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ABSTRACT

Bone is an active organ, constantly being remodeled through a lifelong
balance between bone formation by osteoblasts and bone resorption by
osteoclasts. This balance is maintained by various signals, including
hormones, growth factors, and cytokines. Osteoporosis is a metabolic bone
disease associated with an imbalance of bone remodeling. Osteoporosis 1is
characterized by decreased bone mass and increased bone fractures. In this
study, we investigated the in vitro and in vivo effects of horse bone
extracts (HBEs). Horse bone was extracted with 80% alcohol (HBE-A1l) at
100C or water (HBE-W1) at 120°C, and 80% alcohol (HBE-A2) and water (HBE-
W2) at room temperature. In vitro, MG-63 cells were stimulated with IL-18
(10 pg/ml) to induce bone disease factor (IL-6) and RAW 264.7 cells were
stimulated with sRANKL (100 ng/m¢) to induce differentiation into TRAP-
positive osteoclasts. An 1n vivo bone disease model of postmenopausal
osteoporosis was used, in which osteoporosis was induced by ovariectomy of
female S.D. rats (female rats were divided into 5 groups), and HBEs were
administered to ovariectomized rats every day for 8 weeks. After 8 weeks,
the rats were sacrificed and the following osteoporotic factors were
measured: body weight, serum alkaline phosphatase (ALP), serum estradiol
(E2), uterine/body weight ratio, and bone mineral density (BMD). The
results showed that HBEs decreased the bone disease factors in vitro in a

dose—dependent manner, and the TRAP-positive multinuclear osteoclasts were



decreased. The administration of HBE-W1 in vivo decreased the changes in
body weight in ovariectomized rats. HBE-Al and HBE-W1 decreased the ALP.
In addition, HBE-W1 increased the uterine/body weight ratio, femur/body
weight ratio, and BMD. Therefore, HBEs may be used for the prevention or

treatment of bone disease factors.

Key words - horse bone extracts (HBEs), bone disease factors,

osteoporosis, and osteoporotic factors
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A 9], 2005; A3 st wgH, 2002; AL H S8 AL
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osteoblast) o} W& F58k= MM X (FZA¥E; osteoclast)e] s 280
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=5 G /WAL= E37F dojube &<k cytokined FFES W=
Aoz oddx o) WE ox = el H]ERHID, PTH, interleukin-1 (IL-
1), interleukin-6 (IL-6), tumor necrosis factor (TNF-a ), prostaglandin E,
(PGEy) ol tigh &A= wa Ao EAsHA et o8t X+ -4
W A el 283§, Wt AE st xR SEe A A M EAE
of o) A o] QIAE vwiZjE winI A L) A4S} dojub= Aow
24 9Jt}. PTH, calcitonin, W E}YID, estrogen, insulin & AA14 =23}
W FAo A EH|% = insulin like growth factor—1 (IGF-1), transforming
growth factor-B (TGF-B), IL-1, IL-6 59 =4 AR} Fol ofz o) 233}

E 4ok, PCE A= os AAPH = INF-a, IL-6, IL-18+ W&ol 93

o
P

MR S 1062 GEAEERE BPSE TL-1Be ofs) A=5 o] w
gy Aol HilE EFs= Ae=m dHA vk, (Isabel Fernandez-
Tresguerres Hernandez-Gil et al., 2006; Koichi Matsuo et al., 2008; LORENZ
C. HOFBAUER et al., 2000).

k3 M Z8 A (osteoclastogenesis)= receptor activator of NF-xB
(RANK)/ RANK ligand (RANKL)/osteoprotegerin (OPG) signaling systemol <3l
Zd% =, RANK= WA e S48k &A= RANKLY} 2 esfo] v}y
AELFAAS Frgich, =3k 2= WA Xy 7] A A Eol A RANKLY} OPG7}
Hl &) =t] RANKL [osteoclast differentiation factor (ODF), osteoprotegerin

ligand (OPGL), TNF-related activation—induced cytokine (TRANCE)]2 TNF &
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e Al ol typell 9] ZHdolekul A (transmembrane protein)ZA], W I}

i)

