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Background: Osteoclasts are multinucleated bone-resorbing cells that differentiate in response to receptor 

activator of nuclear factor- κB (NF- κB) ligand (RANKL). Enhanced osteoclastogenesis contributes to bone 

diseases, such as osteoporosis and rheumatoid arthritis. Rubus parvifolius L. is traditionally used as an 

herbal medicine for rheumatism; however, its detailed chemical composition and the molecular mecha- 

nisms responsible for its biological action have not been elucidated. 

Purpose: To investigate the mechanisms by which R. parvifolius L. extract and its major constituent san- 

guiin H-6, inhibit osteoclastogenesis and bone resorption. 

Methods: Cell proliferation, cell differentiation, and bone resorption were detected in vitro . Inhibition of 

signaling pathways, marker protein expression, and protein nuclear translocation were evaluated by west- 

ern blot analysis. Tumor necrosis factor- α (TNF- α)-mediated osteoclastogenesis was examined in vivo . 

Results: R. parvifolius L. extract inhibited the bone-resorption activity of osteoclasts. In addition, sanguiin 

H-6 markedly inhibited RANKL-induced osteoclast differentiation and bone resorption, reduced reactive 

oxygen species production, and inhibited the phosphorylation of inhibitor of NF- κB alpha (I κB α) and 

p38 mitogen-activated protein kinase. Sanguiin H-6 also decreased the protein levels of nuclear factor 

of activated T cells cytoplasmic-1 (NFATc1), cathepsin K, and c-Src. Moreover, sanguiin H-6 inhibited the 

nuclear translocation of NFATc1, c-Fos, and NF- κB in vitro , as well as TNF- α-mediated osteoclastogenesis 

in vivo . 

Conclusions: Our data revealed that R. parvifolius L. has anti-bone resorption activity and suggest that 

its constituent, sanguiin H-6, can potentially be used for the prevention and treatment of bone diseases 

associated with excessive osteoclast formation and subsequent bone destruction. 

© 2016 Elsevier GmbH. All rights reserved. 
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Abbreviations: NF- κb, nuclear factor- κb; RANKL, receptor activator of nuclear 

factor- κb ligand; TNF- α, tumor necrosis factor-alpha; M-CSF, macrophage colony- 

stimulating factor; MAPK, mitogen-activated protein kinase; nfatc1, nuclear factor of 

activated T-cells cytoplasmic 1; TRAP, tartrate-resistant acid phosphatase; c-Src, cel- 

lular tyrosine protein kinase; ROS, reactive oxygen species; HO-1, heme oxygenase- 

1; NO, nitric oxide; bmms, bone marrow macrophages; RT-PCR, real-time poly- 

erase chain reaction; NAC, N -acetylcysteine; SD, standard deviation. 
∗ Corresponding author at: Division of Dental Pharmacology, Department of De- 

velopmental and Reconstructive Medicine, Nagasaki University Graduate School of 

Biomedical Sciences, Nagasaki 852-8588, Japan. Tel.: + 81 95 819 7654; fax: + 81 95 

819 7655. 

E-mail address: eiko-s@nagasaki-u.ac.jp (E. Sakai). 

I

 

a  

d  

t  

t  

m

c

http://dx.doi.org/10.1016/j.phymed.2016.04.002 

0944-7113/© 2016 Elsevier GmbH. All rights reserved. 
ntroduction 

Osteoclasts are multinucleated bone-resorbing cells differenti-

ted from monocyte/macrophage lineage precursors. Many bone

iseases such as osteoporosis, Paget’s disease, and rheuma-

oid arthritis, are caused by enhanced osteoclastogenesis. Os-

eoclastogenesis is controlled by two key cytokines, macrophage
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olony-stimulating factor (M-CSF) and receptor activator of nuclear

actor- κB (NF- κB) ligand (RANKL). RANKL interacts with its recep-

or RANK. Subsequently, NF- κB, activator protein-1, phosphatidyli-

ositol 3-kinase /Akt, and mitogen-activated protein kinase (MAPK)

ignaling pathways including p38 MAPK, extracellular signal regu-

ated kinase (ERK), and c-jun N-terminal kinase (JNK) are activated

 Boyle et al., 2003 ). Furthermore, RANKL activates nuclear factor

f activated T-cells cytoplasmic 1 (NFATc1), a central transcrip-

ion factor for osteoclastogenesis ( Takayanagi et al., 2002 ). NFATc1

ranslocates to the nucleus and induces the expression of multi-

le osteoclast markers, such as tartrate-resistant acid phosphatase

TRAP), cathepsin K, and cellular tyrosine protein kinase-Src (c-Src)

 Boyle et al., 2003 ). 

Previous studies have shown that reactive oxygen species (ROS)

egulate MAPK activation and stimulate osteoclastogenesis ( Lee

t al., 2005 ). Recently, we reported that fisetin, a strawberry

avonoid, decreases ROS production by upregulation of heme

xygenase-1 (HO-1), a phase II cytoprotective enzyme that prevent

xidative stress, thereby inhibiting osteoclastogenesis ( Sakai et al.,

013 ). Furthermore, suppression of HO-1 gene expression by RNA

nterference enhances osteoclastogenesis, while HO-1 overexpres-

ion inhibits osteoclastogenesis ( Sakai et al., 2012 ). These results

uggest that HO-1 inducers could be used as therapeutic agents

gainst bone diseases. 

