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Summary. The effects of  bismuth nitrate pretreatment on 
the toxicity and anti tumor activity o f  cis-diam- 
minedichloroplat inum (cisplatin, CDDP)  were examined 
in nude mice that had been inoculated with human bladder- 
tumor tissue. Pretreatment with bismuth nitrate depressed 
the renal toxicity o f  C D D P  without compromis ing  its ac- 
tivity against a transplantable human bladder tumor. Renal 
metallothionein (MT) and bismuth (Bi) levels in nude mice 
were markedly increased by Bi preadministration, but no 
significant MT induction was observed in inoculated 
human bladder-tumor tissue in which only a trace amount  
of  Bi was incorporated. Furthermore, it was confirmed that 
tumor platinum (Pt) concentrations in CDDP-treated mice 
were not affected by Bi pretreatment. Thus, the administra- 
tion of  Bi compounds  prior to chemotherapy with C D D P  
may provide an effective mode of  treatment for advanced 
bladder tumors, 

Introduction 

Advanced  bladder tumors is generally treated with combi-  
nation chemotherapy using cis-diamminedichloroplat inum 
(CDDP) [27, 28, 3 4 - 3 6 ] .  However ,  the adverse side ef- 
fects produced by plat inum-based anticancer agents pre- 
vent their effective clinical application [13, 32]. Metal- 
lothionein (MT) is a cysteine-rich protein of  low molecular  
weight that is known to be both protective against heavy 
metal toxicity [12, 33, 37] and highly reactive to alkylating 
agents [7, 8] and free radicals [17, 21--23, 26, 30, 31]. We  
have recently reported that the administration of  bismuth 
(Bi) compounds  prior to the injection o f  C D D P  depresses 
the lethal and renal toxicity of  C D D P  in mice without 
compromis ing  its anti tumor activity [16]. The specific pro- 
tection against CDDP toxicity provided by Bi preadminis- 
tration may  be explained by the observation that Bi induces 

Offprint requests to: N. [mura 

MT in the kidney, a major  target organ of  CDDP toxicity, 
but not in the tumor tissues. Since the inducibility of  MT 
by Bi in human tumor tissue has not yet  been clarified, 
nude mice that had been inoculated with human bladder- 
tumor tissue underwent  s.c. pretreatment with bismuth 
nitrate followed by treatment with CDDP in a study canied  
out to examine the induction of  MT in tumor tissues and 
the efficacy of  CDDP in depressing tumor growth. 

Materials and methods 

Animals. Male Jcl/AF nude mice aged 6 weeks were purchased from 
Crea Japan Co. Ltd. (Tokyo, Japan). Five mice (22-24 g) were housed 
in a cage under specific pathogen-free conditions and were given free 
access to water and food. 

Chemicals. CDDP was suppIied by Bristol Myers Japan Co. Ltd. (Tokyo, 
Japan). Bismuth nitrate (BN) was purchased from Iwaki Co. Ltd. 
(Tokyo, Japan). Other chemicals were obtained from Wako Pure Chem- 
ical Industries, Ltd. (Tokyo, Japan). CDDP and BN were dissolved in 
saline and distilled water, respectively, prior to their use. 

Tumor. Human bladder-tumor (NMB-I) tissue was obtained during a 
urinary cystectomy performed in 1978 at Nippon Medical School De- 
partment of Urology (Tokyo, Japan). The NMB-1 tumor is a poorly 
differentiated transitional-cell carcinoma that exhibits partial squamous 
metaplasia, and its successful transplantation rate is almost 100% [18]. 
The other human urological tumors (prostatic tumor, renal-cell carcino- 
ma, and Wilms' tumor) were also obtained during surgery at Nippon 
Medical School Department of Urology. These tumor cells were main- 
tained by s.c. transplantation onto the backs of male Jcl/AF nude mice 
under specific pathogen-free conditions. 

Treatment with drugs. BN was injected s. c. at the abdominal site once a 
day for 2 days. The mice were given a single i.p. dose of CDDP 
(25 gmol/kg) at 24 h after the last administration of BN. These BN and 
CDDP treatments were performed in two courses for evaluation of the 
activity of CDDP against human bladder tumors. To examine the induc- 
tion of MT by Bi in the kidney and tumors, the animals were inoculated 
with various urological tumors and BN was given to the mice once a day 
for 2 days after the maximal diameter of the tumors had reached 10 ram. 

Evaluation ofantitumor activity. The effects of BN on renal and tumor 
MT and Bi concentrations were examined using NMB-l-inoculated nude 
mice. On day 0, NMB- 1 was inoculated s. c. into the backs of nude mice 
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(Jc1/AF) aged 7 weeks; these animals also received BN (50 gmol/kg) on 
days 18 and 19. 

