB B NMUTAaHUHU JeTeil. brina m3yyeHa uH-
(hopmupoBanHOCTh poaurencit (80 uenoBek) 00 uc-
nons3oBanun BMK y nmereit. [lpu sTom HemocTa-
TOYHYIO0 UH()OPMHUPOBAHHOCTH O TOJH3€ BUTAMHHOB
OTMETWJIM YyTh OOJbIIE TOJOBHHBI aHKETHPYEMBIX
pomuteneit (56%). OcranpHBIE POTUTENN YTBEp-

JKIAM, 9YTO OCBEJOMIIEHBI O BUTAMHHAX OYEHb XO-
pOIIO W 3HAIOT OCHOBHYIO POJIb BHTaMUHOB, Yallle
BCEro yKa3bplBas Ha 3alIMUTHYI (YHKIHIO, a TaKke
YTO BUTAMHHEI SBISIOTCS Ba)KHBIM CTPOUTEIHHBIM
MaTepuanoM i pacTyllero opraHuszMa. B neiaom
npuMmepHo 80% poauTeneil OTBOAAT BUTAMHUHAM
BAXXHYIO POJIb, CIEAYS peKjaMe B CPEICTBAaX Macco-
BOH MH(MOpPMAIIHH.

BoNbIIMHCTBO OMPOIIEHHBIX, XapakTepu3ys He-
JIOCTAaTOYHOE COJepKaHUEe BUTAMHHOB, Ha3BaJH 3TO
aBUTAMUHO30M, ¥ JUIIb 23% BBIOpaTM OTBET THIIO-
BUTaMIHO3. bonee monoBuHbI ponureneit (64%) cuu-
TaJ, 4TO HaWOOJbINas MOTPeOHOCTH B BHUTaAMHHAX
BO3HHKAET 3UMOI1, 2 HAUMEHBIIIAs — JIETOM.

Kaxnapiii ueTBepThIi pOJAMTENb TOJarai, 4To
OpTraHH3M YEIIOBEKa MOXET IMOIIHOCTHI0 00eCIednTh
ce0s1 BceMr HEOOXOAMMBIMU BUTAMUHAMHU.

[TouTn Bce pecionneHTsI (95%) naroT BUTaMu-
HBI JIETSIM, OJHAKO YyTh OOJIBIIE ITOJIOBHHBI OINpPO-
IICHHBIX POAWTENEH PEryIsSpHO NMPUHUMAIU BHUTA-
MUHBI KypCcaMH, OCTaJbHBIE eIl 3TO SMH30IUIe-
cku. [loutn 90% mroneit mpuHUMANH BUTAMHHEI 0€3
Ha3HAUCHHUS Bpaya, OCHOBHOW MPUYMHON OHU Ha3bI-
Balld HEXEJaHHE TPAaTUTh BpeMsl Ha OXHIAaHUE B
ouepenu K Bpady, a Takke JOBepUe peKOMEHAALUIM
CBOWX 3HAKOMBIX U PEKIIaMe.

[Ipu sToM monoBuHa poaureneit (51%) ormeru-
T, 9TO TPEANOYHUTAIOT MOKYNaTh BUTAMHHBL, a HE
MOJTMBUTAMHHEI, Yallle BCETO JIFOAU MPUOOPETATH BH-
tamuHbl D, rpymmet B, C, npenapartsr fioga (puc. 2).
[Ipuyem y KaXAOTro TPETHETO OIMPOIIEHHOTO BO3HU-
Kall TPYOHOCTH B TIPUOOPETEHHWH BUTAMUHOB!
CJIMIIIIKOM OOJIBIIION BEIOOP; COMHEHHE B KadeCTBE
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npuoOperaemoro npenapara. [Ipu stom y 85% mpo-
SIBISUTMCH 1TOOOYHBIE (PQEKTHI: ajliepruieckue pe-
akuuu, 3anopsl, paccrpoiictsa KKT.

B OonplmiMHCTBE CllydyacB NMpUEM BUTAMUHOB
JeTsM Ha3zHauyas Bpad. Cpenu NpUYMH UX Ha3Haue-
HUs (puc. 3) pecHOHACHTHI Ha3BIBAIOT YKpEIUICHHE
nmmyHurera (33%) u HepBHOU cuctemsl (15%),
npoduIaKTHKa HapyIIeHU 3peHns u paxura (21%),
s pocta kocter (13%) m maxke KuieyHble pac-
ctpoiictsa (18%).
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Tpu derBepTH poauTenei 3amevanu y AeTed
MOJOKUTENBHBIA 3P (eKT OT MpUMEHEHUs! BUTAMU-
HOB, B OOJIBIIMHCTBE CIIy4acB OH OBbLI HEBBIPa)KEH-
HBIH (puc. 4). Y 18% oH mposBUiICsS yepe3 HeAelro,
y 26% — uepes mecsl, a'y 23% — TOJIBKO 1ocie UIn-
TenpHOTO TprMeHeHws. Y 50% neteil oTmedannch
NMOOOYHbIE PeaKH (aJICPrHYecKUe ChIIH, TUCTICH-
CHUYECKHE PACCTPOWCTBA) IMOCIE MpHeMa KOMILICK-
coB, U 88% poauTeneil Takux AeTel oOpalannuch ¢
3TOM MPOOJIEMON K Bpauy.
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Mpenaparthbl oga BMK

Puc. 2. [peAnoyTeHus poAnTEAEN B MPMOBPETEHUM BUTOMMHOB
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YkpenneHve  Ykpennenue [lpodunaktuka [Npodwunaktuka [ns pocrta YcTpaHeHune
UMMYyHUTETa HepBHOW HapyLueHusi paxuta KocTen KMLUEYHbIX
cucTemsl 3peHnst paccTponcTs

