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PATHOPHYSIOLOGICAL, HISTOLOGICAL, HISTOCHEMICAL AND CLINICAL ASPECTS OF HEPATOTOXICITY CAUSED
BY INTOXICATION OF LEAD AND CADMIUM COMPOUNDS (literature review)

Nefodova O. O., Yanushkevych K. S., Kushnaryova K. A.,

Kolosova I. I., Velykodna-Tanasiychuk O. V., Adegova L. Y.

Abstract. The important scientific problem of modern science is the issue of abilities and mechanisms of
regulating the public health by influencing the environment, which contamination has become a global, stable
and permanent factor, regardless today’s development of science and technology. Some heavy metals, particularly
lead and cadmium, are considered to be the main pollutants. They are mentioned in the «List of Controlled Toxic
Substances» of the United States Environmental Protection Agency (US EPA). One of the main “targets” of Pb/
Cd-induced toxicity is liver tissue. The central chain in the direct hepatotoxic effects of lead and cadmium is the
activation of lipoperoxidation processes with a simultaneous activity decrease of antioxidant enzymes, accompanied
by changes in biochemical profile — increased levels of total bilirubin, alanine aminotransferase, gamma-glutamyl
transpeptidase and alkaline phosphatase. In addition, these toxicants compete with essential metals (zinc, selenium,
copper), displacingthem from metal-containing complexes, cause metabolicdisorders, inhibition of energy generation
by mitochondria and reduce the energy potential of cells. They also impact DNA repair systems and intercellular
adhesion. Pathomorphological evidence of Pb/Cd-induced hepatocellular injury is considered to be general hydropic
and local balloon dystrophy of hepatocytes, development of monocellular foci of necrobiosis and necrosis of liver
cells with reactive infiltration with lymphocytes and macrophages, development of periportal fibrosis and vacuolar
degeneration, inequitable dilation of the sinusoids and a significant increase in their bulk density. A promising
area for the correction of Pb/Cd-induced hepatotoxicity is the search and use of biological antagonists of cadmium
and lead, which cause activation of the antioxidant defense system and reduce the generation of reactive oxygen
species, compete with toxicants for the system of ion transporters, and also promote direct and indirect induction of
metallothioneins. The use of biometals (zinc, iron, magnesium) prevents, reduces or completely eliminates the Pb/

Cd-induced specific and nonspecific effects on the organ, cellular and molecular levels.
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38’A30K ny6niKauii 3 nNNfaHOBMMM HayKOBO-A0CNIA-
HUMM poboTtamu. [laHa poboTa € pparmeHTom HAP Ka-
beapu meanyHoi bionorii: «Po3BUTOK i mopdodyHKL-
OHANbHUIA CTaH OPraHiB i TKAHWUH eKcnepuMeHTaNbHUX
TBApWH i Ntogen B HOPMi, B OHTOreHesi nif BN/iMBOM
30BHiWHIX $aKTopiB», HOMEep [Aep:KaBHOI peecTpaLii
0111U009598.

Kagmili (Cd) — BaxkKMit meTan, KceHObIOTWK, npea-
CTaBAAE ceplio3Hy npobsiemy Ans cycninbHOI OXOPOHMU
300POB’A Yepes Moro KyMynaTUBHY TOKCUYHICTb, Mexa-
Hi3MM AKOI LWMPOKO BWMBYAKOTLCA B OCTAHHI AECATUNIT-
Ta [1, 2], xoua wkignmeuit Bnamne Cd Ha 3g0poB’a byno
Breplle onucaHe we B cepeauHi 19 ctonitta [3]. 3a-
b6pyaHeHi Cd cinbcbKorocnogapcbKi yriaas i NpoaykTm
XapyyBaHHA € FONOBHUM AKepenom nonagaHHA Moro
CNONYK Y Xap4oBi faHytoru [4]. EKonoriyHnin BNAMB aH-
TponoreHHoro BuKuMay Cd nigkpecntoeTbes niasulle-
HUM HaKOMUYEHHAM MeTasy B BEPXHbOMY LIAPi 'PYHTY i
3abpyAHEHHAM MOPCbKUX | HA3EMHMX eKocucTeM. MoTiK
i HakonuuyeHHs Cd B uMx cepepoBMWAX 36iAbLINMAN
WBMAKICTb MOro HaAXOAXKEHHA B XapUYOBUI JTAHLLIOMXKOK,
NpPU LbOMY CMOMMBAHHA ’Ki € OCHOBHUM LUIAXOM Haa-
xoaskeHHs Cd B opraHizm ntoauHu (10-26 mKr/aeHb 3i
3HauyHoto Bioakymynsuieto (0,6-1,3 mkr/aeHsb) [5].

