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The aim of this study is to investigate the effects of dietary supplementation with the Driselase-treated fraction (DF) of rice bran and ferulic acid

(FA) on hypertension and glucose and lipid metabolism in stroke-prone spontaneously hypertensive rats (SHRSP). Male SHRSP at 4 weeks of age

were divided into three groups, and for 8 weeks were fed (1) a control diet based on AIN-93M, (2) a DF of rice bran-supplemented diet at 60 g/kg

and (3) an FA-supplemented diet at 0·01 g/kg. Means and standard errors were calculated and the data were tested by one-way ANOVA followed

by a least significance difference test. The results showed that both the DF and FA diets significantly improved hypertension as well as glucose

tolerance, plasma nitric oxide (NOx), urinary 8-hydroxy-20-deoxyguanosine and other parameters. In particular, compared to the FA diet, the DF

diet produced a significant improvement in urinary NOx, hepatic triacylglycerol and several mRNA expressions of metabolic parameters involved

in glucose and lipid metabolisms. The results of the metabolic syndrome-related parameters obtained from this study suggest that the DF diet is

more effective than the FA diet.

Rice bran: Driselase fraction: Ferulic acid: Blood pressure: Glucose metabolism: Lipid profile

High blood pressure (BP), one manifestation of CVD, con-
tinues to be a major cause of morbidity and death. The control
of high BP through diet has been a focus of public health strat-
egies. A 5 mmHg decrease in BP has been equated with a 16 %
decrease in CVD (FitzGerald et al. 2004). At present, con-
siderable effort is being made to identify and exploit the bio-
active components in foods which may contribute to reducing
the risk of CVD.

It is recognized that multiple factors related to the metabolic
state, such as changes in the glucose and lipid profiles and
insulin resistance, complicate the management of high BP,
particularly in diabetic conditions. Therefore, any food com-
ponent having the ability to reduce high BP is a potential can-
didate for the prevention or treatment of CVD.

Rice bran, which is derived from the outer layer of the rice
grain, is a by-product of the rice milling process. Rice bran is
composed of the aleurone layer of the rice kernel and some
part of the endosperm and germ. It is well known that the anti-
oxidants in rice bran, namely tocopherol, tocotrienol and
g-oryzanol (a ferulate ester of triterpene alcohols), are isolated
from the lipid-soluble extracts of the bran (Saunders, 1990)
and have potent hypocholesterolaemic and antitumour

activities (Sheetharamaiah & Chadrasekhara, 1988; Qureshi
et al. 2000). It has previously been reported that rice has anti-
oxidative ability as described later. Aqueous ethanol extracts
of rice bran exhibited antioxidative properties (Choi et al.
1996), dietary pigmented rice protected against lipid peroxi-
dation in rat kidneys (Toyokuni et al. 2002) and pigmented
rice suppressed reactive oxygen species in an in vitro assay
(Hu et al. 2003). A recent report showed that the outer layer
fraction of black rice inhibits atherosclerotic plaque formation,
lowers aortic 8-hydroxy-20-deoxyguanosine (8-OHdG) and
decreases malondialdehyde levels induced by hypercholester-
olaemia in the serum and aorta of rabbits (Ling et al. 2002).
Our previous study demonstrated that the Driselase-treated
fraction (DF) – the filtrate of rice bran treated with plant
cell wall-degrading enzyme mixtures – has a beneficial
effect on lowering BP and improving lipid profiles, and
these effects were observed in both the ethanol and lipid-sol-
uble fractions of rice bran (Ardiansyah et al. 2006).

4-Hydroxy-3-methoxycinnamic acid (ferulic acid, FA) is the
most common phenolic compound in cereal cell walls (Smith
& Hartley, 1983; Abdel-Aal et al. 2001). It is most abundant in
the aleurone, pericarp and embryo cell walls and occurs in
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only trace amounts in the endosperm (Smith & Hartley, 1983).
FA has antioxidant properties that make it an important anti-
ageing supplement, and these properties also contribute to
the other potential uses of FA. Various studies have indicated
that purified FA acts as a photo-protective agent; it has
antioxidative effects, lowers blood glucose levels in streptozo-
tocin-induced diabetic rats and lowers BP in spontaneously
hypertensive rats (Conessa et al. 1999; Saija et al. 1999;
Suzuki et al. 2002; Balasubashini et al. 2003). Analysis by
our research group has shown that the FA content of DF is
0·19 mg/100 g. Another study reported that rice bran contains
approximately 0·1 % FA (Yan et al. 2001).

