— Ft=wd AAW 54 R 54
{ ‘E’f”{sj (Cadmium bioaccumulation and its toxicity)
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1. &€

FlEEL ¥ F#W oleto] olelo)¥(Itai-Itai Disease)d YL7le AR AR
2 G FE4oln] 1 AL, St=EF Wyl Ayelde] ae2o] Fr=v]o]oHCadmeia)o]
A A uisl o] F2 old A4ty RAETZA dolAxn Utk F=FLS FAYE A=
A7t 9ol AVIEFY #4502, E2Y o UAA(Plastic heat stabilizer) ¥ 98, £AA
(Ni-Cd battery) 5o Al&5e FE4024, YuU&d9 wds) gio 2o AYPANE ¥
A3 Ytk

I YA EE 3A FAR AFL AFAARe2A 283 F71E FdTeEA st=wd
29 F A% A=ZEFTE o] FHAHD FFxE] A4 JlEFLE EFE 87144 Fl=
¥ 822 A% FE % EE (Cole & Baer, 1944; Lufkin & Hodges, 1944), $& £ x&9
= A49 sleF FH(fume)d] & 24 MY 2 {4F(MacFarland, 1979; Lucas et al,, 1980)
& desle Aoz ¥udo] U, 3 H4HA SHAEARE A2F F& € HUE, 4%
% (Friberg 1948, 1950)& d2o719 tjfo] Mg, APHY € AL {FEAAE ¥nso] Qo
(Christie & Katsifis, 1990).

2 28X AAUdA sleg SR glo] dutdoz g F4, £H € 54
HERA L AFHAR, b YA A¥# Fl=wd A FH)A L EAAEE AR A
PUse dYgosy slegy AW §4 € 44 @ 7lestax i@k

2. 83 FAN4AY A=F =& 2 {FF

AY AN A=EL 2 TVNE FRYe2A £¥ AEL FFHARLEN steFd
29 & ok Ao 1o} e A2z BHE AUE F4HE =FS A4S B 5L
o} 25 - 509%019 &7l E o 5%PE(LYEE, 0.1 - 05%)) Bste] 2 F489 ol
7t BRA o, =8 guidrld] 433 sleFo] xgatn glo] FARS) vFAANLY 2 F
FRAEY #olg et

a) &7l

FA=F MegdAde F71F ASEFES F 10 ng/m*AEE ol F7NE AT 4

o] A(EFE 15 mYdayZ12)el 1o} Ad 9Y FF 015 w9 Ft=Fel 289 H2 1y
F5ES ¥ 25% - 0% A= ¥ 0 Ad o 008 9] F=Fo] AU Sole: Utk

Es5 guArl&cls @AY F F 1 - 2 g9 Fr=5(Friberg et al, 1974)& ¥H3a S
o] AT S0l F& oo 100%™ W2 HE F5&0] K% - 0% ¥ W =3 g FA
AolAe gul #1F Ad 1 - 20 HA=FE =253 AL G F A

b} 4%

Table 19]A] B ulg} o] §F(meat), o} F(fish), FHdel & 5 - 10 pe/kg, TEA HF
(cereal)dl = 9 25 pg/kg AE, 282 T2 7+ R A= 50 - 100 pgkgolde] F=FS
o At 2nsn QItWHO, 1992). o8& 4F(EL e HIASo Fd 3 A
U S0 Flewy 4e u gAY 10 - 25 g E0lx, LFAAGANE 150 - 200 pg



Az o]&th(Table 2 Fx). 4HAY HEF] X¥d 7l=F S 25BN dA2Z FFHoo}
Zt 3712 RE&A Hed o &894 9 st=F F4E&E 4 5%PE(WHO, 1992)2 &
.

webA] 3Tl H2GAHAME AE EUSAE st=EES] FE 06 - 13wB = 294
AollAe % 8 - 10 R =E2 v 2FAqRY o 10uj7hA] €38t S-S B3 33 glo] 249
g9 x&7b540l Fddtn USE AAETHTable 3 F2). ER HFold AF & FolFe
4715, 53 =71 2 Jl=Fel =54 Ul AHAES ¥ie=HA 872 7 dl=
Fol &5 4Fd EYHE AT A&+ AU

Table 1. Cadmium concentrations in different food items from various European

countries (values in ug/kg fresh weight)

