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Biological Indices for Early Detection of Cadmium Poisoning :
Significance of Urinary Metallothionein

Jung-Duck Park, Yeon-Pyo Hong, Im-Won Chang

Department of Preventive Medicine, College of Medicine, Chung-Ang University

Metallothionein (MT) is a low molecular weight protein that is induced as a defence mech-
anism for cadmium(Cd} toxicity. In present study, urinary MT was determined using a
competitive ELISA in Cd-exposed rats. In addition, measured the urinary, blood and renal
Cd concentration and the urinary excretion of total protein, F,-microglobulin{MG) and N-
acetyl-8-D-glucosaminidase (NAG) at 1, 3, 7, 14, 28 days after Cd injection in Cd-exposed
rats with doses of 0.8 and 1.6 mg Cd/ke body weight, respectively.

The urinary, blood and renal Cd were specific for Cd-exposure, that increased in pro-
portional to dose of Cd. The urinary and blood Cd tended to slightly decrease, while renal
Cd tended to increase by lapse of time after Cd exposure. This finding indicates that
renal Cd is more specific than urinary and bloed Cd for Cd exposure. The urinary excre-
tion of MT showed a statistically significant increase in Cd exposed rats(0.8 and 1.6 re
Cd/kg body weight). The increase of urinary excretion of MT was more evident at 7, 14,
28 days after Cd exposure than the changes of urinary excretion of total protein, £,-MG
and NAG. The Pearson' s correlation coefficients between urinary Cd and urinary MT, #,-
MG, NAG and total protein were 0.4344, 0.3727, 0.3307 and 0.2099, respectively. These
findings indicate that the urinary MT is more sensitive and specific than total protein, £,-
MG and NAG for Cd exposure.

The present results suggest that the urinary MT, using a simple and rapid competitive
ELISA, is a valuable index as screening test in epidemiologic study for Cd exposed group.

Key Words : Metallothionein, £,-microglobulin, N-acetyl-8-D-glucosaminidase, Cadmium,
Competitive ELISA
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o 2] @

FI=E (Cadmium, Cd)S A9 EFdAlle
2883 {3 F5455 (toxic and non-essential
heavy metals)dl] SZHT F&o82A dz A=
2 23 &59d Al FH=He Ao o 7
FdA e HAHe s Z29 QU 123N E
gt Page 5, 1986). FIEES Ao g
Aol Zetn gdo] Bol o8 FolollA TekslAl
o] &5o] Mgiol wuglel wrel AN B ARE-Fo
Z7AE G ew, Svets 1991d el A
(refined cadmium)°] ¢ 450tono.E EIEHo]
SITHIARC, 1993). weld A% o2x-eEey 7
+ A HE et AYFRAA Ft=gd &
23 4 Sk

FI=E-S FATdhe YR SEAESCNA =59
A% 394 FEA7 g5 Eznd 8 ey
(Buell, 1975; Smith %, 1986; Roels %,
1993), Zdolide dd =g3dald) 258 <
ZxoA FIEEFES] 24 el sl =@o]
A7iE vk A (EZeE F, 1991). Y, $Ehv
gelx FI=8E-S FHFehe dA7 o g ¥
ol FHIT 5, 1994), 8% =89 &%t
5 ohFste e Akgo] o) wetr g of
28 Aoz FHH o T/ AYFTANA #
2o =g F2E £ lerg AR IRAE
of fAoiA ulgre] Fr=gol 27 BAYHA 717G
o diE ¢AE o 2 gle A3 g,

Fteg-S Hgste AR A dig |-
] FlEg F5Y e sl=gel g
Z2E nldd) wAske 14} dbe] 7B uigA st
zEd, o8 JRR] 34 v =g g3t
EREe AT FIEEY S4HA 71" e olast
3 ool wE TEFHY AEEH HAAA (biologi-
cal monitoring system)E& °l-&3l] ¢d3de]
vielr] Aol AAM] 270 2A Ft=gel oF A
ZRNE 276 st HA% ZAPeR g o]
de] P E4E WASHE 23 oe] HAAe
2 HMe whdeld), wEhA HE&AQJ] Z2RMY
2R E JilXE FIEF F2| dis] Bolde] =
3, FtEge] o3 U7l E xvld) ngsA