At present, considerable effort is being focused on the
search for similar types of bioactive components in foods
which may contribute to reducing the risk of CVD. Various
edible plants, including vegetables, fruits and cereals have
been considered as having properties that contribute to the pre-
vention of CVD. The antioxidative constituents of these foods
are of considerable importance because they possess a scaven-
ging property. The aim of the present study was to assess
whether compared to FA as a purified component of plant
cell wall, DF is effective in improving hypertension, and glu-
cose and lipid metabolism in stroke-prone spontaneously
hypertensive rats (SHRSP) that have a heredity predisposition
to hypertension.

Material and methods

Preparation of rice bran fraction

We used the DF of rice bran in the present study as a test sub-
stance. The preparation of the DF was based on our previous
study (Ardiansyah et al. 2006). The outer layer of rice (500 g)
was agitated in 1·0 litre 70 % ethanol for 2 h and filtered,
yielding two fractions (the solid and suspension fractions).
The DF was derived from the solid fraction. Driselase is a
commercial plant cell wall-degrading enzyme mixture con-
taining cellulases, xylanases and laminarinases, but not
esterases. The solid fraction was dried at room temperature
and then resuspended in 500 ml acetate buffer (10 mmol/l,
pH 5·0), containing Driselase (0·2 mg/l; Sigma Chemical
Co., St Louis, MO, USA). After Driselase treatment overnight
at 378C, the suspension was filtered and finally lyophilized.

Animal experiments

Four-week-old male rats of the inbred SHRSP/Izumo strain
were used in the present study. They were housed in individ-
ual stainless steel cages in a room maintained at 23 ^ 28C
with 50 ^ 10 % humidity and a 12 h light–dark cycle. The
rats were given free access to a fresh diet and drinking
water for 8 weeks. The composition of the experimental
diets shown in Table 1 is based on an AIN-93M diet sup-
plemented with either 60 g DF/kg or 0·01 g FA/kg as test sub-
stances. The basal diet (C) was supplemented with the DF
based on our previous study (Ardiansyah et al. 2006) and
FA as described by Suzuki et al. (2002). Food intake
was recorded every day. Body weight and BP were measured
once a week. The experimental plan of the present study was
approved by the Animal Research–Animal Care Committee
of the Graduate School of Agricultural Science, Tohoku

University. The entire experiment closely followed the guide-
lines issued by the committee which strictly follows govern-
ment legislation in Japan.

Oral glucose tolerance test

Three days prior to being killed, all animals were used for an
oral glucose tolerance test. The animals were fasted for 16 h.
Blood for glucose measurement was collected from the tail
vein 30, 60 and 120 min before and after being fed glucose
(1·8 g/kg body weight) via a gastric tube. Plasma glucose
levels were measured by enzymatic colorimetric methods
(Wako Pure Chemical Co., Osaka, Japan). The analysis of
the incremental area under the curve of the plasma glucose
response was calculated based on the method of Wolever &
Jenkins (1986).

Blood pressure measurement

BP was measured once a week using the tail cuff method with
a BP meter without warming (MK-2000; Muromachi Kikai,
Tokyo, Japan). At least seven repeated BP measurements
were taken for each rat. Averages of four consistent readings
of the systolic BP were taken to represent the individual sys-
tolic BP.

Sample collection

The rats were transferred to metabolic cages for 24 h for the
collection of urine 5 d prior to being killed. Urine was filtered
and stored at 2208C until required for later analysis. Rats
were killed after 16 h fasting, under light diethyl ether anaes-
thesia. Blood samples were centrifuged at 1870 g for 15 min at
48C in a centrifuge (CF7D2; Hitachi Co. Ltd, Tokyo, Japan).
The livers were promptly excised and washed with ice-cold
isotonic saline. Both plasma and liver tissue samples were
stored at 2708C until required for later analysis.