Kpim TOro, 3Ha4YHUM ArKepenom XPOHIYHOro BNAnBY
Cd € 3BMYHE NaniHHA TIOTIOHY [6]. Micns YCMOKTYBaHHA
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Cd epeKTMBHO YTPMMYETLCA B OPraHiami NoauvHun, ae
BiH HAKOMMYYETLCA NPOTATOM YCbOFO KUTTA 3 NePiogoM
HaniBpo3naay 25-30 pokiB [7]. Micnsa rocTpoi iHTOKCcK-
Kauii Cd ypakae fiereHi, neyviHky, HUPKK, AEYKM TOLLO i
BUK/NKAE HEPPOTOKCUYHICTb, IMYHOTOKCUYHICTb, Kapa,i-
OTOKCMYHICTb, NMPWU XPOHIYHOMY BM/IMBI — OCTEOTOKCKY-
HicTb. Binbw Toro, Cd 38’A3aHNI1 3 pO3BUTKOM paky i 6ys
KnacudikoBaHnin MixkHapogHUM areHTCTBOM MO A0CHi-
AxeHHo paky (IARC) aK KaHueporeH Ans NOAUHU Ka-
Teropii | [8]. Bigomo, Lo HaBiTb HeBeAMKa Kinbkictb Cd
MOXKe NPUBECTU A0 3HAYHOTO YLIKOAKEHHSA NeYiHKkK [9],
OCKIi/IbKM Lelt opraH, KpiM HUPOK, € OCHOBHMM MicLLeM
MOro HaKOMUYEHHA B OpPraHi3mi NPOTArOM BCbOTO KUTTA
i KPUTUYHOIO MilLleHHIO Ans Moro ToKkcmyHocTi [10]. Cd
nopsz 3i 3amiHamu meTaboniamy 3anisa, BUK/IMKAE remo-
Ni3 epUTPOLUMTIB i HUPKOBY aHEMIO, MPUTHIYYIOUYN BU-
pobneHHA epUTPONOETMHY 3@ PaXYHOK MPAMOro pynHy-
BaHHA KNITOK Y HUPKaX, NPOAYKYUMX Lieilt ropmoH [11].
BussneHo, wo snave 0,6 mr/n Cd yepes nuTHYy BOAY
nopyLuye HelporeHes cybBeHTPUKYNAPHOI 30HM (CB3) i
HIOX0BOT UMBYAnHM (HL) MO3KY B OPOCAUX MULLIEN NiHIT
C57BL/6. Ockinbkn HelporeHes CB3 i HLL 38’A3aHuit 3
HIoXOM, AedeKTn HIoX0BOT Nam’sTi, BUKAUKaHi Cd, € Ha-
CNiAKOM iHribyBaHHSA iXHboro HelporeHesy [12]. OgHak
[OHeAaBHa Maso Wo 6yno BiLOMO NPo mexaHi3mu, Aki
BUK/MKAOTb MONITPOMNHUI TOKCUUYHUIA edeKT Cd. Mpami
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[0Kasu 3paTHocTi Cd reHepyBaTyh BifIbHI pagnKanu, Wwo
MOXKYTb 0OYMOB/OBaTU Liel edekT, bynn npeacrasne-
Hi 3aBAAKM BUKOPUCTAHHIO HOBUX TEXHONOTIM, OAHIE 3
AKMX € METOZ, CNiIHOBMX NACTOK Y CMOJIyYEHHI 3 e1eKTpOo-
HHO-CMiHOBMM pe3oHaHcom (ECP), wo ao3Bonue 3Ha-
NTK akTUBHI popmu KncHio (ADK) y nediHui wypis nicns
roctporo 3anany Cd. Lieit meTos, BKNOYAE peakLito Ko-
POTKOMMBYYOTrO paguKany 3 NapamarHiTHOI CrOMYKOH
(cniHoBOI MacTKO) 3 YTBOPEHHAM BiAHOCHO AOBrO XM-
BYYOrO BifIbHOPaAMKaNbHOTO MPOAYKTY (cniHOBOro aa-
OYKTY), WO NoTiMm BUABNSAETbCA 3a gonomoroto ECP. byno
NnokKasaHo, Wo 3axonseHi agayktm Cd-pagukanis Bu-
BOAATHCA 3 }KOBYD, TOMY }KOBYHWIA aHANi3 3aXONneHux
paaukanis Biabueae pagukanu, wo reHepye Cd y neyin-
ui. AreHt a- (4-nnpunamn-1-okcuna) -N-Tpet-6yTUAHITPOH
(POBN), Wwo ynoBAOETbCA CMNWUHOM, YBOAUAW Bigpasy
nicna iH’ekyii Cd wypam 3 KaHObOBAaHUMM }KOBYHUMM
npoTokamu i agayktn POBN-pagukanis 6ynu BuAsneHi
B oBui. MNepeBaHTaxeHHA Cd 36inbwyBano KinbKictb
3axonneHux POBN paguKanbHUX agayKTiB, BKAKOYAOUM
CyNnepoKCUA-aHiOH, NEPOKCUA, BOAHIO, TiAPOKCUIbHUNI
paaukan (OH) i nepokecmuam ninigis. BUCHaXKeHHs neviH-
KoBoro raytatioHy ([1T) aveTinmaneaTom TaKOXK Pi3Ko
niacuntoano Cd-reHepupytrodi curHanu agaykty POBN-
paAuKany B KOBYi, WO NiATBEPAKYBaNO MOPYLUIEHHA
KNITUHHOI cuctemu /1T, KOTpa € KAKOYOBUM €1e€MEHTOM
ana iHaykosaHoro Cd okucHoro ctpecy (OC) y neuin-
ui [13]. Takum ynHom, b6yno poseseHo, wo OC Asnse
CO600 OCHOBHWI MONEKYNAPHUA MeXaHi3m, Lo ne-
YKUTb B OCHOBI NoAIiTPONHOI TOKCcHYHOoCTI Cd y pesynbTaTi
YyTBOpPEHHA Henpamum waaxom APK, Takmx Ak cynepok-
cna, TiAPOKCUABHUI paguKan, NePeKUC BOAHIO I OKCUA,
a30Ty i/ abo BUCHAXKEHHA CUCTEMU aHTMOKCUMAAHTHOTO
3aXUCTY KNITOK, y nepuwy yepry T [14].

Bigomo, wo A®PK y Hopmi BigirpatoTb BaXkAnBY posb
y perynauii paay ¢isionoriyHnx npouecis y Kaitui, mo-
OYNI00UM aKTUBHICTb GEPMEHTIB 32 4ONOMOTrOH0 LIUKAIB
OKMCHO-BiAHOBHUX peakuii [15]. OaHak HagmipHe BU-
pobHMUTBO ADK WAAXOM OKUCHEHHs 6inkis, ninigis
i OHK, BUKAMKAE 3MiHY MeTaboniyHuX LWAAxiB, Wo, B
OCTaTOYHOMY MiZCYMKY, NPUBOAUTL A0 AUCOYHKLI, He-
Kpo3y abo anonTosy KAiTOoK.

