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Pannee npoBegeHHbIe MCCJIEI0BAHUA MOKA3AJIM, YTO Y FOPHAKOB, 100bIBAIOIIUX MEIHO-
HHMHKOBYI0 KOJTYEJAHHYI0 PYAY HOA3EMHBIM CIIOCO00M, HAO/II0/1aeTCs CHIKeHNe KOCTHOM MpoY-
HOCTH € Pa3BUTHEM OCTEOIIeHMM H 0CTe0Iopo3a B MOJIOIOM TPyaocnocod0HoM Bo3pacre. Moze-
JIMPOBaHME XPOHUYECKOr0 MOCTYIJIEHHSI KOMIIOHEHTOB PYIbl Y IKCHEPUMEHTAIbHBIX KHUBOT-
HbIX IPUBOJAUT K HAKOIUICHHIO B KOCTHOM TKAHU PSiia TSAKeJIbIX METALIIOB C YCHJICHHEM IPo-
neccoB pe3opouuu. Lenbro uccieroBaHusi ABUJIACH XaPAKTEPUCTHKA 00MEHA IIyTATHOHA B KO-
CTHON TKAHH NPHU MOJEJHPOBAHMM XPOHUYECKOI0 MOCTYILICHUSI B OPraHU3Me 3JIeMEHTOB, CO-
JepKaIMXCsl B MeIHO-IMHKOBOM KOJIYeIAHHOH pyle. JKCIIepUMEHThI NPOBeJeHbl Ha camMIax
0eJIbIX IOJI0BO3PeNIbIX KPbIC, KOTOPBIM B Te4eHHE TPeX MecsleB eKe/ITHEeBHO BHYTPH:KeTy/104HO
BBOJAWJIN CYCHEH3HI0 MEJIKOI0 NMOPOIIKA MeJHO-IMHKOBON KOJYEJaHHOW PyAbl B pacTrBope
KpaxMasa u3 pacuera 60 mr Ha 100 r maccsl Tesia. Pe3yJibTaThl 3KCIIEPUMEHTOB MOKA3AJIM, YTO
AJIUTEbHOE MOCTYIICHHEe B OPraHu3M KOMIIOHEHTOB MEJHO-IMHKOBOH KOTYEIAHHOH Pyabl
NPUBOIUT K HAPYILIEHUIO CHCTEMbI IIyTATHOHA B KOCTHOM TKAHHU, 3AHUMAIOIIEH LEHTPaJIbHOe
M0JIO’KeHHE B OKHCJIMTE/IbHO-BOCCTAHOBUTEILHOM CTaTyce M AHTHOKCHIAHTHOM 3alMTe KJe-
TOK. Y JKHBOTHBIX ONBITHOM IpPynnbl HA0/II01aeTCsl CHUKEHHE YPOBHeHl IIyTaTHOHA BOCCTa-
HOBJICHHOT0, CBOOOJHBIX CYJb(QIUIPWIBLHBIX TPYyNI, AKTHBHOCTH IJIyTATHOHIEPOK-CHAA3bI,
IVIyTaTHOH-S-TpaHc(epasbl, y-riayraMuiITpadc-nentuaassl. Ha ¢one coxpaHenusi akTuBHoCTH
IVIyTATHOHPEeAYKTA3bl HA YPOBHE KOHTPOJISI Y ONBITHOW IPYNIbI )KUBOTHBIX HadJogaeTcs na-
JieHHe aKTMBHOCTH IJIIOKO030-6-1erniporeHasbl, Xapakrepu3ysi HapyleHUusi B KOCTHOI TKaHU
obecnieyenusi BoccraHoBIeHHbIX Gopm HAJI®H s penykuun riryraruona. Takum odpasom,
AJIUTEbHOE MOCTYIICHHEe B OPraHu3M KOMIIOHCHTOB MEJHO-IMHKOBON KOTYEIAHHOH PyIabl
NPUBOIHUT B KOCTHOM TKAHM K BbIPA’KEHHBIM HAPYILIEHUSIM CHCTEMbI IVIyTATHOHA: CHUKAKOTCH
YPOBHM IJIyTATHOHA BOCCTAHOBJIEHHOT'0, CBOOOHBIX THOJIOBBIX I'PYIIII, AKTUBHOCTH IVIyTATHOH-
3aBHUCUMBIX (DePMEHTOB U KOMIIOHEHTOB BOCCTAHOBJIEHHS (DOPM OKUCIEHHBIX THOJIOBBIX I'PYII-
mupoBoK. Mcromenue Gpu3no0rnuecKux pe3epBoB AaHTH-OKHCIMTEIbHON 3a1UTHI HETATHBHO
OTpakaeTcsl Ha MeTa0o/IM3Me KOCTHOI TKAHU M SIBJISieTCSl OAHUM M3 MATOXMMHYECKHX MeXa-
HHM3MOB CHMKEHHMS] KOCTHOW NMPOYHOCTH NMPHU JJIUTEJIbHOM KOHTAKTE C 3JIEMEHTAMM, CO/IepiKa-
IIHUMHCS B PyIaX HBETHbIX METAJLIOB.

