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Abstract: The aims of the study were to measure and compare the content of the bioactive compounds in natural rice
bran oils (NRBOs) and investigate for anti-inflammatory activity through inhibition effect on nitric oxide (NO) and
inducible nitric oxide synthase (iNOS) in RAW264.7 mouse macrophage cells. NRBOs were prepared from colored and
non-pigmented rice in northern Thailand using the cold-press technique. The bioactive compound constituents in
NRBOs, including tocotrienols, tocopherols, and y-oryzanol were analyzed by reversed-phase HPLC. Then, anti-
inflammatory activity was investigated through an inhibition effect on NO and iNOS production induced by combined
lipopolysaccharide (LPS)-interferon-y (IFN-y) in RAW264.7 mouse macrophage cells. The results demonstrated that
NRBOs prepared from purple rice, red rice and non-pigmented rice consist of 8, y, and a-tocotrienol, 8, B, y, and a-
tocopherol, and y-oryzanol. y-Oryzanol, y-tocotrienol, and y-tocopherol were the major bioactive compounds in NRBOs.
NRBOs prepared from purple rice bran exhibited higher concentrations of the bioactive compounds than red rice bran
and non-pigmented rice bran, respectively. Khao’ Gam Leum-Phua (KGLP) exhibited the highest amount of 8, y and a-
tocotrienol, 8, y, B and a-tocopherol, and y-oryzanol. Interestingly, all NRBOs inhibited NO and iNOS production by
LPS/IFN-y-stimulated RAW264.7 cells. Additionally, NRBO prepared from KGLP exhibited the highest inhibitory activity
on NO and iNOS production. There may a potential use for pigmented NRBOs especially cultivated in mountainous
areas which containing high amounts of tocotrienols, tocopherols, and y-oryzanol, as a natural anti-inflammatory active

ingredient in nutraceutical and cosmeceutical products.
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INTRODUCTION

Rice is grown in all provinces of Thailand. Roughly
60 percent of Thailand’s population force is engaged in
the agricultural sector. Rice bran offers a valuable
nutritional advantage Dbecause it contains an
antioxidant defense system to protect the rice seed
from oxidative stress [1, 2]. Rice bran oil (RBO) is a
rich source of steryl ferulate esters, commonly referred
to as oryzanol. In addition, RBO is a potential source of
tocotrienols, tocopherols, and B-sitosterol [3-5].
Besides white rice, there are other varieties of rice
colors such as red, black, or purple. The outer color is
defined by the pigments contained in the pericarp
(outer bran) and seed coat of the rice kernels. Thai
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purple rice cultivars, Khao’ Gam (KG) or Khao’ Niaw
Dam, are highly cultivated by ethnic minorities in
mountainous areas, at attitudes 500 meters above sea
level, with high productivity, especially in the north of
Thailand. These minorities use KG as a food source, in
holy ceremonies, and in local wisdom when blending
traditional medicine for the relief of various symptoms
and illnesses. In Thailand, Thai colored rice is popular
for health promotion and non-communicable diseases
(NCDs) prevention.

Gamma-oryzanol (y-oryzanol) was considered as a
single compound which is present in RBO [6, 7]. In
1999, it was found that y-oryzanol is a combination of
ten phytosteryl ferulate esters including; p-sitosteryl
ferulate as the major bioactive constituents,
cycloartenyl ferulate, 24-methylenecycloartanyl ferulate
and campesteryl ferulate [8]. y-Oryzanol has been
reported to have many potential health benefits
including reducing plasma lipid and lipoprotein
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cholesterol, increasing high-density lipoprotein (HDL)
cholesterol levels and inhibiting platelet aggregation [6,
9, 10]. Moreover, y-oryzanol also has been reported as
a potent antioxidant [6, 10, 11]. Vitamin E, tocotrienols
and tocopherols are fat-soluble compounds which
cannot be produced by the body and have to be taken
from a food source [12]. These compounds have
potentially beneficial effects including antioxidative and
antibacterial activities [7, 13]. Total tocotrienols and
tocopherols content in rice bran range from 181 to 314
mg/kg [14], while total tocotrienols in RBO have been
found to be 585 mg/l [12]. Pengkumsri et al. (2015) [15]
reported that RBOs extracted from brown and red rice
contain a significantly higher amount of y-tocotrienol
than ordinary rice. Both tocotrienols and tocopherols
are potent natural antioxidants. However, tocotrienols
have been reported to exhibit greater antioxidant
properties than tocopherols [16, 17]. They are both also
considered to be helpful in the preventing or
treatmenting cardiovascular disease, angiogenic
disorder and for reducing blood cholesterol [18, 19].

