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ABSTRACT

Ficus erecta is a native plant growing at Jeju Island in Korea, and has
been treated for several diseases such as nephritis, arthritis and contusion as
a oriental folk medicine. Bone is maintained by a balance between -cells
(osteoclast) which resorb bone and cells (osteoblast) which form bone.
Osteoporosis is metabolic bone disease associated with unequilibration of bone
remodeling decreased bone formation or accelerated bone resorption. Lots of
hormone and local factors can act on osteoblast to inhibit or promote
osteoclastogenesis. Osteoclastogenesis is inhibited by IL-4, IL-12 and INF-¥%
and is stimulated by TNF-a, PGE2, IL-1 and IL-6. Osteoclast is
multinucleated cells that formed by fusion of the mononuclear phagocyte cells
derived from hematopoietic stem cells. TRAP, secreted from mature
osteoclast, is a biomarker of osteoclast. In this study, we investigated the
anti—-osteoporotic activities of F. erecta in vitro and in vivo. In vitro, MG-63
cells were stimulated with IL-18 (10 ng/m¢) to induce osteoporotic factors
(IL-6 and COX-2) and RAW 264.7 cells were stimulated with sSRANKL (100
ng/ml) to induce differentiation into osteoclast. Hexane and EtOAc fractions of
F. erecta decreased the mRNA expression of IL-6 and the mRNA expression
and protein level of COX-2 in a dose-dependent manner. Among the
sequential solvent fractions, hexane and EtOAc fractions decreased the
differentiation into osteoclast of RAW 2647 cell. In vivo, osteoporosis was
induced by ovariectomy in SD rats, and F. erecta crude (80% MeOH) extract
was administered to ovariectomized rats every day for 4 weeks. Femur/body
weight rate and femur length were increased in F. erecta extract
administrated rats. Theses results suggest that F. erecta may have

significant effects on osteoporotic factors and anti-osteoporotic potential.

Key word : Ficus erecta, osteoporosis, IL-1, ILL.-6, COX-2, sRANKL, TRAP.



2z A
A B S T R A C T ................................................ 1
= 3 O i
LIST OF SCHEME ................................................ 1V
LIST OF TABLES ................................................ \Y
LIST OF FIGURES ~ +tvveveeeneeennaeeauueeaiueeanieeeaieeeanneeanns vi
1. A B ettt ti ittt 1
I =T - O 7

1. A= F&

2. E g B A

3. Interleukine-62} 44 2 A=

4. RNA &g

5. RT-PCR

6. Western blot analysis

7. ARG A= FF

8 A3EE ¢ AAL

9. daHE AlmFo] 3 Hrt
]]1. a _Tq_ ............................................... 14

1. MG-63 A3 A interleukin-62] A2 A a3

2. Interleukin—-62] mRNA &&d A g3

3. Cyclooxygenase-22] mRNA &3} protein A & |

4. RAW 264.7 M3AEANA 3ZFHEFA (osteoclastogenesis)

5. FttE ol e WA tfE A B Aol WA=



=

—1ii -



LIST OF SCHEME

Scheme 1. Systematic purification using solvent partitioning from Ficus

er-ecta ......................................................... 8

_iV_



LIST OF TABLES

Table 1. Sequences of primers and fragment sizes of the investigated genes

in RT*PCR al’laIYSls ........................ 11
Table 2. Changes of dry—femur/body weight ratio =« cceeeereeeeeeeeeenn. 42
Table 3. Changes of femur length = ceceererertanatinn, 44



LIST OF FIGURES

Figure 1. Inhibitory effects of MeOH extract and solvent fractions of F. erecta on
the IL-6 production In MG=63 CelIS ..oooviomiieeiiee e 15
Figure 2. Inhibitory effect of hexane fraction of F. erecta on the IL-6 production in
MG 63 CEILS ittt 16
Figure 3. Inhibitory effect of CHCI3 fraction of F. erecta on the IL-6 production in
MG=63 CEILS oottt 17
Figure 4. Inhibitory effect of EtOAc fraction of F. erecta on the IL-6 production in
MG763 CEILS oottt 18

Figure 5. Inhibitory effects of MeOH extract and solvent fractions of F. erecta

on the IL-6 mRNA expression in MG=63 CellS .covvvvemeeoeneeeeeeeeeeenn. 20
Figure 6. Inhibitory effect of hexane fraction of F. erecta on the IL-6 mRNA
expression I MG=63 CellS ... e 21
Figure 7. Inhibitory effect of CHCI3 fraction of F. erecta on the IL-6 mRNA
exXpression N MG =63 CEILS .ottt 22
Figure 8. Inhibitory effect of EtOAc fraction of F. erecta on the IL-6 mRNA
expression N MG=63 CEIIS ... 23
Figure 9. Inhibitory effects of MeOH extract and solvent fractions of F. erecta on
the COX-2 mRNA expression in MG=63 CellS ...cccoovvvvvviviiiciciireenen, 25
Figure 10. Inhibitory effect of hexane fraction of F. erecta on the COX-2
MRNA expression i MG=63 CEIIS ..oovioioieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 26
Figure 11. Inhibitory effect of CHCI3 fraction of F. erecta on the COX-2
mRNA expression in MG=63 CellS ...ooooiiiioiiiieeeeeeeeeeeeeeeeeeee 27
Figure 12. Inhibitory effect of EtOAc fraction of F. erecta on the COX-2
mMRNA expression in MG=63 CEIIS ..oovioioieeeie e 28
Figure 13. Inhibitory effects of MeOH extract and solvent fractions of F.
erecta on the COX-2 protein level in MG-63 cellS ....cooveveveveeennne. 29
Figure 14. Inhibitory effect of hexane fraction of F. erecta on the COX-2
protein level In MG=63 CEIIS ....oooiiioiieeeeeeeeee e 30



Figure 15. Inhibitory effect of CHCI3 fraction of F. erecta on the COX-2

protein level In MG=63 CEIIS ....oooiiiiiieeeeeeeeee et 31
Figure 16. Inhibitory effect of EtOAc fraction of F. erecta on the COX-2
protein level In MG=63 CEIIS ....oiiiieeeeeeeeeeeeeee e 32

