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=Abstract=
Induction of Metallothionein and Toxicity in Acute Cadmium Intoxicated Rat

Kyung-Joon Min, Jung-Duck Park, Yeon-Pyo Hong, Im-Won Chang
Department of Preventive Medicine and Community Health, College of Medicine, Chung-Ang University

Thirty five male Sprague-Dawley rats were treated with cadmium chloride solution ranging from 0.2 to
3.2mg CdCly/kg by intravenous single injection. At 48 hours after administration of cadmium, total
cadmium, MT bound cadmium and histopathologic finding in liver, kidney, lung, heart, testis,
metallothionein in liver, kidney and total cadmium in blood were examined.

Tissue cadmium concentration was highest in liver, followed by in kidney, heart, lung and testis.
Cadmium bound to metallothionein (MT-Cd) and ratio of MT-Cd to total cadmium were increased in liver
and kidney dependently of cadmium exposure dose, but not significantly changed in other organs.

On histopathologic finding, the most susceptible organ was heart in considering cadmium exposed dose,
but testis in considering cadmium concentration. Blood cadmium concentration was increased with dose-
dependent pattern, and significantly correlated with tissue cadmium concentration, so that we may
estimate tissue cadmium concentration by measurement of blood cadmium concentration.

Metallothionein in liver and kidney was increased with dose-dependent pattern, higher in liver than in
kidney, and was significantly correlated with tissue cadmium concentration. However, metallothionein
induction efficiency of tissue cadmium(ug MT/ug Cd) was greater in liver than in kidney, and reverse to
tissue concentration or exposed dose of cadmium.
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olth. Jtl=g& 2w F&HoaA AY, HAY, A

4 R FAG i WAel =2 §Ae] 320.9°

. He Cz ¥na e E4oz 3, 4% AVEF,

AL AR, dBFFY FF L AR

F}E & (Cadmium, Cd) & o}d. d-o}d. 7 & Tl d2 ol&=Hxm glth(Stokinger, 1981:
F-otd B4 TN F2 FAHH, oldFe AW Page T, 1986).
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& x& 478 F 1829 Upper Silesiax] & 2] 4
AN F&It=gol AAEAT. 190099 10
d EQke] 4L 97Tton o) EFHsig oy 1970
dojele oF 180,000tone2 FA3 ZFrlgol A
AARcz EF d7, & AF §9 #3299
FAA "1 ed vedA e B 2 g7]F
ME BA2FY st=feo] HEEo FHdd A
798 2%tn gt Ageold, A= A=EEad
g 8¢9 Hz irH(Nandi 5, 1969: Fassett,
1975). Y= 19709 YAitFol
675ton 22 HuEo] ARG B9
22 Al "t (Page &, 1986).

22 A% =g JF APl I 55
A 24 B FAFoNE FI=gFE St B
A (Tsuchiya, 1969; Smith 5, 1986)¢] glo] &4
9] gido] Ha glow, ¢oz fUtdNE F
T FtEE FEAVE 248 AR fEHe o4
3t hAo] FEE ool & Flojtt.

WHO= 1980d 8% 7l=& 3HE&@AXNE
10ugCd/g creatininee 2 A7 (WHO study group,
1980) & vt gloH, fEvdde =F59 224
ARAG R EeZ 2F Jl=g 10pgl e
F1nA, 10~50ug1 & FA, 50ug 13 &
HEAE Fotn A (=FF, 1992).

AT dF FARES oF 8F JN=F FTE
10ug/g creatinine ©]|sloi = 41&2] subclinical
tubular dysfunctione] F¥9HE Aoz HiE o
A, WHO¢ 7]%3x)(guideline)7} A5 ool %ot
2 AZIHE3 gloj(Chia §, 1989: Roels ¥,
1993) ez =g % &3 dig #Aol
BN o 53], ArE t=gFSl AF 1
a oo 2o1dd 2 ZEQd #EE YsME
8% JI1=F ¥% 10ug/g creatinine °©]|3}olM = 7}
ZESAC Ud WUgsn SojAol w2 HAPEHY
2 EAAQD AgepAe Ao ddHez 27FH
o, A2 ¥& A o A - LEHAAR
9lth(Chia %, 1989: Shimada %, 1991). 24
AN= FUA FF=FFE tigd T BolA v
oA B A7t o] RojAn o (dEd 7,
1986: Ad &, 1988: IEF §. 1991), °13
HExd FI=EEA dd A7E v9dd, ¢

2 o] Hokd i ATE A 71¥AEY vl o
87€d,

83ty B dFeME AagHe Andy 2
AELE okAe] Add AgsEn Bolyo] & Ad
Hel e ¢4, 4 71EF 932N RES F
AE B FI=FE T F 48 AN F, F
A IIEESTEA 2% wE A Jl=F REY
4 2 FEuAE =AY 248 B F
2EFH FA 8F Fl=ETES 4 Arld 448
A= ST BAE EHstn, 53 St=Fe]
A712 e AT AR AXY wolride
dglo g FI=ES sequestration A|Z o BA EA
282 43T Aoz ¥#A metallothionein
(MT, Goering® Klaassen, 1984)& & #3dld %3
W Fl=Be F-wteBAE At A Pt
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1. dEsSE

o} 9~11F3 9] AF 180~200g M2l Sprague-
DawleyAl 47 REE £ Ad4AA & 104 T
G RHEL nYPAR) BE ALFEA AdY 5
olde] Q1S ¥ ¥ HYFER AL,

