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Effects of Cross—Pretreatment of Cadmium and Arsenic
on Lethality of Cadmium or Arsenic to Mice
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Abstract - Whether the pretreatment of sublethal arsenic or cadmium may prevent from
lethality of arsenic or cadmium to mice, respectively, and also the protection against to lethality
of arsenic or cadmium which might be induced by pretreatment of arsenic or cadmium may be
related with their hepatic glutathione contents were investigated. When sodium arsenite or
cadmium chloride was subcutaneously injected to mice (ICR strain) using lethal doses, all mice of
both group were killed. The mortality of mice which were subsequently injected with lethal
arsenic 24 hours after pretreatment of sublethal arsenic was decreased, and the same result was
obtained in the case of cadmium. Sublethal pretreatment of arsenic or cadmium prior to lethal
arsenic or cadmium treatment to mice, respectively, didn’t decrease hepatic glutathione contents
of the survived mice, while decreases of that contents in liver were observed in the mice just after
they died. Cadmium pretreatment decreased mortality of mice which subsequently injected with
Iethal arsenic, while arsenic pretreatment didn’t protect against cadmium lethality. These results
indicate that protection against arsenic or cadmium lethality to mice induced by pretreatment of
sublethal arsenic or cadmium may be directly related to other factors induced by sublethal
camium pretreatment, not to hepatic glutathione contents.
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AR E . Fteg S W WeirjA Y vtz st
=F EolAE YeplE =B A g Al metalloth-
ioneinel] 3t A7t U3 2APFH3 ¢} (Coyle et
al. 2000; Liu ez al. 2000). 7}=F ZAde| gt wlejrjAd
2] stz w|BEojHgl o2 glutathione (Shukla et
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al. 2000), stress protein (Abe et al. 2000; Almazan et al.
2000)0] Fedsl= Aoz A Q) vlA =3 3
AogeAe]l shtelT wlFSBAZA 1 S4AE
o] Ftl=ge GE Aoz FEHAN =g via
o Wgt A Wolrl el TEY AATol Bes)
= Aeg BFHT 9 v} (Alvores et al. 1992; Chen and
Whang 1994; Hochadel and Waalkes 1997; Shimizu et
al. 1998).
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2hr o] AT WA AFl w|aF AAT H9el
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£ 2249 glutathione ¥} o] LA E 24
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AYEEe 2EARe A8 4539 Hx AF
20~30g Ax9 $£7 AF (Mus molossinus) (ICRH))S-
AF83lE 1, B AFEHE 2= sodium arsenites =
3§52+ cadmium chlorideE 0.1mle] AE]2] 350
gahsted ALgstotet

2. 9128 Ft=ge) AAEAT A =4E3H

AF ol Z)5FAME A $ol] LDg2 Fel® ¥4} 7t
=85 #F kg9 sodium arsenite 150 umoles3} cad-
mium chloride 300 umolesS Z}t7} I)3}FAlsle] X]AL=
A& stk vlae} tege] AAEAE U437
dl A2 AAAzS A k& AAA, o] F
Hxziez |48} 7lefE AAHT Aol ulis)
=g 478 AAEA S $3ATE AEE s
o} w48}t Fh=FE] XASAE $3AT)E &9t v}
A 2 v} Ft=F HAXY FS A AF kegd so-
dium arsenite 10 umoles®} cadmium chloride 40 umoles
oldx, A A 7HE 2447 e KTk

3. W29 FHEFS) AAFA AT st HEF
o wARA £}

T AP ZAE AF kg@ 7t=F 40umolesE FA}3}
o] 244]7ke] Ak Fof] X|ALEFe] w4 150 umoles & F
Absta, B2 A¥ ol HlA 10 umolesg FAMSte 24
Alzbe] At Fell XAbke] 7t=F 40 umoles F-Al5}
Aot F AL 25 AAEFS FARE F 7242 F<