Rubus parvifolius L., widely distributed in East and South Asia,

s traditionally used as herbal medicine for fever, angina, enteritis,

epatitis, concretion, eczema, and rheumatism. Although previous

tudies reported that R. parvifolius L. extract exhibits antioxidant

apacity ( Gao et al., 2011 ), the detailed chemical composition and

he molecular mechanisms responsible for its biological action re-

ain unclear. Sanguiin H-6 is a hydrolysable tannin isolated from

. parvifolius L ., R. fruticosus L ., R. idaeus L . , and Sanguisorba offici-

alis L ( Tanaka et al., 1985 ). Sanguiin H-6 has a scavenging effect

n lipopolysaccharide-stimulated nitric oxide (NO) production in

acrophages ( Yokozawa et al., 2002 ). Furthermore, S. officinalis ex-

racts upregulate HO-1 expression in lung tissue ( Lee et al., 2010 ).

owever, little is known about the effects of sanguiin H-6 on os-

eoclastogenesis or HO-1 regulation. 

Here, we studied whether R. parvifolius L. extract inhibits the

one-resorbing activity of osteoclasts. Moreover, we investigated

he inhibitory mechanisms of sanguiin H-6, a major constituent of

. parvifolius L., on osteoclastogenesis in vitro and in vivo . 

aterials and methods 

eagents and antibodies 

Various reagents for cell culture were prepared as described

reviously ( Sakai et al., 2013 ). Recombinant TNF- α was purchased

rom R&D systems (Minneapolis, MN, USA). The following an-

ibodies (Abs) were purchased: β-actin (#A5060, rabbit, Sigma-

ldrich, St. Louis, MO, USA), Src (#05–184, mouse, Upstate Biotech-

ology, Lake Placid, NY, USA), HO-1 (#SPA895, rabbit, Stressgen,

I, USA). Anti-RANK (#sc-9072, rabbit), anti-Lamin A/C (#sc-6215,

oat), anti-NF- κB p65 (#sc-8008, mouse), and anti-NFATc1 (#sc-

294, mouse) were purchased from Santa Cruz Biotechnology

Santa Cruz, CA, USA). Abs specific for phospho-ERK1/2 (#9101,

abbit), phospho-Akt (#9271, rabbit), phospho-JNK (#9751, rabbit),

hospho-p38 MAPK (#9211, rabbit), phospho-inhibitor of NF- κB al-

ha (I κB α) (#2859, rabbit), c-Fos (#2250, rabbit), and phospho-

Fos (#5348, rabbit), were purchased from Cell Signaling Tech-

ology (Danvers, MA, USA), Cathepsin K Ab was prepared as de-

cribed previously ( Kamiya et al., 1998 ). Ellagic acid was pur-

hased from AbcamBiochemicals (Cambridge, United Kingdom).

ther reagents, including phenylmethylsulfonyl fluoride and pro-

ease inhibitor cocktail, were obtained from Sigma-Aldrich. 
lant material 

Fresh leaves and stem of Rubus parvifolius L. were collected in

he Bunkyo campus of Nagasaki University, Nagasaki, Japan, in May

013, and identified by associate professor Koji Yamada at Divi-

ion of Laboratory in Medical Plants Garden, Nagasaki University

nd Professor Takashi Tanaka at Division of Natural Product Chem-

stry, Nagasaki University Graduate School of Biomedical Sciences.

 voucher specimen (NAP0520-13/05) was deposited in Graduate

chool of Biomedical Sciences, Nagasaki University. 

reparation of plant extract 

The fresh leaves and stem of R. parvifolius L. (66 g) were homog-

nized in ethanol: H 2 O and acetone: H 2 O (both 6:4 v/v, 300 ml)

sing a Waring blender. The homogenate (5.0 g) was filtered and

hen lyophilized. The plant extract was standardized to the authen-

ic sanguiin H-6 using HPLC fingerprinting ( Tanaka et al., 1985 ).

he R. parvifolius L. extract (24 μg/ml) was equivalent to 1.0 μM

f sanguiin H-6. 

anguiin H-6 isolation 

The fresh leaves and stem (360 g) were homogenized with

cetone-H 2 O (7:3, v/v, 2.2 L) using Warning blender. After filtra-

ion, the filtrate was concentrated and resulting aqueous solu-

ion was subjected to Sephadex LH-20 (5 cm i.d. × 18 cm) column

hromatography with H 2 O containing increasing proportions of

ethanol (20% stepwise elution, each 200 ml) and then methanol

ontaining increasing proportions of 50% aqueous acetone (step-

ise elution of 9:1, 8:2, 7:3, and 6:4, each 200 ml). The fractions

ere monitored by silica gel TLC (developing solvent toluene-ethyl

ormate-formic acid, 1:5:2, v/v; the spots were visualized by spray-

ng 2% FeCl 3 in ethanol), and the tannin-containing fractions were

ombined. The tannin fraction was further separated by Sephadex

H-20 (5 cm i.d. × 18 cm) column chromatography with methanol

ontaining increasing proportions of 50% aqueous acetone (step-

ise elution of 9:1, 8:2, 7:3, and 6:4, each 300 ml) to yield san-

uiin H-6 (1.38 g). The identity of sanguiin H-6 was confirmed by

omparing HPLC retention time (Supplementary content S1) and
 H NMR (400 MHz in acetone- d 6 ) data (Supplementary content S2)

ith those of the authentic sample ( Tanaka et al., 1985 ). Sanguiin

-6 purity was 78% (Supplementary content S1b). The chemical

tructure and chemical name of sanguiin H-6 are shown in Fig. 2 a

nd Supplementary content S2, respectively. 

