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EFFECT OF INTRAVESICAL INSTILLATION OF 
ANTITUMOR DRUGS FOR THE DEVELOPMENT 

OF N-BUTYL-N- (4-HYDROXYBUTYL) NITROSAMINE­
INDUCED BLADDER TUMORS IN RATS 

Takanori SUZUKI, Kyoichi IMAI, Yutaka TAKEZAWA, 

Hiroaki TSUJI and Hidetoshi YAMANAKA 
From the Department of Urology, School if Medicine, Gunma University 

Keiji SUZUKI 
From the Department of Pathology, Medical Care and Technology, Gunma University 

We examined the effects of intravesical instillation of adriamycin (ADM) and cis-diammine­
dichloroplatinum (CDDP) on the development of bladder tumors induced by 0.05% N-butyl-N­
(4-hydroxybutyl)nitrosamine in 115 rats. Intravesical instillation was performed in two ways; 
continuous administration (5 times a week for 5 weeks) and intermittent administration (once a 
week). Group I (control group) did not receive intravesical instillation. Group 21(ADM), group 
3 (CDDP) and group 4 (physiological saline) were continuous type. Group 5 (ADM), group 6 
(CDDP) and group 7 (physiological saline) received intermittent administration. Bladder weight 
was significantly higher in group 4 than in groups I or 7, and that in groups 2 and 3 than that 
in group 5 and 6. In groups 2, 3, 5 and 6 bladder weight was almost normal or higher than in 
the control group, and in group 3 histologically cancer was not seen in one rat. Physiological 
saline had promoting activity, and ADM and CDDP had both inhibitory and promoting activities. 
Also, intravesical instillation itself was suggested to promote tumor development under carcino­
genic circumstances. We conclude that intermittent intravesical instillation should be performed 
to inhibit tumor recurrence and intravesical instillation therapy should not be performed clinically 
for a long period. 
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INTRODUCTION 

In recent years, recurrence of tumors 
after a conservative operation such as 
transurethral resection (TUR) for super­
ficial bladder tumors has been an impor­
tant problem. Intravesical instillation of 
various antitumor drugs has been perform­
ed to inhibit tumor growth, and clinically 
effective results have been reportedl - Z). 

However, experimental studies suggested 
that antitumor drugs promote bladder 
carcinogenesis3- 4) • 

In the present study, we examined the 
inhibitory or promoting effects of intra­
vesical instillation of adriamycin (ADM) 
and cis-diamminedichloroplatinum (CDD 
P) on the development of bladder tumors 

induced by 0.05% N-butyl-N-(4-hydroxy­
butyl)nitrosamine (BBN) in rats, and we 
also studied the effects of the instillation 
interval and frequency. 

MATERIALS AND METHODS 

A total of 115 female F344 rats 6 weeks 
old (Charles River japan, Inc., Kanagawa. 
japan) were divided into 7 groups of 
10 to 20 rats each. All rats were put into 
plastic cages each containing 5 rats and 
the floor mats were exchanged once a 
week. Rats in all groups were given drink­
ing water containing 0.05% BBN (Izumi 
Chemical Co., Yokohama, japan) for 20 
weeks, and subsequently were supplied 
with normal drinking water for 20 weeks. 
Group 1 was the control group, which did 
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not receive intravesical instillation. Groups 
2 and 5 received intravesical instillation of 
1 mg/ml of ADM (Kyowa Hakko Co., 
Ltd., Tokyo), groups 3 and 6 received 1 
mg/ml of CDDP (Bristol Myers Co., 
Ltd., Tokyo) and groups 4 and 7 received 
physiological saline. Groups 2, 3·· and 4 
received continuous treatment, 5 times a 
week for 5 weeks during administration 
of BBN. Groups 5, 6 and 7 received inter­
mittent type treatment, once a week dur­
ing the administration of BBN. Intravesical 
instillations were given a total of 20 times 
and the volume of ADM, CDDP solution 
and physiological saline were 0.3 ml (Fig. 
1). 

a 5 10 15 20 40 Wks. 
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Group 
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Fig. 1. Experimental design for examining the 
effects of intravesical instillation of 
antitumor drugs on BBN induced blad­
der tumor development. E2Z3: 0.05% 
BBN in drinking water, t: intravesical 
instillation, S: time of killing. 

