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Abstract 

Excessive bone resorption by osteoclasts within inflamed joints is the most specific hallmark of 
rheumatoid arthritis. A. flaccida has long been used for the treatment of arthritis in folk medicine of 
China; however, the active ingredients responsible for the anti-arthritis effects of A. flaccida are still 
elusive. In this study, W3, a saponin isolated from the extract of A. flaccida was identified as the 
major active ingredient by using an osteoclast formation model induced by receptor activator of 
nuclear factor kappa-B ligand (RANKL). W3 dose-dependently suppressed the actin ring formation 
and lacunar resorption. Mechanistic investigation revealed that W3 inhibited the RANKL-induced 
TRAF6 expression, decreased phosphorylation of mitogen-activated protein kinases (MAPKs) and 
IκB-α, and suppressed NF-κB p65 DNA binding activity. Furthermore, W3 almost abrogated the 
expression of c-Fos and nuclear factor of activated T cells (NFATc1). Therefore, our results 
suggest that W3 is a potential agent for treating lytic bone diseases although further evaluation in 
vivo and in clinical trials is needed. 
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Introduction 
Osteoblast-induced bone formation and osteo-

clast-mediated bone resorption are the major events 
that contribute to bone homeostasis. Disrupting the 
equilibrium of osteoblasts and osteoclasts in their 
differentiation, activation and survival may result in 
various skeletal disorders. It has been well established 
that osteoclasts derived from the mono-
cyte-macrophage lineage are the primary cells re-
sponsible for bone resorption. Thus altered osteoclast 
formation and bone resorption are usually the patho-
logical feature of several lytic bone diseases, such as 
osteoporosis and rheumatoid arthritis (RA) [1, 2]. 
Therefore, osteoclast becomes the main target of cur-
rent anti-resorptive drugs.  

The dry root of Anemone flaccida Fr. Schmidt (Di 
Wu in Chinese), is widely used in clinical compound 
prescription for the treatment of Rheumatic diseases, 
external wounds and inflammations in China. Sapo-
nins are the characteristic components and also the 
main active ingredients of A. flaccida [3]. Among other 
biological activities, total saponins (TS) isolated from 
A. flaccida possess anti-inflammation, immunoregu-
latory and analgesia properties [4]. Triterpenoid sap-
onin W3, a natural occurring saponin, is the major 
active component and the highest content of the TS 
found in A. flaccida, also can be synthesized chemically 
in vitro [5]. Previous reports showed that W3 exerts 
antitumor effect via the COX-2/PGE2 pathway in vitro 
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[6], and also regulates immune activity in mice [4]. 
Interestingly, W3 showed similar effect as TS in 
treatment of RA [7]. Focal bone destruction within 
inflamed joints is the most specific hallmark of RA 
and leads to deformation, laxity, and functional disa-
bility [8]. However, to date the effect of W3 on bone 
metabolism is not clear.  

In the present study, we investigated the direct 
effect of W3 on osteoclast differentiation in receptor 
activator of nuclear factor kappa-B ligand 
(RANKL)-induced RAW 264.7 cells. Moreover, the 
possible mechanism associated with its inhibitory 
effect on osteoclast differentiation was also explored. 

Materials and Methods 
Chemicals  

Alpha Modified Eagles Medium (a-MEM), fetal 
bovine serum (FBS), penicillin and streptomycin, were 
purchased from Invitrogen Life Technologies (NY, 
USA). Mouse RANKL was obtained from PeproTech 
(Rocky Hill, NJ, USA). Antibodies against NFATc1 
and TRAF6 were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Antibodies 
against c-Fos, p-ERK, ERK, p-p38, p38, p-JNK, JNK 
and GAPDH were obtained from Cell Signaling 
Technology (Beverly, MA, USA). NE-PER Nuclear 
and Cytoplasmic Extraction Reagent Kit and 
LightShiftTM Chemiluminescent EMSA Kit was pro-
vided by Pierce Biotechnology (Rockford, IL, USA). 