AFAE (osteoclast precursor)® receptor activator of NF-kB (RANK)ol

AstslA ®©rlh. 0PGE RANKLO| Z3alo] RANKS} RANKLS] AgHS A afjgtozH

W) A E o] FAS AAstE AR 4 Ak (William J. et al., 2003).

ol2f g w Py} wF=1to
g, Ak mdghe] i<l

SAEY, A6 oY F, W

e Aol H= we| YRy

s7kete] Arl= A= A

1997). AgAoRZE dAHEE

A7) o1l st w sl

D. N., 1991; T. J. WRONSKI er al., 1993). &

olsl g AEZAL]
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(HBE-W2), A-2olA 80% EtOH= F=3F 2 4 F&E (HBE-A2)= U7 in

vitro2t in vivool Al W A3k Qe WX = FeS

ok

Q13}ATE. In vitrodl A=
W 2 A AlE (human osteoblast cell line)Ql MG-63 Ao IL-1B 2 A==
Fol st B AR IL-65 st § 4 FEE9 IL-69 A A
= mRNA 233} ELISAR &eldtivh, mak 2 AE AlY (murine macrophage

cell line)Q! RAW 264.7 A3l 4] sRANKL (soluble RANKL)<S A}-8-3ho] w s} A

T2 YA F 7 =5 WAz el A AEE TRAP staining®
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Table 1 - T} Aol T7E 3 H)

EA. FAEFFATA, 2006)

ol

(o]FA:

Tar)o} e JF

T o () mg/100 g A (%) mng/100 g
P 5,874 + 75 6,619 + 129

K 82 + 2.6 57 + 2.8

Ca 10,193 + 634 6,839 + 562
Mg 132 + 2.3 179 £+ 3.9

Na 549 + 8.8 462 £ 9.2

Fe 12 £ 1.2 18+

Mn 0.12 + 0.01 0.12 + 0.01
7n 4.7 £ 0.1 4.6 £ 0.1

Cu 0.79 + 0.03 0.29 + 0.04
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Table 2 - Experimental design for the extraction conditions of horse bone

Extraction condition

Sample name Temp. (TC) Solvent Time (hr)
HBE-W1v 120 distilled water 24
HBE-W2? RT distilled water 24
HBE-A1Y 100 80% EtOH 24
HBE-A2Y RT 80% EtOH 24

Sample names

(D HBE-W1; horse bone extract-water (120T)

(2 HBE-W2; horse bone extract-water (room temperature)
@ HBE-A1; horse bone extract-80% EtOH (100C)

@ HBE-A2; horse bone extract-80% EtOH (room temperature)



2. NExAH

IDNR A

W2 A ¥ AY (human osteoblast cell line)Ql MG-63 AE} A AEZ AE
(murine macrophage cell line)$l RAW 264.7 M3+ Korean Cell Line Bank
(KCLB) el M 2 Wob Adell ARgskltt. MG-63 AlEek RAW 264.7 AlE+=
penicillin-streptomycin 100 units/m¢ (GIBCO, NY, USA)9} 10% fetal bovine
serum (FBS; GIBCO, NY, USA)e] &% Dulbecco's Modified Eagle Medium
(DMEM; GIBCO, NY, USA) A& AR&ete] 37°C, 5% C0, =714 widation,