one marrow isolation and osteoclast differentiation 

Animal experiments were performed per the guide for the

are and use of laboratory animals in our facilities under proto-

ols approved by the Nagasaki University Animal Care Committee.

ell culture was performed as described by Sakai et al. (2013) .

riefly, marrow cells from femurs and tibias of mice were cul-

ured overnight in α-minimal essential medium ( α-MEM) (Wako

ure Chemicals, Osaka, Japan) containing 10% FBS with 100 U/ml

enicillin and 100 μg/ ml streptomycin in the presence of M-CSF

50 ng/ml) at 37 °C in 5% CO 2 . Non-adherent cells were harvested

o culture stroma-free bone marrow cells with 50 ng/ml M-CSF.

fter 3 days, the adherent cells were harvested as bone marrow

acrophages (BMMs). BMMs were replated and further cultured

ith sanguiin H-6 in the presence of M-CSF (30 ng/ml) and RANKL

50 ng/ml) for 72 h. Osteoclasts were also generated from RAW-D

ells, a subclone of RAW264 murine macrophage cell line, having

xcellent ability to differentiate into multinucleated osteoclasts in

he presence of RANKL. RAW-D cells were kindly provided by Prof.
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Toshio Kukita (Kyushu University, Fukuoka, Japan) ( Watanabe et al.,

2004 ). 

Tartrate-resistant acid phosphatase (TRAP) - staining 

Cells were fixed with 4% paraformaldehyde at 4 °C for 60 min

and then treated with 0.2% Triton X-100 in PBS at room tem-

perature for 5 min. Finally cells were incubated with 0.01% naph-

thol AS-MX phosphate (Sigma-Aldrich) and 0.05% fast red violet LB

salt (Sigma-Aldrich) in the presence of 50 mM sodium tartrate and

90 mM sodium acetate (pH 5.0) for TRAP activity. TRAP-positive

red-colored cells with three or more nuclei were considered ma-

ture osteoclasts. 

Cell viability assay 

Cell viability was determined by the Cell Counting Kit-8 (CCK-

8, Dojindo, Kumamoto, Japan) assay based on water-soluble tetra-

zolium salt, WST-8. Briefly, BMMs were cultured in 96-well culture

plates with sanguiin H-6 in the presence of M-CSF (30 ng/ml) and

RANKL (50 ng/ml). After 72 h, cells were washed twice with PBS, to

remove sanguiin H-6 to prevent the reduction of CCK-8 reagent by

sanguiin H-6. Then, cells were incubated with CCK-8 for 1 h, and

the absorbance at 450 nm was measured with a microplate reader

(Bio-Rad iMark ۛ, Hercules, CA). 

The cell viability was also assessed by trypan blue staining by

culturing them in a 35-mm dish with sanguiin H-6 in the presence

of RANKL (50 ng/ml). After 72 h of culture, cells and culture super-

natants were collected and combined, and then mixed with 0.4%

trypan blue to identify dead cells. Relative number of remaining

live cells was calculated. 

Western blot analysis 

Cells were rinsed twice with ice-cold PBS, and lysed in a cell ly-

sis buffer (50 mM Tris-HCl [pH 8.0], 1% Nonidet P-40, 0.5% sodium

deoxycholate, 0.1% SDS, 150 mM NaCl, 1 mM PMSF, and proteinase

inhibitor cocktail). For the phosphorylated protein, phosphatase in-

hibitors (20 mM sodium fluoride and 2 mM orthovanadate) were

added into the cell lysis buffer. The protein concentration was

measured with BCA Protein Assay Reagent (Thermo Pierce, Rock-

ford, IL, USA). An equal amount of protein (5 μg) was applied

to each lane. After SDS-PAGE, proteins were electroblotted onto

a polyvinylidene difluoride membrane. The blots were blocked

with 3% nonfat milk solution containing TBS/0.1% Tween 20 for

1 h at room temperature, probed with various Abs overnight at

4 °C, washed, incubated with horseradish peroxidase-conjugated

secondary Abs (Cell Signaling Technology), and finally detected

with ECL-Plus (GE Healthcare Life Sciences, Tokyo, Japan). The im-

munoreactive bands were analyzed by LAS40 0 0-mini (Fuji Photo

Film, Tokyo, Japan). 

Bone resorption assay 

BMMs were seeded onto Osteo assay plates coated with thin

calcium phosphate films (Corning, New York, USA), incubated with

M-CSF and RANKL for 3 days until multinucleated osteoclasts were

formed, and then they were treated with R. parvifolius extract or

sanguiin H-6 at the indicated concentrations. After another 3 days

of culture, cells were dissolved in 5% sodium hypochlorite. Im-

ages of the resorption pit were taken with a reverse phase mi-

croscope (Olympus, Tokyo, Japan). The ratios of the resorbed ar-

eas to the total areas were calculated using Image J image-analysis

software ( http://rsbweb.nih.gov/ij/ ) as described previously ( Sakai

et al., 2013 ). 
uantitative real-time polymerase chain reaction (RT-PCR) analysis 

Total RNA was extracted using TRIzol Reagent (Invitrogen,

arlsbad, CA, USA). Reverse transcription was performed using

ligo(dT) 15 primer (Promega, Madison, WI, USA) and Revertra Ace

Toyobo, Osaka, Japan). Quantitative real-time PCR was performed

sing a LightCycler 480 (Roche Diagnostics, Mannheim, Germany).

