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| ABSTRACT |

A Study on Inhibitory Mechanism of Melia Fructus Extract
on Osteoclast Differentiation

Young-Jin Yun, Jin-Moo Lee, Chang-Hoon Lee
Jun-Bock Jang, Kyung-Sub Lee
Dept. of Oriental Gynecology, College of Oriental Medicine,
Kyung-Hee University

Objectives: This study was conducted to evaluate the inhibitory effect of Melia
Fructus extract on osteoclast differentiation.

Methods: MTT-assay was performed to estimate cytotoxicity of Melia Fructus
extract in BMMs stimulated with M-CSF. TRAP staining, TRAP activity and
Real-time PCR were performed to know the inhibitory effect on osteoclast
differentiation. Actin ring formation were analysed to observe the effect of Melia
Fructus extract.

Results: Melia Fructus extract decreased the number of TRAP positive cells
and the expression of NFATcl gene, c-Fos gene, TRAP and OSCAR in BMMs
stimulated with RANKL. Melia Fructus extract has no cytotoxicity at the
concentration used in this study. Melia Fructus extract restrained the formation
of actin ring. Melia Fructus inhibited NF-kB activity by inducing degradation of
p-TkBa.

Conclusions: Melia Fructus has the inhibitory effect of osteocalst differentiation
and bone resorption. Further studies are needed to treat osteoporosis by herbal
medicine containing Melia Fructus.

Key Words: Melia Fructus, osteoclast, NFATcl, c-Fos, OSCAR, TRAP
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Y, ARAQY, gubste] o
w3V Fol gon, HFAE F3helA
of gt ~3ed HAECA JIkEA2
tartrate resistant acid phosphatase(TRAP)
g4 A 23E Ry sdoy’ 1
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ol AAp= JIEk+2 F=AHE E3}
AA 7| - & delrr] $s, TRAP &4
#} actin ring A, nuclear factor of
activated T cells c1(NFATcl), c-Fos,
TRAP ¥ osteoclast associated receptor
(OSCAR)*®] Real-time PCR ¥4, p-IkBa
9] western blot #A 3}y f25t A&
A7)l Bk uvpoln

I.%®] B

1. # ®

D I+ &=

JIHF-(Melia Fructus)E FFH Meliaceae)
of &3t FdREQl AA M) Melia
toosendan Sieb. et Zucc.?] Al<3dF A
& Ax3 Aeld. I FH=AEF
5239 AFS FHsted DMSOe
¢l & (0.22um ZE](Millopore Carrigtwohill,
Ireland)ell o #3}e] 4°Cell B}l 0w
SHAx F 159 ool AE-3FAT.

) ik %

Human receptor activator of NF-kB
ligand(RANKL)®} human macrophage
-colony stimulating factor(M-CSF)+&
PeprotechAH(London, UK)eA FY3&
9t}. TRAP staining solutione Sigma
AldrichAH(St. Louis, MO, USA)elA
g8t em, g-actin A& Santa Cruz
BiotechnologyAF(Santa Cruz, CA, USA)
of| 4 T3}, phospho-TkBaell st
1A= Cell Signaling TechnologyAl (Beverly,
MA, USA) ¢ AlEFS AHE-3F3A . Alpha
-minimum essential medium(a-MEM),
10% fetal bovine serum(FBS), antibiotic,
Dulbecco’s Phosphate-Buffered Saline
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(DPBS)2 GibcoAH Rockville, MD, USA)

ol A 413} 2™ Triton X-100& Sigma
ChemicalAH(St. Louis, MO, USA)el|A
T34 3kl o
diacetate(DCFH), rhodamin- conjugated
phalloidin<= Molecular Probes(Eugene,
OR, USA)elAM A F& T8ttt

3) M E] wiF H F3}

673 7 ICR AFAE IQAA
E o-MEME lcc FA7)o| A3t H
= 92 dEFANM 55 AFAsAH
A

w3t 2°.7-dichlorofluorescein

Az FRAHEAAM HIFE AAT
& FBS3# M-CSF 30ng/m= A7}3t a-
MEM ®A]elA 5% CO2 95% &= &
JICE FA3HEA 39z vl ks
ey 3 Ay AxE JAFAER
A WAAH E(bone marrow-derived
macrophages, BMMs)Z AH8-3}< o},

2. 5 &

D Az =4 54

BMMsZ 96-well plateel] 1x10%cells/well
Z 533 M-CSF 30ng/mlE A3k
= )i+ F2E 0.1, 05 1 ¥ Sug/nl
£ AH7bsbed 24417 9 48A17F wh <kt
. 2 F 2729 wellel cell counting
kit(CCK-8. Dojindo, Japan) £}& =
gt 2A17F Feb wieFst F ELISA
microplate reader(Bio-Rad, Hercules, CA,
USA)E o] &3t 450melAN FJ=F
SAsA=. MESA 23 AE2E A
7VelkAl e dETel it W EE(%)
2 EA3E

