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1  | INTRODUC TION

Osteoclasts are multinucleated giant cells predominantly responsi-
ble for bone resorption.1 Osteoclast differentiation is regulated by 
essential factors such as receptor activator of nuclear factor- κB (NF- 
κB) ligand (RANKL) and macrophage colony stimulating factor (M- 
CSF).2 Given that regulation of osteoclast differentiation is critical 
for the improvement of bone disorders, the discovery of compounds 
inhibiting osteoclastogenesis might lead to the development of novel 
therapeutic agents to use in the treatment of bone disorders such as 
osteoporosis and periodontitis.

Rutaecarpine is an indolopyridoquinazoline alkaloid isolated from 
Evodia rutaecarpa, which has been widely used in oriental medicine 
for treatment of gastrointestinal disorders, headache, amenorrhea, 
and postpartum hemorrhage.3 Rutaecarpine has been reported to 
have various pharmacological effects, including anti- cancer, anti- 
inflammatory, anti- thrombotic, and anti- oxidative activities, and 
anti- cardiovascular diseases.4 Indeed, rutaecarpine has inhibitory 
effects on prostaglandin production in macrophages.5 However, the 

effects of rutaecarpine on bone- related cells such as osteoclasts 
have not yet been examined. In this study, we investigated the ef-
fects of rutaecarpine on osteoclastogenesis using in vitro culture 
systems.

We first investigated the effects of rutaecarpine on RANKL- 
induced osteoclastogenesis in native BMMs. Tartrate- resistant acid 
phosphatase (TRAP) staining showed that rutaecarpine suppressed 
osteoclast formation in a dose- dependent manner (Figure 1A), 
as assessed counting the number of TRAP- positive osteoclasts 
(Figure 1B). The viability of osteoclasts treated with rutaecarpine 
or untreated was indistinguishable, although slightly increased in 
rutaecarpine- treated osteoclasts (Figure 1C). We further investi-
gated the effects of rutaecarpine on the resorption area of BMM- 
derived osteoclasts. Rutaecarpine treatment reduced the resorption 
area of the cells in a dose- dependent manner (Figure 1D).

To further examine the inhibitory mechanisms of osteoclastogen-
esis mediated by rutaecarpine, we investigated the effects of rutae-
carpine on RANKL- induced intracellular signalling pathways during 
osteoclast differentiation of BMMs. Western blotting analysis of the 
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Summary
Rutaecarpine is a major alkaloid isolated from Evodia rutaecarpa. Here, we investi-
gated the effects of rutaecarpine on osteoclast differentiation induced by mac-
rophage colony stimulating factor (M- CSF) and receptor activator of nuclear factor 
κ- B ligand (RANKL) in bone marrow- derived macrophages (BMMs). Treatment with 
rutaecarpine significantly inhibited osteoclastogenesis and prevented bone resorp-
tion of BMM- derived osteoclasts. Mechanistically, rutaecarpine decreased the pro-
tein level of nuclear factor of activated T cells cytoplasmic- 1 (NFATc1) and the 
phosphorylation of other signalling pathways during the osteoclast differentiation. 
Thus, rutaecarpine may be useful as a therapeutic agent for the treatment of bone 
diseases.
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phosphorylation of Jun N- terminal kinase (JNK), extracellular signal- 
regulated kinase (Erk), p38 mitogen- activated protein kinase (MAPK), 
Akt, and IκBα, which are important signalling pathways for osteoclas-
togenesis, were performed. Rutaecarpine moderately inhibited the 
phosphorylation of JNK and Erk (Figure 2A), and weakly inhibited 
the phosphorylation of IκBα, Akt, and p38 (Figure 2A). Thus, rutae-
carpine prevents RANKL- stimulated signalling cascades via mainly 
Erk and JNK- dependent pathways and weakly by IκBα, Akt, and p38- 
dependent pathways.

When we investigated the expression levels of osteoclast marker 
proteins, western blot analysis showed that rutaecarpine treatment 

suppressed the expression of nuclear factor of activated T cells 
cytoplasmic- 1 (NFATc1) a master transcription factor of osteoclast 
differentiation (Figure 2B). Under the same conditions, cathepsin 
K was slightly affected (Figure 2B). However, the expression lev-
els of RANK and c- Src were intact (Figure 2B). Thus, rutaecarpine 
mainly blocked 6 major signalling pathways of osteoclast differen-
tiation, namely the JNK, Erk, IκBα, Akt, p38 and NFATc1 signalling 
pathways.