Puc. 3. OXxuaaemble POAUTEAIMM IQDAPEKTbI BUTAMMHOB MPU HA3HAYEHUM AETIM

= ABHbIN NONOXKUTENbHbIN 3P dEKT
= 3O DEKT HE CUNIbHO BbIpaXKeH
= HeT addeKkTa

Puc. 4. MHeHue poamteren 06 3o EKTUBHOCTH MPUEMA BUTAMUMHOB Y AETEMN
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Oco00 anHanmu3upoBaH HHOOPMHUPOBAHHOCTH
ponuteneit o Butamune D. Bce onpolueHHble poau-
Tenu 3Hanu o0 ydactuu BuTamuHa D B docdopHo-
KaJbI[UEeBOM OOMEHE M TPHUMEHEHHH €ro Ul Tpo-
(bunaxTuky paxura, a 3/4 3 HEX HHOOPMHUPOBAHEI U
0 npyrux ero 3¢ dexTax, BaXHBIX I TApMOHHYHO-
ro pa3BuTus peOeHKa W MPO(UIAKTHKHA MHOTHX 3a-
OoneBanuii (puc. 5). PecrioHOeHTHl OTMEUArOT yya-
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ctue BUTaMuHa B D passutum mo3sra (44%), ykasbl-
BalOT €ro BiusiHUE Ha pocT (29%), UMMyHUTET
(44%), mamsare (3%), 3penue (3%), koxy (2%).
OmnpoIeHHble CYUTAIOT, YTO BUTAaMHUH D BakeH mis
HepBHOU cucteMbl (13%), OH OCymIecTBIsSET KOH-
TPOJIb HaJl TIPOU3BOACTBOM IIOKEIIyIOUYHOHN >KeJe-
30 wuHCynaMHa (2%), CHIDKAeT PHUCK OHKOJIOTHH
(2%), neunt ncopuas (2%).
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Puc. 5. MHeHue poanTerer O NOAOXKMTEABHOM BAMAHMM BUTAMMHA D

Cpoku BBeneHUs BUTaMHHA D nmeTsM koned-
JIOTCS: C POXKACHUS ero ucmnonb3zoBain 13% mare-
pet, ¢ 1 mecsma — 54%, ¢ 2 mecsues — 6,5%, ¢ 6 Me-
caues — 20%, ¢ 1 roga — 6,5%.

Cremyer OTMETUTh, YTO TOJIKO TOJIOBHHA Ma-
tepeit (54%) mpUMEHSIH y CBOMX JeTel Ha MepBOM
TOJy XKU3HU TPOPUIAKTUIECKYIO TO3UPOBKY BUTa-
muHa D, a umenHo — 2 xarum B cytku (1000 ME =
25 Mkr) BozmHOro pactBopa; 40% wMatepeit naBanu
MEHBIIIE PEKOMEHIYEMOM 03bI — | KaIumo B CYTKH;
a 6% matepelt 3aBbIIIANIH 03y 10 4 Karelb B CyTKH.

CornacHO TaHHBIM AHKETHPOBAHUS, OOJIBIIHH-
CTBO OIIPOILICHHBIX POIUTENEH CUUTAET, YTO HeoOXo-
MO TIpUHUMAaTh BUTaMHH D BCcrO km3Hb. OmHAKO
JUTUTEIEHOCTh TIpreMa BuTamMuna D y gereit ot 1 me-
cslla 10 TPOJOJDKEHUSI TIpHeMa Tocyie roja Obuia Ja-
CTO HEJOCTATOYHOM: B TeUeHHE | Mecsia JaBajiu CBO-
WM JIeTSIM BOIHBIN pacTBop BuTamuHa D 13% pomure-
neit, 1o 6 mecsuHoro Bozpacta — 13%, no 1 roma —
27%, no 2 ner — 20%, mpomoKarOT AaBaTh IOCIE
1 roma — 27% pecnonaentoB. Ilpu sTom cnemyer ot-
MeTUTh, 4TO TOIbKO 40% Martepeil peryispHO TaroT
CBOMM JeTsM BUTaMuH D, ocransabie 60% mpuMeHs-
FOT €T0 HEPETYIIIPHO, CCHUIASICH Ha 3a0BIBUMBOCTD.

Takum 00pa3oM, HECMOTPSI Ha TO, YTO BCE PO-
TUTETN Jaf0T CBOUM JIEeTSM O(HIMAIbHO 3apery-

CTPUPOBaHHBIE TMperaparbl BUTaMuHA D, moTped-
HOCTbh Ha NIEPBOM IOy KU3HH 4acTO HE YyAOBIETBO-
psieTCsI TIOJIHOCTHIO B CBSI3U C HETIPABWJIBHBIM J103H-
pOBaHHEM, KpPaTKOBPEMEHHOCTBIO M HEpEryJIsIpHO-
CTBIO TIpHEMa, ITO3HUM BBEJCHHUEM.