Preparation of Total Saponins and W3  
Rhizome of A. flaccida was collected from Jiufeng 

County of Hubei Province, China. Roots of Anemone 
flaccida (1.0 kg) were extracted twice with 10 L water 
for 1.5 h. The extracting solution was filtered and 
concentrated under reduced pressure to proper 
amount. Then it was deposited by adding ethanol to 
make the whole solution into 75% ethanol solution. 
Overnight, the supernatant liquor was filtered and 
condensed under reduced pressure. The residue was 
dissolved in water, and load on a glass column 
(10×150 cm) containing 3000 g D101 macroporous 
resin. First, water was used to wash the unabsorbed 
substances until the eluted solution became nearly 
colorless. Then 70% ethanol (v/v) was selected to 
elute the column. The solution was evaporated to 
dryness under reduced pressure, and then it was 
subjected to a low pressure reversed-phase C18 
chromatography column using CH3OH:H2O (70:30) to 
obtain fraction I and Ⅱ. Fraction Ⅱwere collected and 
decompressed to yield 35.38 g residue (dried weight), 
which was considered as TS.  

The quantitative determination of TS was per-
formed on by Agilent 1160 HPLC system (Agilent 

Technologies, CA, USA). The sample was separated 
on a Hydrosphere C18 column (150×2.1 mm, 3 µm) 
with the oven temperature maintained at 35℃. 
CH3OH:H2O (70:30, v/v) was used as mobile phase 
for the LC separation. The flow rate was at 0.2 
mL/min and peaks were detected at 205 nm. An ali-
quot of 5 µL of TS solution was injected into the HPLC 
system for analysis.  

Cell Culture  
RAW 264.7 cells (ATCC, Manassas, VA, USA) 

were grown in a-MEM supplemented with 10% heat 
inactivated FBS, 2 mM L-glutamine and 100 U/mL 
penicillin/streptomycin. Incubations were performed 
at 37℃ in 5% CO2, and cultures fed every 2–3 days by 
replacing with fresh medium. Bone marrow-derived 
macrophages (BMMs) were collected from tibia and 
femur of 4-7-week-old SD rat by flushing the marrow 
space with a-MEM. After removing the red blood cells 
(RBCs) with ACK buffer (0.01 mM EDTA, 0.011 M 
KHCO3, and 0.155 M NH4Cl, pH 7.3), cells were cul-
tured for 1 day in a-MEM containing 10% fetal bovine 
serum (FBS). Non-adherent cells were collected and 
further cultured with 20 ng/mL M-CSF in a-MEM 
containing 10% FBS. After 3-4 days, culture medium 
was removed and adherent cells (BMMs) were used 
for osteoclast differentiation.  

Enzyme Linked Immunosorbent Assay 
(ELISA)  

RAW 264.7 cells were suspended in a-MEM 
containing 10% FBS and seeded at a concentration of 
1x105 cells/well to a 24-well culture plate, followed by 
stimulated with RANKL (50 ng/mL) in the presence 
or absence of TS, W1, W2, W3 or Saponin F for 24 h. 
At the end of culture, medium was collected and an-
alyzed for TNF-α using the ELISA kit (R&D system, 
USA) according to the manufacturer’s instructions. 

Osteoclast Formation  
RAW 264.7 cells or BMMs were seeded onto a 96 

well plate (1 x 104 cells/well) with complete a-MEM 
containing RANKL (50 ng/mL) and 20 ng/mL M-CSF 
in the presence of TS, W1, W2, W3 or Saponin F or the 
vehicle control for 6 days at 37℃ and 5% CO2. The 
experiments were carried out 3 times in triplicate 
measurements.  

TRAP Staining  
After 6 days of osteoclast formation as described 

above, cells were washed with PBS and fixed with 4% 
paraformaldehyde for 15 min. Fixed cells were sub-
jected to an assay for Tartrate-resistant acid phos-
phatase (TRAP) activity according to the manufac-
turer's protocol (Sigma Alrich, St Louis, MO, USA). 
The images were taken with a digital camera attached 
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to the microscope. TRAP positive multinucleated cells 
(>3 nuclei) were scored as osteoclast-like (OCL) cells. 
The number of TRAP-positive cells was counted using 
an eyepiece graticule at a magnification of 100 and the 
results expressed as the number of cells per visual 
field.  

