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Objectives This study was performed to evaluate the effect of Ayrola japonica extract (NJ)
and its principal constituent, homoarbutin (HA) on osteoclast differentiation and gene ex-
pression and bone resorption, The osteoclastogenesis and gene expression were determined
in receptor activator of nuclear factor kappa B ligand (RANKL)-stimulated RAW264 .7 cell,
Methods In order to evaluate the effect of HA extracted from NJ on bone resorption, os-
teoclasts were used to be differentiated and formed by stimulating RAW264 7 cells with
RANKL, Tartarate-resistant acid phosphatase (TRAP) (+) polynuclear osteoclast formation
ability was evaluated, and differentiation control genes including cathepsin K, matrix metal-
loproteinases-9 (MMP-9), and TRAP in osteoclast differentiation were analyzed by real-time
polymerase chain reaction (PCR). Immunoblotting was performed to measure the effect of
mitogen-activated protein kinase (MAPK) factors on bone resorption, and the effect of os-
teoclasts on osteoclast differentiation was measured.

Results Both NJ and high concentration of HA blocked RANKL-stimulated differentiation
from RAW264.7 cell to TRAP-positive multinucleated cells, NJ reduced RANKL-induced
expression of TRAP, cathepsin K. Both NJ and high concentration of HA inhibited RANKL-
mediated expression of MMP-9, nuclear factor of activated T-cells, cytoplasmic 1, and cel-
lular Jun-fos, NJ suppressed RANKL-stimulated expression of cyclooxygenase-2 (COX-2),
inducible nitric oxide synthase, tumor necrosis factor-alpha, and levels of interleukins, Both
NJ and HA decreased bone resorption in osteoclast-induced bone pit formation model,
Conclusions These results suggest that NJ and HA blocked bone resorption by decreas-
ing RANKL-mediated osteoclastogenesis through down-regulation of genes for osteoclast
differentiation, (J Korean Med Rehabil 2019;29(2):135-147)

Key words Osteoclast, Poncirin, Receptor activator of nuclear factor kappa B ligand
(RANKL), Tartarate-resistant acid phosphatase (TRAP), Japonica extract, Homoarbutin
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Apge) Bgow HBATE o1 4 gl 2o 51
012}2 macrophage colony-stimulating factor (M-CSF)4
receptor activator of nuclear factor kappa B ligand
(RANKL)7} 2 2Fed#] QI o]2fdh #:3} #}4oll= RANKL
o] Al FH| EAPR= F8Alol Ak Zte AlRte R
activator protein-1, cellular Jun-fos (c-fos), nuclear factor
of activated T-cells, cytoplasmic 1 (NFATc1), cellular-Jun
(cjun) 52 E4d3}e} extracellular regulated kinase (FRK),
c-Jun N-terminal kinase (JNK), p38 52 <14kl 34 5
S B3 AP}, IFHos RFALY F Fre B
38l gFM|FEoA tartarate-resistant acid phosphatase
(TRAP)©|u}, matrix metalloproteinases-9 (MMP-9), cath-
epsin K 9] 2H8-& B3] YepiA ok,

gholgtd o g Ithaad IR BE, B, B,
H55 SOl sidehd THRRVEGRI O CEEM, HEEL
B OBRETIRER, BREE. AEATSE, ERAMG, B
PRk, WREIEGERE, BEKEE, 44T X, 8E
FHTRERE, (&R MES, BREE. WTRE, 554, R
KEah. "2k kol W 71H A AR, IEEAE, LS
BT RE, s 5o SU33a fARE 2730 ol
se] Adrgalde)”,

£ Aol AME S5AIZ(Pyrola japonicae = FYER
EE, gg v)FEste] dhed) Aol AAsk ofzis)
ol 2 X e A7l E71¢F 4 AHEA FA=
ARgEYY . AT mARE AP £, o) EX, F9F
2hg 9 o] gAdol| tigk S Avpt HaEHdoP, A
0 2= pirolatin, hyperin, monotropein and chimaphi-
lin, arbutin® homoarbutin (HA) 5] BEi=cH?,

shojstd o 2 Al R(FEE) ] dule= Hskal st
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1) SAE 55 % HA 22

