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NOPIBHAJNIbHA OLIHKA PIBHIB OCTEOACOLINOBAHOIO
MIKPOEJIEMEHTY MiJll Y KICTKOBIA TKAHUHI 3A YMOB BMNJIMBY
CBUHLIO B MAKPO- TA HAHOAKBAXEJIATHIA ®OPMI HA TBAPUH

B EKCNEPUMEHTAJIbHNX YMOBAX

A3 «[AHinponeTpoBCcbKa MeauyYHa akageMmis», [IHinpo

3pOCTaHHA 3axBOPIOBAHOCTI HACENEHHs Ha XBO-
pobu KICTKOBO-M'SI30BOI CUCTEMWU Ha Thi 3HWKEHHS
MILHOCTI ckeneTa Ta Npu HasBHOCTi BCE 3pOCTaloyoro
TEXHOTEHHOIO HAaBaHTaXEHHSI Ha OpraHiaMm IAMHY,
CTaBWTb HEOOXIOHICTb ririEeHiYHOro aHanisy poni ocTeo-
acouinoBaHUX MiKpoenemeHTiB, B T.4. Migi, Y pO3BUTKY
OCTeonartiin y HacerneHHs NPOMUCOBOrO MicTa.

Y 3B’A3Ky 3 UMM, METOI OOCHIMKEHHS € BUBYEHHS
BMMMBY i30NbOBaHOI Ail CNOMYK CBUHLIK B Makpo-
Ta HaHoakBaxenaTHin opMi Ha BMICT Midi y KICTKOBIN
TKaHWHI NabopaTopHMX TBapWMH B YMOBax eKcnepu-
MEHTY.

Knto4yoBi cnoBa: cBMHeLb, MiKpOEeneMeHTH, KiCT-
KOBa TKaHWHa.

3B’A30K pob6OTM 3 HAyKOBUMMM MNporpamamm,
nnaHamu, Temamu. Pob6oTta € ¢parmeHTtom HIOP
«[irieHiYHa pgiarHocTuka hopMyBaHHSA E€KONOoro3anex-
HUX MIKpOENeMeHTO3iB Y HacerneHHs NPOMMCIOBOro
perioHy Ta ix npodinaktuka» Ne gepx. peectpadii
0114U005582, wundgp IH.03.15

Bctyn. 3pocTaHHs 3axBOpPHOBAHOCTI HacCereHHs
Ha XBOPOOW KiCTKOBO-M'I30BOi CUCTEMW Ha Thi 3HK-
XKEHHS1 MILHOCTI ckeneTa Ta npu HasBHOCTI BCe 3poc-
TalYoro TEXHOTEeHHOr0 HaBaHTaXEHHs Ha opraHiam
noauHu [5, 9], cTaBUTb HEOBXIAHICTL ririeHiYHOro aHa-
ni3y poni 0CTe0acoLiioBaHNX MIKPOENEMEHTIB, B T.4.
Midi, Yy pO3BMTKY ocTeonarTil y HaceneHHs NpoMmucro-
BOro MicTa.

B opraHiami nioguHu KicTkoBa TKaHUHA Mae Hanbi-
nblWi KYMynATUBHI BNAcTUBOCTI MO BiQHOLIEHHIO A0
GaraTbox KCeHOBIOTUKIB, 30KpeMa [0 Fpynu BaXKMX
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MeTanis, cepen SKnX CBUHELb € NigepoM 3a CTyrneHem
CMOPIAHEHOCTI A0 KiCTKOBOI TKaHuHM [1, 6, 8].

EceHuianbHi MikpoenemeHTH, a B T.4. Mifb, BUKO-
HYIOTb BaXNMBY pOflb B KiICTKOBOMY PEMOAEMOBAHHI
[7, 11]. Tak, migb € aKkTMBaATOPOM KiCTKOBOI MiHepani-
3auii Ta 6epe y4acTb y CMHTE3i OpraHiYHMX pPeyoBUH
0N KICTKOYTBOPEHHS [3].

Y 3B’'A3KY 3 UMM, METOI AOCHIAKEHHS € BUBYEH-
HA BNAMBY i30MbOBaHOI Ail CNOMyK CBUHLIO B MaKpo-
Ta HaHoakBaxenaTHin opMi Ha BMICT Mifi y KiCTKOBIN
TKaHWHI NabopaTopHMX TBapuMH B YMOBax ekcnepu-
MEHTY.

