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| ABSTRACT |

The Effect of Guibi-tang Water Extract
on Osteoclast Differentiation and Osteoblast Proliferation

Kyung-Hee Choi, Dong-Youl Yoo
Dept. of Oriental Gynecology, College of Oriental Medicine, Dae-Jeon University

Objectives: This study was performed to evaluate the effect of Guibi-tang water
extract (GB) on osteoporosis.

Methods: We examined the effect of GB on osteoclast differentiation using
murine pre-osteoclastic RAW 264.7 cells treated with receptor activator of nuclear
factor kappa-B ligand (RANKL). The effect of GB on osteoclast was measured
by counting TRAP (+) multinucleated cells and measuring TRAP activity. The
mRNA expressions of osteoclastogenesis-related genes (Cathepsin K, MMP-9, TRAP,
NFATcl, MITF, TNF-a, IL-6, COX-2) were measured by real-time PCR. We
examined the effect of GB on osteoblast proliferation, ALP activity, bone matrix
protein synthesis and collagen synthesis using murine calvarial cell.

Results: GB decreased the number of TRAP (+) multinucleated cells and
inhibited TRAP activity in RANKL-stimulated RAW 264.7 cell. GB decreased
the expression of genes related osteoclastogenesis such as Cathepsin K, MMP-9,
TRAP, NFATcl, MITF, COX-2 in RANKL-stimulated RAW 264.7 cell. But GB
did not decrease the expression of iNOS and increased the expression of TNF-a,
IL-6 in RANKL-stimulated RAW 264.7 cell. These genes (iNOS, TNF-a, IL-6)
are thought to be related with the inflammatory bone destruction. GB increased
cell proliferation of rat calvarial cell and also increased ALP activity in rat calvarial
cell. GB did not increase bone matrix protein synthesis but increased collagen
synthesis in rat calvarial cell.

Conclusions: This study suggests that GB may be effective in treating osteoporosis
by inhibiting osteoclast differentiation and its related gene expression and by increasing
osteoblast proliferation.

Key Words: Guibi-tang Water Extract (GB), Osteoclast, Osteoblast, Osteoporosis,
Bone Resorption
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Table 1. Prescription of Guibi-tang

e, g%, ﬁf’f
& B Angelicae gigantis Radix 4
FEAR A Longanae Arillus 4
EeZA4Y Zizyphi Spinosae Semen 4
=& Polygalae Radix 4
A Ginseng Radix 4
O Astragali Radix 4
H it Atractylodis Rhizoma White 4
H R Poria 4
R F Aucklandiae Radix 2
H E Glycyrrhizae Radix 1.2
4 B Zingiberis Rhizoma Crudus 4
K OB Jujubae Fructus 2
Total 41.2
2) kA & H AY A=z
SNeis 412 g ELE qtEo] Z A
Tell ¥ F THF 1 L5 sk 6417

2

o] &-3le] o33 F oA & evaporator
(EYELA, Japan)< °| 43t st 55
g g5, T2 7zt A A7A JF
23 atgdg. A Al BG F2E
(Guibi-tang water extract, ©|3} GB=} &)
49 g(£5€ 12%)<S DMSO(dimethyl
sulfoxide) & ©]-§-3ted wiA]ol] =<l 3 pore

size 0.45 ym®] AHAAE FHA ] F A

TES A o4 22 A AF o

Do
(@)1
o
(0]
o
b
= 1o
0o
o>
G
ol
(@)
o]
=
Qo
oQ
o
@®
o
QO
=
D
=
(@]
S

% ratE d st
Ao ZAF di71A] AFS-sEg e, A
ol A3l

19 = rate] FH=E &3 A

_?',s‘_
2 weate] Agagn.
"

Age] AHEE FEAE AFNEE
mouse macrophage Al £ RAW 264.7
Ao RANKLE AElste] =% A=
e AMEE Y AFEE RAW 264.7

T A EFFAA FYEA T

2.% #

1) RAW 264.7 N Z wisk 2 IZAE

4 =7

(1) RAW 264.7 A wl oF

RAW 264.7 M Z% Dulbecco’s modified
eagle medium(DMEM)/10% fetal bovine
serum(FBS)/PC-SM wjA| & o]&3}ed CO,
A E wfoF71el A wl ksl ow, Al E 4
= 5x¢10° cells/wellZ 96 well plateZ o]-&
shed w ekatdet. 24A17F wioF F wl ol &
HEY o5 10% FBS, 50 ng/ml RANKL,
1 ng/ml TGF-B7} A7 minimum essential
medium Eagle-alpha modification(a-MEM)
o7 w3stel M EE wiekatlct. v ok
o o8 ¥x° GBE H7Issd 2d
of g A FdF A2 wIs] FH
A 67 mieFstde. BE AP 53
E W&

