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MPOBAEMHAS CTATbA

MUKPOJSAEMEHTbI
B CEAbCKOXO3ANCTBEHHbIX PACTEHUAX (OB3OP)

A.E. Mo6buaaTt'® E.U.BOAOLLMH?

! KiimHuKa COBPEMEHHOM TPUXOJIOTHH,

660123, . KpacHostpck, npocniekt I'azetst KpacHosipckuit Pabounit, 172
2 KpacHosipckuii rocyAapCTBEHHBIN arpapHblii YHUBEPCUTET,

660049, r. Kpacnospck, mp. Mupa 90

PE3IOME. PaccMOTpeHbI 3aKOHOMEPHOCTH COZCpIKaHHsl MBILIBIKA, KaaMUs, PTYTH, CBHHIIA, LHHKA, KOOANbTa,
HUKEJs, MEI, XpOMa M MapraHiia B MPOAYKTHBHOM 4aCTH ypoxKasi pa3JIMYHbIX CEIbCKOXO3SMCTBEHHBIX KYIbTYp. [Toka-
3aHO, YTO KOHICHTpALUA MUKPOSJIEMECHTOB B PaCTCHUAX 3aBUCUT OT MOTOAHBIX yCHOBHﬁ, CBOWCTB MOYB U COACPIKaHUA
B HUX IOJBIKHOM (DOPMBI 3JIEMEHTOB, IIPUMEHEHHUsI YAOOPEHHUIT, TEXHOICHHOM HArpy3KH Ha arpoiaHamadTsl, GHOJI0-
TMYECKHX U BUJOBBIX OCOOCHHOCTEH pacTeHuid. [Jis MOBBIICHNS KAYeCTBa PACTHTEILHON MPOAYKLIUH HE00X0quMa OIl-
TUMHU3aLMs TUTAHUS PACTEHUI 0 MUKPO- ¥ MakpodsieMenTaMm. KoMIuiekcHOe MprMeHeHHe MUKPO- 1 Makpoya00peHui
SIBIIETCSL OCHOBOH YITyYIICHHS. MHKPOIJIEMEHTHOTO COCTaBa PACTCHHIA, IOBBIIICHHUS KAaYSCTBEHHBIX HAPaMETPOB HPO-
JOYKIMHU [PU COXPAHEHUH €€ DKOJIOTMYEcKoi OezomacHoCTH. Ha TeppUTOpHSIX JIOKATBHOTO 3arpsi3HEHUS TOYB MHKPO-
3NIeMEHTaMU HEOOXOANMO MPOBEACHHE TOCTOSHHOTO MOHUTOPHHTA 32 COJCPKAHHEM HX B PACTUTENBHOMN MPOLYKIHH H

pa3paboTka MEPOIIPHUATHI 10 YMEHBIICHHIO UX MOCTYIUICHUS B PACTEHUS.

KAKOYEBBLIE CAOBA: MuKposIeMEHTBI, paCTEHHUS, COACPKAHKUE, arpoaHaIIadThl, MOYBHI, yIOOPEHHS, OITH-

Mu3alusa, MOHUTOPUHT, 3arpA3HECHUEC, Ka4C€CTBO IPOAYKINH.

BBEAEHUE

[TocTymenne MHKPOIJIEMEHTOB B PACTCHHS
MIPOMCXONUT Yepe3 KOPHEBYIO CHCTEMY M JINCTOBYIO
noBepxHocTh (TurtoB, Kaszuuna, Tamanoma, 2014).
OCHOBHO# MyTh TOCTYIUICHHS MHUKPO3JICMEHTOB B
pacTeHus — ajacopOuus kKopHsMmu. HexopHeBoe Tmmo-
[JIOIIEHUE PACTCHUSIMU MPOUCXOAUT TPU 3HAYM-
TEJTHLHOM BBITIAJICHUN METAJUIOB M3 atMocdepsl Ha
JUCTOBOU ammapar BOJU3W KPYIMHBIX MTPOMEBIIIIICH-
HBIX TPEIIPUATHIA.

[TouBa sSIBAsSIETCS OCHOBHBIM HCTOYHHKOM IIO-
CTYIUICHHUS MUKPO3JIEMCHTOB B pacTeHus. Ha Temmbl
MOTJIONICHUS MHUKPOJIEMEHTOB PAaCTCHUSIMH OKa3bl-
BAIOT BJIMSHHUE arpOPU3NUCCKUE W arpOXUMHUICCKUE
CBOMCTBa TIOYB, NMHAMHKA IMMOYBCHHBIX ITPOIICCCOB,
XAMHUYECKHE CBOWMCTBA METAJIOB, COCTOSHHE H
TpaHchopMaIUs UX COCITUHEHUH, (PU3NOJIOTUICCKHE
ocobennoctu pacrenuii (Mnsun, Ceico, 2001; Anek-
cees, 2008; Cerues u ap., 2009; Unpun, 2012).

[Io cremeHm HAKOIICHUS MUKPOIEMEHTHI
TTOApa3eAoTCsS Ha Heckoabko rpynmsl: 1) Cd, Cs,
Rb — uaTeHcuBHO mormomarotcs; 2) Zn, Mo, Cu, Pb,
Ag, As, Co — cpenHss cTeneHsb norioieHus; 3) Mn,
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Ni, Li, Cr, Be, Sb — cnabo nornomatorcs; 4) Se, Fe,
Ba, Te — tpyaHomoctymubel pacteHusM (Tspkenbie
MeTaJuIkL. .., 1997). [Io abCcomoTHOMY COIEPKaHUIO
MHUKPOAJIEMEHTBl  00pa3ylOT HECKOJIBKO TPYIII:
1) 37eMeHTHI MOBBIILIEHHOM KOHIIeHTpauuu — St, Mn,
Zn; 2) saneMeHThI cpefaHer koHieHTparuu — Cu, Ni,
Pb, Cr; 3) syieMeHTBl HU3KOH KOHICHTpanuu — Mo,
Cd, Se, Co, Sn; 4) a11eMEHTHI OY€Hb HU3KOH KOHIICH-
Tpauuu — Hg.

XUMHUUYECKHM COCTaB PacTCHUI OTpaxKaeT dJje-
MEHTapHBIA COCTAaB MOYBEHHOM cpebl. Y POBEHB CO-
JIepKaHMUsI MUKPOJJIEMEHTOB B PACTCHUSX, BEIIMYMHA
WX ypoxkKas, XUMHYECKHH COCTaB W TEXHOJOTHYE-
CKHE TIOKA3aTeIH 3aBUCAT OT KOHIIEHTPAITMH MUKPO-
aneMeHTOB B mouBax. ComepikaHue MHKPOIJIEMEH-
TOB B PaCTEHHUSAX B TEUCHHE BETCTAIMOHHOTO MEPUO-
J1a U3MEHSCTCS. DT U3MCHCHHUS BHI3BAHBI CE30HHBI-
MU KOJCOAHUSMH KOHIICHTPAIIMA MHKPO3JIEMEHTOB
B TOYBAaX W HM3MEHSIOMIEHCS B HUX MOTPEOHOCTHIO
pacteHuii. B mosieBBIX YCIOBHSIX Ha COJIEp)KaHue
MHKPODJIEMEHTOB TaK)Ke BIUSIIOT BHIOBBIC U COPTO-
BbIe OCOOCHHOCTH, (ha3a pa3BUTHS M YCIOBUS IPO-
W3pacTaHUs PACTCHHIA.
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B mpupoaHBIX yCIOBUSX KOHIIGHTPALUS MUK-
POAJIEMEHTOB B PAaCTEHUSIX KOJEOJIETCS B LIMPOKHX
npenenax (Cabata-Pendias, 2010). Bonee BbicCOKUM
coJiep’KaHMEeM MHKPODJIEMEHTOB XapaKTepU3yIoTCs
pacTeHus, MPOM3PaACTAONINE Ha [TOYBAX T€OXHMHYE-
cknx aHomanmmii (Mmemn, Cwico, 2001; Ily3aHos,
2005; Conmomyxuna, 2014). Ilpemensr HOpMaBHBIX
KOHIIEHTpAMii MUKPOAJIEMEHTOB ISl OONBIIMHCTBA
pacTeHuid MOTYT H3MEHSThCS B ACCATKH U OoJiee pas.
IIpyn BBIpallMBaHMM paCcTEHUN Ha 3arps3HEHHBIX
[TOYBaX MPOHUCXOJUT HAKOIUIEHWE MHUKPOAJIEMEHTOB
B TPOAYKTUBHOW YacTH ypoXas Pa3iIHIHBIX Celb-
CKOXO3SHUCTBEHHBIX KyNbTyp. [Ipoaykuus pactenue-
BOJICTBA, BBIpaIlleHHAas Jake Ha clabo3arps3HeHHBIX
MoYyBax, NPEACTABISET ONPEACICHHYIO OIAaCHOCTb
U3-32 BO3MOXXHOTO KyMYJIATUBHOTO 3 (eKTa U Io-
CTETICHHOTO HaKOIUICHHSI METAJIOB B IHUIIEBOH Iie-
. [Ipu nedummre niam N30BITKE MUKPOIJIEMEHTOB B
9KOCHCTEME Y YelOBEeKa BO3ZHHKAIOT MHKPOJJIEMEH-
to35b!I (Cycnukos, 2002).

B permoHanpHBIX YCIOBUSX Ha COAEpKaHHE
MHUKPOBJIEMEHTOB B PACTEHUSIX OKAa3bIBAIOT BIIHMSHUEC
TIOTOHBIC YCIIOBHS, MOTEHITHANbHOEC W A((PEeKTHB-
HOE IUTOOPOJME T0YB, HANPaBIECHHOCTh ITOYBOOO-
pa3oBaTENBHOTO TIpoIecca, OOECIeUeHHOCTh II0-
IOBIDKHOH (OPMOH 3JIEMEHTOB M OHOJIOTHYECKHUE
0COOEHHOCTH CEeNBCKOXO3IUCTBEHHBIX KYJIbTYp. W3-
32 HEOJIMHAKOBBIX YCIIOBHI TpOU3pacTaHHus U BUIO-
BBIX PA3JIUYUNl MHUKPOAJIEMEHTHBIH COCTaB OCHOB-
HBIX CEIFCKOXO3SHUCTBEHHBIX KYJIBTYp XapaKTepHu3y-
eTcst 6onpImuM pa3HooOpasueM. B cBs3u ¢ ycuineHu-
€M TEXHOTE€HHO} Harpy3KH Ha arpoLeHO3bl BO3HHKA-
€T HeOOXOJMMOCTh B MPOBEACHUH CHCTEMAaTHYeCKO-
0 MOHUTOPHHTA 33 COJEPXKAHUEM MHKPO3JIEMEHTOB
B pacTeHHAX W pa3paboTKa MEpONPHUATHI MO YIyd-
[IEHUIO DJIEMEHTHOTO CTaTyca CEIbCKOXO3SHCTBEH-
HBIX KYyJbTYp, TOBBIIICHUIO KadeCTBEHHBIX Iapa-
METPOB NPOAYKIHHU MIPH COXPAHEHUH €€ IKOJIOTHYe-
CKOMi 6€30T1acHOCTH.

3AKOHOMEPHOCTH
COAEP)XAHUS1 MUKPOSAEMEHTOB
B PACTEHUSAX

MBIIBAK BXOAUT B TPYIITY 0000 OMAaCHBIX 3a-
TPSA3HSIONIMX BEUIECTB U B MOBBIIICHHBIX KOHIIEHTPA-
[IUSX OKA3bIBAET TOKCHYECCKOE JCHUCTBUE HA JKUBHIC
opranu3mbl. OCHOBHBIMH MICTOYHHKAMU 3arpsi3HEHHUS
arpoIeHO30B MBIIIBSIKOM SIBJIAIOTCS MepepadoTKa Mmo-
JTMMETAIUIMIECKUX PY[, CXKHWraHue Yriss U HedTH,
OpOILICHUE, HCIONb30BAHUE B CEIBCKOM XO3SHCTBE
MECTUIIMIOB, CoJepKamux MbIlmbsik (["amaroposa,
1993; Boasuutikuii, 2013; Conoxyxuna, 2014).

Buonornueckoe 3HaueHWE MBIIIBIKA CBS3aHO C
€ro XMMHUYECKOW OJIM30CThIO K (pocdopy, crmocoOHO-
CTBIO 3aMEIaTh ATOT AJIEMEHT B OMOXUMHUYECKHX Pe-
akiusax (Cabata-Pendias, 2010). MbIbsSK BXOIHT B
coctaB MHOTHX pacteHnid. ColepaHrue MBIIIbSIKa B
pacTeHHsx MOBTOPSIET ero HajJudue B rmouBe. Brico-
KHe KOHIIEHTPAI[MH 3TOTO 3JIeMEHTa HETaTUBHO CKa-
3BIBAFOTCS HA KU3HE/CATCIBHOCTH PACTCHUI: 3aMe/l-
JISETCS WX POCT, TPOUCXOMUT YBSJAHHE JIMCTHCB,
CHIDKAETCSl YPOXKAWHOCTD U YXY/IIAIOTCSA KaueCTBEH-
HbIE TIOKa3aTelld pacTUTENbHOW mnpoaykiuu. Hau-
OoJpIIFe KOHIIEHTPAIWK 3TOTO 3JIEMEHTa XapaKTep-
HBI JUISl JINCTOBBIX OBOINEH W TpaB, HAaMMEHBIIHE —
JUTS 3€PHA 3JIaKOBBIX KyIbTyp. CpenHee copepkaHue
MBIIIbSIKA B MUIIEBBIX U KOPMOBBIX PACTCHUSX, TPO-
M3paCTAIINX HAa HE3arps3HEHHBIX MOYBAX, COCTaB-
et 0,0003-1,5 mr/kr cyxoit maccel (Cabata-Pen-
dias, 2010). HopmansHast KOHIIEHTPAITUS MBITIHSIKA B
pacrenusx xonednercs ot 1,0 mo 1,7 mr/kr, TokCHY-
Has — B npenenax 5,0-20,0 mr/kr. CpemHee conepxa-
HUE MBIIIbSIKA HA TeppuTopuu Poccuu Bapeupyer ot
0,020 10 0,046 mr/kr (Apucrapxos u ap., 2016).

MBIIbAK XapakTepu3yeTcsi CpeaHed CTEeNeHbIo
MIOTJIONICHNsT pacTeHWsMH. Ha 3arps3HEeHHBIX IMOY-
BaxX M30BITOYHBIC aHUOHBI MBIIIbSKAa B OCHOBHOM 3a-
JICPKUBAIOTCS KOPHSAMHU pacTeHuil. B pesynbrare
AKKyMYJIALUU MBIIIbAKA B KOPHIX PAaCTCHUH HACHI-
IMIEHHOCTh TKaHEW HAJA3E€MHBIX OpPTaHOB ATHUM 3Je-
MeHTOM HeBbicokas (Mmpma, Komapbaema, 1993).
[Ipr TeXHOT€HHOM 3arps3HEHUH MBIIIBIKOM IPOSB-
nseTcss oOIast TEeHIEHIUS aHTarOHHUCTUYECKOTO
NEHCTBUSI 3JIEMEHTa HAa HAKOIUICHUE OJHOTPYIIIO-
BBIX JJIEMEHTOB NEPUOAUYECKON cucTeMbl — P, V B
OpraHax pacT€HUWA U CHHEPrUYECKOro BO3AECHCTBUS
Ha HaKOIUIEHHE 3JIEMEHTOB COCEIHUX rpymm — S, Zr,
Sn, Cr, Se, Mo.

Ha cozxeprkanue MbIbsika B paCTEHUSIX OKa3bl-
BalOT BJIMSHHUE IOTOJHBIC YCJIOBHSI, CBOWMCTBA IIOYB,
KOHIICHTpAIMsT B HUX 3JIEMEHTa M OWOJOTHYCCKHE
OCOOCHHOCTH Pa3HBIX CEIhCKOXO3SIICTBEHHBIX KYIIb-
Typ (Ily3anoB, babomkuna, 2009; AJeKCeeHKO | JIp.,
2017; CemoxoBa, 2017; Ceprees u ap., 2017; JIykum,
Cenroxosa, 2018B). IlpenenpHo momycTuMasi KOHIIEH-
Tpalusi MBIIIbIKA B MPOJOBOJIBCTBEHHOM 3C€pHE CO-
crapisier 0,2 MI/Kr; B OBOIIax, Kaprodene, rpudax,
TUIOJIOBBIX W SITOJHBIX KynbTypax — 0,2-0,5 mr/kr
(CanlluH 2.3.2.1078-01), B kopMax mJisi CEIbCKOXO-
3STMCTBEHHBIX JKMBOTHBIX — 0,5 Mr/kr (BpemeHHBIH
MaKCHUMaJIbHO JIOITyCTUMBIN YPOBEHB. .., 1987).

Kangmuii sBisieTcsl BBICOKOTOKCUYHBIM XUMHU-
4eCcKUM 31eMeHTOM. OH MOXET MOCTynaTh B pacte-
HUS, KaK W3 TOYBBI, TAK M Yepe3 JIUCThSI U yCBaM-
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BaThCs M30MpATeIbHO pa3HBIMU BHIAMHU. TOKCHY-
HOCTh KaJMHsl Uil PACTCHUN 3aKJII0YacTCs B Hapy-
IICHHH AaKTHBHOCTH (DEPMEHTOB, B TOPMOXCHHUU
nporiecca (poTocuHTE3a, YXYANICHUN TPAaHCIUPAITUU
" QUKCcaNuy yrIIeKUcIoro ra3za. KagMwii 3aTpyaaseT
[TOCTYIUIEHUE B PACTEHUSI MaKpO-M MHUKPOAIIIEMEHTOB
— P, Mg, Ca, Cu, Mn, Zn, Ni, Se. OcHOBHBIMHU
CUMIITOMaMH KaJIMUEBOTO TOKCHKO3a y PacTCHUH
SIBJITIOTCS 3a/IePIKKa POCTa, TIOBPEKICHHE KOPHEBOM
CUCTEMBI U XJI0po3 nuctheB (MnpuH, Crico, 2001).
HcTouyHNKOM TOCTYTIIICHUS KaJIMHAS B TIOYBHI
pacTeHus ABJISIOTCS TPOMBIIIICHHBIE TTPEATPUSITHS,
TEIUIO’HEPTeTUKY, aBTOTPAHCIIOPT, HEHOPMHUPOBAH-
HOE BHECEHHE B CEILCKOM XO3SHCTBE yIOOpEHHi
(F'uruenuueckast oueHka..., 1999; Kopones, boes,
2017; Jlapuonos, 2017; Munkuna u ap., 2017a;
Dziubanek et al., 2017). Kagmuii xapakrepusyercs
BBICOKOH TOJBMKHOCTBIO, JIETKO TEPEeIBUTAETCS B
PACTEHHUSAX, HAKAIIMBAsCh HE TOJBKO B BETETATHB-
HBIX OpraHax, HO U B OpraHax 3amacaHus aCCHUMH-
JSHTOB. BBICOKHE KOHIIEHTpAIlMU KaaMHs B IOYBE
MPUBOJAT K JAUCOAIAaHCY KOMIIOHCHTOB INHUTAHHS B
PACTeHHSAX W OTPHUIATENHHO BJIMSIOT Ha CHHTE3 U
(hyHKIIMHA (PEPMEHTOB, BATAMHHOB, TOPMOHOB U JpY-
rux OMOJIOTMYECKU aKTUBHBIX coenuHeHui. Kaamuii
o0JiafaeT BBICOKMM KyMYJISITUBHBIM 3ddextom. [Ipu
3arpsi3HCHUHM STOT JJIEMEHT [0 THINEBBIM IETISIM
MOJXKET IMOCTYIaTh B OPTaHWU3M YeJIOBEKa U BBI3bI-
BaTh paznudHble 3a0oneanus (Cycnukos, 2002).
Kanmuii  sBisieTcss XMMHYECKHMM  aHAJIOrOM
[IMHKA U UMEET BBICOKYIO CTETIEHb MOTJIOICHHUS pac-
TeHUSMU. B pacTeHHIx copepikaHue KaaMus KoJieo-
JeTcs B IUPOKUX Tpesenax. Ha mocrymieHue kaui-
MU B PACTCHMs OKa3bIBACT BJMSHHE IOTOJHBIC
YCIIOBHS, CBOWCTBA IOYB, COAEp)KaHWE B HUX dJie-
MEHTa, YPOBEHb MIPUMEHEHHS YAOOPECHHA, OMOIOTH-
YeCKHe W COPTOBBIE OCOOEHHOCTH pacTeHHU
(®emenko, 2014; Cepena u ap., 2016; Cnabko, Jlo-
natuHa, 2016; ABetucss u ap., 2017; AnekceeHko u
ap., 2017; Munkuna u ap., 20176; Enkuna, 2017;
CemtoxoBa, 2017; Ceprees u ap., 2017; Xynses, Jle-
oenesa, 2017). HopmaiibHass KOHIIGHTpAITHS KaIMHUS
B pacteHusx konebnercs ot 0,05 mo 0,20 wmr/kr,
TokcuuHas — B mpeaenax 5,0-20,0 mr/kr (Cabata-
Pendias, 2010). Cpenmnee conepxaHue KaaMus B
PacTUTENBHON NMPOAYKIMH, BBIPAIIMBAEMON Ha Tep-
putopun Poccun, Bapeupyer ot 0,039 no 0,107
Mmr/kr (ApuctapxoB u Ap., 2016). IlpenensHO mormy-
CTHMasi KOHIICHTpaus KaaMus B IIPOJOBOJIHCTBEH-
HOM 3epHe cocTaBisieT 0,1 MI/Kr, B OBOIIax, KapTo-
¢ene, miogax — 0,03 mr/kr (CanlluH 2.3.2.1078-
01), B KOpMOBBIX KYJbTypax sl CEIbCKOXO3AMH-

CTBEHHBIX JKUBOTHBIX — 0,3 Mr/kr (BpeMeHHBIH Mak-
CHUMAaJIBHO JIOMYCTUMBIN YPOBEHb..., 1987).

PryTh sBNsSIeTCS OMHUM W3 HaubOoJiee TOKCUY-
HBIX XHMHYECKHX DJJIEMEHTOB. B OKpyKarouryro
MIPUPOHYIO CpPeny PTYTh MOCTYTAET U3 MPUPOTHBIX
W TEXHOTEHHBIX HCTOYHHUKOB. OCHOBHBIMH HCTOY-
HUKaMU TIOCTYIUICHHUS PTYTH B Onocdepy SBISIOTCS
ra30MbUICBBIE BEIOPOCHI MPEIIPUATHH [IBETHOW Me-
TaJLUTypruM, MPUOOPO- U MAIIMHOCTPOCHUS, XUMHUYEC-
CKasi IPOMBIIUIEHHOCTh, MPUMEHEHNE BBICOKHX J03
ynoopenuii (I'mrmenmdeckasi orneHka..., 1999; Bby-
myes, Lllypasun, 2014; Cepena u np., 2016; Kamry-
muHa, 2017; Bacouea, Kocomamosa, 2018). Coenn-
HEHUS PTYTH, MONajaas Ha 3eMHYI0 IOBEPXHOCTb,
MOJIBEPTalOTCs PA3TUYHBIM U3MCHCHUSIM, XapakTep
KOTOPBIX omperensercss GU3NISCKUMH, XUMUIECKU-
MH ¥ OMOJIOTHYECKUMH CBOMCTBamMHu mouB. [Ipu 3a-
TPSA3HEHHWH II0YB PTYTHIO MPOHUCXOIUT HAKOIUICHHE
ee B pacTeHHIX W yXY/IICHHE KauyecTBa PacTUTENb-
HOH NPOAYKIHH.

PacteHust xapakTepu3yroTCs HEOJIMHAKOBBIM
cojepkanueM pryTd. Ha conepkaHue W ypOBeHb
HAKOIUIEHUS] PTYTH B PACTEHUSX OKa3bIBAIOT OOIb-
10€ BIUSTHUE HEOTHOPOTHOCTh M TIECTPOTA MTOYBEH-
HOTO TTOKPOBa, HEOJMHAKOBBIE yCIIOBHSI ITOYBOOOPA-
30BaHUs, pa3HbIC CBOWCTBA IMOYB, UX THAPOTEPMH-
YeCKUH peXuM, IpUMEHeHne ynoOpeHuit, oronoru-
Yyeckre U BUIOBbIe ocoOeHHOCTH pactennii (KamuH,
WBanos, 20096; byrakoB u ap., 2017; Ceprees u
np., 2017; Jyxun, Cenroxkosa, 2018B). bonbire Bce-
ro PTYTH HAKalUIMBAaeTCS B KOPHSIX pacTeHwid. Pe-
MPOAYKTUBHEIC OpPTaHbl MCHBILIE COJEPKAT PTYTH B
CPaBHCHUU C BETCTATHBHBIMU, YTO CBUICTEILCTBYECT
0 HaJIMYHMH 3alIUTHBIX 0apbepoB, MPEMSTCTBYIOMINX
MIEPEMEIICHAI0 ATOTO 3JIeMeHTa B pacTteHus. Hop-
MaJbHasg KOHIIGHTpAIWs PTYTH B PaCTHTEIHHOU
npoaykuun konebiercs ot 1 mo 3 mr/kr (Cabata-
Pendias, 2010). Cpennee conepxaHue pTyTH B pac-
TEHUEBOUCCKON TPOAYKIUU B pa3HbIX (enepanb-
HBIX oKkpyrax Poccuu Bapsupyet ot 0,0005 mo 0,010
Mmr/kr (Apucrtapxos, Jlymes, IlaBmuxumaa, 2016).
[IpenensHO nmomycTHUMasi KOHIEHTpAIUs PTYTH B
MPOZOBOIBCTBEHHOM 3epHe paBHa (0,03 Mr/kr, 0BO-
max, kaprodene, 6ax4eBbIX, TIOJOBBIX U STOMHBIX
kynbTypax — 0,02 mr/kr (CanlluH 2.3.2.1078-01),
KOPMOBOM 3epHe, 3epHOpypake, IpyObIX U COUHBIX
kopmax — 0,05-0,1 mr/kr (BpeMeHHBII MakcHMahb-
HO JIOITyCTHMBIH YPOBEHB. .., 1987).

CBuHeI CpeN TSHKENBIX METAIIOB OTHOCHTCS K
YHCITy OMACHBIX 3arpsA3HUTENCH OKpPYXKAIOIIeH IMpH-
poxHoii cpensl. OCHOBHBIMA MCTOYHHUKAMHU IOCTYII-
JICHUSI CBHHIIA B TIOYBHI M PACTEHHS arpOIEHO30B 5IB-
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JSFOTCS TIPENPHUATHS YSPHOH U IIBETHOH METaJuTyp-
THH, IPUOOPO- U MAIIMHOCTPOCHUS, aBTOTPAHCIIOPT,
MIPUMEHEHHE B CENbCKOM XO03siiicTBe ynoopenuii (I'u-
THEHWYeCKass OIeHKa...,1999; Mapun, Crico, 2001;
Sxnmenko, KonapbaeBa, 2016; MwunHkuHa M 1p.,
2017a; Bacouena, Kocomnamosa, 2018).

[Ipr HU3KHUX KOHIEHTPAIUAX B MIOYBaX CBUHEI
CTUMYJIMPYET POCT pacTeHuil. B 3arps3HEHHBIX MOY-
Bax HaOJIIOJIaeTCsl MOJAaBICHHUE Tpolecca (POTOCHH-
T€3a B PACTCHHSIX, YMEHBIIACTCS MOTJIOMECHUE UMHU
BOJBI, YBEIMYMBACTCA B HUX COJEpKaHWE KaaMUs U
MIPOUCXOANT CHIDKEHHE MOCTYIUICHUS IMHKA, Kallb-
s, ¢ocdopa u ceprl. CBUHEN MMEET CPEIHIOIO
CTCICHb TOTJIONIEHUS pacTeHUsMU. Pa3nmuvHbIe BU-
Il PaCTCHHI XapaKTEpU3YIOTCA H30HpaTeIbHOU
CIIOCOOHOCTBRIO B HAKOIUICHMHM CBHHIIA, KOTOpAs
00ycioBlIeHa X OMOJOTHYCCKUMH OCOOCHHOCTSIMH.
Pazanna mMexay MUHMMaIbHBIM W MaKCHMAaJbHBIM
COJiep)KaHNEM CBHHIIA B PACTEHHUSIX MOXET J[OCTH-
raTb HECKOJBbKUX pa3. HaummeHbliee copepxaHue
CBUHI[A OTMEYAeTCs B PENPOAYKTUBHBIX OpraHax
pacTeHu, 9TO CBA3AHO C NEATCIFHOCTHIO 3alTUTHBIX
MEXaHU3MOB, TPEIMATCTBYIOMUX IIOCTYIUIEHHIO B
HUX W30BITOYHOTO KONWYecTBa TOKcHMKaHTa. Koie-
0aHWs CBUHIIA B CEIBCKOXO3SIICTBEHHBIX PACTCHHIX
00yCIIOBJIEHBI BBIOpOCAMHU TPOMBIILICHHBIX TPEJI-
MPUSITUN, HATMINEM TeOXUMHUYCCKUX aHOMAJIHMH, M0-
TOJHBIMHU YCJIOBHSIMH, CBOMCTBAMHU IOYB, COICpIKa-
HUEM B HUX TOJIBIKHOW (DOPMBI DIIEMEHTa, BHECE-
HUEM yAOOpeHWH, TEeHEeTHYEeCKUMH W BHUIOBBIMU
OCOOCHHOCTSIMH CEIIbCKOXO3SMCTBEHHBIX PacTeHUH
(Kammn, YoyryHnos, 2012; Enkuna, 2015; ABetucsx
u np., 2017; Anekceenko u np., 2017; Kopones, bo-
eB, 2017; Jlonatuna, 2017; Munkuna u mp., 2017a;
CepreeB u np., 2017; Xynses, Jlebenes, 2017; Ka-
muH, 2018; Dziubanek et al., 2015).

HopmanbHast KOHIIEHTpanusi CBUHIIA B PACTEHU-
sax konebnercs ot 5,0 go 10,0 Mr/kr, Tokcu4yHasi Ba-
prupyet B mpeaenax 30-300 mr/kr (Cabata-Pendias,
2010). Coneprkanue CBHHIIA B YPOXKae Pa3HBIX CEIlb-
CKOXO3HMCTBEHHBIX KynbTyp HoBocmbmpckoi obia-
cTh oTMmeuaercs B mpeaenax 0,1-2,0 Mr/kr Bo3myr-
HO-cyxoi macchl (MnbuH, Ceico, 2001), B 6000BBIX 1
3JIaKOBBIX TpaBax MUHYCHMHCKOM JIECOCTEIIHON 30HBI
KpacHosipckoro kpast — 0,04-3,36 mr/kr (CepreeB u
ap., 2017); B mouepHe 3amagHoro 3alaiikayibs —
0,23-0,49 mr/xr (Kammn, 2018). Cpentee comepika-
HHUE CBUHIIA B PACTUTENIFHON MPOAYKIINH Pa3HBIX (e-
JepaibHbIX OKpyroB Poccuum Bapwupyer ot 0,32 mo
0,60 mr/kr (ApucrapxoB u 1p,, 2016). IlpenensHo
JIOMTYCTUMasi KOHIICHTpAIlMs CBHUHIIA B IPOJOBOIb-
CTBCHHOM 3€pHE, OBOIIax, Kaprodene, OaXx4yeBbIX

kynprypax — 0,5 mr/kr, ¢pykrax u sromax — 0,4
mr/kr (CanlluH 2.3.2.1078 — 01), 3epHe, 3epHODY-
pake, TpyOBIX M COUHBIX KOpMaX JUIsl CETbCKOXO3SH-
CTBEHHBIX XHBOTHBIX — 5 MI/Kr (BpemeHHbIil Mak-
CHMAaJIBLHO JTOTYCTUMBIN YPOBEHbD..., 1987).

uuk. duznosnornyeckas poyib IMHKA B pac-
TEHUSX TECHO CBsi3aHa C €r0 y4acTHEeM B a30THOM,
yIIeBoAHOM OOMeHe, O00pa30BaHUU XJIOPOQHILIA,
¢oTocuHTE3e M TOBBIICHUN AKTUBHOCTH (epMEH-
ToB. LIMHK OKa3bIBaeT BIUSHHE Ha IMOCTYIUICHUE B
pacTeHuss Makpo- U MHUKPOAIIEMEHTOB, BOJIHBIA pe-
KUM PACTCHHH, YCTOWIUBOCTH K HEOJIATONPHUSATHBIM
(akTopam BHemUIHeW cpensl u Oone3HsMm. Hopmais-
Has 00eCHeueHHOCTh MOYB LHWHKOM CHOCOOCTBYET
MOBBIIICHNIO YPOKAHHOCTU U yIyUIIEHHIO KauecTBa
pacturenbHOM npoaykuuu. [Ipu HegocTaTke UHUHKA
B pacTeHUAX HaOJrOmaeTcs XJIOpo3, B IUIOAOBBIX
KyJIbTypax pa3BHBaeTCsl MEINKOIHCTBEHHOCTh M PO-
3eTOYHOCTh. JleduuT nuHKa yraeraer GpopmMupoBa-
HHUE TeHEpaTHBHBIX OPraHOB W IUIOJOHOIICHHE, OKa-
3bIBaeT HEOJIArOMPHUATHOE BIMSHUE HAa 00pa3oBaHUE
CeMSH y KoJocoBBIX KynbTyp (CerueB u ap., 2015).
Oco0eHHO OT HeJoCTaTKa IIMHKAa CTPaIaloT 3epHO-
BBIE M O000BBIC KYJIBTYPHI, TPABHEI, J€H, PPYKTOBEIC
JIEPEBbSL.

OCHOBHBIMH HCTOYHHMKAMH 3arpsi3HEHHS arpo-
LEHO30B LIMHKOM SIBIISIIOTCS MPEANPUATHS YEpHOH M
[BETHOM METaJUTypruu, MpHOOpO- W MaIIMHOCTPOE-
HUSL, XUMHUYECKas IIPOMBIIUIEHHOCTb, aBTOTPAHCIIOPT,
HepalrioHAJTbHOE TIPUMEHEHHE B PacTEHHUEBOJCTBE
ynobperuii (I'uruenndgeckas omneska..., 1999; Kopo-
neB, boes, 2017; Bacouera, Kocomnanosa, 2018).

ConepxaHue IUHKA B PACTCHUSX 3aBHCUT OT
KITUMaTUYECKUX YCIIOBH, TWUNa IMOYB, OOecredeH-
HOCTH MX TIOJIBFDKHOHM (hOpMOI 371eMeHTa, YPOBHS U
CITOCOOOB TIPUMEHEHHUS YAOOPECHHMA, OMOIOTHICCKUX
0CcoOeHHOCTel pacTeHuid. [ 1aBHBIM (hakTOpOM, BIIH-
SFOIUM Ha COJICPIKaHUE IUHKA B PACTCHUSX, SBJISI-
I0TCSI TIOYBEHHO-arpOXUMUYecKre ycioBus (Steiner
et al., 2007; CoerueB u ap., 2009; CrouipiHa u 1p.,
2013; Ceperuna, 2018). Conmepskanre IHUHKA B OI-
HOM TOM K€ BHJIE€ PACTCHHS, MPOM3PACTAIONIEM Ha
pasHBIX THMAaxX IIOYB, MOXXET pa3nuyaTrbcs B He-
CKOJIbKO pa3. Ilpu M3MEeHEeHUH peaklHuy MOYBEHHOM
cpensl ¢ 4,5 10 7,5 KONMYECTBO MOTJIOMIEHHOTO pac-
TEHHSAMH LUHKA yMeHblnaercs. [Ipu moakucieHun
MMOYBEHHOTO PacTBOpa MOCTYIUICHNE IMHKA B pacTe-
HUS BO3pACTaerT.

LluHk MMeeT CpeHIOI CTereHb IOTIIONICHUS
pacrenusiMu. HopmalibHasi KOHIICHTpAIlMsl I[MHKA B
pactrenusx koneosercs ot 27 no 150 Mr/kr, Tokcud-
Has paBHa 150—400 mr/kr (Cabata-Pendias, 2010).
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ConeprkaHue IIMHKA B CEITbCKOXO03SMHCTBEHHBIX KYIIb-
Typax HoBocubupcko# obnactu Bapeupyet ot 10 1o
80 mr/kr (UnbuH, Ceico, 2001), B KOPMOBBIX TpaBax
MuHycuHCKON JiecocTenHoM 30HBI KpacHospckoro
kpas — 3,6-28,6 mr/kr (CepreeB u ap., 2017), 3epHe
0000BBIX KyJIBTYp benropomckoii obmactu — 17,3—
53,1 wmr/kr (Jlyxun, 2018). Cpennee copepikaHue
LIMHKA B PACTHTEIBHON MPOIYKIMH Pa3HBIX PETHO-
HoB Poccum konebmercs or 10,8 mo 20,9 mr/xr
(Apuctapxos u ap., 2016).

