
Abstract. Fermented brown rice by Aspergillus oryzae
(FBRA) has been shown to be a potent anti-carcinogenic
compound. Here, we investigated the modifying effects of
dietary feeding with a naturally occurring anti-oxidant FBRA
on N-butyl-N-(4-hydroxybutyl)-nitrosamine (OH-BBN)-
induced urinary bladder carcinogenesis in male ICR mice.
Five-week-old male ICR mice were divided into 7 groups,
and groups 1-5 were given OH-BBN (500 ppm) in drinking
water for 6 weeks starting at 7 weeks of age. Groups 2 and 3
were fed the diet containing 5% and 10% FBRA during the
initiation phase, respectively, whereas groups 4 and 5 were
fed these diets during the post-initiation phase. Group 6
was given the diet containing 10% FBRA throughout the
experiment, and group 7 was kept on the basal diet alone and
served as an untreated control. At the end of the study (week
32), the incidences of simple hyperplasia, dysplasia and
carcinoma in the bladders of group 1 (OH-BBN alone) were
92%, 49% and 38%, respectively. Those of group 5 (64%,
23% and 10%) and the incidence of carcinoma of group 4
(17%) was significantly less than that of group 1. Further-
more, the multiplicity of simple hyperplasia and carcinoma
of group 5 was significantly less than that of group 1. Post-
initiation exposure of 10% FBRA significantly decreased the
number/nucleus of silver-stained nucleolar organizer region
proteins (AgNORs), an index of cell proliferation, in the

non-lesional transitional epithelium when compared to that
of the control. Our results indicate that FBRA exerts
chemopreventive effects against chemically induced urinary
bladder carcinogenesis through anti-proliferative mechanisms.
FBRA could be a promising chemopreventive agent for
human urinary bladder cancer.

Introduction

Bladder cancer is the 7th most common cancer worldwide,
with an estimated 336,000 new cases occurring each year (1).
In Japan, the incidence and mortality rates of this malignancy
are lower compared with Western populations, but have
gradually increased (2,3). The occurrence of neoplasms in the
urinary tract epithelium is known to relate to multistage and
multifocal carcinogenesis. A high recurrence rate of superficial
bladder tumors, even after curative transurethral resection,
has often been reported (4). These successive, recurrent
tumors may increase in their histological grade, and more
than 15% of the patients are predicted to suffer the progression
with subsequent poor prognosis (5,6). A number of anti-
cancer drugs have been used, mainly via local instillation
into the bladder, as an adjuvant to surgery to suppress or
prevent tumor recurrence. However, only a few drugs have
been regarded as effective agents. Therefore, a new modality
is required to achieve a more satisfactory clinical control of
this malignancy.

One approach to curb cancer incidence is chemopreventive
intervention through which the disease can be totally prevented,
delayed, or fixed dormant by the administration of one or
more naturally occurring and synthetic chemical agents.
Certain synthetic compounds, such as oltipraz, piroxicam,
indomethacin and D,L-·-difluoromethylornithin, have been
reported to have inhibitory effects on experimentally induced
urinary bladder cancer models (7). Some natural compounds
also inhibit chemically induced urinary bladder carcinogenesis
(8,9). Flavonoids are considered to be a rich source of
chemopreventive agents, having various therapeutic biological
activities that exert anti-inflammatory, anti-allergic, anti-
viral, anti-mutagenic, anti-proliferative and anti-oxidative
properties (10). Some compounds of a scavenging activated
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oxygen species, in particular, exhibit chemopreventive
effects (11).