93 = F de AT AE5F 8749

A2 Pl £33 dYy 8% FI=EHS
Frefol itk F2E Ngs] Fe 5olHg A=
Bri=lxn sie) 2Ey, Fl=gd 9 3R E
Z7INET BH o2 ol fEe FAEEL Jl=k
o] F BAANYA AR 715 wdste AEER
A ZIEE F2o disiME ¥ 5] et} (Shaikh
S, 1987). A Fr=F AEI}H LA
(BEL, biological exposure index) 24 8% =
B 10 wg/g creatinine2 2 |AF v} QIcH(WHO
Study Group, 1980). 2}sldd =8 2% A
ZFee] 271dd Sxoz AEATGWAQ B,-
microglobulin (MG) 8] 8% ujddzo] uf$- F-23}
A ol &= gt} K2 FAEe] &F FI=F 10
ug/g creatinine °©l3lo|A % subelinical tubular
dysfunction°l F¥tgcln ® 31 (Chia %, 1989;
Mueller 5, 1989; Roels &, 1993)3}<
ACGIH(1994) M= ¥ 5 we/1, 8 5 we/g
creatinine2 2 Al £U wzdsz So)xQl
N2 A g e izt #o] &b Jung F
(1993) & 7I=& Hw AdF 22AE9M 8% 71
ZE 10 wg/g creatinine °©}8llME 2F N-
acetyl-f-D-glucosaminidase NAQ) 4 %01 &
7tsiol B-MGEY} U7st AxE Hag vl gle
v, -RbEEAo dis] ok =3e] Ut (Mason
5, 1988). 2|, olA7kA] SyeAM Ft=gFE
I #A=e] 8% NAGEAES o9d dis] aF
@ v} gich

Metallothionein (MT) & FI=gel] Z2Al 7l=
9 5978 Uitk Wolr|Ha g AAdelx &
ol f=se A oF 6,500Da8 AR ©a
24 Fl=gd dfsid FEE F=EC-MT) <
Ao R Fl=ge] 534S REIAZIG
(Goering®} Klaassen, 1983). &% MT¥ 7l=F
o] fub, wid 2 Ao FHUiHdE Y B}
£ Aoz deiA (Dudley 5, 1985), 959 o8
e FIeg ZRTd A AETH AREA
MTe] olelo] ] nima F4e] E& Moy
(Shaikh %, 1990; Kido &, 1992; Goering %,
1995) Sl obH7tA] 19 W givh e,
HT AAe AYsHEA S ol gl AEEE
A gol P Eadte MTE w23 sy W=
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A AEE £+ JE competitive ELISAHNES &
Aot A vk Ak E F, 1996).

B dgode 7tEES gtk A 224
o] gt H-gol 4 Fl=Fol E2E AYFES o
oz EFray 2R DA wel ArlF A
B2 wedsle A FE9] 8473 &, 8F FUAx)
B,-MGel ujd B NAGEEES 4%
ELISA¥M ez a5 MTHjAZS 4 - vlashy
FIEE Z2o] dig O ARE Fosln ofeE
Fr=gel Ezol diF] SolHd AR JAGEAN
FI=g SH%a dAH 9% Sl=F F=o va-
A5l zt AHFe AUFHQ HolAdE ofites
A =g E i A& AEEH X Ho
23 95 MTHld 3] oolE dotimizt it

SR
1. dHsE

- AF <F 180~200g9] Sprague-DawleyX SHE
FI G RE FUS 2 A F 10
B¢ B REL nYPAERZ AMSI HEA]T
HA) A} B ol dade] wAsA ¢ig &
AFE AEFER AMR-3HATh

2. HHSEXR

=R Ezd 0 g2 #3E) gk 43
FEe AYEs gagen dagd. oW si=
F EZ=2o ©hg 85 FoA, §,-MG, MT, Cd
vl g NAGEA S Wate 4858 7l=%
2 Foslr] Mol AFHF 98 dzFe Y,
Y3t Ahy = gPe] WaE Bder] A
A YEFE FARE REE Y2ToR N
o} Fl=F E2g wet A¥EE AF kW 7}
=5 0.8eFA T3 1. engRFe] FEos st
Qen, 2} $7 30vtel g syt AAFE] i
FI=Ee E2e AR =EL9(0.08% =+
0.16%)< 13 maFANFAlagn, dzde 59
g hiez e A94E FAEIET. ol FAb
ke oF 0, 2m7} B4 2R sEh

3. AlEAH

A

(1) 2 4¥5E2 2+ metabolic cage® ©]

&ate] £ - Aot old A& 2xE {7
7] 918l ice-packFelA AnsiPony AH
d oF 10A1ES] 88 AFEAT. 89 e
7IEE F2PYH JleF HF2F 1, 3, 7, 14 ¥
2844 st AT 2w FAAAA -20TCA
A W - BaEsidct

(2) 8Y : Jl=g F2TLe Jl=8 F2% 1, 3,
7, 14 3 289A 728 FoEE 47 6vield
AYFE L 4RAAS 4 g AAsdch. Q=
TS FAE TdA F4E AR AHE Y
< FHAAA] -20CM DAl BT - RASICh

@ AF : 7I=E 2P I=EREE L, G
7, 14 B 2895 7t=8 FATER 47 6vield
APTEE5E S AHS o FA AREy
A3E ASsR, TR YT ez AL
F 7dA ABE AesAch. 42 Ve EA4A
A -20CoNA A B E - RasATh

