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expression of antioxidant and oxidative stress
related genes in stressed rat’s liver
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Abstract

Background: Gamma-oryzanol (OR), a phytosteryl ferulate mixture extracted from rice bran oil, has a wide
spectrum of biological activities in particular, it has antioxidant properties.

Methods: The regulatory effect of gamma-oryzanol rich fraction (ORF) extracted and fractionated from rice bran
using supercritical fluid extraction (SFE) in comparison with commercially available OR on 14 antioxidant and
oxidative stress related genes was determined in rat liver. Rats were subjected to a swimming exercise program for
10 weeks to induce stress and were further treated with either ORF at 125, 250 and 500 mg/kg or OR at 100 mg/
kg in emulsion forms for the last 5 weeks of the swimming program being carried out. The GenomeLab Genetic
Analysis System (GeXPS) was used to study the multiplex gene expression of the selected genes.

Results: Upon comparison of RNA expression levels between the stressed and untreated group (PC) and the
unstressed and untreated group (NC), seven genes were found to be down-regulated, while seven genes were up-
regulated in PC group compared to NC group. Further treatment of stressed rats with ORF at different doses and
OR resulted in up-regulation of 10 genes and down regulation of four genes compared to the PC group.

Conclusions: Gamma-oryzanol rich fraction showed potential antioxidant activity greater than OR in the regulation
of antioxidants and oxidative stress gene markers.

Background
Rice bran is a rich natural source of vitamin E, contain-
ing up to 300 mg/kg [1]. It possesses 3000 mg/kg of
gamma-oryzanol (OR), which is a mixture of 10 ferulate
esters of triterpene alcohol [2,3]. OR has been reported
to contribute to multiple health beneficial activities,
including, reduction of cholesterol levels [4], inhibition
of platelet aggregation [5] and antioxidant functions [6].
Supercritical fluid extraction (SFE) of lipid has

received attention as an alternative method to organic
solvent extraction and has been shown to be an ideal
method for extracting and fractioning oils [7]. Supercri-
tical CO2 is non-toxic, non-flammable, and simple to
use when compared to conventional organic solvents.
Furthermore, SFE fractionation allows the pool of target
compounds in the oil fraction. These advantages may

make supercritical carbon dioxide extraction ideal in the
food and pharmaceutical industries [8]. Previous study
by Xu and Godber [2], has demonstrated that SFE pro-
duces high oil yield and able to concentrate OR com-
pared to solvent extraction in rice bran oil. However,
only a few publications on SFE fractionation of rice bran
oil to produce bioactive rich fractions are available until
now. In this study, SFE was employed to extract and
fractionate OR in rice bran as gamma-oryzanol rich
fraction (ORF) which also contains other antioxidant
molecules such as tocopherols, tocotrienols and
ferulates.
Physical exercises are generally recognized to have a

positive impact on physiological parameters affecting
overall health [9]. Even though there are many known
health benefits of exercise, there is strong evidence sug-
gesting that strenuous exercise may cause oxidative
stress in both animals and human studies [10,11]. Pre-
vious studies have shown that exercise at high intensity
can increase the generation of reactive oxygen species
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(ROS) in liver and skeletal muscle which leads to oxi-
dative stress [12]. Several studies involving physical
exercises have been conducted using laboratory ani-
mals, especially rats. Swimming in small laboratory ani-
mals has been widely used for studying the
physiological changes and the capacity of the organism
in response to stress [13]. A positive aspect of this
training method lies in the ability of rats to swim [14].
Protection against ROS and the breakdown products of
oxidized lipids and proteins is provided by antioxidant
enzymes such as catalase (CAT), superoxide dismutase
(SOD) and glutathione peroxidase (GPX). In recent
years, studies have been intensively performed on sup-
plementation of natural antioxidant compounds to
attenuate oxidative stress-induced pathogenesis of dis-
eases [15]. However some of the antioxidant molecules
are labile to degradation in the presence of oxygen,
water and light, or are not absorbed well. Hence it
becomes all the more appropriate to use a delivery sys-
tem which will augment their stability and hence
enhance the performance.
An effective approach for achieving efficient supple-

mentation delivery would be to rationally develop nano-
systems based on the understanding of the specific
supplementation active compound interactions with the
biological environment targeted [16]. For the last 2 dec-
ades, nanosystems with different composition and biolo-
gical properties have been extensively investigated for
drug, gene [17] and supplement delivery application. A
variety of nanoparticles of different structural and che-
mical formulations have been tested for their target-
specificity and as drug carrier systems. Numerous scien-
tific research works have been performed to test the use
of magnetic nanoparticles in the treatment of carcino-
genic brain tumour cells and breast cancer cells; colloid
gold nanoparticles, liposomes and polymeric micelles as
drug delivery systems to target tumour cells and deliver
anticarcinogenic drug in a controlled manner [18]. Drug
delivery systems (DDS) based on the enhanced perme-
ability and retention (ERF) effect has been explored for
better therapeutic approach. In this regard, nanoparticles
hold tremendous potential as an effective drug delivery
system. For therapeutic applications, supplement can
either be integrated in the matrix of the particle or
attached to the particle surface. Another example of
drug delivery aspect of nanomedicine is the use of nano-
materials including peptide-based nanotubes to target
the vascular endothelial growth factor (VEGF) receptor
and cell adhesion molecules as a control measure of dis-
ease progression [16]. Gene expression analysis is used
to analyze the function of one or more genes. Single
gene analysis is not practical for medium to high-
throughput applications in terms of the amount of time,
labor and cost required to process the samples. In a

research that requires a moderately large number of
genes to be assayed, a medium to high-throughput
method is needed. Thus, quantitative analysis of multi-
plexed genes expression in a single reaction, from a lim-
ited amount of total RNA, is of great use to research
scientists. In this study, the GenomeLab™ Genetic Analy-
sis System GeXP (Beckman Coulter Inc. USA) was used
to study the multiplex gene expression of 14 antioxidant
and oxidative stress related genes. The rats were put
initially on a 10 weeks exercise swimming program to
induce stress and followed by treatment with ORF and
OR for the last 5 weeks.