YncneHHi pocnigrKeHHA OCTaHHIX POKiB nigTeBep-
annun Toih ¢akT, wo Cd, BUKAMKauM Hag ULIKOBE BU-
pobHuuTBO A®DK, KOTpi 3BMYAMHO BpPIBHOBAXKYHOTHCA
bepmeHTaTUBHUMM (CynepoKcuaasa, Katanasa, rmyra-
TioHNepokcuaasa) i HedbepmeHTaTUBHMMM (r1yTaTioH,
BiTamiH C, BiTamiH E) aHTMOKcMaaHTHUMKM Bap’epamuy,
LLLO BUXOAMUTb 33 MeXKi 34aTHOCTI KNITOK HEUTPani3yBaTH
paauKanu, NPUBOANUTb A0 YWKOAKEHHA Ninigis, 6iNKiB i
[OHK Ta mae BupiwanbHy posb y natoreHesi TOKCUYHOCTI
He TiNIbKKU B NtoAel, ane, MPaKTUYHO, Y BCiX }KMBUX Opra-
Hi3max, y ToMy Yncii y TBapuH, pmb i B pocauH. MNokasa-
HO, Wo MexaHizamn Cd-iHgykoBaHoro OC npeacTaBaeHi
iHribyBaHHAM Yy miToxoHApiax (MT) naHutora nepeHocy
eneKkTpoHis (/INE), BUTUCHEHHSAM eceHLia/lbHUX OKMUC-
HO-BiAHOBHWX METaNiB, BUCHAXKEHHAM aHTUOKCUAAHTIB
i iHaKTMBaLi€D aHTUOKCUAAHTHUX depmeHTiB [16. 17].
3aBAAKM 3HAYHUM OOCATHEHHAM Y METOA0NO0T i, Cy4acHi
OOCNIAXEHHA MONEKYNAPHUX OKMCHO-BIAHOBHUX nepe-
MMKauiB, WO KepylTb peakuieto Knitok Ha OC npu aii
Cd, ogep:kanu nosHe BU3HaHHA [18, 19, 20]

Y npeactaBneHOMYy OMAAi CYMyHOTbCA MOTOYHI No-
rnagun Ha ponb Cd y moandikauii psay 6iomonekyn i iH-
AyKuii OC, y TOMy 4nCni Ha NPUKNAAI LeAKUX 3aXBOPHO-

BaHb. BignosigHo 0 cyyacHoro BuM3HayeHHsA, OC — ue
An3banaHc Mix OKCMAAHTAMM M aHTUOKCMAAHTaMM Ha
KOPUCTb OKCUAAHTIB, WO BeAe A0 MOPYLUEHHA pefoKc-
CUrHanisauii i cepmo3HOMY OKMCHOMY YLUKOAMKEHHIO
makpomonekyn [21]. Le B nepuuy yepry cTtocyeTbest MT,
IO BiAOMI AK eHepreTMyHi CTaHLIl KNITKK, WO nepeTso-
PIOIOTb, 3aBAAKM KUCHIO, }KMBU/bHI PEYOBMHW B XiMiYHY
eHeprito. ENeKTPOXiMiYHMI NPOTOHHWI TPagieHT i3 mMa-
TpuKey MT y MixkmembpaHHWUIN NPOCTip HeobXiaHWK ana
YTBOpPEHHA ageHo3nHTpudochaty (ATP) 3 ageHO3UH-
anoocoaty (AQP) 11 HeopraHiuHoro docdary. Lleli npo-
TOHHWI TPALIEHT 3aNEXUTb Bif, NepeHoCy efleKTPOoHIB
YHW3 MO €NeKTPOHHO-TPaHCNOPTHOMY naHutory (/1MNE)
KomneKcis, Takux Ak Komnnekc | (HALH — kobepmeHT
Q peaykTtasa), Komnnekc Il (cykumHaT — KodepmeHT Q
peaykTasa), Komnnekc lll (kobepmeHT Q — LMUTOXpOM
peaykTasa) i Komnnekc IV (umtoxpomokrcmngasa). [22].
JINE MT € oAHUM 3 OCHOBHWX MoOCTayanbHUKIB APK y
6inbwocTi KNiToK, Tak y miobnactax 45% APK Hapxo-
AuTb i3 MT [23]. Bce 6inblue gaHUX yKasye Ha Te, LIO
TOKCUYHicTb Cd 3B’A3aHa 3i 36inblIEHHAM BMPOBHMLTBA
ADK came Ha piBHi ywKogrkeHHs JINE MT [24]. Y poborTi
3 i301b0BaHMMM MT neyiHKKM, MO3KY i cepua MOPCbKUX
CBMHOK MOKa3aHo, wo Cd iHAyKye reHepauito APK y
Komnnekci lll [25]. HepaBHi gaHi TakoX yKasyloTb Ha
npamy posab Komnnekcy Il B iHaykosaHin Cd npoayKuii
ADK [26]. YwKoakeHHA MT 3a J0NOMOrot0 MOCUNEHHSA
Cd reHepauyii A®K 6yno npoaemMOHCTPOBAaHO TaKOX B
ocTeobaacTax NOANHM, Ae CNOCTepiranoca 3HayHe iHri-
6yBaHHA GepMeHTiB AguxanbHoro naHutora MT i untpat-
cuHTasu nicna snamey Cd [27]. HaamipHe 36inblueHHs
membpaH, myTauii mitoxoHapuanbHoi AHK i anonTo3y
KNITOK. 3HUXKYOUM noTeHuian membpaH MT, Cd nopy-
LUIYE OKMCHIOBaNbHe pochopunntoBaHHsA i cnHTes ATO.

