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ABSTRACT

The concentrations of cadmium, metallothionein{MT), superoxide dismutase(SOD), and lactate
dehydrogenase(LDH) were investigated in liver and kidney of rats which were fed the water con-
taning 50 or 100ppm cadmium chloride with basal diet(group A). 5% horsetail diet(group, B), 5%
mugwort diet(group C) and 5% champignon diet{group D) for weeks. Cadmium in liver decreased
for the first 12 weeks of treatment, but thereafter increased. and was lower in experimental group
B,C.D than in control group A. Cadmium in kKidney increased linearly during the 16 weeks of treat-
ment, and was lower in group B than in group A. MT in liver decreased for the first 12 weeks of
treatment in group A, but increased linearly during the 16 weeks n group B.C.D, higher in group B
than in group A. There were significantly higher accumulation of cadmium and MT in liver than in
kidney in the beginning of cadmium treatment, but reversed in the ending of treatment. The SOD
and LDH activities were not affected during the 16 weeks treatment, and there was no significant
difference between groups. Histologic examination revealed moderate to severe hepatic and renal in-
jury in group A compared to horsetail diet group B. These results indicate that the kidney is a ma-
jor target organ of chronic cadmium poisoning, and suggest that Cd-induced hepatic injury, via
release of Cd-MT. may play an important role in the nephrotoxicity. In addition, higher MT con-
centrations in liver and kidney 1n the group B constitute a plausible explanation of the protective ef -
fects of horsetail diet against the cadmium toxicity in relation to histologic findings.
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Table 1. The experimental schedule of cadmium tox-
ity test

Treatment

No.

Group Water
e Diet composition of rat

composition

Group A: Cd, 50 ppm  basal diet 20
A A, Cd 100 ppm basal diet 20
Group B Cd, 50 ppm 5% horsetail diet 20
B B, Cd, 50 ppm 5% horsetail diet 20
Group v Cd, 100 ppm 5% mugwort diet 20
C C. Cd, 50 ppm 5% mugwort diet 20
Cd. 100 ppm 5% champignon 20
diet
Group D; Cd. 50 ppm 5% champignon 20
D D, Cd. 100 ppm diet
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Table 2. Mean body weight gains of rats in the control and experimental group by the duration

No-Suk Ki ¢ dal.

Mean body weight(gram)

Group
0 4week 8week l2week loweek
Group A Ay 223.5+10.9 289.5+20.1 365.3+23.9 441.5+27.3 462.7+29.9
A, 217.6+11.2 258.9+16.7 351.2+214 417.2+21.6 428.1+27.0
Group B B 225.2+10.3 285.71+15.6 370.5+24.8 416.41£25.5 482.41325
B. 220.5+14.8 276.4%22.5 375.2+251 390.7+27.7 452.0+29.3
Group C C 233.1+13.3 285.3+18.8 361.8£23.6 421.5+28.2 463.7+31.6
C. 214.7+12.7 274.6+17.2 363.0+24.7 423.5+26.6 465.3+30.8
Group D D, 216.3+ 9.6 286.7+15.5 383.4+26.0 458.2+33.1 472.5+36.1
D, 218.4+13.4 288.4+18.7 375.1+22.8 460.0+28.7 481.6+t31.4

* Values represents mean body weight(g) of 4 rats.

Table 3. Cadmium concentrations in rat tissues consuming water containing 50 ppm or 100 ppm cadmium chloride

with basal diet(A) and various diet(B, C, D) during the 4 weeks

Concentration of cadmium in tissues

Group - ;
Blood Heart Kidney Liver Muscle
Group A A, 0.19+0.04" 1.691£0.41 16.1£2.2 52.9+7.2 0.92+0.27
A, 0.25+0.04 2.45+0.84 21.616.0 87.1+£15.1 1.18+0.45
Group B B, 0.13+0.05 0.71%10.04* 7.0+1.4** 13.8+2.1%* 0.51%£0.09
B. 0.161+0.04 1.13£0.08* 7.7+1.6** 15.5+2.8%* 0.69%0.33
Group C G 0.14+£0.04 0.92+0.13 17.3£4.2 19.1+4.0** 0.56+0.16
C. 0.20+0.04 1.58+0.19 18.4+3.4 24.7+6.0** 0.70+0.16
Group D D, 0.21+0.05 1.57+0.28 20.4+3.1 20.8+3.6** 0.8410.22
D, 0.271+0.21 2.14+0.08 23152 20.7+£4.3** 1.01x0.23

*: Values represents Mean®S.D. Contents are expressed as jig/wet g except blood(jg/m/)
* 1 p<0.05. ** : p<0.01 (comparison with group A)
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Table 4. Cadmium concentrations in rat liver consuming water containing 50 ppm or 100 ppm cadmium chloride
with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration®