2. 4SS A=A

LD;,(50% lethal dose: 3.3mg CdCly/kg, A<
B 5. 1992)¢) 24 3.2mg CdCl,/kgE Hn¥
T2, 233 o9 3/4(2.4mg CdCly/kg), 2/4
(1.6mg CdCly/kg), 1/4 (0.8mg CdCly/kg), 1/8
(0.4mg CdCl,/kg), 1/16 (0.2mg CdCly/kg)ell
A 3ste dsl7l=§(CdCl,, Sigma) §4& 2zt &
gz 5 ey mg AW §3l 1 3] FASRAL,
H2Z 5 uteles FAE FHFE YT YYo=
FALBIATH olw FAIY Aspt=g &Y G5t
ZE lgg& FAE FHRFA 59 100mla 330
1% Q=g dd e BEF Mo 0.02~
0.32% HIt=FE&doz ¢EA FAM] £33
% 0.2ml7} FA APt FAF 482 ol
of A3 AEFELS BAHA st
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2T AT FAE 48A20A A2 bl
Hatol FA AEF -5 SFAFHAA o 3 ml
o) g At BT BAIAD oo} 1A, A
A% A 2 ag2lE ASIAH. HE2d 2
719] dREe 2AREL ws57] A 10%
formalin §9o] nAdFon oluf e Fr Y F
e F2AL 9, AFRFL HA FAR
A, A32AL HHA apexi i, HZHL HF
d, 283 FF ngo|tt. yrA 2FHL Y
FIEE T % MTZHE FFs7 A8 -20°CelA
A BE BRBAC.

3. Fl=E EMUY

(1) AR ®A2]

7h % Fl=g%F 234 AR 89 9 23
% =82S FHFsty] Ha HL Perry T
(1975)9] Wyge= 24, A%, A%, # € 2@
27 & Parker 5(1967)9] WS tiid F£3 3o
AA &t

2 AT Y 0.5mld] sAMHFANZS &2
£ Junsei Chem. Co.) 1ml& H7}3ta, 2 L&A
MA tgdste] Algr B2 HAe 2EolA 2~
3 A B AZAA st FEAY 9S, 0.1%
Agdoz M3l ALIAT, 2 HEH
A7le wtet 0.5~2.0g9] A &S AFT F, 2
A& 2~5ml H7lste] A LeA 71EIE AR
A7zo] oA W 747 FALE 2FY AHUISHEA
A% 714 232 Zd. 23E ANEE 0.1% AL
o2 53 AL}

(h) MT-Z%3 7l=F &3& A& MT 32
£ A% ABRARFH(FE)F AgTT EHRHAATNS
AFHAN dL HF B394 S AN82 A (Goyer
%, 1989)3tg o, o|F9 AgS ANHEe F 7
ZEY 28 AR A YT THo2 )
At

(2) 7l=& M=zt

AR FTHE F=EES AAFBELTE=E
Al (Atomic Absorption Spectrophotometer, Baird
Co., Model A5100)& A}£3lo double beam
flameless® o2 AFstgheh, oiw) YAFJFEF

BzAe EAZHAL 7%-228.8nm, Cd lamp
current-2. 5mA, D, lamp current-18mA, slit
width-0. 7nm2 3} 31 carbon rodd] FLI 25ul
9] AJ8E 3.5VelAM 30 B¢ FL, 4.5VelA
25% F<¢ Wx, 5.1VAA 20% B ¥z, 19
1 6.2VellA 1.5% F<to] dxstg 494 A3 &
AR 238, A3rta2E argon(2.0 Vmin) &
AH8-3hi et

FEERELEYS 1,000ppm YREFFENELY
(Hayashi Pure Chem. Indust. Ltd.) & 3|43} A}
g3t o, ¥F FSt=EH MT-ZAEY 7=
BEEE ug/g wet weight2 $Alsla FE A8t}