(2) S=AlZ 34 FA

RANKLE RAW 264.7 A2 E I3A)
X2 =3 & TRAPE A3} TRAP
(DA ZE glstde. 37 A 2E
phosphate buffered saline(PBS)Z 23] A|
A3}, 3.7% formaldehyde- citrate-acetone
Sdoz 102 AN FRFE 23
M A st} 2% TRAP fast garnet GBC
base A3 NaNO; §H& 22 v &=
Aol gtE 493 5% naphtha AS-BI

o
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phosphoric acid, 4% acetic acid, 2%
tartaric acid® Egst §H4& IA A
Al Al star Ao 30% oA HhA|
sl FEdnH o2 AFdte] 3o
37) o]AFel TRAP(+) HHMEE A
alo] A x| A ZE BT

2) A E FHA HH A

(1) & RNA &9

RatellA #3 z2& PBSE Wi A
3}3F o2 1 ml TRIzol reagent(Invitrogen,
USA)E Aelsle] ¥ RNAE #2354,
2213 RNA £ 200 nl®] chloroform
© isoamyl alcohol(24 : 1)=& ¥ 73l
42 % 14,000 rpme 2 YA R sle
A 500 plE k. 4714l 0.5
ml isopropyl alcohol 7}&}e] -207TC el A
329 RNAE HAAZ % 1,400 rpm
o2 2087 94 EHEsY. Aed s
WM F 70% oleh-EE A3ty 2kl 7
zA1Z ok, RNase free waterol 41 RNAZ
9l ¥ RNase-free DNaseS #7}slx
“70Cel A A AFstsd .

(2) cDNA A=

dxzd 2 APZAA A7 EEg
total RNAS 1 ulell (1 ug RNA &)l
oligo dT(3%= 100 pmol) 1 ul, RNase
free water 3 ul& ¥ F ZAXFHA
E33 o5, 65CelA 1042k incubation
3}9ll. Primer”} annealing 3t== 4T
oA oF 5¥zF WAIF th3. reverse
transcriptase buffer, ANTP(Z 2.5 mM),

RNase inhibitor, DTT(100 nM), reverse
transcriptase(M-MLV 200 U/ul)< %7}
gk &, ol ZAAYA EFIAAH. ol F
42°C &4 90 ¥7F incubation & ¥, 95T
of| Al 57t AeElst ¥ ARS-3F .

(3) Reverse Transcription-Polymerase

Chain Reaction(RT-PCR)

Oligo(dT) primer(Promega, Cat.No. C1101),
reaction buffer(50 mM Tris-HCIl, 75 mM
KCl, 3 mM MgCly, 10 mM DTT, pH 8.3)
(Promega, Cat.No. M1705), 1 mM dNTP
(Promega, Cat.No. U1515)3 200 unit
Moloney murine leukemia virus reverse
transcriptase(M-MLV-RT) (Promega,
Cat.No. M1705)5 23t RNAe| A=
ste] JHAE A FoZH DNAE &
Astgdvt. PCRE total volume 25 pulel
10xPCR buffer, 0.2 mM dNTPs, 2 pmol®]
sense % antisense primers ¥ &l
of ¢cDNA<$} 1.25 unit®] Taq polymerase
(Promega, Cat.No. M8295)& ¥} PCR
< A3t eh PCR 272 94T 4%, 30
cycles®] [94T (20%), 54T (20%), 72C
(302)], 72°C 10l A=k (Perkin Elmer,
USA). 3% PCR AHEE 2% agarose
geloll 17193531k A713F A3 ==
bandE density ¥4 Z=z 732l Gel-Pro
analyzer 3.1(Media Cybernetics. USA)
+ o] &3t T . RT-PCRel|l AH&-3t
primers o} ol E A4 H(Table 2).
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Table 2. Primers
Target gene Forward (5'-3") Reverse (5'-3")

TRAP wacro-3

Cathepsin K 5-AGGCGGCTATATGACCACTG-3'

MMP-9 5-CGTCGTGATCCCCACTTACT-3

MITF  5-GGAACAGCAACGAGCTAAGG-3
NFATcl 5-GGGTCAGTGTGACCGAAGAT-3

iNOS  5-CCTTGTTCAGCTACGCCTTC-3
TNF-a 5-ACGGCATGGATCTCAAAGAC-3
IL-6  5-TCCAGTTGCCTTCTTGGGAC-3

COX-2 5-AGAAGGAAATGGCTGCAGAA-3

5-ACACAGTGATGCTGTGTGGC 5-CCAGAGGCTTCCACATATATG

ATGG-3
5-CCGAGCCAAGAGAGCATATC-3
5-AGAGTACTGCTTGCCCAGGA-3
5-TGATGATCCGATTCACCAGA-3
5-GGAAGTCAGAAGTGGGTGGA-3
5-AAGGCCAAACACAGCATACC-3
5-CGGACTCCGCAAAGTCTAAG-S
5-GTGTAATTAAGCCTCCGACTTG-3
5-GCTCGGCTTCCAGTATTGAG-3

