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1. Introduction

  Reactive oxygen species (ROS) and reactive nitrogen species 

(RNS) are free radicals (FR) formed under physiological processes, 

e.g., cellular respiration, various events of growth and cell death, 

and defensive systems. The primary ROS and RNS produced in 

cells are superoxide (O2
•-) and nitric oxide (NO•), respectively[1]. 

Objective: To study the inhibitory effect of rice bran extracts of Thai black Kam Muang and 
red Hawm Dawk Mali Deang on oxidative stress factors including superoxide (O2

•-), nitric 
oxide (NO•), and inducible nitric oxide synthase (iNOS).
Methods: Bran extracts (40% ethanol) of Kam Muang and Hawm Dawk Mali Deang were 
obtained and evaluated for in vitro 2-2′-azino-di-(3-ethylbenzthiazoline sulfonate) (ABTS) and 
NO• scavenging activity. Their inhibitory effects on cellular O2

•- and NO• were measured in 
phorbol 12-myristate 13-acetate-stimulated neutrophil-like HL-60 cells and lipopolysaccharide-
stimulated RAW264.7 macrophages, respectively, and their viability was monitored using the 
MTT assay. The effect on iNOS expression was also assessed by the Western blotting assay. 
Total contents of phenolics, flavonoids, and subtypes were also determined. 
Results: Hawm Dawk Mali Deang exhibited about 3.5-fold greater cellular O2

•- inhibitory 
activity than Kam Muang [EC50 values of (23.57±4.54) and (81.98±1.45) µg/mL, respectively] 
in phorbol 12-myristate 13-acetate-stimulated HL-60 cells. Hawm Dawk Mali Deang 
exhibited about 2-fold higher in vitro ABTS•+ and NO• scavenging activity than Kam Muang, 
but it exerted cellular NO• inhibitory activity of only about 26% (undetermined EC50 value) 
in lipopolysaccharide-stimulated RAW264.7 cells. Conversely, Kam Muang exerted potent 
cellular NO• inhibitory activity [EC50 value: (281.13±59.18) µg/mL] and dose-dependently 
decreased iNOS levels. No cytotoxicity of both extracts was detected in both cell types. As for 
corresponding contents, Hawm Dawk Mali Deang contained higher contents of phenolics and 
flavonoids than Kam Muang. Moreover, Kam Muang and Hawm Dawk Mali Deang had a high 
content of total anthocyanins [(14.73±0.52) mg C3GE/g of extract] and total proanthocyanidins 
[(115.13±1.47) mg CE/g of extract], respectively. 
Conclusions: Based on these data, bran extracts of Thai black Kam Muang and red rice Hawm 
Dawk Mali Deang can help lower oxidative stress and inflammation attributed partly to O2

•- 
and NO•.
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While our own body produces FR in moderate amounts to perform 

many useful functions, we also expose to exogenous ROS/RNS. 

As a highly reactive radical, NO• itself directly damages normal 

functional tissues, and it can also react with O2
•- to form an even 

stronger oxidant, peroxynitrite (OONO-). Increased contents of FR 

that exceed cellular antioxidant defenses consisting of enzymatic 

and non-enzymatic antioxidants cause continued oxidative stress, 

leading to cellular oxidative damage and chronic inflammation[2]. 

Moreover, NO• that is excessively produced by inducible nitric 

oxide synthase (iNOS) in abnormal situations, is considered as a 

key mediator that can induce the generation of pro-inflammatory 

cytokines, leading to chronic inflammation as well[3]. Therefore, the 

strong inhibitory activities against NO• and O2
•- in the body have the 

potential for blocking the accumulation of both radical species and 

their subsequent reactions, which partly cause continued oxidative 

stress and chronic inflammation implicated in various diseases such 

as cancer, diabetes, cardiovascular, neurological, and pulmonary 

diseases.

