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ABSTRACT

Metallothionein (MT), a small protein molecule which can bind or release metal ions, is involved in the
regulation of cellular metal homeostasis. This study was investigated the accumulation of cadmium in blood,
tissue (liver, kidney and brain), and the effect of cadmium on several key genes (MT -1, MT~1I, ZnT-1) in zinc
metabolism in the mouse. Mouses weighing 20~ 25 g were randomly assigned to control and cadmium treated
group (Cd group). Cd group was intraperitoneally injected with cadmium 2, 4, 8 mg/kg and control group was
administerd with saline. Mouses of each group were sacrificed by decapitation 4 hours after the administration
of cadmium. Cadmium contents in blood, liver, kidney and brain were increased by a dose—dependent manner.
Accumulation of cadmium was mainly occurred in liver and kidney. Induction of MT-1 and MT-II protein
was increased, but ZnT-1 expression was decreased in a dose-dependent manner by the treatment of 2~8
mg/kg cadmium. These results suggested that cadmium can be transported to brain and alter the expression of
several key genes in zinc homeostasis.
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oz F2 FA9 dde] Hx U= (Goyer. 1996).
B394 FF% 7, Tui-lai ) LB
(Shaikh and Lucis, 1972; Clausen and Rastogi, 1977)
2 A =g AA o] &el o8 &4 F
22 WEHEd =38, PVC A4, Eotad
2 42 5o A, UA-Fl=F AAY A= 5
o2 AMLE 3 Q) (WHO, 1992; Wren et al., 1995).

FteRe A F5ET MM wiAdEA AE
B4 W17k 20~309e2 Aol WmAE el
W} (Kazantizis, 1979). Al Y3 7= =
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Aok » 2R oI e, Z27)7 9 A
W FeAz Sl wet ooFaiA vebde(Sendel-
bach and Klassen, 1988; Hammond and Foulkes,
1994; Goyer, 1996). dubd o g x)7}% Ao, 7tz
7 &4 Fd3s 9 3™ 58 EATIE A
oz od&x] gl (Faeder et al., 1977; Dudley et al.,
1982), =3k AW 75 SLEAS] FAL A3}
= 2hge shn AW 4 dorln 4Be
28l -2 (Webster, 1978) B2 kAl (Berg and
Burbank, 1972; Schrauzer et al., 1972), 714
(Kolonel and Winkelstein, 1977; Malcolm, 1979), 43
A7) 0] A} (O’ Riordan ef al., 1978) @ Wo] 21412 2
¢l (Deaven, 1980)¢] o}ty B yEH 3 v} 28]3
ofRelelA glo} TamAAet W Fxa e
e F207AAN) AT FH8E 2oh ek Lui er
al., 1990; Panayi et al., 2002).

ege) 3073A6 da 547 doze W
<A1 Ab4Z (ROS, reactive oxygen species)2] JA]
St (Kumar ef al., 1996; Szuster-Ciesielska et al.,
2000; Risso—de Faverney er al., 2001), 3413} wlo]
Al 2~¥l(antioxidant defence systems)2] =), A 4
Catt%x9] Z7}(Wong and Klaassen, 1980), met-
allothioneins MTs)& $E35l37 MTs: %o &=
Ashe otd (Zn)e] AFHE 5 ordAY =2
£-(Wong and Klaassen, 1982) 50| R y¥ 3 9)v}
53], 7l=F- kst HAAMZAAN ubeAd A
2% S FAF JasE A Z7E A
W AbsJe] w3} DNA &4 Al 22t &4, apopto-
sisE -3t} (Cantilena and Klaassen, 1981).

F 2ol Ft=fel 93l =T Az oJ8 A
g - AsshA ofskgo] Umslelw|Hle] el #
Aol glvh ARAle] whalz|a 9lv}. Kanski 5
(2002), Arlt 5(2001) 2 Glabe (2001)= HF2A] A}
2Fo| Aubapaks}, Al Aks 9 AASAE &
ubsle, o] Udzs}olmHle] i (onset) Y %13

(progress)ell 7|q&ehs B msloich. wit -2
o] o8k AR AEdAr EAAINE g
W gl EA AAAZ ] F3e| 9o, vjElR] E
9} C 722 Ak EAo] Aulle] YAty F4e
AQA7IAG QAE $ e Aoz BuHT 9l
o} (Pitchumoni and Doraiswamy, 1998; Grundman,
2000; Abuja and Albertini, 2001). 7} =52 =417
Az FALE woiz) el Fog AR s
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glutathione, superoxide dismutase @ glutathione-S-
transferase®] & FFAA|7|H, o] X|vile] A
2 Aol WA Aoz 2AEURa er al,
1996; Figueiredo—Pereira and Cohen, 1999; Adams
et al., 2001; Karelson et al., 2001).

