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Ipriflavone analogues inhibits RANKL-induced osteoclastogenesis by 
inhibiting ERK, p38, JNK and NF- B pathways 
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Numerous studies have indicated that inflammatory cytokines play a 

major role in osteoclastogenesis, leading to the bone resorption that is 

frequently associated with osteoporosis. Ipriflavone (7-isopropoxyisoflavone), 

a derivative of natural isoflavone isolated from alfalfa, has been reported had 

anti-inflammatory activity. We synthesized the new ipriflavone derivatives 

and investigated the anti-osteoclastogenesis activity. We found that

ipriflavone analogues markedly inhibited the receptor activator of nuclear 

factor kappa B ligand (RANKL) plus macrophage colony stimulating factor 

(M-CSF)-induced osteoclastic differentiation from bone marrow stromal cells 

and RAW264.7 macrophage cells. Treatment of RAW264.7 macrophages 

with RANKL induced extracellular-signal-regulated kinase (ERK) p38 and 

c-Jun N-terminal kinase (JNK) phosphorylation. However, RANKL-induced 

ERK p38 and JNK phosphorylation was attenuated by ipriflavone analogues. 

Furthermore, RANKL-mediated increase of I B  phosphorylation, p65 

phosphorylation at Ser536, B-luciferase activity and NF- B binding activity 

was inhibited by ipriflavone analogues. In contrast, ipriflavone analogues did 

not affect the proliferation and differentiation of osteoblacts. In addition, 

ipriflavone analogues prevented the bone loss inducing by ovariectomy in 

vivo. Our data suggest that ipriflavone analogues inhibits osteoclastogenesis 

from bone marrow stromal cells and macrophage cells via attenuated of 

RANKL-induced JNK, p38 and NF- B activation. Therefore, the new 

ipriflavone analogues may benefit bone health by decrease bone loss through 

inhibiting the osteoclast. 
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I  (type I collagen)

 (parathyroid hormone PTH)
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D (1,25-dihydroxyvitamin D 1,25(OH)2D3)  (Somjen, 
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4.  (formation)

5.  (mineralization)

6.
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Fig. 1 Bone remodeling (Parfitt, 2001) 
A cartoon of a BMU showing the various stages of cellular activity that 

it passes through temporally. For simplicity of illustration, the cartoon shows 

remodeling in only two dimensions, whereas in vivo it occurs in three 

dimensions, with osteoclasts continuing to enlarge the cavity at one end and 

osteoblasts beginning to fill it in at the other end. At the beginning of the 

sequence, lining cells on the surface of bone become activated and retract. 

Osteoclasts are recruited to the active site from precursors in bone marrow or 

from circulating precursors, and these excavate a resorption cavity, the 

furthermost extension of which becomes bounded by a sclerotic border called 

the cement line. The resorption phase requires only about 2–4 weeks to 

complete and is terminated when the osteoclasts disappear by apoptosis. After 

a brief reversal phase, the resorption cavity becomes lined by osteoblasts. The 

osteoblasts secrete osteoid that, after a lag period, mineralizes to form new 

bone. Over a period of some 4–6 months, the formation phase refills the 

resorption cavity with bone to form a completed osteon. 
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(2)

 (monocyte)

 (macrophage)  (Teitelbaum, 2000)

 (Udagawa et al., 1990) D3

(cytokines) -1 (interleukin-1 IL-1) -6 (interleukin-6

IL-6) -  (transforming growth factor- TGF- )

 (tumor necrosis factor TNF)

 (Fig. 2)

20~50mm 3~5  ( )

20

M-CSF RANKL

 (Yao et al., 1998)(Fig. 3)
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Fig. 2 Osteoclast formation (Boyle et al., 2003) 

Hormonal control of bone resorption. Schematic representation of the 

mechanism of action of a, pro-resorptive and calcitropic factors; and b,

anabolic and anti-osteoclastic factors. RANKL expression is induced in 

osteoblasts, activated T cells, synovial fibroblasts and bone marrow stromal 

cells, and subsequently binds to its specific membrane-bound receptor RANK, 

thereby triggering a network of TRAF-mediated kinase cascades that promote 

osteoclast differentiation, activation and survival. Conversely, OPG 

expression is induced by factors that block bone catabolism and promote 

anabolic effects. OPG binds and neutralizes RANKL, leading to a block in 

osteoclastogenesis and decreased survival of pre-existing osteoclasts. 
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Fig. 3 Osteoblast-osteoclast interaction (Abul K. Abbas, 2009) 