Knwouesvie cnosa: snemenmvl MeOHO-YUHKOBOU KONYEOAHHOU pYObl, KOCMHAS MKAHb,
2NYMAamMuUOH 80CCMAHOBNEHHbIU, C80D00HbBIE CYNbGIUOPUNbHBIE SPYNNbL OENK08, 2TYMAamuUoOHNepoK-
cuoasa,  2ymamuoHmpancghepaza, nymamuoHpeoyKmasa, —2noKo30-6-ghocpamoecuopocenasa,
V-2YMAMUIIMPAHCRENMUOA3a.
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bone3sHn KOCTHO-MBIIIEYHOM CHUCTEMBI
B CTPYKTYype 3a00JeBacMOCTH C BPEMEHHOU
yTpaToil TPYAOCIOCOOHOCTH Ha MPEANpUsi-
TUSAX TOPHO-PYAHOH MPOMBIIIJICHHOCTH II0
no0bI4e, 00oraneHno 1 00paboTKe IIBETHBIX
METaJUIOB 3aHUMAIOT BBICOKOE PaHTOBOE
Mecto [1-3]. B 3HauUMTENBHON CTENEHHU 3TO
CBS3aHO C pPaHHUM Pa3BUTHEM CpEAU pa-
OOTHHMKOB MPEINPUATHI OCTEOIIEHUU U OCTEO-
nopo3a [1, 4]. CHuxeHre KOCTHOM MPOYHOCTH
y TOPHSIKOB, TOOBIBAIOIINX METHO-IIHHKOBYIO
KOJTYEJAaHHYI0 pyJly, BCTpEYaeTcs 3Ha4M-
TenpHO 4arie (B 1,5-4 paza), uem y pabouux
HA3eMHBIX CIIY’)KO W aJMHHUCTPATHBHBIX
pPabOTHUKOB TOrO K¢ mpemnpustus [5, 6].
MonenupoBanue XpOHHUECKOTO MOCTYIUICHUS
KOMIIOHEHTOB PY/bI IPUBOJIUT K HAKOIIJICHUIO
B KOCTHOH TKaHH SKCIICPUMEHTAIBHBIX JKU-
BOTHBIX psiia TOKENBIX U TOKCHYHBIX Me-
tayuioB, Takux kak Cu, Sr, Fe, Cd, Hg, Pb, Mn
U JIpyTUxX, ¢ HUHTeHcu(UKaluendn pemoaenu-
pOBaHUS KOCTHOW TKaHM Ha (oHE TIpe-
BaJIMPOBAHUS IpolieccoB pezopouuu [5]. [Ipu
9TOM B KOCTHOM TKaHU HaOJIIOAAJIOCh CHU-
KEHHE YpPOBHS BOCCTAHOBJIIEHHOTO  IIIy-
TaTHOHA W CBOOOJHBIX THOJOBBIX TPYIIT
0enkoB [6], 4TO MOXKET OBITH PE3YyIbTATOM
KaK CBS3BIBAHUS CYJIb(OTHIPHIBLHBIX TPYIII
TSOKENBIMA  METAJUIAMU, TaK W HU3MEHEHHS
(YHKIIMOHWPOBAHUS CUCTEM €0 OKHCIICHHS U
perexHeparmm.

ean nccnenoBanmsi

XapakTepucTuka 0OMeHa IIyTaTHOHA B
KOCTHOW TKaHW TPU MOJICIIUPOBAHUH XPO-
HUYECKOTO TMOCTYIUIGHHS B OpraHu3M Ddle-
MEHTOB, COJICPIKANTUXCS B MEIHO-ITUHKOBOM
KOJIYEJTaHHOU pYyZE.

