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HAKONAEHWUS DKEAES3A B NEYEHU KPBbIC ‘

CO CBUHUOBOWN NUHTOKCNKAUUVEN
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B cratbe npeacTaBieHsl Pe3yNbTaThl MCTIONb30BaHUsI HeMHBazWBHoro Meroga CKBW] 6HomMarHMTHOI cacentoMeTpud s
onpe/ie/ieH|si HAKOTUICHHS JKe/le3a B TKaHH NEeYSHH KPbIC CO CBUHIIOBOM HHTOKCHKALIMEH. YCTaHOB/ICHO, YTO MATHHTHBIH CHIHA
Ha MeYeHbIo KphIic nocie 30 BBEJEHUIT Pa3TMUHBIX COSIMHEHMIT CBMHIIA M YEPe3 MECAL MOCTIKCMOMLIMOHHOTO NEPHOLA BbLT
3aMETHO BbILLE, YEM B KOHTPOJILHOM IPYIIe XUBOTHBIX. 3TO MOXeT ObITh 0GYCIOB/IEHO HapyLIeHHeM MeTabon3Ma XKene3a MnpH
CBMHLIOBOH MHTOKCHKALIMH H CBUIETENIBCTBOBATH O €r0 HAKOTUIEHHH B neueHH. [lonyyeHHbIe pe3yabTaThl B MEPCIIEKTHBE MOTYT
OBITb MCMONB30BAHBI 15 pa3paboTKX HEMHBa3HBHOTO METOA KOJIMYECTBEHHOIO ONPeIeNeH sl JKee3a B OpraHax M TKaHsX.

KmaroueBsle ¢c1oBa: HEMHBA3HBHBIE MeTOJbI MCCIETOBAHM, HAKOIUIEHHE HKelie3a, CBMHIU0BAA MHTOKCHKAIMA,

3abojileBaHUA NMEYeHH

Berynnenue

HMcenenoBanust noc/eiHux JieT nokasasu, 4to 6oJib-
IUMHCTBO 3a00JIeBaHHI [€YeHH COMPOBOMAAITCA
HaKoMJIeHHeM B ee napenxume xkenesa [ 1 —3). Kuuncny
TaKuX 3a060J1eBaHUI OTHOCHTCSI NEPBHYHbLIH (Hacse-
cTBeHHbIH) remoxpomaTos (HH), npu kotepom nepe-
rpysKa opraHiama jkesie3oM 0OYCJ/IOB/IEHA BPOXKIEH-
HbIMW MYTaLMSIMH B T€HaX, Y4acTBYIOIMX B MeTabo-
Ju3Me xkenesa [4].

YeTaHOBMIEHO, YTO HAKOTIJIEHHE XKeJle3a B MeYeHH Y
GonbHbIX ¢ nepsuutbiM HH npuBomut He TosbKO K
pa3BUTHIO MevyeHOo4YHOro (ubposa, LMPpPO3a, HO H
renaTouesTIoNsipHOro paka [5).

[Toka3aHo, UTO XPOHHYECKHH BHMDYCHbIH renarturt
[6—8], ankoroabHas Gonesub nevenu [9, 10], Gesan-
KOTOJIbHBIA CTEaTOrenaTHT TaKXKe COMpPOBOXAAIOTCA
HakonJeHueM >kesiesa B nevenu [11]. Kpome 3aroro,
reMOJIHTHYECKAs aHEMHS H Hea((heKTHBHDIN 3PHTPO-
noes, TpaHcdysust KPOBH MOTYT CONPOBOXKAATLCS YMeE-
peHHbBIM HAKOMJIeHHeM KeJie3a B redeHu. [leueHouHbIH
CHAEPO3 BO3MOXKEH H MPH aHEMHH, XPOHHYECKOM BOC-
MaJieHHH, TIPH MOBBIILIEHHOM NE€POPaLHOM MOCTYNIE-
Huu kenesa [12—14].

[leperpy3ka opraHu3ma »xene3om HabJsiofaeTcsi H
TIPH Apyrux, 6oJiee PeAKHX HACAEACTBEHHbIX ( SHIOreH -
HbIX) MOPMHUPUAX — 3IPUTPONOETHUECKOH MOPDHPHH,
nporonopgupuu u ap. [14—17].

