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Coptisine inhibits RANKL-induced NF-xB phosphorylation
in osteoclast precursors and suppresses function through
the regulation of RANKL and OPG gene expression

in osteoblastic cells
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Abstract Excessive receptor activator of NF-xB ligand
(RANKL) signaling causes enhanced osteoclast formation
and bone resorption. The downregulation of RANKL
expression and its downstream signals may be an effective
therapeutic approach to the treatment of bone loss diseases
such as osteoporosis. Here, we found that coptisine, one of
the isoquinoline alkaloids from Coptidis Rhizoma, exhib-
ited inhibitory effects on osteoclastogenesis in vitro.
Although coptisine has been studied for its antipyretic,
antiphotooxidative, dampness dispelling, antidote, antino-
ciceptive, and anti-inflammatory activities in vitro and in
vivo, its effects on osteoclastogenesis have not been
investigated. Therefore, we evaluated the effects of copti-
sine on osteoblastic cells as well as osteoclast precursors
for osteoclastogenesis in vitro. The addition of coptisine to
cocultures of mouse bone marrow cells and primary
osteoblastic cells with 1075 M 10,25(0OH),D5 caused sig-
nificant inhibition of osteoclast formation in a dose-
dependent manner. Reverse transcriptase polymerase chain
reaction (RT-PCR) analyses revealed that coptisine inhib-
ited RANKL gene expression and stimulated the osteo-
protegerin gene expression induced by 1¢,25(OH),D3 in
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osteoblastic cells. Coptisine strongly inhibited RANKL-
induced osteoclast formation when added during the early
stage of bone marrow macrophage (BMM) cultures, sug-
gesting that it acts on osteoclast precursors to inhibit
RANKL/RANK signaling. Among the RANK signaling
pathways, coptisine inhibited NF-xB p65 phosphoryla-
tions, which are regulated in response to RANKL in
BMMs. Coptisine also inhibited the RANKL-induced
expression of NFATc1, which is a key transcription factor.
In addition, 10 uM coptisine significantly inhibited both
the survival of mature osteoclasts and their pit-forming
activity in cocultures. Thus, coptisine has potential for the
treatment or prevention of several bone diseases charac-
terized by excessive bone destruction.
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Introduction

Osteoclasts are hematopoietic lineage cells derived from
bone marrow myeloid precursors and circulating mono-
cytes [1]. The first key step in osteoclastogenesis is the
generation of osteoclast precursors that express high levels
of receptor activator of NF-xkB (RANK), which mediates
differentiation in response to the major osteoclastogenic
factor RANK ligand (RANKL). The key event in sub-
sequent osteoclastogenesis is the activation of RANK by
RANKL, which is expressed by osteoblast lineage cells
under physiological conditions [2].

RANKL is expressed by osteoblasts as a membrane-
associated cytokine [3, 4]. Osteoclast precursors express
RANK, which recognizes RANKL expressed by osteo-
blasts through cell-cell interactions, and subsequently
differentiate into osteoclasts in the presence of macrophage
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colony-stimulating factor (M-CSF). Osteoprotegerin
(OPG), which is mainly produced by osteoblasts, is a
soluble decoy receptor for RANKL [5]. OPG blocks
osteoclastogenesis by inhibiting the RANKL-RANK
interaction. Bone resorption-stimulating hormones and
cytokines enhance the expression of RANKL in osteo-
blasts. Mature osteoclasts also express RANK, and
RANKL supports the survival and stimulates the bone-
resorbing activity of osteoclasts [3, 4]. Excessive RANKL
signaling causes enhanced osteoclast formation and bone
resorption. Therefore, the downregulation of RANKL
expression or its downstream signals may be a therapeutic
approach to the treatment of pathological bone loss.

To discover new types of antiresorptive agents, we
screened for natural compounds that regulate osteoclast
differentiation. In our screening, we found that coptisine
had strong inhibitory effects on osteoclast formation in
vitro. Coptisine (Fig. 1), a bioactive constituent of the
Berberis and Coptis species, possesses the same tetracyclic
structure but differs in the nature of the substituents on the
benzo ring, comprising methylene dioxy and/or dimethoxy
substituents, relative to berberine and palmatine, respec-
tively. Regardless of the similarities in their structures,
coptisine has been reported to exhibit a limited number of
biological activities compared with berberine and palma-
tine. In the present study, we investigated the effects of
coptisine on osteoclast differentiation and function, as well
as its mechanism of action. We found that coptisine had not
only inhibitory effects on RANKL-induced osteoclast dif-
ferentiation, but also suppressive effects on 1¢,25-di-
hydroxyvitamin D5 (1¢,25(OH),D3)-induced RANKL and
OPG gene expression in osteoblasts.

