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Effect of Lonicerae Japonicae Flos on Bone Density
in Ovariectomized Rat Model of Osteoporosis

SungYub Lee#, Minsun Kim, SooYeon Hong, Jae—Hyun Kim, Hongsik Kim
Chungho Lee, Hyuk—Sang Jung, Youngjoo Sohn"

Department of Anatomy, College of Korean Medicine, Kyung Hee University, Seoul, 02447, Korea

ABSTRACT

Objectives : Osteoporosis is a systemic skeletal disease that decreases bone density and increases the risk of fractures,
Bisphosphonates and SERMs are mainly used to treat osteoporosis, but, long—term use increases the risk of side effects
such as jaw bone necrosis and breast cancer, Therefore, it is necessary to develop a therapeutic agent for a natural
product with few side effects, Water extract of Lonicerae Japonicae Flos (wLF) was mainly found to have anti—cancer
and anti—inflammatory effects. However, the effect of wLF on osteoporosis has not been elucidated, Therefore, this
experiment investigated the effect of wLF on osteoclasts, osteoblasts and osteoporosis models,

Methods : In order to study the effect of wLF on osteoporosis, the OVX—induced rat model was used for in vivo study.
After 8 weeks, we measured body weight, uterine weight, liver weight, femur weight, bone density, trabecular area
and tibia ash weight. To determine the effect of wLF on osteoclast differentiation, we measured the number of TRAP—
positive cells and TRAP activity. To examine the effect of wLF on the expression of osteoblast—related genes, we
measured the mRNA expression of alkaline phosphatase (ALP, Alp)) and osteocalcin (OCN, Bglap2).

Results : /n vivo experiment, wLF inhibited the reduction of femur weight, trabecular area, bone density and tibia ash
weight. In vitro experiment, wLF had no significant effect on osteoclast differentiation, However, wLF increased the
mRNA expression of Alp/ and BglapZ2 in MC3T3—-E1 cell,

Conclusions : This result suggested that wLF may be used for the treatment and prevention of postmenopausal
osteoporosis,
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I.A &

M AR A7]7(World Health Organization, WHO)= &
T2 =Y A2, T2F vATRY s EAoH,
o] Fe F7H7IE Aoz Hostu o), EF F
Fo2 Q SU=TF FAsH A2 S0 = WA
EORATY . FrigFos 8 BAsE dEHE 2E9
2 20~30%7} 1 o|Ujo I FHEoZ APslr] ulie,
thg5ol it o 2 X 2E v Fasitin B 4 o,
71&9] Zt}2% X EA % bisphosphonate: 723t &
FroAAE FheE AAN °F 80%8 ARsl0l, B
229l 7P Wol AMgEe 2ZAolch, sFA|9L, bisphosphonate
7] Fof A, Hw A 23 HAY diEE 2 22
Bzk90] BuEw QY. E3F bisphosphonates 93 o,
A 28 fAY 59 #2880l B4 5 i, 58] 7t
th2g wEo] Y. o] uro IrhEE ABAR AEE A
BA] selective estrogen receptor modulators (SERMs) 9] 7%
HEZE APole 2t YA, A £F, e E a8
28 53 e Fago] yEhd 5 glo] o7t Basitt?,
weba 7] &9 EthEF X EAY BAgo] Fa, HAT A7
A WL o Fastet,

FHo|ata] JH oM BTHEEL HAENIE £V A ol
E 5 Stk TR ”ﬁ”ﬁﬂﬂi’ﬂ?ﬁmﬂw ‘BEB ol sty
TR - Bl A BRI B RREATIRER ﬁéﬁ‘lr
2kl sho] Bol F 9 E"%’E—‘l LS T8k B, ﬁﬂaﬂ'
#oto] ISt BE7F S-S AR des &
ek, EZ, HAAA T ofEA WY ZAA ] FHS “H
ARGl dFE 1L 2HS=AE Hol= A4, =+
57_20] El]-/H EI:IQ UH7H 2191}4 ‘0‘]— 5Eﬂ-1— }\Hi_,_ 7H\§o] =13
A A HYH, wat2 Qs wekaA o T W H|u
24 ATl o|HH o2 ) 9EA cytokine]
wao] F7hsld ZBAEY FAT BohE P4 Hx, B
AES] BA 7oA HEA Brhggol ATt B
ek, Eohgol 9k AT MARS o, BoEso] gl
4ol BLHEANN @FA cytokineSol © ol LYo
128, @54 cytokineBol F7sHA HHl 54 A2
£a) 2BATY 243 23S ganY & AT Lol
AT, 2o A7 FFoE B v A9 Sy 93
o Bl gol tEE T i 0, F9% ang sk
ool BIFS A2 mhol g A7 £¢ Baw
Aoz Az