Frego] ot F4E3 Al metallothi-
oneins (MTs)2| Wde] g A2 o AP
B 2 o2)al AP etk MTsi= cysteine %4717} &
< AA PYA (6.0~7.0kD)RA 152 Fo|dt
3y Fzz i At B AEIAES
HA e el Helghort ofA Azuje] )%l
deteds= BEET Bl @ AA oo MTs:
Az F34 55 23N Fa3 99A
24 AgelA AFFE o|z7|7kx] =E A3
AN vehbe 35 Aot MTs= &)
742 MT-1, MT-1I, MT-III, MT-1V¢] =7 47
F2 ofye] EAfsle Zoz oduA Ut (Kigi
and Schaffer, 1988; Uchida er al., 1991; Palmitier et
al., 1992). MT-13} MT-1IEx f)3i12o] xR A
W, ookt 3HsEA (IL 6, IL 1, TNF, ROS,
LPS, NO, 374 3)d 2]8le] ==} MT-III
= A& GIF (growth inhibitory factor) 2 %} %]
o, FFAAANM FelsrA LHFHE HAom
dHF ot o|zte} A w WHFHT gick. MT-
IVE 338 Abgle @el ZA)7}(Coyle et al,
2002). WA MTse or)sA shiide geixz
glem], Bhee) AZMA 71eAel FRE 2hse
Aoz odzzlth 1) hydroxy radical 3= NOg} 7t
2 7}2AF wlARAIY] b, 2) apoptosis, 3) o}4, 7}
=F, 7 54 2L $9459 2 ¢ 1% 5ol
o =3 MTse &, €34 2 A8 <, 59
Ag dzslo|my 52 I v Adde)
AZF slow, HAR AN = Fgg u)HgGE F7
7} 2l o} (Cuthbert, 2000).

g, F53AAAANME MT-1, MT-I1 I MT-
megs A MT-1>MT-1I>MT-11)7} 23 E
"} MT-I7L 25 249 hapel Hoigich A&
of MT-III= A3 APE& do7|= GIFE WAs

o1} Palmiter 5-(1992)¢]] &]s] MTel] £3l=
izl lo] W F ) ¥ el 4] hypothalamus and
olfactory bulbellA] MT-III7} 7} =74 v
MT-II= S| A ofdo] FRa BiojA &A W
Ao, AAczA 2 oldE AF sl A (29
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Zn—-ergic neuron)o|A] F2 HHEE Flow uhy
Z©} (Choudhuri et al., 1993). o]= MT-III7} o}
o] A7 AR o] &HE Aol FAT & Y&
2ujgte}. HelA] MT-IIE MT-Ilgh= 2 7]
& I e ez deiAx glek 1) MT-
Ve opofst sistgAe] oste] f=5 A5 MT-
M fr=Ade] ¥y, 2) AAL -3} o] thad, 3)
N Yol o] W E2sl M2 thad 4) ohE MTs
$}= 2=l MT-IT neuro—inhibitory activity 2
A3 9l (Coyle et al., 2002).