Bone Resorption Pit Assay  
To study the effect on bone resorption, RAW 

264.7 cells were seeded onto 50 µm thick bovine bone 
slices and incubated with a-MEM containing RANKL 
(50 ng/mL) in the presence of W3 or the vehicle con-
trol for 7 days at 37℃ and 5% CO2. After 7 days, cells 
were removed by sonication and the bovine bone 
slices was stained to identify resorption pits with to-
luidine blue staining. Resorption lacunaes were also 
visualized using a Hitachi S-3400N scanning electron 
microscope (Hitachi High-tech, Japan). 

Immunofluorescent Staining  
For immunofluorescence studies, RAW 264.7 

cells were stimulated with RANKL (50 ng/mL) for 6 
days to induce osteoclast formation in the presence or 
absence of W3 (0.1, 0.5 and 2.5 µg/mL). After incuba-
tion, the cultures were fixed in 4% paraformaldehyde 
in PBS and cells permeabilized with 0.1% Triton X-100 
in PBS for 15 min. Cells were then stained for F-actin 
by incubation in TRITC-conjugated phalloidin (Sigma 
Alrich, St Louis, USA) for 45 min at 37℃, then washed 
with PBS and mounted with Hoechst 33258 (Vector 
Laboratories, Peterborough, UK). Cells were inspect-
ed with an Olympus x41 microscope. The experiments 
were carried out 3 times in triplicate measurements. 

Cell Survival Viability Assay  
Cell viability was determined by 

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoli
um bromide (MTS) method using CellTiter 96® 
AQueous One Solution Cell Proliferation Assay from 
Promega (Madison, WI, USA) according to the man-
ufacturer’s instructions. The experiments were carried 
out 3 times in triplicate measurements. 

Western Blotting  
RAW 264.7 cells were cultured with complete 

a-MEM containing RANKL (50 ng/mL) in the pres-
ence of W3 or the vehicle control for indicated time at 
37℃ and 5% CO2. Western blot was performed ac-
cording to our previously described protocol [9]. The 
primary antibodies included antibody for both total 
and phosphorylation of ERK1/2, JNK, p38, an-
ti-p-IkBα, anti-c-Fos, anti-TRAF6 and anti-GAPDH. 
Horseradish peroxidase (HRP)-conjugated an-
ti-mouse and anti-rabbit antibodies were used as 
secondary antibodies. The membranes were then 

visualized using the ECL system. GAPDH (internal 
control) was used to confirm equal protein loading. 
The experiments were carried out 3 times in triplicate 
measurements.  

Electrophoretic Mobility Shift Assay (EMSA)  
RAW 264.7 cells were incubated with or without 

various concentrations of W3 (0.1, 0.5 and 2.5 µg/mL) 
for 12 h, then RANKL (50 ng/mL) were added for 30 
min. The nuclear extracts were prepared by a NE-PER 
Nuclear and Cytoplasmic Extraction Reagent Kit. The 
LightShiftTM Chemiluminescent EMSA Kit and syn-
thetic biotin labeled double-stranded NF-κB consen-
sus oligonucleotide (5‘-AGTTGAGGGGACTTTCC 
CAGGC-3‘) were used to measure the effect of the W3 
on NF-κB nuclear protein–DNA binding activity ac-
cording to the manufacturer’s instructions. The 
DNA/protein complex was electrophoresed on 5% 
non-denaturing polyacrylamide gel. The DNA mobil-
ity shift due to binding of NF-κB complex was de-
tected with enhanced chemiluminescence (ECL) rea-
gent.  

Statistical Analysis  
All raw data were processed by authorized 

software SPSS 13.0. The data were analyzed by 
One-way ANOVA followed by Dunnett’s t-test to 
assess the statistical significance of the differences 
between the study groups. Differences were consid-
ered statistically significant when P was less than 0.05. 

Results 
Structure and percent composition  

TS were isolated from A. flaccidas, and the rela-
tive contents of single triterpenoid saponins are de-
tected and determined by a normalization method of 
chromatographic peak areas. As shown in Fig 1, there 
are mainly five single triterpenoid saponins included 
in the TS: named W1, Saponin R, Saponin F , W2 and 
W3, which is from peak 1-5 in order, and the structure 
of these single saponin were provided in Figure 1. 
Among them, W3 is the most abundant saponin, 
reaching up to 51.8% (w/w) in TS. 

