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Aconine inhibits RANKL-induced osteoclast 
differentiation in RAW264.7 cells by suppressing 
NF-κB and NFATc1 activation and DC-STAMP 
expression

Xiang-zhou Zeng1, 2, Long-gang He1, Song Wang3, Keng Wang1, Yue-yang ZHang1, Lei Tao1, Xiao-juan Li1, *, Shu-wen Liu1, *

1School of Pharmaceutical Sciences, Southern Medical University, Guangzhou 510515, China; 2College of Pharmacy, Hainan Medical 
University, Haikou 571199, China; 3Department of Surgery, Guangdong Hospital of Traditional Chinese Medicine, Guangzhou 510120, 
China

Aim: Aconiti Lateralis Radix Preparata is a traditional Chinese medicine used to treat chronic arthritis and is highly effective against 
rheumatoid arthritis. However, the effects of aconine, a derivative of aconitum alkaloids, on osteoclasts, which can absorb bone, 
remain unknown. Here, we investigated the effects of aconine on osteoclast differentiation and bone resorption in vitro.
Methods: The viability of mouse leukemic monocyte/macrophage cell line RaW264.7 was measured using CCK-8 assays. osteoclast 
differentiation was induced by incubation of RaW264.7 cells in the presence of RanKL, and assessed with TRaP staining assay. Bone 
resorption was examined with bone resorption pits assay. The expression of relevant genes and proteins was analyzed using RT-PCR 
and Western blots. The activation of NF-κB and nuclear factor of activated T-cells (NFAT) was examined using stable NF-κB and NFATc1 
luciferase reporter gene systems, RT-PCR and Western blot analysis.
Results: Aconine (0.125, 0.25 μmol/L) did not affect the viability of RAW264.7 cells, but dose-dependently inhibited RANKL-induced 
osteoclast formation and bone resorptive activity. Furthermore, aconine dose-dependently inhibited the RanKL-induced activation 
of NF-κB and NFATc1 in RAW264.7 cells, and subsequently reduced the expression of osteoclast-specific genes (c-Src, β3-Integrin, 
cathepsin K and MMP-9) and the expression of dendritic cell-specific transmembrane protein (DC-STAMP), which played an important 
role in cell-cell fusion.
Conclusion: These findings suggest that aconine inhibits RANKL-induced osteoclast differentiation in RAW264.7 cells by suppressing 
the activation of NF-κB and NFATc1 and the expression of the cell-cell fusion molecule DC-STAMP.
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Introduction
Bone homeostasis is maintained through the balance between 
bone formation by osteoblasts and bone resorption by osteo-
clasts.  Imbalance caused by excessive bone resorption leads to 
bone loss in skeletal diseases, such as osteoporosis, lytic bone 
metastases, and rheumatoid arthritis (RA)[1].

Osteoclasts are unique bone-resorbing and multinucle-
ated cells that form from the monocyte-macrophage lineage 
of hematopoietic stem cells [1] through cell fusion, which is 

regulated by fusion molecules such as dendritic cell-specific 
transmembrane protein (DC-STAMP)[2].  Osteoclast differ-
entiation and function are regulated by a variety of systemic 
hormones and cytokines.  Among these, receptor activator of 
nuclear factor (NF)-κB ligand (RANKL) is a major osteoclasto-
genic molecule.  The binding of RANKL to receptor activator 
of nuclear factor (NF)-κB (RANK) leads to the recruitment of 
tumor necrosis factor receptor–associated factor 6 (TRAF6), 
which triggers activation of mitogen-activated protein kinase 
(MAPK) [extracellular signal-regulated (ERK), c-Jun N-termi-
nal kinase (JNK) and p38] and transcription factors, such as 
NF-κB, activator protein 1(AP-1) and  nuclear factor of acti-
vated T-cells (NFAT)[3, 4].  The activities of these transcription 
factors consequently regulates osteoclast differentiation by up-
regulating the expression of osteoclast-associated genes, such 
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as tartrate-resistant acid phosphatase (TRAP), cathepsin K, 
β3-Integrin and DC-STAMP[5].  

