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Abstract

Renal dysfunction induced by a single injection of cisplatin depends on the timing of the
dose. However, the effects of repeated administration of cisplatin on time-dependent
toxicity have not been evaluated despite the fact that in clinical practice high doses are
repeatedly injected at intervals or low doses are administered daily. We studied chrono-
nephrotoxicity in rats after weekly or daily cisplatin injections.

Weekly high doses (5 mg kgÿ1) or daily low doses (1�2 mg kgÿ1) of cisplatin were
injected at four time points (3, 9, 15 and 21 h after the light was turned on (HALO)) for 3
weeks. Changes in body weight after weekly cisplatin administration were independent of
the timing of the doses. In the group that received daily cisplatin, the loss in body weight in
the 3 HALO group was smaller than in animals receiving injections at 15 and 21 HALO
(P< 0�05 and 0�001, respectively). The blood urea nitrogen and serum creatinine levels in
the control rats showed a signi®cant circadian change (peak at 15 HALO and trough at 9
HALO), but these parameters were markedly elevated in both trials and their circadian
variations were disturbed. In conclusion, cisplatin-induced nephrotoxicity was the lowest at
3HALO compared with other time points of both dose regimens.

The effects of a wide variety of drugs change daily
depending on the time of administration (Fujimura
et al 1989; Saito et al 1991; Ohdo et al 1997).
These chronopharmacological changes are con-
sidered to have a minor impact on regimens of
drugs with a wide therapeutic range, but optimal
timing of drug administration is recommended for
drugs with a narrow therapeutic range, such as
anticancer agents (Lemmer & Bruguerolle 1994;
LeÂvi et al 1997).

From an early stage, cisplatin has been shown to
cause dose time-dependent nephrotoxicity in
animals (Hrushesky et al 1982; LeÂvi et al 1982a)
and humans (Hrushesky 1985). This chrono-
pharmacological phenomenon was mainly demon-
strated after one or two administrations of cisplatin
(Hrushesky et al 1982; LeÂvi et al 1982a). Recently,

low-dose and daily administrations of cisplatin
have been prescribed frequently to reduce adverse
effects. Therefore, time-dependent variations in
cisplatin-induced nephrotoxicity are of great clin-
ical interest when patients receive daily or weekly
doses. This study was undertaken to address this
issue in rats.

Materials and Methods

Animals
Six-week-old male Donryu rats were purchased
from Charles River Japan Inc. (Yokohama, Japan)
and maintained for at least two weeks in two
separate rooms under a constant environment with
strictly controlled lighting conditions (12-h light±
dark) as previously reported (Yamauchi et al 1998).
In one room, the light was turned on and off at
07 00 and 19 00 h, respectively and in the second
the light was turned on and off at 19 00 and 07 00 h,
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respectively. The rats had free access to food and
water. The rats then were divided into four groups
according to the time of cisplatin administration at
3, 9, 15 or 21 h after the light was turned on (3, 9,
15 or 21 HALO).

Preparation of agents
Cisplatin was supplied by Nippon Kayaku Co. Ltd
(Tokyo, Japan). The compound was dissolved in
0�9% NaCl solution to give a concentration of
0�6 mg mLÿ1

Cisplatin administration protocols

Weekly high-dose regimen. A high dose (5 mg kgÿ1)
of cisplatin was administered intravenously at four
time points (3, 9, 15 or 21 HALO) with a one-week
interval for three weeks (total dose, 15 mg kgÿ1;
n� 8±11 in each group). A weekly high-dose
regimen of 5 mg kgÿ1 was chosen in this study
because adult male Donrhy rats often died as the
result of more frequently administered doses.

Daily low-dose regimen. A low dose (1�2 mg kgÿ1)
of cisplatin was injected daily at the same four time
points for three weeks (total dose, 25�2 mg kgÿ1;
n� 8 in each group). The maximum dose of cis-
platin administered daily (1�2 mg kgÿ1) for adult
male Donrhy rats was used because smaller doses
had no anticancer effect.

As a control, this variable of untreated rats
(n� 8) was also determined.

Assessment of toxicity
The body weights of the rats were measured
weekly. Body-weight change was calculated as the
percent of weight change of each rat from the initial
level (day 0). The rats were randomly selected and
approximately 0�5 mL of blood was obtained from a
tail vein at 3, 9, 15 and 21 HALO to serve as a
control (non-treated groups, n� 8 in each group).