44816 (Lonicerae Japonicae Flos)= Z& Rl &3 o
A PRt O] REEANQ] 24 (Lonicera Japonica
Thunb)®| ol Muke H, %St fili, B, kol g
shal, iERiRET oFdt Hiske &kol JoH?. old AT
OE2, $4RfEE FEaT @ Aol itk oA axrt
WE AT S4EEE AT 7 23 AEE Este 2t
sr AT, =3, LPSE S=9 954 cytokined] P4
ARt WA, iRt FEE ¢ FY RS
SARE, FThEEel gk ¢y At HHAA G2 4
go]t},

olo AR= &4RIE7F IoHE5Y oY

020111111&0
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AnkE AHRIA G [n vivo ATE WA A BT
22 RUT T, LIS 87T T4 FolsaL, olF, B
2719 7] BA9) st qE2e) U, A2 slue
223 = 20N 2o WAL BRI In vitro
ATZ RAW 264.7 AlZoA 9] mEAl2] &3 A %
tartrate—resistant acid phosphatase (TRAP) @4 = &34,
MC3T3-E1 AZoJAe] ZFAE 23} #e  alkaline
phosphatase (ALP, Alpl), osteocalcin (OCN, Bgilap2)2]
mRNA FAE 53 = 4 AxE B4E APsto, olo o
3 ot AMES A7lol Barsts volt

I. A= 23y
1. A=

Receptor activator of nuclear factor—kB ligand
(RANKL)2 Peprotech (London, UK)o|A Ftujstgom,
A3 8 =] ¢] Dulbecco’s modified eagle medium (DMEM)2
Welgene (Daejeon, Korea)o|A Fta 3t Alpha—minimum
essential medium (e¢—MEM)3} penicillin/streptomycin
(P/S)& Gibco (Grand Island, NY)ojA] Ftuljs}$ict. Fetal
bovine serum (FBS)& Atlas Biologicals (Fort Collins,
Colo)ol| Al i3} t}, Ascorbic acid®} beta—glycophosphate
disodium< Sigma—Aldrich (St. Louis, MO)o|A] a3}z,
CellTiter 96 Aqueous non—radioactive cell proliferation
kit (MTS)= Promega (Madison, WI), TRAP Kit+ Sigma—
Aldrich (Saint Louis, MI)9JA Fui3}gH . Reverse
transcription kit®= Invitrogen (Carlsbad, CA), Taq
polymerasex= Kapa Biosystems (Wilmington, MA)ojA]
T3t ek PCR primer: Genotech (Daejeon, Korea)olA]
Folarsict,

2, N&9 &y

2 AN AT ST US| BollA Fujstglon,
SERIE A Y 22 A3dgtn rejTst s Retu o
ByEo] gtk 10 LY 52 kA3 AR" 44876 700

J—P 7LY FRTE AR71E ol83to] 247t B¢t E

23t 229 oA 23] AF £ & Whatman
fllter paper no. 3 (Whatman, Maidstone, Kent, UK)S
AREste] s, oIl rotary vacuum evaporator
(N—1200, EYELA, Tokyo, japan)Z o]-&3dle 7t =31 &
EAAZ st 451t B =55 (water extract of Lonicerae
Japonicae Flos, ©]3} wLF) 194.53g& 4%, =582
27.8%%ct, Aol AHEEZ] A7HA], YEL (-20T)°] 2
wato] g8t AEZ AE Al pore size 0.22 pm TEHE
o1 g5}e] ofskste ARESFLE

S
© 2]
LU = A Wy

3. GaAA 44 9737 BHES Y G
AYFTELS Aot AF 250 g, 1257 A3 Sprague—
Dawley rat (SD-rat)< vehato] 8(A&, g=h)olA] 0f
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3ttt o]|%, AFA A 137 ST 3 AR
HEFEL 2% 22 + 3T, % 55~60%, @3} 7t 7]L
ZYzy 12X7Fe 2 FA fAE= T8 AASAdA AlRS &

A5EA AH T = A=E Pk 5 AE2 ﬁJEH?f“’ 5

£ AT &7 9439y A ‘IJFE} 3= Pt (KHUASP
(SE)—15-101). Al H737] Fch35 Zdo|A wLF7} v]2]=

g A Y3, dAEAE (ovariectomy; OVX)S
At »E 2828 71~ 7] (SurgiVet, Norwell,
MA, USA)E ©]83}4] 5% isoflurane £ 100% O °]£-oH
A 5 e 7, &2 AP, OVX 1F2
T8 2 5 &S ARG & *d4 X9 gE 9 5
sto] W} Gas St a9 ¢ de 2
W25 dAsta, 253 o1 E Bt o 857t
Fath & F isoflurane 2~3%2 XA E Ut Sham
I52 da 9 43S &3 & G4 A5 g, T2
2EG A0k 29t 4 T 09 HAE Y8 gentamicin 4
mg/kgS 347 B T4

% Rolsta, @29 ERE e
2ol shsirt.

