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Capsaicin, A Ligand for Vanilloid Receptor-1, Transduces Suppressive
Signal for Osteoclast Differentiation in Bone
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Vanilloid receptor-1 (VR1) has been reported to
exhibit multiple functions which can transduce pain-
sensitive signals in nerve systems. A VR1 ligand, cap-
saicin, has been reported to show activities against in-
flammation and cancer growth, however, its role in
bone metabolism is still unknown. Here, we exam-
ined the effect of capsaicin on cytokine-induced in-
flammatory bone resorption. Capsaicin suppressed
interleukin-1-induced bone resorption in a mouse cal-
varial organ ex vivo culture in a dose-dependent man-
ner. An assay using cocultures of osteoblasts and bone
marrow cells clearly showed the inhibition of osteo-
clast formation by treatment with capsaicin. Recep-
tor activator of NF-κB ligand (RANKL), the sole in-
ducer of osteoclast formation, is known to be pro-
duced by osteoblasts. In the cocultures of bone mar-
row cells and osteoblasts, the expression of RANKL
was suppressed by capsaicin. VR1 showed expres-
sion predominantly in osteoblasts, suggesting that
capsaicin directly modulates osteoclast differentia-
tion through the suppression of RANKL expression.
VR1 ligands like capsaicin have the potential for use
as clinical drugs targeting some bone diseases involv-
ing cytokine-induced bone resorption.
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INTRODUCTION

Skeletal diseases like osteoporosis, osteoarthri-
tis, and periodontitis are common diseases, which
are associated with severe bone loss. Current in-
novations in clinical drug development for these
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diseases are mainly focused on the suppression
of bone resorption by anti-resorptive drugs such
as calcitonin and bisphosphonates.1, 2) These drugs
have been known to act directly on mature osteo-
clasts, and to destruct osteoclast-featured cytoskele-
ton, called actin-rings formed by actin fibers. Previ-
ously, the definitive molecule of osteoclast differen-
tiation was cloned and named receptor activator of
NF-κB ligand (RANKL). RANKL is expressed pre-
dominantly in osteoblasts and regulates osteoclast
differentiation. Osteoblasts respond to various in-
flammatory factors such as interleukin (IL)-1, IL-6,
and prostaglandin E2 (PGE2), and RANKL produc-
tion was induced to regulate osteoclast differentia-
tion and functions.3–5) IL-1 is a powerful mediator
of inflammatory bone resorption in various diseases
through its association with increased RANKL ex-
pression in osteoblasts.

Recently, several groups have reported the fea-
ture of vanilloid receptors (VRs/TRPVs), consist
of six different receptors called TRPV1 (VR1),
TRPV2 (VRL-1), TRPV3, TRPV4, TRPM8, and
TRPA1, most of which were thermal-sensitive
molecules.6–8) Since VR1 has been cloned from a
cDNA library of the dorsal root ganglion in sensory
neurons, the VR1 signal has been suggested as a
potential regulator of pain associated with thermal
stimulation.9) Capsaicin, a typical ligand for VR1,
is derived from chilly peppers, which elicit a burn-
ing sensation through VR1.10) The following study
also suggested that the neuronal stimulation had
a relationship with bone remodeling.11) Sympath-
ectomy and capsaicin treatment showed resemble
effects on osteoclast formation in rat neonatal and
adult jaws,11, 12) however, the molecular basis of the
regulation of osteoclast differentiation through VR1
is still unknown. Here, we examined the molecular
action of capsaicin in osteoclast differentiation and
bone resorption.
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MATERIALS AND METHODS

Animals and Drugs —— Newborn (2-day-old) and
adult (6-week-old) ddy mice were obtained from
Japan SLC Inc. (Shizuoka, Japan). Recombinant
human IL-1α was purchased from R&D Systems
(Minneapolis, MN, U.S.A.). Capsaicin was pur-
chased from Wako Pure Chemical Industries (Os-
aka, Japan). All other chemicals were of analytical
grade.
Mouse Calvarial Culture —— Two-day-old mice
were sacrificed and their calvariae were aseptically
harvested and dissected free of tissues. The cal-
variae were divided into halves and cultured for
24 hr at 37◦C under 5% CO2 in air in 0.4 ml of
BGJb medium (Invitrogen, Carlsbad, CA, U.S.A.)
containing 1 mg/ml bovine serum albumin (fraction
V, Sigma, St. Louis, MO, U.S.A.). After pre-culture
for 24 hr, each half calvaria was transferred to fresh
medium, with and without IL-1 (2 ng/ml), and cul-
tured for an additional 5 days. To determine the
bone-resorbing activity of test materials, the con-
centration of calcium in the conditioned medium
was measured on day 5 using the o-cresolphthalein
complexon (OCPC) method.13)

