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The chloroform extract of Sambucus formosana
stimulates preosteoblastic differentiation of
MC3T3-E1 cells
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Abstract

Osteoporosis is the imbalance caused by increased osteoclastic bone resorption over
osteoblastic bone formation. The decrease in bone mass and bone density could
improve defects in bone microarchitecture. The development and progress of
osteoporosis can increase the risk for fractures that are a serious problem with many
adverse consequences. Until now, most therapies for osteoporosis were focus on the
bone resorption inhibitors. Such kinds of medicines just prevent the bone lose but can
not increase the bone mass obviously. Thus, a new development stratage for
thetreatment of osteoporosis is to find out'some drug that has the potential to increase
bone mass. The thesis used MC3T3-E1 pre-osteoblastic cell as a target to assess the
bone anabolic effects of traditional Chinese medicine. Sambucus formosana is a
caprifoliaceae herb and often used as a folk medicine to remedy fracture, contusion
and pain induced by rheumatism. The research found the chloroform extract of
Sambucus formosana (SF-C) induced MC3T3-E1 differentiation in a dose-dependent

manner by increase in ALP activity, enhance the expression of OPN and OPG, and
mineralization. Futher isolation of SF-C obtained 8 fractions, named SF-C-1~ SF-C-8.

Among these 8 fractions, SF-C-6 be the most potent one to induce osteoblastic

differentiation and mineralization of MC3T3-E1 cells. Follow the bioactivity-guide
fractionation, 6 subfractions named SF-C-6-1~ SF-C-6-6 were isolated from SF-C-6.

Although SF-C-6 and SF-C-6-6 still have the ability to promote pre-osteoblast
differentiation, but their effects were less than SF-C. Thus, the upstream SF-C was
chose to investigate the mechanisms of action implicated in osteoblastogenesis. Our

results showed that SF-C notably increased the expression of phosphorylation Akt,

Smad and p38. Further, pretreated with PI3K inhibitor wortmannin ~ BMP receptor



inhibitor noggin and p38 inhibitor SB203580 all markedly inhibited SF-C induced
ALP activity. But MEK inhibitor PD98059 and JNK inhibitor SP600125 had no effect
on the function of SF-C. The results suggested that Sf-C could promote osteoblast
differentiation by activating BMPsS/SMAD, p38 MAPKSs, and PI3K/Akt signaling
pathways. In conclusion, our research found that the chloroform extract of Sambucus
formosana have the ability to promote osteoblastogenesis, the possible mechanisms
might involve (1) induce osteoblast differentiation, mineralization and OPN

production, (2) and increase the level of OPG.
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(4)  #4p3d (Osteopontin, OPN)
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(1) BMPs/SMAD signaling pathway

¥ %2 =225 3-v ( Bone morphogenetic proteins, BMPs )/ >+ transforming growth
factor beta (TGF- 4 ) superfamily en® @ — F » £ ¥ 4% 22 fod § anufr £
W€ & ek d (Sykarasetal, 2003)- p % ¢ g # IR G 3F 5 48 BMPS» 4r : BMP2 »
BMP4 f= BMP7 &2 4 %2 5 B > T € AHE R Lizlmie o 1L L3 F fmre I 0 K 4o
#h s it cBMPs g8 d B8 % - A2 % - AN g Rk fRiFE R

(type | and type Il serine/threonine kinase receptors ) #&fi& i = 53 4, @ 7]+

SMAD 1/5/8 » £ #2 SMAD 4 2 & » 25 — 45 & # (B IV)i& » 3| m% 5 & 1L 4%

T A Flendg 4k e 5 iE— 33 & T 54 7] (Sykaras et al, 2003 )

(2) MAPKSs signaling pathway
MAPKS ( Mitogen-activated protein kinases ) #_— # serine/threonine protein
kinases » 427« € ime & Jis - & 45 1 3 2 ~ &=~ & v (differentiation) frd %
F» i % - extracellular-signal-regulated kinase ( ERK1/2 )> C-JUN NH,-terminal protein
kinase (JNK) - p38 #_= B % I -7 MAPKS pathway 13 & chs B (B V) > 7 14
# 4 £ F]3 (growth factors )~ fm*z j% (cytokines ) ~ g % 4~ (anti-cancer drugs )
% %1% % (Ramanetal, 2007) - 3 % @ ¥zdp i MAPK U 5LE fS e 5934 - fm
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Y A 1L TR oA T fi e ERK1/2 © GAkdp i i3 e A L 1E R fok §235 A
i 4 (Geetal, 2007) - 4p 23t ERK1/2 > p38 & it 4 4 df F o g § tmbe ik

5 B (Hsuetal 2007) - ¥ *t:& 5 47 %45 ) BMPs 2 7 ¢ 7% i* SMAD signaling
» ¢ Bk it p38 kinase §& fZ 0 14 2 SMADs - p38 kinase signaling 2 A #_% 3.1 4p
B (B VI) (Noheetal,2004) - #k@ > p38 f= ERKL/2 i if: 4B i ¥ 33

¥ fmre Ao iv g AT R 4] i ﬁ%‘}%‘*{o

(3)  PI3K/Akt signaling pathway

PI3K ( Phosphatidylinositol 3-kinase )/AKt B.i5:d &7 5 fawme k i ¢ 35 ¢
e A Ko~ e A v R ok lmve k= & (Tokeretal, 1997 ) o % 2002 #
Choudhury & 4 & L4 % 7 BMP-2 35 % ALP e 3 & PISK frv e P53 5L
Akt g5 i o §F ¢b > Lovastatin £ - B ¥ B 4e i wie o L enEE S > Uit E
;ﬁd Ras # &% v PISK fo Akt 3t 4 @£ %]+ > 1] BMPs eh 3£ (B VII) » i&
@ Bt F e ek v i % (Ghosh-Choudhury et al, 2007 ) » s &9

PI3K/Akt pathway #ig ¥ fwre & (42 & 5 £ & chwb iy o
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Ot et 1994 E o d Failpah A s T - AFFERSC AR
BRE A R RS Hm S 2 B 0 & i R KRS £ 8

BATRB G LM RS o 0 AR L R e g R M - 1D

Db

o P WEN R > - LA R aRg o FET L6 RS RS
ﬁﬁgﬁ’fffr A IS AL EE R R M T E L L R o Fl 0 F FEi R )?u
AL 21 #E CRER LIRS R FREF AR 2 AT R
Jéiihgfxé A ERFRp e L ek R FERORE

K,értﬁ 3{,-—5:’} ) Eﬁﬁp;ﬁﬂbmﬁu sy Kb y.;g Lbf‘)';\‘go A F A
3 EiFARY >3 F e fra e £ 2 BT R FAERAITHI BEN U ¥ A
30 3 40 ﬁaﬁ&iﬁaggﬁgﬁﬁi%%%’?:&i (peak bone mass) » 4 {8 ibribrsE 4 FHd F
i % IR % (demineralization) > & = % g p ¥ F R o S 0 T A %%J Sy =
¥ %4k £ (osteopenia )t PEE & F TSR 40 o FIR A ad B g AR kAR
BE AR TE R 0 T bR AR P 0 45 R is ek g
WREMEPEFEEARERY G R AT TR ot Ty o R
N epERF {5 o

yoebosy RiEs KR B PR KRN T e
(1) B =¥ Faxgls (Severe osteoporosis) @ # % & M3 & 7 £ enL aE
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(Mean) 2 25 Bi&% % (Standard Error of Mean, SEM) > & ¥ & 2 4
R AL
(2) * Feiglgr (Osteoporosis) : # % A& Mt £ g A eI 3aE R4 25 Bk
BE oA T HFLEFIT
(3) #® F# > (Low bone mass or osteopenia) : # % & /1 *% & £ £ T 32 {E
2 1 BiR® L 25 BHRELZF o
(4) %% %A (Normal): &g adaet » & 1 BB L2 R o
Pa 2rfe i 2 RA RS F T o 20 - #5975 15,000
L FeEenp Lo B iF Y9 10 § o Mg omiE- &9 100 § 0 4
v Eip R R FERORT 0 RBE 165 R o RO T REFEH S F