2) TRAP positive cell =3

BMMsZS 48-well platesll 2x10%cells/well

238137 RANKL 100ng/m 2} M-CSF
30ng/m 2 A2 WAl JIlF FEE

2

—10‘1 MW

0.1, 05
. 39
J o e
23] A%

lug

\

mE A7Fsta v ekt
NS sty FER 2
o, 2#ZA 25 DPBSZ
7% formaldehydeel] 10+
7t A4 3sk3 PBSE M2 ¥ 0.1% Triton
X-100L.= %311 A7l & TRAP $do=
G sle] HpA o] TRAP positive cell
+ FGEAZE AR, 4" =
A E F ol 37 o]kl ME9] s

R RO I s B - ) S R

3) TRAP activity =A

BMMsE 48-well platesl] 2x10%ells/well
2 B33 RANKL 100ng/ml ¢+ M-CSF
30ng/m =2 22t wj Aol M+ FE=
0.1, 0.5 ¥ lue/mE H7Fstar wi<F3tad
ot 44 A ol k& A7 s DPBSE
Ho =z 33 AH F lysis buffer [40 mM
HEPES(pH 7.0), 0.1% NP-40, 20%
glycerol, 5ug/ml leupeptin, 10ug/ml aprotinin
W 48ug/m PMSF1& 200w ¥ 95
oA} 20%7F incubation ¥ ¥ AEZIE
L3 A1 F e 4T 13,000rpmell A 1023
AdEE & F AZY S0uE F sk
pNPP(p-nitro-phenyl phosphate) substrate
< sodium acetate2% (pH 5.2, 0.5M)<2
2 %9 % sodium tartrate solution
(0.5M sodium tartrate buffer, pH 5.2) <}
10:12 E3sled 60% <k v ckaled,
IN A ES S95 50w He
24 9hEE AAAA TRAP assay kit
(Taksra, Japan)£9& x5t ELISA
microplate reader(Bio-Rad, Hercules, CA,
USA)E o83t 405melA FFEF
=223ttt TRAP activitys A 22 A
7vatbAl v o] FE =l Wik v
E&(%)2 EA 8.
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BMMsZ 48-well plateel] 2x10%cells/well
2 EF332 RANKL 100ng/ml ¢} M-CSF
30ng/m 5 A28t FAlel I+ F=
E 01, 05 ¥ lue/mE H7lste] Iz
Az 2315 5497 FE2AIF . I F Al
2% 3.7% formaldehydeel 10%7F 13
3t PBSZ A2 % rhodamin-conjugated
phalloidine A 2]3}ed 30&7F ® k3t
o}, Actin ring 34> 3377 Olympus
IX71-F32PH(Olympus, Tokyo. Japan)
= AE3te] A

5) Real-time PCR 4

BMMsZ 48-well plateel] 2x10%cells/well
Z M+ FE5 01, 05 ¥ lwe/nE
AH7rer 254EE N EF3k RANKL
100ng/m 2} M-CSF 30ng/mE 59 &<t
A ek 3 22 N wells A A
3led RNA RNeasy kit(Qiagen, Valencia,
CA, USA)E o] &3}4d celldl A ¥ RNA
g ®E3sd. 23 RNAY lws
oligo-dT (Invitrogen, Carlsbad, CA, USA)
E AF43le] ¢cDNAZ A st A
% ¢cDNAE iQ SYBR Green supermix
(Bio-Rad. Hercules, CA, USA)E Z3%
FrddneS FYstdd. FHELA
dukgol A% primers FTME B
3te] &= AH4%l TRAP, OSCAR,
NFATcl ¥ c-Foseo] 2 control -3 =Fal
GAPDH <} w3t I A=A F&
vl W&o, Primer®] 97]1AM 292 TRAP
[(sense) 5- CTG GAG TGC ACG
ATG CCA GCG ACA - 3", (antisense)
5- TCC GTG CTC GGC GAT GGA
CCA GA - 37, OSCAR [(sense) 5'-
CTG CTG GTA ACG GAT CAG CTC
CCC AGA -3, (antisense) 5- CCA
AGG AGC CAG AAC CTT CGA AAC T

-3'], NFATecl [(sense) 5- CTC GAA
AGA CAG CAC TGG AGC AT - 3,
(antisense) 5- CGG CTG CCT TCC
GTC TCA TAG -3, c-Fos [(sense)
5- CTG GTG CAG CCC ACT CTG
GTC -3, (antisense) 5- CTT TCA GCA
GAT TGG CAA TCT C -31, GAPDH
[(sense) 5-CAT GGC CTT CCG TGT
TCC TAC CC -3, (antisense) 5-CCT
CAG TGT AGC CCA AGA TGC CCT
-3'] o]t} Z+2+9] annealing =%+ TRAP
66°C, OSCAR 60.4C, NFATcl 58.3C,
c-Fos 57C e]m EF A+ 3022 A
839 o1, extension =E=E EF 72T
o 302% Ato]F& 453] WrEA|F . A
J2 & 747+ CT(cycle threshold)
= GAPDHS CT# wlwste] A
vl wez Aakste Tz e}
Holel. Real-time PCRell AH4-% 7141 &
iCycler mini opticon system(Bio-Rad,
Hercules, CA, USA)E A3} c).