O6’ekT i MeTOoau AocnigxeHHA. [1ns npoBeaeH-
HS ekcnepuMMeHTanbHUX JochnigkeHb Oyno obpaHo
LypiB niHii Wistar. B ekcnepyMeHTi BUKOPUCTaHO Me-
TOAMYHI Nigxoan, WO BiOMNOBIAATb CyYaCHUM MiXHa-
pOAHMM BUMOram LLoAo NpoBefeHHST TOKCUKOMOTiYHMX
€KCNEPUMEHTIB 3 BMKOPUCTAHHAM TBapWH BiAMNOBIgHO
no €sponenicbkoi KoHBeHuji [10]. TBapuHu 6ynu pos-
nodineHi Ha ABi NigaocnigHi Ta ogHy KOHTPOIbHY rpy-
Ny y BUNagkoBoMy nopsgky 3 hopmMyBaHHSAM OfgHOpIA-
HOCTi 3a cepeaHbol Macor. [lo3a aueTtaTy CBUHLIO
(makpodopma cBUHLO) 6nmusbka o 1/30000 LDso,
Bignosigae 0,05 mr/kr macu Tina, BBOAUIM i305IbOBAHO
(apyra pocnigHa rpyna) Ta uuTpaTy  CBUHLLO
(HaHoakBaxenaTHa popma cBuHUO) - B o3i 0,05 mr/kr
(Tpeta gocnigHa rpyna). Llypam KOHTponbHOI rpynu
(nepwa rpyna) y ui X CTPOKM BBOAUNWN ANCTUNBOBaHY
Bo4y. [ANst MakcManbHOro HabnMKeHHS ekcnepuMeH-
Ty 0O NPUPOAHMX YyMOB 0BpaHO nepopanbHUi LWnsiX
BBEAEHHS 3rigHO 3 MEeTOAMYHMMU peKoMeHAaLisiMu
3 BMBYEHHHA TOKCUYHOCTI MeTaniB — 3a JO0MOMOrow
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B BMICT MIJIL Y KICTKOBLT TKAHITHL

Puc. BmicT Migi y KiCTKOBIV TKaHUHI AOCRigHNX
Ta KOHTPOMbHOI rpyn TBapuH

BHYTPILLUHBOLWMAYHKOBOrO 30HAY [2]. CTerHoBy KiCTKy
npenapyeanu Ta BUAINSANM 3a 3aranbHOMPUAHATAMM
meToaukamu [4].

PesynbTatm pocnigkxeHb Ta iX OGroBOpPEHHS.
BuaBneHo, Wo BMICT Migi ¥ KICTKOBIA TKAHWHI HUXYUIA
3a aHanorivyHi AaHi KOHTPOMbHOI rpynu TBapuH, 3a
YMOB HU3bKOJ030BOMO BMSIMBY CBUHLIO. Tak, KOHLEHT-
pauist Migi 3meHwwunack Ha 43,5% (p<0,001) Ta ctaHo-
Buna 3,87+0,28 mr/kr (puc.), MOPIBHAHO 3 Llypamwu
KOHTPOJbHOI FPYNM, aHanoriyHi NoKasHWKKN sIKOi Biano-
BigatoTb 6,85+0,7 Mr/Kr.

OTpumaHuin edekT cnpusde MOpYLUEHHIO CniBBig-
HoweHHs Zn:Cu, 3a paxyHOK Aediunty migi, wo, B
CBOKO 4epry, BMMMBAE Ha KOHLUEHTpaUilo LMHKY,
poBegeHoro GioaHTaroHicta ceuHUl. OTXe, kackag
nopyLlieHb MiHepanbHOro cknagy KiCTok 34aTHUR
CMPUYMHUTU NEeBHI MOPAONOriYyHi 3MiHM Ta PO3BUTOK
ocTteonarTin.

Cepepn TBapuwH TPeTbLOI rpynu BMICT 4OCHiAXyBa-
HOro MikpoenemeHTy 3HM3uBca Ha 44,8% (p<0,001) Ta
ctaHoBmB 3,78+0,15 Mr/Kr, MOPIBHAHO 3 KiCTKOBOH
TKAHWHOIO LLYPiB KOHTPOSILHOI rpynu.

MopiBHANbHA OUiHKa ABOX AOCMIAHMX TPyn MiX
co6oto, CBigYMTb NPO BIACYTHICTE AOCTOBIPHOI Pi3HML
MiXX BNAMBOM Makpo- Ta HaHoaKBaxernaTHOK (HOPMOI0
CBWMHLIO HA BMICT Migi y KICTKOBI TKaHWHi, TOBTO aue-
TaT CBMHUIO Ta UUTPAT CBMHUIO Make B OOHaKOBIl
Mipi Cnpusie 3HWXEHHIO BMICTY Midi y KicTui y cepegn-
HbOMY Ha 44,2%.