Matepuaabl 1 METOABI

Jl7is KCIEpUMEHTOB OBLTU HCIONb30-
BaHbl 68 MOJI0BO3pENbIX OEIbIX KPIC-CAaMIIOB
Maccoi 210-240 r. OnbITHas rpynna *XuBOT-
HBIX TIOJy4aia €XKEJHEBHO B TEUCHHE 3-X
MECALIEB  BHYTPIIKENYJAOYHO  CYCIIEH3UIO
MEJIKOTO TOPOIITKa MEIHO-IIMHKOBOW KOJ4e-
JAHHOM pyabl M3 YYaJIMHCKOIO MECTO-
poxnenuss B 2% pacTBOpe Kpaxmana U3
pacuéra 60 mr Ha 100 r maccel. JKUBOTHBIM
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KOHT-POJIbHOM TPYMIIBI €XKEAHEBHO BBOIMIH
aJICKBaTHBI O00BEM pacTBOpa Kpaxmaia.
JKuBOTHBIE COIEPKATUCH B YCIIOBHUSX BUBApHS
npu cOaTaHCUPOBAHHOM IUTAHUU U €CTECT-
BEHHOM ocBellieHnu. [Ipu npoBeneHuu sKkcre-
PUMEHTOB COOJIONAINM ATUYECKUE HOPMBI U
pexoMeHaau EBponeickoil KOHBEHIIMU T10
TYMaHHOMY OTHOLIEHUIO K 3KCIIEpPUMEH-
TaJbHBIM KUBOTHBIM U TipHuka3 Munzapasa PO
Ne267 ot 19.06.2003 r. «O06 yTBEp)KACHUU
MpaBuI JAOOPATOPHOMN MPAKTUKUY.

JKuBOTHBIX MO JErKUM 3(PUPHBIM Hap-
KO30M BBIBOJIMJIA U3 IKCTIIEPUMEHTA Ha 1-i, 2-i
U 3-i1 Mecdll SKCIEpUMEHTa U B TOMOIeHaTax
smu(U30B OEAPEHHBIX KOCTEH M3ydalu coaep-
’KaHWe BOCCTAHOBJICHHOTO TJyTaTuoHa [7],
CBOOOHBIX THOJIOBBIX Tpymil [8], aKTUBHOCTb
rinyraruonnepokcuaassl (I'TIO) [9], ryraru-
onpenykrassl (I'P) [10], rmyratnoH-S-TpaHc-
depazer (I'T) [11], TrOK030-6-hocharmerun-
porenassl (I'-6-p/II) [12], y-rmyramuntpaHc-
nentuaasel (ITT) [13]. Conepxanue Oenka B
npobax onpeaensuu o Jloypu.

Marematuyeckyto 00pabOTKy pe3ylib-
TaTOB TPOBOAMIM C T[OMOIIBIO TaKeTa
nporpamm  Statistica 6,0 for Window ¢
pacueToM MeIHaHbl, BEPXHET0 U HHUKHETO
KBapTWIEH. MeXrpynnoBsle pa3invyus MoKa-
3aresielt onenuBanu no U-kputeputo ManHa-
YWTHH, 3a KPUTHYECKHM YpPOBEHb 3HAYM-
Moctu npuHuManu P<0,05.

Pe3yabTaThl U HX 00cy:KIeHHe

IIpy nIUTENBHOM MOCTYIUIEHUU D3Jie-
MEHTOB, COJIEpP)KaLIUXCSd B MEIHO-IIMHKOBOM
KOJUEAHHON pyZ€ y KUBOTHBIX B KOCTHOMU
TKaHM HaOIIOAANIOCh CHM)KEHUE TIIyTaTHOHA
BOCCTAQHOBJIEHHOTO M CBOOOJHBIX THOJIOBBIX
rpynn Oenkos (Tabu. 1).

