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Abstract

To elucidate the role of peripheral dopamine D1 receptors in cisplatin-induced acute renal injury, effect of zelandopam (YM435, (� )-(S)-

4-(3,4-dihydroxyphenyl)-7,8-dihydroxy-1,2,3,4-tetrahydroisoquinoline hydrochloride hydrate), a selective renal dopamine D1 receptor

agonist, on cisplatin-induced acute renal failure in rats was studied. Rats were divided into six groups: control, cisplatin and cisplatin plus

zelandopam (30, 100, 300 mg/kg p.o. twice, 75 and 15 min before cisplatin injection) or the free radical scavenger CV-3611 (2-O-

octadecylascorbic acid, 10 mg/kg p.o., 75 min before cisplatin injection) treated groups. Rats received intraperitoneal injection of cisplatin at

a dose of 5 mg/kg. Four days after cisplatin injection, plasma creatinine, blood urea nitrogen and body weight were measured and the kidneys

were removed for histological examination. Cisplatin induced acute renal failure characterized by the increases in plasma creatinine and

blood urea nitrogen with tubular damage, and decreased body weight. Zelandopam dose-dependently prevented all these changes. The free

radical scavenger CV-3611 significantly attenuated a decrease in body weight and renal dysfunction without reducing tubular damage. The

present study is the first demonstration for that a selective dopamine D1 receptor agonist is effective in preventing acute renal failure induced

by cisplatin.

D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Zelandopam (YM435) is a selective dopamine D1

receptor agonist with potent renal vasodilation property

(Yatsu et al., 1997a,b,c). Zelandopam has also been shown

to provide significant renal protection in a canine model of

ischemic acute renal failure (Yatsu et al., 1998). The

beneficial effects of zelandopam in ischemic acute renal

failure were, for the most part, accompanied by an increase

in renal blood flow. Cisplatin-induced acute renal failure in

experimental animals is accompanied by the reduced renal

blood flow associated with increased renal vascular resist-

ance (Matsushima et al., 1998; Winston and Safirstein,

1985) and histologic damage to proximal tubular cells

(Chopra et al., 1982; Dobyan et al., 1980; Jones et al.,

1985). Oxygen free radical is well known to play a role in

renal dysfunction by cisplatin (Baliga et al., 1998; Mat-

sushima et al., 1998; Sugihara et al., 1987). The free radical

scavengers are reported to provide partial protection against

cisplatin-induced structural and functional alterations in rats

(Dobyan et al., 1986; Saad et al., 2000). The induction of

nephrotoxicity by cisplatin is assumed to be a rapid process

involving reaction with proteins and renal tubules (Heide-

mann et al., 1985). This renal tubular damage is caused in

the first hour after injection of cisplatin (Elferink et al.,

1986). Hence, it is important that protective agents must be

present in the renal tissue before the cisplatin administration

(Rao et al., 1999). Based on these, the present study was

designed to investigate the role of peripheral dopamine D1

receptors in renal functional and structural alterations by

cisplatin in rats and to evaluate the potential therapeutic

effect of dopamine D1 receptor agonist on cisplatin-induced

acute renal failure. In addition, we have compared the

preventive effects of zelandopam and the free radical

scavenger CV-3611 (Kato et al., 1988; Kuriyama et al.,
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2001; Kuzuya et al., 1989) on renal functional and struc-

tural alterations in rats with cisplatin-induced acute renal

failure.

2. Materials and methods

2.1. Animals

Male Sprague–Dawley rats (4 weeks old) were obtained

from Japan SLC (Shizuoka, Japan). All animals were

housed in communal cages and maintained on a 12-h

light/dark cycle with food and water available ad libitum.

All experimental procedures involving animals conformed

to the regulations of the Animal Ethical Committee of

Yamanouchi Pharmaceutical and ‘‘The Guide for the Care

and Use of Laboratory Animals’’ (U.S. Department of

Health and Human Services, 1985 NIH Publication No.

85-23).

