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ABSTRACT

The bone is supported by osteoblast and osteoclast interaction which are able to bone formation and
bone resorption. Osteoporosis is defined by a low bone mass and caused by a relative increase of
ostoclastic bone resorption over ostoblastic bone formation. Bone mineral density (BMD) are affected by
mechanical and nutritional factor, leading to an risk of fractures. Activity of osteoclast is stimulated by
receptor activator of nuclear factor NF-kB ligand (RANKL). Thus, the compounds inhibiting osteoclasts
activity can improve bone diseases such as osteoporosis. In this study, the methanol extracts of 34
medicinal plant were screened for the inhibitory activity against RANKL-induced osteoclast differentiation
and proliferation in mouse bone marrow macrophages and against the formation of tartrate-resistant acid
phosphatase (TRAP). Among the methanol extracts of 34 medicinal plant tested, Angelica gigas, Melia
azedarach, Saururus chinensis had considerably inhibitory effects on RANKL-induced osteoclast
differentiation, and on proliferation of osteoclasts. This finding suggests that methanol extracts from
Angelica gigas, Melia azedarach, Saururus chinensis may have therapeutic potential for use in the
treatment of bone-related disease like osteoporosis and rheumatoid arthritis.
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291 macrophage colony-stimulating factor(M-CSF),
receptor activator of NF-xB ligand(RANKL),
osteoprotegerin ligand (OPGL) ¢ <3| uwz}
WA EZAA stEA 2 B S A FTHAL 3}
A= 28R (hematopoietic precursor) Al 3E oA
frefe del ok A ZAEY HEERE M-CSF
of o8 ¥4 tumor necrotic factor(TNF) A<
9] 7}4 %83 pro- osteoclastogenic cytokineS!
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RANKS] #A&A9l Aoz <13 mitogen-activated
protein  kinase(MAPK), NF-xB, micropthalmia
transcription factor (MITF), PU-1 18|31 nuclear
factor of activated T cells cIINFATcD) ¢ A=
W st dsdg dude S48 FXska T
@35, 6l.

ZAAFI AR NFATc1 c-Fos, c-Jun, N -terminal
protein kinase (JNK), p38 & AARIAEF} AAZ
AAAEY HHE sty #3519 Fad =4
AAE g, FIAEY  EFo] f{FHAQ
tartrate-resistant acid phosphatase (TRAP), MMP-9,
osteoclast-associated receptor (OSCAR) Y9 EFF
Fol 83 oY FHA WS FFTHII
Z=o ;(] = tﬂ-lﬁ o7= 151

4 20F &9 A
PELEE O =FAY FtetA 4EE AEEHL
otk = &4 A&l bisphosphonate, calcitonin,

estrogen s°] o]&51 gt} kAT o] &9 w3l
22480 ogt AHEHE @ol Ry JTHT]
calcitoning Fefol= TR0 JIA T TA
& Adllete Ae&S sty waAR, AAL T
WA g e Bz8o) vehd ¢ dUHE)l 32
= AAL J2ERAL & FY FAds AHF
oju Yo|7l B2 EASdAE = &4 94 &
Hd7b A7 2710 Wskq @A vehdH, A7) &
& Al ey ndst 59 FWol &
‘157} S7HE e BAEol BusHa JoH9, 10,
1 53] g=AzAA FEetes
%*zﬂxﬂi Mg REFoR  Bo|e
bisphosphonatee]t}. o] A|A|& preosteoclaste]
Doy Aed FEAEe 7led 1 FHAEY
s13td N5 E AAlste] BdEAEY] FAL o4
A7, AHgste B2 T dRAE ol Em
o AL dA sk AEZE Skt glov Ag
gy 7 A wEAA Uk olgd AAEY
HALoR st oHFE HI7HA BAEo
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macrophagesBMMs)oll A &Astd stEAHEZ E3}
He A w5 YR A on RANKL
o o8] F+=%+ INK, p38, Akt, ERKS] Q14t3lE
JAsglom, RANKLe| <3| F7bshe NFATCL,
TRAP, OSCAR mRNAY w2 Qﬁqxﬂﬂ‘— 7ol H
DEYTHIZL AR ofet 2o, Y, W3}
2, R éﬂ} oA FEAEY F4E A
gto EFo] raste s dAdTe 2Ax B
5o ATH13, 14, 151

