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Effects of Hansu-Daebowon (HDW) on RANKL-induced Osteoclast Differentiation

and Bone Loss in Mammal Model
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ABSTRACT

Objective: This study investigated the effects of Hansu-Daebowon (HDW) on bone resorption in vitro and bone loss in vivo.
Methods: Osteoclast differentiation was measured by counting TRAP (+) MNC formed from RAW 264.7 in the presence
of RANKL. Bone pit formation was determined in an artificial bone slice loaded with RANKL-stimulated osteoclasts. To
elucidate the mechanisms of the inhibitory effects of HDW on bone resorption and osteoclast differentiation, osteoclastogenic
genes (i.e. TRAP, MMP-9, NFATcl, ¢-Fos, and Cathepsin K) were measured using real time PCR. Furthermore, bone loss

was observed using micro-CT in an LPS-treated mammal model.

Results: HDW inhibited the bone pit formation in vitro and inhibited bone loss in vivo. Moreover, HDW decreased the
number of TRAP (+) MNCs in the presence of RANKL, and HDW inhibited the expressions of cathepsin K, MMP-9, TRAP,

NFATcl, and c-Fos in the osteoclasts.

Conclusion: HDW exerts inhibitory effects on bone loss and bone resorption resulting from the inhibitions of osteoclast

differentiation and osteoclastogenic gene expression.
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HFA 2 £3E 2FHAE V5o TA4HE
o] Bu)¥ = Receptor activator of NFkappaB
Ligand(RANKL)2H= Aol E7}elo] w4 74 £
of £A13= RANKe} E8AE JAHA A=
=k, TNF receptor associated factors(TRAF)<]
FA 35S Ea extracellular signal-regulated kinase
(ERK). c-Jun N-terminal kinase(JNK)$} p38 =
o A%7} ALy, PU-1. Fra-1. nuclear factor
of activated T cell cytoplasmic 1(NFATecl)e]v}
nuclear factor-kappa B(NF-kB) 53 Z& Atz
Azt Ags 4357}t A EEd dAHE £
A, oldt 23 HAE E3dle] dendritic
cell-specific transmembrane protein(D C-STAMP),
osteoclast-stimulatory ~ transmembrane  protein
(OC-STAMP) 59| zt40 2 stgAz9 A%, o
5. &% ¥ apoptosis IA 71H& F3le] AHE9]
A E5o] 27130 o) gH9 248 Edle
2315 shgA| £ F54 ©Ael TRAP, cathepsin
K. MMP-9 59 AgA & wdANA F F 7%
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= 43S =A48gs =3, RANKL 2 53
RAW264.7 celll A} TRAP(+) A5+ 431,
S E E3tel A fAAR cathepsin K,
tartrate-resistant acid phosphatase(TRAP), matrix
metalloprotease-9(MMP-9), NFATcl 52 4=
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Table 1. Composition of HDW

Herbal medicine Botanical name D(gie
S A|SH($MH)  Rehmannia glutinosa 5
7] (#1)  Astragalus membranaceus 5
2V (HN&) Acanthopanax sessiliflorus 5
W2 (i) Astratylis koreana 5
=3 (EE) Aralia continentalis 5
5 (k) Eucommia ulmoides 5
(4R Achyranthes japonica 5
AR} (BER ) Torilis japonica 5
ARel (BM2) Amomum villosum 5
BAGRAEF)  Carthamus tinctorius 5
AR (kL) Cinnamomum cassia 5
EAA(Hedh 1) Cuscuta japonica 5
= (HE) Glycyrrhiza glabra 5
Al 870 -2 Lithobates catesbeianus 10
2) Al %

