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Changes of Superoxide Dismutase Activity in Cadmium-induced
Acute Nephrotoxicity of Rats
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Objectives : To investigate the role of superoxide dismutase(SOD) in the pathogenesis
of cadmium-induced acute nephrotoxicity.

Methods : Rats treated with a single intraperitoneal injection of cadmiumf(as CdCl,, 1
mg/kg) were included in the cadmium-treated group: the control group comprised untreated
rats. 24-hour urine samples were obtained prior to sacrifice on days 1. 2, 4, 8 and 16(N =
10 per group). respectively. The activity of SOD and concentration of cadmium were mea-
sured in the homogenates of the renal cortex. Nephrotoxicity indices such as N-acetyl-6-
D-glucosaminidase(NAG) activity. total protein, and 24-hour urine volume, and the cad-
mium concentrations in the urine were measured.

Results : The cadmium injection caused a significant increase of cadmium concentra—
tion in the renal cortex on days 1 and 2, and in the urine on days 1, 2 and 4. The NAG
activities and total protein concentrations in urine were significantly increased on days 1,
2 and 4, and on days 1, 4 and 8, respectively. The peak values of NAG activity and total
protein in urine were observed on days 1 and 4, respectively. A significant decrease of 24~
hour urinary volume was induced on day 1. Renal SOD activity was significantly inhibit-
ed on day 1. Finally, on day 8, SOD activity was significantly increased and all nephro-
toxicity indices except urinary total protein returned to the control level.

Conclusions @ These results suggest that cadmium induces initial depression of SOD
enzyme activities in the renal cortex followed by a later activation, and that the initial
depression of this enzyme plays an important role in mediating the proteinuric injury of
cadmium-induced acute nephrotoxicity.
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FolA 718w Er) w3 W A2 AEAge
2 z7]9] AEAFF @lxel Fanconi¥ %<
Fukele 29 AAlET &) EAHolx|nt #3Y

(chronic interstitial
nephropathy)< ol %% &3] JrhKawada
et al, 1989: Goyer & Cherian, 1995).
AN o] Ft=Fe] F2HE 1A ofF WISt
A A IR AT DNA €43 sulfhydryl
o] 72 (Sugiyama, 1994: Stohs & Bagchi,
1995: Karmakar et al, 1998), cytochrome P-
4509] oAl (Klimczak et al, 1984) ¥ Z¢ 34
el W3k (Smith et al, 1989) 5ol #AAE u} gl
o HIE 2HAaF2]7](free oxygen radical)
o] Agox #H4lo] FuiE L ULt
Ft=F-<l 23 superoxide anion(O,)3 Z}ik3}
T2 (H,0,)9 S7HAmoruso et al, 1982: Zhong
et al, 1990), &4t3} FaAe W3k (Shukla et
al, 1987; Gupta et al, 1991; Szymanska &
Klita, 1993: Sarkar et al, 1995) & A& }ats}
TH-S-(lipid peroxidation)e] FUEHJTE EuE
(Manca et al, 1991; Sarkar et al, 1995)< 7}
ol 93] e AAW =2Hgo] AEZolAe
Apaafe]7] F7he Frigk A aEsiekgo] ke
o] et 2els AR & 5 QT
a3y} ¢ AFES A A8 Fl=gEe kst
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o T AR O AFNA 13] #ES ARk A
|5t 9lew SOD A x| that 7t=ge] o gkl
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2 dTe FFHAE gte R 7l=5(CACL) S A
3k & 8% N-acetyl-f-D-glucosaminidase

(NAG) A=, 2447k e 2 7}
ZF X9 AlgAdA superoxide dismutase
(SOD) 8= ¥ Jl=F =5 AAETd met

= HmFo RN, L=g A
7} SOD 4 =9 ARALLE ¥, T380= 7=
Foll 23 A=A 23ld ez IS F

F oY B,

7 @F (Sprague-Dawley)
£ A3 4dFd ARH d9E MigAtaER o 18 ¢
b fAE e sEACAA AN & Y A
MRS dFARdoz 9. BEHNA ALSE}
= B¢ AlRY B2 Adgle] st =
FAREZ 0.15 M A EFE 0.25 mg/ml 5%

=2 CACLE 1 mg/ke &322 13] B FAKs)
Fon dzrdAz Y 439 0.15 M A 4
A5E 2L WUyoz AT 4 29 58§

< 107
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2. NEXF A

1) AZHHME]

FES O fES F IS o|&
o] phosphate buffered saline(pH 7.4) & %%
S =3 FHE A U2 BFT T A0S dol
3, 294 250 mgs 3] potassium phos-
phate buffer(pH 7.4, 4 ¢) 5 mi¢} 41 5 #2
shstlnt, o8 259 Al & 4 ¢, 20,000 G
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9} SOD FA= %—;ﬁoﬂ /‘}%b‘ Ei‘:’r. 2
3} metabolism cageZ O]%ﬂcﬁ A ALY 244
7+ 22 FRsk] 24A7H 82 Jl5l =

_\o-L O —4—,
& o =9 NAG 24=

ol ALgeteiet.