B 7 AA S JEARE FAskh

4. Cytosol2] ¥-3]
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Anepe) WS HEEE FARE B AANE F
S A% vz 2 AERAT 42D AAE Ao
2 IAPAA e A& HET 2AL 5% 5-
sulfosalicylic acidE X3§35l= 10 mM Tris-HCl &3}
(pH 7.4)& 143}« Potter-Elvehjem #AV|2 17%
(wiv) ANz e} o] FANE 20,300 x gol A
5087t QAR AF5YE Fo} glutathioned A
FE a2 ARSI R. o] BE AALE 4°ColM
S5
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5. Glutathione &) g

Glutathione A2 Selig and Meister (1985)2] ¥}
& $AFS AAEE Z, 6.5 mM sodium ethylene-
diaminetetraacetate (NasEDTA), 143 mM sodium pho-
sphate, 6 mM dithio-nitrobnzoic acid DTNB)S =33}
= g o] 200ul9] Al8E EEE 1mlE 2087 W
A% Fo 412nmeld] FREE 2SS 2Eg
2 3 32 glutathioneS 5% sulfosalicylic acidel]
gohsted AHESITH

A o}
1. v)&9} FtEFS] XA A i) J=F

o AN &

=

Al AAbeFe] WA 150 pmolesE FAFEE 7ol
Z= A}t NA = 8AI7F o]ulell =21, 10 pmoles?]
HjaE A & 75l AApge videl] o§ AAE
AL &3 50%7F AL} (Fig. D).

A ZAEke] 7l=F 300 pmoles& FAFEF 790
FALGE 28 A= 17417 o|Wel] F9] 31, 40 pmoles®]
Ft=g& AAMe & Aol AxEe st=gel o A
PSR gh3tEl o] 40%7) A& (Fig. 2).

o

L= =N
S



Effects of Cross— Pretreatment of Cd and As on Lethality of Cd or As 149

100 + 1 10c
80 | [o TP —&— non-pretreated {80
: --O-- As-pretreated
. o
R
o 60 o TR P . 460
8 :
E [}
s
ez 40 1 40
S
5]
20 420
ot . . . . : .10
0 12 24 36 48 60 72

Time After Lethal Arsenic Tratment (hrs)

Fig. 1. Effect on arsenic pretreatment on survival of the
mice which subsequently injected with lethal
arsenic. 10 mice were used for each group.
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Fig. 2. Effect of cadmium pretreatment on survival of the
mice which subsequently injected with lethal cad-
mium. 10 mice were used for each group.

Hlau 7teBS AN F 244 7to) AT A
oA 7+ 22)9] gultathione §F-e 273 W2 2}
|7} At

2. 9] &9} FFEFE AAEA A g ul &9 JlEF

o] xR A &3

AF e} 40 umoles®] FI=F-& A slod 244|7ke]
At Fol AT v)2 150 moles & FAHE 7350)
Hlael 203 AAEAL g3ls)o] 30%71 =3y,
AF el 10 umoles?] B]AE HAA7] dlod 244 7k0] 2yt
Fol XA F}=F 300 umolesS FALE 9o B
= WAZF S5 (Fig. 3).
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Fig. 3. Effect of cross-pretreatment of arsenic and cadmi-
um on survival of mice which subsequently inject-
ed with lethal cadmium and arsenic, respectively.
40 mice were used for each group.

Table 1. Effect of Pretreatment of Arsenic or Cadmium
on Hepatic Glutathione Contents of mice treated
with lethal arsenic or cadmium, respectively

GSH levels
Groups (umoles/g tissue) % of control
Control 3.60+0.336 100.0
3.69+0.320 102.5
prefs-As (1.89+0.285) (52.5)*
3.5040.430 97.2
preCd-Cd (2.48+0.357) (68.9)*

Data were expressed as mean+S.D. with 4 experiments.

Mice were pretreated with 10 umoles/kg of arsenic or 40 umoles/
kg of cadmium, which subsequently injected with 150 pmoles/kg
of lethal arsenic or 300 umoles/kg of lethal cadmium, respectively.
Values in parenthesis indicate hepatic GSH Ilevels of the mice
just after they died.