E
an

1) Sham I§: 29| &

2) OVX 15 g4 HE ¥ $/F 7457

3) 178—estradiol (E9)1&: 1
(100 pg/kg) F75

4) wLF-L15: 44 HE& ¥ wlF (37 mg/kg) AsE

7B —estradiol

AR
5) wLF-HI1E: 44 & 3 wLF (370 mg/kg) 15 %
2T
AEFEY A2 WF 134 & ?If_ *]7J°ﬂ 3=
‘i"i “1 Ay

>
o
2
2
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o 2ol
(60kg 71)9 19 FoFe 8golth. wetd wlF (&
27.8%)°0 8g& s, wLF-L-& 37 mg/kgo] Fol= it
w5t 79] Ak At ulms) 6. 4v) o ehelA ook,
web] WLF-HZ 236.8 mg/kgol ToiHeT}, $ 85
T, BE TEL 5% isofluranegt 100% 0.5 ©|-&3 2
whshn AAel 44 A4E B Ao FAULL. olF.
Aol &3] HE AS st AF 2& sho YA

O3 giE2I AFe AHE] BAS SAEg)

A‘]—4 —rﬂ]% XH%@S}%E}. 4= g/cm® bone Volumegi

Al kst k.

wdoA STt BUE 2710 vAE B 83

|2 WY 27E 990, o4 S 90 3Ee 2
2 (Electric Muffle Furnare, JISICO, Korea,
J-FM3)E ©o]&stdq 900TCollA 24Xt 5t F&3t, SE&

5 48 ¥ asho] £AE 2Rk,

ES L EER

6 &

Z ¥l Z-L neutral buffered formalin (NBF)o]| 123
g &, ZE2Es Eo 24A7F B Al ST olF
ethylenediaminetetracetic acid disodium (EDTA)Z 3%

2P}, ATEE o835ty g, eHyE AA gt
A Zof 3. 2AL microtome (Carl Zeiss AG)S o] &
3l 5 pym=Z ZHHA Pl o]F, hematoxylin and eosin
(H&E)o.2 G319 o, M3 2ZFL FIHu| A S o]f
sko] 40uH, 100H] Alofoll A HEstgh, & 25 WAL HE
= RN AFT ol RE F 7t= Zol7t 4w ol
9] 2/37} H= F9E 1008&= capture 3t o|n|A] &4
2233 (Image J, Ver. 1,46, National Institutes of
Health)& AH&-sto] Z73tich.

7. RAW 264.7 |39} MC3T3-E1 A|3Z2] ujjek
4 HEZ AEE EH

oA AN E RAW 264.7 AZE FZAZFL

(A, F=)olA Fujstgr, AF FAE f3H A=
MC3T3-E1 AlZ¥E American Type Culture Collection
(ATCC, Manassas, VA)olA Fujgich RAW 264.7 A =Ze}
MC3T3-E1 AlZ+& 10% FBS® 1% P/SE 43 «—MEM
oflAl 37T ZL2|aL 5% COp M3 7]l A 2dntct ATl Hj
Fotath Z- AlZolA wLFe E4L &As7] 98 MTS
BAs ARgstEen, W o} 2t MC3T3-E1 AlZ5
1x10" cell/well =2 96—well plateol] &35}l 2447
BT o] %, wLFE ot =2 Hsct, 72417
% 2t wellol MTS &% 20 ¢ L 718to] 2A17F &2t w3
AlZ1 & ELISA reader (Molecular Device, Sunnyvale, CA,
USA)E AHE3HY 490 nmolA FF=E EAstAh ol F,
RAW 264.7 A|ZE 5x10° cell/well WEE 96—well plate®]]
EFORAL 24417 A BlekaL, wLFE oYt == A5t
Atk 24417 & ZF wello]] MTS solution 20 pL H7}81e
2A17F S ¥E8-A]7] & ELISA reader (Molecular Device,
Sunnyvale, CA)E AFE3}o] 490 nmolA TZ=E =A35}
Aok FES AR G2 Alx JELE HEEE AUt
ok, 1SO 10993-571&0 wheh, oFE A2|3 29 A2 A&
£°] 80% 0|5t W, AE EAS zr=cha wekshgHs )

8. TZA|E9] £3} A € TRAP 84 %= &34

wLFo oZA|Z B3 5& E43517] 98], RAW 264.7
NEZZ 5% 10° cell/well WEZ 96—well plated] B3t}
24N 7 & v A& A Ast, RANKL 100 ng/mL3+ wLFE
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=49 (50, 100, 200 pg/mL)Z Hste] 54 F< vigst
Aok AF 717 B¢, 2dnttt viAE wEstgoh kol
T4 3 AN|EZE DPBSZ 3WH A& 3 ¥, 10% formaling A}
g35to] 1087 24T o]F TRAP staining kitS o|&
sto] TRAP @& Al&start, o] E3td wizl= MEL
96—well plate]] 50 pLA& E3F3}31, TRAP solution (4,93 mg
Pnpp+850 pL 0.5 M+acetate £H+150 pL.9] tartrate &
H)E H7tste] 1AZE B9t BRSAIFH T, ©]F, 0.5 M NaOH
2 98-S F8AZ ¥, ELISA readerg AHE3t4 405 nm
oA TEE=E A5

9. Reverse transcription polymerase chain
reaction (RT-PCR)< £33 & g4 A& 24

= B4 AEQ ALPYF OCNY §4A 2adS B4517] 9]
RAW 264.7 JIZE 5% 10" cell/well WEZ 6—well plate
o EFsto] 24A7F St BT, o] F, wlFE F=E
(10, 50, 100 pg/mL)E A3t 3Q, 78 F viFstaL 2
Ao} Wi E st 39 74l WAE AAT &

Table 1. PCR primer sequence for RT—PCR analysis.

