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Inhibitory effects of fermented brown rice and rice bran on the
development of acute hepatitis in Long-Evans Cinnamon rats
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Abstract. To investigate the effects of fermented brown rice
(FBRA) on the development of hereditary hepatitis in Long-
Evans Cinnamon (LEC) rats, we compared the incidence and
grades of acute hepatitis among rats fed 5% and 10% FBRA
in the conventional diet and the conventional diet alone. Both
the 5% and 10% FBRA-supplemented diets indicated a
tendency to prevent the development of hepatitis, and the
significant effect of 10% FBRA was observed until 16-17
weeks of age in the accumulated incidence and survival ratio
compared with the unsupplemented conventional diet,
although no significant difference was observed between 5%
and 10% FBRA-supplemented diets. At the age of 12 weeks,
which is just before the rats develop hepatitis, serum copper
levels in rats fed either of the test diets were similar to those
in rats fed the conventional diet. Furthermore, the copper
concentration in liver tissue at 12 weeks of age was not
changed by the test diet. These results suggest that FBRA has
preventive effects on the development of hepatitis in LEC
rats and may play an important role in protecting the liver
against the free radicals induced by copper accumulation in the
liver.

Introduction
The LEC rat (Long-Evans rat with a cinnamon-like coat) is

an inbred strain of a mutant rat isolated from a closed colony
of Long-Evans rats. LEC rats spontaneously develop acute
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hepatitis accompanied with severe jaundice about 3-4 months
after birth, and most of them die of fulminant hepatitis. Those
that survive acute hepatitis suffer from chronic hepatitis for
over a year, and nearly 100% of them ultimately develop
cholangiofibrosis and hepatocellular carcinoma (1). LEC rats
are thus regarded as a useful animal model for research on
human hepatic diseases including hepatocarcinogenesis. In
the LEC rat liver, excessive amounts of copper accumulate
due to the mutation of the Atp 7b gene, a rat homologue to
the human Wilson's disease gene, which encodes a copper-
transporting P-type ATPase (2). Copper accumulation was
proved to be genetically linked with hepatitis development,
and copper accumulation in the liver was revealed to start at
2 days of age and gradually increase to hepatotoxic levels
until the onset of hepatitis (3-5). It has also been proposed
that the excess copper catalyzes the formation of highly
toxic hydroxyl radicals by way of a Fenton-like reaction,
and selenium-dependent glutathione peroxidase (GSH-Px)
is reduced by 40% in the LEC rat liver (6). The level of
8-hydroxyguanosine, an oxidative DNA damaging product,
is elevated in LEC rat livers at the age of 3-4 months when
clinical symptoms of acute hepatitis appear (7). Thus, the
impaired antioxidant defense is speculated to play an important
role in the development of hepatitis and hepatocellular
carcinoma in LEC rats.

On the other hand, it has been recognized that dietary
factors play an important role in the prevention of several
types of cancer. Rice, one of the major cereals, is consumed
as a staple food among worldwide populations, especially
Asian countries, and contains several kinds of antioxidants,
such as ferulic acid (8), phytic acid (9), tocophenols and
oryzanols (10), especially in the bran or germ. Rice germ
itself or the compounds of the rice bran or rice germ have
chemopreventive effects against carcinogenesis in the large
intestine or tongue of rats (11-14). Brown rice fermented by
Aspergillus Oryzae (FBRA) was used in this study, which is
a processed food prepared by fermenting brown rice and rice
bran with Aspergillus Oryzae. It is already known that
FBRA acts as a potent free radical scavenger (15). It has
also been revealed that FBRA has inhibitory effects on
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Table I. Composition of FBRA. chemically induced carcinogenesis in the colon (16),
esophagus (17) and liver (18) in well-established preclinical
Amount/I00 g FBRA  models. In the present study, we examined the effects of
FBRA on the development of acute hepatitis with an aim at

Hydrosis 33¢g preventing hepatocellular carcinoma in LEC rats.

