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ABSTRACT

The purpose of this study was designed to explore the anti-inflammatory effect of parboiled germinated
brown rice (PGBR) on L-NAME-induced hypertensive rats. Twenty four male Sprague-Dawley rats were used and
randomly divided into 6 groups: (1) control, (2) L-NAME, (3) L-NAME + Losartan (Los), (4) L-NAME + white rice
(WR), (5) L-NAME + brown rice (BR), (6) L-NAME + PGBR. WR, BR, and PGBR formula diets were prepared by
replacing corn starch in the basal formula diet with cooked WR, BR, and PGBR powders, respectively. All rats
except the control group were received 1% cholesterol-mixed into diets. Experiments were performed for eight
weeks. At the end of experiment, L-NAME treated rats displayed significant increase in blood pressure (BP), tumor
necrosis factor-alpha (TNF-Ql) and nuclear factor kappa B (NF-kB) gene expression compared with control. Rats fed
with PGBR exhibited the reduction of BP and NF-kB expression more than WR and BR. These data suggested that
PGBR could lower BP, and might prevent kidney inflammation through NF-kB suppression due to complex
potentials of various bioactive compounds, including ferulic acid, GABA, Y-oryzanol, and vitamin E.
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Introduction

Hypertension is one of diseases that are global public health problems. Globally, raised blood pressure is
estimated to cause 7.5 million deaths, about 12.8% of the total of all deaths (Kearney et al., 2005).

The kidneys are one of major organ that are affected by high blood pressure due to this organ plays a central
role in the regulation of arterial blood pressure. Result of chronic high blood pressure is kidney inflammation by
stimulate the immune system. Several studies showed that kidney inflammation occurs during the development of
hypertension, the result of these studies report the rise of inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-Ql) (Bautista et al., 2015; Beg et al., 2010). Moreover, it also found an association between the transcription
factor nuclear factor kuppa B (NF-kB) and progression of kidney inflammation, through aldosterone-mediated NF-kB
activation and response to immune stimuli (Queisser and Schupp, 2012).

Parboiled germinated brown rice (PGBR) was produced by steaming germinated paddy rice. During
parboiling process, starch granules of rice are gelatinized, which increases stability and lessens the rupture of rice
grain. Also prevent loss of nutrients during milling process (Panchan et al., 2009). The research project study about
nutrition and health benefits of PGBR of Khao Dawk Mali 105 variety on nutritive values, bioactive components and
antioxidant activities found that cooked PGBR has contains more bioactive compounds than BR and WR, such as
gamma-aminobutyric acid (GABA), Y-oryzanol, ferulic acid, vitamin E, vitamin B1, B3, and B6, magnesium, and
dietary fiber (Kim et al., 2012; Thiyajai et al., 2014; Wunjuntuk et al., 2016). The in vitro study by simulated
digestion on cell culture technique using Caco-2 cell found ability of PGBR in more potential to decrease free
radicals and pro-inflammatory chemokines than cooked BR. PGBR can prevent liver injury through enhancement of
the antioxidant capacities (Wunjuntuk et al., 2016). It might possible that cooked PGBR may also prevent kidney

inflammation in hypertension.

Objective of the study
The aim of this study was evaluate the inflammatory cytokine (TNF-Ql), NF-kB, and IkB gene expression
that indicates the kidney inflammation compared with white rice (WR), brown rice (BR), and drug treatment in

L-NAME induced hypertensive rats.

