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This study examined the anti-osteoclastogenic effects of
baicalin on receptor activator of NF-kB ligand (RANKL)-
induced RAW264.7 cells. Baicalin is a flavonoid that is
produced by Scutellaria baicalensis and is known to have
multiple biological properties, including antibacterial, anti-
inflammatory and analgesic effects. The effects of baicalin
on osteoclasts were examined by measuring 1) cell via-
bility; 2) the formation of tartrate-resistant acid phosphatase
(TRAP) (+) multinucleated cells; 3) RANK/RANKL signa-
ling pathways and 4) mRNA levels of osteoclast-associated
genes. Baicalin inhibited the formation of RANKL-stimu-
lated TRAP (+) multinucleated cells and also suppressed
the RANKIL-stimulated activation of p-38, ERK, c¢Src and
AKT signaling. Baicalin also inhibited the RANKL-stimu-
lated degradation of IkB in RAW264.7 cells. In addition,
the RANKI ~stimulated induction of NFATc1 transcription
factors was found to be abrogated by this flavonoid. Baica-
lin was further found to decrease the mRNA expression of
osteoclast-associated genes, including carbonic anhydrase
II, TRAP and cathepsin K in the RAW264.7 cells. Our data
thus demonstrate that baicalin inhibits osteoclastogenesis by
inhibiting the RANKI-induced activation of signaling
molecules and transcription factors in osteoclast precursors.
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M B
AJQlell A Z7HZ (bone remodeling)i= JFEA|Eo] 23
e HE WE AAS L, Z2EFAE & A2 WE T

doks Ho® oleh IS A FRF dojub, &
g WS Ao R Wl gl e Ak
gl dash sgolti1,2].

ST ZA G A st sEAlE A
A 3= macrophage-colony stimulating factor (M-CSF)2} re-
ceptor activator of nuclear factor kappa B ligand (RANKL)
o] EAstel s=AMERE F3MET) o] 7 cytokine ¢
T A= ke e Aol o8l =AMt 24
3} E3ls wl AlzEuel] A FejolAY ErlE HE=
B7do]l A ETH3 4] wEbA Y] Aol ofa] shzAl
0] 23t SXE e Ae- waka e Mg =dd
Ayt T2 a3 71 Aok

e TR EvdoR Ao P &
Agtoln, #HH 5 ofdelx] Mg E3] ddd HA
dofrk= Tthe5e] T ol AERAS] Ao =5,
Uyss ¢gst] g8 AaEzZAl A eyo] AMHE
715 sARE @)l 7IRF ARs ekt A 5
o] Fatgo] Yehr|% stthe). RIteRoR Ethasol
A5 oA FA 0% TR AEd) ofxrt ARgHO @
I glom, FHZo| EviEe] dEFE viAle =4S oY A
Y EL S Edehe HAERZNE HAREL ATHTL.

o] 79 flavonoidso] ZxAe] EAIsh= AL

et
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3t 9 Tlsel 9 VA= T =24 diAtel #
ojglo] B3] X THS-10]. Phytoestrogen & 8-prenylflavonoids
7F =AML H3t 9 S S gl 4
e oARTRE Bl 9lom, B vk AdESl Pa-
nax Notoginseng F=N° 79 LPSell o3 =¥ =}
A S AAsttE Bt gith12).

ol AllA flavonoid®] SRR baicalin (7-glucuronic acid,
5,6-dihydroxy-flavone)©] SFEAMES] S JAEHS H
131kl em, Aol thefet ARE FRlsto]
baicalin®] IF= AL A AAel| WA= 7S dATet
St} Baicalin EE¥}e]] Foh= thaB3Q] Scutellaria baica-
lensis oA el=, o] e T3 HEAYo]
2bAjolm sharel M= AYstaL Qlal, SHoRA| R ARE-H
3L Stk Baicalin® TRFst AJ=8H] E4S vehle B4
=2, ¥ A, TrEgs eERdoka 2 A Slvk14).
TSk T baicalin®] Wnt/B-catenin A S5 B3l FIAE
o] #3315 FxIgto] B EITHs].