=4 Z(Pyrola japonica) 100 g& 43lste] &
o £t 5, 30% ollghg 500 mLE 75kl 6ARE ¢
7Hd S A S FEISH AFAE of&ste
oj7st & ol evaporator (EYELA, Tokyo, Japan)S
olgsto] Y &3 F, T4 Hxdt AR FEE
(Pyrola japonica extract, N2 Agof| ARSI F5
s wElshr] ste] oM A8t w55 FEEC 5
FrE 9ol gAY dAFARl HE ethyl Acetate
(EtOAC)E FZ3}aL, thA| YA A& butanol (BuOH)
< oldte] FEate] Ao FEAE FHFAIAL T

she] ] AAlskith

k

o

=
M-S Silica gel columns A
2) HA 22| S8 9 AR "=

ARl ARESE HAE 7]&9] Had WES AREshe]
2aslglomt 3 hydrogen-nuclear magnetic resonance
< AR&Ste] EAgste] gjleksitt. A3 Alell= dimethyl
sulfoxideE o]-83}e] vjR]ol] =21 - pore size 0.45 #m

o gAE RN The ALESHA
3) M= 72!

A E ATAHE, mouse myeloid A|EFS] RAW 264.7
AT RANKLE Aelsto] fmdt A 2g 230l A}
B3ttt ARES RAW 204,72 SharAlEF-2-3) (Korean
Cell Line Bank, Seoul, Korea)ol|A +¢3}3ic}.

2, Wy

1) RAW 2647 Cell 2t

RAW 264.7 A|3¥:= Dulbecco's modified eagle medium/
10% Fetal bovine serum (FBS)/PC-SM HJR|Z AR5} CO,
A|ER|F7 A vioksF o, ME G 5X103 cells/well
2 96 well platedollA] veFaFITt, 24417 vl SF 5wl
A @ e, 10% FBS, 100 ng/mL RANKL, 1 ng/mL
transforming growth factor beta (TGF 8)E #7138+ «

-minimal essential media®. W3kl TRS- A Euf ka9,
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wjFd el of2] F=o] N Bl HAS 718 F3lek. 2ol
1314 Fd wixz wAls) SN 6d 9k wiekekaitt.

2) TEME MY EX

o

RANKLE RAW 264.7 cellS IZH|¥2 7531 &, TRAP
< Aske] TRAP-positive AlE9] 231 A=E H71813]
t}, phosphate buffered saline (PBS)Z ®-3}A|7] M|EE
23]ol| AA M|A3}aL, 3.7% formaldehyde-citrate-acetone
|02 10 TAAT|L SFTE 23] MHsITh 2%
TRAP fast garnet glucobrassicin base &3} NaNO; &
MG 111 H[ER 492 8AF} 4% acetic acid, 2% tartaric
acid, 5% naphtha AS-BI phosphoric acidE 3§}t -80S
TAAIZL Mzl X2t T 303 o] g0l WA|shTt.
FedAndog Al 371 o] & 71kl TRAP-
positivedt T} M| 3E(TRAP[+] multinucleated cells [MNCs])
2 Assto] shEAES] AMATR e

|

=

3 mEME RUAILAE FH

(1) Total RNA 22|

RNAS] £2E& 98] wjFAE RS AAG F, 4T
PBSE 33| AH3Ith AEES Ro} 750xgollA 1087k
A EE8kaL ice cold PBSZ 23] A3t HAE
AN=ZE lysis bufferE 7}sle] ga|A17] tF2, 12,000xgell
A 1083 A4l sk 8-S AA AeS Fsklh
Trisamine (Tris) bufferd] 1M sucroseZE 53} load-
ing%h Th&, 36,000 rpmellA] AAEEE 16023t Alst
It} Polysome pelletg 3} sodium dodecyl sulfate
(SDS) buffere]] =91 TS 3087t 37 CollA] incubationd}
&9t} Sodium acetate bufferE 718+ - phenol/CsKl; &
Hog FZSITE NaCls 0.2 Mo] HEE F7lsta
ethanol (EtOH)ZE 718k & 1247+ ot 20 Col] B3}
oIt} 75% FtOHR #HAE-S 23] washingdt & 72319
ot Az welo] Fadk RNA S thzTd AldTol
Al mRNA o] ZopA|eg 2743t & 7| dEso= &<l
sho] ARg-SFSICE.