During the differentiation of osteoclasts, the fusion of mono-
nuclear pre-osteoclasts is a critical event during the forma-
tion of mature multinucleated osteoclasts[6].  Fusion failure 
can result in the severe reduction of bone-resorbing activity 
and an increase in bone mass, as seen in osteopetrosis[7].  DC-
STAMP plays an essential role in the fusion of mononuclear 
osteoclasts[8].  DC-STAMP–deficient cells can not develop 
into multinucleated osteoclasts, and resorption pit formation 
is consequently inhibited[9].  These findings demonstrate the 
importance of DC-STAMP in osteoclast differentiation and 
bone remodeling.  

Aconiti Lateralis Radix Preparata is a traditional Chinese 
medicine commonly used to treat chronic arthritic diseases[10] 
that has a well-known therapeutic effect against rheumatoid 
arthritis[11].  During its medicinal use in clinics, Aconiti Late-
ralis Radix Preparata must usually be boiled for a long time 
to remove toxins, which hydrolyzes its poisonous compo-
nent, aconitine, first into the much less toxic benzoylaconine 
and then into the almost non-toxic aconine[12].  Because bone 
destruction in RA is related to increased bone resorption, 
inhibiting osteoclastogenesis and/or decreasing bone resorp-
tive activity in mature osteoclasts are promising approaches 
for treating bone resorption-related disorders[13].  However, 
whether aconine regulates osteoclast formation and function 
has not yet been reported.  

Therefore, in this study, we investigated a potential role for 
aconine in the inhibition of differentiation and bone resorption 
activity in osteoclasts and the molecular mechanisms underly-
ing these processes.

Materials and methods
Materials
Aconine (purity>98% by HPLC; Figure 1A) was purchased 
from Chengdu Must Bio-Technology Co, Ltd (Chengdu, 
China).  Dulbecco’s modified Eagle’s medium (DMEM), fetal 
bovine serum (FBS), penicillin and streptomycin were pur-
chased from Gibco (Rockville, MD, USA).  The Cell Counting 
Kit-8 (CCK-8) was obtained from Dojindo Molecular Technolo-
gies (Japan).  Soluble recombinant RANKL was obtained from 
R&D (Lorton, VA, USA).  Leukocyte Acid Phosphatase (TRAP) 
Kits, cyclosporin A (CsA) and BAY11-7082 were obtained from 
Sigma-Aldrich (St Louis, MO, USA).  Osteo Assay Surface 
96-well plates were obtained from Corning Life Science (St 
Lowell, MA, USA).  IκB-α antibodies, NF-κB p65 (C22B4) rab-
bit mAb and β-actin (13E5) rabbit mAb were purchased from 
Cell Signaling (Beverly, MA, USA).  Anti-DC-STAMP (clone 
1A2) was purchased from Millipore (Billerica, MA, USA).  
Lamin B1 antibodies were purchased from Bioworld Technol-
ogy (Minneapolis, MN, USA).  RAW264.7 cells transfected 
with luciferase reporter constructs under the control of NF-κB 
or NFATc1-binding promoter elements were kindly provided 
by Prof Jiake XU (University of Western Australia, Nedlands, 
WA 6009, Australia).

Cell culture
RAW264.7 cells, a mouse leukemic monocyte/macrophage cell 
line, were purchased from the American Type Culture Col-
lection (Manassas, VA, USA) and were maintained in DMEM 
supplemented with 10% heat-inactivated FBS, penicillin (100 
units/mL) and streptomycin (100 µg/mL) at 37 °C in a humid-
ified 5% CO2 atmosphere.  

Cytotoxicity assays
To evaluate the effect of aconine on the viability of RAW264.7 
cells, cytotoxicity assays were performed using the Cell 
Counting Kit-8 according to the manufacturer’s instructions.  
Briefly, the cells were seeded in 96-well plates at a density of 
2×104, 3×103, 1.2×103, 1×103 or 1×103 cells/well in the presence 
or absence of aconine (0.125–0.5 mmol/L) for 8 h, 24 h, 48 h, 5 
d or 7 d, respectively.  After incubating the cells with CCK-8 
solution for 2 h, optical density was measured at 450 nm using 
a GENios microplate reader (Tecan, Austria).  Cell viability 
was expressed as a percentage of the control.