Figure 17. Identification of inhibitory effects MeOH extract and solvent
fractions of F. erecta on osteoclastogenesis through TRAP
staining In RAW 2647 CEIIS ..o 34
Figure 18. Inhibitory effects of MeOH extract and solvent fractions of F.
erecta on osteoclastogenesis in RAW 264.7 cellS ....ccoooevvvvcvveennnnn. 32

Figure 19. Inhibitory effect of hexane fraction of F. erecta on osteoclastogenesis

N RAW 264.7 CEIIS oo 36
Figure 20. Inhibitory effect of CHCI3 fraction of F. erecta on osteoclastogenesis
N RAW 2647 CEIIS oviiiiieieteeeeee e 37
Figure 21. Inhibitory effect of EtOAc fraction of F. erecta on osteoclastogenesis
N RAW 264.7 CEIIS oot 38
Figure 22. Inhibitory effects of MeOH extract and solvent fractions of F. erecta
on TRAP amount in RAW 264.7 cellS ... 39
Figure 23. Changes of dry-femur/body weight ratio by F. erecta extract
............................................................................................................................ 41
Figure 24. Changes of femur length by F. erecta eXtract ......ccecmveeveeeenne. 43



So7F dutder du e A g, A3k AFVIERE ofyel dolrhd
M o] AR L7t ALEH o2 AL drk (Mundy et al, 1993). =2 &3
Ho|x X&Ho7 AAS 3=
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Baue g0 He e dojuy] wEolth 1y o 741 BAA o

= ol A= gk ol g
A9 AR A FHATIE S sHARE Sl A= 24 stE Bue auy
ol s WA dojuia, A AAIFeRE athEFo] Adr] o]Fo] A
Z dFH e FAelt (Teitelbaum et al.,, 1996).

golgk o] F x| A%
”J (bone remodeling)®} 7ol 7]Ag AAd], o]=
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7FA 2 Atk 25L& CFU-GM (colony—forming unit granulocyte macrophage)
oA e R ek, @A X/ A A E (monocyte/macrophage) AlE = thEA



23lsl= 2 A E (hematopoietic cell)o]t}h. o]9E 24 ZIAITE F710H4
(stem celD)olA] 719l st} (Takahashi et al.,
1999). = xWd YAt e ZFAHAXEE MxTdd o owl g4 AL
(alkaline phosphatase)E 7FAx2 dom 138 FEkAl (collagen), 22H L ZA
(osteocalcin), 2. 2~H 23EH (osteopontin), ¥ A|L¢Z3EZZEHQl (bone sialoprotein)@} &
2 T 714 BZS Evsta A3 A IS st=d (Collier et al., 1998)
%l

2 & (parathyroid hormone), ZA|EY (calcitonin), &Y E}7

(mesenchyma)< ©]F+ IHAIXE

9

4
D, 432 (estrogen), Y€ H(nsulin)s 9 A4 T2E3 F ZZHo|A #H
= IGF-1 (insulin like growth factor-1), TGF-E (transforming growth
factor-f#), IL-1 (interleukin-1), IL-6 (interleukin-6)52] =4 A= o8] =
A "t (Jang et al, 2001). H <+ ZTFAE, ZF9 7]HAHE (stromal cell), &
At THAE (activated T celDet IZHEEQ ®E3lo] dojix] ZIFAHE, =
ZIAAE B E435td TAXZF 2adte] WA (Toshida et al, 1999). ©]
SoA wd == ODF (osteoclast differentiation factor)/OPGL (osteoprotegerin
ligand)/TRANCE (TNF-related. activation-induced- cytokine)/RANKL (receptor
activator of NF-kB ligand)= TNF (tumor necrosis factor) #|3t= Al gl 43}
= typell 9 o] @A (transmembrane protein)® I+&F A A E (osteoclast
precusor)2] RANK (receptor activator of NF-kB)eoll Z&3}e] M Eel A
S =gt o]y g A A RANKLS AAAAZA7E ofyel H3Fd A2 A

ZZAE AL AE (osteoblast-lineage cells)oll €3 RANKL 4]+ PTH,
1,25(0H)2D, PGs, 28|11 ®& cytokinesol Yajr @t dFAEE=E &9
ME/AAANZEALY @3 JE (mononuclear progenitor)e] &3 s HAHE
#A4S  FZFAEHA  (osteoclastogensis)o| et Foh  FFAE/FFV|AAME
(osteoblast/stromal cell)ol 4] RFE0] %= OPGS RANKLS} RANKe| ZA3He w3
3to], gFAEe dAS oA 3t (Lacey et al, 1997). FZAEE A4 1 AX
o]l = HEEARQ! JH 1™ (integrin)o] & WEZ 2o EAdE L AHQE
gl (osteopontin)s AMEZFZ H-9 (RGD wig)E <123l xHol H&s <l

=
Hadoz Z#AQ0 & xHd T8 9IS A skrd (Teitelbaum et dl,



1996).  whEAEe]  AEAEL  we  FAN AN EauEolA

S g4 848 zten gt g5 549 &4 9& wrEozl A (H+)7F
FAE i (proton pump)ell s AxE wre =z wjEEY. wAl 274 (micro

o8 FAHW =] muyZ
£317F AR H$o] 7helAl (cathepsin) K 5 ElAaF& 47 BolEW #7]
A WEH 27 BEEL A 2ddAE A KE e Ead
t} (Horton et al, 1995). I A¥E Q] 7|52 B T2 Eo|L} Alo]E 7Sl 93|
zdda Aok 28y 2 F5 AR A e HERDS3, PTH, IL-1, IL-6,
TNF-0, PGE25 o] tg +&A= EF FzAxoes EAsA Zev o e
o 44 A7t
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o5 A HAtv} (Schinke et al, 2000). FHH TAAoA Hujg ZAEY
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o] ~E 27 (phytoestrogen)®] 2lo] 7} EE o]E tlgog IdH3 e 2