4. 2, A=xEe| MT Mz

ZZW MT&L Scheuhammers} Cherian(1986)
o el o3 FFATt. F, & AVl wat Al
8 0.5~1.0g AFE F 44 &394 0.25M
sucrose(Sigma) & 3 7}sl] polytron =3 £37]|
(Janke & Kunkel, Ultra-Turrax T-25)2 20%4 3
3 #4353 g8 4°C 20,000 x golA 2082 3
Z Y4 £2] (CENTRIKON T-124, Kontron Ins.,
Italy) st 445 FAstHot. 259 200l
0.5M glycine, pH 8.5 ¢33 4& Hr}sld (.8mls}
A %& o&, 20ppm Agt 9 AgNO;(Sigma)
0.5mlg H7leted & 42 F 420N 5 £T B
LA ste] Agttol o] XFEHA dYtk. o]
hemolysate/heat/centrifugation 7% (hem-heat
treatment) &, RE A3 £¥Y 0.2mlE HJ}
o] A& AL F 100°C 8344 1583 €%
g ¥, A€ 10,000 x goilA 18 d4E(to
eliminate Cd bound to non-heat-stable protein) 3} <
AEde de AFE 33 HES F 2 459
£ T 10,000 x g <A 587 fAEsA
< HF BFFYd /¥ Agd ¥& ICP
(Inductively Coupled Plasma) Emission
Spectrometry (Jobin Yvon, Model JY24, France)&
o] &3] B3t o|# glycine &F A& AHE-3}
d FAFEE FPAT

Algel ¥RE MTY & Agtt EsFE A
mol MT3Z Ag 17g 9Aet A=+ AL o] L34

—233-



gatate] 23] g pgo 2 YehhAd.

-I.C.P. Emission Spectrometry EXdzZ3: Ag %
ZA] 7]71% 1€ emission wavelength-328, 068mm
power-1. 0kw, sample uptake rate-1. 2ml/min % 1,
argon 7}29 #4272 sheath gas-0.3 I/min,
cooling gas-18.0 I/min, carrier gas-0.3 /min t}.
olmj AL4H Ag HFEYLS 1,000ppme] AxEF
223 891 (Hayashi Pure Chem. Indust. Ltd.) S 3
Aske] BT

BE AYTYY $31 dES 4YTFEYY)
€ Onosaka$®} Cherian(1982)9] WiHog 3
9. % A4 FEES JH w3t Au
2x B2 yguez 2y 5 AdY F
A1 E AS3ted sfES ¥ 10mle) 1.15% KCI
20mlE Hrreted & H& ¥ 10°C 3,000 x goA
582 g Eestd AE3de AMAAAT. AAE
o] Al 1.15% KCl 20mlE A7bsted BHA17 &
10°C 3,000 x gollA 5% A4 & AFE 28
HtE 5t} o2 A A E (washed RBC)o| 30mM tris-
HCl ¢t2 pH 8.0 20mlE A7lstd AEFAZ
F FeolA 10 ¥3F ¥XF o, 20°C 9,000 x g
oA 10 ¥3F dAEHF F5YL FHo WER
FHATRIT AHE-BEA T

oo
o o o
3R

5. =xg& A=t

e g, 4%, 44, o 2 n8xFY
£ 10% %4 formalin &l 24417 F<U¢ A
1P TS, BAAEAYA 2IAAMHAAFE AA
paraffine] Eujstglch. ojAE Sum FAZ HHEL
9l=0] hematoxylin-eosin®. 2 FA3}HT}, o]E 2
AFEFNA vma Aol AP AL =T FIE
ngoz #FeHA.

23

. A4zt

1. =23 SIEEEE

(1) & FlI=EsE
gES FAWYE (.2~3.2mgkgd] FAN=ES
2o & 48AZoM Y Fle Bl =AY BRI GA

& 38 1% 2. F RE 9spl=g FoBE
A AW A= EEE 2 233 A%
AR H 28 oz EXFYc. oju &4 Fd
Z JERHE FAZd g A9 v Aoz FUt
sted Zzaky ok BAU AFHAHFig2, r
=(.9807 for liver; r=0.9693 for kidney; r=0.9711
for heart; r = 0.9561 for lung; r=0.9102 for

testis) .

2

(2) MT-Z88 slI=E8sT

zAY MT-2%3¥ =EFMT-Cd)& 233
ARz E Fl=fFodZd wat F7tHn
(Fig. 2-AB), =3 £ sl=Ed W MT-Cd
ZFe) v G 3T AFeA BE Foo] BE
F2 Zbske A%E Jehylen, a3 AL
AZE Tt A dA A JERscH(Fig. 2-A,B).
WH AFdM e FtEEF Tl Frigel we
MT-Cd#e] o4& Fristdevt 23N % Jlos®
o ik MT-Cde] ¥]= A9 ztolzt AR (Fig.2-
C), He n@gME FI=F FAFd BE MT-
Cd¥%9 #3bst Ag glo] MT-Cd Hl& Fl=E5o
ol mel edd #AdATH(Fig 2-D, E).

25 7

[ Liver
V77) Kidney I
i~ Heart
f» Y Lung 1
; Bl Testis
- 15
3
E
3 10
o
=
3 51 % '

0.2 0.4 0.8 1.6 2.4

Dosage {mg CdCl,/kg body weight)

Fig 1. Mean cadmium levels in organs of rats
injected with cadmium chloride solution at
different doses. Vertical bar indicates

standard deviation.
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A. Liver (r = 0.9807)
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—
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B B. Kidney (r = 0.9693) C. Heart (r = 0.9102)
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Dosage (mg CdCl./kg body weight)

Fig 2. Does-dependence of total and MT-bound cadmium in liver, kidney, heart, lung and testis. Number in
parenthesis indicates mean relative ratio of MT-bound Cd to total Cd. Vertical bar indicates

standard deviation.