Materials and methods
Materials
Male Std ddY mice (6-9 weeks of age) were purchased

from Japan SLC Co. (Hamamatsu, Japan). All animal
protocols and procedures used in this study were approved

Coptisine
M.W;335.78

Fig. 1 Structure of coptisine

by the Institutional Animal Care and Use Committee of
Chubu University. Recombinant soluble RANKL was
purchased from Oriental Yeast Co. Ltd. (Tokyo, Japan).
Recombinant human M-CSF (Leukoprol) was purchased
from PeproTech EC Ltd. (London, UK). Coptisine chlo-
ride, 12,,25-(OH),D3, and prostaglandin E, (PGE,) were
purchased from Wako Pure Chemical Industries Ltd.
(Osaka, Japan). Specific polymerase chain reaction (PCR)
primers for mouse RANKL, OPG, M-CSF, and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) were
synthesized by Life Technologies Inc. (Tokyo, Japan).
Anti-c-Jun N-terminal kinase (JNK), anti-phospho-JNK,
anti-p38 MAPK, anti-phospho-p38 MAPK, anti-NF-xB
p65, anti-phospho-NF-xkB p65, and anti-NFATcl mouse
polyclonal antibodies were purchased from Cell Signaling
Technology Inc. (Beverly, MA, USA). Phospho-NF-«xB
p65 detects NF-xB p65 only when phosphorylated at serine
536. It does not cross-react with the p50 subunit or other
related protein. An anti-f-actin mouse polyclonal antibody
was purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Type I collagen gel solution was obtained from
Nitta Gelatin Co. (Osaka, Japan). Alexa-phalloidin was
purchased from Invitrogen (Carlsbad, CA, USA). Mouse
clonal stromal cells from bone marrow (ST2) were
obtained from the RIKEN Cell Bank (Tsukuba, Japan). All
other chemicals and reagents were of analytical grade.

Mouse bone marrow cells and cocultures

Bone marrow cells (BMCs) were obtained from the tibiae
of 4- to 6-week-old male ddY mice. In the coculture sys-
tem, BMCs were cocultured with ST2 cells in 24-well
plates in the presence of 107®M 1x,25-(OH),D; for
5 days. After the coculture, some of the cells were fixed
and stained for tartrate-resistant acid phosphatase (TRAP),
a marker enzyme for osteoclasts. To obtain mature osteo-
clasts, BMCs (1 x 107 cells) and ST2 cells (1 x 10° cells)
were cocultured in collagen gel-coated 100-mm plates for
5-6 days in «-MEM containing 10% fetal bovine serum
(FBS), 1078 M 10,25(0OH),D5, and 107 M PGE,. The
plates were treated with collagenase and whole cells were
harvested for use in subsequent experiments. ST2 cells
were examined for the ALP activity induced by BMP2 to
identify the osteoblastic cells.

PCR amplification of reverse-transcribed mRNA

For reverse transcriptase PCR (RT-PCR) analyses, ST2
cells were cultured in «-MEM containing 10% FBS and
1078 M 12,25(OH),D5 in 60-mm dishes. After culture for
48 h, total cellular RNA was extracted from the cells using
TRIzol solution (Life Technologies Inc.). First-strand
cDNA was synthesized from the total RNA with random
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primers and subjected to PCR amplification with Ex Taq
polymerase (Takara Biochemicals, Shiga, Japan) using the
following specific PCR primers: mouse RANKL, 5'-CGC
TCT GTT CCT GTA CTT TCG AGC G-3' (forward) and
5-TCG TGC TCC CTC CTT TCA TCA GGT T-3'
(reverse); mouse OPG, 5-TGG AGA TCG AAT TCT GCT
TG-3' (forward) and 5-TCA AGT GCT TGA GGG CAT
AC-3' (reverse); mouse M-CSF, 5-GAG AAG ACT GAT
GGT ACA TCC-3' (forward) and 5'-CTA TAC TGG CAG
TTC CAC C-3' (reverse); mouse GAPDH, 5-ACC ACA
GTC CAT GCC ATC AC-3’ (forward) and 5'-TCC ACC
ACC CTG TTG CTG TA-3' (reverse). The PCR products
were separated by electrophoresis in 2% agarose gels and
visualized by ethidium bromide staining under UV light
illumination. The sizes of the PCR products for mouse
RANKL, OPG, M-CSF, and GAPDH were 587, 720, 516,
and 452 bp, respectively.