= #H7F A=E 3t (Kenneth et al, 1999). A &4 o ~EZAS duy}

T, SEF Z 4 9 g 5 FEA g daEo] v AEAd di2ER

o 2= oAaEdtE (isoflavone)ol g A7t &3] g Foljth o] F
=

to] = A1 (daidzein) @ AY~HIQ1 (genistein) A =~E=Z I} FAFF

35L& A wk ER-fi (estrogen receptor—-f)oll ZAE3sle] (Enmark et al, 1996)
NrERA &3} B oyt & dirERA F3Z FAo Uelr]d diERA

BE awd 9@ ole s RAgE Fusd 2= ol Ao FUFE
o)

= AAe wel s gl 7157F FElEHA R Ee] e AL
Hol niotE Zeate] 9lo] ' 1950 me| stepiks FAH o R

71§20 oste] WA EdAFE Ul AE, AR gle] ghgiE A Ee] theka)
A BEFo] A& BiE o|Fi 9lt}t (Yang; Kim a

Fglo] iEEo o] AE 9 AEgHoR Fas AT Ul Ha Th
oA} (Ficus erecta)= F3t3atol]l Hot= AEmA 7heddddeta
=gt eyt M AlF=et dafeh A 53] ATl FE AAsts 4
olth nkot7b A7)l A Eo] 2~4 melaL

Aolu] o] T A FEo] 9l "ol gtk & ofubal WA B F2 onf

Folm Zo] 10~20 cmolth Xl WHata 7pgAEE R AY A

o)
g, =9 2ol dow, FrtElaA #dd, FrIs ek g4, Agatdd, &
s, B, A, AFREA9E AR sl ol &H oA stk (Ahn, 1998). 1
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of vy A A IL-69F PGE2E @74 A171= COX-29] A4 oAIA 88 %=
= Fl3}t. w3k sRANKL (soluble receptor activator of NF-kB ligand)Z
Abg3te] A M E AlY (murine macrophage cell line)Sl RAW 264.7 Al ¥l &
SN FEE 2 EF9=S Adste] d=AE (osteoclast) = #3AIZ F
oto] stEAlxPFAE Y] AAANE =S FeR o, s=
Azl Aty vkl TRAP A4 AAAEEE TRAP assayE ©]-&3}o]

w2 98 HAHES @ SD. WAl Fedd
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o. Az 32 49

1 AES 33

AT s de F2AdAH dE AMFstd ST oF AR
Zop wjA TR e, vAg AR (50 g)& 80 % methanol (MeOH)Z 2 3]
o of ato] A FFsEATh A7 2 MeOH F+=+ (5.4 g)=
| 94, 19959  29]&te] hexane wFE (05931 g),
chloroform (CHCl3) &2 & (04586 g), ethylacetate (EtOAc) 3 & (0.111 g),
butanol (BuOH) &% (04797 g), H.0 8% (32091 g)& AAon 7]

A ARE Agd o] &35t (Scheme 1).
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2. Al v F R Ao

ZFAE A9 (human osteoblast cell line)?l MG-63 AEZe M x A
(murine macrophage cell line)¢l RAW 264.7 A3+ Korean Cell Line Bank
(KCLB)Z %8 #% wWol penicillin-streptomycin 100 units/mé3} 10 % fetal
bovine serum (FBS)°] ¥ DMEM H]A & A}&3te] 37 C, 5 % COy 7]
o A wj st on, MG-63 MxEE 4 dol g% RAW 2647 MxET 3 Lo gt
HA A ks APt Interleukin-1F (Biosource, CA USA), sRANKL
(Biovision, CA 94043 USA)E Zt7t +9sto] Ab&&kaitt.



Dried F. erectapowder (50 g)

1) exdraction with 80%MeOH

2) stirring for 24h at roomtenmperature

3) vacuumfiltration

80°%MeOH Ext.(544 9)
Suspension with water
l BExtraction l Bxraction Extraction l Extraction l
withhexane(1:1) ¥ withCHCI3(1:1) ¥ with BOAC(1:1) 1 with BUOH(1:1)

heanefr. CHCIz fr. BOAcfr. BuCH r. H,Ofr.
(0.59319g) (0.4586 g) (01119 (04797 g) (320919

Scheme 1. Systematic purification using solvent partitioning from

Ficus erecta




3. Interleukin-6 A 2 A ZF

ZZAE AL MG63 AE (40 x 10° cells/m)E DMEM A& o] & 3}o]
24 well plate ©] HZF3sl3, 5 % CO2 &F-=27]oA 18 A+ A wjFelArt. o] &
WAE AAG 10 W s= 1 mg/m)= EAE AFED 50 wok IL-1F (10
ng/m¢) 450 wE T MEE WA E FACl Agste] A widI A 2
Al ol Fsnh 24 AlzE el sl xS 9 R (12,000 rpm, 3 w)3dte] dojF
Azdol -6 S =43AUT (Tolonen et al, 2002). RE Algx A% A7t
A =20 C o]l BAESITE IL-6 =L human enzyme-linked immnunosorbent
assay (ELISA) kit (Farmingen system, Inc, USA)E o|&3lo] AHstdon

standard o et TFEIFA ] ¢ ke 0.99 ool ).
4. RNA %3

MG-63 A Z (40 x 10° cellsy/m))S 18 AlZF A wjgata 10 ¥ F=2 A A
3 =R IL-1F (10 ng/mb)E A AP st 24 Al wjdd $ TRI-reagent
(MRC)E °l&3to] total RNAS 2|33tk Al TRI-reagentE 3 7}sto] ¥t
Az §, FREEFS HUbste] A4 28 (15000 rpm, 15 H)AH T FE
of THo olATaRALS HrFste]l ¥4 E8 (12000 rpm, 8 ¥)AIA RNAE
HAHAA 713 75 %2 DEPC (diethyl pyrocarbonate) @]9 ol €t&S H7lsle] 4
Al 2 (10000 rpm, 5 ¥)AIZ §, :1FEAA DEPC7F Hel®l Z/H5ol =3k
260 mol A &3EE SA3 RNAES A=, 260 mmol A9 F3=9F 280
mol A1 e FF % Hl&o] 1.7~19 ¥ W] & zt= RNAE Ao 2833

o}, =& 23S RNase-freedt Z73d}o| A o] Fo At}

1 pgel total RNAZE oligo(dT);s primer, dNTP (0.5 uM), 1 unit RNase
inhibitor 28] 32 M-MulLV reverse transcriptase (2 U)= 70 C 5 ¥, 25 C 5 &,