Paracrine molecular mechanisms that regulate osteoclast formation and 

function. Osteoclasts are derived from the same stem cells that produce 

macrophages. Osteoblast/stromal cell membrane–associated RANKL binds to 

its receptor RANK located on the cell surface of osteoclast precursors. This 

interaction in the background of macrophage colony-stimulating factor 

(M-CSF) causes the precursor cells to produce functional osteoclasts. Stromal 

cells also secrete osteoprotegrin (OPG), which acts as a decay receptor for 

RANKL, preventing it from binding the RANK receptor on osteoclast 

precursors. Consequently, OPG prevents bone resorption by inhibiting 

osteoclast differentiation. 
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 (acid phosphatase)  (proteases) 

(lysosomal)  (Chambers, 2010)

RANKL TNF superfamily  (RANK) 

TRAF (TNFR associated factors) 1 2 3 5 6 (Darnay 

et al., 1998) RNAK TRAF6 NF- B NF- B

TRAF2 JNK RANKL NF- B JNK p38

MAPK (p44/p42 mitogen activated protein kinase) (Darnay et al., 1998; Lee 

et al., 1997)(Fig. 4)

RANKL
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Fig. 4 RANK/RANKL signaling pathway (Darnay et al., 2007) 

RANKL induces the differentiation of osteoclast precursor cells and 
stimulates the resorption function and survival of mature osteoclasts. The 
TRAF (TNF Receptor-Associated Factor) adaptor proteins play an important 
role in the initial event of the signal transduction pathway induced by RANK. 
TRAFs 1, 2, 3, 5 and 6 bind through the conserved TRAF domain to RANK 
(Galibert et al., 1998). Among the TRAF proteins, TRAF6 is critical for 
RANK signaling in osteoclasts. TRAF proteins may act by transmitting the 
RANK signal to downstream targets that include NF-kappaB (Nuclear 
Factor-kappa B) and JNK (c-Jun N-terminal kinase). NF-kappaB is retained 
in the cytoplasm as a complex with the inhibitory I-KappaB (Inhibitor of 
Kappa Light Chain Gene Enhancer in B-Cells) protein in unstimulated cells. 
Stimuli that activate NF-kappaB induce the activation of IKKs (I-KappaB 
Kinases), resulting in the phosphorylation and subsequent 
proteasome-mediated degradation of I-KappaB. The liberated NF-kappaB 
then enters the nucleus where it binds to DNA target sites. Events that occur 
after RANK stimulation in differentiated osteoclasts or osteoclast precursor 
cells include the phosphorylation and degradation of I-kappaB-Alpha and the 
nuclear translocation and DNA binding of the NF-kappaB proteins p50, p52, 
and p65 (Jimi et al., 1999). Other intracellular adaptor proteins that interact 
with TRAF proteins and regulate the function of TRAF in osteoclasts are 
TAK1 (TGF-Beta Activated Kinase) and NIK (NF-KappaB-Inducing Kinase). 
XIAP (Xenopus Inhibitor of Apoptosis) and cIAP are downstream targets of 
NF-kappaB in osteoclast survival pathway. Members of all three MAPK 
(Mitogen Activated Protein kinase) families, ERK (Extracellular signal 
Regulated Kinase), JNK, and p38, are activated by RANK in osteoclasts or 
osteoclast precursors (Jimi et al., 1999). JNK1, and not JNK2, is important for 
efficient osteoclast differentiation. The upstream targets of JNK in RANK 
signaling include MKK7. The dominant-negative MKK6 regulates p38 
activity and osteoclastogenesis. Raf is implicated in the activation of ERK via 
signal transduction involving CD40, a TNFR family receptor that shares 
similar signaling characteristics as RANK (Kashiwada et al., 1998). The 
TAK1/TAB2 activity that induces JNK and p38 activation is downstream of 
TRAF6 in the RANK-signaling pathway. The downstream targets of ERKs 
and JNKs include the transcription factor Activating Protein-1, a dimmer 
composed of c-Fos and c-Jun protein. ERK induce and activate c-Fos and 
NFAT(Nuclear Factor of Activated T-Cells) by phosphorylating Elk1, which 
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is a part of a TCF (Ternary Complex Factor), while JNK increase Activating 
Protein-1 transcriptional activity through the phosphorylation of c-Jun. 
Another transcription factor MITF (Microphthalmia-Associated Transcription 
Factor) is a target of p38 in the RANK-signaling pathway in osteoclasts 
(Mansky et al., 2002). Src act as a mediator of the RANK to PI3K 
(Phosphatidylinositol-3 Kinase)/Akt1 signal in osteoclasts. Among the many 
molecules downstream of Src, PYK2 (Protein Tyrosine Kinase-2) and c-Cbl 
are implicated in osteoclast adhesion signaling and bone resorption function. 
Additionally, the association of the actin-binding protein gelsolin with PI3K 
is important in actin filament formation in osteoclasts (Chellaiah et al., 1998). 
Src and PI3K function at the point where RANK and adhesion signals 
converge, transmitting the signals for proper actin cytoskeletal organization 
that facilitates resorption activity of osteoclasts.  
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(3)  (osteoporosis) 