Methodology

Experimental design

This study was conducted in accordance with the Siriraj Animal Care and Use Committee (SIACUC) from
Faculty of Medicine Siriraj Hospital, Mahidol University and compliance with International Guidelines for Animal
Research Protection such as International Guiding Principles for Biochemical Research Involving Animals (SiACUP
number : SI-ACAP 008/2557). Twenty four male Sprague-Dawley (5 week-old) rats with a body weight ranging 150-
170 g were used. Rats were housed in an air-conditioned room at 23+2 °C, relative humidity 50+20% with a 12/12 h
light/dark cycles, and fed a standard rat chow (AIN76A) and drinking water ad libitum for 7 days. After a 7-day

acclimatization period, Animals were randomly divided into 6 groups (n=4 each), and eight weeks of the
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experimental duration was initiated: (1) Control group, rats fed with basal diet throughout the experimental period;
) NG-nitro-L-arginine methyl ester hydrochloride (L-NAME) group, rats were received basal diet + 1% cholesterol
and 20 mg/KgBW/day of L-NAME in the drinking water; (3) L-NAME + Losartan (Los) group, rats were received
basal diet + 1% cholesterol, 20 mg/KgBW/day of L-NAME and losartan (antihypertensive drug) in the drinking
water; (4) L-NAME + white rice (WR) group, rats were received basal diet that total starch in the recipe was all
replaced with WR + 1% cholesterol, and 20 mg/KgBW/day of L-NAME in the drinking water; (5) L-NAME + BR
group, rats were received basal diet that total starch in the recipe was all replaced with BR + 1% cholesterol, and 20
mg/KgBW/day of L-NAME in the drinking water; (6) L-NAME + PGBR group, rats were received basal diet that
total starch in the recipe was all replaced with PGBR + 1% cholesterol, and 20 mg/KgBW/day of L-NAME in the
drinking water. At the end of the eighth week, all the rats were anesthetized by carbon dioxide inhalation.

Sample and sample preparation

Rice was used in this study is cultivar Khao dok mali 105 was planted and harvested in Kalasin province,
Thailand in 2012. The rice sample was divided into three subsamples in order to produce WR, BR, and PGBR.
Cooking method was prepared by according to the first subproject’s method (Srichamnong et al., 2015) and was
analyzed nutrients and energy. Next, the rice samples were freeze-dried and grinded into rice flour. WR, BR, and
PGBR formula diets were prepared by replacing corn starch in the basal formula diet (AIN 76A) (Table 1). However,
all formula diets were calculated to equal energy and nutrients. The components of each rice formula diet were

designed based upon the macronutrient compositions in the rice (Wunjuntuk et al., 2016) (Table 2).

Table 1 Food ingredients of the basal formula diet (AIN 76A)

Ingredient Percentage
Sucrose 50
Casein-vitamin free 20
Corn starch 15
Powdered cellulose 5
Corn oil 5
AIN-76 mineral mix 3
AIN-76 vitamin mix 1
DL-methionine 0.3
Choline bitartrate 0.2

-905 -



I:llI'G.RB msUs:yuSsImsiguanaviusisuunadnu ssdusidua:ununnd 2560 VM P14-4

KKU-2017 35U 10 GunAu 2560 (U IMSWAU &1SAU UM3NENasvauntiu

Table 2 Food compositions of cooked WR, BR, and PGBR powders

Major composition/100 gram WR BR PGBR
Energy (Kcal) 382.6 389.5 389.2
Protein (g) 6.6 7.1 6.9
Fat (g) 0.4 2.4 2.6
Carbohydrate (g) 88.2 84.9 84.4
gamma-aminobutyric acid (GABA) (mg) 1.2 2.6 11.9
Y-oryzanol (mg) ND 114 13.3
Total phenolic acid (mg) 8.4 37.1 69.6
Total vitamin E (mg) ND 1.17 1.19
Dietary fiber (g) 0.8 3.0 3.5

ND, not detected.

General parameters measurement

1. Body weight and whole kidney weight were measured by digital scale.

2. Blood pressure was measured non-invasively using the tail-cuff plethysmography (CODA TM
noninvasive blood pressure, 2 controller) (Biolasco co. Ltd, USA).