4, ANZEA
m 2
7L FIEE ¢ 4 2nic] fRES BEE M

0.5mE A7bete] Fxsts syl (Microwave
Digestion System, CEM)& ol-83l 583t 4]
S F FTHTE At dFHeE AL
o] olm} & o] modifier® H7F8td 0.5%
NHH,PO,2 %33ct #ade] Iid =%
2 Autosampler{Perkin-Elmer AS-60)2}
Atomizer (Perkin-Elmer HGA-600)°} #3€ ¢
AT E 33 =A (Atomic Absorption Spectropho-
tomer, Perkin-Elmer Model 5100)& )83}
flamelessio 2 2M3iich 2F JI=§ £494
EM7AL background correctiondle] 314 228.8
nm, Cd lamp current 5mA, slit 0.7 nm, argon
gas flow rate 250 mi/mindlA 1542 A28
graphite tubeol] F318td 100N 4027 A=,
500ColA 3033t 33, 20ToA 52 P4F
1,550 CoA 327 fAstsA et £44] st=
B EFEYL 1,000ppme] HAEFFENE £
(Hayashi Pure Chem. Indust. Ltd.})& 33l
AN TE. 8% FIEEHE /g creatinine2®
Bt Jehfich
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L NAGEAME @ 85 NAGEAME«E sodio m-
cresolsulfonphthaleiny! N-acetyl-f-D-glu-
cosaminided] ¥2{7}# o] N-acetyl-f-D-glu-
cosaminidase®] 28] N-acetyl-glucosamide®}
m-cresolsulfonphthaleine 2 JFeRald e -8
ol &ald ol felH+ m-cresolsulfonphthalein
& BEFF=AR &35 NAG S8 B
{Noto &, 1983)3ke NAG H % kit(Shionogi i)
F ol 838t ST

Z, NAG &% kit2 Y¥E 4971393 9gH
AqE AEF F, YA1AY 1 g 37T oM 52
7+ Beginh oo §AriAgd WEHdEe s
ade g9 A 504-E Aol EEE F 37C
Fezoa 158 Rt GF gAY
(Na,COy) 2m& A7isle F33] T3 ol
o ZHFT 5048 FH7HE 713 blank® NAG &
|BAE AR FYH PR RIS B R
AE ol &5t 74 580 nmolA AR 2 NAG R
89 F3=F £ P

A AlRF NAG S=e

NAG 3=/ 1) =
A2 FF=0.D.)
NAG X899 FH=(0.D.)

x NAG B899 845 (U/1)

of 2EA A&ERc, 835 NAG B4EE U/g
creatinine2® 24 3ta] eI,

ch B-MG @ 8% B,-MG®2 Enzygnost 8,-
microglobulin micro kit (Behring fih) & o] &3}
o ELISA(Enzyme-Linked ImmunoSorbent
Assay)¥gie =z At

=, A3 88 3,000rpm, 4TNM 1083 94
e F Y 5004 sample buffer 5004E
A7bste] Mgt A 206E 1Pl mouse
moneclonal antibody to human 8,-MGe] coating
5o} & microplated] & wellel] & & Aolof
conjugate solution (8,-MG/POD conjugate) 1004
2 A7 ¥ 37eA 1A B¢ B - FR)gic
Incubatione] ¢ the washing solution (PRS/T)
o2 38 M3 F substrate 10048 2t wellel]l &
7Fetd thA] 30 Ht A2(20C, )M BAT

th ole} wgEA (0.5 N H,S0,) 1004& 37138l

#he-2 AAA)Z1 TS Microplate Reader (Bio-
Rad Model 3550)-& o183l 9} 490nm (refer-
ence wavelength : 690nm)dld FAEE 2%
o} ojn o} Ajzd 5TA F%9 8,-MG EFE8
(Behring i) & ©l§3t] Alge} 42 99| Wyoz
&gste] 4o EFPFIHoRNEH 8F £,-MGH
< et 8% B,-MGFE ue/g creatinine® @
B8k GepiACh

2t MT : 8% MT%2 Jin $(1992)9] Wy&
tha 3% whyE $(1996)2] double antigen
double antibodyZ °©]&%F competitive ELISA
WS ol-&etq FEBIATE o9 primary anti-
body¥ B8 Y 5(1996)¢] SHEd] 23] Fl=ES
HEFAslY Fl=go Ao A Weiridesz
gE9 AuolA §io] =8 MTE =S 7}
oz2RE £ - AT MT-1e.2 Budd B2y
B de 84 (anti-MT-1 sera) & AFESI13, sec-
ondary antiboy+ biotinylated anti-rabbit Ig.
G(DAKO) & T3k AH&sisith

