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VYBenuueHne aHTPONOreHHOIO BO3ACHCTBUS IPUBOAUT K BO3PACTAIOLIEMY 3arPSA3HEHUIO OKPYXKAIOIIEH cpelibl
TSDKEJIBIMA METaJUIaMH, B TOM YHCIE KaJMUEM, KOTOPBI BBI3BIBAET 3HAUUTENLHBIE META0OIMUECKHUE
HU3MEHEHUS] U MOBPEXJCHUS OMOJOTHUECKUX CHUCTEeM. B paboTe mpuBeneHBI pe3ysbTaThl OLCHKH (YHKIUH
TIeYeHHU y OeJbIX ayTOpeIHbIX KPBIC HOCie 3-MecsSYHOTo IepopaibHoro BBeneHus xnopuaa kaamus (CdCl,) B
pasmuunbix go3ax — 0,001 mr/kr, 0,01 mr/kr, 0,1 mr/kr. [loka3aHo, 4To BO3ICHCTBHE MeTaIa MPUBEIO K
HOBBILICHUIO AKTUBHOCTU aclapTaTaMMHOTpaHc(epasbl M JIAKTAaTAErMAPOreHa3bl B ChIBOPOTKE KPOBH
71a00paTOPHBIX JKMBOTHBIX. OTMEUEHO CHIKEHHE YPOBHA aJaHMHAMUHOTpaHcdepasbl M  ILIEIOYHOM
¢docdara3sl B CHIBOPOTKE KPOBH KpbIC, MONy4aBIINX coiu kammusi B jgo3ax 0,01 mr/xr m 0,1 wmr/kr.
OOHapyKeHBI U3MEHEHUsI YPOBHs 00IIero Oeika, 4To MOATBEpXkIaeT nectpykruBHoe Bo3aeiicteue CdCl, Ha
renatouutel. [lomydeHHble pe3ynbTaThl XapaKTEpU3YIOT BBIPQKEHHOE TI'eNaTOTOKCHYECKOE JeHCTBHE
TSDKEJIOTO METaJlIa, IPOSBIIIONIEECs B HapyIIEHHN METa00IMIECKUX ITPOIECCOB B IICUCHU.

Knrwuesvie cnoea: >KCIEPUMCHTANIbHBIC JKUBOTHBIC, TSKEIBIC METAalUIbl, KaJMHH, IeNaTOTOKCUYHOCTD,
OMOXMMHYECKHE MapKephl, CEIBOPOTKA KPOBH.

BBEJEHHE

VYBenuueHne aHTPOIIOTEHHOTO  BO3ACWCTBHS TMPHBOAUT K  BO3pACTAIOIIEMY
3arps3HEHUIO OKPYKAIOMIEH Cpelbl FCOXMMHUYECKUMU DJJIEMEHTaMH, B TOM 4YHUCIE U
TsokensiMu MeTayuiamu (TM). HakomneHuro pasiuuHbIX 3arpsi3HSIONIMX BEIECTB B
aTMocdepe, TOYBE W BOJC CIOCOOCTBYIOT BBIOPOCHI NMPOMBINUICHHBIX IPEIIPUSTHH,
OBITOBBIE U CEIBCKOXO3SICTBEHHBIE OTXOABI, B KOTOpPbIEe BXOMSAT COEAMHEHUS, HE
UMEIONINE TPUPOAHBIX pa3pyluTelacii W 00Jamaroniye TOKCHYSCKUM JCHCTBHEM Ha
)KuBBIe oOpraHu3Mbl [1]. OmgauM w3 Hamboyiee pacIpOCTPAHEHHBIX IMPEACTaBUTEINCH
JIAaHHOW TPYMIIBI SIBISIETCA KaJMUMN.