Materials and methods
Rice bran samples
Rice bran samples were obtained from local milling
company, National Rice Board Sdn (Bernas) at Kuala
Selangor, (Malaysia). Samples were stabilized and stored
at 4°C before extraction process was being carried out.

Chemicals
Gamma-oryzanol, triolein and tween 80 were purchased
from Sigma (Sigma-Aldrich Co., St. Louis, Missouri).
Methanol, acetonitrile and dichloro methane (HPLC
grade), (Fisher Scientific Co Ltd., Ottawa, ON). Ribo-
Pure™ RNA isolation kit (Ambion, Austin, TX, USA).
GeXP starting kit, PCR and reverse transcription kit
were purchased from Beckman Coulter (Beckman Coul-
ter Inc. USA).

Preparation of gamma-oryzanol rich fraction ORF
Gamma-oryzanol rich fraction was prepared from stabi-
lized rice bran using supercritical fluid extractor (SFE)
(Thar 1000 F, Thar Technologies, Inc., Pittsburgh, PA,
USA). One hundred g of the dried samples were pul-
verised for 3 min in a stainless steel grinder (Waring
Commercial, Torrington, CT, USA) and placed into a
one liter stainless steel SFE extraction vessel. Extraction
procedures were set at pressure of 600 bars and tem-
perature of 40°C. The pressure within the extraction
vessel was generated with a constant carbon dioxide
flow rate at 30 g/min and regulated by an automated
back pressure regulator. The extraction process lasted
for 3 h and ORF was collected from the collection vessel
after depressurization of the SFE system. Fractionantion
was done in order to produce rice bran oil with higher
oryzanol content. The method for the fractionantion
process is similar to the extraction process. However, in
fractionaon process, range of pressure at 100 bar - 300
bar and temperature at 40°C - 60°C were applied in the
the first separator in order to get the optimun condition
for fractionantion. The ORF produced using SFE para-
meters according to the procedure above is rich in OR
(2.6 ± 0.17% w/w) in comparison to OR content in Rice
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bran oil (0.46 ± 0.01% w/w), which is extracted by con-
ventional Soxhlet procedure (unpublished data).

Animal study
Preparation of ORF and OR emulsions
Both ORF and OR were administrated to the rats orally
in the emulsion form. ORF at various dosage was slowly
added to 20 ml distilled water and 1% tween 80. Emul-
sions were prepared at room temperature (25°C) using a
laboratory scale homogenizer (Ultra-turax T25 basic,
IKA®-WERKE GmbH & Co. KG, Staufen, Germany) at
13000 rpm for 5 min. OR emulsion was prepared by dis-
solving calculated amount of OR in 1 ml of triolein and
prepared according to the same procedure as ORF
emulsion. Rats were fed daily 2 ml of the freshly pre-
pared emulsion in the morning by gavage.
Animal groups
Male Sprague-Dawley rats weighing 250 - 300 g were
purchased from As-Sapphire Sdn Bhd (Selangor, Malay-
sia). The animals were fed standard rat pellet (As-Sap-
phire, Selangor, Malaysia) and tap water. They were
housed at 28 ± 2°C on a 12 hours dark and 12 h light
cycle. All procedures were approved by the Animal Care
and Use Committee, Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia. Six experimental rat
groups were established (6 rats per each group) as fol-
lows: group 1, unstressed and untreated (NC) group
were put into the shallow water with no treatment
given, group 2, stressed and untreated group (PC) rats
were subjected to exercise swimming program for 10
weeks without any treatment given, group 3, OR group,
rats were subjected exercise swimming program for
10 weeks with treatment of 100 mg/kg OR emulsion
daily for the last 5 weeks and groups 4 to 6, ORF emul-
sion groups (ORFL, ORFM and ORH) rats were sub-
jected to exercise swimming program for 10 weeks with
administration of ORF emulsion at 125 mg/kg, 250 mg/
kg and 500 mg/kg respectively, for the last 5 weeks.
Swimming exercise program
Rats of the same strain, sex and weight, were trained to
swim 60 min/day, 5 days a week, during 10 weeks, in
the same device where the swimming trials took place.
Exercise sessions lasted 10 min on the first day of the
training period and were increased by 10 min, each
7 days. At the end of the 7th day the animals swam con-
tinuously for 20 min and at the end of the 14th day,
they swam for 40 min. Continuous exercise for 60 min
was performed from the 28th day until the end of the
training period. Unstressed and untreated rats (NC)
placed in shallow water at 31 ± 2°C, 5 days/week, were
used as controls. The amount of food taken by rats was
recorded once a week, while the body weights were
recorded every 2 weeks using weighing machine (AND,