Rice is one of the major cereal foods eaten as a staple by
the worldwide population, especially in Asian countries.
Rice seeds and rice germ contain fiber and several kinds of
antioxidants, such as ferulic acid (12), phytic acid (13),
tocopherols and oryzanols (14). Among them, vitamin E has
the capacity to inhibit N-nitrosation. Due to these effects, it is
regarded as a possible chemopreventive agent of bladder
cancer. Lamm et al studied the effect of a megadose vitamin
combination in a double-blind fashion (15). In bladder
cancer, a significant protective effect is conferred by a high
dose combination of vitamins A, B6, C and E. We reported
the chemopreventive effects of rice germ alone and the
compounds contained in rice bran or rice germ against
carcinogenesis in the large bowel or tongue of rats (16,17).
Fermented brown rice by Aspergillus oryzae (FBRA) is a
processed food prepared by fermenting brown rice and rice
bran with Aspergillus oryzae. We previously reported that
FBRA has inhibitory effects on carcinogenesis of the colon,
liver, and esophagus in rodents (18-20). It is already known
that FBRA acts as a potent-free radical scavenger (21).
Tobacco smoking and occupational exposure are major risk
factors of bladder cancer via exposure to polycyclic aromatic
hydrocarbons and aromatic amines, which lead to oxidative
stress and DNA damage. Antioxidants have the potential to
neutralize the harmful effects of DNA-damaging free radicals,
such as those produced by smoking, and these nutrients have
been regarded as protective factors for urinary bladder
cancer.

In the present study, we investigated the chemopreventive
potential of FBRA during the initiation and post-initiation
stages on N-butyl-N-(4-hydroxybutyl)-nitrosamine (OH-
BBN)-induced bladder carcinogenesis in male ICR mice. In
addition, the effect of FBRA on cell proliferation activity
in the bladder epithelium was examined to elucidate the
underlying mechanism. 

Materials and methods

Animals, diets, carcinogen and FBRA. Male 4-week-old ICR
mice were purchased from Japan SLC, Inc. (Hamamatsu).
After a 1-week quarantine, the mice were transferred to
a holding room under controlled conditions of 23±2˚C,
50±10% humidity, and a 12-h light/dark cycle. Powdered
CE-2 (Clea Japan, Inc., Tokyo) was used as the basal diet for
the experiment, and OH-BBN was obtained from Tokyo
Chemical Industry Co., Ltd. (Japan). The experimental diets
were prepared by mixing 5% or 10% FBRA with the CE-2
diet, and all diets were stored in a cold room (4˚C) and freely
available to the animals. FBRA was supplied by Genmai
Koso Co., Ltd. (Sapporo, Japan); its manufacturing process
and composition were described previously (18).

Experimental procedure. A total of 222 mice were randomized
into 7 groups as shown in Fig. 1. At 7 weeks of age, mice in
groups 1- 5 received OH-BBN in drinking water for 6 weeks.
Mice in groups 2 and 3 were given a diet containing 5% and
10% FBRA for 8 weeks, respectively, starting 1 week before
OH-BBN exposure until the end of week 8. They were then

switched to and maintained on the basal diet until termination.
Starting 1 week after the cessation of OH-BBN treatment,
rats in groups 4 and 5 were fed the diet mixed with 5% and
10% FBRA, respectively, and continued until termination.
Mice in group 6 were fed the diet containing 10% FBRA
during the experiment. Mice in group 7 were given the basal
diet and tap water throughout the experiment and served as
controls.

All mice were carefully inspected daily, and consumption
of the experimental diets mixed with the test compound was
recorded to estimate dietary intake. The experiment was
terminated after 32 weeks, and all animals were sacrificed to
evaluate the frequency of preneoplastic and neoplastic lesions
in the urinary bladder. At autopsy, the urinary bladders of
all mice were inflated with 10% buffered formalin, fixed
overnight in 10% buffered formalin, bisected longitudinally,
inspected for gross lesions, then embedded in paraffin for
histopathological evaluation on hematoxylin and eosin
(H&E)-stained sections. Proliferating lesions observed in the
urinary bladder were histopathologically classified as: simple
hyperplasia, epithelium of more than four layers demonstrating
diffusely elevated proliferation; dysplasia, small lesions with
severe cellular atypia as in carcinomas and mitosis but not
invading the submucosa; and papilloma, without severe
anaplasia, characterized by massive upward growth into the
lumen supported by small vessels and fibrous connective
tissues (Fig. 2). Carcinomas were classified into transitional
cell carcinoma (TCC) and squamous cell carcinoma (SCC)
(22). The liver and kidney were fixed with 10% formalin,
embedded in paraffin blocks and processed routinely for
histopathological examination.

