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Effect of Cigplatin on the M etabolism of the Reactive Oxygen Speciesin Kidney
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Abstract : Cisplatin, an antitumor agent widely used in the treatment of a variety of human
solid tumors, has nephrotoxicity. To understand the mechanism for the nephrotoxicity, oxidative
stress markers levels and activities of antioxidative enzymes were measured. Sprague—Dawley
rats received a single intraperitoneal injection of 8 mg/kg of cisplatin and sacrificed 6 days after
cisplatin injection. When mitochondria was exposed to cisplatin, the oxygen free radical
production was increased depending on the exposure time. Cisplatin treated rats showed the
increase of hydrogen peroxide levels and xanthine oxidase activity in serum. However, catalase
activity was decreased. The mRNA expression for renal superoxide dismutase was decreased in
the cisplatin treated rats. These results suggest that cisplatin induces nephrotoxicity is
associated with the production of reactive oxygen species via the changes of the antioxidant

enzymes.
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320—360 go] ¥+= Sprague—Dawley£9] & &
HAE AMgetlon 2 For Yo Adstalt
xre T 5 R A5 12207 440 &,
5% ethanolic saline &% 4 mLe} A ¥+ 1
mLS EFUE FY&, 72 A F 5%
ethanolic saline €95 tAl 4 mL FAFSE o5
ﬂJ- TFAF & 69l FAE JYAA S AE3
7t =4 N 82 AFE8F9I T Cisplatin £+
AY FE7HA AEF F 5 vhElE Rybak
o R [3]el wep AE 12417 F4A17 &

5% ethanolic saline € 4 mL¥}, AF kg3 8
mg9 cisplatin (Sigma, St. Louis, MO, #]=)&
A A9 1 mLel 5o R FY350 . A
Z FAF 7247 E} Al 5% ethanolic saline 4
/\} 6°‘°ﬂ HAE J"@/\]
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2. N =R F

ol w20 AH = 7R ether wh stoll
A Algstglon, B olsmo 2R Jds A
gto FE AT, s A& AE
S Jlo A2 oA 307 WA & 3,000 rpm
o7 10#1F st 3= 0401 4L A
SR ARSIt AES A RNAE F9 8171
A7EA] A A 2ol B skl

Cisplatin®] ¢]gt 84 AtA A 588 H7tst
71§13l 20—45% (w/v) sucrose linear density
gradient &8 AFE-3te] 1 XA O R HE HES
Tlof #2& Heatlth

3. RNA 22|
A 22 50 mge 1 mLe RNAzol™B &<

(Biotech Laboratory, Houston, TX, 7]=)0. &
+A43A 7 = 0.2 mL2 chloroform< 7}&ko] A



Z3tsto] Ao
ML 4TeA 12,000
X g(average relatlve centr1fuga1 force) & 15
3 A st §718 %S DNASH wAl€
= AAstL, FE&H45] RNAE &3t
10819 7.5 mol/L sodium acetate® 7}s}1,
%’%M isopropanols F7Feto] A&oA 10E3t
H2gk 312,000 X g2 1587 YA E g5k
RNAE HAAZ T 748 RNAY] 75% ethanol
wH|2 E8E & 7500 X g
w2]3ke] RNAE A% PB}U Shds
th. 712%¥ RNAE RNase—free
T, gstol AR E ARSI

A4 AL nEZEE oS o] g8t H]
g9 2", 7' —dichlorofluorescein diacetate
DCFH-DA)7F &34 9 2' 7'—-dichloro-—
fluorescein® A3t = =& 748 YER Sl
tH15]. &, vEZ=gokE 96—well plateo]
8k % 20 pmol/L 2',7'—dichlorofluorescein
diacetate (Sigma) & A g|3te] 457 37Tl A
HES AT WS F 100 pL9] cisplatin(0—100
pmol/L) & A2lste] 37CoAM 608 &<k 5% 7H
AoE YHALE SAHSUY. ol FFE+E
VICTOR® multilabel counter (PerkinElmer, CT,