 (1991)(Fig. 5)

 (corticosteroids)  (anti-epileptic agents) 

(Goltzman, 2002)

 (bisphosphonates)

 (calcitonin)  (estrogen)

 (Rodan and Martin, 2000)

 (organic marix)  (bone mineral) 

 (bone mineral density BMD)

1.  (osteopenia)
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1~2.5

2. 2.5

3.  (established osteoporosis)

2.5  (Kanis et al., 1994)

Fig. 5 Osteoporosis (A.D.A.M., Inc.)

1,500

D

 (fosamax)

5
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(4)

1.  (alkaline Phosphatase ALP)

65 kDa

 (Sun et al., 1997)

 (Gundberg, 2000)

2. -2 (bone morphogenetic protein-2 BMP-2)

BMP-2  (bone morphogenetic proteins BMPs)

30kDa TGF-

BMPs (Urist, 

1965) 15  (Table. 1)

 (in vitro)

 (in vivo)

 (Samee et 

al., 2008; Wang et al., 2004)
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BMP-1
TGF-

TGF-

BMP-2

BMP-3

BMP-4

BMP-5

BMP-6

BMP-7

BMP-8

BMP-15

Table. 1 BMPs families 

3.  (osteocalcin OC)

5.8 kDa

4.  (osteopontin OPN)

65 kDa 
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(Katakam et al., 2005)

 (Ishijima et al., 2007)

- -  (Arg-Gly-Asp) 

 (Denhardt et al., 2001; Ishijima et al., 2007)

 (Kitahara et al., 2003; 

Nomura and Takano-Yamamoto, 2000)

 (Ishijima et al., 2007)

4

4

(5)

 (Fig. 6) 7-isopropoxyisoflavone

 (Gennari et al., 1998)

 (genistein  (Tsuda et al., 1986)

1988

 (Agnusdei et al., 1995; Ushiroyama et al., 1995)
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Fig. 6 Ipriflavone (Wikipedia) 

(6)

 (Arjmandi et al., 2000; Miyauchi et al., 

1996)  (Civitelli, 

1997)  (Reginster, 

1993)

 (Yao et al., 2007)

200mg

 (Adami et al., 1997; Agnusdei et al., 1989; Gennari et al., 1997; 

Gennari et al., 1998; Ohta et al., 1999)  (Benvenuti et 

al., 1991)  (Adami et al., 

1997; Agnusdei et al., 1997)

 (Fig. 7)

 (Ji et al., 2005; 



21

Kim et al., 1997)

(7)  (ipriflavone analogues) 

 (Table. 2)
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R1 R2 

Ipriflavone  phenyl isopropyl 7-isopropoxy-3-phenylchromone 

Formononetin 4-methoxyphenyl OH 7-Hydroxy-3-(4-methoxyphenyl)chromone 

Genistein   5,7-dihydroxy-3-(4-hydroxyphenyl)

JFL-127 4-chlorophenyl OCH3 4-methoxy-3-(4-chlorophenyl)chromone  

JFL-142 4-methoxyphenyl OCH3 4-methoxy-3-(4-methoxyphenyl)chromone 

JFL-144  4-fluorophenyl OCH3 4-methoxy-3-(4-fluorophenyl)chromone  

Table. 2 Ipriflavone analogues 
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18~35 0.25~1

2~5

 ( 1997)

 (national osteoporosis foundation NOF)

2005 4400

1000 3400

50

1/2 1/4
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6

2005

190

(1)

(2)

(3)

(4)

p38 JNK ERK NF- B
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(1)

1.  (pippetman) 

2. /  (UV/Visible spectrophotometer DU-800, 

Beckman Coulter, USA) 

3.  (triad LT, Dynex Technologies, Inc, UK) 

4.  (gel analysis system, EverGene Biotechnology, UK) 

5. PCR  (robocycler temperature cycler Stratagene, La Jolla, CA) 

6.  (applied biosystems stepone Applied 

Biosystems Inc, CA, USA) 

7.  (multi-spectrophotometer) 

8.  (incubator) 

9. Dual-energy Xray absorptiometer (DEXA) XR-26 (Norland, Fort Atkinson, 
WI)
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(2)  (cell line) 

1.  (a mouse macrophage cell line RAW264.7) 

2.  (the human osteoblast-like cell line MG-63)

3.  (a mouse osteoblastic cell line MC3T3-E1)

(American Type Culture Collection) 

(3)  (cell culture) 

1. Dulbecco’s modified eagle medium (DMEM) 

2. Alpha minimal essential medium ( -MEM)

3. Fetal bovine serum (FBS) 

4. Penicillin/streptomycin (P/S) 

5.