%, B9 FgollA d& MTEHES 438 A
2%F 3143ka] microplates] ZF wellel]l W& % 4
T4 over-nightdtd coatingAlZith & gle]
coating® microplate® PBS/T(phosphate-
buffered saline with 0.1% Tween)& 33 A
% 1% BSA(bovine serum albumin, in
PBS/T) 22 37cCeolM 3083 blocking A7 ©F
2, 3,000rpm 4TlA 108 Y48 89 4
AA 2004F ZF welldl B2 F dolof 1:11002=%
M 79 A& 504 st 37TCoA 60%
b BE&L AAFT}, Incubatione] Y F iy
PBS/T2 33 AHFE 1:5000 22 43T sec-
ondary antibody$ 20048 Zt wellol ¥& & ot
Al 37ColA 60EIE B - AXTF oh5 33 AH$
o}, Microplate?] 2t wellel ©hAl 1:5,00022 3
4§ peroxidase-labelled streptoavidin
(DAKO) 20042 Wol 37CoA 6083t e - F
2 8ch, olo} PBS/TE 33 AHF g sub-
strate {OPD) & 2004 ¥ F 37TCoIAM 248 b
SA2 F WA Y (BN H,S0,) & Avbeted w8
& FAGG, wkge] FAE wEde] FR=E
Microplate Reader(Bio-Rad Model 3550)-& °)
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235t 54 490nmellA &gt oy stEg] I
AollA g MTEH=] 1:10,000 FA4qe] MT=
S 1 U= 499 a9zl o2 97 vx=2 &
F89E 47 JlsE ARY 549% A AA
gde EP2RE] MTe EEHFFHE Fsid
83 MTEE Atadlgd. 85 MT#H2 U/g cre-
atinine©.2 B3I Yehych

o), EchE 8% FNRre AR njA|d
iAol A%EE Coomassie Brilliant Blue
dyeE A Eshe Bio-Rad protein assay reagent
(Bio-Rad Ltd.)& °]&3td Bradford(1976) <]
whiol ol&) P wretch

v}, Fajoleld . 2% R clEdEL Jafferts
< o]£% Bonsnes®t Taussky (1945)2] #hde] 2
o} skt

(2) oy

- FpER L AT Y Inld) FAES BNE 3
AN 0.5mE WS TzumsiEs)e $45 3
T ¥ ZH5E Wlsld gdRses AT oE
modifierd 715l slzlel & 0.5% NH,H,PO,2
3ok fstlel 949 St=EFS ANEFEY
BEAE o] &3t flamelessH o2 AgFalg e
o, olw] EA77le 2@ 8F FlogEMA e} 5
gsigd. 83 ASFRL w/d VeI

3 MHE

- 7IER  HEd %42 o 0.5g8& BEst
Falad £ AN g okl S99
2718 ol&3te &4t 3l g SR
2 H93 A F modifiers H71st 34
£ 0.5% NH,H,PO, v=2 %F the dAFLE
BHEAE o]8ed flamelessP ez Ay
7I=8S AFeh ol B9 e 85
FI=F A Fdsiich AR =R
< mg/g wet weight® JERNT

b, AM=de| U =4

AEAT d2 A8 Al Microsoft Excel
7.0& °]836 2, BAA )= SAS package(ver-
sion 6.08)& o]&3lqd GLM¥ Pearson s J3E
A Foz Bt

HATE
L Fl=EER0l gt M3 xjxe| il

() 2F Ectd £-MG MT o FI=ET NAG
Mz

7L =g Foi2tof ofE s}

AP FE J=FS T3] H2} (. 8me/ked
1.6mg/kes] Ft=BE R3S deo) aF F9Y
d, B-MG, MT ¥ 7l=§ W43} NAGEY=
= Fig. 13} 3o '

5, 4924 A=EE FoAs] WA g2 8
F Foze] P wiAHe 0.622:+0.045 g/g
creatinine 3, 7F=F 0, 8rg/keFd Tl & 0.576
+0.019 g/g creatinine, 1.6mg/kgSoitel|l e
0.650£0.039 g/g creatinine®A] FH=g5o] 2ol
o}t Aolzd gk tiETe 8% f,-MGHld e
35.2+2.6 ug/g creatinine 25} 7= 0. 8ng/keF
oF& 30.0+2.7 we/g creatinine2A Aol fI%d
o} 1, 6mg/keFodte 50, 7+4. 2 ug/g creatinine
22 dizgel W fedA SRR 01).
8% NAGEAEZE gzatdiles 3.495:+0.399
U/g creatinine, 0.8mg/kgSoiollre 4.078=+
0.348 U/g creatinine2.2 zol7t gidert 1. 6mg/
kg ot& 5.820+0.746 U/g creatinine®2XA #2}
A S7HEATHEp0.01). dE2e) 8F MTe] Ha#
W3R 123, 146.3 U/g creatinined ot F1=%
0. 8mg/keFA ol M= 141.5+4.8 U/g creatinine
24 dlz=Fd) vls] FelsiAl S e (p<0.05)
1. 6mg/kg T ol 159.2+8.0 U/g creatinine
22X izl ws) $AALE % fosh Frt
HAG (p<0.01). dE2F9 8F A7 Fl=gF
0.481£0.053 ug/g creatinine®l®, 0.8mg/keFd
M= 1.624+0.097 wue/g creatinine, 1.6mg/ke%
T2 2.829+0.171 ug/g creatinine®4 FI=EF
o o)l w2} A9 vlela ez F7EE AT (p0.01).

