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Osteoclasts are responsible for bone metabolic diseases including osteoporosis, rheumatoid arthritis, 
multiple myeloma and peritonitis. Recently, the anti-osteoporotic activities of natural product extracts 
have become the subject of research interest. Rice bran (RB) extracts exhibits anti-inflammatory activity 
and ameliorates anti-oxidative stress. However, the effects of RB extracts on osteoclastogenesis-related 
diseases such as osteoporosis have not been investigated. Here, we investigated the effects of RB 
extracts and of its fractions on RANKL-induced osteoclast differentiation. Interestingly, the butanol 
extracts of RB (RB-BuOH) dose-dependently inhibited osteoclast differentiation by down-regulating the 
RANKL-induced activations of mitogen-activated protein (MAP) kinases. Moreover, the mRNA 
expression of osteoclast-mediating molecules such as c-Fos, NFATc1, DC-STAMP and cathepsin K were 
dose-dependently attenuated by RB-BuOH during osteoclast differentiation. Furthermore, RB-BuOH 
depressed the protein levels of NFATc1 and its promoter activity. The findings of this study show that 
RB-BuOH and its components might prevent osteoclast-related bone loss. 
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INTRODUCTION 
 
A tight balance between osteoclast-mediated bone 
resorption (or destruction) and osteoblast-mediated bone 
formation is required to maintain bone homeostasis. How-
ever, an imbalance induced by increasing osteoclastic 
bone resorptive activity or decreasing osteoblastic bone-
forming activity can lead to a variety of bone metabolic 
diseases, such as osteoporosis (Boyle et al., 2003). 
Therefore, two strategies are adopted to reduce the 
incidence of osteoporosis; that is, the reduction of bone 
resorption using anti-resorptive agents, like bisphospho-
nates, and the induction of bone formation using anabolic 

agents, like parathyroid hormone (PTH). Apparently, anti-
resorptive agents still remain the therapeutic mainstay for 
osteoporosis, but the most common anti-resorptive 
agents, bisphosphonates, pose risks of side effects like 
bisphosphonate-related osteonecrosis of the jaw 
(Dannemann et al., 2007) and atypical femoral fracture 
(Meier et al., 2012). Anabolic PTH is currently available 
for stimulating bone formation, but its use is limited by its 
costs and concerns regarding its long-term safety. Thus, 
there is an urgent need for new anti-osteoporotic agents 
that are both effective and. safe for long-term
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management.  

Rice is the most important food in Asia, including 
Korea, and generally white rice which has the bran 
removed from brown rice is usually consumed. Rice bran 
(RB) has long been considered an agricultural waste, but 
recently, it has been reported to contain various nutrients 
including vitamins, minerals and amino acids that could 
be used to prevent and treat chronic diseases. Therefore, 
RB extracts have been reported to exhibited anti-
inflammatory, anti-oxidative, anti-diabetic, anti-mutagenic 
and anti-carcinogenic activities (Nam et al., 2005; 
Roschek et al., 2009; Norazalina et al., 2010; Rao et al., 
2010; Jun et al., 2012; Kaup et al., 2012). These studies 
have attracted considerable research attention regarding 
the biological activity of RB, and its evident safety 
assessment has accelerated the commercial use of RB 
and its ingredients. 

The biological activity of RB could result from com-
ponents such as γ-oryzanols, tocopherols, tocotrienols 
and phenolic compounds which have been shown to 
have potential roles in disease prevention and treatment 
(Henderson et al., 2012; Verschoyle et al., 2007; Flight 
and Clifton, 2006). Among the bioactive components in 
RB, several substances such as ferulic acid, hydroxy-
cinnamic acid, tocopherols and tocotrienols have been 
shown to inhibit osteoclastogenesis or prevent bone loss 
(Sassa et al., 2003; Lai and Yamaguchi, 2007; Ha et al., 
2011). However, the effect of RB extracts on osteoclast 
differentiation has not been previously studied. Therefore, 
in this study, we investigated the effects of RB extracts on 
osteoclast differentiation and sought to determine the 
molecular mechanism responsible for its action. 
 