%7

o -~ —

“-’%

$ j'\'"l étﬁpﬂ’rﬁi‘%j&‘%\;é/ka\}g%%méﬁo
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Ve
4

4 g

A (B VIIDE £ % Sambucus formosanum » & % * 44 ( Caprifoliaceae )
Bt ABoBE oy L3 c8H5E - FL - e
d T p 5 a425000 ¢ 2Lt At s AL B S ER DT IR
o R R A > 2REV A E o AR REG . F
ERE YU RS o AR ITR R B G C RIBF RS o TERG A
f2d ~ S abF cnFs AR  s TR Z RGO L M TSR
B oo Rm o %2005 % XieF % A M i+ A B Sambucus williamsii £ F
Ao PR S ERRS R RAZE OB ek B od B R a5 ¥ 0 42007
£ FIRI D 60%IFp 5 B~ Sambucus williamsii 35 P-4 7 125 4e
UMR106 i ¥ ¥zt ALP &1+ mi} 5®2 % (Yangetal, 2007 ) o #514 b 4 %
Bt foe predp - 2Rl Bt A fend 1 % 8§ Ap g Bb o

RCRIRRE B L ST EE A Be e
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g R ATAR CBEEG R BREA B BRATY S
TR AP PR R F T B F ST 5 e (MC3T3-EL) A 1t o
dE e e Bk AR R BT Tl A T e G R T

(S S o REUEE AR NS S S
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Articular
cartilage Bf & #k B
T Spongy bone ;4 45 &

»’r '
ARG AATIR
/ \: 0’) Y N

Proximal 3 & ‘v'i' Blood vessels f &
, epiphysis \ N b
/

\ A A
,/ gi%iiﬁr%% RV ?. ‘/é ’ NS
/ \ ! ,

) |
|

{

Marrow cavity ‘B [ B

—— Endosteum - [ig

Compact bone 4 % #

Diaphysis <

Periosteum & p&

\
' Distal <
epiphysis

R s

®Ii~£F m’}f‘.:.%m ( Martini FH et al, 2000)
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SEME mEADR
Preostob! Lining Cell
Preosteoblast Osteoblast ining Ce

preoiy @ N il
Skeletal = 7
Progenitor

1\

& I||I| I

: N o
/ Osteocyte
425 © —
S S Chondroblast

=t 2l iSRG ABIRSR Adipogenic Lineage @
Me‘sstz”mcr(‘;\gﬁa' \ FESFCRMBIR A Myogenic Lineage —= = —
Al Tendons
BB BBIR Dermal Fibroblasts

Y

W~ et 7 WMFEE % 86)-

-25-



|
U

Resorption Reversal Formation Resting

435 4 i 9 Hp A% = Hp L)

W~ F €5 5% ¢ S5 £ & g (Mundy GR, 1999) -
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BMPR-II BMPR-I

Noggin,  pmp
Chordin . Dorsomorphin (!
o
l HFE TR1 TiR2 IL-6

ERK  JNK

Effects on downstream
target genes
ORORIONONININONG

ROV,

W IV ~ BMPs 3% %3¢ F e 4 2 2 3 4 @ yE§ /£ (Anderson GJ et al, 2008) -
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Stimulus

Y
MAPKKK

MAPKK

Mitogen-Activated Protein Kinase Cascades
Select a search pathway below.

Growth Factors, Stress, GPCR,
Mit . GPCR Inflammatory Cytokines,
rogens Growth Factors
- ‘(/ ~

]
* ™

'

=

-®
&

L

Growth,
Differentiation,
Development

X

N6-0-8
.‘_@F@F

Inflammation,
Apoptosis, Growth,
Differentiation

Stress,
Growth Factors,
Mitogens, GPCR

!

Growth,
Differentiation,
Development

BV~ = ® % k1 MAPKSs pathway = R

(http:/lwww.cellsignal.com/pathways/map-kinase.jsp) -
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Extracellular
Region

[Cytoplasm

¥,

no signal

v

p38

BMP

<>

E—
-

Smad 6,7

Antagonists

Smad1,5 g_-.md 8

=

Smad 4

v

l

Smad
pathway

W VI-BMPs f B 7% i- SMADs §op38 kinase 12 2 # it 4p i 1£( Nohe et al, 2004 ) -
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Statins

l

Ras

l

PI-3 Kinase

™
Akt

MAPK

N\ Y

BMP-2 Gene Expression

l

Osteoblast
Differentiation

B VI~ § v & i ¥ PI3K/AKt pathway #9% 7. (Choudhury NG et al, 2007) -
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B VIS % F 5 54 o
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-~ FERE LR
2-Amino-2-methyl-1-propanol (AMP) (Sigma, USA)
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma, USA)
Agarose LE (USB, USA)
Alizarin Red S (ARS) (Sigma, USA)
Aprotinin (Sigma, USA)
Ascorbic acid (Sigma, USA)
Bio-Rad protein assay (Bio-Rad, USA)
Bovine serum albumin (BSA) (Sigma, USA)
Dimethyl sulfoxide (DMSO) (Sigma, USA)
Foetal bovine serum (Biological industries, Israel)
Glycerol 2-Phosphate (Wako, Japan)
Immobilon™ Western Chemiluminescent HRP Substrate (MILLIPORE, USA)
Leupeptin (Sigma, USA)
Magnesium chloride (MgCl,) (USB, USA)
Methanol (Echo, Taiwan)
Minimum Essential Medium Alpha Medium ( & -MEM) (Invitrogen Corporation,
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USA)
NP-40 (Sigma, USA)
Mouse Osteopontin Quantikine (R&D Systems, USA)
Mouse Osteoprotegerin/TNFRSF11B Quantikine (R&D Systems, USA)
Mouse TRANCE/RANKL/TNFSF11 Quantikine (R&D Systems, USA)
PD98059 (Sigma, USA)
Pepstatin (Sigma, USA)
Potassium chloride (KCI) (J.T. Baker, USA)
SB203580 (Calbiochem, USA)
SP600125 (Calbiochem, USA)
Sodium chloride (NaCl) (Amersham Life Science, USA)
Sodium dodecyl sulfate (SDS) (USB, USA)
Sodium fluoride (NaF) (Sigma, USA)
Sodium hydrogen carbonate (NaHCO3) (J.T. Baker, USA)
Sodium orthoranadate (NasVVO,) (Sigma, USA)
TEG (BIOCHROM AG, Germany)
Tris (Bio-Rad, USA)
TRIzol reagent (Invitrogen, USA)
Tween-20 (Sigma, USA)
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i
Anti-rabbit 1gG (Cell Signaling, USA)
p38 MAP kinase antibody (Cell Signaling, USA)
p44/42 MAP kinase antibody (Cell Signaling, USA)
Phospho-GSK-3 5 Antibody (Cell Signaling, USA)
Phospho-p38 MAPK kinase Antibody (Cell Signaling, USA)
Phospho-p44/42 MAP kinase Antibody (Cell Signaling, USA)
Phospho-SAPK/JNK Antibody (Cell Signaling, USA)
Phospho-Smad1/Smad5/Smad8 Antibody (Cell Signaling, USA)
RunX2 Antibody (Santa Cruz, USA)
SAPK/JINK rabbit Antibody (Cell Signaling, USA)

