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We examined the relationship of reactive oxygen species and intracellular calcium in renal failure induced
by an antitumor agent, cisplatin. The level of plasma creatinine, blood urea nitrogen and urinary excretion of
y-glutamyltranspeptidase as an index of nephrotoxicity increased 72 hr after administration of cisplatin. This increment
induced by cisplatin was significantly inhibited by a hydroxyl radical scavenger, EPC-K1. So, we investigated influence
of deferoxamine, a chelator of iron which is associated with production of hydroxyl radicals, on nephrotoxicity induced
by cisplatin. In the experiment using rat renal cortical slices, cisplatin increased lipid peroxides and decreased the uptake
of an organic anion, p-aminohippuric acid (PAH), into renal slices. Pretreatment of rats with deferoxamine inhibited
the increase in lipid peroxides and recovered the decline in activity of PAH transport to renal slices. Furthermore, we
examined the relationship between renal cell injury and intracellular calcium concentration in LLC-PK cells treated
with cisplatin. Cisplatin increased the production of reactive oxygen radicals, superoxide anion, in LLC-PK, cells. The
enhancement of reactive oxygen species production and cell injury by cisplatin was suppressed by calcium channel
blockers, nicardipine and efonidipine. These results suggest that the increase of intracellular calcium by cisplatin causes
a superoxide anion generation and iron release to promote the production of cisplatin-induced hydroxyl radicals in renal
cells.
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AL A R L A XU DNA fEER EHED >
TVWBTEMREEINTVS. 710 ZOHTh, g
LA N LV RIGT AT SF NS KB TR =2 RiF
HICBLEGLTWA LOMEEH B D, B
FERETFICB O TEERHEHZRI-L TS &
BHLNTHS.

—75, %< OMfaREEICHIIEN AL S T LEE D
ZHHBED->TWB T EMHIBENTWS. LHL,
VAT TF KB BMBEEICNT B LT L
DFENTONTIE X Do TR,

B ERBUCIE B ENED S EEZ LN T
5205, Ty NEANDYVRATTF KD
BB HFANOTEMERE OB G & T DFEERERICDNT
ATz PRET, TR AN OMBN ALY
LSS DZSH) & OBHRICDWNT, AL LK
B W TIHANTz.

2. BE

SEEREN)

FERICIZIAE 180 g ~ 230 g D Sprague-Dawley
(D) REEMET v b (HAZ ATV Y —) Z AWV
WY 12 WERIEAE, 12 WeREEAT, HiR (24°C*
D, 18E (65 +5%) OFFETHELE. &,
EE2LILY/ES N IE SRYNC S IEY/ES 7 i 1)
Tiro 7.

YRS

SD RIEMET v Mk, FEEHRKERE LR,
AT T F 2 (3.75mg/kg, 7.5mg/kg) G L
PR EUY A TS5 > (7.5 mg/kg) 1< EPCK1 10
mg/kg O LIRS TR ZfTo 7. X
TIFVIIRERE DG L, EPCKI 3Y AT Z
F R GEHBIEEANRG L. Y AT S5F0#E
48 % & © RE@Hr — TN T 18 KRR IR 217 >
Iz,

Eld\ D ERE

Rz, PREARHIE LB 2170, R
® y-glutamyltranspeptidase(y-GTP) 7 Il & L 7z.
S8 W) % 5 72 W [ £ I pentobarbital (50 mg/kg,

iLp.) Bk T, R % 17 > 7. BUN & Coulombe
& Favoeau D LT, MBI L7 F =V iEE
& Jaffé i CcLbtaE & L7z, y-GTP O HlE I &
y-GTP C- 7 A b7 a— (HDEAISE ) 72 vz,
BREVADABES LA VFaR—y 3"

BFrL— AT 7 2o FY I 2 (DFX) 200
mg/kg (iv.) & 2 W EHEE/KZRS 30 77141
SD RIEMEZ v M X OBz L. BiKOH
BB KX UHEZRE L, KREHOYIR 2k L 7.
BREYIF I, 37°CT 100%EEES FIcHBWT,
VATTF 2 mM BB 50 uM Fe-EDTA 7%
FUHLZVEEFTELVKIGHE (11.5 mM 7))L
— A& HEPES #% &% (1.2 mM MgCl,, 134 mM
NaCl, 5.9 mM KCl, 1.5 mM CaCl,, 5.8 mM HEPES,
pH 7.4)) I CT—ERfE A > F a2 X—> g v L.
AVFaN—T g V%, YRBXOKILEZ B
L, BHlGEOERE U TBEEY F\DOERK
95537 77 2/ BRI (PAH) OB REZRIE L.
X7, HHEBEOMS YIS hOEBLIEE R
HET B LickomatLz.
Fe-EDTA SASI5E

50 uM Fe-EDTA i, 50 uM Na,H,EDTA VA &
50 uM FeCl, /Al Z2FRiET L.
BREBUYRNDINS 7 X/ ERE (PAH) DEX
DIAMEED

B EY R @R AV F a2 RX— 3 Vg,
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0.3 mL I TBA &3 (0.375 % TBA, 0.25 M HCI,
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MRS, EOEEZ T NZ D E7%Z 535 nm i
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(LDH) D8I

MifafEE O E LT, Mildh S RN EEEE L
7o LDHiEMZIE Uiz, Y AT 5 F VIRGIZIC
Bl U 7z 85 725 00%, 2 O _BiEIC DWW T LDH #]
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el
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VATTF 375 BXU 7.5 mg/kg G K
B BIENDEB DNV, Y AT I5F VI,
Fw bANOEE 72 EEZRICBWT, HEKEF
g7 L7 F =B XU BUN K &7
(Table 1). ¥£7z,7.5 mg/kg D> XA 7T F U #HZ,
PRANE D3 E 5 72 320 % & Z D RN OHE & AV
K9 5% v-GTP Ot E & AT B (Fig. 2). D
VAT T F UKD BRENDIEIBROM 5%

FHARNBEHWT, e ROF VT IHIVAINY
¥ —EPCK1 DFZBICOWTHE Lz, Y ATS5F
N K% BUN BXUFRFND y-GTP HEft &R,
Wine EPC-K1 I & b il E 7z (Figs. 1, 2).