 

MATERIALS AND METHODS 
 

Preparation of rice bran extracts  
 

Rice bran from grain rice (Orysa sativa L., Japanica) obtained by 
milling rice cultivated in Pocheon, Kyunggi Province, Korea, was 
used in this study. Totally, 8 kg of rice bran was extracted with 90% 
(v/v) hot ethanol (EtOH) three times for 4 h. The extract was filtered 

and concentrated in a vacuum to obtain the EtOH extract (yield 
1,787 g). The concentrated extract was suspended in water and 
partitioned sequentially with n-hexane (Hx; yield 1,049 g), ethyl 
acetate (EA; yield 8 g) and n-butanol (BuOH; yield 20 g) to afford 
three fractions and an aqueous residue. These fractions were 
evaporated to dryness in a rotary vacuum evaporator (Büchi, 
Swiss). The dried extracts were dissolved in dimethyl sulfoxide 
(DMSO) to the final concentration of 200 mg/ml. Further dilution 
was done by phosphate buffered saline (PBS). 
 
 

Osteoclast differentiation  

 
Bone marrow cells were obtained from 5 to 8-week-old male 
imprinting control region (ICR) mice by flushing femurs and tibias 
with α-minimum essential medium (MEM) supplemented with 
antibiotics (100 units/ml penicillin, 100 µg/ml streptomycin; Hyclone, 
UT). Cells were cultured for 1 day in 10 cm culture dishes in α-MEM 

containing 10% fetal bovine serum (FBS; Gibco, Paisley, UK), 
antibiotics, and macrophage colony stimulating factor (M-CSF; 10 
ng/ml;   Peprotech,   NJ).   Non-adherent  bone  marrow  cells  were  
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plated on 9 cm petri dishes and cultured for 3 days in the presence 
of M-CSF (30 ng/ml). After removing non-adherent cells by 
washing, remaining adherent cells were bone marrow-derived 
macrophages (BMMs). BMMs were induced to differentiate into 
osteoclasts by culture (1 × 10

4
 cells/well in a 96-well plate or 3 × 10

5
 

cells/well in a 6-well plate) for 4 days in the presence of M-CSF (30 
ng/ml) and receptor activator of nuclear factor kappa-B ligand 
(RANKL; 5 ng/ml; R&D Systems, MN). 
 
 
Tartrate-resistant acid phosphatase (TRAP) staining  

 
To visualize mature osteoclasts, we stained cells with label tartrate-

resistant acid phosphatase (TRAP), a biomarker of osteoclast 
differentiation. Cells were then fixed with 10% formalin for 10 min 
and 0.1% Triton X-100 for 10 min, and stained with the leukocyte 
acid phosphatase kit 387-A (Sigma, MO). Images were captured 
with a microscope equipped with the DP controller (Olympus 
Optical, Tokyo). 
 
 
Cell viability assay  

 
BMMs were suspended in α-MEM containing 10% FBS and plated 
in a 96-well plate at a density 1 × 10

4
 cells/well. Cells were treated 

with various concentrations of RB-BuOH in the presence of M-CSF 
(30 ng/ml) and incubated for 1 or 3 days. Cell viability was then 
measured with the cell counting Kit-8 (Dojindo Moleculer 
Technologies, MD) according to the manufacturer’s protocol. 
Measured absorbances were converted to cell numbers using a 
standard curve. 
 
 

Western blot analysis  
 

Briefly, cells were homogenized and centrifuged at 10,000 × g for 
15 min. Supernatants were collected for the isolation of cytoplasmic 
proteins. Denatured proteins were separated on the sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels and 
transferred onto polyvinylidene difluoride (PVDF) membranes 

(Millipore, CA). After incubation with antibody, the membranes were 
developed using SuperSignal West Femto Maximum Sensitivity 
Substrate (Pierce), with the LAS-3000 luminescent image analyzer 
(Fuji Photo Film Co., Ltd., Japan). All antibodies used in this study 
were purchased from Santa Cruz (CA). 
 
 

Real-time PCR  

 
Primers were chosen using the on-line primer 3 design program 
(Rozen and Skaletsky, 2000), and are listed in Table 1. Total RNA 
was isolated using TRIzol reagent, according to the manufacturer's 
instructions. First strand cDNA was synthesized using the 
Omniscript RT kit (Qiagen, CA) and 1 µg of total RNA, 1 µM of 
oligo-dT18 primer, 10 units of RNasin (RNase inhibitor; Promega, 
WI), according to the manufacturer's instructions. Quantitative 
polymerase chain reaction (PCR) (QPCR) was performed using the 

Stratagene Mx3000P Real-Time PCR system and Brilliant SYBR 
Green Master Mix (Stratagene, CA). Briefly, first-strand cDNA was 
diluted 1:10, and primers (10 pmol) were added according to the 
manufacturer's instructions. The thermocycling protocol consisted 
of three parts. The first part involved incubation at 95°C for 10 min 
to activate the polymerase; the second involved 40 amplification 
cycles of 94°C for 40 s (denaturation), 53°C for 40 s (annealing), 
and 72°C for 1 min (extension); and the third incubation at 95°C for 
1 min, 55°C for 30 s, and 95°C for 30 s to generate PCR product 

temperature-dissociation curves (also called ‘melting curves’). All 
reactions were run in triplicate, and data were analyzed using the 
2

−ΔΔC
T  method  (Livak  and  Schmittgen,  2001).  Glyceraldehyde-3- 
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Table 1. Primer sequences used in this study. 
 