3-4 Lol I Al 33t

2) AIEZAZ7); MIT assay

MG-63 A (1.0 X 10° cells/ml)+E 24 well platedl] H=3sto] 18 AJZE Al
% 3 wiRE AASL A5 IL-18 (BIOSOURCE, Europe S.A., 10 ng/ml)~7}
¥3d wx= Agste] 24 A7 wiEsEIcE. RAW 264.7 AIE (0.5 < 10

cells/m)E 96 well plateol]l HE3te] 24 A7k AujeF 3 3 A 82 A7t

-
1154
Y
jus)
==
(o

Fatoich. wike]l Eubd v Aol MIT-E<4 (AMRESCO, Ohio, USA)<
0.4 mg/mee] EEF F7teto] 4AF B RESAIZ & AF NS AAS,
dimethylsulfoxide (DMSO; AMRESCO, Ohio, USA) 300 < 713 ¥ HAES &
AT, 540 moll X FFEE SAsI o, 7 Ao i dd FFE
e Tete] dxate] FEE ) vae gto R Algol digh MEsAdS e

WAt



3) Ilterleukin-69 A 2 A=

MG-63 A3ZE (1.0 X 10° cells/ml)E 24 well plate o] H=3sle] 18 A7+ A
W F uAE AAGT AR 1L-16 (10 ng/n)7t T WAES A et

mlekalith, 30 AlZE & wlgElAE FAEE (12,000 rpm, 3 min)dte] foF

0%

\i

O>’

JZ Mol [L-62 human IL-6 ELISA Kit II (BD Biosciences, NJ, USA)S o] &3}

O

o] A3t oW, standardel that F=FA Y rgES 0.99 o] ko] ATk

4) RNAE-Z

MG-63 AIE (1.0 X 10° cells/m)E 60 @ dishol AF3te] 18 Az Auls
T A E AAS L A8 IL-18 (10 ng/ml)7F E8HE HiA|E A gsle] 24 A
2 jeksldel. AlFEo] TRI-reagent (MRC, OH, USA)S H7}sto] #4233 5 &
22X 5 (chloroform; CHCly)S FH7kste] A4l (4C, 15,000 rpm, 15 min)
sto] AT de A, AT do| FF o] x2S (isopropanol)S 713}
of AAEZ (12,000 rpm, 8 min)3dtil, HF ribonucleic acid (RNA)E A&
37 93 diethyl pyrocarbonate (DEPC)7} ESHe 75% EtOHS % 7}sle] YAl &
2 (10,000 rpm, 5 min) & $ 7FA|A DEPC7t 3% D.W.o =3tk 260 mn
A TFEE =H3lo] RNAS AEFstAal, 260 mol A E33=2F 280 nmol A

RVAS Aol A3t mE

sl

o] ZH% H|Eo] 1.7-1.9 HY WY s 7z

2182 RNase-freedlt ZAo A o] Fo]x]

5) cDNASHA 2 polymerase chain reaction (PCR)

Complementary deoxyribonucleic acid (cDNA)E gAdsl7] 918 1 pgel total
— 10 —



RNAE oligo (dT)s primer, 0.5 uM deoxyribonucleotide tri-phosphate (dNTP),
1 unit RNase inhibitor, 2 UM-MuLV reverse transcriptase® 70TCol|A 5 i,
26 Col A 5 i, 37ColA 60 &, 70CelA 15 & heating A1A WS FAAIZ
o FAdE DNAZHFH IL-6, B-acting T3FA7]7] 918ke] polymerase chain
reaction (PCR)S F&3FATE. 1 ub cDNA®} reaction buffer [5° and 3’

primer, 10 X PCR buffer (100 mM Tris-HCl pH 8.3, 500 mM KC1, 20 mM MgCls,,
Enhancer solution), 10 mM dNTPs (2.5 mM each), i-Taq" DNA Polymerase (5 U/
10)1 (iNtRON Biotechnology, Gyeonggi-do, Korea)E 25 w@ 3 TR €1000™
Thermal Cycler(BIO-RAD, CA, USA)E °]&3ate] PR & HAakqltt (Table 1).
PCRol] olsle] A E AHE-S 1.2% agarose (Promega, WI. USA) geloll A 7 7]<d
&< AASFAL ethidium bromide (EtBr; SIGMA, MO, USA, 0.5 ug/me)= <443}

of 54 bandE #<l1&trt.