2 AFeAE baicaline] A ] FA|EQ TREAIE
o] sy Bt mixlE gEke WEslaal SiSick < RANKL
S Aelete] SEAlE E3tell Fash FARIAR] NFATcl
o] Wisls ¥Estar, RANKL A159] sheAIRl =23t Al
7}A] mitogen-activated protein kinase (MAPK)®] W3}=
25T} &3S carbonic anhydrase 11 (CA 1I), tartrate-
resistant acid phosphatase (TRAP)$} cathepsin K2} 22 3}
ZAE e 54l WE fEslolt

1o

|

b

=

ATFAE

Dulbecco’s modified eagle medium (DMEM), o-minimum
essential medium (o-MEM), fetal bovine serum (FBS), trypsin-
EDTA % vleke] B Q3h AJeF5-2- Hyclone laboratories (Logan,
Utah, USA)E5H Fat3lck A= AFE RANKL>
PeproTech EC Ltd (Peprotech Inc., Rocky Hill, NJ, USA)
O ZHE] U815, baicalin<> Sigma Aldrich (St. Louis,
MO, USA)ZH-E 91513t p-38, INK, ERK, IkBa, cSrc,
phospho-cSrc 2} actin®l] t$+ &A= Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA)ZH-E T¢I} o,
phospho-p38, phospho-JNK 2} phospho-ERK ]l Tt &4+
Cell Signaling (Danvers, MA, USA)C. Z5-E ]I}t
NFATcle] thsh &A]i= BD Pharmingen (San Diego, CA,
USA) S 2 HE {183t} Customized primeri= Bioneer
(Dagjeon, Korea)ZH-E I3k, 1 ¢ AleF> Sigma
Aldrich Z -6 ]latolth

)

A Z uf

37 Y] MEZ] RAW264.7 H3E (ATCC, Manassas,
VA, USA)E 10% FBS”} 338 DMEMeIA 5% CO,, 37°C
o] gstel wikarsiom, ekl 3nirt wksloich

AL BEE AA

AAE A& HA o7 Hrlsha, RAW264.7 Al
3 AEEC] A= 9 dolrT] fleke] 34, 5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
e o] g3tk RAW264.7 MEE 96-well plate] wellF
5 x 10707} ¥ == 313 10% FBS7} 3% DMEM
= WMgH O T ALEslo] 14AIRE WSS §, I FER
AL 07 3|A3E bajcaling H7}sE A wjekdioz w
SISink Als 7F $ 5U7F mket 5 AlaEaieklel] MTT
NS 0.5 mg/ml H7FSHITE 3-4X17F 7 e &
Y/ ¥ formazan crystalss 35t ANE ARE F
BB A (SLT 400 SFC, SLT Labinstruments, Austria)S
o]-g-3to] 540 nmelA A 3FSATE

Az A &3

RAW264.7 AIEE AR #31A17]7] 9l8te] 96-
well plateel welld 10717} HE2 383 10%
FBS7} 23d o-MEM< HjFeio® ARgato] 24A%F
Hjeksl 5 100 ng/mle] RANKLY U4 FE& Q47
O % BN baicaling H7FeE vk oR wekstal, &
she) el SIR1EEA Sl 7912k Ec, Hhegol
4 & citrate-acetone-formaldehyde £ 0% 143kl
TRAP A& Alddsto] ahaAze] Y EE H71std
T} TRAP 9412 A ZA} (TRAP 418 kit, Sigma Ald-
rich) 9] A|Alof w2} A5 ™, 7122 naphthol AS-BI
phosphate s ©]-8-3}31 31, FAA| 2= fast Garnet GBC &
NS AREsITE GAlo] Ed & Fetdn) s o] &ato]
o] 37] o)’d]l TRAP < HHAHEE AlFsto] vb=
A ABALE A