HR-200, Singapore). At the end of the experiment, all
rats were dissected and liver tissues for RNA isolation
were removed, snap frozen in liquid nitrogen and imme-
diately stored at -80°C.
RNA isolation
RNA was isolated from frozen liver samples using the
RiboPure™ RNA Isolation Kit (Ambion, Austin, TX, US)
according to the manufacturer’s instructions.
Primer design
Primers were designed using GenomeLab eXpress Profi-
ler software. Fragment sizes ranged from 150 to 350 nt
with a 7-nucleotide minimum separation size between
each PCR product. Genes and primer sequences are
listed in Table 1 and 2. In addition to the 14 genes of
interest, each panel contained an internal control gene
(Kanr) and three normalization genes (Actb, Gapdhs
and 18S). Reverse primers which consisted of 20 nucleo-
tides complementary to the target gene were tagged to a
19-nucleotide universal reverse sequence. Forward pri-
mers consisted of 20 nucleotides corresponding to the
target gene were tagged to a 18 nucleotides universal
forward sequence. All primers were synthesized by Pro-
ligo (France SAS) and supplied by Sigma Aldrich from
the gene sequence of rat (rattus norvegicus) which was
adopted from the NCBI (National Center for Biotech-
nology Information) GenBank Database http://www.
ncbi.nlm.nih.gov. GeXPS primer stocks were diluted in
nuclease-free water to a final concentration of 500 nM
for reverse primer sets, and diluted to a final concentra-
tion of 200 nM for forward primer.
cDNA synthesis
50 ng of RNA from each sample was reverse tran-
scribed with multiplex universal reverse primers. The
reverse transcription reactions were performed accord-
ing to GenomeLab™ GeXP Start Kit from Beckman
Coulter protocol. The RT reaction was performed in a
thermal-cycler with the following program: 48°C for
1 min; 37°C for 5 min; 42°C for 60 min; 95°C for 5 min
and hold at 4°C.
PCR amplification
Subsequently, PCR was done with each reaction mixture
containing 9.3 μl of the cDNA from each of the above
reverse transcription reaction product, and 2 μl of
200 nM forward universal primer set mix, 4 μl 25 mM
MgCl2, 0.7 μl of Thermo Start Taq DNA polymerase
(Thermo Fisher Scientific, Pittsburgh, PA) and 4 μl of
5× PCR Master Mix buffer (GenomeLab GeXP Start Kit;
Beckman Coulter, inc). Amplification conditions con-
sisted of initial denaturation at 95°C for 10 min, fol-
lowed by 35 two-step cycles of 94°C for 30 sec and 55°C
for 30 sec, ending in a single extension cycle of 68°C for
1 min. The reactions were performed in a XP Thermal
Cyclers (BIOER; Technology, Germany).

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 3 of 13

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov


Table 2 Gene name, gene product size, and forward and reverse primer sequences used in GeXP assays of antioxidant
and oxidative stress related genes in rat liver

Gene
Name

Fragment
Size

Left Sequence w/Universals Right Sequence w/Universals

Ubb 187 AGGTGACACTATAGAATAGACACCATCGAGAACGTGAA GTACGACTCACTATAGGGAGACAAGGTGCAGGGTTGACT

18S a 194 AGGTGACACTATAGAATAGCTCCAGGACGGAGTTCATA GTACGACTCACTATAGGGACAGCAGGTGGAGCTCTGATT

Nfkbib 204 AGGTGACACTATAGAATACCCGAGGATGAGGATGATAA GTACGACTCACTATAGGGATCATCAGGAAGAGGTTTGGC

Akr1b1 210 AGGTGACACTATAGAATACGCAGAAGTCTGAAGCTGTG GTACGACTCACTATAGGGACTGGTACTGCCCTCCACATT

Grm5 213 AGGTGACACTATAGAATAGCCAACTTTAATGAGGCCAA GTACGACTCACTATAGGGATGATGTACACCTTCGGGACA

Apo E 230 AGGTGACACTATAGAATAGAAGATGAAGGCTCTGTGGG GTACGACTCACTATAGGGACTCTGCAGCTCTTCCTGGAC

Stip1 236 AGGTGACACTATAGAATAACTACAACAAATGCCGGGAG GTACGACTCACTATAGGGATGGCACTTCTTGAGCACATC

Cox11 244 AGGTGACACTATAGAATACTTCCTTCCCCCATCTGTTT GTACGACTCACTATAGGGACTGTTCCTCACAATGGCTCA

(Mt1a) 250 AGGTGACACTATAGAATACACCAGATCTCGGAATGGAC GTACGACTCACTATAGGGAACTGTTCGTCACTTCAGGCA

Oxsr1 257 AGGTGACACTATAGAATACAGCGATTGAACTAGCCACA GTACGACTCACTATAGGGATTGTGCCTCAACAGTTCTGC

GPX 271 AGGTGACACTATAGAATATCAACATCGAGCCTGACATC GTACGACTCACTATAGGGACAGACTTAGAGCCCCCAGTG

Gapdh a 279 AGGTGACACTATAGAATAATCAATGGATTTGGACGCAT GTACGACTCACTATAGGGAAGCTCCAGGGGATTTCCTTA

SOD1 285 AGGTGACACTATAGAATACTTGCTTTTTGCTCTCCCAG GTACGACTCACTATAGGGAAAAATGAGGTCCTGCAGTGG

Hao1 293 AGGTGACACTATAGAATACCTGTCAGACCATGGGAACT GTACGACTCACTATAGGGATGAGCTGTGGTGGTAGCTTG

NADH 298 AGGTGACACTATAGAATAGTGAAGCCCATTTTCAGTCG GTACGACTCACTATAGGGATAATGTGTGTCCGCTGCTTC

Actb a 307 AGGTGACACTATAGAATAATGTACGTAGCCATCCAGGC GTACGACTCACTATAGGGAAGGGCAACATAGCACAGCTT

Cat 314 AGGTGACACTATAGAATAGTGGTTTTCACCGACGAGAT GTACGACTCACTATAGGGACACGAGGTCCCAGTTACCAT

Knar b 325 AGGTGACACTATAGAATAATCATCAGCATTGCATTCGATTCCTGTTTG GTACGACTCACTATAGGGAATTCCGACTCGTCCAACATC
a Gene used for normalization
b Internal control