OIHOBPEMEHHO TMPOUCXOAWIO CHUKE-
HHE aKTMBHOCTH IJIyTaTHOH3aBUCUMBIX (ep-
MEHTOB — IJIyTaTHOHIEPOKCHIA3bl — Ha BCE
CPOKH HCCIIEIOBaHUS, TITyTaTHOH-S-TpaHchepa-
3l — Ha 2-i M 3-i Mecslpl dKCIEPUMEHTa, a
TaKKe€ AaKTUBHOCTH  Y-TJIyTaMIJITPAHCIIETITH-
Jia3bl, KaTaJM3HUPYIOILEH MEPEHOC Y-TIyTaMH-
JBHOW TpyNMbl OT IIIyTaTUOHA Ha TPaHCMEM-
OpaHHO MEePEHOCUMYIO0 AMHUHOKHUCIIOTY.
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Taobnuua 1

Cooepotcanue 60cCMan061eHHO20 2TIYMAMUOHA, CB0OOOHBIX CYNbPUOPUTLHBIX ZPYNN 0EK08
U AKMUBHOCMY (PePMEHNMOE CUCHIEMBL 2TIYMAMUOHA 8 KOCHHOU MKAHU NPU 0elicmeuu
IEMEHM 08 MEOHO-UUHKOBOU Ko1uedanHou pyost, Me [Q1-Qs]

['pynna »uBOTHBIX
OnbITHAS
[Tokazarenn KouTponbHas
n=10 1 MEC}ILI 2 MEC}ILI 3 MECHH
n=8 n=8 n=8
I'JIyTaTHOH BOCCTaH. 2,62 1,81 2,02 1,57
MKMOJIB/MT OelTka , [1,99-3,24] [1,51-2,20] [1,59-2,10] [1,30-1,82]
P=0.0104 P=0,050 P=0,004
CoGoansie SH-rpymms! 8,0 7 7,05 6,09
GeIIKOB, MKMOJIB/MT Gemka [6,85-9,2] [6,72-8,8] [6,08-9,41] [5,2-8,62] P=0,028
’ P=0,602 P=0,180
2,52 1,44 1,75 1,57
ggg; HMOID/MiH M [1,89-3,16] [1,16-1,58] [1,52-2,02] [1,32-1,77]
P=0,015 P=0,051 P=0,0281
16,2 16,1 14,7 13,2
I'T, umons/Mun*mr 6enka | [13,1-20,3] [13,2-21,2] [13,9-18,3] [11,6-16,0]
P=1,0 P=0,044 P=0,021
4,18 3,56 3,99 3,45
I'P, amons/Mun*Mr Oenmka | [3,78-4,48] [2,96-3,82] [3,51-4,39] [2,75-4,03]
P=0,133 P=0,384 P=0,051
3,6 3,3 3,0 3,1
I-6-¢o AT, amomnn ! ' , )
[2,1-4,2] [2,3-4,1] [2,6-4,2] [2,4-4,1]
HAI®H/Mur*Mr 6enka P_0.471 P—0.041 b20.043
I'TT, HMOIB/MUH*MT 13,6 10,3 10,1 8,8
6en1;a [11,3-14,6] [8,6-12,7] [8,7-11,5] [7,4-10,6]
P=0,044 P=0,038 P=0,021

