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Antihypertensive and Antioxidative Effects of Rice Bran Peptides in a Rat Model of
Nitric Oxide-Deficient Hypertension
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ABSTRACT

The present study aimed to investigate the effect of rice bran peptides (RBP) on reduction of hypertension,
oxidative stress and endothelial dysfunction in NO deficient hypertensive rats. Hypertension was induced in male
Sprague-Dawley rats by administration of Nm-nitro-L-arginine methyl ester (L-NAME) at 50 mg/kg body weight/day
in drinking water for 3 weeks. Animals were randomly assigned into 5 groups: normal control + deionized water (DI),
normal control + RBP 100 mg/kg/day, L-NAME + DI, L-NAME + RBP 50 mg/kg/day, and L-NAME + RBP 100
mg/kg/day, respectively. It is found that RBP in a dose-dependent manner significantly reduced blood pressure,
superoxide production, oxidative stress, and enhanced vasorelaxation to acetylcholine in L-NAME treated rats as
compared to L-NAME treated controls (P<0.05). Results of this study suggest that RBP possesses antihypertensive
effect through a several factors that contribute to decreased oxidative stress and improved endothelial function.
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Introduction

Rice is the main staple food of the Asian
population, and also the largest staple product exporter
of Thailand. Rice bran, an outer layer of brown rice
obtained from a byproduct derived from rice milling
industry, is a good source of fat and protein
(Sereewatthanawut et al., 2008). Previous studies
reported that rice bran contains a high nutritive value,
for instance, tocopherols, tocotrienols, oryzanols,
vitamin B complex and phenolic compounds (Min et
al.,, 2011; Zhang et al., 2010). The benefits such as
rice bran oil consumption decreased total serum
cholesterol concentrations in patients with type 2
diabetes (Lai et al., 2012). Beside the rice bran oil,
peptides-derived from rice bran (RBP) has been
investigated in the in vitro and found the effects on
inhibiting angiotension converting enzyme (ACE)
activity and scavenging free radicals (Kokkaew and
Thawornchinsombut, 2011). Moreover, RBP also exert

the vasorelaxant effect on the aortic rings isolated from

2K-1C hypertensive rat (Tuangpholkrung et al., 2012).

It has been reported that chronic inhibition of
NO by administration of L-NAME, a NO synthase
inhibitor, causes hypertension, increases endothelial
dysfunction and oxidative stress (Kitamoto et al.,
2000; Nakmareong et al., 2011; Priviero et al., 2007).
In addition, many documents reported that the
development of hypertension is associated with a
reduction of NO and excessive reactive oxygen species
(ROS) production. Therefore, protection of NO
depletion and reduced ROS generation might be the
possible therapeutic

strategy that could prevent

hypertension.
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Objectives of the study

The present study investigated the protective
effect of RBP on reduction of hypertension, oxidative
in L-NAME-

stress and endothelial dysfunction

induced hypertensive rats.

Methodology

RBP was obtained from Dr. Supawan
Thawornchinsombat, Faculty of Technology, Khon
Kaen University, Thailand. Male Sprague-Dawley,
weighing 220- 250 g, were obtained from the National
Laboratory Animal Center, Mahidol University,
Salaya, Nakornpathom, Thailand. Animals were kept
in the Northeast Laboratory Animal Center, Khon
Kaen University, Thailand, under standard conditions
(light/dark  cycle; 12 h, humidity; 30-60%,
temperature; 23 + 2°C, air changing; 10-15 cycle/h).
All procedures were approved by the Institutional
Animal Ethics Committee of Khon Kaen University.
Hypertension was induced in rats by administering L-
NAME (50 mg/kg/day) in drinking water for 3 weeks.
RBP (50 or 100 mg/kg/day) was intragastrically
administered to animals simultaneously with or
without L-NAME. Rats were divided into 5 groups
(n =6): normal control treated with DI as vehicle,
normal control treated with RBP (100 mg/kg/day),
hypertension treated with DI, hypertension treated
with RBP (50 mg/kg/day), and hypertension treated
with RBP (100 mg/kg/day).
Blood pressure measurement and biochemical
assay

Systolic blood pressure (SBP) was measured
weekly by using rat tail-cuff plethysmography (Blood
pressure analyzer, model 179; IITC, Woodland Hills,