Table 1. Composition of experimental diets based on the
AIN-93 diet (Reeves et al. 1993)*

Ingredient (g/kg) C DF FA

tert-Butylhydroquinone 0·008 0·008 0·008
L-Cystine 1·8 1·8 1·8
Choline bitartrate 2·5 2·5 2·5
Vitamin mixture 10 10 10
Mineral mixture 35 35 35
Soyabean oil 40 40 40
Cellulose 50 50 50
Sucrose 100 100 100
Casein 140 140 140
Cornstarch 620 560 620
Test substance – 60 0·01

C, control diet; DF, Driselase-treated fraction diet; FA, ferulic acid diet.
* tert-Butylhydroquinone, L-cystine, choline bitartrate and soyabean oil

were purchased from the Wako Pure Chemical Co. (Osaka, Japan)
and vitamin and mineral mixtures, cellulose, sucrose and casein
were obtained from the Oriental Yeast Co. (Tokyo, Japan). Driselase
from Basidiomycetes sp. was purchased from the Sigma Chemical
Co. (St Louis, MO, USA).
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Plasma, liver and urine parameters

Plasma levels of blood urea nitrogen (BUN), albumin, glu-
cose, total cholesterol (TC), triacylglycerol (TG) and HDL-
cholesterol levels were determined by enzymatic colorimetric
methods (Wako Pure Chemical Co.). The concentration of
LDL-cholesterol (LDL-C) was calculated by Friedewald’s for-
mula (Friedewald et al. 1972). Liver total lipids were deter-
mined according to Folch et al. (1957). Liver TC and TG
concentrations were determined using the same kit as for
plasma TC and TG, following extraction of liver samples
with methanol–chloroform (2:1, v/v). Plasma and urinary
levels of creatinine were measured by enzymatic colorimetric
methods (Wako Pure Chemical Co.), and the results were
used to determine the creatinine clearance parameter. Plasma
insulin levels were measured in vitro by a RIA technique
using a commercial kit from ShionoRIA Insulin (Shionogi
Co., Osaka, Japan).

Assay of angiotensin-1 converting enzyme activity

Angiotensin-1 converting enzyme (ACE) activity in the
plasma was determined according to the method of Cushman
& Cheung (1971) with slight modifications. Hippuryl-L-histi-
dyl-L-leucine (150ml, 5 mmol/l) in borate buffer (100 mmol/l
borate and 100 mmol/l NaCl, pH 8·3) was preincubated at
378C for 10 min; 60ml of the sample were added and the mix-
ture was incubated at 378C for 30 min. The content of hippuric
acids liberated from hippuryl-L-histidyl-L-leucine by the enzy-
matic reaction of ACE was spectrophotometrically measured
at 228 nm after ethyl acetate extraction. One unit of ACE
activity was defined as the amount of enzyme that cleaved
1 mol substrate per min.

Assay of nitric oxide concentrations

The nitrate/nitrite (nitric oxide, NOx) levels in the plasma and
urine were quantified by the Griess method [NO2/NO3 Assay
kit-C II (Colorimetric); Dojindo, Kumamoto, Japan]. The NOx
levels were assayed after ultrafiltration using centrifugal filter
devices (Amicon 100 UFC 3 LGC 00; Millipore, Bedford,
MA, USA). Samples were read at 540 nm in a ninety-six-
well plate using a Spectra Microplate Auto reader (Bio-Rad
Model 680; Hercules, CA, USA).

Analysis of 8-hydroxy-2 0-deoxyguanosine

Levels of urinary 8-OHdG were determined by an indirect
competitive ELISA (New 8-OHdG Check; Institute for the
Control of Aging, Shizuoka, Japan). The procedure for
sample pretreatment and that for performing the assay were
carried out according to the instruction manual. The absor-
bance was measured at 450 nm using a Spectra Microplate
Auto reader (Bio-Rad Model 680). The concentration of 8-
OHdG in the urine samples was interpolated from a standard
curve drawn with the assistance of logarithmic transformation.
The results were expressed as ng/mg creatinine.

RNA preparation and quantitative real-time-PCR

Total RNA was isolated from the liver with a guanidine
isothiocyanate-based reagent, Isogen (Nippon Gene Co.,
Toyama, Japan) according to the instruction manual. The
measurement of the wavelength ratio at 260 and 280 nm and
agarose gel electrophoresis were performed to facilitate the
quantitative and qualitative analysis of the isolated RNA.
Total RNA (5mg) was used as a template to synthesize the
cDNA. The RNA was denaturated with oligo-dT/random pri-
mers; 10 mmol/l dNTP (Amersham Biosciences, Piscataway,
NJ, USA) and distilled water were added at 658C for 5 min.
The RNA was then incubated in 50 mmol/l Tris-HCl buffer
(pH 8·3); 0·1 M-dithiothreitol containing 50 units of Super-
Script III RT (Invitrogen, Carlsbad, CA, USA) and 20 units
of RNaseOUT RNase inhibitor (Invitrogen) in 20ml at 258C
for 5 min, 508C for 60 min and 708C for 15 min. Aliquots of
the cDNA were used as a template for the following quantitat-
ive real-time-PCR using an Applied Biosystems Sequence
Detection System 7000 (Foster City, CA, USA) according to
the manufacturer’s instructions. The relative expression
levels of gene expression were normalized by the amount of
eukaryotic elongation factor-1a1 mRNA. The genes listed in
Table 2 were amplified by cDNA specific primers in an
Applied Biosystems Syber Green Master Mix PCR solution.