MTs: Fh=goul olla} ofdel] st 2)3=]
of & whilldz odejx glvh ulely Fh=Hel o
3 f=" MTs7} ofadd] kAol 3d & 4
olot. Keen 5-(1989) 2 Taubeneck 5 (1994, 1995)
2 ASEAT 7P e dR EAE
(ethanol, TNF, urethane, valproic acid and o.—hede-
rin)e] &jv]e] ZlellA] MTsE F=slx, MTse &
Fo) olde YATeeA oldle] otz S5
= Aol ztasldy B yslgen, AL ol
A opdzgol usel ol wHEY3 H7]Y
Ho| zAEhn wuskct oA 2R}, 2E
4 mE DNA §4, 97149 A, AAka,
apoptosis % AZH dvix] ThA}sh e crore 4
B3 7)5el Tedste DAY FAXR o=
zhgdle P4 vjEFdio)n, 300692 iAol
AN e $A) NN oldg Bes
s o wuHw Aok £ ok A3 2
=P 2E 47| Z, nitric oxide synthaseE 748
sH dAE= ez ¥ Aok (Math and Gordon,
1997). MT-1112] 73-% dentate granule A %<} hip-
pocampal pyramidal neurons} 7+-2 o}-& {3t
A7 zANA BA D MT-1TE ofd&
& A7 = 2Ex ofdd xE¥ AlFA
olde] Hx Aed xE 4F SHE AT
Aoz Q4.

olatoll A g nie} ho] Fh=FE A el
gt 58-S Jepe dE2Ag g E
Aot} 7l=H-2 MTsE {31, o] 8 F3le] o}
8] sHaAdel o3k WAl B o} Alzheimer A
o] EFia) zow Qo] oty BuFs
et 22 MT9] o)A Eell i3t st=82] &
EAo sk Ak AsEel slem, MTse] AA]
W Zlsel ddted= g Fie] XA o

:|o

Fhesgrol whes Mol ohelel Aol Bofaki §

2

el w1 ode 391

Sl A ok
by 2 AFNAE vk ThERg Rl

sled dE W 22 (H, 7+ @ AR F9] =8 FF
e =25l T, ¥ (dxuA, AAFsIE, 4y 9 &
AP MT-15 MT-11¢] i3 ] n) 2 o
Fe ARFozy =g FRUAAN A
SR 1S rstaAt die

20~25g9] wh-AE FEIAMA QAL A=
AF)olA T4t AN dFA7 &A1
Fof] Aol ARG AR R AFE31] 0,
Holo} B2 24 AFHA st

AgEEe Axs ) Adzes T¥
Aok AT A gpd LA Tl=F
(CACL)E =8 (2, 4, $ mykg)E who-A 27}
Boglgoh 2 22 o] A=AdE4LE
stk vuA] 2712 FL3A fA 3] A
o AHgshach

4X7F Zel| 7 3ok (cervical dislocation)A] A
YA F e Fakel AYskglond, 7 24
(&, 2L A E T2 B 2AEH 04 4
A gog Helste] HZ3lgc)

2. gy

7t=g Aed vk Al FAlR A"

} 3o EDTAZ. #]&}% tube (Becton Dickinson
Ahell @elx] 2417} o)A} rolling 3ol &< 100 uL
¢} 1% HNO;(70% HNO;s+ 1% Triton X-100) 900

Lg &iieh 2% 3949 #44 9e) g
Hi gt 392 9A3F35233 57 (Graphite
Furnace Atomic Absorption Spectrophotometer, Shi-
madzu, AA-65018S, Japan)2. WXoll= D, (F44)
kR A=) 7 AEbEoe] glom, PR AR-E-X1 b4

) (ASC-6000, auto sampler)7} 2% 71718 A}
L5t oh IFAFL 228.8 nm, Argon 7}AE ARE-Eh]
o} Al A 2FEA AHrMY (standard addi-
tion method)& ]88}y, & AP 23] ukE-
=2 5}e] ¥ o] A) 4> (coefficient of variation)7} 5% =

59| Jl=E B 53
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23} 749-oE 3F7HA EA =S =20y 3}
At

FZ 7l=F A A= 719 3283 Conventi-
onal 4 &M (Shimadzu, Japan)Z o]-£3}e] H}E
b 5(1996)9] uhgel wiel $MYC 7o 2E
g 1000ppme] ARFFEAE YAE HA
3ted ALgEtola, dF Jled vEE wgdlz =
Ajshelet.