Smad 1/5/8 Antibody (Santa Cruz, USA)

S RBRALEH
24 well cell culture cluster (Costar, USA)
96 well cell culture cluster (Costar, USA)
Autoclave (Tomin, Taiwan)
Centrifuge (Kubota 1720, Kubota 5800, Japan)
CO, incubator (% £, Taiwan)
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ELISA reader (Bio-Tek Instrument, USA)

Hypercassette™ (Amershan Life Science, USA)

Laminar flow hood (:# 4, Taiwan)

NanoDrop 1000 (Thermo Scientific, USA)

PES bottle top filter, 500ml (NALGENE filtration Products, USA)
PCR electrophoresis chamber (Advance, Japan)

pH meter (Jenco, Microcomputer pH-vision 6071, Taiwan)
SDS-PAGE electrophoresis chamber (Novel Experimental Techology, USA)
Tissue Culture dishes, 100x20 mm (CELLSTAR, USA)

Tissue Culture dishes, 35x10 mm (FALCON, USA)

Water bath (Yihdern, Taiwan)

W NERRT R (B HE A H, Taiwan)
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-~ ARG ERFzUH
£ #-7 % 7 (Sambucus formosanum) 3z {5 o *7 B[] B E 0 4 » 2 iR
(ethanol)» 12 Kig4e# 2 N %% 2 ([ P RRisEBp3 AA? 4ot £4F 2 = o
E B ArG e F o e PR E PRl o B RRRYE B pER B o 4o
% 7 (chloroform) » i&)p+ 4% % ;3 (SF-M) 4r& ¥ 3 (SF-C) % & 3%
i» o i {7 ALPactivity assy > 4§l ALP /Efit 3 B g 2T P (7 9
(Silica Gel) % 474 474 &t » B~18 = » 414 (subfractions) > 4ot & 45 # % > 8

T B R

s gt wmrzeR
A2 #rE* ] Ba SRt b etk MC3T3-E1l > S + B r s fp
T MEREFIH TR E R * 10cm B R HwEE i3t 10% s
= 73 (fetal bovine serum, FBS )~ 100 unit/ml penicillin % 100 unit/ml streptomycin
#1 Minimum Essential Medium Alpha Medium ( ¢ -MEM) # » #-'m% 33 % 3% 37
C ERXZF 5%CO;, 2824 §wmE 3 ™~ 4 2R BF 0%
BE - MARE A LER karag-MEM $# 3§20 4 ~ phosphate buffered saline( PBS )

¥z o Wtedgc o L4 Iml 50 TEG (7 trypsin -
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ethylenediaminetetraactic (EDTA) % glucose ] i3 /% » B &¥ T3 % > T r 32 &
#¢ % 5-10 A4 £ 4 r 2ml ha-MEM» B-rmredsdsir 2™ k% ~ 16ml 3
AR ,? » 215000 nm:- AC > 7 A s5en Rl J'#P\-'“ oép\‘,\, 1% = /%'_”Q , ;mpe;}ﬂ £z

Seor Aml 378 o -MEM o 8 B~ 100 y | enfme 232 %>t 10em B £ x » ¥ § w12

4P o flemre T ¥ S mre Y o

Z ~ %3 E % (Cellviability) 4 47
MTT (3-[4,5dimethythiazol-2-yl]-2,5-diphenyl-tertrazolium bromide ) = - #&
F 4 ki3 12en tetrazolium salt » & dmie ¥V R R AL LS 4 p
(succinate dehydrogenase ) #- MTT ¢ tetrazoliumring ## 5% = &% ¢ 2Lk 14
1 fomazan > #ff fwfe @ > £ v DMSO % f# > B 570 nm =k @ o FligiE
ehime A% 5 904 2 o fomazan 3 € A% 5 o TRk EAR X A T M RE g R F AR
3 o
# MC3T3-E1 im¥e 32 % & 96 wells plate » > ‘w®z #ic s 1.5x10% cells/well »
NEFFFFRRRILE F PR 21 #rg well ¢ dug £ > 4o PBS

o A5tk PBS e ser 100l 3%k fr 10 IMTT > B20s £ 409 v | P s o 48

=

£33 % i de MTTo 4 » 20041 DMSO > 8 3 % 233 2 15 i Rl £ 570 nm = &

=
o
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T~ ke MEREL TS 124 15 (ALP activity assay )

ALP FIE»t 5 g disend it dpfh > H AR Y Rig Rl E S 2 L0 1 iEd o
fed o HPIE R L ALP Agi et pH=8~10 ek ™ » v K2 H Aok
( monoester phosphate ) > #c4c » ¥ fiaBifk < H o -Nitrophenylphosphate - ALP
¢ #-H 43 % phosphate & o -Nitrophenyl » 3t 405nm 3 & < 3k E > B

K EARL R ALP FEAxg o

(1) s & e
# MC3T3-E1l w2z % & 96 wells plate * » wm®z #c % 1.5x10% cells/well »
WEEB AR R - e Um e TRV R A B 0% well ¢ E i

EATE 773 S%FBS (7 o-MEM £ 2 R ERES > E W ERER A Y = X

my

(72/) F)o = R 45 4B~ b Frigo 14 PBS dmdmdn & e % @ well #% PBS 1
sex 100 ¢ 1 40 0.01% SDS (sodium dodecyl sulfate ) 72z 3= & well # » >t

B RRTEAZTETRET 40 A4 -

(2) ‘wre Fv FER 17
BIE e Fd B 7 7R * 2338 5 Bio-Red Protein Assay e T 7 &
A #-2 w5 39 (bovine serum albumin, BSA) fe @l =¥ kv Fiair 0 T
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frig h ek R 5 0-01-02-0.3-0.4-05~0.6 mg/ml- #- Bio-Red Protein Assay
12200 1/ well 98 i 2e 1) 96 wellsplate # > 7 ik R R e R T S5 L 18

2tk eein 28~ 10>t 96 wells plate # £ Bio-Red Protein Assay “v 4 & &

\

\“‘\ﬂ

» P

‘11

(3) o -Nitrophenylphosphate (PNPP) 73 % 27 4% & % fie %

B~ 2-amino-2-methyl-1-propanol (AMP) 0.5ml f= 40 mM 3 MgCl, 0.5 mi
%% (RO) -kped 2 10ml > pH=10 7 AMP %% o £ % AMP ;3% &
4-Nitrophenyl phosphate disodium salt hexahydrate # % fe % == 9mM 2z PNPP

v (M BiEAAT AWRRE T ) B8 2% % 0.02N & NaOH /3%

1:»

/

p-Nitrophenol standard solution ,u@_gﬁﬁg e 5V o fe oA 7.8125~250 4 M 7

Ik B eh PNPP R (el B4R @ LR ™ ).