Statistical analysis

Values are presented as means and their standard errors. To
evaluate the differences among the groups studied, one-way
ANOVA followed by the Fisher post hoc test was used. The
SAS software StatView-J version 5.0 (SAS Institute Inc.,

Table 2. Sequences of primers for PCR amplifications

Gene Forward primer Reverse primer

EF-1 GATGGCCCCAAATTCTTGAAG GGACCATGTCAACAATTGCAG
FXR AGCGGCATCTCCGATGAGTA TCTGGAGAGAGGATGACAATTGC
HMGCR AATTGTGTGTGGCACTGTGATG GATCTGTTGTGAACCATGTGACTTCT
SHP ACGCATACCTGAAAGGCACTATC CAGGGCTCCAGGACTTCACA
MRP2 AACCCAAGCTGTAGGCCAGAC GCTGCACTTCCGGAGACAG
LFABP AGTACCAAGTGCAGAGCCAAGAG GCAGACCCATCGCCTTCA
VLACS ACTCTTTCAGCACATCTCGGAGTA CCGGTCATCTCAATGGTATCTTGTA
PEPCK GAGGACATTGCCTGGATGAAGTTT TGGGTTGATGGCCCTTAAGT
G6Pase TTGTGCATTTGCTAGGAAGAGAAG ATCTAAAGACCCAGGCATAACTGAAG

EF-1, eukaryotic elongation factor-1a1; FXR, farnesoid X receptor; G6Pase, glucose-6-phosphatase; HMGCR,
3-hydroxy-3-methylglutaryl-CoA reductase; LFABP, liver fatty acid-binding protein; MRP-2, multi-drug resist-
ance protein-2; PEPCK, phosphenolpyruvate carboxykinase; SHP, small heterodimer partner; VLACS, very
long-chain acyl-CoA synthetase.
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Cary, NC, USA) was used to analyse all data. Probability
values of P,0·05 and P,0·01 were considered as significant.

Results

Food intake, body weight and food efficiency ratio

Experimental diets did not affect the food intake, final body
weight and food efficiency ratio (data not shown). The
intake of DF and FA diet groups are 1·45 (SE 0·03) g/d and
0·25 (SE 0·00) mg/d, respectively.

Blood pressure, angiotensin-1 converting enzyme activity and
kidney function

An increase in BP was observed in all the diet groups from 6
weeks of age until the end of the experimental period (Fig. 1).
On the other hand, the BP of the DF diet group showed a sig-
nificant reduction beginning at 6 weeks of age until the end of
the experimental period; a similar reduction was seen in the
FA group beginning at 7 weeks of age. At 10 weeks, the FA
group showed a considerable reduction in BP compared to
the DF and control (C) groups. At the end of the experimental
period, the BP was 245·29 (SE 5·99), 223·83 (SE 5·17) and
216·17 (SE 8·50) mm Hg for the C, DF and FA diet groups,
respectively. With respect to the analysis of plasma ACE
activity, the C diet group had the highest value at the end of
the study (Fig. 2), whereas the activities of the DF and FA
diet groups were both significantly lower than that of the C
diet group (P,0·05). The DF diet group showed a significant
reduction in the plasma BUN (2·98 (SE 0·21) mmol/l), BUN:
creatinine ratio (0·05 (SE 0·004)) and albumin levels (0·58
(SE 0·04mmol/l)) (P,0·05), while the FA diet group exhibited
a significant reduction only in albumin (0·59 (SE 0·02) mmol/l)
level compared to the C diet group (P,0·05). The value of
BUN, BUN:creatinine ratio and albumin levels for the C
group was 3·82 (SE 0·18) mmol/l, 0·06 (SE 0·002) and 0·66
(SE 0·02) mmol/l, respectively.

Nitric oxide and 8-hydroxy-20-deoxyguanosine levels

The plasma and urinary NOx levels of rats fed the experimen-
tal diets are shown in Fig. 3. The plasma NOx levels of both
the DF and FA diet groups were significantly lower than that
of the C diet group; however, the urinary NOx excretion was
reduced only in the DF diet group (P,0·05). The effect of the
experimental diets on urinary 8-OHdG levels is shown in
Fig. 4. Both test diets significantly lowered the urinary 8-
OHdG levels when compared with the control diet (P,0·05).