6) Western blot 2

BMMsE 6-well plateel] 1x10°cells/well
2 RFeta 19z wieksde. 1%
RANKLE A zlstar 305t Al7dz
HFAE WS ZejWl1 DPBSE
AX F AEE =389 1 F lysis
bufferg #7}Fsled 3087+ =8k 13,000
rpm 2 4Tl AR E 3l A5
& AHgatdeh SAE A3, sodium
dodecyl sulfate polyacrylamide gel
electrophoresisE 433 ¥, semi-dry
transfer(Bio-Rad, Hercules, CA, USA)
£ o] $3}] membraneo] T AL o] F
3l et. 5% skim milk(Bio-Rad, Hercules,
CA. USA)E A 2|3ted n]5eo] iAol

BE A WAT F oA 7 abe)=
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W2 gAE Ay dAES A2
HH-A17]32 ECL kit(Amersham Biosciences,
NJ, USA)E Ar&-3}ed chemiluminescence
2 Falsgde. Ao AR A=
p-1kBa. g-actinel & 3AE AH&-3}
At

7) EAAE

A Az 3 FAFHEE SPSS
(version 13.0)& eo|&3td. A3
279 Bl ZE student’s t-testES FA
3kl 3r, p<0.05 °3kel A$E FAAS
2 fog Aot slua Rk

2

S

L. Az 54 937

BMMsel M-CSF 30ng/m S X3t
JIBET &5 01, 05, 1 % Suwe/nl
A7kste] 24 3 4BAIZE wioFE &
cell viabilityE &A3 ZA3 0.1, 05 ¥
lug/mell M= 2Ll vis] o]zl ¢l
St Sug/miell A ZH7h 84.49+2.264%,
72.29+3.563% % 7} wokeh(Fig. 1).
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Fig. 1. Cytotoxicity of Melia Fructus
Extract on BMMs

2. FFAE 3 gA &

1) TRAP A4

TRAP g4 % TRAP positive cellZ
HAujg oz JEAg A e ¥
IR F25 0.1, 05 E lug/nlolA 7}
ZF A = Aok (Fig. 2A).

2) TRAP positive cell 4=

TRAP 994 % TRAP positive cell
S A3 A =T 131.3+11.067] <l
B3], 0.1ue/moll A= 87.33+15.187H (p<0.05),
0.5ug/ ml=l M= 87.67+17.957] (p<0.05)
W Jug/mloll A 9.667+3.2157) (p<0.001) =
frelstAl A = ek (Fig. 2B).

3) TRAP activity

TRAP activityg 543 23 H =+
100.0£6.237 %< B3l 0.lug/miol A 57.32
+8.887%(p<0.01), 0.5ue/mlollA 61.35+6.763%
(p<0.01) 2 lug/melA] 12.81+2.830%
(p<0.00D) = F-2J3kA A = ek (Fig. 20).
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Fig. 2. Effect of Melia Fructus Extract on
RANKL Induced Osteoclast Differentiation
A : Cells were fixed and TRAP stained

B : TRAP-positive cells were counted as
osteoclasts

C : TRAP activity were measured using

absorbance
(*p<0.05, **p<0.01, ***p<0.001 compare to
control)

3. Actin ring 94
Actin ring A= wHE=el w3l Ik
T FZ2E 01, 05 ¥ lwe/molr BF

AAHGom lug/molA 7F7F wlho)
Al =99 (Fig. 3).

Control 0.1ug/ ml
0.5ug/ ml lug/ ml

Fig. 3. Inhibitory effect of Melia Fructus
extract on actin ring formation in BMMs
stimulated with RANKL

4. FEME G4 FAA LE A &3
1) NFATcl, ¢-Fos, TRAP ¥ OSCAR
GZAE F3 A AR ARHE

NFATcl., c-Fos, TRAP % OSCARY]

Real-time PCR A3} szl »vlsj Ji|

B 25 0.1, 0.5 2 lug/mollA ZF

AA = A, lug/molA 7 o] A

= 2 oH(Fig. 4A).