2 E AFANEZE A2 EF2g A T+
3 mouse myeloid M ZF A9l RAW 264.7 cell=
AHEEREE SEA| £2 B314717] 218k receptor
activator of nuclear factor kB ligand(RANKL)&
Aeste] E3E f=3kdH
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2doMe F &4 3t
5% ICR h2% A% 730 3

g
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L=

[¢) “ [¢]
A7t A7 F ARSI A 7|7 Fet A
ol AM-EA AFAES ek AY TES A
AE(N), T35 2 (LPS). 935 74
AE FAZ(HDW) o2 Yrdieh 423 A
ke snh AT FUE dEzLds A
APL4E Folsl, A2 B d4dug
FZE(HDW)E 300 mg/kg &30 2 3% 3yl
AT FAsideh. Fof AREla 49, 794 2l
LPS(5 mg/kg) & Fvh3% H2< HDW el 9

o 1094 He ¢ ueaE
3

Uzt BT} o3l =
AT HE RS AEslgd Ed QRS
4% formaldehydee] TAA)7]1X ¢ %, micro-CT
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S0 3 oM = &4 X RANKL RE T

=M ZE 2alof 0lxlz g

(Bruker, Kartuizersweg 3B, 2550 Kontich, Belgium,
Skyscan 1172) & AH8-3ted eln|A] & &3l

2) RAW 2647 Cell wi<¥

DMEM(Dulbecco’s modified eagle medium)/10%
FBS(Fetal bovine serum)/PC-SM ul#]o] RAW
264.7 cell& 96 well plated] 5x10° cells/well7} 5=
5 9E X COo M E i ef71 & o]-8-3fed wlokslsd
o} 24X 7 ot wiokst 3 AlE iR E AAG o

< 94 50 ng/ml RANKL, 10% FBS, 1 ng/ml
TGFB7} A7k -MEM iR 2 vlte] A )
Fatgict. ool = sxdE HDW/ &4 =
2 gAsEA st A%stel 98 A
S o-MEM §& o 5o & 94 mgs) 724
% 6207 Wl eelsi,

3) Azl 3 FEHe

A RANKLe] $H51A] 9k wiof~(Normal).

RANKLe] &% ulek(Control), RANKL= 35
ug/mle] HDW FZ&Eo| &5 vl FZ(HDW 35),
RANKL# 75 ng/mle] HDW FZE¢] 342 vl
FZ(HDW 75), RANKL#} 150 ug/mle] HDW 3
22| T35 wiFH(HDW 150) 22 o] A
&3kl

4) FFAE A A

A E £3= RAW 2647 cellol RANKLE A
gale] FEAZom, B33t g3A Fel|A L E =
23} marker® tartarate-resistant acid phosphatase
(TRAP)E M3tz A EE= TRAP-positive T
M Z(TRAP(+) MNC)E Felste] H7lsldh
234271 A F= PBS(Phosphate buffered saline)
2 2 AHsgen, o]& 37% formaldehyde-
citrate-acetone £ 02 10# St AR oL,
S ZF4E o8] 28 ARG, o Fol
2% TRAP fast garnet GBC base €232} NaNO;
LS ZH7F E93t okS do] wlE E3LNS
TAAZ] N Eol| A3 FL, A TAF A x|
5% naphtha AS-BI phosphoric acid, 2% FAAh
4% ZAre] 2 SH4E Aesty 0% F¢
2o AR, HTAL AY o3 Fatan

[C&
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& ol&3te] AftA e, I ool o] H
¥ SGIAHE(TRAP(+) MNCs)E IFHE=R
313t Aoz AAE.

5) FIZAE SAA By =4

(1) Total RNA £

RNA #el& Ade Wz ek =z wiAE
kA3 A A7 plateS 4 C PBSE 3 A &3 A
EZ ALt 2 platedl A Al ZE ool B
= oh, T50xgell A 10487 A4 Eelste] AA =
AEE Y741 PBSE 29l tﬂ *ﬂds}eiv} %—f’“

r—{n: b od

l‘

sucrose”} 3t —?rﬂ A=t Xﬂ E‘} tris buffer A#—‘%Oﬂ
ZA2ZA loadingdt ohe, 36,000 rpmoZ 160%
o a2 Eesigdeh A ES SDS buffer
ol & 37 C ujof7lel 3037} incubationdtich
o]7]ell Sod. Acetate bufferS 7}t phenol/CsKl;
LHE /‘P&%}"# FZ3o. #FFF =7 02 Me]
Hx% NaCls A7kt wHE3, EtOHE 715bed]
-0 C bﬂ%]—loﬂ 12)\]7]— vz 5l oA AAHES
75% Ethanol 4oz 24 AHsxw AxAZH.
FAA 4 Age] Q3 mRNA & 24 A
+ HE FUI BwE T AV|EFoE Falsly
A3 o
(2) cDNA Az
77 AgLer HH

