&97“"‘“'&”%% .
a2 Rice Research: Open Access

7,
LT T

o’ O,

«

Shizuma, J Rice Res 2014, 2:2
http://dx.doi.org/10.4172/jrr.1000127

Anti-Colitis Effects of Brown Rice Reported by Experimental Studies
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Abstract

Brown (unpolished) rice is a good source of vitamins, minerals, and dietary fiber and is consumed as a health
food, particularly in Asian countries. Although a limited number of studies have investigated the anti-colitis effects
of brown rice, including rice bran and treated brown rice, some have reported the protective effects of brown rice
in animal models of dextran sulfate sodium-induced colitis in the following settings: 1) Rice bran oil, 2) Brown rice
fermented by Aspergillus oryzae, 3) Enzyme-treated rice fiber, and 4) Kurozu (fermented vinegar made from brown
rice). The possible mechanisms underlying the anti-colitis effects of brown rice include anti-oxidant effects, inhibition
of proinflammatory cytokine production, myeloperoxidase activity, neutrophil infiltration in the colonic mucosa, activa-
tion of nuclear factor kappa B (NF-kB), and improvement of dysbiosis. However, the active components in dietary
products derived from brown rice or treated brown rice have not yet been identified. This report summarizes the
studies demonstrating the anti-colitis effects of brown rice or treated brown rice in animal models of colitis.
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Introduction

Both white and brown (unpolished) rice are widely consumed as
a staple food item in many Asian countries, including Japan. Brown
rice is whole-grain rice from which the outmost layer (husk or hull) is
removed, leaving only the germ and bran [1]. White rice is produced
from brown rice by a milling process wherein the bran and germ are
removed, leaving behind the mostly starchy endosperm. Although
there is no significant difference in the calorie content between brown
and white rice, there are significant differences in processing and
nutritional content. Brown rice contains an abundance of vitamins
such as vitamin B1, minerals, and dietary fiber compared with white
rice; therefore, it is regarded as a health food [2]. In Japan, the increased
incidence of beriberi (or thiamin deficiency) in the late 1800s was
attributed to, among other causes, the increased consumption of
cooked white rice instead of brown rice.

Crohn’s disease (CD) and ulcerative colitis (UC) are the two most
commonly encountered forms of inflammatory bowel disease (IBD),
which is characterized by chronic relapsing inflammation. Patients
with IBD are at an increased risk of colorectal cancer because of chronic
inflammation [3]. Although the causes of IBD have not been fully
elucidated [4-6], intestinal microbiota has been shown to be involved
in IBD in both human and animal models of colitis [5]. Dietary factors
influence the composition of the intestinal microflora, which appear
to play a major role in the development of IBD. Moreover, multiple
genetic factors [7], dysregulation of mucosal immunological function,
overproduction of pro-inflammatory cytokines [6,8,9], and oxidative
stress [10,11] also play important roles in the development and severity
of IBD. A recent systematic review indicated that the incidence of CD
and UC in western and European countries was 90 and 505 vs. 319 and
322 per 100,000 persons, respectively [12,13].

Diet therapy may be useful to control inflammation in IBD
patients because prolonged administration is associated with a very
low incidence of severe adverse effects. Moreover, supplementation
with probiotics or prebiotics has been reported to suppress colitis in
IBD patients [5]. Therefore, the occurrence and severity of IBD may be
influenced by dietary factors [14]. A multicenter case-control study in
Japan proposed that a decrease in the daily consumption of rice may be
related to the occurrence of IBD [14,15]. In contrast, daily consumption
of meat and sugar has been associated with an increased incidence of

both CD and UC in case-control studies [14]. Although brown rice is
regarded as a health or functional food, no large-scale study till date
has been conducted to determine whether the consumption of brown
rice can attenuate colitis in IBD patients, and clinical evidence of the
efficacy of brown rice against IBD remains unclear. However, Chiba et
al. [16,17] reported that the consumption of a semi-vegetarian diet, in
which brown rice is a staple food and animal fat is limited, was found to
induce disease remission in two Japanese patients with CD. Although
the active ingredients in a semi-vegetarian diet remain unclear, the
potential efficacy of brown rice for the remission of CD has been
reported.