Protein 238¢

Fat 205¢ Materials and methods

Ash 90¢g Animals and diets. Female LEC rats (Charles River Animal
Hydrocarbon 24¢ Center, Tokyo, Japan) obtained at 4 weeks of age were housed
Fiber 210¢ in wire cages (3 or 4 rats/cage) under controlled conditions of
Phytic acid 386¢g humidity (50-60%), lighting (12 h light/dark cycle) and
Vitamin A 0.003 mg temperature (23+2°C), with free access to water and a basal
Vitamin B group 497 mg CE-2 diet (Nippon Clea Co., Tokyo, Japan) at the Center for

Experimental Animals, Health Sciences University of

V{tam%n E group 150 mg Hokkaido. The CE-2 diet was used as the basal diet throughout

Vitamin K group 63.0 mg the study. Test diets were prepared by supplementing the

Sodium 8.1 mg conventional diet (CE-2) with FBRA. At 8 weeks of age, the

Phosphorus 196 ¢ rats were divided randomly into three groups and given the

Calcium 308.0 mg conventional diet (CE-2) or test diets containing 5% or 10%
weight of FBRA and the same experiment was performed in

Iron 9.9 mg e . e

. triplicate to confirm the results as the incidence and grades of

Magnesium 810.0 mg o . . . .
acute hepatitis varied depending on the birth groups. This

Copper 936.0 mg animal study was approved by the Committee of Health

Zinc 5.99 mg Sciences at University of Hokkaido on the treatment of

Manganese 15.6 mg experimental animals.

Selenium 80 ug

Arabionoxylane 56¢ Chemicals. FBRA was supplied by Genmai Koso Co., Ltd.

(Sapporo, Japan). Briefly, for the processing of FBRA, a

Table II. Effects of the diets on the incidence of hepatitis in LEC rats.

Incidence of hepatitis/no. of rats (%)®

Dietary group? Experiment 1 Experiment 2 Experiment 3 Total

Conventional 10/10 (100) 10/10 (100) 27/29 (93) 47/49 (96)
5% FBRA 9/10 (90) 9/9 (100) 22/26 (85) 40/45 (89)
10% FBRA 6/9 (67) 10/10 (100) 25/29 (86) 41/48 (85)

2Eight-week-old female LEC rats were used for the experiment. Each rat was kept under standard conditions, given test diets ad libitum and
observed 10-20 weeks after birth. "Hepatitis was diagnosed from physical jaundice status.

Table III. Changes in the age of LEC rats fed with the test diets at the development of hepatitis.

Age at the onset of hepatitis (no. of rats observed)

Dietary group® Experiment 1 Experiment 2 Experiment 3

Conventional 101.9+4.2 days (10) 110.2+2.6 days (10) 110.4+4 4 days (27)
5%FBRA 102.9+4.1 days (10) 111.2+2.9 days (9) 112.2+3 .9 days (22)
10%FBRA 104.9+4.7 days (9) 111.0+2.7 days (10) 112.1+4.7 days (25)

“Eight-week-old female LEC rats were used for the experiment. Each rat was kept under standard conditions, given test diets ad libitum and
observed 10-20 weeks after birth. PDevelopment of hepatitis was diagnosed from physical jaundice status. Data are means + SE of rats that
developed hepatitis in each experiment.
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Figure 1. Accumulated incidence ratio of hepatitis in experiment 3. The accumulated hepatitis incidence ratio at 109 to 112 days of age was significantly
reduced by the test diet supplemented with 10% FBRA, although no significant difference was observed between the 5% and 10% FBRA-supplemented diets.

fermentation base is made by steaming brown rice and rice
bran. Aspergillus Oryzae is then seeded in the fermentation
base, and fermentation is continued for 18-24 h. Subsequently,
a second fermentation is continued for an additional 12-24 h
for aging. The fermented product is then dried and powdered.
The final composition of FBRA is shown in Table I.

Blood collection and analysis of serum copper levels. Blood
samples were collected from the jugular vein of every rat on
respective days, and serum copper concentrations of these
blood samples were determined with a Zeeman polarized
atomic absorption spectrophotometer (model Z-8100; Hitachi,
Tokyo, Japan).