TRAP 4 =34

RAW264.7 A ZZ 96-well plateolA] welld 10*747} &
L= B3 10% FBS7F ¥8E a-MEMS Hjfolo g
ARE3Ee] 24417F HIOFSE F 100 ng/ml©] RANKL 97
FTER AEZH O Z 343 baicaling H7FS vt o R
wekshar, 447 woksiaAtt wieko] EF £ 0.05% Triton
X-100/saline®= A 2|8t ME FF 9 THE0] TRAP &
29 s ATk

'] S AEFEAE 71421 100 mM p-nit-
rophenyl phosphate®} 10 mM sodium tartrate”} ¥ 50
mM citrate 5 (pH 4.7)°14 3057+ ¥-3A171 3 pNPP



Baicalin inhibits osteoclastogenesis 69

of|x] 3ll%! p-nitrophenol®] S 3447 (SLT 400 SFC,
SLT Labinstruments, Austria)E ©]-83}°] 405 nmoA =
Jaliet whzle- BCA ©2 (Pierce Biotechnology, Rock-
ford, IL, USA) A=ZH o2 4351, 434S nmole
substrate cleaved/min/mg protein ©. % 73} 0w x

ol e Mg e

RT-PCR 4

NFATcl, CA II, TRAP, cathepsin K] &S #-33}17]
918l RAW264.7 A= 6-well plateel] well F 5 x 10° 7}
7} HEE 25kl 10% FBS7F £3HE o-MEM & Hi%F
Moz ARgato] 24 A% wekdt ¥ 100 ng/mle] RANKL
I A FER AEH O F 3]3S baicaling 24A17F A
SHSiT wiFo]l Bk 3 easy-spin™ Total RNA Extrac-
tion Kit (Intron Biotechnology, Sungnam, Gyeonggy, Korea)
£ 0]83t°] mRNAE 2|3I3ItE One-step RT-PCR premix
kit (Intron Biotechnology, Sungnam, Gyeonggy, Korea)E ©|
&3sto] DNAE FAst ¥ 54 primers ©]&5}]
¢cDNAE FE3I3 T PCR primer oA+ U 2t .
NFATcl, 5’- CAACGCCCTGACCACCGATAG-3’ ¥} 5-GGCT-
GCCTTCCGTCTCATAGT-3’, CA 1I, 5-CTCTCAGGACA-
ATGCAGTGCTGA-3'2} 5-ATCCAGGTCACACATTCCAG-
CA-3"; TRAP, 5-ACTTCCCCAGCCCTTACTACCG-3' 2} 5'-
TCAGCACATAGCCCACACCG-3'; Cathepsin K, 5-CTGAAG-
ATGCTTTCCCATATGTGGG-3 2} 5-GCAGGCGTTGTTCT-
TATTCCGAGC-3"; GAPDH, 5'-ACTTTGTCAAGCTCATT-
TCC-3'# 5-TGCAGCGAACTTTATTGATG-3'. DNA #H
5= 7+7F 56°C, 55°C, 57°C, 56°C 2 57°C it

Western blot &%

RANKL®] 9%t Ale sy S #3st] 18] RAW-
2647 AEZ 6-well platec]] well &5 x 10° 7|7} HE= &
T3kl 10% FBS7F 2&¥ o-MEM<S H|Fi o ALY
sto] 24A|7F wljokEt 5 ]7J Qo] gle AR
wgksto] HYeks }91‘:}. T d sEE d&HFHoR
3] 213} baicalings 2A17F A28kl 100 ng/ml2] RANKL-S
153 HE= 24413 APsioit) wiFo]l Bk § RIPA ¢
Tdow gajloto] A AlRE F=HI8k, 30 pgl Al

S5 SDS-PAGEE ##]3 F PDVF o &3l § 54
S o] g3l HE-SAl7|AL chemiluminescence system (Amer-
sham Biosciences, England, UK)¥} X-ray Z-E(FUJI Photo
Film Co., Ltd)®] &< &3 @d M=sE sl
A A=
2 A3l FAAEE Student's ¢ test WHS ARES)