Food group United Filand Sweden Denmark The
Kingdom Netherlands
Meat {20-30 {(5-5 {2-3 6 -30 10 - 40
Fish {15 {5-20 1-20 14 15
Fresh fruit <10 ¢ d1-2 11 5
Bread and 20 - 30 20 - 40 31 -32 30 25 -~-35
Cereals
Offal
Pork kidney 450 180 190 1000
Pork liver 130 70 50 100

( From WHO, Environmental

Health Criteria, 1992)

Table 2. Estimates of average daily intake of cadmium based on food analysis

in various countries

Country Estimates (ug cadmium per day)
Areas of normal exposure
Belgium 15
Finland 13
Japan 31 - 49
New Zealand 21
Sweden 10 - 17
United kingdom 10 - 20
USA 41

Area of elevated expostre
Japan, New Zealand

average 150 - 250

Table 3. Total daily cadmium uptake in adult human
(Based on the data from WHO 1992)

Intakes sources of cadmium

Daily uptake of cadmium/adult human

Uncontaminated areas

Contaminated areas

Inhaled air 0.04 - 0.08 ug (10 ng/m3 air) |1.87 - 3.75 ug (500 ng/m3 air)
Smoking 1 - 2 ug/pack 1 - 2 gg/pack

Food (including dirnking 06 - 1.3 peg 8 ~ 10 ug

water) (daily Cd intake : 10 - 25 gg) H{daily Cd intake : 150 - 200 pg)

Total daily uptake ranges of

164 - 338 pg/adult human

Cd including smoking

10.87 - 15.75 pg/adult human




3. AAY l=w9 T4 2 54

A8 9 AE 39 F4E FIEFS 0 - VBAEIN 2 %3 A3 53 (Friberg et
al, 1974; Goyer, 1996)8] 3 o, ®, AgzxAdqE /F ¥ $E2 53 (Sumino et al, 1975;
Cherry, 1881)€ith. £& 31, 43 ¥ 28 £3H sl=5 & L EHY W] (Biological
half-time)7} ¢F 309 AE2 1 WM& Es 493 =2)(WHO, 1992), 2 §4733E A%
ASujde]l A43s o|Yrl 53 tpRoez FAHHE ¥ R AFUWAA FE4A =w T4
EAE veld=d, AA ety 434 XAE7(Thiol group)ste] AEee) age 7,
EAR slefFo] gl edidMDY §4& FE3E +dda(Inducen)2 FA-E¥TE
Holr},

FEGAEE MTY 444 7152 S4%d A, 343 715 € ¢ dx24 49
H$EZAGIEFES TS £84, 2EHE, ACTHS) 98 428" e 84 FHEAEA
EHEA A wojrls g e Ao BHasa Ao oY MTE I €A 3°] 650352
61719 ojmx=Ato 2 FAHo] Qu 2F X&7]|(Thiol group)E 7}A A2€H AL 21744 JHAn
gt WA AZUYZ S0l Fl=F dd FRPHE MTE, A&7)ske] Agdo] 2%
FlEwe =24 Fe3d, MTY g4 N&71E3 Wigd¢e oA Cd-MT complexE
P&z o YH= sl=Fol =AW £33 .

AAW Fl=F9 FH, 53] 713 Bo] FHHE 13 UG o] 4YFEL o] &
AT 93, Fride A=w S 13 vBTHoE T, JlEF S B MY & FER
BXaed 2 Fs 4oz JF3dA4 sl=ge FEIF FUkst 49 ¥R EAHEY
ol Tt F € Ft=Fol Aoz A¥ ¥(Redistribution)dts Aoz Aztdv, o] of Yoy
NeFe 343 Yeist CA-MT HUE 2 w84, 24 F-3: sl=Fy 384 Y49
Cd-MT complex?t Alzko] 3ol wel Qo Lulsn oA JdFez gutga gl

AZE AFAGA EAFR7 BE A4S 23 glo] olF BT X, oAt
59 AA g8 Ed0] AN AFTHAY & 4F kAES wadsto Ao sadA
(Homeostasis)& #X &0, 2 7|5 @HEZA AFA(Glomerulus) ¥ 4@ (Tubule)2 2
FAA€ct wety Hay Cd-MT complex® 1 #A%0] 4% 9 (Albumin)¥t} 2He} 417 9]
AAFAE QA A HY AxAAddA JEFsHo] WA slewol FAHY, o
2Hagge) SAGdENFo2 ojojAL}

