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ABSTRACT

Objectives : Achyranthis Bidentatae Radix (ABR) has been used for treating of many symptoms
especially osteoporosis and rheumatoid arthritis. In this study, we determined the effects of water
extract of ABR in RANKL (Receptor Activator for Nuclear Factor k¥ B Ligand)-induced osteoclast
differentiation culture system.
Methods : We assayed mRNA expression levels of NFATcl, c-Fos, TRAP, OSCAR, FcRy, DAP12
and GAPDH in bone marrow macrophages (BMMs) treated with ABR. The protein expression levels
of NFATc1, c-Fos, MAPKs and B-actin in cell lysates treated with ABR were analysed by Western
blotting. In addition we determined the effects of water extract of ABR on LPS-induced bone-loss
mouse.
Results : Water extract of ABR showed remarkable inhibition on RANKL-treated osteoclast differentiation
without cytotoxicity. ABR down-regulated the induction of c-Fos and NFATcl by RANKL. ABR
suppressed phosphorylation of JNK, p38 and I-xB. ABR rescued bone erosion by LPS induction in
vivo study.
Conclusions : These results demonstrate that ABR may be a useful remedy for curing of bone-loss
disease such as osteoporosis.
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Ho] £7 ICR AFE AFEE Hoz Azl
= lx antibiotice #7}8F a-MEM lcc FAPA A
ste] B 2 WEINAN 55 HHO]'%E}. AF =
FAZANN HEFE AAF F 10% Fetal bovine
serum (FBS)¥ M-CSF (30 ng/m)E #7}3F a-minimum
essential medium (a-MEM)®|A]l| 4] 3U7F vl &Fslsch
HE1E Islal Qe Ff Alxe AASKE FEE A
£ SZATAEZA Y] tlaM¥ (bone marrow macrophages,
BMMs)& AM&-8}¢Ith A ZE 354107 welle] U=
48-well plateoﬂ Bl M—CSF (30 ng/m)2} RANKL
(100 ng/m)& H7Igk HiAel| 5 & F2ES 22
A28t wjgstth 3¢ + HH FAS wEsh thE 49
A TRAP €402 At Zz}ae] TRAP (tartrate-
resistant acid phosphatase) YAHNELE FEHEZ IF
sttt FaE gEAE F o] 37 o]l A= I
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222 B474
HAHEZE 1107 welle] EE %6-well platec] 5
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FEEE Aeste] 39z wigsiath 39 & A7) we

of XTTE&H& Aefsta 4ARF 5 incubationd: F
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4. 4R WS (RT-PCR) #4

AEW Azl RNAE TRIzol &9 (invitrogen) S ©]
&3t AzxALe] AwAd wet EstAth 23
RNA % 1 wg$ oligo dT primer, dNTP buffer, dithiothreitol,
RNase inhibitor, Superscript II reverse transcriptase

Table 1. Sequences of Each Primers Used in PCR
Amplification

Primer Sequence

forward 5'-CTGGTGCAGCCCACTCTGGTC-3'

reverse 5’ -CTTTCAGCAGATTGGCAATCTC-3'

NFATel forward _E)’—CAACGCCCT GACCACCGATAG-3'
reverse 5’ -GGCTGCCTTCCGTCTCATAGT-3'

forward 5'-ACTTCCCCAGCCCTTACTAC-3'

c-Fos

TRAP - verse 5"~ TCAGCACATAGCCCACACCG-3'
oscan forvand 5-CTGCTGGTAACGGATCAGCTOCCCAGA-Y
reverse 5'-CCAAGGAGCCAGAACCTTCGAAACT 3"
pey | forvard 5 -ATCTCAGOCGTGATCTTGTTCTTG
reverse 5'-TCTCATGCTTCAGAGTCTCATATG-3’
apy  forvard 5~ TTCCTTCCTGTCCTCCTGACTGTG 3

reverse 5'-TGCCTCTGTGTGTTGAGGTCACTG-3'

GAPDH forward 5'-~ACCACAGTCCATGCCATCAC-3'
reverse 5'-"TCCACCACCCTGTTGCTGTA-3'