—235—



2. 85 7JlEEST

0.2~3.2mghkg AHASF S HUFAE 4842
oINSl ¥F A=BBEE 29 33 Bo| Fofo] 3
el ma As) YA Fokse, Sl 1
% ¥% 72§ 558 $¥% 4 A& CdinBlood
(ug/100ml) = 4, 4604 Dose{mg/kg) + 0.5910(r =
0.9768, F=685.5, p<0.01)9] FX&Ag3 20|
CEEL-

3. gD =AY FIEE S5 A

7}‘:‘5‘ Z2A AW Z4 29 SlEFEEE F
FHEBFES 1§ FI9S Ao glo], HA=EF
T 48Xl Mo A 7t 2z o ZAE Jl=F
FEe AN ARAY YU (Fig4 A-E).

&, Aoz Ry Fl=RY AS$ Z=23 48
A b, A%, 4%, H L 2824 7}
EF Fx(ug/g wet weight)s= z}z} CdL =1.4309
CdB + 0.1267(r=0.9597, F=385.3, p<0.01),
CdK=0,3847 CdB-0.1185(r=0.9553, F=344,
8, p<0.01), CdH=0,0885 CdB + 0.0038(r=0.
9576, F=364.7, p(0.01), CdLu=0.0439 CdB
-0.0005 (r=0.9428, F=264.1, p<0.01), CdT
=0.0109 CdB + 0.0457(r=0.8726, F=105.3,
p<0.01)s} Zo] EF 7}‘:“%Ei/‘1 Z Z7le
HFAFE BB E FFE &£ de AMIABA
7} 495U,

4. 2+t AFolMe MT=

"AIt=FE 0.2~3.2mghkge FEQ FuUYz
FALE 48Xt A Fle RS Fol e g A
ZAelAel MT#He 13 59 2o F, HFdMe
FEEFAF 2. 4mghkg 7AA & Fo o] 718
wgl 23U MT#E 2718t 2 4dmghkgFa M e
299.9 + 71.9ug/g wet weight2A] | ZF(17.2
+ 5.2ug/g wet weight)oll Hl3] < 17 .49 7}#) F
7Vt ey, 3.2mgkgP A E 268.2 + 43,
4ug/g wet weight2 o2 Zaste S JehgA
o, ARzRe MT#HL Fl= g%z 3. 2mgkg

BEQZ7HA A% FUHg ey dEF 11.9 3.
6ug/g wet weighto] v)s) <} 4.3 #<l 50.8 + 8.
buglg wet weight2 A ZHg R} @A ey, &
A g ARG MTHE 23 =gl
245 F7Me, A Fl=gEA T MT%
ol ZHA A= MT-L(ug/g wet weight) = 13,7810
CdL(uglg wet weight) + 22,2939 (r=0.9237, F
=191.9, p(0.01), AAFNM = MT-K(ug/g wet
weight) = 6.0608 CdK(ug/g wet weight) + 12.
0830(r=0.9323, F=219.3, p<0.01)2 A3
A#A 7 A=A T(Fig. 6).

oy 23 A AZZzAY Ft=EFFd @ MT
Fol ¥ (ug MT/ug Cd)e Ft=FFo] HEFE
Eole A¥S YA (Fig. 5). &, 935
=F 0.2mghkg FAFAe R 2AY A=
oA g MT# ¥ (ratio)x 22.824 3.2mgkg
Foio 12.79) ¥lg of 1.8v) Fm, g2z
ME 0.2mgkg FATZNA AW F=F5 5o
3 MT%< ¥ 39.224 3.2mgkg Fo 79
8.52t} <F 4. 3u] Zgith,

+
=+

207 4B = 4.4604 D + 05910
r = 0.9768
n =35 H

10ﬂ

Cd in whole blood {ug/100mi)

0 T I T
o 1 2 3 4

Dosage (mg CdCl,/kg body weight)

Fig 3. Cadmium concentrations in whole blood of rats
with cadmium chloride solution at different
doses. Solid line indicates the estimated
regression of blood Cd concentration on dosage

of administered cadmium chloride.
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A. Liver

257 cdL = 1.4309 CdB + 0.1267 .
r = 09597 .
n =35 .

o~
-~
=
vl
o —(
o
B .
o 20
Qo
= B. Kidney C. Heart
°0
By 81 Cdk = 0.3847 CdB - 0.1185 . 209 cdH = 0.0885 CdB + 0.0038
g r = 09553 r = 09576
~ n=35 . n=35 . -
o)
=
/)]
/)]
o -t
e
c
o
8 20 20
!
- -y
: D. Lung E. Testis
~
- 10 7 cdlu = 0.0439 CdB - 0.0005 037 ¢dT = 0.0109 + 0.0457
Q r = 09428 r = 08728 .
CCJ o8 - n=35 . n=3s
(@]
9}
o
(&)
20

Cd in whole blood (z£/100ml)

Fig 4. Regression of hepatic, renal, cardiac, pulmonary and testicular Cd concentration on Cd in whole blood.