Group*

4 week 8 week 12 week 16 week

Group A A, 52.9+7.2° 31.3%£5.3 20.514.3 36.6+4.8
A, 87.1£15.1 23.8+4.7 22.3+5.1 51.6+7.0

Group B B 13.8+2.1 14.7+24 14.3+1.9 16.4£2.8
B. 15.5+2.8 15.6+2.2 14.8+2.7 17.7£3.5

Group C C 19.1+4.0 12.8+2.1 13.9+3.2 39.2+6.2
C, 24.71t6.0 14.3£3.0 14.4+4.0 49.918.2

Group D D, 20.8+3.6 13.2£5.2 12.4+4.2 24.0+5.2
D. 20.71t4.3 15.5%4.3 12.9+4.4 45.3+6.9

*: Values represents Mean*S.D. Contents are expressed as pg/wet g except blood(ug/ml)
* : Significant difference by the duration of administration, p>0.01
* There is a significant interaction between groups and duration which are revealed by ANOVA.

Table 5. Cadmium concentrations in rat kidney consuming water containing 50 ppm or 100 ppm cadmium chloride
with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration®

Group -
4 week 8 week 12 week 16 week
Group A” A, 16.1+2.2 17.1+2.7 23.3+2.8 75.81+10.5
A, 21.616.0 20.4+3.3 31.7%5.0 116.4+26.3
Group B” B: 7.0+1.4 11.2+2.0 21.3+2.6 31.3+3.7
B. 7.7%1.6 16.2+24 27.6%+4.1 52.2%+6.2
Group C C, 17.3+4.2 20.7+3.2 31.3%+3.7 67.61£8.3
C. 18.4+3.4 24.016.6 36.0x£5.5 93.4%£174
Group D D, 204+3.1 20.1+3.3 324%x2.1 60.2+19.0
D, 23.1+5.2 22.0+2.0 36.6+3.1 100.6+ 6.4

“: Values represents Mean+S.D. Contents are expressed as pg/wet g except blood(fig/m/)

* : Significant difference by the duration of administration, p>0.01

* There is a significant interaction between groups and duration which are revealed by ANOVA.
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Table 6. Metallothionein levels in rat liver consuming water containing 50 ppm or 100 ppm cadmium chloride
with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration™

Group

4 week 8 week 12 week 16 week

Group A’ A 1.7+0.5" 0.9+0.2 0.8+0.2 1.3+04
A, 1.6+0.6 0.7+£0.3 0.5+0.2 1.5%0.6

Group B’ B: 3.53+0.3 3.3%+0.4 2.01x0.4 1.5+0.3
B. 4.4+04 4.2+04 3.1+0.3 1.9+0.2

Group C Ci 2.5+0.3 1.7+0.4 1.8+0.4 1.4+0.3
C. 2.2+0.6 1.4+0.3 1.210.2 1.9+04

Group D D 2.2+0.3 1.3+£0.2 1.5x0.2 1.8+£0.3
D, 2.4+0.2 1.5+0.2 1.6+0.3 2.1+04

“ ! Values represents Mean+S.D. Contents are expressed as pg/wet g except blood(pg/mi)
* : Significant difference by the duration of administration, p>0.01
? There is a significant interaction between groups and duration which are revealed by ANOVA.

Table 7. Metallothionein levels in rat kidney consuming water containing 50 ppm or 100 ppm cadmium chloride
with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration®

Group”

4 week 8 week 12 week 16 week

Group A’ A 0.9+0.2" 1.1+0.4 1.7+£0.4 22105
A, 1.2+04 0.840.3 1.2+0.3 2.6+0.8

Group B* B 1.0+0.3 2.5+0.5 3.8+0.6 4.0+0.6
B. 1.4+0.2 3.6+0.3 4.9+0.6 4.7+0.5

Group C C 1.0+0.2 1.3+0.4 1.9+0.3 25105
C. 14+04 0.9+0.3 1.6+£05 3.410.7

Group D D 0.8+0.1 1.3104 2.2+04 2.7+04
D. 1.1+0.2 1.5+0.3 1.7+0.2 23105

*: Values represents Mean+S.D. Contents are expressed as fig/wet g except blood(ug/m/l)
* : Significant difference by the duration of administration, p>0.01
* There is a significant interaction between groups and duration which are revealed by ANOVA.
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Table 8. The change of saperoxide dismutase(SOD) activity in rat liver consuming water containing 100 ppm cad-
mium chloride with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration

Group
4 week 8 week 12 week 16 week
Group A 79+1.1 8.1+0.8 7.6+0.7 7.2%1.0
Group B 9.8+1.1 10.3+1.1 10.2+0.9 9.8+0.8
Group C 84109 8.3+0.7 7.3+1.0 7.1+0.9
Group D 8.6+1.1 8.2+0.9 76109 7.010.6

“: Mean*S.D. The values of SOD activity are expressed as unit/mg protein.