Plasma and liver lipid levels

Table 3 shows the plasma and liver lipid levels recorded in the
present experiment. The DF and FA diet groups showed sig-
nificantly lower plasma TC, LDL-C and TG levels than the
C diet group (P,0·05). The average HDL-cholestrol:LDL-C
ratio in the DF diet group was higher than that in the other
diet groups, although the difference was not significant.
Total lipid content was significantly increased in the FA diet
group when compared to that in the DF diet group
(P,0·05). Moreover, the DF diet group showed a significant
decrease in the level of liver TG compared to the C and FA
diet groups (P,0·05).

Plasma glucose and insulin levels

At the end of the experiment, the plasma glucose level in the
DF diet group was lower than that in the FA diet group and
was significantly lower than that in the C diet group
(P,0·05) (Table 4); however, there was no significant differ-
ence between the FA and C diet groups. However, both the DF
and FA diet groups had significantly lower glucose levels as
assessed by the incremental area under the curve of glucose
in the oral glucose tolerance test (P,0·05) (Fig. 5). The
plasma insulin levels showed a significant increase in the FA
diet group compared to the DF and C diet groups (P,0·05).
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mRNA expression levels

The mRNA expression levels of glucose and lipid metabolic
genes are shown in Figs. 6 and 7. We found that the DF
diet group had significantly repressed mRNA levels of liver
fatty acid-binding protein and very long-chain acyl-CoA
synthetase and, compared to the C diet group, tended to
have lower levels of farnesoid X receptor (FXR), small hetero-
dimer partner (SHP) and multi-drug resistance protein-2
(MRP2) (Fig. 7). Interestingly, the DF group showed a signifi-
cant down-regulation in the mRNA levels of FXR, SHP and
MRP2 compared to the FA diet group (P,0·05; Fig. 7).
There was no change in the expression of glucose-6-phospha-
tase (G6Pase) among all the experimental diet groups. Com-
pared to the C diet group, the FA diet group exhibited
significantly down- and up-regulated expression levels of the
very long-chain acyl-CoA synthetase and 3-hydroxy-3-
methylglutaryl-CoA reductase genes, respectively (P,0·05).
However, no significant differences in the mRNA levels of
FXR, SHP and MRP2, which are involved in lipid metab-
olism, were observed. When compared to the C diet group,
the FA diet group also exhibited a significant up-regulation
in the mRNA levels of phosphenolpyruvate carboxykinase
(PEPCK) – a compound involved in glucose metabolism
(P,0·05; Fig. 6).

Discussion

We used SHRSP as an animal model of hypertension-related
disorders similar to human essential hypertension (Yamori
et al. 1979), hyperlipidaemia (Aitman et al. 1997), multi-
system end-organ damage with prominent involvement of
the kidney (proteinuria) (Okamoto et al. 1974), insulin resist-
ance syndrome (Collison et al. 2000) and higher oxidative
stress in the brain (Lee et al. 2004). However, rats are
useful for some studies but they differ from man. Rats
lacked cholesteryl ester transfer protein which renders their
response to diet rather atypical (Groener et al. 1989).

The DF diet significantly reduced the BP from the second
week of the feeding period to the end of the experiment. In
a previous study, we have shown the possibility that the FA
content of the DF from rice bran contributes to a reduction
in BP (Ardiansyah et al. 2006). The results obtained in the
present study suggest that the BP-lowering capacity of the
DF diet is due to its FA content. Another study has reported
that when free FA (50 mg/kg body weight) was orally admi-
nistered to the spontaneously hypertensive rats, the BP was
lowest after 1 h, although the values returned to basal levels
after 6 h (Suzuki et al. 2002). In addition, when the spon-
taneously hypertensive rats were administered FA at a rate
of 10 or 50 mg/kg body weight per d in a test diet for 6
weeks, BP was reduced significantly when compared to the
BP of the spontaneously hypertensive rats that were adminis-
tered only a control diet (Suzuki et al. 2002).