JlnrenpHOE MOCTYIUIEHUE DJIEMEHTOB,
coJiepKaluxcsa B pyne, NPUBOAUT K HAKOII-
JICHHIO B KOCTHOM TKaHHM psia metamioB (Cu,
Zn, Sr, Mn, Fe, Cd, Pb, Hg u n1p.) u 3nauu-
TEJIbHOMY YCHJICHHMIO MPOILIECCOB Pe30pOLUU
[14]. CHnxeHMe ypOBHEH BOCCTAaHOBIEHHOTO
[JIyTaTHOHA, CBOOOJHBIX THOJIOBBIX TIpYIII
0€IKOB, AKTUBHOCTH TJIyTaTHOH3aBHCHUMBIX
(GepMEHTOB JEMOHCTPUPYET HUCTOIIEeHUE (u-
3UOJIOTHYECKUX  PE3€pBOB  AHTHOKHCIH-
TETBLHON 3allUThl KOCTHOW TKaHU Ha (oHe
HAKOIUIEHUsI METaJUIOB. Y CTAHOBJICHHOE Ia-
JIEHUE aHTUOKHUCIIUTEIbHON 3alUThl B TKaHU
KOCTH IIPH JEWCTBHUU DJIEMEHTOB PyIbl MO-
KeT ObITh Pe3yJbTaTOM Pa3HbIX MEXaHHU3MOB
UX JercTBUs. MeTajuibl IEpEMEHHON BaJICHT-
HOCTH, COJIep)KAIllUecs] B pylie, UHULUPYIOT
o0Opa3oBaHNe aKTUBHBIX (pOopM Kuciopojaa u
pouecchl CBOOOJIHOPAIUKAIBHOTO OKHCIIe-
HUSl C YCUJICHHEM IOTpeOJIeHUs aHTHOKCH-
naHToB [14]. HMoHbBl TEXKENBIX W JAPYrUX
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METaJIJIOB 00pa3yrT KOMILIEKCHI ¢ OnoMore-
KyJIaMH, 0COOEHHO cojepxarnumu tuo-(HS-),
ankuntuo-(RS-) u autro-(-S-S-) cBs3m, Ha-
pymas CTPYKTYpy ¥  (QYHKIIMOHAIBHYIO
AKTUBHOCTh OEIKOB M METAJIOIUTaHHBINA
romeoctas [14]. Ilpm sTOM Meramibl B
OTJIMYME OT BEIIECTB OPTaHWYECKOW TpH-
pOIBI HE TMOABEPXKEHBI NEerpajalluud ecTe-
CTBEHHBIM TyTEM, YTO MPHUBOJUT K Ooiiee
BBIPOXXEHHOMY HX BO3ACHCTBHIO. Takum
0o0pa3oM, 3JIEeMEHTHI, HaKAITUBAIONIUECS B
KOCTHOW TKaHW TpPU JUIUTEIHHOM BO3JEHCT-
BUM KOMITOHCHTOB MEHO-ITMHKOBOUW KOJTde-
JTAHHOW pPYyHbI, U MPU aKTUBAIIMU CBOOOIHO-
paJIMKAJIGHBIX MPOIIECCOB, W TPH HEIOCPE/I-
CTBEHHOM B3aUMOJCUCTBUHA C THOJIOBBIMH
TpyIIiaMA  TPUBOJAUT K HMHTCHCHU(HKAINN
MOTpeOIeHUs] BOCCTAHOBJIEHHOT'O ITyTaTHOHA.

CHMKeHHEe YPOBHS BOCCTAaHOBHUTEIb-
HOTO TJIyTaTUOHA B YCIOBHUSIX MHTOKCUKAIIUU
AJIEMEHTAaMH PYABl MOXKET OBITH CJICICTBUEM
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HapylIeHuss (JEPMEHTHBIX CHUCTEM €ro pere-
Hepauuu. XOTS AaKTUBHOCTh TIJIyTaTHOH-
pelyKTa3bl, KaTaJU3UpPYIOIIEH HemoCpeacT-
BEHHO BOCCTAHOBJICHHE OKHCIIEHHOW (OpPMBI
TPUMENTH/IA, OCTAETCS Y MOJMOMBITHBIX KPBIC
B IIpeiesiax MoKa3aresneil KOHTPOJIbHOU IpyIi-
bl )KUBOTHBIX, aKTUBHOCTH TIFOK030-6-(hoc-
daTaeruaporeHasbl — KJIHOUYEBOro ¢GpepMeHTta
reKC030MOHO(OC(]ATHOTO MYTH OKUCIICHUS,
SIBJIAIOIIETOCS OCHOBHBIM IIMKJIOM oObecrie-
yeHus: BoccraHoBieHHbIM HAJI®H B muto-
30i1e, CHIKeHa (Tadi. 1). Takum obpazom, HU3-
Kasi aKTUBHOCTh B KOCTHOM TKaHH TIIFOK030-0-
docharaeruporeHasbl MOKET JIMMUTHPOBATh
WHTCHCHBHOCTh ~ PETCHEPAIlliM  OKUCIICHHOM
(GOopMBI IITyTaTHOHA B BOCCTAaHOBJICHHBIH.
OKUCIUTEIIFHO-BOCCTAaHOBHUTEIbHBIN
CTaTyC KJIETOK B 3HAUUTEIbHOW CTENEHU 3a-
BHCUT OT COCTOSIHUS W Oy(depHOU EMKOCTH
THOJIOBBIX COETMHEHUI, KOTOPHIE OKA3bIBAIOT
BIIUSTHUE HA TPOIECCHI aronTo3a W IPOJH-
depauuy, HanpaBICHHOCTH MeTabOIU3Ma
KJIETOK, ()YHKITMOHUPOBAHHE BHYTPHUKICTOY-
HBIX MEXaHHM3MOB Tepefaud PeryJsTOPHBIX
CUTHAJIOB ¥l CHCTEMbI aHTHOKCHIaHT-PECIIOH-
cuBHoro »siementa [15]. CHuxenue co-
JIepKaHUS BOCCTAHOBIICHHOTO TJIYTaTHOHA U
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BBIDOKCHHBIE HW3MEHEHUsI B aKTUBHOCTU
(bepMEeHTOB CHUCTEMBI IIIyTaTHOHA MPHUBOJIAT
K Pa3BUTHIO OKUCIHUTEIBHOIO CTpecca U He-
raTUBHO CKa3bIBalOTCS Ha MeTaboiau3Me
KOCTHOM TKaHH, IPUBOJIS, HAPSALY C APYTUMHU
MEXaHU3MaMH, K CHUKEHUIO KOCTHOM IpoY-
HOCTU TpPU JUIUTEIBHOM BO3JCHCTBHUU KOM-
IIOHEHTOB, COJAEpPKALUXCI B MEIHO-IIMH-
KOBOM KOJYEAAHHOM pyJIE.
BriBoabl