Table 9. The change of saperoxide dismutase(SOD) activity in rat kidney consuming water containing 100 ppm
cadmium chloride with basal diet(A) and various diet(B. C, D) during the 16 weeks

Duration of administration

Group
4 week 8 week 12 week 16 week
Group A 6.2+0.6 6.2+0.6 6.21+0.7 6.0+0.5
Group B 6.1+0.9 7.0+09 7.5%1.1 7.3+1.0
CGroup C 6.3+0.7 6.7+0.9 7.2+1.2 6.8+1.1
Group D 6.4+1.0 6.930.5 7.31+0.8 7.2+1.3

*Mean+S.D. The values of SOD activity are expressed as unit/mg protein.

Table 10. The change of lactate dehydrogenase(LDH) in rat liver consuming water containing 100 ppm cadmium
chloride with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration

Group
4 week 8 week 12 week 16 week
Group A 82.8+7.8° 77.4+4.7 74.4+7.4 61.9+75
Group B 94.61+8.9 79.6+5.3 78.1+6.3 67.5+58
Group C 85.7+8.1 76.5+6.6 75.2+5.9 68.3+4.5
Group D 81.1+6.7 74.9+3.9 75.8+6.2 67.3+5.6

“: Mean+5.D. The values of LDH activity are expressed as unit/mg protein.

Table 11. The change of lactate dehydrogenase(LDH) in rat kidney consuming water containing 100 ppm cad-
mium chloride with basal diet(A) and various diet(B, C, D) during the 16 weeks

Duration of administration

Group -
4 week 8 week 12 week 16 week
Group A 36.4+3.4" 34.1+3.1 35.41+4.6 36.718.7
Group B 40.61+3.4 39.51+7.6 35.6+3.5 38.413.9
Group C 39.5+5.2 34.7+3.8 36.6+4.4 40.9+4.8
Group D 34.8+4.5 38.1+5.1 32636 39.916.3

“: Mean £S.D. The values of LDH activity are expressed as unit/mg protein.

5. ZZ|l LDH §&8T
Zhl lactate dehydrogenase(LDH)2) &A%
= &2 Ay T3l 4574 7

E= dnbgew

Zo] FA el nlsle] wgko
v} frolebRli= ¢dstch(Table 10). AlAY LDH2

T ES ENEE B ke dadst AYE 3] Azke] At wet
Bol3 A7ke] At wet A HH o FFasted W wlshE wolx] oistow of 23 Agte] A}

1674 2 N EE wgivh A9 LDH €4

o] %

t}{Table 11).
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6. HSHO0(AN x| 2E

1) 7HAF

slrez] Aol 100 ppm2] 7hEB& 165 5k 4
gk A3 2 2A M= hAadde] vy 3 v
Exle] Q)1 7 E2] #12 hematoxylinel] 3 4.o
2 sk 2k AEaAueld yEe) FRE
wolowm FAIH = Fitol] 9liz FoFuAE el
732 o7k yA vebdeR(Photo. L1).

2 Aol 9} 100 ppm2l 7h= 48 165559k 4] # %
EAgEE 0”‘1 = 7“\%5'0‘ H]J’l‘—i TR ]

+ A -
7?‘}% A& ‘1°3Elr 7“ﬂ+ ‘"?: A7} FEE
MMEAL 2EA ddxglon oAy A
of Tl el 7k FolA ¢)dvH Photo. |

>}
o] Ale]2} 100 ppm2l 7H=H-% 167 !
3t el 7 AL oFR AE ko) fijr o &
o}zl o] 9lolli= & Ao} 100 ppme] 7Hw& A F
& 222} w4251 cH(Photo. L3).

100 ppme| 7} wbE 1657 Sk A131g 339
ZA ol M= 7 Agde] A IR ko A
FAL FAMEHA wld o] lsich B8 A 29
Aol 9155 glar I Ababele] A ZE FREbE|g] o

baed At AFA T A Eol AHEEIG]

_i

2o M r.?i
N

o b

e rd“ o

(Photo. L4).

2) A=Ak

alrez) Alol9} 100 ppmd] 7H=FS 165 o A
A3 A0 A 2Rl ATA, DT,

2924 %3 2 Henle's loop 5| vy 3 %
Ho] ¢lar A EAo] eosindd EZFHoF AL
hematoxylinell &4 2 2 o M= del(Photo. K1).