Solid line indicates the estimated regression in each organ.
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Fig 5. Dose-dependence of hepatic and renal MT. Solid
line indicates concentration of tissue MT, and
vertical bar represents standard deviation.
Dotted line indicates relative ratio of tissue
MT concentration to tissue Cd concentration,
and number in parenthesis represents mean

relative ratio (ug MT /ug Cd).

5. ZEHalBH A

AHAHNEF RITUE A T 48NN Y 2
A% A%, A 2 nRzAeN dehd e
AvAH ade E 12 29 7~11% 2o

%, ARzAL LDy 21@ % 3.2mg
CdClykgg Foldt BLAME Rzl w3t o
dHoz Sol@ £dol BBYA Fuch(Fig.
8). gz e 1.6mg CdClykg BdTAAE o)
2o Hal Hold 270 giRed, 2.4mg
CdClykg Fel )M Wa7t e dhzzol 4
ABAE A2 2 AT FYLL Fol BAHAY

MTL = 13.7810 CdL + 22.293¢9
r = 0.9237
n =35

400 e Liver

4 Kidney

300

200 -1

100 -
MTK = 6.0608 CdK + 12.0830
r = 0.9323

n =35

MT in Tissue {ug/g wet weight)

0 - T T T T U
1] 5 10 15 20 25

Cd in Tissue {ug/g wet weight)

Fig. 6. Regression of hepatic and renal MT

concentrations on their tissue Cd
concentrations. Solid line indicates the
estimated regression of hepatic MT and
dotted line indicates the estimated

regression of renal MT.

H(Fig. 7). AzH L& 0.8mg CdClykg FojF7HA|
€ HzTd v Solg 24 gy, 1.6m3
CdClykg S TelM ANEFH v)Fs} S E
HA&ol td @FgEgden, sl=gRoFo] FHY
of Wt HEFA HFI O AfAn, AZN &
= TFHUG(Fig. 10). n8#=x22e 0.8mg
CdClykg FAZAAE FeFHog Hol@ 27
< giiey, 1.6mg CdClykg ol FEdFZdNE
ZAAES 3 @ FzAe i3t BAFo] F
7betel wet o & BEHASA debdoh(Fig. 11).
AEEHL d37l=F 0.8mg CdClykg FoFe
A RE gz uE AI2dd R B4F A2
e a4 F o] daze] BRHAAD. gz
Y A=) HYE =R R S @
o5 FESsA debgoh(Fig. 9).

ojdel Aie FHA £ W, H=EFAF 484
el A FojFgo] wie} dEE R zAwsie
AZzAGA 71 AA deses, g, ¥, 2
AR e, W =AY Ft=EFEd wWE
e wsle @Y BE =AW SSEEE
0.138 + 0.017ug/g wet weightoll A o]/ o]
T2 M NAATHE 1).
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Fig. 7. Livers of the control rats (a) and the CdCl,-treated rats (b; 2.4mg/kg, c; 3.2mg/kg) H-E, x 100. a; Hepatic
! cords are radiated from the central vein. b; Increased cellularity in the sinusoids is relatively evident than

in the control. c¢; Hepatocytes show reduced granularity and apparent increased cellularity in the

sinusoids.
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Fig.8. Kidneys of the control rats (a) and the CdCl,-treated rats(b; 3.2mg/kg) H-E, X 100. a; Glomeruli and renal

tubules are intact. b; Glomeruli and renal tubules are relatively intact.
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Fig.9. Hearts of the control rats (a) and the CdCly-treated rats(b; 0.8mg/kg, c; 0.8mg/kg, d; 3.2 mg/kg) H-E, x 100.
a; Myocardial cells are well preserved. Myofibers run parallely and contain centrally located nuclei. b;
Myofibers show waviness. ¢; Myofibers show contracture and focal myofibrillolysis. d; Myofibers show

contracture and focal myofibrillolysis, which were more aggravated than in the c figure.
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Fig.10. Lungs of the control rats (a) and the CdCl,-treated rats (b; 2.4mg/kg, ¢; 3.2mg/kg) H-E, X 100. a; Alveolar
septal wall is intact and the air spaces are relatively well preserved. b; Alveolar septal wall thickening and
mild inflammatory cell infiltration in interstitial tissue are more evident than in the control. ¢; Alveolar
septal wall thickening and inflammatory cell infiltration in interstitial tissue are more aggravated than in

the k figure.
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Fig.11. Testes of the control rats (a) and the CdCl,-treated rats(b; 1.6mg/kg, c; 3.2mg/kg), H-E, x 100. a;
Relatively intact and spermatogenic cells are well preserved. b; Degeneration of spermatogenic cells and
destruction of interstitial cells are found. ¢; Degeneration of spermatogenic cells and destruction of

interstitial cells become more aggravated than in the b figure. Large vacuoles are evident around in the

basement membrane of seminiferous tubule and interstitial hemorrhage are found.
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FH JFU