RomH, g2 BAH AF LAE YERITH

4 I

gEAEe] FsbetAle] 2 E729] RANKLS
A sto] RAW264.7H322] #3815 - 53HA] baicalins
A2Jslo] HAIRIARQ] NFATel 3} Alzur 9] MAPK, cSrc
ul AKTO] W3ts #2353t =3F CA 11, TRAPH ca-
thepsin K&} 28 oAl o] 540 wsts wzs)
oﬂy;}

A2 Eslel wiR= GRS AEsh] 218kl TRAP
AAs AlE8sto] TRAP M3 tREAEe] S IRl
@?% thztoll H1E) baicalin 1 2 10 ugml®) $55 2]

785 gEAEEe] Ado] dAIs] AAIE S em (Fig 1A,
C) xﬂlizzoﬂ S WHSo] TRAP §49 &S 543 4
7} TRAP &40 &Ao] dA8] JAAT (Fig 1D).

gZAE BA 9D TRAP 4849 G} A
LEAo] o3k Zlelx] &eolaly] YJate] RAW264.7 Al EE
HjFsHEA] 0.4004 50 ug/mle] F%=7HA] A 2lskal o,
Aol Abgs BE FEoA AEsAS VERA] ¢
%t} (Fig 1B).

HZAE7} B35 5 baicalin®] AT HAETA o
X ks ERls] 40}01 MAPK, cSrc, AKT 4!
kBo 2 &4 52 #HAIATE Baicaling *]2] ¥ RANKL
2157 Z%sta Al F7e MAPK 3K = p3s,
JNK 2} ERK1/2 MAPKE western blot {2 &2l&}3]
t}. RANKL®| 23] A %%J MAPK 55 3, p38,
INKS} ERK129] <litshrh fEE9lom  (Fig. 24),
baicalin> RANKLI 2]&l 23}l p38e} ERK1/2:A12]
AakstE Al v INK Q| QIAEslell= &S WA
=] okolrt (Fig 2A).

Baicaline 2AFelE#] ¢F2 BE MAPK EAjolE=
S5 WAA] SATHFig. 2A).

RANKL® 2J3] IkBa®] #3l7} == 20, baicalin
RANKL®Y 9J8) 5% IkBa #-alS JA|&}3iT} (Fig. 2B).

SFAES] 75 FHE A HZ cSrcof] it
S otoli 7] $3ko] RANKLE 43} 3F 3 cSre2 ¢l
Ahe7t FEEe 013 0w baicalin®l]l 28l cSre] <l
2F8E7E oA = A THFig. 3A).

A2 s W AEY FAE ATAHEL AKTO
st JaFs dotrr] fl8te] RANKLE &3t ¢ &
AKTO] QIiFsP7F s g1kl om, baicalinel] <]
3l AKTE] QIAbs7E A= STt (Fig. 3B).

RANKL=>  JHEAE BehdAle] o AARIAKI

z% o] A%

'—11__1__
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A) control (RANKL) baicalin 1

baicalin 10 ug/ml (100X)

B) C)
120
s «»
8 100 A z
< 3 g
£ o
3. % 5
£3 Ed
= £ 60 =4
R s
< 40 g
g £
H 20 z
s
0
04 2 | 10 ‘ 50
ehicle| Baicalin (ug/ml)

w
S

N
S

w
S

N
S

—
15)

o

vehicle

120 1

TRAP activity (% of control)
N S [e2) @ g
o o o o o

o

Baicalin
(ug/ml)

vehicle Baicalin

Fig. 1. Inhibition of osteoclast generation in RAW264.7 cells by baicalin. RAW264.7 cells were seeded in 96-well plates, cultured for
5 to 7 days in the presence of 100 ng/ml of RANKL and various concentrations of baicalin. A) After culture, the cells were fixed and
stained for TRAP expression and photographed at 100x. B) The cell viability was assessed using an MTT assay. The cell viability
was expressed as the absorbance ratio (absorbance of the treated cells/absorbance of control cells x 100). C) The TRAP(+)
multinucleated cells that contained three or more nuclei were counted. The values are expressed as the mean + S.E. (n=3). **p < 0.01.
D) The TRAP activity was assessed. After culture, the enzyme activity was measured by spectrophotometry using p-nitrophenyl
phosphate as a substrate in tartrate buffer. The total protein content was determined using BCA protein assay reagent.