In vitro osteoclastogenesis assays
To generate osteoclasts, RAW264.7 cells (1×103 cells/well) 
were cultured in the presence of 100 ng/mL of RANKL and 
aconine at a concentration of 0.125 or 0.25 mmol/L.  After 4 d, 
cells were fixed in 4% paraformaldehyde for 10 min and then 
stained for TRAP activity according to the manufacturer’s 
instructions.  TRAP-positive multinucleated (nuclei>3) cells 
(TRAP+ MNCs) were scored as osteoclasts using a light 
microscope (IX71; Olympus)[14].

Bone resorption pit assays
RAW264.7 cells (1×103 cells/well) suspended in DMEM 
containing 10% FBS, penic i l l in (100 uni ts/mL) and 
streptomycin (100 µg/mL), were seeded in Corning Osteo 
Assay Surface 96-well plates coated with calcium phosphate 
substrate in the presence of 100 ng/mL RANKL and different 
concentrations of aconine (0.125 and 0.25 mmol/L).  The cells 
were incubated at 37 °C in 5% CO2 for 7 d, and the medium 
was changed every 3 d.  After 7 d, cells were washed with a 
10% bleach solution.  Images of resorption pits on the plates 
were captured using a light microscope (IX71; Olympus) and 
quantified using Image-Pro Plus 6 software, and the results 
were expressed as a percentage of the total plate area[15].

Luciferase reporter gene assays of NF-κB or NFATc1
To examine the inhibitory effects of aconine on NF-κB and 
NFATc1 activation, RAW264.7 cells transfected with luciferase 
reporter constructs controlled by NF-κB or NFATc1-binding 
promoter elements were plated in 96-well plates at a density 
of 1×104 cells/well.  Cells were pretreated with aconine and 
the NF-κB inhibitor, BAY11-7082, or the NFAT inhibitor, CsA, 
for 30 min and then stimulated with 100 ng/mL of RANKL 
in the presence of aconine and BAY11-7082 or CsA for 8 h.  At 
the end of the culture period, cells were rinsed twice with PBS 
and lysed with 1× lysis buffer (20 µL/well).  Luciferase activity 
was measured using a luciferase assay system according to the 
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manufacturer’s instructions (Promega, Madison, WI, USA)[14, 16].

Real-time PCR analysis
RAW264.7 cells (2×106 cells/well) were seeded in a 6-well 
plate, pretreated with varying concentrations of aconine (0.125 
and 0.25 mmol/L) for 2 h, and then treated with RANKL 
(100 ng/mL) in the absence or presence of aconine for 24 h.

Total RNA was isolated using TRIzol reagent (Invitrogen 
Carlsbad, CA, USA).  For RT-PCR, single-stranded cDNA was 
synthesized from 1 µg of total RNA using reverse transcrip-
tase (TaKaRa Biotechnology, Otsu, Japan).  Real-time PCR was 
performed using SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) 
(TaKaRa Biotechnology) and results were detected using an 
ABI 7500 Sequencing Detection System (Applied Biosystems, 
Foster City, CA, USA).  PCR amplification was performed 
using the following program: 95 °C for 30 s and then 40 cycles 
of 95 °C for 5 s and 60 °C for 34 s.  Primers were designed 
against the following mouse sequences: NFATc1 (forward: 
GGGTCAGTGTGACCGAAGAT, reverse :  GGAAGT-
CAGAAGTGGGTGGA), c-Src (forward: CCAGGCTGAG-
GAGTGGTACT, reverse: CAGCTTGCGGATCTTGTAGT), 
β3-Integrin (forward: TGACATCGAGCAGGTGAAAG, 
reverse: GAGTAGCAAGGCCAATGAGC), Cathepsin K (for-
ward: GGCCAACTCAAGAAGAAAAC, reverse: GTGCTT-
GCTTCCCTTCTGG), MMP-9 (forward: AGTTTGGTGTCGC-
GGAGCAC, reverse: TACATGAGCGCTTCCGGCAC), DC-
STAMP (forward: TCCTCCATGAACAAACAGTTCCAA, 
reverse: AGACGTGGTTTAGGAATGCAGCTC), GAPDH 
(forward: AACTTTGGCATTGTGGAAGG, reverse: ACA-
CATTGGGGGTAGGAACA)[17, 18].  Data were analyzed by the 
2-ΔΔCT method, and all values were normalized to the level of 
the housekeeping gene, GAPDH.  