N

Table 1. Histopathological findings in rats with cadmium chloride solution at different doses

R e v

o s Ji‘, Z3

Organ . .
Dosage Kidney Liver Lung Testis Heart
of Cd
0.2 N.S. N.S. N.S. N.S. N.S.
mg CdCly/kg (0.415 + 0.075) } (1757 + 0.353) | (0.054 + 0.006) | (0.052 + 0.011) | (0.127 + 0.036)
04 N.S. N.S. "N.S. N.S. N.S.
mg CdCly/kg (0.674 £ 0.081) | (3.202 = 0.451) | (0.103 + 0.019) | (0.081 =+ 0.018) | (0.230 =+ 0.045)
-contracture band
0.8 N.S. N.S. N.S. N.S. -focal
mg CdClykg myofibrillolysis
(1.485 + 0.377) | (6.489 + 1.257) | (0.201 + 0.053) | (0.119 + 0.023) | (0.424 + 0.025)
-alveolar septal  |-destruction of -contracture band
1.6 N.S. N.S. wall thickening | seminiferous epi.|-focal
mg CdCly/kg -inflammatory cell|-interstitial myofibrillolysis
infiltration fibrosis
(2.920 + 0.489) | (11.810 + 1.345)| (0.309 + 0.086) | (0.138 + 0.017) | (0.621 + 0.110)
-inflammatory cell|-alveolar septal  |-destruction of -contracture band
2.4 N.S. infiltration wall thickening | seminiferous epi.|-focal
mg CdCly/kg -inflammatory cell|-interstitial myofibrillolysis
infiltration fibrosis
(3.963 + 0.553) | (17.329 + 2.414)| (0.492 + 0.095) | (0.171 + 0.024) | (0.906 + 0.089)
-inflammatory cell(-alveolar septal  [-destruction of -contracture band
3.2 N.S. infiltration wall thinkening | seminiferous epi.|-focal
mg CdCly/kg -reduced -inflammatory cell{-interstitial myofibrillolysis
granularity infiltration fibrosis

(5.965 + 1.151)

(21.086 + 2.687)

(0.685 + 0.143)

(0.202 + 0.040)

(1.453 + 0.213)

*Value in parenthesis represents mean and standard deviation of tissue Cd concentration in each group
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AF=ES RE AF kgD 0.2mg oA 3.2mg
S 1 3 AUFAL T 48417 A Ft= o AW B
IFGE 2AS 2, 4 I FlEESHES
Fo g sty Frtete A M EUdn
A% AF 5@ agln 33827 oz AR
(Fig. 1),

oWl AT verd zAWeled 2de 27
g ASgEEel mANd A=F S40) oE 37
o WG Aot YARE 1). F, AR

Hlg] o] dAazo] #AHY AFRF Y JFI=F F
TE B v, n@zFe] 71 WAl vheht 0.138
+ 0.017ug Cd/g wet weight(1.6mgkgZ) Q3. ¥
0.309 + 0.086ug Cd/g wet weight(1.6mgkga),
A% 0.424 + 0.025ug Cd/g wet weight(0. 8mg/kg
), A 17.329 + 2.414ug Cd/g wet weight
(2.4mg/kgT) & oI, AAL 3. 2mgkgToA
T oizxTe ¥E Sl ade] BEAHA WUt
a2y, FAEEFAF dd 2k 2A9 Apge
H7ZzAe] 0.8mgkgroA B ASHHFY B
F5, AZAHAY] &4 F9 2do Ao M A
o] R oA o Fae] AT AlFAY. 7t
=g osl nedzzel A=A &4 (Parizek
Zahor, 1956). 7= ZATFAA AAAAY ol
(Kopp 5, 1982; Jamall#} Smith, 1985) So]
olm] Baug uf glout, ol Aol FepeAg @
FARANN E2Fgoe E o AFzA 9 ojFaA
o] & ZZ A FH A Hrt #EAHE 2
FH g& E2FA #EFo] =g AR
nAe dEgd dal 3 F9 dFslor & Ao
Azt Ao g sl=ge] F4L e =
oAU ¥FE AHs} e T A2 BEA B3
Hxu 3 dgzAEAR sl=E HLeEgAY FHE
Mol AEIAAToZ A% BEFAIYE 7} 24
g FHEAA B} 238 oty HiHe F
o)A o} F33c}(Engvall® Perk, 1985: Boscolo%t
Carmignani, 1986: Nomiyama, 1986). o|# &7
AN F7t=F HAWFAF 484 M NG B
Eo] AAzALde AZU9dR] HdeE ASA
Al 24 52 a¥GA AAE T 4G
%7] Bt si¥Eg AA A Ve E A2 (Kim#
Rah, 1988)# #Ast o2 v|fo] Hol 7/l=§F

e YN AEABEOE JEAY HF Y
f7tsAdel o F Aoz A4F4dEn.