DNA was amplified using Brilliant III Ultra-Fast SYBR QPCR Master

ix (Agilent Technology, La Jolla, CA, USA). 

The following primer sets were used: 

β-actin : 

5 ′ -ACCCAGATCATGTTTGAGAC-3 ′ forward and 

5 ′ -GTCAGGATCTTCATGAGGTAGT-3 ′ reverse, 

Hmox-1 (heme oxygenase-1): 

5 ′ -CACGCATATACCCGCTACCT-3 ′ forward and 

5 ′ -CCAGAGTGTTCATTCGAGCA-3 ′ reverse 

ssessment of intracellular ROS 

Intracellular ROS formation was assessed using the

ell-permeable fluorescent probe 5,6-chloromethyl-2 ′ ,7 ′ -
ichlorodihydrofluorescein diacetate (CM-H 2 DCFDA, Invitrogen)

s described by Sakai et al. (2013) . Cells were treated with

anguiin H-6, vehicle (DMSO) as a negative control, or 10 mM of

 -acetylcysteine (NAC) ROS scavenger as a positive control for 12 h,

nd then incubated with 5 μM CM-H 2 DCFDA at 37 °°C for 30 min.

he samples were subsequently analyzed using a FACSCanto ۛ II

ow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA). The

ata were collected from 10,0 0 0 cells and analyzed using the

ACSDiva ۛsoftware (Becton Dickinson). 

uclear extraction preparation 

Cells were incubated with sanguiin H-6 or vehicle for the indi-

ated times in the presence and absence of RANKL (50 ng/ml). Nu-

lear fractions were prepared using a nuclear extraction kit (Active

otif, Carlsbad, CA, USA) according to the manufacturer’s instruc-

ion. 

NF- α-induced osteoclastogenesis in vivo 

Eight–week-old male C57BL/6 J mice (CLEA Japan, Inc.) were

andomized to three groups: 1) mice receiving an intraperitoneal

i.p.) injection of vehicle (DMSO, 2 μl/body weight (g)/day) and a

upracalvaria injection of PBS (n = 4); 2) mice receiving an i.p. in-

ection of vehicle (DMSO, 2 μl/body weight (g)/day) and a supra-

alvaria injection of TNF- α (1.5 μg in PBS/day) (n = 4); 3) mice re-

eiving an i.p. injection of sanguiin H-6 (10 μg/body weight (g)

day) and a supracalvaria injection of TNF- α (1.5 μg in PBS/day)

n = 5). After 5 days of daily injections, calvarial tissues were re-

oved, fixed with 4% paraformaldehyde, and decalcified with 20%

DTA for 12 days. Paraffin-embedded sections were stained for

RAP activity and counterstained with hematoxylin. The percent-

ge of bone surface covered by eroded surface (ES/BS) was deter-

ined by histomorphometry using Image J. 

tatistical analysis 

Results are means ± standard deviation (SD). The significance of

he differences between the mean values was determined using an

nalysis of variance (ANOVA) and the Tukey-Kramer method using

he Excel add-in software, Statcel. The differences were considered

tatistically significant when ∗P < 0.05 and ∗∗P < 0.01. 
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Fig. 1. Rubus parvifolius L. extract inhibits osteoclastic bone resorption. BMM-derived osteoclasts were cultured with R. parvifolius extract in the presence of M-CSF (30 ng/ml) 

and RANKL (50 ng/ml) for 3 days. (a) Image of resorption pit. Data represent 3 independent experiments. Scale bar = 100 μm. (b) Quantification of pit area using Image J 

software. Results are means ± standard deviation (SD) ( n = 15). Analysis of variance (ANOVA) and Tukey–Kramer method were used to identify differences. ∗∗P < 0.01, 

compared to control cells (DMSO-treated). 
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esults 

. parvifolius L. extract inhibits bone-resorbing activity of mature 

steoclasts 

To evaluate the pharmacological activity of R. parvifolius L., we

erformed a bone resorption assay. BMMs were seeded into Os-

eo assay plates and cultured with M-CSF and RANKL for 3 days

ntil multinucleated osteoclasts were formed, and then they were

reated with the R. parvifolius L. extract. The vehicle-treated con-

rols exhibited numerous resorption pits ( Fig. 1 a, 0 μM). However,

. parvifolius L. extract significantly and dose-dependently inhibited

it formation ( Fig. 1 a). Furthermore, the calculated resorption area

f the R. parvifolius L. extract-treated osteoclasts decreased more

arkedly than that of the vehicle controls did ( Fig. 1 b). 

We analyzed the ethanol extract of R. parvifolius L. using HPLC

o determine its chemical profile. As we previously reported an

bundance of tannins in the R. parvifolius L. ( Tanaka et al., 1985 ),

 major component of R. parvifolius L. extract was identified as

anguiin H-6 (Supplementary content S1, peak 1 and S2). To in-

estigate the pharmacological mechanisms of R. parvifolius L. fur-

her, we isolated sanguiin H-6 from the R. parvifolius L. extract. The

hemical structure and chemical name of sanguiin H-6 is shown in

ig. 2 a and Supplementary content S2. 

anguiin H-6 inhibits osteoclast formation in BMMs and RAW-D cells 

To clarify the effects of sanguiin H-6 on osteoclast formation,

MMs were cultured with indicated concentrations of sanguiin

-6 in the presence of M-CSF and RANKL for 72 h. Sanguiin H-

 dose-dependently inhibited multinucleated osteoclast formation

 Fig. 2 b). The number of TRAP-positive multinucleated osteoclasts

ecreased after sanguiin H-6 treatment even at low doses (0.1 μM,

ig. 2 c), with complete inhibition of osteoclast formation occurring

t 5 μM sanguiin H-6. Sanguiin H-6 was not cytotoxic at 10 μM;

owever, cytotoxicity was observed at 25 and 50 μM ( Fig. 2 d), sug-

esting that the inhibitory effects of sanguiin H-6 on osteoclast dif-

erentiation were not attributable to cytotoxicity. 