Protein preparation and Western blot analysis
RAW264.7 cells were seeded in 6-well plates at a density of 
2×106 cells/well and incubated for 24 h.  Cells were then pre-
treated with or without different concentrations of aconine for 
30 min followed by stimulation with 100 ng/mL RANKL in 
the absence or presence of aconine for 30 min (to detect IκB-α 
and NF-κB p65) or 24 h (to detect DC-STAMP).  Whole cell 
lysates were prepared from cultured cells using RIPA buffer 
(50 mmol/L Tris-HCl, pH 7.5, 150 μmol/L sodium chloride, 
0.5% cholic acid, 0.1% SDS, 2 mmol/L EDTA, 1% Triton, and 
10% glycerol) containing protease and phosphatase inhibi-
tors (1 mmol/L phenylmethylsulfonyl fluoride, 1 mmol/L 
Na3VO4, and 1 mmol/L NaF)[19].  Fractionation of cytoplasmic 
and nuclear protein was performed using NE-PER Nuclear 
and Cytoplasmic Extraction Reagents (Pierce Biotechnology, 
Rockford, IL, USA) according to the manufacturer’s protocol.  
Samples of whole cell extracts and subcellular fractionated 
extracts were normalized to determine protein concentrations 
using the BCA method.  Cytoplasmic and whole cell extracts 
(30 µg each) and nuclear extracts (15 µg) were separated by 
10% SDS-PAGE and electrotransferred to polyvinylidene 
difluoride membranes (Bio-Rad, Hercules, CA, USA).  After 
blocking in 5% nonfat milk for 1 h, the membranes were incu-

bated with the indicated primary antibodies at 4 °C overnight.  
Finally, membranes were incubated with a horseradish-per-
oxidase (HRP)-conjugated secondary antibody for 1 h, devel-
oped using the ECL system (Cell Signaling) and then exposed 
to X-ray film (Kodak).  The films were scanned and quantified 
using Quantity One software (Bio-Rad, USA).

Statistical analysis
All data were analyzed using GraphPad Prism 5.0 soft-
ware.  The results are representative of three independent 
experiments consisting of three replicates per experiment and 
expressed as the mean±SEM.  One-way ANOVA followed by 
Dunnett's Multiple Comparison Test was used to test signifi-
cant differences.  In all cases, P<0.05 was considered to be sta-
tistically significant.

Results
Aconine suppresses RANKL-induced osteoclastogenesis 
To examine the effect of aconine on RANKL-induced osteo-
clastogenesis, we incubated RANKL-treated RAW264.7 cells 
with various concentrations of aconine and then evaluated 
the formation of osteoclasts.  RAW264.7 cells cultured in the 
presence of RANKL formed TRAP+ MNCs.  However, aconine 
treatment reduced the number of RANKL-induced osteoclasts 
in a dose-dependent manner (Figure 2A and 2B).  These data 
thus suggest that aconine inhibited RANKL-induced osteo-
clastogenesis.  To exclude the possibility that the observed 
inhibitory effect of aconine on osteoclastogenesis might be 
due to cytotoxicity, a cytotoxicity assay was performed using 
RAW264.7 cells (Figure 1B).  We found that aconine had no 
cytotoxic effect on osteoclast precursor cells at the concentra-
tions used in this study.

Aconine attenuates bone resorption in vitro
Treatment with aconine was shown to reduce the area of 
osteoclast bone resorption pits in a dose-dependent manner 
(Figure 3A and 3B).This result suggests that aconine attenuates 
the bone resorptive activity of osteoclasts in vitro.