Target gene Forward (5'-3') Reverse (5'-3') 

c-Fos CCAGTCAAGAGCATCAGCAA AAGTAGTGCAGCCCGGAGTA 

NFATc1 GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA 

Cathepsin K GGCCAACTCAAGAAGAAAAC GTGCTTGCTTCCCTTCTGG 

DC-STAMP CCAAGGAGTCGTCCATGATT GGCTGCTTTGATCGTTTCTC 

GAPDH AACTTTGGCATTGTGGAAGG ACACATTGGGGGTAGGAACA 
 
 
 

phosphate dehydrogenase (GAPDH) was used as an internal 
standard. Statistical significances were determined using the 
Student’s t-test using GAPDH-normalized 2

−ΔΔC
T values. 

 
 

Luciferase activity assay  
 
Human embryonic kidney 293T cells were plated in a 24-well plate, 
and then transfected with different amounts of the following reporter 
plasmids: (1) the DNA-binding sequence of the nuclear factor of 
activated T-cells, cytoplasmic 1 (NFATc1) fused to the firefly-
luciferase sequence and, (2) the sequence of receptor activator of 
nuclear factor κB (RANK) fused to the renilla-luciferase sequence in 
pGL4 vector. After 48 h, transfected cells were lysed with lysis 
buffer (Promega, Madison, WI, USA), and luciferase activity was 
measured using the dual-luciferase assay system (Promega). 
Luciferase activity was normalized versus renilla luciferase activity 
in each sample. 

 
 
Statistical analysis  
 
All experiments were performed in triplicates and quantitative 
values are presented as mean ± standard deviation (SD). The 
significances of differences were determined using the Student’s t-

test. Statistical significance was accepted for p values < 0.05. 
 
 

RESULTS 
 

RB-BuOH inhibits RANKL-induced osteoclast 
differentiation 
 

Rice bran ethanol extract (RB-EtOH) was further 
fractionated to obtain hexane (RB-Hx), ethyl acetate (RB-
EA) and butanol (RB-BuOH) fractions. The anti-
osteoclastogenic effects of all four extracts were 
evaluated during the RANKL-induced osteoclast 
differentiation of primary mouse BMMs. At 50 µg/ml, RB-
EtOH and RB-Hx did not exhibit anti-osteoclastogenic 
activity, but RB-BuOH did inhibit the formation of TRAP-
positive multinucleated osteoclasts (Figure 1A). RB-EA 
was cytotoxic to BMMs. RB-BuOH significantly and dose-
dependently inhibited the RANKL-induced formation of 
TRAP-positive multinucleated osteoclasts (Figure 1B), 
numbers of multinucleated osteoclasts (Figure 1C) and 
the mRNA expression of TRAP (Figure 1D). To ascertain 
that the inhibitory effect of RB-BuOH on RANKL-induced 
osteoclast differentiation was not due to its cytotoxicity, 
we evaluated its effect on cell viability. At the 
concentrations used in this study, RB-BuOH did not have 
any cytotoxic effect on BMMs (Figure 1E). 

RB-BuOH inhibits RANKL-induced MAP kinase 
activation 
 
To gain insight of the mechanism by which RB-BuOH 
blocks osteoclast differentiation, we investigated the 
effect of RB-BuOH on the activities of signaling molecules 
involved in osteoclast differentiation. First, we considered 
MAP kinases because they are known to be involved in 
the progress (Asagiri and Takayanagi, 2007). By 
evaluating the effect of RB-BuOH on the activations of 
MAP kinases, we found that RANKL strongly induced the 
activations of p38, JNK, and ERK, but these activations 
were strongly inhibited by RB-BuOH at 40 µg/ml (Figure 
2). 
 