JnuTenbHOEe MOCTYIUIEHUE B OPraHU3M
KOMIIOHEHTOB MEJIHO-IIMHKOBOM KOJIY€/IaH-
HOW pyAbl NPUBOAUT B KOCTHOW TKaHH K
BBIPA)KEHHBIM HAPYIICHUSM CHUCTEMBI IIyTa-
THOHA: CHWXAKOTCS YPOBHU TJIyTaTHOHA
BOCCTAHOBJICHHOTO, CBOOOJHBIX THOJIOBBIX
TPYII, AaKTUBHOCTh TJIYTaTHOH3aBUCHUMBIX
(bepMEeHTOB U KOMIIOHEHTOB BOCCTAHOBIICHUS
(hOpM OKHCIIEHHBIX THOJIOBBIX TPYIITUPOBOK.

HcTomenne pu3nonoruyeckux pesep-
BOB AHTHOKHUCIUTEIbHOW 3aIIUTHl HEraTUB-
HO OTpa)kaeTcsi Ha MeTaboiu3Me KOCTHOU
TKaHU W SIBIIAECTCS OJHUM W3 MaTOXUMHU-
YECKUX MEXAaHU3MOB CHUXEHUS KOCTHOMU
MPOYHOCTH IPH JUIUTEITBHOM KOHTAKTE C 3JIe-
MEHTaMH, COJEepXKallMMHUC B pyAax LBET-
HBIX METAJIJIOB.
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CHARACTERISTICS OF GLUTATHIONE SYSTEM IN BONE TISSUE IN
LONG-TERM ENTRY OF ELEMENTS OF COPPER-ZINC PYRITIC ORES

G.R. DAVLETGAREEVA, E.R. FARSHATOVA
Bashkir State Medical University, Lenina str., 3, 450008, Ufa, Russian Federation

Earlier research showed that in mine workers who mine for copper-zinc pyritic ore by
the underground method, reduction in the bone strength with development of osteopenia and
osteoporosis is noted at young working age. Modelling of chronic entry of the ore compo-
nents results in accumulation in experimental animals of a number of heavy metals in bone
tissue with enhancement of resorption processes. The aim of research is characterization of
glutathione metabolism in bone tissue in modelling of chronic entry into an organism of ele-
ments present in copper-zinc pyritic ore. Experiments were conducted on mature white male
rats with daily intragastric introduction of suspension of fine powder of copper-zinc pyritic
ore in starch solution in the dose calculated on the basis 60 mg/100 g of body mass with in
three months. Results of the experiments showed that long-term entry into an organism of
components of copper-zinc pyritic ore leads to frustration of glutathione system which plays
the key role in redox status and in antioxidant protection of cells in bone tissue. In animals of
the experimental group decrease in the levels of reduced glutathione, of free sulfhydryl
groups, in the activity of glutathione peroxidase, glutathione-S-transferase, y-glutamyl-
transpeptidase was observed. With preservation of the activity of glutathione reductase at
the level of control group, in experimental animals decrease in the activity of glucose-6-
dehydrogenase was observed indicating disorders in production of reduced forms of NADPH
in bone tissue for glutathione reduction. Thus, long-term entry of components of copper-zinc
pyritic ore into an organism leads to evident disorders in glutathione system in bone tissue:
decreased levels of reduced glutathione, of free thiol groups, decreased activity of gluta-
thione-dependent enzymes and components for reduction of oxidized thiol groupings. Deple-
tion of physiological reserves of antioxidant protection produces a negative effect on bone
tissue metabolism and is one of pathochemical mechanisms of decrease in bone strength in
case of prolonged contact with elements present in nonferrous metal ores.