NudopMupoBaHHOCTH MOAPOCTKOB U UX PO-
aurtesieil nmo ucnouab3zoBanurw BMK. Otaenbubliit
(hparMeHT MCCIIeJIOBaHUs OBUT MOCBSIIEH H3YUYSHHIO
WHQOPMUPOBAHHOCTH MOAPOCTKOB U UX POAUTENEH
no ucnonb3oBannio BMK (o 100 denoBek B Kax-
noit rpynne). Heobxomumocts mpuema BMK mis
YKpeTieHusI 37I0pOBbs, paccMarpuBaioT 72% mon-
pocTkoB U 75% ux poaurened. O HEBO3MOKHOCTHU
JTUKBUAIMPOBATh MUKPOHYTPUEHTHBIN JEQUINT JaKe
cOaTaHCHUPOBAHHBIM ¥  PAIlMOHAJBHBIM TUTAHUEM
ocBenomiieHbl 64% moapocTKoB U 67% poauTenei.
[Ipu sToM 67% pEcTOHIECHTOB OTMETHIIO, UTO IICTHU-
aTphl peryyapHo pexomeHaoBanu um npuem BMK c
MPOUITAKTHYECKON TENBIO.

[TonoBuHa pecrnOHAEHTOB-POAUTENEH NPHU BhI-
6ope BMK otaator npennourenue BMK, coxepxka-
IIMM Kak MOKHO OoJiblliee YWCIO BUTAaMHHOB U
MHUKpPO3JIEMEHTOB. [lOoApOCTKH BBIOMPAIOT HSKOHO-
MUYHBIE W y3HaBaemble 1o pekigame BMK. B 53%
CIy4yaeB pPOIUTENH CaMOCTOSTENIbHO NPUHUMAIOT
pemenue o Havase npuema BMK, a B 46% 1o peko-
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MEHJAllNK Y4acTKOBOTO Bpada. [lomoBuHa moapocT-
KOB HaumHaau npuHuMath BMK mo pekomenmanuun
poauteneit, 38% — ydacTKOBOro Bpada-meauaTpa,
10% — pemmnm caMOCTOSITETBHO.

OCHOBHBIM HCTOYHUKOM HH(popmarmu o0 BMK
(puc. 6) ma 43% poanuTenelt ABIAIOTCS COBETHI 3Ha-
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CoBeTbl 3HaKOMbIX

Peknama

N poautenu ® NOAPOCTKU

MeauuuHckuin paboTHUK

KOMBIX, 24% — peknaMa, A noapoctkos — MHTep-
HeT (46%). Bonee 60% pomuteneii naBanu peOCHKY
BMK B Teuenue 1 mecsua, 25% — B Teuenue 7-14
IHel, npudeM y 54% mnpuem ObLT HEeperyJsipHBIM,
BCJIENCTBHE 4ero 36% IOAPOCTKOB HE OTMEYallnd
YITyYIIEHHS] CBOETO COCTOSHUSI.
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Puc. 6. OCHOBHbIE UCTOYHMKM MOAYHEHMSI MHGDOPMALMM O BMK

CrnenoBaTenbHO, HA MOAPOCTKH, HU UX POIH-
Tenu B OOJBIIMHCTBE CIIyyacB HE OPUEHTUPOBAHBI
Ha PEryJspHYI0 INPOAODKUTENBHYIO JOTAI[MI0 MHUK-
POHYTPHEHTOB. DTO BO MHOTOM OOBSCHSET Jallb-
Hewmmi penkuit mpuem BMK Bo B3pocioit xu3HH
Ha 9Tare IIaHUPOBaHHsI OEPEMEHHOCTH.

NndopMupoBaHHOCTH Bpaveil-neIuaTpPoOB 0
BMK. Br10 mpoBeicHO aHOHUMHOE aHKETUPOBAHHE
1 MHTepBbIOMpoBaHue 124 Bpaveii-neanarpos. llpu
3TOM AaHAJIM3UPOBAIN OCBEJIOMIIEHHOCTh M IOATO-
TOBJICHHOCTh Bpaueil B cdepe ucronb3oBanus BMK
¢ IpoMITaKTUIECKON U JIeUeOHOH TEeNIMH, JacTOTY,
JUIATENBHOCTh U PETYJSIPHOCTh UX Ha3HA4YEHHS Bpa-

50
%
43
45
40
35
30
25
20
15
10
5
0

LieHa

Yno6cTeo nprema  CUHEPruam v aHTOroHW3M

yaMH, CIEKTpP UCIoNIb3yeMbIx UMH BMK.

B xone uccnenoBaHus BBISIBICHO, YTO HA HEOO-
xoauMocTh npuMmenennss BMK, xak ogHoro u3 3Ha-
YUMBIX CIIOCOOOB YKPEIUICHUS 3/I0pOBbS, yKa3bIBa-
o1 O6onee 90% mnenuatpoB. OmHako Toibko 53%
Bpayel OCBEIOMJIEHBI O TOM, YTO Aaxe cOaJaHCUpo-
BAaHHOE M PalOHAJBLHOE MUTAHHE MOXKET OBbITH [ie-
(GUIUTHBIM [0 BUTAMHUHAM M MUHEPAJIbHBIM Belle-
ctBaMm. [Ipu BeiOope BMK Bpaun pyKOBOICTBYIOTCS
nmoctynHol 1eHo (50%), ynoOHow Gopmoii mpreMa
(43%), Tonbko 38% YUYUTHIBAIOT aHTAarOHW3M U CH-
HEPrU3M KOMITOHEHTOB, a 36% — HU3KYIO aJlJIepreH-
HOCTE (puc. 7).
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Hwuskasn

KOMMOHEHTOB annepreHHoCTb

Puc. 7. Xapakrepuctnka BMK, HG KOTOPYIO OpHUEHTHUPYETCSA BPAY B HA3HAYEHMSX
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bonee 60% Bpaueil HazHauatoT BMK nHa 1 me-
cau, 10,9% — na 3 mecsana, 9% peKOMEHIYIOT HUC-
none3oBaTh BMK kpyrnoroanyno. Ha orcyTcTBHe
MIPOTUBOMOKAa3aHUN HX mpuema ykaszpBaeT 20%
Bpauelr u 42% yBepeHbI, 4TO BO3MOXKEH OIHOBpE-
MeHHbd ipueM BMK u antubnormkoB. B 54,5%
cinyyaeB Bpauu HazHaudaroT BMK nmetsam u3 rpymnisl
yacTo OoJeloUMx IeTeld U B OCEHHEe-3UMHHUE U Be-
ceHHue nepuosl, 42% pexomenayior BMK netsm B
MepHo A MOATOTOBKH U ajanTalui K o0pa3oBaTelb-
HBIM OpPTaHM3aLUsIM U B IEPUOJ PEKOHBAJIECLIEHIIUU.