Hapywenus nopgupruHoBoro ofmeHa OTMeYaloTes
NPH BO3JCHCTBHH Dsila TOKCHYECKHX BEUIECTB, B TOM

UHC/IE W IUHPOKO PACMPOCTPAHEHHBIX MPOMBILIIEHHBIX
3arpsisHHTeNel — CBHHLE, 68H30J1a, OKCH/A YIJIeposia, a
TAKXKE AJKOroJIsl, KOTOPblE XapaKTepPH3YIOTCS KaK 9K30-
rexHasi nopupus [ 18, 19]. Tak, npu CBUHLOBOH HHTOK-
CHKALMH HaHGO/IEe YaCTO OTMEYACTCS YTHETEHHE AKTHB-
HOCTH Tpex hepMeHTOB — JIerHapassl JIesbTa- aMHHOBOH
kueaiorol (8-AJIK), uto npusoauT K Hakornenuio 8-AJIK,
KOMPONOP(UPHH OKCHIA3BI (YBETHUHBAETCH CONlEpIKa-
HHe KonponopupHHa) U heppoxenaTassl, peryJupyLiei
BKJIIOUEHHE MOJIEKYJIbI XKeJie3a B MpoTonophHpHHOBOE
KOJIBLO HA 3aBEpLLUAIOLLEM, MHTOXOHAPHANLHOM 3Tarle
CHHTe3a rema. B pesynibraTe HapylLeHHst CHHTE3a rema B
OpraHM3Me HaKalIHBAKTCSA POMENKYTOUHBIE MPOAYKTHI
MeTaGoJIM3Ma NOP(MUPHHOB H CO3AAIOTCA YCJOBHS st
HAKOTIEHUS] HEYTHJIH3UPOBAHHOTO KeJie3a.

* VuuThIBas H0XKEHHOE Bbille, AMarHo3 MeYeHoOYHo-
ro CHAEPO3a KIIMHAYECKH BaXKeH JUISl YCMELHOro Jieye-
HUSI TIEPEUHCIIEHHbIX BhiLLe 3a60eBanuit. Onpenenenne
XKe MoKasaTeliell MeTaboan3Ma JKesie3a B KPOBH He
MO3BOJIAET KOJHYECTBEHHO OMpPEICNUTh HAKOMJIEHHE
JKeJle3a B IIeUEHH, H He sIBJISIeTCS! MONHOLEHHBIM HHIH-
KaTopoM ero 3anaca B opranuame [ 14].

30/0THIM CTAHZAPTOM MPH AHArHOCTHKE Meperpysku
OpraHH3Ma >Kesle30M H KOJHYECTBEHHOH OLEHKH colep-
JKAHHS JKese3a B NeveHH siasieTcst GHONCHS MevyeHH
FHCTOJIOTHYECKOE HCCIIeOBAHHE [ISt OTpPEeNieHHst BO3-
MOXKHOTO (hHGpPO3HOro npouecca. [TyHKuHOHHAs GHOM-
CHS1 — METOJL PHXH3HEHHOTO MOP(ONOrHUECKOro Heene-
JIOBaHUSI, MO3BOJSIOIME ONMPEJENUT KOHUEHTPALIHIO
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xese3a B neved. OfHAKO ee BO3MOMHOCTH KpaHHe
orpaHuuenbl. CyulecTByeT psii MPOTHBONOKA3aHUH H
BO3MOXKHOCTb OCJIOXKHEHHH. Kpome Toro, npu ovaro-
BBIX M3MEHEHMSX NMyHKUMOHHAs OHONCHS MOXET AaTh
HeBepPHbIE Pe3y/bTaThl H3-3a CayyaiHoro BbIGopa MecTa
B3ATHA NyHKTaTa. [T03TOMY nepecnekTHBHA HEHHBA3HB-
Has «MarHuTHas GuoncHs» neuewn [20, 21].