Keywords: elements of copper-zinc pyritic ore, bone tissue, reduced glutathione, free sulf-
hydryl groups of proteins, glutathione peroxidase, glutathione transferase, glutathione reduc-
tase, glucose-6-phosphate dehydrogenase, y-glutamyltranspeptidase.

Diseases of the musculoskeletal syste- sition in a group of diseases with temporary
mat ore-mining industry enterprisesengaged disability [1-3]. To a large extent this is
in  mining, enrichment and machining of associated with early development of osteo-
nonferrous metals occupy a high ranking po- penia and osteoporosis in workers of the
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enterprises [1, 4]. Incidence of decrease in
bone strength among the mineworkers en-
gaged in mining for copper-zinc ore is sig-
nificantly higher (1,5-4-fold) than among
workers of the ground services and adminis-
trative workers of the same enterprise [5, 6].
Modelling of chronic entry of components of
the ore into experimental animals results in
accumulation in their bone tissue of a number
of heavy and toxic metals, such as Cu, Sr, Fe,
Cd, Hg, Pb, Mn and others, with intensifica-
tion of bone tissue remodeling with the un-
derlying prevalence of resorption processes
[5]. In this, decrease in the level of reduced
glutathione and of free thiol groups of pro-
teins in the bone tissue was observed [6]
which may result both from binding of sulf-
hydryl groups by heavy metals, and from
changes in the functions of systems for its
oxidation and regeneration.
Aim of Research

Characterization of glutathione meta-
bolism in bone tissue in modelling of chronic
entry of elements contained in copper-zinc
pyritic ore into an organism.

Materials and methods

For experiment 68 mature white male
rats were used with 210-240 g mass. Animals
of the experimental group daily received sus-
pension of fine powder of copper-zinc pyritic
ore from Uchaly deposit in 2% starch solu-
tion intragastrically on the basis of 60 mg/100
g of mass for three months. The animals of
control group were daily introduced an ade-
quate volume of starch solution. The animals
were kept on balanced feeding under natural
illumination in vivarium. Experiments were
conducted in accordance with ethical norms
and recommendations of European Conven-
tion on humanistic handling of experimental
animals and Order Ne267 of Ministry of
Health of RF of 19.06.2003 g. «On the ap-
proval of rules of laboratory practice».

The animals were withdrawn from the
experiment under brief ether anesthesia on
the 1st, 2nd and 3d month of the experiment,
and the content of reduced glutathione [7],
free thiol groups [8], activity of glutathione
peroxidase (GPO) [9], glutathione reductase
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(GR) [10], glutathione-S-transferase (GT)
[11], glucose-6-phosphate dehydrogenase
(G6PD)  [12],  y-glutamyltranspeptidase
(GGT) [13] were studied in homogenates of
the epiphyses of femoralbones. The content
of protein in samples was determined by
Lowry method.

Statistical analysis of the results was
conducted using statistical package Statistica
6.0 for Windows with calculation of median,
upper and lower quartiles. Differences of pa-
rameters between the groups were evaluated
by Mann-Whitney U-test, critical signific-
ance level was taken to be P<0,05.

Results and Discussion

In long-term entry of elements con-
tained in copper-zinc pyritic ore, decrease in
reduced glutathione and of free thiol groups
of proteins was observed in bone tissues of
animals (tabl. 1).

Simultaneously there was noted de-
crease in the activity of glutathione-
dependent enzymes — glutathione peroxidase
— during the whole period of experiment, glu-
tathione-S-transferase — in 2nd and 3d
months of the experiment, and also of y-
glutamyltranspeptidase that catalyses transfer
of y-glutamyl group from glutathione toami-
no acid transported across the membrane.