E£35] MM ZWAAY Cd-MT complexs] F#AHL AT AXUYZ AFFE CI-MT
complex® €A% (Lysosome)#d § 838t Cd-MT complexs #8513 st=Fol&o] faslof
yew, o] sl=gole] vd 9 ity e AX FAHAEASL AR, A5 &
AAo) oy ¥, obr|xdl, € 9AL xAFBAN AFFE A% xFo2 aga
HEA7E SA4YE 7|4 34 duda Bd ol Jl=gwH 44 FHEARY
BERFALE A3 ol99 FIAME A e JI=F SA4LHY Jjdes A Ha glev
TAAHA E4RFA2 d8A Qe A% A8 € WFS € AYHY € A% fusE
old FA7|de] BHEHY Udvn A4S M Christie & Katsifis, 1990; Cohen et al., 1990).

welA X WM =g EA4¢ dig A HdorlF9] FU= HrEE MTY
A 71 FlEwd 2AY FHAYHEA £ AW sl=we &4 gi=2A 1 715
3o AAM FAEAY stewde] dEE W 2 Aoz Jlege 4L AAAE
deg da dvta JAg ¢ U9 (Fig. 1 =),

ey ol MTE AAgol7lsd o] AFadrt ded, FEF44e 2 7152
wgE o7kl oF 1 - 2Ye] Ajzte] A8 (Bremner & Beattie, 1990)€lttE Zioju} whaba 1
FEZAHIA AA Y 7)o FAAQ FI=ESF Yol MTRol A EAA gl 2
N5 B & gAHEE doltt. ol Hd o AT Tshie welBdg JHAa glo],

...59_



A X E5FEHX]2(Glutathione, GSH)®l MT#A4°)Ad sl=ES 44 weolrlsg drtn
¥ 3383 1ckSinghal et al, 1987).

GSHE Al2HAE T8W Al 719 ofpjxitoz FAHo] 9lo], &7 =& 7)(thiol
group)Zt 7] AF¥ MTe] A48 2ol FIEFY Y AR=2A 2839 l=EE54L
FAgcn A2hsta Qlvi(Table 4). Wby & Axs 47379 AN Ho] &4 GSHE
o] £% A FlEy FAYA R H/AE @) A8 4¥E A%

Fig. 1 Toxicokenetics and toxicities of cadmium
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Table. 4. Effect GSH on Cd toxicity in mice (Singhal et al. 1987)

Dose of Cd2+ Number alive/total
( 2 mol/kg) Control +BSO (GSH depletor)
0 5/5 5/5
10 5/5 5/5
20 5/5 05
30 5/5 05
40 5/5 05
50 0/5 0/5
60 0/5 0/5

# The mice were observed for 48 hr after Cd2+ treatment; deaths usually occurred within
24 h.



4. Ft=w9 A3 FH7d 2 SA4ETE A€ 494+
WF=EY 4353 g4+ 2 2 FH7HEE 98 47

GSHE A2HQ, SFERIA, 224§ 3719 ojvjedtoz FAHO glon o A
gaslo] ¥goz Bulga A AN AFS ¢ Rt AE WelMe GSHA ¢
o7& GSHE X-&7)(thiol group)s BE EAEAT 4%5Y, & 54E83-~GSH
complex® FAHoEN O 4EE sfsta Ak 2d, 2 HYFe] Yhow o] vz
Aoz o)FHeZN AAFAHE WU A9V gk wEy AAEAH L fFEde Sl=EFEY
AL NME Cd-MT complex?t 23] #4se A3 w3742 MT7E K284 57] olA 9
Areefl ] A ol -8 st Qe GSHS Cdol ¥l P48 4 e Cd-GSH
complex7t AZ L2 o]F AW sl=g FHd v ¢ Qe M4 A=}

7b) 47uF 9 d 2 3y

dutAQl £ EA-GSH complexs] AFuiAtay oz, A4 ALFA A g3d
£4E3-GSH complex?} M # Axute] Zivl 2Febd EJfd 2124 (gamma-glutamyl
transferase, GGT)9] 222 F 719 olnjxdo2 #3531 9A © Pejda] (Dipeptidase) )
Zgo] o8 HFHow SHEH AYY AN2Hdos EAHEH oo xA® AXUz
AFFHLZA EHEA] ARATUE FUHE Ao geiA