At F F4 AAE 67

(invitrogen) = /\}3“3}0% cDNAZ aA3tat) z+ §49
Z}e] DNA £Z5 93k PCR (polymerase chain reaction)
primere 23 ZtHTable 1). PCRS vzl & ZZ3
Z} DNAS 1% agarose geldll A7]9%5S Zo] £&3}
1 EtBro2 gAste] U V.AA bandE 313t

F
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5. Western blot £4

MEE lysis buffer (50 mM tris-Cl, 150 mM NaCl, 5
mM EDTA, 1% Triton X-100, 1 mM sodium fluoride,
1 mM sodium vanadate, 1% deoxycholate, and protease
inhibitors) 2 233t ch AA f8iES AED (14,000
pm, 20 mm)O]-Cq )\Laoﬂo M(}ir)r = u}unz\__laoh,]_ H|
wate s sl & 30 uwed] @S 10% SDS-
PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis)olAql  A719F5 o2 Eg sl Millipore
(Billerica, MA, USAARIA 77918k PVDE  2Hpolyvinylidene
difluoride membrane) -2 &7t} 5% skim milkE A&
ajed HSo] pulo] BE AL WAF F Tl 7 Ajojz
HE 1z} dAE A2tk ©]o] horseradish peroxidase
7} BoldE 23k &A1E AEska iNtRON (A, 3=
Abl A T3 ECL (enhanced chemiluminescence)-£-}
o F dide] dHHYTE 243 PVDF Ho g &

7 ol%Fe] 7+ 3 F7e| TBS-TZ 23] T*ﬂo}ﬁ
283 BEES AAN

6. =44

A el =

T3] H8l, 55HY &
2 39 74 7EE -or"(‘g-n% g“" 04 mg or 02 mg) FEE
PBSE 1097+ 4759 a3tk & &4 f=5 96
AT LPS (BF ¢gF 5 w)E & FAAZL1Y=
FE 497 79 2 5] o Ax EAFARIG gEzTde

PBSE FARI A@eats AAS AL 1084 =He &
AHAE FAAT]aL HWEZFS o] 4% paraformaldehyde
2 3439 th. Nano-CTS! NFR Polaris-S160 (Nano
Focus Ray, ¥=)& ol&std W= W52 33414 9

l

a5 o
ANE ARSSIRTE AFEQ Axe Hd + BFEAE
Uehidth Ay Abole] EAFQ §9AL Student’s
paired ftestE o]g3te] B3I, p<0.069] AHE
SAASRE fojgt Aoz <l
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S AP F AAES HEste g2AE E3le oA
AZE 31 o}aa\:} % a2 95 EFEES A
Wale] A7E AZsigh AN Ee M-CSFSF RANKL
S A3 F 447F widshA g2t AlEeF o] TRAP
8 o9 E u’%ﬂ*ﬂii Bl &0 gEAEa
o] E3E Tk ofEFHo= O*;ﬂlt%}— e RAP &
g B A HFg. 1A). G4 AZAE T 9
o] 37) o]l M9 FAES HM 5 ug/mu ETRE
Fodol e E3 AAEHRE FEAL, 20 we/n o

sE=olMe AL 0%l 717k ohﬂﬁl’}—‘ FAstAh
(Fig. 1B). ©] A¥R= RANKLO 93] f=se A2
w3 Foll &l ARAY %*zﬂﬁﬂr% 3] 3=
A& on|gitt,
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Fig. 1. Inhibitory effect of ABR on osteoclastogenesis from
BMMs induced by soluble RANK.

A : BMMs were cultured with the indicated dose of ABR in the
presence of M-CSF (30 ng/mé) and RANKL (100 ng/mé) for 4 days.
Cells were fixed and TRAP stained. ABR inhibits osteoclast
differentiation dose dependently.

B : TRAP-positive multinucleated cells were counted (TRAP+ cells
containing three or more nuclei were counted as multinucleated
osteoclasts). (* p < 0.05, significantly different from the control).
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Fig. 2. ABR showed no effect on cell cytotoxicity

BMMs were cultured with the indicated dose of ABR in the
presence of M-CSF (30 ng/m{) for 3 days. The XTT assay was
evaluated and absorbance was read at 450 nm using ELISA reader.
This result means ABR had no cytotoxic effect, indicating that the
inhibition of osteoclastogenesis by ABR was not caused by
cytotoxic effect on BMMs.
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RANKL/RANK 35 2H-gof o3t stz A #37|A
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kinase$} HARIAFS] NF-kB
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aH A Ak GA B
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371 98t giAMEel &5 A Esk RANKL