B nocsientue roapl y 60JbHBIX € Neperpy3Kkoii opra-
HH3Ma YKeJIe30M B COYETAHHH C OTIpeieleHHeM MapKe-
pOB ero MeTtaoJiH3Ma YBEJNMYHBAETCS : HHTEPEC K
HEeHHBA3HBHLIM METOaM H3MepeHHst, OCOOEeHHO B
MeveHH K CepAeYHON MbILULE,

HeunpasupHble H3MepeHHUs COAEPIKAHHS KeJie3a B
neyeHH 0ObIYHO BLINOJHSIOTCS B KIHHHKaAX THOO MeTo-
AOM MAaTHHTHO-pe30HaHCHOH Tomorpaduu (MPT),
HCIOJIL3YS TTONEPeYHbIH MATHHUTHBIA PEJAKCHPYHOUIHH
ypoBetb R2, uau R2* (1/T2*) uau meTos GHOMarHuT-
HONl CacenTOMETPHH TMeYeHH C HCMOJb30BaHHEM
SQUID yerpoiictea (superconducting quantum
interference device) [22—24].

Lleav pabomer — npeaBapuTesibHasi OLEHKA HApY-
LeHHs MeTab0/IM3Ma YKeJle3a U ero BO3MOXKHOIO HaKo-
NJIeHUs B MEYEHH NPH MOAEJHPOBAHHU CYyOXpOHHYE-
CKOH CBHHLIOBOH HHTOKCHKALIMH Y KPbIC.

Ma"repﬂam:.l H MeTOoJbl HCCIeJOBAHUSA

WcenenoBanusi MpoOBOAKAH Ha MOJNOBO3PEIbIX Kpbl-
cax iuHuu Bucrap maccoit 180—200 r, kotopbix conep-
XKaJIH B CTAHJIAPTHBIX YCJIOBHSAIX BHBAPHS CO CBOGOHBIM
LOCTYNOM K NUTbeBOH Bofe. YKUBOTHBIE OblIH pacrnpe-
Ienenbl Ha 4 rpynnel (no 6 ocobeit B KaXkaoil rpynne).
[Teproii rpynmne BHyTPHOPIOLIMHHO BBOMMJ/IH KOJUIOH]L-
Hblit pacTBop cy/abuna csunua (PbS B nosmdocdare
Hatpus (cpentuii pasmep wactiu, 80—85 HM), B n03e
1,083 Mr/Kr Macchl JKHBOTHOrO; BTOPOii rpyrine — KoJ-
Jouabiil pacteop PbS B noaudocdare natpust B mose
1,083 wr/kr (cpeanmii pasmep uactuu 130—140 um);
TpeTbelt — BOJHLIH pacTBOpP HUTpaTa CBHHUA B j03e
1,5 mr/kr macchl Tena (cpemuuil pasmep

MHHana HaTpusi (u3 pacuera 3 mr Ha 10O r macchl
YKHBOTHOTO).

Perucrpauuio ciiabbix MarHUTHBIX MOJIEH Y KOHTPOJIb-
HbIX H TOJIONBITHBIX 2KHBOTHbIX TPOBOAMJIH NMOCeL0 BBe-
JeHUil coelHHeHuil cBUHLA 1 yepe3 30 nHei nocie npe-
KpalLeHHs 3KCNO3HLIMK ¢ nomotbio yerpoticrea CKBHL
(CeepXnpoBOAHHKOBBIH KBAHTOBLIA HHTEP(EPEHLHOH-
Hblil gaT4rk) B Muctutyte umenu B. M. [ywkosa HAH
Ykpautibl, [TpHHIHN paGoOThl MATHHTOMETPHUYECKOT CHCTE-
Mbl KOHTPOJISl OCHOBBLIBAETCH HA M3MEpPEeHUH MarHWTHOM
BOCTIPHHMYHBOCTH MarHUTHBIX HOCHTEJIEH, KOTOpbIE Haxo-
JSITCA BHYTpH 06beKTA (B HalleM ciydae — kpbica). [as
U3MEPEHHA MArHHTHOH BOCTPHUMYWBOCTH  aHTeHa
CKBU]I-marsuToMeTpa pa3meLliaeTcst B LEHTPE KaTylleK
[esIbMroiblLia, KOTOpbIe CO3MAIOT MEePeMEHHOE MATHHTHOE
nosie. [Nepemeras 06beKT HCC/IEIOBAHHS B UEHTPE KaTy-
wek Hamarununsanus, CKBUI-maruuromerp perucrpu-
pyeT MarHHTHBIA CHrHaJ, NPOCTPAHCTBEHHAs KapTa pac-
npejie/IeHUst KOTOPOro SABAETCA OCHOBOI ISt JIOKANIH3a-
LMH MAFHUTHBIX HOCHTE/1EH H OLIEHUBAHUS MX KOHLEHTPa-
uuH. CHCTeMa HaMarHHYMBaHHSA COCTOHT U3 JBYX B3aHM-
HO TIEPNeHIUKYJISPHBIX Tap KaTylleK Ha KBaApaTHbIX
KapKacax ¢ B3aHMHO MepneHIHKYIAPHLIMH HanpasJie-
HUAMH CcO3flaBaeMoro Maruutioro noast (Bx, By).
Criela/ibHOe MaTeMaTHyecKoe oGecreyeH e JIaeT BO3-
MOKHOCTb BOCCTAHOBHTL KapTHHY paclipeiesieHus mar-
HUTHBIX HOCHTeJIel B opranusme B auHamuke. OcHoBo#
H3MEPHTEJILHOTO KaHasla CHCTeMb! SIBJISIeTCS 0CecHMMe-
Tpuutbiit CKBU/-rpaguentomerp BTOpOro nopsjxa
d’Bz/dz?. BHelunuil BUL MarHMTOMETPHYECKON CHCTe-
Mbl NoKa3aH Ha pucynke |. Ha ganHoM pucyHke nokasa-
HO TOJIOXKEHHE XKHBOTHOTO BO BPEMS H3MEPEHHSI.