The effects of sanguiin H-6 were confirmed using osteoclast

rogenitor cell line RAW-D cells. Treatment of RANKL-induced-

AW-D cells with sanguiin H-6 also inhibited osteoclast formation.

he number of TRAP-positive RAW-D derived osteoclasts decreased

ignificantly after treatment with > 0.1 μM sanguiin H-6 ( Fig. 2 e).

e also evaluated the viability of RAW-D cells using trypan blue.

e did not detect any cell death after culturing RAW-D cells for
2 h with DMSO (vehicle) in the presence of RANKL (50 ng/ml). Cy-

otoxicity was observed at > 10 μM sanguiin H-6 ( Fig. 2 f). 

Therefore, sanguiin H-6 inhibits osteoclastogenesis in RANKL-

nduced in vitro culture system. 

anguiin H-6 inhibits bone-resorbing activity of mature osteoclasts 

To determine whether sanguiin H-6 decreases bone-resorption

ctivity, we performed a bone resorption assay. In vehicle-treated

ontrols, numerous multinucleated osteoclasts ( Fig. 3 a 0 μM, ar-

ow) and resorption pits ( Fig. 3 a 0 μM, arrowhead and Fig. 3 b

 μM) were observed. Sanguiin H-6 impaired the spreading of

ature osteoclasts ( Fig. 3 a, arrow) and significantly and dose-

ependently inhibited pit formation ( Fig. 3 a, arrowhead, and Fig.

 b). The calculated resorption area of sanguiin H-6-treated osteo-

lasts markedly decreased, even at the lowest concentration, com-

ared to that of the vehicle-treated osteoclasts ( Fig. 3 c), indicating

hat sanguiin H-6 inhibits the bone-resorption activity of mature

steoclasts. 

anguiin H-6 upregulates HO-1 and decreases intracellular ROS 

roduction 

Next, we investigated the effects of sanguiin H-6 on Hmox-

 gene expression in osteoclasts. Twenty-four-hour sanguiin H-

 treatment upregulated Hmox-1 mRNA expression ( Fig. 4 a); it

lso upregulated HO-1 protein expression dose-dependently ( Fig.

 b). Moreover, we monitored intracellular ROS levels in RANKL-

timulated BMMs using flow cytometry. As shown in Fig. 4 c, san-

uiin H-6 dose-dependently inhibited ROS production. Similarly,

he ROS scavenger NAC also inhibited ROS production. 

anguiin H-6 affects RANKL-stimulated intracellular signaling 

To elucidate the molecular mechanisms of sanguiin H-6-

ediated inhibition of osteoclastogenesis, we investigated the ef-

ects of sanguiin H-6 on RANKL-stimulated signaling pathways.

 κB α and p38 MAPK phosphorylation were significantly inhibited

y sanguiin H-6 treatment ( Fig. 5 ); however, ERK phosphorylation

as not significantly inhibited. Further, the phosphorylation levels

f JNK and Akt increased. These results indicate that sanguiin H-6

rimarily inhibits I κB α and p38 MAPK phosphorylation. 
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Fig. 2. Sanguiin H-6 inhibits osteoclast formation. (a) Chemical structure of sanguiin H-6. (b) BMMs were cultured for 72 h with sanguiin H-6 in the presence of M-CSF 

(30 ng/ml) and RANKL (50 ng/ml). Representative images after TRAP staining were obtained from 3 independent experiments. Scale bar = 100 μm. (c) BMM-derived TRAP- 

positive multinucleated cells were counted (means ± SD, n = 12). (d) Cell viability was analyzed using a Cell Counting Kit-8 (means ± SD, n = 9). (e) RAW-D cells-derived 

TRAP-positive multinucleated cells were counted (means ± SD, n = 12). (f) Cell viability was assessed with trypan blue. The living cells/total cells were calculated (means ±
SD, n = 9). ANOVA and Tukey-Kramer method were used to identify differences. ∗P < 0.05 and ∗∗P < 0.01, compared to control cells (DMSO-treated). 
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Sanguiin H-6 downregulates NFATc1 and inhibits the nuclear 

translocation of NFATc1, phosphorylated-c-Fos, and NF- κB 

To investigate whether sanguiin H-6 inhibits osteoclastogenesis

by downregulating NFATc1, a crucial transcription factor in osteo-

clasts, and other osteoclast markers, we analyzed the expression

of these proteins in mature osteoclasts by western blotting. San-

guiin H-6 did not significantly alter RANK and c-Fos expression.