FtEge 4382 AWE #Y F5E Jl=EF
o] metallothionein(MT)® Z&3slm FL §a 7}
=89 913 A (Din?} Frazier. 1985)c 2 <A
Atk fal Ft=Eol o3 AALE free radicaldl] o}
g 2R £ vol7|H o2 superoxide dismutase
¢t catalase So] #23% 9L e Aoz FY
oA Easm givh(erd g B+dE, 1989
Hussain 5, 1987). T3, 7l=fd Z2ZA] AU
A MTe 3gAol % (induction)=o] 7}=F3}
2¥FozN B54¢ G e 4EE v ¢
#AA 9lth(Goeringz} Klaassen, 1984).

MT& 1957'd %o A3 Hdex Y=g 2d
3 ¢l A (cadmium binding protein) & A &o 2
23] (Margoshes®} Vallee, 1957)99l e, Ex3
% 6,000-6,5009] AEAF A2 A Hol R
Wael Zan, Hdez WIS obvwdtoly
histidineo] ¢lo ™ cysteino] FH3la] Ag2+,
Cdz+, Hgz* Cu2* 53 Z& F&ol2ze] Mg
do] v & S4F /NI de Az gud
2 gelA g (Cherian®} Goyer, 1978: Hamer,
1986).

ARl FH8 MTS 7t=Fo W oy
2 cysteine] FEG MTo] sl=gd AT ZA
=g dg 5243 FE3AIIY, Ft=F A
FU REE Ao EAN F 8 wEZ=e}
BRag Ay HEd 9 Axd aExedd F
olo] ¥ HoE CI-MT FejzA ATAd EX
gozr Weo]lEHst lvh(Goering & Klaassen,
1983 Kerchaw %, 1990)2 <¢ax ot

e sl g ZR2A g &4e vndy 4
R vehe | AL S efA] JERGT. of
= FIEE ZEA M MTY gAeo] F7he o]
Cd-MT E#aE A3t HYEFFE 7t=g 9
& FEFtEgo| RRASE &Y. R RE
9 Cd-MT EfdAe 322 fode] ARy 2
AR Az H2Ad F H2Z2 SN Cd-MT
EZA 7L = fEHs FFEEO] ARE
27 S e Aoz AEygn Y (Dudley
5. 1985).
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B AFAN FAN=E FEA FGME 938
Ft=F 2.4mgkg o]} FoAA T FEEgH oA
Ado] #EAHRoY, AFZAL dz2F vl&] So
70 QIR AL Fl=go Z2E F viny #F
AlZHS) 48A 7t HRBEES JAYANF7) WE
o2 AIRHL, ol dFe ZSAL 97 A
1dol glonz F%F FInEFFAE FIAALY w
2R ARZAM Y e e At
ol Mg APk UG AT/} Futee £
2o wE MGz 9 &4A77 WE ol & A
ojt},

FEES TEEE FA3YE o 23U Fl=F
o] AL AR AN 13T ARdAME F
gL BEE MT-A2@¥ Jl=F (MT-bound
cadmium)®= FE Fl=FFd wa Fr13t9x
FIEE Fo o] F/te4E MTx ZAgdE 293
o] Fl=gul7} F7l8ld (Fig. 2), 7l=F =24
MTe] §do] ZF7tslo] WoladE /HAE THA
o2 AAtsl Foh. RN Fl=EF G uig
A%8 sl=go F Fl=E9 18.0~37.5%, A%
dME 11.8~24.3%FA Goyer 5(1989)8] H1
o Blal BA JvEherl. ole old Ay 71l
g Aoz F J=ESL 1 AT E4FH @B
38 Ao MT Aol AFHAD Re
2 A"y, £ Goyer 5(1989)2 A si=
Bol7h 2 2o Agod @A delvde 2L w
3 =R FEA ARG 5L FaF A
7 €9z ik o AzoA o AFZF 9
A%E Ft=guzt DR AAM B 3A Jebd
AE Z2AI7bo] A4S AR &4 o i
NE7 @ Reoezg Agdd. n@dn HzF 4
MT-Z2%38 st=geol A9 FrisA ¥ 3L F
HA=E Z2A v Z7ld Z2F el Jebd
Ao g2 dF 4d9€E & o, 53], 18 Jl=F
Z2A MT3 §A1% duid ol Aol 2= o
£ MT= B3 42 visshd 3183 4gitol
o2 zoz vl ok (Waalkes 5, 1988), ARZ=
HolAs MT 233 7t=Fo] e nzAo u
& i Zvksgiey, oW A7AN NEFFAY
d 71 uAg A7l vyt ol EA4EA
A NFHe By, 9%, 4 ¥ FATY F