(2) cDNA H =

iz 2 Aol 2] ®e2l) total RNAYY 10 1L
(10 1g RNA 3ol oligo dT 1 #L (2 pg/ 1wl g
3k & 537F 90 ColA] incubationdFIt}, Primer7}
annealingdl &2 °F 10271 ALox] wx|gk the 4T &

SOl ohE} o] AlekE 7FeFSint. S xeyscript buffer
4 pL, deoxyuridine triphosphate (dUTP) nucleotide mix
1 #¢L, dUTP Cydye-labelled nucleotide 0.1 #L, 0.1M
dithiothreitol 2 #L, Cyscript reverse transcriptase 1 L,
0 0.9 #LE 37}, 20 pl2 3 v AFs 3
© 2 tipping &34t 1 TS 42ColA] 9027} in-
cubationa}il H-gofl WA|EFT}. 2.5M NaOHE 2 «L
A 71k g 1587F 37 CollA incubationd}Fi 2M
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buf-
fer (free acid)E 10 1L 7Fte] SslAIZ) 2o Aleke
Amersham Bioscience (Cambridge, UK)ollA T3}t

(3) Real time reverse transcription polymerase chain

reaction (RT-PCR)

Optical tube (MicroAmp® Optical 96-Well Reaction
Plate with Barcode and Optical Adhesive Films, Applied
Biosystems, Cat,No, 4314320)9l] Z}Z}o]] 382] SybrGreen
Mix 2.5 L (Sigma-Aldrich, Cat No, $9430)¢]ol|A] &gk
10 pmol/ L primer pair mix 1 #L, cDNA 1 pL, Z}Z}
2,5 mM2] dNTP 2 uL, Tag Polymerase 0.3 L, 10X
Tag polymerase buffer 2,5 u¢L9} 14,7 u¢L H,OE 7|38k
% 95C 5 min 1 cycle, 95C 30 sec, 45C 30 sec, 72°C
60 sec 40 cycles, 95C 20 min 1 cycle2 FZA|Zt}.
Primer= RT-PCRe]| ©]§3+ Z1& ARS3FITt. PCRo| ¥
oS wbeE AW WS 5 p 12 ARESlS] 3% agar-
ose gelol|A] PCR specificityS Z73F t}2 ABI PRISM®
7000 Sequence Detection System (Applied Biosystems,
Cat.No, 4349157)& ©]83}¢] real time PCR 275 #
Ak,

4) Western Blotting

IFFA|E radioimmunoprecipitation assay buffer (pHS,
150 mM NaCl,, 10 mM NaPOy, 20 mM Tris-HCI, 100 M
NazVO4, 100 M ammonium molybdate, 10% glycerol,
0.1% SDS, 1% NP-40) 1 mLE H7}ste] 253} 715
o], 52 Bt AEHE I F AANE 20:7T
13,000 rpmel]d L3 Feld FSAs did FEde
2 3t} 10% polyacrylamide/SDS gelollx] ke o
WAe A7) FsAI7l 2, polyvinylidene difluoride
membrane®] F2AZL} INK, p-38 kinase, ERKe] 12}
3|1 Z 5% skim milk, 0.1% Tween-202 -3k PBS with
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tween-20 (PBST)ol| BAAIAX 4TellA 16417F B4} vk

A7 TR 0.01% Tween-202 43+ PBSTE 33}l
7,?4_24 1582 Al43}0tt, Blocking solution© 2 1:10,0000H
2 3] peroxidase-conjugated anti-immunoglobulin g
olxfakA|e} 1AIRE FRE AolA] ¥REAIZ] the 0.1%
Tween-202 345+ PBSE 33| AA] AHskaL A
e

2 enhanced chemiluminescence system© 2 &

5)

Mk

N % HAS] & &5 oA 555 H7ke7] flste] &
Aol & Foll mlA= daFs washs WS ARESH
et = vyl S5m0l gk 939k Bone resorption as-
say kit (Gibco, Los Angeles, CA, USA)E Ala-3le] =343}
gt 94 calcium phosphate-coated Z¥#Hol| RAW264,7
M3l ethanol extract of Pyrola japonica2}

2 HA2fgk ths RANKLS A 2fatqict.
9o AZE7} Ao]A ZFHE o|AkslekA wjokr oA 122
Zr sk dct. 1297l WA AASAL & FrSAE
HiAE 7Rk o oiksleka wiekr)olA] wiekeE &

cellsE &7 4

HAS 4% e

V:V)