_l[}l' f’Ei

AfA Jleg e 249 3 w9 13.3 M &
2 3 mE 412 F, microwave(Q45 Enviroprep,
Questron Co., Prinecton, NJ, U.S.A.)Z &3
A F AAEFESF A (PE3300, Perkin
Elmer, Norwalk, CT., U.S.A)E o]&3le] &
299 (flame method) 2.2 X319t 23 1=
F FE5e 2447 2 0.1 mE | =ANAA0.095
M(NH,),HPO,, 0.5 % Triton X-100) 0.9 m<}
432 th2 graphite furnaced] 10 4 FY3lo] &
23R THOng et al. 1990).

3) Alm|ZL SOD EME &3

SOD g4 %+ Marklund®} Marklund(1974)
9] pyrogallol auto-oxidation WHoE % #3t3
o, Aol AFM FE3 SODE ETAIER A}
43ttt 50 mM Tris-acetate buffer(pH
8.24)°1 1 mM DTPAE Hrlsta, 13+ <t
bubbling & &, o] $kFH 9.8 miol| AlE 100 4
o} 3083 SYPEZE AT 1117%171 pyrogallol
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o MSY0A superoxide dismutase2| 8% s}

4) Q= NAG BAMT 9 & cid =5 =X
Horak =(1981)¢] *83iel wet 712 pnitro-

zophenyl-N-acetyl-8-D-glucosamideE A&l 2
% NAG =5 SAHTt 0.25 mie] 2] 0.1 M
citrate buffer(pH 4.4) 0.25 niEs 42 ¥, 7129

0.5 miE H7ska 37 ¢ FexelM 3023t WA
oS 410 nmelA] EFREA R B2 24590}

A8} 25 & @ 5= bovine serum albu-
ming IFo2 3lo], Lowry £(1951)¢] Hplo=m
St en, 8% F @Y FE= creatinine TE2
B8, 25 creatinined] F=E Jaffedt-3-2 o]
23 Folin-Wu %' (Bonnes & Taussky, 1945)2
2 s

3. 84 24

RE APAe HoLRToas FASA
Kolmogorov-Smirnov 7é = Abgsle] ARE
Atde Blaglen, 72t P SHPES gl
EAMEA (ANOVA) 3} LSD(least significant
difference) T+EHH S Eslo] 12+ 7=
FAREE He e AFET BE BAEA
& SPSS(ver 7.5) T8 Algsdon #HA
o ek froleEe 5 %2 ARsir

oZi =5

Table 1. Cadmium concentration in renal cortex and urine after injection of cadmium

Day after

Concentration of cadmium

CdCl, injection

Renal cortex(ug/g protein)

Urine(ug/g creatinine)

Control 5.21+1.35 14.77+ 6.86
1 23.73+7.58* 131.42+67.77*
2 13.59+3.81* 103.17+47.83*
4 8.93+2.69 88.77+39.90*
8 8.12+4.09 40.79+23.11
16 6.02+3.08 36.55+14.47

Rats were injected intraperitoneally with a single dose of CdCl,,

1 mg/kg for Cd-injected groups and with

normal saline for control group. Cd-injected groups were sacrified at 1, 2, 4, 8, and 16 days after injec-
tion. Values are mean+SE(n=10). *p<0.01 compared with the control.
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Fig. 1.
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Days after injection

Changes in urinary N-acetyl-f-D-glu-
cosaminidase(NAG) activity after injection
of cadmium. NAG activity was measured
in the 24-hour urine of each animal and
corrected by urinary creatinine concen-
tration. Values are mean+SE(n=10).
*p<0.05 compared with the control.

*k

Fig. 3.
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Days after injection

Changes in urine volume after injection of
cadmium. Urine was collected for 24
hours in each animal. Values are mean+
SE(n=10). *p<0.05 and **p<0.01 compared
with the control.
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Days after injection

Changes in concentration of urinary total
protein after injection of cadmium.
Urinary total protein was measured in
the 24-hour urine of each animal and cor-
rected by urinary creatinine concentra-
tion. Values are mean+SE(n=10). *p<0.05
and **p<0.01 compared with the control

W *

Days after injection

Changes in superoxide dismutase(SOD) activi-
ty in renal cortex after injection of cadmium.
SOD activity was measured in renal cortex
and corrected by protein concentration.
Values are mean+SE(n=10). "p<0.05 and
*p<0.01 compared with the control.