Determination of cell proliferative activity by AgNORs. To
assess the proliferative activity of non-lesional or normal
urinary bladder epithelium, the number of AgNORs per
nucleus was quantified according to methods described
previously (23). The urinary bladder was removed, fixed in
10% buffered formalin, embedded in paraffin wax, and sliced
into two serial sections (3 μm in thickness). On one section,
AgNOR staining was carried out using a 1-step silver colloid
method. The AgNORs were visualized as distinct black dots,
and the number of discrete dots and dot aggregates were
counted on 100 nuclei of various lesions and non-lesional
areas using a microscope with a x400 magnification. AgNORs
that were aggregated and inseparable or clustered were

KUNO et al:  CHEMOPREVENTION OF URINARY BLADDER CANCER BY FBRA AND RICE BRAN534

Figure 1. The experimental design.
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considered as one structure. The highest number of AgNOR
dots visible within a nucleus by focusing the microscope
though the nucleus was counted. The mean number of
AgNORs per nucleus was then calculated for each specimen.
The remaining section was stained with H&E for histo-
pathological diagnosis.

Statistical analysis. Statistical analysis of the incidence of
lesions was performed using Fisher's exact probability test,
and the data on body weight, liver weight, kidney weight,
multiplicity and AgNORs were compared by one-factor
ANOVA. The results were considered statistically significant
if the P-value was <0.05.

Results

General observations. The oral administration of OH-BBN
was well tolerated by all mice in groups 1-7. There were no

significant differences in the mean intake of OH-BBN or
food among groups 1-5. The mean intake of food was
constant and similar among the different groups during the
entire treatment period. The mean body, liver, and kidney
weights at the end of the study are indicated in Table I.
Although the mean kidney weights in groups 4, 5 and 7 were
larger than those of group 1, statistical significance was not
found among the groups. There were no toxicopathological
findings in the liver and kidney of any rat examined.

Incidence of tumors and pre-cancerous lesions. Hyperplasia,
pre-cancerous lesions (dysplasia), transitional cell papillomas,
or carcinomas developed in the urinary bladders of mice
in groups 1-5. The incidence of these lesions in each
group is shown in Table II. In group 1 (OH-BBN alone),
the incidence of transitional cell papilloma and carcinoma
was 13% (5/39 mice) and 38% (15/39 mice) respectively. On
the other hand, only a few mice given the test compound
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Figure 2. Histopathological representation of OH-BBN-induced tumorigenesis in the mouse urinary bladder (bar, 500 μm). (A) Photomicrograph of an H&E-
stained normal mouse urinary bladder. (B) Simple hyperplasia, uniform increase in thickness of transitional cell lining. (C) Nodular hyperplasia, proliferating
transitional cells arranged in solid round or oval islands. (D) Dysplasia, small lesions with severe cellular atypia as in carcinomas and mitosis but not invading
the submucosa. (E) Papilloma, without severe anaplasia, characterized by massive upward growth into the lumen supported by small vessels and fibrous
connective tissues. (F) Carcinoma, invasion through the basal lamina.

Table I. Body, liver and kidney weights of mice in each group.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of
Group Treatment mice examined Body weight (g) Liver weight (g) Kidney weight (g)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 OH-BBN 39 49.6±4.2a 2.59±0.40 0.93±0.14

2 OH-BBN + 5% FBRA 38 50.0±11.0 2.70±0.39 0.95±0.16

3 OH-BBN + 10% FBRA 35 53.9±8.4 2.56±0.34 0.94±0.18

4 OH-BBN➝5% FBRA 37 50.6±4.2 2.60±0.31 1.03±0.23

5 OH-BBN➝10% FBRA 39 49.9±5.5 2.60±0.31 1.01±0.20

6 10% FBRA alone 17 52.4±7.4 2.64±0.44 1.03±0.26

7 Control vehicle 17 54.8±9.4 2.77±0.51 1.04±0.16
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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after OH-BBN exposure, developed carcinomas (17% in
group 4 and 10% in group 5). These incidence rates were
significantly smaller than those of group 1 (P<0.05 and 0.01,
respectively). No neoplasms developed in the animals of
groups 6 and 7.