* 1 p<0.005 (compared to control)

. A Azl E el 7 22 W Glutathione Hek3)e)
A4

Hlaoh JtEg-E 27 dAeg ol XAy w)a
o} Fl=EE FAEE Aol AT AAY 2 24 9
glutathione ¥4 dzFs Hel2 Ao)7l glgleont
& HAe b 24 o glutathione P& F AL
2 Fol| A 7H4stgdt} (Table 1).
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9 7FEHe] 1 o)fe] d4HoE nEHL o9
Aol =AS 23krZ 4 )t} (Hochadel and Waalkes
1997; Romach et al. 2000).

X A}eEe] v AT FAFSE7] 24A12F Aol XAl )8}
o] w|AE AAshd XAl v])iel] o7 AALEA
o] 50%A = 43HAT L MNAEE A&7 o] A
3717 AR (Fig. 1). o)k vlxd AL Jl=F
9] %oz Jebgel(Fig. 2). o] F 27424 AA=]
g u)&e} Fl=Foll 9t YA A F=H ot ¢
A7k Wash FleRe) ANEAE BAN AYE F
2% % 9ok

Hav Flegs) 22 o7 B8 W 35 W
o]elx}e] sh}z glutathionee] A A2 ¢} (Shimizu
et al. 1998; Singhal et al. 1987; Sumati et al. 1996).
glutathione-& A o] vjwd @ ooz Ex)3td
A dAabsbatas) ol Bl ko] A3k (conjugation) 5-& F
sted A 22 Baste Aoz dA g4

2 Q7T ulhsh FH=Ee LA At
glutathioneo] FAAF ] QUeAE ZARIRT. vlis}
Ft=EE AXY g Aol AE2T AAEL 2A o
glutathione &gfe] W23 b2 o7} glgovt
Z2 /)52 glutathione §3Fo] Abedek ZF4Sigc}
(Table 1). Wb} wla9} 7h=g2] Aol 25t H]
49 Fh=ge ANEHe @548 e 2R v
glutathione g3} A3ke] gl Aoz A7 & A
Hele vlant b=l olshe] glutathione THE &
%1 A]A (Picioto and Graziano 1980; Shukla et al. 2000)
glutathione &3¢ AAAQ] =2 FX3 HAe=z A
7ztglt}. Glutathione2 B]Aur 7o fol| A st AW
o glE ¥lay Jt=ge BA4EE dAEE AE
9] glutathione T2 w4} 7t=ge] AALSA <
spell Bo) 9t Aoz 7,

Glutathioneo] i8] SAEA] FHAH o2 283l
wejalatel shteial wlag AAERLE S=g WA
o SsA = gstElofol sk olg} e sfasm ¥)
4% AR F AAge] =R FAR Afelx
s7re] thehpel ek 2 ATl o] AL
heg A6l 5ol daEed g s
AL vla A osle] 93HHA] dghe} (Fig. 3). v
2ot Hege SUqes AR Agel F A4 nE
ArpsAel a8 mab} ARert wash RS
Az mAslel A2 Agele AL AXAT A
el AAFH ] dBodet ol @ AR e
glutathione ko] ] an} 7H=Fe) AAp%4 shsbohe