DPBSE o] &3te] AEZE AAJTE ©]F TriZol Reagent
(TaKaRa Bio, Otsu, Japan) 1 mL%} chloroform 0.2 mL
71 % 13,200 rpm 23 4T A 2087 AAEF S}
At olF A5 400 pLofl isopropanol 400 uL F7Fst &
13,200 rpm 18]I 4CoA 2087 FilEste] RNAS
2. 23 RNAE 75% Et—OHZ A|HF & 7,500
rpm 13 4ToA 5&3F A&t JH" RNAE
RNAse free water2 9 Nano drop (Thermo Fisher
Scientific, Wilmington, DE, USA)& o]-&3}o] A3t
2 1g® RNAZE primer (Genotech, Daejeon, Korea)2}t
SuperScript™ II Reverse Transcriptase (invitrogen,
Carlsbad, CA)E ©]&3}o] cDNAZS 43It ©] cDNAS
o] 23lo] Gapdh (Gapdh) ALP (Alp)¢t OCN (Bglap2)<
PCR WHoz FEANZ & FFH AELS SYBR green
(Invitrogen, Carlsbad, CA, USA)S Z33t 1.2% agarose
£ o3t H7|9% & F Gel doc NICOO1 (Insun
science, korea)Z o|-&3to] &<¢l5t o, ZF primer?] &7|
g2 Table 19 ®713t%ch,

Target genes Primers (forward, reverse) Annealing Tm (C) PCR cycle Product size (bp)

5 —ACTTTGTCAAGCTCATTTCC-3’

GAPDH 57C 30 250
5 —TGCAGCGAACTTTATTGATG-3’
5 —CGGGACTGGTACTCGGATAA-3’

ALP 55T 45 209
5 —TGAGATCCAGGCCATCTAGC-3’
5 —CTTGGTGCACACCTAGCAGA—3’

Osteocalcin 57T 45 208
5 —TTCTGTTTCCTCCCTGCTGT-3

10. A=

A= PF + EE2A (mean + S.EM)E H7]8H
on EA TR WL Graph Pad Prism software (Ver,
5.01, Graph Pad Software Inc, CA, USA)E A3}t
Z+ & 719] zolE AZEFH7] ¢33 one—way ANOVA testE
AHgte] Hlwstg om, P<0.05 ostH f94do] gtk
ZhstRtk, A% AF2 Dunnett's multiple comparison
test2 1Pt

I, 2

1. wLF7} A5 W3t 9 7] FA ) vX= 9%

da HAE 8T AEEEY TS SFT 4, &
25 & OVX-0] shamtoll HI3 f-2JaHA] F718t7] Al2kste,
A TEAA KOs F7I8IAeH, Bt & 2F $HE
8F7HA] OVX ol Hl3 f-oatA Fastiet (P€0.01). 18
U wLF-L, wLF-HE A& & FA H3lel] F3FS v)A|
2| oFgrth (Fig, 1A, and Fig, 1B), 34 & &3 A-g &

AE 2R3 A7, OVXo| Shamtol| H|&) {oJ8HA Ha

gom (OVX; 0.048 + 0.003 g, Sham: 0.256 =+
0.047 g, P<0.01), Eot2 OVXZol vld] 254 F7138h
AthEs; 0.145 + 0.011 g, OVX; 0.048 + 0.003 g,
P<0.01). 28 wLFE A3 £+ OVXZol vl3l] §-2gt
ZpolE Kolx ¢ytt (wLF-L; 0,047 + 0.001 g,
wLF-H; 0.048 + 0.003 g, OVX; 0.048 + 0.003 g)
(Figure 10). wLF9] 7154 & & Estr] H3l 7o) #
A &Xe 23}, wLFE At ZE o] OVXe Hlg] §-9
3 zolE Holx] okt (wLF-L: 3.007 + 0.040 g,
wLF-H; 2.862 + 0.075 g, OVX; 2.869 + 0.138 g)
(Figure 1D). dEZY FA+E OVX©°] Shamzol vl&) &
oJalA ZAadtgoen (OVX; 0.489 + 0.007 g, Sham;
0.596 + 0.022 g, P<0.01), Eo7-& OVXZol vl &2}
A Z7pstgoen (B 0.558 + 0.010 g, OVX; 0,489 =+
0.007 g, P<0.01), wLF-LZ% wLF-HZE OVXZo| v}
Qo84 Z7tstgct (wLF-L; 0.536 + 0.007 g,
wLF-H; 0.528 + 0.010 g, OVX; 0.489 + 0.007 g, P{
0.01) (Figure 1E),