<]

28 total RNAYY
10 (10 pg RNA 3-)el oligo dT 1 ul(2 pg/ul)
2 78t & zAEEA B85 & Q) ColA HE
7F 74-819dt}. Primer®] annealinge $18f oF 10427}

Table 2. Primer

BN - REN - S - ETIN

it o

ﬂiﬂl/‘i A & ol Al 7lele Skl

2 Al A 2Hedstaint. Hxeyseript buffer 4 pl, 0.1 M
DTT 2 ul, dUTP nucleotide mix 1 upl, dUTP
Cydye-labelled nucleotide 0.1 pl, Cyscript reverse
transcriptase 1 ul, HoO 0.9 WlE A7t 3= 20 ul
2 & % tipping 3= Wz FAAHA EF
sk o F 42 TolA 9087 723 o5, o
S Aol oA wAEAE o37]e] 25 M NaOH<
2 WA 71jE 3 37 T2 154 53 fAA72H, 2 M
52 HEPES buffer 10 g A7lsted A3
o} 245 AJ9%2 Amersham Bioscienceol| Al -
3k}

(3) Real time PCR

Z+7+2] optical tube(MicroAmp® Optical 96-Well
Reaction Plate with Barcode and Optical Adhesive
Films, Applied Biosystems, Cat.No. 4314320)¢] 3
2] SybrGreen Mix 2.5 nl(Sigma-Aldrich, Cat.No.
S9430), (2)ellA wH= ¢DNA 1 ul, 10 pmol/yl primer
pair mix 1 ul, ZH2F 2.5 mMe] ANTP 2 ul, 10xTag
polymerase buffer 2.5 ul, Tag Polymerase 0.3 pl<}
147 ul H20E 7Kt} o] % 95 TollA 5% 1 cycle,
95 TellA 30%, 45 Tl 30%, 72 TelA 60x
40 cycles, 95 TolA 208 1 cycle2 Z=ZA|F}
PCR HF-&-ol| AF4-3} primer: Table 20 ZA5}4
. PCRE 38 & ZZ7|oA tubeS 7M1,
Hhe-d 5 plE AHEske] 3% agarose gel Aboll A
PCR specificityS &3 3}t ABI PRISM® 7000
Sequence Detection System(Applied Biosystems,
Cat.No. 4349157) 5 AH8-3ted Real time PCR 23}
£ #A3h

" Target gene Forward (5-3)

Reverse (3-5)

TRAP ACACAGTGATGCTGTGTGGCAACTC ~ CCAGAGGCTTCCACATATATGATGG
Cathepsin K AGGCGGCTATATGACCACTG CCGAGCCAAGAGAGCATATC
MMP-9 CGTCGTGATCCCCACTTACT AGAGTACTGCTTGCCCAGGA
c-fos CCAGTCAAGAGCATCAGCAA AAGTAGTGCAGCCCGGAGTA
NFATel GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA
B-actin TCACCCACACTCTGCCCAT TCCTTAATGTCACGCACCATTT

61



St 20 ZRESC U RN = &4 X RANKL RE T

6) Bone resorption Assay

A EE E3ste] st A9 Jepe 3
Faoll wAE ks Hrhsly] $18ked, plate Aol
calcium-collagens FE3slo] A 23 <lg w wd
S AH-sle] A5t collagene] ZHH plateS
phenol-red-free MEM ®lx|2 A& & o2, I
FAE AFAE} 1x10° cells/welle] H=F 25
sF 24417 wloFst 3, 100 ng/ml 5= RANKL
2 Aok 1A At & HDW #2585 5
SHE 7 o 109 Fek wiekskde wiA = 2
J ztAoz wAE Feh wikE vHA plate:
5% sodium hypochloriteS o] &-3led A EE
AAY FH5E AFsIAE. A2 s 94
o o2 400 Fefste] F F42 <8 A
it FEG T ARE Fedei