n=) 2 Sl

5. Malondialdehyde&2f =3

dialdehyde”} thiobarbituric acid®} ®F-&-g
Bues 248 535 nmol A A&
thiobarbituric acid assay " [16]¢] 2k th.
<, A8 E 025 N @A 0.375%9
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Akl A& A5 FFEE DU 650 3%
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Al (Beckman Instruments, Fullerton, CA, 7]=7)
£ ol &3] 535 nmelA FAEAT AR F
malondialdehyde 5+ 2F S3 A4 1.56 X
10° Mm% Abg o] Aarateleh
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Superoxide dismutase FA & =
xanthine oxidase® superoxide anion %
system & Z AF2-3}o] nitroblue tetrazolium< 3
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43190 o] g4 1 unitys §49S ¥4 &2
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glutathione &2 ¥ t}. o] Zo] glutathione
reductase®} NADPHe 23 393 glutathione
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11. cDNAS| &4

Total RNA®] oligo d(T)ws, 10 X buffer II,
MgClz, 10 mmol/L dNTPs, 20 U/l RNase
inhibitor, 50 U/pL 9 HAF 3 a4 (Roche
Molecular system, Basel, 29 2) & A7}ste] F
% 20 pL7F S A ¥ a1, 42CoA 1TAIZE 59 vHS
Al713L, AL %%:?i o A& AAGH 28
99°ColA 53 dwiAdste] cDNA Fdute= ¥
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A A)8le] superoxide dismutase mRNA2 13
of -5 ZAbsIGITh TR aL AN FAE
cDNA 1.3 gLl 10 X buffer II, MgCle, 10
mmol/L dNTPs, Al ¥ A | 5 U/gL Tagq
polymerase, &AL Wbg-=& H7bsto] HE 20 p
L7} " A s v. DNA 5% & thermal
cycler(GeneAmp PCR system 2400,
PerkinElmer Co.) oA 94T~ 5837 AA 2 et

3 94CoA 187+ WA (denaturation), 60Tl
/\1 187t annealing, 72T A 127 9%
(extension) 3o o] & F 283] Aldst & 72T
A SRR A% kg Frbsklth ol H g vk
3t 3 A% 2329 superoxide dismutase©]
o 3t 449 base pair#xd W E 3l
superoxide dismutase?] ¥d oJFE s3]
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13. Glyceraldehyde 3-Phosphate Dehydro-
genase?| &téd

Cu/Zn superoxide dismutase®] tjgt A3 2
HE5 71A57] Y5t 2722 glyceraldehyde
3—phosphate dehydrogenase (GAPDH) & A}&
3} th GAPDHS sense Al'#Ae] 7] L2 5
‘—~ATCACTGCCACTCAGAAGAC-3'¥
antisense Al %A & 5 -CTTGCTCTC-
AGTATCCTTGC-3'c] HE5 guto] L Ho}o]

T AFsiglon, o] & o] gste] WA FHA
2 A kS Ao GAPDH mRNA?] 23
o5 XA THEL AANEE FAH
cDNA 1.3 pLe] 10 X buffer II, MgCls, 10
mmol/L dNTPs, Al ¥ A, 5 U/gL Tagq
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L7} EA stSlth. DNA %< thermal cyclerel
A 94CeA 57 AAFT F, 94Tl A 1831
HA 60To|A 187 annealing, 72TColA 127+
Agato] F 283] Alde & 72Tl A 5#1F
He& F7keksith oy § Rk3& &35t
GAPDHe] t3t 512 base pair#g] WS &<l
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14. M7|93

1.5% agarose geld] 1 X TAE(Tris base,
glacial acetic acid, 0.5 mol/L EDTA) ¥z
HFE ¥% 0.3 pg/mL ethidium bromldes: AH-g-3F
gom =dgh AY v ¥ESEE 20 pL9 100
bp size marker(Gibco BRL, Grand Island, NY,
=) 5 uLE 100 V (12 X 14 cm, 4.5 V/cm)
A5 stellA 304 Fe AV Ee &, A9 A