  In recent years, plant-derived natural antioxidants have been used 

frequently, given that they present activity comparable with synthetic 

antioxidants. Among plants, black and red rice varieties are potent 

sources of antioxidants. Several studies have demonstrated high 

antioxidant capacity in red and black rice using chemical assays 

that do not adequately mimic in vivo cell environments[4-9], but 

surprisingly only a few studies have assessed such an antioxidant 

potential using cell-based assays[10-12]. Unlike the antioxidant 

effects, a few studies have reported the anti-inflammatory effects 

of pigmented rice varieties. Whole grain extracts from only some 

red and black rice varieties were shown to inhibit the release of NO• 

and pro-inflammatory cytokines, e.g., tumor necrosis factor-毩, and 

interleukin-6 as well as suppress the expression of inflammatory 

enzymes, e.g., iNOS and cyclooxygenase-2[13-16]. High contents 

of hydrophilic compounds such as phenolics, flavonoids, and 

their subtypes were found in water-organic solvent extracts of 

black and red rice, and these contents appeared to relate to their 

antioxidant[4,8,12,17,18] and anti-inflammatory activities[15,16]. 

  Despite many studies on the antioxidant activity of pigmented rice 

varieties, the inhibitory effects of bran extracts on levels of O2
•-, NO•, 

and iNOS have not yet been evaluated in cellular models. Therefore, 

this research explored the inhibitory effect of 40% ethanolic bran 

extracts of Thai pigmented rice cultivars namely Kam Muang (KM) 

(black rice) and Hawm Dawk Mali Deang (HMD) (red rice)[12], on O2
•- 

levels in differentiated neutrophil-like HL-60 cells, as well as on levels 

of NO• and iNOS in lipopolysaccharide (LPS)-stimulated RAW264.7 

macrophages. In addition to cellular models, direct scavenging activity 

against artificial 2-2′-azino-di-(3-ethylbenzthiazoline sulfonate) (ABTS) 

and natural NO• was determined using in vitro assays. Moreover, 

corresponding hydrophilic contents of phenolics, flavonoids, and their 

subtypes were determined.

2. Materials and methods

2.1. Plant materials and preparation of rice bran extracts 
(RBE)

  KM and HMD were collected from 2 provinces of Thailand, Udon 

Thani, and Chiang Mai, respectively. In this preparation, 4 kg of 

HMD bran and 7 kg of KM bran were separately extracted in 20 L 

and 35 L of ethanol-water (40:60, v/v), respectively, for 72 h (sample-

solvent ratio at 1:5). Extraction was repeated 2 more times with the 

same sample-solvent ratio for 24 h. Then the solvents from these 3 

repeated extractions were combined and dried using a rotary vacuum 

evaporator and a freeze dryer. The yields of KM and HMD bran 

extracts were 7.86% and 9.34%, respectively (g of dry extract per g of 

KM or HMD bran). The rice bran extracts were stored at -20 曟 until 

use. Several concentrations of each extract were prepared in hot water 

and estimated for antioxidant activities.

2.2.  Chemical antioxidant assays

2.2.1. ABTS•+ radical scavenging assay 
  ABTS•+ scavenging activity is an important feature of antioxidants 

appreciably reported in plant extracts and is accessed on the basis 

of the decolorization of ABTS•+. The ABTS•+ radical scavenging 

activity of RBE at the concentration ranging from 1 to 20 µg/mL 

was monitored and expressed as the percent inhibition of absorbance 

of ABTS•+ and half-maximal effective concentrations (EC50; µg/mL) 

as previously described[12]. Protocatechuic acid (PCA) and catechin 

(CT), which have been reported to be mainly present in black and 

red rice, respectively[19] were used as the controls in parallel. 

2.2.2. NO• scavenging assay
  Sodium nitroprusside (SNP) in aqueous solution at physiological 

pH spontaneously generates NO•, which reacts with oxygen to 

produce nitrite ions that can be determined using the Griess reagent. 

Thus, scavengers of NO• compete with oxygen, leading to reduced 

production of nitrite ions. The nitric oxide scavenging activity of 

RBE at the concentrations range of 1 to 40 µg/mL was estimated 

using Griess IlIosvoy reaction and expressed as the percent inhibition 

of absorbance of nitrite ions and EC50 (µg/mL) as previously 

described[20]. PCA and CT were used as the controls in parallel.