Table 1. Changes in urine volume and renal function in
rats treated with cisplatin
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The urine volume, plasma creatinine and BUN were measured 72 hr
after cisplatin (CDDP, 3.75, 7.5 mg/kg, i.v.) injection.

Data are the mean + S.E.

* p<0.001, compared with control.
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Fig. 1. Effect of EPC-K1 (EPC) on the increase in blood
urea nitrogen (BUN) induced by cisplatin (CDDP)
EPC-K1 (10 mg/kg, i.p.) was coadministered with cisplatin (7.5 mg/kg, i.v.).

The level of BUN was measured at 4 days after the injection of cisplatin.
Data are the mean + S.E.
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Fig. 2. Effect of EPC-K1 (EPC) on the increase in urinary
excretion of y-GTP induced by cisplatin (CDDP)
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EPC-K1 (10 mg/kg, i.p.) was coadministered with cisplatin (7.5 mg/kg, i.v.).
The level of y-glutamyltranspeptidase (y-GTP) in urine was measured
at 4 days after the injection of cisplatin. Data are the mean + S.E.
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VAT T F N K BRI LT EPC-K1 A R
MR R LIz e s, YATTF UM Rt
VIV I IIVDELE R T TV S AREENE
ZbN3. 2T, L RaFI VIV hIVELERE
HETZEEZLNTVEHAA OB GZEFL
—FEIF 7 zaF Y I U EMANVSC LI XD RE
Lz, &7z, 77280839 I VO ENgFL—F
ICKBENRTH S L ZMERT 5 HINT, Fe-EDTA
WX BB TN, Iy NEREYIFICE
W, YATSFUEXU Fe-EDTA I3 & &I iBfE
{LHEE (TBARS) B2 KE ¥z (Fig. 3). TNH D
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X TMRIE N, BEREYRANOE#ISH PAH O
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ThHole. VAT TF2Iix LI K% TBARS K%
R Ller 7 zaFy I, YATSF 0BT
Fe-EDTA IC & % PAH ikl #E & ARICHIE S &7z
(Fig. 4).
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Fig. 3. Effect of treatment of rats with deferoxamine (DFX)

on the increase in level of lipid peroxide (TBARS)
induced by cisplatin (CDDP) and Fe-EDTA in kid-
ney cortical slices

Slices were prepared 30 min after the injection of DFX (200 mg/kg,
i.v.) to rats and incubated at 37°C for 60 min in medium containing 2
mM CDDP and 50 M Fe**-EDTA. Data are the mean + S.E.
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LLC-PK, Z WV TRz, ¥ AT 5 F > 500 u
M 7% LLC-PK, i 1, 3, 5 RFfMBE#ET % &, KER
A7 A IR PN OO 16 PE RS R PE A B KAV L S e
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Fig. 4. Effect of treatment of rats with deferoxamine
(DFX) on the decrease in uptake of p-amino
hippurate (PAH) induced by cisplatin (CDDP)
and Fe-EDTA in kidney cortical slices

Slices were prepared 30 min after the injection of DFX (200
mg/kg, i.v.) to rats and incubated at 37°C for 60 min in medium
containing 2 mM CDDP and 50 yM Fe?*-EDTA. Data are the
mean + S.E.
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Fig. 5. Time-dependent effect of cisplatin (CDDP) on
reactive oxygen species (ROS) production in
LLC-PK, cells. LLC-PK, cells were incubated
in serum-free medium containing CDDP (500
puM) for 1, 3, 5 h.

Values represent the mean + S.E. *p<0.001 compared to the
respective control.
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Fig. 6. Effect of calcium channel blockers on increase
in reactive oxygen species (ROS) production in
LLC-PK, cells (A) and cell injury (B) induced by
cisplatin (CDDP). LLC-PK; cells were incubated
in serum-free medium containing CDDP (500 uM)

with or without calcium channel blockers for 5 h.

Values represent the mean + S.E.
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7z (Fig. 6A). F7z, TEMMRELEBRKZHHIL 72
ZHNWIEYRIRZVE VR, YATSFUIC
X % fifabE S & #1] U 7z (Fig. 6B).
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VAT SF K BEREND IV LD
BRBT ZMEND D, FIVT T LEFUEERTLE I
X0, YATFF X BEEEDER S NI L H
HEINTVD. D = TUVRATTF K% B
WAV LSS CHET 2 LomEE T T
5. "W Kim 5, BREYIFZHWEIEBICEBWNT,
VAT T F GERB IR E R O A/ 2L >
U LR ([Ca%) 2 LA &, M2 KT EE
e, VAT ITFUICK B [Ca¥] O LRI
M RIMAZ CH > T MG LTS, 19 2D
KV AT TF KB EBFERBCENT, I
MR & [Ca) Z28) &L DBIRIC DV TRV ETEH
5N TIEAEN



134

B, [Ca¥] HME RN THD, BREEZS

W72 < OMMIAFEREDHIENICBID > TWVa. 2 2D
[Ca?], ® FFIITEMMZRIC X B BpEHL Lic Xk D]
S ENZLOWENDHS—HT, [Ca*] D LF
A, RO R AR RS T LWL L 5B,
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ABRITIE, HIRE AV LR % T REME
NEZBN5.
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