Ol
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(A) (B)
350 wo
= 200
8 H
Z 300 = 150 2.
20 o
= 2
$ = 100
| A s =
'g 250+ 2 5
=] k)
-#- Sham -® OVX -2 E, 4 |
2 9 |
200 ¢ wiFL ¢ wFH Sham OVX E, wWLFLWLEH
0 2 4 6 8
Weeks
© (D) (E)
0.4 = 4 e 1.0
—_ &0 =
z 0.3 = 3 S
= 0. = =
) 2 e
= -
- [
2 02 . g ¥
E e B
= 01 Z 1 5
= # = =
= A Al R £
.0 - O e
Sham OVX E, WLF-LwLF-H Sham OVX E, wLFLwLFH =

" Sham OVX E, WLFLwLEH

Fig. 1. The change of body, uterus, liver and Femur weight in OVX—induced rats. (A) Weekly change of body weight after OVX surgery.
(B) Body weight gain after OVX—induced surgery. The uterus, liver and femurs were collected and weighed after all animals were
sacrificed. (C) Uterus weight and (D) liver (E) femur weights per 100 g body weight. Each data value represents the mean * standard
error of mean (SEM. n=8). ##0{0.01 compared with Sham—group. **p{0.01 compared with OVX—group.

2. wLF7} 29% 9 AZ 3|8 u]x]

TUx9 ZolE BT AF, OVXTL ShamTol vl
Lo5HA AAstE ey (OVX: 1.456 + 0.005 g/cm Sham;
1.507 + 0.019 g/cm?®, P<0.01), Eot-& OVXol v} &
o5t Z71stg o (B 1.487 + 0.013 g/em®, OVX;
1,456 + 0.005 g/cm?®, P<0.05), wLF-LZ-& OVXol B3|
ztol7b glglem (wLF-L; 1,461 + 0.010 g/cm?®, OVX:
1,456 + 0.005 g/cm®), wLF-HZ2 OVXZd H3} &9
stA Z7vstgh (wLF—H; 1.481 + 0.006 g/cm®, OVX;

A 3F 1,456 £ 0,005 g/cm® P{0.01) (Figure 2A), A% diH]
29| 3& FFL OVXZ©] Shamol H3f FoJ5tA
atem (OVX: 0.089 + 0.002 g, Sham: 0.109 =+
0.007 g, P<0.01), Est& OVXZel Hls] fofstAl S7}st
Atk (B,: 0.100 + 0,001 g, OVX: 0,089 + 0,002 g,
P€0.01). wLF-La3% wLF-Hz2 OVXZel vl #2931
F7¥st et (wLF-L: 0,094 + 0,002 g, wLF-H: 0,094 +
0.002 g, OVX: 0,089 + 0,002 g, 22} P<0.05) (Figure 2B),

I‘II‘

(A) (B)

1.6+

INRE

Sham OVX E2 wLF LwLFH Sham 0\’\ E, wLFLwLFH

Fig. 2. Effect of wLF on BMD and tibia ash weight in OVX—induced rats. (A) BMD was measured by Archimedes' principle. (B) Tibia ash
was weighed after all animals were sacrificed. Each data value represents the mean * standard error of mean (SEM, n=8). ##p <0.01
compared with sham aroup and *p{0.05. **p<0.01 compared with OVX—induced aroup.

=]
[

n
1

e
-

(9
1

BMD (g/cm®)

Tibia ash (g/100g BW)

o
o
S

3. wLF7} 24 F "9 W3l x| g3F 60.12 + 1.65%, OVX; 53.12 + 1.46%, P<0.05),
wLF-Li} wLF—-Hw-2 OVXtell ulsf {-9J3tA F71shaith

SAF WA OVXZel Shamszof BIsh FAA A&% 0 oo o5 & 3.12%, wLF-H: 5093 + 146%
— L . L . 0, —I, . . 0,

Aow (OVX; 53.12 + 1.46%, Sham; 61,97 + 1.32%,
P{0.01), Est OVXol Blg] foAstAl S718tL (Es:

OVX; 53.12 + 1.46%, ZrZ P<0.05) (Figure 3A and 3B).
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® 80
&
SN s *
N’ = pulicd EES
=
= 40
=
o
£ 204
£
el
0 1 I i L) 1
Sham OVX E, wLF-L wLF-H

Fig. 3. Effect of wLF on trabecular area in OVX—induced rats. Femur sections (A) were stained with H&E staining and trabecular area (B)
was measured by Image J software. Each data value represents the mean *+ standard error of mean (SEM, n=8). ##p<0.01 compared
with Sham group and *p{0.05. **p<0.01 compared with OVX—induced aroup.