Alg-2 Alole} 100 ppm2| 7F=FS 165 59 A
g AR ZA M ZTHF AT dFeA] F

N

F¥ARS Holw glov el Hgelid = mAE}
o] W7Fe] ekt ylozl o] flell= HrlE A& B
o1%] ¢skek(Photo. K2).

ofgo] Ale}e} 100 ppmé 7L=FE 1657 5 4

Ol

r

Fg A 22 oA TR v Fe) B4t
A&} 3o nlodo] FHAE]AcH Photo. K3).
A o]

100 ppme 71=% L 165 Sk A3 =
A= seAlRbe] ASHAl wiAd =] glvh & FnA
FEL AEE Az Po] iz Al2r} o
asloich w3k AF5A| 2] Fdo] b E e v}
o] Alglon] AR W 4 FEER] odghrt
(Photo. K4).

7. MAEHDIAN BE

Photo. L1- L4. L\ght ph()tomurngraphs of the hiver consuming water containing 100 ppm CdCl, with horsetail diet
(1), mugwort diet(1.2), champignon diet(L3). and basal diet(L4)
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Photo. K1-K4. Light photomicrographs of the kidney consuming water containing 100 ppm CdCl, with horsetail
diet(L1), mugwort diet(L2), champignon diet(L3), and basal diet(1.4)

Phote. 5-6. Electron micrograph of the liver consuming
water containing 50 ppm and 100 ppm
CdCl, with horsetail diet showing well de-
veloped rough endoplasmic reticulum(rER)
and a lot of mitochondria(M) in photo. 5, a
number of lipid droplets(L) and large
vesicles(V) in photo. 6.

1) 7FA1 2] n| A=
s]re7] A2} 50 ppm® TP E-S A28 31F
M Ey Auto] HF 5 Hal o] wa A Abxle)] 2l
ek HZEL7THO R oh5e) AL A F=9] o) &
gl At So) FHaElan Ex 2ghA)
@ g] Fol EEtdri(Photo. 5). 7]
2} 100 ppm?] FLEH-S 4127 7 2 el

Photo. 7-8. Electron micrograph of the liver con-
suming water containing 50 ppm and 100
ppm CdCl, with mugwort diet showing a
number of lipid droplets and mi-
tochondria 1n cytoplasm. and rER form-
ing parallel cisternae.

S Aol skl aaon, g4
A AR BE Btk A E A4
Acket Aol Ehstaler, 4o ol
EAAEL e BAE ek 3

& g Lol 23 3HaE)e vt (Photo. 6).
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Photo. 9-10. Electron micrograph of the liver con-
suming water containing 50 ppm and
100 ppm CdCl, with champignon diet
showing nucleus, many mitochondria
and rER forming parallel cisternae.

sk ofujeh Aha Al Flel i Fabo] S o4l
A A Se] s et Az el
ep5e] Z|uhad o] A sle] hebdehPhoto. 7).

% 2lole} 100 ppme| Fhe& A7 A 2L 9
ato] Bt AlshA| vhehobal shgls A Ao

o] EaFAaAl yaAEglow 8 Tl v
o] thAa 3 A7} vrebcH Photo. 8).

ok4o] Alo]) e} 50 ppme| 7h=H2 A3 F Z}‘ﬂi
= #ato] Fgar A | mEA Ak
cla) qlo] &le] Foktol yhakE| 9l Photo. 9). oF
o] Aloj2} 100 ppme] L& HF& 47 e

:_

siabo] F 32| o]zl g MaEo] st Zen Hol| A]
A= el (Photo. 10).

Fg W A 84 GAEe] e duto]

gz} Al o] e AbalE UAG Ak
Qg b7l s glek, oha ThAE ARIA: Sl

SpAl vhepskon] whglaE e o] kvt

wlof glar viidel afeyfe] qlek Zidbell HApe
7h ek oGl Lh vhatl o) ov i) fo)

7] Aol e} 50 ppm2] TR HE A g Al
] = 8 —_;}1 A{];I_“.‘l 3o sle 7}1];,7‘ glo
W A gl Aol salesict, Azl 7]
] Khof] 4y 1= *ﬂ o] A Al s} vio] vpehdizel W
748 Fal o whabE S o) For glut, A E2] b
welliz e viAlgEe] rhakake]
Qlov] Fxiis) Ay iol Yk Hgel olstol F
x| 4, *cr‘{}?f}"# Hzap # oAy 4kl elrvt

Photo. 11-12. Electron micrograph of the liver con-
suming water containing 50 ppm and 100
ppm CdCl, with basal diet showing di-
latation of the cisternae of rER and sER.