B pernoHanmpHBIX YCIOBHAX Ha COIEpXKaHHE
LMHKAa B PAaCTeHHSX BIUSET OOECIIEUYEeHHOCTh IMOYB
MTOIBIKHOW (hOPMOM 3IIEMEHTAa, ITOTOIHBIE YCIOBHA,
9KOJIOTHYECKHE YCIOBUS WX TMPOU3PACTaHUs, ypo-
BEHb MHUHEPAJIBLHOTO MUTAHUS, TCHETUYCCKHE U BHU-
JIOBbIe OCOOEHHOCTH pa3HBIX CEIbCKOXO3SHCTBEH-
HBIX KynbTyp (Kammu, YOyryHos, 2012; CerueB u
ap., 2015; Kpacuunkuii, Azapenko, 2017; Jlapuo-
HOB, 2017; Munkuna u ap., 20176; Ceico u np.,
2017; Xynses, Jlebenesa, 2017; I'opOynoBa, Kymnu-
koBa, 2018; Kamun, 2018; Jlykun, 2018). IIpenens-
HO JIONyCcTUMasi KOHLEHTpAlusi IUHKAa B KOPMOBOM
3epHe, 3epHOPypaxke paBHa 50 MI/KT, TPyOBIX M
couHbIX kopMax — 100 mr/kr (BpemeHHBI MakcH-
MaJbHO JOMYCTUMBIH YPOBEHb. .., 1987).

Ko6anbT sBrsieTcss HEOOXOAMMBIM 3JIEMEHTOM
B MUTAHUU pacTeHuid. [Ipy ero ydacTuu yCHIUBacT-
cs1 buonornyeckasi pUKcaIys a30Ta KiIyOeHbKOBBIMHU
OakTepusIMH, OH BXOIUT B COCTaB BUTaMHuHA B12 m
dbepmenToB. KobansT OiarompusTHO BIHSAET Ha
cuHTe3 XJopoduiia, 6enKa, YrJIeBoA0B U MOBHIIIAET
MIPOJYKTUBHOCTh CEIhCKOXO3SHUCTBEHHBIX KYJIBTYD.
[Ipu HenocraTke KOOANbTa B PACTECHUSIX OCHA0ISICT-
cs1 oOpazoBaHHe TeMOTTI00NHa, OETKOB U HYKJIEHHO-
BBIX KHCJOT.

Cpenn TSKENbIX METaUIOB KOOaJIbT SBISIETCS
OITaCHBIM 3arps3HUTENIEM OKpPY KAIOIIeH TpHUPOTHON
cpenbl. TexHOTeHHOE 3arpsi3HEHUE TI0YB M PAaCTEHHUH
KOOQJIbTOM IPOUCXOANT IOJ BIUSHUEM IPEIIPHs-
TUH yepHOU MeTayurypruu u npudopocrpoenus (I'u-
THEHUYECKasl OIreHKa..., 1999). JlokaibHOe 3arpss-
HEHUE pacTeHHH K0OaThbTOM MOXKET MPOUCXOAHTH
BOKPYT OTBAJIOB TOPHOAOOBIBAIONINX TPEATPHUATHIA,
MIPU CHCTEMATHYECKOM HCIIOJIb30BAHUM B Ka4eCTBE
yI0OpeHuil 0caKoB CTOUYHBIX BOJ.

B mpupoAHBIX YCIOBUSX KOOAIBT BCTpedaeTCs
B IBYX M TpeX BajieHTHOH (popmax. brmaromaps cmo-
COOHOCTH HM3MEHSTHh CBOIO BAJIEHTHOCTH W BXOXJIE-
HUIO B OWMOJIOTUYECKH aKTHBHBIE COSAMHEHHUS 3TOT
AJICMEHT BBITIOJHACT BAXKHBIC (DYHKIIMU B PaCTCHH-
six. OCHOBHBIMH (DaKTOpaMu, CHOCOOHBIMH BBI3BATh
neuuuT KobanbTa B PacTEHUsX, SBISIIOTCS KapOo-

HATHOCTh, IIEJIOYHOCTh, BHIMIEIOYEHHOCT TOYB,
BBICOKOE COZICp)KaHHe B HUX TyMyca, OKCHJIOB XKeJle-
3a 1 Mapranua (Mneun, Ceico, 2001).

Ha nocrtynnenune kobanpTa B pacTeHHUS OKa3bl-
BaeT BIMSIHHE peakiusl MOYBEHHOTo pacTBopa. llpm
MOJIKUCIICHUH PEaKIH TOYBEHHOTO pPacTBOpa IIO-
CTyIICHHE KOOallbTa B pacTeHus ycuinuBaeTcs. Ko-
0anbpT SABISETCS XUMHYECKUM 3JIEMEHTOM, HMEIO-
MM CPEIHIOI CTETEHb MOTJIOIIEHHS PACTCHUSMH.
B 30HaNBHBIX YCIOBHAX Ha KOHIEHTPAIHIO KOOANb-
Ta B PacTeHUSAX OKa3bIBAIOT BIHUSHHE arpoduinde-
CKH€ W arpoXMMHYECKHEe CBOHCTBA IOYB, COAEpIKa-
HUE B HUX TIOJBW)KHOH (POPMBI 3JI€MEHTa, TIOTOTHBIC
YCIIOBHSI, YPOBEHb IPUMEHEHHsI y10OpeHHid, Onoo-
THYECKHE U BUAOBBIE OCOOCHHOCTH PAa3IUYHBIX
CeNbCKOX03sIMCTBEHHBIX KynbTyp (Kammu, YOyry-
HOB, 2012; CricopoBa u mp., 2012; Kammn, 2016,
2018; Jlykun, XuxHak, 2016; Kpacauukuii, A3za-
penko, 2017; Ceico u np., 2017; Uumutnopxxuesa u
np., 2018;). HopmansHOe copepikaHue KoOaibTa B
pactuTenbHON mponaykuuu konebiaercs ot 0,02 mo
1,0 Mr/kr, TOKCMYHasi KOHLIEHTpAlusi BapbHpPYyeT B
mpenenax — 15-50 mr/kr (Cabata-Pendias, 2010). B
HEe3arpsA3HeHHBIX TouBax HoBocmOmpckoil obiacTu
collepkaHre KoOanpTa B 3epHE MIICHUIBI U TOPOXa
u3Mensiercsi B mpegenax — 02—0,3 mr/kr, KiyOHsX
kaptodens — 0,2—0,6 mr/kr (Unbun, Ceico, 2001), B
KOPMOBBIX TpaBax MUHYCHHCKON JIECOCTEIHOM 30-
bl KpacHosipckoro kpas — 0,04—0.81 mr/xr (Cepre-
eB u ap., 2017); B 3epHEe 0000BBIX KyIbTyp benro-
ponckoit oomactu — 0,10-1,41 mr/xr (Jlykun, 2018).
CpenHee cojepkaHue KoOallbTa B PacCTUTEIbHOU
NPOAYKIMK Ha TeppuTtopun Poccum xonebiercs ot
0,11 mo 1,40 mr/kr (ApucrapxoB u ap., 2016). Ilpe-
JIETBHO JOMyCTHMas KOHIIGHTpanus KoOaipra B
KOpMax sl CeIbCKOXO3SHCTBEHHBIX JKUBOTHBIX
paBHsieTcst 1-2 wmr/kr (BpeMeHHBIH MakCHMalbHO
JIOTTYCTUMBIN YPOBEHb..., 1987).

Huxkens. buonorndeckas poiib HUKENS 3aKIIO-
YaeTcsl B €ro Y4acTHH B CTPYKTYpPHOH OpraHW3aliu
1 (YHKIMOHUPOBAHUH OCHOBHBIX KJIIETOYHBIX KOM-
nouentoB — JIHK, PHK u Genka.

[To cBOMM OMOXMMHYECKUM CBOMCTBAM HUKEINb
CXOX C jKele3oM M KoOanbToM. B mouBax HHUKeNb
CTUMYJIUPYET  MHKPOOHOJOTHYECKHE  MPOLECCHI
HUTpU(DUKALUN 1 MUHEpATU3allui COeTUHEHUN a30-
Ta W CIOCOOCTBYET MOBBIIMICHHUIO MPOAYKTUBHOCTH
CENbCKOXO3SIUCTBEHHBIX  KYJIBTYp. TOKCUYHOCTH
3TOTO 3JIEMEHTa JJISl PAacTeHHH TMPOSBIAETCS B TO-
JaBJICHUH TIPOLEeccoB (OTOCHHTE3a M TpaHCIUpa-
UM, TTOSIBIICHUN MTPU3HAKOB XJI0po3a JucTheB (Mib-
uH, Crico, 2001).
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Huxkens sBsieTcss OHUM H3 MPUOPUTETHBIX 3a-
TpA3HUTENEH OKpY’Karolled NpUPOJHON cpensl. 3a-
IpsA3HEHNE arpolEeHO030B HHUKEIEM NMPOUCXOIUT B pe-
3yJIbTaTe BEIOPOCOB MPEINPHATHI YEPHOU U IIBETHOM
METaJUTyprud, TpuOOpO- W MAaIIMHOCTPOCHUS, He-
HOPMHPOBAHHOTO TPHUMEHEHHSI B CEIBCKOM XO3Sii-
CTBE B KauecTBe yHOOPEHHUS OCAJKOB CTOYHBIX BOI
(I'mruennyeckas oueHka..., 1999; bymyes, llypa-
BuH, 2014; Kamynuna, 2017; Jitender et al., 2017).

Hukenb OTHOCHTCS K TPYMIIE TSKEIBIX METaj-
JIOB, KOTOpbIE CJIa00 TOTJIOMIAIOTCS PACTEHUSIMI.
VHTEeHCHBHOCTh TIOTIJIOMIEHUSI HUKENS PACTCHHSAMU
OTIpEe/IeTISICTCST THUIIOM TI0YB, COJIEp)KaHHEM B HHX
MTOJIBWXKHOU (hOPMBI DJICMEHTA, ITOTOHBIME yCIOBH-
SIMH, BHUJIOBBIMH OCOOCHHOCTSIMHU DPACTEHHI H IPH-
CHOCOOJIEHHOCThIO WX K PasIYHbIM (haKTopam
OKpyKaromeit mpupomHoit cpenbl (KammH, YOyry-
HOB, 2012; CocopoBa u ap., 2012; Kammn, 2016,
2018; Jlykun, XwuxHsk, 2016; Yumutoop:xuesa u
np..2016; Ceprees u np., 2017; Xynses, JleOenena,
2017; JIykun, 2018). Cpenu cenbCKOX03sIICTBEHHBIX
KYJILTYp oBec U (acoib 00sanarT crnocoOHOCTHIO K
MIPENMYIIECTBEHHOMY HAKOIUICHHIO HHKENs B pac-
TEHHUSX. DTO CBA3aHO C OMOIOTHYECKUMH OCOOEHHO-
CTSAMH 3THX KYJBTYp W TIOBBIMIEHHOW ITOJBHKHO-
CThIO HHUKENsSI B TOYBaX WU pacTeHusx (AHIpeesa,
2003). Hanbonblnas KOHLEHTpauus: HUKeJs HaOo-
JIAeTCsl B KOPHSX U IIPOJYKTUBHOHN YaCTH PACTCHUM.

CozepxaHue HUKENST B PACTCHUAX KOJICOIETCS
ot 1 g0 10 mr/kxr. Huskoe comeprkaHue HUKENS B pac-
TEHHAX OIpeeNsieTcss HeOOIBIINM COJIepKaHUEM €TO
B T0YBAaX, CJIa00 OMOJIOTHYECKOW JTOCTYITHOCTHIO U
0aphEPHOCTHIO K HEMY HAQ/I3EMHBIX YacTel pacTCHHI.
['paHUIBI TOKCUYHOTO YPOBHS i1 OONBITMHCTBA BU-
JIOB pacTeHU n3MeHstoTes ot 5 1o 30 mr/kr (Cabata-
Pendias, 2010). ComepskaHre HUKES B ypoxkae pas-
HBIX CEJbCKOXO3SIMCTBEHHBIX KyJbTyp HoBocmOup-
ckoii obactu konednercs ot 0,2 10 7,5 MI/Kr cyxoro
BemectBa (Unbsun, Coico, 2001), B 3epHE MIICHUIIBI U
3eJIeHOM Macce JroIepHbl BocTouHoro 3a0aiikanbs —
or 0,12 mo 2,58 wmr/kr (Kammn, YOyrynos, 2012;
Kammn, 2018), 3epae 0000BBIX KyIbTyp benropon-
ckoii oomactu — ot 1,43 mo 7,22 mr/kr (JIykun, 2018).
[IpenensHO nOMyCTHMAasi KOHIICHTpAIMsS HHUKENS B
KOPMOBOM 3€pHE COCTaBJsIeT 1 MI/KT, TpyOBIX U COY-
HBIX KopMax — 3 mr/kr (BpemeHHBIH MakcHMallbHO
JIOITyCTHMBIH YPOBEHb. .., 1987).

Meap ydJacTByeT B IIpolleccax OKHCICHHSA,
BXOJIUT B COCTaB ()EPMEHTOB, yCHIUBAET WHTCHCHB-
HOCTh JIbIXaTEIbHBIX MPOIECCOB, MPUAAECT XJIOPO-
¢wuty OONBIIYI0O YCTOWYMBOCTB, yiydliaeT (oTo-
CHHTETHUYECKYIO NEATCILHOCTh W BOIHBIA PEKHUM B

pacteHusx. Meap crocoOCTBYET BOCCTAHOBICHHUIO U
(ukcauu azoTa, e¢ AS(QUIUT B 3€PHOBBIX KYJIbTY-
pax MPHUBOINT K YMEHBIIICHUIO 00pa30BaHus 3¢PCH U
YBEITUYMBACT IYCTO3EPHOCTH KOJIOCheB. Ilom Bius-
HHUEM MEJIM TOBBIIIAETCS YCTOMUMBOCTh PAaCTEHUN K
BBICOKMM W HH3KHM TEMIIeparypaM, yYMEHBIIIaeTcs
WX TOPaKaeMOCTh TPUOHBIMH W OaKTepHaTbHBIMU
3a0oneBaHusAMH. Jlepuuur Menu TpOSBISICTCS Ha
MOYBaX C BHICOKUM COJICpKaHUEM KapOOHATOB U Op-
TaHUYECKOTO BEIIECTBAa, WIEJIOYHON peakuuen cpe-
IIbI, CHIDKAIONINX TOABMXKHOCTh W JOCTYITHOCTH
MuKpoasieMenTa pacrenmsiMm (MmsnH, Ceico, 2001).

Menp sBIIeTCSt OTHUM M3 TPHOPUTETHBIX 3a-
TpsI3HUTENCH OKpyXkaromel cpenbl. OCHOBHBIMH UC-
TOYHUKAMU MOCTYIUICHUS MEY B ITOYBY U PACTCHUS
SIBJISIFOTCSL MPEIPUATHSL YEPHOM M LIBETHOW MeETall-
JIyprud, IpruOopo- ¥ MAITHHOCTPOSHHS, XUMIUECKast
MPOMBIIIUIEHHOCTh, aBTOTPAHCIOPT, MPUMEHEHHUS B
CEJIbCKOM XO3SIICTBE MEhCOEPKAIUXK TTECTUIIIOB
U yA0OpeHuil B BUJIE 0CaJIKOB CTOYHBIX BOJ (I'urue-
HUYeCKas OLCHKA..., 1999; Kamynuna, 2017; Kopo-
neB, boes, 2017; Jlapuonos; 2017).

Menp OTHOCHTCS K YHCITY XHUMHYECKUX DJie-
MEHTOB, UMEIOIINX CPEIHIOI0 CTETEeHb MOTJIOMIECHUS
pacteHusMu. Pa3Hbie BUIBI pacTeHUI XapaKTepu3y-
I0TCSL M30UPATEIHLHOCTHIO B HAKOTUICHUU MU, 00Y-
CJIOBJICHHON OHMOJIOTMYECKUMH OCOOCHHOCTSMHU U
pa3HO JOCTYITHOCTBIO 3JIEMEHTa B mo4Bax. OCHOB-
HBIMH (DaKTOpaMH, BIUSIONIMMH Ha COAEp)KaHWe
MEIW B PACTEHUSX, SBISAIOTCS ITOTOAHBIE YCIOBHSA,
CBOWCTBa TIOYB, COJIepKaHHWE B HUX IMOJIBIKHOU
(dopMBI 37EMEHTa, YIOOpEHUs, OHOJIOTHYECKUE U
BUJIOBBIE  OCOOCHHOCTU  CEIbCKOXO3SHCTBEHHBIX
kynbpTyp (Kamun, YOyrynos, 2012; MuneeB u 1p.,
2015; Croumeiaa u gp., 2016; Kammna, 2016, 2018;
Enxuna, 2017; Kpacuuukuii, A3sapenko, 2017;
MunkuHa u 1p., 20176; Ceico u np., 2017; Xynses,
Jlebenera, 2017; demenko, 2017; Jlykun, 2018a,
20186; Li et al., 2007).

HopManbHasi KOHIIEHTpAIUs MEAM B PACTCHUSX
kojebsercs ot 5 g0 30 MI/KT ¥ TOKCHYHASI — B TIpe-
nmenax 30—100 mr/kr (Cabata-Pendias, 2010). B Ho-
BOCHOMpPCKOW 00JacTh cofiepKaHHe MEIH B Pa3HBIX
CEJIbCKOXO3SICTBEHHBIX KYJIBTypaX BapbUpPyeT B
uHTepBaie oT 1 g0 30 MI/Kr BO3MYIIHO CYXOr'o Be-
mectBa (Mnbun, Ceico, 2001), KOpMOBBIX TpaBax
MunycHHCKON JecocTenHoi 30HBI KpacHosipckoro
kpas — 0,67-6,06 mr/xr (CepreeB, JlumaTHHKOBA,
Bomommn, 2017), 3epHe 6000BBIX KyibTyp benro-
poJickoit  obnactu 1,88-12,9 wr/kr (Jlykus,
2018a). Cpeanee conep:kaHUE MEIU B PACTUTECIHLHON
MPOAYKIIMK B pasHbIX (efepalibHbIX OKpyrax Poc-
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cum cocrapisieT 1,69-5,58 mr/kr (Apucrapxos u ap.,
2016). [IpenenpHO HONMycTUMAas KOHIICHTPAIUS MU
B KOPMOBOM 3€pHe, 3epHO]ypake, TPyObIX U COY-
HBIX KopMax paBHa 30 mr/kr (BpeMeHHBIH MakcH-
MaJIbHO TOITyCTHMBIH YPOBEHb. .., 1987)

XpoM TpUHUMAeT aKTHBHOE y4acTHE B CHHTE3E
0ETKOB, TIOBBIIIACT COACPKAHHE XIJIOPOPUILIA B JIH-
CTBSIX W MPOAYKTUBHOCTH (poTocuHTe3a. [Ipn nu30bITKE
XpoMa B MOYBaX YXYALIACTCA POCT U Pa3BUTHE pacTe-
HUH, HAOMIOJAeTCsl YBAMAHUE HAI3eMHOW YacTH, IO-
BpEXK/ICHIE KOPHEBOW CHCTEMBI M XJIOPO3 MOJIOIBIX
TUCTheB. M30BITOYHAS KOHIIEHTpAINKs XpoMa B pacTe-
HUSX CHIDKAeT TIOCTYIUIeHHe B HHUX Kamus, (ocdopa,
xKenesa, Maprania, meau u Oopa (Mmeun, Ceico,
2001).

XpoM SIBIISIETCS OJTHAM W3 CaMBIX BBICOKOTOK-
CHUYHBIX 3arpsi3HUTENeN MmpupoaHor cpensl. [Toctyn-
JIEHWE XpoMa B arpoIeHO3bl MPOUCXOIUT B pe3yibTa-
T€ AEATENbHOCTU NPEANpUSATHA YEpHOM U LIBETHOM
METAJUTyPTrUy, MAIlIUHO- U TIPUOOPOCTPOCHUS, SHEPre-
TUKH, CTpOiiMaTepuaIoB, HECHOPMUPOBAHHOTO MIPUMeE-
HEHUS B Ka4eCTBE yIOOPEHUIN OCAIKOB CTOYHBIX BOII
(I'urnenmdeckas oreHka. .., 1999; bymryes, lllypasu-
nuH, 2014; Kopones, boes, 2017; Munkuna u np.,
2017a; Jitender et al., 2017). Bousaue meramia Ha
pacTeHusi 3aBUCUT OT €ro BAJCHTHOCTU: IIECTHBA-
JICHTHBINM KaTUOH B 3HAUUTEIILHOM CTETIEHU TOKCUYHEE
TPEXBAICHTHOTO. B 3aBUCHMOCTH OT TOYBEHHBIX
YCITIOBHI BO3MOYKEH MEPEX0]T OT IIECTUBAIIEHTHBIX CO-
eIMHEHUI XpoMa K TPEXBAICHTHBIM U 00patHO. B pe-
THOHAJIBHBIX YCIIOBUSAX COAEp’KaHHE XpoMa B pacTe-
HUSX 3aBUCUT OT CBOMCTB IOYB, COJICPXKAHUS B HHUX
MOJIBMKHON (DOpMBI 371eMeHTa, KiuMara, yIoOpeHui
U Ouornorumueckux ocobeHHocTeil KynbTyp (JlykuH,
2011; Kammn, Yoyrysos, 2012; Kammun, 2014, 2018;
Jlykun, Xwkasak, 2016; Munkuna u np., 20176; Jly-
kuH, 2018a; Cocoposa u ap., 2018; Uumutaopxuena
u ap., 2018).

XpoM MO TOKCHUYHOCTH YCTYMAaeT TOJIBKO PTY-
TH. DTO OMODIIBHEIIN IIEMEHT, KOTOPBIN TIOCTOSHHO
HaxoJuTCs B TKaHAX pacteHuit. Iloctymasi B pacte-
HUS, XPOM TI0 €r0 OpTaHaM pPacIpeesieTcss HepaB-
HOMepHO. MakcumallbHOE Cco/ep)KaHue XpoMa OT-
MeUaeTcsi B KOpHSAX. XpOM OTHOCHUTCS K TpyIle
3JIEMEHTOB CIa00T0 HAKOIUICHUS U COICPKHUTCS B
pacTeHusX B HeOompImx kojudecTBax. Comepika-
HHE XpOMa B PAaCTUTEIFHOM MaTepHaje COCTABIISIET
0,02-1,0 mr/xr (Cabata-Pendias, 2010). Hopmains-
Has KOHIIEHTpaIUs XpoMma B pacTeHusx pasHa 0,4—
0,6 mr/kr, u30bITOYHAsS — MpeBbIaeT 5 Mmr/kr. B
CEJIbCKOXO03HMCTBEHHBIX KyJbTypax HoBocubOupckoit
obyactu cojaepikanue xpoma koseonercs ot 0,1 1o

2,0 mr/kr cyxoro BemectBa (Unbun, Crico, 2001),
3epHE SAPOBOW MIIICHUIIBI U 3€JICHONH MAaCCEe JIFOIICPHBI
B 3amagHoMm 3abarikanbe — 0,54-2,67 mr/xr (Karuw,
Yoyrynos, 2012), 3epae 6000BbIX KynbTyp benro-
ponackoit obmactu — 0,22-0,50 wmr/xr (JIykwuH,
20186). IlpemenpHO momycTUMasi KOHIICHTPAIIHS
XpoMa B KOpMaXx IJIsl CENbCKOXO3SICTBEHHBIX KH-
BOTHBIX paBHa 3 Mr/kr (BpemeHHBII MakcHMalIbHO
JIOTTYCTUMBIHN ypOBEHSB..., 1987).

Mapraneu. Ouznonornueckas pojab Maprasia
B PAacTEHHUSIX CBsS3aHa C €r0 yYacTHEM B OKHCIIH-
TETHHO-BOCCTAHOBUTENBHBIX IpoIeccax. JTOT dJe-
MEHT WIpaeT BakKHYIO pOJIb B (DOTOCHHTE3E, ObIXa-
HUY, YTIEBOIHOM, OCIIKOBOM OOMeHe, 00pa3oBaHUU
XJIOpOpHUIIIa, BUTAMHHOB U (PEPMEHTOB, CHHTE3C
HYKJICUHOBBIX KHCJIOT U Mepeave HacjaeICTBEHHOU
napopmaruu. [Ipu HemocTaToOdHOM WM W30BITOY-
HOM TIOCTYIUIEHHH MapraHila B PacTeHUSX pa3BHBa-
IOTCSL XJIOPO3bI, YTHETAIOTCS WX POCT M Pa3BUTHE,
CHW)KACTCSl YPOXKAMHOCTh U YXYIIIAETCS KayecTBO
npoxykiuu (Ceraes u ap., 2009).

OCHOBHBIMM HCTOYHHUKAMHU 3arpsi3HCHHUS TOYB
W pPacTeHW MapraHeM SBIAIOTCA MPEInpHUITHS
LIBETHOW M YEPHOU METAJIypPIruH, TEIIOIHEPTETUKHU
(I'uruenndveckas oneHka..., 1999). B arponann-
mradTax MapraHel| sSIBISICTCS MOJBUXHBIM 3JICMCH-
ToOM. B mnouBax CelnbCKOXO3AMCTBEHHBIX YrOAUMN
MapraHell HaXOJUTCS B BUJC ABYX-, TPEX- U YEThI-
PEXBaJICHTHBIX COETUHEHHUIX. B pacTenms mocryma-
€T TOJBKO JABYXBaJEHTHBIM MapraHen. Mapraser
OTIIUYAETCSl aKTHUBHBIM TIOTJIONIEHHEM M OBICTPBIM
MEepeHocoM B pacTteHusx. OCHOBHBIME (DaKTOpaMu
W3MEHEHUS KOHIICHTPAIUM MapraHiia B CEIbCKOXO-
3SIMCTBEHHBIX KYJIBTYpax SBJSIOTCS HEOJIUHAKOBBIC
KITMMATHYECKUE YCIIOBUS TPOM3PACTaHUs, pa3sHOe
collep’kaHue TOABIKHON (hOPMBI 3TOTO IJIEMEHTa B
MmoYBax W BUAOBas ocobeHHOCTh pacteHuit (KammH,
Wsanos, 2009a; Kammn, YoyryHos, 2012; CocopoBa
u np., 2012; Azapenxo, 2016; Kammun, 2016, 2018;
Kpacuuukwuii, Azapenko, 2017). Konebanus Biax-
HOCTH W TEMIIepaTyphl B TEUEHHE BETETAIIMOHHOTO
Meproia PacTeHW OKa3bIBAIOT OOJBIIOE BIIHMSHUE
Ha OMOJOTHYECKYI0 aKTHBHOCTh II0YB, BEIUYHHY
OKHUCIIUTEIIEHO-BOCCTAHOBUTEIILHOTO ~ MOTEHIUAA,
CoJIepKaHUE B HUX TMOJBUKHOTO MapraHIiia U TEMIIbI
€ro MOCTYIJICHHUS B PACTEHUS.

HopmanbHast KOHIIEHTpanusi Mapradia B pacre-
HUsX KoneOsercst B penenax 20—300 Mr/KT, TOKCHY-
Hast — 300-500 mr/kr (Cabata-Pendias, 2010). B peru-
OHAJIBHBIX YCIIOBUSX COZACP)KAaHWE MapraHila B pacre-
HUSIX TIOABEp)KeHO OonbimuM koneOanusim. B Hoso-
CHOUPCKOW 001aCTH COJICpKAHUE MapraHila B CElib-
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CKOXO3SHCTBEHHBIX KYJIBTypax konebmercst ot 10 1o
80 wmr/kr BosmymHO cyxod Maccel (Mbun, Ceico,
2001). B 3anagnom 3abaiikanbe npeienbl KoJicOaHui
Maprasiia B 3¢pHe MIICHUIIBI COCTABIIAIOT 20—58 Mr/Kr
(Kammu, Yo6yryHoB, 2012), B KOPMOBBIX TpaBax
MuHyCHHCKOM JlecocTenHoi 30HbI KpacHogpckoro
kpast — 3,0-5,3 mr/kr (Ceprees u ap., 2017). Cpennee
COJICpKaHWe MapraHia B PacCTUTEIBHON MpPOMYKIIUH
Ha Tepputopun Poccum xkomebnercs or 18,3 mo
33,5 mr/kr (ApuctapxoB u np., 2016). B Hacrosiiee
BpeMs B CTpaHe He pa3paboTaHbl CAHUTAPHBIE HOPMEI,
perTaMeHTHPYIOIIHE coep KaHie MapraHiia B IPOI0-
BOJILCTBEHHBIX ¥ KOPMOBBIX PACTEHHSIX.
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MICROCELLS IN AGRICULTURAL PLANTS (REVIEW)

A.E. Pobilat’, E. I. Voloshin?
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Krasnoyarsk, 660123, Russian Federation

2 Krasnoyarsk State Agrarian University, 90, Prospect Mira,

Krasnoyarsk, 660049, Russian Federation

ABSTRACT. The regularities of the content of arsenic, cadmium, mercury, lead, zinc, cobalt, nickel, copper,
chrome and manganese in productive part of various crops yields are considered. It is shown that microcells concentra-
tion in plants depends on weather conditions, properties of soils and the contents of mobile form of elements in them,
and fertilizers, technogenic load of agrolandscapes, biological and specific features of plants. Optimization of plants nu-
trition is necessary for the improvement of the quality of vegetable production on micro- and microcells’ levels. Com-
plex application of micro- and macrofertilizers is the basis of the improvement of microelement plants structure, the in-
crease of qualitative parameters of production at preservation of its ecological safety. On the territories of local soils
pollution by microcells it is necessary to carry out continuous monitoring of their contents in vegetable production and
to develop the actions for the reduction their entering plants.

KEYWORDS: microcells, plants, contents, agrolandscapes, soils, fertilizers, optimization, monitoring, pollution,
production quality.
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MPOBAEMHAS CTATbA

AWCBAAAHC MUKPOSAEMEHTOB BO BPEMSAl BEPEMEHHOCTU
KAK $AKTOP PA3BUTUS NATOAOTUN Y AETEU

E.A. My3biko', A.U. AaweHosad!, I.A. Tka4eBa?, B.H. lMepdcunaosa’

' ®I'BOY BO Bonrorpaickuii rocy1apcTBEHHbII MEIUIMHCKUN YHUBepcHTeT Munsapasa Poccum,
400131, r. Bonrorpana, miomazap [Tapmmx 6opios, 1

2@®I'bOY BO Bosrorpaackuii rocy1apCTBEHHbIN COLMAILHO-NENATOTHYECKHI YHUBEPCUTET,
400066, . Bonrorpax, np. um. B. 1. Jleauna, 27

PE3IOME. N36bITo4YHOE WM HEIOCTATOYHOE MOCTYIUICHHE MHKPOJIEMEHTOB B OPraHH3M B MEPUOJ IeCTAlUH
MIPUBOJNUT K (POPMUPOBAHUIO HE TOJIBKO PA3IMYHBIX OCIOKHEHHH OEpEeMEHHOCTH y MaTepH, HO M OTPHLATENHHO BO3-
JEHCTBYET Ha pa3BHBAOLICTOCS pebeHka. DnureHernueckue momubukarmu JTHK mmoma, ropMoHaNbHbIE U3MEHEHHS,
YCUIICHUE OKUCIUTENBHBIX MPOLECCOB ¢ OJHOBPEMEHHBIM CHIDKCHHEM aKTHBHOCTH aHTHOKCHIAHTHBIX (DEPMEHTOB SIB-
JISIFOTCSL OCHOBHBIMY ITPUYMHAMU BO3HUKHOBEHHMSI OTKJIOHEHUH y JIeTel Ha pasHbIX ATalax MOCTHATAILHOIO OHTOTEHE3a
IPY MUKPOAJIEMEHTO3aX BO BpeMsi OepeMeHHOCTH. JlepuuT nuHKa B EPHO/ recTaliid MOXKET NPUBOAMTH K 3aMejie-
HHIO POCTa Y MIJIQJICHLIEB, (POPMUPOBAHHIO BPOXKAECHHBIX IIOPOKOB, PA3BUTHIO NEPHHATAIBHON dHIE(atonaTuu. Y Ma-
Tepeil, 1eTH KOTOPhIX UMENIN HU3KYI0 Maccy Tella U Malyl0 OKPYXKHOCTb T'OJIOBBI IIPH POXJICHHUH, B CHIBOPOTKE KPOBU
OTMEeYaeTcsl yBeIWYeHHEe collepKaHust MeJu. HepoctaTok JaHHOTO MUKPO3JIEMEHTa NPUBOAUT K BOSHUKHOBEHHUIO aHO-
MaJMii MO3Ta U cepmna 3MOpHoHOB. M30BITOK 1 AedHIUT MapraHia BO BpeMsi OepeMeHHOCTH 00yCIaBINBaIOT BHYTPH-
yTPOOHYIO 3aJepiKKy pocTa IUIoJia, HapyIIeHHEe YMCTBEHHOTO U NICHXOMOTOPHOTO Pa3BHUTHS y JIETeH B IIOCTHATAIEHOM
ontoreHese. Hemocrarok 0opa BbI3bIBaeT HapyuieHue TUQQepeHIIMPOBKY KIETOK Ha paHHUX CTaJusIX 3MOpHOreHesa, a
ero M30BITOYHOE IOCTYIUICHHE B OpPraHM3M OepeMEHHOH CIOCOOCTBYET CHIM)KEHHIO MAacChl Tella U POCTa MJIAJICHIIEB.
Huskuil ypoBeHb cenieHa, HUKeI U MOJIMO/IeHA Y MaTepH acCouuupyercs ¢ GOpMUPOBAHUEM IIOPOKOB PAa3BUTHS JIULIA,
yeJrocTeil u 3y0oB y peOeHka, n1e)eKTOB HEPBHOM TPYOKH IJI0/a, KOTOPBIE MOTYT IPOSIBISATHCS B BUAE aHAHIE(DAINH 1
pAacIeNIMHBI TI03BOHOYHHKA. Y AeTeH, POXKACHHBIX MaTepsIMU C HEAOCTATKOM CeJleHa, OTMEYAIOTCSl HU3KHE [OKa3aTel
TICHXOMOTOPHOT'O pa3BUTHs. M30bITOUHOE MOTpediieHne BO BpeMsi OEpeMEHHOCTH HHKEs, (hTopa U [IECTUBAJICHTHOTO
XpOoMa OKasbIBaeT TepaToreHHbli 3¢ ¢exT. [oBbImenne conepxanus Xxpoma B Moue OEpEMEHHBIX JKEHIIMH KOppPeNupy-
€T C YMCHBIICHUEM aHTPONOMETPUUCCKUX MMapaMETPOB I1J10/1a, Q)Topa — C HU3KHMMHU MOKA3aTCJIAMU UHTCJIJICKTA U pa3Bu-
THEM CHHApOMa JeUIuTa BHUMAHUS C TMIEPAKTHBHOCTBIO y AeTed B Bo3pacte 6—12 jer. IlosToMy BBIABICHHE M
CBOEBPEMEHHAasi KOPPEKIHMs MHUKPOAJIEMEHTO30B B MEPHOJA OEPEMEHHOCTH MMEET Ba)KHOE 3HAUCHHMS Ul COXPaHEHUS
3JI0pOBbsI peOCHKA B OJIMIKANMIITIE U OTHAAJICHHBIC TICPUOIBI )KU3HU.

KAKOYEBBIE CAOBA: MukposieMeHTsl, GEpEMEHHOCTD, 3a€PKKa BHYTPUYTPOOHOIO Pa3sBUTHUs, HU3KUH BEC
[PH POXKIAEHUH, BPOIKIEHHBIE IIATOJOTMH, HEBPOJIOTHUECKUE M IICHXUYECKHUE PACCTPOMCTBA y IETEM.

BBEAEHUE

MHUKpO3IeMEHTHBIA COCTAaB OpraHu3Ma Oepe-
MEHHOW OKa3bIBaeT BIMSHHUE HE TOJBKO Ha 3I0pPOBHE
MaTepyu, HO W UIPaeT BAXXKHYIO POJIb B HOPMAJIHHOM
pa3BuTHn pebenka. [{MHK, Menb, MapraHel, CeleH,
00p, KOOAIBT, MOJIMO/ICH, HUKEIh, XPOM YYaCTBYIOT
B KJICTOYHOM MeTaboJIM3Me, peaan3anii aHTHOKCH-
JAHTHOHW 3aIlUTHI, BIUSIOT Ha aKTUBHOCTH (hepMeH-
TOB, PErYJUPYIOT SKCIPECCUIO0 TEHOB U NMPUHUMAIOT
y9acTHe B CHHTE3¢ OeKa.