Numerous studies have revealed that purple and
black rice contain higher amounts of the following
bioactive compounds when compared to white rice:
anthocyanin, y-oryzanol, and phenolic compounds [20-
22]. Additionally, it has been reported that pigmented
rice bran exhibits more antioxidant activity than non
colored rice bran [23, 24]. The potential health benefits
of Thai pigmented RBO are numerous, and it is one of
the most important staples of traditional agriculture in
Thailand and Southeast Asia.

The present study was carried out to measure and
compare the content of bioactive compounds namely
tocotrienols, tocopherol, and y-oryzanol in NRBOs
prepared by the cold-press technique. Moreover, in the
purple rice group research was carried out to measure
and compare the content of the bioactive compounds
between two cultivated rice types: one from a
mountainous areas and one from the plains.
Furthermore, anti-inflammatory  activity  through
inhibition effect on nitric oxide (NO) and inducible nitric
oxide synthase (iNOS) in RAW264.6 cells was also
investigated. Current results may establish the health
benefits of NRBOs and to support the use of NRBOs
as a natural anti-inflammatory active ingredient for
nutraceutical or cosmeceutical products.

MATERIALS AND METHODS

Materials

Tocotrienols, tocopherols, and y-oryzanol were
purchased from Wako Pure Chemical Industries

(Japan). Curcumin and quercetin were purchased from
Tokyo Chemical Industries Co., Ltd. (Japan). All
solvents and chemicals used (analytical or HPLC
grade) were obtained from Sigma Chemical Co., Ltd.
(St. Louis, MO) and Merck (Darmstadt, Germany).
Additionally, all solvents and chemicals used in the cell-
based study were obtained from Invitrogen™ (USA)
and Roche (Germany). RAW264.7 mouse macrophage
cell line was purchased from American Cell Culture
Collection (Bethesda, MD, USA) and mouse iNOS
immunoassay was purchased from MyBioSource, USA
Inc. (USA).

Methods

Preparation of NRBOs

Eleven native rice cultivars with different colors
were harvested from a rice research center in Northern
Thailand. The purple rice group namely Khao’ Gam
Boung (KGB), Khao’ Gam Thor (KGT), Khao’ Gam
Leum-Phua (KGLP), Khao’ Gam Pha Yao (KGPY) and
Khao’” Gam Chiang Rai (KGCR), the red rice group
namely Khao’ Hom Dang Sukhothai 1 (KHDS1), Khao’
Tubtim Chum Phae and Khao’ Hom Mali Dang
(KHMLD) and the non-colored rice group namely Khao'
Dawk Mali 105 (KDML), RD6 and Khao’ Niew San-pah-
tawng (KNSPT) were dried in a hot air oven at 60 °C
for 48 h. The purple rice samples were collected from
two different geographic areas. Group I: KGB, KGT,
and KGLP were cultivated in the mountainous areas.
Group 1l including KGPY, KGCR, red rice, and non-
colored rice samples were grown on the plains. Rice
samples were milled using a rice milling machine
(Thongtawee, Thailand, Model: NW 1000 TURBO) to
obtain fresh rice bran, then sieved through a 20-mesh
sieve. Subsequently, all of the rice bran samples were
stabilized by a heating-cooling process to inactivate
endogenous lipase [25], and all NRBO samples were
then prepared using a cold-press technique (Friend
Energy Limited Partnership, Thailand, Model: 2013).