37 C 60 i, 28]ar 70 CTolAl 10 & heating AlF o224 WSS FA A AT
Polymerase chain reaction (PCR)< A4 ¥ cDNAZFH IL-6, COX-2,
f-Actine FZA7]17] $13F] 2 ul cDNA, 4 uMe| 5" 3 3" primer, 10x buffer
(10 mM Tris-HCI, pH 8.3, 50 mM KCl, 0.1 % Triton X-100), 250 upM dNTP,
25 mM MgCly, 1 unit Taq polymerase (Promega, USA)E 431 distilled water
2 AAES 25 w2 wF 33 Perkin-Elmer Thermal CyclerS ©]-&3e] A A3}
At olul PCR 272 94 T/20 %, 55~62 C/30 %, 72 C/40 %, 30 cycle®]
W PCRo| 9sle] AAE AELS 12 % agarose geldlA] A7|9%5 S AA&

ethidium bromide® @A 3le] 574 bandE <213ttt (Table 1).
6. Western blot analysis

MG-63 AE (4.0 x 107 cells/nt)E DMEM iAo A 5 % CO, w74 18 A]
A ATk ol F wiAE AASA 10 ¥ s (1 mg/m)E F=AE AFDE
A3 IL-18 (10 ng/mh)E e AZ=e WAE Sl At d g3t 4
Z7A0 A wjgE T AlEZS PBS (phosphate buffered saline)® 2~3 3] A&
5200 w09 lysis bufferE #H7F 30 &2olA 1 A|7F &t lysis Azl & 4]

2] (15,000 rpm, 15 ¥)3le] HET AHE 52 AASGALY. G2 Fr+= BS

)

A

>

¢

(bovine serum albumin)E X +3}35l9] Bio-Rad Protein Assay KitEs AlF-&3}o]
AestAdeh. 20~30 wgol lysate® 10 % mini gel SDS-PAGE (Poly
Acrylamide Gel Electrophoresis)® %A £g3le], °o]Z PVDF membrane
(BIO-RAD)el 200 mA= 2 At &<t transferstth. 18|31 membrane®]
blocking& 5 % skin milk7} #¥ TTBS (TBS + 0.1 % Tween 20) & o] A
overnight AlZAth COX-29] AAS HAES Y] 93 A 2Z+= anti-goat COX-2
(1 @ 1000, Santa-Cruz)E TTBS &deA 3|Alsto] oA 2 AlZF 9E-g-A17]
% TTBSZ 3 3] AAsATE 2 2 A 2= HRP (Horse Radish Peroxidase) 7}
Zg¥ anti-goat IgG (Amersham Co.)Z 1 : 500002 3] A 3}o] 2294 40

Fo WS A7l & TTBS®Z 4 3] A#3te] ECL 713 (Amersham Co.)¥ 1 &

ot w8 T X-ray &9 7H4sgt

F
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Table 1. The sequences of primers and fragment sizes of the

investigated genes in RT-PCR analysis

. Fragment
Gene Primer sequences )
size(bp)
06 F 5 -AATTCGGTACATCCTCGACG-3’ o1
R 5 -GCGCAGAATGAGATGAGTTG-3’
COX-2 F 5 -TTCAAATGAGATTGTGGGAAAATTGCT-3’
R 5 -AGATCATCTCTGGCCTGAGTATCTT-3'
F 5 -ATGGGTCAGAAGGATTCCTATG-3’
[i—-Actin 588
R 5 -CAGCTCGTAGCTCTTCTCCA-3’

_11_



7. 3ZAXFAE vA= FF

1) TRAP staining
RAW 2647 AXE 96 well plated] 1.0 x 10" cells/welle] HEZ Qo 5
SRANKL (100 ng/m¢)¢t &3} 5= 2 Z9=& Yol FHlr 37 T,
5 % CO; incubatoroll A 7 A3+ v Fsld o
wgke) Folvh 7 4 F wiAE BF A7 st

S 50 w/well® €& & 5 8 B AEE
E4E 717 50 wl/well®

4 =
AR B BARGE. FHREE 2 A

2) TRAP assay

RAW 2647 AXZ 96 well plateo] 1.0 x 10" cells/wello] HE& 2o =
sRANKL (100 ng/mf)¢} F>4H43% F55 2 #9585 Yold AHddA 37 T,
5 % COq incubatoroll Al 4 At wjgstict. dG G viAE g & A4 &
3tal, o]ZHE A= FH3 T TRAP assay kit (Kamiya Biomedical
Company, Thousand Oak, CA USA)E A}&3to] sZAlxe] Asstd wpA<l
TRAP®] %% ELISA (540 m)E °]-&3to] 43kt

i)

8. dd%E R 23T

A% 24 9 AT 250~300 g A= WA (Sprauge-Dawley) ¢3S AHE
3, AFae RYFes AT dxd (sham)¥d 4S5 dadA=ES Al
912‘34, T4 4 F XY vehicleE A3 AAHE

FA 8 OVX, 17F-estradiol 20 pg/kge A 73
OVX+, F2dAdXY FE2ES A OVXT ez yUrsler, +9 7 nfgy

SN
2%
=
Q)
2
<
@
=
o,
@]
o
oo
rok

_12_



9. d4HE, AEFA * BT}

AT 24 F9HA AF 250~300 g =9 WA E ketamine (33, =) 50
mg/kg@} rompun (Wheld =g}, =) 10 mg/kgs EFE] L& FAISte] Al
wAg $, 5 F shRe "2 AlAG L Tl A Hewm 3~4
stttk Bd S v, dilstar, AGSol =l & 2
ol wet B 5 AP ol &Stk & 4 FF5FE 4 F 5 sham
vehiclex] 2], OVX vehicle # &+, OVX F2UH A3 FEES vehicled] Z+
7} 100, 200 mg/kg ©] &FOo® FHo] TG A, 17f-estradiolE ol & T
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1. MG-63 Al E ] A interleukin-6¢] A A &3