3. =3 Y 7i=E ©HEY 5F

g 2457 AN wheseln A7 AL
A& F A271(110°C, 547 ol2holl A 488 A
Az} a8l &7 A7)E A 70% HNOs 7
mLE 7}8}3, overnightE AlF] & %4 3mLE
] 7}8te] microwaveE Algste]l AAE 3y
o AA2E A FolA 1mLE Asked hot plateo]
A 34k 4120 F 5% HNO; 1 mLE @o] Folsli
g g€ 5 Fel 10,000rpmellA] 1087 WA
eE T Fol Fd=2 dAEFEFF=4 (Grap-
hite Furnace Atomic Absorption Spectrophotometer,
Shimadzu, AA-65018S, Japan)2 ¥ 7l=§ ¥
2747} 2L gz BASI.

ek zhA2 calibration] & o]-438l¢ 1, 7=
F 2F44LS 1,000ppme] AAEFZEANE U
& N3t Mgl E 24 W TtEE wEE
ng/dLE. EA)sHT)

4. ojde| dHabMoll Bojsts RHXE BHEHo
ojxl= HE
1) & BNA =&
ulen Zh A7|EE glego] ot At
Bofohe 2ol $44 B vAE TS B
A3}7) 915t 7413 2 o] (hypothalamus, cortex,
olfactory bulb & cerebellum)& 43k Zo] RNe-
asy kit (Qiagen)& o}&3led Aoz HE| & RNA
Z ZFZ3gt}. UV-spectrophometer®. 260 nm2}
280 nmel| M2} FA=E A, 1 vERRY
RNAE A&+
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-MT-1, MT-1I % ZnT-1 (zinc transporter)®] 7%
o] AF4- 2 0.2mM dNTPs £33}l Superscript 11
RTZ SAAAA cDNAS 24390
EASFAAMT-L, MT-I1 ¥ ZnT-1) 2 = &
A AL (B-actin)el] A&t primerE of-£3}e] cDNA
F ZEZAZ ) PCRE primer2% MT-12] 79
5’ -tcteggaatggaccccaactg —3 (sense), 5’ ~tttacacgtgg-
tggcagcge -3’ (antisense); MT-119] 7] 5 -cc-
atggaccccaactgetc—3’ (sense), 5’ ~geacttgtcggaagect-
cttt~3’ (antisense); ZnT-12] 7320l 5'—tgacaatctg-
gaagcggaagacaac -3’ (sense), 5'-ggaagcggggtectcac-
atttatg—3’ (antisense), B-actin 7-¢-oll 5’ -aatagtgat-
gacctggcegt-3' (sense), 5'-taccacaggeatigtgatgg —3’
(antisense)& AHE3Sc}. FHFIAAHUEEE Re-
ady-to-go PCR bead (Amersham)& o)£-3}¢] on,
PCR cycles2 95°C (1 min), 64°C (2 min) ¥ 72°C (1
min)& f-actin, MT-1 ¥ MT-II& 24 cycles,
ZnT-1 (zinc transporter)-2- 30 cycles2 A}-4-3}g o}
PCR A A-E-& 8% polyacrylamide gel Arel|A] #
71353l o, gel & ethidium bromide® A3}
9t} Kodak DC40 camera® A}Z1-& Ao Kodak’s
1D photo imaging software S A}&3le] o|n|z| &

A S,

5 Xtz g

AlgAtge] BAL SPSS B4 2 7 (ver. 11.0)
3} Microsoft excel-& o] 83lGth d2ga AP
9 A}o]= t-test® H] L3k}

1. 88 7l=F &%

ah-2ell FLEg 0,2, 4 9 8mg/kgd vhe B
7oz Folsla 4A1Z Fof mhex He Fo) g}
=% e FAT Ao Fig 13 Ao Az
dMe HF 7h=F Fel 15108 ug/dlyd.em,
Cd 8 mg/kg FEod & 256.9+16.7 pg/dL2A s}=
B Fofgkel wldE st f2AsHA FrHE A
(p<0.01).

F 7t=g Tt Rkl w9t f3A &
7Fsteded] Snyder 5(1975)3 Roels 5 (1981)9)

»
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Fig. 1. The contents of cadmium in blood of mouse treated
with Cd CTL (0), 2, 4 and 8 mg/kg. The results are
expressed as MeanXS.D. for an average of three 1o
five experiments.

5 87
2
=
20

o

2

- 4
o

e

o}

g 17
2

=

o}

S 0

CTL 2mg 4mg 8mg

Treatment of cadmium

Fig. 2. The contents of cadmium in the liver of mouse treat-
ed with Cd CTL (0), 2, 4 and 8 mg/kg. The results
are expressed as Mean=+S.D. for an average of three
to five experiments.

