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Effects of Scutellaria radix Extract on Osteoblast Differentiation
and Osteoclast Formation

Jeong Min Shin, Chan Kyung Park, Eun Ju Shin', Tae Hyung Jo’, and In Kyeong Hwang*

Department of Food and Nutrition, Research Institute of Human Ecology, Seoul National University
'Univera, *ECONET Corporate Center

Abstract Scutellaria radix (SR) has been utilized as a traditional medicine for a variety of diseases including Rheumatoid
arthritis and its major flavonoids - baicalein, baicalin, and wogonin - have been reported to exert beneficial health effects,
including anti-bacterial, anti-viral, anti-inflammatory, and free-radical scavenging. However, the mechanisms underlying this
effect remain poorly understood. The principal objective of this study was to determine the effect of SR on osteoblast and
osteoclast cells. SR extract was prepared using 70% ethanol solvent. Osteoblastic MC3T3-E1 cells and osteoclast precursor
Raw 264.7 macrophage cells were utilized. SR extract increased MC3T3-El cell proliferation and stimulated alkaline
phosphatase activity dose-dependently, 152.0% of the control at concentration 1 pg/mL. Additionally, SR extract (1 pg/mL)
stimulated Bone nodule formation activity in MC3T3-E1 cells, approximately 223.3% of the control, 20 days after the
exposure. In addition, SR extract significantly reduced the number of tartrate-resistant acid phosphatase-positive (TRAP+)
multinucleated cells from Raw 264.7 cells. In conclusion, SR extract stimulates the proliferation and bioactivities of bone-
forming osteoblasts, and inhibits the activities of bone-resorbing osteoclasts to a certain degree.
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o] Jr}(3-4). A estrogenoL} HAol| EA|sPAA <
genZA-S& Uelll= A ERFES phytoestrogene] 7 & Zth
% ool v f-&sithes A7t &ds] IAPE A JTks). T
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estrogen A AR, o] AN ZUFZS e 5
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3% ol9le o= AgHom AgEHER %}Hﬁ_vxﬂ vitamin
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7Yl B A7 H2

S5 g Ao gt 8% ¥ 9E ZAR T4 A4
ol A e FF SOl e FH FZol A== YL
(11,12), 53] 4ts} A 2 {2)7](free radical) &A53 ST
Z do)] 3 =EE BIEW ATH13-15).

Sk (Scutellaria radixyS E&3H(Labiatae)oll &3h= thdA) %
BoZXA BFEHE &, Scutellaria baicalensis Georgi)2] T35
W71 B E 23t delof= 35% ol de] HEsES xFs)
H =gl 57] wjito] SFEE S golden root)elet gk =
< baicalin, baicalein, wogonin®] o] $FEo] oH, 1 F
baicalin®] 7F°¢ @o] =] At X FE v, T,
A FolA B FAdst a4 A AEA A, JE, A
Ab 9578 AR, 78, A9, B9 Bl AREE] gow H
ol &8s, 93], IRAS, B, ), dETitls AN

UTH(16). AL Aol ot FFEH) e H= 3t
21 baicalin, baicalein, wogonin 123 oroxylin A7} H53
o #d3l= COX-2(cyclooxygenase-2) = NO(nitric oxide)d /3l
FJ3l= iINOS(inducible nitric oxide synthase)s HA|sl= A=
YERE O™ (17), 5 Ikl £ AAIFe] 21 HAT
(18). =3+ =S 2,000-4,000 ng/ge] HetEdS st
WetEd2 3ks} desl G ool ZobMae] 23 9
I e FH8k= Aoz B EHITK19).

A B Ae S FEEC] FX2A9 dEAd AEQ =
ZAES} FZAE WA= IS AEFTANA HFeA} st
Ark. ZEA 2 vAE IS BEs] f1ske] MC3T3-El Al
EE o839, vEsE JZHE AFHNEZRE g2
A 3 Bl A JFES #Z67] sk Raw 264.7 A=
£ o]-&3iith

)
o R

3

gz FE29 M=

B Aol ARSSE S BAlolellA Aujste AlE F Ak
Az AR BAekE FRFEFUEEe A skt @
= FEES I3 1000 70% ek 1LE H7F F 60°C &=
FxoA A7 Bt AGeke 8-S 33 v on o3,
72k, 5% § 5AAZSY Ede AIEE AT, -80°C ¥E
Lol wakshaA Ao AR-sislt.