Determination of y-Oryzanol Content by Reversed-
Phase HPLC

The y-oryzanol content in NRBO samples was
determined using the method of Sirithunyalug et al.
[26]. Briefly, the analysis method was conducted using
Agilent 1200 connected with a UV detector set at 330
nm. Methanol, acetonitrile, dichloromethane, and acetic
acid were used as the mobile phase in the ratio of
50:44:3:3 at the flow rate of 1.0 ml/min. The Symmetry
Shield RP18 column (250 x 4.6 mm, 5 ym, Water Co.,
Ltd., USA) was used and all samples were measured in
triplicate.
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Determination of &, B, y and a-Tocotrienol, &, B, y
and a-Tocopherol Content by Reversed-Phase
HPLC

Eight forms of both tocotrienols and tocopherols in
NRBO samples were determined using the method of
Sirithunyalug et al. [26]. Briefly, the analysis method
was conducted using an Agilent 1200 coupled with a
fluorescence detector. The KINETEX PFP column (150
x 4.6 mm, 2.6 ym) was used (Phenomenex Co, Ltd.,
USA). Methanol and water were used as the mobile
phase in a ratio of 9:1 at a flow rate of 0.6 ml/min. The
excitation and the emission wavelength of the detector
were set at 292 nm and 330 nm, respectively. All
samples were analyzed in triplicate.

Anti-inflammatory Activity Determination through
Inhibition on NO and iNOS Production

The inhibition of NO and iINOS production were
determined using a modified version of the method of
Sirithunyalug et al. [26] and Tuntipopipat et al. [27].
RAW264.7 murine macrophage cells were grown in
Dulbecco’'s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 100

L

units/ml penicillin and 100 pg/ml streptomycin. After 24
h of pre-incubation in 24-well plates, RAW264.7 cells
were replaced with fresh medium containing different
concentrations of the tested samples at the
concentration of 10, 25, 50, and 100 pg/ml and
incubated for 12 h. Then interferon-y (IFN-y) and
lipopolysaccharide (LPS) were added in the
concentration of 50 pg/ml and 2 ng/ml, respectively and
incubated for 72 h. The culture medium was collected
to be measured for NO content, and the cells were
lysed using CelLytic™ M Cell Lysis Buffer (Sigma,
C2978) to assay for iINOS. The level of nitrite, a stable
form of NO, was spectrometrically analyzed using
Griess reagent at 540 nm. The level of INOS
production in the cell lysates was measured using
mouse iINOS ELISA kit. Curcumin, y-oryzanol, y-
tocotrienol, and y-tocopherol were used as positive
controls. The amount of DNA was quantified by the
Quant-iT PicoGreen Assay (Invitrogen, P11496)
according to the manufacturer’s protocol. The level of
protein produced by RAW 264.7 cells was measured
using Bradford reagent (Bio-Rad, USA). The viability of
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Figure 1: HPLC chromatogram of reference tocotrienols, tocopherols, and natural rice bran oils (NRBOs). (A) Mixed reference
tocotrienols and tocopherols, including d-tocotrienol (a), B-tocotrienol (b), y-tocotrienol (c), a-tocotrienol (d), d-tocopherol (e), B-
tocopherol (f), y-tocopherol (g), and a-tocopherol (h); and NRBOs including (B) KGLP, (C) KHDS1 and (D) KNSPT.
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proliferation reagent WST-1 following the methods of
Sirithunyalug et al. [26] and Jomha ef al. [28].

Statistical Analysis

Current results were expressed as a mean of three
replicate + standard deviations (SD). SPSS (version
16) was used for statistical analysis. P values < 0.05
were considered to be significant.

RESULTS

Determination of the &, B, y and a-Tocotrienol, 5, B3,
y and a-Tocopherol, and y-Oryzanol Contents

The amount of &, B, y and a-tocotrienol, &, B, y and
a-tocopherol and y-oryzanol contents in rice bran oils
from different-colored rice namely purple rice, red rice,
and non-colored rice were determined. The HPLC
chromatogram of reference tocotrienols, tocopherols,
and NRBOs are shown in Figure 1 and the HPLC
chromatogram of reference y-oryzanol and NRBOs are
shown in Figure 2, respectively.