Pe3yasraTbl HCCIEIOBAHMIL H HX 00CYKICHHE

Pesynbrarsl peructpauuH ciiabbix MarHHTHBIX MOJEH

‘Hajl OpraHaMH OIbITHBIX H KOHTPOJBHbIX KPbIC M0Ka3a-
"JIH, YTO MArHMTHBIM CHIHAN Haj MeYeHbIO KPbIC MocJe

BBEICHHA Pas/IH4HbIX COeIMHEHHH CBHHLA Ccpasy nocJje

yacTHl, okoso 400 HM); 4eTBepPTOH — KOHT- Karyuik
o NOAMArHUYUBAHWA
POJIbHOW Trpynne KpbiC BBOAMAM PacTBOP
noskgocdara Hatpus. KosnouaHble pacTBo-
KBOCTOBMK KPMOCTATa

pbl HAaHOYAaCTHL CyJb(uaa cBHHLUA Obliu
nosydeHsl B otaene goroxumun Mucruryra
¢usnyeckoit xumun umenn J1. B. TTucapxes-
ckoro HAH VYxpaunbi. Pacteopnl coseil
CBHHLA BBOJM/IM BHYTPUOPIOLIHHHO O pa3 B
Helento. Bo Bpemsi H3MepeHHA KPbICkl HAaXo-
JIHJIMCh B COCTOAHUH TyOOKOr0 HapKo3a 37a-

CKEMA -
MArHUTOMETRA

MoaeuxHan
nnardhopma
< obvexTom

Puc. 1. Maznumomempuyeckas cucmema 0as uccaedosanus
MEAKUX HCUBOTHBLX.
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Puc. 2. Hamenenue mazHumHO20 CU2HAAA HAO NEYEHbIO
KOHMPOALHBLX U NOJONBIMHbLX Kpbic nocae 30 esedenuil

coaett CBUHYA.
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1 - xowrpons

2 = wearipaia

3~ powrpaan

4 - rpymma 1

5~ epyire 1

9~ rpyna 3
10 = ypymna 3

1] -opvona 3
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Puc. 3. Hamenenue macnummnozo cuenara #Hao netensvio
KOHMPOALHLIX U NOCONBIMHBIX KPbIC nocae 30 dneil
BOCCMAHOBUMEALHOZO HEPUOOA.

OKOHYAHHsT SKCMO3HLUMH W CIYCTHA MeCsl, TOCTIKC-
MO3HLHOHHOrO NnepHoaa Gbll 3aMeTHO BbILLE, YeM Hajl
MeyYeHblo KPbIC KOHTPOJIBHOH Tpymnbl (puc. 2 1 3).