ZSM= ik

B Aol ARE-SF MC3T3-El A|3:= mouse calvaria f29] %
ZA|EZZ A ATCC(American Type Culture Collection, Manassas,
VA, USA)EHE FYstdx, AEuge] 23 o-MEM(a-
minimum essential medium)¥ 2], FBS(fetal bovine serum), peni-
cillin-streptomycin 5= GIBCO(Invitrogen, Carlsbad, CA, USA)
ARZEE 430 MC3T3-E1 A2+ 10% fetal bovine serum
1% A (penicillin-streptomycin)’b Z3E o-MEM HJA] o]
A HgEkAdt 37°C, 5% CO, 2718 §X3k= incubator(Sanyo
Electric Biochemical Co., Sanyo, Ora-gun, Japan)°l|A] Hl¥3}%12
H, A7 28 S0l doju= 23U Aoz At wjst
WA Ao ARE-EFAAT

HEMES 55
ZZHEY AAAEE Green 59 WHE0 wEt 3-4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide(MTT, Sigma

Chemical Co. St. Louis, MO, USA) A|¢FS AlE-3}] MTT tatra-
zolium®] A1) B84 formazan® 2 3HAEE AEE 570 nm
oA ZHgtozy ool MEe] AEES F3HR= MTT assay
2 243} &, MC3T3-El AEZE 1x10* cells/well 52 96
well plateol] 100 uL¥ =3k & 24X 7H5<E 37°C, 5% CO,
incubatorol| Xl ¥i%F -, WA E A|ASIaL FBS7F A7FE)A] o2 |
Aol gF FEES F5(0.01, 0.1, 1, 10, 100, 1000 pg/mL)S Hl
TAA e MR e FAE EFEATE 48417 wi S 5 H)
AE AASI 0.05 mg/mLEES] MTTA K10 pLiwellyS 53+
oy, 417 9 ug 5 ejgd S AASE HHAES DMSO(dim-
ethyl sulfoxide)l -&3|A]7 microplate reader(Bio-rad, Benchmark,
Hercules, CA, USA)E ©]&3ld 570 nmollA] T2 =2 =463
ot &2 AEE HrbelA &2 aiA T 9a s FAIZAL, o
279 FREE VTR AZAEES HEAT

"7l Qi 2ol &4 M =X

Y7143 <Q14HEs| &4 (alkaline phosphatase activity: ALP) €4
ZAAR= p-nitrophenyl phosphate®] 7F=E3] w3 ALP7} Sul=
2r8-3t= Ag o]&3l, 7HEs] AHEQl ponitrophenol®] S
SATo N ALPY FEE AHEshs Welth. MC3T3-El Al
XE 6 well plateol] Z} 1x10° cells/well F== 53+ 3, 37°C,
5% CO, incubatorol|A] 24417+ HjF 2, HIXE A|ASIL 10%
FBS, 1% A (penicillin-streptomycin)’} 3 7Fe vix]o] &=
& FEE vl EAA UE AZE ujgd S B 647t
wjF F gl e A ASIIL 0.1% Triton X-100S 7l AEE
Teletact Axe] dEg 4°CollA 10:7F shaking incubator
oM 180rpme] £E2 EFOE F, 1087 2,500xgolM A+
gsle] AEadlnt stk ALP kit(EnzoLyte™ pNPP Alkaline
Phosphatase Assay Kit, Sigma Chemical Co.y2 ©]-&3}] p-nitro-
phenyl phosphateZ}-E] 71=23ll%¥l p-nitrophenol (p-NP)2] AJAd =
S FH5l GHEE =ESNN, TAHOZ o] TeT
wd g g g4 GHEE AEISY &, 4SS Iml F
50 uLE 96 well plateo] ¥ & w|2] THE0] & pNPP reation
mixture(pNPP stock solutionS 2X assay buffer= 1008} 3]sk
A, pNPP stock solution: pNPP vialdll 5/ 250 pL Hojx =
QL EE RE wellell 50 ul¥ oA 3027 d2olA whgA]
713l T v stop solutionS B wellol] 50 uLA ol vk
S-S FAAIFIL, microplate reader(Bio-rad)ys ©]-8-31 405 nmol|
Al FHEE S8 @A 42 bovine serum albumin
protein assay reagents ©|-&-3lo] FAN oM TA S U=
ol ek WEg=E JeRTH