Cell viability assay

Cell viability was measured by the MTT assay. Bone
marrow macrophages (BMMs) were cultured under the
same conditions used for the osteoclastogenesis experi-
ments, and the MTT reagent was added at 3 h before the
end of the culture. The supernatants were carefully
removed and dissolved in DMSO before their absorbances
were measured at 550 nm using a microplate reader.

Osteoclast differentiation from mouse BMMs

To obtain BMMs, BMCs were cultured in «-MEM con-
taining 10% FBS and M-CSF (50 ng/mL) in 60-mm dishes.
After culture for 1 day, non-attached cells in the culture
plates were collected and used as BMMs. BMMs were
cultured in 96-well plates in the presence of M-CSF
(50 ng/mL) for 3 days, treated with RANKL (100 ng/mL),
and cultured for a further 3 days. Next, the cells were
sequentially fixed with 10% formalin for 10 min and eth-
anol for 1 min, and dried. Staining for TRAP was per-
formed. TRAP-positive multinucleated cells containing
more than five nuclei were counted.

Western blot analysis

Cells were lysed with RIPA buffer (20 mM Tris—HC] pH
7.5, 150 mM NaCl, 1 mM EDTA, 50 mM f-glycerophos-
phate, 1% NP-40, 1 mM Na3;VQ,, and 1 x protease inhibitor
cocktail). The extracted proteins were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and electrotransferred onto PVDF membranes. The
membranes were incubated with primary antibodies against
c-JNK, phospho-JNK, p38 MAPK, phospho-p38 MAPK,
phospho-NF-kB p65, NF-xB p65, NFATc1, and GAPDH,
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followed by secondary antibodies conjugated with horse-
radish peroxidase. Immunocomplexes were visualized by a
chemiluminescence reaction using ECL reagents (Amer-
sham Pharmacia Biotech, Buckinghamshire, UK).

Pit formation and TRAP staining on dentin slices

Mature osteoclasts were obtained from mouse cocultures
on collagen gel-coated dishes as described above. The pit
formation assay on dentin slices is a commonly used
method for investigating the function of mature osteoclasts
[6]. For resorption pit assays, aliquots of the crude mature
osteoclast preparations were placed on dentin slices in
96-well plates. After preincubation for 2 h, the dentin sli-
ces were transferred to 48-well plates (1 slice/well) con-
taining 0.3 mL/well of «-MEM supplemented with 10%
FBS, and further cultured with or without coptisine for
48 h. At the end of the incubation, the osteoclasts were
stained for TRAP activity and the numbers of TRAP-
positive cells were counted. The resorption pits on the
dentin slices were visualized by staining with hematoxylin.
The number of resorption pits on each slice was counted.

Statistical analysis

The data were expressed as mean =+ standard deviation (SD).
Statistical analyses were performed by an unpaired two-
tailed Student’s #-test assuming unequal variances. Values of
p < 0.01 were considered to indicate statistical significance.

Results

Coptisine inhibits 1¢,25(OH),D3-induced osteoclast
formation by regulating the gene expression of RANKL
and OPG in osteoblasts

To clarify the effects of coptisine on osteoclast formation,
BMCs were cocultured with ST2 cells derived from mouse
stromal in the presence of 107 M 10,25(OH),Ds. Many
TRAP-positive multinucleated osteoclasts were formed in
the cocultures within 5 days in response to 1¢,25(0OH),D3
(Fig. 2a). We found that treatment with coptisine dose-
dependently inhibited the osteoclast formation in the co-
cultures. Complete inhibition of osteoclast formation was
observed after treatment with 10 uM coptisine (Fig. 2b).
Next, we investigated the effects of coptisine on osteo-
blastic ST2 cells to support osteoclast formation in the
presence of 10,25(OH),D;. ST2 cells were cultured with
increasing concentrations of coptisine and their prolifera-
tion was examined by MTT assays (Fig. 3a). The cell
viability was not affected by treatment with coptisine, even
at 40 puM. In addition, we examined the effects of coptisine
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Fig. 2 Effects of coptisine on viability and gene expression in mouse
cocultures. a BMCs and stromal cells were cocultured in 24-well
plates for 5 days in the presence of 1078 M 1a,25(OH),D;. After
5 days, the cells were fixed and stained for TRAP. b TRAP-positive
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Fig. 3 Effects of coptisine on 1«,25(0OH),Ds-induced osteoclasto-
genesis in ST2 cells. a Cell viability was determined by MTT assays.
ST2 cells were cultured with coptisine at 1, 10, 20, or 40 pM. After
2 days, the MTT reagent was added to each well. The absorbance was
measured at 550 nm, and the cell viability was calculated. b ST2 cells