H dAFgHE FZATY FAHE A B
s 7H AEE AfAE FAe7] ) 34T

FEAES WeeZ FEI FJIAET H3l9
o]z &9l TRAP A& ZAgozHn IIA

2.1 A3A &

EA e B3lo] AHEHE A= o -MEM(e
-Minimal essential medium, Gibco, New York
Grand Island), penicillin-streptomycin solution (5000
units/ml penicillin,  50000ug/ml  streptomycin).
FBS(fetal bovine serum, HyClone Laboratories)o] ™,
Az M o] &H=  staining  solution
Naphthol AS-MX, Fast red violet LB salt
(SIGMA-Aldrich)& AH&3tgith. AlZ=4E90E 9
& MTT (3-(4,5-dimethyl-thiazol-2-y1)-2,5-dipheny!
tetrazolium bromide) solution= SIGMA-AldrichA}o]
A Felskgich

2.2 NEAZ

B Age ASE EAE UTS UgHT
Aol A Tkl Aol AH T Eafst
100% methanol2 4FY F< LA FE31%
1, o] FEAE ARAE AEdY AF & FF
3to] FAAZE

2.3 w2
Azl £

FAZZRY HBTAT

=5

© 723:‘91 ICR w25 o] &ato]
z < femurs} tibiag 7+

At B9 femurs} tibiad 2 & 2
1% o -MEMO.Z2 FIAA i’\ﬂl_-_% 2ot

GEAFAEE A7) 8] A2 10% FBS
9} 1% penicillin/ streptomycmO] A7 10% «
-MEM ®jA]e] 40ng/ml M-CSFE& EF3}o] cell
culture dishe] 72417+ &% 37C, 5% CO,
incubatorell A ¥ Ect. WgH AzE 3F A
THEZEA S BMMse AH&-3stSiTh

727 B

RCA o)

2.4 TRAP assay

2N7F B9k culture disho] Faste wjokH
BMME DPBS buffer2 washing si& 3 cell
dissociation solution®.Z AEE wo] = th& cell
counting ko] 40ng/ml M-CSF3} 150ng/ml RANKL
96-well plateo] well 3 1.5x10° cell/wellZ 72A]
b &<k 37C, 5% CO, incubatoref] A wjokslsitt.
?2(pos1t1ve control, P.C) M-CSF ¢} RANKLR}
A7vekgla, M-CSF, RANKL, samples #7}s}
dgTos UrT°1 APt 2N & o=
AL B3 A Eojdow wds:

£ o é‘ﬂ: oL

a49l TRAP
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S o] &3k pNPP(Para-Nitrophenyl phosphate)7]
A& YojFo] Optical Density(0.D) 450nmellA =
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2.5. Cell viability assay

AZ A2 2A57] 98 MIT $HE o &
T BMMs(1x10* cell/well) HL«] 1| ool A
40ng/ml M-CSF, 150ng/ml RANKL 18] Thekst
59 samples 96-well plated] F7lste] 37T,
5% CO, incubatoroll ] 48A1ZF wj¥ste] oz
APFoE  uvrol APt 1 F MIT
solutiong wellel 2+ 20u1% 53 & 37C, 5%
CO, incubatorellM 4AIZF 59 WSAAZE T
0.D 570nmel| A &4 3stH ot

3. A3
3.1 TRAP assay

27 z¥ERAZAA  fdd BMMs AEE
M-CSF9} RANKL & Z+% cytokineo] &Js}o] A|xZ
Tt §HoE gy EAEE L35, g8 A
& GEA LA EojHor WEH= TRAPY &

A& ZA8H AT

Rubus coreanus(E-%#}), Angelica gigas(d¥) 5
UF fEAES st H2oA EFY F
 WEereEZ 77t &3 & M-CSF9} RANKL=Z
A oA Lo w82 AYsto 397 WY
3 & TRAP %*é% ZA% A%, F2ES A3t

<;1%1 D, <L D3 Zo] B9 6ug/nl EoNA

33%, AAA bpg/ml FZANA 55%, Az 4dpg/ml
FEAA 41%, bpg/nl F=NA 56%2 TRAP A3
a3s Yerileh tixz 9 vis) TRAP &
Y7y 74AT Ao Hol T HdxA, A
FEEoA FEAZ OF A A &
T 3
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3.2 Cell viability assay

TRAP &4 Agol 4o we 34, WalA,
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Fomny Az AZEL WP 23 9, A
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i=4
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Figure 2. Effect of medicinal plant extracts on ceII viability.