CrnemoBaTellbHO, HE TOJIBKO y pOAWTENEH W
MOAPOCTKOB, HO HEPEAKO U y MEIUaTPOB HUMEETCS
HEJ0CTaTOYHAasd OCBEJOMJICHHOCTh IO BOIIPOCAM OII-
TUMansHOro ucrnonb3oBanuss BMK. Ilpu stom y
Bpauell CyIIeCTBYeT SIBHBIA JICPUIIMT 3HAHUN O BbI-
6ope BMK ¢ KOHKpeTHO# I11epI0, a CpeIu Hacele-
HHAS OTMEUAETCS SIBHBIA ACPUITUT KBATH(PHUITUPO-
BaHHOW WH(OPMAIK OT CIIEIUAINCTOB. Y YUTHIBAS,
YTO HAUOOJIBIIUM JIOBEPUEM B KaYeCTBE MCTOYHUKA
nH(OPMAIUN Y HACENCHHS TOJIb3yeTCS MEIUIIH-
CKHUI IepcoHaN, OYeBHIHA HEOOXOIUMOCTh OpPTaHH-
3alyu UX JOMOJHUTEIHFHOTO 00ydeHusI.

3AKAIOYEHUE

Benymue crienuaiucTsl — HYTPHULIOJIOTH, BXO-
ISIIUe B COCTaB «AKaJeMHH HYTPULIHMOJIOTHH U
MHUKPOSKOJIOTUN MHUIIEBAPUTENFHOTO TpakTay, Ha
3acemannn OJkcneptHoro Comera B mporecce 00-
CYXIEHHs NPHUIUIM K BBIBOAAM O HEOOXOIMMOCTH
MIPUMEHATh BUTaMUHBI B Popme BMK mis ux cu-
HEpru4Horo aeictBus. Kpome toro, momguepkHyTo,
YTO A7l YCTPAaHEHHUS WM NPOQHUIAKTHKH MOJIUTUIIO-

AUTEPATYPA

BUTAMUHO3a HEOOXOMUM KPYIJIOTOAWYHBIA TpHEeM
BMK, conepkamiux BUTAMUHBI U MUHEPAIbHBIC Be-
IIeCTBa B KOJHMYECTBAX, ONHM3KUX K (PU3HNOJIOTHYEC-
CKOI MOTpeOHOCTH. YKa3aHO, YTO JUTMTEIBHBIN CPOK
MPUMEHEHUS] BUTAMHHOB MPHUBOIAUT K CHIDKEHHUIO
3a00JIEBAEMOCTH, COKPAIIEHUIO MPOJODKUTEIHHO-
cTH 0OJIE3HU, MOBBIIICHUIO (PU3UYECKOW U YMCTBEH-
HOW pabOTOCIIOCOOHOCTH y JIETEH U B3POCIBIX.

Takum o0Opa3om, ITymasi O TOJTHOIICHHOM (hop-
MHUPOBAHUH 3[I0OPOBbs MOAPACTAIONICTO MOKOJICHHUS,
ClIeqyeT TOMHHUTH, YTO 3Ta MporpaMma 3aKiaabIBa-
eTcs emie A0 POKIAeHHS peOeHKa, W 3HAYNUTENbHYIO
POIb B 3TOM TPOIECCE UTPAET TOCTATOYHAS MHKPO-
HYTPUCHTHAs 00SCIICYEHHOCTh KaK OYAyIIeH MaMbl,
TaKk W IKCHINWHBI, KOpMsIIed peOCHKa TPYJbIO.
Mexny TeM, pe3yJIbTaTbl HCCIAEAOBAHNS YKA3BIBAKOT
Ha HU3KYI0 WHOOPMHPOBAHHOCTH 00 3TOM Kak po-
IuTenel, Tak M IOAPOCTOB, KOTOpBIE Kak pa3
OTIPEAETSIOT B HEMAJeKOM OYAyIIeM pernpoayKTHB-
HBI MOTEHUHAI. B TOBBINIEHWM 3HAHUKW B 3ITOM
HaIpaBJICHUH HYXXJACTCS U MEIULUHCKUI TepcoHa
JCTCKHUX ITOJHUKIIMHUK. KpOMe TOTO, HeO6XOZ[I/IM MeE-
XaHW3M, TOBBIIIAONINN WX 3aWHTEPECOBAHHOCTH B
ONTHMHU3ANNN TMPO(UIAKTHIECKOTO KOHCYIBTHPO-
BaHUS OEPEMEHHBIX MpPH BEHINOIHEHUU JOPOAOBBIX
natpoHaxeil. He MeHee BaXXHBIM SIBISIETCS U aKTH-
BU3AllUs CAaHUTAPHO-TIPOCBETHTEIBHONH pPabOThI C
MOJPOCTKAMU, OYIyIIUMHU POIUTEIAMHU IO BOIPO-
caM TPEKOHIENIMOHHOW MoAroToBku. Ilemuatpy
CJIeIyeT MOMHHUTh, YTO XU3Hb HAUMHAETCS 330JITO
JI0 POXKACHUS, U TPABUIHLHO OPraHU30BaHHOE IMUTA-
HUE B 3TO BPEMs MTPaeT OrPOMHYIO Poib B (popmu-
POBaHUU 30POBbS MOJIOJCHKH.