Photo. 13-14. Electron micrograph of the proximal con-
voluted tubles of the kidney consuming
water containing 50 ppm and 100 ppm
CdCl with horsetail diet showing 1n-
vagination of basal cytoplasmic mem-
brane, mitochondria, and cvtoplasm
which contains lysosomes(Ly) and en-
docytic vacuoles(E).

(Photo. 13). #rer] Alelel 100 ppm®] 7t=d&

Yaa Ageld dslwe Az MEEe Iows
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AFTp vl awste] efrb g vhe] vl s zhar
sl= W wazele Wrtd & Zhs o] A8l
FHA A e Fulel 2pfaleld Fi e}
che] ol g o] RpHvl A EAol A A
(Photo. 14).

;L;
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(Photo. 15). % Aels} 100 ppm2] 7hH& A3
g ol 43z 71 M Foll A ksl Al vhg uhuba A
A%l Abe] A So] EzlE}ied] Zgbo] ¥ ’i As5kedr}. =2}
Fradoll A= uhek sl Ao} FAAFE wit Ay
o} Llebgkon] v| 42T 58 o} sl glis Aot

=
A
¢
010
ta
,
A
&
-
o
22

R
1

Photo. 15-16. Ele(tr(m mlu()grdph of thc pm\mml
convoluted tubles of the kidney con-
suming water containing 50 ppm and
1000 ppm CdCl:; with mugwort diet
showing  well developed apwcal  pi-
nocytic  vesiclestV) and numerous
lysosomes(Ly), many of which con-
tain electron dense materials.

7+ sl cH(Photo. 16).

50 ppm?e] 7} H-& 4218 ol
b o) 2 she] slube. Xy el
2l o zp-faie] W) E 282 v
}utoe g izel v ¥ Sol 2}

:uﬁ

5+9] cH Photo. 1/) oFd-o] Aeole}l 100
ppme} 7HEFE 4

4 ?5] el ¥l gled ot "}‘%J 4] ]
ehofe) 9 Aol Ay

ol
THeh 2Rl 4] 1= H—J%‘ﬂ éﬂl Aol

A% A AR A

Electron micrograph of the proximal
convoluted tubles of the kidney con-
suming water containing 50 ppm and
100 ppm CdCl: with champignon diet
showing  more  increased  pinocytic
vesicles(V) which aggregated m the
apical portion.

Electron mucrograph of the proximal
convoluted tubles of the kidney con-
suming water containing 50 ppm and
100 ppm CdCl. with basal diet show-
mg more increased pinocytic vesicles
(V). G, Golgt complex ¢ M, mi-
tochondria @ N, nucleus.

Korean Journal of Environmental Health Society. Vol 23(1)



92 No-Suk Ki ¢f dl.

ArEEo] ok WAHIL
Aol = Aol7b #-E viAlg ot
sith(Photo. 18).
50 ppm®] Fh=FRMHE AHE FellAe 74
AEA o] HEA 73] galsle] glelon] =gl
Fg AAE A o s Azete)
Aol i vl g ge] Walsle] Svhgntel s
HAdsly ols ApgwolAle] W Eaheo ahlalyd
oh wdh Aok G B Es
Avkat AEo] Aol b
{(Photo. 19). 100 ppm®] 7}=51kE A3 & ol 4]
9 1

PRI E RS
g s

ezt Az e fato] gl 714
5 AZAL H43) delsol vebdd ols il
Eurah A a4 vehs AR AlE WA 2 A3

3 pAgew Basglon AfelE 2
o} 22 4 E50] o} # 2% 3K Photo. 20).

Iv. 0 &

w

THEE AolA e oeal 24
2 EASHA W3} v o] Abelubela) gk ol 74

o=

- (=] L =4 RS

Zhol| wf-§- A Fedo] xlo] ghom ofs} 3H W

Akl 9] g A Bofoll A Fhale] iAol 5L glu)
autd e fFalFFsol AW Frds A
E=AEH wloly| M o 2l Fikdo]| &Kl 7h

.
BN A ATl S Bal frelu) free
e B2

oxvgen radical scavenger systemo|v}” F5HErel]
2 Agslhs S E4 E{}“ R R
o] 7PHEA AAEA gl M Fabe] S
metallothionein(MT)®] )t}

MTE: 19574 nl—_,] Al A} 5] 2] o]]k] PR 73 %))
chal Al 2 A-S Helgoda, o]e] 1960 71
w3} oled-& EFSF 2712 el Cd-MTet Zn-

MT7} #2893 478 283 2o 5E5x7
oA ZAEEeh MT ¥aak2 2F 6,000-10,000
daltons®] &2} shllal 22 ol digh Aol 7+
slv #pshyg o @ mbgkE olvu]Abelu} histidine©]
$lo cysteino] FF-3l] Sr=F, T, ofd, 2