1. Angelica gigas NAKAI 2. Melia azedarach L.
3. Saururus chinensis
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Figure 1. Effect of methanol extracts from 34 kinds of medicinal plants on the RANKL-induced TRAP activity.
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E 1. %8 AE WIAZEH e 3259 g2 AX &4 A &4,
Table 1. Inhibitory activity of methanol extracts from 34 kinds of medicinal plants on osteoclast activity.
The data in Figure 1 on TRAP assay experiments were quantified.( — : no inhibitory activity)

Inhibition(%)
No. Family name Scientific name
4pg/ml  6pug/ml

Rubus coreanus

1 Rosaceae (=1 - -
Platycodon grandiflorum A. de Candolle
2 Campanulaceae - -
(A7)
5 Serophulari Rehmannia glutinosa var Purpurea
crophulariaceae ) - -
P (FE%A)
A Vel Gossypium herbaceum L.
lalvaceae - -
(|sh
o Lonicera japonica
5 Caprifoliaceae N - -
RlE=)
6 Zinoih Curcuma longa
ingiberaceae _ - -
¢ A
. Gardenia jasminoides
7 Rubiaceae ~ - -
(X12h)
8 » ) Paeonia lactiflora , Pall
aeoniaceae - -
(zreh
Einbofrya japonica LINDL
9 Rosaceae - -
(¥13h
10 Adenophora trinhvil Jjaponica Hara
lenophora trj a var - -
prora fpay (A12h)
. . Angelica gigas
11 Umbelliferac/Apiaceae - 33
(B
. Morus or Mulberry
12 Tillaceae - -
C)
Pleuropterus multiflorus TURCZ
13 Polygonaceae _ - -
(Bl
. Liriope platyphylla F.T.Wang & T.Tang
14 Liliaceae - -
(HE5)
Cimicifuga heracleifolia
15 Ranunculaceae - -
(=vh
. Allium tuberosum Rottler ex Spreng
16 Liliaceae - -
b
17 Poi Rheum palmatum
olygonaceae ] - -
& ()
Chaenomeles sinensis
18 Rosaceae - -
(=.3})
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Inhibition (%)

No. Family name Scientific name
4dyug/ml Bpg/ml
19 [ abiatae SCu[ellarzfz gazca]enﬂs _ ~
&)
. Coix lacryma-jobi
20 Graminae (e]olol) - -
Aconitum carmichaelii Debeauix
21 Ranunculaceae (90) - -
Lycium chinense Mill
22 ) - -
Solanaceae (7170
23 Amaranthaceae Actyr am‘feﬁ Japonica - -
(<)
Cyperus rotundus L.
24 Cyperaceae (7 - -
. Pinus koraiensis sieb. et zucc
25 Pinaceae (2] - -
. Melia azedarach L.
26 Meliaceae (R - 55
Cornus officinalis
27 Cornaceae s - -
(A1)
Houttuynia Cordata
28 Saururaceae (014 %) - -
29 eymomocease Cynomorium songaricum Ruprecht _ _
AP
Viscum album
30 Loranthaceae (A9t - -
. Taraxacum platycarpum
31 Compositae o - -
(23D
2 S Saururus chinensis 4l 56
aururaceae (ahu) 2)
33 Leguminosae Cassia tora L. - -
& (€R=ED)
. Angelica keisker
34 Umbelliferae (A=) - -
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4. 4
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AL BFyoz 8 = F471 d=84A4 24
st WAstE Ayolti{l]

B AT 4T FEAERZRH vagE F
FEZHYH FIAE B3 AgA & ZH

M-CSF9} RANKL cytokineo] =& <3 thd
HJZAEZ E3HHA TRAPolzt:= HIAX
FA AA7F BHo] He AL ol 8dte dEA=
o WEhg FZE 4ug/ul, 6pg/nlY EEE AHY
of TRAPS] &44& Yolr gttt

I FZE bug/nl F=NA 33%, A2 6ug/

TZAA 55%, AWz dug/nl FEAA 41%, 6
pg/nl FE=oA 56%° TRAP A8 &4& ‘%E}k‘i
on, JIAZY AT HdPAINE A4 F
=AM & AT A EAt

Src  homology  2-domain-containing  inositol
’-phosphatase 1 (SHPD) ©9dLe sFAz
PBK/Akt A2dE AAE Tl 44, E3hek A&
< zddga ELE:]:] 1oH, SHIP-1e AgA7
oA A4 FhgFol UerETHIG. %‘i‘i *
%52 RANKLY 93] f=5+= INK, p38, Akt,

ERK (] QU il Aol 42
7 23 AARATL B35 d9g 228
& Azl A 2% A0 50K ol
o HEAL 4% A Eshsh TRAP B0 P
e TS deiglth BaEAE dste] x2
2 27k 3459 0 BAEE BhEE 5B
2N FE8z $2EL AYW A3 AT, W
o EAsE 2aAe Fyol M daBAR ¥
A freldos sk Ao tegn vad

A2 9% A% 24 Fo I §F9 Favt
F3: 2% FoT PAHOE IuHL
$2 BYODE o)k fAEIA PEOE A
2 £49 oA 2 ARe| 537} 49F &
B g8 A0 FZATIT. ol9 ge AAE
& HTALY HHE A TL BAT %
Y B4R HBAZE Baee F4L v
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