  (Invitrogen Corpoation, California, USA) 

(4)  (osteoclast differentiation assay) 

1. M-CSF 

2. RANKL 

(Minneapolis, R&D Systems, MN, USA) 

3. Tartrate-resistant acid phosphatase (TRAP) Kit 387-A 

  (Sigma-Aldrich, St. Louis, MO, USA) 

(5)  (real-time polymerase chain reaction

Real-time PCR) 
1. TRIzol 

2. DEPC 
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3 RNA cDNA

 (Invitrogen Corpoation, California, USA) 

4. Isopropanol 

5. Chloroform 

 (J.T Baker, NJ, USA) 

6. Oligo dT 

7. ALP primer 

8. BMP-2 primer 

9. OC primer 

10. OPN primer 

(MDBio Inc, Taiwan) 

(6)  (western blotting) 

1. Acrylamide 

2. BCATM protein assay kit 

(Pierce, IL, USA) 

3. 0.5M Tris buffer 

4. 1.5M Tris buffer 

5. PMSF 

6. Na3Vo4

7. Aprotinin 

8. NaF 

9. Tween20 

10. Glycine 

11. Tetramethylethylenediamine (TEMED) 
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(Amresco Inc, Ohio, USA) 

12. Ammonium persulfate (APS) 

13. PVDF (Immobilon-p) 

   (Millipore, MA, USA) 

14. ECL 

15. Western blot develop  replenisher 

16. Western blot fix  replenisher 

17. BioMax light film 
   (Kodak Inc, NY, USA) 

(7)  (electrophoretic mobility shift assay EMSA) 

1. BCATM protein assay kit 

2. kit 

3. EMSA kit 
  (Thermo, MA, USA) 

(8)  (antibody) 

1. p-JNK 

2. p-38 

3. p-ERK 

4. p-IKK /

5. p-I B

6. p-p65 

  (Cell signal, MA, USA) 

7. Anti-mouse 

8. Anti-rabbit 
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9. JNK 

10. p38 

11. ERK 

12. IKK /

13. I B

14. p65 

  (Santa cruz Biotechnology Inc, CA, USA) 

(9)  (cell transfection) 

1. Lipofectamine 2000 

(Invitrogen Corpoation, California, USA) 

2. Luciferase assay kit 

(Promega, WI, USA) 

(10)  (others) 

1. Tris 

2. Tris-HCl 

3. SDS 

4. Glycerol 

5. -mecaptoethanol 

6. Bromophenol blue 

7. NaCl 

8. EDTA 

9. HCl 

(Amresco Inc, Ohio, USA) 



30

10. Ipriflavone

11. Formononetin

12. Genistein

(Sigma-Aldrich, St. Louis, MO, USA) 

(1)

DMEM

DMEM 3.7  (sodium bicarbonate) 1 N

 (HCl) pH 7.4 0.22 m  (filter) 

10%  (fetal bovine serum) 100 g/ml /  (P/S) 

RAW264.7  (incubator) 37

5 % CO2 2~3

DMEM

DMEM 3.7 1 N pH 7.2

0.22 m 10 % 100 g/ml /

MG-63 37 5 % 

CO2 3~4

-MEM

2 1 N pH 7.2
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0.22 m 10 % 100 g/ml /

MC3T3-E1 37 5 % 

CO2 3~4

9 10

37

10 9

5 % CO2 37

3

phosphate buffered saline (PBS) (0.02 % KH2PO4 0.02 % KCl 0.8 % NaCl

0.216 % NaHPO4) 1 trypsin ( 0.05 % 

tripsin 0.02 % EDTA)

trypsin 37 2~3

10

15 1500

rpm 5

2×106 /10

3
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PBS 1 trypsin trypsin

37 2~3

10 % trypsin

15 1500 rpm 5

 (10 % DMSO) 

80

(2)

24 RANKL 3

RANKL

TRAP ( tartrate-resistant acid phosphatase) 