L3l e Bhol o] Mol w9 L B

LS &

o

Eolyo=

2 Frhale] AT AR e ey Y
oted & AgFwoll AT ¥+ wyre FH5S
Tolsle] HA4u gk ofe) A4 WSS
oA spA T alskA Eakgle] FaAel HA

L= 11),12.1.’{16.3‘)5{2)0“ ‘_1 M’I‘
o) T4 Sl U3 wel kg wsl el 2le)g)

NE
=
olf
f1
S
ofN
N
s
>
)
rO
JJ

& o|ul3l %] g3)7] 2181 A
BE o143 TRk g SWIF I 9
L5o] 9l vlEe Ealo)] Eojdh A3}k BAL( 2,
d-dlmercapto-1-propanol) 2 DMSA(2,3-di-
mercaptosuccinic acid) & £o8t 2 W} vhE gr
ol 7k ALRF 9] 1 3bel| 4] A8 of2] vl Kol
E] LA Lf\’_\*o"o o uke 7o g W gkt
508 817l 4] ASA el g zHFE
it v etaleh
Atol| A 2= ™ e g o}

H43 F349)

&

=

Jm

RJNJ%.

X

.‘.94 t

2
Irt
N
n

ofN
X,

2

N
L

>

}
é.'l;",
e O
N
2
2 o
N
Rl e

op
o
_i

)
=4

L
F4-8aL o)k
ﬂ

ol
of
L

o ﬂ—'
2>
>,
N
1
Y
)
o

-

>
=2

o £ op
g

A
=
2 o) 8ako] Yapalo]
B ORE Al g B4
olo] M AHZ otoby 7]
?}E%ﬂr MT 5% % yelx

o

B op o
it
o
fat)
NN
N

to i of
£

—t—l‘
[}
o

)

Jg(_:’

2

i

M oX
O

=
Rl

[

Ny
—_—
ﬁ‘.’.

it
2
tlo

=
by
Sy
2
=
o
£
a2
opp
2>
W ol
tilo
a1
~N
3
o n
it
=)
4

e M
)
ofy kel
— N % 2 orx
R

o

o
lo
of
Hi
243
to
e

UL
32
B kN

e {0l

_1g
o

[t
|7
)
4>

o

wokon], A7ke] 7ztol upe}
4T 28] 47 HA FEE Mol o)F
7 Frlated 1654 Hi B W oﬂL}

MT s el vl }04 e} ser
wellA segkem, Alke] Aol mpe} o 24k
sl 1654 o] E7pek vbed Ad e oA :
a8k AR Bolvk ARE MT F2s iz
ulaed Ao #y] Alolel A ggkowd A7t
o] Astol] we} BhaE W AR Be] AE5How
Z7hesdeh. sk kel sheg 2 MT 5 %
ol el Bt a}a} Folrluel 2l 04
odl4, Foi7]7ke) FSFEE N
v}, el A g wp} At el 2ol

| .

40« =
BN Py
D)
> o Uy M
2 oofn 2

. {o
ST

F*?
2B

o

d

stol Adlre] 2ol dnbyog 23] &ake] A

S7b Ahaghs Bolen], 58] 2lmy] Aeleld o

of FEEkA vhepybie], o o el wlBled )
T

71 Aeltell 4] FhEg g Eaz Wil MT F5+& &7

Korean Journal of Environmental Health Society. Vol. 23(1)



Protective Effect and Enzyme Activity of Field Horsetall, Mugwort and Champignon... 93

Aol mE EHAle] e A dishs AL
2, Dudley " CdCL 0.5 mg/kg& B3l 265
Fat A apstel A heg $H4 U MT] ¥
& ARt Foi7) kel whE 2AA1e] Wk
B w}, g AR = " MTExe A
: Hog Friste] 10-1254 s
ol F hidt F718 Weolu ZAFH o R A
-:%91 2l A b kel adde] elslohar
B sk 1547‘01 wE7I2RE) Fhell et 2h
dlA Azege] HAr] Me hellx gl

MTe] 7h=§3t awo% CAMTH A2 4 ah
dele Falel Al namel MUY vhe

CAMT 53hA 7} oha] G-af ol ofs) el ez
® 2 Cdolee] ARz &£4bg 077
w-o2 Adr sk glet.

st i Age] A9k Ahm g MT uvs o
=A% 249 oA =g wlws % w) 5w
Aol 3 2 Al gAlge] MT 44 ¢ fmal
T AR MTe] HEE S4S A3A71E FA
2ol MT4A 5ol ahe) goig w2 Hol7} 3}
& A,

v.e ¢

®APE ], & 2 gl § Folde] E
3 Al gALE BAlolol Z7)3te] 2 E _7./\15}
LAl R °]| FIEE-E 50 ppm = 100 ppm
o2 45 1637 AREA AAGES B F
o4 7] 7 w SRR
MT &5, SOD % LDH®] 24 = wis} we] 3}
A wsh Basho es A A oheat 2,
1. 245 7h=F SRR A7) okl e o2
=1

m[o ﬁ‘

7]