Kak BHAHO M3 pHCyHKa 2 HauGONblUMii MarHHTHLIH
CHrHan Obla onpenesieH Haj MeyeHbO KpbIC, KOTOPbIM
BBOJMJ/IM KOJIIOHHBIA pacTBOp cy/ibuaa CBHHUA ¢ pas-
mepom yactutl 130~ 140 HM; a HaHMEHBLLUH Y JKHBOTHBIX
roc/ie BBeeHHsl PaCTBOPa HUTPATa CBHHLA C pasMepoM
yactul, Gosee 400 Hm. MamepeHue BeIMUHHBI MATHHTHO-
FO CHrHa/ia y TOJONBITHBIX H KOHTPOJIbHBIX KPhIC Yepe3
30 nHel BOCCTAHOBHTEJILHOTO MepHoia MoKasano, 4To
HaHBOMbILLIAS €r0 HHTEHCHBHOCTh Gblia Y MMBOTHBIX,
KOTOPBIM BBOMJIH KOJIJIOMIHBIN PAacTBOP Cy/ibthHIA CBHH-
ua ¢ paamepom yactui, 80—85 um (puc. 3).

Takum o6pa3om, No/ayyeHHble pe3yJbTaThl per-
CTpaUMH c1abblX MAarHWTHBIX MMOJed Haj opraHamu
KPbIC CO CBHHLIOBOW MHTOKCHKaLHMeH CBHIAETENbCTBY-
IOT O TOM, 4TO, MOCTYMJEHHE COEJMHEHHH CBHHLA B
OpraH{aM jaxke B HeGOJIbIIMX KOHUEHTPALMAX Hapy-
waeT MeTabosIH3M Kese3a U CrocoOCTBYeT ero Hako-
TUIEHHIO B NeYeHH.

B aiutepatype BcTpeyaiotcs oTae bHBIE MOpdhonaTo-
JIOTHYECKHE OMHCAHHA NEYeHH TPH HHTOKCHKALMH
CBHHLIOM B YCIOBHSIX SKCTIepPHMEHTa U B KiHHUKe. Tak,
Jlyrosekoit C. I1. (2010) [25] B skcnepumente Ha
GeJIbIX KPbICAX 3aperHCTPHpOBAJ HAKOIJIEHHe B Opra-
Hax, B TOM YHCJIE H B MEYEHH, 2KeJle3a He TONbKO TpH
BBEIEHHH BbICOKHX 103 Pb (Ha yposne 1/4 J5,), HO M
Manbix ero 103 (Ha yposue 1/50 JIlzy n meHbiue).
Mopdonornuecku HapyleHHs MeTabonu3Ma Fe xapak-
TEPH30BAJIUCL PA3BHTHEM DETHKYJIOIHAOTENHABLHO
opmbl reMocHaEpo3a B MEUEHH, celle3eHKe, MOYKax.
Tpu 3TOM CTeneHb BHIPAXKEHHOCTH STHX H3MeHeHHH B
pa3HbIX OpraHax onpejeJssach J030H, cnocofoMm Bae-
JEHHsT B OpraHi3Mm CBHHLA H LJIHTEJNBHOCTBIO BO3JIEH -
CTBHS CBHHLA. ) -

J. Verheij (2009) onucan Mopcbonomqecme Hame-
HeHusi B nedeu y 40-neTHero MyKuuHbl Ha GoHe Xpo-
HHYECKOH CBHHLIOBOH HHTOKCHKALHH cpemleﬁ THMKE-
cti. [laromopdonornyeckie nposiBAEHHS TOKCHYHO-
CTH CBHHUA BEJIOYaJH AKTHBHBIH TenaTHT BMecTe C
OGLIMPHBIM MHKDPO- M MaKpPOCOCYAMCTbIM CTEaTO30M,
reMoCcHIepo3oM, X0JeCcTazom H .I[HMEIJOLLPITaprIM
XOJIAHTHTOM M JIUMOUHTApHBIM XosaHruToM. B
Kyndeposckux knetkax npu okpacke no [Tepscy
BbIABJAEHO »KeJie30. [Tocne JieyeHust ¢ NpHMEHEHHEM
XeJ1aTopoB, ()epMeHTbl MeYeHH BEePHYJHCh K HOp-
MaJibHOMY COCTOSIHHIO, OTMe4YeHa 06paTHMOCTh THCTO-
JIOPHYECKHX H3MeHeHHit [26].

l'[ony'-le}mble pe3yJibTaThl H3MEPEHHS, a TAKMKE HaLl
MpeAbIyLKE ONbIT W AaHHble JiuTepaTypbl [25—27]
HAl0T OCHOBAHWE CBA3aTh PErHCTPHPYEMbIH MarHuT-
Hblii CHMHAN C HAKOMNJIeHHeM B NMeYeHH HeremMoBOro
wmenesa, obsafaolero MariHHTHBIMH CBOHCTBAMH.