The effect of BN pretreatment on the activity of CDDP against 
human bladder tumors was also examined in NMB-l-inoculated nude 
mice. Tumor tissue was inoculated s. c. into the backs of the animals on 
day 0. Two s. c. dose of BN were given at 24 h intervals on days 12 and 
13, and CDDP was injected i. p. on day 14. This sequence of administra- 
tion was repeated at 7 days after the first CDDP injection. Blood urea 
nitrogen (BUN) values were determined on day 26. Antitumor activity 
was evaluated twice a week by tumor volume according to a Battelle 
Columbus Laboratories protocol [19]. For each tumor, perpendicular 
diameters were recorded and the tumor volumes were calculated using 
the formula 
v = 1/2ab 2, 
where a is the maximal diameter of the tumor and b is the diameter at 
right angles to a. The curves were statistically analyzed using analysis of 
variance. 

Histology. Nude mice were killed at 5 days after the last injection of 
CDDP. The kidneys were removed and processed by routine histology. 
Sections measuring 3 gm in thickness were cut and stained in hematoxy- 
lin-eosin. All slides were examined without prior knowledge of the 
treatment given to the animal from which the specimen under investiga- 
tion was taken. 

Analysis. Concentrations of MT and Bi in the kidney and tumors were 
determined at 24 h after the last BN injection. The MT levels in various 
tissues were determined using the 2~ assay as modified by us 
[10, 11, 20]. Tissues were digested with nitric acid for the analysis of 
metal species. Bi was assayed by the hydride-generation method [3] 
using a flame atomic absorption spectrophotometer (Shimazu model 
AA-640-12) equipped with a Varian VGA-76 vapor-generation acces- 
sory. Platinum (Pt) in the tissues of CDDP-treated mice was measured on 
day 15 by furnace atomic absorption spectrophotometry (Varian Spec- 
trAA 300/400 System). BUN values were measured spectrophotometri- 
cally using a BUN assay kit (Urea-N-test, Wako). 

Results 

Tissue concentrations of MT and Bi 

MT and Bi contents in the kidneys and tumors of tumor- 
bearing nude mice are shown in Fig. 1. Levels of MT and 
Bi in the kidneys were significantly increased by BN ad- 
ministration as compared with those measured in control 
mice. In tumors of Bi-treated mice, only a slight increase in 
Bi concentration was detected, but MT levels did not 
change. 
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Fig. 1. Concentrations of Bi and MT in tissues of tumor-bearing mice 
that had been pretreated with BN. Mice (AF nude) were inoculated s. c. 
with human bladder-tumor tissue on day 0. Animals received s. c. injec- 
tions of BN (50 ~tmo]/kg) at 24 h intervals on days 18 and 19. Levels of 
Bi and MT in the kidney and tumor tissues were determined at 24 h after 
the last injection of BN. Each value for Bi and MT content represents the 
mean _+ SD for 5 mice. *Significantly different from control values 
(P <0.001) 
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Fig. 2. Effect of BN pretreatment on CDDP renal toxicity in nude mice. 
Mice (AF nude) were inoculated s. c. with human bladder-tumor tissue. 
They were pregeated s.c. with BN (50 gmol/kg) at 24 h intervals for 2 
days. At 24 h after the last BN injection, CDDP was injected i.p. 
(25 gmol/kg). The BN and CDDP treatments were repeated once. BUN 
levels were determined at 5 days after the last CDDP injection. Each 
value for BUN represents the mean _+ SD for 5 mice. *Significantly 
different from control (P <0.00i) 

Effect of pretreatment with BN on the renal toxicity 
oU CDDP 

Administration of CDDP increased BUN levels on day 26 
(5 days after the last CDDP injection). Pretreatment with 
BN significantly reduced the BUN concentrations (Fig. 2). 
The protective effect of BN against CDDP-induced kidney 
damage as indicated by BUN values was further confirmed 
by routine histology. A significant correlation between 
BUN values and renal lesions was observed. Figure 3 A 
shows the histology of proximal tubules of the kidneys of 
mice that were treated with CDDP alone. Cloudy, swelling 
tubular epithelial cells and markedly dilated proximal 
tubules were seen. Loss or thinning of the brush border was 
evident in some areas. Hyaline casts filled the lumen of 

several longitudinal sections of a tubule. Figure 3 B shows 
the proximal renal tubules of BN-pretreated mice in which 
lesions appeared to be less extensive than those observed in 
mice that were treated with CDDP alone. Thus, the results 
demonstrate a protective effect of pretreatment with BN 
against CDDP-induced renal toxicity in nude mice. 

Effect of BN pretreatment on the antitumor activity of 
CDDP 

The antitumor activity of CDDP given in the presence or 
absence of Bi pretreatment to nude mice that had been 
inoculated with NMB-1 is shown in Fig. 4. Preadministra- 
tion of 50 gmol/kg BN did not reduce the antitumor activ- 
ity of CDDP. At CDDP doses as low as 25 ~tmol/kg, the 
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Fig. 3 A, B. Histopathological changes in renal cortices of nude mice that had been treated with A CDDP or B BN and CDDR Hematoxylin-eosin stain, 
• 200 

CDDP/BN combinations were as effective against the 
tumor as was CDDP given alone. Treatment with 
50 gmol/kg BN alone produced the same results as those 
obtained in control animals that were given physiological 
saline. 

Wilms' tumor tissues. However, BN administration did not 
alter the concentration of MT in either tumor. 