FNEFS Be Fo] oz #9], 2H¥u2 79 GSHE st=y3 B §sto Cd-GSH
complex?l 8% 4 oz =¢ Aoz Byl z83 Aoz §4€ 4 Yk geA] olg e
Cd-GSH complex7} AW 7128 &4 vjd + AT 714 & &Ast2] A48 2714
wylog g3 A, =F9 =g AL GSHE ZaAY 1 8§89 ol
Z4En g dFes olFHE X 44siA € F deng, 79 GSHE H2A9) =
iy & MY 3k GSH 7Z2A(Specific hepatic GSH depletor)$l DCNBE H 5o st A9
FI=w FEUSE FFs 9, 84 AFA AN 43d Cd-GSH complexZt AxA el glo]
gamma-glutamy! transpeptidase(GGT) ¥ dipeptidases] 2l&] T4 o}nlx=2to g Rajg F,
Cd-Cys complex2A AFFHO sl=Fol Ao Add, F7H4 ALE9 AA HZLA
GGTY #3AHE AxA@aNeg sl=v9 AFTE JASA B2, GGT 4489
Acivicin® A}&3te] 4719 5HE U8 Piez Adsint

W) A3 ¢ @

Table 5414 EE uto} o], ZIGSH #44AAQ DCNBE AF-934 AGSH =7}
Zastglo, ek g5 $gse Adxde 48 ¢ Aoy, AA A% st=ge
FTEE JleEY FAE AY2F GSHEAAAA AFde sleg g FA% 4YE3 dof
FAGH Aot K4 gl A7 Ugd. £ Table 6914 E, 43 GGTANAE
AFd o] GGTEAH T 9B4%7A FAAN AHgA l=ewS FA% 43, IGSH T4 9
B4t 2ol FAYHR F40dE Aol dfidh olEd 49 9nle Fl=gol A
ZA3sEd 9o, AAnFo] ofd & FAFEI A&E AN glvk o JMsPdozA
A AES A& 98 AAxde Basolateral surfaced] 43F o] 3t glo] B
EARgo] o]Folm gl o] FEZ Probenecid-sensitive pathway 2 &% 7Hs4o] 1k
dg 50 FFEYU &9 A4 Aol o] B2 JHME o] JFoZ FUHR U=
Ft=gd SlolME olgt 22 Probenecid-sensitive pathwayo] 9 ¥ st=59 754 o]
AA = A
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Table 5. The effect of a decreased hepatic NPSH (Non-protein thiols) on the uptake
of Cd in the liver and kidney.

Kidney Liver
Cd Concentration NPSH Cd concentration NPSH
(pug/g tissue) |(u#mol/ g tissue)| (uxg/g tissue) (u#mol/ g tissue)
Only Cd 495 * 0.78 - 1521 * 207 -
DCNB + Cd 451 £ 0.58 313 * 018 1539 = 276 568 = 038"
(346 + 023)" (9.14 = 092)*

2 the level of NPSH in saline-treated mice
** Significantly different from the saline-treated mice (t-test, P < 0.01).

- DCNB is a hepatic GSH depletor in the liver.
- Values present the mean * SD,

Table 6. The effect of a decreased renal GGT activity on renal uptake of Cd

Kidney
Cd Concentration Renal GGT activity Inhibition (%6)
(ug/g tissue) (mU/ mg protein)
Only Cd 495 + 078 - -
Cd + Acivicin 579 £ 139 97 £ 24 984 %
(6202 + 636)*

2 the level of NPSH in saline-treated mice
- Acivicin is a GGT(gamma-glutamyl-transferase) inhibitor.
- Values present the mean * SD.

@)Ft=% 549 At 9= d(Melatonin) &3t HE

7b) 4793

N AFule} Fol Flewe] FSAAUYES UdFes S T 2 AW, Fl=wY
Ee5etaQ 54U A-&7(thiol group)ste] Aol A= Ho 2 A, Tt=FE] 4A
FAEAN AYsi 2 540 HdH R o]t AAA/I3Hlipid peroxidation) & YLl
Aoz pauda vt WEUY] FHAHA I AHE 24, A=W GSHY &2 A&
o] wEdsted oo WalEde Fo2 o wie] FAuddrst £ Oxidative stresshy
Al 5] = Free radicaldl #H4t8tr4a(H:02)Y Superoxide®] Scavenger24] AA#A3&E
gAste FAsAAZAY 2 el A2 A BausHa Qo wepA B AFgME 1593
sl ¢ delEde T3, detEde] Jlege] 54 ujd 4 e 4% FEFA
I PYANEZA F71J GSHY EE(NPSHE 233 d GSHY HX& EA) 2 Asd
GSH(GSSG)E #9A71= &4 ZF Glutathion reductase(GR)S] #4& 2334 AE=
°o]-&-3t Aot