o Al AbZ &S &%t
15. Superoxide Dismutase2| SMAl gsl M=

Superoxide dismutase®] t]d mRNAS] g&
A %+= Gel Doc 1000 Video Gel Documentation
system (Bio—RadAl, Hercules, CA, v]=) oA
9] superoxide dismutaseel] 3+ F=E 27t
9] GAPDH =& U9 relative indexE 3}
of Alxtatsitt.
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Cisplatin®] &3t v|EZ =20} 9] EgikAa
AL Figure 1o Yebfglitt. Alzte] wheh 24
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d 4 9 malondialdehyde %+ Figure 2%}
2. 2794 malondialdehyded &%+
38.85 £ 1.85 nmol malondialdehyde/mL©] %1 2.
] cisplatin & < 36.39 = 4.40 nmol
malondialdehyde/mL=E 2] st }o] 7} §1 %l .
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Fig. 1. Effect of cisplatin on the production of
oxygen free radicals in mitochondria.
Mitochondria was treated with 20 zmol/L 2,
7'-dichlorofluorescein diacetate. RFU:
relative fluorescence units.
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Fig. 2. Maondialdehyde levels in serum. Control
(n=5): control group; Cisplatin (n=5):
cisplatin treated group. MDA: malon-
dialdehyde.
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Fig. 3. Hydrogen peroxide levels in serum. Control
(n=5): control group; Cisplatin (n=5):
cisplatin treated group. **: P<0.01 vs.
Control group.
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Fig. 5. Catalase activity in serum. Control (n=5):
control group; Cisplatin (n=5): cisplatin
treated group (8 mg/kg. i.p.). *: P<0.05 vs.
Control group.

239 FAasFL F5E 0.50 £ 0.05
mmol/mLo] 2.1 cisplatin A &2 Ak
2 FEE1.03 £ 0.19 mmol/mLE thzxo] H|
& oF 2u) F7hatalth(P<0.01).

4. Y0 A Superoxide dismutase?| EME

P o9 superoxide dismutase =&
Figure 49 Zo. ot =3 9 superoxide
dismutase ¥ T+ 96.94 £ 2.77% % o1,
cisplatin g 7oA 88.31 + 14.81%% 9
gk atol 7k itk
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Fig. 4. Superoxide dismutase activity in serum.
Control (n=5): control group; Cisplatin
(n=5): cisplatin treated group.
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Fig. 6. Glutathione peroxidase activity in serum.
Control (n=5): control group; Cisplatin
(n=5): cisplatin treated group.

5. @30j|M Catalase? &M

A oA catalase B4 £+ Figure 59} 2Tt
)z 7ol A= 3.66 £ 1.22 mmol/min/mLo] 2.
o cisplatin A g FdAH = 2.13 £ 0.67
mmol/min/mL2 thZ"o| H]3) catalase 9%
7} 98 2748 THPL0.05).

6. &3 0| A Glutathione peroxidase?| &M=

g oA glutathione peroxidase A=
Figure 63 #Zth. of &+ 9 glutathione
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Fig. 7. Xanthine oxidase activity in serum. Control
(n=5): control group; Cisplatin (n=5):
cisplatin treated group (8 mg/kg. i.p.). ***:
P<0.001 vs. Control group.
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Fig. 8. mMRNA expression for renal superoxide
dismutase. Control (n=5): control group;
Cisplatin (n=5): cisplatin treated group (8
mg/kg. i.p.). Relative index was defined as
the ration between SOD and GAPDH. 1 and
2: Control gorup; 3 and 4: cisplatin treated
group; SOD, superoxide dismutase;
GAPDH, glyceraldehyde 3-phosphate
dehydrogenase. *: P<0.05 vs. Control group.

peroxidase &4 T+ 145.23 £ 82.25
o cisplatin g Fo =
101.86 nmol/min/mL=Z 2]+ #}o]
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7. 8@&0|M Xanthine oxidase2| 4%

3 9] xanthine oxidaseq ¥4 T+ Figure
73} 2t} £ ol A xanthine oxidase ¥4 E+
15.62 £ 10.02 nmol uric acid/min/mLo] o1,
cisplatin g+ 117.71 £ 14.16 nmol
uric acid/min/mLZ thztol Bl& ok 108) F7}
S TH(P<0.001).