= 24U 0.69+0.10, 0.66=*
4 2 0.63+0.14 unit/mg creatinine ZA] tj
o w8l Z+z}+, 220 %, 210 %, 200 %= A
g A S7Fet o (p<0.05), 8UHE
MAsl ZHadte] xwe] FEZA FE5H AT
(Fig. 1). &= 9 =& 19, 49 2 8] 0.22
+0.01, 0.27+0.03 2 0.23+0.02 mg/mg creati-
nine 24 izl B8 ZZF 130 %, 160 %,
140 %2 SAtHoz fostA F7relIx vzt
Z+, p<0.05, p<0.01, p<0.05), 2¥3 16¥l= W
273 Zol7b AtHFig. 2). B AdAF oA
NAG 84z S7PF & o9 vxo] 7t =
719l el e Fdellen F7HIER =0T 24
A7 232 199 3.66+0.32 ml/24 hrs 24 U
279 40 %2 BATHORE Ko FAsEI L
™ (p<0.01), 16¥el= 12.59+1.29 ml/24 hrs =
A iz BlE 140 %2 BATgRc® ol
Z7FE AT (pC0.05)., (Fig. 3).

dx
i |o
fru
Jo
Lo
ol

Ao Ao 2338 SOD FAAE=E 19 235.11
+18.50 unit/mg protein 24 WzxT9 64 %=
SAgH o2 foJatA HastAtiHp0.05), 24
I 4do= dxzw £FEoR IEEH T, 8dd+=
542.40+30.96 unit/mg protein A1 thEFol H]
) 150 %= BATHoz foad ZrtEoen
(p€0.01), 16¥olle HA] b o2 H4sts
tH(Fig. 4).

7tesw A=
Z7lll= 24
2 Ql8te] p2-microglobulin, retinol-binding
protein® B2 AEAtg Tyt EYHo2 e
UARE OS2 E A Solls A $£4do] Bhky
o] albumin®} transferrin 2 1LEAE Tz
7 vl EE 238 o (mixed-type protein-
uria) & EItk wEbAd A @A diins Jl=H
AEES 2719 gt = e U AETH A

% (biological marker)® gl Al&¥1 o} =

2lFe] 24 M=40M superoxide dismutase?| E#M8E #Hs}

& NAGE o9 2A=H Axe] ns=z ¥¥s)
£ lysosomal enzyme®. 241 £2+2(120,000 dal-
ton)o] AX AFFAE B B3Rz FE 29
AN AX BolHor zgdte SHEEE
Ak Aol AjtshH, k=gl o7t AlEAdelA
8% gl wl- WIZSHA Frtele BoE g
2 9ltH(Chan & Rennert, 1981: Kawada et al,
1989; Goyer & Cherian, 1995).
2 AFoM 25 NAG == 7l=F A &
19, 24 2 4of], & 9 F=e 1Y, 49 2 8
BAGgH R foJaiAl S
of Zt=Fe o s FAAE TAHAS S
d F Ut 8F F I FEE 44U HuAE
= = 19 H3aXE
Ho] 7l=g A=A Z7dE 2F NAG A=
Hlg] B} 7)ol F7leksitt.
24AZE Q#Fe 1do] ET9 40 %= Ao

%% FMEE F3E Rdh ASF Al

M =] AFE ool o3 Aoz FHstm 9l
t}(Chan & Rennert, 1981: Squibb et al,
1984). 3t Nordberg £(1975)2 1.5 mg/ke &
2] cadmium- metallothionein® FAHE AH

H

o] FA=gel oI ATAS o3t Aol 7t

W ARER 40 %7h 49A ADE e AnA
o ol% Aow Y.
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(antioxidant system)e] #17 A
o Fohsk A @ziksiebgo] R Eo] AlEZe]
A &%, 7153 el 2 AR FgErta a9k
tH(Maestro, 1980).