Culture of Primary Mouse Osteoblastic Cells ——
Primary osteoblastic cells were isolated from 2-day-
old mouse calvariae after five routine sequential
digestions with 0.1% collagenase (Roche Applied
Science) and 0.2% dispase (Roche Diagnostics,
Mannheim, Germany), as described previously.13)

Osteoblastic cells collected from fractions 2 to 5
were combined and cultured in minimum essential
medium alpha (αMEM) (Invitrogen) supplemented
with 10% fetal calf serum (FCS) at 37◦C under 5%
CO2 in air.
Osteoclast Formation in Cocultures of Mouse
Bone Marrow Cells and Osteoblasts —— Bone
marrow cells (3 × 106 cells) were isolated from 6-
week-old mice and cocultured with the primary os-
teoblastic cells (1×104 cells) in 1 ml of αMEM con-
taining 10% FCS on 24-well plates. The cultures
were fed every 3 days by replacing 0.9 ml of the old
medium with fresh medium. After being cultured
for 7 days, the cells adhering to the well surface
were stained for tartrate-resistant acid phosphatase
(TRAP). TRAP-positive multinucleated cells con-
taining three or more nuclei per cell were counted as
osteoclasts. To extract total RNA for Reverse tran-
scriptase (RT)-PCR analysis, the cells adhering to
the well surface were lysed on day 7.

RT-PCR Analysis —— To obtain bone marrow
macrophages, mouse bone marrow cells were cul-
tured for 7 days in the presence of 100 ng/ml of
macrophage colony stimulating factor (MCSF). To-
tal RNA was extracted from cultured cells and
mouse brain, using the acid guanidium-phenol-
chloroform method.13) cDNA was synthesized
from 5 µg of total RNA by reverse transcriptase
(Superscript II Pre-amplification System, Invitro-
gen) and amplified via PCR. The primers in
PCR for the mouse RANKL, mouse VR1, and
mouse glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) genes were used as reported previ-
ously.13, 14) The PCR product was run on a 1.5%
agarose gel and stained with ethidium bromide.
Statistical Analysis —— The data are expressed as
the means ± SEM. The significance of differences
was analyzed using Student’s t-test.

RESULTS

Capsaicin Inhibited IL-1-Induced Bone Resorp-
tion in Calvarial Ex Vivo Culture

Capsaicin is a major ingredient of temperature
stimulation in hot chilly peppers, the structure with
olvanyl-flame being shown in Fig. 1. The bind-
ing affinity to VR1 was reported,9) and the fol-
lowing experiments were guided by the concentra-
tions of capsaicin as the VR1 agonist. We first ex-
amined whether capsaicin has a protective effect
against bone resorption in ex vivo organ culture.
Bone-resorbing activity was monitored by the in-
crease in medium calcium, which is significantly
elevated by treatment with bone-resorbing factors.
In the organ culture, IL-1 greatly stimulated bone-
resorbing activity compared to vehicle treatment.
The treatment with 3–30 µM capsaicin in the pres-
ence of IL-1 dose-dependently suppressed bone-
resorbing activities induced by IL-1 (Fig. 2). Since
IL-1 is a typical bone-resorbing cytokine produced
in the state of inflammation, capsaicin may act as an
anti-inflammatory factor, which prevents cytokine-
induced bone loss.