4, wLF7} RAW 264,7 A3 n|x]|& 54 H7}
wLEF7} RAW 264,7 A|Z] m]2&= Al 54& gotE7]
A8l oFst =2 wLF (10, 50, 100 pg/mL)E 24A17t
B2 HES X171 B MTS assays o83 £43c}. Ag A}
wLF= RAW 264.7 A|ZoA E4& Holx| g9ttt (Figure 4),

200 1

Cell viability (%)

ﬂ T T T T T

wLF
(pg/mL) 0 1 10 100 200

Fig. 4. Effect of wLF on RAW 264.7 cell viability. Cell viability
was measured by MTS assay. RAW 264.7 cells were seeded
into 96 well plate. After 24 h, cells were treated with various
concentrations of wLF (1, 10, 100 and 200 ug/mL) for 24 h and
then the cells were treated with MTS solution 20 wul. After 2 h,
optical density was measured at 490 nm with an ELISA reader.
Data represent the mean * standard error of mean (SEM) of
three independent experiments.

5. wLF7} 93 A|329] 83} oA @ TRAP &4
Tof U&= FF

wLF7} RAW 264.7 N|Z2] 9}ZA|2 23} 2 340 n]x=
FgFS ¢rolr 7] 93] RANKL 100 ng/mL3+ wLF 50, 100,
200 pg/mL& RAW 264.7 A|lEZo] A &gt 3 547 vjsFT,
TRAP®| %/d& Hol= thajA| 2] g4 € TRAPS BA=E
T BA5gth, 1 23 wLFE= RAW 264.7 Ao 24
Z209] B3l oA 2 TRAP A& Ao J&FL v|XA &
9kt (Figure 5A and 5B),

6. WLF7} MC3T3-E1 AlZo] ]X& 54 B}

wLE7} MC3T3-E1 A2 13X A% 4L oo}y
Q5 ekt =9 wLF (10, 20, 40, 60, 80, 100 pg/mL)=
T2A7F E3F B A1Z] & MTS assayE o83 243t
A9 A3 wLFE MC3T3-E1 Al EA4o 9 u|XA] &
Sk} (Figure 6).
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Fig. 5. The effect of wLF on RANKL—induced osteoclast formation in RAW 264.7 cells. (A) TRAP—positive cells were stained with TRAP
staining kit, and captured using inverted microscope (‘100). (B) TRAP activity were analyzed with enzyme—Linked immunosorbent assay
(ELISA) reader. Data represent the mean =+ standard error of mean (SEM) of three independent experiments.
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Fig. 6. Effect of wLF on MC3T3—E1 cell viability. Cell viability was
measured by MTS assay. MC3T3—E1 cells were seeded into 96
well plate. After 24 h, cells were treated with various
concentrations of wLF (10, 20, 40, 60, 80 and 100 ug/mL) for
72 h, and then the cells were treated with MTS solution 20 uL.
After 2 h, optical density was measured at 490 nm with an ELISA
reader. Data represent the mean *+ standard error of mean (SEM)
of three independent experiments.

7. wLF7} 334 A& ALPS} OCNS| mRNA
TR A= ¥

wLF7} 2ZA|29] Z34 AR Hd e IFS
gotr 7] 93 wLF 10, 50, 100 4 g/mLE MC3T3-E1 Al
zo AEg § 39 aE|n 747 Wik T ALP (Aip)%t
OCN (Bglap2) ©] mRNA Hd-E& #2stqAth wLF A7 3¢
T Aplo] @S A & 2}, SES A5 g2 AY
izl vs] wLFE A2e AF Y Alt 7Vt AF
& HYoy {fo5kR)= Estth (Figure 7A), wLF A2 74
T Bglap29] HEE B4 & A3, ofRAE A Ftx] gk
AF dE27o) v wLFE A3 2 A7 =2 B8
TE YEHOoRE Belap29 WAl |YsHA FTFSHAT
(P<0.05) (Figure 7B).
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Fig. 7. Effect of wLF on mRNA expression of ALP and osteocalcin in MC3T3—E1 cells. (A) ALP (Ajp) was meseured by RT—PCR. Ao,
normalized to Gapadh (Gapah). (C) OCN (Bglap2) was meseured by RT-PCR. Alp/ normalized Gapah. Data represent the mean =+ standard
error of mean (SEM) of three independent experiments. *p{0.05 compared with Normal group (non—treated group).
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WLEZF B3] nlXE QU Auns) 95 £ A7 98 Ba HER U 44 977 BB wEeA wiF

ANME in vivo @ in vitro T35 22 &85l wlF & 7} m)x)= FgFo] i3 SelstgTt.
FEEY S 9A 23 A7 E IS U AER oA FaF HASHA HH JAERA AFPo = st
=5 AU ARE T8 in vivo AHNA wLFE A 3’—1’1:-—?‘* A EH oz AFo] F7sHA Ao, ol dAadA

slo] BAY 27, A% Z718 W A2T 7 BAL @S glo]  F AWMER AWE 2HsHs 5249 lipoprotein lipase7}
mag— RAsk A2 BB @ dEZe T 4% W] SolhA AWME U uo] AR B AFE F7)