Axkanemust HyTpumnuonoruu 1 MUKpoOHOIOTUH NUIEBAPUTEIBHOTO TPaKTa (110 MaTepHajiaM 3acelaHus SKCIEPTHOTO COBETA).
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AWARENESS AND USE OF VITAMIN AND MINERAL COMPLEXES
BY DIFFERENT POPULATION GROUPS
(ACCORDING TO QUESTIONNAIRE DATA)

L.A. Zhdanova, A.V. Shishova, I.E. Boboshko

Federal State Budgetary Educational Institution of Higher Education "Ivanovo State Medical Academy"
of the Ministry of Healthcare of the Russian Federation
153012, Russia, Ivanovo, Sheremetevsky prospect, 8

ABSTRACT. The program of the formation of a child's health is being founded before his birth, and sufficient mi-
cronutrient provision both of the child's own diet and his mother's one during pregnancy and during breastfeeding plays
a significant role in this process. The results of the survey of pregnant women (n=612), parents (n=80), adolescents
(n=100), and medical workers of children’s polyclinics (n=124) on the problem of micronutrient deficiency and its im-
pact on the formation of children’s health are presented. The study revealed a high awareness of pregnant women about
the benefits of vitamins (87,5%) which determines their commitment to micronutrient subsidies. However, this con-
sciousness was insufficient during breastfeeding (19%), which requires the activation of sanitary and educational work
with nursing mothers. Neither teenagers (54%) nor their parents (60%) in most cases are focused on regular long-term
micronutrient subsidies, which explains the further rare intake of vitamin and mineral complexes in adulthood, includ-
ing at the stage of pregnancy planning. It was noticed that pediatricians often show insufficient awareness of the optimal
use of vitamin and mineral complexes and that there is a shortage of qualified information from specialists among the
population. Considering medical personnel is the most trusted source of information among people, it is necessary to
organize their additional training.

KEYWORDS: vitamins, health formation, micronutrient deficiency, children, awareness.
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NAMATU
CEPTESl NABAOBUYA CAMNMOXHUKOBA

15 ampenst 2022 1. CKOPOTIOCTIIKHO YIIET U3 )KU3HH JTOKTOP MEIUIIMHCKUX HAYK, 3aBeAyIomi kade-
poli MEOUIMHCKOW OMOJIOTHH C KYpcOM MHUKPOOHOJIOTHH M BHpYcoJoruyd UyBalIcKoro rocyIapcTBEHHOTO
yauBepcutera uM. .H. YnssHoBa CanoxxankoB Cepreit [1apnoBud.

On poauncs 30 mast 1961 r. B Kupose. B 1985 r. okonunn KupoBckuit MeIUIMHCKUN HHCTUTYT MO
cnenuanbHoCTH «CaHnUTapusi, TATUEHA U 3MUAEMHUOJIOT D), B 9TOM K€ TOAy ObLI MIPUHAT Ha JOJKHOCTH ac-
CHCTEHTa BHOBb OTKDBITOM KadeIpbl SKOJOTHH M TMTHEHBI (3aBENYIOLIMH — JOKTOP MEIULMHCKUX HAayK
Buxentuit Jleonnnosuu CycinukoB), U TIepBEIM Ha Kadenpe moArotoBwi u B 1991 romy 3amuTin KaHu-
JIaTCKyl0 auccepTannio «l'MrueHndeckas OLEHKA MPUYMHHO-CIEICTBEHHBIX CBA3€H MHUKPO3JIEMEHTHOIO
cocTaBa BOJIHO-IIUINE-BBIX PALIMOHOB C XPOHUYECKHMMH HEMH(EKIIMOHHBIMU 3a00JeBaHUAMIY. Bes mocie-
Iyrorias Hay4Has jestenpbHocTh CanokankoBa Ceprest [laBinoBuua O6puta HEPA3pHIBHO CBSI3aHA C MIOMCKOM
(akTOpPOB pHUCKA XPOHUUECKUX Hecnenuduueckux 3a0oieBaHMN, M3YUCHHEM aJanTalid OpraHu3Ma K
YCIIOBUSIM BHEIIHEW Cpelbl, B OCHOBHOM C M3YYECHHEM BIIUSHHUA MUKPOAJIEMEHTOB, ITOCTYNAIOIINX C MUThE-
BOM BOZIOM, HA OPraHU3M XHUBOTHBIX U YEJIOBEKA.