The amounts of all components are shown in Table
1-3. B-tocotrienol was undetectable in all NRBOs. All of
NRBOs comprised of 4 major components of vy-

| (A)

Estention time (min)

Q)

Retention time (min)

oryzanol including cycloartenyl ferulate, 24-
methylenecycloartanyl ferulate, campesteryl ferulate,
and [-sitosteryl ferulate. NBO prepared from KGLP
exerted the highest amount of §, y and a-tocotrienol
and 9, y, B and a-tocopherol, and y-oryzanol. KGB and
KGT were found to have a high content of the
compounds.

Anti-inflammatory Activity of Rice Bran Oils on NO
and iNOS Inhibition

The anti-inflammatory activity of NRBOs was
investigated through their inhibitory effects on NO and
iINOS production in LPS/IFN-y induced RAWZ264.7
cells. NRBOs significantly inhibited the LPS/IFN-y-
mediated induction of NO and iINOS production
compared to the positive controls namely y-oryzanol, y-
tocotrienol, y-tocopherol and curcumin as shown in
Table 4. The NRBO prepared from KGLP
demonstrated the most potent inhibitory effect on NO
production. Both NRBOs prepared from KGLP and
KGB exhibited the highest inhibitory activity on iNOS
production. All of NRBOs inhibited NO and iNOS
production by LPS/IFN-y-induced RAW264.7 cells
without the presence of cytotoxicity to RAW264.7 cells
at concentrations lower than 100 pg/ml. 50%

(B)

v Retention time (min]

i (D)

. Retention time (min)

Figure 2: HPLC chromatogram of reference y-oryzanol and natural rice bran oils (NRBOs). (A) Reference y-oryzanol and

NRBOs including (B) KGLP, (C) KHDS1 and (D) KNSPT.
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Table 1: Tocotrienol Contents in Rice Bran Oils
Samples Components (mg/g)
&-tocotrienol y-tocotrienol a-tocotrienol
Khao' Gam Boung (KGB) 0.13+0.01° 1.63+0.08" 0.22+0.02°
Khao' Gam Thor (KGT) 0.12+0.01* 1.59+0.06" 0.20+0.02*
Khao' Gam Leum-Phua (KGLP) 0.15+0.02° 1.74£0.07° 0.26+0.02°
Khao' Gam Pha Yao (KGPY) 0.09+0.01° 1.37+0.06° 0.18+0.01%
Khao' Gam Chiang Rai (KGCR) 0.10£0.02* 1.48+0.05° 0.19+0.02*
Khao' Hom Dang Sukhothai 1 (KHDS1) 0.09+0.01° 1.35+0.06° 0.16+0.01%
Khao' Tubtim Chum Phae (KTTCP) 0.11+0.01° 1.42+0.05% 0.17+0.01%
Khao' Hom Mali Dang (KNR) 0.07+0.01° 1.09+0.08° 0.14+0.01"
Khao' Dawk Mali 105 (KDML) 0.03+0.01° 0.59+0.05 0.07+0.01"
RD6 0.03+0.01° 0.63+0.04" 0.09+0.01"
Khao' Niew San-pah-tawng (KNSPT) 0.04+0.01° 0.64+0.05' 0.12+0.01°

*Data are presented as mean * SD; triplicates; n=3 Mean values within a column superscripted by the same letter are not significantly different at P<0.05.

Table 2: Tocopherol Contents in Rice Bran Oils

Components (mg/g)