Kagmuii (Cd) oOnapyxuBaeTcs Ha BceX YPOBHSX 3KocucTeMbl [2, 3]. Tspkensiid
METaJUl BBIACNSCTCS KaK U3 €CTECTBEHHBIX MCTOYHUKOB (BBHIIICIAYUBAHUE MIOYB), TaK U B
pe3ynapTaTe  aHTPONOTCHHON  JeATeNbHOCTH  (M0OBIYA  TOJNE3HBIX  MCKOMAEMBIX,
nonurpaduveckas u  (ororpaduyeckas MPOMBIIUICHHOCTh, IUIaBKa, TallbBaHUKA,
NPOM3BOJACTBO CIUIABOB, Oarapeil M NMHUIMEHTOB) B BOJHYIO M HaszeMHylo cpeny [4].
JaHHBIE MeTamnm WMeeT WCKIIOYUTENIhHO [JIUTENhHBIH OWOJIOTHYECKHA TEepHOJT
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nmosrypacmana, okoso 20-40 yer, 9To MPUBOANT K 3aMETHOMY HAaKOIUICHUIO B OpraHU3Me
Ha TIPOTSDKEHUHN BCel *KU3HU [5].

Kammuit (Cd) — 3TO BBICOKOTOKCHYHBIN TOJUIIOTAHT, OTPAaBIEHHE KOTOPHIM
MIPOUCXONT B PE3YJIbTATE TIOTPEOICHUS 3arpsI3HEHHBIX MMUIICBBIX MPOJIYKTOB M MUTHEBON
BOJIBI, BIBIXaHUS TBEPABIX YACTHUI] M3 OKPYXKAIOIMIETO BO3MyXa, BO3ACHCTBUSA TabOauHOTO
neiva [6]. Kagmuit u ero coelMHEHHsS OTHOCSTCS K IMOJUTPOMHBIM $aM, BBI3BIBAIOT
3HAYUTEILHBIC META0OTUYCCKUE U3MECHECHUS U TIOBPSKICHHUS OMOJIOTUYECKUX CHCTEM [7],
OKa3BIBAIOT BIWSHHE HA MHOTHE (DYHKITMH W CHCTEMBI OpraHW3Ma, B TOM YHUCIIC ICYCHb,
MTOYKH U IPYTHE OPTaHbI.

Kak 6p1u10 TI0Ka3zano B pabote Klassen et al. [8], mornomieHre kaaMust U3 eIy 109HO-
KHINIETHOTO TpaKTa SBISICTCS OCHOBHBIM ITyTEM €ro TOMNAaJaHWsS B OPraHM3M YEJIOBEKa.
IleueHp sSBIIIETCS OCHOBHBIM OPT'aHOM, KOTOPBIM OCYIIECTBIISICT MPOIECCH METa0OoIM3Ma
TOKCHKAHTOB, @ TAK)KE BBITOJIHICT CHHTETHUYCCKYIO (DYHKITHIO JUISI MHOTHX OHMOXUMHUYECKUX
BEIICCTB, Hampumep Oenka, B opranmsme [9]. [lo3ToMy MOHHTOPHHI aKTHBHOCTH
MEYCHOYHBIX (DEPMEHTOB MOKET OBITh HMCITOJIE30BaH ISl OTIPEACTICHHS 3aKOHOMEPHOCTH U
MOCIIEAOBATEIbHOCTY TTOBPEKICHUS T€MAaTOLUTOB TSKEIBIMU METAIJIAMH.

[lpuHuMas BO BHUMAaHUC  BHIMICH3IIOKEHHBIE (DaKThl, LEIBI0  HACTOSIIETO
JKCIICPUIMEHTA SBUJIACH OIICHKA METaOOIMISCKNX H3MEHECHUH B TIEUCHN OCNBIX ayTOPETHBIX
KPBIC TIOCTIE 3-MECSYHOTO TIEPOPATHLHOTO BBEACHIS XJIOPHUIA KaJIMUAS B PA3TMIHBIX J03aX.