on the expression of RANKL, OPG, and M-CSF in ST2
cells treated with 107 M 10,25(OH),D3. The treatment of
ST2 cells with 12,25(OH),D5 enhanced the expression of
RANKL, suppressed the expression of OPG, and sustained
the expression of M-CSF. At concentrations of 1040 uM,
coptisine had a suppressive effect on the upregulation of
RANKL mRNA expression in a dose-dependent manner, as
well as an inductive effect on the downregulation of OPG
mRNA expression (Fig. 3b). These findings suggest that
coptisine suppresses osteoclast formation by regulating the
RANKL and OPG gene expression in osteoblastic cells.

Coptisine inhibits RANKL-induced osteoclast
formation in BMM cultures

To determine the effects of coptisine on osteoclast forma-
tion from osteoclast progenitor cells in the absence of

multinucleated cells containing five or more nuclei were counted
as osteoclasts. The results are expressed as the mean & SD of three
cultures. *p < 0.05

RANKL

OPG

M-CSF

GAPDH
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were cultured for 48 h in the presence of 1¢,25(0OH),D3 (107% M) and
coptisine (1, 10, 20, or 40 pM). Total RNA was extracted from the
cells, and the expression levels of RANKL, OPG, and M-CSF
mRNAs were analyzed by RT-PCR. The results are expressed as the
mean + SD of three cultures. *p < 0.05

osteoblasts, mouse BMMs were incubated with coptisine in
the presence of RANKL and M-CSF, and allowed to pro-
liferate and differentiate into osteoclasts. As shown in
Fig. 4b, RANKL dramatically induced osteoclast forma-
tion in BMM cultures. At concentrations of 10-20 puM,
coptisine significantly inhibited the osteoclast formation
induced by RANKL. MTT assays revealed that the BMM
viability was slightly decreased by 20 pM coptisine
throughout the culture period (Fig. 4a). To explore the
effects of coptisine on osteoclast formation in more detail,
we added coptisine to BMM cultures with RANKL and
M-CSF at three different time points (Fig. 4d). After
exposure to coptisine for 24 h, the culture media containing
coptisine were removed and exchanged for coptisine-free
culture media (D 0-1) (Fig. 4e). As a result, we confirmed
that even 1 pM coptisine had an inhibitory effect to
osteoclast formation when the cells were exposed at D 0-1
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after RANKL treatment without cytotoxicity (data not
shown). However, coptisine only showed an inhibitory
effect to osteoclast formation at the early culture stage, D
0-1(Fig. 4f, left panel). The similar inhibitory effect on
osteoclast formation was observed when coptisine was

Fig. 4 Effects of coptisine on
RANKL-induced osteoclast
formation in mouse BMMs.
BMMs were cultured with
coptisine for 72 h in 96-well
plates. a Cell viability was
determined by MTT assays.

b Mouse BMMs were cultured
with RANKL (100 ng/mL) and
M-CSF (50 ng/mL). After the
culture, the cells were fixed and
stained for TRAP. TRAP-
positive multinucleated cells
containing more than five nuclei
were counted as osteoclasts.