On day 21, the rats were killed 24 h after the ®nal
cisplatin injection and blood samples were obtained
for analysis of serum concentrations of urea nitro-
gen (BUN) and creatinine.

Statistical analysis
Data are shown as the mean� s.d. The BUN and
serum creatinine levels of each treated group were
analysed by a cosinor method to clarify diurnal
variation. The statistical signi®cance between the
control group and the cisplatin-treated groups at
each time point was validated using analysis of
variance. P< 0�05 was considered to be signi®cant.

Results

Changes in body weight after repeated cisplatin
injections
In the groups of rats that received weekly admin-
istration of cisplatin, the high dose markedly sup-
pressed increases in body weight compared with
the control group (Table 1). There were no sig-
ni®cant differences in this variable between the
cisplatin groups at any observation point, except for
cisplatin-treated groups at 9 and 15 HALO on day
14 (P< 0�05).

In the groups that received daily treatment, low-
dose cisplatin also suppressed increases in body
weight compared with the control group (Table 2).
The maximum body-weight gain was observed in
the 3 HALO group throughout this study. When
single doses of cisplatin were administered, the
cisplatin-induced decrease in body weight at 3
HALO was signi®cantly milder than in the other
groups (vs 9 HALO, P< 0�05; vs 15 HALO,
P< 0�001; vs 21 HALO, P< 0�001). At the end of
this experiment, the body weight in the 3 HALO
group was signi®cantly greater, or tended to be

Table 1. Changes in body weight during weekly cisplatin injections (5 mg kgÿ1) at four time points in rats.

Time (h) n Body-weight change (%)a

Day 7 Day 14 Day 21

HALO 3 8 114�6� 8�7 101�1� 13�4 99�1� 8�2
HALO 9 11 114�1� 2�5 115�6� 7�0 102�2� 14�5
HALO 15 8 107�8� 7�0 100�4� 15�4* 94�8� 18�4
HALO 21 10 109�6� 5�6 109�0� 5�8 103�8� 14�9
Controlb 8 124�9� 3�1 147�9� 3�9 160�1� 6�6

HALO, time after light switched on. aThe body-weight change was calculated as the percent of weight
change in each rat from the initial value (day 0). bThe body-weight changes of the untreated control rats
(n� 8) were also determined. All weekly cisplatin-treated groups had markedly suppressed increases in
body weight compared with the control group. Values are expressed as mean� s.d.; *P< 0�05 vs 9 HALO
value, using analysis of variance.
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greater, than in the other groups (vs 15 HALO,
P< 0�05).

Concentrations of BUN and serum creatinine after
repeated cisplatin injections
In the control group, both BUN and serum creati-
nine concentrations showed a clear daily rhythm
with a peak at 15 HALO and a trough at 9 HALO
(P< 0�001; Tables 3 and 4). However, their varia-
tions were disturbed by repeated administration of
cisplatin.

After high-dose cisplatin administration, con-
centrations of BUN and serum creatinine were
signi®cantly elevated at 3, 9 and 15 HALO, and at
21 HALO these parameters varied widely. In the
low-dose cisplatin group, the mean concentrations
of BUN and serum creatinine were elevated at each
time point with a peak at 9 HALO.

Discussion

Weekly high doses or daily low doses of cisplatin
are prescribed to treat malignant diseases (Hunter
et al 1991; Kemp et al 1996; Hoshino et al 1997;
Yasumoto et al 1998). However, adverse effects,

especially nephrotoxicity, limit the drug's useful-
ness. The daily low-dose regimen is preferred to
reduce these effects (Belliveau et al 1986; Shimizu
1997; Ito et al 1998). Chronotherapy is a unique
approach to decrease the frequency of adverse
events (LeÂvi et al 1997). Single-dosing studies in
rats showed that the toxicity of cisplatin was least
when the drug was given at 17 HALO (near the
mid-activity span) and that nephrotoxicity was
minimal when rats received the drug near the peak
of urinary volume (Hrushesky et al 1982; LeÂvi et al
1982a, b). However, the effects of repeated
administrations of cisplatin are still unknown.