Table 1 Gene name, gene locus and gene product used in GeXP multiplex analysis of antioxidant and oxidative stress
related genes in rat liver

Gene Name Gene Locus Gene Product/Description Function

Ubb NM_138895 Ubiquitin B Mediates ATP-dependent degradation
(stress response-related gene)

18S a BC168964 18S Housekeeping genes

Nfkbib NM_030867 Nuclear factor of kappa light polypeptide Stress response-related gene

Akr1b1 NM_012498 Aldo-keto reductase family 1, member B1 Stress response-related gene

Grm5 NM_017012 Glutamate receptor, metabotropic5 Stress response-related gene

Apo E NM_138828 Apolipoprotein E Lipid metabolism(stress response-related gene)

Stip1 NM_138911 Stress-induced phosphoprotein 1 Stress response-related gene

Cox11 NM_001109575 COX11 homolog, cytochrome c oxidase Oxidation

(Mt1a) NM_138826 Metallothionein 1a Stress response-related gene

Oxsr1 NM_001108194 Oxidative-stress responsive 1 Stress response-related gene

GPX NM_183403 Glutathione peroxidase 2 Antioxidant

Gapdhs a NM_023964 Glyceraldehyde-3-phosphate dehydrogenase Housekeeping genes

SOD1 NM_017050 Superoxide dismutase 1, Antioxidant

Hao1 NM_001107780 Hydroxyacid oxidase 1, liver Stress response-related gene

NADH NM_001130505 NADH dehydrogenase Nuclear gene encoding mitochondrial protein
(stress response-related gene)

Actb a NM_031144 actin, beta Housekeeping genes

CAT NM_012520 catalase Antioxidant

Knar b Internal control
a Gene used for normalization
b Internal control

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 4 of 13



GeXP multiplex data analysis
PCR products from multiplex primer reactions were
diluted 2: 8 in water, and l μl of this solution was
added to 38.5 μl sample loading solution along with 0.5
DNA size standard 400 (GenomeLab GeXP Start Kit;
Beckman Coulter, Inc). The GeXPS system is used to
separate PCR products based on size by capillary gel
electrophoresis and to measure their dye signal
strength in arbitrary units (A.U.) of optical fluores-
cence, defined as the fluorescent signal minus
background.

Fragment analysis and gene expression signature analysis
The data were initially analyzed using the Fragment
Analysis module of the GeXP system software. Then,
data were imported into the analysis module of eXpress
Profiler software. Actb, Gapdhs and 18S genes were
tested for result consistency. As 18S gene gave consis-
tent results it was chosen for normalizing all the data
for all the interested genes.

Statistical analysis
ANOVA and Duncan grouping were performed by
using SPSS window program version 14.0 to identify sig-
nificant differences between groups (P < 0.05).

Results
The gene expression levels of 14 antioxidant and oxida-
tive stress related genes were monitored using multiplex
GeXP analysis system. The electropherogram initial data
by fragment analysis from the 14 genes multiplex assay
are shown in Figure 1, Figure 2, Figure 3, Figure 4, Fig-
ure 5, Figure 6. The Knar peak at 325 nucleotides size
serves as an internal control for the multiplex. As
shown in Figure 7, out of 14 genes, seven genes in PC
group were down-regulated while, seven genes were up-
regulated significantly compared to NC group. The ubi-
quitin B (Ubb) gene was found to be highly expressed in
PC group compared to NC group, whereas, hydroxyacid
oxidase 1 and liver (Hao1) gene were found to be highly
suppressed in PC group compared to NC group

Figure 1 A representative electropherogram from the GeXP multiplex analysis in NC group.

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 5 of 13



Figure 2 A representative electropherogram from the GeXP multiplex analysis PC group.

Figure 3 A representative electropherogram from the GeXP multiplex analysis of gamma-oryzanol rich fraction at 125 mg/kg (ORFL)
treated group.
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followed by metallothionein 1 (Mt1a) gene. Genes
related to antioxidative process including SOD1 and
CAT were up-regulated significantly in PC group com-
pared to NC group. Whereas, GPX was down-regulated
significantly in PC group compared to NC group.
As shown in Figure 8, further treatment of stressed

rats with either ORF emulsion at different doses or OR
emulsion had resulted in down-regulation of ubiquitin B
(Ubb), stress-induced phosphoprotein 1 (Stip1), nuclear
factor of kappa light polypeptide (Nfkbib) and oxidative-
stress responsive 1 (Oxsr1) genes significantly (P < 0.05)
compared to PC group. ORF treated groups showed
higher suppression level of Ubb and Nfkbib genes com-
pared to OR treated group. Among different doses of
ORF emulsions, it was observed that the suppression
level of Ubb and Nfkbib genes was concentration depen-
dent, whereby higher expression level was obtained
when higher dose of ORF was applied compared to PC
group. Among the treated groups, there was no signifi-
cant different in the suppression level of Stip1 and

Oxsr1 genes. Furthermore, different doses of ORF
showed no significant differences in the suppression
level of Stip1 and Oxsr1 genes.
As shown in Figure 9, further treatment of rats with

either ORF or OR resulted in up-regulation of 10 genes
compared to the PC group. The most significant gene
expression responses to ORF and OR treatment
observed was hydroxyacid oxidase 1, liver (Hao1), fol-
lowed by Apo E gene and genes related to antioxidant
including SOD1 and CAT. As response to stress, both
glutamate receptor, metabotropic 5 (Grm5) and Aldo-
keto reductase family 1, member B1 (Akr1b1) mRNA
were down in PC group compared to NC group. Further
treatments with ORF and OR resulted in up-regulation
of Grm5 and Akr1b1 significantly compared to PC
group. Nevertheless, the expression level of the up-regu-
lated genes (Figure 9) in ORF treated groups at different
doses showed to be higher compared to control groups
(PC and NC) and OR treated rats in a dose-dependent
manner. This explains that oral administrations of ORF

Figure 4 A representative electropherogram from the GeXP multiplex analysis of gamma-oryzanol rich fraction at 250 mg/kg (ORFM)
treated group.
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at different doses are capable in up-regulating the tested
genes. This indicates that, ORF contains other bioactive
compounds besides OR, which might contribute syner-
gistically to the regulating of the above antioxidants and
oxidative stress related genes.

