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Although the effect of Eucommia umoides oliver in osteoporosis has been studied, direct action of Eucommia
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uimoides Oliver on osteoclasts remains unknown. Here we examined whether Eucommiae cortex inhibits osteoclast
differentiation and bone resorption, a process known to be involved in bone diseases such as osteoporosis. Water
extract from Eucommiae cortex (WE-EC) inhibited differentiation of bone marrow macrophages (BMMs) into osteoclasts
without causing cytotoxicity. WE-EC suppressed the phosphorylation of p38, ERK, and JNK in BMMs treated with
RANKL. WE-EC specifically suppressed the mRNA expression of NFATc1 induced by RANKL. However, WE-EC
inhibited stability of ¢-Fos protein induced by RANKL. Furthermore, WE-EC inhibited osteoclast survival induced by
RANKL and in turn suppressed bone resorption. Taken together, our results suggest that WE-EC may be better agents

for therapeutic use in bone diseases.
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a,25-dihydroxyvitamin D3 (VitD3), prostaglandin E2(PGE2),
interleukin-1(IL-1), tumor necrosis factor (TNF)-q, parathyroid
hormone(PTH), interleukin-6(IL-6)&28] Al=0ll 93l Ko EF]Q]
©1 receptor activator of nuclear factor-xB ligand(RANKL)}
macrophage-colony stimulating factor (M-CSF)Z 28131
RANKLEZ TNFASEY WOIEFRICE M-CSFS} 1A 3h&
Mz 3, 4%, 848 ATl MOlE7Iel RANKL:
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ke 71sd A9 2do 36t J7E AYIR T 2 dFolA
5 E FEE(WE-EC: Water extract from Eucommiae cortex)O]
FdEAEY BIE YAHshe Ae HEGKRTE FF(Eucommia
ulmoides  Oliver)2  FHUIT(Eucommia  ulmoides  Oliver,
Eucommiaceae)®] 4u& A &EFHe ool Q=W 18|
oSk A B AENZ AREEH A BEEY BEEd 85
o] YEiA JYTH?. £&9) EMof thdh @F H I pinoresinol
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1. A8

FES 2 FE0I AUEHET & 2410 50 544

23] 2 E@elE oAk XTT assay kit=  Roche

(Indianapolis, IN, USA)AtellA] FRI5IE phospho (p)-NK,
JNK, p-ERK, ERK, p-p38, p38, I-«B &A= Cell Signaling
MA, USA)AIY AHEE AMESIA
Human RANKLY} Human M-CSFi= Peprotech (London, UK)
AlllA FUSIHACE o-Fos &4l Santa Cruz Biotechnology
(Santa Cruz, CA, USA)AlolA] 15153

Technology (Beverly,

2. aEAE 23t

ICR 5% 41719 05|33 238 22)611 Man 278
lec FAVIZ S5k BHAEE Qct B8 BHAEE

10% FBS, &A, M-CSF (30 ng/ml)7} EEHE a-minimum
essential medium (a-MEMEA]A] 37 vlkSITE 3 &,
228 H2E tAlME (bone marrow macrophage, BMM)Z A}
SIECt A Z = M-CSF (30 ng/ml)2} RANKL (50 ng/ml)

Hreld miekelll 75 B REEES sEHEE Molsiirt 4
MEE TRAP 89 (Sigma Aldrich, USA)OZ &
2 ddE MEE aEMZE I

&
Q‘g
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rlo
it
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thAIM Z= M-CSF (30 ng/ml) 1} 5 & 2528 JAUISIL
1X10*/well 2 BIQBIRTE 32 &, XTT 89 50 plE 21710l well
ol F715laL 4A17F ik & ELISA reader (Molecular Devices,
CA, USA)E ol88l] 450 nmofl4] ERLEE SRIGINCE

BOoLE
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4. RT-PCR &4
RT-PCREAZ 2|3} RNA 5]}
TRIzol (Invitrogen) M CZ | ZAL]

S Aol A
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rr

21219)