(4) Real time RT-PCR

Z+7+9] optical tube(MicroAmp® Optical
96-Well Reaction Plate with Barcode and
Optical Adhesive Films, Applied Biosystems,
Cat.No. 4314320)l 3v2] SybrGreen Mix
2.5 nl(Sigma-Aldrich, Cat.No. S9430),
el FAZ cDNA 1 ul, 10 pmol/ul
primer pair mix 1 pl, 2472 2.5 mM9]
dNTP 2 ul, 10xTag polymerase buffer
2.5 pl, Tag Polymerase 0.3 pl¢ 14.7 pl
H.0F ¥, 95C 5 min 1 cycle, 95C
30 sec, 45C 30 sec, 72°C 60 sec 40 cycles,
95C 20 min 1 cycle®Z Z=ZA]Z}. Primer
+ RT-PCRell 283 A& o] &3tsdch
PCRE w3l ¥ tubeE AW o, Hbs
ol 5 ulE AbE-3led 3% agarose gelel A
PCR specificityS &A%}, ABI PRISM®
7000 Sequence Detection System(Applied
Biosystems, Cat.No. 4349157)5 A}&-3}
o real time PCR A& ¥4 3+

3) 2TAE 7% A

(1) Calvarial Cell®] 2] 2 wlef(Fetal

calvarial cell culture, FCS)
A% 14 = FA9 FFEE A

calvariae® &3 th. calvariaeo] o]

ue AA A & 7Rl AlAsL Hank's
balanced salt solution(HBSS)Z A= 3)
t}. calvariaeE 2 ml®] collagenase, trypsin.
0.5 mM ethylenediaminetetraacetic acid
(EDTA) £l ¥l 37CAA bE-A
Aot s dE F3ske] 1500 rpmel A G4
F2]3led HAAH calvarial cell S I

PBSell A} &etsted 1500 rpmoll A LA £
2] 3le] washingdt %, o2 DMEM #j %]
(10% FBS, 100 1U/Penicillin. 100 pg/ml
streptomycin, 50 pg/ml L-ascorbic acid, 10
nM dexamethasone, 10 mM B-glycerophosphate,
300 ng/ml Fungizone)ell o] &gt &
37C. 5%. CO; incubatorel A wljF3tsd

o AsA e AAsE F2 calvariaeol

oA 2 mle) B4 Y3, 9 wee &
3] wbE-slgdeh. Al EL] R E= 3 g
WA waslgloh. wj kg A EE 257 3
trypsin X 2l3te] AE & FAHIL F

o] F Aol o] &slgic)
(2) 23M xS 2d5 A
Subculture® %3t FAHF M=EV}
1~3x10° cells/welle] === 24 well plate
o seedingdt . M E7} plateo] H=3)
= & Foldly 2447 = GBE A7}
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a3 8UzE wioFat om wiR= 24wt
o w3s] Foh 89 Al collagenase,
trypsin, 0.5 mM EDTAZ 7}sle] AEE
culture plate®HE 2]l 2™, Isoton-1I
o] &3k 20wl I Ak F M=
Al47] (Sysmax F-820) % Al Z£°] & &
A3t o

(3) Alkaline phosphatase 4 =4

Alkaline phosphatase(ALP) 4> ALP-K
Kitg o]-§3te] A sttt cells w3t
plateZ Y73 PBSE M A3 & cell &
scraper® =i el 5 mM dithiothreitol
(DTT)e] 5% PBSel dAgsladc}. o
Hetel & W7zt Abeo| A ultrasonicator®
sonicationdtsich. o] AegH & F3le 7]
AN T} 37T A 1587 whg-A1Z1 & A
ANe Gk 108 £ 490 nmolM &
FxE FA%.

o=

solutions

(4) Bone matrix protein &4 =4

Cell& ®lok3t plateE PBSZ A2t
% cell scraperg ol 53 MEE FolH
o] 5 mM dithiothreitol(DTT) o] &%
PBSell detslgdet. o] A& YAt

gl A ultrasonicator® sonicationdl$d ot
et S F3te] FAE Ak} 37T A
1057 ¥-&A1Z1 & 550 nmellA F33=
£ S