¢ TRAP staining of osteoclasts
in 96-well plates is also shown.
d Durations of exposure to
coptisine treatment. € TRAP-
positive multinucleated cells
were counted as osteoclasts
(durations: D 0-1, left panel; D
2-3, right panel). The results
are expressed as the

mean + SD of three cultures.
*p < 0.05
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Coptisine inhibits osteoclast differentiation
via the suppression of NF-xkB phosphorylation

To elucidate the inhibitory mechanism and pathway influ-
enced by coptisine, BMMs were treated with RANKL with
or without coptisine for 0-30 min. Analyses of phospho-
NF-xB p65 clearly indicated that coptisine eliminated the
RANKL-induced phosphorylation (Fig. 5a). On the other
hand, the RANKL-induced phosphorylation of JNK and
p38 MAPK was not affected by treatment with coptisine.
The NFATc1 pathways play critical and fundamental roles
in osteoclast development, and a lack of this transcription
factor arrests osteoclastogenesis [7]. Therefore, we exam-
ined the effects of coptisine on the expression of NFATcl
(Fig. 5b). We found that coptisine impaired the RANKL-
stimulated expression of NFATcl. Taken together, these
findings suggest that the inhibitory effects of coptisine on
osteoclast formation result from the downregulation of
NF-«B signaling.

Coptisine suppresses the survival of mature osteoclasts

To confirm the effects of coptisine on the bone-resorbing
function, we examined the effects of coptisine on the pit-
forming activity of osteoclasts induced by 1,25(OH),D3
and PGE, in the mouse coculture system. Osteoclasts
formed by cocultures of BMCs and ST2 cells readily cre-
ated resorption pits on dentine slices. Coptisine inhibited
the pit formation on dentin slices in a dose-dependent
manner. At a concentration of 10 uM, coptisine inhibited
the pit formation by approximately 90% (Fig. 6a, upper

A RANKL(100 ng/mL)
| |
- Coptisine 10 pM
0 5 15 30 5 15 30 min
p-NF-xB | - .-
e : :

p-p38

Fig. 5 Effects of coptisine on RANKL-induced signaling pathways.
Mouse BMMs were prepared from BMC cultures treated with
M-CSF. a BMMs were treated with coptisine and RANKL (100 ng/
mL) for the indicated times. Cell lysates were collected and separated
by 10% SDS-PAGE. The levels of phosphorylated and non-
phosphorylated p38 MAPK, JNK, and NF-«xB p65 were determined
by Western blotting analyses. b Effects of coptisine on the expression

panel; b, left panel). Before the pit formation, the dentin
slices were stained for TRAP and the numbers of TRAP-
positive osteoclasts on the dentin slices were counted.
Similar to the pit formation findings, the number of TRAP-
positive cells observed on the slices treated with 10 uM
coptisine was markedly decreased compared with the
control slices (Fig. 6a, lower panel; b, right panel). These
findings suggest that the inhibition of the pit-forming
activity of mature osteoclasts by coptisine is mainly caused
by a reduction in the number of mature osteoclasts.

Discussion

Plants used in traditional medicines have been recognized
as one of the main sources for drug discovery and devel-
opment. Since natural products of plant origin still form a
major part of traditional medicine systems, a resurgence of
interest in herbal medicines has occurred in Western
countries as an alternative source of drugs, often for
intractable diseases such as rheumatoid arthritis [8]. Li
et al. [9] reported that Kampo formulae (Tsu-kan-gan;
Phellodendri cortex, Anemarrhenae rhizome, and Cin-
namomi cortex) showed inhibitory activity on bone
resorption stimulated by parathyroid hormone in vitro and
prevented the decrease in bone mineral density in ovari-
ectomized mice in vivo. In the present study, we clarified
the effects of coptisine, a bioactive constituent of Phello-
dendri cortex and Coptidis Rhizoma, on osteoclast differ-
entiation and function in vitro. The effectiveness of this
crude extract on osteoclastogenesis has potential for

B RANKL (100 ng/mL)
| |
m Coptisine 10 pM
0 1 2 3 1 2 3 day
NEATel .. . -
GAPDH | "™ —

level of NFATcl1 during osteoclastogenesis. The cells were incubated
in the presence or absence of coptisine and stimulated with RANKL
(100 ng/mL) for the indicated days. Cytoplasmic extracts were
prepared, separated by SDS-PAGE, transferred onto PVDF mem-
branes, and immunoblotted with specific antibodies. GAPDH was
evaluated as an internal control
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Fig. 6 Effects of coptisine on
the function of mature A
osteoclasts. Mature osteoclasts : '
were cultured on dentin slices
with increasing concentrations
of coptisine. a After culture for
48 h, the cells were fixed with
paraformaldehyde and the slices

A TRAP staining

Bar =200 pm
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application to therapeutic strategies by targeting the dif-
ferentiation of osteoclasts as well as their functions.