8

2 3

Y
o

TRAP(+) MNC Count (%)
» o
(-] o

o

® NC C 35

%*
*
-, .
.
0 35 150

100ng/ml RANKL+NJ(1g/ml)

extension 485 nm and emission 535 nm I S
B2 2gasn ool ¥4% pit arca 2]
$J3}e] plated]] 5% sodium hypochlorite solutiong 2]
sfol AT AL AP S AVFOE BAHL
dzms) vasiel B §4 o AwE Wlss

3. SAlsts 4

o] A=LE student's ttestES o]-&

e p(0.052 2gatgct

7} Aztol st
3ttt RE BAA fo] e

7‘_:3}_:11}»»»

1. m=2MZE =30l ojxl= g

RAW 264.7 cellS RANKLY} TGF A E H7}st wj=]d)|
wjokst -9 thre] TRAP(+) MNCs7} @A=L o] A4S
FFAZRE 3 TS N 2 HAZF FEAE Bdlol njx|=

50 75 150 (ug/ml)

Fig, 1, Effects of Pyrola japonica extract (NJ) on the formation of tartarate-resistant acid phosphatase positive (TRAP[+] multinucleated
cells [MNCs]). (A) The histogram represents the number of TRAP(+) MNCs compared with receptor activator of nuclear factor kappa
B ligand (RANKL) treated as a control, (B) RAW264.7 cells were cultured with 35 pg/mL, 75 pg/mL, 100 p#g/mL and 150 pg/mL
concentration of NJ in the presence of 100 ng/mL RANKL, Cells were fixed and stained for TRAP, and TRAP(+) MNCs were
observed using inverted microscope(x100). Each bar represents meantstandard deviation of 5 tests, NC: negative control, C: control,

‘Represents p{0,01 compared to the control group,
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Fig. 2, Effects of homoarbutin (HA) on the formation of tartarate-resistant acid phosphatase (TRAP[+] multinucleated cells [MNCs]).
(A) The histogram represents the number of TRAP[+] MNCs compared with receptor activator of nuclear factor kappa B ligand (RANKL)
treated as a control, (B) RAW264.7 cells were cultured with 35 gg/mL, 75 #g/mL, 100 p#g/mL and 150 #g/mL concentration of HA
in the presence of 100 ng/mL RANKL. Cells were fixed and stained for TRAP, and TRAP[+] MNCs were observed using inverted

microscope(x100). Each bar represents meantstandard deviation of 5

compared to the control group.

V= Rt 4 A%, N BE vl sEAx
FAL Fod A JAEITL HAE 150 #g/ml 2]
freld el AAEFIckEg. 1, 2).

A SBATE BE

%

N

IlEAM|ZE MES0

N R HAZF AZAPES B 2818 oAsH=A b
37 9lste] vRslE AEe] FEES Ak e 39
2 vloksle] MIT WO AL AEES B/

MY A7}, N R HAE Aol LSS BE Tl AL
BEgol G vIAA SirhrEg. 3, 9.

L3l o|xl= &

o

3. mZMZE FHA

1) Cathepsin K 2&0f| 0|Xl= et

Cathepsin K3= RANKLOJY M-CSF 5-& *]2]&}H TRAP,
MMP-9 53} 22 chilldo] Wl wo] I Fopof ofstal
At TEE cathepsin Ki= MMP-9, TRAPY} $HA| 3}

tests, NC: negative control, C: control, Represents p(0.01
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Fig, 3. Effects of Pyrola japonica extract (NJ) on cell viability
of osteoclast, CON: vehicle, NJ25: 25 p#g/mL of NJ. NJ50: 50 pg/mL
of NJ, NJ75: 75 pg/mL of NJ, NJ150: 150 pg/mL of NJ, NJ300:
300 pg/mL of NJ.

A A3}t ABE o8 k. B A= 3t
SAIE 71s3 e AR N 2 HAZE vAE o
S Hrlsh= AEE cathepsin K 2ol = JFAHS
real time PCR system= ©|-83}e] Hristoich A Ax}
NJ+= EE 7oA cathepsin K F-AA} 28-S 794 U
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Fig, 4, Effects of homoarbutin (HA) on cell viability of osteoclast.
CON: vehicle, HA25: 25 pg/mL of HA. HA50: 50 pg/mL of HA.
HA75: 75 pg/mL of HA., HA150: 150 #g/mL of HA.
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Fig. 5. Effects of Pyrola japonica extract (NJ) on the expression
of cathepsin K in receptor activator of nuclear factor kappa B
ligand (RANKL) stimulated Osteoclast. Negative control (NC):
vehicle, 0 (control group): RANKL (100 ng/mL). 40: RANKL
(100 ng/mL)+40 pg/mL of NJ, 80: RANKL (100 ng/mL)+80 #g/mL
of NJ. 160: RANKL (100 ng/mL)+160 pg/mL of NJ, Each bar
represents meantstandard deviation of 5 tests. ’Represenn; p<0.01
compared to NC group. TRepresents p<0.01 compared to the
control group.

