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Abstract

Cisplatin is a widely used anticancer drug, but it can produce undesirable side effects such as nephrotoxicity. The present study

investigated the effect of xanthorrhizol isolated from Curcuma xanthorrhiza Roxb. (Zingiberaceae) on cisplatin-induced nephrotox-

icity in mice. A single dose of cisplatin (45mg/kg, i.p.) significantly elevated the levels of blood urea nitrogen, serum creatinine, and

the kidney to body weight ratio, but the pretreatment of xanthorrhizol (200mg/kg/day, per os) for 4 days significantly attenuated the

cisplatin-induced nephrotoxicity. The preventive effect of xanthorrhizol was more efficacious than that of curcumin with the same

amount (200mg/kg). However, this effect seemed not to be related with the ability of xanthorrhizol to regulate the DNA-binding

activities of transcription factors such as nuclear factor-kappaB (NF-jB) and activator protein 1 (AP-1). This is first time the pre-
ventive effect of xanthorrhizol on cisplatin-induced nephrotoxicity has been demonstrated, and these data suggest that the admin-

istration of xanthorrhizol is a promising approach in the treatment of nephrotoxicity caused by cisplatin.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Cisplatin (cis-diamminedichloroplatinum II or cis-

DDP) is one of the most potent chemotherapeutic anti-

cancer drugs (Chabner et al., 1996), and has shown

activity against a variety of neoplasms, particularly head
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and neck, testicular, ovarian, bladder and small cell lung
cancers (Rosenberg, 1985). High doses of cisplatin are

more effective than low doses in ovarian and colorectal

cancer (Di Re et al., 1990; Cozzaglio et al., 1990). De-

spite its significant anticancer activity, the clinical use

of cisplatin is often limited by its undesirable side effects

such as nephrotoxicity and hepatotoxicity. The nephro-

toxicity of cisplatin is well documented as the most

important dose-limiting factor in cancer chemotherapy
(Madias and Harrington, 1978), but the mechanisms

of cisplatin-induced nephrotoxicity are still a matter of

debate.

A large number of natural products and dietary

components have been evaluated as potential chemopre-

ventive agents. Curcuma xanthorrhiza Roxb. (Zingibera-

ceae), a medicinal plant from Indonesia, has been shown

to exert diverse physiological functions. Interestingly,
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curcumin (diferuloylmethane), a major yellow pigment

isolated from the ground rhizome of the Curcuma spe-

cies, has been reported to prevent renal lesions (Shoskes,

1998; Suresh Babu and Srinivasan, 1998). Recently the

effect of curcumin on cisplatin-induced nephrotoxicity

has been studied, but failed to show protection against
cisplatin-induced nephrotoxicity (Antunes et al., 2001).

As with curcumin, xanthorrhizol is also one of the

major constituents from the rhizomes of C. xanthorrhiza

(Itokawa et al., 1985). Recently, the preventive effect of

xanthorrhizol on cisplatin-induced hepatotoxicity were

observed (Kim et al., 2004), but the physiological func-

tion of xanthorrhizol on nephrotoxicity remains to be

studied. Therefore, in this study, the preventive effect
of xanthorrhizol on cisplatin-induced nephrotoxicity

was investigated by evaluating the concentrations of

blood urea nitrogen (BUN) and creatinine, and the kid-

ney to body weight ratio. Malondialdehyde (MDA), an

end product of lipid peroxidation, was also determined

in kidney tissues. In addition, since the preventive effect

of xanthorrhizol on cisplatin-induced hepatotoxicity has

been related to its ability to regulate the DNA-binding
activities of transcription factors such as nuclear fac-

tor-kappaB (NF-jB) and activator protein 1 (AP-1),

the DNA-binding activities of transcription factors of

NF-jB and AP-1 in kidney tissues were also evaluated

using an electrophoretic mobility shift assay (EMSA).
2. Materials and methods

Animals—ICR male mice (30 ± 5g, 5 weeks old) were

purchased from the Daehan Biolink Co. (Chungbuk,

Korea) and allowed free access to a normal standard

chow diet (Biogenomics, Seoul, Korea) and tap water.