MATEPHAJIbBI 1 METO/bI

Hacrosiiee riccnenoBanme BRITIOTHEHO Ha OebIX ayTOpeIHbIX KPhICaX ¢ MAacCOW Tela
180-270 T, comepKamMxcsi B CTAaHIAPTHBIX YCIOBHUSX JKCIEPUMEHTAIBHON KIMHUKU
naboparopHbix XUBOTHBIX OBYH «YPHUM Memunuubl Tpyna U DKOJIOTHU YEIOBEKa»
mpu Temrieparype Bozmyxa 20-25°C u ypoBHe BiaxkHoctn 30-70 % ¢ 12-9acoBbIM
uckycctBeHHBIM ocBemeHneM (¢ 08:00 mo 20:00 4). JKuBOTHBIE MONMydam CyXO#
cOamancupoBaHHbl kopM «Yapa» (OO0 «MyastuTopr», P®) u Bogy B pexume ad
libitum. Kpsic, B konmuuectBe 40 ocobelt, METOIOM CITy4aiiHOW BBIOOPKH pasienwid Ha 4
rpymmbel o 10 KMBOTHBEIX (5 caMmIloB W 5 caMOK) B Kaxkmod. Bce mamumymsimu
NPOBOAMIINCH C COOJIOACHHEM IPaBHJ, M3JIOKEHHBIX B «EBporeiickoil KOHBEHLUH IO
3alIUTe MO3BOHOYHBIX JKUBOTHBIX, HCIIOJIB3YEMBIX JUIS 3KCHCPUMEHTAIBHBIX U JIPYTHX
Hay4YHBIX nesei» (Strasbourg, 1986).

WHuTparacTpanbHbIil  yTh BBEIACHHWS KaaMHUS KpbicaM sBIseTCs  Haumbolee
MNOJXOIAIIMM B JOJTOCPOYHBIX SKCHEPUMEHTaX U JIydllle BCErO OTpa’KaeT BO3ICHCTBHE,
KOTOpPO€ WCTBITHIBAET HYENOBEK MPH YIOTPEOICHWH MPOAYKTOB MHUTAaHUS W BOJHI,
3arpsi3HEHHBIX  TOKENBIMH - MeTajutlaMu. llpuHuMas BO BHHMaHWE HCCIIEIOBaHUS
[lepMckoro Hay4HOro LEHTpPa MEAUKO-NPOPHUIAKTHYECKHX TEXHOJIOTHH YIIpaBICHUS
puckamu 310poBbI0 HacedeHus [10], Ind MOAOMBITHBIX XHBOTHBIX OBIIM PAaCcCUUTAHBI
no3el, cocrapisgromue 1 Mxr xagmus / kr Maccsl (0,001 mr/kr), a Takxke B 10 (0,01 Mr/kr)
u 100 (0,1 wmr/kr) pa3 OoJjblie IS OLEHKH TOKCHKoJorndeckoro sddexra. [eramu
JM3aifHa McciIeJOBaHus MOKa3aHbl HIKE:

e Ipynma K — (oTpuuareiabHbIi KOHTPOJb): KPBICHl €XKEIHEBHO IE€POPATIHLHO
MOTYYaIl SKBUOObEMHOE KOJTMYECTBO TUCTHILTHPOBAHHON BOZBI B TEUEHUE TPEX MECSIIEB;
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e [I'pymma I: KpBICH €XeTHEBHO MEpOpaTbHO Toiydanu BoxHbIH pactBop CdACI, mo
0,001 Mr/kr Maccel Tena / IeHb B TCUCHUE TPEX MECSIIEB;

* TI'pynma II: KppICH €XeIHEBHO MEpOpabHO MosTydanu BoaHbld pactBop CdCl, mo
0,01 mr/kr mMaccel Tena / AeHb B TEUCHUE TPEX MECSLIEB;

e I'pymma III: KpBICH €KETHEBHO TEPOPATBHO MToTydann Bogabmid pactBop CdACl, mmo
0,1 Mr/kr Maccel Tena / IeHb B TCUCHHUE TPEX MECSIICB.

Crycts 3 mecsIia ®KUBOTHBIC OBUIH BBIBEJICHBI M3 SKCIICPUMEHTA ITyTEM MTHOBCHHOM
nexanmuTanud. J{ns  mpoBedeHMS OMOXMMHYECKHMX  HCCIEAOBAaHUN  HCMOIB30BAIN
CBIBOPOTKY KPOBH TOJOMBITHBIX Kpbic. Ha anammsatope «Stat Fax 3300» («Awareness
Technology», USA) omnpeaensiii mapameTpbl, OTpakalompe MeTabonmsM U
(DYHKIIMOHATIBHOE COCTOSIHUE IMEUYCHH: aKTHMBHOCTh acmapratamuHoTpaHcdepassl (ACT),
ananunHamuHoTpanchepassl (AJIT), makrataeruaporenassl (JIAI), menounoit dhocdarasbr
(IlI®), a Taxke ypoBeHb obmiero Oenka (OB) M anpOymmHA € HCMOIB30BaHHEM
KIIMHUYECKUX TECT-Ha0OPOB U KOHTPOJILHBIX MarepuaiioB npousBojctBa OO0 «Bekrop-
bect» (P®) B COOTBETCTBUM C MHCTPYKIUAMH TPOU3BOTUTEIIS.