ACE inhibitors reduce BP via the renin–angiotensin
system; it was worthwhile examining the effect of the DF
and FA diets on plasma ACE activity. In recent years, many
studies have isolated and reported on the ACE inhibitory pep-
tides from food protein sources, such as soyabean (Wu &
Ding, 2001), wakame (Undaria pinnatifida; Sato et al.
2002), spinach Rubisco (Yang et al. 2003), Indonesian salt-
dried fish (Astawan et al. 1995) and soyabean protein hydro-
lysate (Yang et al. 2004). However, a few reports have
demonstrated the presence of non-peptidyl ACE inhibitors,
contained in foods such as ashitaba (Angelica keiskei; Shimizu
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et al. 1999) and garlic (Sharifi et al. 2003). In vitro analysis
performed in our previous study showed that the antihyperten-
sive effect of rice bran was due to ACE inhibitory activity in
the plasma (Ardiansyah et al. 2006). According to the theory
of the renin–angiotensin system, the activity of ACE should
be lowered after the administration of an ACE inhibitor.

Therefore, the present data indicate that the antihypertensive
effect of the DF and FA diets is due to the inhibition of
ACE activity in the plasma. This is the first report to show
that supplementary feeding of the DF and FA has antihyper-
tensive effects through the inhibition of ACE activity in the
plasma. The present finding suggests that the ACE inhibitory
substances in both diets have a potent effect in reducing BP,

Table 3. Effect of experimental diets on plasma total cholesterol, HDL-cholesterol (HDL-C), LDL-
cholesterol (LDL-C), HDL-C:LDL-C ratio, triacylglycerol, and liver total lipid, total cholesterol and
triacylglycerol*

(Mean values with their standard errors for six rats per group)

C DF FA

Biochemical parameter Mean SEM Mean SEM Mean SEM

Plasma
Total cholesterol (mmol/l) 1·93a 0·03 1·79b 0·03 1·84b 0·03
HDL-C (mmol/l) 0·82 0·10 0·98 0·06 0·95 0·03
LDL-C (mmol/l) 0·94a 0·09 0·67b 0·06 0·74b 0·05
HDL-C:LDL-C ratio 0·96 0·19 1·54 0·28 1·31 0·11
Triacylglycerol (mmol/l) 0·86a 0·05 0·70b 0·05 0·70b 0·06

Liver
Total lipid (mg/g liver) 91·55ab 3·50 81·91a 2·97 105·16b 9·38
Total cholesterol (mg/g liver) 63·56 1·27 65·84 0·54 66·77 2·06
Triacylglycerol (mg/g liver) 36·72a 1·64 31·32b 0·69 33·41a 2·53

C, control diet; DF, Driselase-treated fraction diet; FA, ferulic acid diet.
a,b Mean values within a row with unlike superscript letters were significantly different (P,0·05).
* For details of procedures, see pp. 68–69.

Table 4. Effect of experimental diets on plasma glucose, insulin and glucose:insulin ratio*

(Mean values with their standard errors for six rats per group)

C DF FA

Biochemical parameter Mean SEM Mean SEM Mean SEM

Glucose (mmol/l) 8·73a 0·24 7·97b 0·16 8·37ab 0·29
Insulin (pmol/l) 204·72a 35·34 190·09a 28·81 295·83b 34·32

C, control diet; DF, Driselase-treated fraction diet; FA, ferulic acid diet.
a,b Mean values within a row with unlike superscript letters were significantly different (P,0·05).
* For details of procedures, see pp. 68–69.
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and this finding coincides with the results obtained with the
non-peptidyl ACE inhibitory substance found in garlic (Sharifi
et al. 2003). ACE inhibitors may mediate their antihyperten-
sive effects via different mechanisms, and further studies
need to be conducted on the mechanism of the DF and FA
actions on related tissues. Hypertension is one of the leading
causes of kidney diseases, which are also commonly called
end-stage renal diseases. Therefore, it is of interest to evaluate
whether antihypertensive treatment could improve kidney
function. The DF and FA diets exhibited antihypertensive
effects through reducing BP and ACE activity. Although
both diets had the effect of lowering the plasma albumin
levels, only the DF diet reduced the levels of BUN and the
BUN:creatinine ratio.

Oxidative stress plays an important role in the initiation and
progression of CVD, including hypertension, type II diabetes
and hypercholesterolaemia (Hamilton et al. 2004). In the pre-
sent study, the C diet group showed the development of a
higher BP and plasma NOx level compared to the DF and
FA diet groups. Moreover, only the urinary NOx level was
reduced in the DF diet group. The same phenomenon has
been shown in SHRSP following dietary black and green tea
polyphenol feeding for 3 weeks (Negishi et al. 2004). Systolic
and diastolic BP levels were significantly lower in the black
and green tea polyphenol-fed group, and plasma and urinary
NO levels were also lower in this group (Negishi et al.
2004). In addition, potent antioxidant therapy for ameliorating
hypertension lowered urinary NOx metabolite excretion
(Vaziri et al. 2000). It has been suggested that the DF, con-
taining not only FA but also other phenolics as bioactive
compounds, contributes to a decrease in the NOx levels in
the plasma and urine. Our previous study showed that the
DF contained phenolic compounds (64·74 mg/g gallic acid
equivalent) including FA (0·19 mg/100 g DF) (Ardiansyah
et al. 2006). Another study demonstrated that bioactive
components such as the flavonoid derivatives morusin, kuwa-
non C and sanggenon D, and biflavonoids such as bilobetin