Discussion
In this study the regulatory effect of ORF extracted and
fractionated from rice bran oil using SFE with high con-
centration of OR in comparison with commercially
available OR were studied on 14 genes related to antiox-
idant and oxidative stress response. Throughout this
experiment, 600 bar and 40°C were chosen as the SFE
parameters for extraction the ORF. The idea of using
bioactive rich fraction as ORF is to compare whether its
activity is higher than its counterpart pure compound,
henceforth making it a more attractive nutraceutical. In
this study, both ORF and OR were administrated to the
rats in emulsion form which allows an increase in
absorption of lipophilic compounds [19].

We have chosen swimming because it is a natural
behaviour of rats [20,21] and can prevent foot injury,
causing less impact and a reduced degree of muscle
trauma [22]. In our study, stress response-related
genes inculding Ubb, 1 Stip1, Nfkbib and Oxsr1 were
up-regulated in PC group compared to NC group.
Together, the up-regulation of the above stress
response-related genes observed in the PC group indi-
cates that this experimental group achieved a good level
of fitness indicating, the success of the swimming exer-
cise program as oxidative stress inducer. Oxidative
stress has been shown to induce the activity of ubiquitin
[23]. Stress-induced phosphoprotein 1 (STIP1) protein
and Oxsr1 were also reported to be enhanced in
response to oxidative stress [24].
Pervious studies have reported that oxidative stresses

can also induce Nfkbib activation in HeLa cells [25].
The inhibition of Nfkbib activation by a variety of anti-
oxidants and by over expression of antioxidant enzymes
has been reported [26]. At molecular level we are

Figure 5 A representative electropherogram from the GeXP multiplex analysis of gamma-oryzanol rich fraction at 500 mg/kg (ORFH)
treated group.
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Figure 6 A representative electropherogram from the GeXP multiplex analysis of gamma-oryzanol at 100 mg/kg (OR) treated group.

Figure 7 Relative expression of 14 antioxidants and oxidative stress related genes in stressed and untreated rats (PC) and unstressed
untreated rats (NC). Each value represents mean of 3 rats ± SD. Data was normalized with 18S gene. Within each gene Different alphabets
indicate significant difference (P < 0.05).

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 9 of 13



reporting here, that oxidative stress induced by swim-
ming to the rats increased the expression of activated
Nfkbib mRNA level by 3.5 fold in PC group compared
to NC group. The down-regulation of Ubb, Stip1,
Nfkbib and Oxsr1 genes by ORF emulsion at different
doses and OR explained the molecular mechanism of
the antioxidant activity of ORF and OR.
In the present study, we have shown that hepatic

Hao1 and Apo E mRNA levels were down-regulated in
PC group compared to NC group that was due to

oxidative stress induced by swimming. On the other
hand, treatment with ORF emulsion at different doses
or gamma-oryzanol emulsion caused up-regulation of
this gene. Oxidative stress has been shown to reduce the
Hao1 mRNA expression [27]. Previous study reported
by Espiritu et al. [28], showed that oxidant stress in
3T3-L1 cells and adipose tissue from lean mice signifi-
cantly reduced Apo E mRNA level. The down-regulation
of Apo E by oxidative stress might be due to activation
of Nfkbib transcription, and its effect on Apo E [29]. On

Figure 8 Relative suppression of 14 antioxidants and oxidative stress related genes treated with OR and ORF. NC = unstressed and
untreated rats, PC = stressed and untreated rats OR = group treated with gamma-oryzanol at 100 mg/kg, ORFL = group treated with gamma-
oryzanol rich fraction at 125 mg/kg, ORFM = group treated with gamma-oryzanol rich fraction at 250 mg/kg, ORFH = group treated with
gamma-oryzanol rich fraction at 500 mg/kg. Each value represents means of 3 rats ± SD. Within each gene different alphabets indicate
significant difference (P < 0.05).

Figure 9 Relative expression of 14 antioxidants and oxidative stress related genes by OR and ORF treatment. NC = unstressed and
untreated rats, PC = stressed and untreated rats OR = group treated with gamma-oryzanol at 100 mg/kg, ORFL = group treated with gamma-
oryzanol rich fraction at 125 mg/kg, ORFM = group treated with gamma-oryzanol rich fraction at 250 mg/kg, ORFH = group treated with
gamma-oryzanol rich fraction at 500 mg/kg. Each value represents means of 3 rats ± SD. Within each gene different alphabets indicate
significant difference (P < 0.05).
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the other hand, both ORF and OR treatments enhanced
the expression of Apo E mRNA level significantly com-
pared to PC group.
Metallothionein (Mt1) is considered as general stress

proteins, and its transcription has been shown to be
affected by oxidative stress [30]. In this study, Mt1 gene
was up-regulated in PC group compared to NC group
in response to oxidative stress. Further treatment with
ORF or OR resulted in up-regulation of Mt1 mRNA
level significantly compared to PC group. As mentioned
previously, Mt1 acts as a scavenger of reactive oxygen
species in cultures of cells isolated from mice (deficient
in both Mt1) [31]. In response to the stress, glutamate
receptor, metabotropic 5 (Grm5), mRNA was down
regulated. Previous study was shown that the activation
of Grm5 in HT-22 cells and rat cortical neuron cultures
protects cells from glutamate toxicity and other forms
of stress [32]. The up-regulation of Grm5 by GORF and
OR treated groups in concentration depend manner,
might decreased the extracellular glutamate content
which enhance reactive oxygen species formation [33].
Our study also showed that swimming rats for