CratucTuyueckuii  aHaluW3 MOPOBOAWIM C  HCIONB30BAHUEM  MPOTPaAaMMHOTO
obecrieuenust IBM SPSS Statistics 21 (IBM, USA). IlpoBepka pacnpeneneHuii Ha
HOPMAJBHOCTh OCYIIECTBIIIIACH € momolnsio Kputepus Kommoroposa-CmmupHoBa. s
OIICHKW 3HAYUMOCTH PAa3UYUil MEXIy TpyNIaMu HCIONb30BAIA  OJHOGAKTOPHBIN
nucnepcuoHHbld aHann3 (ANOVA) ¢ npuMeHeHHeEM anocTepUopHOro Kputepus ThIOKH.
JlanHble TIpeACTaBIEHBI Kak cpeiHee apuMETHUecKoe W CTaHgapTHas OIHOKa.
KpuTtnaeckuii ypoBeHb 3Ha4MMOCTH (p) IpUHAT paBHBIM 0,05.

PE3YJIBTATHI U OBCYKJIEHUE
Pe3ynbTaThl MPOBEACHHBIX OHOXUMHYECKUX HCCIICAOBAHMI MPECTABICHBI B TA0MIIE 1.
Taoauna 1

HN3menennss 0MOXMMHYECKHUX MOKa3aTeei Y OKCNIEPUMEHTAJBbHBIX )KUBOTHBIX B
3aBMCHMMOCTH OT /103bI BO3/1€eiicTBHSI XJopuaa KaaMus

Hokasarenmn I'pynna XUBOTHBIX
K- I Il 111
ACT, Ex/n 147,949,7 | 174,948.8 159,3+8,3 174,1+8,3
AJIT, Ex/n 51,1£2,6 51,1240 47,8422 47,5426
JIIT, En/n 1458,1+ 2003,5+ 1906,4+ 1846,1+
+90,5 +60,8" +51,3" +50,17
®, Ex/n 207,0+16,4 | 229,5+21,3 | 20384246 | 159,8+17,8
O6umii 6emoK, r/i 58,3+1,2 80,7+2,2" 80,5+2,0" 453+1,1
AnnOymuH, T/1 39,2+0,7 39,1+1,3 39,3+1,0 39,8+0,9

Ilpumeuanue: * — CTaTUCTUUECKU 3HAYUMAas pa3HUIA Mex1y >kuBoTHbIMM Tpynn K- u I, II, III;

p<0,001

B GonpmuHCTBE CIydaeB M3MEPEHHE aKTHBHOCTH IedeHOUYHBIX mokaszateneit (ACT,
AJIT, JIAT, 1II®) B OMOIOTHIECKHAX KUIKOCTAX (CHIBOPOTKA, IIa3Ma KPOBH) OpraHH3Ma
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MOJKET HCIIOJIb30BATHCS IS OIIEHKH CTETICHH BO3AEUCTBHUS U TOKCHYHOCTH XUMHYECKOTO
coeJMHeHus Ha oprad [11].

[MoBpexxnenne remaroruToB non BiausHUeM CdCl, moATBEpKAANOCh MOBBINICHUEM
aktuBHOCTH ACT B Tpex ombITHBIX Ipynmax Kpeic (puc. 1). Tak, mpu MHTparacTpanbHOM
Beeneann CdCl,, B | akcIiepuMEHTABHON TPYIIIE JKMBOTHBIX HAOIIOAAIOCH YBEITMUCHUE
aktuBHocTH ACT Ha 18,3 % otHOcuTensHo KoHTpods. Bo II u III rpymmax kpbic Obiio
OTMEUEHO TOBBIIICHUE AaKTUBHOCTU (epmenta Ha 7,7 % u 17,7 %, COOTBETCTBEHHO.
Bricokas aktuBHOCTE ACT CBHACTEIBCTBYET O moTepe (DYHKIMOHAIBHON IIEIOCTHOCTH
KJIETOYHBIX MEMOpaH W BBICBOOOXKIIEHHIO TpaHCAMHUHA3bl W3 ITUTOILUIa3MBl B KPOBOTOK
[12]. Pe3ynpraThl Hamero SKCHEPUMEHTa COTJAcyloTcs C  Oonee  paHHUMH
uccnenoanusmu Toppo et al. [13].
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Cronbuku ownbok: 95% goB. WHT.