Examination of copper concentration in the liver tissue.
Female LEC rats aged 12 weeks that had not yet developed
acute hepatitis were used for the analysis of copper con-
centrations in the liver. The liver was removed, weighed, and
stored at -80°C. The tissues were wet ashed with nitric,
perchloric, and sulfuric acids, and copper concentrations were
determined with an atomic absorption spectrophotometer
(model 180-30; Hitachi Ltd., Tokyo, Japan).

Detection and diagnosis of hepatitis. The LEC rats were
observed daily for jaundice, and were diagnosed as having
hepatitis upon the appearance of icteric ears and foot pads in
accordance with previous reports (1).

Statistical analysis. Statistically significant differences between
the groups were determined using the y? test or Student's t-test.
In all cases, p-values <0.05 were considered significant.

Results

Effects of test diets on the incidence of acute hepatitis in LEC
rats. Acute hepatitis was observed in 96% (47/49) of rats fed

a conventional diet, and 89% (41/48) and 85% (14/48) of rats
fed the 5% and 10% FBRA-supplemented diets, respectively.
Thus, both the 5% and 10% FBRA test diets indicated an
inhibitory action compared with the conventional diet, although
the difference was not significant in any of the experiments
or average result (Table II).

Effects of test diets on the duration of hepatitis-free periods.
Hepatitis-free periods were prolonged in the rats fed test diets
of both 5% and 10% FBRA compared with that in rats fed
the conventional diet in every experiment (Table III), although
a significant difference was not observed. To evaluate the
effects of test diets in detail, we examined the accumulated
hepatitis incidence ratio in experiment 3. During 109 to 112
days of age, the ratio was significantly reduced by the 10%
FBRA-supplemented test diet, although a significant difference
was not observed between the 5% and 10% FBRA-supple-
mented diets (Fig. 1).

Effects of test diets on the mortality and survival time. In the
serial experiments, all LEC rats died of fulminant hepatitis
3 or 4 days after the onset of acute hepatitis. The average
survival period was not significantly prolonged in rats fed
either test diet with 5% or 10% FBRA, compared with that in
rats fed the conventional diet, although a significant difference
was observed at 114 to 118 days of age in the accumulated
survival rate (Table IV) (Fig. 2).

These results indicated that the diets supplemented with
FBRA possibly prevented the onset of hepatitis and/or
significantly prolonged the hepatitis-free period before the
onset of acute hepatitis, which is a hypercarcinogenic state of
LEC rats.

Effects on the serum copper levels and liver tissue copper
concentrations. To evaluate the effect of copper accumulation
in LEC rats, 10 rats were used in each group. Serum samples
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Table I'V. Changes in the survival period of LEC rats fed the test diets.

Age (days) at death (no. of rats observed)

Dietary group® Experiment 1

Experiment 2 Experiment 3

Conventional 104.3+5.1 days (10)
5%FBRA 103.5+4.7 days (10)
10%FBRA 106.6+3.6 days (9)

113.1+2.1 days (10)
113.8+£2.2 days (9)
114.4+3.1 days (10)

112.7+4 .3 days (27)
114.944.3 days (22)®
115.2+4.7 days (25)°

“Eight-week-old female LEC rats were used for the experiment. Each rat was kept under standard conditions, given test diets ad libitum and
observed 10-20 weeks after birth. Data are means + SE of rats that developed hepatitis in each experiment. No significant difference was

observed (°p=0.0846 and °p=0.0589).
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Figure 2. Accumulated survival ratio in experiment 3. A significant difference was observed at 114 to 118 days after birth in the accumulated survival rate.

Table V. Effects of the test diets on the copper concentration
] in the liver tissue.
40 .
= Copper concentration
) . .
?ﬁ Dietary group® nglg wet weight®
g | Conventional (n=10) 426.1+125.1
EREC 5%FBRA (n=10) 509.9+77.5
E 10%FBRA (n=10) 472.5+175.6
I
-
@ *Eight-week-old female LEC rats were used for the experiment.
- Each rat was kept under standard conditions and given test diets

Control 5%FBRA 10%FBRA

Figure 3. Effect of test diets on the serum copper levels. Serum samples
were obtained from LEC rats at 12 weeks of age. These rats were used for
the analysis of copper concentration in the liver tissue following serum
sampling. No significant difference was observed among the groups.