W3 attenuates RANKL-induced osteoclast 
differentiation  

Since RAW 264.7 cells differentiate into osteo-
clast-like (OCL) cells as described elsewhere [10], the 
effect of TS and the single triterpenoid saponin on 
RANKL-induced osteoclast formation was examined 
by this model. RAW 264.7 cells cultured in the pres-
ence of RANKL formed multinucleated 
TRAP-positive OCL cells (Fig. 2A). When treated with 
TS, W1, W2, W3 and Saponin F (0.1, 0.5 and 2.5 
µg/mL) in RAW 264.7 cells, showed inhibition of os-
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teoclast formation with different degree as measured 
by counting the number of TRAP positive multinu-
cleated cells. W3 inhibited the TRAP positive multi-
nucleated cells most effectively, followed by W2, 
whereas W1 and saponin F to a lesser extent. TS were 
used as a positive control and significantly inhibited 
the RANKL-induced TRAP-positive OCL cells (Fig. 2 

A and B). Interestingly, OCL cells in cultures that 
were treated with TS and the single triterpenoid sap-
onin exhibited morphological differences with control 
OCL cells, being smaller in size and containing fewer 
numbers of nuclei compared to osteoclasts in control 
(Fig 2A). 

 
Fig. 1. Analysis of the phytochemical profile of TS. (A) Phytochemical characteristics of TS were analysed by high performance liquid chromatography (HPLC). (B) 
Structures of the triterpenoid saponin examined. 1: W1; 2: Saponin R; 3: Saponin F; 4: W2; and 5: W3. 

 
Fig. 2. TS and its triterpenoid saponin constituents inhibit RANKL-induced osteoclast differentiation. (A) RAW 264.7 cells were treated with different concentra-
tions of TS and its triterpenoid saponin constituents (0.1, 0.5 and 2.5 µg/mL) in the presence of RANKL. Six days post-culture, cells were fixed with 4% para-
formadehyde followed by TRAP staining. Representative images of TRAP staining of osteoclast from one of the three experiments are shown. (B) Quantitative analysis 
shows the mean number of TRAP-positive osteoclast. (C) Confluent RAW264.7 cells were pretreated with TS and its triterpenoid saponin constituents (0.1, 0.5 and 
2.5 µg/mL) or solvent for 2 h, then induced with RANKL for another 24 h. The supernatants were collected and analyzed for TNF-α by enzyme-linked immuno-
sorbnent assay (ELISA). All bar graphs represent mean ± SD of three independent experiments. ###P < 0.001 significantly different from Control. *P < 0.05, **P<0.01 
and ***P<0.001 significantly different from RANKL only group. 
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Inflammatory cytokines, such as TNF-α, induces 
osteoclasts formation, and stimulates osteoclastic 
bone resorption [11]. To screen the effect of TS and the 
triterpenoid saponins on osteoclasts, the production 
of TNF-α induced by RANKL was studied on RAW 
264.7 cells in vitro. As shown in Fig. 2C, RAW 264.7 
cells produced a large quantity of TNF-α in response 
to RANKL stimulation. Treatment with TS, W1, W2, 
W3 and saponin F (0.1, 0.5 and 2.5 µg/mL) could 
suppress TNF-α production in different extent, which 
is similar to the tendency on TRAP-positive cell 
number. To exclude the possibility that the observed 
inhibitory effect on osteoclast differentiation maybe 
due to cytotoxicity, we examined the survival rates of 
TS, W1, W2, W3 and Saponin F alone or in combina-
tion with RANKL on RAW 264.7 cells after 48 h 

treatment using MTS assay. TS and its triterpenoid 
saponins constituents up to 100 μg/mL showed no 
toxic to the cells (data not shown). 