(5) Bone collagen A =#

Cell& wjoF3t plateES PBSZ Al X3t
= cell scraperg o] &3] AEE FoH
et 5,000 rpmel A 1587F 44 23t
= PBSE el 0.3% collagenaseE
Y2 & 37CA 2412 53t vl okttt
11.14 N HCI& #7Fg £ 100CoAA 244
7+ Fet el gt v 1114 N HCl&
ot Isopropanole ¥ tH& oxidant

solutione #H7}st F Ab2oA 4% FoF

F9t}. o] & Ehlrich’s reagent solutione
A71sF 2 60T A 2587t heatingdt
3 2~3%7F cooling STk 17A17F 3l 550

d AEE 215ke] Student’s
t-testS Ol%ﬁﬁ %ﬁﬂx{ﬂ &3 aL pgkel 0.01
2 0.05x8 5 22 A9 (p<0.01 2 p<0.05)
frolAd el e Aoz A

FAZ 23 8 F44 28 v
4

1) RAW 2647 Al Q&%

u]23tg RAW 264.7 Al Zo] GBS A
7hst &, 34z wiokste] ME AEES
MTT wWoz Hristadd. Ag Az
GBE AlE AEE A4S v|XA &

ok} (Fig. 1).

140

1204

|

Cell Viability(%)
g

60 4

40 -

NC GB‘SI:I GBTS GB100
Fig. 1. Effect of GB on Cell Viability of
RAW 264.7 Cells.
NC : vehicle
GB50 : RANKL (50 pg/ml) +50 ug/ml of GB
GB75 : RANKL (50 pg/ml) +75 ug/ml of GB
GB100 : RANKL (50 pg/ml) +100 png/ml of GB
Each bar represents Mean+SD of 5 tests.
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2) SFFAE A

Ag A3 GBE 25 ng/mle] =AM
T gEA xR £33 TRAP(+) w3
AE 235 F94 A dAATA 3
sld ot 50 pg/mle] FEAME WL
of mlal oF 31% FAAAIZH I, 75 ug/mle
FEANAME oF 53% AL 100 pg/mle
FToME o 72% FrA, 150 pg/mle
FEoA e TRAP(+) o3l £2] A
S A9 100% FAAA 25 pg/mle %
£ AT 9GE 2E FEAA F24 9l
Al(p<0.01) A 2] PFAE A3
9 (Fig. 2).

GB 150 : RANKL (50 pg/ml) +150 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
# 1 p<0.01 vs Control

3) TRAP &4

GBE A=& FJrE—HlEi—ri 1d
TRAP &A1& 2R3 A3, & =
A F-2A el (p<0.01) TRAPS] &4
AAstA . 49 F TRAPS] &AL 3%
g Az BE FxelA F24 A (p<0.00)
TRAPS 45 AAst= =35 el
Ak (Table 3).

r[n

=
[}

ol m{o ) '{01’

Table 3. Effect of GB on the TRAP
Activity in RANKL Stimulated Osteoclast

1st day (%) 4th day (%)

Control 100 183.5+4.50
GB50  78.4+5.46%*  122.1+6.017%
GB75  52.5+4.23%*  945+2.31%*
GB100  31.6+5.122%*  47.2+4.64%%

(A)HU =
120 4
. 100 L =
&
o 1
g &0 ##
L w
: “
40 #_#
20
, s
Confrol GB25 GBS0 GBS GB100 GB150
(B) Brpd Tl it ol [ 5 %
£ g % :_ig‘ ‘FF-!‘ 83 \L ¥ A P! 5
2 US| A . X0
N Ll O e
. ,‘b‘?’ . - é g T
0 pg/ml 25 pg/ml 50 pg/ml
. y L B
L '
v..' & I.‘ s S
148 ‘\ * » -m: V_.‘ x
75 pg/ml 100 pg/ml 150 pg/ml

Fig. 2. Effect of GB on the Formation
of TRAP(+) Multinucleated Cells (MNCs)
in RANKL Stimulated Osteoclast.
control : RANKL (50 pg/ml)

GB 25 : RANKL (50 pug/ml) +25 pg/ml of GB
GB 50 : RANKL (50 pug/ml) +50 pg/ml of GB
GB 75 : RANKL (50 pug/ml) +75 pg/ml of GB
GB 100 : RANKL (50 pg/ml) +100 pg/ml of GB

Control : RANKL (50 ug/ml)

GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GB100: RANKL (50pg/ml) +100 pg/ml of GB
#t 1 p<0.01 vs Control of 1st day

## 2 p<0.01 vs Control of 4th day

4) Cathepsin K %&

Ale] Ax RANKL 2] Al cathepsin K
o] W o] Fr1st e GBE 50 pg/ml.
75 pg/ml, 100 pg/ml s =lA Cathepsin
K 32 & 2ol vl 24
A (p<0.01) A3t =H(Fig. 3).
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4 EX
2 P
T
[51
é’ 404
14
E
2 #
& 204 L
@
14
## ##
0 S
NC Cantrol GBS0 GBS GB100

Fig. 3. Effect of GB on the Expression
of Cathepsin K in RANKL Stimulated
Osteoclast.