700 -
s 600 -
2 = 500 |
£ & a00
= o
E £ 300 4
.35200-
§ 100 -

o T

NC o 100 150

100ng/ml RANKL+HA(M)

Fig, 6, Effects of homoarbutin (HA) on the expression of
cathepsin K in receptor activator of nuclear factor kappa B ligand
(RANKL) stimulated osteoclast, Negative control (NC): vehicle, 0
(control group): RANKL (100 ng/mL). 100: RANKL (100 ng/mL)
+100 pg/mL of HA., 150: RANKL (100 ng/mL)+150 #g/mL of
HA. Each bar represents meantstandard deviation of 5 tests.

140 J Korean Med Rehabil 2019;29(2):135-147.

Al QAL HAE AR 23 folAd e 4 a3
glltHFig. 5, 0).

2) MMP-9 a0l olxls @&

MMP-9i= 3}ZAH| EolA 0| E= collagens 3=
ol w|Egolr), RANKLE A=5H W74 %
gZAER E3lste] @AY= osteoprotegerin (OPG),
TRAP thl @ 53} tlBo] MMP9e] #gog F F5E5
=gtk MMP-9 E4S NJ 9 HAS H2jdh A Ee
e =43 23 N ZE oA, HAE 150 #g/mlL
% He] Al RANKL H2)¥ sZA 2N 71t MMP-9
WS folatAl oAlskrkFig. 7, 8).

3) TRAP aiol] olxls gt

oM felE ATAEES] A EE EelEd
A E AR TRAP 1S Wslsh) k. 2%
Zog2 TRAP WA HEEL U8 IZA|E(multinucleated
osteoclasts) 2 E3Feto] & F5 28-S st} A Ay
NJ&= BE oA RANKL *2]ste] F7}e #slet b4
E9] TRAP 312 W& FofshA| JAletlar HAE A
A A F94 s At ISIckFg. 9, 10).
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Fig, 7. Effects of Pyrola japonica extract (NJ) on the expression
of matrix metalloproteinases-9 (MMP-9) in receptor activator of
nuclear factor kappa B ligand (RANKL) stimulated osteoclast.
Negative control (NC): vehicle. 0 (control group): RANKL (100
ng/mL). 40: RANKL (100 ng/mL)+40 sg/mL of NJ. 80: RANKL
(100 ng/mL)+80 pg/mL of NJ. 160: RANKL (100 ng/mL)+160
pg/mL of NJ. Each bar represents meantstandard deviation of 5
tests, Represents p{0.01 compared to NC group, TRepresents
p<0.01 compared to the control group.
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4) NFATc1 disdof| o|x|l= L&

NFATclE= FrATA| AN FIFAER 35 &2
= el g AsAY 3L RANKL/receptor activa-
Bt BAs

A)ZF=]o] tumor necrosis factor receptor-associated factor

tor of nuclear factor kappa (RANK)

(TRAF)7} #AJ3} =3 mitogen-activated protein kinase

*
0 T l
NC 0

100ng/ml RANKL+HA(pM)

Relative mRNA level of
MMP-9
g

Fig, 8. Effects of homoarbutin (HA) on the expression of matrix
metalloproteinases-9 (MMP-9) in receptor activator of nuclear
factor kappa B ligand (RANKL) stimulated osteoclast. Negative
control (NC): vehicle. 0 (control group): RANKL (100 ng/mL).
100: RANKL (100 ng/mL)+100 #g/mL of HA. 150: RANKL (100
ng/mL)+150 p#g/mL of HA. Each bar represents meantstandard
deviation of 5 tests. Represents p{0.01 compared to NC group,
TRepresents p<0.05 compared to the control group.