W3 suppresses RANKL-stimulated osteoclas-
tic bone resorption and F-actin rings formation  

To examine the effects of W3 on osteoclast for-
mation and osteoclastic bone resorption, TRAP stain-
ing, toluidine blue staining or scanning electron mi-
croscopy were visualized and scored. Treatment of 
W3 resulted in reduced OCLs numbers and pit areas, 
or very shallower resorption pits as compared to 
control both by toluidine blue staining or scanning 
electron microscopy, which show the consistent ten-
dency with the effect of W3 on osteoclast formation 
(Fig. 3).  

 
 

 
Fig. 3. W3 suppresses osteoclast resorptive activity. RAW 264.7 cells were treated with different concentrations of W3 (0.1, 0.5 and 2.5 µg/mL) in the presence of 
RANKL. After 6 days, performed TRAP staining (A), or cells were removed and the bone slices stained by toluidine blue (B) or by scanning electron microscopy (SEM) 
to identify resorption pits (C). Quantitative analysis shows the percentage of bovine bone slice surface occupied by resorption lacunae (D-F for TRAP staining, G for 
toluidine blue staining and H for SEM). All bar graphs represent mean ± SD of three independent experiments. ###P < 0.001 significantly different from Control. *P < 
0.05, **P<0.01 and ***P<0.001 significantly different from RANKL only group. 
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It is well-known that actin ring structure is a 
characteristic cytoskeletal feature of functional osteo-
clasts [12]. The bone resorption function of osteoclasts 
depends on dynamic regulation of the actin cytoskel-
eton. Therefore, we next examined whether W3 affects 
actin ring structure of osteoclasts. Double-stained 
with phallotoxins and Hoechst 33258 to allow for 
visualization of the cytoskeleton and nuclei were 
performed on OCLs respectively. As shown in Fig. 4, 
F-actin was arranged into a ring-like structure (actin 
ring) at the cell periphery when mature osteoclasts 

were induced from RAW 264.7 cells by RANKL on 
tissue culture plates. Treatment of with W3 caused 
both shrinkage of osteoclasts and disruption of actin 
ring structure in a dose-dependent manner. 

The effects of W3 on osteoclast formation were 
further confirmed by primary BMMs. W3 inhibited 
the multinucleated osteoclast formation induced by 
RANKL in BMMs (Fig 5 A and B). Meanwhile, there 
was no obvious cytotoxicity of W3 on BMMs in the 
presence or absence of RANKL (Fig 5 C). 

 

 
Fig. 4. W3 inhibits the F-actin rings formation of osteoclast. RAW 264.7 cells were cultured in the presence of RANKL with different concentrations of W3 (0.1, 0.5 
and 2.5 µg/mL). After 6 days, double stained with Honest 33258 (nuclear staining) and rhodamine-phalloidin (F-actin structure) and visualized by fluorescence 
microscopy. Quantitative analysis shows percentage of osteoclasts forming F-actin rings. All bar graphs represent mean ± SD of three independent experiments. ###P 
< 0.001 significantly different from Control. *P < 0.05, **P<0.01 and ***P<0.001 significantly different from RANKL only group. 

 
 

 
Fig. 5. W3 inhibits RANKL-induced osteoclast differentiation from BMM. BMMs were cultured in the presence of RANKL with different concentrations of W3 (0.1, 
0.5 and 2.5 µg/mL). Six days post-culture, cells were fixed with 4% paraformadehyde followed by TRAP staining (A). And quantitative analysis of the mean number of 
TRAP-positive OCLs was performed in this system (B). Cell viability was determined by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTS) 
method when treated with W3 for 48 h (C). All bar graphs represent mean ± SD of three independent experiments. *P < 0.05, **P<0.01 and ***P<0.001 significantly 
different from RANKL only group. 
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W3 Inhibits RANKL-induced TRAF6 expres-
sion  

The trimerization and activation of signaling 
adaptor molecule TRAF6 followed by RANKL bind-
ing with its receptor RANK is an essential initiating 
step during osteoclast differentiation [13]. So we ana-
lyzed the possible action of W3 on TRAF6 protein 
expression. As shown in Fig. 6 A, RANKL obviously 
up-regulated the expression of TRAF6 in a 
time-dependent manner, which reached peak accu-
mulation at 24 h. Therefore, in this study, we explore 
the effects of W3 on TRAF6 protein expression in-
duced by RANKL for 24 h. Pre-treatment with W3 
(0.1, 0.5 and 2.5 µg/mL) markedly inhibited 
RANKL-stimulated expression of TRAF6 in a 
dose-dependent manner (Fig. 6B). 