NC : vehicle

Control : RANKL (50 ug/ml)

GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GB100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
5  p<0.01 vs NC

## 1 p<0.01 vs Control

5) MMP-9 %&

Ag A3 RANKL A& Al MMP-9¢]
Wy o] Zrtslgl e GBE 50 pg/ml 75
pg/ml, 100 pg/mle] E=6A =% MMP-9
o §A4 TR Bhrzol s o4

A (p<0.01) A8k (Fig. 4).

50 -

404 ok
o ’
=%
=
=
5 04
=9
=
£
20 4
H
=
&
10 ##
i
‘ ‘ 5 =
Y I B wm
NC Control GBS0 GBTS GB100

Fig. 4. Effect of GB on the Expression of
MMP-9 in RANKL Stimulated Osteoclast.
NC : Vehicle

Control : RANKL (50 pg/ml)

GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 nug/ml of GB
GB100 : RANKL (50 pg/ml) +100 pg/ml of GB

Each bar represents Mean+SD of 5 tests.
## p<0.01 vs NC
#£ 1 p<0.01 vs Control

6) TRAP &

Aq 23 RANKL A7 Al TRAP #+4
Ake] Wl o] Z7}slgd om GBE 50 pg/ml
75 pg/ml, 100 pg/mle] F=lA 2+ TRAP
frAzre] e S FoA A (p€0.01) o
Al 3kl = (Fig. 5).

sk

Relative mRNA of TRAP
g

#
“ ##

F
. 1

NC Caontrol GBS0 GB7S GB100

Fig. 5. Effect of GB on the Expression of
TRAP in RANKL Stimulated Osteoclast.
NC : vehicle

Control : RANKL (50 pg/ml)

GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/mll) +75 pg/ml of GB
GB100 : RANKL (50 pg/ml)+100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
*#  p<0.01 vs NC

## : p<0.01 vs Control

7) MITF =&

A3 Az RANKL 22 A] MITF %3
o] Z7}=9lew GBE 50 pg/ml. 75 pg/ml,
100 pg/ml H=olA =F MITF #3-&
el BlE oAl (p<0.01) A A
33 oH(Fig. 6).
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BT

Oonlrol GBTS GB100
Fig. 6. Effect of GB on the Expression of
MITF in RANKL Stimulated Osteoclast.
NC : vehicle
Control : RANKL (50 ug/ml)
GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GBI100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
5 p<0.01 vs NC
#: p<0.01 vs Control

Relative mRNA of MITF

8) NFATcl &4
Ag A3 RANKL *2 A] NFATc19]
W o] 7= e GBE 50 ug/ml 75
pg/ml, 100 pg/ml x4 =% NFATc19
WS gzl vlE) f-214 il (p<0.01)

A 3kl = (Fig. 7).

25

20 EX 3

Relative mRNA of NFATc1

2

5 ##

o1

NC Control GBs0 GBTS GE100

Fig. 7. Effect of GB on the Expression of
NFATc]l in RANKL Stimulated Osteoclast.
NC : vehicle

Control : RANKL (50 ug/ml)

GB50 : RANKL (50 pug/ml) +50 pg/ml of GB
GB75 : RANKL (50 pug/ml) +75 pg/ml of GB
GB100 : RANKL (50 pg/ml)+100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.

#* 1 p<0.01 vs NC
p<0.01 vs Control

9) iINOS ®d

Algl A3 RANKL 2] A] iNOS &3
o] Z7t=E%le™ GBE 50 ug/mle ¥
o A ut INOS FAA el & 2o ¥
3 A AA (p<0.05) A B e 75
ng/ml, 100 pg/mle] F=ellAE= o 2l
vl INOSe] & & F7HAFH e #9
A2 Aok (Fig. 8).

o 1

Relative mRNA of iNOS
|+

0 | : L
NC Control GBS0 GBS GB100

Fig. 8. Effect of GB on the Expression of
iNOS in RANKL Stimulated Osteoclast.
NC : vehicle

Control : RANKL (50 pg/ml)

GB50 : RANKL (50 pg/mll) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GB100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
** 0 p<0.01 vs NC

#: p<0.05 vs Control

10) TNF-a #&

Alq Az RANKL A= A] TNF- a-/] s
o] F71st o™ GBE 50 ng/mlel =
oA TNF-a®] &S F94 A (p<0.05)
Z7 A1z e 75 pg/ml, 100 pg/mlel &
Eo M= TNF-ao] 3ol °33ks 77
2l Zad ek (Fig. 9).
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ek