Puc. 1 HM3MeHeHHe aKTHBHOCTH aclapTaTaMHHOTpaHC(epa3bl B 3aBUCUMOCTH OT
JTO3BI BO3ACMCTBUS XJIOPUIA KaIMHsL.

Jpyrum Haumbonee crerm@UUEecKuM MapKepOM TOBPESKICHHUS KICTOK TICUECHU
SBIISICTCSl aJlTaHMHAMUHOTpaHc(epasa. BeIABICHO HE3HAYNTEIBHOE CHIKCHUE AKTHBHOCTH
AJIT Bo II u Il ombITHRIX Tpynmax >XUBOTHBIX Ha 6,5 % u 7,1 %, COOTBETCTBEHHO,
OTHOCHUTEILHO KOHTPOJIS.

IIpu ananuze cpeaHux 3HaUYeHU akTUBHOCTH JIJII' B 9KCIIEpMMEHTAIBHBIX TPYIIax
YCTaHOBJICHBI Pa3IU4Msl, CTATHCTHYECKH 3HAYMMBIC 110 CpaBHEHHIO ¢ KoHTpojeM (F=13,5;
p=0,001) (puc. 2). Ompenensuioch yBeqWUueHHE aKTUBHOCTH (epmeHta Ha 37,4 %
(p=0,001) B I omerrHO#M rpymmre; Ha 30,8 % (p=0,001) u 26,6 % (p=0,001) Bo II m III
rpynmax, coorBerctBeHHO. [lo muenmio Cheraghi et al. [14], moBbImeHMe MOXET
MPOUCXOANTh H3-32 TOBPSKICHHUS IUIA3MaTUYECKOW MEMOpaHbl TEMaTONUTOB U
HAPYIICHUIO OMOCHHTE3a JIAKTATACTHAPOreHa3bl, BBI3BAHHOTO KaJMHEM, YTO MPUBOIUT K
BBIOpPOCY SH3KMMA U3 IIUTO30JIS IEYEHN B KPOBEHOCHYIO CHCTEMY.

183



CmonsiHkuH [. A., Tumaweea I'. B., XycHymduHoea H. 0., 3uamduHoea M. M.,
@aznbiesa A. C., balizunbduH C. C., PenuHa 3. @., Hazapoea J1. L., Kapumoe 4. A.

2 500,00

I 1 4

1 500,00 %

1 000,00

CpepHee sHaveHwe aktmBHocTk JIAT, Ealn

500,00-]

Fpynna
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Puc. 2 U3meHeHHe aKTUBHOCTH JaKTaTACTUIPOreHAa3bl B 3aBUCUMOCTH OT O3Bl
BO3MICHCTBUS XJIOPUIA KaJIMHS.

[lemounass ¢docdaraza cumraercs (epMEHTOM IDIA3MaTHYECKOH  MEMOpaHBI
TeMaToOUMTOB W BBICBOOOXKIACTCS  HEOJUHAKOBO B  3aBUCHMOCTH OT  CTCICHH
MOBpeKAArONIEro A dexTa Kaamus Ha reveHs [15]. B HacTosiem ucciieioBaHuN BISIBJICHO
(puc. 3), 9TO BBEIEHNE XJIOPHUIA KJMHUS B TE€UCHUE 3-X MECAIEB MPUBOAMIIO K YBEITHUCHHIO
Ha 10,9 % axtuBHOCTH 11D B CHIBOPOTKE KPOBH JKUBOTHBIX | 3KCIIEpUMEHTATIBHOMN TPYIIIIHI
OTHOCHUTENIFHO OTPULATEILHOTO KOHTPOJISl, YTO YKa3blBaeT HA TIeNaTOlCIUTIONSIpHBIC
TIOBPESXKCHUS W 3a00JeBaHUs TICUCHU, U TOATBepkaacTcss padoramu [16-18]. B To ke
BpeMs1, YCTAHOBJICHHOE CHH)KEHUE aKTUBHOCTH IIeJI0uHOM (ocdarasbl Ha 22,8 % y kpsic 111
TPYIITBI MOXKET OBITh CBSA3aHO C YXYALICHUEM PabOoThl EPMEHTHON CUCTEMBI B PE3yJIbTATe
OJIOKMPOBKH TSKEJTBIM METAJUIOM aKTHBHBIX TIEHTPOB [19].
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Cronbukm ownbok: 95% A0B. wHT.