Intravesical instillation was performed 
under anesthesia with nembutal. Bladder 
urine was emptied by massage of the lower 
abdominal region, and the solution was 
transurethrally instilled by using a 21 or 
23 gauge Teflon needle. After the solution 
was retained in the bladder for 1 hour, it 
was discharged by massage of the lower 
abdomen. Rats were killed under anesthe­
sia with ether after 40 weeks. After urinary 
bladders were removed, their urine was 
emptied, their weights were measured, and 
they were fixed with 10% formalin solu­
tion. Lung, liver and kidney of rats in 
group 1 were removed and fixed with 10% 
formalin solution. Each bladder was cut 
with step section, stained with hematoxylin 
and eosin, and studied histologically. 
Other organs were grossly observed and 
in group 1 lung, liver and kidney were 
studied histologically. 

RESULTS 

Sixty one rats survived for 40 weeks, 
and were entered in this study,' and the 
other rats which died before the 40th week 
were excluded. 

Bladder weight - (Table 1): The weight 
was 1.2±0.8 g/rat in group 1, 1.4± 1.3 g/rat 
in group 2, 2.1 ± 1.5 g/rat in group 3, 3.4± 
1.0 g/rat in group 4, 1.2± 1.1 g/rat in group 
5, 1.8± 1.5 g/rat in group 6 and O.9±0.3 g/ 
rat in group 7 (means±SD). In group 4, 
which received intravesical instillation of 
physiological saline, bladder weight was 
significantly higher than that in groups 1 
or 7 (p<0.05). No significant differences 
were detected among the other groups, 
but in groups 2, 3, 5 and 6, bladder weight 
was almost normal or increased. Bladder 
weight in groups 2 and 3 were higher than 
in groups 5 and 6. 

Table 1. Findings in urinary bladder of F 344 
rats 

Group Treatment 

BBN 

2 BBN+ADM 

3 BBN+CDDP 

4 BBN+Saline 

5 BBN+ADM 

6 BBN+CDDP 

7 BBN+Saline 

Effective Bladder weight Rat body weight 
No. of rats means±SD(g) means±SD(g) 

10 1.2±0.8 203.0±9.1 

12 1.4±1.3 195.6±12.3 

12 2.1±1.5 198.7±7.1 

3 3.4±1.0· 196.0±4.3 

10 1.2±1.1 195.8±12.0 

11 1.8±1.5 198.1±7.5 

3 0.9±0.3 199.3±5.2 

* Statistically significant difference from Group 1 
and 7 (P<0.05) 

Histological findings (Table 2): Bladder 
lesions were classified according to the 
classification of Fukushima et al.S) and 
General Rules for Clinical and Pathologi­
cal Studies on Bladder Cancero. Nodular 
hyperplasia without development of cancer 
was observed in only 1 rat in group 3 and 
all other rats showed transitional cell car­
cinomas. Transitional cell carcinoma with 
squamous cell carcinoma was noted in 
one case each of groups 5, 6 and 7 which 
all received intermittent instillation. Low 
stage (pTa, pTl) carcinoma was seen in 
groups 2, 4, 6 and 7, and low and high 
stage carcinomas were seen in groups 1, 



Suzuki et al.: BBN-induced bladder tumor in rats. Intravesical instillation 249 

3 and 5. Especially in group 5, pT3 was 
seen in one rat and pT4 in two rats, but 
no significant differences were seen be­
tween any two groups. Grade 2 was the 
most common type in all groups, but grade 
1 was noted in 2 of the 12 rats which had 
received continuous intravesical instilla­
tion of ADM. Development of tumors 
other than those in the urinary bladder 
could not be detected, and tumors were 
not found in the lung, liver or kidney of 
the rats in group 1 histologically. 

Table 2. Histological stage and grade of blad­
der cancer 

Group No 
Stage Grade 

pTa pT, pT, pT, pT, Gl G2 G3 

10 2 7 a a a 8 2 

2 12 2 10 a a a 2 10 a 
3 11 a 9 a a 10 

4 3 a 3 a a a a 3 a 
5 10 a 6 2 a 8 2 

6 11 10 a a a a 10 

7 4 a 3 a a a 2 2 

DISCUSSION 

Since Druckrey et alJ) discovered that 
BBN has selective carcinogenicity for the 
urinary bladder, studies of experimental 
bladder tumors have been done exten­
sively. When 0.05% BBN is administered 
mixed into drinking water for more than 
12 weeks, tumor development occurs in 
almost 100% of the animals8). Histologi­
cally, 95.1% of the tumors are transitional 
cell carcinomaS), and bladder tumors in­
duced by BBN have become good experi­
mental models for human bladder tumors. 