Moreover, there have been relatively few studies pertaining to the
anti-colitis effects of brown (unpolished) rice or dietary factors derived
from brown rice in animal models of colitis 3,5,6,18,19]. In this report,
studies demonstrating the anti-colitis effects of brown rice in animal
models are summarized.

Methods

In this report, we reviewed the English and Japanese literature
and summarized the findings of retrieved studies that demonstrated
the anti-colitis effects of brown rice in animal models. A literature
search was performed using the following keywords: (1) “brown
(unpolished) rice” and “colitis’, (2) “rice bran” and “colitis”, (3) “brown
(unpolished) rice” and “inflammatory bowel disease”, (4) “rice bran”
and “inflammatory bowel disease”, and (5) “fermented brown rice’”.
Searches of the English and Japanese literature were performed using
the PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and Japana
Centra Revuo Medicina (Igaku Chou Zasshi) (http://search.jamas.
or.jp/) databases, respectively.
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Animal models used in studies of IBD

Animal models are commonly used to study IBD. The symptoms
and histopathological findings of 2,4,6-trinitrobenzenesulfonic acid
(TNBS)-induced colitis in animal models resemble those observed
in CD patients [20]. On the other hand, symptoms of dextran sulfate
sodium (DSS)-induced colitis in animal models, such as bloody feces,
weight loss, and mucosal ulceration, resemble those observed in UC
patients [19,21]. Therefore, TNBS- and DSS-induced animal colitis
models are often used to study CD and UC, respectively.

Anti-colitis effects of rice bran oil

Brown rice retains the bran component, and rice bran oil (RBO)
is an abundant source of bioactive phytochemicals with antioxidant
activities, such as gamma-oryzanol, and contains a number of
phenolic compounds, such as phytosteryl ferulate [6,19,22]. Sierra
et al. [23] reported that RBO reinforced Thl-dominant immune
responses in vitro. RBO has been reported to confer health-related
benefits in patients with several chronic diseases, including cancer,
hyperlipidemia, and heart disease [19].

Moreover, Islam et al. [19] investigated the anti-colitis effects
of RBO in a DSS-induced colitis model and reported that oral
administration of RBO attenuated the histological findings of colitis
and inhibited the production and activities of myeloperoxidase (MPO),
pro-inflammatory cytokines, cyclooxygenase-2, and nuclear factor
kappa B (NF-kB). They also suggested that phytosteryl ferulate was
the key active ingredient of RBO. Reddy et al. [6] also investigated
the anti-colitis effects of RBO as an antioxidant and reported that
the consumption of RBO attenuated the histopathological changes of
colitis and MPO activity and decreased neutrophil infiltration as well
as the symptoms of diarrhea, body weight loss, and bloody feces in a
DSS-induced colitis model.

Anti-colitis effects of brown rice fermented by Aspergillus
oryzae

Fermented brown rice by Aspergillus oryzae (FBRA) is processed
by fermenting brown rice and rice bran by A. oryzae. FBRA contains
a large amount of dietary fiber [5,24], while A. oryzae contains a high
content of enzymes with a strong ability to convert starches, proteins,
and lipids to a variety of bioactive compounds [25]. Moreover, A.
oryzae does not generate aflatoxin, a strong carcinogen associated with
the occurrence of hepatocellular carcinoma [25]. Among the animal
models [5] and clinical trials [26,27] reviewed in this study, no FBRA-
associated toxicity was observed.

Ochiai et al. [28] reported the preventive effects of a hydrous
ethanol extract of FBRA on gastrointestinal damage in a methotrexate
(MTX)-treated animal model. FBRA extract contains nucleobases and
low dietary fiber content, although FBRA generally contains abundant
dietary fiber. Moreover, MTX treatment of an animal model resulted
in malabsorption syndrome through severe malabsorption of nutrients
and diarrhea [28]. They reported that oral administration of FBRA
extract attenuated diarrhea, increased protein content in the small
intestine, and improved survival [28].