Ha KniTKax HUPKKU B eKCnepumMeHTi NpoaeMOHCTPO-
BaHO TaKoX, Wo Cd iHayKye reHepauito AOK 3a paxyHoK
BiAKPUTTA Mip B Npoueci MiTOXOHAPMaNbHOI MPOHMK-
HOCTi, NpPW LbOMY BTpaTa MembpaHHOro MoTeHUjiany
MT BUWKNIMKaE BMBINbHEHHA umTOXpomy-C i aKTUBaL,itO
KacnasHMX WAAXIB, O NPUBOAUTL 40 aNONTUYHOI aene-
Lii HUPKOBMX KAITOK i BUAANeHHA ANCOYHKLIOHANbHUX
MT 3a gonomoroto ayTtodarii i, y CBOK Yepry, BUKIU-
Kae 3arnbenb aytodariyHux KAiTok [28]. Kpim Toro, nig,
yac OC guHamika MT (siKi nocTiliHO niagaTbea noginy
i 371TTI0) 3pywyeTbea y 6iK noainy, Wo npuBoAMTbL A0
X dparmeHTaLii, cnpmae IXHbOMY YLIKOAMKEHHIO A0 3a-
rmbeni Knitku [29]. Y34aTi pasom, Ui AaHi 4EMOHCTPYIOTb
TOM daKT, Wwo MT ABNsAOTb COBOIO KNHOYOBI BHYTPILLHbO-
KNITUHHI miweHi TokenyHocTi Cd i wo ToKecmyHicTe Cd y
3HAYHIN Mipi 3B’A3aHa 3 NocuNeHHAM yTBOpeHHA ADPK
Ha piBHi JINE MT [24].

Ha popatok no sctaHosaeHOi poni MT B eHepreTuy-
HoMy meTaboniami, perynsuia 3arnbeni KAiToK cTana
[APYroto BaXKNMBO GYHKLIED UUX opraHen. B ocTaHHi
POKM NOKa3aHo, wo OC moXKe BUKAMKATU anonTo3 KAi-
TOK Yepe3s MT-3anexHi i yepes MT-He3anexHi Wwaaxu.
OCKIi/IbKK Ui WAAXM NPAMO 3B’A3aHi 3 BUMKMBAHHAM abo
CMEPTIO Pi3HUX TUMIB KAITOK y HOPMasibHUX i B NaTodisn-
O/IOFIYHUX CUTYyaLifAX, 3B’A3aHMX, 30KpPEeMa 3 YLIKOAXKY-
touoto gieto Cd. HiTka KapTMHA LMX WAAXIB ANA Pi3HUX
AKTUBHUX MONEKYA Y IXHiX BionoriuHnx GyHKLifX gono-
MOe PO3pPOBUTN HOBY TEPANEBTUYHY CTPATETitO | MOLUYK
MOXK/IMBUX NIKAPCbKMUX NpenapaTiB y MalibyTHbomy [30].
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[HWWIA BaXKAMBUIA MeEXaHi3M, 33 SOMOMOrOK AKOro
Cd BMKAMKae OC — Ue BMCHAXKEHHA BHYTPILUHbOKAITUH-
Horo /1T, Wwo € nepLioto NiHie 3axmcty Knitok Big OC.
OcHoBHMM mkepenom cuHTesy [JIT € neuviHka. lNicna
cuHTe3y 1T npoxoauTb Yepes naazmaTuiyHy membpaHy
M eKCNOoPTYETHCA 3 NMEeYiHKM B KPOBOTOK AJ/151 MOCTaYaHH#A
iHWKWX TKaHKH [31]. 1T € npucyTHIM y BinblUOCTI, AKLWO
He Y BCiX CYBKNITUHHMX KOMMNapPTMEHTaxX, Bigirpae K-
YOBY POJIb Yy CMHTE3i elKO3aHOIAIB, CTepoiais i KnacTe-
piB 3ani30-cipKa, MOAY/NIOE OKUCHE 3ropTaHHA BifKiB i
pefoKc-curHanisauito, bepe yyacTb y xenaTyBaHHi Kce-
HOBGIOTUKIB, TUM CaMUM 3HMKYIOUM IXHIO TOKCUYHICTb.
BucHaxeHHa INT niacuntoe Cd-iHAYKOBaHY TOKCUYHICTb
y neuyiHui [32]. Y KOpKOBUX HEMPOHAX rOJIOBHOTO MO3KY
wypiB Cd 3HMKYE BHYTPILWHBbOKANITUHHI piBHi /1T, wo Bu-
KNMKaEe 3arnbenb KNiToK, onocepearkoBaHy AOK [33].

MepeKkncHe okUcHeHHs ninigis (MOJ) senae coboto
e oAWH HacnigoK BukaAnKaHoro Cd OC i Kopentoe 3
piBHAMM ioro Bnausy [34]. Cepen Hanbinblw BUBYEHMX
NpoayKTiB ninonepokcuaauii biomapkepamu OC € ma-
JIOHOBUI AManbAOgerif, akposieiH i MoNeKyan eiMKosaHo-
igiB, OTPMMaHi B pe3ynbTaTi NepPeKUCcHOro OKUCHEHHA
apaxigoHOBOI KUC/IOTK, BUAB/EHOT B BioNoriYHMX memb-
paHax. YCi uji Monekynu 3agifHi B NaTOreHeTUYHNX mexa-
Hi3Max 3aXBOPIOBaHb IOAMHW, BKIIOYAOYM pakK, cepLe-

BO-CYAMHHI, HEBPOJIOTiYHI 3aXBOPIOBAHHS, AiabeT i pi3Hi
3ananbHi npouecn. MacueHe MO/ 38’A3aHe 3 yTpaTolo
NPOHUKHOCTI MembpaH i 3arnbennto KNiToK, Npu Lbomy
3MIHIOIOTbCA YNCIEHHI KNITUHHI QYHKL,i, @ TAKOXK CTPYK-
TYPHi KOMMOHEHTU KAITOK [35].

Takum unHom Cd onocepeaKoBye 3anexxHni Big AOK
anonTo3 i BUK/AMKAE HEKPOTUYHY TOKCUYHICTb, ABULIE,
Lo cTporo 3B8’A3aHe 3 npouecom MOJT y 6araTbox opra-
Hax, BK/ILOYAOUM MeYiHKy, HUPKMK, fereHi Towo. [27].

BucHoBKM.

1. OKucHWI cTpec fBAAE COBO OCHOBHUI MONEKY-
NAPHUIN MeXaHi3M, WO NEeXUTb B OCHOBI MOAITPOMNHOT
ToKcu4yHocTi Cd.

2. TokcmyHicTb Cd 3B’A3aHa 3i 36iibWIEHHAM BUPO-
671eHHA aKTUBHMX GOPM KUCHIO Ha PIiBHI YLWKOAMXKEHHA
NaHLIOra NepeHocy eNeKTPOHIB B MITOXOHAPIAX.