2.2. Experimental design

Sixty rats (5 weeks old) weighing 196–212 g were

employed and divided in six groups: group 1 (n = 10),

cisplatin-untreated rats; group 2 (n = 10), cisplatin-injected

rats; group 3 (n = 9), cisplatin-injected rats treatment with

zelandopam at a low dose; group 4 (n = 10), cisplatin-

injected rats treatment with zelandopam at a middle dose;

group 5 (n = 11), cisplatin-injected rats treatment with

zelandopam at a high dose; and group 6 (n = 10), cispla-

tin-injected rats treatment with CV-3611.

Fifty rats received intraperitoneal injection of cisplatin at

a dose of 5 mg/kg. In the preliminary study, one dose of

zelandopam was not fully effective in this model, so we

performed the administration of two doses of the selective

dopamine D1 receptor agonist. Zelandopam was orally

administered at doses of 30, 100, 300 mg/kg twice 75

and 15 min before the injection of cisplatin. CV-3611, a

free radical scavenger, was orally administered at a dose of

10 mg/kg 75 min before the injection of cisplatin. Ten rats

served as the control (group 1). Four days after the injection

of cisplatin, animals were anesthetized with ether, and

blood was taken from the abdominal aorta for measurement

of plasma creatinine and blood urea nitrogen. The plasma

was separated by centrifugation. Plasma creatinine and

blood urea nitrogen were measured with an automatic

analyzer (Model 7250, HITACHI, Tokyo, Japan). Body

weight was determined before and 4 days after the injection

of cisplatin.

2.3. Histological studies

After blood sampling, the kidneys were removed for

histological examination. The kidneys were fixed in 10%

buffered formaldehyde, dehydrated in graded alcohols,

and then embedded in paraffin. The kidney tissue block

was cut at 3–4 Am and stained with hematoxylin and

eosin. The kidneys were examined by light microscopy

using coded slides by investigators who were blinded to

treatment group. Tubular damage was evaluated by tubu-

lar epithelial cell alterations and intratubular casts. Score

was graded on a scale from 0 to 3 as follows: scale 0,

normal; scale 1, slight; scale 2, moderate; and scale 3,

severe.

2.4. Statistical analysis

Data are expressed as meanF S.E.M. of 9–11 experi-

ments. Data were analyzed by one-way analysis of var-

iance followed by Tukey’s multiple comparison test.

Histological data were analyzed by nonparametric testing

(Steel–Dwass test). P < 0.05 was considered statistically

significant.

2.5. Drugs

Zelandopam, (� )-(S)-4-(3,4-dihydroxyphenyl)-7,8-

dihydroxy-1,2,3,4-tetrahydroisoquinoline hydrochloride

hydrate, and CV-3611, 2-O-octadecylascorbic acid, were

synthesized by Yamanouchi Pharmaceutical (Tokyo,

Japan). Cisplatin was purchased from Bristol Pharmaceut-

icals (Tokyo, Japan). Zelamdopam was dissolved in dis-

tilled water and administered in a volume of 5 ml/kg by

gastric gavage. CV-3611 was suspended in 5% gum arabic

in water and administered in a volume of 5 ml/kg by gastric

gavage.

3. Results

There were no differences in initial body weight among

the six experimental groups (group 1, 204F 1 g; group 2,

203F 1 g; group 3, 203F 1 g; group 4, 204F 2 g; group 5,

205F 1 g; group 6, 205F 1 g). The injection of cisplatin

induced significant increases in plasma creatinine and blood

urea nitrogen and a decrease in body weight by 4 days (Figs.

1 and 2). Histological examination revealed tubular damage

as assessed by tubular epithelial cell alterations and intra-

tubular cast formation by 4 days (Table 1).