3. EAIME]
Z+ A= FJF+SEMOE ZAFY T 2o

=M ZE 2alof 0lxlz g

3 894 HAZS student’s t-testS o] 884411,
S AL p0.05% A8t

m. & =

El

% ok [k

]

)

A3 A3z, RANKLE AHelsiA] ¢ AT
dME FFAE2 E37} A dojur] gigte
o, RANKLE #2)3 dz272 TRAP(+) MNC
o] A wixrp AAE vls @A Fop)
ZA5o] SEAER 13} f=7t Fl=d HDW
£ 35 ng/mle] FEoNA H 2o wls) TRAP(+)
MNC7} ZHax(oF 22.9%) stdodt oS AR
A ogtot, 75 pg/mle) =2 150 pg/mle) %
o4& RANKL A3t tjx79] TRAP(+) MNC
A6 mla] -2 A (p<0.001) Al A4 (F 64.6%.
98.2%) 3t ek(Fig. 1).

M I Z3tet TRAP(+) MNC 44oi| DJXI=

o

[{ih

e g
i

100 ng/ml RANKL

8

TRAP (+) MNC # (%)
o
[=]

0

150 (ng/ml)

*k

75 150

100ng/ml RAMKL + HDW (ng/mi)

Fig. 1. Effects of HDW on the formation of TRAP (+) MNCs in RANKL stimulated osteoclast.

NC : normal control

0 (control) : RANKL (100 ng/ml)

35 : RANKL (100 ng/ml) +35 pg/ml of HDW
75 © RANKL (100 ng/ml) +75 pg/ml of HDW

150 : RANKL (100 ng/ml)+150 pg/ml of HDW

Each bar represents Mean+SD of 5 tests.
# 0 p<0.05 vs control
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2. Cell viabilityol| OJX|= H&

HDWE RAW 5647 AMlEeo| HAzsle] 747t
wj oyt Azt A =l 150 ug/mle] o3t A
= AZEA el AT Fig. 2).

120 4
100 +
&0
60

40

cell Viability (%)

20 4

0 35 73 150
HDW (ug/ml)

Fig. 2. Effects of HDW on cell viability.

0 : RANKL (100 ng/ml)

35 © RANKL (100 ng/ml) +35 pg/ml of HDW
75 © RANKL (100 ng/ml) +75 pg/ml of HDW
150 : RANKL (100 ng/ml)+150 pg/ml of HDW

3. TRAP FEA Lodof 0|xl= S
33 23 RANKLE A=A o2 A

300 -
250 -
E200 .
£ 150 -

100 -

Relative mRNA level of

NC 0 35 75 150
100 ng/ml RANKL + HDW (pg/ml)

Normal : vehicle

0 (control) : RANKL (100 ng/ml)

35 : RANKL (100 ng/ml) +35 pg/ml of HDW
75 © RANKL (100 ng/ml) +75 pg/ml of HDW

150 : RANKL (100 ng/ml)+150 pg/ml of HDW

Each bar represents Mean+SD of 5 tests.
0 p<0.001 vs NC

##4# : p<0.01 vs control

#4# 1 p<0.05 vs control

BN - REN - S - ETIN

it o

oA TRAP wdo] 79 dojuix %bakg ,
RANKLE At J 27 g3 £ 2319 &

gk Z7]el TRAP W& o] AAFZel| v]3) zfﬂlxiffl
7bE & Aol HRE HDWE Aest A%
z7-o|A 2719 TRAP w3E 35 pg/mlel %
A= oF 32.4%, 75 pg/mle) FEoAE <k 76.1%.
150 pg/mle] H=olM= o 98.7% TRAP 2 &
AA st 2945 e Soh(Fig. 3(A)).

o\N

4, MMP-9 &&i0f 0|X|= Hst

A#3 A3 RANKLS #2)sx %—b" AN
olM= MMP-9 W&ol A9 dofufr] dgront,
RANKLEH: A&t 272 A 22 —‘r:E}G]-—‘:-
AR oA Yehts MMP-9 o] AkZel w3
#A3) Z7hebe= Aol A=Y HDWE 423
73 dzel A 27k MMP-9 &S 35 pg/ml9)
ErolME 9 238%. 75 ng/mle] HxEelAE <
758%. 150 ng/mle] F=o|A oF 97.06% A3}
Aoz vepyeh(Fig. 3(B))