rlo rlo

@A B o] ¢&g 2ulsd, MESLFAA v
Axelel 28 vj4e] BA%3) A Az gluta-
thione &&F3} XA A ¢l HFHo] ¢r}: Romach et al.
(2000)%] AT-9x FARSIC wEtr Fh=ge] Az
ojsle] AN FE=R w3 Wizt st=F}
Hl&e) XAMEAS T3] 43lA7) Hoz A, H]
49} Fh=ge A st weldAprt fr=FHE
firol b7t ohE FhsAE e Aoz AZEd.
33, Hochadel and Waalkes (1997)°l 2}3ld #AFAE
Mu2 3 AYPNA ¥4 (22.5 umoles/kg)E A 2] 51
2427 o w& <k 7h=8 (30 pmoles/kg) L FAME
ASole Ft=gel o3 XAEAe] ARE FEo=
@359l ovy, L= F (B umoles/kg) S AT Fol 7
2 ko] M4 (90 umoles’kg)E FAFE 7ol w29
HAFEA o] ¢h3tER] doteh o] AFAIAE JI=ES
AA g ASol BlAe] XAEAe] 4std & oA
Fobe Autsig 2 AQE 2 10929 HAE He=
3} Hochadel and Waalkes (1997)2] |77} 7+ A3
Z % 40v1E)e] AAE Asz & 2 A7 AEE
ANE 4L AL AP AfeldlM 2= AA, of
Ud AJEEY HAraafe] A AdEEL] 4
VR A d Rl A7 APAe] eARIAE ¥ FHUs
of & 7otk ARE F At dFAARE I
5 AL s sleEE AE 2 AAHT
7ol vlav l=Re] MASA S3tade 4 # A
$-oll At velgelhe Aol
2] 3 Hochadel and Waalkes (1997)= ®]49] A A
2lol] ¢)8}ed 7F==19] metallothioneina- 81 o]A4} &7}
AT Fr=gE AXT Al 26M oY F7VE
D2 Hlid Axd 93t =g AAEA @3 2
ZA A FAS metallothioneinZ}e= 23 A T o]
A& Aolglm stglen, g drdMz ol FARR
A A7 B¢} (Romach et al. 2000). w}tA], 7}
=Rolt} vlae 93t rrAdNM FAeo] FEEH:
metallothionein® & 374 e Bz SAld Hg &
E49) HrejalRte A 24 72 A s AR
o2 9, Az A &AM w4 (L, 1983;
Taketani et al. 1989} 7}=F (Salminen et al. 1996;
Abe et al. 2000; Almazan et al. 2000) 5 o8 FF2] =~
EYAS W A AxAME A7 FFH 2Ed
2~ 2l A (stress protein)ol $=Ew o] A2 A
o] ulojol] Tl Aoz A ok 2 of &
WMo o3t Al Hpolalge AEH AL FRel ¥
23 EolAe] ¢le A Rk wepr] Ft=FF vt
ojsle] QA 2EHA dllAe] FE2EHEA] 1T
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of =3 wMAlo) vlavt Ft=F Al odted ]
A9} Fl=Ro AAlEAe] A3EE &mbe} AR )
PEAE =AM a7t 9le Aoz Az

= o dojoixtzA 8% 2xg st AAEHT
9)%=4) (Szinicz and Forth 1988; Reichl et al. 1990, 1991;
Liebl et al. 1995a, b; Cayle et al. 2000), 2] FAE
Nshe Mz AHdel JTE zdetel AR}
FFho] g Helzz ¥7 =9 AR = A A
Hejol & Aoz YAHAR.

¥ 2

AFAANAM =gt vlad] Xl sl 7tk
T u4e) XAEA o) $3FHE xH) Fl=gIH vlA
£ w3 AA-E § A= o] 22 &Iy} R
A zAE L AArERe) vlAaE FAbslr) Aol )AL
F o)3te] vlAag Al FAFEIH XAk wlse] 9
g x|Abahgo] 2h3EE mdv)l vepdbs gleg 34
o M E Ft=Fe AAEA-S 4G F A
Sl AEG A k22 glutathione - f
27 8 Aoz} glert AR AAe 2 Bl
sk gasigo o Ade Jt=golvt H|4
Ax2e] 23le] =R v|he] XAEA o] A3EE
&H7} 1¥2% ¢ glutathione TeFap Fado] gl A)
AZre}. XAt Fl=gg FALSEY] 24412F Aol AL
F ol3lY] wlAaE AAI A Fl=g AAEA
& S3tE]A] gdgtont RAtEke] ¥IAE FALETl 244
7t Aol 7l=g-& AT Aol vlad AFALS
3= gict oA 2 A¥AAE 7zA gluta-
thione el Fh=foli} ulie] HAbSA saEstel
AgHe FRRL A Aol ohieh, =g BAe
9%} FEH 8 e WA F& T A
Fo| Fhmgiel T ANFAE Do, o] AHE F
A wad AASHE AT + Ik 35 A
EATE AR
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