2.3. Cellular antioxidant assays

2.3.1. Superoxide anion (O2
•-) inhibition assay in 

differentiated neutrophil-like HL-60 cells
  Human promyelocytic leukemia cell line HL-60 was purchased 

from the American Type Culture Collection, and cultured in Iscove’s 

Modified Dulbecco’s Medium supplemented with 10% fetal 
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bovine serum at 37 曟 in 5% CO2 atmosphere. HL-60 cells were 

induced into neutrophils with 1.3% dimethyl sulfoxide for 6-8 d. 

Differentiated cells (1伊106 cells) were pretreated with or without 

various concentrations of RBE (10-500 µg/mL KM, 10-80 µg/mL 

HMD) for 15 min and then stimulated with 15 ng/mL phorbol 12-

myristate 13-acetate (PMA) for 1 h. The O2
•- inhibitory activity and 

relative O2
•- levels (%) in different treatment groups were examined 

and presented as mean percentage and EC50 (µg/mL) relative 

to the only PMA-induced group (without extract) as previously 

described[12]. Also, the extracts at the same listed concentration 

ranges were tested alone without PMA.

2.3.2. NO• inhibition assay in LPS-stimulated RAW264.7 
macrophages
  Murine macrophage cell line RAW264.7 was purchased from 

American Type Culture Collection, and cultured in Dulbecco’s 

Modified Eagle’s Medium supplemented with 10% fetal bovine 

serum at 37 曟 in 5% CO2 atmosphere. RAW264.7 macrophages 

(1伊106 cells/well) were seeded in 6-well plates overnight before 

pretreatment with or without various concentrations of RBE 

(100-1 000 µg/mL KM, 62.5-250 µg/mL HMD) for 2 h and then 

were stimulated with 10 ng/mL LPS for 24 h. Concentrations of 

nitrite and nitrate in the culture medium were quantified and used as 

an indirect measure of NO• production. The NO• inhibitory activity 

and relative NO• levels in different treatment groups were monitored 

and presented as mean percentage and EC50 (µg/mL) relative to the 

only LPS-induced group (without extract) as previously described[21]. 

Also, the extracts at the same listed concentration ranges were tested 

alone without LPS.

2.3.3. MTT cell viability assay
  The viability of both cell types exposed to either PMA or LPS with 

or without RBE at the same concentration range applied in the two 

inhibition assays was monitored using the MTT assay. These treated 

cells were incubated with 500 µg/mL MTT solution for 1 h. The 

precipitated purple formazan was dissolved in dimethyl sulfoxide. 

The absorbance was determined at 570 nm. The percentage of cell 

viability was calculated by the following formula:

% Cell viability = 
Aextract伊100 

Acontrol 

Where Acontrol is the absorbance of the reaction without the extract 

and Aextract is the absorbance of the extract.

  The concentrations of RBE were considered to be non-toxic with 

the percentage of viable cells higher than 70%.

2.4. Western blot analysis

  To detect the expression levels of iNOS, the RAW264.7 cells 

treated with or without the KM extract (100-1 000 µg/mL) or the 

HMD extract (62.5-250 µg/mL) for 2 h, followed by incubation with 

LPS for 24 h, and the unstimulated cells incubated with the extract 

alone (from Method 2.3.2) were collected. The lysate proteins were 

separated by 7.5% SDS-poly acrylamide gel electrophoresis and 

immunoblotted with the anti-iNOS polyclonal antibody (Merck 

Millipore, Germany). Goat anti-rabbit secondary antibody (LI-

COR Biotechnologies) was used for detection of the target protein. 

The signals were then detected using the Odyssey CLx Imaging 

System  (LI-COR Biotechnologies). Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) was used as a loading control. Following 

incubation with the anti-GAPDH monoclonal antibody (Cell 

Signalling Technology), goat anti-mouse secondary antibody (LI-

COR Biotechnologies) binding was visualized by the Odyssey CLx 

Imaging System.

2.5. Phytochemical content analysis

2.5.1. Determination of total phenolic content
  Total phenolic content was measured using the Folin–Ciocalteu 

method as previously described[21], and expressed as mg of gallic 

acid equivalent (GAE) per 1 g of RBE.

2.5.2. Determination of total flavonoid content
  Total flavonoid content was determined using the aluminum 

chloride colorimetric method as previously described[21], and 

expressed as mg of catechin equivalent (CE) per 1 g of RBE.