MHOXMHHE MOPIBHSAHHSA JOCHIAHUX FPyn 3 KOHTPO-
neHol 3a kputepiem [anHetta (Dunnett test) cBig-
YNTb NPO AOCTOBIPHICTb Pi3HMLI BMICTY Migi Y KICTKOBI
TKaHWHI LWYypiB, AKi OTPUMyBann MakpodopMy CBUHLIKO
(p<0,001) Ta HaHoakBaxenaTtHy uoro dopmy
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(p<0,001) no BIgHOLIEHHIO OO0 TBAPUH KOHTPOSbHOI
rpynu.

MpoBeneHun gucnepcinHum aHania ANOVA pe-
3ynbTaTiB OCMIOKEHHSA BMICTY Mifi y KiICTKOBI TKaHW-
Hi TBApWH Apyroi Ta TPeTbOoi AOCAIgHWX rpyn CBigYMTb
Npo BiACYTHICTb OCTOBIPHUX BiAMIHHOCTEN MiX NOKas-
HUKaMn KOHLIeHTpauii Migi y KicTui gocnigHux rpyn B
uinomy (p>0,05). Pesynbtatn aHanisy nigreepaxy-
I0TbCA | KoediuieHToM geTtepmiHauii (RZ), AKUI cTaHo-
BuTb 0,006.

Hamu npoaHanizoBaHa o4HOPIOHICTb AaHUX BMiIC-
TY Midi Y KiCTKOBI TKaHWHI LLypiB OOCAIOHUX Ta KOHT-
ponbHoi rpyn (Homogenous Groups), oTpumaHi pe-
3ynbTaTh cBigYaTb, WO MiX rpynamu 3 pisHUX nigmMmHo-
XuH p<0,05, BcepeauHi niamHoxumHm p>0,05 (3a ymoB
KPUTUYHOIrO 3HaYeHHs AN nigMHOXMHM — p<0,05),
TOGTO Apyra i TpeTsa rpynu He Bigpi3HSATLCS, MiX CO-
6010, ane BiOpI3HAOTLCA Big KOHTpOrto (Tabn.).

Tabnuua — OgHopiaHICTE JOCNIAHUX Ta KOHTPOSLHOI rpyn
3a BMICTOM Mifji Y KiCTKOBI TKaHWHI LLypiB

Ipyna dakTopu BNAMBY BM:;:/xw’ 1 2
1 KOHTPOIb 6,85 Fokkk
5 aueTary CBUHLIO 3,87 .
(makpodopma CBUHLIO)
LUUTpaTy CBUHLIIO
3 (HaHoakBaxenaTHa 3,78 rkkk
dopma CBUHLIO)

lMpumimka: KputuyHe 3HayeHHs onsa nigMHoXuHu — p<0,05.

Omxe, pesynbTatv NPOBEAEHOr0 HaMu aHanisy
cBigyaTb Npo GioaHTAroHICTUYHI  B3aEMOBIAHOCKHU
MK MigAK Ta CBUHLUEM Y KICTKOBIW TKaHWHI.

Miacymok. 3a ymoB i3011b0BaHOIO HWU3bKOA030BO-
ro BMnvBy aueTaTty CBUHLIO (Makpodopma CBUHLIKO) Ta
uuTpaTy CBUHUIO (HaHoakBaxenaTHa dopma) BMICT
Migi y KICTKOBIN TKaHWHI 3HWXKyeTbCca Ha 43,5%
(p<0,01) Ta 44,8% (p<0,01) BIANOBIAHO MOPIBHSHO 3
KOHTporneM, 6e3 [OCTOBIpHOI Ppi3HULI MiXX coboto.
OTXe, 3HWKEHHA Midi, nopyLuylo4YM ChiBBiAHOLUEHHS
Zn:Cu, 3a paxyHOK 3Ha4yHoOro AeqiuuTy OCTaHHbOI,
BMMMBAE Ha KOHLUEHTPAUil0 LUMHKY, SKUA € AOBEOEHUM
bOioaHTaroHiCTOM CBUHLIIO.

MepcnekTuBn noganblux AochnigkeHb. B no-
AanbLIOMY MAaHyeTbCA BU3HAYEHHSA 1 iHLWINX OCTeoa-
COLINOBaHUX MIKPO- Ta MIKPOENEMEHTIB Y KiCTKOBIN
TKaHWHI, 3@ YMOB BNNVBY CBUWHLIO TBapuWH, 3 noganb-
LM aHanisom pesynbTaTiB.
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CPABHUTENbHASA OLIEHKA YPOBHEW OCTEOACCOLMMPOBAHHOIO

MWKPOQJNEMEHTA MEAU B KOCTHOW TKAHU NPU BO3OEUCTBUU CBUHLA

B MAKPO- U HAHOAKBAXENATHOW ®OPME HA XXUBOTHbIX

B 3KCMNEPUMEHTAIbHbLIX YCNTOBUAX

Bbeneukast 3. H., KanuHu4yeea B. B.

