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WAz Bejel WEgpo] mAL A mAeh 7L o}x weAA sl TeEe B ApelA:
2] o] recetor activator of nuclear factor-kB ligand (RANKL)>} macrophage colony stimulating factor (M-CSF)& -

=3k WA 2] R3lof| w| X avtel 7 7]H-E ATFsdH-

Aoz WA E F3lel| AAEIE FIE] Hste] mpg-2olA] |3t FEA A e
2]2]3}oq tartrate-resistant acid phosphatase (TRAP) staining-&- A|8)s}9iv}. =3 o] zH83)l= 7]
2)3}o] western blot 3412} RT-PCRS A|& 3141, A1<8t w o}z £ ) E2o]] n]x]= o8k
hydroxyapatite Z#] o] 22 A& z3J3}ic)

I A3, e a2z 23lA o] D42l 27 AlsHdg7d 2] p38, Akt, c-Jun N-terminal kinase (JNK),
IkB2] <lAtElE A8} ) w38 nuclear factor of activated T cells (NFAT)c13} c-Fose] v]&A3ls fx3to=
A wat Az} FHEE ARl osteoclast-associated receptor (OSCAR), TRAP, Integrin 3, osteoclast
stimulatory transmembrane protein (OC-STAMP), dendritic cell-specific transmem-brane protein (DC-STAMP)2]
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Azl frl b [6], &3 F/FEAA 27} macro-
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vator of nuclear factor-kB ligand (RANKL)o]2}= 27}%]
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o]t}[7]. RANKLS} RANK7} ZAsghstozmn Azae
RANK x=n|¢le]] TNT receptor-associated factor 6 (TRAF6)
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nuclear factor kappa B (NF-xB), activator protein-1 (AP-
1), NFATc13} 7E2- AARIAZF &4 3hEm, p38, INK
= extracellular-signal regulated kinases (ERK)&- Z3}3}
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= mitogen-activated protein kinases (MAPKs)®} Phos-
phatidyl-inositol-3-kinase (PI3K)/Akt 73 & S2] <lAks}
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2 (Pueraria lobata) %52 o€ 95~95.5 v/v%
42 323 Aoz AT IdATd A EF
ZE2YeA Tt # FEE> DMSO $9&
ARk 1, 5,25 ug/mLE 3|4 ste] Ajel AHg-skadet
TRAP £-8-2 Sigma Aldrich (St. Louis, MO, USA)S A}
23} 37, XTT (2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-
2H-Tetrazolium-5-Carboxanilide) assay kit:= Roche (Indi-
anapolis, IN, USA)ell A} F-S)absict. Azl ok 5l wv}z)
Mz 2312 98] 23 a-MEM, FBS ¥ penicillin-
streptomycin 52 Gibco-BRL (Grand Island, NT, USA)
A FU3+3 3, human RANKL$} human M-CSF+=
Peprotech (London, UK)2] A &2 Al-4-3}%1 vl Western
blot A& |8t Ux}3FA| £ rabbit-anti-c-Fos, mouse-
anti-NFATc1 (Santa Cruz Biotechnology; Santa Cruz, CA,
USA), rabbit-anti-phospho-p38, rabbit-anti-p38, rabbit-
anti-phospho-Akt, rabbit-anti-Akt, rabbit-anti-phospho-
JNK, rabbit-anti-JNK, rabbit-antiphospho-IkB, rabbit-anti-
IkB (Cell Signaling Technology; Beverly, MA, USA) %
mouse-anti-3-actin (internal control) (Sigma Aldrich)S<
AF-8}93 31, o] 2}8}A| = anti-rabbitZ} anti-mouseE A8
&}9d ©2m Amer-sham Phamacia Biotechnology Inc. (To-
kyo, Japan)< %)t}
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ZxANEE 1x10Ywell®] D=2 96-well = o] E
o A7}l M-CSF(30ng/mL)9} 3] FZ2EL ez
A7¥ske] 397 wiFetsAeh 39§ XTT 4 S0uLs
Z4zte] wellell A7}skar 443k vt 3 ELISA reader
(Molecular Devices, CA, USA)Z o] §3}o] 450 nmeol|A]
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4. S{TIAIEEIE 4 PI4IS (RT-PCR) 241