and ginkgetin decreased the availability of basal NO (Kim
et al. 1999; Cheon et al. 2000; Raso et al. 2001). The present
results showed that the urinary 8-OHdG level of the DF and
FA diet groups were significantly decreased compared with
the C diet group after 8 weeks of administration. Urinary
8-OHdG has been reported to serve as a sensitive biomarker
of oxidative stress and resulting genetic damage. In another
study (Ling et al. 2002), dietary supplementation with the
outer layer of black rice significantly lowered the aortic
8-OHdG level compared with the administration of a high-
cholesterol diet, and its level with the supplemented diet
was the same as that of the normal diet. The present data indi-
cate that the supplementation of a diet with the DF from rice
bran and FA reduces the oxidative stress. Since oxidative
stress plays an important role in the development of CVD,
the decreased DNA oxidative damage due to the DF derived
from rice bran and FA supplementation could contribute
towards inhibiting the progression of hypertension in SHRSP
via decreased DNA oxidative damage.

The PEPCK and G6Pase genes encode rate-controlling
enzymes of hepatic gluconeogenesis. The physiological
significance of the dysregulation of hepatic gluconeogenic
genes is supported by the observation of the overexpression
of both PEPCK and G6Pase in the liver; several groups
have studied the metabolic and physiological consequences
of altering either PEPCK or G6Pase in vivo (Arion et al.
1980; Valera et al. 1994; Sun et al. 2002). The results of
the present study showed that the DF and FA diets contributed
to a reduction in the fasting plasma and incremental area under
the curve glucose levels. On the other hand, the FA diet
showed a significant up-regulation in mRNA levels of the
PEPCK gene involved in plasma insulin metabolism; none
of the experimental diets had any effect on the expression of
the G6Pase gene. Another study showed that amide com-
pounds from FA such as n-butyl, n-pentyl, pyrrolidine and
piperidine strongly stimulated insulin secretion from the
RIN-5F cells compared to cells in a control group (Nomura
et al. 2003). From this viewpoint, the present study suggests
that the FA diet induced hyperinsulinaemic conditions in the
SHRSP, even though the administration of FA was shown to
improve several diabetic parameters in other experimental
systems.

Diets supplemented with rice bran (crude or parboiled)
reduced the plasma LDL-C and liver cholesterol contents in
Sprague-Dawley rats that were fed a high cholesterol diet
for 3 weeks (Rouanet et al. 1993). On the other hand, it has
been reported that there are no differences in the serum
lipids of rabbits among groups fed high cholesterol, white
rice fraction and black rice fraction (Mattews et al. 1985).
Another study also reported that supplementation of rice
bran was similar to white rice and brown rice in the plasma
and liver lipid concentration (Marsono et al. 1993). Our pre-
vious study demonstrated that the DF from rice bran reduces
plasma lipid parameters and its effect is greater than that of
an ethanol fraction (Ardiansyah et al. 2006). The present
results indicate that there was a significant decrease in
plasma TC, LDL-C and TG levels in the DF and FA diet
groups compared with the C diet group. Moreover, there
was a significant decrease in the total lipid and TG levels of
the liver of the DF diet group. On the other hand, the FA
diet group showed an increase in the total lipid content but
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no significant difference in the TG content compared to the C
group. The FA diet group exhibited increased insulin level;
this condition increases lipolysis and releases more NEFA
into the blood (Agardh et al. 1999). Enhanced lipolysis
during diabetes also increases the synthesis of phospholipid;
therefore, these conditions enhanced the level of hepatic
total lipid in the FA diet group. Nevertheless, the exact mech-
anism by which FA lowers the plasma lipid levels is not
known. Some studies report that FA significantly lowers the
plasma TC and TG levels in Wistar rats after induction with
streptozotocin (Balasubashini et al. 2003). Another study
also reports that FA does not significantly decrease lipid par-
ameters in Sprague-Dawley rats (Frank et al. 2003). This dis-
crepancy could be due to the different animal models used.
Future study is needed to explain these mediators to clarify
the mechanism underlying the present experimental result
despite the fact that FA has a potent antioxidant activity in
vitro (Conessa et al. 1999; Saija et al. 1999). From this view-
point, the present study suggests that the DF from rice bran
exerted a hypolipidaemic effect and this is considerably
more effective than FA as a purified component. Therefore,
we presume that the DF might play a protective role against
the hyperlipidaemic effect in hypertensive conditions.