Fig. 1. Chemical Structure of Capsaicin
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Fig. 2. Capsaicin Suppresses Bone-Resorbing Activity in
Mouse Calvarial Cultures

Calvariae collected from 2-day-old mice were cultured for 5 days
with 2 ng/ml of IL-1α and/or various concentrations of capsaicin (3–
30 µM). Conditioned medium was collected and the calcium content
was measured. Bone-resorbing activity was expressed as the increase
in the medium calcium. Significantly different, ∗p < 0.05, ∗∗p < 0.001
versus control, # p < 0.05, ## p < 0.001 versus IL-1α. Data are ex-
pressed as the means ± SEM of three to five cultures.

Effect of Capsaicin on Osteoclast Formation In-
duced by IL-1

To further understand the mechanisms of cap-
saicin on IL-1-induced bone resorption, we per-
formed osteoclast formation analysis by mixed co-
culture using primary osteoblasts and bone mar-
row cells in the presence of IL-1 and capsaicin.
By treatment with IL-1, osteoclast maker, TRAP-
positive multinucleated osteoclasts were formed on
day 7 in culture. Simultaneous treatment with 3 µM
capsaicin and IL-1 led to a significant inhibition
of osteoclast formation, and 30 µM capsaicin com-
pletely attenuated the IL-1-induced osteoclast for-
mation (Fig. 3A). Several possibilities were counted
on the mechanism, e.g., capsaicin has a direct action
on osteoclasts, osteoclast precursors or osteoblasts.
Then, we examined the levels of RANKL expres-
sion after treatment with IL-1 and capsaicin in a co-
culture system.

Effect of Capsaicin on IL-1-Induced RANKL
Expression in Coculture System

In cocultures of bone marrow cells and os-
teoblasts, IL-1 clearly induced mRNA expression
of RANKL that was coordinating to the number
of formed TRAP-positive osteoclasts. In the pres-
ence of capsaicin (30 µM) perfectly inhibited IL-
1-induced RANKL mRNA expression (Fig. 3B),
which is consistent with the suppression of IL-1-
induced osteoclast formation by capsaicin shown in
Fig. 3A. These results suggest that capsaicin, a VR1
agonist, inhibits osteoclast formation by suppress-

Fig. 3. Capsaicin Inhibits Osteoclast Formation Induced by IL-
1α in Coculture of Mouse Bone Marrow Cells and Os-
teoblasts

Mouse bone marrow cells (3 × 106 cells) and osteoblasts (1 × 104

cells) were cocultured for 7 days in the presence or absence of 2 ng/ml
IL-1α or 3–30 µM capsaicin. (A) Representative fields of TRAP stain-
ing are shown (upper panel). The number of osteoclasts was counted
(lower panel). Significantly different, ∗p < 0.001 versus control,
# p < 0.01, ## p < 0.001 versus IL-1α. Data are expressed as the
means ± SEM of four wells. (B) The expression of RANKL mRNA
was examined by RT-PCR in coculture of mouse bone marrow cells
and osteoblasts. Mouse bone marrow cells and osteoblasts were cocul-
tured for 7 days in the presence or absence of 2 ng/ml of IL-1 and/or
30 µM capsaicin, and total RNA was extracted from adherent cells. The
expression of RANKL mRNA was analyzed by RT-PCR.

ing RANKL expression. It is certain that osteoblasts
are a predominant source of RANKL expression in
bone. We next examined whether VR1 is expressed
in osteoblasts.

VR1 Expression in Osteoclast-supportive Os-
teoblasts

To examine the expression of VR1 in os-
teoblasts, we obtained primary osteoblasts from cal-
variae that were used in mixed cocultures to exam-
ine osteoclast formation. The osteoblastic cell line
MC3T3-E1 was also subjected to this experiment,
because the cell line has a capacity to support os-
teoclast formation in the presence of IL-1. Total
RNA was isolated from respective cells, and applied
to RT-PCR using the primers of mouse VR1. The
data clearly showed the expression of VR1 mRNA
in both primary osteoblasts and MC3T3-E1 cells
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Fig. 4. Expression of VR1 mRNA in Mouse Osteoblasts
Mouse primary osteoblasts (POB) and a mouse osteoblastic cell

line (MC3T3-E1) were cultured with 10% FCS in αMEM to cell con-
fluence. To obtain bone marrow macrophages, mouse bone marrow
cells were cultured for 7 days in the presence of 100 ng/ml of MCSF.
After the cultures, total RNA was extracted and the expression of VR1
mRNA was analyzed by RT-PCR. Total RNA was also extracted from
the mouse brain for RT-PCR, and used as a positive control of VR1
expression.