2.5.3. Determination of total proanthocyanidin content
  Total proanthocyanidin content was estimated using the vanillin-

HCl method as previously described[12], and expressed as mg of 

catechin equivalent (CE) per 1 g of RBE.

2.5.4. Determination of total anthocyanin content
  Total anthocyanin content was measured according to the pH 

differential method as previously described[22], and expressed as 

cyanidin 3-glucoside (C-3-G) equivalent (C3GE) per 1 g of RBE.

2.6. Statistical analysis
  

  The results were presented as mean ± SD from at least three 

separate experiments. The EC50 was extrapolated from a dose-

dependent curve by plotting percent inhibition values versus the 

extract concentrations using GraphPad Prism 5.0 software and 

cubic spine interpolation. All statistical analyses were carried out 

using IBM SPSS statistics 22.0 software. Statistically significant 

differences between treatment groups were determined by one-way 

analysis of variance (ANOVA) followed by Duncan or Dunnett’s T3 

for multiple comparisons with a significance level of 0.05 (P < 0.05). 
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3. Results

3.1. Chemical antioxidant activity of RBE

3.1.1. ABTS•+ radical scavenging activity
  The KM and HMD extracts dose-dependently scavenged ABTS•+ 

with high potency described as a low EC50 value (the smaller EC50 

value, the stronger antioxidant activity) in comparison to PCA and 

catechin CT (Table 1). Also, the activity of the HMD extract was 

2-fold higher than that of the KM extract. 

Table 1. ABTS and nitric oxide radical scavenging activity of the extracts of 

Kam Muang and Hawm Dawk Mali Deang.

Samples EC50 (µg/mL)
ABTS radical 

scavenging activity

Nitric oxide radical 

scavenging activity
Kam Muang 15.26±1.05 22.10±1.05
Hawm Dawk Mali Deang   7.27±0.37 11.93±1.48
Protocatechuic acid   2.70±1.74 13.08±0.55
Catechin   2.30±0.78   7.15±4.60

Values are presented as mean ± SD (where n ≥ 3).

3.1.2. In vitro NO• scavenging activity 
  The KM and HMD extracts dose-dependently exerted potent NO• 

scavenging activity with a low EC50 value as compared to PCA and 

CT (Table 1). Moreover, the HMD extract possessed 2-fold higher 
in vitro NO• scavenging activity than the KM extract. In this context, 

the suppressive effect of both extracts on the generation of NO• in 
vitro can be considered as direct scavenging activity of NO• as no 

other factors, e.g., iNOS, are involved.

3.2. Cellular antioxidant activity of RBE

3.2.1. O2
•- inhibitory activity 

  The O2
•- inhibition assay was conducted to assess the inhibitory 

activity of RBE against O2
•- levels in neutrophil-like differentiated 

HL-60 cells after stimulation with PMA. The results revealed that 

the KM and HMD extracts at various concentrations showed a dose-

dependent inhibitory effect with EC50 values of (81.98±1.45) and 

(23.57±4.54) µg/mL, respectively, and relative O2
•- levels (%) were 

dose-dependently decreased (Figure 1a and 1c). It was evident that 

the HMD extract had 3.5-fold higher O2
•- inhibitory activity than 

the KM extract. Considering that the decrease in absorbance of blue 
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Figure 1. Effects of Kam Muang (KM) and Hawm Dawk Mali Deang (HMD) extracts on O2
•- levels in phorbol 12-myristate 13-acetate (PMA)-stimulated 

neutrophil-like HL-60 cells (a, c) and the viability of HL-60 cells (b, d). Values are presented as mean percentage ± SD (n ≥ 3). Statisical differences (P < 0.05) 

are denoted by different letters (a-e) between treatment groups. *P < 0.05 vs. PMA only-treated group.
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formazan could be artificial in the presence of dead cells, and to 

avoid such misinterpretation, the MTT assay was consequently used 

in parallel to determine viable PMA-stimulated HL-60 cells treated 

with the same concentration range of the KM or HMD extract in 

comparison to the control cells (without PMA and the extract). 