 
RB-BuOH inhibits the RANKL-induced expressions of 
c-Fos and NFATc1 and the expressions of their 
regulatory genes 
 
The inhibitory effect of RB-BuOH on osteoclast differen-
tiation was further explored by evaluating the expressions 
of the transcription factors, c-Fos and nuclear factor of 
activated T cells (NFATc1) which are known to regulate 
genes required for osteoclast differentiation. In addition, 
we investigated the NFATc1-regulated mRNA levels of 
dendrite cell-specific transmembrane protein (DC-
STAMP) and cathepsin K. As shown in Figure 3, mRNA 
expression levels of c-Fos and NFATc1 were strongly 
induced by RANKL, but these inductions were signifi-
cantly inhibited by RB-BuOH. The expression levels of 
DC-STAMP and cathepsin K were also strongly elevated 
by RANKL, but these inductions were also significantly 
inhibited by RB-BuOH. 
 
 
RB-BuOH inhibits RANKL-induced NFATc1 activity 
 
We hypothesized that the anti-osteoclastogenic activity of 
RB-BuOH might result from its ability to inhibit the 
expression and activity of NFATc1 via down regulation of 
MAP kinase activity. To explore this hypothesis, the effect 
of RB-BuOH on the protein expression and activity of 
NFATc1 was further evaluated in BMMs. As shown in 
Figure 4A, western blot analysis revealed that the 
RANKL-mediated induction of NFATc1 protein was inhi-
bited by RB-BuOH (Figure 4A). Furthermore, the NFATc1-
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Figure 1. RB extracts inhibit RANKL-induced osteoclast differentiation. (A) BMM cells were cultured for 4 days in the presence of 
RANKL (5 ng/ml) and M-CSF (30 ng/ml) with RB extracts. Multinucleated osteoclasts were visualized by TRAP staining. (B) RB-
BuOH dose-dependently inhibited RANKL-induced osteoclast differentiation. (C) RB-BuOH dose-dependently inhibited RANKL-
induced formation of TRAP positive-multinucleated osteoclasts (TRAP

+
MNCs). TRAP

+
MNCs were counted. 

###
p < 0.001 (versus 

the negative control); ***p < 0.001 (versus the RANKL-treated group). (D) RB-BuOH suppressed RANKL-induced mRNA 
expression of TRAP. BMMs were treated with RANKL (5 ng/ml) and RB-BuOH for 4 days then mRNA expression level of TRAP 
was analyzed by the real-time PCR. 

###
p < 0.001 (versus the negative control); ***p < 0.001 (versus the RANKL-treated group). 

(E) The effect of RB-BuOH on the viability of BMMs was evaluated by CCK-8 assay.  
 
 
 

luciferase reporter activity assay showed that the 
RANKL-mediated activation of NFATc1 was dose-
dependently inhibited by RB-BuOH (Figure 4B). These 
results suggest that NFATc1 could be a major mediator of 
the anti-osteoclastogenic activity of RB-BuOH. 
 
 
DISCUSSION 
 
The incidence of osteoporotic fracture can be reduced by 
prescribing anti-resorptive agents or anabolic agents, but 
their uses are limited by their side effects, costs and by 

concerns regarding long-term safety (Dannemann et al., 
2007; Meier et al., 2012). An alternative strategy for 
reducing those limitations is to find natural compounds 
with anti-osteoporotic potentials. Natural products have 
historically yielded a variety of therapeutic agents, and 
healthy nutrients or foods with medicinal properties are 
both effective and safe for the long-term management of 
disorders. In fact, recent studies have aimed to identify 
natural products or healthy foods that prevent and/or 
ameliorate osteoporosis with minimal adverse effects 
(Morabito et al., 2002). 

In the present study, we found that RB-BuOH
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Figure 2. RB-BuOH inhibits RANKL-induced MAP kinase activity. BMMs were pretreated with 

or without RB-BuOH (40 µg/ml) for 1 h prior to RANKL stimulation (5 ng/ml) at the indicated 

times. Protein expression levels were evaluated by western blot analysis.  
 

 
 

significantly inhibited the RANKL-induced differentiation 
of BMMs into osteoclasts without any cytotoxicity at the 
concentration used in this study. Since osteoclasts play 
an essential role in bone resorption, the modulations of 
osteoclast differentiation and functional maturation are 
considered a major strategy for treating bone metabolic 
diseases such as osteoporosis (Raisz, 2005). Osteoclast 
differentiation and subsequent maturation are mainly 
triggered by RANKL signaling, which is considered an 
important target for preventing pathological bone loss. 
Docking of RANKL to its receptor, RANK, rapidly 
activates MAP kinases such as p38, ERK and JNK, and 
these MAP kinases are essential for the differentiation, 
survival and activation of osteoclasts (Boyle et al., 2003; 
Lee and Kim, 2003). Interestingly, RB-BuOH strongly 
attenuated the RANKL-induced activation of MAP kinases 
in the present study, and others have reported that RB 
and its components such as γ-tocotrienol inhibit MAP 
kinase activations (Bi et al., 2010; Hoshino et al., 2010; 
Kannappan et al., 2010; Tanaka et al., 2012). 