(Fig. 4). Expression of VR1 mRNA could not be
detected in bone marrow macrophages, which are
known as osteoclast precursors (Fig. 4). As reported
previously, VR1 was clearly detected in the mouse
brain. These results suggest that capsaicin binds to
VR1 in osteoblasts and suppresses the expression of
RANKL induced by IL-1, following the inhibition
of osteoclast formation.

DISCUSSION

Our findings in the present study showed
that the VR1 agonist, capsaicin, attenuated bone-
resorbing activity by the suppression of osteoclast
differentiation. Previous studies have focused on
capsaicin as a neurotoxin, which induces damage to
neurons through VR1 signal, whereby the nervous
system modulates osteoclast formation after the lo-
cal injection of capsaicin.11, 12) Calcitonin gene re-
lated peptide (CGRP) was produced by sensory neu-
rons, to maintain pain block, and its receptor was
found in neuronal tissue. CGRP is an alterna-
tively spliced molecule from the CT/CGRP gene,
and known to weakly bind to the calcitonin recep-
tor. It is well known that calcitonin binds to the CT
receptor in mature osteoclasts and induces the ex-
tinction of osteoclast functions.1) CGRP produced
by neuronal cells could bind to the CT receptor
on osteoclast and suppress osteoclast function in
vivo.15, 16) In the present study, IL-1 induced severe
bone resorption in calvarial culture that was asso-
ciated with increased TRAP-positive osteoclast for-
mation, and capsaicin treatment clearly suppressed

osteoclast formation in the organ culture (data not
shown). The culture system using calvarial ex vivo
explants, which mainly consists of cortical bone,
may contain less neuronal tissue, suggesting that the
suppressive effect of capsaicin on bone resorption is
raised by its action on osteoclasts or osteoblasts.

Osteoclasts are cells originating from
hematopoietic stem cells that differentiate into
monocyte lineages, and MCSF and RANKL are
key modulators for their differentiation into osteo-
clasts. A recent study indicated the direct action
of capsaicin on macrophages. Lipopolysaccharide
(LPS)-induced PGE2 production was inhibited in
the culture of peritoneal macrophages, however,
the macrophages did not possess VR1.17) The
following study showed that capsaicin acts on the
macrophage cell line RAW 264.7 to attenuate LPS-
induced COX-2 expression, but RAW 264.7 cells
did not express VR1.18) Since mouse macrophage
cells did not express VR1, the non-genomic action
of capsaicin could be counted, and further studies
will be required to clarify the direct effects of
capsaicin on macrophages.

In the present study, we found the expression of
VR1 in osteoblasts, a major source of RANKL in
bone, suggesting that capsaicin directly bind to os-
teoblasts and suppress their expression of RANKL.
It is not likely that capsaicin affects bone mar-
row macrophages, the lineage of osteoclast precur-
sors to suppress osteoclast differentiation, because
bone marrow macrophages showed no expression
of VR1 (Fig. 4). Both resiniferatoxin, a natural
VR1 agonist, and olvanil, a synthetic VR1 ago-
nist, suppressed osteoclast formation induced by IL-
1 in cocultures of mouse bone marrow cells and
osteoblasts (data not shown). Therefore, the ef-
fects of these compounds including capsaicin on
osteoclast differentiation may be mediated by the
VR1 signal. Recently, the anti-inflammatory ef-
fect of capsaicin was reported in a model of in-
testinal diseases, and the report clearly indicated
that capsaicin, a VR1 agonist, has a potential to
protect against inflammatory bowel diseases asso-
ciated with severe inflammation.19) Further studies
are need to define a possible application of cap-
saicin as an anti-inflammatory agent in some dis-
eases. Taken together, we showed that capsaicin in-
hibited IL-1-induced osteoclast formation and bone
resorption, the mechanism of which is mediated by
VR1 expressed in osteoblasts to suppress RANKL
expression. Therefore, capsaicin holds the consid-
erable potentials for pharmaceutical development in
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the cases associated with inflammatory bone loss.
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