Both proteins remained at sanguiin H-6 concentrations of up to

25 μM; however, sanguiin H-6 significantly downregulated NFATc1

expression at concentrations above 1 μM ( Fig. 6 a). Moreover, the

expression levels of c-Src and cathepsin K, which are transcription-

ally regulated by NFATc1, significantly decreased following sanguiin

H-6 treatment. These results indicated that sanguiin H-6 downreg-

T  
lated the expression of NFATc1 and its target proteins, including

-Src and cathepsin K. Next, we examined its effects on the nuclear

ranslocation of NFATc1, phosphorylated-c-Fos, and NF- κB, which

oordinately mediate osteoclastogenesis ( Boyle et al. 2003 ). West-

rn blot analysis indicated that sanguiin H-6 strongly inhibited the

uclear translocation of NFATc1, phosphorylated-c-Fos, and NF- κB

 and 24 h after M-CSF and RANKL treatment, although M-CSF and

ANKL markedly activated these transcription factors ( Fig. 6 b). 

anguiin H-6 inhibits TNF- α-induced osteoclastogenesis in vivo 

Because sanguiin H-6 effectively inhibited NF- κB activation, we

nvestigated its effects on in vivo osteoclastogenesis induced by

NF- α, a potent osteoclastogenic cytokine that activates the NF- κB
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Fig. 3. Sanguiin H-6 inhibits bone-resorption. (a) Arrows indicate multinucleated 

osteoclasts. Arrowheads indicate resorption pits. Data represent 3 independent ex- 

periments. Scale bar = 50 μm. (b) Attached cells were removed and then pho- 

tographed. Data represent 3 independent experiments. Scale bar = 50 μm. (c) Pit 

area was quantified using Image J software (means ± SD, n = 9). ANOVA and Tukey–

Kramer method were used to identify differences. ∗∗P < 0.01, compared to control 

cells (DMSO-treated). 
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Fig. 4. Sanguiin H-6 upregulates HO-1 and decreases intracellular ROS production. 

(a) RAW-D cells were cultured with sanguiin H-6 (10 μM) or vehicle (DMSO) in the 

presence of RANKL (50 ng/ml) for the indicated times. HO-1 mRNA was analyzed 

by quantitative real-time PCR. Expression levels were normalized to β-actin and 

expressed relative to 0 h (means ± SD, n = 6). ANOVA and Tukey-Kramer method 

were used. ∗∗P < 0.01, compared to control cells at the indicated time points. (b) 

BMMs were cultured with sanguiin H-6 at the indicated concentrations in the pres- 

ence of M-CSF (30 ng/ml) and RANKL (50 ng/ml) for 72 h. Whole cell lysates were 

analyzed by western blot with HO-1 antibody. β-Actin was used as the internal 

control. Data represent 3 independent experiments. (c) BMMs were cultured with 

sanguiin H-6 or vehicle (DMSO) for 12 h. Intracellular ROS levels were determined 

by flow cytometric analysis (means ± SD, n = 6). NAC was used as a positive con- 

trol. ANOVA and Tukey-Kramer method were used to identify differences. ∗P < 0.05 

and ∗∗P < 0.01, compared to control cells (DMSO-treated). 
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5  

i  
athway in osteoclasts ( Abu-Amer et al. 1998 ). In agreement with

 previous study ( Kitaura et al. 2004 ), we found that the number

f TRAP-positive osteoclasts significantly increased in mice treated

ith TNF- α alone. In contrast, mice treated with both TNF- α and

anguiin H-6, the number of TRAP-positive osteoclasts significantly

educed ( Fig. 7 a and b). TNF- α injection increased the percentage

f the eroded surface (ES) per bone surface (BS); hence, the ad-

ition of sanguiin H-6 reduced the percentage of ES/BS ( Fig. 7 c).

hese results suggest that sanguiin H-6 potently inhibits TNF- α–

ediated inflammatory osteoclastogenesis in vivo . 
llagic acid inhibits osteoclast formation 

Sanguiin H-6 is a hydrolysable, high-molecular weight tannin

hat does not diffuse through the cell membrane easily. Sanguiin

-6 most likely hydrolyzes into small molecule such as ellagic

cid in the medium. We evaluated the inhibitory effects of san-

uiin H-6 and ellagic acid on osteoclast formation. BMMs were

ultured with indicated concentrations of sanguiin H-6 or ellagic

cid in the presence of M-CSF and RANKL for 72 h. Both com-

ounds dose-dependently inhibited multinucleated osteoclast for- 

ation ( Fig. 8 ). The concentration of these compounds required for

0% of inhibition of osteoclast formation (IC 50 ) was calculated us-

ng concentration-activity curves. The IC values of sanguiin H-6
50 
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Fig. 5. Sanguiin H-6 affects RANKL-stimulated intracellular signaling. BMMs were 

pretreated with vehicle (DMSO) or sanguiin H-6 (5 μM) for 12 h in the presence of 

M-CSF (30 ng/ml). After 2 h of cell culture in serum-free media, the cells were stim- 

ulated with RANKL (50 ng/ml) for the indicated times. Cell lysates were analyzed 

by western blotting with the indicated antibodies. β-Actin was used as the internal 

control. Data represent 3 independent experiments. Western blots were quantified 

using ImageJ software. Numbers below each band represent the relative intensity 

normalized to the corresponding values of β-actin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Sanguiin H-6 affects the protein expression and nuclear translocation of 

NFATc1. (a) BMMs were cultured with sanguiin H-6 at the indicated concentrations 

in the presence of M-CSF (30 ng/ml) and RANKL (50 ng/ml) for 72 h. Cell lysates 

were analyzed by western blotting with the indicated antibodies. β-Actin was used 

as the internal control. Data represent three independent experiments. Western 

blots were quantified using ImageJ software. Numbers below each band represent 

the relative intensity normalized to the corresponding values of β-actin. (b) RAW-D 

cells were cultured with vehicle or sanguiin H 6 (5 μM) for the indicated times in 

the presence of RANKL (50 ng/ml). Nuclear extracts were analyzed by western blot- 

ting with the indicated antibodies. Lamin A/C was used as a loading control. Data 

represent three independent experiments. Western blots were quantified using Im- 

ageJ software. Numbers below each band represent the relative intensity normal- 

ized to the corresponding values of lamin A/C. 
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and ellagic acid were approximately 0.42 μM and 1.43 μM, respec-

tively. 