<

-

T % YT FI Aas o A Zobeks e
Bol o], SEFte 4N R nlstel g
AEe PR AYTAN BF S Bud uy

g
o A% AEF SRE A 25t o del oz
T U AYT $E 47 HA FEE Holw o F
x]@zﬂs& %— shstel 1674 Hm FEE RO
o wlstel AYFe) 4mr) ol YHT
ol 2 =S Bk

2. TP MT =t Abe] 3hel uteh 27
& Zhgeset 1654 ThA] 27K wk AP T o)
2 7hashs A%e welo0], ATl vlstel Y
22 3] 7] Mol FolA S FuE welch A%

il A7) Atel me AT W AT

%xow Fohsldon), tae] nlste] 4
£7] Aol w = XL

gl Fleg W MT 5% 3

- Low o] ool Algel ]

o oft ofN
g
=

.l
]
lo
I
1

2
o 4 B
ol 2
L{"‘ ¢
)lr[ PEI
o 2
2413
£ F

2

10 1)
o s e S
g W Tl T

o
—
>
¥ o

=
A2 SOD % LDH A 2= g2
8] Al7ke] Aol ul &9 lﬁﬂ»ﬁ— sl

N
=
o
E o

£ o0

Ny Xi N
»
i
d

N
-
I‘.\‘

[

)
= O?L
\O

T
2 4

o
-

i
X
it
o
d
.
v
v L
Pl
x5
o
k1
=%
0
-L.a
=
£

-
=z
ol

ol
E'.
% 011*1 % ‘a}ﬂ ° & j:’-‘} .,45—*0#91 e

7
= = A
MT7} 1314 2.2 7} =48 sequestrationAl 7]
2] CA-MT 23ta)7} 83¢ ule)

Shz el AR e o

2] /\]-.CL 01 o 7] o /{ [e] o F
U:]. Y Al ]'!":O' MT "‘qu Fle L A 3l
MT7} gy S4doll chgh 22 st upojol ol 7

ofshy= Ao 5 AbR¥Ich

hiif;loi_\z

o= ‘{N‘ ."i
ox i oX

#nEds
1) Goyer RA.:Toxic effects of metals. In:CD
Klaassen, MO Amdur. J Doull(eds.), Casarett

and Doull's Toxicology. 4th Ed., Macmillian Pub-
hishing Co., New York, 634-638, 1991.

2) Grandjean P.:Health significance of metals. In
Maxcy Rosenaut13th eds.). Public health and
preventive medicine. Applecton Crofts, New
York, 386-387. 1992.

3) Stacey NH, Klaassen CD. : Comparison of the ef-
fects of metals on cellular injury and lipid perox-
idation in 1solated rat hepatocyte. ] Toxicol En-
viron Health, 7, 139-147, 1981,

4) Dudlev RE. Svovada DJ. Klaassen CD. : Acute ex-
posure to cadmium causes severe liver injury in
rats. Toxicol Appl Pharmacol, 65, 302-313, 1982.

5) Goering PL. Klaassen CD.: Tolerance to cad-
mium-induced hepatotoxicity following cadmium
pretreatment. Toxicol Appl Pharmacol, 74, 308-
313, 1984a.

6) Squibb KS, Cousins R]J.:Control of cadmium
binding protein synthesis in rat liver. Environ,
Physiol. Biochem. 4, 220-223, 1974.

7) Webb. M. and Etienne. AT. : Studies on the tox-
icity  and metabolism  of cadmium thionein.
Biochem. Pharmacol., 26, 25, 1976.

8) Probst GS. Bousquet WF, Miva TS. : Correlation
of hepatic metallothionein concentrations with a-

Korean Journal of Environmental Health Society, Vol. 23(1)



94 No-Suk Ki et al.

cute cadmium toxicity in the mouse. Toxicol 22) Kostonis FN and Klassen CD. : Toxicity and dis-
Appl Pharmacol, 39, 61-69, 1977a. tribution of cadmium administered to rats at sub-
9) Probst GS, Bousquet WF, Miya TS. : Kinetics of lethal doses. Toxicol Appl Pharmacol, 41 : 667,
cadmium-induced hepatic and renal metal- 1977a.
lothionein synthesis in the mouse. Toxicol Appl 23) Kostonis FN and Klassen CD.: Comparison of
Pharmacol, 39, 51-60., 1977b. methods for estimating hepatic metallothionein
10) Dudley RE, Gammal LM, Klaassen CD.:Cad- in rats. Toxicol Appl Pharmacol, 41, 667, 1977a.

mium-induced hepatic cadmium metallothionein 24) Margoshes M, Vallee BL.: A cadmium protein

~
=

-~

—

~

In nephrotoxicity. Toxicol Appl Pharmacol, 77,
414-426, 1985.