M3BecTHO, 9TO B MEpBOM TpuMecTpe GepeMeH-
HOCTH HEJOCTaTOK MHUKPO3JIEMEHTOB MOXKET MPUBO-

* AAPEC AAS MepenncKu:
My3biko EAeHa AHApPEeeBHa
E-mail: muzyko.elena@mail.ru

IUTh K HW3MEHEHUIO BHYTPHUYTPOOHOIO pa3BUTHS
IUIOJIa ¥ CaMOIIPOU3BOJILHOMY a0OpTy, B BTOPOM H
TpeTbeM — K HapyleHuio (GpopMHupoBaHHUA U (PYHK-
[IMOHMPOBAHMUS Pa3IMYHBIX OpraHoB u cucteM (Be-
pPOTIOTBENISH U Ap., 2014).

C npyroil CTOpOHBI, aHTPOIIOT€HHOE 3arpsi3He-
HHUE OKpY’KalolIeH cpenbl U U30BITOUHOE MOTpede-
HUE MHUKPO3JIEMEHTOB B NEPHOJ] FeCTAllUU ACCOLMH-
pyercs ¢ snureHerndeckum moaudpukanusamu JJHK
IoAa, 9To 0OyClaBiIMBaeT BO3HHUKHOBEHHE BPOXK-
JICHHBIX IOPOKOB pa3BUTHS, MNATOJIOTHYECKUX CO-
CTOSIHUII Y HOBOPOKICHHBIX, OTHAJICHHBIX MOCIHEN-

© MUKpOIAEMEHTDbI B MeAuLMHe, 2021
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CTBHI 17151 3/T0pOBhs pebeHka B Oyaymiem (MBaHoBa,
2016).

BAUAHUE AUCBAANAHCA MUKPOSAEMEHTOB
BO BPEMS BEPEMEHHOCTU HA 3AAEPXKY
BHYTPUYTPOBHOIO PA3BUTUA MNOAA

N HU3KYIO MACCY TEAA 1NPU POXAEHUN

JedunuT nuHka BO Bpemsi OEpEMEHHOCTH MO-
JKET MPHUBOAUTH K 3aMEUICHUIO POCTa y MIIAJICHIICB.
IIpu obcnemoBannm aeTeil, MMEIOMIUX HU3KYIO Maccy
TeNna TpH poXAeHUH (MeHee 2,5 Kr), ObUto 0OHApY-
JKEHO, UTO CPEIHWH YpOBEHb IWHKA B CHIBOPOTKE Y
HUX OBLT 3HAUMTENbHO HIke (83,45+16,74 MKT/mm)
[0 CPaBHEHHIO C TIOTOMCTBOM C HOPMAJbHBIM BECOM
(93,74+19,95 mkr/mn, p <0,05). Takas xe TSHICHIUSA
OTMeyYasach y POJKeHHII: coziepkanue Zn’" 6bu10 HU-
K€ y MaTepeil HOBOPOXKIACHHBIX ¢ HU3KOM Maccoi Te-
ma (67,02+15,99 MKr/min) mo cpaBHEHHIO C KEHIIH-
HaMH, YbH JIETH UMEIT! HOPMAIBHYIO MacCy Tela mpu
poxnaenun (83,59+18,46 mkr/mn, p<0,05) (Jyotsna et
al., 2015). Coo01ranoch TaKke, 4TO JOMOJTHUTEIBHOS
noTpebJcHNe IMHKA JKCHIMUHAMH BO Bpems Oepe-
MEHHOCTH CIOCOOCTBYET YBEIWYEHHIO IIPOIEHTA
POKIEHMSI AeTel ¢ HOpMabHON Maccoii Tena (Naher
et al., 2012). BeposiTHO, 3TO CBsI3aHO C TE€M, YTO IIUHK
CTHMYJIUPYET BBIPAOOTKY TOPMOHA pPOCTa, KOTOPBIN
AKTUBHPYET CHHTE3 HHCYJIMHOMOM00HOTO (hakTopa
pocrta I (insulin-like growth factor 1, IGF-I), oTBeua-
IOIIEeTo 3a MpoduQepaniio KIETOK BCeX TKaHeH, B
MEePBYIO0 OYepe/lb — XPAMIEBOM U KOCTHOM, U TaKuUM
00pa3oM MPUHUMAET y4acTHe B KOHTPOJIE pOCTa KO-
creit (Domenech et al., 2001).

Opnako Ota E. ¢ coasrt. (Ota et. al, 2015) yxka-
3BIBAIOT HA TO, YTO JIOMOJHHUTEIILHBIA MPHEM IIMHKA
mpu OepeMEeHHOCTH TIPHUBOAWUT K CHIDKCHHIO PHCKa
MIPEXIEBPEMEHHBIX POJIOB, HO HE BIHIET HA YHCIICH-
HOCTb J€Tel, pOAUBIINXCS C HU3KOM Maccou Tena.

OO0HapyKeHO, YTO YPOBEHb MEIU B ITYMOBHH-
HOW KpPOBH JIETE€W C HHU3KOW Maccoil Tena Mpu pox-
JICHUHM U CHIBOPOTKE UX MaTepeil 3HAYUTEIHHO BhI-
me, 4eM y JeTed ¢ HOpPMaJIbHOM M TOBBIIIEHHOMN
maccoit Ttema (Bermudez et al., 2015). Mmerorcs
JAHHBIE O BIIMSHUU MEIU Ha aHTPOIIOMETPUYECKHE
MTOKA3aTeJU TUI0/IA, O YeM CBUJICTEILCTBYET HATUIHE
OTPUIIATETLHON KOPPENSAIUN MEKAY KOHIICHTPAIU-
el MUKpOaJIeMeHTa B T1a3Me OepeMEeHHOM U OKpYX-
HOCTBIO TOJIOBBI y HOBOpoxacHHOro (Ugwuja et al.,
2015). BeposiTHO, MOgOOHOE HETATHBHOE BIMSHUC
m6bITka Cu’’ CBA3aHO ¢ M3MEHEHHMEM JKCIIPECCHH
TCHOB, KOHTPOJUPYIOIIMX POCT U pPa3BUTHE Opra-
HU3Ma, (OJIMHT OENKOB, MPOTEOJN3, CUTHAIBHBIC
nytu PI3K (phosphoinositide 3-kinase) u MAPK

(Lewis, Keller, 2009), koTopble HTpPAIOT BAKHYIO
POJIb B PETYJISIIIUY KJICTOYHOTO IIHKIIA.

Vigeh M. c coast. (Vigeh et al., 2008) oOHa-
PYKWIA 3HAYMUTENBHO OOJiee HU3KYIO KOHIICHTpa-
LU0 MapraHiia B KpOBU MaTepel, y NeTell KOTOPhIX
HaOroMamack BHYTPHYTpOOHas 3amepikKa pocCTa,
OJTHAKO B IYMTOBHHHOIN KPOBH OTMeYajach oOpaTHas
3aBUcUMOCTb. MccnemoBanne Zota A.R. ¢ coaBT.
(Zota et al., 2009) MO3BOIUIIO YACTUYHO OOBICHUTH
MOIOOHBIC OTJIMYMS, OHU BBISBUIIU, YTO CBSI3b MEK-
Iy KOJMYECTBOM MapraHIla B KPOBH MaTepHd W Mac-
coit Tema peOcHKa HOCHT He JIMHEWHBIH, a U-00-
pa3HBINA XapaKkTep, IOATOMY Kak 0osiee HU3KOe, Tak U
0oJiee BBICOKOE COJICpXKaHME MapraHila CBSI3aHO C
HEeOOJIBIIION MACCOU Tella TIPU POKICHUH.

[TockonbKy MapraHel| SBJISETCS KOMIIOHEHTOM
KOCTHOTO MaTpukca u KodakTopoMm (epMEHTOB, He-
00XOMUMBIX IS MeTa0oJauM3Ma KOCTHOM TKaHH, TO
ero JIeUIHUT BO BHyTPUYTPOOHOM IEPHOME MPHUBO-
IUT K 3aMejieHuto pocta pedenka (Bolze et al.,
1985). B To e Bpems H30BITOK 3TOTO MHUKpPOJJie-
MEHTa MOXKET CIIOCOOCTBOBATh aKTHBAIMU CBOOOJ-
HOpAJAWKAIIBHBIX TPOIIECCOB, TaK KaK MapraHell sB-
JSETCST METAJUIOM C TEePEMEHHOH BaJeHTHOCTHIO.
OKHCIUTENTBHBIA CTPECC aCCONMUPYETCS C M3MEHe-
HUEM SKCIIPECCHU TCHOB, BIUSIONIMX HA OCTCOTCHE3
TUI0/a, YTO MPHUBOJUT K YMEHBIICHHIO €T0 pa3Mepa
1 aHoManusaM koneuHocteit (Prater et al., 2008).

Jedurur O6opa BEI3BIBAET HapylieHue audde-
PEHIIMPOBKY KJIETOK Ha PAaHHHUX CTaIUsIX dMOpHore-
He3a. B uccienoBanuy in vitro OBLIO MOKa3aHO, YTO
npu 72-4aCOBOM KYJIbTUBUPOBAHUH JBYXKICTOUYHBIX
SMOpPUOHOB, TOJYYCHHBIX OT MBIIICH, KOTOPHIC
HaXOJWJIKCh Ha JMETE C HU3KUM COJepKaHueM Oopa
(0,04 mxr/T) B Teuenue 10, 12 u 16 Henens, HaOIIIO-
JTAIOCh YMEHBIIIEHNE YHCIa KIETOK OJIaCTOLHCTHI U
YBEIMUYEHHE CITyYaeB WX JETPajalliy 110 CPABHEHUIO
C SMOpHUOHAMHU OT KMBOTHBIX, HAXOJUBIIMXCS Ha
JIUETEe C HOPMAIBLHBIM COJICPIKaHUEM MHUKPOAJIEMEH-
ta (2,00 mxr/r) (Lanoue et al., 1998). dnurensHoe
n0OaBIICHHE €T0 B PAIMOH OCPEeMEHHBIX JKUBOTHBIX
MPUBOANT K YBEIMUEHHIO MAacChl Teja MOTOMCTBA
(Armstrong et al., 2002).

Bmecre ¢ TeM TOBBIIIEHHBIE KOHIICHTPAIHH
MHUKPO3JIEMEHTAa MOTYT OKa3blBaTh TOKCHYECKOE
nercteue. Tak, pe3ysbTaTbl KOTOPTHOTO HUCCIIEN0BA-
HUSl OEPEMEHHBIX KEHIIUH U JIeTei B TeYCHHE Mep-
BBEIX 6 Mec. KHU3HH, YIOTPEOIABIINX TUTHEBYIO BOAY
C BBICOKHM CO/Iep KaHreM 0opa, CBHIETEILCTBYIOT O
TEHJCHIIMU K YMCHBIICHUIO POCTAa MJIAJICHIICB MpHU
MOBBIIIICHHBIX YPOBHAX 3TOT0 MUKPO3JICMEHTA B ITy-
MOBMHHON KpoBH. Kpome Toro, ObLia BBIABIIEHA
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CBSI3b MEXK/IY aHTPOITOMETPUUCCKUMHU MOKA3aTeIIMH
nereit 3—6 Mec. U KOHIEHTpalueil 6opa B MOoYe HO-
BOPOXKACHHBIX — KQXKI0C YBEIUUCHHUE YPOBHSI MUK-
pOdJIeMeHTa B JIBa pa3a CIIOCOOCTBOBAIIO CHUKEHHIO
Beca u pocta muajenna Ha 200 r u 0,57 cM cooTBeT-
cteenHo (Hjelm et al., 2019), aro MoxeT OBITH CBS-
3aHO ¢ JeiicTBHEM Oopa Ha (YHKIMOHUPOBAHHUE K-
TOBHUJIHOM *kene3bl. M30siTouH0e noTpebnenue 0opa
MOXET TPHUBECTU K TUIOTHPEO3Y, KOTOPBIA B JIET-
CKOM M IOJIPOCTKOBOM BO3pacTe BBI3BIBACT 3aIEPiK-
Ky CO3pEBaHHUsl CKelleTa M XOHJPOIUTOB, CHHTE3a
XpSAIIEBOr0 MATPUKCA, MHHEPATU3aIllUK, 4YTO CIO-
coOCTByeT 3ameaneHHIo pocta pebenka (Benyi,
Savendahl, 2017).

ITpu stom Duydu Y. u coart. (Duydu et al.,
2018) HEe BBISBUIM CBS3M MEXIY BBICOKON KOHIICH-
Tparueit 6opa (274,58 (151,81-975,66) Hr/T) B CHI-
BOPOTKE KPOBH Y OEpEMEHHBIX JKEHIIUH ¥ CaMOIIPO-
H3BOJILHBIMH a00pTaMu, MEPTBOPOXKICHUEM, MIla-
JIEHYECKOH CMEPTHOCTBIO, MPEXKICBPEMEHHBIMU PO-
JaMH, BPOXKJICHHBIMH AaHOMAJTUSIMH TIJI07d, Maccoif
TeJa pedeHKa P POXKICHUU.

Bb110 MOKa3aHo, YTO TMOBBIIICHUE COJEPHKAHUS
XpoMa B Moue OEpEeMEHHBIX J>KCHIMH CBS3aHO C
YMCHBIIICHHEM aHTPOMIOMETPUYCCKUX TMMapaMeTPOB
10718, OCOOCHHO B MIEPBOM U BTOPOM TPHUMECTpax, a
TaKkKe ¢ HU3KOW Maccoil Tena peOeHKa MpH poXkKe-
uuu (Peng et al., 2018, Xia et al., 2016). BeposiTHo,
3T0 cBsA3aHO ¢ TeM, uTo Cr®" MOXeT HakamIuBaThCS
B IUIAIIEHTE, ¥ €r0 YPOBEHb MOJOXHUTEILHO KOppe-
JUPYET C KOJMYECTBOM MApPKEPOB OKUCIUTEIHHOTO
cTpecca M amomnTo3a, MPH 3TOM HaOJromaeTcs
YMEHBIIIEHHE aKTHBHOCTH AHTHOKCHIAHTHBIX (ep-
MeHToB (Banu et al., 2018).

HccnenoBanne KOHICHTPAIIMU CelieHa, KOOAb-
Ta, MONHUOJICHA ¥ HUKENS B MATEPHHCKOW W IyIO-
BUHHON KPOBHU BBISBUIIO KOPPENALHUI0 MEXKAY CO-
JIep)KaHUEM ITUX MHKPODJIEMEHTOB M HHU3KOM Mac-
coii Tena nipu poxaenuun (Al-Saleh et al., 2004, Hu
et al., 2015, Nazemi et al., 2015).

AUNCBAAAHC MUKPOSAEMEHTOB
Y MATEPU KAK PAKTOP PUCKA _
BPOXAEHHbIX [TATOAOINMn y AETEN

[{uak HEOOXOAMM It HOPMAIBHOTO (YHKITH-
OoHHpOBaHus dnureHomMa. OH KOHTPOIHPYET pPEak-
MU METHIMPOBAaHUS, W3MEHEHHs] KOH(OpMAaIuu
dhepmenToB, Monekyn JIHK u rHCTOHOBBIX OENKOB,
Bxoaut B coctaB JJHK-monumepassl 1 THMUAUHKU-
Ha3bl. HavanmpHbl 3Tanm 3MOpHOTEHE3a M paHHUE
CTaJIMU KIIETOYHOTO IMKJIa HauOOJiee UyBCTBUTEIIb-
HBI K ero aepunury. MmMeroTcs naHHbBIE O BBICOKOM

CTETIEHN PaCIpPOCTPaHEHUsI YPOJCTB IUIO/A, CBS3aH-
HBIX C HU3KHM COZIep’KaHHEeM LIMHKA B OpraHusme oOe-
PEMEHHBIX XEHIIMH. B sKkcmepuMeHTalbHOM HcCCIie-
JIOBaHUU OOHAPYKEHO YMEHBIICHUEC METHIMPOBAHUS
JHK u TMCTOHOB B IE€YEHU y MBbIIIEH BO BHYTpPHU-
YTPOOHOM TIEpHOAE IMPHU HETOCTATOYHOM ITOCTYTLIE-
HUM [IMHKA, YTO MOXKET OBITh MPUYNHOW HApYIICHUS
MEXaHWU3MOB PEryJiIIMN SKCIPECCHMHA TEHOB U KIle-
TouHOM Auddepenuuponku (Ma et al., 2014).

[Ipu nepuumre Meau, y SMOPHOHOB KpBIC OT-
MeYarTcs aHOMand (OPMHUPOBAHHS MO3Tra U Cepi-
113, 9TO, BO3MOYKHO, CBSI3aHO C HU3KOW aKTHBHOCTHIO
MeAb-IINHK-CYTIEPOKCUIUCMYTa3bl W  BBICOKHMH
KOHLIEHTPALUSAMHU CYNEPOKCHI-aHHOHA, MMPUBOAUT K
00pa3oBaHMIO TEPOKCHHUTPUTA — CHIIBHOTO OHOJIO-
THYECKOTO OKUCIUTENS — U TOCIEAYIOIEMY MOBpe-
xaeano kiaeTok (Beckers-Trapp et al., 2006).

Henocratok mapranma B opranm3me OepemeH-
HOW JKEHIIWHBI CBS3aH C BOSHUKHOBEHHEM XOHJIPO-
JUCTPO(UH, aTaKCHH, CKIIOHHOCTH K KOHBYJIBCHSIM,
(opMHpPOBaHHEM HW30THYTHIX (KPUBBIX) UIMHHBIX
KOCTeH, KymojiooOpa3HOro ueperna y TOTOMCTBA
(Hunt, 2008). bsuro moka3aHo, 4To OeUIIAT Map-
TaHIIa BIUSET Ha PAa3BUTHE XOHAPOLIMTOB, MPUBOIS K
YMEHBIIIEHUIO MIHPUHBI TpoNH(epaTHBHON 30HBI U
m3Menss akcnpeccuto MPHK perymnsropa amomnrosa
Bcl-2, 4uro 3HAYMTENBHO YBENWYHBAET CKOPOCTH
3TOTO Tpoliecca, U reHa p2l, KoAupyrouero 6emox
CDKNIA (cyclin-dependent kinase inhibitor 1A),
KOTOPBIA WTPaeT BaXXHYIO POJIb B KJIETOYHOM OTBETE
Ha noBpexxaenne JJHK (Wang et al., 2014).

Hedumur cenena Bo BpemMsi OEpeMEHHOCTH ac-
couunpyercs ¢ GopMupoBaHreM Ae()EeKTOB HEPBHOM
TpyOku mwoaa (Martin et al., 2004), uro oOycnoBie-
HO aKTHBAIMed CBOOOTHOPAJAWKAIBHBIX MPOIECCOB
M HEIOCTaTOYHOCTHIO AHTHOKCHIAHTHOH CHCTEMBI
3aIUTHI, TOCKOJIBKY JaHHBIH MUKPORJIEMEHT BXOJHUT
B COCTaB CYNEPOKCHUATNCMYTA3bl, TIyTaTHOHIIEPOK-
CHU1a3bl, THOPETOKCHHPEIYKTa3bI.

BbIsiBNIeHO, YTO TOBBIMIEHHOE MOCTYIUICHHE Se
OKa3bIBaCT TepaTOreHHBIN 3(PPeKT Ha pa3BUBAOIIVC-
¢s1 PMOPHOHKI ITUIT U PBI0. BBICOKMIT ypOBEHB celleHa
1 KoOanbTa B BOJIOCAX Y MaTepH acCOIMUPYETCS C
BO3HUKHOBCHHEM BPOKACHHBIX TMOPOKOB cepAla y
nereit (Guo et al., 2018, Zhang et al., 2020). Ilpu
3TOM B KJIIMHUYECKOM ciy4ae, onrcaHnaoM D'Oria L. u
coaBt. (D'Oria et al., 2018), Tspkemas XpoHHUYECKas
CeJIeHOBasi MHTOKCHKAITMM B TIEPBOM TpHUMeECTpe Oe-
PEMEHHOCTH He MTPUBO/IMIA K BOSHUKHOBEHHUIO BPOXK-
JCHHBIX aHOMaNuil y peOeHKa.

B wuccnemoBanmun Ovayolu A. W COaBT.
(Ovayolu et al., 2017) noka3aHo, YTO 3HAYUTEIILHO
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Oojiee HU3KHE CpPEIHME YPOBHHU MOJNHOJCHA B aM-
HUOTHYECKON JKUAKOCTH OEpeMEHHBIX >KEHIIUH ac-
COLMMPOBAHB! C TOBBIIIEHHBIM PHCKOM BO3HHKHO-
BeHHS NIe(peKTOB HEpBHOW TpyOkw mioxa. Hapymie-
HHS YMOPHOHAIBHOTO OpraHoreHe3a Ha ¢GoHe nedu-
MTa MOJUO/IEHAa MOTYT TPOSIBISATHECS B BHUJIE BO3-
HUKHOBEHUS Opo(allialbHBIX paclielinH y peOeHka
— BPOXIECHHOM TIOPOKE Pa3BHUTHS JIMLA, YETIOCTEH U
3y00B. BBIsBI€HO, YTO BBICOKHE KOHIEHTPALMU 3TO-
IO MHKPOJJIEMEHTa B CHIBOPOTKE MAaTEPH CBS3aHBI C
YMEHBIIIEHNEM BEPOSTHOCTH (OPMUPOBAHUS TaH-
Ho#t matosorun y nmetedt (Yin et al., 2020). Pa3sutue
TaKUX OTKIIOHEHWH MOXKET OBITh OOYCIIOBJIECHO Ie-
¢unuroM (epMeHTOB, coAepiKalluX MONUOICH, U
kogakTopa monmbaena (MoCo). Jdepuuutr MoCo
TAMa A SIBISETCS BPOXICHHBIM METaOOTMICCKUM
3a005IeBaHUEM M TIPOSIBISIETCS SKCTPATAPAMHUTHBIMA
paccTpoiicTBaMu, CyJIOpOTaMH M TOPOKaMH pPa3BH-
TS y TIOTOMCTBA: aHRHIedanue, MOABBIBUXOM
xpycranuka rnasza u ap. (I'pomosa u ap. 2019). Ila-
TOJIOTHS XapaKTepU3YyeTcs CyIb(OUTHON MHTOKCHKA-
LUeH U MOBPEXJCHUEM TOJOBHOI'O MO3ra HOBOPOXK-
JIEHHOTO, YTO, B KOHEYHOM HTOTE€, MOXET MPHUBECTH
K metanpbHOMY ucxoxny (Lubout et al., 2018).

Yan L. u coast. (Yan et al., 2017) 6s11a 00Ha-
pYXeHa CBS3b MEXIy CHIKEHHEM KOHIEHTPaLUH
HUKeIs, MOTMOJeHa 1 LUHKAa B BOJIOCAX Marepu M
HAJIMYMEM TakuX Je(eKTOB HEPBHOM TpyOKH y II0-
Ila, KaK aHdHIedans 1 pacileInHa TO3BOHOYHUKA.

B 10 xe Bpems n30BITOYHOE MOCTYIUICHHE HH-
Kellsl W3 OKPYXKAloMIel cpeibl MOXET HEeTraTHBHO
BIIMATH Ha 3J0POBBE IJIOJA, TOCKOJIBKY 3TOT MUKPO-
3NIeMeHT 001azaeT reHo-, reMaro-, IMMYHOTOKCHYe-
CKUM, KaHIIEPOTEHHBIM U TepaToreHHbIM 3¢ dekTa-
M. BrICOKHEe KOHIIEHTpalny HUKEIS B BOJIOCAX Ma-
TEPH W IUIANIEHTE TOJOXHUTEIHHO KOPPEIHPYIOT C
PUCKOM pPa3BUTHS HWIIEMHUYECKOW OOJE3HH Ccep/la,
ne(eKTOB Neperopoaku, KOHOTPYHKAIbHBIX MOPO-
KOB, OOCTPYKLIMH BBIHOCSIIMX OTHEIIOB JIEBOTO H
MPaBoro KenynoukoB y neredd (Zhang et al., 2019).
B skcrepuMeHTaNBbHOM HCCIIEOBAaHUM Saini S. u
coaBT. (Saini et al., 2013) mepopaibHOE BBEACHHE
HUKend ¢ 6-ro mo 13-i1 geHp recrauuu IIBEUHap-
CKUM MBbIIIaM-aJb0MHOCaM CIIOCOOCTBOBAIO yBEIH-
YEHUIO CIy4aeB ruOenu mioJoB U (OPMHPOBAHUS Y
HUX TaKuX TIOPOKOB Pa3BHUTHS, KaK THUAPOLEQAHs,
MHUKpO- H 3K30(TalbM, MMyNOYHAS TPHDKA W aHOMa-
JIVH B CTPOCHHH CKEJIeTa.

[lomoOHOE melcTBHE MHKPOIIEMEHTa MOMKET
OBITH OOYCIIOBJIEHO JMUTEHETHUYSCKUMH MEXaHH3Ma-
MH. Hukemp B coMaTWdecKMx W 3MOpPHOHAIBHBIX
CTBOJIOBBIX KJIETKAX WHTUOMPYET OKHCIIEHHE S5-Me-

TWILUTO3WHA OmocpenoBaHHOe Tet-Oenmkamu (ten-
eleven translocation proteins), KOTOpbIE y4acTBYIOT
B SZICPHOM PENpOrpaMMHUPOBaHUH, SMOPHOHATBHOM
Pa3BUTHH M PETYJIAIHMH 3Kcnpeccunu reHoB (Yin et
al., 2018). Kpome Toro, m30BITOK HHUKEIS B IIYIIO-
BUHHOI KpOBHM HOBOPOXIEHHBIX aCCOLUUPYETCS C
YBEJIMYEHHEM YPOBHS 8-THIPOKCHIE30KCHI'YaHO3HU-
Ha B IUIa3Me, YTO CBUACTENLCTBYET 00 OKUCIUTEIb-
Hom noBpexaenuu JJHK (Ni et al., 2014).

N30biTOuHOE mOTpebsienue ¢Topa u (ropco-
JepXKalluX COECJUHEHHH B TE€UEHHUE OepeMEHHOCTH
CIOCOOCTBYET YBEIMUYCHHIO BEPOSITHOCTU PA3BUTHS
BPOXKICHHBIX aHOMAJIUH y AETeH, U, O4eBUIHO, CBSI-
3aHO C MPSMBIM BO3ACHCTBHEM MHKPOIJIEMEHTA Ha
kJIeTkn SMOpHuoHa. [lockonbky ¢rop mmeer BbIco-
KYIO CTEICHb JJIEKTPOOTPUIATEILHOCTH, TO MOXET
B3aUMOJIEHCTBOBATh C IIOJIOKUTEIBHO 3aPsDKEHHBI-
MU HOHaMH, B TOM YHUCJIE KaJbLIUEM U MarHueM, Ko-
TOpBIE UTPAIOT BAXKHYIO POJIb B HOPMAIbHOM pPa3BU-
ThH Kocteit u 3yooB (Peckham and Awofeso, 2014).
Kpome Toro, oOHapykeHO, YTO HEOpPraHUYECKHE
(GTOpUIHbIE COCAMHEHHS MOTYT Hapymarbh padoTy
(epMEeHTOB, IPUCOECIUHAACH K HOHAM METAJIJIOB WX
00pa3ysl KOHKYypEHTHbIE BOJOPOIHBIE CBSI3U B aK-
tuBHOM 1ieHTpe (Czajka, 2012).

[lecTuBaneHTHBIN XpOM cIocoOeH MPOHHUKAThH
Yyepe3 IUIaLEHTAPHBIA W TeMaTodHUeaTuuecKui
Oapbephbl, HAKATUTUBATHCS B OPTaHU3ME TUIOJIA U BBI-
3bIBaTh OTKJIOHEHHs B ero passutuu (Tommiosa u
np., 2012). Li Y. u coasr. (Li et al., 2008) o6Hapy-
JKUJIH, YTO YBEIMYCHHE KOHIEHTPALUH XpoMa B IIy-
MOBUHHON KPOBH HOBOPOXKJICHHBIX aCCOLUUPYETCS C
nospexxaenuem THK mumdonnTos.

HEBPOAOTUYECKUE U MCUXUYECKUE
PACCTPOWCTBA Y AETEH,

POXXAEHHbIX OT MATEPEMA

C AUCBAAAHCOM MUKPOSAEMEHTOB
BO BPEMS BEPEMEHHOCTU

VY nmereil ¢ Mayoil Maccod Tejla U HEIOCTaTOY-
HOCTBIO IIMHKA CYIIECTBEHHO BO3PACTaeT PUCK paz-
BUTHS TICPHHATAIBLHON »HIe(danomatnn. HexBarka
MHUKPOJJIEMEHTa B TEPHUOAbI WHTEHCHBHOTO pa3BH-
THS MO3ra IUIOJIa MOXET BBI3BATh YIHETEHUE KJIC-
TOYHOTO JICTICHHUS BO BpeMs (pOpMHpOBaHUS KpyI-
HBIX HEWPOHOB M YMEHbIIIEHHEe 00beMa MO3Ta.

Manshopmanuu ObUIH 00HAPYKEHBI y TUIOJOB
KpBIC, HAXOAIMNXCA Ha IIMHK-TeQUITUTHON HeTe, U
9acTOTa UX yBEIMYHBAJIACh, €CIH B PALIMOHE HAPSIIAY
C HEJOCTaTOYHBIM KOJUYECTBOM IIMHKAa ObLIa IIO-
BhIIICHa KoHIeHTpanus wmenu (Reinstein et al.,
1984).
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OnHaKko BBICOKHE YPOBHH IIMHKA B IYITOBHH-
HOM KPOBH OTPHIIATEIBHO BIUSIOT Ha HEBPOJIOTHYEC-
CKHMH CTaTyC HOBOPOXKICHHOIO, O YEM CBHJICTEIb-
CTBYET IIOBEJICHHUE B TECTaX JJISl OICHKU pEaKIMii Ha
BHEIITHHE CTUMYIBI, W CIIOCOOCTBYIOT CHH)KEHHIO
MMACCHBHOT'O MBIIIEYHOTO TOHYCa, YTO MPHBOAHT K
3aJlep’KKe TEMIIOB MOTOpPHOTO pa3BuTus (Yang et al.,
2013). Ilpeamonaraercs, YTO HEHPOTOKCHYECKOE
JEHCTBUE STOTO MHUKPORJIEMEHTa, BBI3BAHHOE €ro
M30BITOYHBIM TIOCTYIUICHHEM B OpPraHU3M MaTepH,
CBSI3aHO C Pa3BHTHEM DKCAaWTOTOKCHYHOCTH, OKHC-
JIUTEIBHOTO cTpecca W dHeprogeduiura (Morris,
Levenson, 2012). B uccnenoBaHuu, mpoBeneHHBIM
Zhu ¢ coarrt. (Zhu et al., 2012), ObLIO MOKa3aHO, YTO
MOBBILIIEHHBI YPOBEHb BHEKJIETOYHOro Zn*"  CIIoO-
COOCTBYeT TMOJINYOUKBUTHUHUPOBAHUIO OCJIKOB B
KyJbTHBHPYEMbIX HEMpOHAX TUNIOKAMITa M aKTHBA-
mun p38 MAPK (mitogen-activated protein kinase)
CUTHAJBHOTO MYTH, YTO MOXKET BBHI3BIBATH AIOITO3
HEPBHBIX KIIETOK.

Henocratok Menu B opranu3mMe y Matepu OkKa-
3bIBAE€T TEpaTOreHHBIH 3((eKT Ha TOJOBHOW MO3T
10712, TIPUBOANT K YMCTBEHHOH OTCTaJOCTH H 3a-
JIepKKe TICMXOMOTOPHOTO Pa3BHUTHS AETEeH B ITOCT-
HatanbHOM oHToreHe3e (Madsen, Gitlin, 2007). [Tpu
STOM TSDKECTh OTKJIOHEHUN 3aBHCHUT OT IMPOJIOJIKHU-
TENBHOCTH W CTENEHU JehUIMTA JAHHOTO MHKPO-
aneMeHTa. BepoATHO, HeIOCTaTOK MeIu CIoco0-
CTBYET 3aMeIJIEHHIO POCTa HEHPHUTOB M YCHIINBAET
amonTo3 KJIETOK T'OJOBHOTO Mo3ra peOeHKa BCiell-
CTBHE aKTHBAIMH CBOOOJHOPAIUKAIBHBIX IIPOIIEC-
COB W CHIDKCHHS aKTUBHOCTH aHTHOKCHIAHTHBIX
(epMeHTOB, 4TO OOYCIaBIMBAECT BO3HHKHOBEHUE
Ha3BaHHBIX HapymieHuii (Birkaya, Aletta, 2004,
Uriu-Adams et al., 2010).

WzydeHnne B3aMMOCBS3M MEXIY YPOBHEM Map-
raHmna B KPOBH MaTepu M HEBPOJOTHUYECKUMH IIPO-
SIBJICHUSIMHU Y MIIQJICHIIEB B Bo3pacTe 6 Mec. MoKasa-
70, YTO KaK BBICOKOE, TaK U HUBKOE COACpKaHUE
MUKpO3JEMEHTa CBA3aHO C HapyUIEHHEM YMCTBEH-
HOTO W TICHXOMOTOPHOTO pa3Butus y aerer (Chung
et al., 2015). Hespomornueckue 3aboneBaHUSI Yy
IIOTOMCTB2, BBI3BaHHBIE HM3MEHEHHEM TOMeOcTa3a
MapraHiia, MOTYT SIBJISITbCS CJICICTBUEM OWaslICb-
HBIX MYyTallMii TEHOB OEIKOB-TPAaHCIOPTEPOB Mn
SLC30A10, SLC39A14 u SLC39A8 (Anagianni,
Tuschl, 2019).

Bwmecte ¢ Tem Ode A. m coasr. (Ode et al.,
2015) HE BBISIBUIIN CBSI3W MEXIY KOHIICHTPAIUSIMHU
MapraHiia B CHIBOPOTKE IYMOBHHHON KPOBH W CHH-
IpoMOM JieUIINTa BHUMAaHUS C THUIICPPEAKTUBHO-
CTBIO Yy JieTel B Bo3pacTe oT 5 1o 17 mer.

OOHapy)eHa CBSI3b MEXIy HEOONBIINM CO-
JIepkaHueM ceneHa (B KoHueHtpamuu  <0,90
MKMOJIB/JI) B CHIBOPOTKE KPOBH MaTepu Ha 18-if He-
nene 6epeMEeHHOCTH ¢ HU3KHMM ITOKa3aTesieM ICHXO-
MOTOPHOTO pa3BUTHUS JeTed dYepe3 6 Mec. mocie
pokIeHus, pyu KoHMeHTparuu <0,78 MKMOIB/T Ha
36-i1 Henene — ¢ MOBBILIEHHBIM PUCKOM BO3HUKHO-
BeHUs WH(PEKIIMOHHBIX 3a00JIeBaHUI B TEUCHHUE TIEP-
BBIX IIECTH HeNeNb ku3Hu pebOenka (Varsi et al.,
2017). OmauM U3 TPENIoIaracMbIX MEXaHHU3MOB
MTOJIO’KUTEITEHOTO BIIMSHUS CeJieHa Ha ITO3HaBaTENb-
HBIE CTIOCOOHOCTH AETel ABISETCS TO, YTO OH BXO-
JTIUT B COCTaB aHTHOKCHUJIAHTHBIX ()EPMEHTOB B KIIET-
kax HepBHOW cuctembl (Power, Blumbergs, 2009,
Schweizer, Fradejas-Villar, 2016). Pe3yneraTsl uc-
CJICIOBAaHUN Ha JKUBOTHBIX CBHUJETEIBCTBYIOT, YTO
CeJIeH MOXXET NPEeAOTBPATUTH IOTEPI0 nodaMuHa,
MIEPEKICHOE OKHCIIEHHE JMIUIOB M JeTeHEepaInio
HEHPOHOB B TOJIOBHOM MO3T€, BEI3BAHHBIE TIPOOKCH-
JaHTHBIMH TOKCHKaHTaMu (Zafar et al., 2003).