W rio

rlu

o matr zo|7t AFEHE HA(Teare T, 1978:
Wong#} Klaassen, 1980 Sendelbach %, 1992)2
2 ddd £ oy, dez Fo A Rofol
g HAz ggac

oj¥] AFAAMY FFI=EFTEE FII=F
0.2~3.2mgkge 13 AYFALGZ F 487 LA =
T A HlHHorn FrlEe] FAFH EF
Fl=FFde AH3ARAN 2= UH(Fig. 3,
r=0.9768, F=685.5, p(0.01). &% 3, 4
A, A%, 1 2 a8z Jsl=grse 8F
FHEE 2T u§ doo] gol EF Fl=FeRd o
g 2 = g3 AAIABA I ARH AT
(Fig. 4). 2y, Lucis(1969)€ Jt=F& (109Cd)
S 13 H3FAR F AT wE 3 gt
< #3329 FAF F43] Sz A
72ttt &1, Yoshikawa(1973)9 RE &
WE S=gE 1 3 FAR dFdAM 3 2442
e 8F Fl=Fe S AT 2% M43 3
28te FEE JEUAT. §F oW A(2E 7R
023 FITERAFTEE AHE T wE A7
ZAZ} Auedd Z2@a ZEA0 gE 7 F
71 FlEEEA L BF ¥ E 3TN F
48 £+ o A5EY.

FI= g EZ2A diRE Fo EIHFFEIMNE
MTe @Ado] F7Hdtt. ol Fl=Fo oFd MTH
A4 A7le 3R AZez geA gdon, Z2E
R 6~12A12, AFNA e 322 F71 MT
o Hz FAAA oI, EF FEF AFRIqAME
36~48A17kol), AARANME 36~T2Ao Hz
=2 fA=E MTY Fx7F AFHET 7HgdA
Eol 7+3o] Fl=Fo 23 MTgAe AdAAA Z
71ets B3 (Probst 5, 1977)¥ v} 3t}. Frazier
9} Puglese(1978)& 7t AGdA 9 Ft=Fd
oFd MT A& Fo%Fe) gz Frtste 4439
S-g BAE Yepdtn ).

ol AdFoME AT AFzHUe MTHL
FHEE T Fd wgt Tt JleFZE R o
g 2%, AFA e MT #A4e FXEE Yehd
AcH(Fig. 5). EF, 0.2~3.2mg CdClykgd Z=
Al 7ol A" MTEE 40.0ug/g wet weight
ol X 299, 9ug/g wet weight2A Aol 16.3ug/g

i

ol i
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wet weightoll A1 50.8ug/g wet weight B} Z=z 2t
o wat o 3u] oA 6wl 7HA ETh o] Ho}
FhEEol ZZA MT 349 daFQl Frle A%
Hrie FojEe A S 88 4 AT (Probst
5. 1977).

Zr A7 MT 4L FAFEY 220 Fl=
B A3 APAQL S denz Y )
=ZEFH MTHHe] #AE vlws £ ZA7(Fig. 6)
ZAY FtegFol BS5E MTZY 4] 271
sk (r=0.9237 for liver; r=0.9323 for
kidney). olw] ZHW Fl=§ ugd A4HE MT
ZFo| F7tgo] AFA B} 7hgoA " A
(B=13.7810 for liver; 8=6.0608 for kidney) o©]
© Ft=F o3 MT 8%l AFRT 231730
A o Ade RAEe AAg =3, 23 FlEE
ug? F4E MTZHE 133 213 ERdA Tt
o] A&+E ug MT/ug Cdo] Hl7} Bl & # A (Fig.
5) A% JlegFd EZ2HUE o MTeY 4ol
0% E83dE #Uq¥ 4 AU (McKim F,
1992).

at

v 5 &

njo

gES HF kg9 0.2~3.2mge] 937 =F89
= 69A &I 13 mlFWFAE 4847 A
A2 ntHste] HPAA Aol F5E S=F
TEGA 2 zAYHLAN 7, AFGdA g
metallothionein(MT) 9] A, 7}=&3 MTe 4%
$¢ BN, oW =W AH=§FL double
beam flamless A.A. spectrophotometer2 % 3}
I, MT#& Ag-saturation oz ZIAFES
hematoxylin-eosin @M &td FatHn|F oz A FL3s}
Ak,

AW 7l=g Bxgde 3, AR, A% #,
nEeolgtt. 4 AW F JIEEFEEE FAF
v Zrlstgdn, MT-Z2@¥ 7l=§(MT-Cd)
2 F Jl=E T AP MT-Cde vle T o
2 24T AFAAM e s, 718 FrldAe
2 #Hzrt ek A EE AUAA FI=E
7V g Arle 23 Steg FHFez B

Y& ngeoldeu Ezdd i 73 iy Ay
' A%t 8% JlEBEEE Fo o wia
AY vAAez Frstdx, Z ANE Jl=F ¥
EE 8% =g wxe 9T AudAs o
oz wa ¥F T 2E 23AY Jl=EEE
g€ F3E & U

FtlegFd g wat 37 AgeAe] MTe
Aol F7tEIA3, MT AAZe AZRY 749
A Eg. =g 23 J=BEASI MTS
A v Fo3 Aol UMz, =AY sl=f
pugd MTe] A5 AZET A M Eghe.
o, JlEf ugd MTZoz E YHige 74
AG BEA Fogo] HgFE g4 Yeyd.

U EH
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