AFA T st AYsl=g] 70%: AP+
Ags A2 Exgita s 8% = F
b HTY Jleg k2o % Aoz vk
AR (1997)2] AFelM 7t=f Fof 242F 8
B 4% Jl=F ko] ZUsl7] AlFbeke] 4A)zb
Fof Hu Fxo olE23cty Masty it EAl
2t 948 (1992)2] Qe Jshd HAoM o] g
o] dubd oz Rzl et F jolE o)A o
st B wste] £ A A} ch=A elyic

2. =3 o] 7lEF &Y
st

1) 22l JI==E ©

nhg o) FhER 5

0,2,449 Smg/kga ulg B

ade] Jdshe SAAPTR) B G 393
z 12 r
5
jiv] 10 +
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Fig. 3. The contents of cadmium in the kidney of mouse
treated with Cd CTL (0), 2, 4 and 8 mg/kg. The resu-
Its are expressed as Mean+S.D. for an average of
three to five experiments.

7po 2 Fojsli 447 ZF e 7=
B e 233 A3 Fig 29} 2ok djzTel
A= 0.03+0.01 pg/gelglen, Cd 8 mgkg ST
£ 6.18+020pg/g2 2 FI=R2] Tk nlds}
o fostAl Z71= A (p<0.01).
2) AlEte| FI=E BHat

nlero) FEEF 0,2,4 % Smgked vloA B
7pog Folsta 442t Fol whg-2 Al W9 7}
=§ 932 243 FHE Fig 39 2ok A2
AME 0.03+0.01 pe/goldom, Cd 8 mg/kg o3
22 9254206ugle s FhEF) Sojgel u)e
ol g zdes felad 271EAHp<
0.01).

Shege) dad 2z 34 254
I 29 54 A= 48A e (Goyer,
1996; Hammond and Foulkes, 1994). 71%3<4=(1997)
o AFME 2] TheF FEs B2 AY

o) Hlsted W1zt WA L g ol
AR FtEg = D71 AP Tl Hlste
717t AP ZAAN =& 255 B} A F
Rog Fl=F F5& doil oA (1998)8 o
FoM = Zhel| A& 87.02 ug/g (wet weight), ‘_7,:]-01]
A= 2534 uglg (wet weight) A% 33Fo] E9ror
= grxAo] AgEAEY 2~3u) Hx Fgheh &
QAFNAE AEPNN ThER Teel A9 24
s ehatm, Fhegel Ao Ade] 4% GEAe
2 Zobshe Aol BAAU AT ShEEE 3
Bom Tofshy 4Azk Fol R AR =R

ol b

—V"

F

oﬁ 3]
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02

| '
. -
CTL 2mg 4mg

Treatment of cadmium

Contents of Cd (gtg/g) in brain

8mg

Fig. 4. The contents of cadmium in the brain of mouse trea-
ted with Cd CTL(0), 2, 4 and 8mg/kg. The results
are expressed as Mean £ S.D. for an average of three
to five experiments.

FFe vizstdS 9 27 6.18+0.20 ng/g
9.25+2.06 ug/g o2 7t5} A1A ] vjkE FoR
EH=EE Aoz vepd)

3) xo| 7l=F &t

nl-$-2of] Fh=R 0,2, 4 Y 8mg/kgd vR-2
How R whea o o) Fl=E WAE
At A= Fig 49} 2o} djz2FoME= 0.04%
0.01 pg/gelgl.em, Cd 8 mg/kg o3-S 0.36+0.02
hgeon FR=ES) Fojapel] wlelshel 4ok o)
Aoz 28t F7HE e (p<0.01).

Ftef2 ofds} wzla e Ppdies 2
o F2UAAZ F40t 2 A 9 Ades @
A 9le}(Arranz ef al., 1984; Arvidson and Tjalve,
1986; Evans and Hastings, 1992). o|A& & -
ZH3 &oll -] Z 4ol (cerebrospinal fluid, CSF) &}
Hol EAslel shegel FFUAAZ olFE
walslz] W Eolch 2eht olupelolate] s}
slegel x23 olols ZeAE daes &
AT FFA7A] olde] BauE ot
(Atsushi er al., 1999). o}7] F}=Be] Z2a17 44|
gt ofedske] 2gr7|HE A deA QA o
A ole}.