B 2001 r. mo nym cnenmanbHOCTsM (03.00.13 — dpusuonorus, 14.00.07 — ruruena) Obuta 3anuieHa
JOKTOpCKast auccepTanus «BiusiHre 5K0I0ro-0noreoXuMiIeckix (hakTOpoB cpebl OOUTaHUS Ha QYHKIH-
OHAJIbHOE COCTOSIHME W 370pOBbe HaceseHus UyBammm», B ToM ke roxy Cepreit [laBmoBuu mpuHuUMaN
HETIOCPEACTBEHHOE y4acTHe B opraHm3aiuu | MexayHapoJHOTO CHMIIO3MyMa IO COBPEMEHHBIM IIPOO-
JIleMaM TeOXMMHUYECKOH 3KOJOoruu Oosie3Hei, mpomeamem mo nHunmatiee CycnukoBa Buxenrtus Jleonu-
nosuya. Kadenpa x Tomy BpemeHH Obliia meperMeHOBaHa B Kadeapy mpoduiIakTHUYecKod MeauUuHbI. B
2002 r. kadeapa mosyyusia BOSMOKHOCTb 00y4aTh CTYJEHTOB NMPOQMIAKTHIECKOW MEAUIIMHE LIeIeHAPaB-
JICHHO — 3TO OBIJ MEPBBIi ONBIT MHTETPALMU HA OJHOW Kadeape AMCUUILIMH NPOoQHIaKTUIECKON Harpas-
nenHoctd B Poccuiickoit ®enepanmu, u npodeccop CarmokHUKOB, K TOMY BPEMEHH aBTOP MOHOTpadpuu
«9Koj0r0-0noreoXuMmuIEcKre (PaKkTOphl Cpeasl OOUTAHUS U 3I0POBHE», KyPHPOBAT KYpPC IMHASMHOIOTHH
XPOHUYECKUX WHEKIMOHHBIX 3a00neBaHuii. 3a BpeMs paboThl Ha Kadenpe npopuIaKTHIECKOH MEIUIHBI
O] €ero PyKOBOJCTBOM ObLIa 3alIMIICHA KaHAWAATCKAs AUCCEPTaLUs «IKOJIOro-(pu3noiIornieckoe oboc-
HOBaHHUE BJIMSHUS OMOT€OXMMHUYECKHX OCOOCHHOCTEH MECTHOCTH Ha YTJIEBOIHBIA U >KUPOBOH OOMEH»
(2005 .)

B 2006 1. mpogeccop CanoxHUKOB BO3MIaBUI Kadeapy MeaunuHckoit ouonoruu (¢ 2008 r. — kaden-
pa MEOULIMHCKONW OMOJIOTHMH ¢ KypcOM MUKPOOHMOJIOTHMM M BHUPYcCOjoruu) UyBalickoro rocynapcTBEHHOTO
YHUBEPCUTETA, C ITOTO XKe rojla — CeKpeTaph Y4eHoro coBeta MeaunuHckoro dakynprera, ¢ 2010 roga —
3aMECTUTENb IeKaHa [0 HayYHOU padoTe.
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C 2006 T. 10 TOCHEIHETO MHS YUTAN JICKIIMH U BN MPaKTHUECKUE 3aHATHS 10 OWOJIIOTHU M MOJIEKY-
JSIpHOK OHMOJIOTHH, MOATOTOBHJ HECKOJBKO y4eOHBIX MOCOOMH, pyKOBOAWI HAay4HOW paboTol Kadenpsl,
BeJI aKTUBHYIO METOANYECKYIO paboTy, SIBISUICS WieHOM JluccepTallioHHOTO coBeTa YyBalcKoro rocyaap-
cTtBeHHOTO yHUBepcuTera M. M.H. Ynbsrosa /] 212.301.03, 66u1 pyKOBOAUTENEM HAYIHOTO CTYIACHUIECKO-
ro o0mecTBa MeIUIIUHCKOTO (pakynpTeTa. C MOMEHTa OCHOBAHUS HAYYHOTO TIEPHOTUIECKOTO CETEBOTO H3-
nmauus «Acta Medica Eurasica» (2015 T1.) SBIISIICS WICHOM PEIaKIIMOHHONW KOJIIICTHH.

3a BpeMs paboThl Ha Kadeape MEeIUIIMHCKOW OWOIIOTHH ¢ KypCOM MHUKPOOHOJNOTHH W BUPYCOJOTHH
Cepreii [1aBnoBHY BBHICTYIHI COPYKOBOIUTEIEM KaHAUAATCKON AnccepTaunil « CTPYKTYpHO-(YHKINOHAb-
HOE COCTOSTHHE THMYca JIAOOPaTOPHBIX KPBIC, YHOTPEOISIOMNX MTUTHEBYIO BOLY ¢ 100aBIEHHEM COEIHHE-
HUH Kaneius u kpemaus» (2011 1), coaBTopom nBYX MoHorpaduii: «kHekoTopble afantalioHHbIE peaKkiuu
TAMYyCa Ha TIOCTYIUICHHE KAJIBIIUS U KPEMHHUS ¢ TUTheBoH BoAoi» (2014 1), «Mopdoornueckast amanTaIis
BHYTPEHHUX OPraHOB K ITOCTYIUICHHWIO B OPTaHWU3M BOJOPACTBOPHUMOTO COemWHEHUs KpeMHus» (2021 T).
HopmaTuBsl conepxanus B MUTbEBOM BOjIe KpeMHHUS ObUIH mepecMOTpeHbl B ssHBape 2021 roga (cormacHo
CAHIIMH 1.2.3685-21 «['urueHnueckue HOPMATUBBL M TpeOOBaHMS K 00ecTiedeHNI0 0€30MacHOCTH U (WIIN)
Oe3BpenHOCTH AJs 4YenoBeka (aktopoB cpeabl oboutanus» [1JIK kpemHus Bo3pocna B 1Ba pa3a — MPHUM.
aBT), u Cepreii [laBmoBuY, cipaBeIIMBO MOJIATABIINI, YTO KOHIICHTPAIUS B TUTHEBOM BOJIEC KPEMHUS CBBI-
me 10 MI/I y>xe HeOIaronpusTHO OTpaKaeTcs Ha OpraHW3Me, 3alUIaHHPOBaJl CEpHI0 0030pHBIX CTATEH IO
atoit Temaruke. [lepBas n3 Hux, «CoennHEHNS KPEMHUS U aTepOTeHe3», YBHUIENa CBET B )KypHaie « MHUKpo-
JJIEeMEHTHI B MeAunuHe» B arpene 2022 rofa u crana mocieaHed omyOIMKoBaHHON paboToi mpodeccopa
CaroXHUKOBA, MOCBSAIICHHON NMOCTYIUIEHUIO B OpraHnu3M coennHeHni kpemuus. Taxxke Cepres [laBnoBuya
HWHTEPECOBAIM BOMPOCHI, KAacaloIHecs NPUIMHHBIX (PaKTOPOB CYHIHIOB M SKCIEPUMEHTAIBHOTO aMUIIOH-
JoreHesa, — 00 ATOM CBHJIETEJILCTBYIOT €0 OCHOBATEIbHBIE CTaThU B LIEHTPAJIHHOM MEeYaTH W MAaTEHTHl Ha
M300peTeHMS.