Ll PI=EER0{F Azt o wisl

AYFE] Fl=BE TR 1, 3, 7, 14 2 28%
A9 8% FGWA, ,-MG, MT 2 Fl=guj4
B3 NAGEAZEE Fig. 29 ¥v-

%, 85 FUA] wjdFe Sl iFAE 28d
oAl 0.44340.039 g/g creatinine2A FoH
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§
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Fig, 1. The urinary level of total protein, 8,-MG, NAG activity, MT and Cd in Cd-exposed rats with the
dosage of O{control}, 0.8 and 1.6 mg Cd/kg body weight. Vertical bar indicates standard error and

numbers in parenthesis indicate sample size.

0.622+0.045 g/g creatinined)] B3} o ZHiF
Aot FE AEY =g FAFE AR v
2 FEIg g2 faEA ggitt,. 8% B,-MGH]
AFe FI=F FoqF 28YoiM 45.245.2 we/g
creatinine®A4 FoA 35.2+2.6 wus/g creati-
nined] Mgl Tk FrkEQlev A 7)hEet A3
Ajgel] o} EFEigt ke 3hEEA] fsith NAG

* : pd0.05, ** : p<0.01 compared to control

e JI=F FAF TdelM 6.987+1.647
U/g creatinine®A] Foi3d 3.495+0.399 U/g
creatinineo] ¥l&l] #3tAl S Cn] 14Ye
M 5.637+0.766 U/g creatinine, 28UeA =
5.086+0.880 U/g creatinine2X4 ol u]sf
7 AgE Jeidch 8% MTujd e 7i=
B FAFE 740 167.7+9.5 U/g creatinine,
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1.0

Total Protein (g/g creatinine)

B,-MG (ug/g creatinine)

NAG (U/g creatinine)

200

U/g creatinine)

— 100
|

M

Cd (ug/g creatinine)

0 — I I
0 10 20

| i | 0
0 10 20 30

Time(day) after Cd-exposure

Fig. 2, The change of urinary level of total protein, £,-MG, NAG activity, MT and Cd by the lapse of
time after exposure to Cd in rats, Vertical bar indicates standard error and numbers in paren-
thesis indicate sample size. * : p{0.05, ** : p{0,01 compared to control.

1497} 155.5%9.5 U/g creatinine & 289l
170.8£16.3 U/g creatinine241 74#] o] Fol|A
= Ft=E Fo9d9] 123.1%6.3 U/g creatininecl
HlE FUHE Al FHisith Jl=g Fod 4
HFEo] 85 F=F i He 0.481+0.052 w/g
creatininefl o} FF=ERAE 194 FHE FI=F

v e 2,268+0,220 vs/g creatinineo 2 wj|-$-
Z7FEI0 e ol 28U 9] #F A1 HL e
FasEe 4%e Jedey FRE wierde
e ] it
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o} ZCHE, B,-MG MTBiME 2 NAGRAS
o] 2% legate) Ak

APFEEe] AF ke 0.8~1.6mzo] =& ¥
o F 28U7A] BT REL oF TN, -
MG, MTHiEZF 2 NAGEA =] 8% sl=gads)
9] $AlE Table 1 2 Fig. 33 2t}

Z, 9F Fl=8%ae] ATEA Azt MTeld %
o] 4@Al 0.43442A4 7P w3k, B,-MGHE
2 0, 3727, NAGEAX 0.3307, F994 wjd=
02099024 B5 o1 @] #AE Jeigd
o} (p<0. 01).

(2) o

g7 dE%5ES ¥8F ¥ Jl=F T%=E 0.03
+0.01 pe/didct, HETFL F1=F 0. 8me/heFod T
£ 6,01+0.35 w/dig, 1.6meg/keFo]TE 12.88

+0.72 wg/dIZ2X BF FI=F F=& Fo%] g
A9 vjeld o g FvkEAC(Fig. 4-A). 7FIEg§
g% Bzt g F JI=F 35& FI=E F
AF 194 9.71£1.51 pg/dl2 FT7FEIR ot 39
A 9.46%1.53 we/dl, TAA 10.82£1.76 wug/dl,
1497 9.63+0.99 we/dl 24 EHT ¥iziekgo] &
FEA gsrovt Fl=F FA4F 28YUdMEe 7.73%
1.02 we/di2A T4 A4S (Fig. 5-A).

g5 7I=F% v 8F AYEHH AEF 8F
FAoF A FE ol foj3 ARAA UG
(r=0.5914, p<0.01, Table 1, Fig. 6).