3. XpoHiyHa Cd-iHayKOBaHa TOKCMYHICTb MpPU3BO-
OUTb 40 NOABM OHKOMOTIYHUX 3aXBOPHOBAHb.

MepcnekTMBM nNoOAANbIUNX AOCAIAMKEHb MOBU-
HHi 6yTM cnpsmoBaHi Ha nofasblle BuBYeHHA Cd-
iHAYKOBAHOIO OKWUCHOrO CTpecy Ha PiBHI Pi3HMX aK-
TUBHUX MOJEKYA, 3rigHO TXHiX 6ionoriyHMx dyHKUilA B
opraHax, Lo A0MNOMOXKe po3pobuTn HOBY TepaneBTUY-
Hy CTpaTerito i NOWYK HOBMX JIiIKAPCbKMX Npenaparis y
ManbyTHbOMY.

Nitepartypa

. Babaknejad N, Bahrami S, Moshtaghie A.A, Nayeri H, Rajabi P, Iranpour F.G, et al. Cadmium Testicular Toxicity in Male Wistar Rats: Pro-
tective Roles of Zinc and Magnesium. Biological Trace Element Research. 2018;185(1):106-115.

_

2. LiuY, Xiao W, Shinde M, Field J, Templeton DM. Cadmium favors F-actin depolymerization in rat renal mesangial cells by site-specific,
disulfide-based dimerization of the CAP1 protein. Archives of Toxicology. 2018;92:1049-1064.

3. Thévenod F, Lee W.K, Toxicology of cadmium and its damage to Mammalian organs. Metal lons in Life Sciences. 2013;11:415-490.

4. Anetor JI. Rising environmental cadmium levels in developing countries: Threat to genome stability and health. Nigerian Journal of
Physiological Sciences. 2012;27:103-115.

5. Darwish WS, Chen Z, LiY, Wu Y, Chiba H, Hui S.P, et al. Identification of cadmium-produced lipid hydroperoxides, transcriptomic changes
in antioxidant enzymes, xenobiotic transporters, and pro-inflammatory markers in human breast cancer cells (MCF7) and protection with
fat-soluble vitamins. Environmental Science and Pollution Research. 2020;27:1978-1990.

6. Swaddiwudhipong SW, Ruangyuttikarn W, Nishijo M, Ruiz P. Modeling cadmium exposures in low- and high-exposure areas in Thailand.
Environmental Health Perspectives. 2013;121:531-536.

7. Satarug S, Garrett S.H, Sens M.A, Sens D.A. Cadmium, Environmental Exposure and Health Outcomes. Environmental Health Perspec-
tives. 2010;118:182-190.

8. IARC Group. International Agency for Research on Cancer. Cadmium and Cadmium Compounds. Lyon, France; 2012. p. 121-145.

9. Mezynska M, Brzéska MM. Environmental exposure to cadmium — A risk for health of the general population in industrialized countries and

preventive strategies. Environmental Science and Pollution Research. 2018;25:3211-3232.

10.Mezynska M, Brzéska M.M. Review of polyphenol-rich products as potential protective and therapeutic factors against cadmium hepato-
toxicity. Journal of Applied Toxicology. 2018;39:117-145.

11. Oguma HE, Kayama F. Cadmium induces anemia through interdependent progress of hemolysis, body iron accumulation, and insufficient
erythropoietin production in rats. Toxicological Sciences. 2011;122(1):198-210.

12.Wang H, Matsushita MT, Abel GM, Storm DR, Xia Z. Inducible and conditional activation of ERK5 MAP Kinase rescues mice from cadmi-
um-induced olfactory memory deficits. Neurotoxicology. 2020;81:127-136.

13. Kadiiska MB, Mason RP. Ethylene glycol generates free radical metabolites in rats: an ESR in vivo spin trapping investigation. Chemical
Research in Toxicology. 2000;13:1187-1191.

14.Matovic AV, Buha DD, Bulat CZ. Insight into the oxidative stress induced by lead and/or cadmium in blood, liver and kidneys. Food and
Chemical Toxicology. 2015;78:130-140.

15.Wang X, Hai C. Novel insights into redox system and the mechanism of redox regulation. Molecular Biology Reports. 2016;43:607-628.

16.Jomova K, Valko M. Advances in metal-induced oxidative stress and human disease. Toxicology. 2011;283:65-87.

17.Rani A, Kumar A, Lal A, Pant M. Cellular mechanisms of cadmium-induced toxicity: A review. International Journal of Environmental Health
Research. 2014;24:378-399.

18. Andjelkovic M, Djordjevic AB, Antonijevic E, Antonijevic B, Stanic M. Toxic Effect of Acute Cadmium and Lead Exposure in Rat Blood, Liver,
and Kidney. International Journal of Environmental Research and Public Health. 2019;16(2):274.

19.Bhatia V, Sharma S. Role mitochondrial dysfunction, oxidative stress and autofagy in progression Alzheimer’s disease. Journal of the
Neurological Sciences. 2021;421:117253.

20.Cheng CH, Ma HL, Deng YQ, Feng J, Jie YK, Guo ZX, et al. Oxidative stress, cell cycle arrest, DNA damage and apoptosis in the mud
crab (Scylla paramamosain) induced by cadmium exposure Chemosphere. 2021;263:128277.

21.Sies H. Oxidative stress: a concept in redox biology and medicine. Redox Biology. 2015;4:180-183.

22.Murphy MP. How mitochondria produce reactive oxygen species. Biochemical Journal. 2009;417:1-13.

23.Wong HS, Benoit B, Brand MD. Mitochondrial and cytosolic sources of hydrogen peroxide in resting C2C12 myoblasts. Free Radical Biol-
ogy and Medicine. 2019;130:140-150.