The mice were housed and kept under controlled condi-

tions of 25 ± 2 �C, 55 ± 5% relative humidity and 12h

light-dark cycles throughout the experiment. Mice were
maintained under these conditions for 1 week prior to

commencement of the experiment.

Experimental design—Mice were orally pretreated for

4 days with xanthorrhizol (100 or 200mg/kg per day, in

corn oil), which was provided by Dr. J.K. Hwang. Three

hours after the last xanthorrhizol treatment, 45mg/kg of

cisplatin (in PBS buffer; Sigma Chemical Co., MO),

which has been reported to induce nephrotoxicity in
mice without lethality (Liu et al., 1998), was injected

intraperitoneally. Corn oil (150ll) and PBS buffer

(200ll) were used as vehicle controls for xanthorrhizol

and cisplatin, respectively, and all animals were injected

with the same volumes. Since, the higher doses of

cisplatin have produced evidence of tissue damage as

early as 8–15h after injection (Liu et al., 1998), 16h

after the injection, the mice were killed under ether
anaesthesia and blood and kidney tissues collected.

The protective effect of xanthorrhizol on cisplatin-
induced nephrotoxicity was compared with that of cur-

cumin (200mg/kg; Sigma Chemical Co., MO), which

was also pretreated for 4 days. Each group comprised

9 mice, with the exception of the cisplatin-treated group

(n = 10). In preliminary study, the treatment of

xanthorrhizol (50, 100, 200mg/kg per day, in corn oil)
for 4 days has been shown no difference compared to

vehicle-treated control in serum biochemical analysis

including BUN and creatinine. Therefore, a group of

animals treated only with xanthorrhizol was excluded

in this study. All experiments have been performed un-

der the supervision of Yonsei Medical Research Center

with the accreditation of the Association for Assessment

and Accreditation of Laboratory Animal Care
(AAALAC).

Determination of serum biochemical parameters—

Blood samples were kept at room temperature for 1h

and then centrifuged at 3000g for 30min to obtain sera.

BUN and creatinine were measured spectrophotometri-

cally, using commercially available kits (Sigma Diagnos-

tics, MO), according to the manufacturer�s instructions.
Determination of kidney MDA concentration—The

concentration of MDA, an end product of fatty acid

peroxidation, was measured using the method reported

by Ohkawa et al. (1979). MDA reacts with thiobarbit-

uric acid (TBA) to form a colored complex that has a

maximum absorbance at 532nm. Kidney tissues were

powdered under liquid nitrogen and homogenized on

ice with 0.9ml of 1.15% KCl buffer for 30s. One hun-

dred microliters of supernatant was mixed with 200ll
of 8.1% sodium dodecyl sulfate, 1.5ml of 20% acetic

acid, and 1.5ml of 0.8% TBA, and made up to a final

volume of 1.3ml with distilled water. The mixture was

incubated at 95 �C for 1h, cooled with tap water for

5min, and centrifuged at 4000g for 10min. The absorb-

ance of the supernatant was measured at 532nm. Tetra-

methoxypropane was used to establish the standard

curve and the final MDA concentration was expressed
as nmol MDA per mg protein. The protein content

was assayed by a BCA protein assay kit (Pierce Biotech-

nology, Inc., Rockford).

EMSA for NF-jB and AP-1—Kidney tissues were

powdered under liquid nitrogen and homogenized in

500ll of cool hypotonic buffer (10mM HEPES (pH

7.8), 10mM KCl, 1.5mM MgCl2, 0.5mM DTT, and

0.2mM PMSF). To the homogenates, 125ll of 10%
NP-40 solution was added. The mixture was then centri-

fuged at 12,000g for 1min. Pellets were washed once

with 100ll of the above buffer plus 12.5ll of 10% NP-

40, centrifuged, resuspended in 50ll of 20mM cool

HEPES buffer (pH 7.8) containing 420mM NaCl,

1.5mM MgCl2, 0.2mM EDTA, 0.5mM DTT, 0.2mM

PMSF and 20% glycerol, and centrifuged at 12,000g

for 5min at 4 �C. The supernatant containing nuclear
proteins was collected and stored at �70 �C after deter-

mination of the protein concentrations. To evaluate the
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difference in DNA-binding activities of transcription

factors between groups, one mixed sample (consisted

of the same amount of proteins isolated from each indi-

vidual mouse) per a group was used in this study. Either

a NF-jB (p50) oligonucleotide probe (5 0-AGT TGA

GGG GAC TTT CCC AGG C-3 0; Promega, WI) or
AP-1 (c-Jun) oligonucleotide probe (5 0-CGC TTG