700 ~

- B
o 600

@ HER

2 500 -

< @ i

2 400

£ 2 300

o i

H 200 A

< 100 - -
-4

NC 0 35 75 150
100 ng/ml RANKL + HDW (ug/ml)

Fig. 3. Effects of HDW on the expressions of TRAP (A) and MMP-9 (B) in RANKL stimulated osteoclast.
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5. NFATc! &&io] 0|x|l= Hst

A3 A3 RANKLS AgsA ¢ A
ol A= NFATcl w&le] A9 dojupx] gore
RANKL % A2 272 33H %
E A4 vehts NFATcl 28 o] AAHd
vlal] A3 F7kske Zlo] HEEIS HDW A
23 A%, H2LolA F7ke NFATcl %fﬂ% 35
ng/mle] HEolA Bz vl 7HA(eF 27.1%)
AlFov $o)Ae o9y, HDW 75 pg/mle] =
ZollM = oF 67.6%, 150 pg/mle] FEelAME <
784% NFATcl 43 & AAlske 232 Yepigl
oH(Fig. 4(A)).

2

_,H'—Er-p

& M—
2 %}E‘r
A

Relative mRNA level of
NFATc1
[\¥]
w
1

NC 0 35 75 150

100 ng/ml RANKL+ HDW (pg/ml)

% RANKL =

oEMZE 23] 0jxls g

Relative mRNA level of

6. c-Fos &&i0] D|Rl= At

Ag3 Ast, RANKLS Aehx & AT
dME c-Fos Wae] 79 dojupA] gfgkont,
RANKL®HS 228 dz27e A E2 £33
Uelts c-Fos a o] AALol vls dAA3] &
7bte Aol #AFH YT HDWE A2 A4, o
ZZo) A 2713 c-Fos @S 35 png/ml, 75 ng/ml
FEAA A 2Ll vlel A7 9.7%, 21.8% FHAE}

gou oA oo, 150 ug/mH M=
c-Fos W& o] ¢ 53.2% AAHE 235 eyl
}(Fig. 4(B)).

3 ] *Ek B

2.5
w 2 7
[=]
E 1.5 #H8

[
L

2
wn

NC 0 35 75 150
100 ng/ml RANKL + HDW (ng/ml)

Fig. 4. Effects of HDW on the expressions of NFATcT (A), c-Fos (B) in RANKL stimulated osteoclast.

Normal : vehicle

0 (control) : RANKL (100 ng/ml)

35 : RANKL (100 ng/ml) +35 pg/ml of HDW
75 © RANKL (100 ng/ml) +75 pg/ml of HDW
150 :
Each bar represents Mean+SD of 5 tests.
0 p<0.001 vs NC

##4# : p<0.01 vs control

7. Cathepsin K 28i0f 0|X|= A&
Ags A3, RANKLES A@eix] 4 AL
< Cathepsin K ale] 7] dojupx] okgtont,
RANKL e A d2Ee G E2e] 23
Al YehtE Cathepsin K wHdl o] AAFEo s
HA3] Z7kshe Aol HA=IH HDWE Aest 4
< dzFollA] 2713t Cathepsin K 28& 35 pg/ml

64

RANKL (100 ng/ml)+150 pg/ml of HDW

o] oA = oF 50.7%, 750 pg/mle] FEA =
oF 2%, 150 pg/mle] H=oAME F 999% A
2345 el o (Fig. 5).
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NC 0 35 75 150
100 ng/ml RANKL + HDW (ug/ml)

Fig. 5. Effects of HDW on the expressions of
cathepsin K in RANKL stimulated osteoclast.

Normal : vehicle

0 (control) : RANKL (100 ng/ml)

35 © RANKL (100 ng/ml) +35 pg/ml of HDW
75 : RANKL (100 ng/ml) +75 pg/ml of HDW
150 : RANKL (100 ng/ml)+150 pg/ml of HDW
Each bar represents MeanSD of 5 tests.
0 p<0.001 vs NC

##4 : p<0.01 vs control

#4# : p<0.05 vs control

Alel st éJJr DW— 75 ug/ml 150 pg/ml %=
ZMEZ 92 3 WAl pit AL o
Asled T F571 o ]ﬂ% o] FA= K (Fig. 6).