24.Wang S, Ren X, Hu X, Zhou L, Zhang C, Zhang M, et al. Cadmium-induced apoptosis through reactive oxygen species-mediated mito-
chondrial oxidative stress and the JNK signaling pathway in TM3 cells, a model of mouse Leydig cells. Toxicology and Applied Pharmacol-
ogy. 2019;368:37-48.

25.Wang Y, Fang J, Leonard SS, Krishna Rao KM. Cadmium inhibits the electron transfer chain and induces Reactive Oxygen Species. Free
Radical Biology and Medicine. 2004;36:1434-1443.

26.Belyaeva EA. Respiratory complex Il in mitochondrial dysfunction-mediated cytotoxicity: Insight from cadmium. Journal of Trace Elements
in Medicine and Biology. 2018;50:80-92.

46 ISSN 2077-4214. BicHuk npo6nem 6ionorii i meauumnHu — 2021 — Bun. 2 (160)



ornagn NiITEPATYPU

27.Monteiro C, Ferreira de Oliveira JMP, Pinho F, Bastos V, Oliveira H, Peixoto F, et al. Biochemical and transcriptional analyses of cadmium-
induced mitochondrial dysfunction and oxidative stress in human osteoblasts. Journal of Toxicology and Environmental Health, Part A.
2018;81:705-717.

28.Gobe G, Crane D. Mitochondria, reactive oxygen species and cadmium toxicity in the kidney. Toxicology Letters. 2010;198(1):49-55.

29.Zhan M, Brooks C, Liu F, Sun L, Dong Z. Mitochondrial dynamics: regulatory mechanisms and emerging role in renal pathophysiology.
Kidney International. 2013;83(4):568-581.

30.Sinha K, Das J, Pal PB, Sil PC. Oxidative stress: the mitochondria-dependent and mitochondria-independent pathways of apoptosis.
Archives of Toxicology. 2013;87(7):1157-1180.

31.Nemmiche S. Oxidative Signaling Response to Cadmium Exposure. Toxicological Sciences. 2017;156:4-10.

32.Zhang Q, Zhang C, Ge J, Lv MW, Talukder M, Guo K, et al. Ameliorative Effects of Resveratrol against Cadmium-induced Nephrotoxicity
via Modulating Nuclear Xenobiotic Receptors Response and PINK1/Parkin-mediated Mitophagy. Food and Function. 2020;11:1856-1868.

33.Lopez E, Arce C, Oset-Gasque MJ, Cafhadas S, Gonzalez MP. Cadmium induces reactive oxygen species generation and lipid peroxidation
in cortical neurons in culture. Free Radical Biology and Medicine. 2006;40:940-995.

34.Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free radicals, metals and antioxidants in oxidative stress-induced cancer. Chemico-
Biological Interactions Journal. 2006;160:1-40.

35.Ramana KV, Srivastava S, Singhal SS. Lipid Peroxidation Products in Human Health and Disease 2019. Oxidative Medicine and Cellular
Longevity. 2019;2019:7147235.

IHAYKLIA OKUCHOTO CTPECY AAK ENEMEHT TOKCUYHOCTI KAOMIIO

Octposcbka C. C., NMucapescbKa I. A., fiees B. B., bBaknyHos B. B.,
Crpuxak O. B., KpaBueHko M. K., BeankogHa O. B.

Pestome. Kaamiin (Cd) — Ba)KkuiM meTan, KCEHOBIOTMK, LLO MpeacTaBAse Cepio3Hy npobnemy ANns OXOPOHMU
340p0B’A Yepes Moro KyMynAaTUBHY TOKCUYHICTb. 3abpyaHeHi Cd cinbcbKorocnogapchbKi yrigas i NpoayKTH xapyyBaH-
HA € TOJIOBHUM [}KEpPeniom yy4eHHA MOro B Xap4oBi naHutorun. [Ixxepenom xpoHiyHoro snamsy Cd € TaKoXK NaniHHA
TIOTIOHY.

Cd ypaxKa€ neyiHKy, nereHi, HUPKK, roHagM i iHWi opraHu. BiH 3B’A3aHKMIA 3 PO3BUTKOM paKy i KnacudikoBaHUi
MiKHapOAHMM areHTCTBOM No AocniaxeHHto paky (IARC) Sk KaHLeporeH Ans NoAnHM KaTeropii I.

3aBAAKM Cy4aCHMM TEXHOJIOTIAM A0BEAEHO, L0 OCHOBHUM MOJIEKYNAPHUM MEXaHi3MOM, O NEXUTb B OCHOBI
noniTponHoi TokcnyHocti Cd, € iHayKuia okucHoro ctpecy (OC), AKMIA Bigirpae BupiWwanbHy poab y naToreHesi Tok-
CMYHOCTI He TifIbKK B t0AeN, ane TaKoXK y TBapuH, pub i B pocanH. B ornaai cymytotca cydacHi nornsam Ha posb Cd
B iHAyKuii OC i moandikaLii pagy 6iomonekyn, y Tomy yncni npu geaxkunx 3axsoptoBaHHax. OC Bese 4o cepio3HOro
OKMCHOTO YLIKOAMKEHHA MaKpOMOJIEKY, Y MepLly Yepry B MiToxoHApiax (MT), fe BiH NOpyLUye NepeHOC ENEKTPOHIB
Mo e/1eKTPOHHO-TPAHCMNOPTHOMY NIAHLHO3I.

ToKcuuHicTb Cd 38’s13aHa 3i 36inblIEHHAM NOSBU aKTUBHUX GopM KUcHIO (ADK) came Ha piBHI @1eKTPOHHO-TPaH-
cnopTHoro naHutora MT, Wo ABAAKTb COB0 KAHOUYOBI BHYTPILIHbOKAITUHHI MillleHi MOro TOKCMYHOCTI. |HWKMM BaX-
JIMBUM MexXaHi3mom, 3a gonomoroto Akoro Cd BukanKkae OC € BUCHAXKEHHS BHYTPILWHbOKAITUHHOrO rNyTaTioHy. BiH
NPWCYTHII y BCiX CYOKAITUHHMX KOMNAapTMeHTax, bepe y4acTb B XxenaTyBaHHI KCeHOBIOTUKIB, 3HUMKYIOUM IXHIO TOKCUY-
HicTb. BUCHaKeHHs rnyTaTioHy nigcuatoe Cd-iHAyKOBaHY TOKCUYHICTb B OpraHax.