In this study, we demonstrated that rutaecarpine inhibits os-
teoclast differentiation of BMMs in vitro. The unique inhibitory 
profile is that rutaecarpine had inhibitory effects on the 6 major 

F IGURE  1 Effects of rutaecarpine on 
osteoclast differentiation from BMMs. 
A,	BMMs	were	cultured	for	72	h	with	the	
indicated concentrations of rutaecarpine 
with M- CSF (30 ng/mL) and RANKL 
(50 ng/mL). TRAP staining was performed 
after fixation. The data are representative 
of 3 independent experiments. B, The 
number of TRAP- positive multinucleated 
osteoclasts from (A) was counted. C, The 
viability of BMM- derived osteoclasts 
cultured as described in (A) was analyzed 
using the Cell- Counting Kit- 8. The data 
are the mean ± SD of 3 independent 
experiments. The asterisks indicate 
statistical significance compared to 
the control cells without rutaecarpine, 
*P < .05, **P < .01. D, Effects of 
rutaecarpine on the bone resorption 
area of osteoclasts. BMMs were seeded 
onto Osteo assay plates, and cultured 
for 5 d with the indicated concentrations 
of rutaecarpine with M- CSF (30 ng/mL) 
and RANKL, (50 ng/mL). The resorption 
area was determined using the Image 
J software. The data are shown as the 
mean ± SD of 3 independent experiments. 
The asterisks indicate statistical 
significance compared to the control cells 
without rutaecarpine, *P < .05, **P < .01
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signalling pathways. The detailed mechanisms by which rutae-
carpine inhibits osteoclastogenesis remain unknown. However, 

given that rutaecarpine has inhibitory effects on prostaglandin 
production in macrophages,5 it is speculated that the compound 
indirectly interferes with phosphorylation of these signalling 
pathways.

In conclusion, rutaecarpine inhibits osteoclastogenesis by im-
pairing the 6 major signalling pathways of osteoclast differentiation. 
Thus, rutaecarpine may be useful as a therapeutic agent for the 
treatment of bone diseases such as osteoporosis, periodontitis and 
rheumatoid arthritis.

ACKNOWLEDG EMENTS

This work was supported by JSPS KAKENHI grant numbers 
15K11079,	15H05298,	16K15790,	and	17H04379.

CONFLIC T OF INTERE S T

The authors have no potential conflict of interest to declare.

ORCID

Takayuki Tsukuba http://orcid.org/0000-0003-3322-1339 

R E FE R E N C E S

1. Teitelbaum SL. Bone resorption by osteoclasts. Science (New York, 
NY). 2000;289:1504-1508.

2. Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation and ac-
tivation. Nature.	2003;423:337‐342.

3. Son JK, Chang HW, Jahng Y. Progress in studies on rutaecarpine. II 
– synthesis and structure- biological activity relationships. Molecules. 
2015;20:10800-10821.

4. Jia S, Hu C. Pharmacological effects of rutaecarpine as a cardiovascu-
lar protective agent. Molecules.	2010;15:1873‐1881.

5. Woo HG, Lee CH, Noh MS, et al. Rutaecarpine, a quinazolinocarbo-
line	alkaloid,	inhibits	prostaglandin	production	in	RAW264.7	macro-
phages. Planta Med.	2001;67:505‐509.

How to cite this article: Fukuma Y, Sakai E, Komaki S, Nishishita 
K, Okamoto K, Tsukuba T. Rutaecarpine attenuates 
osteoclastogenesis by impairing macrophage colony stimulating 
factor and receptor activator of nuclear factor κ- B ligand- 
stimulated signalling pathways. Clin Exp Pharmacol Physiol. 
2018;45:863–865. https://doi.org/10.1111/1440-1681.12941

F IGURE  2 Effects of rutaecarpine on essential signalling 
pathways and marker proteins of osteoclast differentiation. A, 
BMMs were cultured with M- CSF (30 ng/mL) for 12 h in the 
presence or absence of 10 μmol/L rutaecarpine. After 2 h of culture 
with serum- free media, the cells were subsequently stimulated 
with RANKL (50 ng/mL) for the indicated time (0, 5, 10, 15, or 
30 min). Cell lysates with equal amounts of protein were subjected 
to SDS- PAGE, followed by western blotting with antibodies specific 
for p- Erk, p- p38 MAPK, p- JNK, p- Akt, or p- IκBα. β- Actin, was used 
as a loading control. The data are representative of 3 independent 
experiments. B, BMMs were cultured with M- CSF (30 ng/mL) and 
RANKL	(50	ng/mL)	for	72	h	in	the	presence	of	rutaecarpine	at	the	
indicated concentrations (0, 5, and 10 μmol/L). The same protein 
amounts of cell lysates were subjected to SDS- PAGE, followed by 
western blotting with antibodies specific for RANK, c- fms, NFATc1, 
c- Src, and cathepsin K. β- Actin was used as a loading control. The 
data are representative of 3 independent experiments
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