Coptisine is one of the isoquinoline alkaloids, which
include berberine, palmatine, epiberberine, and magnoflo-
rine [10], that are known to exert a variety of activities,
including antidiabetic [11], anti-inflammatory [12], and
antioxidant [13] effects. Pharmacokinetic studies of copti-
sine have shown that coptisine has the potential for oral
bioavailability [14, 15]. In particular, berberine, the major
medically important isoquinoline alkaloid, has been
extensively studied and verified to be a major active con-
stituent in the suppression of bone resorption [16]. How-
ever, its structural relative, coptisine, has been reported to
exhibit a limited number of biological activities compared
with berberine and palmatine.

Here, we found that coptisine effectively inhibited osteo-
clast formation in a mouse coculture system. Furthermore,
RANKL-induced osteoclast formation from mouse BMMs
was inhibited by coptisine. RT-PCR analyses showed that
coptisine significantly affected the expression levels of
RANKL and OPG mRNAs in osteoblasts with 1¢,25(OH),D3

@ Springer

treatment. The inhibitory effect of coptisine on pit formation
on dentin slices was coincident with the number of remaining
mature osteoclasts, suggesting that coptisine inhibits the sur-
vival of mature osteoclasts. Taken together, these findings
suggest that coptisine acts on osteoclast precursors, osteo-
blasts, and mature osteoclasts, and, consequently, inhibits
osteoclast differentiation and function.

Osteoclast formation is a multistep process that involves
cell proliferation, commitment, fusion, and activation [3,
17]. Under pathophysiological conditions, signaling of the
RANKL/RANK/TRAF6 axis in cooperation with costimu-
latory immunoreceptors leads to the robust induction of
NFATcl, which is a necessary and sufficient factor for
osteoclast differentiation [18, 19]. For this pathway, acti-
vation of the NF-kB pathway is a prerequisite for osteoclast
differentiation [20, 21]. The addition of coptisine to osteo-
clast precursors attenuated the RANKL-induced phos-
phorylation of NF-xB. According to Hu et al. [22],
berberine attenuates the RANKL-induced activation of NF-
kB by inhibiting the nuclear translocation of NF-xB. In fact,
berberine showed very similar effects on the signaling
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pathways to the present results for coptisine, although there
are structural differences between coptisine and berberine.
Moreover, it also inhibited RANKL-induced NFATc],
which is a necessary and sufficient factor for osteoclast
differentiation. NFATcl1 is a key transcription factor for the
expression of TRAP and other osteoclastogenesis-asso-
ciated genes. The introduction of an NFATcl siRNA con-
verts TRAP-positive cells into TRAP-negative cells [23].
Therefore, the inhibitory mechanism of coptisine appears to
be related to this pathway in osteoclast precursor signaling.

On the other hand, osteoclasts have unique properties for
resorbing bone. The most characteristic features of osteo-
clasts are the presence of ruffled borders and sealing zones
[24-27]. Tt has been reported that disruption of the sealing
zones suppresses the bone-resorbing activities of osteoclasts
[28-30]. Therefore, the identification of drugs that can
disturb the integrity of this bone-resorbing activity could be
a useful approach for therapies aimed at slowing bone
resorption. At a concentration of 10 uM, coptisine inhibited
osteoclastic bone resorption by approximately 90%. In
addition, the number of TRAP-positive cells observed on
the dentine slices treated with 10 pM coptisine was mark-
edly decreased compared with the control slices. Consistent
with these findings, the inhibitory effect of coptisine on
RANKL-induced osteoclast formation was attenuated in the
late stage of culture, suggesting that coptisine acts more
strongly on osteoclast precursors. Taken together, the anti-
bone-resorbing activity may be not a direct effect on mature
osteoclasts. Hu et al. [22] reported that berberine induces
apoptosis by increasing the active form of caspase-3 in
osteoclasts. Therefore, we cannot exclude the possibility
that the inhibitory effect of coptisine on bone resorption is
partially caused by apoptosis of mature osteoclasts.

Taken together, the present data suggest that coptisine has
the potential to inhibit osteoclast differentiation and function
in vitro. Accordingly, continued and advanced studies on the
alterations in gene expression in bone cells and coptisine
will provide a basis for understanding the observed bone cell
responses to various pharmacological interventions.
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