3 %

dExT 48%58e AGzAY HF Jl=F 55
+ 0.037£0.003 mg/g wet weightt}t HdEFE
o} 4% FI=F 0.8me/keFoiTe] Az

4 300

£ A =0.2098 _

T 3 - <0.01 £

§ P — 200 £
I

$ 5. g

E e \gg

3 ° ~ 100 =

2 O

& =

= @’

= ~ 0

C =0.3307 D r=0.4344 e

5 0<0.01 . p<001 ® e o — 400 -

S £

'§ — 300 %‘

5

%‘3‘ ~ 200 20

2 =

O

< - 100 g

- 0
I T T | | ! | I 1 T

Cd in urine (ug/g creatinine)

Fig. 8. The relationship between urinary Cd and renal function indices(Total protein, A | B-MG, B ;

NAG, C: MT, D) in Cd-exposed rats.
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Fig, 4, The level of Cd in blood{A} and kidney
{B) in Cd-exposed rats with the dosage of
O{control), 0.8 and 1.6 mg Cd/kg body
weight, Vertical bar indicates standard
error and numbers in parenthesis indicate
sample size, * : p{0.05, ** : p<0.01 com-
pared to control.
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r=0,5914
<@, L J
8 p<0.01
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=
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=
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Fig, 6. The relationship between blooed Cd and
urinary Cd in Cd-exposed rats.
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Fig. 5. The level of Cd in blood{A) and kidney
(B) by the lapse of time after exposure
to Cd in rats, Vertical bar indicates stan-
dard error and numbers in parenthesis
indicate sample size. ** : p<0. 01 compared
to the level of Cd at the first day after
Cd exposure to rats,

20 -
=0.4467
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& 45 ] *
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Fig. 7, The relationship between blood Cd and
renal Cd in Cd-exposed rats,
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o+ = BE T 3.2524+0.206 mg/g wet weight
A2, 1.6mg/keFdTolAe 6.580+0.461 me/g
wet weight®24 Aol e 7158 T3] o
gt A9 delAE ez FUEAH(Fig. 4-B). 48T
oA FI=EFAFE AAI] & ARy 3
& JIER F5v 1Y9dde 3.757:+0.469 me/p
wet weightd 3dacls 3.768+0.491 me/g
wet weight, 7Y# 4.965:+0.549 mg/g wet
weight, 1494 5.349+0.564 mg/g wet weight
2l 28UA S 7.058x1.185 mg/g wet weight®
A FFEEFAF Alte] Aol wet FUHHE A
£ Vel o (Fig. 5-B).

AZzAY FIZE FEE 2% AEHH AH9
= BAAHCE Fog Adwe] #AEA] ggtovt ¥
F l=E3E o 4% ABRBAC) dREUAG
(r=0.4467, p<0.01, Table 1, Fig. 7).

2k

2

FHEEE Ak AdF S2AEA 34 S
ZE 5L 2exe F5Fd =&Y 48
HEE We F EF A AH slEE F
%02 v]$ =8y olmoe F272 gt F4
o] oAl vEbd & ok e Fl=ge ojF
A7H4ele] AR o3y Jl=go] At E=
Ho A MA% fusle d4FHYA AR F
8 BAA7E A%, H, W Folth olF F=Fo
% SeMARTe £4oz A% A% sl A
47} FF=E9] T EAGO] 4§ AAFgol =71A
E2A Hrh-olg5 1 UH(WHO, 1992).

Fo gl A% A% 715y =AY EHog
el olgsn e B,-MGS ¥abge] oF 11,800
DaozA HgHoz MNAMFAE Fopstad ZHNA
=l AEFEE AEA dYAeld). -MGE
AN RS ARAZ7) S35 Y AERFE

Table 1, Pearson’s correlation coefficients between renal function indices{total protein, £,-MG, MT and
NAG activity} and urinary, bleod and renal cadmium in Cd-exposed rats