Alizarin-red 2ol ost =M35|5 HME 53

MC3T3-E1 AEZE 6 well platecl] 1x10° cellsiwell =2 25
3 & 37°C, 5% CO, incubatoroll Al 24A17F v Z- vl A
Aslal A3lst =5 $I8] 50 ug ascorbic acid, 10 mM B-glyc-
erol phosphate”} 71 vljx]of] ko] AFlA AHH FF F=
9| HAHZE FE(l pgml)ys WE vGAS Bl SUNE
2097FA] incubatorell A wiFaEtSiTE Ml &, wiRIE Al ASEAL
PBSE Mg F 70% EtOHZ 4°ColA 1A17F G A Zth
alizarin red solution2 alizarin red(Sigma Chemical Co.)& SF
o] Bl 4omME BEE BRI pH 422 24T AEE
IAAIZI ¥, AR solution(2 mL/wel )22 1087F A3 S5/
T2 5H AHE FH GAER k2 FER2 PBSE HojFHA] A
Astal o] YR mlEx] A PBSE X& AMFTHA Ad]
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Aoz M35 34 Awe HAAAT. 254 B 5 10%
cetylpyridinium chlorides % 7}3t 10mM sodium phosphate(pH
7.0) €8S wello]l 2mLA A7Fste] 1527 Holi JAaE He
£ microplate reader(Bio-rad)E ©|-&3l] 570 nmollA] FEEE =
AL iz FEEE 7Iees = 433 dss A

she

OEMzZE M7 MES iy H M=ZE MEE 54

Murine macrophage 5-21¢] Raw 264.7 cells& A& gtw 3=
MEFE oA EGRUATE 10% Fetal bovine serum3} 1% &
A A (penicillin/streptomycin)7F 3 7}l Dulbecco’s Modified Eagle
Medium(DMEM)-& Bl FH S 2 5% CO, incubatorE ©]-§-3}<
37°Cel A v sl AEZ7E 70-80% A SAERES o, 239
7HA 2 A wgstHA Aol AR AE AESES
MTT assay(20)Z S 33t

=M=l M 5d

Raw 264.7 AIXZE 5x10* cells/well FE=Z 48 well plateol]
Fato] 24X7F wiSFsth wiAE AlASH FBS7E H7HE o-
MEMHJ|R]ol] E-3}91 2} (receptor activator of NF-kB ligand 100 ng/
mL, macrophage colony-stimulating factor 25 ng/mL)$} &=
259 TEE WMEAA 9E AEE ugAS BE5eke] 597t
vj st wigo] Bt & wigFA S A ASIL PBSE AlH $-
fixative solution(citrate solution 25 mL+acetone 65 mL+formaldehyde
§mL)C 2 30%7F ZAT F ZHFE AE F acid phosphatase
leukocyte kit(Sigma Chemical Co.)& ©]-8-3}<] tartrate-resistant
acid phosphatase(TRAP) €4S Al&3l5ATt. TRAP 42 714
= naphthol AS-BI phosphate (Sigma Chemical Co.)S A8-3}%1
3, FAAZE fast ganet GBC(Sigma Chemical Co.) 8918 A}
|3ttt GAo] B & FEAn| 7S o]&ske] o] 37 o]
‘3Rl TRAP-4 THIAZE AlFste] FzAEe] APAER
Foket.