Puc. 3 V3MmeHeHue akTUBHOCTH IIENOYHON (ocdara3bl B 3aBUCUMOCTH OT JO3BI
BO3MICHCTBUS XJIOPUIA KaJIMHS.
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N3menenne koHmeHTparuu odmiero Oenka (Ob) B CHIBOPOTKE KPOBH — OIWH U3
BOXHEHIINX JAMArHOCTUYECKUX HMHCTPYMEHTOB TIPH MOBPEKICHUN II€YCHH TSHKEIIBIM
MetaiuioM (puc. 4). Ilpu ananmmze cpegHux BenuuuH ypoBHA Ob Mexnay rpynmnamu
OTMEUEHBl CTAaTUCTHUYECKHM 3HauuMmble pazmauus (F=104,8; p=0,001). B I u 1I
SKCINEPUMEHTANBHBIX TPYMIax OINPeNeNsuioch CTATHCTHYECKH 3HAYMMOE YBETHMUYCHHE
ypoBHsi mokazarenss Ha 384 % (p=0,001) u 38,1 % (p=0,001), COOTBETCTBEHHO,
OTHOCUTEIILHO KOHTPOJBHOM Tpymnmbl. [lOBBIIICHWE KOHIIGHTpAIMKM OOIIEro Oeika mIpu
BO3/ICHCTBUM TIOJUTIOTAaHTa B TEUEHWE 3 MeCSIeB, BEPOSATHO, BHI3BAHO HAPYIICHHUEM
KJIETOYHBIX MPOIECCOB, CBA3aHHBIX C HAKOIUIEHHEM KaJIMHS B ITEYE€HH ¥ KOHBIOTHPOBAHUEM
¢ meramotuoHnHoM [20]. C nmpyroit croponsl, B III rpymnme Kpbic Ipu HCIONB30BAHUU
Oosee BRICOKOH 70361 Xopuaa kamamust (0,1 MI/KT), IPOUCXOINIO CTATUCTHYCCKA 3HAYNMOE
camkenne ypoBHs Ob nHa 223 % (p=0,001). I'mmomporemnemusi, oOHapyXeHHas ¥y
JKCIEPUMEHTAIILHBIX KUBOTHBIX, BRI3BaHA BOCIIAJICHUEM W HapYIICHHEM OMOCHHTE3 Oenka
B KJIETKaX TIEYCHU B pe3ynbraTe BosneiicTBus Cd, uto cormacyercs ¢ BeiBogamu Lovasova
et al. [21]. B Toxxe Bpems, HaMH HE YCTAaHOBJCHBHI W3MCHCHHUS YpPOBHS albOyMHHA B
CBIBOPOTKE KPOBH KPBIC OIBITHBIX TPYIIIL.
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CronBuku ownBok 95% AoB. WHT

Puc. 4 l3MmeHeHHWE KOHIICHTpaIruu oOIero Oeilka B 3aBHCHMOCTH OT JIO3bI
BO3JICHCTBUS XJIOpUAA KaIMUS

3AK/IIOYEHHUE

Kagmuii  BbI3bIBa€T IIMPOKUHA  CHEKTP  TOKCHKOJIOTMYECKHX  OPQPEKTOB U
OMOXUMHUECKUX NUCOYHKIMH, NPEICTABIAIOIINX CEPhE3HYIO0 ONACHOCTb AJS 3I0POBBS.
MonexymsipHbIii MEXaHU3M JJaHHBIX IPOLIECCOB 10 CUX IOpP HMOJHOCTHIO HE BbIICHEH. Ho
ObUIO BBICKA3aHO TMPEINONOKEHHE, YTO TOJ BO3JICHCTBUEM KaaAMHUS MPOHCXOAMT
oOpazoBanue akTHBHBIX (opm kucinopoga (ADK), mpuBomsmMX K OKUCIUTEIHHOMY
CTpeccy, UCTOIIEHUIO aKTUBHOCTH (PEPMEHTOB 3a CUET CBSI3bIBAHUS TSDKEJIOr0 MeTajja ¢
CYJb(QTUAPUILHBIME TPYIIIIAMH, YTO BBI3BIBACT TE€NAaTO — U HEPPOTOKCHYHOCTD [22].