FoddAdn oo & 289 IL-69 AAE JAAHE=E FAbstdd IL-17F
ZFZAE (osteoblast)oll A IL-6 AAAS FS7HA171& Aoz dEA lev= IL-1j
(10 ng/mO)E Agste] 2ZAE ALA MG-63 NE2ZHEH IL-69 AHSE F=
AT F2AHAT A8 @5 A A= IL-69 Adole IS
2t} (date not shown). &A%t IL-1B¢} $HA Z+2F b8 %29 80% MeOH
A gt Az IL-6 AANA IL-15 5H el v 7= &4
AT ol d Ad= IL-6 JA7F AxE =S4l olstA & AdS
L F2YH A & BEEES 100 wg/ml =2 A5 S ul hexane,
CHCls, EtOAc 38 %o] I A E ZFsHAL Al skl kA CHCL #9=
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/L6
—a— cell viability
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Figure 1. Inhibitory effects of MeOH extract and solvent fractions of
F. erecta on the IL-6 production in MG-63 cells. The productions of
IL-6 were assayed by ELISA (450 nm) method from the culture
supernatant of MG-63 cells (4.0 x 10° cells/ml) stimulated with IL-1p
(10 ng/ml) in the presence of MeOH extract and solvent fractions of F.
erecta (100 pg/ml). Cell viability was determined by MTT method. Values
are the mean = SEM of triplicate experiments. *,P<0.05;**,P<0.01
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Figure 2. Inhibitory effect of hexane fraction of F. erecta on the IL-6
production in MG-63 cells. The productions of IL-6 were assayed by
ELISA (450 nm) method from the culture supernatant of MG-63 cells
(4.0 x 10° cells/m¢) stimulated with IL-1B (10 ng/ml) in the presence of
F. erecta fraction (hexane-12.5, 25, 50 xg/ml).

_16_



e IL-6
—e— cell viability

30 - + — 1 100
E 25 ™ B 80
220/ 2
§ 4 60 2
"g' 15 - 2
S 140 S
210 - =
o 8
(L]

4 5+ 120

0 0

) (+) 12.5 25 50

concentration (ug/ml)

Figure 3. Inhibitory effect of CHCIls fraction of F. erecta on the IL-6
production MG-63 cells. The productions of IL-6 were assayed by
ELISA (450 nm) method from the culture supernatant of MG-63 cells
(4.0 x 10° cells/m¢) stimulated with IL-1B (10 ng/ml) in the presence of
F. erecta fraction (CHCI3-125, 25, 50 pg/ml). Cell viability was
determined using MTT method.
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Figure 4. Inhibitory effect of EtOAc fraction of F. erecta on the IL-6
production in MG-63 cells. The productions of IL-6 were assayed by
ELISA (450 nm) method from the culture supernatant of MG-63 cells
(4.0 x 10° cells/m¢) stimulated with IL-1B (10 ng/ml) in the presence of
F. erecta fraction (EtOAc-12.5, 25, 50 ug/ml).
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2. Interleukin-6% mRNA & x| &3

IL-6 A7 mRNA 2&dS gAs AAJAAE ZAbstr] flske] IL-1¢
FodHdM AES A Heste] IL-1go] 93 IL-6 mRNA 2o 3l o
Ags 2AEAE F2AH A3 hexane, EtOAc 3 &4 73 x|
Wb el on IL-1pe 98 LEEE IL-6 oAl 8% A8 39S &
Atk f-Acting Zo] YEUFOER FUg do] RNAE 7HA L e o &
g As BAFAT (Figure 5~8).
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IL-1B (10 ng/m) - + + + + + " "
F. ere (100 ug/mé) - - MeOH hexane CHCI3 EtOAc BuOH H20
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Figure 5. Inhibitory effects of MeOH extract and solvent fractions of
F. erecta on the IL-6 mRNA expression in MG-63 cells. MG-63 cells
(4.0 x 10° cells/ml) were pre-incubated for 18 hr, and the IL-6 mRNA
expression were determined from 24 hr culture of cells stimulated with
IL-1# (10 ng/ml) in the presence of MeOH extract and solvent

fractions of F. erecta (100 pg/ml).
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IL=1B (10 ng/ml) - + + + + +
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Figure 6. Inhibitory effect of hexane fraction of F. erecta on the
IL-6 mRNA expression in MG-63 cells. MG-63 cells (4.0 x 10° cells/
ml) were pre-incubated for 18 hr, and the IL-6 mRNA expression were
determined from 24 hr culture of cells stimulated with IL-1# (10 ng/ml) in
the presence of F. erecta fraction (hexane-12.5, 25, 50, 100 rg/ml).
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IL—1B (10 ng/ml) - + + + + +
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Figure 7. Inhibitory effect of CHCls fraction of F. erecta on the
IL-6 mRNA expression in MG-63 cells. MG-63 cells (4.0 x 10° cells/
ml) were pre-incubated for 18 hr, and the IL-6 mRNA expression were
determined from 24 hr culture of cells stimulated with IL-1# (10 ng/ml) in
the presence of F. erecta fraction (CHCI3-12.5, 25, 50, 100 pg/ml).
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Figure 8. Inhibitory effect of EtOAc fraction of F. erecta on the
IL-6 mRNA expression in MG-63 cells. MG-63 cells (4.0 x 10° cells/
ml) were pre-incubated for 18 hr, and the IL-6 mRNA expression were
determined from 24 hr culture of cells stimulated with IL-1# (10 ng/ml) in
the presence of F. erecta fraction (EtOAc-12.5, 25, 50, 100 xg/ml).
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3. Cyclooxygenase-22] mRNA 2&3} protein A4 9A &3