MepeKncHe OKUCHEHHA Niniais ABAse coboto HaciaoK BUKAMKaHoro Cd OC i Kopentoe 3 piBHAMM MOro BNAMBY,
BUK/IMKAOUM HEKPO3 TKaHMH B BaraTbox opraHax. BusBneHo pisHi enireHeTUYHi 3MiHM B KNiTKax ccasLiB npu aii Cd,
O NiACUNIOE NATOTeHHI PU3NKM PO3BUTKY paky. MNoKasaHo, Wo 3MiHM eKcnpecii reHis, 38’A3aHMX i3 NPOAYKLIED
ADK, nig yac XpOHIYHOro BNAMBY MEHLU 3HAYHi B MOPIBHAHHI 3 rocTpUM oTpyeHHAM Cd. Y TOI e Yac B KAITUHaX Npu
XPOHiyHil gji Cd, 3’ABNAETLCA CTIMKICTb A0 anonTo3y, Lo NPU3BOAUTL A0 NponidepaLii yLLIKOAMKEHUX KNITOK 3 OKMUC-
HUMMK nopyweHHAMKU JHK i cnpusae po3BUTKOBI paky.

TakMM YMHOM, XPOHIi4YHUI BNAMB Cd 3 HU3bKMM AOro BMIiCTOM, B OCHOBHOMY, Y Xap4yoBUX NPOAYKTaX, NigsuLLYyE
pu3KK 36inbweHHa Cd-iHAYKOBaHMX OHKOMOTYHUX 3aXBOPIOBaAHb.

KntouoBi cnoBa: KagMmiii, TOKCUYHa Aif, OKUCHWUI CTpec.

INDUCTION OF OXIDATIVE STRESS AS AN ELEMENT OF CADMIUM TOXICITY

Ostrovska S. S., Pisarevska l. A., Deev V. V., Baklunov V. V.,

Strizak O. V., Kravchenko M. K., Velikodna O. V.

Abstract. Cadmium (Cd) is a heavy metal, xenobiotic and a major public health concern due to its cumulative
toxicity. Agricultural land and foodstuffs contaminated with Cd are the main sources of its entering into the food
chain. Tobacco smoking is also a source of chronic exposure to Cd.

Cd affects the lungs, liver, kidneys, gonads, and other organs. Its action in acute intoxication is manifested as
nephrotoxicity, immunotoxicity, cardiotoxicity, as well as osteotoxicity in chronic exposure. Cd is associated with the
development of cancer and is classified as a human carcinogen category | by the International Agency for Research
on Cancer (IARC).

Modern technology has proven that the main molecular mechanism underlying polytropic toxicity of Cd is the
induction of oxidative stress (OS), which plays a decisive role in the pathogenesis of toxicity not only in humans,
but also in animals, fish and plants. The review summarizes modern views on the role of Cd in the induction of OS
and modification of a number of biomolecules, including in some diseases. OS leads to serious oxidative damage
to macromolecules, primarily mitochondria (MT), in which Cd disrupts the transfer of electrons along the electron
transport chain.

The toxicity of Cd is associated with an increase in the production of reactive oxygen species (ROS) precisely at
the level of the MT electron transport chain, which are key intracellular targets of its toxicity. Another important
mechanism by which Cd induces OS is the depletion of intracellular glutathione (GLT), the first line of defense of cells
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against OS. GLT is present in all subcellular compartments, and is also involved in chelation of xenobiotics, reducing
their toxicity. Depletion of GLT enhances Cd-induced organ toxicity, resulting in ROS-mediated cell death.

Lipid peroxidation (LPO) is a consequence of Cd-induced OS and correlates with levels of its effect, causing tissue
necrosis, which is associated with LPO in many organs. Cd plays a destructive role in the central nervous system,
increasing the permeability of the blood-brain barrier, affects glial cells, triggering a pro-inflammatory cascade that
destroys synaptic connections, while OS plays a major role in Cd-mediated toxicity, including ROS production, inhibi-
tion of the MT electron transport chain, and depletion of GLT. The role of Cd-induced OS in various compartments
and cells of the central nervous system is being reviewed.

Various epigenetic changes in mammalian cells under the action of Cd have been revealed, which increases the
pathogenic risks of cancer development. It has been shown that changes in the expression of genes associated with
ROS production during chronic exposure are less significant compared with acute Cd poisoning, which is associated
with induced adaptation mechanisms, such as overexpression of metallothionein and GLT, which, in turn, reduces

Cd-induced OS.

In cells under the chronic action of Cd, resistance to apoptosis is acquired, which leads to the proliferation of
damaged cells with oxidative DNA damage, while the acquired tolerance to Cd with aberrant gene expression con-

tributes to the development of cancer.

Chronic exposure to low Cd content, mainly in food, which increases the risk of an increase in Cd-induced can-

cers.
Key words: cadmium, toxic effect, oxidative stress.
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Cakesuuy B. []., Toubpam T. A., bopsk B. I1., Kozakesuu O. b, /laxoecvKa H. B.
KOMMNJIEKCHA TEPIATPUYHA OUIHKA. CYHYACHI BUK/TUKWU. 2 YACTUHA

MonTtaBCcbKU aepKaBHUI meguuHUii yHiBepcuTeT (m. Nontasa)

38’A30K ny6iKauii 3 nNNfaHOBMMM HayKOBO-A0CNIA-
HUMM poboTtamu. PoboTa € pparmeHTOoM naaHosoi HAP
Kadespu NnponefeBTUKN BHYTPILLIHbOI MegULMHN 3 A0-
rNAA0M 33 XBOPUMM, 3arasibHOT NPaKTUKK (cimeliHOoT me-
aAuumHK) Ha Temy: «OcobamnsocTi nepebiry cepueso-cy-
AWHHOI NaToNorii y NauieHTIB pi3HOT BIKOBOI KaTeropii B
3a/1€XKHOCTI Bifl HAABHOCTI KOMMOHEHTIB MeTaboniuHOro
CUHAPOMY Ta KOMOPBIAHMX CTaHIB, WAAXMU KOPEKLi BU-
ABNEHUX NOpyLUeHb Ta npodinaktukn», Ne nepKpee-
cTpayii 0119U102864.

