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by an inhibit ion of  pros taglandin  synthesis and /o r  by an 
act ivat ion of  non-opio id  antinociceptive mechanisms 
such as the serotoninergic pathway.  
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Abstract. The effect of  chlorpromazine  on acute lethal toxicity and nephrotoxici ty  induced by cisplatin was studied 
in mice. Chlorpromazine  given (i.p.) I h before cisplatin greatly reduced lethal and renal toxicities of  cisplatin. 
Chlorpromazine  did not  reduce the ant i tumor  activity of  cisplatin against  Sarcoma 180 in ddY mice or  EL-4 

Leukemia  in C57BL/6J mice. 
Key" words. Cisplatin;  chlorpromazine;  lethality; renal toxicity;  mice. 

cis-Diamminedichloroplatinum (cisplatin; CDDP)  is one 
of  the most  effective anticancer chemotherapeut ic  agents 
used in clinical practice. Its nephrotoxici ty  is well known 
as the most  impor tan t  dose-limiting factor t We have 
been interested in the combined use of  routine drugs 
(e.g., sodium thiosulfate,  caffeine, etc.) and C D D P  2' 3. 
A widely used antiemetic agent, chlorpromazine  (CPZ), 
and  related phenothiazines,  are routinely used in combi-  
nat ion with C D D P  to reduce  nausea and improve pat ient  
compliance 4. Studies conducted on mice have shown 
that  CPZ offered protec t ion  against  irreversible renal 
toxicity produced  by ni t rosourea  and methyl C C N U  5. 
The protec t ion  mechanism of  CPZ is not  known. How- 
ever, it is possible that  CPZ could ameliorate  some of  the 
more serious side effects of  other an t i tumor  agents, in- 
cluding the nephrotoxici ty  of  CDDP.  In the following 
study, we evaluated the possible protective effects of  CPZ 
against  CDDP- induced  toxicity in mice. 

Materials and methods 
Male  ddY mice weighing 2 3 - 2 5  g and male C57BL/ 
6J mice weighing 2 2 - 2 4  g, obta ined from Japan SLC 
(Hamamatsu) ,  were used. Cisplat in (CDDP) for injec- 
tion, 10 mg/vial (Briplatin) and chlorpromazine  (CPZ) 
for injection, 25 mg/vial  (Wintamine)  were purchased 
from Bristol Myers  Co., Tokyo, and Shionogi Pharma-  
ceutical Co., Osaka,  respectively. 
Acute  lethality was recorded over the 8 days following 
injection. Blood samples were obtained from the orbital  
vein in heparinized microhematocr i t  capil lary tubes6;  
urea  nitrogen levels in serum (BUN) were determined 
using a kit  from Wako  Pure Chem. Co., Tokyo. In pre- 
l iminary experiments,  we established that  BUN levels 
were maximal ly  elevated on day 4 following C D D P  treat-  
ment  and we therefore used this time point  for BUN 
determinat ions  in all subsequent experiments.  To assess 
the effect of  CPZ on the ant i tumor  activity of  CDDP,  
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ddY mice or C57BL/6J mice were inoculated i.p. with 106 

Sarcoma 180 cells o r  10 6 EL-4 lymphoma cells, respec- 
tively. They were treated 24 h later with 0.9 % saline 
solution, CDDP (10 mg/kg, i.p.), or CPZ (6 mg/kg, i.p.) 
followed by CDDP 1 h later. Animals were observed 
daily for the incidence of deaths. The experiment was 
terminated when all mice had died or 60 days had passed 
after the administration of saline or CDDP. The ant• 
mor activity was evaluated by the mean survival time 
(MST) of a group of mice or was expressed as the per- 
centage of increased life span (%ILS) of treated mice 
compared to that of untreated controls, by comparing 
the mean survival time of the two groups, using the for- 
mula: 

%ILS = [(MSTtreate d - MSTr ] x 100 

Student's t-test was used to test for the significance of 
differences, and P = 0.05 was taken as the limit of signif- 
icance. 