Hlgk RNA 1 pg® oligo dT primer, dNTP, buffer,
dithiothreitol, RNase inhibitor®} Superscript II reverse

transcriptaseE 01851 cDNAZ
e primerg ©]&3l PCR

oI5BT eI cDNAE=

ze 522 siuch oFos

&
sense, 5~ CTGGTGCAGCCCACTCTGGTC-3; c-Fos antisense,
5- CTTTCAGCAGATTGGCAATCTC-3; NFATcl sense, 5'-
CAACGCCCTGACCACCGATAG-3; NFATcl antisense, 5'-
GGCTGCCTTCCGTCTCATAGT-3; 5'-GAPDH sense,
5-ACCACAGTCCATGCCATCAC-3; GAPDH  antisense,

5-TCCACCACCCTGTTGCTGTA-3'. PCR &, £Z% DNAT
1% agarose gelol A} 22|31 Et-BrE Ha5lo] U.V.aolA] &
2319t
5. Western blot F4J

Bl QREl A3+ 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)&
ol 835l 8alstiL AHEE] (14000 rpm)E S Tpoh T
WS Art THEZES DC Protein assay kit (Bio-Rad,
Hercules, CA, USA)Z AE3IH HESHL 59 thiE 2 10%
SDS-polyacrylamide geloflA]  EEiIich E2l¥
PVDF 2} (Amersham Biosciences) 0.2 #7111 0E] A& o|&
glol Tl AS] wRE OGN

SEEE

6. & &4 241 (Resorption pit assay)
& D2AEZE F7] fd, 45 198 npels FEs
B &5 0.1% collagenase®} 0.2% dispaseZ 0] &8l F7Z0l

A ZENEE FEEFE I ES} FFHAEE collagenO F
Y3 e Ale]  Hryelk  VitD3(108  M)Q}
PGE2(10-8 M)Z H7islod 627 vl IRt 6 vl &, 0.1%
collagenaseE 018351 M mEAEE UL dentine sliceE
7Yt 48-well plateo] M= IBHEE HI/BIGCE 5 8 &2
2E XI5 24 A7 wiet 2, dentine slice= TRAP 8RO E

90-mm

A5 A EZE A AHSH & hematoxylin EH O Z dentine slice
£ gasld & 4 458 B
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Fig. 1. Inhibition of RANKL-induced osteoclast differentiation by
WE-EC. (A) Bone marrow macrophages (BMMs) were cultured for 4 days with

M-CSF (30 ng/ml) and RANKL (<00 ng/ml} in the presence of WE-EC(Water
extract from Fucommiae cortex), Ceils 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.(Magnification:  x100)  (B)
TRAP-positive cells were counted as osteoclasts. Asterisks (*) indicate statistical
differences from the controi (p{ 0.05). (C) BMMs were cultured for 3 days with
M-CSF (30 ng/ml n the presence of WE-EC. After 3 days, 50 ul of XTT
reagents were added to each well and the cells were incubated for 4 h. The
absorbance was measured at 450 nm using a microplate reader
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Fig. 2. Inhibition of MAPK activity by WE-EC. BMMs were pretreated with
or without WE-EC (300 ng/ml) for 1 h and then stimulated with RANKL (100
ng/ml) for the indicated time. The cell lysates were analyzed by Western blotting
with the indicated antibodies.
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Fig. 3. WE-EC inhibits NFAT¢1 expression |nduced by RANKL. ¢
BMMs were pretreated with or without WE-EC (300ug/ml) for 1 h and hen
stimutated with BANKL (100 ng/ml) for the indicated time. Total RNA was Isolated,
and 1 ul of cDNA was used as template for RT-PCR. The mRNA expression of the
indicated genes was analyzed by RT-PCR. (B) BMMs were pretreated with or
without WE-EC (300 ng/ml) for 1 h and then stimulated with RANKL (100 ng/ml)
for the indicated time. The cell lysates were analyzed by Western biotting with
antibodies for ¢c-Fos and actin.
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Fig. 4. WE-EC suppresses osteoclast survival and bone resorption.
(A) Mature osteoclasts were seeded on dentine slices and incubated for 24 h in
the presence or absence of WE-EC. After 24 h, dentine slices were stained for
TRAP. (B) Cells on dentine slices were removed and stained with hematoxylin
(top). Resorption area on dentine slices were quantified using the Image Pro-plus
* program, version 40 (bottom).
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