Discussion 

Here, for the first time, we report the anti-bone resorbing ac-

tivity of R. parvifolius L. extract. Furthermore, sanguiin H-6 inhib-

ited the osteoclastogenesis in vitro . It also markedly inhibited the

bone-resorption activity, upregulated HO-1 expression, decreased

intracellular ROS levels, and reduced I κB α and p38 MAPK phos-

phorylation in osteoclasts. Moreover, sanguiin H-6 downregulated

osteoclast marker proteins, including NFATc1, c-Src, and cathep-

sin K, inhibited RANKL-induced nuclear translocation of NFATc1,

phosphorylated-cFos, and NF- κB, as well as TNF- α-induced os-

teoclastogenesis in vivo . Taken together, these results demonstrate

that sanguiin H-6 has potent inhibitory effects on bone resorption

via suppression of osteoclastogenesis. 

Osteoclastogenesis is activated by MAPKs, including p38 MAPK,

ERK, and JNK. Among these MAPKs, sanguiin H-6 strongly in-

hibited p38 MAPK activation. Previous studies have reported the

importance of the p38 MAPK in RANKL-induced osteoclastoge-

nesis ( Matsumoto et al. 20 0 0; Lee et al. 20 02 ). Sharma et al.

(2007) reported that the p38 MAPK regulates NFATc1 induction

during RANKL-induced osteoclastogenesis. In addition to inhibition

of NFATc1 expression, our study showed that sanguiin H-6 inhibits

cathepsin K and c-Src expression, which are regulated by NFATc1

( Song et al. 2009 ). Thus, the finding indicates that sanguiin H-6

inhibits the p38 MAPK-NFATc1-dependent pathway. 

Previous reports have shown that genetic suppression of p38

MAPK in embryonic fibroblasts and pharmacological inhibition of

p38 MAPK in RAW264.7 macrophage-like cells upregulate HO-1

( Naidu et al. 2009 ). Consistent with these data, we found that

p38 MAPK inhibition promotes HO-1 upregulation in osteoclasts

( Sakai et al. 2012 ). HO-1 contributes to the synthesis of biliverdin

and bilirubin, which are endogenous ROS scavengers, and HO-1 si-

lencing induces ROS production ( Ryter et al. 2006 ). In our study,

sanguiin H-6 enhanced HO-1 expression and reduced intracellu-
ar ROS production, consistent with previous results demonstrat-

ng ROS accumulation in HO-1-deficient cells ( Poss and Tonegawa,

997 ). Therefore, our results suggest that p38 MAPK inhibition by

anguiin H-6 effectively promotes HO-1 upregulation and reduces

OS production. 

The bone-resorption activity of mature osteoclasts is primar-

ly regulated by the cytoskeletal organization. Upon contact with

 mineralized surface, the osteoclast cytoskeleton creates a resorp-

ive microenvironment and secretes bone-degrading molecules. c-

rc and cathepsin K are central molecules involved in osteoclastic

one resorption. c-Src is a non-receptor-type tyrosine kinase that

egulates the attachment of osteoclasts to the bone surface. Pre-

ious studies have shown that Src-deficient mice exhibit an os-

eopetrotic phenotype ( Soriano et al. 1991 ) and that Src-deficient

steoclasts fail to form ruffled borders, resorb lacunae ( Boyce et

l. 1992 ), or have impaired spreading ( Lakkakorpi et al., 20 0 0 ).

erein, sanguiin H-6 significantly suppressed c-Src protein expres-

ion in osteoclasts. This may have caused the observed impair-

ent in the spreading of mature osteoclasts and the lack of pit

ormation following sanguiin H-6 treatment in assayed osteoclasts.
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Fig. 7. Sanguiin H-6 inhibits TNF- α-induced osteoclastogenesis in vivo . (a) Histological sections of the calvaria. The sections were stained for TRAP activity. TRAP-positive 

cells and resorption area are indicated by arrows and arrowheads, respectively. Scale bar = 200 μm. Data represent 4 independent experiments for PBS or TNF- α treatment 

and 5 independent experiments for sanguiin H-6 and TNF- α treatment. (b) The numbers of TRAP-positive cells (arrow) per section were counted (means ± SD, n = 4 for 

PBS or TNF- α, n = 5 for sanguiin H-6 and TNF- α). ANOVA and Tukey-Kramer method were used. ∗∗P < 0.01 indicates statistically significant differences. (c) Bone resorption 

related parameter was analyzed. ES, eroded surface; BS, bone surface. (means ± SD, n = 4 for PBS or TNF- α, n = 5 for sanguiin H-6 and TNF- α). ANOVA and Tukey-Kramer 

method were used to identify differences. ∗∗P < 0.01 indicates statistically significant differences. 