F=AH el COX-2 mRNA Zdel] tid asts 2AeklY. MG-63 Al
of IL-1f (10 ng/m0)E A e3ste] COX-29 HAES = ohs, F2U 7o
o] COX-2¢] mRNA & gt JAF=E RT-PCRE o]&3ate] Polr sk
ot F29d4 79 hexane, EtOAc +3ES AgstAS o IL-1f &5 gl
Hla] COX-2 mRNA 2ol AsiAl oA =t (Figure 9~12). ¢l IL-1§
(10 ng/mb)E AFE3Fe] COX-29 protein Aol W3 JAHEZS  western
blottingS E3 dolru ot} F2UHAA hexane, EtOAc £ &S A<
o) IL-1¢ @5 gl Blal COX-2 protein AA o] Z3stA A = At (Figure
13~16). f-Actines Zo] YEHHFoZH FUg ¢ RNA® proteing 7HA 1L
Aol o] &3 AS HoFAn
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IL-1B (10 ng/mé) - + + + + + + +

F. ere (100 xg/me) - - MeOH hexane CHCI3 EtOAc BuOH H20
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Figure 9. Inhibitory effects of MeOH extract and solvent fractions of
F. erecta on the COX-2 mRNA expression in MG-63 cells. MG-63
cells (4.0 x 10° cells/ml) were pre-incubated for 18 hr, and the COX-2
mRNA expression were determined from 24 hr culture of cells stimulated
with IL-18 (10 ng/ml) in the presence of MeOH extract and solvent
fractions of F. erecta (100 pg/ml).
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Figure 10. Inhibitory effect of hexane fraction of F. erecta on
the COX-2 mRNA expression in MG-63 cells. MG-63 cells (4.0 x
10° cells/m¢) were pre-incubated for 18 hr, and the COX-2 mRNA

expression were determined from 24 hr culture of cells stimulated with

IL-1f¢ (10 ng/ml) in the presence of F. erecta fraction (hexane-12.5, 25,

50, 100 pg/me).
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IL-1B (10 ng/ml) - + ¥ " + .
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Figure 11. Inhibitory effect of CHCI3 fraction of F. erecta on the
COX-2 mRNA expression in MG-63 cells. MG-63 cells (4.0 x 10°
cells/ml) were pre-incubated ifor 18 hr, and the COX-2 mRNA
expression were determined from 24 hr culture of cells stimulated with
IL-1f (10 ng/m¢) in the presence of F. erecta fraction (CHCI3-12.5, 25,
50, 100 pg/me).
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Figure 12. Inhibitory effect of EtOAc fraction of F. erecta on the
COX-2 mRNA expression in MG-63 cells. MG-63 cells (4.0 x 10°
cells/ml) were pre-incubated ifor 18 hr, and the COX-2 mRNA
expression were determined from 24 hr culture of cells stimulated with
IL-1f (10 ng/ml) in the presence of F. erecta fraction (EtOAc-12.5, 25,
50, 100 pg/me).
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IL-1B (10 ng/mé) - + + + + + + +
F. ere (100 ug/me) - - MeOH hexane CHCI3 EtOAc BuOH H20
COX-2 - o - s @ 82 kDa
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Figure 13. Inhibitory effects of MeOH extract and solvent
fractions of F. erecta on the COX-2 protein level in MG-63 cells.
MG-63 cells (4.0 x 10° cells/mé) were pre—incubated for 18 hr, and the
cells were stimulated with IL-1f (10 ng/ml) in the presence of MeOH
extract and solvent fractions of F. erecta (100 pug/ml) for 24 hr. COX-2

protein level was determined by immunoblotting method.
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Figure 14. Inhibitory effect of hexane fraction of F. erecta on
the COX-2 protein level in MG-63 cells. MG-63 cells (4.0 x 10°
cells/m¢) were pre-incubated for 18 hr, and the cells were stimulated
with IL-1f (10 ng/ml) in the presence of F. erecta fraction (hexane-12.5,
25, 50 pug/ml) for 24 hr. COX-2 protein level was determined by
immunoblotting method.
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Figure 15. Inhibitory effect of CHCI3 fraction of F. erecta on the
COX-2 protein level in MG-63 cells. MG-63 cells (4.0 x 10° cells/
ml) were pre-incubated for 18 hr, and the cells were stimulated with
IL-18 (10 ng/ml) in the presence of F. erecta fraction (CHCI3-12.5, 25,
50 wpg/ml) for 24 hr. COX-2 protein level was determined by
immunoblotting method.
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Figure 16. Inhibitory effect of EtOAc fraction of F. erecta on the
COX-2 protein level in MG-63 cells. MG-63 cells (4.0 x 10° cells/
ml) were pre-incubated for 18 hr, and the cells were stimulated with
IL-18 (10 ng/m¢) in the presence of F. erecta fraction (EtOAc-12.5, 25,
50 wpg/mt) for 24 hr. COX-2 protein level was determined by

immunoblotting method.
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4. RAW 264.7 Al XA 3ZF A XA (osteoclastogenesis) I A &3

44

RAW 264.7 Alze] sRANKL (100 ng/mﬂ)E Abgste] EAZPIA S =T
A

5 Zoox A AAAHAHEE TRAP staining<

FoA AT EEE g g
o Gotrdrt. REAEE EFF
(tartrate-resistant acid phosphatase)E 7FA 1L At} &44 71483 (enzymatic
hydrolysis)el 2]l Naphtol AS-BI®} GBC solutiono] ZAgsle], &84 9
maroon dyeE @AdstH ol& Qla] Ax7 FeMom JAdn. o= 3§
AAE = 9)E hematoxyling AFEeHA] gkeron vlalalg AL e uZA
5 AT 5 AATE sSRANKLe| 93k spEAl £ do] dA s8] F7ketd o,
= A3 A3 F&9H 439 hexane, EtOAc
of W& HEAEFLES AsAl AASHA
(Figure 17~21). 12]3 TRAP assay kitE Alg35to] A Ee] A3tskz u}
71Q1 TRAPo| thgh AAANE=E Ldolr ottt FLAHAY FE2E39 29E
=S A3 23 TRAP assayol A= F &AM 7 9] hexane, EtOAc &3 & o]
sRANKL &= =gl Hls] TRAP A4S AstAl oA sttt (Figure 22). 2
b F29Hdde] CHCIB 85 100 pg/ml sEoA AEFAS A= A

o Hol A5l = AS I & 5 AU

A E  (mononuclear cel)EL TRAP

oy H:l

i
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RANKL(+)

RANKL(+) + Hex. fr.