Il F= Jt=gel FAH o2 x=2HA
v A=) A7 2E" 75l st=He] A3}
4 sEdas 27ARo2A Ya-x Ay Eb
2% (choroid plecus)& EAFAIA 9] 7l=Fo
gt FAde] Wishe Aoz BuHI o
(Angelo and William, 1989; Shukla er al., 1996). &

e e
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Smg/kg

St S St Nonsd B Actin
S St Ne? MT-1

S

Fig. 5. Effect of cadmium on genes expression in the liver
of mouse. Representative gel (negative image) for
targets (MT-T) and reference (B—actin) cDNA sequ-
ences after 24 cycles of PCR; marker (m) = 100 bp
DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
to 2, 4 and 8 mg/kg cadmium earlier.

Con 2 4 8 mg/kg
A J Nouut? Soe?  Nigwd  P-Actin
Nt ? Nt Nt gud  MT-TI
S

Fig. 6. Effect of cadmium on genes expression in the liver
of mouse. Representative gel (negative image) for
targets (MT-1I) and reference (B—actin) cDNA se-
quences after 24 cycles of PCR; marker (m) =100 bp
DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
to 2, 4 and 8 mg/kg cadmium earlier.

AN ¥ W] Fheg Poke] 4% Edes
Sola 2AhEE Aoz vehten, o & o
Foll AHER Fhedo] wlmA Zywels] ool
He EHHE Z7HA ekl ez B9
e

¢
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3. RTX walof] o|x= &

1) OFRA 710 MT-1 MT-1
SER} welol D|xIs Y

[

Ft=® 0,2, 4, 8mglkgs vl BHez Fo

% ZnT-12]

Z 7}elA) RNAE 33} RT-PCR %@ PCR
£3lo] ot Aol Felsle MT-I, MT-
% ZaT-19] A7 8ol vlAe G B3
A% Fl=ge 8o 2o MT-19 MT-
9] H&-& Z7MA3 v (Figs. 5, 6), 8 mg/kgell A
ZnT-19] &&= et (Fig. 7).

2) D}A MBI MT-1, MT-11 & ZnT-12]
FEX W&o 0jx= FE

Ft=8E 0,2, 4, 8 mghkge vk Eto= &
oJg % Az RNAE F&3}e] RT-PCR ¥
PCRE Bofol oheie] A4 Bolshe MT-L
MT-II 9 ZnT-12] A=} G&ol] v]A= e
DAL A3} FEEE 4 S@Hew MY
MT-112] 388 Z7}r)7] o} (Figs. 8, 9), 8 mg/kg
oA ZnT-19] 32 oA = e} (Fig. 10).

3) OIRA | (cortex)Of|A{ MT-1 2 ZnT-12|
[HA w0 DXl A&

Fl=F 0,2, 4, 8mg/kgg ufoA Blog B
3t & djxu| Ao RNAE F&3}e] RT-PCR ¥
PCRE o] ofals] el Wefshe MT-I
D Z0T-19) §7) B o)A e VAT

ok = mlo o

mEE “’l

m Con 2 4 8 mg/kg

i o N p#  Nommu® B Actin

Fig. 7. Effect of cadmium on genes expression in the liver
of mouse. Representative gel (negative image) for
targets (ZnT-1) and reference (B-actin) cDNA seq-
uences after 24 cycles of PCR; marker (m) = 100 bp
DNA ladder. The cDNAs were derived from the liver
of mouse: Con, control (0); 2, 4 and 8 exposed to 2, 4
and 8 mg/kg cadmium earlier.

Fhetrol nhes Mol ofede] A Belshe FAALR A G 395

A3 Jtege 45 &Mooz MT-19 23
Z7}x 7 o1} (Fig. 11), 8 mg/kgol| Al ZnT-12] &
<+ 94 = St (Fig. 12).