Mz v & RNAE QIAzol lysis reagent (QIAGEN,
Valencia, CA, USA)2 Ao ug} F=319ct 5
g 9F2] RNAX Reverse Transcription System cDNA
synthesis kit (Promega, Madison, W1, USA)Z& A}£-5}¢]
cDNAZ A3}k cDNA 1uge oh&3 722 7h7te]
primerE- o]} PCRE 433} v}

c-Fos forward,

5'-CTGGTGCAGCCCACTCTGGTC-3';

c-Fos reverse,

5'-CTTTCAGCAGATTGGCAATCTC-3';

NFATc1 forward,

5'-CAACGCCCTGACCACCGATAG-3';

NFATcI reverse,

5'-GGCTGCCTTCCGTCTCATAGT-3';

TRAP forward,

5'-ACTTCCCCAGCCCTTACTAC-3;

TRAP reverse,

5'-TCAGCACATAGCCCACACCG-3;

OSCAR forward,

5'-CTGCTGGTAACGGATCAGCTCC CCAGA-3';

OSCAR reverse,

5'-CCAAGGAGCCAGAACCTTGGA AACT-3';

Cathepsin K forward,

5'-CACTGCTCTCTTCAGGGCTT-3;

Cathepsin K reverse,

5'-ACGGAGGCATTGACTCTGA A-3';

DC-STAMP forward,

5'-GCAAGGAACCCAAGGAGT CG-3';

DC-STAMP reverse,

5'-CAGTTGGCCCAGAAAGAGGG-3';

Integrin av forward,

5'-TTGTTGCCGCCTTACGAGAA-3';

Integrin av reverse,

5'-GCAGATGGCATAGCCACAGG-3;

Integrin B3 forward,

5'-TCTCCTGCGTCCGCTACAAA-3';
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Integrin 3 reverse,

5'-CCCTTGGGACACTCAGGCTC-3';

GAPDH forward,

5'-ACCACAGTCCATGCCATCAC-3';

GAPDH reverse,

5'-TCCACCACCCTGTTGCTGTA-3';

PCR %71-& 94°Ceo|A] 30% =<t denaturation, 58°C
o] A 30% E<r annealing, 18] 31 72°Col|A] 30% <4t
extension WH2-2 25~30cycles® 3&}o] Z=Z A7} &
A%l ¢cDNAX 1% agarose gelo|A] £2]3}9] 11, EtBr&
QAske] Ao el ek,

5. Western blot 244

wjekxl A ZE lysis buffer (50 mM tris-Cl, 150 mM
NaCl, 5mM EDTA, 1% Triton X-100, 1 mM sodium flu-
oride, 1 mM sodium vanadate, 1% deoxycholate, protease
inhibitors) 2 o]-&-3}e] faalxm YA (14,000 rpm,
20 min)E $3Y3ted #48k T AS Aok Sl
DC Protein assay kit (Bio-Rad, Hercules, CA, USA)S A}
L3lo] Aeksla Fake] thillzle 10% SDS-polyacry-
lamide gelo|A] #2]3tsic}. Eele =i PVDEq}
(Millipore, Billerica, MA, USA)©. 2 &7]31 PVDFZ&
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Fig. 1. Effect on osteoclast differentiation by ethanol extract of Pueraria lobata. (A) BMMs (bone marrow macrophages) were cultured for
4 days with M-CSF (30 ng/mL) and RANKL (100 ng/mL) in the presence of ethanol extract of Pueraria lobata. Cells were fixed in 3.7%
formalin, permeabilized with 0.1% Triton X-100, and stained with TRAP solution. TRAP-positive cells were photographed under a light
microscope (100 X magnification). (B) TRAP-positive cells were counted as osteoclasts. P<0.05 vs control (DMSO). (C) BMMs were
seeded into a 96-well plate and cultured for 3 days in the presence of M-CSF (30 ng/mL) and with the indicated concentrations of ethanol
extract of Pueraria lobata. After 3 days, the absorbance was measured at 450 nm using an ELISA reader.
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Fig. 2. Effect of ethanol extract of Pueraria lobata on gene expression, c-Fos and NFATc] that are associated with osteoclast
differentiation. (A) BMMs were pretreated with or without ethanol extract of Pueraria lobata (25 ug/mL) for 1 h and then treated with
RANKL (100 ng/mL) for the indicated time points. Total RNA from the cells was obtained and the level of expression of the mRNA of the
indicated genes was analyzed by RT-PCR. The quantification of western blotting is calculated by using Image J. The respective intensity is
relative value of B-actin. (B) BMMs were pretreated with or without ethanol extract of Pueraria lobata (25 ug/mL) for 1 h and then treated
with RANKL (100 ng/mL) for the indicated time. The cells were lysed in lysis buffer, then resolved by SDS-PAGE and western blotting
with antibodies against c-Fos and NFATc1 and (-actin.The quantification of western blotting is calculated by using Image J. The respective