Samples

&-tocopherol y-tocopherol a-tocopherol B-tocopherol

Khao' Gam Boung (KGB) 0.11+0.01* 1.35+0.04% 0.46+0.03° 0.14+0.01°

Khao' Gam Thor (KGT) 0.12+0.01° 1.28+0.05° 0.42+0.02° 0.15+0.01%°

Khao' Gam Leum-Phua (KGLP) 0.15+0.01° 1.42+0.06° 0.54+0.03° 0.16£0.01°

Khao' Gam Pha Yao (KGPY) 0.09+0.01% 0.98+0.06" 0.36+0.03° 0.11£0.01°

Khao' Gam Chiang Rai (KGCR) 0.10£0.01° 1.06+0.08° 0.33+£0.03* 0.11£0.01°

Khao' Hom Dang Sukhothai 1 (KHDS1) 0.08+0.01° 0.92+0.05° 0.29+0.03% 0.09+0.01°

Khao' Tubtim Chum Phae (KTTCP) 0.09+0.01% 1.04+0.06° 0.34+0.02% 0.10+£0.01°

Khao' Hom Mali Dang (KNR) 0.06+0.01° 0.80+0.05° 0.27+0.03" 0.07+0.01°

Khao' Dawk Mali 105 (KDML) 0.02+0.01° 0.36+0.04° 0.18+0.02' 0.03+0.00

RD6 0.03+0.01° 0.37+0.03° 0.23+0.03" 0.05+0.01°

Khao' Niew San-pah-tawng (KNSPT) 0.03+0.01° 0.47+0.05' 0.21+0.02" 0.05+0.01°

*Data are presented as mean * SD; triplicates; n=3 Mean values within a column superscripted by the same letter are not significantly different at P<0.05.

Table 3: y-Oryzanol Contents in Rice Bran Qils

Components (mg/g)
Samples

y-oryzanol
Khao' Gam Boung (KGB) 66.430.85"
Khao' Gam Thor (KGT) 60.50+1.27°
Khao' Gam Leum-Phua (KGLP) 78.49%1.45°
Khao' Gam Pha Yao (KGPY) 47.27+0.97°
Khao' Gam Chiang Rai (KGCR) 52.72+1.22°
Khao' Hom Dang Sukhothai 1 (KHDS1) 43.86+1.10
Khao' Tubtim Chum Phae (KTTCP) 46.33+1.12°
Khao' Hom Mali Dang (KNR) 40.650.99°
Khao' Dawk Mali 105 (KDML) 33.75+1.16'
RD6 36.25+1.09"
Khao' Niew San-pah-tawng (KNSPT) 34.41+0.85"

*Data are presented as mean * SD; triplicates; n=3 Mean values within a column superscripted by the same letter are not significantly different at P<0.05.
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Table 4: Anti-Inflammatory Activities of Rice Bran Oils

Samples 50% Inhibition Concentration (pug/ml)

NO iNOS
Khao' Gam Boung (KGB) 15.92+0.81° 19.07+0.66°
Khao' Gam Thor (KGT) 17.24+0.95° 17.27+0.50°
Khao' Gam Leum-Phua (KGLP) 13.28+0.78° 16.52+0.51°
Khao' Gam Pha Yao (KGPY) 25.38+0.99" 35.36+0.74°
Khao' Gam Chiang Rai (KGCR) 23.87+1.06" 30.78+0.59"
Khao' Hom Dang Sukhothai 1 (KHDS1) 28.72+1.39' 39.62+0.72'
Khao' Tubtim Chum Phae (KTTCP) 26.45+1.20° 35.03+0.85°
Khao' Hom Mali Dang (KHMLD) 31.09+1.26° 41.48+0.89°
Khao' Dawk Mali 105 (KDML) 85.42+1.98" 90.07+0.84'
RD6 72.64+1.69 88.82+0.93'
Khao' Niew San-pah-tawng (KNSPT) 64.53+1.66' 70.91+0.95"
y-oryzanol 36.29+0.88" 38.52+0.75'
y-tocotrienol 26.65+0.69° 29.79+0.51°
y-tocopherol 32.33+0.76° 35.26+0.55°
Curcumin 8.84+0.49° 12.1940.43°

*Data are presented as mean = SD; triplicates; n=3 Mean values within a column superscripted by the same letter are not significantly different at P<0.05.

concentration inhibition of all NRBOs in NO and iNOS
seem related to the level of tocotrienols, tocopherols,
and y-oryzanol content. However, the inhibitory effects
of all the NRBOs were lower than curcumin, a potent
natural anti-inflammatory. Remarkably, the inhibitory
activities of all natural purple rice bran oils on NO were
higher than y-oryzanol, y-tocotrienol, and y-tocopherol.
The inhibitory activites of NRBOs prepared from
KGLP, KGT and KGB on iNOS were higher than y-
tocotrienol, y-tocopherol, and y-oryzanol.