Fh=goll 98 M £ Jt=Fo] AFHo=
NAaREr] S TR EA YERYAY, A
2FE719 AAE Fste ISV JAH R
j PRz AEY AhREire vxrt 5718

e F de Ao, HAY AS=
Amoruso £(1982)3% Zhong £(1990)0] F33t
M3 dA)F}, ol5L FtEFY AR A4
S B3 AT AES Bl Ft=go] 7
superoxide anion(O, )3} FE8l4=4E AYAAIZITH
o vk 2ev 2o JHdE FAg Ochi &
(1987)2 #7370 A=lzAelA CdCl, Fele 7}
ZEE AAE FEAY AT =] gl7] Wi
of AFHCR AafE7E ALY F flon Jl=
Foll o3t AlZU AAaReE7] TR Sk kst
Al JA 7|8k A At AT

2 AN E 71=F FAF F 194 SOD 4=
7F dl&Te] 64 % F7A Aoz folsi
AAERH, o= vt 2 AEE dFe=
g o] AEH 9 FEAIEEAE BYS
Yet et (Jamall & Smith, 1985;
Manca et al, 1991; Shukla et al, 1987; Stajn
et al, 1997). SOD &4 =7} 1€ dA3] Al
e 95 NAG S EE x5 B3 2443
[ F43] A HoR Hol =g Al54<]
W27 A4 SOD S =7 JAl=+= Fgo] T8
3 JgE e HAeE AAHEY. F, Jl=Fol
SOD &4& At a2 A3 2AxH87](0,)
o Z7PF AlEAde Ao ARAQ] 9&E 3t
< 3o 7 QYzrdr
39 AXFoA SODE AZAY EAstE Cu-
Zn SOD$} RlEZ=gollo] EAlskH= Mn SOD<] 2
7 FF7F e Aoz gelA slem(Fridovich,
1978). ©] & CuZn SOD7} Algd#follA Fh=Fol
LEHW ofdde] =g R tiR]Ee] 540 S4=

7F 94 e AHEdE 2aEBjerrum et al,
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1991 Kofod et al, 1991)< &3l ©] dAjelA &z
H SOD 8= A dide] A9t

SOD gAd=o| it 7l=fe Iz FHst,
Koizumi®}t Li(1992)+= 30 #mol/ke &<l CdACl,
18] 57 FAL3E # 9] mho|A 12417 3 13]
dot Av, thE ksl G459 A== W
oy SOD g4=& WHert glvtn sk,
JamallZ} Smith(1985)7} CdCl,E 200 ppm %
2 30¢3r B3 3 FolstuA 289AFEH 743
5 mg/kg &2 WY FaFAL & FH ol Az A
7+ ¥ 13 ##EE A+ Shukla £(1987)°] 0.4
mg/kg &2 Cd-acetateE 30€7t vid 740 5
ARt & 3197 Ao Hx4S 13 #EI AT,
Manca £(1991)¢] 0.5 mg/ke &2 CACLE 14
AR 23] BN FARE Ho b AlxAs
2~T2A17F B At AF 9 Patra £(1999)¢]
0.5 mg/kg &9 7l=5S ML W B2 =
A FHel zF 4l @ nxAe FAZ AN
SOD &A4=7F dAEY 391, Gupta £
(1991)°] 3 me/kg &3] CACLE 13 7 FA}
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Bl A L <A

FEE ASE Fol YA elel 2544 SOD

YYES BRAGON AR guE AAE HlF

gort ¥ 18] #aF Aol Tl Atk
@9, & o

7h-< EAth

N
J

>
=
32,
fd
N
i
>,
)
o
o
rr
ol\
N
i)
rr
02
o
o,
32,
&

A @717

Fo% YUY L A Ak,



swpe] Msjo] g A5 SOD
BEsk AA e AL As] FAlel B
Hom folsbl A=A, 8Ll 23l

Froz felsl Z7kEn BAC ASY A
% HEEE e BowA, SOD #4Ee
shs 254 AEEe] WS VAT ABY]
&8 ueAT,. o1 $l 27191 SOD 44
Ae AER 0, T2 &

2EY 2R QY A=A

X

Felof

g

(rebound phenomenon) 2.
o] H o]te] Ao RNE AEE Hosd
gtk aEln A9dR o F
Al T =gk FF7HA
sk, 7t=w FAF F Jt=gol
o8 o el §4 4549
el 7143t e A2 A

Al

8 3 ¥ 19,
Qo)A SOD LA 7}
a9n A4 AR &
e 240 08 9 A
wele] Thew e Ane

Aot Seg FrEE

SelM 1<,

o Feo] Wit Hls| x7]d
Eha ®ske = 3t SOD g% 1‘”01] 574]?5}
A= AL, 8°‘°ﬂ
= L

4=

flos

Flo| 24 M=40AM superoxide dismutasel| M8 s}
TS 27|de dAstn Frlde 238 7t
AlZ1H 53], 27] SOD EA4x=e A7} 7t=Fl
o 34 Asgel Wl ARd 4L @
e S AlARE
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