Discuss ion  

Effect of BN pretreatment on tissue concentrations of Pt 

Figure 5 presents Pt concentrations measured in the kidney 
and tumor tissues. This figure demonstrates that BN pre- 
treatment did not influence the concentration of Pt either in 
the kidney or in the tumor tissues. In contrast, BN induced 
MT in the kidney, a major target organ of CDDP toxicity, 
but not in the tumor tissues (Fig. 1). 

Comparison of MT concentrations in l~uman urological 
tumors 

Figure 6 compares the MT levels found in inoculated pros- 
tatic tumor, renal-cell carcinoma, and Wilms' tumor tis- 
sues recovered from controls and from BN-treated nude 
mice. Levels of MT in prostatic tumor tissue were approx- 
imately 2-fold those measured in renal-cell carcinoma and 

Many efforts [1, 2, 6, 9, 14, 15, 24] have been made to 
reduce the renal toxicity of CDDP that limits the clinical 
efficacy of this drug [2, 6, 29]. We have previously re- 
ported that the administration of bismuth compounds prior 
to CDDP treatment efficiently reduces the renal toxicity 
and lethality of CDDP without diminishing its activity 
against transplanted murine tumors [16]. The favorable 
effect of Bi described above can be explained by its ability 
to induce MT in the kidney, a major target tissue of CDDP 
toxicity, but not in murine tumors. To facilitate the 
development of this procedure as an effective protocol in 
cancer chemotherapy, we inoculated nude mice with 
human bladder tumors to compare the effect of bismuth 
pretreatment on the toxicity and the antitumor activity of 
CDDP using the human neoplasm against which CDDP 
has been most effective. 

The present study confirmed that B N efficiently induces 
MT in the kidneys but not in human bladder tumor NMB- 1 
in nude mice. This finding compares favorably with the 
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Fig. 4. Comparison of tumor size in nude mice that had been inoculated 
with bladder tumor and then treated with CDDP and/or BN. The mice 
were given two courses of CDDP chemotherapy. - - CI- - - CONTROL, 
mice that received saline in place of BN or CDDP; + BN, animals 
that received BN and saline instead of CDDP; @ BN+CDDP, mice 
that received BN and CDDP; - - O - - CDDP, animals that received 
saline instead of BN and CDDP 
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Fig. 5. Effect of pretreatment with BN on the concentration of Pt in 
tissues of tumor-bearing mice that had been given CDDR Pt concentra- 
tions were determined at 24 h after the injection of CDDE Each value for 
Pt content represents the mean _+ SD for 5 mice 

previously reported efficacy of BN [16]. These results can 
be explained by the observation that Bi is preferentially 
taken up by the kidney but is hardly transported into the 
human tumor tissue tested (Fig. 1). Consequently, pread- 
ministration of BN protects the host from the severe renal 
toxicity of CDDP without affecting its antitumor activity. 

Binding of platinum to MT has been reported to occur 
in the liver and kidney of CDDP-treated rats [4, 25, 38]. It 
was suggested that this binding was associated with the 
replacement of zinc in zinc-bound MT by platinum [4]. 
Determination of Pt levels in the kidneys and inoculated 
human bladder tumors at 24 h after CDDP administration 
clearly indicated that platinum concentrations in both the 
kidneys and the tumors were not altered by BN preadmin- 
istration, although the level of renal MT was markedly 
increased. The detoxication of CDDP by preinduction of 
renal MT may be explained by the replacement of zinc or 
Bi in the renal MT by platinum, which was consequently 
trapped firmly by the protein such that it did not exert 
adverse effects. Furthermore, the maintenance of tumor 
platinum concentrations following BN administration 
seems to explain at least partly the unchanged antitumor 
activity of CDDP. 

Clinically, bismuth compounds, including bismuth sub- 
nitrate (BSN), have been given p.o. as antidiarrheal drugs. 
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Fig. 6, Concentrations of MT in human urological tumors grown in nude 
mice with or without BN treatment. Each value for MT content repre- 
sents the mean + SD for 5 mice. Pr, Prostatic minor; RCC, renal-cell 
carcinoma; Wilms', Wilms' tumor 

We have previously reported that oral BSN administration 
efficiently depresses the toxicity of CDDP in mice without 
compromising its antitumor activity [16]. Furthermore, our 
subsequent experiments have revealed that MT induction 
by BSN actually protects the host not only from the lesions 
caused by CDDP but also from those induced by Adriamy- 
cin or 7-ray irradiation [17, 21-23, 30, 31]. As in the case 
of bladder tumor, MT concentrations in human prostatic 
tumor, renal-cell carcinoma, and Wilms' tumor were not 
increased by BN treatment. This suggests that MT induc- 
tion in target tissues should also be effective in preventing 
the adverse effects induced by Pt-containing combination 
chemotherapy of various neoplasms. 

Although effective diuresis regimens are generally used 
at present to reduce CDDP toxicity [5], hydration takes a 
very long time and burdens the patient, especially those 
suffering from heart failure. The results obtained in the 
present study suggest that the administration of CDDP 
coupled with bismuth pretreatment may provide a promis- 
ing protocol for chemotherapy of human bladder tumors. 
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