Long-term entry of elements contained
in ore results in accumulation of a number of
metals in the bone tissue (Cu, Zn, Sr, Mn, Fe,
Cd, Pb, Hg and others) and in significant
enhancement of resorption processes [14].
Decrease in the levels of reduced glutathione,
of free thiol groups of proteinsand inthe ac-
tivity of glutathione-dependent enzymes in-
dicates depletion of physiological reserves of
antioxidant protection of the bone tissue
against the background accumulation of me-
tals. The proven drop in the antioxidant pro-
tection in the bone tissue under influence of
the ore elements may result from different
mechanisms of their action. Metals of mixed
valence present in ore initiate formation of
active forms of oxygen and free radical oxi-
dation processes with enhanced consumption
of antioxidants [14]. lons of heavy and other
metals form complexes with biomolecules
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Table 1
Content of Reduced Glutathione, Free Sulfhydryl Groups of Proteins
and Activity of Enzymes of Glutathione System in Bone Tissue on Exposure
to Copper-Zinc Pyritic Ore Elements, Me [Q1-Qs].
Group of Animals
Experimental group
Parameter Contrc_)l group T month > month 3 month
n=10 _ _ _
n=8 n=8 n=8
. 2,62 1,81 2,02 1,57
Gr'r‘l‘é?}gorc‘; rer?)‘:ecfnd’ [1,99-3,24] [1,51-2,20] [1,59-2,10] [1,30-1,82]
K gorp P=0.0104 P=0,050 P=0,004
FreeSH-groups of proteins, 8,0 7 7,05 6,09
umol/mg of protein [6,85-9,2] [6,72-8,8] [6,08-9,41] [5,2-8,62] P=0,028
P=0,602 P=0,180
GPO 2,52 1,44 1,75 1,57
nmol’/min*mg of protein [1,89-3,16] [1,16-1,58] [1,52-2,02] [1,32-1,77]
P=0,015 P=0,051 P=0,0281
oT 16,2 16,1 14,7 13,2
ool Jmin*mg of protein [13,1-20,3] [13,2-21,2] [13,9-18,3] [11,6-16,0]
P=1,0 P=0,044 P=0,021
GR 4,18 3,56 3,99 3,45
amol Jmin*mg of protein [3,78-4,48] [2,96-3,82] [3,51-4,39] [2,75-4,03]
P=0,133 P=0,384 P=0,051
G6PD, nmol 3,6 3,3 3,0 31
NADPH/min*mg of [2,1-4,2] [2,3-4,1] [2,6-4,2] [2,4-4,1]
protein P=0,471 P=0,041 P=0,043
. 13,6 10,3 10,1 8,8
S&Z in“mo'/ min*mgof | 111 3.14,6] [8,6-12,7] [8,7-11,5] [7,4-10,6]
P=0,044 P=0,038 P=0,021

especially with those containing thio-(HS-),
alkylthio-(RS-) anddithio-(-S-S-) bonds and
frustrate the structure and functional activity of
proteins and the metalloligand homeostasis
[14]. With this, metals, unlike organic sub-
stances, are not degraded in the natural way
which leads to enhancement of their effect.
Thus, elementsthat accumulatein the bone tis-
sue in prolonged exposure to the components
of copper-zinc pyritic ore, in activation of free-
radical processes and in direct interaction of
metals with thiol groups lead to intensecon-
sumption of reduced glutathione.

Decrease in the level of reduced gluta-
thione in intoxication with ore elements may
result from derangement of enzymatic sys-
tems of its regeneration. Although the activi-
ty of glutathione reductase that directly cata-
lyzes reduction of the oxidized form of tri-
peptide, remains in experimental rats at the
level of control group, the activity of glu-
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cose-6-phosphatedehydrogenase — a key en-
zyme of hexose monophosphate oxidation
pathway which is the main cycle that pro-
vides reduced NADPH in cytosol, is de-
creased (tabl. 1). So, low activity of glucose-
6-phosphate dehydrogenase in the bone tis-
sue may limit intensity of regeneration of
glutathione from oxidized into reduced form.

Redox status of cells largely depends
on the condition and buffer capacity of thiol
compounds which influence apoptosis and
proliferation processes, on thedirection of
cell metabolism, functioning of intracellular
mechanisms of transmission of regulatory
signals and on the system of antioxidant res-
ponsive element [15]. Decrease in the
amount of reduced glutathione and signifi-
cant changes in the activity of enzymes of
glutathione system lead to oxidative stress
and impair metabolism of bone tissue which
along with other mechanisms, result in
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decrease in the bone strength on prolonged
exposure to components present in copper-
zinc pyritic ore.
Conclusions

Long-term entry into an organism of
components of copper-zinc pyritic ore results
in evident disorders in glutathione system of
the bone tissue: decrease in the level of re-
duced glutathione, of free thiol groups, in the
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