Y XKCHIIUH, POJUBIINX JETeH C TUTIOKCUYCCKH-
HILIEMUYECKUM TMOPAKEHHEM LIEHTPaJIbHOW HEPBHOU
CHCTEMBI, HaOIIOJAJICsl CYIIeCTBEHHBIN CHIBOPOTOU-
HO-3PUTPOIUTAPHBIN TucOaiaHnc kobaiabTa. A ypo-
BEHb 3TOT0 MHKPORJIEMEHTA B TUIALIEHTE MPU THUIIO-
KcUU ObUI MEHbIIE B 4 pa3a MO CPaBHEHUIO C TaKo-
BBEIM TpH (PU3HOJIOTMYECKOM TEUYCHUH OepeMEHHO-
CcTU. B NynmoBUHHONM KPOBU U MOYE 3JOPOBBIX JIOHO-
IICHHBIX HOBOPOJKICHHBIX KOHIIEHTpAIUs KoOalbTa
ObIa 60JIee BRICOKOM, YeM Y ACTCH ¢ THIOKCHIECKH-
WIIeMUYECKUM TIOpaKEHUEM IIeHTPabHOW HEePBHOU
cucremsl (TapacoBa u ap., 2017), 4To MOXKeET OBITH
00yCJIOBIEHO  HEWPOMPOTEKTOPHBIM  JEHCTBHEM
Co’". TlokasaHo, 4TO B HEGOJIBIINX J03aX TOT MHK-
pO3JIEMEHT OKa3biBaeT 3(P¢eKT, MOMOOHBIH THIIO-
KCHYECKOMY MPEKOHANIIHOHIPOBAHUIO, CTUMYITUPYS
BEIPa0OTKY SPUTPOIIOITHHA W yYBEIIMIHUBAsI Al THB-
HBIC BO3MOXHOCTH OpPraHM3Ma B YCIIOBHSX THIIO-
keud (Simonsen et al., 2012).

[NoBeimenHoe conepxanue ¢gropa B Moue Oe-
PEMEHHBIX KEHIUH KOPPETNpPyeT ¢ HU3KUMHU MOKa-
3aTesIMA WHTEJUIEKTAa W Pa3BUTHEM CHHApOMA Je-
(¢uIUTa BHUMaHUS C TUIEPAKTUBHOCTBIO Yy JIETeH B
Bo3pacte 6—12 ner (Bashash et al., 2017). B skcre-
pUMCHTAJIbHOM HcciieqoBanuu Bartos M. u coaBT.
(Bartos et al., 2018) oOHapyxeHO, 4TO A00aBIICHUE
¢dropa B KoHIIeHTpanuu 5 1 10 MI/11 B MUTHEBYIO BO-
Iy OepeMeHHBIX W JAaKTHPYIOINX CaMOK KpBIC IPH-
BOAWJIO K CHIKEHHIO maMatd y 90-IHEBHOTO
MOTOMCTBAa JKEHCKOTO TI0Jla W COIMPOBOXIAIOCH
YMEHBIIIEHUEM 3KCIPECCUH KaTalla3bl B TUITIOKAMIIC
u MPHK anbgha-7-HuKoTHHOBOTO perienTopa, HMero-
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IIEro Ba)KHOE 3HAYCHWE Uil 00ECIeUeHUS] KOTHH-
TUBHBIX (YHKLUH.

3AKAIOYEHUE

W3menenne romeoctaza MHKPOIJIEMEHTOB B
[IEPHO TECTAIlMH ONpEAETsieT He TOJBKO 370POBHE
MaTepd, HO W OKa3blBaeT 3HAYMTEIILHOE BIHSHHE
mwioa. HegocrarouHoe uiam M30BITOYHOE HOCTYILIE-
HUE [IMHKA, MEJIU, MapraHiia, celieHa, 0opa, Ko0aib-
Ta, MonuOaeHa, HUKelns, gropa W XpomMa MOXKET
MIPUBECTH K DPOXKIEHUIO JAeTeil ¢ CHHIPOMOM 3a-
JEPKKH BHYTPUYTPOOHOTO pa3BUTHSA, (HOPMHpPOBa-
HUIO BPOXKJICHHBIX MATOJOTHH Pa3IMYHBIX OPraHOB
U CHCTEM, BO3HUKHOBEHHIO HEBPOJIOTUYECKUX
HapyIICHUN Ha Pa3HBIX 3Talax MOCTHATAILHOTO OH-
TOTEHEe3a peOeHKa.

B cooTBeTcTBHU C TEOpHUEH «BHYTPHYTPOOHOTO
MIPOTPaMMHUPOBAHUS», AUCOANaHC MHKPODIIEMEHT-
HOTO COCTaBa y MaTepy MOXKET acCOIMUPOBATHCS C
snureHeTnueckumMu moaudukarvsivu JIHK mnona u
HOBOPOXKICHHOTO, KOTOPBIE PUBOIAT K N3MECHEHHIO
OKCIIPECCUU TE€HOB PA3JIMYHBIX PELENTOPOB, TPAHC-
TIOPTHBIX OCIIKOB, ()EPMEHTOB, B TOM YHCJIC aHTHOK-
CHUIAHTHBIX, (akTopoB pocta u 1mp. (Cammakona,
Kyxosckas, 2019). D10 cmocoOCTBYeT HapyIICHUIO
MeTaboNM3Ma KJICTKH, OTPAaHUYCHUIO KIIETOYHOU

AUTEPATYPA

npomudepanyn 1 AUPPEPEeHIIUPOBKH, YTO HMEET
Ba)KHOE 3HaUCHHE I OpraHoreHe3a peOeHKa H, co-
OTBETCTBEHHO, €T0 3/I0POBBSl Ha Pa3HBIX dTalax HH-
JAUBUAYAJIBHOI'O pa3BUTHUA.

lueK, Menb, Maprafen, ceiieH, 00p, KOOaJbT,
MOJIHOJICH, HUKEIb, ()TOP M XPOM y4acTBYIOT B pa3-
JUYHBIX OMOXMMHUYECKHX PEaKIUIX, BXOISIT B CO-
CTaB MOJIEKYJ OEIKOB-TPaHCIIOPTEPOB, T'OPMOHOB,
(hepMEeHTOB, TO3TOMY JNe(UIIUT HA3BAHHBIX MHUKPO-
JIIEMEHTOB TIPH OEPEMEHHOCTH TaKKE MOXKET CIIy-
KUTh TIPUYUHOW pasBUTHA 3a00JeBaHUN y IeTel
(IImx, AGpamosa, 2016).

Eme omamM MexaHM3MOM HEOIAaronpusSTHOTO
BIIMSIHUSL W30BITKA WM HEJOCTaTKa MHUKPO3JICMEHTOB
Ha TUIOJT MOXET CIYXXHTh OKHCIHMTEIBHBIA CTpecC,
MPUYUHONW KOTOPOTO SBISIFOTCSI aKTHUBAIIUS CBOOO/I-
HOpaIUKAIBHBIX TPOIIECCOB M HAPYIIEHHE PabOTHI
(hepMEHTOB aHTHOKCUIAHTHOW 3aIlIUTHI OPTaHU3MA.

Bo Bpemst 6epeMeHHOCTH TTOTPEOHOCTh MaTEpH
U IJI0Ja B ACCCHIMAIBHBIX MHKPORJIEMEHTAaX H3Me-
HSETCS B 3aBHCUMOCTH OT CpPOKa, IO3TOMY BOIIPOC
panvoHaIU3aluu Ux HOTpe6HeHI/I$I B II€pUOJ recra-
Y, & UIMEHHO MU (EepeHITNPOBAHHBINA U B3BEIICH-
HBIA TIOJIXOJ] K JI03UPOBAHUIO0 MHUKPOIJIEMEHTOB, aK-
TyalleH He TOJFKO B aKyIIEpCKOH, HO U B IeAHATPH-
YECKOU MPAKTHKE.
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ABSTRACT. Excess or insufficient intake of trace elements during gestation leads to the formation of not only
various complications of pregnancy in the mother, but also negatively affects the developing child. Epigenetic modifica-
tions of fetal DNA, hormonal changes, increased oxidative processes with a simultaneous decrease in the activity of an-
tioxidant enzymes due trace elements imbalance during pregnancy are the main causes of abnormalities in children at
different stages of postnatal ontogenesis. Zinc deficiency during gestation can lead to growth restriction in infants, the
formation of congenital malformations, and the development of perinatal encephalopathy. A high concentration of cop-
per in maternal serum causes low birth weight and small head circumference at birth in newborns. The lack of this mi-
croelement leads to abnormalities of the brain and heart of the embryos. Excess and deficiency of manganese during
pregnancy cause intrauterine fetal growth restriction, impaired mental and psychomotor development in children in
postnatal ontogenesis. Boron deficiency causes impaired cell differentiation in the early stages of embryogenesis, and
its excessive intake into the body of a pregnant woman contributes to weight loss and growth loss in newborns. A low
level of selenium, nickel and molybdenum in the mother is associated with the formation of malformations of the face,
jaws and teeth in the children, defects in the neural tube of the fetus, which can manifest as anencephaly and spina bifi-
da. Children born to mothers with a lack of selenium have low levels of psychomotor development. Excessive con-
sumption of nickel, fluoride and hexavalent chromium during pregnancy has a teratogenic effect. An increase in the
chromium content in the urine of pregnant women correlates with a decrease in the anthropometric parameters of the fe-
tus, fluoride - with low intelligence and the development of attention deficit and hyperactivity disorder in children aged
6-12 years. Therefore, the identification and timely correction of trace elements imbalance during pregnancy is im-
portant for maintaining the health of the child in the coming and remote periods of life.

KEYWORDS: trace elements, pregnancy, intrauterine growth restriction, low birth weight, congenital pathologies,
neurological and mental disorders in children.

REFERENCES

Gromova O.A., Torshin 1.YU., Tetruashvili N.K., Tapil'skaya N.I. [A systematic analysis of molybdenum effects:health of a
pregnant woman and a foetus/baby] Voprosy ginekologii, akusherstva i perinatologii. 2019; 18(4): 83-94; doi: 10.20953/1726-1678-
2019-4-83-94 (in Russ.).

Ivanova LE. [Microelements and vitamins' importance for prevention of congenital malformations in children] Zdra-
voohranenie Chuvashii. 2016; 4: 46-51 (in Russ.).

Sandakova E.A., Zhukovskaya 1.G. [Fetal programming] Medicinskij alfavit. 2019; 2(14): 17-20; doi: 10.33667/2078-5631-
2019-2-14(389)-17-20 (in Russ.).



24 MHUKPOSAEMEHTbI B MEAULLUHE: MPOBAEMHbBIE CTATbU

Shikh E.V., Abramova A.A. Vitamin and mineral complex during pregnancy. Moscow: GEOTAR-Media. 2016. 352 p. (in
Russ.).

Tarasova 1.V, Klimenko T.M., Kasyan S.N., Romanyuk O.K., Petrashenko V.A., Pilipec O.A. [Content of cobalt in biological
medias of full-term newborns as predictor of perinatal hypoxic damage of central nervous system] Zaporozhskij medicinskij zhurnal.
2017. 19(Ne 1(100)): 77-80. doi: 10.14739/2310-1210.2017.1.91717(in Russ.).

Tomilova I.K., Gromova O.A., Grishina O.V. [Macro- and microelements in the brain of the fetus and newborn in health and
disease] Nejrohimiya. 2012; 29(1): 5-10 (in Russ.).

Veropotvelyan P.N., Veropotvelyan N.P., Pogulyaj Yu.S., Holodova N.S. [The importance of micronutrients in pregnancy]
Zdorov'e zhenshchiny. 2014; 8: 57-64 (in Russ.).

Al-Saleh E., Nandakumaran M., Al-Shammari M., Al-Falah F., Al-Harouny, A. Assessment of maternal—fetal status of some
essential trace elements in pregnant women in late gestation: relationship with birth weight and placental weight. J. Matern. Fetal.
Neonatal. Med. 2004; 16(1): 9—14; doi: 10.1080/14767050412331283157.

Anagianni S., Tuschl K. Genetic disorders of manganese metabolism. Curr. Neurol. Neurosci. Rep. 2019; 19(6): 33; doi:
10.1007/s11910-019-0942-y.

Armstrong T.A., Flowers W.L., Spears J.W., Nielsent F.H. Long-term effects of boron supplementation on reproductive char-
acteristics and bone mechanical properties in gilts. J. Anim. Sci. 2002; 80(1): 154—61; doi: 10.2527/2002.801154x.

Banu S.K., Stanley J.A., Taylor R.J., Sivakumar K.K., Arosh J.A., Zeng L. Pennathur S., Padmanabhan V. Sexually Dimorphic
Impact of Chromium Accumulation on Human Placental Oxidative Stress and Apoptosis. Toxicol. Sci. 2018; 161(2): 375-387; doi:
10.1093/toxsci/kfx224.

Bartos M., Gumilar F., Gallegos C.E., Bras C., Dominguez S., Ménaco N., Esandi M.D.C., Bouzat C., Cancela L.M., Minetti
A. Alterations in the memory of rat offspring ex-posed to low levels of fluoride during gestation and lactation: Involvement of the a7
nicotin-ic receptor and oxidative stress. Reprod Toxicol. 2018; 81: 108—114; doi: 10.1016/j.reprotox.2018.07.078.

Bashash M., Thomas D., Hu H., Martinez-Mier E.A., Sanchez B.N., Basu N., Peter-son K.E., Ettinger A.S., Wright R., Zhang

Z., Liu Y., Schnaas L., Mercado-Garcia A., Tél-lez-Rojo M.M., Hernandez-Avila M. Prenatal fluoride exposure and cognitive out-
comes in children at 4 and 6-12 years of age in mexico. Environ. Health Perspect. 2017; 125(9): 097017; doi: 10.1289/EHP655.

Beckers-Trapp M.E., Lanoue L., Keen C.L., Rucke R.B., Uriu-Adams J.Y. Abnormal development and increased 3-
nitrotyrosine  in  copper-deficient ~mouse embryos. Free Radic. Biol. Med. 2006; 40(1): 35-44. doi:
10.1016/j.freeradbiomed.2005.08.020.

Benyi E., Savendahl L., 2017. The physiology of childhood growth: hormonal regulation. Horm Res Paediatr. 2017; 88(1):6—
14; doi: 10.1159/000471876.

Bermudez L., Garcia-Vicent C., Lopez J., Torrd M.1., Lurbe E. Assessment of ten trace elements in umbilical cord blood and
maternal blood: association with birth weight. J. Transl. Med. 2015; 13: 291; doi: 10.1186/s12967-015-0654-2.

Birkaya B., Aletta J.M. NGF promotes copper accumulation required for optimum neurite outgrowth and protein methylation.
J. Neurobiol. 2004; 63: 49-61; doi: 10.1002/neu.20114.

Bolze M.S., Reeves R.D., Lindbeck F.E., Kemp S.F., Elders M.J. Influence of manganese on growth, somatomedin and gly-
cosaminoglycan metabolism. J. Nutr. 1985; 115: 352-358; doi: 10.1093/jn/115.3.352.

Chung S.E., Cheong H.K., Ha E.H., Kim B.N., Ha M., Kim Y., Hong Y.C., Park H., Oh S.Y. Maternal blood manganese and
early neurodevelopment: the mothers and children's en-vironmental health (MOCEH) study. Environ. Health Perspect. 2015; 123(7):
717-22. doi: 10.1289/ehp.1307865.

Czajka M. Systemic effects of fluoridation. J. Orthomol. Med. 2012; 27: 123-130.

Domenech E., Diaz-Gomez N.M., Barroso F., Cortabarria C. Zinc and perinatal growth. Early Hum. Dev. 2001; 65: S111-7.
doi: 10.1016/s0378-3782(01)00213-4.

D'Oria L., Apicella M., De Luca C., Licameli A., Neri C., Pellegrino M., Simeone D., De Santis M. Chronic exposure to high
doses of selenium in the first trimester of pregnancy: Case report and brief literature review. Birth Defects Res. 2018; 110(4): 372—
375; doi: 10.1002/bdr2.1148.

Duydu Y., Basaran N., Ustiindag A., Aydin S., Yal¢cin C.O., Anlar H.G., Bacanhh M., Aydos K., Atabekoglu C.S., Golka K.,
Ickstadt K., Schwerdtle T., Werner M., Meyer S., Bolt H.M. Birth weights of newborns and pregnancy outcomes of environmentally
boron-exposed females in Turkey. Arch. Toxicol. 2018; 92(8): 2475-2485; doi: 10.1007/s00204-018-2238-4.

Guo Y., YuP., ZhuJ., Yang S., Yu J., Deng Y., Li N., Liu Z. High maternal selenium levels are associated with increased risk
of congenital heart defects in the offspring. Prenat. Diagn. 2019; 39(12): 1107-1114. doi: 10.1002/pd.5551.

Hjelm C., Harari F., Vahter M. Pre- and postnatal environmental boron exposure and infant growth: Results from a mother-
child cohort in northern Argentina. Environ. Res. 2019; 171: 60-68; doi: 10.1016/j.envres.2019.01.012.

Hu X, Zheng T, Cheng Y, Holford T, Lin S, Leaderer B, Qiu J, Bassig BA, Shi K, Zhang Y, Niu J, Zhu Y, Li Y, Guo H, Chen
Q, Zhang J, Xu S, Jin Y. Distributions of heavy metals in maternal and cord blood and the association with infant birth weight in
China. J. Reprod. Med. 2015; 60(1-2): 21-9.



E.A. My3biko, A.U. AaweHoBa, I".A. Tka4eBa, B.H. MepcpnroBa. AMCO6AAAHC MUKPOSIAEMEHTOB
BO Bpems 6epeMeHHOCTH KaK GbaKTOpP PA3BMTHUS NATOAOIMI Yy AeTel 25

Hunt C.D. Trace elements in human diets, nutrition, and health: essentiality and toxicity. Cell. Biol. Toxicol. 2008; 24: 341-380.
doi 10.1007/s10565-008-9082-x.

Jyotsna S., Amit A., Kumar A. Study of serum zinc in low birth weight neonates and its relation with maternal zinc. J. Clin.
Diag. Res. 2015; 9(1): SC01-3. doi: 10.7860/JCDR/2015/10449.5402.

Lanoue L., Taubeneck M.W., Muniz J., Hanna L.A., Strong P.L., Murray F.J., Nielsen F.H., Hunt C.D., Keen C.L. Assessing
the effects of low boron diets on embryonic and fetal development in rodents using in vitro and in vivo model systems. Biol. Trace
Elem. Res. 1998: 66(1-3): 271-98: doi: 10.1007/BF02783143.

Lewis S.S., Keller S.J. Identification of copper-responsive genes in an early life stage of the fathead minnow Pimephales pro-
melas. Ecotoxicology. 2009: 18(3): 281-92; doi: 10.1007/s10646-008-0280-3.

LiY., Xu X, LiuJ., Wu K., Gu C., Shao G., Chen S., Chen G., Huo X. The hazard of chromium exposure to neonates in Gui-
yu of China. Sci. Total Environ. 2008; 403(1-3): 99-104; doi: 10.1016/j.scitotenv.2008.05.033.

Lubout C.M.A., Derks T.G.J., Meiners L., Erwich J.J., Bergman K.A., Lunsing R.J., Schwarz G., Veldman A., van Spronsen
F.J. Molybdenum cofactor deficiency type A: Pre-natal monitoring using MRI. Eur. J. Paediatr. Neurol. 2018; 22(3): 536-540; doi:
10.1016/j.ejpn.2017.11.006.

Ma X., Li J., Brost B., Cheng W., Jiang S.W. Descreased expression and DNA methyla-tion levels of GATAD] in preeclamp-
tic placentas. Cell Signal. 2014; 26 (5): 959-967; doi: 10.1016/j.cellsig.2014.01.013.

Madsen E., Gitlin J.D. Copper and iron disorders of the brain. Annu. Rev. Neurosci. 2007, 30: 317-337; doi:
10.1146/annurev.neuro.30.051606.094232.

Martin 1., Gibert M.J., Pintos C., Noguera A., Besalduch A., Obrador A. Oxidative stress in mothers who have conceived fetus
with neural tube defects: the role of aminothiols and selenium. Clin. Nutr. 2004; 23(4): 507—-14; doi: 10.1016/j.cInu.2003.09.010.

Morris D.R., Levenson C.W. Ion channels and zinc: mechanisms of neurotoxicity and neurodegeneration. J. Toxicol. 2012:
785647; doi: 10.1155/2012/785647.

Naher K., Nahar K., Aziz M.A., Hossain A., Rahman R., Yasmin N. Maternal serum zinc level and its relation with neonatal
birth weight. Mymensingh. Med. J. 2012; 21: 588-93.

Nazemi L., Shariat M., Chamari M., Chahardoli R., Asgarzadeh L., Seighali F. Comparison of maternal and umbilical cord
blood selenium levels in low and normal birth weight neonates. J. Family. Reprod. Health. 2015; 9(3): 125-8.

Ni W., Huang Y., Wang X., Zhang J., Wu K. (2014). Associations of neonatal lead, cadmium, chromium and nickel co-
exposure with DNA oxidative damage in an electronic waste recycling town. Science of The Total Environment. 2014; 472: 354—
362; doi: 10.1016/j.scitotenv.2013.11.032.

Ode A., Rylander L., Gustafsson P., Lundh T., Kéllén K., Olofsson P., Ivarsson S. A., Hydbom A.R. Manganese and selenium
concentrations in umbilical cord serum and at-tention deficit hyperactivity disorder in childhood. Environ. Res. 2015; 137: 373-81;
doi: 10.1016/j.envres.2015.01.001.

Ota E., Mori R., Middleton P., Tobe-Gai R., Mahomed K., Bhutta Z.A. Zinc supplemen-tation for improving gpregnancy and
infant outcome. Cochrane Database Syst. Rev. 2015; (2): CD000230; doi: 10.1002/14651858.CD000230.pub5.

Ovayolu A., Ovayolu G., Karaman E., Yuce T., Ozek M.A., Turksoy V.A. Amniotic fluid levels of selected trace elements and
heavy metals in pregnancies complicated with neural tube defects. Congenit. Anom. (Kyoto). 2019; doi: 10.1111/cga.12363.

Peckham S., Awofeso N. Water fluoridation: a critical review of the physiological ef-fects of ingested fluoride as a public
health intervention. Sci. World. J. 2014:293019; doi: 10.1155/2014/293019.

Peng Y.,Hul,LiY., Zhang B., Liu W., Li H., Zhang H., Hu C., Chen X., Xia W., Lu S., Xu S. Exposure to chromium during
pregnancy and longitudinally assessed fetal growth: Findings from a prospective cohort. Environ. Int. 2018; 121(Pt.1): 375-382; doi:
10.1016/j.envint.2018.09.003.

Power J.H., Blumbergs P.C. Cellular glutathione peroxidase in human brain: Cellular distribution, and its potential role in the
degradation of Lewy bodies in Parkinson's disease and dementia with Lewy bodies. Acta Neuropathol. 2009; 117(1): 63-73; doi:
10.1007/s00401-008-0438-3.

Prater M.R., Laudermilch C.L., Liang C., Holladay S.D. Placental oxidative stress alters expression of murine osteogenic
genes and impairs fetal skeletal formation. Placenta. 2008; 29(9): 802-8. doi: 10.1016/j.placenta.2008.06.010.

Reinstein N.H., Lonnerdal B., Keen C.L., Hurley L.S. Zinc-copper interactions in the pregnant rat: fetal outcome and maternal
and fetal zinc, copper and iron. J. Nutr. 1984; 114(7): 1266-79.

Saini S., Nair N., Saini, M. R. Embryotoxic and Teratogenic Effects of Nickel in Swiss Albino Mice during Organogenetic Pe-
riod. BioMed Research International. 2013: 1-9; doi:10.1155/2013/701439.

Schweizer U., Fradejas-Villar N. Why 21? The significance of selenoproteins for hu-man health revealed by inborn errors of
metabolism. FASEB J. 2016; 30(11): 3669-3681; doi: 10.1096/11.201600424;

Simonsen L. O., Harbak H., Bennekou, P. Cobalt metabolism and toxicology—A brief update. Sci. Total. Environ. 2012; 432:
210-5; doi: 10.1016/j.scitotenv.2012.06.009.

Ugwuja E.I., Nnabu R.C., Ezeonu P.O., Uro-Chukwu H. The effect of parity on mater-nal body mass index, plasma mineral el-
ement status and new-born anthropometrics. Afr. Health Sci. 2015; 15(3): 986-992; doi: 10.4314/ahs. v15i3.37.



26 MHUKPOSAEMEHTbI B MEAULLUHE: MPOBAEMHbBIE CTATbU

Uriu-Adams J.Y., Scherr R.E., Lanoue L., Keen C.L. Influence of copper on early development: Prenatal and postnatal consid-
erations. BioFactors. 2010; 36(2): 136-52; doi: 10.1002/biof.85;

Varsi K., Bolann B., Torsvik 1., Rosvold Eik T.C., Hel P.J., Bjerke-Monsen A.L. Im-pact of maternal selenium status on infant
outcome during the first 6 months of life. Nutri-ents. 2017; 9(5): 486; doi: 10.3390/nu9050486.

Vigeh M., Yokoyama K., Ramezanzadeh F., Dahaghin M., Fakhriazad E., Seyeda-ghamiri Z., Araki S. Blood manganese con-
centrations and intrauterine growth restriction. Reprod. Toxicol. 2008; 25(2): 219-23; doi: 10.1016/j.reprotox.2007.11.011.

Wang, J., Wang, Z. Y., Wang, Z. J., Liu, R., Liu, S. Q., & Wang, L. Effects of manganese deficiency on chondrocyte devel-
opment in tibia growth plate of Arbor Acres chicks. Journal of Bone and Mineral Metabolism. 2014; 33(1): 23-29;
doi:10.1007/s00774-014-0563-0.

Xia W., Hu J., Zhang B., Li Y., Wise J.P. Sr., Bassig B.A., Zhou A., Savitz D.A., Xiong C., Zhao J., du X., Zhou Y., Pan X.,
Yang J., Wu C., Jiang M., Peng Y., Qian Z., Zheng T., Xu S. A case-control study of maternal exposure to chromium and infant low
birth weight in China. Chemosphere. 2016; 144: 1484-9. doi: 10.1016/j.chemosphere.2015.10.006.

Yan L., Wang B., Li Z., Liu Y., Huo W., Wang J., Li Z., Ren A. Association of es-sential trace metals in maternal hair with the
risk of neural tube defects in offspring. Birth Defects Res. 2017; 109(3): 234-243; doi: 10.1002/bdra.23594.

Yang X., Yu X., Fu H,, Li L., Ren T. Different levels of prenatal zinc and selenium had different effects on neonatal neurobe-
havioral development. Neurotoxicology. 2013; 37: 35-9; doi: 10.1016/j.neuro.2013.04.001.

Yin R., Mo J., Dai J., Wang H. Nickel(ii) inhibits the oxidation of DNA 5-methylcytosine in mammalian somatic cells and
embryonic stem cells. Metallomics. 2018; 10(3): 504—-512; doi:10.1039/c7mt00346c¢.

Yin S., Wang C., Wei J, Jin L., Liu J., Wang L., Li Z., Yin C., Ren A. Selected es-sential trace elements in maternal serum
and risk for fetal orofacial clefts. Sci. Total. Environ. 2020; 712: 136542; doi: 10.1016/j.scitotenv.2020.136542.

Zafar K.S., Siddiqui A., Sayeed I., Ahmad M., Salim S., Islam F. Dose-dependent protective effect of selenium in rat model of
Parkinson's disease: Neurobehavioral and neu-rochemical evidences. J. Neurochem. 2003; 84(3): 438—446; doi: 10.1046/j.1471-
4159.2003.01531 .x.

Zhang N., Chen M., LiJ., Deng Y., Li, S., Guo Y., Li N, Lin Y., Yu P., Liu Z., Zhu, J. Metal nickel exposure increase the risk

of  congenital heart defects occurrence in  offspring. Medicine  (Baltimore). 2019;  98(18):  e15352.
doi:10.1097/md.0000000000015352.

Zhang N., Yang S., Yang J., Deng Y., Li S., Li N., Chen X., Yu P., Liu Z., Zhu J. Association between metal cobalt exposure
and the risk of congenital heart defect occurrence in offspring: a multi-hospital case-control study. Environ. Health. Prev. Med. 2020;
25(1): 38.

Zhu L., Ji X.J., Wang H.D., Pan H., Chen M., Lu T.J. Zinc neurotoxicity to hippo-campal neurons in vitro induces ubiquitin
conjugation that requires p38 activation. Brain. Res. 2012; 1438: 1-7; doi: 10.1016/j.brainres.2011.12.031.

Zota A.R., Ettinger A.S., Bouchard M., Amarasiriwardena C.J., Schwartz J., Hu H., Wright, R.O. Maternal blood manganese
levels and infant birth weight. Epidemiology (Cambridge, Mass.). 2009; 20(3): 367-373; doi: 10.1097/EDE.0b013e31819b93¢0.



MUKPOSAEMEHTbI B MEAULIMHE, 2021, 22(3): 2733

OPUTUHAAbBHAS CTATbA

COAEP)XXAHUE MATHUA, CEAEHA U CTPOHLLUA
B KOMMOHEHTAX KPOBU Y HOBOPOXXAEHHbIX U UX MATEPEU
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PE3KOME. ILlenb nccieioBanus — BBIABICHHE OTIIMYMM KOHIIEHTPALIMH DJIEMEHTOB MarHus, CeJieHa W CTPOHIMS B
CBIBOPOTKE W DPUTPONHTAX NepuPepUIeCKONl KPOBH, a TaKKe€ COOTBETCTBYIONIMX HHIECKCOB KIICTOYHO-MEMOpaHHOM
MIPOHHUIIAEMOCTH MaTepeil M UX HOBOPOXKICHHBIX C MATOJOTHEH 1eHTpanbHoi HepBHOU cucteMsl (IITHC) ot mokasareneit
MaTepeil U yCIOBHO 3[I0OPOBBIX HOBOPOXAEHHBIX. [lomyueHHbIe pe3yabTaThl CBUACTEIBCTBYIOT O TOM, YTO YBEJINUCHUE
MAarHus U CeJIeHa y POXKCHHUI] He BIUSET Ha maTtoreHe3 nepuHatansHoi matonoruu [IHC y HoBopoxxaeHHBIX. CHIDKEHHE
KOHIICHTPALUH BHYTPUKIETOYHOTO CTPOHIMSA W (YHKIMOHATHHON AaKTHBHOCTH MEMOpPaHBI y HOBOPOXICHHOTO
MO3BOJISIET MPENIOJIOKUTh Y4YacTHE MJAaHHOTO JJeMEHTa B pPa3BUTHM mepuHataibHoi martojorun LHHC vy

HOBOPOXICHHBIX.

PeSyJ’ILTaTLI HuccJIieJ0BaHud MOT'yT OBLITh HCIIOJIE30BAHEI Ipyu MpOBEACHUUN KOPPEKUHU SJIEMECHTHOI'O COCTaBa IMpU

natoxoruu [IHC mepuHaTamsHOTO HIeproza.

KAIOYEBBIE CAOBA: maronorusi HOBOPOXKACHHBIX, HOBOPOXKICHHBIHA, POIKSHHLI[A, MEKPOIJICMEHTBIL.

BBEAEHUE

[Ipobnema OHOTOTHYECKON pPONMM MHUKPOIJIE-
MEHTOB — COCTaBHas 4acTh OCHOBAHHOTO TPYAaMHU
akamemuka B.W. Bepuazackoro ydeHnus o omocdepe,
paccMaTpHUBAIOIETO B3aUMOCBSI3b MEXKAY TCOXUMHU-
YECKOH Cpeloi U COBOKYMHOCTBIO JKMBBIX OpraHU3-
MOB («KHBOE BEILIECTBO»), KaK IBYCAUHBINA MPOIECC
(Bepuanckuii, 1978). Hapyiienue Oananca MUKPO-
JJIEMEHTOB B OpTaHW3ME YEJIOBEKa WrpaeT Cylile-
CTBEHHYIO pOJIb B ITHOJIOTHH, TIATOT€HE3E W Jieue-
HUU MHOTHWX 3a0ojeBanuii (AramkaHsH u ap., 2013;
Panpi u ap., 2017).

Ilo manHbIM nUTEpaTypsl, B Poccuiickoit dene-
pamMy TepUHATAIbHOE TOpaXXeHHEe IIeHTPalTbHOU
mepeHOU cuctembl (IIHC) y mereit mepBoro roma
JKU3HHU BCTpedaeTcsi ¢ yactotoit o 71%, a mo 3apy-
OEXHBIM JaHHBIM YacToTa Konebiercs ot 0,6% y mo-
HoweHHbIX 710 70% y HenoHomeHHbIX nereit (bapa-
HOB U JIp., 2016). Cpeau ycTaHOBJICHHBIX COLHATBEHO-
9KOHOMHMYECKHX, MEIHKO-OMOJIOTHYECKHX, aKyIlIep-
CKuX (haKTOPOB JOCTATOYHO YACTO MPUUYMHA BO3HUK-
HOBEHHS TATOJIOTUYECKUX COCTOSIHHH B HEOHATAIb-

* AAPEC AAS MepenncKu:
BoAowinH AAekcaHAp BukToposuy
E-mail: Alexandr.Voloshin@kpfu.ru

HOM TIEPUOJIC OCTACTCS HE BBISBJICHHOHN, YTO TpE-
OMpeIeIIAeT TIOUCK HEYCTAHOBJICHHBIX MMATOICHETHYEC-
CKUX TIDHYUH W MEXaHW3MOB, KOTOPBIE MOTYT CIIO-
coOCTBOBaTh pa3pabOTKe CIOCOOOB MPOTHO3HUPOBA-
HUS ¥ TpeAOTBpAIleHus Takux cocTossHui (Bepran-
ckuid, 1978; Pageim u ap., 2017). B wactHOCTH, 3TO
OTHOCHUTCSI K U3MEHCHUSIM 3JIEMEHTHOI'O CTaTyca po-
JKEHHMIIbI YYAaCTBYIOIIMX B aJaNTallMOHHBIX MPOIIEC-
cax, KOTOpble (OPMHPYIOT YCIOBHSA CTaHOBJICHHUS
JIIEMEHTHOTO CTaTyca IUIo[a W HOBOPOKAEHHOTO
(Jlemenko u ap., 2004; Codponor u np., 2018; Bo-
JIOUIMH U 1p., 2018; I'pomoBa u nip., 2019).
MeaunuHCKass 3JIEMEHTOJIOTHSI  paclojiaracT
3HAYUTENBHBIM (DaKTHUECKUM MaTepHaaoM o OoJes-
HSAX ¥ CHHIPOMAX, MATOXUMHUYECKYI0 OCHOBY KOTO-
PBIX COCTaBJISIET AUCOANIaHC OTMPEAETICHHBIX dIIEMEH-
TOB (AramkassH u ap., 2013; Pageim u ap., 2017).
Marnuii SIBISI€TCS B&KHBIM 3JIEMEHTOM JIJIsl HOP-
MaJIbHOM (PYHKIIMM MHOTHX (DEPMEHTOB, Y4acCTBYIO-
IIUX B YIJICBOJTHOM OOMEHE, TAKUX KaK T'eKCOKHMHA3a U
OKCHJa3a TMHUPOBUHOTPAJHOM KHUCIOTHI B MO3TOBOM
TKaHH, U1 HGocHOpHIMpOBaHIsI U APYTHX CHUCTEM, TIe
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B KauyecTBe KO-(akTopa BBICTYMAeT THAMHUH-TUPO-
(docdar. Jlepunur Marausi B opraHu3mMe OepeMeHHON
JKCHIIIMHBI MOXKET MPOBOIMPOBATH PAa3BUTHE MHOMKE-
CTBA Pa3JIMYHBIX OCIOKHEHHH, «HApYIIaeT POrpaMMy
pa3BUTHSA IUIOAA U peOEHKa, a 3aTeM MPUBOANT K (op-
MHUPOBAHUEO MHOTOYHCIICHHBIX XPOHUUYECKUX MAaTOJO-
ruid» (I'pomosa u jp., 2017, c. 76).

CeleH BXOJUT B COCTaB aKTHBHOTO IIEHTpA
[JIyTaTHOHIIEPOKCHIIA3bI, B PE3yJIbTaTe 4Yero MMEET

OTYETJIMBBII AHTHOKCHUJIAHTHBIN s dexr.
M30BITOUHBII  OKUCIUTEIBHBI CTPECC OKa3bIBaeT
CYIIECTBEHHOE  BIMSAHHUE Ha  (OpMHpOBaHWE

MATOJIOTHH OEPEMEHHOCTH: YCKOPSET THOeNh KIETOK
Pa3IUYHBIX TKaHEH opraHu3Ma OEpPEeMEHHOU U TIoa
(Codppono u gnp., 2018). Kpome Toro, ceneH
sIBJIsSIETCS cuHeprucToM oxa (Pamgemm u ap., 2017).