W3 inhibits RANKL-induced MAPKs phos-
phorylation  

As the downstream of the TRAF6 signaling 
complexes, MAPKs (mainly including ERK, JNK and 
p38 MAPK) play an important role in 
RANKL-induced osteoclast differentiation. To further 
explore pathways by which W3 regulates osteoclast 
differentiation and function, the effect of W3 on 
RANKL-induced ERK, JNK and p38 phosphorylation 
was examined in RAW 264.7 cells by western blot. As 
shown in Fig. 7, RANKL strongly activated ERK, JNK 
and p38 phosphorylation. When pretreated the cells 
with various doses of W3 for 2 h, we found that the 
activation of these signaling pathways was inhibited 

by W3, most effectively for JNK, less for p38, and least 
for ERK, which indicated that the mechanism for the 
anti-osteoclast differentiation effects of W3 involved 
the inhibition of MAPKs. 

Involvement of NF-κB signaling pathway in 
effects of W3 on the osteoclast differentiation  

RANKL-induced NF-κB activation is essential in 
initiating osteoclast differentiation. Given that W3 
inhibited osteoclast differentiation, we were intrigued 
to determine if NF-κB contributes to the function of 
W3. RAW 264.7 cells were pretreated with W3 fol-
lowed by RANKL induction, then analyzing the acti-
vation of the NF-κB signaling pathways. As shown in 
Fig 8A, 30 min of RANKL treatment alone resulted in 
an increase of IκB-a phosphorylation. Treatment with 
W3 (0.1, 0.5 and 2.5 µg/mL) 2 h prior to RANKL 
stimulation, resulted in a significant reduction in 
IκB-a phosphorylation. In addition, the NF-κB DNA 
binding activity was investigated in the activated 
RAW 264.7 cells. As shown in Fig. 8B, compared with 
that on unstimulated control, RAW 264.7 cells stimu-
lated by RANKL showed a marked increase in NF-κB 
nuclear protein DNA-binding activity. Pretreatment 
of cells with various concentrations of W3 suppressed 
the activation of NF-κB binding to its consensus DNA 
sequences. To exclude the non-specificity binding of 
the NF-κB nuclear protein–DNA, 200-fold excess of 
unlabeled NF-κB probe was added in the system. As 
shown in the Fig. 8B, there was no NF-κB DNA 
binding band with unlabeled probe. 

 

 
Fig. 6. W3 inhibits the expression of TRAF6 in RAW 264.7 cells treated with RANKL. (A) Time course of the expression of TRAF6 in RANKL-treated RAW 264.7 
cells. Cells were treated with RANKL (50 ng/mL) at various time points as indicated. Expression of TRAF6 was determined by Western blot analysis. (B) RAW 264.7 
cells were pretreated with W3 or solvent for 2 h, and then treated with RANKL for 24 h. The cell extracts were subjected to Western blot analysis. Relative amounts 
of each protein were determined by densitometric analysis. One of three experiments with similar results is shown. Data are represented as the mean ± SD. 
###P<0.001 significantly different from control. *P<0.05, **P<0.01 and ***P<0.001 significantly different from RANKL only group. 
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Fig. 7. W3 suppresses MAPKs activation in RAW 264.7 cells induced by RANKL. (A) RAW 264.7 cells were pre-incubated with or without of W3 for 2 h, following 
treatment with 50 ng/mL RANKL for 30 min. Total protein was extracted and subjected to Western blot analysis. (B) Relative amounts of each protein were 
determined by densitometric analysis. One of three experiments with similar results is shown. Data are represented as the mean ± SD. ###P<0.001 significantly 
different from control. *P<0.05, **P<0.01 and ***P<0.001 significantly different from RANKL only group. 