Relative mRNA of TNF-u

| M

NIC Cnr:lrol Gﬁlﬁﬂ GB‘?S GBll(X)
Fig. 9. Effect of GB on the Expression of
TNF-a in RANKL Stimulated Osteoclast.
NC : vehicle
Control : RANKL (50 ug/ml)
GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GBI100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
k0 p<0.01 vs NC
#: p<0.05 vs Control

11) IL-6 23

A& Az RANKL A= A IL-6 &
o] Z7}=%l e GBE 50 pg/ml, 75 pg/ml,
100 pg/ml F=olA 25 IL-6 ¢S
1A A (p<0.05) ZF7FA1 7 e (Fig. 10).

60 o

£ #

Contral GBS0 GBS GB100

Fig. 10. Effect of GB on the Expression of
IL-6 in RANKL Stimulated Osteoclast.
NC : vehicle

Control : RANKL (50 ug/ml)

GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GBI100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
0 p<0.01 vs NC

#: p<0.05 vs Control

Relative mRNA of IL-6
=

e
=3

12) COX-2 %4

Ad Ax} RANKLel s #3135 I+
A Ze A COX-2 Hde] F7h3lsd o,
GBE 50 ug/ml, 75 pg/ml, 100 pg/ml
oA COX-29 HaE f2o4 s
(p<0.01) A st = (Fig. 11).

&0

EE

- =

20 F e “
10
1 _HEN

NC Control GBS0 GBTS GB100
Fig. 11. Effect of GB on the Expression of
COX-2 in RANKL Stimulated Osteoclast.
NC : vehicle
Control : RANKL (50 pg/mll)
GB50 : RANKL (50 pg/ml) +50 pg/ml of GB
GB75 : RANKL (50 pg/ml) +75 pg/ml of GB
GB100 : RANKL (50 pg/ml) +100 pg/ml of GB
Each bar represents Mean+SD of 5 tests.
*# 0 p<0.01 vs NC
## : p<0.01 vs Control

Relative mRNA of COX-2

A3 A3 GBE 1 pg/ml 5 ng/mlel
FRAAME FA sle #HI Aoy
10 pg/mle] s =AM AA 2L vls)
214 Al (p<0.01) ZA 2 +dE& 5
7HA F 5 (Fig. 12).
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NC GB1 GBS Gb10

Fig. 12. Effect of GB on Cell Proliferation
in Rat Calvarial Cell.

NC : Vehicle

GB1 : 1 pg/ml GB

GB5 : 5 pug/ml GB

GB10 : 10 pg/ml GB

DMSO (0.01%) was administered to NC (Normal
Control) group.

Each bar represents Mean+SD of 6 cultured well.
* 1 p<0.05 vs NC by Student’s t-test

2) Alkaline phosphatase 4]

Ag] A3} 10 pg/mle] GBE A2|st A
ALP &Ae] A4 dxol vlsl #2
A (p<0.05) F7F8kA o (Fig. 13).

oX, —lO

25

r
=2

ALP Activity (unit/ml)
&

H

5

NIC GB1 GIBS GB10
Fig. 13. Effect of GB on Alkaline Phosphatase
Activity in Rat Calvarial Cell.
NC : Vehicle
GBI : 1 pg/ml GB
GB5 : 5 pg/ml GB
GB10 : 10 pug/ml GB
DMSO (0.01%) was administered to NC (Normal
Control) group.
Each bar represents Mean+SD of 6 cultured well.
* 1 p<0.05 vs NC by Student’s t-test

3) Bone matrix protein A
A& Az} GBE= 1 pg/ml, 5 pg/ml, 10 pg/ml

2 714 2 gAel
So)4 sl sk 74 oo Fig. 14).

Bone Martrix protein{g/dL)

)

g4

NG GB1 GBS GB10

Fig. 14. Effect of GB on Bone Matrix
Protein Synthesis in Rat Calvarial Cell.
NC : Vehicle

GBIl : 1 png/ml GB

GB5 : 5 ng/ml GB

GB10 : 10 pg/ml GB

DMSO (0.01%) was administered to NC (Normal
Control) group.

Each bar represents Mean+SD of 6 cultured well.

4) Bone collagen ¥4

A3 A= 10 pg/mlel GBE A=lst 7
- collagen Aol A4 el vl
14 3IA (p<0.05) F7Fek ek (Fig. 15).