Results 
The effect of a single administration of CPZ on the lethal 
toxicity of CDDP in mice is shown in figure 1. In a 
preliminary experiment, two groups of 20 mice were pre- 
treated with either CPZ (6 mg/kg, i.p.) or saline 1 h be- 
fore CDDP (15mg/kg, i.p.) administration (fig. 1A). 
This pretreatment regimen with CPZ caused: 1) a delay 
in the occurrence of death and 2) a decrease in 8-day 
cumulative lethality compared to injection with saline 
before CDDP. Furthermore, a dose-dependent protec- 
tive effect of coadministered CPZ was observed (fig. 1 B). 
An increase in BUN levels, which is recognized as a 
suitable index for early renal lesions produced by CDDP, 
was prevented by CPZ administered 1 h after CDDP 
administration�9 Initial studies in mice showed that 
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Figure 2. Effects of chlorpromazine On renal toxicity in mice receiving 
cisplatin. A Levels of  blood urea nitrogen (BUN) were determined 4 days 
after treatment with cisplation (CDDP, 0, 5, 7.5, 10, 12.5, 15, or 17.5 rag/ 
kg, i.p.) alone. Controls received saline alone. B BUN levels where de- 
termined 4 days after treatment with chlorpromazine (0, 1, 3, 6, or 10 rag/ 
kg, i. p.) given 1 h after CDDP (15 mg/kg, i. p.). Controls received CDDP 
alone. Each point represents the SEM obtained from 6-8  animals. 
Closed symbols are significantly different fi'om control values (saline 
alone, A; or CDDP alone, B), p < 0.05. 

Influence of chlorpromazine on the therapeutic activity of cisplatin on 
Sarcoma 180 and EL-4 leukemia in mice 

Tumor model Treatment MST days % Survivors 
ILS a > 60 days 

Sarcoma 180 Control 19.6 • 3.13 0 0/24 
CDDP 34.8 _+ 5.64* 77 3/12 
CPZ + CDDP 41.7 _ 6.07* 112 4/12 

EL-4 Control 15.5 _+ 2.75 0 0/10 
CDDP 32.4 • 5.14" 109 3/10 
CPZ + CDDP 30.9 • 4,98 * 99 2/10 

Mice were inoculated i.p+ with tumor cells (106 celts/mouse). Cisplatin 
(CDDP, 10 mg/kg, i.p.) was administered 24 h after the tumor inocula- 
tion and chlorpromazine (CPZ, 6 mg/kg, i.p.) was administered 1 h be- 
fore the CDDP. Survivors were observed over the succeeding 60 days. 
a %ILS is calculated as the [(T - C)/C] x 100, where T = the mean sur- 
vival in treated animals and C = the mean survival in controls. See Ma- 
terials and methods for details. *Significantly different from control 
values (p > 0.05). 
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Figure 1. Effects of  chlorpromazine pretreatment of the lethality of  cis- 
platin in mice. Groups of 20 animals were used for each experiment. 
A Mice received i.p. injection of chlorpromazine (e, 6 mg/kg) or the 
saline vehicle (o) I h before cisplatin (CDDP, 15 mg/kg, i.p.). Deaths 
were recorded over the succeeding 8 days. B Mice received i. p. injection 
of chlorpromazine (CPZ, A, 0, 1, 3, 6, and 10 mg/kg, i.p.) i h before cis- 
platin (15 mg/kg, i.p.). Lethality was determined 8 days after the admin- 
istration of cisplatin. 

CDDP produced a dose-dependent increase in BUN 
levels at doses over 10 mg/kg (fig. 2A). The maximal 
increase in BUN levels occurred on day 4; these levels 
remained elevated for at least 10 days (data not shown). 
CPZ treatment resulted in a dose-dependent decrease in 
the CDDP-induced elevation in BUN levels (fig. 2 B). 
The ant• activity of CDDP, indicated by prolonga- 
tion of the survival time of mice inoculated i.p. with 
Sarcoma 180 cells and El-4 lymphoma cells, was not 
affected by the coadministration of CPZ (table I). 