CTpoHLIMI COJEPKUTCA BO BCEX OpraHax u
TKaHSX, OKa3bIBaeT BIMSIHHE Ha MPOIECCH KOCTE00-
pa3oBaHusl, aKTUBHOCTh ()EPMEHTOB KaTayasbl, Kap-
Ooanruapassl U menouHoi pocdaraszsl. [Ipu n306IT-
K€ CTPOHIIMS €r0 MOHBI MOTYT BKIIFOYAThCS BMECTO
KaJIBIUS. B CTPYKTYPY KOCTH, HOCTETICHHO HapyIas
HOpPMaJIbHYIO Kanmbluukanmio ckenera (Pampimr u
np., 2017). OmHako HU3KHA yPOBEHb CTPOHITUS pac-
cMaTpuBaeTcs Kak (pakTop, KOTOPBIH BHOCHT BKIIA[
B HapymeHue kadectBa koctu (Kopx u ap., 2013).
«IKCTIEePUMEHTATBHO TIOATBEPKIACHO, 4To Sr** HHHU-
HUUPYET KOH()OPMAIMOHHBIC U3MEHEHUS PElEnTOp-
HOTO ammapaTa KJIeTKH... He HCKIIOUeHO Taxxke
HEMOCPEICTBEHHOE BO3JEHCTBHE CTPOHIUS Ha KOM-
MMOHEHTHl BHYTPHUKJIETOYHON TNepeladd aronTOTH-
yeckux curnanoBy (Honrux u ap., 2016, c. 82).

Henr pabdoTs — U3y4YUTh U3MCHCHHS
KOHIICHTpAINH IeMEeHTOB Marauit (Mg), cenen (Se)
u cTpoHIUi (Sr) B CHIBOPOTKE W IPHUTPOIMTAX IIe-
pudeprdecko KpOBH, a TaKKe COOTBETCTBYIOIINX
WHEKCOB KIETOYHO-MeMOPaHHOM MPOHUTIAEMOCTH Y
HOBOPOXAEHHBIX C TI€PUHATAJIbHONW MaTOJIOTHEHN
HHC u ux maTepeit.

MATEPUAADI U METOADI

HccnenoBanne mpoBOAMIIN Ha 0aze OTIACICHUS
natojorun HoBopoxaeHHbIX (OITH) 1-i1 merckoit
TOPOJICKOM OONBHUIIBI U JICTCKOTO OTACICHHS PO-
nunsHOro moma Ne 2 1. Kazanu.

3a00p KPOBH OCYIIECTBIISUIN P MOCTYIICHUN
B OITH umu B poaymoMe B TIEpBBIC TPH THS SKH3HU C
MMACEMEHHOTO corjacusi poxuteneir. COop aHam-
HECTHYECKUX JIaHHBIX MPOBOJWIH U3 BBITUCOK PO-
JWIBHOTO JIoMa. BBUIYy 5TOro OTCyTCTBOBasa WH-
(hopMarus 0 mpueMe POKCHULIAMU JICKAPCTBEHHBIX
MpernapaToB, TOJTUBUTAMUHOB U MUKPODJIEMEHTOB.

[Tox HaOmoneHNeM HaxoMIMCh 98 map MoHO-
IICHHBIX HOBOPOXKJICHHBIX M WX MaTepei, u3 Hux 58
map OTHAEJEHHS MaTOJOTMM HOBOPOXKACHHBIX CO-
cTaBmsy rpynmy 1, a 40 ycrmoBHO 3OpOBBIX Tap
MaTb-peOCeHOK Tpymry 2 (KOHTPOJLHYIO). YKa3aHbI
MaKCHMAaJIbHbIE KOJIMYeCTBa HAONIONEHUH I KaX-
JIOW TPYIIBI, HO M3-32 OTCYTCTBHSI TaHHBIX JJISI He-
KOTOPBIX MapaMETPOB KOJIUYECTBO B TPYIIAX Bapb-
HPYIOTCSI.

[Ipu BBIOOpE TPYMIIBI HCHBITYEMBIX YUUTHIBAIU
TOJBKO (haKTOp HAJMUHSA MATOJIOTUH HOBOPOKAEHHOTO
— MEepUHATAIILHOIO MOPAKEHUS LIEHTPATbHON HEPBHOMU
cucremsl (I111 [IHC). /Inarno3 «neprHaTanbHast maTo-
norust HHC» y nHoBopoxaénubsix u3 OITH 6wt ycra-
HOBJICH Ha OCHOBAHWH JIAHHBIX aKyIIEPCKOTO aHAMHE-
3a, 3aKJIIOYEHUs] HEeBpOJIora M Pe3yJbTaToOB JIy4eBOH
JMArHOCTHKH (HeUpOoCoHOTpadus).

Benosnyro kpoBbs oTOMpanu B IPOOUPKH C aH-
TUKOAryJITHTOM — OTHIEHANaMUHTETPAyKCYCHOU
kucnoroi. [Tnasmy otnensnu neHTpudyrupoBaHu-
eM. Ilocne ee oTneneHus, KOMIOHEHT KPOBH IOJY-
Yayd U3 SPUTPOLIUTAPHON B3BecH (Macchl) Mocpes-
CTBOM TPEXKPATHOTO M00aBJICHHUS CTEPUIHHOTO
0,9% pactBopa xnopuna Hatpus. [locme kaxmoro
nobaBieHns (PU3HOIIOTUIECKOTO PAacTBOpa 3PUTPO-
OUTApHYIO0 MAacCy OCa)XIaJd METOIOM LeHTpupyru-
POBaHUs, yIAISUIM HAJ OCAaJOYHYIO >KHUAKOCTbH, HO-
6asisun 0,9%-Hb1i pacTBOp XJjopuaa Harpus. Llen-
TpudyTHpOBaHUE MPOOMPOK TPOBOAWIN TIPU CIIC-
JIYIOIIEM peXUMe: CKOpocTh BpamieHuss — 2000
00/MuH., Bpemst — 10 MuH.

[oaroroBky o0pa3noB MiIa3Mbl U KOMIIOHEHTA
KPOBH JIJIsl JICMCHTHOTO aHAJIN3a BBIMOIHSIN METO-
JIOM MHUKPOBOJIHOBOTO pazjoxeHus npod mo MYK
4.1.1483-03.

KoHmenTpammm XUMHUYECKHUX 3JEMEHTOB OIpe-
JIENSUTH METOJIOM MAacC-CIIEKTPOMETPHH ¢ WHAYKTHB-
HO cBsizaHHOM aproHoBoi mmazmoi (MCII-MC) Ha
npudope HMCII MC Elan DRC II, PerkinElmer,
CIIA, 1o cootBerctByrome wmeroguke (MYK
4.1.1483-03, 2003). Hcmonb3ys TONTyYCHHBIE KOJIH-
YeCTBEHHBIE 3HAYEHUs KOHIIEHTPAIUH DJIEMEHTOB B
TUTa3Me U SPUTPOIHTAX mepudeprudecKoil KpOBH, BbI-
YHUCIISUTA WHAEKC MEMOpaHOW MPOHHLIAEMOCTH 3PHT-
pOLIUTA, KaK OTHOIICHUE KOHIICHTPAIUU DIIEMEHTA B
SPUTPOLUTAX K KOHIICHTPAIIUH AJIEMEHTA B TIa3Me.

CratucTUdecKkyro  00pabOTKy  pe3yibTaToB
MPOBOAWIIN B MHCTUTYTE MAaTeMaTHKA W MEXaHUKH
Kazanckoro ¢QenepanbHOro yHHBEpCHUTETa, B IPO-
rpaMMHoO# cpene Exel.

CpaBHUBAIM TPYNIIOBBIE PACIIPEICICHHUS KOJIH-
YECTBEHHBIX MPU3HAKOB JUIS JBYX YKa3aHHBIX IPYIII
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[0 DJIEMEHTaM: MarHWi, CeJeH, CTPOHINH, a TaKxke
COOTBETCTBYIOIINE WHIEKCHI KIECTOYHO-MEMOPaHHON
poHuIaeMocTH. J{is BeiOOpa KpUTEepHeB CpaBHCHUS
NPOBEPSUIA BCE MACCHBBI HA HOPMAJILHOCThH pacmpe-
nenernsd. [lo momydeHHBIM pe3ynbTaTaM ObUT CIeiTaH
BBIBOJ] 00 OTCYTCTBHH HOPMAIBFHOCTH pacIipesesie-
HUH U1 OONBIIMHCTBA TPYMHN 3yeMeHToB. [loaTomy
JUI  JIOKa3aTeNbCTBA OJHOPOTHOCTH BHIOOPOK UC-
MOJIb30BAIM  HEMApaMEeTPUYCCKUI METOM: KPUTEpUi
KommoropoBa—CmupHOBa. B kauecTBe KOMMYECTBEH-
HOW XapaKTepUCTUKHA KOHIICHTPAITUH dJIEeMEHTa TpH-
BeJICHbI 3HaUEHH MEIUaHbl TPyIbl. J|aHHbIH cTaTH-
CTHYECKHI KPUTEPHUH MOJTBEPIKIAET THIIOTE3Y O pa-
BEHCTBE PacHpeeicHUN, eClii JIOCTUTHYTHIC YPOBHU
3HaynMoctu p>0,05. B mpoTtuBHOM ciyyae rumoresa
OTBEpraercs.

[lomyuenHble pe3ynbTaThl JAIOT WH(OPMAINIO
00 o0meM W3MEHEHWH KOHIIEHTPALUW 3JEMEHTOB
IIPH TATOJIOTHH PaHHETO HEOHATAIBHOTO IEPHOAa,
OJHAKO PacCMOTPEHHE HEMOCPEACTBEHHO H3MEHe-
HUS CBSI3EH MEXIy MmapameTpamMu i KaxIoro dJie-
MEHTa MOXeET JIaTh OoJiee MoAPoOHY0 HH(OPMAIIHIO
0 MIPOUCXOMSIIUX TP HTOM TIPOIIECCaX.

Cunbl cBsi3ed pPAaCcCUUTHIBAIA OTHEIBHO JUIA
KaXKIO0TO dIIEMEHTa BHYTpHW Tpymmsl. J{ms mocTtpoe-
HUS TUIES]] UCTIOJIh30BAIU TOJBKO CHIIBI CBSI3€H OT
0,5 u Beiue (cpenusas — 0,5-0,69; cunpnas — 0,70—
0,89; ouens cunpHasg — 0,90-1,0). s uzoOpaskeHus
TTOJIOKUTENBHBIX CBSI3eH BBIOMpAH CIUIONIHON THIT
JUHUM, JJIA OTPUIIATENbHBIX — MpepbIBUCTHIA. Ha
PUCYHKE MPHUBENCHBI KOPPEISIIMOHHBIE TUICSIIBI IS
CIEeNYIOIMX MapaMeTpoB: IutazMa (Matb) — 1;
sputpouutsl (Mate) — 2; UKMII (MaTp) — 3; mna3sma
(pebenox) — 4; spurporutsl (pedenox) — 5; MKMII
(pebenox) — 6. UKMII — wHAOeKC KIETOYHO-
MeMOpaHHOU MTPOHUITAEMOCTH.

PE3YABTATbI U OBCY)XAEHUE

B Tabnuue npencTaBieHbl pe3yNbTaThl CpaBHE-
HUS pacIpellelleHni KOJIMYECTBEHHBIX INPU3HAKOB
UL XMMUYECKUX 3JIEMEHTOB C COOTBETCTBYIOIIUMHU
YPOBHSIMU 3HAUUMOCTH BBIOPAaHHBIX KPUTEPUEB.

Kak BuaHO W3 TaOnuubl, NPUBEAEHHBIA BBIIIE
CTaTUCTUYECKUH KpUTEpUi AJI1 MarHus B IJIa3Me U
SPUTPOLUTAX MaTepu U peOeHKa, B clydae CpaBHe-
HUS Tpynn 1-2, UMEIOT JOCTUTHYTHIE YPOBHH 3Ha-
4uMOCTH MeHee 5%, T.e. TUIOTEe3bl PaBEHCTBA pac-
TIpeAeIICHN He TOATBEPKIAIOTCA. TakuM o0pasom,
IIPY TATOJIOTMH HOBOPOXIEHHBIX MPOUCXOIUT IO-
CTOBEPHOE YBEJIMYEHHWE MAarHus B JIPUTPOLUTAX U
I1asMe POXKEHULBI M HOBOPOXkJEeHHOTro. BeposTHee
BCEro, JaHHBIN (DaKT SBISETCS CIEICTBHEM IPOBO-

JIUMOU MaTepsiM Tepanuy C MPUMEHEHUEM IIperapa-
toB MarHus ([loOpoxoTosa u np., 2016).

Koppenauuonusiii aHanu3 BBIABHI JJIsI KOH-
TPOJBHON Tpynmbl (Tpynma 2) HaJu4ue MOJO0XKH-
TEJIBbHOU CHJIBHOM CBSI3U 2-5 U MONOXUTEIBHBIX CBSI-
3eil cpeadeit cuiwl 2-3, 5-6. Kpome Toro, mpucyt-
CTBYET OTpHULATENIbHAS CBSI3b CPeAHEN cubl 1-3.

B rpynne nabmronenus (rpynna 1) ycranosie-
HO OCJa0JICHHWE CHIIBI CBSI3U 2-5 1O CpeaHei, BO3-
HUKHOBEHHE TOJIOKUTEIHHBIX CBA3EH — CHIIbHOM 1-5
u cpennux 1-2, 1-4, 2-4, 4-5. Tlpu 3TOoM cBsizu 1-3 u
5-6 ucue3aror.

[IpuBenéHHBIN BbIIE CTATUCTUYECKUN KpUTE-
puil ans ceneHa B rpynmax 1-2 ¢ mapaMeTpamu:
mwiazma (math) 1 UKMII (MaTh) UMEIOT HOCTUTHY-
ThI€ YPOBHM 3HAUMMOCTH MeHee 5%, rumoTesbl pa-
BEHCTBa pachpenesieHuil oTepratorcs. To ecTh Ko-
JUYECTBO CelieHa B TUIa3M€ MaTepH yBEITWYHBAETCS
TMIPH MTATOJIOTUN HOBOPOXKJIEHHOTO 33 CYET CHIDKCHUS
TpaHCIIOpTa 3J€MEHTa B KJIeTKy. IIpu 3ToM KoHIEeH-
Tpauus cejeHa B IJIa3Me U APUTPOLUTAX HOBOPOXK-
JIEHHOTO HE U3MEHSETCS.

IIpoBen€HHBIM KOpPPENSAIMOHHBIA aHaIu3 B
rpymnmne 2 yCTaHOBWIJI CHIIbHBIE TTOJIOKUTEIbHBIE CBSI-
3u 1-4 u 2-5. Taxxe BBISBICHBI MOJOXKUTEIbHBIC
CBsI3U cpenHel cuibl 1-2, 1-5, 5-6.

B rpynne ¢ nepunaraisHoi natonorueit [THC
BO3ZHUKAIOT HOBBIE TOJIOXHUTEIbHBIE CBSA3U: CHIIbHAS
2-4 u1 cpenuss 4-5. Ceszu — cwibHas 1-4 ocimabeBaeT
II0 cpemHeit, a cinabast 1-2 ycunmBaeTcst 10 CHIIBHOM.

Kak BugHO W3 Tabnwipl, W30BITOK CeleHa B
T1a3Me MaTepy BO3HHUKAET BCJIEICTBUE YMEHBIICHUS
(YHKUMOHAILHOH aKTUBHOCTH KJIETOYHOH MeMmOpa-
Hbl. [IOCKOJIBKY TPH 3TOM KOHLIEHTpAIUs CeJeHa Y
HOBOPOYKIEHHOTO JOCTOBEPHO HE M3MEHSIETCS, BO3-
MOJKHO, TIPOWICXOTUT MACTIOHMPOBAHHE 3TOTO dIIe-
MEHTa B IUTALIEHTE C IIeNIbI0 00eCTIeUeHHS alanTaln-
OHHBIX IPOLIECCOB, CHMXKAIOIIUX BEPOSITHOCTH pa3-
BUTHS MATOJIOTUU Y HOBOPOXKIAEHHBIX (CeHbKeBUY U
Ip., 2011). DT0 KOCBEHHO TOJITBEPIKIACTCS N3MEHE-
HHUEM KOJIMYECTBA W CHJI CBS3€H MEXIy IUIa3-
MOW/3pUTPONIUTAMHI MaTEPH U HOBOPOXKIEHHOTO.

[IpuBenéHHbIM BbIIE CTATUCTUYECKUN KpUTE-
puit s ctpoHums rpynm 1 u 2 uis mapameTpoB
SPUTPOLUUTHl (MaTh), SPUTPOLMTHI (peOEHOK) W
HUKMII (peGeHOK), MMEIOT AOCTUTHYTHIE YPOBHH
3HaYMMOCTH MeHee 5%, TO ecTb THIOTe3bl PaBEH-
CTBa pacmpefesneHnii He moaTBepknatorcs. Cremno-
BaTeNbHO, IPU HATMYHN TIEPUHATAILHON MAaTOJIOTUN
HHC y HOBOPOXIEHHBIX MPOUCXOAUT JTIOCTOBEPHOE
YMEHBIIIEHHE KOJUYECTBA CTPOHLIMS B 3PUTPOLIUTAX
MaTepu U pebeHKa.
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PucyHok. KoppeAsLuMOHHbIe MAESAbI: O —~MArHuH, 6 — CEAEH; B — CTPOHLMM
Ob603HaYEeHUS:
MAQ3Ma (MaTb) — 1; apuTpoLmMTEl (MATb) — 2; UKMIT (MarTb) — 3;
nAa3ma (pebeHoK) — 4; apuTpoLumTsl (pebeHok) — 5; UKMI (pebeHok) — 6
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TabamLQ. Pe3yAbTaTbl CPABHEHUS PACNPEAEAEHUA NPU3HAKOB SIAEMEHTOB

I'pynnupyroumii mpusHax VYpoBeHb 3HAUUMOCTH p
ITapamerp
1 2 1-2
Maruuii, MKr/J1
[Tnazma (MaTp) 15981,6 14586,9 < 0,005
OpuTponuTsH! (MaTh) 37996,2 36681,1 <0,05
MKMII (math) 2,4 2,5 >0,10
[Tna3zma (peGeHOK) 20673,5 164154 < 0,001
DpHUTPOIHTHI (PEOCHOK) 37604,9 34054,0 < 0,001
HKMII (pebeHok) 1,97 1,90 >0,10
CeneH, MKr/1
[Tna3ma (Math) 81,15 74,55 <0,05
OputpouuTs (MaTh) 139,09 165,3 <0,10
VIKMII (matb) 1,68 2,47 < 0,001
[Tnazma (peGeHoK) 51,68 57,9 >0,10
OpUTPOIHTHI (PEOSHOK) 151,75 148,65 >0,10
UKMII (pebenok) 2,61 2,56 <0,10
CTpOHIUA, MKT/]T
[Mnasma (MaThb) 50,85 52,25 >0,10
DpuUTponuTH (MaTh) 3,25 4,65 <0,05
MKMII (matb) 0,068 0,105 >0,10
[Ina3zma (pebeHok) 45,8 44.6 >0,10
DpUTPOLUTHI (peOEHOK) 3,13 4,77 <0,01
VKMII (pe6Genok) 0,08 0,13 <0,01

11 puMEUdaHHuC : NPUBECACHLI 3HAUCHUS MCINAH.

KoppensuvonHbpiii aHanu3 Tpymmbl 2 ycTaHO- | MOJOXUTENbHAsA CUJIbHAS CBA3b MEXIY MapameT-
BHJI YETHIPE CIIIbHBIC TTOJIOKUTENBHBIC CBS3H MEXKAY  paMH 3-5 CTAHOBHTCS CIa0O0W M MOATOMY HE IMOKa3a-
napametrpamu 1-4, 2-3, 3-4 u 5-6. B cnyyae rpynmnel  Ha Ha pUCYHKE (PHCYHOK, 8).



32 MUKPOSAEMEHTbI B MEAULLUHE: OPUTUHAABHBIE CTATbU

3AKAKOYEHUE

IIpoBeNEHHBIM UCCIIEIOBAHUEM YCTaHOBIIEHO,
4yTO Npu nepuHaraiabHoi maronoruu I[THC y HOBO-
POKIIEHHBIX IPOUCXOJUT JOCTOBEPHOE:

YBEIMUYECHNE KOHLICHTPAallU! MarHus B 3PUTPO-
LUTax U IUIa3Me POKEHUIBI ¥ HOBOPOKACHHOTO, YTO
00yCJIOBIEHO MPOBOOMMOI Tepamuei poKEeHUIaM
BO BpeMst OEpeMEeHHOCTH;

BO3paCTaHUE KOHLEHTPALMM CEJICHA B ILIA3ME
POKEHHMIIBI, KOTOPOE BO3HUKAET BCIEICTBUE JIOCTO-
BEPHOT'0 CHIDKEHHS (DYHKIMOHAJIBHON AaKTUBHOCTH
KJICTOYHOH MEMOpaHEI;

YMEHBILIEHUE KOHIIEHTPAllUH CTPOHLUS B DPUT-
poLMTaX PpOXKEHHUIBI U HOBOPOXKIEHHOIO B CHILY
CHIDKCHUSI (PYHKIMOHAIBHON aKTUBHOCTH KJIETOY-
HOW MeMOpaHBl HEJOCTOBEPHO y POXKEHHUIBI U JO-
CTOBEPHO Y HOBOPOXKIECHHOTO.

AUTEPATYPA

CoriacHO NOJy4YeHHBIM pe3ylbTaTaM, yBelHde-
HHE KOHIEHTPAIlMM MarHusl U CeJieHa Y POXKCHUI He
BIMSET Ha TAaTOreHe3 IepUHATaJbHOW MaTOJOTHH
HHC y HoBOpoXaeHHBIX. CHIKEHIE KOHIICHTPAITUH
BHYTPHUKJIETOYHOTO CTPOHIMUS W (PYHKIIMOHAIEHON
AKTHBHOCTH MeMOpPaHbI ¥ HOBOPOXKAEHHOTO TI03BOJIS-
€T TIpeAroaraTh y4acTie TaHHOTO 3JIeMEHTa B 1aTo-
TeHe3e NEepUHATAIBHOW MaTOJIOTUM Yy HOBOPOXKJIEH-
HBIX. B yacTHOCTH, 3TO KacaeTcsi BOBIECUEHHUS CTPOH-
U B MIPOIECCHI MEepeAayy aronTOTHYECKOro CUTHa-
J1a, KOTOPBIE OTPEEISIOTCS KOJIMIECTBOM DIIEMEHTa,
BpEMEHEM BO3ICUCTBHS, THIIOM W aKTHBAMOHHBIM
crarycoMm kietku ([Jonrux u np., 2016, c. 82).

[Tony4yeHHbie pe3ynbTaThl MOTYT OBITH HCIIOJIb-
30BaHbl NPHU MPOBEJIECHUHN KOPPEKIMU 3JIEMEHTHOIO
coctaBa npu natonornu [{HC mepunaragpHOTO TIe-
puona.
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CONTENT OF MAGNESIUM, SELENIUM AND STRONTIUM
IN BLOOD COMPONENTS OF NEWBORN AND THEIR MOTHERS

V.V. Sofronov!, A.V. Voloshin?, G.S. Skvortsova?, B.l. Gareev?, G.A. Batalin?

! Kazan State Medical University,

49, st. Butlerova, Kazan, 420009, Republic of Tatarstan
2 Kazan (Volga region) Federal University,

18, st. Kremlin, Kazan, 420008, Republic of Tatarstan

ABSTRACT. The aim of this study was to identify differences in the concentration of elements magnesium, sele-
nium and strontium in serum and erythrocytes of peripheral blood, as well as the corresponding indices of cell-
membrane permeability of mothers and their newborns with pathology of the central nervous system (CNS) relative to
the group, mothers and conventionally healthy newborns. The results obtained indicate that an increase in magnesium
and selenium in women in labor does not affect the pathogenesis of perinatal pathology of the central nervous system in
newborns. A decrease in the concentration of intracellular strontium and the functional activity of the membrane in a
newborn suggests the participation of this element in the development of perinatal pathology of the central nervous sys-
tem in newborns. The results obtained, can be used, when correcting the elemental composition in pathology of the cen-
tral nervous system of the perinatal period.

KEYWORDS: pathology of newborns, newborn, parturient woman, microelements.
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OPUTUHAAbBHAS CTATbA

CYTO4HbIE PUTMbl MAKPO- U MUKPOSAEMEHTOB CAIOHbI
Y AETEN C PELUAUBUPYIOLLLUMU PECTTUPATOPHbIMHU
3ABOAEBAHUSAMU

C.U. MaHapoB, A.A. XaaHoBa, A.B. LLinwoBa*

OI'OY BO «lBaHOBCKas TOCYAapCTBCHHAS MEAUIIMHCKAS aKaIeMUsD)
MunuctepctBa 3apaBooxpanenus Poccuiickoil @enepanuu,
153012, r. IBanoBo, lllepemeTeBCKHIA TPOCHEKT, 1.8

PE3IOME. TlpencrasiieHbl JaHHbIE CYTOYHBIX KOJICOAHMH MakpO — U MUKDPODJIEMEHTOB CMEIIAHHON CIIOHBI Y
JeTeil ¢ peluIMBUPYIOUIMMH pecupaTopHbiMu 3aboneBanusimu (PP3). YcranosieHo, uto y nereil, penko Goneromux
OCTPBIMH pPECIIMPaTOpHBIMU 3abosieBanusmMu U neteid ¢ PP3 makcumanbhas konmeHtpamus Cu, Zn, Mn, Ca, K
HaOmroamach B AHEBHBIC Yachl, @ Na — HOUYbI0. Y 4acTo OOJEIOMMX AeTeH MPOUCXOANT CIBUT MAKCUMyMa SKCKPELHH
Cu Ha yrpenHune vacel. Y neteii ¢ PP3 cpennecyTounbie 3HaYCHNS KOHIIGHTPALUi 1 aMIUTATY ] Koliebanus B cimoHe Cu,
Zn NOBBILIEHBI IO CPABHEHUIO C IETHMH, PEAKO OOJICIOIIMMHU OCTPBIMH peCITUpaTOpHBIMH 3a0oneBanusmu (p < 0,05), a
ammuTyap! kosiebanus Ca u Na cHmxkensl (p < 0,05), yTo oTpakaeT MPOLECCHl MOKCKa ONTHMAIBHOTO BPEMEHHOTO
pexxuMa  (YHKIMOHUPOBAHUSI  LUPKAJAWAHHOW  CHCTEMBI, OOECIIEUMBAIOIIMX MEXaHU3MBl  KOMIIEHCATOPHO-
MIpUCTIOCOONTENbHBIX peakiuid. MccnenoBanne oOIMX M MHAMBHIYaJIbHBIX OCOOEGHHOCTEH OMOJIOrMYECKHX PHUTMOB

MaKpO- U MUKPOIJIEMECHTOB ITIO3BOJIMT BBISIBUTE HOBBIE PECYPCHI B INIAHE YTOYHEHUA IPUINH 4acToii 3a00J1eBa€MOCTH.

KAKOYEBBLIE CAOBA: cvemanHas cifoHa, CyTOYHBIA PUTM, MaKpO- ¥ MHKPOJJIIEMEHTHI, ICTH, PEIUANBHPYIO-

ue pecrnupaTopHbIC 3a00JIeBaHUSL.

BBEAEHUE

B macrosimiee BpeMs 3HAUHTENHHO BO3POC HMH-
Tepec K W3YyYEHWIO0 BPEMEHHON opraHm3anuu (u-
3WOJIOTHYECKUX CUCTEM OpraHm3Ma. buonorndeckue
PUTMBI SIBISIOTCSI OJHUM U3 BaXKHBIX IOKa3aTelel
(YHKIMOHAIFHOTO COCTOSIHUSI OpraHu3Ma, obecre-
YiBas eMy CTaOWJIBHOCTh U YCTOWYMBOCTH IIPH JeH-
cTBUU (aKTOpOB BHemHeW cpenbl. [leprnoanaHOCTD
— (ynmaMeHTaNbEHOE CBOWCTBO JKHBBIX CHCTEM, a
(heHOMEH PUTMUYHOCTH — yHHBepcanbHbI (Poma-
HOB U J1p., 2009; Komapos u ap., 2017).

Bce maronornyeckue mporecchl U COCTOSHHUSA
JKMBOT'O OpraHn3Ma CBA3aHbI C HAPYIICHUSAMU BpEC-
MEHHOTO COTJIACOBaHMS Ha KJIETOYHOM, OPTaHHOM U
OpTraHU3MECHHOM YPOBHSX. 3a00JieBaHUS HAYMHAIOT
MIPOSIBIISITBCSL ¢ HApYyUICHHWS CYTOYHBIX PHUTMOB, U
MIpOLIECC CaHOTeHEe3a 3aBepIlaeTCs JMIIL MPH BOC-
CTAQHOBJIICHUH BPEMEHHOM OpraHU3allMU OCHOBHBIX
¢uznonornyecknx cuctem opranusma (Pomanos,
2000; 3apy6un, 2017).

* AAPEC AAS MepenncKu:
Llnwosa AHacTacus BAAAMMUPOBHA
E-mail: shishova@inbox.ru

UccnenoBanusi OMOTOTUYECKUX PUTMOB Y Jie-
Tell 0COOCHHO aKTyallbHBI, TaK KaK B MPOIECCE PO-
CTa W pa3BHTHS OpPraHW3M peOEHKa IOABepraercs
BO3JICHICTBHIO Pa3IMYHBIX (PAKTOPOB OKpYIKaroIien
Cpebl, KaK MO3UTHBHBIX, TaK W HETATUBHBIX, YTO
oTpeeNisieT MPOBEACHUE CBOCBPEMEHHBIX U A deK-
THUBHBIX HpO(i)I/IJIaKTI/I‘-IeCKI/IX u O3I0POBUTCIBHBIX
MeponpuATHi. 3HaYUTENbHas POJb B IMO3HAHUM 3a-
KOHOMEpHOCTEH (OpPMHUpPOBAHUS  aJalTaIlliOHHO-
MIPHUCIIOCOOUTETHHBIX peaknnuidi opraHu3Ma K HeOa-
TOTIPHUATHBIM (PaKTOpaM BHEIIHEW CPebl OTBOJAMTCS
PUTMHUYECKON OpraHU3allid MUHEpATbHOTO OOMeHa
(Copoxo u np., 2014; Kypranos u ap., 2015; Tpoe-
rybosa u ap., 2016; Bacunenko u ap., 2019).

IIporeccrl pocTta U pa3BUTHUS JIETEH COMPOBOXK-
JTAIOTCS HANPSDKEHHBIM YPOBHEM METa0oJM3Ma, YTO
MOXeT OBITh 00€CIEeUeHO NOCTaTOYHBIM M peryJsp-
HBIM TIOCTYIUICHHEM MaKpO- U MHKPOAJIEMEHTOB.
Hapymenns mMetabonm3mMa MUHEPANbHBIX 3JIEMEHTOB
MOTYT CONPOBOXKIATHCA PA3TUIHBIMU H3MEHEHHUSIMU
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COCTOSTHUSI 3[IOPOBbSI, B TOM YHCIIC YBEINYCHUEM Ya-
CTOTBI OCTPBIX PECIUPATOPHBIX 3a0osieBaHui (Arai-
KaHsH u ap., 2013; 2014; Ckansnabii, 2018).

N3yueHuio Makpo- U MHUKPORJIEMEHTHOTO CTa-
Tyca JAeTeill mpH pa3TUYHBIX 3a00JIeBaHUSAX TOCBA-
IeHBl MHOTOYHCIICHHBIE paboThl (MoJlokoBa u Ap.,
2014; Cxkanbublit u np., 2016; I'ypoa, HoBuxkosna,
2017). OnHako UCCIeNOBaHUI 3JIEMEHTHOTO OajaH-
ca y JieTell Ipu OCTPBIX PECIUPATOPHBIX 3a00JieBa-
HUAX HEJIOCTAaTOYHO. Mexay TeM, 0COOCHHOCTH He-
crieruuueckoi u crienuduaeckoi 3ammTel y Je-
Tel, MOTYT OBITh CBSI3aHBI C TOBBIIIEHHBIM WIJIH TI0-
HWKEHHBIM COZIep)KaHHEM B OpTaHU3Me OIpe/IeiIcH-
HBIX XHMHUYeCcKuX odyieMeHTOoB (demotoBa u 1p.,
2012; Yepnosa u 1p., 2012; 3axaposa u ap., 2014).

Henp paboTs — H3YYCHHUE CYTOUHOU
BapnalOeIbHOCTH MAaKpO- W MHKPO3JIEMEHTOB CMe-
IIAHHOW CIIIOHBI Y JIET€ ¢ PEelUIUBUPYIOIIUMU pe-
CIUPATOPHBIMU 3a00JICBAHUSMHU.

MATEPUAADI U METOADI

[Tox mabmromenuem Haxomwminoch 120 mereit B
Bo3pacTe 5—7 neT. Bce oHU pacripejienieHbl Ha JIBE
rpymmsl: 1-g rpymma — penko oomnetomue (n = 45), 2-
sI TPYIIA — C PEUANBUPYIOIIUMHI PECITUPATOPHBIMU
3aboneBanusmMu (n = 75). JleTeli, y KOTOPBIX OCTpbIe
pecnupaTopHbie 3a00JIeBaHUs MMOBTOPSUIUCH 8 U 00-
Jee pa3 B TEUCHHUE T0Jia, OTHOCHWIN K TMAIIMEHTaM C
PEIMANBUAPYIONMME WH(GEKINUIMU PECITHUPaTOPHOTO
Tpakta (3aiimea 2015, Camceirmaa, BEDKITOBA,
2016).

Jns u3ydeHus SIEMEHTHOrO cTaTyca JeTei
WCIONIBb30BANHM CITIOHY. MccienoBanue naHHOro OMo-
00BEKTa OTHOCHTCS K COBPEMEHHBIM, YYBCTBUTEIIb-
HBIM, HETPaBMATHYHBIM (HEMHBA3WBHBIM) METO/JaM
paHHETO BBISBICHHUS METa00INIECKIX PACCTPOMCTB.

Ony0JIMKOBaHO TOCTATOYHOE KOJIHYECTBO paboT
(PyBunckas, MyxamemxkanoBa, 2013; Zhang et al.,
2013), B KOTOpBIX MOKa3aHO, YTO CIFOHHBIE KEJIE3bI
BBITOJIHSIOT OOIICOPraHU3MEHHYI0 (DYHKIIUIO, 3a-
KITIOYAIOIIYIOCS B TIOMJIEPKAHUU TOMEOCTa3a BHYT-
peHHeN cpesibl opraHu3Ma — KpoBu. HeManoBakHbIM
(bakTOM SBNSETCSA TO, YTO CIFOHA OOBEKTHBHO OTpa-
JKaeT MeTa0oNIMYeCKue MapameTpbl U (hU3MoorHYe-
CKO€ COCTOSIHHE 3JI0POBOTO U OOJBHOTO YeIOBEKa
(Tpoery6oBa u ap., 2016; FOpreBa u ap., 2016).

3a00p CMENIaHHOHN CIIOHBI TPOBOJMIN B TEUeE-
HUE 5 MUWH, TOCII€ TPEIBAPUTEIHHOTO MOJOCKAHUS
MOJIOCTH PTa KUIISTYEHON BOJOM uepe3 Kaxable 3 ya-

ca, HauuMHas ¢ 7 yacoB yTpa 2 OHS B Henemo. B
CIIFOHE OTIPEACIISUTH IIECTh XUMUYSCKUX DIIEMEHTOB,
KOTOpPBIC MPU3HAHBI ACCEHIIMATBHBIMU, TO €CTh KU3-
HeHHO HeoOxomumbiMu (Pebpos, I'pomosa, 2008;
CxanpHbii, 2018).

Omnpenenenne KOHIIEHTPANNA MaKpO- U MUKPO-
AJIEMEHTOB B CMEIIAHHOW CIIFOHE MPOBOIMIN METO-
JIOM aTOMHO-a0COPOIMOHHOW CHEKTPOCKONUU Ha
cnekrpodoromerpe «Caryph».

CTaTUCTHYECKYIO 00pabOTKy pe3yJbTaTOB HC-
CJIEIOBAHMS BBITIONHSIM C WCIIONB30BaHWEM CTaH-
nmaptHor mporpammbl «STATISTICA 6.0» u make-
TOB TpHUKIaIHBIX Tporpamm «Evrikay (mpuGmmxe-
Hue (QYHKIUY 110 METOly HAMMEHBIIINX KBaJIPaToOB —
Kocunop-ananmuz), «MicrosoftWorks» 2.0 (amek-
TpOHHBIC Ta0MuUIBl) U «Statgrafics» 3.0 (wutocTpa-
THBHAS rpaduka).