Moreover, Kataoka et al. [5] reported ameliorating effects of
FBRA on DSS-induced colitis in a rat model. They indicated that the
consumption of a diet containing 5% and 10% FBRA attenuated colitis,
as confirmed by macroscopic and histological findings, while that of a
diet containing 10% FBRA also decreased the activity of MPO, which
can serve as a marker of neutrophil infiltration in the colonic mucosa

[5]. This group also reported that dietary FBRA increased the number
of resident lactobacilli in the intestine of a rat model of DSS-induced
colitis, although it did not change the proportion of lactobacilli spp.,
which also contains FBRA [24]. Selected strains of lactobacilli are
beneficial to human health as probiotics and have been reported to
suppress IBD [24].

Anti-colitis effects of enzyme-treated rice fiber

Enzyme-treated rice fiber (ERF) is a prebiotic product made from
raw rice bran by treatment with heat-resistant amylase, protease, and
hemicellulose [3]. ERF is a heterogeneous mixture of dietary fiber and
protein and a very good source of dietary fiber compared with rice bran
[3]. Komiyama et al. [3] investigated the preventive effects of ERF in an
animal model of DSS-induced colitis and indicated that ERF attenuated
associated symptoms such as diarrhea and body weight loss as well as
histological findings of colitis such as serum and mucosal cytokine
levels and T cell activation in the spleen and mesenteric lymph nodes.
These findings suggested that the anti-inflammatory effects of ERF were
significantly superior to those of raw rice bran [3]. They also reported
possible mechanisms of colitis attenuation by the oral administration
of ERF, the preventive effect of dysbiosis (a decrease in Clostridium and
Eubacterium spp.), promotion of short-chain fatty acid production,
and attenuation of overwhelming immune responses [3]. Moreover,
short-chain fatty acids are energy sources for the colonic epithelium
and exhibit anti-inflammatory properties [3,29]. For example, butyrate
reportedly has the ability to downregulate NF-«kB activation [3].

Anti-colitis effects of Kurozu (Kurosu)

Kurozu (Kurosu) is traditional Japanese black vinegar made from
brown (unpolished) rice that is widely used in the preparation of
Japanese foods. It is manufactured by fermentation for more than a
year in earthenware jars. The supernatant, known as Kurozu, contains
acetic acid as well as an abundance of organic materials, minerals, and
amino acids not found in other vinegars [18]. Kurozu also contains
metabolites generated by lactobacillus and koji bacillus, among other
microbes.

We previously demonstrated the protective effects of Kurozu
in a rodent model of DSS-induced colitis [18]. Oral administration
of Kurozu significantly attenuated DSS-induced colitis as well as
symptoms of bloody feces, body weight loss and decreased nitrotyrosine
levels in the colonic epithelium, possibly by antioxidant activities.
Acetic acid, the main component of Kurozu, has been reported to
improve hyperlipidemia in humans and animal models [30]. However,
our study indicated that acetic acid did not ameliorate DSS-induced
colitis [18].

Anti-colitis effects of brown rice or dietary factors derived
from brown rice correlated with oxidative stress

In inflammatory conditions such as IBD, the generation of
superoxide and nitric oxide (NO) is generally accelerated [18,31].
Superoxide is cytotoxic and associated with tissue damage in many
diseases, and excessive NO production can aggravate inflammatory
conditions [18]. Moreover, these molecules rapidly react with each
other to form highly reactive peroxynitrite [32] that causes tissue
damage via nitration of protein tyrosine residues to form nitrotyrosine,
which is considered a marker of oxidative and nitration stress [18,33].
Therefore, peroxynitrite may have played a key role in the induction of
colitis in these studies.

With regard to the MPO pathway, MPO is mainly released by
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neutrophils, so it is possible that RBO or treated brown rice may block
MPO release by neutrophils in colonic tissues, as reported in other
studies [18]. Nitrotyrosine is produced by at least two pathways: a
reaction between superoxide and NO and a reaction between nitrite
and MPO [18,32]. Therefore, the possibility that RBO or treated brown
rice suppresses the reaction between MPO and nitrite, which leads to a
decrease in nitrotyrosine formation, cannot be ruled out.