3.7% 10 Fast GBC 

solution sodium nitrite solution naphthol AS-BI phosphate solution acetate 

solution tartrate solution 37 °C 1

TRAP-positive 3

(3) MTT

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-Diphenyltetrazoliumbromide)

tetrazolium salt
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 (dehydrogenase) formazan

DMSO (dimethylsulfoxide) ELISA 

reader

96 48

5 mg/ml MTT 50 l 37 1

MTT 150 l DMSO formazan ELISA reader

570 nm

(4)  (flow cytimetric analysis) 

24 PBS

trypsin 3000 rpm 5 PBS

3000 rpm 5 3 % 4 1

PBS v 3 intrgrin  (1:100) 3000

rpm 5 anti-rabbit secondary IgG (1:100) 

3000 rpm 5 PBS

FACSCalibur and Cellquest 

software

(5)

lipofectamine 2000 DNA  (
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1 g/well) 1.5 ml 50 l serum-free 

DMEM 2 g/well lipofectamine 2000 50 l

serum-free DMEM 5 50 l lipofectamine 2000 serum-free 

DMEM DNA serum-free DMEM

30 6 PBS

900 l serum-free DMEM 100 l lipofectamine 2000/DNA

37

16~24

(6)  (luciferase) 

PBS PBS

80 l reporter lysis buffer 1.5 ml

10 13200

rpm 3 20 l 80 l luciferase substrate

luciferase

(7)

polyacrylamide
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30 RNAKL 1

PBS RIPA buffer 120 l

10 1.5 ml 30

13200 rpm 4  10 1.5 ml

10 l  ( ) 200 l

[protein assay reagent A reagentB (50 1)] 37 30

570 nm

30 g 5 sample buffer

5 5 10 % SDS-PAGE

 (100 1 )

 (polyvinylidene fluoride membrane PVDF membrane) 

transfer buffer 4  400 2

5 TBS-T blocking buffer 15 ml

1 TBS-T 10 ml 4 1

(overnight)   TBS-T 3 10 TBS-T

10 ml 1 TBS-T 3

10 enhanced chemiluminescence (ECL) ECL A/B

1 ml
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band

(8)

PCR PCR  (

real-time) real-time

PCR TaqMan SYBR GreenERTM

SYBR GreenERTM primer primer

DNA DNA

500 l TRIzol

1.5 ml 5 100 l  (chloroform) 

1 3 4  11000 rpm

15 1.5 ml 500 l

isopropanol 10 4  11000 rpm

10 RNA pellet

1 ml 75 4  7500 rpm 5

10~30 

l DEPC RNA -80 RNA 1 l

99 l DEPC Beckman DU-800 UV/Visible 

spectrophotometer RNA A260/280 1.8~2.0

RNA
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MMLV kit RNA cDNA

1.

dNTP (1 l) Oligo dT (1 l) RNA (2 g) DEPC 12 l

PCR 65  5 RNA denature 4  1

2. 5X first-strand buffer (4 l) 0.1M DTT (2 l) PCR

37  2

3. MMLV (1 l) PCR 37  50 70  15

cDNA

cDNA 1 l primer (R) primer (F) 0.5 l

5 l 2X supermix 13 l DEPC Applied Biosystem 

StepOne 95  10 95  15 60  1 40

Primer 

Human
Human ALP (F) CCA CGT CTT CACA TTT GGTG 
Human ALP (R) AGA CTG CGC CTG GTT AGT TGT 
Human BMP-2 (F) GGC ATC CTC TCC ACA AAA GA 
Human BMP-2 (R) ACG TCT GAA CAA TGG CAT GA 
Human OC (F) GTG CAG AGT CCA GCA AAG GT 
Human OC (R) TCA GCC AAC TCG TCA CAG TC 
Human OPN (F) CTC CAT TGA CTC GAA CGA CTC 
Human OPN (R) CAG GTC TGC GAA ACT TCT TAG AT 
Human GAPDH (F) TGA ACG GGAGC TCA CTG G 
Human GAPDH (R) TCC ACC ACC CTG TTG CTG TA 
Mouse
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Mouse ALP (F) CAC GGG AGG GTC CTG TAC TA 
Mouse ALP (R) GGA GGA AGG GAA GAA TCC AG 
Mouse BMP-2 (F) AGC AAG GAC GTC GTG GTG CC 
Mouse BMP-2 (R) ATT ATT TCG GTG CTC GAA ACT ACT 
Mouse OC (F) TGA CCT CAC AGA TCC CAA GCC 
Mouse OC (R) ATA CCG TAG ATG CGT TTG TAG GC 
Mouse OPN (F) AGC AAG AAA CTC TTC CAA GCA A 
Mouse OPN (R) GTG AGA TTC GTC AGA TTC ATC CG 
Mouse GAPDH (F) CCA CCC AGA AGA CTG TGG AT 
Mouse GAPDH (R) CAC ATT GGG GGT AGG AAC AC 