A 4O~70% recurrence of tumor is noted 
after therapy against superficial bladder 
tumors2). The possible causes are: 1) 
multifocal character, 2) viable tumor 
cells are implanted in bladder epithelium 
during the disturbance at the time of 
TUR, 3) TUR is incomplete, and 4) 
carcinogen exists in urine9-l\). Clinically, 
prophylactic intravesical instillation of 
antitumor drugs has been performed in 
an attempt to inhibit these recurrences, 
and effective results have been reportedl- 2). 

We wanted to determine whether the 
intravesical instillation of ADM or CDDP 

inhibited or promoted the development 
of bladder tumors in rats under the carci­
nogenic circumstance of BBN administra­
tion. Bladder weight significantly increased 
in group 4 (physiological saline instilla­
tion) compared with the control group 
and group 7 (intermittent type), and no 
significant difference was noted in the 
other groups. In groups 2, 3, 5 and 6 the 
bladder weight was almost normal or 
increased. Histologically, high-stage was 
seen in groups 3 and 5 more than in 
control group 1 and low grade was observ­
ed more often in group 2 than in the 
other groups. In group 3 (CDDP instilla­
tion) nodular hyperplasia was observed in 
only one rat. These results suggest that 
physiological saline had promoting activity, 
and ADM and CDDP had both inhibitory 
and promoting activities in bladder carci­
nogenesis. 

Akaza et a1.12) reported that bladder 
tumors indistinguishable morphologically 
from papillary transitional cell carcinoma 
were induced by noncarcinogenic sub­
stances, such as physiological saline and 
distilled water by continuous intravesical 
instillation using an osmotic mlnI-pump. 
Okajima et a1.13) reported that intravesical 
foreign matter had a promoting effect in 
carcinogenesis of bladder. Akaza et al.w 

reported that nodular or papillary hyper­
plasia was produced by transurethral ful­
guration from bladder mucosa of normal 
rats. We conclude that intravesical instil­
lation itself produced the disturbances of 
the bladder epithelium and possibly pro­
mote the carcinogenesis of bladder under 
carcinogenic circumstances. Therefore, 
clinically intravesical instillation therapy 
should not be performed forcibly. 

Ohtani et a1.3- 4) performed intravesical 
instillation of ADM and MMC for a total 
of 12 times in rats after the administration 
of 0.05% BBN for 4 weeks, and found 
more rapid development of cancer in 
ADM and MMC groups than the group 
treated with physiological saline. They 
considered that ADM and MMC promoted 
the bladder carcinogenesis of rats. Our 
findings obtained using an experimental 
method different from theirs, suggested 
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that ADM and CDDP had both inhibitory 
and promoting activities in bladder carci­
nogenesis. 

Inhibitory effects of tumor development 
were not shown between groups 2 and 5 
and groups 3 and 6, but bladder weights 
in groups 2 and 5 were higher than in 
groups 3 and 6. A significant difference 
in bladder weight was noted between 
continuous and intermittent instillation of 
physiological saline group. Our experi­
ments suggest that continuous intravesical 
instillation did more damage to the blad­
der epithelium and promoted carcino­
genesis. Therefore. we conclude that intra­
vesical instillation intermittently is more 
preferable to inhibit tumor recurrence 
clinically. 
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和文抄録

ラットBBN膀 胱腫瘍発生に対する抗腫瘍剤の効果について

群馬大学医学部泌尿器科学教室(主 任:山 中英寿教授)

鈴木 孝憲,今 井 強一,竹 沢 豊

辻 裕明,山 中 英寿

群馬大学医療技術短期大学部病理学教室(主 任:鈴 木慶二教授)

鈴 木 慶 二

F334ラ ッ ト115匹 に0.05%BBNを20週 間経口投

与し,同 時にADM,CDDP,生 食水 の膀胱内注入療

法を5週 毎に5回 連続群(typeA,計20回)と 週1回

群(typeB,計20回)に 分け施行 した.コ ントロール

群はBBN投 与 のみ とした.40週 後に屠殺し検討し

た.

TypeAの 生食群は コントロール群およびtypeB

の生食群に比較 し有意に膀胱腫瘍重量が増加 していた.

TypeAのADM.CDDP,膀 注群 はtypeBの 同

群より膀胱腫瘍重量が増加していた.ADM,CDDP,

群は2つ のtypeで コントロール群 に比較し膀胱腫重

瘍量の減少した例 と増加した例が見られた.組 織学的

に各群間に差はなかったが,typeAのADM群 に

highstage例 が多く見られた.

以上より膀胱腫瘍発生 に対 し,生 食水はpromote

作用を,ADMお よびCDDPは 抑制およびpromote

作用を有することが示唆された.ま た再発予防のため

の膀胱内注入療法はやみくもに施行すぺきでないと思

われた.

(泌尿紀要35:247-251,1989)