California, USA).
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At the end of experimental period, rats were
anesthetized with pentobarbital sodium (60 mg/kg,
i.p.). A tracheotomy was performed for spontaneous
breathing and the left femoral artery was cannulated
with a polyethylene catheter connected to a pressure
transducer for continuous monitoring of arterial blood
pressure (BP) and heart rate (HR) and using the
AcgKnowledge data acquisition (BIOPAC system
Inc., California, U.S.A.). After measuring the baseline
values of HR and BP for 30 min, rats were sacrificed
by overdose of an anesthetic drug. Blood samples were
collected from the abdominal aorta for assessment of
plasma malondialdehyde (MDA), a lipid peroxidation
marker (Nakmareong et al., 2011). The carotid arteries
were rapidly excised for measurement of superoxide
production by using Luciginin-enhanced
chemiluminescense technique (Nakmareong et al.,
2011). The thoracic aorta was excised for evaluating
the endothelium-dependent relaxation to acetylcholine
(ACh) and sodium nitroprusside (SNP).

Preparation of the isolated aortic rings

The thoracic aortas were immediately
cleaned of surrounding fat and connective tissues, cut
into 3-4 mm rings. Each ring was suspended between
the two stainless steel hooks in water-jacketed bath
containing physiological salt solution (PSS) at 37°C
containing (mM): NaCl 119, KCI 4.7, KH,PO, 1.2,
MgSO,.7H,0 1.18, Glucose 11, NaHCO, 25 and
CaCl,.2H,0 2.5 (pH 7.4); bubbled with 95% O, and
5% CO,. A tension of 1 g was initially applied to the
ring which was equilibrated for 90 min. The system
was connected to an isometric force transducer
recording system (PowerLab System, AD Instruments,

Australia). To examine endothelium-dependent and

endothelium-independent relaxation, the concentration
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responses to ACh and SNP ranging from 10 to 10° M
were tested after pre-contraction with phenylephrine

(PE) (1 pM).

Data analysis

Results were expressed as means = S.E.M.,
and n indicates the number of animals. The
differences among experimental groups were analyzed
by one-way analysis of variance (ANOVA) followed
by post hoc comparison test. P value of less than 0.05

was taken as significant.

Results
RBP attenuated blood pressure of L-NAME
hypertensive rats.

At the beginning of the experiments, baseline
SBP was similar in all experimental groups (Table 1;
p<0.05). SBP progressively increased in L-NAME
hypertensive rats throughout the study period of 3
weeks. A daily RBP supplementation (50 or 100
mg/kg) showed a significant reduction of SBP in L-
NAME treated rats treated with RBP (P<0.05). There
was no change in SBP in normal control and control
+RBP groups (Table 1). The mean arterial pressure
(MAP) of L-NAME rats treated with RBP was
significantly lower than L-NAME controls (Figure 1;
P<0.05). These results indicate the antihypertensive
effect of RBP. Whereas no significant differences in
MAP were seen in normal control and normal control
treated with RBP, suggesting that RBP had no
hypotensive effect in normotensive rats (Figurel).
RBP alleviated oxidative stress in L-NAME
hypertensive rats

The levels of superoxide production in carotid
arteries and plasma MDA were significantly increased in

L-NAME treated rats when compared with normal
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controls (Figure 2A and B; P<0.05), suggesting the
occurrence of oxidative stress in L-NAME hypertensive
rats. RBP (50 and 100 mg/kg) ameliorated oxidative stress
by reducing O2¢— production and decreasing the MDA
levels (Figure 2A and B; P<0.05). Interestingly, it is found

that a reduction in oxidative stress is associated with a

decrease in SBP of L-NAME rats treated with RBP.

Table 1 Systolic blood pressure measured by tail-cuff

method throughout the study period in all experimental

groups.
Systolic blood pressure (mmHg)
Group
Baseline 1 week 2 week 3 week
Control 115.67£3.82  128.50£6.33  129.00+1.78  123.50+4.71
Control+RBP100 119.73£3.84  122.6743.10  122.60+2.48  121.00+2.93
L-NAME 118.17£3.84  155.506.38*  176.83+4.01*  203.50£7.55*
L-NAME+RBP50 112474558  1354045.67% 146.58+3.07*f 155.00+4.15%¢
L-NAME+RBPI00  113.80£133  117.75:430° 145.83£3.78% 148.25:4.63%

Data are shown as means + S.E.M. (n= 6 /group), *p<
0.05 vs. control groups, Tp <0.05 vs. L-NAME group

and #p <0.05 vs. L-NAME+RBP 50 group.
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Figure 1 Effect of RBP on mean arterial pressure in
all experimenstal groups. Data are shown as means +
S.E.M. (n= 6 /group), *p< 0.05 vs. control groups, Tp
<0.05 vs. L-NAME group and #p <0.05 vs. L-NAME

+RBP 50 group.
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RBP improved endothelium-dependent relaxation
to ACh in aortic ring.