Bctyn. Cnanax enigemii KopoHaBipycy cTaB, 6e3
nepebinblueHHnA, LWe OAHUM BUKAMKOM A/1A NHOACTBA
rnobanbHOro xapaktepy. 3 ogHoro 60Ky, MaeTbca Npo
CNPOMOXKHICTb LWBUAKO Ta ePEKTUBHO BU3HAYUTU NpU-
poay 36yAHMKa 4eprosBoro inxa Ta po3pobumTH BiANOBIA-
Hi MeToguKK 1 PpapmaLeBTUYHI 3acobu AnAa NikyBaHHA
[1, 2, 3, 4]. 3 iHworo 6OKy, BapTO Nam’ATaTH, LWO BCe
ue BigbyBa€eTbCA Ha TNi NepMaHeHTHOI AemorpadivyHol
Kpu3un. HamrocTpiwot agemorpadiyHoto npobaemoro
€ 3pOocCTatoye NocTapiHHA HaceneHHa YKpaiHu. Cnig 3a-
3HAUUTK, WO us npobnema xapaKTepHa He avwe gns
YKpaiHun. CBiT HEBNMHHO cTapie. 3a gaHumm BOO3, ntoam
noxunoro (60-74 poku) i ctapeyoro Biky (75-89 pokiB) €
HalbiNbL 3pOCTalOYOO Ta BPA3/IMBOKO YAaCTMHOK Hace-
NeHHA cBiTy. [MocTapiHHA HaceneHHA CMPUYNHAE HU3KY
BaXK/IMBUX AK €KOHOMIYHMX, TaK i Me[MKO-COLiaNbHUX
npobaem: 3MeHLLEeHHA YNCeNbHOCTI NpaLe3aaTHoro Ha-
ceneHHs (15-64 poKku), 3HUKEHHS MOKA3HUKIB HAPOAKY-
BAHOCTi Ta 3pOCTaHHA CMEPTHOCTI, 36inblUeHHA noTpebu
Yy MeAMyYHi [oNOMO3i, AOrNAA4i 3@ CAaMOTHIMM NiITHIMMK
NoAbMU TOLLO.

KomnnekcHa repiaTpuuHa ouiHka (Comprehensive
geriatric assessment (CGA)) (KI0O) — meToa, obCcTeXKeHHS,
O BK/OYAE BM3HAYEHHA isnyHoro, dyHKLioHaAbHO-

sakvik2007 @gmail.com

ro, NCUXOEMOLLIMHOro Ta CoLjasbHOro CTaTycy AiTHbOI
NOAMHU 3 NOAANbLIOK PO3POOKOID NAaHy 3axoAis AnA
NiABULLLEHHSA AKOCTI XUTTA [5, 6, 7, 8]. KIO — KomneTteH-
Lia cneuianisoBaHUX LLEHTPIB, ase OKpeMmi ii KOMNOHEeH-
TV MO’Ke BUKOPUCTOBYBATU Byab-akuii daxiseub [9, 10].
BinbwicTb Npobnem, WO NOB’A3aHi 3 AiarHOCTUKOLO, Ni-
KyBaHHAM Ta peabinitalieto ntogen NoxXuaoro BiKy, Ao-
BOAMTLCA BMPIiLLYBATU NiKAaPAM 3araibHOI NPAKTUKK, AKi
NOBMHHI BOMOAITU 3ara/ibHOK/MIHIYHOO NiArOTOBKOM,
BMIHHAM BMPILLYBATU CYMIXKHi, MiXKANCLUNAIHAPHI NK-
TaHHAa [11, 12, 13].

BcecBiTHA gonoBigb Npo cTapiHHA Ta 340p0B’s, ony-
6nikoBaHa B 2015 poui, aKLEeHTYe yBary Ha 340pOBOMY
CTapiHHi. B pekomeHaaujiax BM3HAYaloTb MOro, AK Npo-
Lec po3BUTKY i MIATPUMKM GYHKLiOHaNbHOI 34aTHOCTI,
Lo 3abesneyye 4ob6pobyT B NiTHbOMY BiLli.

OuiHKa ¢YHKUiOHanbHOro craTycy. BusHayaeTb-
CA MOMNUBICTb CamoobcnyroByBaHHA i CTyniHb Hesa-
NeXHOCTI NIOAMHU Big, 4ONOMOIM OTOYYOUMX, 33 MOTo
3[aTHOCTi BMKOHYBaTM OCHOBHI (YHKLIi, aKTUBHOCTI B
NOBCAKAEHHOMY XKMUTTi Ta IHCTPYMEHTANIbHOI aKTUBHOCTI
[14, 15, 16]. NoBcAKAEHHY aKTUBHICTb 0BCTEXYBAHOTO
XapaKTepusye MOro 34aTHICTb CaMOCTIMHO NpWIAMaTH
XKy, ogAraTvca, BiABiAyBaTK TyaseT, KynaTuca, nepemi-
LLATMCA NO KiMHaTI i T.4

ONna OUiHKM MOXKAMBOCTI
®YHKLUIM nayieHTa NpocATb:

® 3aBEeCTM PYKM 3a F0N0BY, 3@ CMMHY Ha PiBHI Tanii
(3maTHicTb po3yicyBaTWCA, OAATAaTUCS, BUKOHYBATU Tirie-
HiYHi Npoueaypu);

® CMAAYM OOTOPKHYTUCA PYKOHO [0 BE/IMKOTO Masb-
LS HA NPOTUNEXKHIM HO3I (34aTHICTb B3yBaTUCA, CTPUITH
HirTi Ha Horax);

BMKOHAHHA OCHOBHMUX
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