—

o>

SHXE|

EA1A 2= SAS/STAT TM User’s guide 9.1% 2738 o]
3l Haat FFARL, izl g3 HEEI EFEA 52
FAEFITh. BAHEA (ANOVA) ¥ Duncan®] TS oA
5 AABIEE. olul ofk p<0.050]31 T

7:ljl_|. al :‘é!-

=21 X

K

4

= FEE XNME7t =SMES| 34 ¥ Mo OXl= WE

2 Aol AMgE B FEEY 782 304%0190H F=
¥ % baicalin, baicalein, wogonin, melatonin®] e z}7+
162.16, 10.60, 7.19, 2.15 ppmo| At} =712 8] S F2 94
e I EE MESIGAEESE fEshE21), &Ed o
AL Ago g M3|slapgel Fast 98-S slar(22), AlxHel &
ol g0l ARSI AE 2ty Y FHE FRAH
H gy 7 AEF F ZAEY] AESAET FHEE AFoA
834 °]€EF = mouse calvaria 22l MC3T3-El osteo-
blastic cell> in vivo W B4 A T Ax9 F2|, 23}, 433}
T ZoMIES AR gAY 548 7K e A-e &
= &l Z59] stromal cellely Z3229] mesenchymal stem
cello] ®E3lElo] A7 Aoz ZFAHFE A (osteoprogenitor) =
FE] AZZA| X (pre-osteoblast)$} ZZAME, 28|32 FHe AlX
(bone lining cell) == A E(osteocyte)Z w315 Aol 43}
= MEo]H(23,24) 53] 7180l F71dS B (mineralization of
matrix)3hs AZE 7T JokR5). 2B EE B dpiE &
a7 FEEY ZIANE FAEAE AAEA wg Al P8-S
Hol= MC3T3-El AlE2F5 ol&sidith. 5 FE&°] 2= Al
Xo] F2o mAe FEFS dotr7] 3 MIT assays A48}
A3, MC3T3-E1 MaEe] AFEELS vjfnt x2]sh izl o
3 mEg s Jehfglen 2 A3E Fig 13 2t MC3T3-El
MNEe= AP a7 FE2EY w20 gSHoE Az F2o]
= A4S Yo 53] 1pugmL FEA 130.4%2]
F2 BEHE YR 2 o] sraME ZEAES] F2
o] AAEATE WA ZZA X tF T2 AAE HolA| &
2 FE2EY A8 FEE 001 pgml WAL, HA
FEE lugmlE AASIATE Cho 5(26)2] A7l <lshA
FE-2 0.001-0.01 mg/mL FZolA, tiF FEE2 0.001-0.1 mg/

FEoA ZIAHET MG-639] TS FolHoE F7MAA
LB AFINE g FEEC TR dE SgEe] el
St 2ZAE FAEHY 70l JLBR o FF AFE
3] baicalein, baicalin, wogonin, melatonin 33| ZZF A|E
2ol MXE BHE At Aol & AoR AlsHT
g7 FEEC] 2ZAEY &4 nXe IS dotrr] ¢
st 2ZAE ¥A F2F Ll ALP 84S FASITH
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Fig. 1. Effect of Scutellaria radix extract on the osteoblastic cells proliferation. The MC3T3-E1 cells were plated at a density of 1x10* cells/
well in 96 well plates and treated with extract for 48 hr. After removal of media, formazan granules were solubilized, and optical density was
measured with the microplate reader. Cell viability was expressed with an absorbance ratio (Absorbance of treated cells/absorbance of control
cellsx100). Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as

Mean+SD (n=3).
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Fig. 2. Effect of Scutellaria radix extract on the ALP activity of osteoblastic cells. The MC3T3-E1 cells were plated at a density of 1x10°
cells/well in 6 well plates and treated with extract for 6 days. Enzyme activity was measured by spectro-photometric method using p-nitrophenyl
phosphate as a substrate. Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is

expressed as Mean+SD (n=3).
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Fig. 3. Effect of Scutellaria radix extract on the Bone nodule formation activity of osteoblastic cells. The MC3T3-E1 cells were plated at a
density of 1x10° cells/well in 6 well plates, cultured for 20 days in the presence of ascorbic acid, B-glycerophosphate and SR extract (1 ug/mL).

Each value is expressed as Mean+SD (n=3).