[IpuHIIMTINATBHBIN 1 YECTHBIN YEJIOBEK U B JKU3HM, U B Hayke, Cepreii [1aBmoBud TpeOGOBal 3TOTO U OT
kosuter. OH ynensit 00JbIIoe BHUMaHUE METOO0JIOTHYECKO COCTABIAIONIEH Kak B HAYYHO-HCCIIEIOBATEIh-
CKOM, TaK W B INPEMOJaBaTEIbCKOM NesTeIbHOCTH. Ero nekumu ObIIM MOCTPOEHHBI TaK, YTO HE TOJBKO 3a-
KpBIBAIX MOTPEOHOCTH CTYJCHTOB B OCBOCHUH Y4eOHOTO MaTepuaa, HO M BhI3BIBAIN Y ayAUTOPUU AOTON-
HHUTEJBHBIC BOIIPOCHI, MOOYKAAIOIINE K CAMOCTOATEIILHOMY MOUCKY oTBeToB. O0iaasi HEBEPOSITHOW 3py-
TUTTAEH 1 BBIMAIOIIAMUCS aHAIMTHICCKAMH CIIOCOOHOCTSAMH, TTpodeccop CarmoXHUKOB OBUT Ha PEIKOCThH
CKPOMHBIM YEJIOBEKOM, M 3TO Ka4eCTBO OYEHB BBIAEISIIO €ro Cpemu MmpoecCOpPCKO-MPEernoaaBaTeIbcKoro
COCTaBa, BBI3BIBAS CPEH KOJUIET HCKPEHHEE YBaXKEHUE.

Poccuiickas Hayka moTepsijia 3aMe4aTeNIbHOrO y4eHoro, UyBaliCcKuili rocyJapCTBEHHBI YHUBEPCUTET —
HE3aMEHUMOI'0 COTPYAHMKA, Hay4YHbIE BOCIUTAHHUKHM — CIPABEUIMBOTO U CTPOTOro pPyKOBOJIUTEJNA, CTY-
JeHTBI — TPeOOBATEILHOTO TIpenoaBaresisi. Mbl BeIpaxkaeM riy0oKHe cOO0Ie3HOBAHUS BCEM TEM, KTO JINY-
Ho 3Han Cepres [laBnoBuda 1 KOMy MOCYACTIMBHIIIOCH PabOTaTh C HAM.

B.C. ropaosa

Banruiickuii penepanbublii yHuBepcuTeT nMenu Vimmanynina Kanra

B. E. CepreesBa
UYyBanickuii rocyiapcTBeHHbli yHuBepeureT uMenu M.H. Yibgaunosa
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NMAMATU BbIAAIOLLErOCH YHEHOTIO
AHAHAbI MPACAAA

5 ¢deBpans 2022 1. Ha 95-M romy XKWU3HHM CKOHYAJICS BBITAromTuiics ydeHwsld AHanma Ilpacam, mpodeccop
MenunuHckoii mkonsl ['ocynapctesennoro yausepeutera Yoaiina, CIIA (Wayne State University School of
Medicine, CIIIA), HOBaTOpcKre pabOThl KOTOPOTO O POJH MIMHKA CIIACIH MIJUTHOHBI )KH3HEH BO BCEM MUPE.

UccnenoBanus Anaupabel [Ipacajga Hauanmmuch, KOrja OIWH U3 €r0 YYHUTENCH-TIPOPECCOPOB IMOITYUUIT
Mpuriamenue ot maxa Mpana co3naTe yueOHy0 mporpaMmy no MeauiimHe B MeauuuHckoi mikosne IIu-
pa3CcKoro YHUBEpCUTETa U mpuriacui goktopa [Ipacaga compoBokaats ero. Uepes qBe Heaenu MOCIE €ro
npuesnia K qokropy Ilpacaxy npurien 2 1-1eTHri MyXK9UHA, TTOXOKHA HA 8-JIETHETO MajJbuHuKa. ¥ OOJIEHOTO
OTCYTCTBOBAJIM BTOPUYHBIE TIOJIOBBIE IPU3HAKH M UMENAach YMCTBeHHAs oTcTanocTh. Jloktop Ilpacax mpen-
TTOJIOKMIT, YTO Y MY KUYHMHBI aHEMUS TSHKEIIOW CTENeHH, HO HEe MOT MOHATh, KaK TAKOE COCTOSIHHE BO3HHKIIO,
MOTOMY 4YTO y OOJIBIIIMHCTBA MY>KYUH aHeMHs HE pa3BuBacTCs Oe3 KpoBOTeucHWs. 3aboieBaHHE OBLIO
HACTOJILKO pacmpocTpaHeHo B Vpane, 4to mpHOOpeno xapakTep SMHIACMUW. B manbHeiimem, TOKTOp
[Ipacax npeArnonokui, 4To eciu PacTeHHs He PacTyT 0e3 JOCTaTOYHOTO KOJIWYECTBa IWHKA, TO, BO3MOXKHO,
u monn Toxe. B 1961 1. oH omyOnMKoBan cTaThi0 B AMEpHKaHCKOM MemuImHcKoM xypHane (The
American Journal of Medicine), B KOTOpoii BIiepBbIe BBICKa3al MPEIIOIoKEHHE, YTO NePUIUT IMHKA MO-
JKeT OBITh IPHUYUHON 33/IEP)KKH POCTa YenoBeka. B mocnenyromelt crathe noktop [Ipacan mpexcraBui uc-
CJIEIOBaHKE, B KOTOPOM YCTaHOBWJ, UYTO Y MCHBITYeMbIX ObLT Aeduuut nuHka. [locne myOnukamuu 3Toi
crate B JKypHane naGopatopHoil W kimuHH4Yeckod MmeauuuHbl (Journal of Laboratory and Clinical
Medicine) B 1963 r., a 3atem nepensnannoii B 1990 r. B kKauecTBe 3HAKOBOH CTaTHH B TOM K€ KypHaie, OH
Havaj 100aBIATh WHK B XOJe KIIMHUYECKHUX HCIBITAHWN, M €ro MalieHThl Hadall WHTEHCHBHEE PAaCcTH H
IPHOOpETaTh MY>KCKHE MOJIOBBIE TIPU3HAKH.