Treatment with zelandopam dose-dependently prevented

cisplatin-induced elevations in plasma creatinine and blood

urea nitrogen (Fig. 1). Treatment with CV-3611 also sig-

nificantly prevented cisplatin-induced elevations in plasma

creatinine and blood urea nitrogen. Treatment with the

selective dopamine D1 receptor agonist dose-dependently

attenuated cisplatin-induced reductions in body weight

(Fig. 2). Treatment with the free radical scavenger also

significantly attenuated cisplatin-induced reductions in

body weight. Values for body weight in the zelandopam

(300 mg/kg)-treated group were not significantly different

from those observed in the group of cisplatin-untreated

animals (Fig. 2).
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Score of tubular epithelial cell alterations and intra-

tubular casts was significantly elevated in cisplatin-

injected compared with cisplatin-untreated rats. The selec-

tive dopamine D1 receptor agonist dose-dependently

attenuated tubular damage (Table 1). Score of intratubular

casts in cisplatin-injected rats with zelandopam at a high

dose significantly lowered as compared with that in

cisplatin-injected rats. Zelandopam tended to inhibit the

increase in score of tubular epithelial cell alterations;

however, this effect was not statistically significant. Score

of tubular epithelial cell alterations and intratubular casts

in cisplatin-injected rats with CV-3611 were not statisti-

cally different from that observed in cisplatin-injected

rats.

4. Discussion

This is the first study to assess the role of peripheral

dopamine D1 receptors on renal functional and structural

alterations by cisplatin in rats. Single injection of cisplatin in

rats resulted in deterioration of renal function as assessed by

plasma creatinine and blood urea nitrogen and tubular

damage as assessed by score of tubular epithelial cell

alterations and intratubular casts. These results are consis-

tent with previous studies that cisplatin induced acute renal

failure in laboratory animals (Alfieri and Cubeddu, 2000;

Miyaji et al., 2001) and human beings (Madias and Har-

rington, 1978; Weiner and Jacobs, 1983). The pathogenesis

of acute renal failure by cisplatin is considered to be reduced

renal blood flow and/or proximal tubular damage. Zelando-

pam has been shown to produce a dose-dependent increase

in renal blood flow via dopamine D1 receptors (Yatsu et al.,

1997a,b,c). In the kidney, dopamine D1 receptors have been

identified not only in the renal vasculature (Yasunari et al.,

2000) but also in the renal proximal tubules (Uh et al., 1998;

Vachvanichsanong et al., 1995). This study indicated that

the renal dopamine D1 receptor agonist provided significant

protection against cisplatin-induced acute renal failure in

rats. Based on these findings, it is suggested that dopamine

D1 receptors play an important role in the prevention of

cisplatin-induced acute renal failure in rats. Recently, it has

been reported that another D1 receptor agonist, fenoldopam,

prevents acute renal failure induced by contrast dye in

animal models (Chu and Cheng, 2001) and in man (Tumlin

et al., 2002). These findings also provide some support that

dopamine D1 receptors may have a role in the management

of drug-induced nephrotoxicity.

Table 1

Histological score at 4 days after the injection of cisplatin

Tubular epithelial

cell alterations

Intratubular casts

Cont 0F 0 0F 0

CDDP 2.50F 0.32a 1.68F 0.28a

ZD-L 2.94F 0.08a 1.39F 0.20a

ZD-M 2.85F 0.12a 1.30F 0.21a

ZD-H 2.25F 0.34a 0.67F 0.19a,b,c

CV 2.85F 0.12a 1.60F 0.22a

Values are meanF S.E.M.

Cont, cisplatin-untreated rats; CDDP, cisplatin-injected rats; ZD-L,

cisplatin-injected rats treated with zelandopam at a low dose (30 mg/kg

p.o. twice); ZD-M, cisplatin-injected rats treated with zelandopam at a

middle dose (100 mg/kg p.o. twice); ZD-H, cisplatin-injected rats treated

with zelandopam at a high dose (300 mg/kg p.o. twice); CV, cisplatin-

injected rats treated CV-3611 (10 mg/kg p.o. once).
a P < 0.05 vs. Cont.
b P< 0.05 vs. CDDP.
c P < 0.05 vs. CV.