Aconine suppresses RANKL-induced osteoclast-associated gene 
expression
To further explore the role of aconine in osteoclast differentia-
tion, we analyzed the mRNA expression levels of RANKL-
induced osteoclast-associated genes in the absence or presence 
of aconine.  The mRNA expression levels of c-Src, β3-Integrin, 
cathepsin K and MMP-9 were suppressed by aconine in a 
dose-dependent manner during osteoclastogenesis (Figure 4). 
These results support the idea that aconine inhibits osteoclas-
togenesis and bone resorption.  

Aconine suppresses RANKL-induced activation of NF-κB
To determine the underlying mechanism involved in the 
inhibitory effect of aconine, we first focused on whether aco-
nine suppresses RANKL-induced NF-κB activation.  An inhib-
itory effect of aconine on the activation of NF-κB was revealed 
in experiments using luciferase activity assays.  RANKL 
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significantly induced the transcriptional activity of NF-κB in 
RAW264.7 cells that were stably transfected with NF-κB-luc.  
In contrast, treatment with aconine and the NF-κB inhibi-
tor, BAY11-7082, significantly inhibited the RANKL-induced 
transcriptional activity of NF-κB in a dose-dependent manner 
(Figure 5A).  These results suggest that aconine might inhibit 
the RANKL-induced NF-κB signaling pathway and thereby 
contribute to the suppression of osteoclast formation.  To 
further confirm this finding, IκB-α expression and NF-κB p65 
translocation were assessed by Western blot analysis using 

whole, cytosolic or nuclear extracts.  Treatment with RANKL 
decreased the expression of IκB-α in whole extracts and 
increased the level of NF-κB p65 in nuclear extracts.  However, 
treatment with aconine for 30 min followed by stimulation 
with RANKL for 30 min attenuated the RANKL-induced deg-
radation of IκB-α and the nuclear translocation of NF-κB p65 
(Figure 5B).  

Aconine inhibits RANKL-induced NFATc1 activation
Activation of NF-κB is important for the initial induction 

Figure 2.  Aconine inhibits RANKL-induced osteoclast differentiation.  (A) RAW264.7 cells were cultured for 4 d with RANKL (100 ng/mL) in the presence 
of varying concentrations of aconine and then stained for TRaP activity.  Representative photomicrographs were taken under a light microscope 
(magnification ×100).  (B) TRAP-positive cells containing more than three nuclei were counted as osteoclasts.  Mean±SEM. n=3.  cP<0.01 vs control; 
eP<0.05, fP<0.01 vs only RanKL-treated cells.

Figure 1.  Effect of aconine on the viability of RAW264.7 cells.  (A) The chemical structure of aconine.  (B) Effect of aconine on the viability of RAW264.7 
cells.  The cytotoxic effect of aconine was evaluated using the CCK-8 method.  RAW264.7 cells were cultured for 8 h, 24 h, 48 h, 5 d or 7 d in the 
presence or absence of varying concentrations of aconine.  Optical density was measured at 450 nm.  Cell viability was expressed as a percentage of 
the control.  Mean±SEM.  n=3.  bP<0.05 vs control.
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of NFATc1[20].  Because aconine can suppress the RANKL-
induced activation of NF-κB, we investigated  whether aco-
nine could reduce the activation of NFATc1 in RAW264.7 
cells during osteoclastogenesis.  NFATc1 was increased at the 
mRNA level by treatment with RANKL.  However, treatment 
with aconine (0.125 and 0.25 mmol/L) significantly inhibited 
NFATc1 mRNA (Figure 6A).  In addition, we also examined 
NFATc1 transcriptional activity using a luciferase assay sys-
tem.  The NFAT inhibitor, CsA, dramatically inhibited the 
RANKL-induced transcriptional activity of NFATc1.  Mean-
while, treatment with aconine significantly suppressed the 
RANKL-induced transcriptional activity of NFATc1 in a dose-
dependent manner (Figure 6B).