2) p-IkBa
FFAE 3] f2A4Q A5 F5E]

NF-xBell w3ljA] Fo}x 7] $)3te] p-TkBa

= Western blotez &3 ZAz Oz

ol & I FEE luwe/molA <

AbstEl TkBa A3 A =7F <ofFsiAl e}

Wk (Fig. 4B).
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-__'- — __‘..—-. s | pIkBa

e S| — — —— [-actin

Fig. 4. Effect of Melia Fructus Extract
on the Expression of NFATcl, c-Fos,
TRAP, OSCAR and NF-kB Signal

A Gene expression levels of each genes are
measured by Real-time PCR.

B : Cell lysates were analyzed by Western
blotting with antibody to specific for
phosphorylated IkBa
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MEFE, e, SAEEel . Sakst o
3z 239, 21750l v AE g,
APAG”, fuetel o wxpVe 2
AYA A7t ek Fone
HAURESIE RS FkoF KEE Ql
'i ﬁ?’?"ﬂ 237F e Aol dFel
Az, Aoke] stEAE E3 A w3t
2F2Y HAECA M2 TRAP
B4 A &3 BRust g,
olell M A= JIMi{¢ =M E £3
AA &S dotr 7] $13] TRAP &4
Z} actin ring FA A &3}, NFATcl,
c-Fos, TRAP % OSCAR® RT-PCR
+4 % p-TkBa®| western blot +4&
o] &3} A} T
JIEES-2] Az E3hga|e] #3
ATl A 100ug/mol A MEFA ] B3
uh7b glgl eyt BMMsol M-CSF
A=g & I+ F2E 0.1 05 1
15 H7bsted wjok3t & A=
A8t A AlE HA o] AT

¢

H+ rlo

=)

2 owE o g
[@2]
&
~
3,

$4< & u] TRAP
Z7}8t=1, TRAPE A
v} 2 lzo}u& FLstA = s=

o,
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= o=
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=
@D

sgEAEE W F5 Y T 54
NEZZATAE Fhsted, o el
HAFg FAlel sFEA £ actine] s}
el 2 ringe 2 A FE e}, dubzal
A xS T M F53te el F
A, o] actin ring?] FA I}
A2 WE F4E W deves T4
o] Aoz F FF s AT F2F
2A7F A9 ageg 293
A2l 8le1A actin ring FA e W=
Z 5 gAE gmaa?

BMMse|l RANKL3} M-CSF& F¢
g E I FEES A8 294 =
%o A actin ringe] A=
RANKL+= 48A1¢l RANKS} Zge
2 Fo3 AEd oy AszAd E4
c-Fos, NFATcl 5 AARRIAE &4 314
Z1ch. A AL A c-Fos= RANKLel 2t
gGZME F3x7) HAHE FaoF
ALl a2 NFATcle] S Zx skt
B0 NFATel2 MEAS A s4A gt
calcium/camodulin Al & A Ao &=
02 calcineurin °]2} %2]+ phosphatase
of oM FAFE Hoz o] F3n
W Moz o]Ed NFATclE FHZA=E
of Eo]xel HAAFel TRAP, OSCAR
S $A4A wyde 2AGG0Y

BMMsE RANKLZ M-CSFZ 5¢
5ot &7 wjeF & NFATcl, c-Fos, TRAP
%2 OSCAR%E Real-time PCRE ¥4t
A3 sFAE B3} A e A4
% AApelatel NFATel % c-Fos$t

oy

RANKLel 93t sZA 2 #3 /A
v oere AxAg AAE Aaad.
RANKL#} &<l RANKS A
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RANKel| ®zr=e] 9l TRAF6E &4
3}s}™, o] I-kB kinases a and b 5
g5t = E3hA ¢l NF-kBe} I-kBe| &
;= Fx3ted, NFxkB7}F & = o
st HARRIALZ S J&S F3 3}
o Az AsAdgd B¢ [kBa
AAbEtE <ldk AARRIZLS] frEv IF
AE B3] A5 o,

BMMsel RANKL 100ng/ml 2} )14+

it of

ol
lo

FZ2E lw/nE A F Western
blot ¥4 & ¢] &3}y TkBad <AH3E
A3 A3 A =

o] AFAINE FTHHEH JIBF F
Z%°] RANKLZ H#=3% IZAH=E9Y
231714 JAlE TRAP &4 AN 49
TRAP activity®] 72, actin ringe] 3
A Z gl o9} #AAF 7|A
< AArpelAtel  c-Fos$t NFATcl H
NF-kB¢] &g A sl £3} marker
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o] o]Fojzl Aow AmHT. gtow,
NIk FZEANA SFHE 231 oA
Aol ®e7 d AAe sk A &H <

57} 92 se,
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p-1kBa®] western blot A& o] &3}
ZAREE A% g3 22 AES A4

o,

LA 258> B T4 Ax

sado] vehtA sk
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