500 -
400 - t
2 300 -
200 -
100 - +

Relative mRMA level of
T

NC 0 40 80
100ng/mi RANKL+ MNJ(pg/ml)

Fig, 9, Effects of Pyrola japonica extract (NJ) on the expression
of tartarate-resistant acid phosphatase (TRAP) in osteoclast,
Negative control (NC): vehicle, 0 (control group): receptor
activator of nuclear factor kappa B ligand (RANKL) (100 ng/mL).
40: RANKL (100 ng/mL)+40 #g/mL of NJ. 80: RANKL (100
ng/mL)+80 xg/mL of NJ. 160: RANKL (100 ng/mL)+160 #g/mL
of NJ. Each bar represents meantstandard deviation of 5 tests.
‘Represents p¢0.01 compared to NC group, TRepresents p<0.01
compared to the control group.

(MAPK)®] pathway EJ3HJNK, ERK, p38) #4< 74
transcription factor®] &-4d3}e]l NFATc1, nuclear factor
kappa light chain enhancer of activated B cells (NF-kB),
Akt, Sre 5o] 5] Qe 2 ol 25T 34
9] oEo] NFATc19) HLUM] N ¥ HAZ} v|Xe= oI5k
S7atslct. A3 A9 N= B ol HAS 150 g/mlL

E& 22| AlolA, RANKL X%Blﬂ 2 E3h T olM
S7Fh= NFATC19] s frol4d U7 Ak itkFig.

400 -
350 -

300 -
250 -
= 150
100 -
50 -
0
NC 0 100 150

100ng/mi RANKL+ HA(|tM)

Relative mRNA level of
RAP
M
3

Fig. 10, Effects of homoarbutin (HA) on the expression of
tartarate-resistant acid phosphatase (TRAP) in osteoclast, Negative
control (NC): vehicle, 0 (control group): receptor activator of
nuclear factor kappa B ligand (RANKL) (100 ng/mL), 100: RANKL
(100 ng/mL)+100 #g/mL of HA, 150: RANKL (100 ng/mL)+150
pg/mL of HA, Fach bar represents meantstandard deviation of
5 tests.

NFATc1
[T
o N &
| | J

o N & O 0
|

Relative mRNA level of

NC 0 40 80 160
100ng/mi RANKL+ NJ(pg/mi)

Fig, 11, Effects of Pyrola japonica extract (NJ) on the expression
of nuclear factor of activated T-cells, cytoplasmic 1 (NFATc1)
in receptor activator of nuclear factor kappa B ligand (RANKL)
stimulated osteoclast, Negative control (NC): vehicle, 0 (control
group): RANKL (100 ng/mL). 40: RANKL (100 ng/mL)+40 pg/mL
of NJ, 80: RANKL (100 ng/mL)+80 #g/mL of NJ. 160: RANKL
(100 ng/mL)+160 p#g/mL of NJ. Each bar represents meant
standard deviation of 5 tests, Represents p<0.01 compared to
NC group. *Represents p<0.01 compared to the control group.
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11, 12).
5) c-fos gtdof| o|x|l= Qs

RANKLL RaclS 3|4 c-fos &S X8l 1 23}
prostaglandinE2 (PGE2) ¥&lo] £7131, Cyclooxygenase-2
(COX-2)7} &4d3}=H AJd¥ PGE2:= RANKLZ} RANK2]

Aes Welsle OPG fFrEle ZIAERRE Eo¥e
Z& Welgith. 5 PGE2 "ﬁ”ol S7kebd sbEAIEe] E

s} Ex1E0} Wb ofos WAL g2 wsle 318
ok A8 Ay N BE FolM, HAE 150 1g/mL

¥% A8 ¥ RANKL ] A Z7}EE
A A SAIsFITHFg. 13, 14).

cfos T3S F¢

6) Inducible neuronal nitric oxide synthase (iNOS) gt
&oj| o|xl= J

Nitric oxide (NO)= endothelial B== neuronal nitric ox-
ide synthase (NOS)e]| 2Ja}] A=A == inducible NOS
(iNOS)ol| J3fl AAd=l= E2E Nosel o5 A€t o}
SATA AN shEAER B8kl FgellM iINOE &
st dofitt. A3 23 N BE s 23t
IFAH EZ oA RANKL #2271 iNOS HaS #-2]4
A JABFSTHFig. 15).
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Fig, 12, Effects of homoarbutin (HA) on the expression of nuclear
factor of activated T-cells, cytoplasmic 1 (NFATc1) in receptor
activator of nuclear factor kappa B ligand (RANKL) stimulated
osteoclast, Negative control (NC): vehicle. 0 (control group):
RANKL (100 ng/mL). 100: RANKL (100 ng/mL)+100 pg/mL of
HA. 150: RANKL (100 ng/mL)+150 #g/mL of HA. Each bar
represents meantstandard deviation of 5 tests, Represents p¢0,01
compared to NC group. TRepresents p<0.01 compared to the
control group.
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7) TNF-o ghsiof| o|x|l= Hst