PE3YABTATbI U OBCY)XAEHUE

B pesynbrate wmccienoBaHusl CYyTOYHBIX KOJIe-
OaHMii MaKpO- U MHUKPO3JICMECHTOB B CMEIIAHHOU
ciroHe y aeTeit (Tabmn. 1) ycTaHOBJICHO, YTO Y JIETEH,
obenx Tpymm HaOJIOJCHUS, MaKCUMalbHas CEKpe-
IIUSl HATPUS CO CITFOHOM OTMEYaeTcsi B HOUHBIE Yachl
CYTOK, a KaJus — B JIHEBHbIC Yackl. B HOUHbIE Yachl B
pe3ynbTaTe TPO(QOTPOIHOTO MEPEKIIOUYCHUS — Tpe-
o0nanaHusl MapacUMIIATUYCCKUX BIMSHUW — CO3/1a-
IOTCA ONTUMAJIBHBIC YCJIIOBUA JI1 BHYTPCHHHUX IIPO-
IIECCOB, UTO CITIOCOOCTBYET YBEIWUCHHIO (DYHKIIHO-
HAJBHOTO pe3epBa OpraHu3Ma U ero akTHBHOM peak-
IIUU Ha CPEJIOBBIE (PaKTOPHI.

[epexon opranu3Ma OT COCTOSHHUS MOKOSI K aK-
TUBHOU JIEATEILHOCTU COMPOBOXKIACTCS MOBHINICHUEM
OOMEHHBIX TPOIIECCOB, YCHICHHEM TOPMOHAIBLHOM aK-
TUBHOCTH W TOHYCa BETr€TaTMBHOW HEPBHOW JeATENb-
HOCTH, YTO TIPOMCXOANT Ha (hOHE CHIKEHUS HATpUS B
cioHe B yTpeHHue dackl ([epsma u ap., 1985).

[lepecrpoiika AeITEIBPHOCTH (DYHKIIMOHATBHBIX
CHUCTEM OpPTraHW3Ma Ha MPOTSHKEHUHM CYTOK IPOMCXO-
AT JJIS1 OCYIICCTBIICHHS OIPEESIICHHOTO IMPUCIIO-
COOMTENFHOTO pe3yNbTaTa K MEHSIOUINMCS 3arpo-
caM OpraHrn3Ma WM YCIOBHUSM OKpPY)Kafomel Cpessl.
CTpyKTypa pUTMa CIIOCOOHA M3MEHATHCS, a Xapak-
TEp 3TUX BapUaIlMi 3aBUCUT OT COCTOSHHUS 3]I0pPO-
Bbs. Hapymienus aMmintyiHO-(pa30BbIX OTHONICHHUN
MOJKET HOCHTh XapaKTep TPaH3UTOPHOH JECHHXPO-
HU3aIUHN, JHU00 COXPaHATHCA UIUTENBHO W MOXKET
paccMaTpuBaThCsl Kak xposomaroynorus (I'yOwuH,
2019; I'youn, Komomeiiuyk, 2019).



36 MUKPOSAEMEHTbI B MEAULLUHE: OPUTUHAABHBIE CTATbU

Tabauua 1. CYTOYHbIN PUTM IKCKPELMN SIAEKTPOANTOB CO CAIOHOM y AeTel
C peLMANBUPYIOLLMMM PECNTUPATOPHbIMU 3060AEBAHUAMMN
(no AQHHBIM ycpeaAHeHHo-rpynnoBoro KocuHop-aHaamsa, M £ m)

DneMeHT I'pynmna Mesop AwMmuuTyna Axpodasa, 9 : MHH
Kanpuuii, MMOJIB/1 1-s1 0,55+ 0,09 0,145+ 0,06 13:33
2-51 0,56 + 0,043 0,06+ 0,004* 16:00
Mepb, MKT/MiT 1-s 0,01 £0,004 0,003 + 0,002 12:00
2-51 0,019+ 0,003* 0,009 +0,001* 08:00
Mapraser, MKIr/Mit 1-s 0,03 £0,007 0,003 + 0,001 12:00
2-51 0,009 + 0,002* 0,002 £ 0,0001 12:00
LuHK, MKT/MI 1-s 0,047 £ 0,021 0,002 + 0,0001 12:00
2-51 0,094+ 0,01* 0,01 +0,002* 15:00
Harpwii, MMomb/1 1-s1 15,51+ 1,76 4,13+£0,64 23:00
2-51 14,79 £1,71 1,87+ 0,55* 24:00
Kanuii, MMOITB/71 1-s 43,85+2,96 5,92+1,76 16:00
2-51 47,97 +3,09 425+ 0,65 13:33

IIpumeuanue:*— gocroBepHsie omnuus, p < 0,05.

OJHUM U3 BaXXHBIX YCIOBUHM aJIcKBaTHOM peak-
MU OpraHu3Ma B OTBET Ha JICHCTBHUE IMOBPEKIA0-
X (hakTOpOB BHEIIHEH CpeJIbl ABISCTCS COXpaHe-
HHUE JOCTATOYHOr0 MOPGOPYHKIMOHATBLHOIO pPe3ep-
Ba, W Mpexae Bcero dnekTponutHoro (UyikuH, Ak-
MajoBoBa, 2015; FOpresa u ap., 2016).

[IpoBeneHHbIe WCCIENOBAHUS TOKa3alld, YTO
JUISL peAKo OOJICIONUX JIETeH XapakTepHO Ipeobia-
JaHWE B JHEBHOE BPEMsSI CYTOK DKCKPEIHU CO CIIHO-
HOU Menu, MapraHiia, IiMHKa ¢ akpodazamu B 12:00,
a kanpuus — B 13:33 yacos.

JuHamuKa BBIIEICHHS JIEKTPOIHUTOB CO CIIO-
HOHM Ha MPOTSHKEHUH CYTOK B HOPMAaJTbHOM (U3HO-
JIOTUYECKOM COCTOSIHUM OTpa)kaeT PUTMHYHOCTH
JUHAMHUKH OOMEHa BEIIECTB B IICJIOM, KOTOpas W
00yClIaBIMBaeT YCTOMYUBOCTh OpPraHW3Ma, €ro Tro-
meocTta3z (ABIBIH U Ap., 1991; Pysunckas, Myxa-
MemxkaHoBa, 2013; Zhang et al., 2013; UyiikuH, Ak-
MajoBa, 2015).

VY neteii ¢ PP3 B 1eiaoM coxpaHeHBI CyTOYHEIE
PUTMBI JKCKPEIUM MaKpO- U MHUKPODIIEMEHTOB CO
CITFOHOM, XapaKTepHBIC IS AeTEH, PeaKo OOICIOIMUX
OCTPBIMH PECTIHPATOPHBIMH 3aboneBanmsiMu. [lpu
CPaBHUTEIHHOM aHAIN3€ BPEMEHH MaKCHMAalbHOTO
CoJiep>KaHUsl JJEKTPOIIMTOB B CIIOHE YCTaHOBIIEHO,

gyro y gereii ¢ PP3 tompko akpodaser putma memn
CABUHYTHI Ha YTpeHHHE 4Yachl cyTok. HaOmomaemas
YCTOWYMBOCTH CYTOYHOW AWHAMHUKH SKCKPEIUH MakK-
PO- ¥ MUKPORJIEMEHTOB CIIIOHBI KOCBEHHO CBHUJIETEIb-
CTBYET O coxpaHeHHH y neteid ¢ PP3 obmedt mupka-
MUAHHON CTPYKTYPHI TOMEOCTATHUECKUX (PYHKITHH.

HanbGonee nmnacTHYHBIMU NOKA3aTeNsIMH CyTOY-
HOTO pUTMa, KOTOpPBIE MOTYT M3MEHSTHCS MPH BO3-
JIEWCTBUM HEONaronpusITHBIX (PaKTOPOB, SBISIOTCS
Me30p (CpelHEeCyTOUHBIH YpOBEHb) U aMIUIUTYIa
(Hockun, Kymmxku, 1989; Putkeretal 2018). Amrmum-
TyJa pUTIMa SBISETCS BaKHEHIIUM HHTETPAJIbHBIM
MOKa3aTeleM IMPKaJUaHHOTO PUTMA U SIBIISIETCS He-
crenuUIecKuM KpUTEepHeM HaJeKHOCTH OHMOJIOTHU-
YeCKOW CHUCTEMBI, €€ aIaNTHBHBIX PE3EPBOB U MOKET
CITy’)KUTh MapKepoM YpOBHS 370pOBbs (3aryckuH,
2010; Chen et al., 2013; Eckel-Mahan et al., 2103).

Y nmereti ¢ PP3 wmaGmomaercs yBemudeHHE
(p < 0,05) cpeaHEeCyTOYHOTO YPOBHSI KOHIIEHTPAIIUU
MEJIU B CIIOHE, YTO MOXKET YKa3bIBaTh HA BO3HHKHO-
BeHHE JeQUIUTAa 3TOTO 3JIEMEHTa, CBHICTEIbCTBYS
00 ycWJIEHHOM ero BbIBeAeHHH. llpym HemocraTke
MEIu B OpraHu3Me HapyLIaroTCs PEaKLUH OKHUCIIe-
HUSI U BOCCTaHOBIJICHUS, CHMXKAETCs Ipouecc Ouo-
CHHTE3a OEJIKOB M YITIeBOAOB, KUCIOPOAHBIH 0OMEH,
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yBeNUYMBaeTCI HMHQEKIHOHHAs 3a00J1eBaeMOCTh
(Peopos, I'pomona, 2008; IOpwesa u np., 2016; ['u-
sunrep, 2019; Ucankuna u ap., 2019).

OKCKpeuus IMHKa co cioHoW y neteit ¢ PPU
XapaKTepH30BajlaCh PUTMOM CO CPETHECYTOYHBIM
YPOBHEM, 3HAUMTEIHHO MpeBbimaromumM (p < 0,05)
€ro 3HaueHHe y 3/0poBBIX Aeredd. CTpecc, 4eM sB-
Jsr0TCs. yacThle peruauBsl OP3, mpuBoaUT K H3Me-
HEHHIO COZICpKaHMS IIMHKA B TJIa3Me KPOBH U Iepe-
pacrpeneNieHHIo ero MeXIy OpraHaMu M TKaHSIMH.
IIponyxThl pacniaiga TKaHeW, MPEXKJE BCETO aMHUHO-
KHCIIOTBI, oOpasyrommuecs npu PP3, moryr moBbI-
CUTh COJIEpKaHHWE COCIWHEHW NMHKA B KPOBU W
YCHJIMTB €T0 BBIACICHUE C OMOIOTHYECKUMHE SKUIKO-
crsmu. [Ipn neuunTte nMHKa CHUXKaeTcs (aromu-
TapHasg AaKTUBHOCTH MakKpoQaroB, yMEHbIIAeTCS
9UCIO0 JTUMQOINUTOB, NHUPKYJIUPYIOMINX B KPOBH,
YTHETaeTCs] TMPOM3BOJICTBO AHTHUTEN, YMEHBIIAIOTCS
aHTHOKCUIaHTHEIE cBolictBa (PebOpoB, ['pomosa,
2008; Pepaxuna u ap., 2019). Kpome toro, mpu ne-
¢unuTe UMHKA ociabeBarOT OapbepHble (QYHKIUH
SMUTENUS]  PECHHPATOPHOTO M HKEITyIOYHO-
KHUIIIeYHOTO TpakTa (3aimesa u np., 2016).

V nereit ¢ PP3 mabmomaeTcs cHmkenme (p <
0,05) amMmmuTyapI KOeOaHUsI KOHIEHTPAIUN Kallb-
LU B CIIOHE TI0 CPaBHEHHIO C PEIKO OOJCIOINMU
JeTbMH. DTO MOXHO paccMaTpuBaTh KaK OJUH H3
PaHHHUX NPU3HAKOB HAPYLICHWSI COCTOSIHHS 3710pO-
BbSI, TIOCKOJIBKY aJIaliTalisl OpraHu3Ma odecreunBa-
eTcst OONBIION TOJBMYKHOCTHIO PUTMOB 32 CUET BBI-
COKOW aMIUTATYIbI, YTO U 00yCIaBIMBAET OBICTPYIO
MEepPECTPONKY IUPKATUAHHON CHUCTEMBI B COOTBET-
CTBHH C MEHSIOIUMH (PAKTOPaMU OKpYXKarolen

AUTEPATYPA

cpenst (Dupont et al., 2016; Zare et al., 2017; van
den Berg et al., 2017; Takahashi, 2017).

V nereit ¢ PP3 nabmogaercs 3HAYUTEILHOE I10-
Beiienune (p < 0,05), aMIumTyabl KoieOaHUsT KOH-
MIEHTPAITM MEIN W IIMHKA, YTO OTpakaeT HaIpsDKe-
HUE PETYJATOPHBIX CHCTEM W CHWKCHHE aJalTalld-
OHHBIX BO3MOXKHOCTEH opraHu3ma. 30BITOYHO BHI-
COKas aMIUTUTyAa OMOJIOTHYECKOTO PUTMa SIBISCTCS
peabHOM MPEAIOCHUIKON K PACIIMPSHUIO 30H Oy K-
naHus (a3 PUTMOB COCTABIISIOIINX, TO €CTh PUTMOB C
MEHBIIIMMH TIEPUONIaMH, W, CIEHOBATEIHLHO, MPEITIO-
CBUTKOHM K TEeCHHXPOHO3Yy B cepe atux puTmoB. Ilo-
3TOMY W3MEHEHHE aMIUTUTYJIHOW XapaKTepUCTUKU
CYTOYHOTO PUTMA JaKe OJHON (DYHKIIMU MOXKET CITy-
JKUTh OJHAM W3 PaHHUX MPU3HAKOB YXYAILICHUS CO-
CTOSIHUSI 3JI0OPOBbS JIETCH C PELUAUBUPYIOIIMMHU pe-
CITUPATOPHBIMH 3a00JICBAHUSIMH.

3AKAIOYEHUE

[IpoBeneHHBIE WCCIIEOBAHUS MTOKA3aU, YTO Y
JIeTe PelUANBUPYIONIMMU PECIUPATOPHBIMU 3200-
JICBAHUAMH HUPKaguaHHasA OpraHusanusa MUHCPAJIb-
HOT'0 TOMeocTa3a coxpaHeHa. He3HauuTenbHbIC W3-
MEHEHUS OKa3aTele CyTOYHOTO PUTMA BhIJICIICHUS
MaKpo- ¥ MHKPO3JIEMEHTOB COOTBETCTBYIOT MPOIIEC-
caM TIOMCKAa ONTHMAJIBLHOIO BPEMEHHOTO PEXUMa
(YHKIIMOHUPOBAHMSI ~ [UPKAJAMAHHOW  CUCTEMBI,
O6eCHe‘II/IBaIOHII/IX MEXaHU3MBbI KOMIICHCATOPHO-
MPUCTIOCOOUTENBFHBIX peaknwii. MccmemoBanue 00-
X W WHARBUAYAIHHBIX OCOOCHHOCTEH OHMOJIOTH-
YECKUX PUTMOB MAaKpO- U MHUKPOAIJIEMEHTOB TO3BO-
JIUT BBISBUTH HOBBIC PECYPCHl B IUTAHE YTOYHCHUS
MPUYUH YaCTOH 3a00JICBAEMOCTH.
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DAILY RHYTHMS OF MACRO- AND MICROELEMENTS
OF SALIVA IN CHILDREN WITH RECURRENT
RESPIRATORY DISEASES

S.I. Mandrov, L.A. Zhdanova, A.V. Shishova

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

ABSTRACT. The data of daily fluctuations of macro and microelements of mixed saliva in children with recurrent
respiratory diseases (RRD) are presented. It was found that in children who rarely have acute respiratory diseases and
children with RRD, the maximum concentration of Cu, Zn, Mn, Ca, K was observed in the daytime, and Na - at night.
In children with frequent illnesses, there is a shift in the maximum excretion of Cu to the morning hours. In children
with RRD, the daily mean values of the concentrations and amplitudes of fluctuations in saliva of Cu, Zn are increased
compared with children who rarely suffer from acute respiratory diseases (p < 0,05), and the amplitudes of Ca and Na
fluctuations are reduced (p < 0,05), which reflects the processes of searching for the optimal temporal mode of function-
ing of the circadian system, providing the mechanisms of compensatory-adaptive reactions. The study of the general
and individual characteristics of the biological rthythms of macro and microelements will reveal new resources in terms
of clarifying the causes of frequent morbidity.

KEYWORDS: mixed saliva, daily rthythm, macro-and microelements, children, recurrent respiratory diseases.
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OPUTUHAAbBHAS CTATbA

rEHAEPHOE BAUAHUE HA COAEPXAHUE MAKPOSAEMEHTOB
B CbIBOPOTKE KPOBU U B BOAOCAX
Y AUL, C PA3AU4HbIM YPOBHEM $U3NYECKOWN AKTUBHOCTU

n.n. 3anuesa’, O.H. 3aliueBs?

! SIpocaBckuil rocymapcTBeHnbii yausepeuteT um. ILT. Jlemumona,
150000, r. fAApocnans, yi. Coerckast, 14

2 SIpocnaBcKuil roOCYIapCTBEHHBINH TEXHUYECKMIT YHUBEPCUTET,
150023, r. SAApocnasnb, MockoBckuHii poci., 88

PE3IOME. IIpoBeneHo HCCICAOBAaHHE B3aMMOCBS3H TCHACPHOTO (aKkTOpa W COACPIKAHHS MAaKPOIICMCHTOB
(xasybLIMsl, Kausi, MarHusi, Hatpus, pocopa) B CBIBOPOTKE KPOBU U BOJIOCAX JIMI[ C PA3JIMYHBIM YPOBHEM (DU3HNUECKOMN
aktTuBHOCTH. llokazaHa OoJbIlasi 3HAYMMOCTH TE€HIEPHOro (hakTopa B HM3MEHEHHUHM COIEP)KaHMS HCCIETyeMbIX
Makpo3JEMEHTOB B BOJIOCAX B CpPaBHEHHMH C YpPOBHEM (M3MUECKOil axkTuBHOCTH. I[lom00HONM 3aBHCHMMOCTH JUIS
CBIBOPOTKM KPOBH OOHAapyXWTh HE YAaIOCh. BBIsSBIEHa NpsSMO NPONOPLHMOHAIBHAS 3aBHCUMOCTH CHIBOPOTOYHOTO
conepxanus kanpiust (p = 0,037) u marnusa (*“p = 0,048) ¢ ypoHeM (usMUecKOl aKTMBHOCTH. IIpoBejcHHBbIIA
IBYX(akTOpHBIH aHANN3 BIAMSHUS TeHIACPHOTo (hakTopa M YpOBHSA (PU3MUECKON aKTUBHOCTH HA COJCPIKAHHWE KaJIbIIMs
CBIBOPOTKH KPOBHU MOKa3aJI CTATUCTUUECKH 3HAUNMBI 3¢ dexT (p = 0,060) Tospko [uist renaepHoro ¢axropa. bonbmmit
NPOLEHT OOBSCHSAEMOM ANCIEPCUH /I YKa3aHHOW IUCIIEPCHOHHOM MOJENW B Ciydae BOJIOC MO3BOJISIET TOBOPUTH O
MEHbBIIEH MPOTHOCTUYECKONH 3HAYMMOCTH CHIBOPOTKM B OTHOLICHWH IWHAMHUKH YPOBHS KaJbLUS TPH COYCTAHWH
n3y4yaeMbIX GakTopoB (reHIepHOro (GakTopa u ypoBHs GpU3NUYECKOH aKTMBHOCTH). Bo Bcex mMpoBepeHHBIX MOAECIAX VIS
pa3HbIX MaKpOdJIEMEHTOB BIMSHHE 4JICHA, OTPaXKAIOLIEro B3auMojeiicTBhe (akTopoB, ObUIO HE3HAUYUMBIM, 4YTO
XapakTepu3yeT B3aUMHYI0 HE3aBHCUMOCTb 3((PEKTOB I'eHAepHOro (akTopa M YpoBHS (uinueckod akTuBHOCTH. IIpH
9TOM HanOoJiee 3HaUYMMBbIe pa3yIMuus 11l OOJIBIINHCTBA aHAJIM3UPYEMBIX 3JIEMEHTOB B BOJIOCAX Y IOHOLIEH M JIEBYIIEK
OBUTH BBISIBJICHBI B IPYIIIIE C BBICOKUM YpOBHEM (DU3HUECKOI aKTHBHOCTH.

KAIOYEBBIE CAOBA: mMakpossieMeHThl, ypOBeHb (PU3MUECKON aKTHBHOCTH, T€HIEPHbINA (AKTOpP, BOJIOCHI, CHIBO-
POTKa KPOBH.

BBEAEHUE

OCOOEHHOCTH TOPMOHAJIBHOTO CTaTryca MyX-
CKOTO W YKEHCKOTO OpraHWu3Ma BHOCST CYIECTBEH-
HbIC KOPPEKTUBHI B aJIAaIITUBHBIC TIEPECTPONUKH MeTa-
0onm3Ma B OTBET Ha PU3WUYECKHUE HATPY3KH pa3iInd-
HOTO ypoBHs. HecMOTps Ha 3HAYMTENHLHOE KOJUYC-
CTBO paboT B 0OJIACTH CIOPTUBHON (PH3HOIIOTHH B
OTHOULICHWH 00ECIIeYeHHOCTH OpraHu3Ma CIopTCMe-
HOB MaKpoO- ¥ MUKPOHYTPHUEHTaMH, CYLIECTBYIOIIHE
JAaHHBIC BO MHOTOM TIPOTHBOPEUYWBHI (3aiiriena,
2016; Ckanpnprit 1 ap., 2018). Taxke mpoTHBOpe-
YKBBI TaHHBIC U TI0 OOMEHY JCCEHIIUANTbHBIX U TOK-
CHUYHBIX MHKPODJIEMEHTOB TIpH OONBIINX (H3HUe-
ckux Harpyskax (Speich et al.,, 2001; Volpe,
Nguyen, 2013). IIpu sToM noka3aHa BaKHEHIas
pOJb MakKpo- W MHUKPOHYTPUEHTOB B IUTAHUH

* AADPEC AAS MEePENUCKM:
3aiuesa UpuHa NeTpoBHa
E-mail: irisha-zip@yandex.ru

CIIOPTCMEHOB, a, COOTBETCTBEHHO, U B peaU3alluu
CIIOPTUBHOW JIEATEIILHOCTUA, OCOOCHHO B BHIAX
criopta Ha BeiHOCIUBOCTH (Heffernan et al., 2019).
[ToxazaHa 3HAUMMOCTH YPOBHS KaJIbINSI U MarHus B
(GYHKIIMOHATBPHOM COCTOSTHUHU criopTecMeroB (Mop-
nmaHckas, Llermkosa, 2009; I'pomosa u np., 2016).

Henp mccnenoBaHUS — H3YYCHHUC
B3aMMOCBSI3H TEHJIEPHOTO (haKTOpa C COACpIKAHHEM
MaKpO3JIEMEHTOB B CHIBOPOTKE KPOBH M BOJIOCAX JIMI
C Pa3UYHBIM YPOBHEM (PH3MYECKON aKTHBHOCTH.

MATEPUAABI U METOADI

B wuccnenoBanuu mpunsinu ydactue 115 kmu-
HUYECKH 37I0POBBIX CTYACHTOB BY30B I. SIpociaBis
B Bo3pacte (1822 roma). Bece oGcnemyemsie nanu
NIChMEHHOE MH(GOPMUPOBAHHOE COTJIACHE HA yda-
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CTHEe B wucclIenoBaHWU. [IpoTokon wuccremoBaHuUs
ono0peH atnueckuM komureroM GI'BOY BO Apl'Y
um. [L.T". Jlemunona.

Bcee cryneHTsl OblIM pacmpeneneHbl Ha TpH
TPYTIITBL:

1) ¢ HU3KUM ypOBHEM (U3UICCKON aKTHUBHOCTHIO
(HY®A), B xoTOpYIO BOIILTH JIHI[A, HE TIPUBIICYCHHBIC
K CTIOPTHBHOM JIESITEILHOCTH Ha ITOCTOSHHOM OCHOBE;

2) co cpeaHUM YPOBHEM (PU3NYECKON aKTUBHO-
ctu (CY®A), BKIIOUAIOMIas CTYAEHTOB, IOCEIIAl0-
X 3aHATAA  (PU3UYECKON KyJNbTypol B paMKax
y49eOHOW TpOTpaMMBl IBXKABI B HEOEmo W 2-3-
pa3oBble TPEHUPOBKH B HEJEIIO TPH 3aHATHIX OOph-
0ol cam00 u putHec-a3podukoit (DA);

3) ¢ BBICOKMM YpPOBHEM (PU3MYECKOH aKTHBHO-
ctu (BY®A), cocrosimas u3 cnoprcMeHoB ot | paz-
psma Mo MacTepa CIOpTa, 3aHMMAloMmuxcs 4 pasa B
HEJ/IeJIO B CIOPTUBHBIX CEKITHIX.

UccnenoBanne copepkaHus MaKpOdIJIEMEHTOB
B OMOWMHAMKATOPHBIX CyOCTpaTax OpraHu3Ma — Chbl-
BOPOTKE KpOBM U Bojocax, mpoBogunun B AHO
«entp Owmormyeckoit wmemunuub (Mocksa).
YpoBHM KaJIbIIHs, Kaausi, MarHus, HaTpus, Gocdopa
onpenemsuin - MeronomM  MWCII-MC wa mpubope
Nexion 300 D+NWR213 (PerkinElmer, CILIA).

[Tony4yeHnnsle aaHHBIE OOpabaThIBANM C WC-
MOJIb30BaHUEM I1aKeTa CTATUCTUYECKUX IPOrpamMm
STATISTICA 13.0 (StatSoft Inc., CLLIA). ITorpyn-
[IOBO€ CpaBHEHHE NaHHBIX oneHuBaiw mo U-kpute-
puto ManHa—YuHTHU. Paznuuus mexay rpynnamu
CUUTANIM CTATUCTUYECKU 3HAuuMMbIMU mipu p<0,05.
g onpeneneHusl 3aBUCUMOCTEH MEXIy cOepiKa-
HUEM HCCIIEyeMbIX MaKpOHYTPHUEHTOB, T€HICPHBIM
(akTopoM © ypoBHEM (UINYECKOH aKTUBHOCTH
MIPOBOAMIIN KOPPENANWOHHBIN aHanmn3 CrrpMmeHa.
Brxurang miccnexyemMbix (GpakTOpoB B H3MEHEHHE YPOB-

HS MaKpOd’JIEMEHTOB B HUCCIEAYEMBIX OMOOOBEKTax
OLICHMBAJM C TOMOULIBIO ABYX(AKTOPHOTO AWCHEp-
CHOHHOTO aHajH3a 3aBHCHMOCTH MEXAY YPOBHEM
¢u3nueckoll aKTUBHOCTH ((UKCUPOBAHHBIH (aKTop,
3 rpamanmm), moyioM ((UKCHPOBAHHBIH (akTop, 2
rpajanun) ¥ CoAepKaHueM MaKpO3JIEMEHTOB (3aBHU-
cuMas TiepeMeHHast) B HCCIIeyeMOM Onomarepuale
IOHOLIEH U JeBYIIEK.

PE3YABTATbI U OBCY)XAEHUE

Kak BuaHO U3 JaHHBIX, NPEACTABICHHBIX B
Tabim. 1, TeHmepHBIN (akTop BHOCHI Oojee cCyIe-
CTBEHHBIM BKJIaJ B U3MEHEHHE CONEP)KAaHUS MaKpoO-
3IIEMEHTOB B BOJIOCAX OOCIEAyeMBbIX, [0 CPAaBHEHHIO
¢ ypoBHeM ¢puznueckoit aktuBHOCTH. [Ipu 3TOM, ecnu
B rpymne BY®A conepkaHne BceX HCCIEIyeMbIX
MaKpO3JEMEHTOB B BOJIOCAX JIOCTOBEPHO pa3ivya-
JIOCh Y JIEBYIIIEK | FOHOIIEH, To B rpyme CY®DA cra-
TUCTUYECKU 3HAYUMBIE OTJIMYHS OTMEUAINCh, JIUIIb B
OTHOIIEHWU Kanbliugd U MarHug. CienyeT OTMETUTb,
yro y qun ¢ HY®A renaepHsle oTIn4Ms 10 COAEp-
KAHUIO MaKpO3JEMEHTOB HaONIIOJAUCh B OTHOIIIE-
HUY KalblLIYs, KAJIHs, MarHus U HaTpHsL.

[IpoBenenre mMogOOHOTO CPaBHHUTEIHHOTO aHa-
JU3a BIMSHUS TeHAEPHOro (hakTopa Ha YPOBEHb UC-
CJIeTyEeMbIX MaKpOdJIEMEHTOB CBIBOPOTKM KpOBHU HE
BBISIBWJIO IOCTOBEPHBIX OTIMYNH.

AnHanmu3 BIHsSHUS QaKTopa ypOBHS GUIUIECKON
AKTHBHOCTH Ha MAaKpPOJJIEMEHTHBIM CHEKTP CHIBO-
POTKHU KPOBH Y FOHOILIEH U JAEBYLIEK YCTaHOBUJI, YTO
y IOHOIIIEH ero BkJaj Ooiee BEIpaXXeH U MPSMO Tpo-
MOPLMOHAIBHO 3aBHCEN OT YPOBHS (U3MUECKON aK-
TUBHOCTH (Tabm. 2).

Tax, cpIBOpOTOYHAs KOHIIEHTpalMs KaldblHs B
rpynne BY®A cratucTudeckd 3HaAYMMO MpEBbIIIa-
na ero ypoBeHb rpynnsl HY DA Ha 4%.

TabamLa 1. YpoBeHb 3HAYMMOCTH (P) PA3AMYMI COAEPXKAHUS MAKPOIAEMEHTOB B BOAOCAX
IOHOLUeH U AeBYyLLUEK B 3ABUCMMOCTH OT YPOBHSA (hU3UHECKOM AKTUBHOCTHN

VYpoBeHb GpU3nIECcKOil aKTHBHOCTH
OnemMeHT
Bericokuii Cpenuuit Huskuit
Ca 0,001 0,002 0,001
K 0,008 0,054 0,044
Mg <0,001 0,002 0,001
Na 0,002 0,301 0,020
P 0,007 0,937 0,877

IIpumedaHue: ypoBeHb 3HAUMMOCTH IPUBOAUTCA 1O pe3yabTataM U-tecta ManHa—YUTHH



WU.M. 3anuesa, O.H. 3aiues. [eHAepHOE BAMAHNE HA COAEPXKAHHME MAKPOIAEMEHTOB
B CbIBOPOTKE KPOBM M B BOAOCAX Y AML, C PA3AMYHBIM YPOBHEM OU3NHECKOM AKTUBHOCTH 43

Tabamua 2. CoaepXXaHne 3CCEeHUUAAbHbIX MAOKPOIAEMEHTOB (MKI/MA)
B CbIBOPOTKE KPOBU CTYAEHTOB C PA3AMYHbIM YPOBHEM hM3N4E€CKON AKTUBHOCTH

YpoBeHb GpHU3HYECKOil aKTUBHOCTH
DneMeHT KW
Beicokunit (n=21) Cpennuii (n=20) Huskuit (n=18)
Ca 100,8(98,4-108,2) 96,0 (89,0-106,4) 96,8 (93,5-98,2) * 0,037
K 175(167-197) 181 (162-196) 175 (163-180) 0,636
Mg 21,9(20,2-22,9) 21,9 (19,7-22,6) 20,7 (18,8-21,4) * 0,048

IIpuMeduanu e : AaHHBIC NPEACTABICHBI B BUIC MEIAUAHBI U COOTBETCTBYIOIIUX 3HAYCHUI 25-T0 U 75-r0 mepueHTmIei; * —
JIOCTOBEPHOCTH 110 CPABHEHHIO ¢ TPYMIOi BHICOKOM (pu3nueckoii aktuHocTH; XWp — 10cTOBEPHOCTL TPEHA B COOTBETCTBHH C pe-

3yJibTaTaMHu TECTa KpaCKena—YonHI/Ica

TabamLa 3. Pe3yAbTAT ABYXCDAKTOPHOIO AMCNEPCHUOHHOIO AHAAU3A
3¢pheKTOoB reHAepPHOro ¢hakTopa n ypoBHS ¢hu3n4eCcKoi AKTUBHOCTH
HQ CoAep>XXaHMe KAAbLMA B CbIBOPOTKE KPOBU U BOAOCAX

Hcrounuk Bapuanuu CymMa KBazipaToB Cpenisia df F p Kosgpuument )
CyMMa KBaJpaToB neTepMuHanun R
3asucumasn nepemennas — cooepicanie Kaibyus 8 CblOpomKe Kposu
Dusnyeckast aKTUBHOCTD 197,53 98,77 2 2,14 | 0,126
ITon 255,25 255,25 1 5,53 | 0,021
0,171
Dusnyeckas akTUBHOCTD U IT0JI 155,88 77,94 2 1,69 | 0,193
CBOOOTHBIN WJICH 2955,70 46,18 64 - -
3asucumasn nepemennas — cooepcanue Kaibyus 8 6010CaAxX
Dusnveckas akTUBHOCTh 6233902 3116951 2 2,94 | 0,060
Ilon 27396530 27396530 1 25,88 [<0,001
0.365
Dusnueckas akTHBHOCTD U ITOJI 2200319 1100160 2 1,04 | 0,360
CBOOOIHBIN YJIEH 62452177 1058511 59 — —

AHaJIoruYHas CUTyalus OTMEYajgach U B OTHO-
meHnu MarHus u coctaBuna 6%. Taxum oOpazom,
OBIJIO YCTAHOBJICHO, YTO TIOBBIIMICHHE YPOBHS (DH3U-
YeCKOM aKTHBHOCTH JIOCTOBEPHO KOPPEIHUPYET C YBe-
JUYEHUEM KOHILEHTPAIIUN KaJbIUs (Kwp =0,037) u
maraus (“Vp = 0,048).

ITockoabKy ypOBeHb (HU3UUECKON Harpy3Kku
3HAYMMO BJIFSUT HA HI3MEHEHHE COJIEPIKAHMS KaJTbITUS
B HCCIEAyEeMbIX OMO00BEeKTaxX, OBLT MTPOBENCH ABYX-
(bakTOpHBINA AVCTIEPCHOHHBIN aHAJN3 BIUSHUS TCH-
nepHoro dakropa U akTopa GU3MUECKON HATPY3KH
Ha €ro COJIep)KaHUE B CHIBOPOTKE KPOBU M BOJIOCAX.
Kak BugHO W3 HaHHBIX, MPEACTABICHHBIX B Ta0Md. 3,
MIPOIICHT OOBSACHICMON THUCTICPCHH I YKa3aHHOMN

JUCTIEPCUOHHON MOJIENU B ClTydae BOJIOC OBLT Tpak-
THYECKH B 2 pa3a OOJbIlIe MO CPABHEHUIO C CBHIBO-
POTKOM KPOBH, YTO TOBOPUT O MEHbIIIEH TPOTHOCTHU-
YEeCKOW 3HAYMMOCTU CBIBOPOTKH UISl MPEACKA3aHMs
3¢ dexToB rengepHoro Qakropa u ypoBHA Qu3HUe-
CKOW aKTUBHOCTH Ha W3MCHEHHE YPOBHS KalIbLIHSL.
BaxHO OTMETHTH, YTO BO BCEX TMPOBEPEHHBIX MOJIE-
JSIX JUISL NCCIIEIOBAaHHBIX MAaKpPOYJIEMEHTOB BIIHSHHE
YJIeHa, OTPAXKAIOIIETO B3aMMOAEHCTBHE (HAKTOPOB,
OBUIO HE3HAYMMBIM, YTO XapaKTepPH3yeT B3aHMHYIO
HE3aBUCUMOCTh 3(PQEKTOB Mojia U YPOBHA (QH3HUe-
CKOW aKTHBHOCTH.