Table. 3 primer sequence 

(8) DNA

kit /

Nuclear extract 6

PBS 500 l PBS 1.5 ml

3000 rpm 5 PBS 200 l

CER I pellet vortex 15 10

11 l CER II vortex 5 1

vortex 5 13200 rpm 5  (

) 100 l NER pellet vortex 15

45 15 vortex 15 13200 rpm

10  ( ) -80

96 10 l

/ 10 l  ( )
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37 30

570 nm

EMSA

EMSA 100 30

100 30~50 2

 ( 0.5 TBE buffer 1 ) PVDF  (

methanol 1 0.5 TBE buffer 10 )

transfer

buffer 400 4 30 DNA-protein

complex PVDF PVDF UV 1200 mJ 15

DNA cross-link PVDF 20 ml blocking 

buffer 66.7 l stabilized streptavidin HRP washing 

buffer 4 5  (equilibration 

buffer) 5 ECL

(9)  (ovariectomy-induced osteoporosis) 

BALB/c  (4 22~28 )

trichloroacetaldehyde (100 mg/kg)  (sham) 
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 (Tsai et al., 2008) i.p.

3 dual-energy Xray absorptiometer (DEXA) 

BMD bone mineral content (BMC)

Buffer composition 

(1) Sample buffer (5X)

7.81 ml stacking buffer (0.5 mM Tris-HCl, pH=6.8) 

2.5 g SDS 

14.36 ml glycerol 

6.25 ml -mecaptoethanol 

2 mg bromophenol blu 

50 ml 

(2) SDS-PAGE 

5  Stacking gel (5 ml)

3.4 ml H2O

0.83 ml 30  acrylamide mix 

0.63 ml 1.0 M Tris (pH=6.8) 

0.05 ml 10  SDS 

0.05 ml 10  ammonium persulfate 

0.005 ml TEMED 
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8  Stacking gel (5 ml)

11.5 ml H2O

6.7 ml 30  acrylamide mix 

6.3 ml 1.0 M Tris (pH=6.8) 

0.025 ml 10  SDS 

0.025 ml 10  ammonium persulfate 

0.015 ml TEMED 

12  Stacking gel (5 ml)

8.2 ml H2O

10 ml 30  acrylamide mix 

6.3 ml 1.0 M Tris (pH=6.8) 

0.25 ml 10  SDS 

0.25 ml 10  ammonium persulfate 

0.01 ml TEMED 

(3) EMSA-6  non-denaturing polyacrylamide gel 

21.5 ml H2O

6 ml 30  acrylamide mix 

3 ml 5X TBE 

0.3 ml 10  ammonium persulfate 

0.015 ml TEMED 

(4) RIPA buffer 
1 ml lysis buffer 

50 mM PMSF 

50 mM Na3Vo4
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10 g/ml Aprotinin 

1 mM NaF 

(5) Running buffer (10X) 
30.2 g Tris-base 

140 g Glycine 

10 g SDS 

1 L 

(6) Transfer buffer (10X) 
30 g Tris 

144 g Glycine 

1 L 

(7) Lysis buffer 
50 mM Tris pH7.5 

150 mM NaCl 

10 mM EDTA 

1  NP-40 

0.25  deoxycholate 

(8) TBS-T (20X) 
48.46 g Tris 

0.5 M EDTA 

58.44 g NaCl (pH=7.5) 

1 L 
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sigmaplot

mean ± S.E. student’s t test

p 0.05
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RAW264.7

RAW264.7

 (5 M)

MTT

RAW264.7

(Fig. 8A, B)

 (bone marrow hematopoietic precursors)

SD 1×106 24

RANKL (50 ng/ml) 

M-CSF (20 ng/ml) 5

TRAP 3

RANKL M-CSF

 (Fig. 9A) Fig. 9B
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RAW264.7 2×104

RAW264.7 RANKL (50 ng/ml) M-CSF (20 ng/ml)

5

(Fig. 9C)

v 3 integrin (Nesbitt et al., 1993)

v 3 RAW264.7

RANKL (50 ng/ml) M-CSF (20 ng/ml)

5 v 3 RANKL

M-CSF v 3 RANKL

v 3  (Fig. 9D)

RANKL ERK p38 JNK

MAPKs (mitogen-activated protein kinase) 3 ERK p38

JNK RANKL  (Tsai 

et al., 2008)

MAPKs

RAW264.7 JFL-142 (0.3 M) JFL-144

(0.3 M) 30 RANKL (50 ng/ml) 60
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phospho-ERK phospho-p38 phospho-JNK

RANKL ERK p38 JNK

RANKL ERK p38 JNK  (Fig. 