A= = ] 28] Jlom Azve] gk 49l
alkaline phosphatase(ALP)E 7FA|aL QlT}, o] &d= 7|1d BolA
I A7 pHOM HAe] @45 Jepli Axzeuts) 43)s)
Zz‘ﬂl*i S TR WAEe 43js A e FUIAe] &
AERdo 3] AAEHA 4TS SFEE Stein 5(27)
—% ZZAE BEFAJNAR ALP BHEE 3= FH3
AL, P =RelA = ALP 245 A SIITH(14,15,24,27,28).
aYEE & dFqMe e FEE] 23 AX 24 9 238
29 Ak HeR ZIFAE ALP 8448 S
B FEES AT MC3T3-El AlZ2] ALP €42 wjout
A2g izl oisk v&=2 Jepilon 1 A3 Fig 29F Pt
= FEEo] Ao 54 UehliA &= H9(0.01-1 pg
mL)oA] ALP activiyE S43 43, 35 FEES 55 &
Aol fFo|HSF ALP activity’} 57181592 1 pg/mL F%=0
A 1520%2] ALP 24 F7Ha3E Jellidith ALPE 23 Al
Zo] H3lo h"'fﬂE]“ é]°]7<}(b10marker)°]Ei o] Asje] 9
ZEAEL] B35 FH8k= 7Fed0] des
g 5 Aok O]L B3} 21 g3} g5 e FEAE
T 9 Al 93 FIRIA, 5 s A8l o3 AdA
© 5] AFE qtHstedor & Aotk
2433} AT ZFAHEL Holo F23 ®2]Qlxlo|t},
alizarin® 7128k A EQ] 7)o GAEER M3]stE Ft
A At s g wEbs] Al o 433 Y=
£ #Rlsl] sl AAE A3]skeS 10% cetylpyridinium chlo-
ride® 5o FEE PSSt JAEE S Uitk g= F
=59 HZ 2855 (1 pg/mL)olA alizarin red GAHOZE T4

3t %S 5793 4o, Fig 39419 2ol FE2E AR &
5AA = R vl 106.6%, 1044 130.8%, 15UA=
167.0%, 2027= 2233%% 24|22 433l Z71 a#s &
2% g AT wEA B AN E IG5 %%%Ol MC3T3-
El ZFAXe] #3158 FX381aL, 433t PAd50] oS gRlst
At

OEMES| 4 ¥ Mol O|xl= d&

w22l FAdeA W] g Pk dEAEe o9
TFAAAE AT AlEolH, o7 A EAlete T o
2 ATAEZFE AlQAWA FzAEe] Aol Thssitt
(29). FZAHZTE EAH 0T TRAPY F43 ZANEU F8AS
7 AAHe R W FAES T e A Aol Edet
3L, actin ringS @At Z714E S530H30). FEAES] A
& S3IA = receptor activator of NF-kB ligand(RANKL)<}
macrophage colony stimulating factor(M-CSF)9} 7+ % %%‘"
cytokineo] H=2o1d], o123t cytokineo] TZAHEL] E31=
Zgit) wEbA] 2 Aol vEskE gZAlE ﬁ:r”ﬂii—r
B Az 44 9 2400 X JFE FFar] flske,
murine macrophage F21¢] Raw 264.7 MEXE o]8-3}] M-CSFe};
RANKLE A8l shzAlxe] £35 F=31303, TRAPY &
ARl YA xEe] S #E3I ou—’f—%uol A xe] ¥
Aol mRe FIFE golrdtt. FF FEEC] HFAE AT
AMEZQ]l Raw 2647 AEo] F2le vXe S Fotrr]
MTT assay20)5 AAISFATH A2 AEES vl T X2 o
Ztof gk g2 JYEplen] 1 A= Fig. 49 2tk &
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Fig. 4. Effect of Scutellaria radix extract on the osteoclastic cells viability. The Raw 264.7 cells were plated at a density of 1x 10° cells/well in
96 well plates and treated with extract for 48 hr. After removal of media, formazan granules were solubilized, and optical density was measured
with the microplate reader. Cell viability was expressed with an absorbance ratio(Absorbance of treated cells/absorbance of control cells x100).
Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed as Mean+SD (n=3).