In a preliminary study, we evaluated a high-dose
bolus injection of cisplatin in rats. One or two
administrations of 6 mg kgÿ1 often caused death.
Therefore, we chose a dose of 5 mg kgÿ1 for
weekly administration, which provided a total dose
of 15 mg kgÿ1 of cisplatin at the end of the
experiment. Daily administration of 1�0 mg kgÿ1 of
cisplatin, however, had only a small therapeutic
effect on tumour cell-bearing rats (data not shown).
We used a regimen of 1�2 mg kgÿ1 cisplatin daily
(total dose 25�2 mg kgÿ1) for the nephrotoxicity
study, although a higher dose was not tolerated for
daily administration. Because the anticancer effect
is thought to depend on the total dose of anticancer

Table 2. Changes in body weight during daily cisplatin injections (1�2 mg kgÿ1) at four time points in rats.

Time (h) n Body Weight Change (%)a

Day 7 Day 14 Day 21

HALO 3 8 113�3� 3�8 123�5� 6�9 114�5� 7�9
HALO 9 8 106�8� 3�0* 110�9� 8�3* 98�9� 10�2
HALO 15 8 102�6� 2�7# 109�1� 3�1{ 97�5� 7�6*
HALO 21 8 100�0� 5�7**## 113�8� 10�5 107�1� 5�1
Controlb 8 124�9� 3�1 147�9� 3�9 160�1� 6�6

HALO, time after light switched on. aThe body weight change was calculated as the percent of weight
change in each rat from the initial value (day 0). bThe body weight changes of the untreated control rats
(n� 8) were also determined. All daily cisplatin-treated groups had markedly suppressed increases in body
weight compared with the control group (P< 0�001). Values are expressed as mean� s.d.; *P< 0�05 vs
HALO 3 values; **P< 0�05 vs 9 HALO value; {P< 0�01 vs 3HALO value; #P< 0�001 vs 3 HALO value;
##P< 0�001 vs 9 HALO value, using analysis of variance.

Table 3. BUN concentrations in rats after cisplatin injections at four time points.

Time (h) Control Weekly administration of
5 mg kgÿ1

Daily administration of
1�2 mg kgÿ1

HALO 3 20�73� 1�06 (8) 62�05� 27�95** (8) 74�91� 20�14*** (8)
HALO 9 16�86� 1�68 (8) 79�61� 53�26* (11) 153�36� 82�00*** (8)
HALO 15 25�13� 3�38 (8) 58�24� 18�43* (8) 83�14� 39�23** (8)
HALO 21 23�86� 2�85 (8) 72�24� 88�42 (10) 86�20� 70�29 (8)
Cosinor method P< 0�001 P� 0�94 P� 0�104

HALO, time after lights switched on. Number of rats in each group are given in parentheses. Values are
expressed as mean� s.d.; *P< 0�05, **P< 0�01 and ***P< 0�001, vs control group at each dosing time
using analysis of variance.
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drug, daily administration might be more suitable
clinically. In the daily low-dose trial, the dose
administered was greater than in the weekly high-
dose trial.

Although there was no signi®cant difference in
body weight among the groups of rats receiving
high doses of cisplatin weekly, the 3 HALO group
that received a daily low dose had a signi®cant
difference in body weight compared with the 15
and 21 HALO groups (P< 0�05 and 0�001,
respectively). The BUN and serum creatinine con-
centrations were markedly elevated at each time
point in the daily and weekly dosing schedules.
Dosing-time dependent variations in these para-
meters were also obvious in the daily low-dose
trial. The present ®ndings obtained using a daily
low dose of cisplatin were similar to those with a
single injection of cisplatin (Hrushesky et al 1982;
LeÂvi et al 1982a).

Cisplatin caused time-dependent nephrotoxicity,
especially in the group of rats that received daily
injections. These results obtained with repeated
cisplatin administration agreed with those induced
by a single injection reported by Levi et al (1982a)
and Hruskesky et al (1982).

In conclusion, nephrotoxicity in the 9 HALO
group was the greatest in both regimens, but this
toxicity was accelerated in the low-dose daily trial.
Regarding prevention of cisplatin-induced nephro-
toxicity, dosing at 3 HALO was considered the best
point, but the total doses of cisplatin administered
daily were higher than when the drug was admin-
istered weekly. The mechanism of chrono-
pharmacological toxicity of cisplatin has also
been studied from the standpoint of chrono-
pharmacokinetics in a separate report (To et al 2000).
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