(4) ALP activity assay

M EART AW RTREY o AF BiSY );a,,] 4e 100 1 &= PNPP ;3% »
e P47 k& & ¢ p-Nitrophenyl standard solution » % B~ 190 | % §z7% 0 well
Porigpihe o @R RRTEYZET RT 30 A4 dRl £ 405
nm sk fE o 1% Ry MR8 Dk E PNPP 2 & 0 vt B &5 pFE mg
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protein ® #% % &1 PNPP k& ( «MPNPP/hr/mg protein) » jk & E4% % 4 77

ALP F2Ax3g o

7 - OPN-OPG 2 RANKL 3 €ip %

PLIEBE AT a2 %% (culture medium) & 4T & p ALP activity assay % F
B e ;%;‘,f‘:é A 7 8 ELISAKIt (74 39 - i J5 protocol E'ﬁﬁ,% » #- standard
frg & ¥k & & 5|22 assay diluent #pee ) kit 2 p shmicroplate > dEfcds & #593 o
MERTF M 2 [ REiS 2 wash buffer ik o #rE AT RIS > 4~ conjugate
buffer > 2 &7 » & 2] F= > I $ 12 wash buffer jj-ie & 45 *% 75 iR 4g e > 4e »
substrate solution >t % /8 7 F & 30 & 45 (K RiBAET AR TER T BT ) NS
775 4v stop solution ¥ 1k H & R 18 o i Pk £ 450 nm = sk @ o f1| % standard 3+ &

R B ET ERUE D S I

2~ 4 F i k&4 (bonenodule) A= ga 7

fl* &% S %42 (alizarinred S staining, ARS staining) » 12 ek 4 4

7 384 A g F deve i A o0 bone nodule #4F Bk o ARS O r4E F 15 AR

3

()

AL A AR ihd o &R RGBT RS PR
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(1) mver % Aae

4 MC3T3-E1 w232 % & 24 wellsplate ¥ » wm*z #c i 1x10° cells/well » *+
PEBER BERE X 5 3 XA { - IAMETBRR XL » B well #
gtk 0 £37E ~ 73 5% FBS ~ 50 ¢ g/ml ascorbic acid v 10 mM
-glycerophosphate /g -MEM 22 7 kB ch&d > SN ERERE £ Y B % 14 %

* 3 A {Hme R L RRi By -

(2) ARS %k
B35 %% (RO) -k#- AlizarinRed S A e & =& 40mM 7 ARS 3 7% » & 4

B pH & 4.0~410 1 HERE 0 7 Rt 4C kEET o

(3) ARS % ¢ 3
s-well p chim e 35 & b iz 0 2 PBS jfi%e 2~3 =5 » #§z PBS &

well e~ 75% sokippd Bl 1'% 1 [P esgfs * RO -Rjie- =t » %~ 5if

Wig e oo Foplate 2 20 (S 0 L PET F 200 TR 05 o it B 43 eh ARS 2|12

500 u I/well e0ig * & 7% 7 ‘v plate ¥ > T 5 o 4E o Fhgs A F 0 4~ PBS i
R S ARRA 28 PBS S r Y 0 BRCR S M HMBBRET AR

2 0.1NNaOH 3 R f34 ¢ (s awlky » = 25 &% » Rl E 548 nm > =r

4

BT Tt SRS S
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= v e v HE P

(1) Total protein =% B~

(=) s oL
# MC3T3-E1l 'mPe 32 £t 35cmE s ¥ » we i 1x10° cells/dish >
WEERARYER 24 ) FE  RigE Rk 2 27 73 FBStha-MEM s 3t
R Al - sz Ao N g% AL o 2 PBS GE- T oA rR T T

FBS sg-MEM £2 &4 » B wat i B £ 47 » S BEX 7 B -

= )  Total protein lysis buffer fiz &
BAAERE ZF 50mM Tris-HCI(PH 7.4 )~1% NP-40~150 mM NaCl~0.25%
Na-deoxycholate ~ 1 mM EDTA *t 100 ml RO -k =7 radioimmunoprecipitation
(RIPA ) buffer- 3% £ 41 mM NaF 5 ¢ |~ 1mM NasVO,5 ¢ 1~ 1 1z g/ml Aprotinnin
1pl~1pg/mlLeupeptinl el ~1pg/mlPepstainlyl~1mMPMSF5 1 & RIPA

buffer = 4p/R & fe ¥ = 1ml < total protein lysis buffer -

(=)  Total protein % B~
v ?ﬁ.-,-Bker ﬁ,y?FK%'Q_,]\L@w MR ER A S A o
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¥ %% > 11 PBS Fikd =t > 4o » 3f £ ciototal protein lysis buffer & H 353 4o # ¢
BAx Ee o &% B 7 27w > @ e lysisbuffer s T e F 0 F O 40 &
& > 114z A8 (0.5 cycles - 60% amplitude) % 1 4 4 - 2 13000 rpm >
4C» Saspaigidgpe » b5 total protein ch3 P~ » f i 1513 -80

Crkfadg* o

(2) Cytosol and Nuclear protein &% B~

(=) KAEERSR Y2

fe total protein s g2 = 3¢ o

= )  Cytosol and Nuclear protein lysis buffer fe %
1. Cytosol protein lysis buffer :

10 mM NaH,PO, 10 |

10 mM NaF 50 ¢
5 mM MgCl, 5ul
1 mM EDTA 21l
1 mM PMSF 5ul

10 pg/ml Leupeptin - 10 ¢ |
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1 pg/ml Aprotinin 1ul
1 % NP-40 100 |

% RO -k3fgpiR &= 1mle

2. Nuclear protein lysis buffer :

10 mM NaH,PO, 10«

10 mM NaF 50 ¢ |
5 mM MgCl, oW |
1 mM EDTA 2l
1 mM PMSF 5ul

10 ug/ml Leupeptin - 10 |
1 pg/ml Aprotinin 1ul
1 % NP-40 100 1 |
0.5 M NaCl 100 ¢ |
¥ RO kI3 4pi &= 1mle
(=) Cytosol and Nuclear protein #% B~
Bov WEPehr g HAPRE okt L o ¢ BRILGR A o RARE
i > 12 PBS ik d =t 0 4e o~ i £ 5 cytosol protein lysis buffer i@ H 353 & % b33
Ar koo oofé * HIE 7 2T mreoid e lysis buffer =T gpe oK 40 A48
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AR5 s F A% (0.5 cycles » 60% amplitude) T % 1 4 45 o 2 9500 rpm > 4C >

10 & sgehix 2 g » b ik 5 cytosol protein eh3 Bk o oz f T 5533 -80C
ki d * o s 4o pellet 24e » 3 £ 9 nuclear protein lysis buffer ~ & 40
ks e PELAZ 5 AR (0.5 cycles 0 60% amplitude ) % 1 & 4& - 12 13000

rom > 4°C » 10 A g i g > i%;‘{‘:é % nuclear protein sn% B~% > Jc f & RE

3 -80C ki * o

(1) ‘L= Aspedr =A% (sodium dodecyl sulfate polyarcylamide gel

electrophoresis, SDS-PAGE )

o
P
3
T
22l

RiEN
%
%
Z
e

AT ARERE R T Ed ftRe LB H A
RATE A ~F B ki FHRRE RATIE ST REASF D)

ViR pEE o

(=) Tris-Glycine SDS Running Buffer (10X)pz ¥

Tris Base 29 g ~ Glycine 144 g 22 SDS10g - F i3 f3** RO-k3Z 1L -

(z)  RAET &
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A7 %iE % 10% resolving gel ~ 5% stacking gel 4 3 F-v B o #-lm%e F-o F

2 Bio-Red Protein Assay 4 4515 » B~ 40 n g 2. 54

1 Laemmli sample Buffer ;& £ 353 > 3t 100°C ™ 4c# 5 4 4&fs > spindown ® ¥

al
e
14
F_&
P> =3
Neg]
-
F
it
e

Bk s dr s #-H o wii ~ (loading) AT A2 W S

—3t4e » Spl 2 F-v F A+ & 4534 (protein molecular markers) » &G R3S

IR R A K R [(tris-glycine SDS running buffer (1X) ) ¢ &7 7 A & o 3t %

BT AT 50V i marker & LAKE R 100V ieF T i .