Conclusions

The anti-colitis effects of brown rice, including rice bran and treat-
ed brown rice, have been summarized in several studies that employed
experimental colitis models. The anti-oxidative and inhibitory effects
of pro-inflammatory cytokines, MPO activity, and activation of NF-
kB have been identified as the major mechanisms underlying these
anti-colitis effects. Moreover, the improving effects of dysbiosis may
be related to the anti-colitis effects. However, the active components in
dietary factors derived from brown rice have not yet been identified. At
present, there is no clear evidence supporting the anti-colitis effects of
brown rice in IBD. Therefore, clinical studies of this widely used dietary
food are warranted.

References

1. Shimoji Y, Kohno H, Nanda K, Nishikawa Y, Ohigashi H, et al. (2004) Extract of
Kurosu, a vinegar from unpolished rice, inhibits azoxymethane-induced colon
carcinogenesis in male F344 rats. See comment in PubMed Commons below
Nutr Cancer 49: 170-173.

2. Miyoshi H, Okuda T, Okuda K, Koishi H (1987) Effects of brown rice on
apparent digestibility and balance of nutrients in young men on low protein
diets. See comment in PubMed Commons below J Nutr Sci Vitaminol (Tokyo)
33:207-218.

3. Komiyama Y, Andoh A, Fujiwara D, Ohmae H, Araki Y, et al. (2011) New
prebiotics from rice bran ameliorate inflammation in murine colitis models
through the modulation of intestinal homeostasis and the mucosal immune
system. See comment in PubMed Commons below Scand J Gastroenterol 46:
40-52.

4. Fukuda Y, Tao Y, Tomita T, Hori K, Fukunaga K, et al. (2006) A traditional
Japanese medicine mitigates TNBS-induced colitis in rats. See comment in
PubMed Commons below Scand J Gastroenterol 41: 1183-1189.

5. Kataoka K, Ogasa S, Kuwahara T, Bando Y, Hagiwara M, et al. (2008) Inhibitory
effects of fermented brown rice on induction of acute colitis by dextran sulfate
sodium in rats. See comment in PubMed Commons below Dig Dis Sci 53:
1601-1608.

6. Reddy KV, Maheswaraiah A, Naidu KA (2014) Rice bran oil and n-3 fatty
acid-rich garden cress (Lepidium sativum) seed oil attenuate murine model of
ulcerative colitis. See comment in PubMed Commons below Int J Colorectal
Dis 29: 267-269.

7. van Lierop PP, Samsom JN, Escher JC, Nieuwenhuis EE (2009) Role of the innate
immune system in the pathogenesis of inflammatory bowel disease. See comment
in PubMed Commons below J Pediatr Gastroenterol Nutr 48: 142-151.

8. Polinska, Matowicka-Karna J, Kemona H (2009) The cytokines in inflammatory
bowel disease. See comment in PubMed Commons below Postepy Hig Med
Dosw (Online) 63: 389-394.

9. Ghosh N, Chaki R, Mandal V, Lin GD, Mandal SC (2010) Mechanisms and
efficacy of immunobiologic therapies for inflammatory bowel diseases. See
comment in PubMed Commons below Int Rev Immunol 29: 4-37.

10. Babbs CF (1992) Oxygen radicals in ulcerative colitis. See comment in PubMed
Commons below Free Radic Biol Med 13: 169-181.

11. Hong SK, Chaturvedi R, Piazuelo MB, Coburn LA, Williams CS, et al. (2010)
Increased expression and cellular localization of spermine oxidase in ulcerative
colitis and relationship to disease activity. See comment in PubMed Commons
below Inflamm Bowel Dis 16: 1557-1566.

12. Laass MW, Roggenbuck D, Conrad K (2014) Diagnosis and classification of
Crohn’s disease. See comment in PubMed Commons below Autoimmun Rev
13: 467-471.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Conrad K, Roggenbuck D, Laass MW (2014) Diagnosis and classification of

ulcerative colitis. See comment in PubMed Commons below Autoimmun Rev
13: 463-466.

. Asakura H, Suzuki K, Kitahora T, Morizane T (2008) Is there a link between

food and intestinal microbes and the occurrence of Crohn’s disease and
ulcerative colitis? See comment in PubMed Commons below J Gastroenterol
Hepatol 23: 1794-1801.