ATG AGT CAG CCG GAA-3 0; Promega, WI) was

labeled with [c-32P]ATP by T4 polynucleotide kinase

and purified on a Nich column (Pharmacia, Uppsala,

Sweden). The binding reaction was carried out in 25ll
of the mixture containing 5ll of incubation buffer

(10mM Tris–HCl (pH 7.5), 100mM NaCl, 1mM

DTT, 1mM EDTA, 4% (v/v) glycerol and 0.1mg/ml
sonicated salmon sperm DNA), 10lg of the nuclear

extracts and 100,000cpm of the labeled probe. After

50min of incubation at room temperature, the samples

were mixed with 3ll of loading buffer (250mM Tris–

HCl (pH 7.5), 0.2% bromophenol blue, 40% glycerol)

and subjected to electrophoresis through a 6% nondena-

turing polyacrylamide gel at 150V for 2h. Finally, the

gel was dried and exposed to X-ray film.
Statistics and analysis—Between group differences

were calculated by Student�s t-test using the SigmaPlot
version 8.0 computer package (SPSS Science, IL), with

the level of significance considered at P < 0.05.
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Fig. 1. Preventive effect of xanthorrhizol on cisplatin-induced neph-

rotoxicity. Mice were orally pretreated for four consecutive days with

either xanthorrhizol (100 or 200mg/kg per day, in corn oil) or

curcumin (200mg/kg). Three hours after the last treatment, 45mg/kg

of cisplatin (in PBS buffer) was injected intraperitoneally. Sixteen

hours after the injection, blood was collected under ether anaesthesia

and the levels of BUN and creatinine, and the kidney to body weight

ratio were measured. ***P < 0.001; compared to control, #P < 0.05;
###P < 0.001; compared to cisplatin-treated group.
3. Results

The protective effect of xanthorrhizol on high dose

cisplatin-induced nephrotoxicity was monitored by esti-

mating the levels of BUN and creatinine in the sera and

the kidney weight (Fig. 1). Without lethality, signifi-

cantly elevated levels of BUN (713%), serum creatinine

(913%), and kidney to body weight ratios (126%)

were observed after mice were intraperitoneally adminis-

trated a single dose of 45mg/kg cisplatin. However,
the pretreatment of xanthorrhizol (200mg/kg/day, p.o.)

for 4 days before cisplatin administration significantly

(P < 0.001) attenuated the elevations of BUN and

creatinine to 35% and 30%, respectively. The increase

in the kidney to body weight ratio due to cisplatin signif-

icantly (P < 0.001) returned to the base level. The pre-

ventive effect of xanthorrhizol on cisplatin-induced

nephrotoxicity was shown to be dose-dependent and at
the same dose, xanthorrhizol was more efficacious than

curcumin.

MDA in the kidney tissues was used as a measure of

lipid peroxidation. To evaluate the correlation between

MDA levels and either BUN or creatinine levels, all

kidney samples were powdered under liquid nitrogen

and homogenized with lysis buffer. A single dose of cisp-

latin did not increase the formation of lipid peroxides in
the kidney at 16h. The pretreatment of either xanthorrh-

izol or curcumin was shown to reduce the MDA level,
but this was not statistically significant (Table 1). In

addition, there was no correlation between MDA lev-

els and neither BUN nor creatinine levels (data not

shown).