Pe3tome. Poct 3aboneBaemocTn HaceneHus 60ne3HAMN KOCTHO-MbILLIEYHON CUCTEMbI HA DOHE CHXKEHUS
MPOYHOCTM CKeneTa 1 Npu HanM4yMn Bo3pacTatoLlet TeXHOreHHOW Harpy3ku Ha OpraHn3M YenoBeka, CTaBUT He-
06X0OUMOCTb MTMIMEHNYECKOro aHanm3a pony 0CTeo0acCoUMMPOBaHHbLIX MUKPO3IEMEHTOB, B T.4. Meaun, B pa3su-
TUK OCcTeonaTui y HacerneHus NPOMBILLNIEHHOrO ropoaa.

B cBs3n ¢ aTUM, Lenbio UCCnefoBaHMs ABUINOCh U3yYeHMe BWUSHUSA M30NUPOBaHHOMO AENCTBUS COefuHe-
HUA CBUHLA B MaKpO- U HaHOAKBaxenaTHOM )OpMe Ha CoaepKaHue Meam B TKaHy NlabopaTopHbIX KUBOTHbIX B
YCNOBUSAX 3KCMEPUMEHTA.

KnioueBble cnoBa: CBMHeEL,, MUKPO3NEMEHTbI, KOCTHAas TKaHb.
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Comparative Research of Osteoassociated Micronutrient Levels

of Copper in Bone Tissue under the Influence of Lead in Macro

and Nanoquenchhelate Form on Animals in Experimental Conditions

Biletskaya E., Kalinicheva V.

Abstract. Nowadays population’s morbidity connected with bone and muscular system diseases increases
rapidly. In addition, there is a tendency of skeleton’s strength reducing and technogenic pressure on the human
body increasing. All these factors determine the need for hygienic analysis of the osteoassociated trace ele-
ments role, including copper, in the development of osteopathy in the industrial city population.

Bone tissue has the highest cumulative properties in the human body, in relation to many xenobiotics, in
particular to the group of heavy metals, among which lead is leading in the degree of bone tissue affinity.

Essential micronutrients, including copper, play an important role in bone remodeling. Thus, copper is an
activator of bone mineralization and is involved in the synthesis of organic substances for bone formation.

In this regard, the purpose of the study is to investigate the effect of the isolated action of lead compounds
in the macro- and nanoacquale form on the content of copper in the bone tissue of laboratory animals under
experimental conditions.

Materials and methods. Wistar rats were selected for experimental research. The experiment was conducted
by means of methodological approaches that meet the current international requirements for toxicological
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experiments using animals in accordance with the European Convention. Animals were randomly assigned to
two subjects and one control group with homogeneity in average weight. The dose of lead acetate (macrophage
of lead) is close to 1/30000 LD50, corresponds to 0.05 mg/kg body weight, administered in isolation (the second
experimental group) and lead citrate (nanoacqualate form of lead) - at a dose of 0.05 mg/kg (the third experi-
mental group). Rats of the control group (the first group) got distilled water at the same time. For the maximum
approximation of the experiment to the natural conditions, the oral route of administration according to the meth-
odological recommendations for the study of the toxicity of metals - by the intragastric probe was chosen. The
strand bone was prepared and isolated according to generally accepted techniques.

Research results and its discussion. It was found out that the copper content in the bone tissue was lower
than in the control group of animals, under the conditions of low-dose exposure to lead. Thus, the copper
concentration decreased by 43.5% (p<0.01) and was 3.87 + 0.28 mg/kg compared with the control group, the
similar figures of which correspond to 6.85 + 0.7 mg/kg. The resulting effect contributes to a violation of the ratio
Zn: Cu, due to copper deficiency, which, in turn, affects the concentration of zinc, proven lead bioanagonist.
Consequently, the cascade of violations of the bones’ mineral composition can cause certain morphological
changes and development of osteopathies.

Among the animals of the third group, the content of the investigated microelement decreased by 44.8%
(p <0.01) and was 3.78 = 0.15 mg/kg compared to the bone tissue of the control group rats. The comparative
research of experimental groups indicated that there was no significant difference between the effect of the
macro- and nanoacqualate form of lead on the copper content in the bone tissue, that is, lead acetate and lead
citrate almost equally contribute to a decrease in the bone content of copper in the average by 44.2%.

Results. During isolated low-dose exposure of lead acetate (lead macrophage) and lead citrate
(nanoacquale form) copper content in bone tissue decreases to 43.5% (p<0.01) and 44.8% (p<0.01) respec-
tively. The results of the copper reduction, breaking the ratio Zn: Cu, due to a significant deficit of the latter, af-
fects the concentration of zinc, which is proven lead bioanagonist.

Keywords: lead, micronutrients, bone tissue.
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