11) Jin T, Nordberg GF. Nordberg M. : Resistance to

acute nephrotoxicity induced by cadmium-metal-
lothionein dependence on preatreatment with
cadmium chloride. Pharmacol Toxicol, 61, 89-93,
1987.

Sendelbach LE, Klassen CD. : Kidney sinthesizes
less metallothionein than liver in response to
cadmium chloride and cadmium-metallothionein.
Toxicol Appl Pharmacol, 92, 95-102, 1988.
Cherian MG, Gover RA.: Methallothioneins and
their role in the metabolism and toxicity of me-
tals. Life Sci, 23, 1-10, 1979.

Onosaka S, Tanaka K. Cherian MG. : Effects of
cadmium and zinc on tissue levels of metal-
lothionein. Environ Health Perspect. 54. 67-72,
1984,

Dunn MA, Blalock TL. Cousins R].: Metal-
lothionein. Proc Soc Experim Bio Med, 185, 107-
119, 1987.

kg, o1, sl 7], Felxk: Cadmium
of 28t # 32 7+ 2 A1AFe] Metallothionein
shob whol wt diglteluleahs] =], 24(3), 287-302,
1991

Eaton DL, Toal BF.: Evaluation of the Cd/hem-
oglobin affimity assay for the rapid determina-
tion of metallothionein in biological tissues. Tox-
icol Appl Pharmacol, 66, 134-142, 1982.

Cherian MG, Onosaka S.: Comparison of metal-
lothionein determination by polarographic and
cadmium-saturation methods. Toxicol Appl Phar-
macol, 63, 270-274, 1982.

Crapo JD., McCord JM, Fridovich I: Preparation
and assay of superoxide dismutase. In Fleischer
S and Packer L(eds.), Methods in Enzymology
volume LIII, Biomembranes Part D : Biological
Oxidants Mitochondrial and Microbial System. A-
cademic Press, New York, 53. 382, 1978
Nishizumi M. : Electron microscopic study of
cadmium _nephrotoxicity in the rat. Arch En-
viron Health, 24, 215-225, 1972.

Aughey E, Fell GS. Scott R, Black M. : His-
topathology of early effects of oral cadmium in
the rat kidney. Environ Health Perspectives, 54,
153-161. 1984.

from equine kidney cortex. ] Am Chem Soc, 79,
4813-4814, 1957.

25) Cherian MG, Goyer RA, Valberg LS.:Gas-

tromntestinal absorption and organ distribution of
oral cadmium chloride and cadmium metal-
lothionein in mice. J Toxicol Environ Health, 4,
861-868, 1978.

26) Haner DH.: Metallothionein. Ann Rev Biochem,

55. 913-951, 1986.

27) Eaton DL, Stacey NH, Wong KL, Klaassen CD. :

Dose-response effects of various metal ions on
rat liver metallothionein. glutathione, heme ox-
ygenase, and cytochrome P-450. Toxicol Appl
Pharmacol, 55, 393-402, 1980.

28) Goering PL, Klaassen CD.: Zinc-induced tol-

erance to cadmium hepatotoxicity. Toxicol Appl
Pharmacol, 74, 299-307, 1984b

29) Agarwal AK.: Metabolic alterations in liver and

testes of adult and new born rats following cad-
mium administration. Bull Environ Contam Tox-
icol, 40, 569-575, 1988.

30) Faeder EJ. Chanet SQ. King LC.: Biochemical

and ultrastructural changes in livers of cadmium
treated rats. Toxicol Appl Pharmacol, 39, 473-
487, 1977.

31) Goering PL and Klassen CD.: Altered subcellur

distribution of cadmium following cadmium pre-
treatment : Possible mechanism of tolerance to
cadmium induced lethality. Toxicol Appl Phar-
macol, 70, 195, 1983.

32) wAE, Y, Fody A Il=F FA LR
2]t Metallothionein A3 5A32H4- ofule| 33

2. 26(2), 231-250, 1993

A, S, Mg gL e g5 BAL
= DMSA®} vhz2) aheda st o thed wlszed . 3
#ell=, 23(1), 109-120, 1986.

34) ofad%, A& ol=rgh w9 Sl F T4 obs

D-penicillamine % N-acetyl-DL-penicill-amine2]
uho] i wol] HgE ol meldlA, 23(3). 43-51,

Korean Journal of Environmental Health Society. Vol. 23(1)