To evaluate whether the preventive effect of
xanthorrhizol on cisplatin-induced nephrotoxicity was

related with its ability to regulate the DNA-binding

activities of transcription factors, an EMSA was per-

formed using the probe of either NF-jB or AP-1. As

shown in Fig. 2, the DNA-binding activities of both

NF-jB and AP-1 were induced by cisplatin, but its

induction was not attenuated by the pretreatment with

either xanthorrhizol or curcumin with the exception of
the DNA-binding activity of NF-jB in 100mg/kg

xanthorrhizol-pretreated group, which was lower

(67%) than that of control.



Table 1

Effect of cisplatin or its combination with either xanthorrhizol or

curcumin on lipid peroxidation in kidney

Group nmol MDA

mg�1 protein

% of

control

P

value

Control 1.38 ± 0.13 100

Cisplatin (45mg/kg) 1.41 ± 0.36 102 0.785a

Curcumin

(200mg/kg) + cisplatin

(45mg/kg)

1.27 ± 0.16 92 0.303b

Xanthorrhizol

(100mg/kg) + cisplatin

(45mg/kg)

1.13 ± 0.22 82 0.057b

Xanthorrhizol

(200mg/kg) + cisplatin

(45mg/kg)

1.22 ± 0.24 88 0.202b

a Compared to control.
b Compared to 45mg/kg cisplatin-treated group.
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4. Discussion

The nephrotoxicity of cisplatin is well documented as

the most important dose-limiting factor in cancer chem-

otherapy, but at high doses of cisplatin, hepatotoxicity

as well as nephrotoxicity does occur. To reduce its side

effects, the combination treatment of cisplatin with nat-
Fig. 2. The DNA-binding activities of NF-jB (A) and AP-1 (B) in the effect

materials and methods, the DNA-binding activities of NF-jB and AP-1 were
indicated each transcription factor-DNA complex and the position of the un
ural products, which possess protective effects toward

tissue toxicity, have been proposed.

To evaluate the effect of xanthorrhizol in cisplatin-in-

duced (acute) nephrotoxicity as well as hepatotoxicity,

the maximum dose of cisplatin (45mg/kg) with no leth-

ality in animal experiment was used in this study. In a
previous study, xanthorrhizol was shown to attenuate

the hepatotoxicity induced by high dose cisplatin and

its effect has been suggested to be related with the ability

of xanthorrhizol to regulate the gene expression via the

modulation of the DNA-binding activities of transcrip-

tion factors (Kim et al., 2004).

The liver accumulates significant amounts of cisp-

latin, second only to the kidney (Stewart et al., 1982),
and interestingly, at higher doses of cisplatin, renal dam-

age was evident as early as 8–15h after injection, as indi-

cated by marked elevations in the serum BUN levels

(Liu et al., 1998) and additionally this report showed

that cisplatin treatment leads to the pathological altera-

tion such as proximal tubular cell degeneration in mice.

In addition, clinical evidence of kidney injury has

been demonstrated by elevated levels of BUN, serum
creatinine and kidney weight. In our present study,

intraperitoneally administrated cisplatin (45mg/kg) to
of xanthorrhizol on cisplatin-induced nephrotoxicity. As described in

evaluated by an EMSA using kidney tissues. The filled and open arrows

bound oligonucleotide probe, respectively.
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mice lead to significantly elevated levels of these param-

eters. However, oral pretreatment with xanthorrhizol

(200mg/kg) significantly abrogated these elevations.

The preventive effect of curcumin (200mg/kg) on cisp-

latin-induced nephrotoxicity was also observed, but

was not efficacious in attenuating the elevated levels of
BUN and creatinine caused by cisplatin. This observa-

tion is consistent with the report showing that curcumin

failed to protect against cisplatin-induced nephrotoxic-

ity (Antunes et al., 2001).