. Sakamoto N, Kono S, Wakai K, Fukuda Y, Satomi M, et al. (2005) Dietary

risk factors for inflammatory bowel disease: a multicenter case-control study
in Japan. See comment in PubMed Commons below Inflamm Bowel Dis 11:
154-163.

. Chiba M, Sugawara T, Morikawa Y, Tozawa H, Fujiwara K, et al. (2007) Onset

of Crohn’s disease after moving to Tokyo-maintenance of remission by semi-
vegetarian diet: a case report. Digestion & Absorption 29: 92-96.

.Chiba M, Tsuda H, Tsuda S, Abe T, Morikawa Y, Morikawa Y, et al. (2005)

Confirmed maintenance effect of remission of Crohn’s disease by semi-
vegetarian diet: case report. Digestion & Absorption 28: 35-38.

. Shizuma T, Ishiwata K, Nagano M, Mori H, Fukuyama N (2011) Protective

effects of Kurozu and Kurozu Moromimatsu on dextran sulfate sodium-induced
experimental colitis. See comment in PubMed Commons below Dig Dis Sci 56:
1387-1392.

.Islam MS, Murata T, Fujisawa M, Nagasaka R, Ushio H, et al. (2008) Anti-

inflammatory effects of phytosteryl ferulates in colitis induced by dextran
sulphate sodium in mice. See comment in PubMed Commons below Br J
Pharmacol 154: 812-824.

Scheiffele F, Fuss IJ (2002) Induction of TNBS colitis in mice. See comment in
PubMed Commons below Curr Protoc Immunol Chapter 15: Unit 15.

Chassaing B, Aitken JD, Malleshappa M, Vijay-Kumar M (2014) Dextran sulfate
sodium (DSS)-induced colitis in mice. See comment in PubMed Commons
below Curr Protoc Immunol 104: Unit 15.

Goufo P, Trindade H (2014) Rice antioxidants: phenolic acids, flavonoids,
anthocyanins, proanthocyanidins, tocopherols, tocotrienols, y-oryzanol, and phytic
acid. See comment in PubMed Commons below Food Sci Nutr 2: 75-104.

Sierra S, Lara-Villoslada F, Olivares M, Jiménez J, Boza J, et al. (2005)
Increased immune response in mice consuming rice bran oil. See comment in
PubMed Commons below Eur J Nutr 44: 509-516.

Kataoka K, Kibe R, Kuwahara T, Hagiwara M, Arimochi H, et al. (2007)
Modifying effects of fermented brown rice on fecal microbiota in rats. See
comment in PubMed Commons below Anaerobe 13: 220-227.

Murooka Y, Yamshita M (2008) Traditional healthful fermented products of
Japan. See comment in PubMed Commons below J Ind Microbiol Biotechnol
35: 791-798.

Nemoto H, Ikata K, Arimochi H, lwasaki T, Ohnishi Y, et al. (2011) Effects of
fermented brown rice on the intestinal environments in healthy adult. See
comment in PubMed Commons below J Med Invest 58: 235-245.

Takasuga T, Senthilkumar K, Takemori H, Ohi E, Tsuji H, et al. (2004)
Impact of FEBRA (fermented brown rice with Aspergillus oryzae) intake and
concentrations of PCDDs, PCDFs and PCBs in blood of humans from Japan.
See comment in PubMed Commons below Chemosphere 57: 1409-1426.

Ochiai M, Shiomi S, Ushikubo S, Inai R, Matsuo T (2013) Effect of a fermented
brown rice extract on the gastrointestinal function in methotrexate-treated rats. See
comment in PubMed Commons below Biosci Biotechnol Biochem 77: 243-248.

Szilagyi A (2005) Use of prebiotics for inflammatory bowel disease. See
comment in PubMed Commons below Can J Gastroenterol 19: 505-510.

Kondo T, Kishi M, Fushimi T, Ugaijin S, Kaga T (2009) Vinegar intake reduces
body weight, body fat mass, and serum triglyceride levels in obese Japanese
subjects. See comment in PubMed Commons below Biosci Biotechnol Biochem
73:1837-1843.