As for transitional cell hyperplasia (simple hyperplasia
and nodular hyperplasia), the incidence in group 1 was 92%
with simple hyperplasia and 62% with nodular hyperplasia.
The incidence of simple hyperplasia in group 5 was significantly

smaller than that of group 1 (P<0.01). The incidence of pre-
cancerous lesions (dysplasia) in group 1 was 49%. The
frequency of dysplasia in group 5 (23%) was significantly
lower than that of group 1 (P<0.05).

Multiplicity of tumors and pre-cancerous lesions. The
multiplicity (number of tumors/rat) of urinary bladder
neoplasms and those of preneoplastic lesions are shown in
Table III. The urinary bladder tumors were solitary or
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Table II. Incidence of pathological lesions in the urinary bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of mice (%) with
–––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Simple Nodular
Group Treatment mice examined hyperplasia hyperplasia Dysplasia Papilloma Carcinomaa

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 OH-BBN 39 36 (92) 24 (62) 19 (49) 5 (13) 15 (38)

2 OH-BBN + 5% FBRA 38 32 (84) 22 (58) 17 (45) 5 (13) 9 (24)

3 OH-BBN + 10% FBRA 35 29 (83) 21 (60) 12 (34) 7 (20) 8 (23)

4 OH-BBN➝5% FBRA 37 29 (78) 20 (56) 13 (36) 5 (14) 6 (17)b

5 OH-BBN➝10%FBRA 39 25 (64)c 16 (41) 9 (23)b 5 (13) 4 (10)c

6 10% FBRA alone 17 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

7 Control vehicle 17 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aCarcinoma includes both transitional cell carcinoma and squamous cell carcinoma. bSignificantly different from group 1 (P<0.05).
cSignificantly different from group 1 (P<0.01).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Multiplicity of pathological lesions in the urinary bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Multiplicity
–––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Simple Nodular
Group Treatment mice examined hyperplasia hyperplasia Dysplasia Papilloma Carcinomaa

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 OH-BBN 39 0.92±0.27b 0.97±1.04 0.82±1.30 0.21±0.61 0.62±0.94

2 OH-BBN + 5% FBRA 38 0.84±0.37 0.89±0.89 0.66±0.88 0.26±0.89 0.34±0.67

3 OH-BBN + 10% FBRA 35 0.83±0.38 0.69±0.63 0.83±1.46 0.31±0.72 0.34±0.73

4 OH-BBN➝5% FBRA 37 0.76±1.44 0.89±1.07 0.57±1.12 0.30±0.94 0.24±0.55

5 OH-BBN➝10% FBRA 39 0.64±0.47c 0.54±0.76 0.28±0.60 0.21±0.61 0.10±0.31d

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aCarcinoma includes both transitional cell carcinoma and squamous cell carcinoma. bMean ± SD. cSignificantly different from group 1
(P<0.05). dSignificantly different from group 1 (P<0.01).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Mean number of AgNORs/nucleus counts in the normal and non-lesional epithelium of the bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Group Treatment No. of mice examined Normal Non-lesional area
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 OH-BBN 39 ND 2.34±0.32a

2 OH-BBN + 5% FBRA 38 ND 2.26±0.27

3 OH-BBN + 10% FBRA 35 ND 2.22±0.24

4 OH-BBN➝5% FBRA 37 ND 2.23±0.30

5 OH-BBN➝10% FBRA 39 ND 2.13±0.20b

6 10% FBRA alone 17 1.93±0.25 ND

7 Control vehicle 17 2.05±0.23 ND
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD. bSignificantly different from group 1 (P<0.01). ND, not determined.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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multiple lesions of variable sizes and randomly distributed.
The multiplicity of simple hyperplasia and transitional cell
carcinoma of group 5 (0.64±0.47 and 0.10±0.31) was
significantly smaller than that of group 1 (0.92±0.27 and
0.62±0.94).