W) 43 % nF

Table 73 8olA R uie} o] 15U Fl=wE Fo3td 3L, A%, JYT, 49 GSHE
FES @3% 43 st=gd 98 33 YT GSHEE FA43A L8R, £ GR
Aol ANE e GR B0l FALUA Fade F4& Ui o123 sl=F9
A71%d2 g8 3 € AFA MTS Fx7t ASA S7HgS BdE & AAHTable 9).
olg g w9 T4l ol WHEY e ke 3HA &Il Table 7914 B& v} o
AN Zad GSHY sx7h da3Edd & f44UA 3Ese d3E adsdd. a2y
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GREA 9 Astole 9% sAANE ¥ ZF(Table )& FAHU.

Ft=Fol o GR B4 9 Z4E GRY active sited] JETFE 7HA3 Fl=¥3 GRY
A&7 #39] 2&(nteraction)22 2 Bge] Asd Aoz Qzew, oy AHAYE GRY
71%9) AbsiY GSSGS) #9%de A2 veEd AX GSHY sxda= ooAe
Ak HY SHEHE Fridn.

olfl ¥ JleFe] SAAT A dEdd A% St=Fo g F GSHY &
HEA7E Aoz FAHAAL 28y GREAY S AEA7IA Rate Az o}, Blrdd
¥ F4d GSHEEY %€ GR7I%E ¢ Ao ofd ve ¥ o] 444 +
Atk okg#, GSHe #A 2 71gstes Hulge] dddA O $HEE AAsE dtedy
A B MM E BHE dAE 71ddq B AHAA FA e AL Bo} o)
B A3t AAE e A2 AZHy, dog oo & AFEYY st €
Ze2 Az,

Table 7. The effect of melatonin on the level of NPSH (Non-Protein thiols) in the
Cd-treated rat for 15 days with or without melatonin

Saline Cd Cd + Melatonin
Liver 449 * 035° 291 + 071° 402 = 032°
Kidney 328 016 349 * 036 346 £0.36
RBC 29 + 016" 166 + 0.20° 171 = 0.15°
Brain 182 £ 029 183 * 0.32 198 = 028

- Within each set of measurements, means with the same letter are not significantly different
at the 5% level.
~ Values present the mean £ SD.

Table 8. The effect of Cd on the GR(Glutathione reductase) activity in the Cd-treated
rat for 15 days with or without melatonin

Saline Cd Cd + Melatonin

(mU/ mg protein) (mU/ mg protein) (mU/ mg protein)
Liver 806 + 83° 595 * 105 617 £ 16.4°
Kidney 1278 * 126 1202 * 106 1189 * 68
Cerebellum 337 £ 104 335 = 97 320 * 96

- Within each set of measurements, means with the same letter are not significantly different

at the 5% level.
- Values present the mean £ SD.

Table 9. Changes of the level of MT (metallothionein) by cadmium administration

Saline Cd
(Cd ng/ mg protein) (Cd ng/ mg protein)
Liver 109 * 46 2965 * 105"
Kidney 93 * 14 1156 + 71*°

** Significantly different from the saline-treated mice (¢-test, P < 0.01).
~ Values present the mean £ SD.



4o

& =g I 3L 3719 Fe BE 29€ AR EH, oF, AY, FEA

HEF)E AFAATLZA YD, 2 S 4X FHELAY BPFgez Ay
dydn, 53 3t L AN stego] dFes FHHRR olg ol &Y FAHEFL
AASAY & JES dolFe 47157, 53 =1§ € sl=ewee =54 4714
APYNEE ¥ &o28H Jl=we $25S 45 T8 Jl=F9 H4& ¢9ANE 5 A4
ek 44 ETS gUE StEESAd o ALEAE aeisol & e ARHy, ohgd
=g B4 & AdEr] ¢ AdzA dAEds Be HS5AA AE ¢ r2dFEY
A Fe Ay SuE ¥ SEAQ 7j2FgAY Htgan Alrd.
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