Table 1. Effect of Scutellaria radix extract on the osteoclast generation

SR extract (pug/mL)
TRAP-positive multinucleated Control 0.01 0.1 ! 10
cells Number 134.0£17.6" 69.6+2.1° 36.6+£2.7¢ 33.0+4.9¢ 7.01.0¢
% of control 100+£13.1° 51.9+1.6° 27.3£2.0° 24.6+3.7¢ 52+0.7¢

The Raw 264.7 cells were plated at a density of 5x10* cells/well in 48 well plates, cultured for 5 days in the presence of 100 ng/ml. RANKL
and 25 ng/mL. M-CSF and various extract concentrations. After culturing, the TRAP(+) multinucleated cells containing three or more nuclei were
counted as osteoclasts. Values with different letters were significantly different at p<0.05 by Duncan’s multiple range test. Each value is expressed
as Mean=SD (n=3).

E7F 3 welld Wt 13407F #ZEAE Vs S FE2E

(A) (B)

0.01 pg/mL F%oAE TRAP 4 M E7 Bt 69.670, 0.1 pg/

mL XA E HE 36670, 1 pgml =M= HE 33.07,

10 pg/mL =M= Hd 707071 B2EJATH(Table 1, Fig. 5)
olAH T MEe £3} oA axrt A et 3=

& FoXE 02X baicalein, baicalin, wogonin 52| Z&]HE Al

B &4 QRS et o o5 wid ddEH I

3} Zgol gk ofe] Biuso] it e HeREe] I AX

o] &gl vXe FFo] g IATFES BHH T genistein,
daidzein 72 o|&ZEhEe] k= AE &3t oAl ZHAE)S

(®) (D)

quercetin, kaempferol, tannin 52 IFZAHE apoptosis F% &3}
(32) T°| Ut ol AFE w|Fo] Hol 7o EAls=E &
gz =do] A2 E3A &5 Holes ZoE fF
g ¢ k. ool g FEE T ZEeAEY S5E 7zl
ek g2 Az B3}l Al st o B At o] FojHof &
Zlo]t},

ol de] APAAE FolA Fu FEE] A X F2 ¥

2 oo

=
B35 S, JZAE 23E JAlsRs a3 doS ¢
Fig. 5. The morphology of cell at the end of cell cultures after 2 o). wEh e 22Eo ZE B A3 9 2R

TRAP staining by addition of Scutellaria radix extract. (A) RAW - o N
264.7 cells+no treated (standard) (B) RANKL+M-CSF (control) 1891 &7 k& o= Al
(C) RANKL+M-CSF+0.01 pg/mL. SR extract (D) RANKL+M-
CSF+10 pg/mL SR extract (Arrows indicate TR AP-positive cells)

0
2

Fa FE2E0] AL} d2AZA vAE FFE AEF

F FEEL 001-10 pgmL FEIAME AEEA 0] YEA & TollA] B STy 2ZAM 2 HA = FIS FEI]
T 100 pg/mL FEoNME 63.9%2 AE YEES YER T 915+, mouse calvaria f-212] MC3T3-El osteoblastic cellsE ©]

= FEE] AR 545 YeEA %= H9(0.01-10 pg/ |3to] AX AESE, 47148 A EA &4, 2433 A4
mL)°lAl TRAP @43+ A3, I+ F5E2 001 pgmlL 5= T SAEAT T3 niEslE SAE AFAEZERE gF

A ol Bls) FFHE 312 50%014 ZAA1F S (Table Aol A 9 &4 nXe 4T FEs] 215k, murine
1, Fig. 5), % &It &, iz = TRAP 43 Al macrophage -2 ¢l Raw 2647 cellsE o] &3t M-CSFet