10)

RANKL NF- B

MAPKs NF- B

(Bossard et al., 1999) DNA

NF- B

RAW264.7 JFL-142 (0.3 M) JFL-144

(0.3 M) 30 RANKL (50 ng/ml) 60

phospho-IKK / phospho-I B phospho-p65Ser536

RANKL IKK / I B p65Ser536

RANKL

IKK / I B p65Ser536  (Fig. 11A)

RAW264.7 JFL-142 (0.3 M)

JFL-144 (0.3 M) 30 RANKL (50 ng/ml) 120

EMSA DNA RANKL

NF- B RANKL

NF- B  (Fig. 11B)
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RANKL NF- B

NF- B

B NF- B

RAW264.7 B promoter-luciferase 1

30 RANKL (50 ng/ml)  24

RANKL NF- B

RANKL RANKL

NF- B  (Fig. 12)

ERK p38 JNK NF- B

MG-63 cells  3T3 cells (5 M) 2

MTT

MG-63 cells  3T3 cells  (Fig. 13)
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 (ALP) 

ALP BMP-2 OC OPN

 (Lee et al., 1999)

MG-63 24

ALP MG-63

ALP  (Fig. 14A)

3T3 24

ALP 3T3 ALP

 (Fig. 14B)

 (BMP-2)

MG-63 24

BMP-2 MG-63

BMP-2  (Fig. 15A)

3T3 24

BMP-2 3T3 BMP-2

 (Fig. 15B)

 (OC)
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MG-63 24

OC MG-63

OC  (Fig. 16A)

3T3 24

OC 3T3 OC

 (Fig. 16B)

 (OPN)

MG-63 24

OPN MG-63

OPN  (Fig. 17A)

3T3 24

OPN 3T3 OPN

 (Fig. 17B)

4

in vitro

in vivo
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BALB/c 5

 (ovariectomized) ipriflavone

JFL-142 JFL-144 (100 g/kg)  (i.p.) 2

3 DEXA BMC BMD

BMC

ipriflavone JFL-142 JFL-144

BMC  (Fig. 18A

BMD

ipriflavone JFL-142 JFL-144

BMD  (Fig. 18B

in vitro
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(Sung et al., 2009)

(Alexandersen et al., 2001)

RANKL

RANKL ERK p38 JNK NF- B

in vitro

RANKL/M-CSF

MAPK (proline)  (serine)/
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 (threonine) 

 (Hirai et al., 1983)

(tyrosine) MAPK ERK p38 JNK (Berg et al., 

2003; Ducy et al., 2000) RANKL/RANK

ERK p38 JNK (Berg 

et al., 2003; Ducy et al., 2000; Yasuda et al., 1998)

RAW264.7

RANKL RAW264.7

ERK p38 JNK

ERK p38

JNK RANKL M-CSF

7

RANK RANKL

ERK p38 JNK

NF- B

RANKL NF- B  (Bossard et al., 1999)

NF- B

RAW 264.7



53

IKK / I B p65 RANKL NF- B

B-luciferase NF- B

RANKL NF- B

NF- B

 (Tsai et al., 2008)

 (Goltzman, 2002)

2%

(Rodan and Martin, 2000)

teriparatide

(Cobb and Goldsmith, 1995; Quinn et al., 1998)

ALP BMP-2
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Fig. 7 Ipriflavone analogues didn’t affect cell viability. 

Bone marrow stromal cells or RAW264.7 cells were treated with ipriflavone 
analogues (5 M) for 2 days and cell viability was evaluated by the MTT assay. Note 
that ipriflavone analogues did not affect the cell viability of bone marrow stromal 
cells and RAW264.7 cells (n=3). 
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Fig. 8 Ipriflavone analogues inhibits osteoclastogenesis from bone marrow 
stromal cells and macrophages. 