100ng/ml SRANKL + HDW (pug/ml)

NC 0 50 150

Fig. 6. Effect of HDW on bone pit formation.

NC : vehicle

0 (control) : RANKL (100 ng/ml)

50 © RANKL (100 ng/ml)+50 pg/ml of HDW
150 : RANKL (100 ng/ml) +150 pg/ml of HDW

9, OFRAQ| LHEE 2 &40 DXz "&
Agst A3 LPS(5 meg/kg) & Foist dx2d2
34 Al Ao bzl o

BN - REN - HAZ - HAM

it o

CONTROL LPS LPS+HDW
Fig. 7. Effect of HDW on LPS-induced bone 10ss in
mammal model.

Mice received 1.p injection of LPS or saline on day
4 and 7. HDW was orally administrated everyday
for 9 days. The mice were killed 10 days after the
first injection of HDW and femurs were collected.
The femurs were imaged with a micro-CT machine.

wW7h kst olZo A wlukele=
A} 99l o g w3y} APl u}
oz A Sl ol T W] 3 A o
H] LE‘/] HH] zA o]}\ol— -

o) 29, ofeel 22e, 4

o SN 27hE 4 gle Wt #E}db 9z
AR BT DU 9902 WE 74

7B Ae waA EAEE 4oz W o

A 24¢ e ALY el o4
o2 @Al Watel 259 felrh S
of ekt Zstolh 1ES) A9 HIAE B4
WE e 2AE B PR B
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7ol w7} oFgE: ZFAto] vehdd),
2 A7 AHE S RAHDW) > A4
T2 u£d By W) 3% JdE $AF 3

FAFA AL FEe 2
&=, °]-’F—i%‘ Jf%ﬁf ohve}t A5H = ET.
o] 9loiAM o2 RE st JAtellM FHefAA, A%
BZ ofoolA ZHE 9 HEY7Y FHL
AHEE g

£ d7E 3R Y(HDW)2 RANKL #2]&
SEHNE ATHNZERE FHFAEZE £31 94
EE Felsta, #3bel 3 AAEY wHH
EOEU uﬂloﬂ;\i =z %Moﬂ U]Z]“ ogzﬂ:— aj
Azfolct. Aol RANKLS RAW 564.7 Al
A28t 7% tartrate-resistant acid phosphatase
(TRAP) 44l &4 A Z(TRAP(+) MNCs)
7F AAREE Aol FedE%e RANKL A=522
T3t Asdt A XM FE AAEE &£
¢°L TRAPL St=AE 3 o375 Hrhs=
=Ly ]—r ] “Xa‘ o] & 4 qlg’, AY Az}, AF
A 23 DWx RANKLel 8 TRAP(+)
MNCs ~§% % o ]5}04 HZAE B3+5 AAg
Ao 2 Yepdth(Fig. 1). TRAPE acid phosphatase
5E v g3he i—%%%«] metalloprotein &4
2 phosphate ester® bone matrix phosphoprotein
ol osteopontin®] ©elAbE HFS-& EXA|A I
HNEES Zo BAAA F T4 A8 He=
A oot wah st3A Zel M YA == TRAP
© NADPH-oxidase?] 202 AAEE= superoxide
02—)¢} 722 reactive oxygen species(ROS) A

(I

ﬁ‘,

‘|

—

o Belslel 2714 BAE NI T 542
o AELERFESE
3L
=2

ol TRAPS) A% zq g
T4 7% @At vAE 9 real time
PCR= ©]4-3te] mRNA 4% Al W& o
F= SAst Wrhetsieh. Ad A3k RANKLY
st 2o)A TRAP mRNA 44 wd& 37}

o
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AlFem, HDW RANKL #5202 o] F7}
TRAPS 42 #&& 5994 (p<0.001) A
Aste Aoz veht HDW7} sEA xS F
& A4E AT < el ek (Fig.
(A)). ol=|st HDW¢] E.Jri FA& o, HDW
v HIAE F F5ol Fse g8 A=
Cathepsin K, MMP-9 3o = o3& & o=
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