 
Fig. 8. W3 suppresses NF-κB activation in RANKL-induced RAW 264.7 cells. (A) Confluent RAW 264.7 cells were pre-treated with various concentrations of W3 
(0.1-2.5 µg/mL) or vehicle for 2 h followed by RANKL (50 ng/mL) for 0.5 h. The harvested cells from triplicate tests were subjected to western blot analysis for p-IκB 
as described in the text. (B) Confluent RAW 264.7 cells were treated as described above, cells were analyzed for detection of DNA binding of NF-κB by EMSA. 
Relative NF-κB activity was calculated by densitometric analysis. Data represent the mean ± SD of three measurements. ###P<0.001 significantly different from basal. 
*P<0.05, and ***P<0.001 significantly different from RANKL only group.  
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W3 Down-regulates RANKL-induced expres-
sions of NFATc1 and c-Fos  

NFATc1 and c-Fos are identified as two of the 
most important osteoclasts specific transcription fac-
tors after RANKL binding to RANK [14]. As shown in 
Fig. 9A and B, RAW 264.7 cells induced by RANKL 
for 24 h markedly increased the expressions of both 
c-Fos and NFATc1. However, W3 (0.1, 0.5 and 2.5 
µg/mL) treatments significantly inhibited the expres-
sion of c-Fos and NFATc1. 

 
 

 
Fig. 9. W3 down-regulates the expression of NFTAc1 and c-Fos in 
RANKL-treated RAW 264.7 cells. (A) RAW 264.7 cells were treated with 
indicated concentrations of W3 or solvent for 2 h, followed by RANKL for 24 h. 
The harvested cells from triplicate tests were subjected to Western blot 
analysis. (B) Relative amounts of each protein were determined by densito-
metric analysis. Data represent the mean ± SD of three measurements. 
###P<0.001 significantly different from basal. *P<0.05, and ***P<0.001 signifi-
cantly different from RANKL only group. 

 

Discussion 
The root of A. flaccida has long been used for the 

treatment of arthritis and traumatic injury in folk 
medicine of China [15]. Although diverse mechanisms 
have been discussed, only a few direct molecular tar-
gets have been identified [4, 16]. In particular, targets 
responsible for the anti-arthritis effects of A. flaccida 
are still elusive. Research over the last decade reveals 
a prominent role of osteoclast in the pathogenesis of 
RA, especially excessive bone resorption by osteo-
clasts within inflamed joints is the most specific hall-
mark of RA [17, 18]. Accordingly, inhibitors of osteo-
clast possess potential therapeutic action of bone and 
joint destruction in RA. From this, we speculated that 
an interference with osteoclast might contribute to the 
anti-arthritis activity of A. flaccida. In fact, our study 
confirms saponin W3 as an active ingredient of A. 

flaccida, selectively suppressing osteoclast differentia-
tion and bone resorption activity via down-regulation 
of the TRAF6 level, inhibition of MAPKs and NF-κB 
activation, and subsequent decreased expression of 
c-Fos and NFATc1, which summarized in Fig. 10. 
These data provide the mechanistic insight, at least in 
part, for the protective effect of A. flaccida against lytic 
bone diseases. 

 

 
Fig. 10. Schematic illustration showing putative-signaling pathways involved in 
osteoclast differentiation regulated by W3. The figure summarizes the results 
presented in this study. Red X mark indicates that an inhibition or a down 
regulation in osteoclast was observed.  

 
Osteoclasts differentiation from macrophages 

can be induced by RANKL, a key factor that also 
controls the function and survival of mature osteo-
clasts [19]. In this study, both RAW 264.7 and BMMs 
cells were induced by RANKL to be differentiated as 
osteoclast. Previous studies have shown that saponins 
are the characteristic components and also the main 
active ingredients of A. flaccida [3]. Among them, 
triterpenoid saponin W3 is the most abundant sapo-
nin at the concentration up to 51.8% in TS, and can 
also be synthesized [5]. Interestingly, we found that 
W3 was apparently the most effective ingredient 
among all the tested triterpenoid saponins to attenu-
ate osteoclastic bone resorption as analyzed by the 
bone resorption pit assay. It has been well demon-
strated that the formation of bone resorption closely 
associated with the differentiation of osteoclast. Fur-
ther investigation revealed that W3 suppressed oste-
oclastic bone resorption through inhibiting osteoclast 
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differeantiation. Our results obtained from this study 
implicate that W3 has the potential to be a drug can-
didate for treating bone associated diseases and pro-
vide insights into the molecular mechanism by which 
W3 impacts osteoclast differentiation induced by 
RANKL.  