Osteoclast precursors were isolated from long bones of adult male SD rats and 
plated on a 24-well plate at 1×106 cells/well. Cultured in the presence of M-CSF (20 
ng/ml) and RANKL (50 ng/ml) for 7 days. Following TRAP staining, the cells with 
more than 3 nuclei were counted (A). Compared with RANKL plus M-CSF, 
ipriflavone analogues treatment markedly inhibited the differentiation of osteoclast. 
The quantitative data are shown in (B)(n=3). RAW264.7 cells were seeded at 2×104

and incubated for 5 days with M-CSF (20 ng/ml) and RANKL (50 ng/ml) without or 
with ipriflavone analogues. Treatment with ipriflavone analogues inhibited 
osteoclastogenesis (n=3)(C). RAW264.7 cells were seeded at 2×104 and incubated 
for 5 days with M-CSF (20 ng/ml) and RANKL (50 ng/ml) without or with 
ipriflavone analogues. Treatment with ipriflavone analogues inhibited v 3
expression (n=3)(D). Data are presented as mean±S.E. (n=3). * p<0.05 as compared 
with control. # p<0.05 as compared with RANKL.
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Fig. 9 Ipriflavone analogues inhibits the RANKL-induced p38 JNK and ERK 

activation. 

RAW264.7 cells were pretreated with JFL-142 (0.3 M) and JFL-144 (0.3 M)

for 30 min, and followed treatment with RANKL (50 ng/ml) for 60 min, than the 

p38 JNK and ERK phosphorylation was determined by immunoblotting using 

phospho-p38 JNK and ERK specific antibody. Note that ipriflavone analogues 

inhibits the RANKL-induced p38 JNK and ERK phosphorylation .
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Fig. 10 Ipriflavine analogues inhibits RANKL-induced NF- B activation. 

RAW264.7 cells were pretreated with JFL-142 (0.3 M) and JFL-144 (0.3 M)
for 30 min, and followed treatment with RANKL (50 ng/ml) for 60 min, than the 
IKK / , I B  phosphorylation and p65 phosphorylation at Ser536 was determined 
by immunoblotting using phospho-IKK / , phospho-I B  and phospho-p65 specific 
antibody. Note that ipriflavone analogues inhibits the RANKL-induced IKK /
phosphorylation, I B  phosphorylation and p65 phosphorylation (A). RAW264.7 
cells were pretreated with JFL-142 (0.3 M) and JFL-144 (0.3 M) for 30 min, 
before incubation with RANKL (50 ng/ml) for 2 h. The NF- B binding activity were 
examined by EMSA (B). 
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Fig. 11 Ipriflavone analogues inhibits RANKL-induced B-luciferase. 

RAW264.7 cells were transfected with B-luciferase expression vector and then 
pretreated with ipriflavone analogues for 30 min, before incubation with RANKL (50 
ng/ml) for 24 h. Luciferase activity were determined. Data are presented as 
mean±S.E. (n=3). * p<0.05 as compared with control. # p<0.05 as compared with 
RANKL.
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Fig. 12 Ipriflavone analogues didn’t affect cell viability in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues (5 M) for 2 
days and cell viability was evaluated by the MTT assay. Note that ipriflavone 
analogues did not affect the cell viability of MG-63 cells and 3T3 cells. Data are 
presented as mean±S.E. (n=3). 
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Fig. 13 Ipriflavone analogues slightly increased ALP expression in osteoblasts. 

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h. 

ALP mRNA expression was assessed by qPCR (A B). Data are presented as 

mean±S.E. (n=3). * p<0.05 as compared with control. 
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Fig. 14 Ipriflavone analogues slightly increased BMP-2 expression in 
osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h. 

BMP-2 mRNA expression was assessed by qPCR (A B). Data are presented as 

mean±S.E. (n=3). * p<0.05 as compared with control. 
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Fig. 15 Ipriflavone analogues slightly increased OC expression in osteoblasts.

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h. OC 

mRNA expression was assessed by qPCR (A B). Data are presented as mean±S.E. 

(n=3). * p<0.05 as compared with control. 
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Fig. 16 Ipriflavone analogues slightly increased OPN expression in osteoblasts. 

MG-63 cells and 3T3 cells were treated with ipriflavone analogues for 24 h. 

OPN mRNA expression was assessed by qPCR (A B). Data are presented as 

mean±S.E. (n=3). * p<0.05 as compared with control. 
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Fig. 17 Inhibition of bone loss by ipriflavone analogues in ovariectomized mice. 

Female BALB/c mice were given a sham operation or ovariectomized. Mice 

were treated with the ipriflavone or JFL-142 or JFL-144 (100 g/kg) by i.p., than 

determined the BMC and BMD by DEXA3 weeks after surgery (A B).  Data are 

presented as mean±S.E. (n=8–10 mice/group). * p<0.05 as compared with sham.   

# p<0.05 as compared with ovariectomized-group. 