UccnenoBanns nmaka gokropa [Ipacaga cmacnm OecuyrcieHHOE KOJIMYECTBO KH3HEH B cTpaHax Ad-
puku u Azuu, Bkmodas Muaauio, [lakucran u banrnagen. B aTux paiioHax CMEPTHOCTB OT IETCKOU Tuapeu
npHOJIMKaNachk K BOCbMHIECATH IsaTH nporieHTaM. Korna Opranusarus O0beaunHeHHbix Haruit mo Bompo-
cam oOpa3zoBanus, Hayku U KyabTypsl (FOHECKO) yTBepauna npumeHenrne 6no100aBoK MUHKA JJIsI OOPb-
OBl C IETCKOW Arapeeil B 3TUX PerHOHAaX, YPOBEHb CMEPTHOCTH CHU3WICS A0 MSATHAIIATH MPOIEHTOB.
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C Tex mop mokrtop Ilpacam mpomomkan u3y4ath pojib LIMHKA B opraHu3Me udenoBeka. B 1975 r. on
npeanoxun HaunonansHomy wuccienoBarensckomy coBety CLHA (United States National Research
Council) ycTaHOBUTH PEeKOMEHIYEMYIO CYTOUHYIO HOPMY LIMHKAa Ha ypOBHE MATHAAATH MUJUIUTPaMMOB B
JICHb.

HoBartopckue uccienoBanusi M MOJTy4YeHHbIE pe3yibTaThl MpuHecTu AoKTopy llpacamy mpusHanwe u
Harpajbl MHOXKECTBA HAYUYHBIX U MEJIUIIMHCKUX OpTaHU3alliil co Bcero Mupa, B ToMm uucie B 2011 r. narpa-
ny Konrpecca CIIA 3a ero moxu3HEHHbIE HCCIeIOBaHMs IIMHKA KaK JIEMEHTa, HE0OXOIUMOTO JIJIsl BEDKH-
BaHUs uenoBeka. 3acnyrn AHauabl [Ipacaga oTMedeHBl W JpYrMMH Harpajgamu: mpemueil ['omnnbeprepa
AMepHKaHCKOW METUIIMHCKON acCOLMaIiy, peMuel AMEpHUKaHCKOro KoJUIea Bpadel 3a BbIIAIOUIYIOCS
paboTy B 0biacTH HayKH, CBsI3aHHON ¢ MenuiuHOH, [loueTHON Menanbio Mapa Jlnona (Ppanius), nepBoit
npemueii PaynmHa 3a HOBaTOpCKHE WCCIIEMIOBAHUS IIMHKA OT MEXIyHapOIHOTO OOIecTBa MCCIIeIOBAHUN
MHKDPODJIEMCHTOB B OpraHM3Me uejoBeka, mpemueir Pobepra X. Xepmana oT AMEpPHUKaHCKOTO OOIIecTBa
KIIMHUYECKOTO MUTaHMS, CTENICHBIO MarucTpa AMEpHUKaHCKOTO KOJUIEKa Bpavel, BBeIECHUEM B 3aJl CIIaBBI
Hacnenusi, ®orn MexayHapoaHOTO MHCTHTYTA, 3al OTIM4Yus A3uarckoil akagemMuu Harpama m mpemmueit
npunna Maxugona 2010 r. u3 banrkoka. B nmexabpe 2009 r. sxypuan TIME Ha3Banm mmHK «4yno-
MUHEPATIOM».

Hoxrop Ilpacan omyOmmkoBan 6omiee 300 crateit u 15 xaur. OH OBUT peJaKTOPOM-OCHOBATEIEM AMe-
PUKAHCKOTO XKypHasia rematojoruu (American Journal of Hematology) u JXXypHama MHKPO3JIEMEHTOB B
skcriepuMenTanbHOM Meaunmae (The Journal of Trace Elements in Experimental Medicine).

CKpOMHBIH M MUPOJIOOUBBIN YeNOBEeK, JOKTOp AHaHza [Ipacan BHeC orpoMHBIN BKJIaa B MUP MeAu-
LUHBIL.

[Ja Oyner maMsTh 0 HEM BedHa !
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