Quantitative real time-polymerase chain reaction analysis (QRT-PCR)

Total RNA was isolated from the kidney using high pure RNA tissue kit (Roche, Penzberg, Germany)
according to the manufacturer's instructions. Total cDNA was synthesized with a transcriptor first strand cDNA
synthesis kit (Roche, Penzberg, Germany). qRT-PCR was performed using a LightCycler® 480 SYBR Green I
Master (Roche, Penzberg, Germany) according to the manufacturer’s instructions. The highly specific measurements
of cDNA were carried out for TNF-0l, NF-kB, IkB, and B-actin using the LightCycler system (Bio Rad Inc., USA).
The details of primers are as follows; TNF-O. (forward) 5'- ATG AGC ACA GAA AGC ATG ATC C- 3’ and
(reverse) 5'- GAA GAT GAT CTG AGT GTG- 3'; Nf-kB (forward) 5'-TTC AAC ATG GCA GAC GAC GA- 3 and
(reverse) 5'- GCC ATC TGT TGA CAG TGG TAT- 3'; IkB (forward) 5'- TGG CTC ATC GTA GGG AGT TT- 3’
and (reverse) 5'-CTC GTC CTC GAC TGA GAA GC-3' (Ng et al., 2005; Dhanya et al., 2014; Miguel-Carrasco et al.,
2010). The threshold cycle (Ct) number indicates an exponential amplification of the PCR product, and calculated as
the change (n-fold) in value of the treatment groups according to the 27AACT method (Livak and Schmittgen, 2001).
[B-actin was used as a housekeeping gene for normalization.

Statistical analysis

Data are presented as mean =+ standard error of the mean (SEM). Statistical comparisons between different

groups was performed by analysis of variance (ANOVA) followed by Tukey test using statistical package for the

social science (SPSS) software version 16.0. p value < 0.05 was considered statistically significant.
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Results

Effect of PGBR on general parameters

At the end of study after 8 weeks administration, L-NAME, L-NAME+Los, L-NAME+WR, L-NAME+BR,
and L-NAME+PGBR treatment group had no significant difference in kidney to body weight ratio (Table 3). The
systolic blood pressure (SBP) increased in L-NAME group compared with control group (168.30+ 0.44 vs.
120.54+0.53; P = 0.00). Losartan, BR, and PGBR diminished the effect of L-NAME (120.89+2.66, 153.03+0.97, and
150.05+1.51; P = 0.00) (Figure 1).

Table 3 General parameters measurement

Kidney weight Kidney/Body weight
Group

(gram) (gram %)
Control 2.00+0.00 0.72+0.03*
L-NAME 2.08+0.15 0.53+0.01
L-NAME+Los 2.15+0.24 0.53+0.03
L-NAME+WR 2.28+0.22 0.55+0.03
L-NAME+BR 2.28+0.32 0.55+0.21
L-NAME+PGBR 2.20+0.14 0.5440.02

Data are presented as mean + SEM (n = 4 animals). * Significant differences (P < 0.05) versus L-NAME.

Systolic blood pressure (mmHg)

Control L-NAME L-NAME+Loes L-NAME+WR L-NAME+BR L-NAME+PGBR

Figure 1 The systolic blood pressure during L-NAME induced-hypertension. Data are presented as mean £ SEM

(n = 4 animals). * Significant differences (P < 0.05) versus L-NAME.

Effect of PGBR on renal TNF-0l, NF-kB, and IkB gene expression in hypertensive rats

An increase of TNF-Ol gene expression in the L-NAME treated rats when compared to control rats and

losartan treatment (L-NAME + Los) (p = 0.00). PGBR and BR treated rat groups had a lower TNF-Ql gene level but
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did not show statistical significant (Figure 2). NF-kB gene expression had a lower level in losartan treatment (p =
0.05) and PGBR rat groups when compared to L-NAME group (p = 0.03) (Figure 3). However, all treatment groups

had no significant difference in IkB gene expression (Figure 4).
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Figure 2 Renal gene expression of TNF-Ol during L-NAME induced-hypertension. Data are presented as mean +

SEM (n = 4 animals). * Significant differences (P < 0.05) versus L-NAME.
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Figure 3 Renal gene expression of NF-kB during L-NAME induced-hypertension. Data are presented as mean +

SEM (n = 4 animals). * Significant differences (P < 0.05) versus L-NAME.
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Figure 4 Renal gene expression of IkB during L-NAME induced-hypertension. Data are presented as mean + SEM

(n =4 animals).