Total Protein  £2-MG NAG MT ucd BCd KCd
Total 1 i ) ) ) )
Protein
0. 3054**
MG 234) ! -
0. 3838** 0.2215**
NAG (233) (233) ! - )
0.2601** 0, 4728°* 0.1375*
MT (239) (233) (239) 1
ved 0.2099** 0.3727**  0.3307°" 0.4344** . : ) i
(231) (231) {230) {230
— 0. 1663 -0.0441 0.1549 0.1618 0.5914** . )
(59) (59) (58) (59) (58)
_— -0. 0538 -0. 0622 0. 0890 0.1363 0.1885 0, 4467 .
(59) (59) (58) (59) (58) (59)

cf. * 1 pd0.05 ** : p<0.01
{ ) : number of the sample size

UCd : Cd in urine, BCd : Cd in blood, KCd @ Cd in kidney
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o] oo 2% wjdHo] FrlH e, Fl=E &
23olA 8F 7t=Fe] 10 /g creatinine ©}-el]
A 2% B-MGHAdRe] F7tsle ZoR ¢eiA] 1
57} A we Ao #HriHn AR CIAATE,
1995; Chia%, 1989). NAGE AlMe® AWM
9] lAigd EAste 42A FgHoR a5
FRlHE ZagA A FuHErt S48 3
+ 8xeoz2 #edHe ol F7HE (Lockwood
Bosmann, 1979; Kawada %, 1989). 7l=&%
FAgshe AR 228NN 85 Fl=F0] 10 w
/g creatinine °]3lME 8% NAGEA =Y 37}
Hol f,-MGuidFRTT W3 Ax2 Hrieu
{Chia %, 1989 Jung %, 1993) B,-MG# #o
H] 5o} o)t

MTE EFE5EA Ao EAshe A%
2k 6,500 Dasl Azt ehjAzA dREe 1
Aol 27k el MT &, MT-I3 MT-119
isoforme] &A¥ck. MT-13 MT-TIe 438 2
o} AatekE AdAjel Mz o dNARAM Jl=F
of £2A] MT-19} el o] Bel fEHe ez
A A EAY 5, 1996). AFe] FI=Feof ut
ERor W Fl=ge 13 4371 3
oA Fag MTe] #4dol fxso} izt 2
Fold A =B (CI-MDE d4ger 7=
S F=3iM0HGoering® Klaassen, 1983).
o), dAjel mpEke) Fl=ge FREE BLele
MTs Z23sA £ feld Cdell o) 9] &
o] 29T Dudley 5, 1982). ¥elA MTsk
Agd Fe9 F=FCAd-MT)el 8322 #2H
o] AAMFAE B 2HAH =T Ao A Lo
AFTE g 2l 28 si=ge] 2
22 JFt=go] fejdr, o {eid Fl=ES 4%
oA FdE MTS A=AV e AAY &4
7148 (Dudley 5, 1985; Dorian &, 1892). ©
elo] FlEgol] 2] MTo s 988 19
a3 & o 8F MTHlEdEE 8,-MGH NAGHEAS
o] ul¥)] Fl=g E2o] i So|Hels, EAlFog
E o §8,-MGRt 07314 =gl 28 A%
o} FARE wds) & & de shid orisle AR
2ZA FHE & U

AP EEL] AFT 0.8mg} 1.6mgs] 7IZEES 2
g B3 13 T F A%9 g9 ¢ 8§

AFsk Fl=F FEEF FASD AV5E gy
Fe A% &, 8F FOUY, £-MG, MTUES
2 NAGEAEE &8t dizFs) vim - £4%
A, g2 FIEF SHEE Yy a5 =
B FEE dEutd vlE el @3] TrEReH
FEF B w) vjpjror FvlEe F=F
ZZo dig] FelAYd AEYE AT 4+ AL
o, Pl FOF @3 Jecte] dent 8%
FIE8 T2 Aol A gl uel ggt A4S O
e ot Az e 51T SUEE A%
2 e ole Add] FrHe T AR B
EHAY Fh=go] Ao} Ade] o} Ngom A
3] olFHol FHEE AMAdhe Az FPdd
(CldT &, 1994). olst &2 AF2 p|Fo] Ho}
n o] FiEgo] Ao ZREE 3¢ FI=E9)
3 Z295 B8 Fe AFZ2Ae A Fls
& FH %ol M g8 Res AzEn