10 weeks increased the mRNA level of CAT and SOD
in PC group compared to the NC group. On the other
hand, the mRNA level of GPX was decreased in PC
group. Previous study reported by Gore et al. [34], has
shown that the mRNA levels of SOD1 and CAT were
not altered by exercise, may be was due to different
type of exercise applied. However, our results are in
agreement with those reported by Fridovich [35], in
which exercise decreased GPX mRNA levels compared
to control rats. The up-regulation of SOD1, CAT and
GPX mRNA levels significantly in treated groups with
GORF and OR compared to PC group explain the anti-
oxidant properties of ORF and OR. Oryzanol and vita-
min E in rice bran have reported significant
antioxidant activities which protect cells from oxidative
damage of plasma very low-density lipoprotein, cellular
proteins and DNA [2].
Although OR content in ORF (26 mg/g) is lower than

the concentration administrated in GOR group (100 mg
OR), the up-regulation and down-regulation of tested
genes in ORF group exhibited greater antioxidant activ-
ity in comparison to OR group. Results from our find-
ings clearly reveal that ORF contains other bioactive
compounds, which may contribute to the regulation of
tested genes. Nevertheless, OR in ORF is one of the
major bioactive compounds that contributes to antioxi-
dative improvement and regulation of antioxidant and
oxidative stress related genes of stressed rat liver. The
antioxidant activity of OR has been reported in the lit-
erature [6].
Tocopherols and tocotrienols are other main antioxi-

dants present in the rice bran [36]. They may contribute

independently or synergistically with OR for the
improvement of antioxidant capacity and regulation of
the tested genes. Beside tocopherols and tocotrienols,
rice bran oil was reported to be rich in the phenolic
compounds (2.51-3.59 mg/g) and phytosterols (0.5%)
[37], and oleic acid (38.4%) [36], which may contribute
directly to antioxidative action [38,39].
Since both ORF and OR were administrated to the

rats in emulsion form, new developments of materials
should be carried out to achieve an effective delivery
system. Applications of nanoparticles are widespread,
ranging from confined reaction vessels to drug carriers
or shells protecting enzymes. The use of nanoparticles
in drug delivery systems gives rise to several advantages
such as higher drug loading with smaller dose volume,
site-specific sustained drug delivery, faster absorption of
bioactive compounds and improved patient discomfort
owing to the reduced dimension of such drug delivery
system. Development of techniques, such as soft litho-
graphy, that can be cheaply and easily used to fabricate
micro and nano devices without the need for microfab-
rication facilities, has greatly enhanced the widespread
application of microscale technologies in drug discovery
[40] and delivery techniques. Successful drug delivery
will have enormous academic, clinical and practical
impacts on gene therapy, cell and molecular biology,
pharmaceutical and food industries, and bio-production
[41]. Therefore, novel methods that can improve the
predictability of the performance of drugs in the body
can be useful in minimizing the high costs associated
with finding and validating new drugs efficiency.
Hosseinkhania et al. [42], have approved that the con-

jugation of dextran derivatives with chelate residues
based on metal coordination is a promising way to
enable plasmid DNA to target the tumor in gene
expression as well as to prolong the duration of gene
expression. Konishia, et al. [43], has reported that dual
sustained release of cisplatin (CDDP) and adriamycin
(ADM) from a biodegradable hydrogel attached to the
tumor synergistically enhanced their in vivo anti-tumor
effect through the trans-tissue delivery. As new develop-
ments of materials to achieve an effective drug delivery
system, the hydrophobically modified glycol chitosan
(HGC) was self-assembled to DNA nanoparticles for
efficient gene transfers. The HGC nanoparticles were
proven to have effectively delivery of DNA to COS-1
cells in the presence of serum. Animal study also con-
firmed that HGC nanoparticles could be used as a
potent gene delivery vehicle in vivo [44]. The complexa-
tion with poly (ethylene glycol) (PEG) -engrafted catio-
nized dextran in combination with ultrasound (US)
irradiation is a promising way to target the NK4 plasmid
DNA to the tumor for gene expression [45]. Therefore,
developments of ORF nanparticles are underway in our
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laboratory to for achieving efficient supplementation
delivery.

Conclusion
Our findings indicate that ORF up-regulates the antioxi-
dant genes while down-regulates the oxidative stress
genes marker, possibly due to the presence of many
potent antioxidants.

Abbreviations
ORF: Gamma-oryzanol rich fraction; OR: Gamma-oryzanol; SFE: supercritical
fluid extraction; GeXP: GenomeLab Genetic Analysis System; NC: untreated
normal control; PC: exercised untreated rats; ORFL: exercised treated rats
with gamma-oryzanol rich fraction at 125 mg/kg; ORFM: exercised treated
rats with gamma-oryzanol rich fraction at 250 mg/kg; ORFH: exercised
treated rats with gamma-oryzanol rich fraction at 500 mg/kg; OR: exercised
treated rats with gamma-oryzanol at 100 mg/kg.