In a previous study, the preventive effect of

xanthorrhizol on cisplatin-induced hepatotoxicity has

been shown to be related with its ability to modulate

the DNA-binding activities of NF-jB and AP-1 (Kim
et al., 2004). The involvement of transcription factors

in nephrotoxicity has recently been reported in a few

studies. Chronic cyclosporine A-induced nephrotoxicity

activated NF-jB and AP-1 (Asai et al., 2003). In con-

trast, mercury-induced nephrotoxicity attenuated the

DNA-binding activity of NF-jB, which could conse-

quently promote apoptosis of kidney epithelial cells

(Woods et al., 2002). In this study, cisplatin induced
the DNA-binding activities of both NF-jB (�0.5-fold)
and AP-1 (10-fold) in kidney compared to control, but

neither xanthorrhizol nor curcumin attenuated the cisp-

latin-induced DNA-binding activities of transcription

factors with the exception for the DNA-binding activity

of NF-jB in the 100mg/kg xanthorrhizol-pretreated

group. The attenuation of the DNA-binding activity of

NF-jB in the 100mg/kg xanthorrhizol-treated group
was quite interesting, but further experiments could be

required to explain this event. However, considering

that AP-1-dependent transcription partially mediates

cisplatin-induced apoptosis (Sanchez-Perez and Perona,

1999) and the DNA-binding activity of AP-1 was 10-

fold induced by cisplatin, it has been suggested that

AP-1 could be related with high dose cisplatin-induced

nephrotoxicity; and furthermore, the potential of
xanthorrhizol to modulate the DNA-binding activities

of transcription factors could be limited to the liver

(Kim et al., 2004).

Various data have indicated that cisplatin induces

oxidative stress and lipid peroxidation, and cisplatin-

induced nephrotoxicity is closely associated with an

increase in lipid peroxidation in kidney tissues (Hanne-

mann and Baumann, 1988). In laboratory animals, this
renal injury usually develops 3–5 days after low doses

(<15mg/kg) of cisplatin administration (Naganuma

et al., 1987), but little is known about cisplatin-induced

nephrotoxicity early after a single high dose of cisplatin

(>30mg/kg). Liu et al. (1998) reported that with a high

dose of cisplatin (45mg/kg), nephrotoxicity was evident

as early as 8 h after its administration, as indicated by

marked elevations in the serum BUN levels. Recently a
large number of natural products and dietary compo-

nents have been evaluated as potential chemoprevention
agents. The effects of pretreatment of the natural antioxi-

dants, curcumin (8mg/ kg) or selenium, on cisplatin(5mg/

kg)-induced renal damages have been observed, but these

antioxidants offered no protection against cisplatin-in-

duced nephrotoxicity and lipid peroxidation (Antunes

et al., 2001). However, considering that 200mg/kg curcu-
min, the same dose used in this study, has been shown to

prevent adriamycin-induced nephrotoxicity and lipid per-

oxidation (Venkatesan et al., 2000), its effect could be dif-

ferent depending on the kind and dose of both the toxin

and natural compound used in the experiment. In the pre-

sent study, although xanthorrhizol prevented the in-

creases in the BUN and creatinine levels caused by

cisplatin (45mg/kg), cisplatin did not induce lipid perox-
idation in the kidney at 16h after administration. This

could be explained, in part, by the slightly changed pat-

tern in DNA-binding activity of redox-sensitive tran-

scription factor, NF-jB, by cisplatin. The correlation

between lipid peroxidation (oxidative stress) and NF-jB
activation has been extensively studied using NF-jB
inhibitor in renal injury and nephrotoxicity (Sung et al.,

2002; Rangan et al., 2001). In addition, it has been sug-
gested that the oxidative stress caused in the kidney by a

high dose of cisplatin could not fully develop early after

administration.

In conclusion, the pretreatment of 200mg/kg

xanthorrhizol attenuated the high dose cisplatin-induced

nephrotoxicity, but failed to abrogate the activations of

transcription factors caused by cisplatin. Considering

this study, and in the light of previous data, although
the mechanism of high dose cisplatin and the physiolog-

ical action of xanthorrhizol are sophisticated, depending

on the tissue, xanthorrhizol has the potential to prevent

both the hepatotoxicity and nephrotoxicity induced by a

high dose of cisplatin, which could lead to the possible

development of a combination therapeutic strategy

using cisplatin and xanthorrhizol, and may provide a

greater advantage than the treatment of cisplatin alone
in cancer therapy.
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