Fig. 8. Ellagic acid inhibits osteoclast formation. BMMs were cultured for 72 h with 

the indicated concentrations of sanguiin H-6 or ellagic acid in the presence of 

M-CSF (30 ng/ml) and RANKL (50 ng/ml). TRAP-positive multinucleated cells were 

counted (means ± SD, n = 9). ANOVA and Tukey-Kramer method were used to iden- 

tify differences. ∗P < 0.01 and # P < 0.01, compared to control cells without sanguiin 

H-6 or ellagic acid, respectively. 
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urthermore, cathepsin K is an osteoclast-specific lysosomal cys-

eine proteinase that dissolves bone matrix proteins, such as type

 collagen. Cathepsin K gene mutations have been linked to py-

nodysostosis, a hereditary bone disorder characterized by defec-

ive bone resorption ( Gelb et al. 1996 ), and cathepsin K-deficient

ice exhibit osteopetrosis ( Saftig et al. 1998 ). Herein, sanguiin H-6

trongly suppressed cathepsin K and c-Src expression, suggesting

hat it could be a potent bone resorption inhibitor. 

Osteoclast differentiation is regulated by various transcription

actors, including NFATc1, c-Fos, and NF- κB ( Boyle et al. 2003 ).

FATc1 is activated by binding to its promoter region. Both c-Fos
nd NF- κB can bind to the promoter region of NFATc1 and syn-

rgistically regulate NFATc1 expression ( Asagiri et al. 2005; Chu-

pilo et al. 2002 ). Interestingly, c-Fos-deficient mice showed de-

ects in NFATc1 induction ( Matsuo et al. 2004 ). Furthermore, pre-

ious studies have demonstrated that ROS activates NF- κB ( Schreck

t al. 1992 ). Our results revealed that sanguiin H-6 decreased ROS

roduction and inhibited I κB phosphorylation and nuclear translo-

ation of NF- κB, suggesting that NF- κB activation was prevented.

aken together, sanguiin H-6 inhibits osteoclastogenesis by sup-

ressing NFATc1, c-Fos, and NF- κB pathways. 

Chronic inflammation progresses bone loss. TNF- α is a potent

steoclastogenic cytokine involved in the pathogenesis of chronic

nflammatory osteolysis, seen in diseases such as rheumatoid

rthritis ( Cope and Maini, 1995 ). TNF- α stimulates bone resorp-

ion by increasing osteoclast differentiation and activity through

he NF- κB signaling pathway ( Abu-Amer et al. 1998 ). Herein, san-

uiin H-6 suppressed TNF- α-induced osteoclast formation in vivo .

his effect may be due to the suppression of TNF- α-induced acti-

ation of the NF- κB signaling pathway. 

The bioactive components of natural products have been recog-

ized as good sources of novel therapeutic drugs. Although Rubus

arvifolius L. has been traditionally used as herbal medicine, there

s no published data documenting its use in bone diseases. As seen

n the Supplementary content S1b, R. parvifolius L. extract is rich in

anguiin H-6 and lambertianin A. Similar to sanguiin H-6, lamber-

ianin A has anti-osteoclastogenic activity (data not shown). These

esults suggest that R. parvifolius L. could be a good source of ther-

peutic drugs for bone diseases. 

Numerous studies have demonstrated that plant components

ave inhibitory effects on osteoclastogenesis. Indeed, several phe-

olic compounds, such as luteolin, quercetin, apigenin, EGCG, and

esveratrol, have strong anti-osteoclastogenic potential. A recent

tudy determined the concentrations of luteolin, quercetin, api-

enin, acteoside, and EGCG required for 50% inhibition of osteo-
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clast formation (IC 50 ), and found that relatively low concentrations

were necessary (2.6, 2.3, 4.8, 5.1, and 6.6 μM, respectively) ( Lee

et al. 2013 ). Although luteolin and quercetin strongly inhibited os-

teoclastogenesis, they were highly toxic at 10 μM. Resveratrol is a

polyphenolic phytoestrogen with potent anti-osteoclastogenic ac-

tivities. Notably, at 10 μM, resveratrol completely inhibits osteo-

clastogenesis; however, it also has cytotoxic effects ( He et al. 2010 ).

Since the experimental conditions of each study differed, it is dif-

ficult to directly compare our results with those of previous stud-

ies. Nonetheless, we did observe strong anti-osteoclastogenic ac-

tivity and cytotoxicity of resveratrol at 10 μM (data not shown).

Sanguiin H-6 exhibited the strongest inhibition effect. Addition-

ally, sanguiin H-6 was not cytotoxic even at 5 μM. The IC 50 value

of sanguiin H-6 and ellagic acid on osteoclast formation was ap-

proximately 0.42 μM and 1.43 μM, respectively. The data suggested

that sanguiin H-6 had anti-osteoclastogenic activity around three-

fold higher than that of ellagic acid. Sanguiin H-6 most likely hy-

drolyzes to ellagic acid in medium (1 mol of sanguiin H-6 hy-

drolyzes to 3 moles of ellagic acid). These results suggest that el-

lagic acid might act as an anti-osteoclastogenic compound. 

Conclusion 

This is the first report to show that R. parvifolius L. extract

had anti-bone resorption activity. It is also the first to show that

sanguiin H-6, a major constituent of R. parvifolius L., inhibited

RANKL-induced osteoclast differentiation and function via inhibi-

tion of c-Fos and NFATc1 activation in vitro . The inhibitory action

of sanguiin H-6 on RANKL-induced activation of the NF- κB and

p38 MAPK pathways was most likely to be involved in its anti-

osteoclastogenic activity. Further, sanguiin H-6 prevented TNF- α-

induced osteoclast formation in vivo . Thus, our findings strongly

suggest that sanguiin H-6 should be further evaluated as a poten-

tial therapeutic candidate for various bone diseases associated with

excessive osteoclast formation and bone loss. 
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