Acknowledgements
The authors thank Universiti Putra Malaysia for the financial support for this
research project.

Author details
1Nutrigenomics Programme, Laboratory of Molecular Biomedicine, Institute
of Bioscience, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor Darul
Ehsan, Malaysia. 2Faculty of Medicine and Health Sciences, Universiti Putra
Malaysia, 43400 UPM Serdang, Selangor Darul Ehsan, Malaysia.

Authors’ contributions
All authors were involved in the design of this study; and performed
laboratory analyses and statistics. The manuscript was written by all the
authors.

Competing interests
The authors declare that they have no competing interests.

Received: 27 August 2009 Accepted: 24 March 2010
Published: 24 March 2010

References
1. Saunders RM: Rice bran: composition and potential food sources. Food

Rev Int 1985, 13:465-495.
2. Xu Z, Godber JS: Purification and identification of components of g-

oryzanol in rice bran oil. J Agric Food Chem 1999, 47:2724-2728.
3. Lloyd BJ, Siebenmorgen TJ, Beers KW: Effects of commercial processing

on antioxidants in rice bran. Cereal Chem 2000, 77:551-555.
4. Cicero AFG, Gaddi A: Rice bran oil and g-oryzanol in the treatment of

hyperlipoproteinemias and other conditions. Phytother Res 2001,
15:277-289.

5. Kim JS, Han D, Moon KD, Rhee JS: Measurement of superoxide dismutase-
like activity of natural antioxidants. Biosci Biotechnol Biochem 1995,
59:822-826.

6. Hiramitsu T, Armstrong D: Preventive effect of antioxidants on lipid
peroxidation in the retina. Ophtalmic Res 1991, 23:196-203.

7. Vaqueroe B, Simándi HG, Daood A, Sawinsky J: Recovery of pigments from
Origanum majorana L. by extraction with supercritical carbon dioxide. J
AGR FOOD CHEM 2002, 50:2297-2301.

8. Perretti G, Miniati E, Montanari L, Fantozzi P: Improving the value of rice
by-products by SFE. J Supercrit Fluids 2003, 26:63-71.

9. Hui EKH, Rubenstein LZ: Promoting Physical Activity and Exercise in Older
Adults. JAMDA 2006, 7:310-314.

10. JI LL: Oxidative stress during exercise: Implication of antioxidant
nutrients. Free Radic Biol Med 1995, 18:1079-1086.

11. Mastaloudis A, Leonard SW, Traber MG: Oxidative stress in athletes during
extreme endurance exercise. Free Radic Biol Med 2001, 31:911-922.

12. Bejma J, Ramires P, Ji LL: Free radical generation and oxidative stress
with aging and exercise: differential effects in the myocardium and liver.
Acta Physiol Scand 2000, 169:343-351.

13. Greenen D, Buttrick P, Scheuer J: Cardiovascular and hormonal responses
to swimming and running in the rat. J Appl Physiol 1988, 65:116-123.

14. Tan N, Morimoto K, Sugiura Morimoto TA, Murakami N: Effects of running
training on the blood glucose and lactate in rats during rest and
swimming. Physiol Behav 1992, 51:927-931.

15. Halliwell B: Mechanisms involved in the generation of free radicals.
Pathol Biol (Paris) 1996, 44:6-13.

16. Suri S S, Fenniri H, Sinhg B: Nanotechnology-based drug delivery systems.
JOM-J OCCUP MED 2007, 2:16-21.

17. Konishi M, Tabata Y, Kariya M, Hosseinkhani H, Suzuki A, Fukuhara K,
Takakura K, Fujii S: In vivo anti tumor effect of dual release of cisplatin
and adriamycin from biodegradable gelatin hydrogel. J Controlled Release
2005, 103:7-19.

18. Subramani K, Hosseinkhani H, Khraisat A, Hosseinkhani M, Pathak Y:
Targeting Nanoparticles as Drug Delivery Systems for Cancer Treatment.
Current Nanoscience 2009, 5:135-140.

19. Uno T, Kazui T, Suzuki Y, Hashimoto H, Suzuki K, Muhammad BA:
Pharmacokinetic advantages of a newly developed tacrolimus oil-in-
water type emulsion via enteral route. Lipids 1999, 34:249-254.

20. Kramer Y, Dijkstra H, Bast H: Control of physical exercise of rats in a
swimming basin. Physiol Behav 1993, 53:271-276.

21. Venditti P, Meo DPL: Antioxidant, tissue damage and endurance in
trained and untrained young male rats. Arch Biochem Biophys 1996,
331:63-68.

22. Tharp GD, Carson WH: Emotionally changes in rats following chronic
exercise. Med Sci Sports 1975, 7:123-126.

23. Shang F, Taylor A: Oxidative stress and recovery from oxidative stress are
associated with altered ubiquitin conjugating and proteolytic activities
in bovine lens epithelial cells. Biochem J 1995, 307:297-303.

24. Wang T, Chao A, Huang H, Lai C: Proteomics identification of stress-
induced phosphoprotein (STIP1) as a potential biomarker for human
ovarian cancer. J Clinical Oncology 2008, 26:16533-16541.

25. Meyer M, Schreck R, Baeuerle PA: H2O2 and antioxidants have opposite
effects on activation of NF-kappa B and AP-1 in intact cells: AP-1 as
secondary antioxidant-responsive factor. EMBO J 1993, 12:2005-2015.

26. Wang X, Martindale JL, Liu Y: The cellular response to oxidative stress:
influences of mitogen-activated protein kinase signalling pathways on
cell survival. Biochem J 1998, 333:291-300.