Hydrolysate of Collagen (ugiwell)

NC GB1 GBS GB10
Fig. 15. Effect of GB on Collagen Synthesis
in Rat Calvarial Cell.
NC : Vehicle
GB1 : 1 pg/ml GB
GB5 : 5 pg/ml GB
GB10 : 10 pg/ml GB
DMSO (0.01%) was administered to NC (Normal
Control) group.
Each bar represents Mean+=SD of 6 cultured well.
* 1 p<0.05 vs NC by Student’s t-test
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IS FHY A Fo AT
Z 4312 5Aoz s AAH 244
Agloz AARAZF(WHO)E =4
=7} 22 Ao A A7ka 32 Ao
HdA 2 25 BFHA 0|3t FhFyF o
2 Ao, 42 A A o)F F
o WA &7t ZUhE A F F4e HA
Atele] B e] A FAZ T AAle]
AP0 FopFSol A P =rt St
FH. FHT 2] wad FHTE &
WEL 504 ol Aol A edA} 37.5%. &AL 7.5%
2 g7 FARG Hu Ax Eke?

FET F 2 F 5 4EE
HGFA xS G F7h T FA F

Ste Z23AE] FAE Faeo] s
WA E 5 glel. 2ZAEE 7k 27
(mesenchyme) ol Al f-ef3t= Al za!t 2
z2)9] Az NAS A8ty 7122 A

23} A 3)3tE A5 FAA Y] FH A
ot BAsE zITNEE T NAE
#4832 cytokine #HIE B3 FI=F
Az 4L 224G A 22A)
29} SEA 2= s ZJr < 3 =
TFFAE] B3 2FAE o3 9F
s =AR”, 0181'& HFFH 2 F EF5
243 2FA L] F YA A £l
MAE F2g F &6 dojupA
wetA FohEe] A 2ol 9lelA TFA

zo] 334 dAlalt 23AE) PIE
Z7H71E Aol 28 Aow Amdn

S RAC RIS <A >V
Hzx2 £53 XJHWE NZE FEiGe
AU EE RIRAS RimAEsY
=t} *%.521 NGBR3 TR, 5=

B BECS LRSI RHEE, AE,
REE MBHEMs EE 5o o=
FEES) A 22 > Fe&sted L
A = w REEAmEA P,
Z3299 frgel Ao A Bl
] Qe g o2l g AR
M3ts £52 Mm-S wHEsld HEs
A st FEiS o)A sl FohE
Ao ZHAHY oz FdoEd,
GB7} FA 2ol m X S H7}
&7] 913l RANKLZ =% RAW 264.7
xﬂzoﬂ GB=

E») r

=
=

S-S
ik
Jii)

[<4

m
ol i‘a"ﬁ

GBel M= H5A 55 &<sl7] $st
o] At A3} GBE ME AEEol= 38k
2 v X|x] ¢kl (Fig. 1). Osteoclastogenesis
+ ZA s o]-8EHE RAW 264.7 Ml Zell
RANKLZ 7}8te] #3H21AH GB7F TRAP(+)
SGIdAE FAS JAs=A S 3T
Alg A3 GBE TRAP(+) galA| 29| 3§
g IJAE (Fig. 2) =AM 28] £31&
AA| st Aoz FtE o)

GBe|l TRAP &4 oA &3& &els}
7] 913t GBE A FFMEZHEH
TRAPS &A4E& A A9 & 5=
ANM BAH=E KA dA FAsAH
(Table 3).

olate] Asz GB7} FFME] &
of 84S JATE & 5 slow
uteo g GB7F sEA 2] 7)ol
e FAAES wEe e o
ZA 3] GBS FAIAQl e 71AHE
8] a2z skt

Cathepsin K= RANKLe]Y} M-CSF

o.ﬂ_’, rx:l, o
4T e & oy to
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g

o] A Cathepsm K< T°r7‘ 2 W& o] of
o vl8 F-JA AdA A=A H Fig. 3).

MMP-92 s}2A| 29 2 F4 A4H F
Yl 242% B2 A3 A
ol I MMP-9¢] & o] thxol vlsll
oA Al AA = A (Fig. 4).

TRAPE S}3HZ =4 3122 TRAP
(+) AZE2 NZFS dAE AA o9
A EE E33ld T F5 755 3
A A9 A3 GB: RANKL A=
Z719 TRAP A2 #ag FoA4
Al A 3k e (Fig. 5).

MITFE ShzAH 2o £315 318 A
A} QA & shtz? Alg A3} GB: RANKL
A2 F7Fe MITFO] 23S f2oA4 3l
Al A st eH(Fig. 6).