RANKL(+) + CHCIs fr. - i RANKL(+) + EtOAc fr.

RANKL(+) + BUOH fr. - RANKL(+) + H20 fr.

Figure 19. Identification of inhibitory effects of MeOH extract and
solvent fractions of F. erecta on osteoclastogenesis through TRAP
staining in RAW 264.7 cells. Microphotograph of inhibitory effects of MeOH
extract and solvent fractions of F. erecta (100 ug/ml) on osteoclastogenesis through
TRAP staining in sSRANKL (100 ng/mf) stimulated RAW 264.7 cells. (x200)
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. o pepese [ osteoclast
osteoclast formation inhibition | = ceil iavility
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Figure 18. Inhibitory effects of MeOH extract and solvent
frections of F. erecta on osteoclastogenesis in RAW 264.7 cells.
RAW 2647 cells (1.0 x 10" cells/ml) were pre-incubated for 18 hr, and
the cells were stimulated with sRANKL (100 ng/ml) in the presence of
MeOH extract and solvent fractions of F. erecta (100 pg/ml) for 7 days.
Mature osteoclast was determined by TRAP staining. Cell viability was
determined by MTT method. Values are the mean £ SEM of triplicate
experiments. *,P<0.05; **, P<0.01
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Figure 19. Inhibitory effect of hexane fraction of F. erecta on
osteoclastogenesis in RAW 264.7 cells. RAW 264.7 cells (1.0 x 10
cells/ml) were pre-incubated for 18 hr, and the cells were stimulated
with sRANKL (100 ng/m¢) in the presence of F. erecta fraction
(hexane-12.5, 25, 50, 100 ug/ml) for 7 days. Mature osteoclast was
determined by TRAP staining.
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Figure 20. Inhibitory effect of CHCI3 frection of F. erecta on
osteoclastogenesis in RAW 264.7 cells. RAW 264.7 cells (1.0 x 10
cells/ml) were pre-incubated for 18 hr, and the cells were stimulated
with sRANKL (100 ng/m¢) in the presence of F. erecta fraction
(CHCI3-12.5, 25, 50, 100 pg/ml) for 7 days. Mature osteoclast was
determined by TRAP staining. Cell viability was determined by MTT
method.
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Figure 21. Inhibitory effect of EtOAc fraction of F. erecta on
osteoclastogenesis in RAW 264.7 cells. RAW 264.7 cells (1.0 x 10
cells/ml) were pre-incubated for 18 hr, and the cells were stimulated
with sRANKL (100 ng/m¢) in the presence of F. erecta fraction
(EtOAc-125, 25, 50, 100 pg/ml) for 7 days. Mature osteoclast was
determined by TRAP staining.
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Figure 22. Inhibitory effects of MeOH extract and solvent
frections of F. erecta on TRAP amount in RAW 264.7 cells.
RAW 264.7 cells (1.0 x 10" cells/m{) were pre-incubated for 18 hr, and
the cells were stimulated with SRANKL (100 ng/m¢) in the presence of
MeOH extract and solvent fractions of F. erecta (100 pg/ml) for 4
days. TRAP amount was determined by ELISA (540 nm) method by
TRAP assay kit. Values are the mean + SEM of triplicate
experiments. *, P<0.05; ** P<0.01
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5. FttEsol F2E UMY dEEFA R Zold mXes IF

T TS AR WA gEY A 9 Holo] wWistE Felstr] 95
GAaAA 4 F F

3} ¢kl 7} 3 shamwt, WA &S F3
7= E 29l 17i-estradiol &3 OVXE, = 2l
100, 200 mg/kge] &Fo= A OVXw o= Eeladrh 4 o
ol ] FA TR OVXre] thEFe] FAeE Zole] ®sirt
e AdAATIE B2 17i-estradiolE A3 OVXe] F4 e

of wa) e FA/MA FA] vlEd dEE dolrh SUHE As sl &

YNSRI
rzié
S =
-

Mol

o Hl&o] FAHYTA OV | vkl F7he AS 0 3 4 deH, 100
mg/kg?] & FH = 200 mg/kge] SFolAM O ¥ ARE AU (Figure 23

2l OVXol Hlste] F7ikst AxE Ao 100 mg/kgel &FRUE 200
mg/kg?] & HFolA o & AnE At} (Figure 24, Table 3).
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Figure 23. Changes of dry-femur/body weight ratio by F. erecta
extract. F. erecta extract (100, 200 mg/kg) was administered to
ovariectomized rats every day for 4 weeks. All rats were sacrificed 8
weeks after OVX. Femur was obtained from all rats and then was
dried for 24 hr. Dry-femur/body weight ratio was analyzed. *,P<0.05;
xx P<0.01 (n=7)
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Table 2. Changes of dry—femur/body weight ratio

AlS 2 Dry-femur/
body weight(g/kg)
Sham 1.95%0.13
ovX 1.74%£0.12
OVX + 17B-estradiol 1.81£0.15 "

OVX + F. erecta
MeOH Ext. (100 mg/kg)
OVX + F. erecta **
1.86 £0.13
MeOH Ext. (200 mg/kg)

1.79%0.19

F. erecta extract (100, 200 mg/kg) was administered to ovariectomized
rats every day for 4 weeks. All rats were sacrificed 8 weeks after
OVX. Femur was obtained from all rats and then was dried for 24 hr.
Dry-femur/body weight ratio was analyzed. * P<0.05; ** P<0.01 (n=7)
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Figure 24. Changes of femur length by F. erecta extract. F.
erecta extract (100, 200 mg/kg) was administered to ovariectomized rats
every day for 4 weeks. All rats were sacrificed 8 weeks after OVX.
Femur was obtained from all rats and then was dried for 24 hr.
Femur length was analyzed. * P<0.05; ** P<0.0l (n=7)
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Table 3. Changes of femur length

Add Femur length (cm)
Sham 3.708+0.071
ovX 3.681+0.074

OVX + 17B-estradiol

OVX + F. erecta
MeOHEXxt. (100 mg/kg)

OVX + F. erecta
MeOHEXxt. (200 mg/kg)