A7l wdste NES FIae] ujdgEe
A=F FATNN Fl=g Foide] vjd] foF i
o7t IR, B,-MGuUIEET NAGHAEE 7l=F
0.8rg/keFATAME T} vladld Fogh A
o|7} gilent 1. 6mg/keFdTolMe S A
ol ol¥l A9 YR o FY T AFF
ol Fl=5-& ¢ F JFHolFo 2 e 3
Bt Ql o4t A7E TAG old AF(elFTF &,
1994) el M2} 7L=F 0. Sme/keFol Tl e A=A
oA HejEH o R 5 ol 7o) BIHA &
kot Fl=F 1. 6ne/keFodtnt 2. dmg/keFodTtol
A SHANAHEY oo o)y 7o)
Aol 49559 A5 kT FI=F ¥9F 0.8~
L6mg HeiollA] Fl=gol o3k Algzae] &40
ZAEE AA Q72 Fe) vlns] & of g9 4
2 sdkech 9bE, MTHE 32 0. 8ne/ke T
dMe FI=E Fojdd HlE)] FAHoR Helsh
Z7HERen 1, 6me/ks FoATAE WS F2lsA
/e Aoz FFHAUY, JI=F FAFE AAAT
of wtg WalkdE WAY A, B,-MOud T
7t SR S JeEhA giglev NAGES
T 2% 79 FEE U s SohE A
o] A&HHoln, MTuldFL 7l=F% F9%F 7,
14, 28YdA Fl=F FoHel vz FrPEgke] F
gl ol ARE E uf oy FqtollA] Hrt
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g A7% AES 25 MTuldze] 71§ Z29
&l 7 g ARZ et aF AXlF A
CEEFIEE E2 diF] BolHQ AHE HAd 8
Z Flega AT el TF folgt 49
FRBAE JEHRAL, MTujd o] FaAde] 7t
A 24 YeEhA B AEE vig) Yooz &
o]H Y& AAIFG. ol8l¥ HAAE Kawada &
(1990) e} 7sI=8ol E2H: U= T Z=2AE
o o By AT 2% 4,-MGT NAGEYE
of ulg] RIAWYCR AFHFT 85 MTulE ] &
F Jl=f Fxe] Aol w4 Vet Aol dA
St 2y, opf dyelM Al AEE] 4
AzAY 7l=F T2 SAALER Jo AT
Jo] AFHA] i), ol o A AFHe
=g Z2rl 132, a2ln $E7]3%e] 28U7
A2 Agse] YRy YHQ ERof ofF
Fto] o] Fojxx] Y& Aoz 719% Aoz HyH
v FE Frege] A E4AEe] F)d] it
AL - @77 Amge s #Qlsoljor & HAAE A
Z+gr}, ol dFol o]88" competitive ELISAY
ol 98 95 MTH 3 Kawada 5(1980)¢] °l
23 RIARM A HElME A= oih oA,
Ag-saturation ¥ Hg-saturation el 2%
ZEH A MTH el vlsiAie o ¢ 0% e
24 899 g8 § AEINH Agd THE MTE
Aol 83 U A4HA PR F
HHAAE dax gomix mE A viuy
HaA MTE B FE 5 A (Cousins, 1991).

ol¥l FEAHA Fl=gd digt FE2E nds)
% 4 e AR AE2N 8F MTY 4ol
gsEr E3 8F MTH ] ©]8¥ competi-
tive BLISAY 2 ¥ 7l=§ Z2Fo) dig o
A FolAdol & Y} aF sl=§ ¢ 7
2 Aapa g4 Ags] B 4 e 8485
AAVgEol gt Azigict,

% g Y

FIEFFEA 713 ol&" F e WA
T Boldle BETEH ARE g 2o =
9 5Ad digt Pejridez AHEe metal-
lothionein(MT) 2] 8.5 wjdze] F84S dolr

7] 9%k competitive ELISAHM-& ol-&8lo 7}
=i F2Y HA85ES dido= 85 MTE ¥
et ok2e Fl=fel] 28 A¥FEY 3,
d 3 A3 7l=F F=8 FFeY, _F F2
WA} B -microglobulin(MG)wiAdZ £ N-
acetyl-f-D-glucosaminidase (NAG) @ =8 &
Aot FI=F T FoF AN ohE ¥

g JEst H|m - BN

FIEEE FoiF AYEE 8, g9 L A%y
7IE=E =& Q=T ¥iE A3 F7HEA oA
oo wet Ao vldlFog FviHe Fl=k %
2o tia] EolHQ AZYL Y. F=F
FoF AlRto] Agel] wer P43} 8.F FI=EL
FaHeE Z%S vJepidey A3 sl=ge A
2t B2 e A%E vehdlo] ARz Fl=§ol
ZiI=gol W3 F2HE &8 5 de 7H vl
2 AEYL AAREIIS FlsE FAF A7 5A
o] WsE ARF AT, MTHAZLE 7l=F Fd
o] wpe} BAHeE FofskA FEAn =g
T ZAIe) wEbe 7, 14 3 28 o)A vl
A9 S B,-MGUiAE %3 NAGEA =] W3
Fistgen, 8F = Fse ARuA7} 7t
F wA =] YuiHer uisln Bl
A Apet i,

o]/de] ANZ s B w, competitive
ELISA¥MH g wiw?d sin [&stA 35d
& Sl 8% MTHIAFL 71=g E2) 3 ¥z
A Rgsln S8l A EEA goR Fl=g £2
ol et GFZAA] 88 st AR R
o8 £ 31& AL Mg}
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