NFATcle sZAFA 2ol A 3h2A)

k

Ezo B32 Exste AsAd o
A2 HEAEe] £35 frests dA4
Akl shteld. g A3k GB:

RANKL A=z Z7Fd NFATcle|
e FA A dAEA S (Fig. 7).
ZFAE2] RANKLE 3471+ 49
% TNF-q, IL-6 59 %3 95
o] gdzlog B 2 g omPM omn
2 gA3tE M Ee 5 ukeel
= INOS, COX-2 59 9% EA o] w7l
A, AY 243} RANKL A2 24 %
T 3E7] Aol AFA x| vl INOS
13 o] ZrlEglen GBE 50 pg/mle]
FEOA INOS Az HaEE F9A4
A JA s 2 75 pg/ml, 100 pg/ml
9 FEAAME HAstA] X3t (Fig. 8)
INOS®] Walell= S wAA X3

2=

z

ro,
1o oo i +

Il‘ )

Fl

g

TNF-o= 9434 = 379 vz
a4 . A¥ A3 GBE 50 pg/ml
o] ExoAE TNF-aF 2ol vls &
38 Z7hAZA o™ 75 pg/ml 100 pg/ml
9] FEoME d 2ol vls] JAsHA] &
sl ek (Fig. 9).

IL-6= ‘%‘f "H7H "é’?éli 2-8-81+= cytokine
=2
=

7}% IL—64 ‘%?ﬂ% A 3} %3}1
sl oA A SIS (Fig. 10).
COX-2¢] Wy oz FAo] ZriHE=
PGE:= SHEA 2 £315 Ha39Y,
metr COX-29] W& AAstd IF
Az 235 JAE 5 ol Ag A
I GBE COX-29 wdE& & Fxo
Al A z2ell BlE) Fo A Al Al e
o (Fig. 11).
GB7} 2ZAH 229 A wA &
F7Fst7] $1si A rate] ejAZHE
& FAHE A EZE ol &3 ATE
Ach. 947 237 GBE 10 pg/mle]
ol
=23

PF o Mz ot

[}

A ,LEA]:M S 594 A

st o (Fig. 12).
A E A Eqtell = bl &4l ALP
7} EAEH o)l 53] F Ao IS
o w 1 A o] Frlsle] =FAE
¥3te] A AR ALER, AY Az
GBE 10 pg/mle] Ex4x] ALP A&
24 AA F7HA A (Fig. 13).

Collagene] W ¥-E-& x}x] s} we] 7]
A e we) s fAAdE 7X
A7M FrAe AA 9T I,
/g_s-l 7:1_.,} GB= 17]70 D]—H“Z] 0] ?“r}—/\-]_%
S7HA 712 Zaked o v (Fig. 14). 10 pg/ml

m i _?L' j‘i rulo

—_

<
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9] 2=xd A (Collagene] IS F9A
AA Z7FAFHEH(Fig. 15).

Ad A3, GBE IEM e £3he
A& JAE e SFH x| 35
Z7A)7]%= Cathepsin K. MMP-9, TRAP.
MITF, NFATcl FAxe] HdE A
T el 731‘/} COX-2% A9
I 99 934 = 9 E fE
el zb=<l iNOS., TNF-a, IL-6¢] =&
AA8HA] Fdted @5 W2 v E
Aste =+ A= GB7F &3 9le 7
oz gdEo. =3 GBE =FHE9
+9% 9 ALP A4S SAAFeH =
S7HAI71A 32
1} collagen®] FA S S7HAA 2FA=E
o FAE =AY
ooz Hol GBE ZZAMESL A
FAA 7| gZH E ] —.—3:} gl o] 9}

ol

¢

N

h:9

A S A

ek Wa 71Re o S&dte A Abet
o fiEEA GBel dejEtH o 71de
Hes RojF AFE Al EY. 3FE (GB
7} 2 WAk o 7)Aol b f&dt %)
of A A3 A7t 22T ez A
Zt e

V.2 2

Filig ol ShEM x| E3te} A E
o Ao mA & S detr 7] 98|
GBZ A3 RANKL % RAW 264.7
A2 TRAP(+) Al FAH ZF T4
I AAES] FAA LGS A

o, rat®] FHHFEZHE 3 23A

¥ Bds " ALP 4, Z 714 o
W2 A, Collagen TS =A 3t o
L3 e ASRE A

—_

. GB= RANKLel 93 #3535+ =
MEe] 3§ A &E< TRAP(+) B34
2] FAE AAstH e 34 =
Al A TRAP &4 & A8t

2. GBE F=Ax 23 #F A4

Cathepsin K. MMP-9, TRAP. MITF,
NFATcle] &S A8t
3. GBE £3Hd A 24 COX-29]

HES JAstd e INOSe 2Hd &
A ekA] A TNF-aek IL-69]
HELE 28] FIHAIRH

5. GBx rat®] = A2 £9%.

ALP 84 & F7HA 3
6. GB+ ratA ‘|‘7HE ._L.E/‘ﬂi-/] = 71221
Sge PP G v 2

sl o} collagen A4S 7417
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