8. Superoxide dismutase/GAPDH2| mRNA
el

A 24 A4 9 superoxide dismutase®] Tl
3t mRNAS 238 AT = Figure 83 7t}
Superoxide dismutase®] th3t relative index&
Hags o, d2dodA s 0.5801%0H,
cisplatm AgFAM = 0.41%, cisplatin A2
A mRNA %&d JE=7F FoatA assdch
(P<0.05).
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Cisplatine o2 §&F[22-23] ¥ of 2}
S2H[24-25]¢ disiA A=54E YERde] 1 A}
go] AetE 1 9t} Cisplatine] 98 fitd A%
Ad& cisplatinell 93l AJAE &g akaol ot 71
o7 ¥ A dri[2-4]. o] AF= cisplatind] <
3 ANFEGA G A WsE gelst] 9
ato] 3ol

o] Ao A+ cisplatin®l] &3 &AJAka AA

Oz

% ¥ 94 Aokl DCFH-DAE ol §-3to] 574
sttt o] S4%2 DCFH-DAZF wlEZ =2 o}
ool Agtsto] cisplatino] o el 7€ &g 4ka s}
whestel Ues 94 S4ste] Sdata 44
AEES ot WA [26]clth. o AT A

cispaltin % zpojol ot & A A=
o2 g7k gl o cispalin A 2] A 7to] Z7bed
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malondialdehyde+ =323k HAEe] A%<l
SRb3-o] HFAEE AFSA &4 ZA Aot
[27-28]. o] AAFA cisplatinell &3 d& W
malondialdehyde ¥%+ ¥g7t 919ith. o] @4
& o] Agwtow Fdlojgt Bt FE] &
gem o7 A& Ftetokof st o] ATt
A A9 sl IS A= cisplatin £
o] Ao A oF 2u) Ttk o= 24 W A
AE Bast ATt e gaEE 7] 9ol
cisplatin £o17 ¢ A AL G4 A o)
S7He 07 Al "

Superoxide dismutase, catalase %
glutathione peroxidase9} &2 dAitst a4Ae &
Ak A e TP AR A% [29] 2, superoxide
0] &2 superoxide dismutase®l] &3] ZHAka}
A2 uH Y, FAg ¢ A= catalasedt
glutathione peroxidase®l| 93 F3|st &= ©3%
HAH[30-32]. o] AFoM dH W superoxide
dismutase FA T+ thx ¥ cisplatin Fo]7* A

oo &= Aol 7} YR o v catalase B EE
cisplatin Fo] oA o & o w FFasgl o
glutathione peroxidase i‘f’“EOﬂb o st Wst
7b A ok, Ichikawa % [33]e] w29
superoxide dismutase2] 3‘5“35 Z7h= FAakska
20| TS ek AoE delA oy o A
Tol A cisplatinel 9 FHAatst5ie Sk
catalase SAEC] Ao 7S Ao7 A7zt
t}. g g4 Y xanthine oxidase: thE

H 3| cisplatin £ oA 100 =2 A EE Y
e 9lt}. Xanthine oxidases A AL =
superoxide radicals A7 a4 [34]%*1
xanthine oxidase 49 Z7l& <3 Z7l9 &
T G AxTH AR T **&% z%}—t— Aow
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superoxide dismutase ¥4 Z4AE superoxide
radical®] #Aitsl AR AEE At O 2H
superoxide radical®ll & A E4do] 2Fd A
o] opd 7} A7 H Y £ ehA = ot

ojAbe] B3 A iy A Az Hof
cisplatine catalase €4 AatAl7] L, Sd4t4
A& F8HE xanthine oxidase 84& 714
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Cisplatine FU4AIZ ] AREE I Q1o Al
ol FAEE 2Yske AoE 4HA ok 1
gy I =AY 71 B o] QA
Cisplatin®l osk A1 =4 9] 7145 qtgat7]
sto] AHES hx a3 cisplatin T 0.2 UiE
o, AbsEA &2Fe] v A= cisplatin®] F¥FES FA
3t7] 918to] cisplating Fold Ao dYOow,
A3 4 malondialdehyde 2 @Atst a9 &
N5 =489t Cisplatindd] 93 nEZ=g

of Y AL S Alzte]l AREE Frtst
Ao} cisplatin X oA E= A A
o= 2ol 7} Ath. A A malondialdehyde
T2 Aol fllon, WA FEE Hx
7o H]3l cisplatin FolTelA F7FeFsith €%
9] superoxide dismutase 4 E+= HUHE Aol
7b 9%, catalase AT
cisplatin Fo oA Fog AE
Glutathione peroxidase B x+ F 3kl
st X}O]ﬂ 2111, xanthine 0X1dase %""JE
Z
of| A 9] superox1de dlsmutaseoﬂ fﬂ?l mRNA I3
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