TakuM 00pa3oMm, TONyYEHHBIE pE3yIbTATHI
HOATBEPKIAIOT MOJTyYEHHBIE paHee JaHHbIE O TeH-
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JNEHIIMA K YBEIUYCHUIO YPOBHS DIIEKTPOIUTOB Y
croprcMeHoB (3aiiuesa, 2015) u cornmacyroTcs ¢ pe-
3yJbTaTamMu Apyrux aBTopoB (Pamxabkamuer u np.,
2021; Wardenaar et al., 2017), HecMOTpsl Ha yKa3a-
HHUS O HEa/leKBaTHOM WX IOCTYIUIEHUH Y TPEHHPY-
FOIUXCST JIUI] He3aBUCHMO OT Bo3pacTa (Pasali¢ et
al., 2015). be3ycnoBHO, MOJNEKYJISIpHBIE MEXaHU3MBI,
JISKAIINE B OCHOBE TOBBIIICHUS YPOBHS MaKpoOdJie-
MEHTOB, U B YaCTHOCTH KaJbI[Vs, y CIOPTCMCHOB
TpeOyIOT nanbHeiiiero n3yuenus. OIHUM U3 Bax-
HBIX ()aKTOPOB MOJKET OBIThH ITOKa3aHHas TeCHEHTIas
B3aUMOCBS3b MBIIIEYHON JEATEIBHOCTH U KOCTHOH
cucremsl (John, Anderson, 2000), HanpsMy®O CBs-
3aHHY0, KaK C TOCTYIJICHHEM B OPTaHU3M KallbIUs
C IUINEH, TaK ¥ ero peadbcopOIueil B OYKaX U UC-
OJIb30BaHUS PE3EPBHOIO KAJIBIMS KOCTHOM TKaHHU.
CrnemyeT OTMETHTH, YTO CpPaBHHUTEIBHBIN aHa-
JIU3 COIEPKAHMS MAaKpPOIJIEMEHTOB y FOHOIIEH H Jie-
BYIIEK B CHIBOPOTKE KPOBH M BOJIOCAX MPOJEMOH-
CTPUPOBaJl 3aBUCUMOCThH PA3JIUYMil OT YPOBHS (hu-
3WYECKON aKTMBHOCTH oOciemyembiX. bonee Toro,
MOBBIIIICHUE YPOBHS (DU3MYCCKOW AKTUBHOCTH J0-
CTOBEPHO COIPOBOXKIAIOCH YBEIWYCHHEM KOHIICH-
Tpalnuy KaJbIMs B CBIBOPOTKE KPOBH, YTO COTJIACY-
etcst ¢ manabpME Mopaanckoit ¢ coasT. (2009), kxo-
TOpPBIC PACCMATPHUBAIOT YPOBEHb 3TOTO 3JEMCHTA B
KPOBH KaK JOMOJHUTEIbHBIA IOKa3aTeNb OLCHKU
(hYHKIIMOHAIBHOTO COCTOSIHUS CHOPTCMEHOB. [Ipum
9TOM HEJb3S HE YYWUTHIBATH W BEISBICHHOE HAMU
BIIUSTHUE TeHAEpPHOTO (DaKTopa Ha ypOBEHb MaKpoO-
AJIEMEHTOB B OPTaHU3ME JIUI] C Pa3IUYHBIM YPOBHEM
(usnyeckoii akTUBHOCTH. C y4eToM BIUSHUS (HU3H-
YECKOW aKTMBHOCTH Ha OCHOBHOW OOMEH B opra-
am3Mme (Harada, 1985), momoOHas B3auMOCBsI3b MO-
JKeT OBITH CJIECTBUEM Pa3IUIHON CTENEeHH aKTHBa-
MU METa0OJMYECKHUX TPOIECCOB B OpPTaHU3ME Je-
BYIIEK W IOHOIIEH BCIEACTBUE Pa3IUYUN TOPMO-
HaJIBHOTO CTaTyca. YUYWTHIBas POJIb IOJIOBBIX TOP-
MOHOB B PETYyJSIMM OOMEHa MHKPOJIEMEHTOB,
HalpuMep, 3CTPOICHOB B OOMEHE MeEIu IOCpe-
cTBOM BisHHsI Ha TpaHcmoptepsl Ctrl mw ATP7A

AUTEPATYPA

(Crisponi et al., 2010), unu cexpenuto rencuanHa
(Yang et al., 2012), MOXHO CcHpaBeUIUBO TPEAIO-
JIOXKUTh, YTO  WHAYIMPOBAHHBIC  (U3NYECKOU
HArpy3koil HW3MEHEHHUS TOPMOHAIBHOTO MPOQHIIS
MOTYT OIIOCPEAOBaTh OoJiee BHIPAKEHHBIE IMOJIOBBIS
pa3iuyusl B MHANKATOpax oOMeHa MaKpOIJIEMEHTOB.
Tewm Gounee, 4TO y CIIOPTCMEHOB TTOBBIIICHHE YPOBHS
MOJIOBBIX CTEPOUJIOB OTMEUAETCS JIUIIb TPU WHTCH-
cuBHOH (usnyeckoil Harpyske (Sato et al., 2016).
BrlsiBiieHHBIC TeHICPHBIC Pa3JIMUUs H3MECHEHUSI
COJIep KaHMUS ICCEHIINANBHBIX MAKPOIJIEMEHTOB Y JIHIL
C Pa3IMYHBIM YPOBHEM (DPM3UIECKON aKTHBHOCTH MO-
TyT, 10 KpaiHeil Mepe, YaCTUYHO, OOYCIIOBIMBATH
MOKa3aHHYK paHee pAa3HUIy B BBIHOCIUBOCTH Y
CIIOPTCMEHOB JKEHCKOTO U MY3KCKOTO rmosa (3aiiiesa,
3aifiieB, 2019), B TOM YHCIIE U BCIEACTBUAEC PA3TUIHON
CTETIeHH BBIPAYKEHHOCTH MOJIEKYJISIPHBIX MEXaHIU3MOB
pean3aniy uX OMOJIOTHICCKUX (DYHKITHI.

3AKAIOYEHUE

Pe3ynbrarel, mony4eHHbIE B X0J€ IPOBEAECHHO-
T0 HMCCJEeNOBaHMs, CYIIECTBEHHO PACHIMPSIOT Mpes-
CTaBJIGHWE O POJIM TE€HAEPHBIX (PaKTOpPOB M Makpo-
HYTPHUEHTOB B aJaNTalliil OpraHn3Ma K Gu3nIecKon
Harpy3Kke pa3lIi4HOTO YPOBHSL.

[lokazaHHast Gonblasi 3HAUUMOCTH TEHIEPHOTO
(akTopa B HM3MEHEHHH COICpP)KaHHS HCCIIEIyEeMBbIX
MaKpO3JIEMEHTOB B CPaBHEHUH C YpPOBHEM (pusuuye-
CKOM aKTUBHOCTH TpeOyeT pasziInmyHOro MOAXoma K
MaKpOHYTPHUEHTHOW KOPPEKIMH y CHOPTCMEHOB B
JKEHCKUX W MYXCKHX Tpynrax. BeIsBIeHHas MmpsMo
MIPOMOPLUOHANBHAS 3aBUCHUMOCTh  CBIBOPOTOUHOIO
conepsxanus kabims (“Vp = 0,037) u maraus (“Vp =
0,048) ¢ ypoBHeM (hU3MUYECKON aKTHMBHOCTH JUKTYET
11eJIec000Pa3HOCTh MX OIEHKH y CIIOPTCMEHOB B TIPO-
Ilecce CIIOPTHBHOM NEeSTeNbHOCTH. A CBOEBPEMEHHOE
BBISIBIICHHE W KOPPEKIUS MaKPOHYTPUEHTHBIX CIBH-
TOB, CIIOCOOHBIX NPHBECTH K CPBIBY Ipoliecca ajarl-
Tanuu K (U3NUECKOil HarpysKe, TO3BOJUT MOBBICUTD
3¢ (HEeKTUBHOCTh CIIOPTUBHOU JICSITETHFHOCTH M CHU-
3UTH PUCK 3a00JI€BAEMOCTH U TPaBM.
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THE IMPACT OF PHYSICAL ACTIVITY AND GENDER
ON MINERAL LEVELS IN DIFFERENT BIOLOGICAL SUBSTANCES

I.P. Zaitseva’, O.N. Zaitsev?
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14, Sovetskaya str., Yaroslavl, 150000, Russian Federation
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ABSTRACT. The relationship between gender and content of macro elements (Ca, K, Mg, Na, P) in blood serum
and hair of individuals with different levels of physical activity was studied. It was shown that gender is more important
for the hair content of the studied macro elements in comparison with physical activity level. Such dependence was not
found for blood serum. A directly proportional dependence of serum Ca (**p = 0,037), Mg (**p = 0,048) content from
physical activity level was revealed. A two-factor analysis of the effect of gender and physical activity level on serum Ca
content showed a statistically significant impact (p = 0.060) only for gender. A larger percentage of explained variance for
the specified dispersion model in the case of hair suggests a lower predictive value of serum in relation to changes of Ca
level when the studied factors (gender and physical activity level) are combined. In all tested models for different macro
elements, the influence of the term reflecting the interaction of factors was insignificant, which demonstrates mutual inde-
pendence of the effects of gender and physical activity level. At the same time, the most significant differences for most of
the analyzed elements in hair of boys and girls were found in the group with high physical activity.

KEYWORDS: macro elements, minerals, physical activity level, gender, hair, blood serum.
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BAUAHUE OBOTALLLEEHUSA PALMOHA KPbIC UHYAUHOM
HA YCBOEHUE HEKOTOPbIX BATAMUHOB
U MUHEPAAbHbIX BELLLECTB

H.A. bekeToBa, B.M. KoaeHuoBa*, C.H. AeoHeHko, O.B. KoweaAeBaq,

O.A. BpXXecHHCKas, A.A.COKOABLHHKOB,

A.B. LLleBsakoBa, H.B. XuamHckas

OI'BYH «®enepanbHblii HCCIIEN0BATENbCKUN EHTP UTAHUS,
OHMOTEXHOJIOTUH ¥ OE30MACHOCTH ULV,
YcerbuHckuii npoesn, 1. 2/14, 109240, Mocksa, Poccus

PE3IOME. HcciieoBano BIHsIHEE BBEICHHUS B PAIlHOH PACTBOPHUMBIX MHIICBBIX BOJIOKOH (5% HMHY/IHHA) Ha KOp-
pexmuto nedurmra BuTamuHOB D 1 rpymmel B U ero mociencTBuii y pacTymmx Kpeic-camiioB Wistar (macca Tena
51,4+0,5 r) mociie BOHUKIIETO Y HUX Je(UINTA, BEI3BAHHOTO YMEHBIICHUEM CoJiep KaHusl BUTaMUHOB D u rpynmsl B B
BUTaMHHHOW CMECH MOJYCHHTETHUECKOI0 panroHa B TeueHue 23 cyt. OboraieHye panyuoHa KpbIC HHYJIMHOM HE BIIMSI-
JI0 Ha yCBOEHHE BUTaMHHOB A U D neuiuTHBIMY )XKMUBOTHBIMU B XOJI€ 7-AHEBHOI KOPPEKIIMH BUTAMUHHOTO CTaTyca,
HECKOJIBKO 3aMEJUISII0O BOCCTaHOBJIEHHE HOPMAJIBbHOW oOecriedeHHOCTH BUTaMuHamMu B u B (110 skckpenun ¢ Mo4oit),
B> (o comeprxanuro B Mo3re). [Ipu aTom copeprxkanue ButamuHa E B nedyeHu Ob10 cCHIXKEHO B 1,48 pa3a no cpaBHEHHUIO
C KOHTPOJILHOM TPYyIITON, KOHLICHTpPALH JKeJle3a B IIa3Me KPOBH IOBBIIeHa Ha 32,7%, B neueHn — Ha 42,6%, conep-
JKaHUE MapraHiia B TOJIOBHOM MO3r€ IOBBIIICHO B 1,5 pa3a, 4To He BBIXOAMT 3a Mpeesbl (U3HOJOrHYeCKOH HOPMBI.
OTO CBUIETENBCTBYET O LIEIECO00PA3HOCTH 000TAIlCHNSI MHYJIMHOM PAalMOHA JIUI] C JKeNe304e(PUIIUTHBIMUA COCTOSHUSA-

MU IIpH OJHOBPEMEHHOM oOoraiieHny BuTamMmuaamu E u rpymnms B.

KAIOHEBBIE CAOBA: coueranHas HEZOCTATOYHOCTh BHUTAMHHOB D u rpymmbel B, MHYIHH, KOppeKIws,

0-TOKO(EpOJI, XKeNe30, MapraHell, KPBICHI.

BBEAEHUE

AnexBaTHOE MOTPeOJIeHNE MHUIIEBBIX BOJIOKOH
CHIDKAeT YPOBEHb X0JIECTEPHHA U TIIOKO3HI B KPOBH,
HOPMAaJIU3ye€T MOTOPHUKY KEIYJOYHO-KUIIEYHOTO
TpaKTa, CHOCOOCTBYET NPOGUIAKTUKE OXUPCHHUS,
YMEHBITIAET PUCK PA3BUTHUS CEPICTHO-COCYTUCTHIX
3a00j1cBaHUH, paka TOJCTON KHITKH, KEITIHOKAMEH-
HOHM Oonesnu, caxapHoro amabera (Pandey et al.,
2015, Hiel et al., 2020).

MHorue OWOIIOTUYECKH AaKTHUBHBIC JOOABKU
(BA/T) u oboraieHHbIe MUIIEBBIC TPOAYKTHI CO3/1a-
IOTCS MEXaHHUCTHYECKH IMyTeM OObeIWHEHHs (cMme-
[IMBAaHMS) B OAHOM MOPIUU HECKOIBKIX KOMIIOHEH-
TOB, KQXKIIBI M3 KOTOPBIX 00JIaZIaeT IMOIEe3HBIMH IS
oprannsma cBoiictBamu. [Ipu 3TOM mpenmonaraercs,
YTO KXl HWHIPEIUCHT, MOCTYMUBIIMI B Opra-
HU3M U3 MPOJYKTa, HE TOIBKO YCBOUTCS, HO U OKa-
J)KET CBOE€ TMOJOXHUTEIHHOE JCUCTBHE HA Ty WU
WHYI0 (QYHKIMIO OpraHu3Ma. Takoi Mmoaxoa He Bce-

* AAPEC AAS MepenncKu:
KoaeHuoBa Bepa MutpodaHoBHa
E-mail: kodentsova@ion.ru

raa cebs onpasapiBaeT. Hammune kpaxmana B crieru-
ANM3APOBAHHOM TPOAYKTE B (hopMe KHCens, coaep-
JKaleM BCe BUTAMUHBI, IPEMSTCTBOBAIO YCBOCHHUIO
BuTamMuHa B;. B cnenmanu3upoBaHHOM MHILIEBOM
MIPOAYKTE, KOTOPBHIM MO3HUIMOHUPYETCS B KauyecTBe
WCTOYHMKA BHTAMHUHOB WM PACTBOPUMBIX IHIIEBBIX
BOJIOKOH, O/JIHOBPEMEHHOE HaJM4We WHYJNHA, TyM-
Muapabrka W TIeKTHHA, B CyMMapHOH /J03€ COCTaB-
mstromiee 300% oT afneKBaTHOTO YPOBHS MOTPEOICHUS
PacTBOPUMBIX NHIIEBHIX BOJIOKOH, YXYAIIANO IMOKa-
3aTe’n 00EeCIeUYeHHOCTH MalUeHTOB BUTaMUHOM E 1
B-KapOTHHOM, HECMOTpSl Ha WX HAJMYUE B COCTaBe
mpoxnykra (Bpxkecurckas u ap., 2018). Beicokoe co-
Jep)KaHue THUIIEBBIX BOJIOKOH (43 T/CYT. OBCSHBIX
0oTpyOeli) CHmXalo ycBOeHHe BHTaMHHOB E, B, u
B-xapoTHHa, HO HE BIMSIO HAa OMOJOCTYIHOCTH BH-
tamuaa C ([loroxeBa um np, 2010; Konenmoga,
Bpxecunckas, 2018). Oboramenue pamuoHa TIIiie-
HUYHBIMH WJIM OBCSHBIMH OTpPYOSIMH, XHTO3aHOM,
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MIEKTHHOM YXYALIAJ0 OOECIEeYeHHOCTh OpraHu3Ma
ButamuHamu E, B, B-kapotunom (IToroxkesa u ap,
2010; Cniupuuesa u 1ip., 2011).

NHynuH — npupoAHBIM JIUHEHHBIA IOJIMCaxa-
pun (monudpyKTO3aH) CIAIKOTO BKyca, OTHOCHTCS K
TpyIIe THIIEBBIX BOJIOKOH, TOJTy4YaeMbIX U3 KOpHEH
uuKopus W TonmHamOypa. UHynmuH sBisercs cyoO-
CTpPATOM JUIS TOJIC3HBIX OaKTEpUil B TOJICTON KHIIIKE,
4yeM 00yCIIOBIICHO €ro MPUMEHEHHUE B KauecTBE IMpe-
6uotnka. VHynmMH — HETOKCHYHBIH, Ouopasmarae-
MBIH, OCIIEBBIH WHTPEIUEHT C pa3HOOOpa3HBEIMHU
(byakmusMu. B nummeBoii MpoOMBITUICHHOCTH €To MC-
MONIE3YIOT B KayecTBe MOIU(PUKATOPA TEKCTYPHI,
3aMEHUTEIIS JKUPa, 3aMEHUTENS caxapa U MpeOHOTH-
ka (Tsurumaki et al., 2015).

Hecmotpst Ha mupokoe MpUMEHEHHE WHYJIHUHA
B THIIEBOW TMPOMBIIIIEHHOCTH, UMEIOTCS JIUIIE OT-
JeNTbHBIEe, MHOTIa TIPOTHBOPEYNBBIE CBEACHUS OTHO-
CUTENFHO ero BIUSHHUSA Ha OOMEH BUTaMWUHOB W aH-
TUOKCHUJIAaHTHBIN CTaTyc opraHm3ma. beuio mokasa-
HO, 4TO y JIFOJICH M KPBIC Pa3HOTO BO3pacTa MmoTped-
JICHWE MHYJIMHA YBCJIMYMBACT BCACHIBAHUE B KHILICY-
HHKE KalbInsa (0COOCHHO y CTaphIX KPBHIC) M MarHus
(Coudray et al., 2005). Bxirouenne mHyInHA B pa-
[IMOH TOPOCAT MPHUBOAMIIO K TMOBBIIICHHIO KOHIICH-
Tpaluy B IIa3Me KPOBH JKeje3a, MEIU U I[MHKA 110
CPaBHEHUIO C KUBOTHBIMH, ITOJYYaBIIUMH TaKOU JKe
BUTaMHHHO-MHHEPAJIBHBIA TpEeMUKC, HO 0e3 noda-
BOok mHyJIHHa (Samolinska, Grela, 2017). Oganm 3
OOBSICHEHHH TIOBBIIIEHHOTO YCBOGHHUS JKeJe3a Mo-
XKeT OBITh OOHapyXeHHOe y JAeTell Tocie mpruemMa
00O0TaleHHOT0 OJMUTO(PYKTO30M HMHYJIMHA CHUXKE-
HUE KOHICHTpPAIlUM TEICUIWNHA — 25-aMHUHOKHC-
JIOTHOTO TIENITUHOTO TOPMOHA, BhIPAOAaTHIBAEMOI'O B
[EYCHN W SBIAIONMIETOCS LEHTPAIbHBIM PETYISATO-
poMm romeoctasa xenesa (Feru$, et al, 2018). B 1o
K€ BpeMs y JKCHIIMH C aHeMHUel moTpeOiieHue 1o
20 r uHyNMHA B ICHb B TeueHUE 4 HEAeNb HE BBI3bI-
BaJIO yBEJIMYCHHS a0COpPOLMU Kelne3a, XOTs HaOJro-
JIAJTCh U3MEHEHHS B COCTaBE KUIICUHOW MUKPOOHO-
THI 1 cHIKeHue pH kama (Abu Daya et al., 2013).

B skcnepuMenTax Ha MBIIIax ObLTO MOKa3aHO,
YTO WHYJIWH HE OKasbIBaeT HeOJIarompusTHOTO BO3-
JICCTBUS Ha MeTabom3M xojectepuHa (Mistry et al.,
2018). IloTpebneHue WHYIMHA OKa3bIBACT ITOJIOKH-
TEJIbHOE BJIMSHUC HA aHTUOKCUIAHTHBIN CTATyC Kyp-
HECYIIEK, YTO TPOSBISIIOCH B TOBBIIIEHHH B KPOBU
AKTHUBHOCTH CYTMEPOKCHIINCMYTa3bl, KaTanasbl, TIIy-
TaTHOHIIEPOKCUIa3bl ¥ CHIKEHHUEM YPOBHS MAallOHO-
Boro guanereauna (M/1A) (Shang et al., 2018). [Ipu-
€M 3JIOPOBBIMH JIUIIAMU B TCUCHUE 7 HENENb UHYJIMHA
¢ L. casei oka3pIBaJl TOJIOKHUTEIHHOE BIUSHHE Ha

MapKepbl OKHCIUTEIBHOTO cTpecca (CHMKEHHE B
kpoBu KoHueHTpaimii MJIA, H>O,, okucinenHoro
TJIyTaTHOHA W 3HAYUTENBHOE YBEJIUYEHUE KOHIICH-
Tpaluy BOCCTAHOBJIEHHOTO IiIyTaTuoHa U SH-rpymm
10 CPaBHEHHIO C KOHTpoibHOU rpymmoi) (Kleniew-
ska, Pawliczak, 2017).

[lo ppyruM naHHBIM, BKJIIOYSHHWE WHYJVHA B
pallioH TOPOCST HE YIY4IIado OKUCIUTEIbHO-
BOCCTaHOBUTENIBHBIN OallaHC B TOJCTOH KHILIKE H
NPUBOAMIO K CHIIKEHHIO aKTUBHOCTH (EpMEHTOB
penaparun JIHK (Barszcz et al., 2018). IIpuem netb-
MU, CTpaJlalollUMHU lienuakuen, mo 10 r uHynIMHa B
TedeHue 3 Mec. CIIocoOCTBOBA TOBHIIIEHHIO YPOBHS
ButaMrHOB D 1 E B KpOBM M He BJIMSI HAa KOHIICH-
Tpanuto Butamuna A (Drabinska et al., 2018).

IHens wmccunenoBaHUSI — U3YYUTh
BIIMSIHUE BBEJICHUS B PAIFiOH MHYJIWHA Ha KOPpEK-
uto nedunmra BuTaMuHOB D M rpynmel B 1 ero mo-
CIIEICTBUH Y JE(PUIUTHBIX TIO STUM BUTAMHHAM pac-
TYIIUX KPBIC.

[IpoBeneHa oueHka 00ECTIEYEHHOCTH OPTaHH3-
Ma kpeic Butamunamu A, E, B; u B, mo cogepxa-
HUIO0 PEeTHUHOJIA, 0-ToKodepoa, pudbodraBuaa B Te-
YeHH, MO3Te U TUIa3Me KPOBH, MO IKCKPEUHH C MO-
4ol THamuHa, prOoQaBuHA U 4-TTUPUIOKCHIOBON
KUACNIOTHI (BUTaMUH Bg); m3yueHa oOecreueHHOCTD
MUHEpPaJIbHBIMU BEIIECTBAMH 110 KOHIICHTPAIUU
KaJIbIMsl, MarHus, jkeje3a, Mapraiia, IMHKa 1 MeIu
B TIEYEHW M TOJIOBHOM MO3T€, KaJbIlHsd, MarHus u
dbochopa — B mia3Me KpPOBH, SKCKPEIHH C MOYOU
KaJbIusl, Maraus U Qocdopa; onpenereHsl OHOXH-
MUYECKHE T[OKa3aTelu IUIa3Mbl KPOBH  TOCIIE
7-IHEBHOT'O BOCTIOJIHEHHS JI0 aIeKBAaTHOTO YPOBHS B
palroHe HeJJOCTAIOINX BUTAMHUHOB.

MATEPUAABI U METOADI

DKCIepUMEHTaNbHBIE KHUBOTHBIE — OTHEMBIIIN
KpbIc-camIoB Wistar MOJIy4YeHbI U3 MUTOMHHUKA Jia-
OopatopHbIX KUBOTHbIX ®Dwimman «CronboBas
O®OI'bBYH «HayuHbIil 1eHTp OMOMEIUIIMHCKUX TeX-
Hostormi  DenepaabHOT0 METUKO-OMOIOTHIECKOTO
arearctBay  (Qwman  «CronboBasy DPI'BYH
HUOBMT ®MBA Poccun). HMccmenoBaHus BBITOJ-
HSJU B COOTBETCTBUHU C MPUKa30oM MUHHCTEpCTBa
3PaBOOXPAHEHUS W COLMANBHOTO pa3sutus PD ot
1 anpens 2016 1. Ne 1991 «O6 yrBepxxaenuu Ilpa-
BHJ JTa0OpaTOPHOW NPAKTUKW» W TPEOOBAHHAMH,
W3JIOKeHHbIMM B HanuonaneHoM ctangapte PO
I'OCT P 33044-2014 «IIpunimmsl HamIexamnein
nabopaTopHON TPaKTUKW». JKUBOTHBIX COJEpKAIIN
Mo 2 0co0M B MPO3pauHbIX KIETKaX M3 MOJIUKApOO-
HaTa B KOHTPOJIMPYEMBIX YCIOBHUSIX OKpYKAroIIei
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cpensl  (Temmeparypa 20-26°C, oTHOCUTeNbHas
BIakHOCTH 30—60%, B pexxume ocBemeHus 12/12 u)
Ha TOACTWIKE M3 ONWIOK. JKUBOTHBIE MOMydaau
KopM ad [ibitum v ©MeIN TIOCTOSTHHBIN TOCTYT K JH-
CTUJUTMPOBaHHOM BOJIE.

Jlo Hayayna sKcriepuMeHTa B T€YeHUE 5 CYT Ka-
paHTHHA BCE JXUBOTHBIE (1n=43) TOIydYalu IOJHO-
LICHHBII MMOIYCHUHTETUYECKUN PALMOH, COAEP/KALIUI
20% xazemna nwuiieBoro kuciaoTHoro (mo I'OCT
31689-2012; conmepxanue Oenka He meHee 90,0%),
63% xykypy3Horo kpaxmana (mo I'OCT 32159-
2013; conmepxxanme yrineBomoB 85%), 4,5% wmacna
MTOJICOTHEYHOTO  (padMHUPOBAHHOTO, JE30J0PHPO-
BanHoro no I'OCT 1129-2013), 4,5% mnspaa (mmo
IFOCT 25292-2017), 3,5% crangapTHOW COJCBOU
cmecH, 2% MHUKPOKPUCTAUIMYECKON IIEJUTIOJIO3HI,
1% cyxoii BurammaHON cMecH, 0,30% L-mucrenna,
0,25% xonmua 6uraptpata u 0,95% caxapo3ssl.

[lo oxoHuUaHWM KapaHTHHA KpPBICKI OBUIA TIO
Macce Telna PaHAOMU3UPOBAHHO pa3/IelCHBl HA JBE
rpynnsl. JKHBOTHBIE KOHTpodbHOM (rpynma K) Ha
MPOTsDKEHUU Bcero skcrmepumenta (30 cyrt) mpo-
JIOJDKAJIH TIOTy4YaTh MTOJTHOIEHHBIN panuoH (1 =9), a
OTIBITHOM Tpynmsl (n = 34) B TeueHue 23 cyT MOIy-
Yali KOPM C YMEHBIIEHHBIM B 5 pa3 cojepx aHueM

23 eyt

BuTaMuHa D M BceX BUTaMWHOB Tpymibl B B BUTa-
MUHHOU cMecH parnoHa (puc. 1).

CpenHsisi mMoenaeMOCTh KOpMa B KOHTPOJIbHOU
W OMBITHON TPyMIIax B MEPUOJ CO3MaHus Achuimra
He pasmumdanack (p = 0,529) u cocraBmia 20,7 £ 0,6
(Me=20,5)u 21,1 £0,8 (Me =21,3) r/cyT cooTBeT-
CTBEHHO.

3aTeM >KMBOTHBIE OMBITHOW TPYIIIEI C eUITH-
TOM BUTAMHUHOB OBUIM PaHIOMHU3UPOBAHHO pa3Jieiec-
HBI TI0 Macce Tena Ha 2 moarpynms! mo 10 u 12 oco-
Ocit B xaxaoi (puc. 1). B Teuenme mociemyromux
7 CYT 3THX IKCHEPUMEHTAIBHBIX )KHBOTHBIX COZIEp-
KA Ha «BOCTIOJHSIONINX)» PAalMOHAX, HAIPaBIICH-
HBIX Ha KOPPEKIIMI0 BUTAMUHHOM HEJIOCTaTOYHOCTH,
BOCHONHSS AcPUIMT BUTaMMHA D W BUTAMHHOB
rpynnsl B 1o 100% ot coneprkaHus B pallioOHe KOH-
TPOJBHON TPYyNIBl Ha (OHE CTAHIAPTHOTO PaIllOHA
(+D+B) u Ha QoHe 3ameHBI 5% Kpaxmana Ha HHY-
nuH (+D+B+ Unynun).

s coopa mounm 3a 20 4 10 320051 KPBIC MTOME-
IaJi B METa0OJMUYECKHE KIICTKH, JIUIIAs THIU U
npeaocTaBisis Bony 0e3 orpanmdenus. [lo okoHua-
HUU DKCIEpUMEHTa TPEeABApUTEIIEHO aHEeCTE3UPO-
BaHHBIX 3(HPOM KPbIC BBIBOJIWIHA U3 DKCIIEPHMEHTA
IEKaIlUTaluen.

Eoppesoua panuora

’/]'cj,'r

| »l
| ' i
N S 100% enTamuHE0E i Komtpoms-K || E
(n="0) ! (n=5) E
| o 100% g
& ENTAMIHOE 1B+D L w = Z
=31 _ ’ (a=12) 25
(@=31) N = _HL; 20% EHTAMHE OB rpynos B %E
(0=22) u 20% exTanmEa D o 100% 55
BCEX E 5
ENTAMHEOE - = %J
+ HEWIHE +B+DHilm =
; =1 N E
i O

Puc. 1. Cxema 3KCnepumeHTA no MCCAEAOBAHMIO BAUMSHUS MHYAMHA
HQ KOPPREKLMIO AECOMLMTA BUTAMMHOB D v rpynrel B



50 MUKPOSAEMEHTbI B MEAULLUHE: OPUTUHAABHBIE CTATbU

KonuenTtpauuio BUTaMHHOB A (peTHHON H
nanpmutaT petuHona) u E (o-Tokodepon) B miazme
KpPOBH, THO(QUILHO BBICYLIICHHBIX MEUYEHH U LIEIOM
Mo3re KpsIc omnpenersuiu merogoM BOXX (Sxymu-
Ha, 1993, CrmmpuyeB u ap., 2001). Butamunasr B; u
B, B mneueHu (mocie NpPOBENEHUS KHCIOTHO-
(epMEHTAaTHBHOTO THIPOJIN3a), BUTAaMUH B, B Moue
U TUIa3Me KPOBH, a TakKe 4-MHPHIOKCUIOBYIO KHC-
aoty (4-11IK) B Mmoue onpexnessiin GpiayopumMepruecKu
(Criupuue u mp., 2001, Koxenmosa u ap., 2002,
Kodentsova et al, 1995, Konenmnoa, 1994). Kon-
neHTparnuio 25-ruapokcuButamuia D (25(0OH)D) B
IU1a3Meé KPOBU YCTaHABIMBAJIM HMMYHO(EpPMEHT-
HBIM METOJIOM C HCIOJb30BaHHMEM HaOOpOB «25-
Hydroxy Vitamin D EIA» («Immunodiagnotic
Systems Ltd», Benukobpuranus).

broxuMmuyeckue mOKa3zaTend IUIa3Mbl KpPOBH
(xampIuii, Maraui, xkene3o, docdop, TIIOK03a, OH-
TupyOuH oOmMiA, OMIUPYOMH TpPSIMOH, MOYEBHHA,
0enok oOmwmii, TMOOYJIMHBI, KpPEaTWHHH, MoYeBas
kucnota, xonectepu (XC), tpurmuuepuast (TD),
aKTUBHOCTH anaHwmHamuHoTpachepassl (AnAT), ac-
maptatamuHoTpachepassl (AcAT), menounoit doc-
(haraspl) onpenens Ha OMOXMMHYCCKOM aHAJIH3a-
tope («KoneLab 200i» («ThermoScientificy, ®un-
JSTHIMS) TIO CTAaHAAPTHBIM METOJHKAM.

DKcliepuMeHTalIbHBIE JaHHbIe 00pabaThIBAIN C
nomotpio SPSS Statistics 23.0 (IBM, CHIA). [lns
BBISIBJICHUS CTaTUCTHUYCCKON 3HAYMMOCTH Pa3IHUHUi
HETPEPHIBHBIX BEIUYUH HCIOJIb30BATIH HEMapaMmerT-
pudeckuil U-kputepuil ManHa—YUTHH U1 HE3aBH-
CHMBIX MEPEMEHHBIX U HeTapaMeTPUUECKUH KpUTe-
puit Kpackenna—Yomneca. Paznuuus Mexny aHamu-
3UpPYEMBIMH MOKa3aTeISIMA CUYUTAIN CTaTUCTHYECKU
3HaYUMBIMU TIpH p < 0,05.

PE3YABTATbI U OBCYXXAEHUE

HccnenoBanne BIUSHUS BBEIEHHUS B PaIOH
5% WHyJIMHA Ha YCBOCHHE BUTAMHHOB U yCTpaHEHUE
NIOCJIEACTBUI JeHUIIUTa BUTAMUHOB, OBUIO IPOBE-
IEHO B XOJe KOppeKnuu neduIuTa y KpbIC, UCITBI-
TaBIIMX HEIOCTATOK BUTAaMUHOB D u rpynisl B.

K xoHmy »sTama co3maHus HETOCTATOYHOCTH
BUTaMHMHOB D u rpynmns! B, KOTOpBIN IPpoRoIBKanCs
23 nHs, cpeHsisi Macca Teja XKUBOTHBIX AE(QHUIINT-
HOW mo BuTamuHaM (—D —B) rpynmsl cocTaBmia
198,5+2,4 v (Me =199,3 1) u ObUIa CTATUCTHYCCKH
3HaunMo Ha 5,7% wmenbme (p = 0,046) mokazatens
KOHTpPOJBHOM Tpymmel (210,4 £4,6 T, Me =203,5 1),
YTO ABJIAJIOCH KOCBEHHBIM JOKa3aTENbCTBOM pa3BH-
THS Y KPBIC AIMMEHTAPHOTO JCe(UIIUTA ITHX MUKPO-

HyTpUeHTOB. CTaTHCTUYECKH 3HAYUMBIX Pa3ITUIAN
1o abCOMIOTHOW Macce OpraHoB (TMEYEHb U MO3T) Y
JKUBOTHBIX KOHTPOJILHOW U OMBITHBIX TPYIII BBISB-
JICHO He OBLJIO.

Bocnonnenne HemocTarOmux BUTaMHUHOB B pa-
IIMOHE KaK B OTCYTCTBHE WHYJIMHA, TaK U B €ro IpH-
CYTCTBHH B T€UE€HHUE 7 CYT MOIHOCTHIO BOCCTAHOBHIIO
3aJepPKKY POCTa, BBI3BAHHOTO NEPUIMTOM BHUTAMH-
HOB, a TaKke MOBJIMSUIO HA OOJBIIMHCTBO MOKa3are-
JIeH T1a3MBI KPOBH, TTeYeHH U Mo3ra (Ttadi. 1-3). Hc-
KITIOUEHUEM SIBHIIMCH JKEJIe30 W MapraHei. Y KHBOT-
HBIX TIOCJIE KOPPEKIMHM BHUTAMHUHHOTO CTaTyca Ha
(oHEe BBEZCHUS B KOPM WHYJIMHA yPOBEHB XKele3a B
T1a3Me KpOBH OBLT CTATUCTUYECKH 3HAYMMO BBILIE Ha
32,7% 1O CpaBHEHHUIO C TAKOBBIM Y KpBIC C yCTpa-
HEHHBIM JIe(DUIIUTOM BHUTAMHHOB, HE IOJYYaBIINX
WHYJIMH, OCTaBasCh B Mpefenax (pU3nOIOTrHIecKOn
HOpMBI (17,4-61,0 MKMonw/m o maHHBEIM Boehm,
2007). AHanoru4HbIe PE3yNbTAThl OBUIH TONYYEHBI
npu A00aBIICHUH MHYJIMHA B PAalOH MOPOCST, YTO
MPUBEJIO K MOBBIIICHUIO B TIa3Me KPOBU KOHLICHTpA-
MM HE TOJILKO JKelle3a, HO M ME/IM W IIMHKa IO CpaB-
HEHHWIO C TIOKa3aTeleM y >KUBOTHBIX, MOJYYaBIINX
Takol >X€ BUTAMUHHO-MHUHEPAIbHBIA TMPEMHUKC, HO
0e3 mobasnenus unynuHa (Samolinska, Grela, 2017).

JobaBneHne uHyJIMHA B PAllMOH KPbIC HE OTpa-
3UJIOCH Ha YPOBHE XOJIECTEpHHA M APYTUX MOKa3are-
JSIX JIMIATHOTO OOMEHa, a TaKKe KOHIEHTPAIUH MO-
4eBOM KUCIOTH (Tabm. 1). Dtor dakT He cornacyercs
C NaHHBIMH APYTHX FWCCIeqoBaTeNel, O0OHapYKHB-
[IMX, YTO MOTpeOJICHNE MHYINHA TPUMEPHO B TaKMX
JKe KOJIMYECTBaX B T€UEHHE Oosee AITUTENBHOTO Cpo-
Ka (4 Hemenu) Kpeicamu 000€ro rmoJia 0ojee crapiie-
ro Bo3pacrta (9-HenenbHBIMHU), TPUBOJMIO K YMEHb-
IIEHUIO KOHIIEHTPAINHY B TIa3Me KPOBU XOJIECTEPHHA
1 ModeBoi kucioTel (Massot-Cladera et al., 2020).