27. Recalcati S, Tacchini L, Alberghini A, Conte D, Cairo G: Oxidative stress-
mediated down-regulation of rat hydroxyacid oxidase 1, a liver-specific
peroxisomal enzyme. Hepatology 2003, 38:1159-1166.

28. Espiritu DJ, Mazzone T: Oxidative Stress Regulates Adipocyte
Apolipoprotein E and Suppresses Its Expression in Obesity. Diabetes
2008, 57:2992-2998.

29. Andrews GK: Regulation of metallothionein gene expression by oxidative
stress and metal ions. Biochem Pharmacol 2000, 59:95-104.

30. Dalton TP, Bittel D, Andrews GK: Reversible activation of mouse metal
response element-binding transcription factor 1 DNA binding involves
zinc interaction with the zinc finger domain. Mol Cell Biol 1997,
17:2781-2789.

31. Nath R, Kumar D, Li T, Singal PK: Metallothioneins, oxidative stress and
the cardiovascular system. Toxicology 2000, 155:17-26.

32. Sagara Y, Schubert D: The Activation of Metabotropic Glutamate
Receptors Protects Nerve Cells from Oxidative Stress. J Neuroscience 1998,
18:6662-6671.

33. Trotti D, Danbolt NC, Volterra A: Glutamate transporters are oxidant-
vulnerable: a molecular link between oxidative and excitotoxic
neurodegeneration? Trends Pharmacol Sci 1998, 19:328-334.

34. Abdel-Aal ESM, Hucl P: A rapid method for quantifying total
anthocyanins in blue aleurone and purple pericarp wheats. Cereal
Chemistry 1999, 76:350-354.

35. Fridovich I: Biological effects of the superoxide radical. Arch Biochem
Biophys 1986, 24:1-11.

36. Awika JM, Rooney LW, Wu X, Prior RL, Zevallos LC: Screening methods to
measure antioxidant activity of sorghum (Sorghum bicolor) and sorghum
products. J Agric Food Chem 2003, 51:6657-6662.

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 12 of 13

http://www.ncbi.nlm.nih.gov/pubmed/10552553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10552553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11406848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11406848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7787296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7787296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7628730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7628730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11585710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11585710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10951126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10951126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3403456?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3403456?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1514957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1514957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1514957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8734294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10230718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10230718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8446689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8446689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8660684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8660684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1171347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1171347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7717989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7717989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7717989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8491191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8491191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8491191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9657968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9657968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9657968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14578854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14578854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14578854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18678613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18678613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10605938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10605938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9111349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9111349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9111349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11154793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11154793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9745361?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9745361?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9745361?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14582956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14582956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14582956?dopt=Abstract


37. Rukmini C, Raghuram TC: Nutritional and biochemical aspects of the
hypolipidemic action of rice bran oil: a review. J American College of
Nutrition 1991, 10:593-601.

38. Iqbal S, Bhanger MI, Anwar F: Antioxidant properties and components of
some commercially available varieties of rice bran in Pakistan. Food
Chemistry 2005, 93:265-272.

39. Yeong HL, Storkson J, Michael P: Inhibition of Benzo(a)pyrene-induced
mouse forestomach neoplasia by conjugated dienoic derivatives of
linoleic acid. Cancer Research 1990, 50:1097-1101.

40. Hosseinkhani H, Hosseinkhani M, Khademhosseini A: Emerging applications
of hydrogels and microscale technologies in drug discovery. Drug
Discovery 2006, 1:32-34.

41. Hosseinkhani H, Hosseinkhani M: Biodegradable Polymer-Metal
Complexes for Gene and Drug Delivery. Current Drug Safety 2009, 4:79-83.

42. Hosseinkhania H, Aoyamaa T, Ogawab O, Tabataa Y: Tumor targeting of
gene expression through metal-coordinated conjugation with dextran.
Journal of Controlled Release 2003, 88:297-312.

43. Konishia M, Tabatab Y, Kariyaa M, Hosseinkhani H, Suzukia A, Fukuharaa K,
Mandaia M, Takakuraa K, Fujii S: In vivo anti-tumor effect of dual release
of cisplatin and adriamycin from biodegradable gelatin hydrogel. Journal
of Controlled Release 2005, 103:7-19.

44. Yoo HS, Lee LE, Chung H, Kwon IC, Seo Young Jeong SY: Self-assembled
nanoparticles containing hydrophobically modified glycol chitosan for
gene delivery. Journal of Controlled Release 2005, 103:235-243.

45. Hosseinkhani H, Kushibiki T, Matsumoto K, Nakamura T, Taba Y: Enhanced
suppression of tumor growth using a combination of NK4 plasmid DNA-
PEG engrafted cationized dextran complex and ultrasound irradiation.
Cancer Gene Therapy 2006, 13:479-489.

doi:10.1186/1743-7075-7-23
Cite this article as: Ismail et al.: Gamma-oryzanol rich fraction regulates
the expression of antioxidant and oxidative stress related genes in
stressed rat’s liver. Nutrition & Metabolism 2010 7:23.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Ismail et al. Nutrition & Metabolism 2010, 7:23
http://www.nutritionandmetabolism.com/content/7/1/23

Page 13 of 13

http://www.ncbi.nlm.nih.gov/pubmed/2297758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2297758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2297758?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19149528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19149528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12628336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12628336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15710496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15710496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15710514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15710514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15710514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276347?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Rice bran samples
	Chemicals
	Preparation of gamma-oryzanol rich fraction ORF
	Animal study
	Preparation of ORF and OR emulsions
	Animal groups
	Swimming exercise program
	RNA isolation
	Primer design
	cDNA synthesis
	PCR amplification

	GeXP multiplex data analysis
	Fragment analysis and gene expression signature analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