The mechanism that underlies the hypocholesterolaemic
action of the DF diet group remains unknown. There are
two possible mechanisms that might explain the decrease in
the values of lipid parameters after the administration of the
rice bran diet. First, rice bran enhances the binding capacity
of the LDL receptor to LDL and that concomitantly, HDL
binding activity tends to be inversely related to LDL receptor
activity. Topping et al. (1990) report that the binding capacity
of LDL by the LDL receptor is higher in Wistar rats fed rice
bran than in animals fed wheat bran. Second, the enzymatic
activity of hepatic cholesterol-7a-hydroxylase (Cyp7a1), the
rate-limiting enzyme in bile acids biosynthesis, is elevated
and contributes to stimulate cholesterol conversion to bile
acids, resulting in the elimination of cholesterol from the
body. Illman & Topping (1985) and Topping et al. (1990)
found that feeding oat bran and rice bran diets to Wistar rats
triggered off an increase in faecal bile acid and sterol
excretion; this explains the low level of plasma LDL-C in ani-
mals fed dietary rice bran by means of a compensatory mech-
anism entailing the uptake of LDL-C by the liver.

Cholesterol homeostasis is facilitated in the liver through a
complex series of pathways involving the uptake of plasma
cholesterol, the synthesis of cholesterol from acetate, the
direct transport of free cholesterol to the bile and the elimin-
ation of cholesterol via synthesis of bile acid (Chiang,
2002). Qureshi et al. (2002) have shown that tocotrienol,
one of the major compounds present in rice bran, is effective
in lowering the serum TC and LDL-C levels and acts by inhi-
biting the activity of the hepatic enzyme 3-hydroxy-3-methyl-
glutaryl-CoA reductase through a post-transcriptional
mechanism. The present study revealed that there was a sig-
nificant increase in the mRNA levels of 3-hydroxy-3-methyl-
glutaryl-CoA reductase in the FA diet group; however,
there was no difference in the DF diet group compared
to the C diet group. FXR, a bile acid receptor that regulates
the transcription of numerous genes, is involved in maintain-
ing cholesterol and bile acid homeostasis (Makishima et al.
1999; Wang et al. 1999). The present study showed that,

compared to the C diet, FXR mRNA levels were significantly
promoted by the FA diet and repressed by the DF diet. The
expression levels of the SHP and MRP2 target genes of the
FXR also showed the same results. We supposed that up-regu-
lation of the mRNA expression level of FXR, SHP and MRP2
seems paralleled to the increased hepatic TG of the FA diet
group, but not in the DF diet group.

The DF and FA diet groups also showed a significant down-
regulation in the mRNA levels of very long-chain acyl-CoA
synthetase, one of the genes involved in TG metabolism. Ike-
moto et al. (1997) reported hepatic TG levels parallel to ACS
mRNA expression level, although the present results showed
that only hepatic TG significantly decreased with the DF
diet. Moreover, the expression levels of liver fatty acid-bind-
ing protein, which plays a potential role in fatty acid storage
and b-oxidation processes, showed significant down-regu-
lation with the DF diet. Both of the genes (very long-chain
acyl-CoA synthetase and liver fatty acid-binding protein)
related to the decreased level of TG in the liver. The present
observations suggest that the lipid metabolism in SHRSP
may be regulated by different mechanisms in those animals
fed DF and FA as supplementary diets. Future studies are
required to analyse the detailed mechanisms.

In summary, we describe that supplementation of diets with
the DF of rice bran produces numerous protective effects
against hypertension, hyperglycaemia and hyperlipidaemia,
and that these effects are more pronounced than those of an
FA-supplemented diet. Moreover, the DF of rice bran is an
excellent functional food derived from cereal and can be
used for the purpose of dietary manipulation and has potential
clinical implications as a naturally occurring dietary sup-
plement in the absence of therapeutic agents. Future studies
will be required to analyse in detail the antihypertensive, anti-
hyperglycaemic and antihyperlipidaemic properties inherent in
the DF of rice bran.
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