Discussion and Conclusions

The present study revealed that PGBR lower blood pressure and kidney inflammation in L-NAME treated
rats. Chronic blockade of nitric oxide synthesis by L-NAME induces vasoconstriction, contributing to the rise of
blood pressure causes of hypertension and kidney inflammation (Baylis et al., 1992). Treatment with BR and PGBR
also had lowered the SBP although antihypertensive drug was more effective, but it could reduce moderate to mild
hypertension (WHO/ISH guidelines, 2003).

High blood pressure associated with upregulation of RAS which is the main mechanism that regulates blood
pressure and fluid homeostasis. RAS contributes overproduction of Ang II hormone, and this hormone seems to
promote the NF-kB activation which is the transcription factor for proinflammatory cytokines, and adhesion
molecules (Rincon et al., 2015). This relevance caused by stimulation increasing of oxidative stress via activity of
NADPH oxidase and promote chronic inflammation as well (Zhang and Sun, 2015).

Chronic L-NAME treatment associated with oxidative stress, overexpression of NF-kB subunit, and
increases in expression of inflammatory cytokines such as TNF-Ol (Rincon et al., 2015). Similarly, human studies
have found that hypertensive patients have increased levels of TNF-0l, adhesion molecule, and C-reactive protein
which indicate kidney inflammation (Harrison et al., 2011; Touyz et al., 2007; Kim et al., 2008). Consistent with our
finding, L-NAME treated group exhibits a marked increase in renal TNF-Ol and NF-kB gene expression.
Interestingly, PGBR and losartan treated rat groups had significantly lower in TNF-Ol and NF-kB gene expression
than L-NAME group. However, PGBR were most likely to restore IkB but not significant difference which these
results might come from the difference between individual variation of animals.

The anti-inflammatory properties of PGBR could be due to the numerous bioactive compounds which
complex action as antioxidants, such as ferulic acid, GABA, y-oryzanol, and vitamin E. This result was in agreement

with previous study, bioactive components were found in Thai rice variety such as Y-oryzanol and tocopherols (Khao
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Dawk Mali 105) showed antioxidant properties (Butsat and Siriamornpun, 2010). Another study revealed ferulic acid
attenuated kidney inflammation by increasing superoxide dismutase and catalase enzyme activity in hypertensive rats
(Alam et al., 2013). GABA acts as inhibitory neurotransmitter in the central nervous system. It was found to have
antihypertensive effects. Oral GABA white rice containing enriched GABA in mildly hypertensive adults suggested
that the GABA rice has the potential effect of improving BP (Nishimura et al., 2014). Thus, GABA may prevent
kidney injury though BP regulation. Another study on ferulic acid, L-NAME treated wistar rats and SHRs, ferulic
acid reduced SBP, increased antioxidant enzyme activities, and also attenuated inflammatory cell infiltration in the
kidneys (Alam et al., 2013). Vitamin E, a potent peroxyl radical scavenger, is possibly the most efficient chain-
breaking antioxidant that prevents the propagation of free radical damage in biological membranes. It has been
reported that vitamin E supplement reduced oxidative stress and prevent progression of hypertension (Boshtam et al.,
2015; Vasdev et al., 2002). Thus, the data from previous studies and the results of current study proposed suggest that
the complex potentials of ferulic acid, GABA, Y-oryzanol, and vitamin E which rich in PGBR may provide
synergistic effects for regulating BP and ameliorate kidney inflammation. However, this study also had limitations.
The study only measured the SBP which was not enough to conclude that PGBR can truly lower blood pressure, and
the results of studying gene expression showed high SEM which it may from small sample size. Therefore, future
studies should consider these problems.

In conclusion, these results indicate that hypertensive rats fed with a PGBR-mixed diet can regulate BP and
ameliorate kidney inflammation by suppressing NF-kB activation. These finding suggested that PGBR consumption

could minimize kidney inflammation which is a hypertension complication.
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