RANKLS *2|3ted dzAa|2e] £315
Al N xe] g HEste ﬁ;%% o] FFMxe
A mA e S dolRith S FEE|] MC3T3-El Al
9] Z2o] mAE PGPS MTT assay® Jbvl A7}, MC3T3-El
AZe AYd 37 FE2E9 Fro oFFHoFZ AF F20]
X %S YepieH 53] 1 pg/ml FE01A 130.4%2]
4 2345 Ytk B3 3 FEE0] MXd 548 v
BRI Al 2E W 90.01-1 pg/mL)ol A MC3T3-El Al E2] ALP
activitys 793¢ A3}, Fkol &89S 2 ALP activity’} 371}
nom I ng/mL EwoA] 152.0%] ALP &4 Z71E9E e
Witk &5 FE2=9 A4 2E 55 1 pgmlolx] 433 3
e SHS A, vieF A7l weh A& Frisied w20
A= thztol vls] 223.3%<2 433t A5 ERIUL

g7 FEE ZAE B a3E dolny] 98 FF
FEEo] Alxe 548 JehiA & ¥91(0.01-10 Hg/mL)q]Aﬂ
TRAP stainingst 23}, 3= FE2ELS 001 pg/mL F=NA iz
ol HlE] FZAE B3 50% ol AAAZOH B& oF
ZoZ TRAP YA A7t 4age J&és}%iﬂ‘r

ool Af=E mRo] & wf, 7 FEE| IUETSS
gk Z3 o] a3t g Aoz AlEHh

w33, TRAP] %

ﬁnﬁ

3}
=

5]

1-

&

Mo

—_

. Canalis E, McCarthy T, Centrella M. Growth factors and the reg-
ulation of bone remodeling. J. Clin. Invest. 81:277-281 (1988)

2. Raisz LG. Hormonal regulation of bone growth and remodeling.
In Cell and Molecular Biology of Vertebrate Hard Tissue CIBA
Foundation Symposium 136, pp. 226-238, Wiley, NY, USA
(1988)

.Lee YS. Effect of isoflavones on proliferation and oxidative stress
of MC3T3-El osteoblast-like cells. Korea soybean Digest. 18:
35-42 (2001)

4.Jilka RL. Cytokines, bone remodeling and estrogen deficiency.
Bone 23: 75-81 (1998)

. Aldercreutz H, Mazur W. Phyto-estrogens in relation to cancer
and other human health risks. Proc. Nutr. Soc. 55: 399-417
(1996)

6. Keum JC, Kang KH, Kim SB. Effects of estrogen on the tumor
necrosis factor-o induced apoptosis and cytokine gene expression
MC3T3-El osteoblast. Korean J. Obstet. Gynecol. 44: 324-336
(2001)

.Orcel P, Krane SM. Secondary osteoporosis and glucocorticoid
include osteoporosis. Ann. Med. Interne. 151: 497-502 (2000)

.Karen MP, Carol CP, Lawrence GR. Treatment of osteoporosis.
Annu. Rev. Med. 6: 249-256 (1995)

9. Stein GS, Lian JB, van Wijnen AJ, Montechino M. Transcrip-
tional control of osteoblast growth and differentiation. Physiol.
Rev. 76: 593-629 (1996)

10.Ryan PJ, Evans P, Gibson T, Fogelman I. Osteoporosis and
chronic back pain: A study with single-photon emission com-
puted tomography bone scintigraphy. J. Bone Miner. Res. 7:
1455-1460 (1992)

11. Cho SH, Kim KG, Kim SR, Lee JA, Moon H, Hwang YY. The
effects of 17-fB estradiol, medroxyprogesterone acetate and par-
athyroid hormone on the differentiation of osteoblast cell. Korean
J. Obstet. Gynecol. 39: 1497-1506 (1996)

12. Boonen A, Broos P, Deqeker J. The prevention of treatment of
age-related osteoporosis in the elderly by systemic recombinant

growth factor therapy (rhIGF-I or rhRGF-B): a perspective. J.