A significant blunted response to ACh was found
in the aortic rings isolated from L-NAME treated rats
when compared with arteries from the normal controls
(Figure 3; p<0.05), indicating the impairment of the
endothelium-dependent relaxation after L-NAME
treatment. Increased vasorelaxation to ACh was found
in the aortas of L-NAME rats treated with RBP at dose
of 100 mg/kg (Figure 3; P<0.05). There were no
significant differences in endothelium-independent
relaxation induced by SNP in all study groups (data
not show).

150 * @

-
© 1N}
o [S)
¥ —+

D

o
H
—

w
o

Carotid superoxide production
(Counts/ min/mg dry weight)

DI RBP100 DI RBP50  RBP100

L-NAME

Control

15 % ®

12

Plasma MDA (uM)

RBP50
L-NAME

DI RBP100 DI RBP100

Control
Figure 2 Effect of RBP on superoxide production in
the carotid arteries (A) and plasma MDA (B) in all
experimental groups. Data are shown as means =+
S.E.MM. (n= 6 /group), *p< 0.05 vs. control groups, Tp
<0.05 vs. L-NAME group and #p <0.05 vs. L-NAME

+RBP 50 group.
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Discussion and Conclusions

In the present study, we found the disruption of NO
generation initiated by L-NAME. Rats received L-NAME
showed a significantly increased blood pressure, increased
oxidative stress, and impaired endothelium-dependent
relaxation. Administration of RBP 50 and 100 mg/kg/day
attenuated hypertension and reduced oxidative stress in L-
NAME treated rats. Moreover, L-NAME rats treated with
RBP 100 mg/kg/day improved endothelial function by

enhancing endothelium-dependent relaxation to ACh.
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Figure 3 Effect of RBP on endothelium-dependent
relaxation induced by ACh in aortic rings of rats in all
experimental groups. Data are shown as means +
S.E.M. (n= 6 /group), *p< 0.05 vs. control groups, Tp
<0.05 vs. L-NAME group and #p <0.05 vs. L-NAME

+RBP 50 group.

Previous studies have reported that L-
NAME-induced high BP is correlated with the
overproduction of vascular superoxide. Several lines
of evidence support the concept that increased vascular
superoxide production is associated with increased
expression of NADPH oxidase, a major source of
vascular superoxide generation in hypertensive rats
(Gonzalez et al., 2000; Sarr et al., 2006). Excessive

production of superoxide rapidly scavenges NO
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resulting formation of peroxynitrite (ONOO') which
reduced NO bioavailability (Torok, 2008) and causing
oxidative damage and endothelial dysfunction.
Interestingly, we demonstrated that RBP reduced
superoxide  production and also  improved
endothelium-dependent relaxation to ACh. These
effects are likely to be related to a restoration of NO
bioavailability. Furthermore, the relaxant response to
sodium nitroprusside, which is an NO donor, was
comparable among experimental groups. These results
confirm  impairment of  endothelial-dependent
relaxation in L-NAME hypertensive rats.

It is well know that endothelium plays an
important role in modulating the vascular tone and
blood pressure. Therefore, increased NO bioactivity
and improved endothelial-dependent relaxation during
treatment with RBP could, in part to ameliorate of
hypertension in rats with NO syntheses inhibition.
Moreover, previous studies demonstrated that many
peptides derived by hydrolysate from food protein
possess ACE- inhibiting activity and antioxidant
effect, such as cormn (Yang et al, 2007), whey
protein(Tavares et al., 2012), sardine muscle (Otani et
al., 2009) and also peptide derived from rice grain (Li
et al, 2007) and rice bran (Kokkaew and
Thawornchinsombut, 2011). Thus, the ACE- inhibiting
activity might explain the antihypertensive effect of
RBP in this animal model.

In conclusion, overall findings of this study
suggest that RBP possesses antihypertensive effect
through a several factors that contribute to decreased

oxidative stress and improved endothelial function.
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