ZnTE MTs$} Ed3tA] MTF-1¢] promotor

m Con 2 4 8 mg/kg

,,\ o Nasne? S’ e’ - Actin
N v S Vo MT 1

o’

Fig. 8. Effect of cadmium on genes expression in the kid-
ney of mouse. Representative gel (negative image)
for targets (MT-I) and reference (f-actin) cDNA
sequences after 24 cycles of PCR; marker (m) = 100
bp DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
to 2, 4 and 8 mg/kg cadmium earlier.

m Con 2 4 8mg/kg
L S, 4 B-Actin

Fig. 9. Effect of cadmium on genes expression in the kid-
ney of mouse. Representative gel (negative image)
for targets (MT-II) and reference (B—actin) cDNA
sequences after 24 cycles of PCR; marker (m) = 100
bp DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
to 2, 4 and 8 mg/kg cadmium earlier.
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m Con 2 4 8 mg/kg m Con 2 4 8 mg/kg
| — B-Actin
) R B-Actin
|
—

Fig. 10. Effect of cadmium on genes expression in the kid-
ney of mouse. Representative gel (negative image)
for targets (ZnT—-1) and reference (f-actin) cDNA
sequences after 24 cycles of PCR; marker (m) = 100
bp DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8§ exposed
to 2, 4 and 8 mg/kg cadmium earlier.
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Fig. 11. Effect of cadmium on genes expression in the brain
of mouse. Representative gel (negative image) for
targets (MT-1) and reference (B-actin) cDNA sequ-
ences after 24 cycles of PCR; marker (m) = 100 bp
DNA ladder. The ¢cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
to 2, 4 and 8 mg/kg cadmium earlier.

regiondll MREsel| zh83to zx AP} 23 HE=
oA 2 4] mucosal-to-serosal surface o}gd¢]
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(McMahon and Cousins, 1998). #-Z¢]] Langmade
£(2000)9] ¢)3lH MTF-12 MTss} Zn 42 =
Wdel ZnT-19] 4d& 2AFo2H HEW of

Fig. 12. Effect of cadmium on genes expression in the brain
of mouse. Representative gel (negative image) for
targets (ZnT—-1) and reference (B-actin) cDNA seq-
uences after 24 cycles of PCR; marker (m) = 100 bp
DNA ladder. The cDNAs were derived from the
liver of mouse: Con, control (0); 2, 4 and 8 exposed
10 2, 4 and 8 mg/kg cadmium earlier.
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1L 8% 7l=g §% ¥4 22 7l=8 0,24 ¥
8 mglkgd vk EFhoz Rold whei ol
2 Jl= TS AT 29 dazddre ¥
Z =% ko] 1.5+£0.8 ug/dLden, Cd 8
mg/kg B3 7S 25691167 ng/dLe Jt=ge] &
of ol Hlste] R28tA F78HsiTH(p<0.01).

2. 7k=F 0, 2,4 4 8mgkgs E7tow Fodt
FoukeA 7h AR 9 ¥ e vteR e &3
3 A3 gz e 22 0.03+0.01 pg/dL, 0.03
+0.01 pg/dl. 2 0.0420.01 pg/dL oz A2 Zx)
3R] fdet. Cd 8mg/kg FodFoll A 7E, A1 A ]
A2 7t TS 247} 6.18+0.20 ug/dL, 9.25
+2.06 pg/dl. Q 0.36+0.02 ug/dL o2 7}=8-9)
o] st §3F &Aooz foFA F
7¥atd e (A2 p<0.01). 2t} AR Fh=Fe) F
2 HA47|%oz d¥A gled £ A7z 7t
Zfo] &5 g&doz 77 Al 2HFHE A
oz FEH

3.7}=% 0,2, 4, 8mg/kg s vl¢-A B Yz &
A& & 24 (2} 2l M RNAE FZ&3}ed RT-
PCR I PCRE& 53l ofde] shipAlell Feddhe
MT-I, MT~II % ZnT-12] §AA}F Waof] w]x]=
FES BAT A =g S 7 AR S
ojEH oz MT-1% MT-N1¢] walg F7A 3
Y ZnT-12] 32 A = (p<0.01).

4. 7}=F& 0,2, 4, 8mg/kgd wh$A BI) Y=z
Eodsl & oA} RNAS 2&3le] RT-PCR Y
PCRE 53l olde] Aol Fedsh= MT-1
W ZnT-18) §-A2 Gdo) v)X & F3ps A
A7 Ftege 49 oEH o=z MT-19] 43
$ol8 A 2R o ZnT-19) 8L 3R 59)
o} (p<0.01).
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