Cross RK, Wilson KT (2003) Nitric oxide in inflammatory bowel disease. See
comment in PubMed Commons below Inflamm Bowel Dis 9: 179-189.

Radi R (2009) Peroxynitrite and reactive nitrogen species: the contribution of
ABB in two decades of research. See comment in PubMed Commons below
Arch Biochem Biophys 484: 111-113.

Akuta T, Zaki MH, Yoshitake J, Okamoto T, Akaike T (2006) Nitrative stress
through formation of 8-nitroguanosine: insights into microbial pathogenesis.
See comment in PubMed Commons below Nitric Oxide 14: 101-108.

J Rice Res
ISSN: JRR, an open access journal

Volume 2 + Issue 2 + 1000127


http://dx.doi.org/10.4172/jrr.1000127
http://www.ncbi.nlm.nih.gov/pubmed/15489210
http://www.ncbi.nlm.nih.gov/pubmed/15489210
http://www.ncbi.nlm.nih.gov/pubmed/15489210
http://www.ncbi.nlm.nih.gov/pubmed/15489210
http://www.ncbi.nlm.nih.gov/pubmed/2822877
http://www.ncbi.nlm.nih.gov/pubmed/2822877
http://www.ncbi.nlm.nih.gov/pubmed/2822877
http://www.ncbi.nlm.nih.gov/pubmed/2822877
http://www.ncbi.nlm.nih.gov/pubmed/20735154
http://www.ncbi.nlm.nih.gov/pubmed/20735154
http://www.ncbi.nlm.nih.gov/pubmed/20735154
http://www.ncbi.nlm.nih.gov/pubmed/20735154
http://www.ncbi.nlm.nih.gov/pubmed/20735154
http://www.ncbi.nlm.nih.gov/pubmed/16990203
http://www.ncbi.nlm.nih.gov/pubmed/16990203
http://www.ncbi.nlm.nih.gov/pubmed/16990203
http://www.ncbi.nlm.nih.gov/pubmed/17957470
http://www.ncbi.nlm.nih.gov/pubmed/17957470
http://www.ncbi.nlm.nih.gov/pubmed/17957470
http://www.ncbi.nlm.nih.gov/pubmed/17957470
http://www.ncbi.nlm.nih.gov/pubmed/24146065
http://www.ncbi.nlm.nih.gov/pubmed/24146065
http://www.ncbi.nlm.nih.gov/pubmed/24146065
http://www.ncbi.nlm.nih.gov/pubmed/24146065
http://www.ncbi.nlm.nih.gov/pubmed/19179875
http://www.ncbi.nlm.nih.gov/pubmed/19179875
http://www.ncbi.nlm.nih.gov/pubmed/19179875
http://www.ncbi.nlm.nih.gov/pubmed/19724079
http://www.ncbi.nlm.nih.gov/pubmed/19724079
http://www.ncbi.nlm.nih.gov/pubmed/19724079
http://www.ncbi.nlm.nih.gov/pubmed/20100080
http://www.ncbi.nlm.nih.gov/pubmed/20100080
http://www.ncbi.nlm.nih.gov/pubmed/20100080
http://www.ncbi.nlm.nih.gov/pubmed/1355459
http://www.ncbi.nlm.nih.gov/pubmed/1355459
http://www.ncbi.nlm.nih.gov/pubmed/20127992
http://www.ncbi.nlm.nih.gov/pubmed/20127992
http://www.ncbi.nlm.nih.gov/pubmed/20127992
http://www.ncbi.nlm.nih.gov/pubmed/20127992
http://www.ncbi.nlm.nih.gov/pubmed/24424189
http://www.ncbi.nlm.nih.gov/pubmed/24424189
http://www.ncbi.nlm.nih.gov/pubmed/24424189
http://www.ncbi.nlm.nih.gov/pubmed/24424198
http://www.ncbi.nlm.nih.gov/pubmed/24424198
http://www.ncbi.nlm.nih.gov/pubmed/24424198
http://www.ncbi.nlm.nih.gov/pubmed/19120872
http://www.ncbi.nlm.nih.gov/pubmed/19120872
http://www.ncbi.nlm.nih.gov/pubmed/19120872