Aconine down-regulates the essential fusion molecule DC-STAMP 
To determine whether the inhibitory effect of aconine on osteo-
clast formation results from the suppression of cell-cell fusion, 
the expression of the fusion protein DC-STAMP was exam-
ined using real-time PCR and Western blot analysis.  After 
24 h of cell culture, real-time PCR results (Figure 7A) showed 
a decrease in DC-STAMP mRNA expression in cells treated 
with aconine after RANKL stimulation.  After treatment with 
aconine for 24 h, DC-STAMP protein levels were also reduced 
as compared with the RANKL control (Figure 7B).  

Discussion
Excessive activation of osteoclasts causes bone loss in most 
adult skeletal diseases, including osteoporosis and rheumatoid 

Figure 3.  aconine inhibits RanKL-induced osteoclastic bone resorption.  RaW264.7 cells were seeded in osteo assay Surface 96-well plates overnight 
and treated with RANKL (100 ng/mL) in the presence of the indicated concentrations of aconine for 7 d.  Cells attached to the plates were removed.  (A) 
Resorption pits on the plates were captured using a light microscope (IX71; Olympus) (magnification ×100).  (B) Resorption areas were quantified using 
Image-Pro Plus 6 software.  Mean±SEM. n=3.  cP<0.01 vs control; eP<0.05, fP<0.01 vs only RanKL-treated cells.

Figure 4.  aconine inhibits the RanKL-induced mRna expression of osteoclast-specific genes.  RaW264.7 cells were pretreated with varying 
concentrations of aconine for 2 h and then treated with RANKL (100 ng/mL) for 24 h.  The mRNA expression levels of osteoclast-specific genes were 
analyzed using real-time PCR.  Mean±SEM. n=3.  cP<0.01 vs control; eP<0.05, fP<0.01 vs only RanKL-treated cells.
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Figure 5.  Aconine inhibits RANKL-induced NF-κB activation.  (A) RAW264.7 cells that were stably transfected with a NF-κB luciferase reporter construct 
were pretreated with varying concentrations of aconine and the NF-κB inhibitor, BAY11-7082, for 30 min and then treated with RANKL (100 ng/mL) for 8 h.  
(B) RAW264.7 cells were pretreated with aconine for 30 min prior to RANKL (100 ng/mL) stimulation for 30 min.  Then, whole cytoplasmic and nuclear 
proteins were extracted as described in the methods.  The expression levels of IκB-α, NF-κB p65 in the cytoplasmic and NF-κB p65 in the nuclear 
extracts were determined using Western blot analysis.  Subcellular fraction purity and the equality of sample loading were evaluated by analyzing the 
levels of β-actin and Lamin B1.  Protein levels were quantified using densitometry.  Mean±SEM. n=3.  bP<0.05, cP<0.01 vs control; eP<0.05, fP<0.01 vs 
only RanKL-treated cells.
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arthritis[1].  Accordingly, the down-regulation of osteoclast dif-
ferentiation or function is a promising target for treatments for 
such pathologic bone diseases.  In this study, we observed that 
aconine, an effective and non-toxic component of Aconiti Late-
ralis Radix Preparata, inhibited osteoclast differentiation and 
bone resorption and we describe a potentially new mechanism 
for Aconiti Lateralis Radix Preparata related to its traditional 
use for treating RA.

RAW264.7 cells are commonly used as osteoclast precur-
sors and they can differentiate into osteoclasts in response to 
RANKL.  Without stimulation, RAW264.7 cell will only pro-
liferate.  After successful RANKL stimulation, RAW264.7 cells 
preferred to differentiate into osteoclasts instead of prolifer-
ating.  In this study, we first observed that RANKL induced 
TRAP-positive osteoclast formation and bone resorption in 
pre-osteoclastic RAW264.7 cells were inhibited by aconine 
(Figure 2 and 3) without cytotoxic effects.  Therefore, we fur-
ther studied the underlying mechanisms involving aconine in 
osteoclast differentiation and function.  