(2) &3 582

(- )  Tris-Glycine SDS Transfer Buffer (25X) 4= TBS buffer (5X)zz &

Tris Base 18.2g ¥ Glycine90g - k4 f%* RO -kx 500ml - =~
25 40ml

Transfer Buffer (25X) - % % ¢ i * % Transfer Buffer (1X) » fe

25X Transfer Buffer ~ 200 ml methanol 22 RO -k 760ml - 2 £33 - TBS

buffer (6X) pe % * 2 5 NaCl40g-~KCl1g-TrisBase 159 - i3 f#* RO -k

2 500 ml -

(z) &3 B89 sknie

Z L% NC membrane £ = 3k ;5 412 transfer buffer =B 15 ~ 47+ - 3%
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T > a2 58 3M Rt buffer ¥ 2R - £ IR E BRI EBIES S
44, A, SDS-PAGE gel, NC membrane, jgi&, /# % » & @ * L% # ",f F €
Eer e ¢ > @ transfer buffer (1X) s 45 3 672 7% o Mg er g B 30
AC k4% > 12 200 A B 2 0] PEo g Er e (5022 24T F § )0 12 5%  non-fat
milk/0.1% TBS-T (TBS in 0.1% Tween 20) blocking buffer =% 1] pF » 2 Kﬁ%
blocking buffer » 4¢ » ¥7& g chd-o - st (FuMfiei2 =R & p h protocol
“rfe® ) SRR T EF 2L pF o 2 0.1% TBS-T buffer & 47 i#i% 10 4 483 % >
e M AR - B2 - PR e AR T (v 15 ] pFEES 5 1 0.1% TBS-T buffer
LAk 15 A4 48 3 = > B 142815 5 @ 12 Immobilon™ Western Chemiluminescent

HRP Substrate ¥ % 5 4 4> 17 X-ray film g &g 2215 > T2~ p e 3 48 5 o
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4& ;.L/n\ %"’r

WU E:

+ £ 822 % (mean+SE) T4 7 o F sficdpfl*
IR B

F oy T BEE
# kg 2 Student’s t-test kit E W F L B o F

SigmaPlot 10.0 su3t
REAEFHLIRE LG APE PR & o

IS =

<0.05 F= > B
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Bl- 2% Fenypgnogping > U pEALP S 2 Ee > AT A
gﬁﬁ%&%ﬁﬁ%%o@*%%ﬁ@ﬁ%%%@@&ﬂ%,%ui%eﬁy@
R P A R R T

B b g ARESELSFCioSFM 2N A5 P75 Kok 3375
Kot ifidsk? B F J e bt wr s Lo EEHEF BA Y o
e B #- SF-C 4w SF-M 2.2 k& (1ug/ml~5gg/ml ~ 10 1z g/ml ~ 15 ¢ g/ml ~ 20
wg/ml) = % MC3T3-EL it {= ALP activity assay ; i ® 12 MTT assay i | fm? 5
B %‘}—'}a"‘ SF-C {= SF-M %+ MC3T3-E1 fm?2 tk & 7 3 bz 3 B IT* - 2B %
H I SF-Cfr SF-M teim 3 ¥4 frenitin ™ (M= B)» SF-C & 10 ugiml & § 34
v 2 B ALP E i 4 > SE-M Bl&E =i (5% (Bl A) e 3t %% » 2 SF-C

54 ¥t %o 193] 8 B 4 #14 (fraction ) & | & % % ¢ SF-C-1~SF-C-2~SF-C-3 ~
SF-C-4 ~ SF-C-5 ~ SF-C-6 ~ SF-C-7 ~ SF-C-8 «

B 8BEALY A FERET (5ug/ml~10gg/ml~154g/ml~ 201 g/ml)
iB)3# ALP activity (1= ) ik S % #F R ¥ 5 SF-C-5+ SF-C-6 ~ SF-C-7 7 3 4«
ALP /E e 4 o 33 F 43 3B A LT oNHEF BRA T 0 e SF-C
A EERT (Lugm~259/ml ~5g/ml~ 10 g/ml~ 15 g/ml~ 20 ¢ g/ml)
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iBl:& ALP activity 2 cell viability - 9 2% % % 3 3L SF-C fo i &g ¥ 3 Penfn ™
JER 10ug/iml =24 2@ ALP & 4 o SF-C-5 ik & 2.5 g/ml p& > 3
1.5 1 ALP j& . ¢hi; 4 ;SF-C-6 &ik & 10 ugiml p5s > 4 2 12 ALP i&ehi 4
o pre BIE% Bdreha 34 SF-C-7T L F E 5 k& ik = > 3 4 ALP /& ehit
4 ERFRDL (Ble A)e 2 3 BA R B kR 151 g/ml 20 1 g/ml

£% T > 3 MC3T3-E1 7 g ¥ 3 HRBE (Ble B) o 3452 %% > 2 SF-C-6 &
At % 0 856 B A 414 (subfraction)» & &) & 2 5 @ SF-C-6-1 ~ SF-C-6-2 -
SF-C-6-3 ~ SF-C-6-4 ~ SF-C-6-5 » SF-C-6-6 °

#pt 6 Bt A A kR T (5rg/mli~10 1 g/mls15 1 g/ml~ 20 ¢ g/ml)
iB]:& ALP activity 2 cell viability - 8 2 % % % 3L SF-C & & & 2 g F 4 B ehffin
T kR 10ug/ml BAEF 2@ ALP S 4 o @ 6 B AR ? EER
SF-C-6-4~SF-C-6-5~SF-C-6-6 £ 7 3 v ALP & * (BT A)»* 141 SF-C-6-6
% 50 4 EB4F o Bi73 SF-C e » 2 et 3 B =t &4 4147 4r ¥t MC3T3-E1 5 #
Feha PR (BT B)-

FHg s n ALP jE AR B £ 7w s F amoe A 1L chit 4 445 0 4 B ) &
PR EPdp WS EIE = K =t & $)$ o SF-C~ SF-C-6 ~ SF-C-6-6 % & k& ¥ B~
¢ A% ALP E M dFcn®Ede > @ §_SF-C-6-6 lm?e mdZif42° > F MR w