B xone Hamero skcnepuMeHTa, MPOAOKUTENBHOCTBIO 3 MecAla, MMOKa3aHo, 4YTo
nepopaigbHOe BBeaeHHe xyopuma kammus B jo3ax 0,001 mr/xr, 0,01 mr/xr u 0,1 mr/xr
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npuBeno K moBbimeHnto aktuBHocth ACT wm JIAI (p=0,001) B CBHIBOPOTKE KpOBHU
Ja00paTOPHBIX KUBOTHBIX. OIHOBPEMEHHO oTMeueHO cHiKeHne ypoHsS AJIT u 1D Bo
II u IIT onpITHBIX Tpymmax Kpblc. MBI IpeanoiaracM, 4TO HAKaIUIMBAsCh B TeNaTOLUTAaX,
WOHBI KaJMHS MOTYT BMEIIUBATHCH B METa0OJIM3M KJICTKH, B OCHOBHOM HMHUTHPYS
JNEWCTBHE JAPYTHX JBYXBaJCHTHBIX KATHOHOB (OCOOCHHO  Kalbllds), KOTOpPHIC
UCTIONB3YIOTCS 1Tl aKTUBAIIUU WM MHTMOUPOBAHUS JEHCTBUS MapKEePHBIX pepMeHTOB. B
TOM K€ PsIIy, MPOAEMOHCTPUPOBAHBI M3MEHEHH YpoBHs obmero 6enka (p=0,001), uro
moaTBepkaaeT nectpykruBHoe BoznaelicTBre CdCl, Ha kimetkn meueHu. IIpeacTaBineHnbie
pe3ynbTaThl cornacyroTcss ¢ BeiBogamu Al-Kahtani et al. [23], xkoTopble Ha3bIBaIOT
WU3MCHEHUS YPOBHEH (YHKIIMOHAIBHBIX MapKEPOB TMEYCHU TJIABHBIMHA HWHIWKATOPAMU
remaToTokcmaHocTH Kaamus. Kak yrBepxkmaetr Abdel Moneim et al. [24], nedeHOYHBIC
(hepMEeHTHI SBISIOTCS BXKHBIMU IMOKA3aTEISIMU T€MATOIEIUTIONSPHOTO MTOBPEXKICHNS.

Takum o00pa3oM, TONYYCHHBIC PE3YIbTAThl CBHJCTCILCTBYIOT O HETaTUBHOM
BIUSHUM KaJMHUS Ha METa0OJMYECKUE TIPOIECCHl B TICUYCHH OKCIEPUMEHTATBHBIX
JKUBOTHBIX, YTO Ja€T OCHOBAaHHE TOBOPUTH O BEIPAKEHHOM T'€TIaTOTOKCHYECKOM JeHCTBUN
MeTallia, OOYCIIOBIICHHOM HAaKOIUICHHEM B OpraHe-MUIIICHU, U TPEOYIOT NaIbHEHIINX
JIOJITOCPOYHBIX UCCIICOBAHUH.
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FEATURES OF METABOLIC CHANGES IN THE LIVER OF EXPERIMENTAL

ANIMALS EXPOSED TO CADMIUM SALTS
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Fazlyeva A. S., Baigildin S. S., Repina E. F., Nazarova L. Sh., Karimov D. D.
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Bashkortostan, Russia

E-mail: smolyankin.denis @yandex.ru

An increase in anthropogenic impact leads to an increasing pollution of the

environment by geochemical elements, including heavy metals (HM). One of the most
common representatives of this group is cadmium.
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Cadmium (Cd) is a highly toxic pollutant, poisoning with which occurs as a result of
consumption of contaminated food and drinking water, inhalation of particulate matter
from the ambient air, and exposure to tobacco smoke. Cadmium and its compounds are
polytropic poisons that affect many functions and systems of the body, including the liver.
The heavy metal is released from natural sources and as a result of anthropogenic
activities into the aquatic and terrestrial environment. Cadmium has an extremely long
biological half-life (20-40 years), which leads to accumulation in the body throughout life.
Deposition of heavy metal in tissues and organs depends on the route, dose and duration
of exposure, species sensitivity. Cd causes significant metabolic changes and damage to
biological systems, inducing toxicity in a wide range of target organs.