NF-κB signaling has been shown to play an essential role in 
osteoclastogenesis[21].  Therefore, suppression of NF-κB acti-
vation could play an important role in osteoclast formation.  
Luciferase reporter gene assays and Western blot analysis 
showed that treatment with aconine reduced RANKL-induced 
NF-κB activation (Figure 5A and 5B).  These findings indicated 
that the down-regulation of RANKL-induced NF-κB signaling 
pathways might be involved in the suppressive effect by aco-
nine against osteoclastogenesis.

It is generally accepted that during osteoclastogenesis, 
NFATc1, which belongs to the NFAT transcription superfam-
ily, is an essential transcription factor that regulates RANKL-
induced osteoclastogenic gene expression.  In the present 
study, we found that aconine treatment reduced RANKL-
induced NFATc1 activation in a luciferase activity assay (Fig-
ure 6B).  This is consistent with evidence showing that aconine 
suppresses the RANKL-induced mRNA expression of NFATc1 
(Figure 6A).  

NFATc1 is a downstream nuclear transcription factor that 
plays a key role in regulating the expression of many osteo-
clast-specific genes, such as c-Src, β3-Integrin, cathepsin K and 
MMP-9[4, 22], which are involved in the regulation of osteoclast 
differentiation, fusion and activation.  The adhesion molecules 
β3-Integrin and c-Src play important roles in regulating bone 
resorption of osteoclasts by mediating their migration and 
adhesion activities[23, 24].  It has also been reported that osteo-
clasts deficient for c-Src exhibited reduced motility and abnor-
mal organization in the ruffle border and that they lacked 
the cytoskeletal elements necessary for bone resorption[23].
Therefore, c-Src is required for osteoclastic bone resorption[20].  
Cathepsin K and MMP-9 degrade the organic bone matrix and 
contribute to bone resorptive activity[25, 26].  In this study, we 
found that treatment with aconine suppressed the expression 
of these osteoclast-specific genes.  Therefore, aconine may 
suppress osteoclastogenesis by down-regulating the expres-
sions of these genes by decreasing this important nuclear fac-
tor.  However, the reason that aconine shows a much stronger 
inhibitory effect on these genes than NFATc1 during osteoclast 
formation and bone resorption is not clear.  Further studies 
will be needed in the future.

During osteoclastogenesis, cell-cell fusion is a critical step in 
the development of multinucleated osteoclasts that determines 
osteoclast size and enhances its resorptive capacity[9, 27].  DC-
STAMP is an essential molecule for mononuclear osteoclast 
fusion and giant cell formation[9] that increases the absorbing 
activity of osteoclasts[8].  An anti–DC-STAMP monoclonal 
antibody strongly inhibited osteoclast formation in vitro[28].  
In this study, we found that treatment with aconine reduced 
the RANKL-induced expression of DC-STAMP at both the 
mRNA and protein levels.  These results suggest that inhibit-
ing RANKL-induced expression of the fusion molecule DC-
STAMP might also contribute to the inhibitory effect of aco-
nine on RANKL-induced osteoclast differentiation and resorp-
tion activity.  

Taken together, these results suggest that aconine dose-

Figure 6.  Aconine inhibits RANKL-induced NFATc1 activation.  (A) RAW264.7 cells were pretreated with varying concentrations of aconine for 2 h 
and then treated with RANKL (100 ng/mL) for 24 h.  NFATc1 mRNA levels were analyzed using real-time PCR.  (B) RAW264.7 cells that were stably 
transfected with an NFATc1 luciferase reporter construct were pretreated with varying concentrations of aconine and the NFAT inhibitor, CsA, for 30 min 
and then treated with RANKL (100 ng/mL) for 8 h.  Mean±SEM. n=3.  bP<0.05, cP<0.01 vs control; eP<0.05, fP<0.01 vs only RanKL-treated cells.
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dependently inhibits RANKL-induced osteoclast differentia-
tion and function in pre-osteoclastic RAW264.7 cells by down-
regulation the RANKL-induced activation of the transcription 
factors NF-κB and NFATc1 and repressing the expression 
level of the fusion molecule DC-STAMP.  However, further 
investigations into the precise mechanisms by which aconine 
suppresses osteoclastogenesis are still required.  
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