F BB R T ke %01 SF-C fv SF-C-6 5 4 o
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4 XiEseP "ff 7R e ALP ¥ f’rjﬁﬁ;ﬂ P 3 A IRA T e
it 53 OPG 4= RANKL (Boyle et al, 2003 ) 2 2 £ 4% & it 5 B <1 OPN(Kuo et al,
2005) - f= f ALP activity assay § &t i 0 hi5d BB wie L R A= X
{8 ey &% o PeiE SF-C 22 SF-C-6 )k & 25ng/ml ~5ug/ml~ 10w g/ml § &g
e o B AFZEFTHOPN A=z ER%™ ; Bl BRIl 5 245 {15 OPG 2
*2 ER% B C A plES Tk RANKL 2 = 4 OD 450nm g% it £ o 4o
Berw > TEFLEF ER ¥4 > OPN v OPG 2 24 ek R » “E2 4 o KA » &
Y4 RANKL 970D & % it & #ici@ v MR 38 0 S gk & (0 pg/ml) =1 i g £ e
OD #(0.123)11 ™ » emiz i B 2R MR > R L7 =R 5 F i 3 § 34
RANKL #3k B > @ RaE4 4 mPe ek (b o

2 % & 5% ¥ SF-C &2 SF-C-6 K,ért O Sy ALP gt fgeid b e
EHpait ks B U4 OPN ek R A€ > T e &9 (S8 s iV E K
fodh it iy 4 o o4 OPG ek B 44 e cnd b > PR F 4 & it

* o
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2 » 2

% = & SF-C4r SF-C-6 #f MC3T3-E1 2} % g 4= 7 it & &

2R
A

a\
\\\

TEFTGEFEE T wieaghit it £ 7 B B Bmre o w2 SF-C
f=SF-C-6 (k& 0.1ug/ml~05ug/ml ~1gug/ml~5g/ml~10pg/ml) % F 32
14 x> 3@ * ARS 2 ¢ 24 N § wie *THAF OH S Ttk -Bl- AL SF-C
%% MC3T3-ELl i ¥ ‘wmiz g it ehd 3 » o BIF 50k & 5 g/ml 4o 10 ¢ g/ml
TR wmre g d ko m 2 0 10w g/ml ok s P AR o Bl B
Pl 5 SF-C-6 4+ MC3T3-Elig h me gt cnd > d B 7 T k& Sug/mlie
10 g/ml e v 125l mPe cndm g = ok - 7 s 4rE 02 5 giml e & #5
ME o F b7 U e SF-C 2 it % 14 % chimve & ARS % ¢ 14 > &I ehie
#ad 1B SF-C6 = Fix 14 % amie RIEFY { 4P & > 541 3 SF-C ¥
IR AT AT SUAKGE W 1L TE* ek vt SF-C-6 chie®* 47 o

SR R & isw o SF-C &2 SF-C-6 &% ALP /#4212 %2 OPG ~ OPN
A RERRUEE Y E G AN ETARRE  RA 0 AT gL E 5 SF-C i

% LR AR 3 SF-C-6 thiT® o 9110427 ke %2 SF-C 5 4 o
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5w g SF-C {jgcig # fwmbe & it 5427 ¥ BMPS/SMAD

signaling pathway %7 58

BMPs & )= fok fmie 2 (L 427 27 7 £ & hd d > © ¥ BMPs en
Tl (e % € 51427 P54 F]+ SMAD protein =75 14 02 2 Frdil iz ) A Fl e 45 1
* (Tangetal, 2007 ) - ]3¢ 41 * noggin (BMP < f#$r4]#% ) % pl& SF-C s
L4 7 ¥ BMPS/SMAD =32 58 o 5 2% /2 €2 ALP activity assay 4p ¢ » £ %] &3¢
4v » # e SF-C % » 12 % ek B einoggin( & & 0.05 ¢ g/ml~0.1 1 g/ml~0.5 i g/ml ~
1pg/ml)sg L Ag2 - B pFofgisse » SF-C10pug/ml> £ 32 % = X 5 jpliE ALP
Al e B BB tcontrol de s P A T e s B D e s PR e B e
1@ e o J¥ R S5 e 0 SF-C 10 £ g/ml 113 MC3T3-E1 £ # ¢ ALP activity > ¢
SLF noggin ek & 3 4o @ o b endB (B~ A) - Western blot 4 47 % % &7 o
BMPs 77 #54& 45 %]+ SMAD protein 7= it 575 ¢ 5 ¥ SF-C | jgrerk & H 4 (&
B lpg/ml~5pg/ml~10g/ml~15p9/ml) & 3 4 (B~ B) o 247 % SF-C ¢
i% i BMPs/SMAD signaling pathway 3% & 3 f- @ i 3] Big:d F e F 4 1%

* o
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$7 & SF-C tlpeis F fwoe A 1§42 ¢ 9 MAPKSs

signaling pathway %2 58

BMPs = p#4 ¢ iE it 2 e 3 SMAD pathway 77 MAPKS protein kinases

(Nohe etal,2004) - ¢ % SF-C ¢ 54 BMPs/SMAD signaling pathway % fz#: 3t
A BYE s B F P4 MAPKSs 5082 58 - 41 % SB203580 (p38 #r+1# )~ PD98059
(ERK #r41#] )f- SP600125(INK Fr4 4] ) % P 2& SF-C e it 4% ¢ MAPKS
R o F 2% 2 &2 ALPactivityassay 49 e 0 fede » 4 SF-C wv > #-= fafrd|
HLA P ERIFEARIE - B FF o SE{s4e > SF-CA0ug/ml> X 3R = X 5 )
FALP E o B %e w5 control fe ~ Frad | B gl e ~ i iR e~ e R
S E RIS o AR SRS R > 4 SB203580 ¢ 4 SF-C 3% % h ALP & {4
A4 gl e (B4 A) @ PDI8059 = SP600125 f & i+ * (B~ A 4r B) o #7114
4%+ p38 i western blot 7385 » F B & % % 7 p38 MAPK & SF-C k& 5 g/ml
10 g/ml §= 15 wg/ml g™ > 355 P& E i ek (B4 B) o &4 7 SF-C mﬂér‘
7 ¢ &5 d BMPs/SMAD signaling pathway 338 &2 24 472 ¢h > & € 35 s gk i p38

MAPK » i& @ 2 52 L (5% daig (7 o
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% = a SF-C ki F wmie & it 42 ¢ ¥ PISK/AKt

signaling pathway %> &8

1 #* wortmannin (PISK #r#4]#] ) K ipl3& SF-C s it iE4% ¢ 4 PISK/AKt
R e % 2 & ALP activity assay 4p IF > 4 » # 4= SF-C w0 > #- wortmannin
mA kR (GEAR 00519/ml~01ug/ml~05ug/ml~1gg/ml) 5g £ &g -

P EEfS 4~ SF-C 10 ugimls £ fe 32 A2 'F 5 p3E ALP 721 o B 9 25w 5
control & ~ e & kL (o ~ B pp g e~ e B b B T oo IR SRS F
ML F wortmannin ek B 34 0 SF-C 33 ch ALP 1 € 5 P B cnfe ) (B -
A) o Western blot %~ 47 % % % 5 Akt % SF-C & & 5p.g/ml ~ 10 ¢ g/ml 4= 15 1 g/ml
g™ o 325 PRE T ek (Rl - B) o k7 SF-Cnflyes 1 ¢ g
BMP/SMAD signaling pathway - i 3% % p38 MAPK ehgips it » ¥ ¢t iR ¢ 7 &