Discussion 

The parenteral administration of certain drugs has been 
shown to reduce CDDP toxicity 7. Pretreatment with 
CPZ I h before CDDP administration depressed not 
only the lethal toxicity of CDDP but also its renal toxic- 
ity, without compromising its ant• activity against 
several transplantable tumors in mice. The present inves- 
tigation demonstrates that CPZ can be added to the list 
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of compounds that have been shown to be protective 
against the renal injury resulting from CDDP treatment. 
The protection mechanism of CPZ is unclear. CPZ and 
related phenothiazines have previously been Shown to 
have a protective effect against renal injury induced by 
treatment with the investigational anticancer drugs 
methyl CCNU (MeCCNU), as well as having a protec- 
tive effect against renal injury induced by the environ- 
mental toxicant mercuric chloride s . The protective 
mechanism of CPZ is not known; however, Harrison 
et al. 9 have shown that both MeCCNU and HgC12 share 
with CPZ the capacity to inhibit calmodulin activity. 
CPZ and related phenothiazines are among the most 
potent inhibitors of calmodulin 1~ Protection against 
HgC12-induced renal injury correlated with the potency 
of calmodulin antagonism in a series of phenothiazine 
analogs 11. The results suggest that a similar mechanism 
may be involved in the protective action of CPZ. 
The renal protection afforded by CPZ treatment was not 
accompanied by a decrease in the in vivo antitumor activ- 
ity of CDDP. This is consistent with in vitro studies 
showing that phenothiazine and calmodulin antagonists 
did not affect CDDP cytotoxicity 12. However, treatment 
with calmodulin antagonists alone was previously re- 
ported to inhibit tumor cell growth in a variety of exper- 
imental systems in vitro 11. Phenothiazine and calmod- 
ulin antagonists have been reported to reduce drug efflux 
from tumor cells and thereby enhance their chemosensi- 
tivity, both in vitro and in vivo 13, 14. In the present study, 
CPZ treatment alone failed to prolong survival in mice 
bearing Sarcoma 180 cells or EL-4 lymphoma cells 
(table). These discrepancies in the results may be due to 
the use of different mouse and tumor  strains or popula- 
tions. From our data it can be concluded that CPZ pre- 
treatment with CDDP is associated with the beneficial 
effect of decreasing renal toxicity. Tlais suggests, indirect- 
ly, that in humans more effective chemotherapeutic treat- 
ment of cancer with CDDP may be possible if the 
chemotherapy includes CPZ. Phenothiazines have nu- 
merous pharmacological properties that might account 
for this observation, and additional studies will be re- 

quired to establish the mechanism of this protective effect 
of CPZ against CDDP-induced nephrotoxicity. Further 
studies on the ability of CPZ to decrease the formation of 
complexes between CDDP and renal proteins may 
provide insight into the renal protective mechanism of 
CPZ. 
In conclusion, in mice the preadministration of CPZ 
(i.p.) I h before CDDp (i.p.) injection efficiently de- 
pressed not only the lethal toxicity, but also the renal 
toxicity (indicated by increased blood urea nitrogen val- 
ues) which was usually observed in mice treated with 
CDDP alone. Moreover, the preadministration of CPZ 
had no observed effect on the antitumor activity of 
CDDP in mice inoculated i.p. with Sarcoma 180 or EL-4 
lymphoma cells. The present study suggests that CPZ 
may be of therapeutic benefit when used with CDDP; 
this study also provides a rational basis for the selection 
of antiemetic therapy. 

* This work was partly supported by Grants-in-Aid from the Science 
Research Promotion Fund (Japan Private School Promotion Foun- 
dation). 
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