VXZol Hld) folaiAl ZASIAT, WLFE TEES Bogt ol Ag LA gawd whe, daszde] B4R
wLF—HiLoilA £ 2UE B9 $28A ZA0Y. oo AR ES RojalA 5 o]ejd A 2do] BojEG, 1 Ay

718E& goti7] 8 RAW 264.7 AIZE ©]-&37 in vitro AN HAPEEY AT % AT FAE ST 2 Sham
A4 RANKLY} wLFE A5t ohEA|22 231 5 & e OVXZolA o3t AFol S7Ha, A FAlE A
ol WAls 9FS gotd 23, wlfs HEAZ &3 9 ek, olHT A= FA BT A EHEs 2ol 4EF
TRAP &/ =ol= &3} Itk MC3T3-EL A2 wLFE o2 FYE S Yetdth OVXE tH] Extoll Al A%l
A 2lste] 2T & P4 AE ALP % OCNe] & oA B, 2w FA EF ST OVXE HiH|
A s S okl A, wLFZoA A2 S4& F23t wLFZoA AF et 2k FA= o5k &gttt 0131?*
A] °}°“W OFFAE AR B2 2Ly Hlud T A= wlhFo] o AER2A fA E4E YAl d= RS
ojE2 22 OCN9 mRNA Edo| FoaHA F71stia2 & Uebdith, wLFe| 2t54 955 &str] ¢ ke #AS
AL /V]\ 3, ALPY A% wLFE A2 o] oFHFA 4% A3, wLFE A 2|3 =& o] OVXTof vls) FoJgt
= AFEHA] g2 tilEatol HIs) ALPS] mRNA Fdo] F4 Aol g HolA| gfob -2 Wt =L gld AeR B
Aoz fostA= FUAT SV FFE EA. Aok, P& AR =T FAF HF7 A EuEs 2EY
7] gL ALER AYo R ) H=7h vhEA|E 9 HEEY FA= dasty, dEEe] 74 S7hs A=
o] F7tste] kgl Wy fdol UK, ol T JHE 2N Ao B 5 Yo, B APo|A Sham

WLEZE 91737] o)Fel BBl vAL 9% otur] 2ol wal OVXZe| GHE A RS Basa
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e
e

OvVXiZel H3] Estd wLFZo] HEZ FA7 fojat4 &
7ketdct, olgd AT wLF £oi7F OVXE $=3 S0
% mdoA HEZY A A4S IAS: a7 IS
Yehdich,

ZUEE o9 HAY 27|49 3 FEE YoHEd,

Ae gusted ed i P B Yo Y

=S A& 5 Y A=7} =, g 2ok I3
EZ ZA} (gold standard)7} BT, B AFo|AN g2
2% W3l OVXZo] Shamzol vla] G-2l3A 24asta
onj, OVX ] Ex?d} wLF-HZ $-28H4 $718t.0
wLF-LZ-2 OVXZol tiu] fojatx] ggket, U= #she}
BAHME wlF TEE Folod §oJ3 ants B U
2474 23% 58 mdolq advt ggol AU
o] B|HFY ZHL OVXRE $EH T &4 Be ants 3
7bete AE7F DY 2 APolA wLF7E GAEAR f=
© ZrhgEo] nAs GFL dohry] ) A% thy] A=

do b
H

=

sl2geke 2497 23 Sham@ ] OVXZAA $2l5})
Wastgon], OVXZ dhHl Byaah wLPE B folshl 37
shich, BrhBEel WS B %9 FAS ¢ ok 7
25 A24E oA wEY) el Fad AEs B,
Sa BA fAF W47 4 BHEE BNL B 459 5
sk St FATGT PHALD, £ AWM wLivh B

el F7He AS STt ol wLFY Folrt BaF

Z P4 (bone homeostasis)Z FFZA|LS] o3t o
AZret 2ZA 2 9gt T FHO2 FAEHE JOR ¢
A Y’ old AFe| maEw, 2INZE 4 4
Sl A2 AZAGAS FEshed, daEA ot
29 S HofA FejE RTAEE o] A5 W] i Hi
TEA|Z2] A ZAHYAL TS THA =o] Zo| g TUHSE
s A3 237t B AT, A2} 2BAEY A5
Z-gol BEFgL T AT F AR T 2N, o