The activations of MAP kinases lead to the stimulation 
of transcription factors such as activator protein (AP)-1 
and NFATc1 (Boyle et al., 2003; Lee and Kim, 2003). c-
Fos (an AP-1 family member) is essential for osteoclast 
differentiation (Wang et al., 1992), and NFATc1 has been 
shown to rescue osteoclastogenesis in cells that lacked 
c-Fos (Matsuo et al., 2004). Interestingly, c-Fos is 
expressed during the early stages of osteoclast differen-

tiation and regulates NFATc1 expression by binding to its 
promoter region (Matsuo et al., 2004; Asagiri et al., 2005). 
In the present study, RB-BuOH significantly attenuated 
the RANKL-induced mRNA expressions of c-Fos and 
NFATc1. In a previous study, the antioxidant α-tocotrienol 
in RB was shown to inhibit RANKL-induced osteoclast 
differentiation by suppressing c-Fos expression, and this 
anti-osteoclastogenic effect was reversed when c-Fos or 
an active form of NFATc1 was overexpressed (Xu et al., 
2001; Ha et al., 2011). 

After NFATc1 is expressed during the middle or late 
stages of osteoclast differentiation, it subsequently 
regulates a number of osteoclast-specific genes such as 
DC-STAMP and cathepsin K (Kim et al., 2008; Balkan et 
al., 2009). In the present study, RB-BuOH also 
significantly attenuated the RANKL-induced mRNA 
expressions of DC-STAMP and cathepsin K, probably 
due to the inhibition of NFATc1 mRNA expression. Thus, 
considering DC-STAMP is essential for osteoclast fusion 
(Kukita et al., 2004; Yagi et al., 2005; Asagiri and 
Takayanagi, 2007) and cathepsin K is a major player in 
osteoclastic bone resorption (Gelb et al., 1996; Ishikawa 
et al., 2001), RB-BuOH might have the potential to inhibit 
osteoclast fusion and resorptive activity as well as 
osteoclastogenesis. 

Finally, our hypothesis that RB-BuOH inhibits osteo-
clastogenesis by down regulating MAP kinase-c-Fos-
NFATc1 signaling axis was confirmed by our observations 
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Figure 3. RB-BuOH suppresses RANKL-induced mRNA expression of c-Fos, NFATc1, DC-STAMP 

and Cathepsin K. BMMs were treated with RANKL (5 ng/ml) and RB-BuOH for 4 days and then 

mRNA expression levels were analyzed by real-time PCR. 
###

p < 0.001 (versus the negative control); 
*p < 0.05; **p < 0.01; ***p < 0.001 (versus the RANKL-treated group).  

 

 
 

of its effect on the protein expression and activity of 
NFATc1. Interestingly, RB-BuOH was found to inhibit the 
protein expression and activity of NFATc1 dose-
dependently.  

To the best of our knowledge, this is the first study to 
report that RB-BuOH has the potential to inhibit RANKL-
induced osteoclast differentiation. The ability of RB-BuOH 
to attenuate the RANKL-induced activations of MAP 
kinases could block the inductions of c-Fos and NFATc1 
that down regulate the expressions of NFATc1-controlled 
osteoclast-specific genes such as DC-STAMP and 
cathepsin K, which are essential factors for cell fusion 
and bone resorption. Further study is required to identify 

the components in RB-BuOH that confer anti-
osteoclastogenic activity and to evaluate their anti-
resorptive activity in mature osteoclasts. Finally, the anti-
osteoclastogenic property of RB-BuOH could provide 
benefits for bone health, and we believe it should be 
considered as a potential treatment for osteoclast-related 
disorders. 
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Figure 4. RB-BuOH suppresses NFATc1 expression and its activity. 

(A) BMMs were treated with RANKL (5 ng/ml) and RB-BuOH for 4 
days. The protein expression level of NFATc1 was evaluated by 
western blot analysis. (B) 293T cells were co-transfected with NFAT 
firefly-luciferase (100 ng) and RANK (100 ng) together with pGL4 
renila-luciferase (20 ng). After 6 h, transfected cells were co-treated 
with RANKL (50 ng/ml) and RB-BuOH. Treated cells were cultured 
for 48 h and lysed; luciferase activity is expressed as fold inductions 

versus the activity of NFAT luciferase only. pGL4 renila-luciferase 
activity was used to normalize transfection efficiency and activity. 
**p < 0.01 (versus the control).  
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