DISCUSSION

NRBO is a rich source of the important compounds
tocotrienol, tocopherol and vy-oryzanol, which are
considered to protect against degenerative diseases
[29]. Interestingly, natural purple rice bran oil (NPRBO)
prepared from purple rice samples collected from the
mountainous areas (KGB, KGT, and KGLP) contained
higher y-oryzanol, tocotrienols, and tocopherols than
that collected from the plains (KGPY and KGCR).
Various studies suggest that the efficacy of these
compounds on antioxidant activity may differ among
sources [12]. The result of this study corresponded with
previous reporting by Sirithunyalug et al. [26].
Moreover, NPRBO prepared by cold press technique
composed of B-tocopherol which can-not be detected
in NPRBO prepared by supercritical carbon dioxide
extraction [26]. RBOs prepared from purple rice bran

seem to have higher contents of the compounds than
red rice bran and non-colored rice bran. This
corresponds to a previous study by Pengkumsri et al.
[15] who reported the content of total tocols (tocotrienol
and tocopherol), y-oryzanol and antioxidant properties
of black rice, red rice, and brown RBO. Their results
demonstrated that RBO extracted from darker
pigmented rice bran had higher amounts of the
compounds. According to some studies, the antioxidant
activity of colored rice is greater than that of non-
colored rice [30, 31]. The elevated bioactive properties
of colored rice bran give it good potential as a natural
active ingredient with positive effects on human health
[29].

The non-polar components namely y-oryzanol,
tocotrienols, and tocopherols are responsible for the
anti-inflammatory properties of NRBOs. The lipophilicity
of y-oryzanol, tocotrienols, and tocopherols may give
them the ability to pass through the cell membrane in
the cell-based study. Previous studies have found that
palm oil has potent anti-inflammatory capabilities due
to its being rich in tocotrienols, which inhibit iINOS
production and NF-kB expression in human monocytic
(THP-1) cells [30]. This corresponds with the results of
the current study. Moreover, it has been reported that
black rice bran extract has the ability to suppress
inflammation symptoms induced by
tetradecanolylphorbol acetate (TPA) as well as to
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decrease TNF-q, IL-183, IL-6, and LTB4 production in
mouse models [31]. Tocopherols possess apoptosis-
inducing, anti-inflammatory, antioxidant, and reactive
nitrogen  species-trapping activites may have
contributed to the fact that colon carcinogenesis was
found to be inhibited by a y-tocopherol-rich mixture
(57% y-tocopherol, 24% &-tocopherol, 13% a-
tocopherol) in azoxymethane (AOM)/dextran sulfate
sodium (DSS)-treated in animal models [32]. Cold
press NRBOs prepared from various rice varieties in
Thailand have anti-inflammatory and antioxidant
properties, as is shown by the effects of anti-
inflammatory and antioxidant activity on the inhibition of
NO production using RAW267.4 cell lines and
antioxidant activities [33]. The unsaponifiable fraction of
rice bran and y-oryzanol supplemented in the dietary
oils exerts a significant role in decreasing the secretion
of pro-inflammatory mediators by macrophages in rat
models (60 d) [34]. This is interesting considering that
tocotrienols, tocopherols, and y-oryzanol in NRBOs
related to their inhibitory effects on NO and iNOS
production.

In summary, the NRBOs prepared from purple rice,
red rice, and non-colored rice were comprised of d, v,
and a-tocotrienol, 8, B, y, and a-tocopherol, and y-
oryzanol. NPRBO especially KGLP exhibited the
highest content of y-oryzanol, tocotrienols, and
tocopherols. Moreover, it was found that pigmented
rice bran in general exhibits higher content of
tocotrienols, tocopherols, and y-oryzanol than non-
colored rice bran (purple rice bran>red rice bran>non-
colored rice bran). This study indicated that the NRBOs
exhibited potent anti-inflammatory activity in a cell-
based study as compared to the positive controls
including y-tocotrienol, y-tocopherol, y-oryzanol, and
curcumin. The NRBOs prepared from purple rice bran,
especially KGLP demonstrated the highest inhibitory
activity on NO and iNOS production in LPS/IFN-y-
induced RAW264.7 cells. The results presented here
suggest that there is potential in using pigmented
NRBOs containing high amounts of tocotrienols,
tocopherols, and vy-oryzanol as a natural anti-
inflammatory active ingredient.
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