ABR (20 pg/ml)
RANKL 0 5 15 0 5 15 (min)

p-p38‘ —v—~—__‘ I-kB‘--——---‘

p38 ‘------‘ p-JNK

p-ERK ‘ == JNK

_===== actin

Fig. 3. ABR decreases the activation of p38, NF-kB, and
JNK by RANKL

BMMs were serum-starved for 3 h, pretreated with or without ABR
(20 ug/mf) for 1 h and treated with RANKL (100 ng/m¢) for the
indicated time. Cell lysates were subjected to Western blotting with
antibody to specific for phosphorylated p38, ERK, I-kB, and JNK.
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o] @4ojty RANKLE §%5E NFATcl, c-Fos¢ ©&
0 Hde & E FEFEY 78 HF3] S8k
Western blotting ®H<S o833tk M-CSF9+ RANKL
S A FTY NFATc1# c-Fose wdo] Azt
oEHoz WHEE Ad Hlg &S A A3 A
Pl Me S e wdo] AR TAFHATHFig. 4).
o] Azt £ 93 FIAE EgA 2E7|Ho]
c-Fos, NFATcl &3 Bzl 9122 39159tk

ABR (20 pg/ml)
RANKL (4] 12 24 48 12 24 48 (h)

NFATc1 ‘ [ ] - ‘

actin ’ —— — — — — — ‘

Fig. 4. ABR inhibits protein expression levels of NFATc1
and c—Fos induced by RANKL

BMMs were pre-treated in the presence or absence of ABR (20 ug
/m€) for 1 h. And then stimulated with RANKL (100 ng/mé) for the
indicated time. Cell lysates were prepared and analyzed by
Western blotting with NFATc1, c-Fos, and actin antibodies.
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associated receptor)2} TRAP f+A#le] 2&S A3}
w3t FcRy (Fc receptor common y subunit)® DAP12
(DNAX-activating protein 12)= calcium signaling> %
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c-Fos, TRAP, OSCAR, FcRy, DAP129] mRNA ZdA=
£ RT-PCR WHo= ZHssiach tiMxEe] M-CSF

(20 ng/nl)2} RANKL (100 ng/m)S g & 7z} 3
2 &8 AYAY MskA ¥ar wjgste] s EAE
2 AzrE=E H3sgoh RANKLS NFATcl, c-Fos,
TRAP, OSCAR mRNAS] #&s 1319 A T -0l
olsf FostAl A= JckFig. 5A). E3 RANKLe] ¢
& 3" FcRye} DAPI2E 959 93l zjo]& HolX
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Fig. 5. Inhibitory effect of ABR on RANKL-induced gene
expression

A : BMMs were cultured with M-CSF (20 ng/mf) and RANKL (100
ng/mf) in the presence or absence of ABR (20 pg/mé) for the
indicated time. The mRNA expression levels of the genes were
determined by RT-PCR.
B : Gene expression levels of each genes are measured by
densitometric analysis.
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3 JJr~ Nano-CTE o]-83}o] &1tk
Z7oA AFF(trabecular bone)2]
%‘ AN, +E& A T AT
oAM= LPSol| o3t & £4lo] dAsE AL A3
thHFig. 6A). E3F AZtsld CTe] HolElE |83t
7] 93l Bone volume/Tissue volumes ZA3te] &8
o3t 73 LPSTHe] FAZLL AolE SISt
(Fig. 6B). ©] A%} $&2 AX o % 0}14\2} ‘g
A W 2AdME 4
°2 AlsHh

A

i

LPS+ABR 200

BVITV (%)

Control ABR 400

LPS+ABR 200 LPS+ABR 400

Fig. 6. ABR rescued bone-loss induced by LPS in mice

A : mice were oral-treated with ABR (200 or 400 mg/kg/day) or
PBS for every 10 days. LPS (5 wg/g of body weight) or 1XPBS
was administered intraperitoneally on days 4 and 7, and the femurs
were collected on day 10 after the first treat of ABR. Radiographs
were taken with a Nano-CT.

B : bone volume/Tissue volume (BV/TV) was analyzed using the
histomorphometric results. Asterisks indicate statistical difference
from the LPS group. (*p < 0.05, significantly different from the
control).
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