CreryeT OTMETHTb, YTO MArHUTHLI CHrHas Haj o6na-
CThIO MNeYeHH KpbIC OKa3aJca A0CTATOYHO BbIpaXKEHHBIM
H MO3BOJIHI perHCTpHpoaéTb CHTHAJIbI  Pa3JHYHON
HHTEHCHBHOCTH, YTO aeT OCHOBAHHE HAJIeAThCS Ha CO3-

‘naune CKBH/I-MarHuTOMETPHYECKOH CHCTeMbI /s

KONMHYECTBEHHOr0 HEHWHBAa3WBHOrO OrnpeaesieHus

" )KeJie3a B OpPraHax W TKaHsX MpH CBHHLIOBOH HHTOKCH-

KauH4 H APYTHX [aTOMOTHSAX.
Pesysibrathl 3KCMepUMeHTa CJIy»KaT, ¢ O[HOH CTO-
POHBbI, WJLTIOCTPALMEl PAGOTOCIOCOGHOCTH CO3NAHHO-
ro NporpaMMHOro obecreyeHHs 1 nokasarejem 10cTo-
BEPHOCTH pe3yJ/IbTaToB perHcrpaudu jisi 06paboTki
MarHUTOMeTPHUECKOH HHOPMALMH MPH HCCJefoBa-
HHH 3aiaHHBIX usnueckux momeneit (MJK), a ¢ apy-
rofi — MOATBEPXKAAIOT BO3MOXHOCTb MpPUMEHEHHS
CKWI-MarHiTOMETPHYECKHX CHCTeM [t PeLleHHs
MPaKTHYECKHX 337124 B OHOJIOTHH U MEHLIMHE.
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HEIHBA3SVBHWUA METOA BU3HAYEHHS1 HAKONYEHHS SANISA

Y NEYIHUI WYPIB 31 CEBMHUEBOIKO IHTOKCVMKALLIEKOD «
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Y crarti npeacraBieHi pe3ynbTaTH 3acTocyBaHHSA HeiHBasuBHorq mertomy CKBIJ GiomarHiTHOI cacenToMmerpii mist
BM3HaYEHHS HAKOMMYEHHS 3aJliza B TKAHMHI IMediHKK 1ypiB. BetaHoBEHO, 110 MATHITHUI CUTHAN HaJ MEYiHKOW UIypiB
nicnss 30 BBemeHb Pi3HMX CHONMYK CBHHIIO Ta 4epe3 Micsllb MOCTEKCIO3MUiHOTO nepioxy OyB MOMITHO BHILE HiX ¥
KOHTPOJIbHOT rpynu TBapuH. Lle Moxe 6yTH 3yMOBJIEHO MOpylLeHHsAM MeTaboi3My 3a1i3a 3a YMOBH CBUHLIEBOI iHTOKCHKALIi]

i CBIIYMTH MPO HaKOMMYEHHS #oro B meviHui. OTpUMaHi faHi B NMepcneKTHBI MOXYTh OYTH BMKOPHMCTaHi sl po3pobKH
HeiHBa3WBHOTO METONY Ki/IbKiCHOTO BU3HAYEHHS 3aJliza B opraHax i TKaHMHax.

Knwo4oBi ciosa: HeiHBa3WBHI MeTOAM MOCHiMKeHHA, HAKONMHYEHHA 3aJi3a, CBMHIEBA IHTOKCHKAIIA,
3aXBOPIOBAHHA NMeYiHKH
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NONINVASIVE DETERMINATION OF IRON CUMULATION IN THE RAT LIVER

WITH LEAD INTOXICATION
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The article presems‘the results of the use of noninvasive method of SQUID biomagnetic saseptometry to determine cumulation
of iron in the rat liver tissue. It was found that the magnetic signal over the rat liver after 30 injection of various lead salts and
after month of postexposition were significantly higher than in the control group. This may be due to iron metabolism disorder

caused by lead intoxication and iron accumulation in the liver. The findings in perspective can be used for developing
noninvasive method of quantitative detergnination of iron in organs and tissues.
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