As shown in Figure 1b and 1d, the KM and HMD extracts at all 

concentrations tested had no cytotoxic effect on these cells, thus 

indicating their actual O2
•- inhibitory activity. 

3.2.2. NO• inhibitory activity   
  In addition to O2

•- inhibitory activity, the inhibitory effect of the 

KM and HMD bran extracts on NO• levels was assessed in LPS-

stimulated RAW264.7 macrophages using the NO• inhibition assay. 

KM exerted potent cellular NO• inhibitory activity with an EC50 value 

of (281.13±59.18) µg/mL, while HMD had cellular NO• inhibitory 

activity ranging from only 19.70% to 25.55% (an undetermined 

EC50 value) in LPS-stimulated RAW264.7 macrophages. As shown 

in Figure 2a and 2c, stimulation with only 10 ng/mL LPS resulted 

in the highest increase (taken as 100%) in nitrite/nitrate levels 

(unstimulated control cells were used as a baseline for relative 

quantification). However, LPS combined with three increasing 

doses of the KM extract significantly inhibited nitrite/nitrate levels 

in a dose-dependent manner relative to LPS alone (Figure 2a). 

Unexpectedly, LPS combined with three increasing doses of the 

HMD extract did not effectively suppress the generation of NO• 

in RAW264.7 macrophages, and therefore nitrite/nitrate levels 

remained high (74.45%-80.30%) (Figure 2c). Moreover, the extract 

itself was found to stimulate low levels of NO• in a dose-dependent 

manner (Figure 2a and 2c). In Figure 2b and 2d, the MTT assay 

detected the viability of LPS-stimulated RAW264.7 macrophages 

treated with RBE over 100% as compared with the control cells 

(without LPS and the extract). These results confirmed the actual 

inhibitory effect of the KM extract. 

  Although exerting greater direct NO• scavenging activity than the 

KM extract in vitro, the HMD extract turned out to be ineffective 

in inhibiting NO• levels in LPS-stimulated RAW264.7 cells. These 
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results indicated that the direct NO•-scavenging effect of the KM and 

HMD extracts was less likely to be only one mechanism to decrease 

the NO• level. We further speculated that both extracts might have 

different regulation on iNOS, a key enzyme for NO• synthesis in 

the macrophage inflammatory response, subsequently resulting in 

varying levels of cellular NO•.

3.3. Effects of RBE on LPS-induced levels of iNOS expression

  To evaluate whether different suppressive effects of the KM 

and HMD extracts on NO• level were related to the regulation of 

iNOS expression, iNOS protein levels were examined in LPS-

stimulated RAW264.7 macrophages. As shown in Figure 3a and 

3b, the expression of the iNOS enzyme was almost undetectable 

in unstimulated RAW264.7 cells, but its level was significantly 

increased after LPS stimulation. However, the pretreatment of 

macrophages with the KM extract significantly reduced LPS-

stimulated iNOS levels in a dose-dependent manner (Figure 3a). 

Therefore, marked decreases in cellular NO• in these stimulated 

cells were apparently due to the potent inhibitory effect of the KM 

extract on iNOS expression, despite its low direct NO•-scavenging 

effect relative to the HMD extract. In contrast, pretreatment with the 

HMD extract increased such iNOS dose-dependently (Figure 3b), 

thus hindering decreases in cellular NO• levels. Nevertheless, NO• 

levels were reduced by about 26% through its potent direct NO•-

scavenging effect (Figure 2c), resulting in no detectable cytotoxicity 

caused by such elevated iNOS (Figure 2d). Furthermore, the KM 

and HMD extracts alone induced low levels of iNOS in RAW264.7 

macrophages (Figure 3a and 3b), consistent with the detection of low 

levels of NO• (Figure 2a and 2c).  

3.4. Contents of phenolics, flavonoids, anthocyanins, and 
proanthocyanidins

  The total contents of phenolics, flavonoids, anthocyanins, and 

proanthocyanidins in 40% ethanolic bran extracts of black rice KM 

and red rice HMD were assessed (Table 2). The results showed that 

the HMD extract contained 1.4- and 2.0-fold higher total contents 

of phenolics and flavonoids, respectively than the KM extract 

did. Correspondingly, the red rice HMD extract exerted stronger 

scavenging activity against in vitro ABTS•+ and NO• radicals as well 

as more potent inhibitory activity against cellular O2
•- levels. 