PIBK/AKt 723 Jmiem i B & 14 (8% G0 (7 o
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Sambucus formosana Nakai
extract by ethanol

Chloroform insoluble  Chloroform soluble
SF-M SF-C

|
\ SF-lC-z \ SF-1C-4\ SF-lC-6\ SF-lc-s

SF-C-1 SF-C-3 . SF-C-5 | SF-C-7

RO | gf—

SF-C-6-1 SF-C-6-3 SF-C-6-5 §
SF-C-6-2 SF-C-6-4 SF-C-6-6

A J

?
W- % By FB2 e ¥y gemifii g g e 573 4%(SF-C)
21273 A (SF-M)> £ vz s § wre 4k (MC3T3-E1) ALP /E42 3% E i > P
FEP B A o BHEAT A4 (SF-C — SF-C-6 — SF-C-6-6) p i

AP B Lo
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ALP activity
(relative to control)
o —
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1 !
H
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H

0.0
C 1 5 10 15 20 25 (pug/ml)
B.
1.2
. SF-C
10 I - — SF-M

e
o0
1

e
o
1

Cell viability
(relative to control)
o
@)}
|

e
o
1

0.0

c 1 5 10 15 20 25 (pg/ml)

W= ~SF-C 4= SF-M $ MC3T3-El s - 12 & MC3T3-E1( 1.5x10* cells/well )
%> 96 wells plate » »4c » SF-C & SF-M #72_ % [ 32 % 72 /] PFis - (A) 1 B ALP 3
o 2 (B)RImee 5 iE S o Hdhdk T JL B EFIRR > C & control 5 Kb
MCEA L Fp et P EA N R THEHEERLIE AT o % P

<0.05 ;**,p <0.01> %7 £ control it feenid % o
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5 pg/ml

V2774 10 pg/ml

(zzz4

1 20 pg/ml

EZZ73 15 pg/ml

ALALRALRRRRRRY

e R

AR R R RRARARNS

(jonuo0d 03 A1)
Ananoe 4 v

18 i A H14 -

L

i

SF-C 2_ A 4]% % MC3T3-E1 2 FE 385 o 4 1 & & SF-C

- N
-—

L)

% MC3T3-E1 (1.5x10" cells/well) »+ 96 wells plate # » #- SF-C £2 SF-C 2_ A 2

=

B

R

4 C-5-C-6~C-7

i

2 M, IR

Bl ALP 7

2

) 1§

: .
2
=

- F A T2 )

¥
7~

ALP /5 14 5, 4

b

***k p <0.001 > % 5+ & control e vt ek
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272721 2.5 ug/ml

21 5 pg/ml

1 pg/ml

G5 20 pg/ml

15 pg/ml

/3 10 pg/ml

* WL 777777777

*
sk
X
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SF-C-7
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SF-C-

SF-C

I I I
o < n 2
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(Jonuods 0} 2A1IR[2I)
Aanoe 4 Tv

1 pg/ml
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2.5 pg/ml

271 5 pug/ml
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o o 9 3 S
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AnqeIa 1)

SF-C-5 SF-C-6 SF-C-7

SF-C
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>
1=

-3

e

El

7 ¥ MC3T3-

SF-C-

>

W= ~ SF-C-5~ SF-C-6

172k e

¥z

SF-C-6 ~ SF-C-7 &

~

« SF-C-5

#- SF-C

’

10 cells/well ) *+ 96 wells plate ¥

S Ap o % SF-C ehf s 4

- 2%
+ %

s
At

REA

72 /) pFts o 2 I SF-C-6 7% i ALP ;

*

o

s 4 -
ERE

v

FE % o

; **,p <0.01- # 71 £ control &t g

p<0.05
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1 ug/ml

_EE EE 5%
372 2227
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4
A
7

& ¥ MC3T3-EL 78

N
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E3
7
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&

>
=

Ry

#

Mo % (B)iR] & dm e

L
v

B ALP

2

s(A) lé‘

2
&

’

3

5s=
Rt

e

¢

S L
=

&ﬁ‘ﬁ‘:/ ~

ERRE

—FK

6-6

7% I C-6-4 ~ C-6-5 ~ C-

o* p<0.05 ;** p <0.01 ;*** p <0.001 -

Fe -
1B ¢ 71

=

T

i

50

SRRV’

* oo %

| T

control vt

:‘»"
% o1 &3

-62-



2.5 pg/ml

X  EZZZ4 5 gl

SF-C

150 —
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0
0

I
=
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< ([ 3u) vonenuaduod NJO

@ 5 g
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o (Ju / Su) uopenuaduod HJO
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W+ ~SF-C v SF-C-6 34 % 2 & & it 4 4% 2 Rl3# - b ALP activity assay 7 %

# i OPN 2k B > BI(B)# 4
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v
=

» & % ELISAKIt i% ;
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=
55

» % B](C)RANKL 7 OD 450 nm &4 47 4
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>

— SF-C

4 Control 1 pg/ml

0.1 pg/ml 5 pg/ml

mineralization
(relative to control)

C 0.1 0.5 1 5 10 (ng/ml) 0.5 pg/ml 10 pg/ml

4 -

Control 1 |.|g/ml

oo

%

0.1 pg/ml 5 pg/ml

0 ||I||I|II|IIIIII|||

C 0.1 458 1 5 10 (ng/ml) 0.5 pg/ml 10 pg/ml

mineralization
(relative to control)
[§%)
1

W]~ ~SF-C {r SF-C-6 {3 MC3T3-E1 2= g~ F i* B & 22 332 & MC3T3-E1
(1x10* cells/well ) »+ 24wells plate 6 = 5 » 4 %] 4 » SF-C - SF-C-6 # I ik & &
Zh g 14x 5 3 { Hiwer & RioE 37 4\:%#,}%& BI(A)+ ] 5 SF-C
Bt AL d Bl 20 LT RNEE BI(B)L Rl L SF-C-6 & fmre &

BABDEIR 2R TE DR -HE U TOEHREEEL EL 7%, p <
0.01 » # 57 ¥ control ‘et feni: & o
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>

gzZZa 0.05 pg/ml
EZZZ3 0.1 pg/ml
2.5 EZA] 0.5 pg/ml
— /3 1 pg/ml
=
fnlh=1 2.0
=
2 2 154
52
< = 1.0
£
0.5 —
0.0

p-Smad / t-Smad
(relative to control)
= &

1 1

S
W
1

0.0

C 1 5 10 15 (pug/ml)

W~ ~ SF-C # BMPs/SMAD signaling pathway =+ 5 - Bl(A)3: % MC3T3-E1
(1.5x10° cells/well ) *+ 96 wells plate ® > 4] * noggin 3¢ £ A2 m¥e 1] pFis >
£ 4er SF-C10ug/ml 32 % 3 % o &% B o7 58 ¥ noggin Jk & 3§ e ¥ SF-C er )
% o AXKAXP R o B U TI0EHER L G4 7 o*, p <0.05 % 5 £ control

ot iniE % o 7 p <0055 &7 2 SF-C ot ini % o F(B)is &
MC3T3-E1( 1x10° cells/well )>+ 3.5cm dish ® »4c ~ % F= jE & SF-C» 12 western bolt

iB]3% SF-C ¥+ SMAD eh# 4=k B 1L o
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ALP activity
(relative to control)
in
|

0.5 -
0.0
B SF-C

C I 50010 15 (ug/mb)

=
]