A)
10  Baicalin(ug/ml)
- + +  RANKL (30min)
P-ERK [
-ges
‘ S B)
p38 m 10  Baicalin(ug/ml)
+ +  RANKL (30min)
- e —
Actin - Actin - . :

Fig. 2. (A) Effect of baicalin on the activation of MAPKs by RA-
NKL. (B) Effect of baicalin on the degradation of I[xBa. by RANKL.
RAW264.7 cells were serum-starved for 30 min, pretreated with bai-
calin for 2h and then stimulated with 100 ng/ml RANKL for 15 min.

A) 10  Baicalin (ug/ml) B) 10  Baicalin (ug/ml)
- + +  RANKL (5min) - + +  RANKL (15min)
Actin w Actin. S ——

Fig. 3. Effect of baicalin on the activation of cSrc and AKT by
RANKL. RAW264.7 cells were serum-starved for 30 min,
pretreated with baicalin for 2h and then stimulated with 100
ng/ml RANKL for 5 or 15 min.

NFATcl19] #3}E 5312, baicalin®] RANKL®Y 2]3)
5% NFATclel|l v|A]= 935 RT-PCRI} western blot
wo g wEslgith 1 A¥ RAW264.7 A= RANKL
o 28 NFATc12] mRNARHE 9l chulzlo] &148 7}
Al71H, baicalin> RANKL®] &Jst S7FE A8tk
(Figure 4A, B).

AL 71sS & o) WEsE= G491 CA 11, TRAP
7} cathepsin K] W&ol v]x|i= 93-S RT-PCRE #Hst
A3} RANKL A $ AJgto] &5Fof we} Al F572 &
29] Wgo] S71E ] 0, baicaling A 2|3 739 A=

ATt (Fig. 5).

A) B)

1 10 Baicalin(ug/ml)
+  RANKL (24h)

Actin S

1 10 Baicalin(ug/ml)
+  RANKL (24h)

Fig. 4. Effect of baicalin on the expression of NFATc1 by RA-
NKL. RAW264.7 cells were cultured with 100 ng/ml RANKL for
24 hours. A) The mRNA expression levels of the NFATc1 genes
were determined by RT-PCR. B) Protein levels of the NFATc1
were determined by Western blot.

+ +
+ +
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Baicalin (10ng/ml)

0 24 48 24 48 (h) RANKL
CAll

TRAP
Cathepsin K

GAPDH

Fig. 5. Suppression of RANKL-induced gene expression by
baicalin. RAW264.7 cells were cultured with 100 ng/ml
RANKL for 24 hr. The levels of mRNA expression were
determined using RT-PCR. CA II : carbonic anhydrase I1

a1 &

Flavonoidi= ©18] 2)&EolA] WAs = B2, dA 4000
oAF o149 flavonoids°] &I S oH[15] &its), &+t
9 g g e kst =gt A4S vekdtia
dHA AH15-17]. o5 =501 Hdolu} AielA EAy
+ Kaempferol AL A¥APES fEsro =y QF
AIEES] A4E AAlsta, ARERFYE AsTh &
A QITH18]. HEsh =52k9] catechin 2! cranberry 2] polyp-
henol?} 2> AA=Ho] 54 =3 A3l X541
Skl &7} l5o] Barg nF QleH19,20].