RANKL bind to its receptor RANK on the sur-
face of osteoclast precursors to induce differentiation 
[20]. The binding of RANKL with its receptor RANK 
initiates a signaling cascade involving the activation 
of TRAF6, a signaling adaptor molecule in osteoclast 
precursors leads to the activation of the MAPKs and 
NF-κB pathways. Studies have revealed that MAPKs 
as one of the important downstream pathways in 
TRAF6 mediated- osteoclast differentiation [21-23]. It 
is well known that there are three main subfamilies of 
MAPKs as JNK, p38 and ERK1/2 MAPK. Previous 
reports showed that specific inhibitors for JNK, p38 
and ERK1/2 MAPK could inhibit the osteoclast dif-
ferentiation induced by RANKL, suggesting that 
MAPKs contribute to the RANKL-induced osteoclast 
differentiation and bone-resorbing activity [24-27]. 
Our result showed that W3 significantly inhibited 
TRAF6 expression, subsequently suppressed the 
phosphorylation of ERK 1/2, JNK, and p38 MAPK, 
implicating that W3 impacts osteoclast differerntia-
tion and bone-resorbing activity through inhibiting 
the activation of the MAPK pathway. In addition, it 
has been well established that NF-κB signaling path-
way also plays an indispensable role in osteoclast 
differentiation as another downstream pathway of 
TRAF6 signaling [28]. The NF-κB signaling pathway 
can be activated by either an IκB dependent or inde-
pendent way. The classical NF-κB pathway involves 
the activation of the IKK complex, resulting in phos-
phorylation of IκBα, which is subsequently degraded 
through the ubiquitin-dependent proteosome system 
[13]. In the alternative IκB-independent pathway, di-
rect phosphorylation of NF-κB subunit p65 by IKK 
also modulates NF-κB transcription activity [29]. Pre-
vious studies showed that the defects of osteoclast 
differentiation and severe osteopetrosis in NF-κB 
knockout mice [30]. As shown in Fig. 8, W3 inhibited 
NF-κB activation in RANKL-induced RAW 264.7 cells 
as indicated by decreased p-IκBα and the DNA bind-
ing activity of p65. Collectively, our data suggest that 
W3 inhibits osteoclast differentiation and function 
through the suppression of both MAPKs and NF-κB 
pathways. 

Multiple osteoclastogenic transcription factors 
are believed to play a vital role in the function of the 
formation of mature and functionally active osteo-
clasts. Studies have revealed that c-Fos and NFATc1 
mediate osteoclast differentiation. NFATc1 is a 
downstream target of c-Fos in regulating osteoclast 

differentiation by RANKL stimulation. Mice lacking 
c-Fos develop osteopetrosis as a result of a complete 
ablation of osteoclast formation. Previous studies re-
ported that NFATc1-deficient embryonic stem cells do 
not form mature osteoclasts induced by RANKL. 
Moreover, overexpression of ectopic ca-NFATc1 in 
BMMs appropriately induces osteoclast differentia-
tion even in the absence of RANKL [31, 32]. In our 
study, exposure of RAW 264.7 cells to RANKL re-
sulted in the increased expression of both c-Fos and 
NFATc1, leading to osteoclast formation. However, 
W3 treatment significantly suppressed the expression 
of c-Fos and NFATc1, suggesting its role in osteoclast 
differentiation.  

Taken together, our results reveal that W3 sup-
pressed RANKL-induced osteoclast differentiation 
via the down-regulation of the TRAF6 level, inhibition 
of MAPKs and NF-κB activation, and subsequently 
decreased expression of c-Fos and NFATc1, suggest-
ing that W3, one of the major ingredients of the tradi-
tional herbal remedy A. flaccid has the potential to be a 
drug candidate for treating lytic bone diseases such as 
arthritis although further in vivo investigation is 
needed. 
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