%
-

— SE-C

T

wn
1
—

S
1

p-p38 /t-p38
(relative to control)
¥ L,

1

I_T_‘

C 1 5 10 15 (pg/ml)

(=}

W4 ~ SF-C $ p38 MAPK 85 %  B](A)# % MC3T3-E1 (1.5x10* cells/well ) »*
96 wells plate # - 4] * SB203580 ¥ £ g2 m?e 1 -] pF{s > £ 4c » SF-C 10  g/ml
B & 3 X o5 Mo sEF SB203580 Jk & H 4v ¥ SF-C crafr | (7% & A% Rk A%pI &F o
BEENTHEHERRLIE LT o *,p <0.05; *,p <0.01: % 7 ¥ control
W% o F p <0.05; %%, p <001 & 72 SF-C et fhid % o Bl(B)
¥ % MC3T3-E1( 1x10° cells/well )*+ 3.5cmdish ® »4c » 7 f 3k & SF-C> 12 western

bolt i7|3# SF-C $F p38 ch& 4= k& % i o
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3.5 7

3.0 A

2.5 +

2.0 o

ALP activity
(relative to control)

A ll.lM

ZZZA 2.5uM

ZZA 5uM
# =3 10uM

ALP activity
(relative to control)
*

<
W+ ~ SF-C ## ERK MAPK 4= JNK MAPK e 5 - 12 & MC3T3-E1 (1.5x10"

cells/well ) >+ 96 wells plate » > 41 * PD98059 (%] A)f- SP600125 (1] B)3f £ rd®
fmre 1] pE{S > £ 4ex SF-CL0ug/ml 82 % 3 = o %% % &+ ERK $r44], PD98059
Fe INK $r] 4], SP600125 ' & ;= #r4| SF-C 3% % ch ALP F i o B % 1T i5E +k
BL@LT %, p <0.05;*,p <001 %7 control 2+t e % % p <

0.05; % ,p <0.01> % 7 &2 &H SF-C ket frni & o
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* gzzzA (.05 M
* 0.1 uM

T EZ21 0.5 UM

—3 1 uM

ALP activity
(relative to control)
1

C 1 50 10 15 (ug/ml)

p-Akt

t-Akt

— SF-C

Y

,,
|
—

H %

p-Akt / t-Akt
(relative to control)
|3
]

¢ 1 5 10 15 (ug/ml)

W+ - ~SF-C ¥ PI3K/AKt signaling pathway =32 38 - Bl(A)# % MC3T3-E1(1.5
x10* cells/well ) ++ 96 wells plate # - 1 wortmannin g A gJ2 fwmve 1 /] pFiS 5 R
‘v~ SF-C10pg/ml 32 % 3 % - &% &1 “§ ¥ wortmannin Jk & 3 4v % SF-C egr
FIE® 2 ARKAXP B % U TIOEHR B AL B4 7%, p <0.05:*,p <0.01>
% 51 22 control et genit % o F p <0.055 &7 EF SF-C e rhi % o §
(B)#2 % MC3T3-E1 (1x10° cells/well) **+ 3.5cmdish # > 4 » % I kA& SF-C > 14

western bolt ;p]:& SF-C % Akt sh& 3k & 8 1L o
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B * X R IeT Pt A fy e oD

‘,J;ﬁ’;

Ao B ke g7 - F
FroegiFsARFEFFLS F £ amcr (Putnametal, 2007) o 640w <
#rit 2. emodin (Lee etal, 2008 ) ~ icariine (Yin et al, 2007 ) ~ resveratrol ( Patrice et
al, 2005 ) - daidzein (Panetal, 2005) % > —FKE 7RG e a4 fos
LT o AF TR Y P X EL AR (SF) AL HEEF ABOES B
WOHRAFF A AT L5 R P ITRA oI G R SRR
»c & o
d 1995 & Aubin & A L @ fwmre o it Y = B A ERL Y
= f¥e 1 2 (proliferation)~ # 2L/ = 34 (matrix maturation)~ £ ; i* (mineralization) -
5F 3y chd BB R S 397 S F 2 2 chdh 4R 4o osteopontin (OPN) »
osteoprotegerin (OPG) ~ # 1+ #ifa s (ALP) > m ® OPN {r ALP & % A W 2 REH
LEaiE AR M AR -
ALP % 3¢ % ‘me eh— & Rdg il o (Y B AR A pEE 0 ALP 75 45 4
Foom b e A T4 B4 o T A G B AR ) hE Bk F B (A ALP
activity assay - 7 %% . SF-C &= ALP crdff & F B 5 P &g > & F Mlwmie 3E S K
G kR 1-5-10-15-2025pug/ml B % & wmve & fHendip 4 o SEF 0T
* ke be ALP chdk e SE2 B 4e > 10 wg/iml 50 SF-C & § H# % 2 i ALP 7
[2.ehis 4 o SF-C-5,C-6, C-7 =  § »cie % A $|4 3 M » SF-C-5 &k & 2.5y g/ml
3 H 4 ALP i * [SF-C-6 e #% 10 g/ml £ 5 P* & el 4 ALP /& [ 4
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SF-C-7 Rl %20 g/ml 5 P 22 e ALP B F Jis > e B 4r3 iz 3 Meng 4 o N 3F
iH T F SF-CH{4c ALP /E1L1E% thig 4 322 BAFIFFEA L DIEY o KA
A 44 1 SF-C-6 I $£ @ F| = % »c(t¥ chzk & 414 SF-C-6-4 + SF-C-6-5 »

SF-C-6-6 # 5 »xi®® kA ¥ H 7 & 10pgml izt - ie flm?e i3 iE 5 GLRIY 405
fmre & M endrd| T o

OPN & - fapet v B> NI ag b e o VPR 7 ik F e
PRt d § Y pRpc4n (Youngetal, 1992)0 B 5 S4F S & e 4 o F UK E R
OPG ¥ - B¥ 3 Ming—y FouidedlB ¥ wmie ), S fof BIFT* 112 7 U3
&% % Ao FE (Simonetetal, 1997) 0 #Am OPG &/ — BA4EEZEX F » ¥ 1Y
Fe b RANKL % & 3] RANK F e RANKL & Safiis E A ot o d 5 ivt
fef B4 E* HER £ 5 1 > RANKL » Atdg i 53 8 & 38 P B & 8
RANK (Anderson et al, 1997 ) - #7142 OPG 4 RANKL % 1> ¥ 134 & F &35 %
ek RS E o F 0 F ] RANK 4 ¥ e b oais ik i (Boyle et al,
2003)c k¥ 5 ¢ * SF-C4r SF-C-6 i&a B F M A +c ALP i& 14 (7% ch¥Pdrie
TR TR F R SF-C{o SF-C-6 i£% T » ¥ 1y P &g e 4 MC3T3-E1 ‘w
¢ 2. OPN 3-v F{r OPG #-v Fen& E - 8m > RANKL fria 2 BlE R 2 ER
sy 0 gy 97 F SF-C fr SF-C-6 7 ¢ 3 4r RANKL ek & > 884 ¥ mre
ghA LI o 97l de %k £k RANKL ¢0% 3 0 & OPG §r OPN PP g ch & LE T o
FUAHEAFPEG R AFEF e it d a2 2 iR mie R T
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rLRE ATAE S UK 0 BB I T gy 4 o “,fﬁ’*iﬂ » AP %R i#r ARS 44
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