The liver is the main organ that carries out the processes of metabolism of toxicants,
performs a synthetic function in the body. Measurement of the activity of liver parameters,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), alkaline phosphatase (ALP) in biological fluids (blood serum) is used to assess the
degree of exposure and toxicity of a chemical compound to an organ. The article presents
the results of studies of metabolic changes in the liver of experimental animals upon oral
exposure to cadmium chloride (CdCl,) for 3 months at doses of 0.001 mg / kg, 0.01 mg /
kg and 0.1 mg / kg. The work was performed on white outbred rats weighing 180-270 g,
kept under standard conditions of an experimental clinic of laboratory animals. After 3
months, the animals were withdrawn from the experiment by instant decapitation. The
blood serum of experimental rats was used for biochemical studies.

It was shown that the introduction of CdCl, in doses of 0.001 mg / kg, 0.01 mg / kg
and 0.1 mg / kg led to an increase in the activity of aspartate aminotransferase and lactate
dehydrogenase (p=0.001) in the blood serum of laboratory animals. Thus, in experimental
group I of rats, an increase in aspartate aminotransferase activity by 18.3 % was observed
relative to the control. In groups II and III, an increase in the enzyme activity was noted
by 7.7 % and 17.7 %, respectively. The high activity of aspartate aminotransferase
indicates the loss of functional integrity of cell membranes and the release of transaminase
from the cytoplasm into the bloodstream. At the same time, a statistically significant
increase in lactate dehydrogenase was found in the three experimental groups by 37.4 %
(p = 0.001); 30.8 % (p = 0.001) and 26.6 % (p = 0.001), respectively. The increase in the
enzyme is associated with damage to the plasma membrane of hepatocytes induced by
cadmium.

There was a decrease in the level of alanine aminotransferase and alkaline
phosphatase in the blood serum of rats receiving cadmium salts at doses of 0.01 mg / kg
and 0.1 mg / kg. A decrease in the activity of the indicator enzyme alanine
aminotransferase indicates a deep damage to liver cells. The established decrease in the
activity of alkaline phosphatase by 22.8 % in the blood serum of rats treated with an
aqueous solution of cadmium chloride at a dose of 0.1 mg / kg is associated with a
deterioration in the functioning of the enzyme system as a result of blocking active centers
by heavy metal. Accumulating in hepatocytes, cadmium ions can interfere with cell
metabolism, mainly mimicking the action of other divalent cations (especially calcium),
which are used to activate or inhibit the action of marker enzymes.
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When analyzing the mean values of the total protein (TP) level in the experimental
groups receiving cadmium salts at doses of 0.001 mg / kg and 0.01 mg / kg, a statistically
significant increase in the level of the indicator was noted by 38.4 % (p = 0.001) and
38.1 % (p = 0.001), respectively, relative to the control group. It is assumed that an
increase in the concentration of total protein under the influence of a pollutant for 3
months is caused by a violation of cellular processes associated with the accumulation of
cadmium in the liver and conjugation with metallothionine. When using a higher dose of
cadmium chloride (0.1 mg / kg), there was a significant decrease in the total protein level
by 22.3 % (p = 0.001). The detected hypoproteinemia observed in experimental animals is
caused by inflammation and impaired protein biosynthesis in liver cells as a result of
exposure to cadmium. The demonstrated changes in the level of total protein confirm the
destructive effect of CdCl, on liver cells. At the same time, significant changes in the level
of albumin in the blood serum of animals from the experimental groups have not been
established.

The results obtained indicate a negative effect of cadmium on metabolic processes in
the liver of experimental animals, which gives grounds to speak of a pronounced
hepatotoxic effect of the metal, caused by accumulation in the target organ, and require
further long-term studies.

Keywords: experimental animals, heavy metals, cadmium, hepatotoxicity,
biochemical markers, blood serum.
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