intensity is relative value of f-actin.
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Fig. 3. Effect of ethanol extract of Pueraria lobata on phosphorylation of MAPK. (A) BMMs were starved for 3 h, pretreated with ethanol
extract of Pueraria lobata (25 ug/mL) for 1h and then stimulated with RANKL (100 ng/mL) for the indicated times. Cell lysates were
analyzed by Western blotting with primary antibody against p-p38, p38, p-Akt, Akt, p-IkB, IkB, p-JNK, JNK and f-actin and secondary
antibody (anti-rabbit and anti-mouse). (B) The quantification of western blotting is calculated by using Image J. The respective intensity is
relative value of respective total form.
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Fig. 4. Effect on RANKL-induced mRNA expression is inhibited by ethanol extract of Pueraria lobata. (A) BMMs were pretreated with or
without ethanol extract of Pueraria lobata (25 pg/mL) for 1 h and then treated with RANKL (100 ng/mL) for the indicated time points.
Total RNA from the cells was obtained and the level of expression of the mRNA of the indicated genes was analyzed by RT-PCR. (B) The
quantification of western blotting is calculated by using Image J. The respective intensity is relative value of f3-actin.
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Fig. 5. Ethanol extract of Pueraria lobata inhibits osteoclastic bone
resorption. Mature osteoclasts were seeded on hydroxyapatite-coat-
ed plates and treated for 24 h with the indicated concentrations of
Pueraria lobata. Attached cells on the plates were removed and
photographed under a light microscope (top) (100 X magnification).
Pit areas were quantified using the image (bottom). *P <0.05;
**P<0.01 versus the control (DMSO).
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Abstract : Previous researches have proved that Pueraria lobata up-regulates bone mineral contents and bone
mineral density in bone-loss model, ovariectomized mice and orchidectomized rats. However, the precise effects
and mechanisms of Pueraria lobata on osteoclast differentiation and bone resorbing activity of mature osteoclasts
still remains unknown. Therefore, we investigated the effect and mechanism of Pueraria lobata on receptor acti-
vator of nuclear factor-kB ligand (RANKL) and macrophage colony stimulation factor (M-CSF)-induced
osteoclast differentiation in bone marrow macro-phages (BMMs). First of all, we treated BMMs derived from
mice with various concentrations of Pueraria lobata in order to perform screening by tartrate-resistant acid
phosphatase (TRAP) staining. Also, we conducted western blotting and RT-PCR for the purpose of verifying the
treatment mechanism of Pueraria lobata and lastly, we used hydroxyapatite-coated plate to evaluate the effects of
Pueraria lobata on bone resorbing activity of mature osteoclasts. As a result, Pueraria lobata has inhibitory
effect on phosphorylation of p38, Akt, c-Jun N-terminal kinase (JNK), and IxB which are essential early signaling
pathway of osteoclastogenesis. Also, the inactivation of nuclear factor of activated T cells (NFAT)c1, and c-Fos
which is caused by Pueraria lobata is followed by the suppression effects of Pueraria lobata on osteoclast-
related various genes, osteoclast-associated receptor (OSCAR), TRAP, Integrin 3, osteoclast stimulatory
transmembrane protein (OC-STAMP), and dendritic cell-specific transmembrane protein (DC-STAMP).
Particularly, Pueraria lobata blocks the formation of pit area on hydroxyapatite-coated plate in a dose-dependent
manner as well as the mRNA expression of Cathepsin K, which is associated with bone resorbing activity. These
results demonstrate the molecular mechanism relating to anti-osteoclastogenesis effect of Pueraria lobata as well
as the inhibitory effect of Pueraria lobata on mature osteoclast formation and bone resorbing activity.
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