TNF family A|€9] 48A= RANK/OPG o] itk
o|5o] Azl TlFA L] Rale =3} RANKLY
OPGE ZFAZAA fE|=o] gZA|xe] #slol 4404
3h=t, OPG= 52 RANKLO] RANKOY]| 73616}— Ak

dshs 28-S gt ol5L g Aol M2 Ao 9l
o] WA 28-& =t TNF- @+ F=AE —Erﬂ% =7
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Fig, 13, Effects of Pyrola japonica extract (NJ) on the expression
of cellular Jun-fos (c-fos) in receptor activator of nuclear factor
kappa B ligand (RANKL) stimulated osteoclast, Negative control
(NC): vehicle, 0 (control group): RANKL (100 ng/mL). 40: RANKL
(100 ng/mL)+40 pg/mL of NJ. 80: RANKL (100 ng/mlL)+80 pg/mL
of NJ. 160: RANKL (100 ng/mL)+160 pg/mL of NJ. Each bar
represents meantstandard deviation of 5 tests, Represents p<0,01
compared to NC group. TRepresents p<0.01 compared to the
control group.
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Fig, 14, Effects of homoarbutin (HA) on the expression of c-fos
in receptor activator of nuclear factor kappa B ligand (RANKL)
stimulated osteoclast, Negative control (NC): vehicle, 0 (control
group): RANKL (100 ng/mL). 100: RANKL (100 ng/mL)+100 pg/mL
of HA. 150: RANKL (100 ng/mL)+150 ug/mL of HA. Each bar
represents meantstandard deviation of 5 tests, Represents p¢0,01
compared to NC group. TRepresents p<0.01 compared to the
control group.
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Fig. 15, Effects of Pyrola japonica extract (NJ) on the expression
of inducible neuronal nitric oxide synthase (iNOS) in receptor
activator of nuclear factor kappa B ligand (RANKL) stimulated
osteoclast, Negative control (NC): vehicle, 0 (control group):
RANKL (100 ng/mL). 40: RANKL (100 ng/mL) +40 pg/mL of
NJ. 80: RANKL (100 ng/mL)+80 #g/mL of NJ. 160: RANKL (100
ng/mL)+160 #g/mL of NJ, Each bar represents meantstandard
deviation of 5 tests. Represents p¢0.01 compared to NC group,
TRepresean p<0.05 compared to the control group. TRepresents
p<0.01 compared to the control group.
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Fig, 16, Effects of Pyrola japonica extract (NJ) on the expression
of tumor necrosis factor-alpha (TNF-@) in receptor activator of
nuclear factor kappa B ligand (RANKL) stimulated osteoclast.
Negative control (NC): vehicle. 0 (control group): RANKL (100
ng/mL), 40: RANKL (100 ng/mL) +40 ug/mL of NJ. 80: RANKL
(100 ng/mL)+80 pg/mL of NJ. 160: RANKL (100 ng/mL)+160
pg/mL of NJ. Each bar represents meantstandard deviation of 5
tests, Represents p{0,01 compared to NC group, TRepresents
p<0.01 compared to the control group.