3 Ze e fusit gty daEAE 2

5o e wLFe 53} 7| dS gotR7] A8 in vitro
ATE GTNZ} ZZNEZE I AwEttt

RAW 264.7 M Z& upgA tfaA| oA (efats ahZA|Z
A 9 7150l i Ao Fget Ao WA, wLFzt
RAW 264.7 AZof| u]x]= NZ 5A4& Zotr7] $3) MTS
assay2 ANEZ 5A4L H7Ho. A9ZET, wLFE RAW
264.7 AEZ EAo F&FE vX|A| oottt wLFe THEAEZ
£3} 9 2 TRAP SA= Aol A7 gldch ol
wLFe ZohgZel digt a3 7131& Felaty] fal 713
o2 F P4 HA" 2FAE] ARES B3t

MC3T3-E1 NZ& A FAE f3 NZz=2 Z 34 24
oA 4], B3}, 433t 5 2TA|EL} FARRE Aty EA o]
Aol IS AT T T I HiE Aol "ol o] gHe
AZo|tb?, Ag AT wLF: MC3T3-E1 AZo]| 4FS

ERER S

e

oft o
olN it

UH of
i)

4 2THEE BN 4T BUE S7he] vAE m3 89

ALPE ZZAE &3] glo] 27] A9 EAA AHE2
welo] glom, wWo| 7] Ao X, wzA|xe 2H}
ol Aok dHA AP BAZA stollA wjeF
H AR AZAA 2IAEZSAA FAT d9 ALPY
mRNAZF S Eglge] Bagh Aot ALPE AF
Ca2+ RHAZ, B714d A& AAAE 7trEsl §ozn &
A o] a3 9T st A2 A7 GopY, ALPS}
W2 OCNZ 2ZAEZ &3] glo] Z71dA o] ExH4 A}
AED #o] om® zFZAZoAT BEH|EE non-
collagenous protein®2 3709 glutamic acid residueZE
7HA 3 JQTHY | o] 5o] Ca2+8t WA ZHole AFS A
= WME o2 R ] 7 "ok, OCNL ® 9
T71A Aol Folshs Aog Bu Yo’ wLF A8 39
¥ ALPS mRNA HdE £4% A3 FES HstA] g2
qzof v wLFE A3 ZE oA ALPY mRNA &
dol F71ohe RS BAOU BAHOR FOAL sk
o ER wLF A2 70 ¥ o2 e AeA ghe oz
Hjs) wLFE A2e 2olA BE e£H o2 OCNe| mRNA
Tdo] FYstA F7iste A¥FS EA oldF A=
wLF7F OCN9 mRNA &S 5% JEH 02 J7AA =
TAEY 2 YHe BN B ASS % S otk

oS SRR, wiFe| 97%7) 4 BoEE 2ol dhet
oA 714 gZAE o 35 A5t o AF-E 2E
TN Y| Bote 2TA|29 B35 S7HA &9
BEE FA A= AeR Hlg, & =&Y 4= o2
2o oA Ao wEH, FthEFel WASHE, 454
cytokine=o| F7Fete] 2EA| 2] FAH B35 A4 £
Aot gEHDY. S, B dFolHE wiFe] HEAE 9
zZZAxet BAHE ARES WA =2T £45 sk
wLF7} @54 cytokineo] W|X|= @3l daf 5 o @2
A7t 2o Aow Bl

v.a &

wLF7} H2dA2 =9 259 5353 RANKLY
%t ZAEZ Eoket TRAP &4, 2IAZY F 34 &3
TR vl A= FFE WA oS 22 AHRE AT

1. wLFE d28A2 §E=8 849 Frhgsel g} A%
F7h83 AT PANE JFL WAA g3 AFehy
gElgel RS 4B AE Y%, HBY B 47
WAL folstl S7HIAT ol FhEEe IS
a7} 9122 ofuic,

2. WLFE GaEAR S8 A0 Brhasd Qo
BE FolZoq TULE $olskA F7HAA,

3. wLFE RANKLZ 9= atZA|xo] B3} T3 TRAP
A AE 42} TRAP A4S ZAA7]E 23k Qi

4, wLFE 2ZAI29 34 #AAEI ALPY mRNA
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WAz Peisto] AgThael Hal fostAL gsro
AL S B Bt

5. wLF= A2 Z3A AR EQ osteocalcin®
mRNA 283 Bsto] APzl v F= &
o2 fostA AaS S7H7I= BEFE HA o=

o
= °
2B L) £oto} T FALS FAUTHE AL oJujaiet,

oS THIMNEH, wLFe] #H7] A Frhed mEe tigh
AA 71 A FFAE] B3 JAgte] Fo| AE4E =2F
oz ey Bots 2IAE] B35 FUHAA &9
PAAL 22 A7)e Aoz Bt ZthgZo] wAgEtd, o
24 cytokineE°] F715te] RFA|Z 9 F4|3 B35 7HA
A 4= Qe AT, B AFoME wlFe oEAZE 9 =
Az A" ARES WA E2EY BHS APt
wLF7} €34 cytokineo] WX FFo] dia) 35 o @
A7t das Aoz Helrh,

Al 2

o £RL 20208 HY (R &R Aoz
AFATAT A YL Wob £HH A7Y (No. 2020R1A2
€1007836).
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