3.778%0.092 *"

*

3.72110.052

*

3.732 £0.034

F. erecta extract (100, 200 mg/kg) was administered to ovariectomized

rats every day for 4 weeks. All rats were sacrificed 8 weeks after

OVX. Femur was obtained from all rats and then was dried for 24 hr.
Femur length was analyzed. * P<0.05; ** P<0.0l (n=7)
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= 2 "o o] T2 Ask A 2xAY E4Es dodle VA HE
3 HE A A FUAA T o 2EZA AP Al

o] N2 A5Z8S doA interleukin-1 (IL-1), interleukin-6 (IL-6) 2 tumor
necrosis facror (TNF)¢] Z717F dojvtar Z71E ol #olEFel (IL-1, IL-6,
TNF)¥ macrophage colony stimulation factor (M-CSF)oll ¢33t s} A L9 %
TFAEZE F7hEe] AP BHEE S doA = T dojue Ao B
153 9l (Gowen et al., 1985; Pfelischerter et al, 1989). ©]#]3t Alo] EF}el
Zo A IL-1& SZAEHA (osteoclastogenesis) S A=+8t1 FAlo] & F0
HAste & APl EFIQIS BHIE A5 st BoE dEA Ut

20335 Ane ¥ AFE T7HAA =49
o At oW F7hE = B ALY ofg} o=

2E

gol FRERe AE Fasd o

o A

Yol ot A (quality)e

= 5
HA

a

(apoptosis)E FT7HAIA &
et al., 1997).

IL-6v= S=HNEA = F575 243t v 7154 AlolE7Rlelm #H A7 =t
T (Jilka et al., 1992), 33 4Y (Paget's disease) (Roodman et al., 1992), ZL¥]
3 FulE]l2 #4 <9 (Ohashima et al., 1998)S *x38H3t @ Z@ 3ol ¥l o
FS 7 IL-6 AL 93 RANKLEHE F7HA7Itkal By Qi)
(Nakashima et al., 2000). =3 IL-6= ZIZ A XA COX-2 =HI} PGE2 A4t

o] 7AE ekt (Hughes et al., 1996; Kameda
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S Z7INZ1E=d o)l IL-67F ZFAE A OPG (osteoprotegerin) 1] 2 A o
QS WA= PGE2E wiist7] wiiolth (Tai et al, 1997). IL-6& = & <
Zpolth, oA IL-6%= E713A4 = (parathyroid hormone)o] & sir ZF= 5
= ZTZAXEA AXE o8 WA Fo (Feyen et al, 1989; Lowik et al., 1989).

ZEAEAA AAE L6 TH & FFo 8% J&S 3t A E9
HA/EE F8 A7t (Lowik et al., 1989; Ishimi et al., 1993). 3k XA

EA IL-6 AL d=EZZ wiNAE Sdto] d~EZ o3 ZEHR
g BausEolA] gk} (Jilkka et al., 1992; Horowitz, 1993).

COX-2%& PGE2 (prostaglandin E2)8A4 S FUsle 8424 dSFA XA A
#od 3t} (Joldersma et al., 2000). PGE2+ =ut3=3 3AYW (Paget's

gtk wamEolx  gtd  (Manolagas, 1995). COX-29F PGE2:= & =7
remodeling°| A F 23 93-S 3 (Ono et al, 2002), JFAH ¥ A3t} =&
Mol & YAS diiste AolEFRQIY Fosith, Tk COX-2-catalyzed
pathway 258 f2ld PGE27F ZIAXESAYL FIZAEEI}E F7HAZT
COX-2¢} PGE2&= xZAEZA OPG wHE <9Alstal RANKL AAAS F7HA
71w Sz A FEol A RANK 23S A5AA AL EAES S7F 21200 (Liu et
al, 2005). COX-29] ZA=%, Tk Fe Alxe] = giatelA st xd A%
= gy 43S 7Y (Ono et al., 2002).

RANK/RANKL/OPG #| Al Al COX-29F PGE2°] ol= Ao Jo] o]
Rau=EoHet (Okada et al., 2000; Li et al., 2002). ZFHE9} AL FA]
el A gZ A e tist PGE2 Y32 A XA RANKL #HE F7HA]7]
I OPG ®HE ZAAZY. ZFAEe <93 RANKLI OPG wH]o ojst
PGE2¢] AEsHd  g3F2 PGE20  9all  FFEAEZolA  RANK d 9
up-regulation™ 7] witoll FAlujgel] glojA B F7HH AT

HAFH o7 COX-2/PGE2 AAZE, Z=ZHME (Gruber et al, 2000; Kozawa et
al, 1998)¢} &AM Eo] &) IL-6 ¥4]2] up-regulationS E3lo] FTAEZE
E =8t #F 545 571 A7tk (Ohashima et al., 1998).

Human osteoblast cell line?] MG-63 Al ¥ol IL-1EE 7K A=5S F11 F

¢

flo
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%= 17(-estradiols AF&3te] o] Sl A 20 pg/kes <+ Folste] F&
Mol Fatel vuEdtt 1 A, ER AXFA/MAEA v T
%3 AANZETC sham, HAAE3 FA 872 OVXTE, 17t-estradiolE &
sk OVX+, 24443 100 mg/kg #F 200 mg/kg A2l OVXtellAl ZH2F 1.95
(g/kg) = 013, 174 (g/kg) + 012, 1.81 (g/kg) + 015, 1.79 (g/kg) + 0.19, 1.86
(g/kg) + 0137 o2 yelgon dEF-dol= 3708 (cm) + 0.071, 3681 (cm) +
0.074, 3.778 (cm) = 0.092”, 3721 (cm) = 0.052°, 3732 (cm) = 0.034" 2.2 &7

[si3
=% 5 Al ve) F2AdHdAARE
]_

Ao on) gt WaE ngon Bad
A gitel FAUEl e FAZ FhE A3E A9

9] hexane?} EtOAc T8 =%
o] in vitro AFNA =54 A IL-69F COX-2¢ 23 AAF oA &
HE yerdlon, stEAxRe] #3E5 AAAHG. sHANE in vitro A F A
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