8) Interleukin 6 (IL-6) gtsdof| O|k|= L&t

-6 FFAEL PGs A AL EX51= Alol&
7RR1o 2 A Utk o= RANKL *2]¥ sp=AaEeA
COX-2 w3} PGE2 A =712 vepdt} cox-2 w8
© 2 gAo| Z7}E+ PGE2E RANKO] RANKLo| Agts}
= 285 JAEl= OPG freEl8 ZFAE2HE Holx|
A Z3HA sh= 2 S@ll RANKLOY| o] spEAE i+
3 £ 5 vk wEbA 169 W S PGE2
WdE S7MA171E COX-2 S S318 4 glo] ahaA]
ks S 7 ok A3 A% N B T
ﬂé& TFEAEZ A RANKL A 2jol] o8] S718F 1L-6
SolaiAl AAIBFITHFig. 17).
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RANKL-S RaclS 53] COX-2 ¥HalS A7
A3} PGE2 Wlo] S71gkc}, COX-271 &/dste|o] A€
PGE2E RANK®] RANKLo| Ags}A] EaleE 3= OPG
frelE ZSAZERE HolAe As Welgtt aeE=
PGE2 AAlo| Z7shd spZA|Ee] 23| =315 4 9o},
oIF Az}, NJ&= 80 ng/mL, 160 pg/mL F5 22| Al &
slsl IR A E A RANKL A2 Z71E cox-2 ials
ol Al AAEHICHEig. 18).
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Fig, 17, Effects of Pyrola japonica extract (NJ) on the expression
of interleukin 6 (IL-6) in receptor activator of nuclear factor
kappa B ligand (RANKL) stimulated osteoclast, Negative control
(NC): vehicle, 0 (control group): RANKL (100 ng/mL). 40: RANKL
(100 ng/mL)+40 pg/mL of NJ. 80: RANKL (100 ng/mL)+80 pg/mL
of NJ. 160: RANKL (100 ng/mL)+160 pg/mL of NJ. Each bar
represents meantstandard deviation of 5 tests, Represents p¢0,01
compared to NC group. TRepresents p<0.01 compared to the
control group.
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Fig, 18, Effects of Pyrola japonica extract (NJ) on the expression
of cyclooxygenase-2 (COX-2) in receptor activator of nuclear
factor kappa B ligand (RANKL) stimulated osteoclast. Negative
control (NC): vehicle. 0 (control group): RANKL (100 ng/mL).
40: RANKL (100 ng/mL)+40 #g/mL of NJ. 80: RANKL (100
ng/mL)+80 #g/mL of NJ. 160: RANKL (100 ng/mL)+160 #g/mL
of NJ. Each bar represents mean®tstandard deviation of 5 tests.
"Represents p{0.01 compared to NC group, 'Represents p{0,01
compared to the control group.
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Fig, 20, Effect of Pyrola japonica extract (NJ) on osteoclast-
induced bone resorption. Negative control (NC): vehicle, Pit
formation control (PC): receptor activator of nuclear factor
kappa B ligand (RANKL) (100 ng/mL). 35: RANKL (100 ng/mL)+
35 pg/mL of NJ. 75: RANKL (100 ng/mL)+75 pg/mL of NJ. 150:
RANKL (100 ng/mL)+150 #g/mL of NJ. Each bar represents
meantstandard deviation of 5 tests, Represents p{0.01 compared
to PC group. TRepresents p(0.01 compared to NC group.
TRepresents p<0.05 compared to PC group.

NT 150pg/ml

Fig. 19. Microscopic image of Pyrola japonica extract (NJ) and homoarbutin (HA)-treated bone pit formation in osteoclast induced
bone resorption model. NJ and HA treatment showed significant reduction of bone resorption in osteoclast-loaded bone slice. Pit
area was subjected to visualization with inverted microscope(x100). RANKL: receptor activator of nuclear factor kappa B ligand, NC:

negative control.
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1 HNMR (CD30D, 400 MHz):6.87 (dJ=2.8 Hz, 1 H),
6.78 (dd, J=2.8, 8.4 Hz, 1 H), 6,64 (d, J=8.8 Hz, 1 H),
472 (d, J=7.2 Hz, 1 H), 3.83 (d, J=11.2 Hz, 1 H), 3.70~
3.66 (m, 1 H), 3.43~3.30 (m, 4 H), 2.15 (d, J=1.6 Hz, 3 H).
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Fig. 21, Effect of homoarbutin (HA) on osteoclast-induced bone
resorption, Negative control (NC): vehicle, Pit form control (PC):
receptor activator of nuclear factor kappa B ligand (RANKL)
(100 ng/mL), 50: RANKL (100 ng/mL)+50 pg/mL of HA. 75:
RANKL (100 ng/mL)+75 #g/mL of HA, 150: RANKL (100
ng/mL)+150 pg/mL of HA. Each bar represents meantstandard
deviation of 5 tests. Represents p<0.01 compared to PC group,
TRepresents p<0.05 compared to PC group. TRepresents p<0.01
compared to NC group.
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Fig. 22, Chemical Structure of homoarbutin. [4-Hydroxy-3-
methylphenyl beta-D-glucopyranosidel.
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