AgNOR enumeration. Results of the morphometric analysis of
AgNORs are summarized in Table IV. The mean AgNOR
values in the non-lesional epithelium of the group exposed to
OH-BBN alone (group 1) was greater than in the normal
transitional epithelium of the untreated control group (group 7).
The number of AgNORs in the non-lesional transitional
epithelium of groups 5 was significantly lower than that of
group 1.

Discussion

In the present study, dietary exposure of 5% or 10% FBRA
during the promotion phase of OH-BBN-induced urinary
bladder carcinogenesis significantly inhibited the incidence
of the bladder carcinoma. Furthermore, post-initiation feeding
of 10% FBRA significantly suppressed the incidence of
bladder preneoplastic lesions (dysplasia and simple hyperplasia)
when compared with that of mice given the control diet.
FBRA has already been proven to inhibit chemically induced
carcinogenesis in colon, liver, and esophagus. These results
suggest that FBRA is a candidate chemopreventive agent
against carcinogenesis in multiple organs including the
urinary bladder.

Several mechanisms by which chemopreventive agents
exert their inhibitory effects on tumorigenesis were considered.
Cell proliferation plays an important role in multistage carcino-
genesis and involves multiple genetic alterations (24). In this
study, FBRA inhibited cell proliferation activity of the OH-
BBN-exposed non-lesional urinary bladder epithelium. These
results are in line with our earlier studies using different
carcinogenesis models (18-20). We found no effect of FBRA
on the AgNOR counts in normal tissue (groups 6 and 7). This
may imply that FBRA shows modulating effects in
epithelium of animals given carcinogens. Our earlier study
indicated a step-wise increase of the AgNOR number from
histologically normal transitional epithelium through
hyperplasia and pre-cancerous lesions (dysplasia) to
transitional cell carcinoma in OH-BBN-induced urinary bladder
carcinogenesis (25). Furthermore, some chemopreventive
agents reduced AgNOR scores and the development of urinary
bladder cancer (9,26). Thus, the inhibition of carcinogen-
induced hyper-proliferation of urinary bladder epithelium is
also suggested to be one important mechanism of the
chemopreventive action of FBRA.

FBRA is a processed food prepared by fermenting brown
rice and rice bran with Aspergillus oryzae. The nutritional
and sanitary advantages of fermentation are gradually
recognized. Fermented soybean paste (miso) and soy sauce
(shoyu), which are Japanese traditional foods and prepared
by fermenting with Aspergillus oryzae, have been found to
be more stable against lipid peroxidation than unfermented
soybeans because soybean products fermented with Aspergillus
oryzae contain several antioxidants in greater abundance
(27). These o-dihydroxyisoflavones, produced from soybean-

derived isoflavones by fermentation, are reported to possess
greater radical-scavenging, anti-proliferative and anti-
mutagenic activity than the corresponding isoflavone analogs
(27-29). Several epidemiological and preclinical studies have
suggested the preventive effects of such fermented soybean
products on breast (30), stomach (31), and prostate cancer
(32). For rice, an ethyl acetate extract of ‘kurosu,’ a vinegar
made from unpolished rice containing rice bran, suppressed
colonic preneoplastic lesions and cancer induced by
azoxymethane (33,34). Thus, it is possible that FBRA has
similar biological aspects to fermented soybeans or kurosu.
Furthermore, urinary 8-hydroxydeoxyguanosine (8-OHdG) is
considered to be a biomarker of generalized, cellular
oxidative stress and linked to degenerative disease including
cancer (35). The levels of 8-OHdG in each group were
measured in this study, but there was no significant difference
among the groups (data not shown). Therefore, further
investigation into the mechanistic basis of the chemopreventive
action of dietary FBRA is warranted.

In conclusion, we demonstrated that dietary exposure of
5% or 10% FBRA during the post-initiation phase inhibits
tumor development and cell proliferation in the target
epithelium of the mouse model with OH-BBN. FBRA is
suggested to be a promising chemopreventive agent against
the occurrence of human urinary bladder cancer.
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