Kak cregyer u3 tabmn. 3, HECMOTpPS Ha TO, YTO B
panroHe Kpeic He ObUIO neduuunTa BUTamMuHa E, He-
JOCTaTOK APYTUX BUTAMHMHOB NPHUBOAMI K CHHKE-
HUIO €r0 COZAEPKaHWs B MEYCHH, OCOOCHHO 3aMeT-
HOMY Ha (hoHe Ho0aBJICHHUS B PAIMOH WHYJIMHA, KO-
TOpPOE COXPAHSIIOCH Yepe3 7 CyT BOCIIOIHEHHS Hello-
cratka ButamMmuHOB D u rpynmnel B. Ilpu stom ypo-
BEHb (-TOKO(eposia B MO3Te KPBIC U3 Pa3HBIX TPy
CTaTUCTUYECKH 3HAUUMO HE Pa3iIryacs.

BBenenve nHynMHA HE BIUSIO Ha BOCCTaHOB-
JIeHWe ypoBHA BUTaMUHOB A, B; u B, B meuenu, HO
3aJIep>KUBAJIO0 BOCCTAHOBJIEHHE YPOBHS BUTaMHHA B)
B MO3T€ IMOCJIe JOOABICHUS HEAOCTAIOIINX BUTAMHU-
HOB B PAIllMOH KPBIC, UCIIBITABIINX BUTAMUHHBIN JIE-
¢bunur.
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Tabamua 1. Buoxummuyeckmue noKasaTeAu NAA3mMbl KPOBH KPbIC
rnocAe Koppekuuu AecbnunTa BUATAMUHOB D u rpynnbi B

Ha ¢poHe Ao6aBAeHHA M 6e3 A06aBAEHUS B PALUOH MHYAMHA (M £ m)

Iloxa3arens I'pynma 1 (KOHTpPOJIB) I'pymma 2 (+D+B) I'pynna 3 (+D+B-+unysuH)
XC JIIBII, Mmmonb 1,45+0,11 1,32 £0,07 1,45 +0,10
XC, MmoIIb 1,82+ 0,15 1,70 £ 0,08 1,85+0,11
Tpurnuuepuasl, MMOJIb 0,86 +£0,15 0,82 £ 0,09 0,81 £0,14
T'imroko03a, MMOJIB/JT 8,0+£04 8,4+0,3 8,7+£0,3
ACT, En/n 223+ 12 197+ 6 196 +5
AJIT, En/n 56,9 +24 51,8+ 1,1 489 +2,1
ACT/ AJIT 4,0+0,3 3,8+0,1 39+0,2
JIAT, En/n 1506 = 108 1486 + 88 1599 + 120
Benok o6uuii, r/in 67,6 1,6 672+1,1 67,4+1,7
Bunupy6us o61#ii, MKMOJIB/IT 4,5+0,6 49+0,5 63+1,2
BuipyOuH IPAMOMN, MKMOJIB/JT 33+04 39+0,5 4,5+05"™
I'noGysuHsL, 1/ 32,7+0,9 342 +0,9 339+1,3
Kenes3o, MKMOJIB/T 21,6 £3,9 33,6 £3,7 44,6 £4,7 12
Kanpiuii, MMoiis/a 3,01 +£0,09 2,76 £ 0,13 2,85+0,12
Maruuii, MMOJIB/JT 1,03 £0,02 1,01 £0,02 0,99 £ 0,02
docdop, MMOIIB/IT 3,19 £0,08 2,97+0,09 2,97+0,13
lenounas pocdaraza, En/n 745 + 88 588 + 57 620 + 50
OCTEOKaIbIHH, HI/MII 1066 + 43 1050 + 34 947 + 43 1" 2**
Anp0yMUH, T/1 33,3+0,6 33,0+0,5 33,5+0,5
Kpeatunun, MKMOITB/IT 472 +04 48,3 +£0,7 47,0+ 1,3
MoueBasi KHCI0Ta, MKMOJIB/JT 479+49 44,0+ 3,6 50,3+44
MoueBnHa, MMOJIb/T 53+0,5 6,1£0,3 6,4+04

[Mpumeuanwne: B Tabmunax 1-4 BepXHUH MHACKC OTpa)kaeT HOMEP IPYIIIEI, OTHOCHTEIBHO KOTOPOH Pa3Inudusl CTaTUCTUYCCKU 3Ha-
gumbl (p < 0,05), * — cratuctuuecku 3Haunmoe oruune (p < 0,05), ** — rennenuns k ormuuio (p < 0,10)

TabamLa 2. BAMSHMe KoppeKuuu CO4eTAHHOroO HEAOCTATKA B PALMOHE KPbIC
BMTAMMHOB D 1 rpynnbl B Ha gpoHe A06aBAeHNus u 6e3 A0BABAEHUSA B PALLMOH MHYAMHA

HA KOHUEHTPALMIO BATAMMHOB B NAazme Kposu (M £ m)

Tloxasarens I'pymma 1 (koHTpOIIB) I'pymma 2 (+D+B) I'pymma 3 (+D+B+unynun)
25(OH)D, Hr/mn 9,8+0,5 8,8+04 9,5+0,7
PuGodnasun, Hr/mn 382+1,9 41,4+44 37,4+ 1,4
Perunon, Mxr/mn 354+20 34,6 £2,1 384+24
a-Tokodepon, Mr/mn 1,15+0,14 1,00 £ 0,08 1,18+ 0,11
a-Tokogpepon/TT', MKMOJIB/MMOITH 34,0+4,1 30,0+3,5 32,6 £2.4
a-Tokogpepon/XC, MKMOJIb/MMOJTb 153+2,1 13,7+ 1,0 150+£1,2
a-Tokodpepon/(TT+XC), 10,1 £ 1,1 9,3+0,8 10,3+£0,6
MKMOJI/MMOJIb
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Tabamua 3. BAMssHne KoppeKkuuu CO4eTaAHHOro HEAOCTATKA B PALMOHE KPbIC BUTAMMHOB D m rpynnbi B
Ha ¢poHe so06aBAeHUs U 6e3 A06aBAEHMSA B PALMOH UHYAUHA
Ha 6MoMapKepbl BATAMUHHON M MMHEPAAbHOH 06eCneYyeHHOCTH
B M@4Y€HU U FOAOBHOM MoO3re KpbiC (MKr HA 1 r cbipoi TkaHu) (M £ m)

IToxasarens I'pynna 1 (koHTpOIIB) I'pynma 2 (+D+B) I'pynna 3 (+D+B+unynun)
Ileuens
Pernnona mamemuTat, MK PO 10,5+ 0,6 9,0+0,6 9,8+ 1,0
a-Toxodepon 194 £ 26 137+19 3+
Buramun Bi 10,0 £0,8 9,9+0,6 10,3 +0,6
Burtamun B2 27,6 £ 1,1 28,6 £ 0,5 27,5+0,3
Kanpuuit 1200+£50 1330+£50 1200+30
Marnuit 187+0,008 200+0,003 186+0,007
XKeneso 48,4+4.4 55,6+3,7 69,0+6,0 1" 2"
Mapranen 1,56+0,10 1,67+0,06 1,73+0,07 **
IuHK 34,8+1,0 34,7+1,4 33,6+1,3
Mens 3,27+0,17 3,11+0,14 3,13+0,23
Lenviit 2on06H01 MO32
0-TOKO(Eepo 17,9+0,8 18,9 £0,6 19,3 +£0,6
Burtamun Bi 4,59 £0,24 4,88 +£0,29 439+0,14
Buramun B2 2,68 = 0,09 2,44 +0,08 I* 2,26 £0,08 12"
Kanpruii 753450 750+34 767431
Marnuit 14247 136+4 13443
XKeneszo 22,5+1,9 19,6+1,2 20,7+1,1
Maprauer 1,00+0,20 1,46+0,17 1** 1,510,111
IuHk 11,6+0,3 11,0+0,2 11,1+0,3
Menb 1,31+0,30 1,44+0,19 1,18+0,26

[IpeOriBaHMEe IKCTIEPUMEHTAIBHBIX JKUBOTHBIX
Ha AeuuuTHOM 1O BuTamuHaMm D u rpynmel B pa-
OUOHE C TMOCICAYIOUIMM BOCIOJHEHHEM YPOBHS
3THUX BUTAaMHHOB JI0 ajJeKBaTHOro (rpymma 2) 0e3
n00aBJIeHNS B KOPM HHYJIMHA HE BIMSIIO Ha CONEp-
JKaHWE W3MEPEHHBIX OJJIEMEHTOB B II€YEHH KPBIC
(tabn. 3). Ha one mHynMHA y KpBIC TTOCTIE KOPPEK-
MU COYETAaHHOTO BUTAMHUHHOTO HEIOCTaTKa (TpyT-
na 3) HaOmojanach CTaTUCTHYECKH 3HAYMMO Ooliee
BBICOKas (Ha 42,6%) KOHIICHTpAIIUs Kejie3a B Ieve-
HA OTHOCWTEIBHO IOKa3aTeNsi B KOHTpOJE W Ha
24,4% (p<0,10) oTHOCHUTENBHO TOKAa3aTess B OIBIT-

HOW TpYIIE >XUBOTHBIX, HE TONYyYaBIIMX HHYJIUH
(rpynma 2). Ha ¢one morpeGiieHHsI HHYIHUHA ypO-
BEHb Maprasiia B MEeYEHH KPbIC OBLT HECKOJIBKO BBI-
e 0 CPaBHEHUIO ¢ KOHTpojeM npumepHo Ha 10%
(»<0,10) Ipu OTCYTCTBHUHU CTATUCTHICCKU 3HAUNMBIX
OTIMYHMH 3TOrO MOKA3aTelisl Y >KUBOTHBIX OIBITHBIX
rpynn 2 (+D+B) u 3 (+D+B+unynun).

VY KphIc nociie KOPpeKLUUH COYETAaHHOTO HENo-
CTaTKa B palMoHe BUTaMHHOB D u rpynmnsl B mytem
BOCTIOJIHEHUSI HMX COJEpXaHWs 1O aJeKBaTHOTO
YPOBHS, COAEP)KaHWE MapraHia B TOJIOBHOM MO3re
KpeIC ombITHOW Tpynmbel 2 (+D+B) mpeswsimano B
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1,46 paza (p<0,10) COOTBETCTBYIOIINI ITOKA3ATENb Y
KUBOTHBIX KOHTpONbHOW Tpymmbl. [locnme koppek-
UMM BUTAMHUHHOTO HEJOCTaTKa Ha (oHe MHYIHHA Y
KpBIC OKa3aJics ToBBIIeHHBIH B 1,51 pasa (p<0,05)
YpOBEHb MapraHIiia B MO3re M0 CPaBHEHHIO C IOKa-
3aTrereM KpbhIC KOHTPOJBbHOHW rpymmsl. OTcyTCcTBHE
CTaTHCTUYECKH 3HAUYMMBIX OTIMYUN MEXIy IOKa3a-
TEJISIMH KUBOTHBIX OIBITHBIX TPYMI 2 ¥ 3 MO3BOJISET
C/IeNaTh BBIBOJ O BIMSHUM Ha HAKOIJICHWE MapraH-
[la B TOJIOBHOM MO3re KPBIC UMEHHO COYETaHHOTO
HeJloCTaTKa B palmoHe BUTaMuHOB D u rpymmsl B, a
HE WHYJINHA, KOTOPBIH, O-BUANMOMY, JIUIIH yCHIIH-
BaeT 3TOT mporiecc. [[oCKONbKYy CTaTUCTHYECKH 3HA-
YUMble OTKJIOHEHHUS] TI0 COJEpPKaHUIO OCTaJIbHBIX
H3yYEHHBIX 3JIEMEHTOB B TOJIOBHOM MO3T€ KHBOT-
HBIX OMBITHBIX TPyHI 2 M 3 OT COOTBETCTBYIOIIMX
rokasaresneii B rpynme 1 (KOHTPOJIb) He BBISBIISIINCH
(cM. Tabmn. 3), MOXKHO TIPEATIOIOKUTE, YTO COUCTaH-

HBId Aeunut BUTaMHHOB D w Tpymmer B n3bupa-
TENBHO MPUBOJUT K HAKOIUICHUIO MapraHIla B MO3Te
KpBIC, 4TO TpeOyeT NalbHEWIINX WCCIEeIOBaHUH MO
BBISICHCHHIO MEXaHH3MOB 3TOTO OpraHocrenudpmnye-
CKOTO BIHUSHUS, TeM OoJjee, 4TO Ype3MEepHOEe BO3-
JIeiCTBHME MapraHila MOXKET MPUBECTH K HeHpojere-
HEPaTUBHBIM 3a00JIeBaHUSAM, IOJOOHBIM OOJIe3HU
[Mapxuncona (Chen et al., 2015).

OKcKpenys THaMHHA (B pacueTe Ha BBIJCIIHB-
HIMicS KpeaTHHUH) y KpbIC Ha JOHE JOOABICHHOTO B
palvioH WHYIWHA W TIOBBIIIEHUS 10 afeKBaTHOTO
YPOBHSI HeOCTaIONMX BUTaMUHOB (+D-+B-+UnynmH)
Obuta B 2,1 pasza HIKe IO CPABHEHUIO C BETMYMHAMU
Y KpPbIC KOHTPOJILHOW T'PYTIIBI U )KUBOTHBIX U3 TPYII-
MBI KOPPEKIIMU BUTAMHUHHOTO Aeduiura 6e3 100aB-
JIeHusI B KOpM MHyNHHA (+B+D). AnanoruuseiM o6-
pa3oMm ObliTa CHFDKEHA TPUMEPHO B 2,2 pa3a M JKC-
Kperus MerabosmTa Butamuaa Be — 4-T11K (Tadm. 4).

Tabauua 4. Buomapkepbl MUKPOHYTPUEHTHOIO CTATYCd B MOY€ KPbIC
rnocaAe KoppeKLMH HEAOCTATKA BUTAMHHOB
Ha ¢poHe Ao6aBAeHHA M 6e3 Ao06aBAeHUA B PALUOH MHYAMHA (M £ m)

[Toka3zarenp I'pynna 1 (koHTpOIIB) I'pynmna 2 (+B+D) I'pymma 3 (+D+B+HnynuH)
TuaMuH / KpeaTHHHH, MKI/T 1,1+0,2 1,6 +0,3 0,52 +0,14 2"
PubGoduaBun / KpeaTHHUH, MKT/T 8,8+0,6 8,7+0,5 10,1 +1,0
4-TIK / KpeaTUHHH, MKT/T 11,2+1,0 9,8+1,0 50+1,1'™2
I'nroko3a, MKMOJITB 3,607 3,2+0,6 3,6+£0,5
Kanpunii, mMr 0,93 +0,21 0,68 0,13 0,86 +0,25
Kpeatunun, mr 44+0,3 42+0,2 4,6+0,2
Kanbuuit/kpeaTuHus, Mr/t 0,20 + 0,04 0,16 £ 0,03 0,18 +0,05
Maruuii, MKMOJIb 67,4+ 11,1 459+5.4 61,7+6,3%"
docdop, MKMOITB 0,36 £ 0,04 0,41 £0,05 0,50 £ 0,03
PeabcopOuus pocdara, % 84.5+2,6 822+1,7 80,3231
MoueBasi_KucioTa, MKMOJIb 11,0+ 0,7 10,0 £ 0,6 10,9 £ 0,6
MoueBrHa, MKMOJIb 3,2+0,3 2,8+0,2 3,3+0,2

BbIBOADbI

B xome mccnemoBaHUs BIUSHUS BBEICHHS B
pPalyoH PacTBOPHMBIX IHIIEBBIX BOJOKOH Ha KOp-
peknwio nedunura BuTaMuHOB D 1 rpynmiel B u ero
MOCIEACTBUN Y AeQUIMTHBIX KPBIC OLEHEHO BIIHUS-
HUE UHYJIMHA Ha yCBOeHHe BUTaMUHOB A, E, Bi u B
U psAa MUHEpalbHBIX BemiecTB. Cyas Mo cofepxka-
HUIO BUTAaMHHOB B OpraHax, oOoraliieHue parioHa

KPBIC UHYJMHOM HE BIUSIIO Ha YCBOCHUE BHUTaMUHA
A nedunurHeIMU TIO BUTamMuHaM D u rpynmel B xu-
BOTHBIMH B X0JI¢ KOPPEKIIMH BUTAMHHHOTO CTaTyca.
BBejeHre B paliioH WHYJIMHA CONPOBOXK/IAIOCH
TOBBINICHUEM KOHIICHTPAIMHY JKelle3a B Iia3Me Kpo-
BU U MEYCHH, HO YXY/IIAJO0 O0OCCIIEYCHHOCTh BUTA-
muHOM E (10 comepkaHuio B MEUCHHU, CHUKCHHOMY
Ha 1,48 pa3a mo CpaBHCHHIO C IIOKa3aTelieM KOH-
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TPOJBHON TPYMIIBI) W 3aMEUIII0O BOCCTAHOBJICHHE
HOPMaJIbHON OOECIICYCHHOCTH OpPraHW3Ma BUTAMH-
Hamu Bi, Bs u By, 4TO mposBIASIOCH B CHH>)KEHHOM
YpPOBHE BUTaMuHa By B MO3re U CHUYKEHHOU IKCKpe-
uuu TuamuHa 1 4-I1K. TlockoyibKy MOBBIIIEHHE KC-
KpeIH BOJIOPACTBOPUMBIX BUTAMHHOB MPOUCXOIUAT
IIPH TIOJHON HACHIIICHHOCTH OpPraHW3Ma BHTaMHUHa-
MH, & YMEHBIICHHE SKCKPELHH BOJIOPACTBOPUMBIX
BUTAMUHOB SBIIeTCS Oo0Jiee PaHHUM TPU3HAKOM
Hanmnuus ux Hepoctatka (Konenmoa, BpikecuH-
ckas, 2019) omHUM U3 BO3MOXKHBIX OOBSICHCHHHA SIB-
nseTcss OoJyiee 3aMeJICHHOE yCTpaHeHWe IehHuItnTa
ButamMuHOB rpynisl B (B u Be) Ha QoHe BBeaeHUS B
paon wHynuHa. Ha ¢oHe morpeOneHus MHyIMHA
MIPOUCXOAMNIIO HEKOTOPOE OTCTaBaHUE B BOCCTAHOB-
JICHUH COZep KaHHA BUTaMUHa B, B roloBHOM Mo3re
U COXpaHAJIOCh TMOBBbIIIEHHOE B 1,5 pa3a couepxa-
Hue MapraHma. [lomoXuTenpbHBIM MOMEHTOM SIBIIA-
€TCsl yBeIMUYeHHE KOHIEHTPAIMH JKeje3a B Iia3Mme
KpPOBU U TICYEHH, YTO, MO-BUIUMOMY, OTpa’KaeT
YIIy4IIEHHE €T0 BCAChIBAHUS IPHU BKIIOUYCHUU B pa-
LIMOH KPbIC MHYJIMHA U COTJIACYeTCs] C MHEHUEM JpY-
TUX aBTOPOB O TOJB3€ OOOTAIIEeHUs] MHYJIHHOM pa-
[MOHA JINII C JKe1e30Ae(PUITUTHBIMHA COCTOSHHSIMI.
[lomydueHHbIE TaHHBIE CBUIETEIECTBYIOT O TOM,
YTO BKJIIOYEHHE B PAIOH PACTBOPUMBIX MUIIEBBIX
BOJIOKOH (MHYJTMH) HEOOXOJUMO COIMPOBOXIAThH
CUHXPOHHBIM OOoOTalieHueM BUTaMUHOM E W BuTa-
MUHAMH TPyNIbel B, Kak 3TO AenaroT mpu UCHOIb30-
Baamm xuto3ana (Gim et al., 2018), nobaBieHHE KO-
TOpOTO B PallMOH KPBIC, HE OKa3blBas BIHSHUS Ha
oomen ButamuHoB C, Bi, B, u A, mpuBogmio x
YMEHBIICHUIO KOHIICHTpaluK BuTamuHa E B mia3sme
kpoBH (Bpxecunckas u ap., 2011). Bxirouenue B
paIoH KpBIC OTPyOEH Takke CIIOCOOCTBOBAIO IO-
CTOBEPHOMY YMEHBIIIEHUIO KOHIIEHTPALMH BUTAMH-
Ha E B mmasme kpoBu u nedenn (bekeroBa u mp.,

AUTEPATYPA

2011). Takum 0Opa3oM, €Clii B OTHOIICHHH BHUTa-
MUHOB Tpynnbl B muineBsie BOJOKHA pa3inyHON
NPUPOABI TPOSIBISIOT ce0sl MO-pasHOMY, TO, HE3aBH-
CHMO OT TIPUPOJBI, UX OOIIUM CBOWCTBOM SIBIISICTCS
YXYIOIICHUE TPH UX TOTPEOJICHUH 00SCIICYCHHOCTH
opranu3Ma ButamuHoM E. Ha ocHoBaHuUM moOJTy4eH-
HBIX PE3yJbTaTOB Ba)XHO TaKXKE OTMETUTh, YTO OJI-
HOBpEMEHHOE Hanuuue B cocraBe BAJ| wmu mnurie-
BOTO IMPOJYKTa WHYJIMHA W THINEBHIX BOJOKOH HE
rapaHTHUPYET TOJHOTO YCBOCHUS BCEX JTOOABICHHBIX
BHTaMHHOB, OCOOCHHO Ha (pOHE HMMEIOIICIHCS MHO-
YKECTBEHHON BUTAMUHHOM HEIOCTATOYHOCTH, a TaK-
K€ MOXKET NMPUBECTH K HEMPEIBUICHHBIM ITOCIE-
CTBUSIM (TIOBBIIIICHUE YPOBHS Maprasiia B rOJIOBHOM
MO3Te).

Hdpyrumu  cnoBamu, oxupaemas dS(hGeKTHB-
HOCTH O0oramieHHoro npoaykra uiau bAJl ams kop-
PEKIIUN BUTAMHHHO-MHHEPAJIBFHOTO CTaTyca MOXKET
OBITh CYIIECTBEHHO CHH)KEHA, YTO YyKa3blBaeT Ha
HEOOXOAMMOCTh UX KIMHUYECKOW arpoOaiiuu, moj-
TBepXkKJAaromeld  OMOZOCTYMHOCTh  OOOTaIlaIOMINX
KOMITOHEHTOB M A((EKTUBHOCTD ISl MOJACPKAHHS
3mopoBbst (Komentora u nip., 2020)
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INFLUENCE OF ENRICHMENT OF THE RAT DIET
WITH INULIN ON THE ASSIMILATION
OF CERTAIN VITAMINS AND MINERALS

N.A. Beketova, V.M. Kodentsova, S.N. Leonenko, O.V. Kosheleva, O.A. Vrzhesinskaya,
.Kh. Soto, A.A. Sokolnikov, L.V. Shevyakova, N.V. Zhilinskaya

Federal Research Centre of Nutrition, Biotechnology and Food Safety,
2/14, Ustyinskiy proezd, Moscow, 109240, Russian Federation

ABSTRACT. Inulin is widely used in the food industry as a source of food soluble dietary fiber and a prebiotic.
However, its effect on the absorption of vitamins has not been studied enough. The effect of introducing soluble dietary
fiber (5% inulin) into the diet on the correction of vitamin D and group B deficiency and its consequences in growing
male Wistar rats (an initial body weight of 51.4 + 0.5 g) after a deficiency due to a decrease in the content of vitamins D
and group B in the vitamin mixture during 23 days. The concentration of vitamins A in blood plasma and lyophilized
liver and the whole brain of rats was determined by HPLC, vitamins B1 and B2 in the liver, brain, urine and 4-pyridoxic
acid in urine - by fluorimetric method. Biochemical parameters of blood and urine were determined using a biochemical
analyzer or KoneLab 200i (ThermoScientific, Finland). The enrichment of the diet of rats with inulin did not affect the
assimilation of vitamins A and D by deficient animals during the 7-day correction of the vitamin status, somewhat
slowed down the restoration of the normal supply of vitamins By, and Be (by urinary excretion), B, (by the content in
the brain). At the same time, the content of vitamin E in the liver was reduced by 1.48 times compared with the control
group, the concentration of iron in the blood plasma was increased by 32.7%, in the liver — by 42.6%, the content of
manganese in the brain was increased by 1.5-fold, without going beyond the physiological norm. This indicates the ad-
visability of enriching the diet of persons suffering from iron deficiency with inulin while enriching the diet with vita-
mins E and group B.

KEYWORDS: multiple deficiency of vitamins D and B group; inulin, correction, a-tocopherol, iron, manganese, rats.
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CASE HR 010144 INCREASED HAIR K/NA RATIO
OF CYSTIC FIBROSIS

Berislav Mom¢éilovié

Institute for Research and Development of the Sustainable Eco Systems (IRES),
Trg Republike Hrvatske 14, Zagreb, Croatia

ABSTRACT. A case of cystic fibrosis in a six years old girl was considered. Hair sodium, potassium
concentrations in the patient were found long term tending to group at their low adequate reference values or beyond
them. However, the K/Na ratio was dramatically increased being eight and six times above normal in 2017 and 2021,
respectively. This condition is probably associated with the loss of body electrolytes with sweat, which is characteristic
of cystic fibrosis. Considering the fact that diagnosing cystic fibrosis is a complex problem, the results suggest that
measuring hair K, Na and the K/Na ratio may provide a noninvasive and widely accessible initial screening test for

cystic fibrosis..

KEYWORDS: cystic fibrosis, diagnostics, sodium, potassium, hair analysis.

Recently I was approached by a lady asking for
help if her susceptibly autistic daughter is overex-
posed to the environmental metals. Our patient was a
six years old girl 113 cm tall and weighing 19 kg;
her height was just two mm below the Geigy 50 per-
centiles (1). Hair multi bioelement profile analysis
was done at the Center for Biotic Medicine (CBM),
Moscow, Russia, an internationally acknowledged
commercial and research analytical laboratory spe-
cialized in medical bioelements (electrolytes, trace
elements, and ultra trace elements). Her mother pro-
vided two hair samples, one from this, 2021 year,
and the other from the year 2017 when her daughter
was two years old. The 2017 hair was collected and
saved when the girl had serious respiratory troubles
diagnosed as pulmonary asthma and for what she
was treated with corticosteroids.

The results of both the multi bioelement hair
profile showed no traces of metal poisoning. Both
profiles are available from the author upon an e-mail
request. Indeed, hair bioelement concentrations tend
to group at their low adequate reference values, or
some of them falling even beyond it. Indeed, our girl
had deficient and borderline low sodium concentra-
tion in 2017 and 2021 hair samples, respectively.

At the same time, hair potassium concentrations
were at the low adequate nutritional status. Our girl had

* Corresponding author:
Berislav Mom¢ilovi¢
E-mai: berislav.momcilovcic@gmail.com

overt lung corticosteroid responsive asthmain 2017,
and now has difficulties of bowel movement. This
medical history of pulmonary and gastrointestinal
troubles drew our attention to cystic fibrosis (CF).

Cystic fibrosis is an inherited disease of the ex-
ocrine glands, primarily affecting gastrointestinal
tract and respiratory systems, and usually character-
ized with chronic obstructive pulmonary disease
(COPD), exocrine pancreatic insufficiency and ab-
normally high sweat electrolytes, notably increased
chloride swat excretion (2). The gene responsible for
CF is localized to 250 000 base pairs of genomic
DNA on chromosome 7q (the long arm). It encoded
a membrane associated protein named the cystic fi-
brosis transmembrane regulator (CFTR), which is a
cAMP regulator of chlorine channel that regulates Cl
and Na transport across epithelial membranes.

The results of our Case HR 010144 study over
the 2017 and 2021 time periods showed marginal
sodium deficiency combined with low adequate po-
tassium nutritional status. However, the K/Na ratio
was dramatically increased. Indeed, the observed
K/Na ratios were eight and six times above normal
in 2017 and 2021, respectively. Evidently, the phys-
iological coupling of chloride and sodium metabo-
lism should be considered if we are confronted with
excessive chloride sweat loss in CF.
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Table 1. Hair potassium, sodium, and K/Na ratio at the age of two and six f years of life (ug-g')

Element Age (Y)
Two (2017) Six (2021) Low limit (3)
K 154 158 20.6
Na 47.57 68.2 60.9
K/Na 3.24 2.32 0.400

Diagnosing CF is a complex medical diagnosis
problem. This disease has a variety of degrees of se-
verity since infancy, and what may remain unrecog-
nized until in adult life, or even remain undiagnosed
(4). The available CF diagnostic tests are protean, but
not specific. The pancreatic deficiency of cystic fibro-
sis is especially dangerous because it goes with lipase
deficiency what impairs the absorption of lipid solu-
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CASE HR 010144. NOBbILLEHHOE OTHOLUEHUE K/NA
B BOAOCAX NPU MYKOBUCLUAO3E

B. MomM4unaroBu4

WNHCTUTYT U3YYCHUS U Pa3BUTHS YCTOHUYMBBIX 3KOCHCTEM,
Trg Republike Hrvatske 14, 10000, 3arpe6, XopBatus

PE3IOME. PaccmarpuBaercs cirydaii MyKOBHUCLMIIO3a Y IIECTUIIETHEHN A€BOYKH. BbLIO 00HAPYIKEHO, YTO KOHIEH-

Tpauus HATPHA W KaJIUSA B BOJOCAX MALMEHTKH B TEUYEHHUE [UINTEILHOIO BPEMEHHU HMMEINA TEHICHLUIO K CHIKECHHIO 10
HYDKHEW I'paHuIbl HOPMBI WK 3a ee npeneisl. [Ipu atom cootHomenne K/Na Obuto pe3ko yBeTMUeHO, MPEBbILIas HOp-
My B 8 1 6 pa3 B 2017 u 2021 rr. COOTBETCTBEHHO. JTO COCTOSIHHE, BEPOSITHO, CBSI3aHO C TIOTEPEH AIIEKTPOJIUTOB C TO-
TOM, XapaKTepHOH AsI MyKOBHUCHIMAO3a. YUHUTHIBAsl TOT (AKT, YTO JUATHOCTUKA MYKOBMCIIMJ03a SBJISIETCS CIIOXHOU
po0IeMoH, pe3yJIbTaThl MOKa3bIBAIOT, uyTo onpenenenne K, Na u coorHomenus K/Na B Bojocax MOeT 00ecnednTh
HEUHBA3UBHBIN U IIUPOKOJOCTYIIHBIN HAYAIbHBIA CKPMHUHIOBBIN TECT HA MyKOBUCLIUJI03.

KAKOYEBbBIE CAOBA: MyKOBHCIIHI03, IMArHOCTHKA, HATPHUH, KaJInii, aHaIu3 BOJIOC.
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UHPOPMALLUA

KoHdepeHuus

«ICTEM 2021 — INTERNATIONAL SYMPOSIUM ON TRACE ELEMENTS AND MINERALS»
(2-6 asrycTa 2021, r. AaxeH, TepmaHus)

Mexnynaponaas koHepeniys «KICTEM 2021 — International symposium on TRACE Elements and miner-
als» mpoBoamacek B T. AaxeH (I'epmanus), B PeitHo-BecTdanmbckoMm TeXHUYEeCKOM yHUBEpCHTETE 2-6 aBTy-
cra 2021 r. Opraau3aTopaMu BEICTYITHIN 00BEIUHCHUS U3 YETHIPEX OpPTaHMW3aIlii, 3aHUMAIONTUXCS H3yde-
HHAEeM MHKpo B MakpodnemeHnToB: GMS, ISTERH, ISZB, TEMA. BriepBbie ObLIO peIIeHO MPOBECTH KOH(DE-
peHIuIo B opMaTe OHJIAHH-BCTPEUH, H B HEH MpuHsuM ydactue okosio 200 ydeHBIX W3 pa3HbIX cTpaH. B
XO0ZIe MEPOTPUSATHSI OPTKOMHTETOM U YYaCTHUKaMHU ObUI TPENCTABICH MINPOKUI CIEKTP YCTHBIX U MOCTEP-
HBIX JOKJIaJI0B.
C OCHOBHBIMH JOKJIaAaMH BBICTYNWIA MUPOBBIE CHEHUAIUCTHI B 00NAaCTH M3YUYCHUS! TOKCHYECKUX H
3CCEHIMATBHBIX MHUKPO3JIEMEHTOB U MHHEpaNoB, B ToM uucie npod. A.B CkanpHblii (CedeHOBCKHN yHHU-
BepcuteT, Poccuiickas ®enepanus), npod. Uara Beccenc (Peitno-Bectdanbckuii TeXHHYeCKUl YHUBEPCH-
teT, ['epmanns), npod. ['tonTep Beiic (MenunuHckuii yHuBepcuter MHCOpyka, ABcTpus), K.M.H. A.A.
TunrpkoB (SIpociaBckuil rocymapCTBeHHBIN yHuUBepcuTeT, Poccuiickas ®enepanus), nmpod. Hukona Bun-
kenoeiinep (Iloctmamckwmii yauBepcurert, ['epmanust), bepaang Muxanbke (MccnenoBarenbcKuii EHTP HM.
I'enpmrombia, ['epmanms), mpod. Suumm by (ABCTpanuiickuil YHUBEPCUTET HEHpOHAYK, ABCTpAIHS) U JP.
Bboutu npencraBieHsl pe3yIbTaThl HAYYHbBIX MCCIICIOBAHNM, KACAIOIIMXCS U3yUeHUsI 0OMeHa MaKpo- U MUK-
POJIEMEHTOB B OPraHU3ME YEJIOBEKA U JKUBOTHBIX, €TI0 CBA3M C IIaTOTCHE30M DAa3JIUUYHBIX 3a00J€BaHUIl U
M1aTOJIOTMYECKUX COCTOSIHUM.
Ha xondepeHuuu 6114 NpeacTaBieHbl JOKIAbI:
=  Anatoly V. Skalny (Sechenov University, Moscow, Russia): Se status is associated with COVID-19 se-
verity.
= Elizabeth M. Messersmith, (Iowa State University, USA): Initial liver copper concentrations influence
growth performance, carcass characteristics, and lipolytic rate of finishing beef steers fed increasing
concentrations of copper and a beta agonist.

=  Anna Kocylaa (University of Wroclaw, Poland): Specificity factors that govern zinc-dependent assem-
bly of CD4 coreceptor and LC.

=  Alexey A. Tinkov (Yaroslavl State University, Russia): The association between hair, urine, and serum
trace element and mineral levels with metabolic disturbances in obesity.

=  Anastasia E Potapkina (Sechenov University, Moscow, Russia): The role of SIRT1 gene polymorphism
and environmental factors in the development of metabolic diseases.

= Kira Slepchenko (Ohio University, USA): Obesity-induced inflammation leads to depletion of zinc and
redistribution of calcium and iron in primary mouse beta-cells as detected by synchrotron X-ray fluo-
rescence.

*  Sidorova Elizaveta (Sechenov University, Moscow, Russia): Depth profiling and plasma plume spatial
confinement in a thin films LIBS analysis.

*  Lutz Schomburg (Charite-Universitatsmedizin, Berlin): Biomarkers of serum copper in patients with

COVID-19.
=  Marena Ceballos-Rasgado (University of central Lancashire): Tackling Hidden Hunger through Biofor-

tification: experiences from the Bizifed 2 trial.
= Kathryn M Taylor (School of Pharmacy and Pharmaceutical Sciences, Cardiff): Targetting zip trans-

porters to prevent cancer.

HNroramu koHdepeHIUN ABISIIOTCS:

*  00MEH HaKOIUICHHBIM OITBITOM

"  aHaNM3 MPaKTUYECKUX U TEOPETUUECKUX Pa3paboToK

" OmpefelieHHe MEePCIeKTUBHBIX HAPABICHUN Pa3BUTHS
Marepuanbsl KOHQEepeHLIUH OMyOJIMKOBaHBI B BHE COOPHHUKA.
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% The 8th International Symposium on

ISM-8 MefG |OmiCS

THE 8th INTERNATIONAL SYMPOSIUM ON METALLOMICS
11-14 July 2022, Kanazawa, Japan
ISM-8 will be held as a hybrid event (on-site/on-line)

http://www.ism-8.ip

Symposium topics:

<Featured topics: Single cill / particle>

Single cill / particle ICP-MS, Masscitometry, AF4 / CF3 separation, Nanotoxicology
<Applied metellomics>

Drug discovery, Theranostics, Environmental health and Life sciences

<Exploiting of analytical techniques in metallomics>

Laser ablation ICP-MS, Multiple-collector ICP-MS, X-ray absorption/fluorescence technique,
MADLI-MS, Liquid chromatography, MRI, SPECT, LAMIS, SIMS, TIMS, etc...

Symposium Venue

The Kanazawa Chamber of
Commerce and Industry
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