http://www.ncbi.nlm.nih.gov/pubmed/19120872
http://www.ncbi.nlm.nih.gov/pubmed/15677909
http://www.ncbi.nlm.nih.gov/pubmed/15677909
http://www.ncbi.nlm.nih.gov/pubmed/15677909
http://www.ncbi.nlm.nih.gov/pubmed/15677909
http://www.ncbi.nlm.nih.gov/pubmed/20936352
http://www.ncbi.nlm.nih.gov/pubmed/20936352
http://www.ncbi.nlm.nih.gov/pubmed/20936352
http://www.ncbi.nlm.nih.gov/pubmed/20936352
http://www.ncbi.nlm.nih.gov/pubmed/18536734
http://www.ncbi.nlm.nih.gov/pubmed/18536734
http://www.ncbi.nlm.nih.gov/pubmed/18536734
http://www.ncbi.nlm.nih.gov/pubmed/18536734
http://www.ncbi.nlm.nih.gov/pubmed/18432874
http://www.ncbi.nlm.nih.gov/pubmed/18432874
http://www.ncbi.nlm.nih.gov/pubmed/24510619
http://www.ncbi.nlm.nih.gov/pubmed/24510619
http://www.ncbi.nlm.nih.gov/pubmed/24510619
http://www.ncbi.nlm.nih.gov/pubmed/24804068
http://www.ncbi.nlm.nih.gov/pubmed/24804068
http://www.ncbi.nlm.nih.gov/pubmed/24804068
http://www.ncbi.nlm.nih.gov/pubmed/15719157
http://www.ncbi.nlm.nih.gov/pubmed/15719157
http://www.ncbi.nlm.nih.gov/pubmed/15719157
http://www.ncbi.nlm.nih.gov/pubmed/17826198
http://www.ncbi.nlm.nih.gov/pubmed/17826198
http://www.ncbi.nlm.nih.gov/pubmed/17826198
http://www.ncbi.nlm.nih.gov/pubmed/18461373
http://www.ncbi.nlm.nih.gov/pubmed/18461373
http://www.ncbi.nlm.nih.gov/pubmed/18461373
http://www.ncbi.nlm.nih.gov/pubmed/21921425
http://www.ncbi.nlm.nih.gov/pubmed/21921425
http://www.ncbi.nlm.nih.gov/pubmed/21921425
http://www.ncbi.nlm.nih.gov/pubmed/15519386
http://www.ncbi.nlm.nih.gov/pubmed/15519386
http://www.ncbi.nlm.nih.gov/pubmed/15519386
http://www.ncbi.nlm.nih.gov/pubmed/15519386
http://www.ncbi.nlm.nih.gov/pubmed/23391910
http://www.ncbi.nlm.nih.gov/pubmed/23391910
http://www.ncbi.nlm.nih.gov/pubmed/23391910
http://www.ncbi.nlm.nih.gov/pubmed/16107902
http://www.ncbi.nlm.nih.gov/pubmed/16107902
http://www.ncbi.nlm.nih.gov/pubmed/19661687
http://www.ncbi.nlm.nih.gov/pubmed/19661687
http://www.ncbi.nlm.nih.gov/pubmed/19661687
http://www.ncbi.nlm.nih.gov/pubmed/19661687
http://www.ncbi.nlm.nih.gov/pubmed/12792224
http://www.ncbi.nlm.nih.gov/pubmed/12792224
http://www.ncbi.nlm.nih.gov/pubmed/19393376
http://www.ncbi.nlm.nih.gov/pubmed/19393376
http://www.ncbi.nlm.nih.gov/pubmed/19393376
http://www.ncbi.nlm.nih.gov/pubmed/16309933
http://www.ncbi.nlm.nih.gov/pubmed/16309933
http://www.ncbi.nlm.nih.gov/pubmed/16309933

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Animal models used in studies of IBD
	Anti-colitis effects of rice bran oil
	Anti-colitis effects of brown rice fermented by Aspergillus oryzae
	Anti-colitis effects of enzyme-treated rice fiber 
	Anti-colitis effects of Kurozu (Kurosu)
	Anti-colitis effects of brown rice or dietary factors derived from brown rice correlated with oxidat

	Conclusions
	References