obtained from LEC rats aged 12 weeks indicated the same
levels of copper concentration among the groups (Fig. 3).
These rats were then sacrificed, and the liver tissues were
removed for the analysis of copper concentration following

until 12 weeks. PLiver tissues were obtained from the LEC rats aged
12 weeks that had not yet developed acute hepatitis. Copper
concentration was determined by atomic absorption spectro-
photometry. Data are means + SE of 10 rats in each group.

serum sampling. The liver tissues in each group also contained
the same amounts of copper (Table V). To evaluate the liver
condition, serum transaminases (AST and ALT) were
measured. Both AST and ALT levels were within normal
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range, and these findings corresponded well to the physical
status (data not shown).

Discussion

The results of the present study show that FBRA possibly
prevents the development of hepatitis, which is a hyper-
carcinogenic state of LEC rats, and prolongs the hepatitis-
free period and survival time, but does not affect the
accumulation of copper in liver tissues.

LEC rats are known to have hereditary abnormal copper
metabolism by which copper accumulates in the liver, brain,
kidney and other organs shortly after birth, and this
accumulation of copper in excess of metabolic requirements
causes fatal hepatocellular injury. Indeed, the oral admin-
istration of D-penicillamine, a copper-chelating agent widely
used in the treatment of Wilson's disease, completely inhibits
the development of hepatitis and hepatocellular carcinoma
(19,20). Furthermore, the administration of fatty acids can
strongly stimulate bile juice secretion from the liver and may
consequently promote excretion of copper, leading to the
prevention of hepatitis in LEC rats (21). The accumulated
copper appears to interact with physiologically produced
active oxygen species, such as superoxide anion and hydrogen
peroxide, catalyzing the formation of highly toxic hydroxyl
radicals by way of a Fenton-like reaction (22,23). Moreover,
it is reported that the antioxidant defense, such as glutathione
peroxidase, is reduced by 40% in LEC rat livers (6). Thus, an
accumulation of copper and radicals play an important role
in the development hepatitis and hepatocellular carcinoma
in LEC rats. This is the first study to report that hepatitis
of LEC rats is prevented without affecting the copper
accumulation.

FBRA is a processed food prepared by fermenting brown
rice and rice bran with Aspergillus Oryzae. The advantage of
fermentation has been recognized in recent years, but the
details are not well known. Japanese traditional fermented
soybean products, such as soybean paste (miso) or soy sauce
(shoyu), which are prepared by fermenting soybeans with
Aspergillus Oryzae, are more stable against lipid peroxidation
than unfermented soybean. Esaki et al reported that soybeans
produce antioxidants, 6-hydroxydaidzein, 8-dehydroxydaidzein
and 8-hydroxygenistein by fermenting with Aspergillus
Oryzae (24). These agents are reported to possess high DPPH
radical-scavenging and antiproliferative activity (25). In
epidemiological or preclinical studies, some evidence on the
preventive effects of such fermented soybean products has
been reported (26-28). However, little is understood about
the efficiency of fermented rice. It is possible that the
fermentation of rice with Aspergillus Oryzae has similar
functional aspects to the fermentation of soybeans. It is also
possible that the efficiency of FBRA is mediated through the
action of several trace elements including selenium, which is
biotransformed into organic form during the fermentation of
brown rice and rice bran (29-31). Furthermore, the antioxidant
activity of FBRA is also suggested to be significantly
associated with the suppression of hepatocarcinogenesis in
previous studies using well-established chemical carcinogenesis
models (16-18).

In this study, FBRA did not change the level of copper
accumulation in liver tissues, but prevented hepatitis. No
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report has shown suppression of hepatitis development in
LEC rats without reducing the copper accumulation in the
liver tissues until now. This strongly suggests that FBRA may
moderate the events following copper accumulation, including
the generation of free radicals and/or augmentation of radical
scavenging ability.

In conclusion, the present study proved the chemo-
preventive effect of FBRA on the hepatitis in LEC rats that
renders them prone to carcinogesis. While the mechanism of
FBRA is yet to be elucidated, our data imply that dietary
FBRA can potentially assist in reducing human liver diseases
progressed by free radicals. To clarify this point, further
examination is necessary.
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