Internal Med. 242: 285-290 (1997)

W

(%]

~

oo

ZZA| 38} vhEA 2] S A= I 679

13.Lee YS. Effect of isoflavones on proliferation and oxidatives
stress of MC3T3-El osteoblastic like cells. Korea Soybean
Digest. 18: 35-42 (2001)

14. Choi EM, Suh KS, Kim YS, Choue RW, Koo SJ. Soybean etha-
nol extract increases the funtion of osteoblastic MC3T3-E1 cells.
Phytochemistry 56: 733-739 (2001)

15. Choi EM, Koo SJ. Effects of soybean ethanol extract on the
prostaglandin E2 and interleukin-6 production in osteoblastic
cells. Food Res. Int. 2002, 35: 893-896 (2002)

16. Herbal medicine. Young-lim Sa. Seoul, pp. 218-220 (2004)

17. Chena YC, Shenb SC, Chena LG, Tony JF, Yang LL. Wogonin,
baicalin, and baicalein inhibition of inducible nitric oxide syn-
thase and cyclooxygenase-2 gene expressions induced by nitric
oxide synthase inhibitors and lipopolysaccharide. Biochem. Phar-
macol. 61: 1417-1427 (2001)

18. Krakauer T, Li B, Young H. The flavonoid baicalin inhibits
superantigen-induced inflammatory cytokines and chemokines.
FEBS. Lett. 500:52-55 (2001)

19. Jerome AR, Kim BG. Melatonin Promotes Osteoblast Differentia-
tion and Bone Formation. J. Biol. Chem. 274: 22041-22047
(1999)

20. Green LM, Reade JL, Ware CF. Rapid colometric assay for cell
viability: Application to the quantitation of cytotoxic and growth
inhibitory lympokines. J. Immunol. Methods 70: 257 (1984)

21.Owen ME. Lineage of osteogenic cells and their relationship to
the stromal system. in Bone and Mineral Research, edited by
Peck, W.A., pp. 1-25, Elsevier Science Publisher, Amsterdam
(1985)

22. Martin JH, Matthews JL. Mitochondrial granules in chondrocytes,
osteoblasts and osteocytes. An ultrastructural and microincinera-
tion study. Clin. Orthop. Relat. R. 68: 237-278 (1970)

23. Ernst M, Heath JK, Lodan GA. Estradiol effects on proliferation
messenger ribonucleic acid collagen and insulin-like growth fac-
tor-1 and parathyroid hormone-stimulated adenylate cyclase activ-
ity in osteoblastic cells from calvariae and long bones.
Endocrinology 125: 822-833 (1989)

24. Sudo H, Kodama H, Amagai Y, Yamamoto S, Kasai S. In vitro
differentiation and calcification in new clonal osteogenic cell line
derived from newborn mouse calvaria. J. Cell Biol. 96: 191-198
(1983)

25.Kim KY, Lee CS, Lee SH, Lee JD, Kim GS. Primary culture of
osteoblast. J. Korean Orthop. Assoc. 26: 1860-1863 (1991)

26.Cho YH, Park SJ, Shin HJ, Jang KH, Kang SA, Cho RW. Com-
parative estrogenic effects of Yak-Kong and Soy Bean on the
proliferation of human osteoblastic cell line, MG-63. Korean J.
Nutr. Soc. 34: 905-911 (2001)

27. Stein GS, Lian JB, Owen TA. Relationship of cell growth to the
regulation for tissue-specific gene expression during osteoblast
differentiation. FASEB. J. 4: 3111-3123 (1990)

28. Park SK, Shin HS. Effects of extract of natural products on alka-
line phosphatase activity of MC3T3-El cells. Wonkwang Dental
Medicine 10: 89-100 (2001)

29. Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie MT, Martin
TJ. Modulation of osteoclast differentiation and function by the
new members of the tumor necrosis factor receptor and ligand
families. Endocr. Rev. 20: 345-57 (1999)

30. Mundy GR, Roodman GD. Osteoclast ontogeny and function.
Vol. 5, pp. 209-279. In: Bone and Mineral Research, Peck WA
(ed). Elsevier, Amsterdam, Netherland (1987)

31. Claudia MR, Michele L, Gilles C, Alain P, Giulia C. Down-Reg-
ulation of osteoclast differentiation by Daidzein via Caspase 3. J.
Bone Miner. Res. 17: 630-638 (2002)

32. Alice W, Said K, Romuald M, Florence L, Christophe P, Petit JP,
Patrice F, Michel B. Potent inhibitory effect of naturally occur-
ring flavonoids ruercetin and kaempferol on in vitro osteoclastic
bone resorption. Biochem. Pharmacol. 65: 35-42 (2003)