Fig. 2. Effects of zelamdopam and CV-3611 on cisplatin-induced changes

in body weight in rats. Values are meanF S.E.M. of 9–11 animals per

group. #P < 0.01 vs. Cont; *P< 0.01 vs. CDDP. Cont, cisplatin-untreated

rats; CDDP, cisplatin (5 mg/kg i.p.)-injected rats.

Fig. 1. Effects of zelamdopam and CV-3611 on cisplatin-induced changes

in plasma creatinine (upper panel) and blood urea nitrogen (lower panel) in

rats. Values are meanF S.E.M. of 9–11 animals per group. #P< 0.05,
##P < 0.01 vs. Cont; *P< 0.01 vs. CDDP. Cont, cisplatin-untreated rats;

CDDP, cisplatin (5 mg/kg i.p.)-injected rats.
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Body weight changes are generally an important factor in

toxicological studies. In the present study, a reduction of

body weight was observed in cisplatin-injected rats. Zeland-

poman produced a dose-dependent attenuation of decrease

in body weight. The radical scavenger CV-3611 also

showed significant blunting of that. This result is in agree-

ment with reports that the free radical scavengers resulted in

significant protection against the cisplatin-induced reduction

of body weight (Matsushima et al., 1998; Rao et al., 1999;

Sugihara and Gemba, 1986).

In this study, we did not determine renal blood flow in

rats with cisplatin-induced acute renal failure. However,

others have demonstrated that cisplatin induced a significant

reduction of renal blood flow in rats (Winston and Safirst-

ein, 1985) and lecithinized superoxide dismutase, a super-

oxide anion scavenger, prevented cisplatin-induced acute

renal failure through preservation of renal blood flow

(Matsushima et al., 1998). In addition, zelandopam has

been shown to produce a dose-dependent increase in renal

blood flow via dopamine D1 receptors (Yatsu et al., 1997a,

b,c). Furthermore, zelandopam and CV-3611 showed bene-

ficial effects on renal function as assessed by plasma crea-

tinine and blood urea nitrogen in this study. Thus, it is

conceivable that beneficial effect of zelandopam against

cisplatin-induced acute renal failure may be mainly attrib-

utable to its renal vasodilatory action mediated by stimu-

lated dopamine D1 receptors. Clarification of this possibility

must await further investigation.

Zelandopam attenuated cisplatin-induced tubular damage

as assessed by score of tubular epithelial cell alterations and

intratubular casts. On the other hand, CV-3611 did not affect

tubular damage. This result is consistent with a previous

report that lecithinized superoxide dismutase, a superoxide

anion scavenger, prevented cisplatin-induced acute renal

failure through preservation of renal blood flow without

modification of tubular damage (Matsushima et al., 1998).

However, higher doses (e.g. 30 or 100 mg/kg p.o.) of CV-

3611 may prevent tubular damage. Further study is required

to clarify the effect of CV-3611 on cisplatin-induced tubular

damage. In the kidney, dopamine D1 receptors have been

identified not only in the renal vasculature (Yasunari et al.,

2000) but also in the renal proximal tubules (Uh et al., 1998;

Vachvanichsanong et al., 1995). Therefore, there is a pos-

sibility that favorable effect of zelandopam against cisplatin-

induced tubular damage may be caused by its direct tubular

action. However, additional study would be necessary to

determine the effect of zelandopam in an in vitro model of

cisplatin-induced cytotoxicity in renal tubular epithelial

cells.

In conclusion, cisplatin produced renal dysfunction and

tubular damage after 4 days, evidenced by elevations in

plasma creatinine and blood urea nitrogen, and by signifi-

cant tubular epithelial cell alterations and intratubular casts.

Zelandopam, a selective dopamine D1 receptor agonist,

provided significant protection against cisplatin-induced

acute renal failure. Our findings suggest that renal dopamine

D1 receptors play an important role in the prevention of

cisplatin-induced acute renal failure in rats.
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