ASA cytokine?} prostaglandins F=A|E, & 4]
frobMlazy EAdske T Al3Ee)A RANKLS #d& =
Ash, S7Hd RANKL> Z=AE2e] 738} 75 W AL
ZXI521). Wby A5 =0k Aeke] A5E
g=Aze 3t 9 7es dAsks EEE 2 A
o] =gol & 4 Utk

Flavonoid7} Sh=A328] #3le] n|2|= 3 9 7S
gRI57] f18te] & ATtollA= RANKLS] A zle] J3)| I}
TAER 23}E= RAW264.7 AIES AFEETE RAW-
264.7 ME= ZFAEESE et FAZ] AER
U 2 2 Feks ek T RAW2047 AE9L =
TAERRE FEste] weFst Azl AlxzS/do] At
o7} Qltk 2Eu} RAW264.7 AEE FFEALS] 73}
71A& Adrgatr] 91k Al -8k AREE AL JlTh22].

1 A4 baicaline] TEAHES] AAS JATHE &
QF FArEelA e WstE gRlsly] flste] ALl
w3 2 9 AEY Ay Asdgdye ol Ak
o] Wigks gRlsklch

71 A3} RANKL 2J3l] &/dsl¥l ERK1/2, p38, cSrc 4!
AKT#AE] QIAteE AAIsISIth MAPK & ERK S} p38<-
TAES] e HofshH, 11 5 ERKE E3HERE of
Yet ZhAre] AEol e dofdo] dufA] Qlrh23,24].
wh2bA] baicalin®] FFEAE A A 712 ERKS} p38

orl.

ANZHYE ATz 7|5}

cSre= avp3 integrin®l] °J3F Al
Al QL TEAES] FES
A A 1 Om[25,26], AKT+= JFFA|EQ] H3lel Y=L
Xk Ag=dE deA AvH27]. WA baicalin®]
cSre et AKTY] Aadg A Fal dzAxe] 7l W
AEE AT oz AT

NFxB ZARIARS] 2 TpzA|ze] syl dre
2%, NFkB 234 AA SF A &350 540 1
a1 vk QITH28]. NFkBE] A& 1k NFxB o EAI2k
Agto] Q= AAAehlAel kBO] Hal7t QU9
Aol A= baicalin®] RANKL®Y 9] F=% IkBo -3l
Z AABI O T = baicalin®] kBa #31E A8 24 IkBa
7} NFxBS} Agket AelZ EAJste] NFkBL| G4 oAt
b B o7 AR

ZAEL] E3pdAleA] RANKLe] 2J8f 243}¢ MAPK
S YO0 07} NFATcl 7 2 AARIALe] &S %
Zs[30,31], TAES] F3kE fegith 2 A oA
baicalin IFZARES] T4 HARRIAIR] NFATc1 2] mRNAS]
v el S AAlEgith webA] baicalin®]
RANKLS] AlTof ups wlA|3re] #3l21 5 MAPK S}
NFkBS] A]o1A)|9} 317 NFATcl 2] 23S ojAsko 24
SZAE B31E JAsh=d] Pojsh= Aoz Ayzte

TSk B3lahs HoF dA|Eo A= CA 11, TRAPY cat-
hepsin K 52 22 @459 Wdo] ST CA 119
olaf A4¥ H'S proton pump®l 23] =2l wiEE o
7140 galloll #oIakar[32], cathepsin KoF - Hal &
v ATt B2 717149 Ellell ARS-ETH33].
A7} baicaline> RANKL®l| ]3] 3% CA 11, TRAP
3} cathepsin K] WS- oJAIsISIt). webA] baicalin®] 3
FAE] B3E JAls|E A, Eifsls Bt
TH= Ao A% Tholste] FhEa|ze]| o8t =
T8 Al #HoAE Ao T oA

)
N
ofr
2,
3
2
ol
T
S
o
rt ofo

HZAR =

o] =2 20109 % AF(uSHsl7|E) ] Yo
AT A A Qs vl = 7] 2ATARI Y (No.
2010-0023679)
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