Table 2. Total contents of phenolics, flavonoids, anthocyanins, and 

proanthocyanidins.

Phytochemical contents Hawm Dawk Mali Deang Kam Muang
Phenolics (mg GAE/g extract) 201.11±2.69 137.78±5.73
Flavonoids (mg CE/g extract) 149.69±6.50   71.56±2.24
Anthocyanins (mg C3GE/g extract)     0.62±0.03   14.73±0.52
Proanthocyanidins (mg CE/g extract) 115.13±1.47   18.79±0.61

Values are presented as mean ± SD (where n ≥ 3).
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4. Discussion

  Among various radical-scavenging methods, the ABTS•+ 

radical scavenging assay is common and suitable for measuring 

the antioxidant capacities of both hydrophilic and lipophilic 

antioxidants[21,22]. NO• radicals formed within the cell can be 

produced in the in vitro NO• scavenging assay for assessing the 

antioxidant capacity. However, the antioxidant capacity of RBE 

obtained from these chemical assays cannot be extrapolated to the in 
vivo situation due to some limitations. For example, ABTS radical is 

synthetic and not similar to radicals found in biological systems[23]. 

Thus cell-based assays have become an increasingly attractive 

alternative because they can better predict the antioxidant capacity of 

phytochemical compounds under the complex biological systems by 

taking cellular distribution and bioavailability into account[24]. 

  As for the cellular antioxidant activity of RBE, the results showed 

that the HMD extract exerted inhibitory effects on cellular levels 

of O2
•- (higher potency) and NO• (lower potency) through its potent 

direct scavenging activity. In contrast, the KM extract showed potent 

inhibitory effects on cellular NO• levels by its potent suppressive 

effect on iNOS. Despite differences in grain types, grain fractions, 

and extraction solvents, the suppressive effect of the black rice 

extract on levels of NO• and iNOS in our results was consistent 

with a few studies described previously[13,14]. However, such effects 

of the red rice extract were inconsistent[16]. These findings further 

emphasize the importance of the modulation of NO• activity in 

medicinal dietary plants[23]. Furthermore, the data in which colored 

rice extracts alone induced low levels of NO• and iNOS expression in 

RAW264.7 macrophages have never been reported in these previous 

studies[14-16].

  Jun et al. have reported that the total contents of phenolics and 

flavonoids were highest in an aqueous mixture of 40% ethanol 

rather than in greater/less than 40% or absolute ethanol[17]. These 

phenolics and flavonoids serve as great antioxidants because of 

their several hydroxyl groups bonded to the aromatic ring(s), which 

can neutralize oxidative stress by transferring their electrons to free 

radicals. However, the red rice HMD extract decreased cellular NO• 

levels, but only to some extent due to its stimulating effect on iNOS 

levels. As for anthocyanins-a class of flavonoids, the black rice 

KM extract contained a markedly high content of these compounds. 

This result showed a positive correlation with its high potency in 

reducing iNOS levels and was associated with the previous study 

reporting that anthocyanins decreased iNOS protein and mRNA 

expression in activated macrophages[24]. As for proanthocyanidins-a 

class of polymeric phenolic compounds, the red rice HMD extract 

had a high content of these compounds. Therefore, anthocyanins 

and proanthocyanidins could be mainly responsible for potent 

antioxidant activities in the KM and HMD extracts, respectively. 

Several studies have demonstrated pigmented rice as a potential 

source of these bioactive antioxidant compounds[25]. 

  In conclusion, the present study revealed for the first time (to our 

knowledge) that the 40% ethanolic bran extract of red rice HMD 

displayed inhibitory effects on cellular levels of O2
•- (higher potency) 

and NO• (lower potency) through its potent direct scavenging activity 

as compared to the KM extract. In contrast, the 40% ethanolic bran 

extract of black rice KM showed potent inhibitory effects on cellular 

NO• levels by its potent suppressive effect on iNOS. These data 

support their potential use as dietary supplements to protect against 

continued oxidative stress and chronic inflammation attributed partly 

to O2
•- and NO•. 
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