_11_



Table 2 — Primers used for PCR.

Gene Primer sequences Condition Fragnent
(cycle number) Size (bp)
94C, 20 sec
L6 F; 5'-AATTCGGTACATCCTCGACG-3' 56C, 30 sec 191
R; 5'-GCGCAGAATGAGATGAGTTG-3' 72T, 30 sec
(30 cycles)
94°C, 20 sec
B- F; 5'-ATGGGTCAGAAGGATTCCTATG-3' 56C, 30 sec -
actin R; 5'-CAGCTCGTAGCTCTTCTCCA-3' 72T, 30 sec

(30 cycles)

_12_



6) w3 A 323 A (osteoclastogenesis)

RAW 264.7 A3 (0.5 < 10° cells/ml)=S sRANKL (R&D Systems, MN, USA, 100

ng/me)o] EZ3HE WA E o]&3lo] 96 well plated] HEsko] 24 AIZF wjgF &
ANB5E Aelsta 7 47F midstd o, 4 A 21As wgto=zm w5
=

7) Tartrate-resistant acid phosphatase (TRAP) staining

o)A ZPAFS F21st7] 918l TRAP assay kit (Kamiya Biomedical
Company, CA, USA)E AR&sto] wiataAlxE AT, wide] & AXE
phosphate buffered saline (PBS; SIGMA, MO, USA)= 3+ W Az 3te] 10%
formaling 50 wt/well® Yol 5 £+ wAAZAL. DN.2 3 ¥ AT 7
2 &2 [50 mM tartrate-containing buffer (pH 5.0), chromogenic substrate

3 mg/viallS 27} 50 wh/well® ¥ol= & HS Zpukslk Alejo A 37CoA 1

A 7F 30% wFEe A ZTE, wEZo] By AEE DW.E 2 H A & duFo=
AAE Ao 5 AT
3. =49
1) A3sE 2 AL
A% 1 NEe Sprague-Dawley (S.D)A GFAS & L dEHRL] QoA )
sto] 5 NE7MA] ARSSE § Add] ARgSRSiTh. AT e A FHEH RO

_13_
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w v

W wE7) A3 (bone mineral content; BMC),

4) dopew e

(bone mineral density; BMD) 573
FE AuEm s 2dshy] st oHY =9 55 AN AAs e, |
U S 24 AP AXAA AxE FAE SASAT. dobem o] wi el w
ojsevA XH F4% (DEXA; Norland

T =
Medical Systems, Fort Atkinson, WI, USA)S A}-&3te] =431},

4. BAAY

Q7 FF=HA (standard deviation; S.D.)=

Student's T-test =A13} one-way ANOVAZS o] 83}

frol e p<0.052 AT

_15_



L AZAgA T FEE0] WAL AR v = &

1) MG-63A|3E2F RAW 264.7 A|EoA wWw F=Eo =97}

MIT assaye 2ol AEQ mitochondria®] 4 G AZEg 9&le] 4
|4 9] &AM 3-(4,5-dimethylthiazol-2-yl) —2,5-diphenyl tetrazolium
bromide (MIT)7} & =o] A== AFME W= E84 formazan®] SFEE
SAeeE oz I FEEo| MG-63 MES RAW 264.7 Ao H5AS UE

YE=AE 37| 918 AFE38F T (Carmichael et al., 1987).

MG-63 Ao W Z=Z=E9S 100, 200, 400 ug/ml= A stgom, A=2E
A A e 2T FHE S vHuste gEzTY AXAEES 1009=

UERATE. HBE-W1, HBE-W2, HBE-A2E A late] 7} sXolA 90% o]/de] AEAY
&S YElow, HBE-ALS 400 pg/meoll A MEBELEC] 87%=E  UERR
(Figure 1).
RAW 264.7 Aol Tw FHES 50, 100, 200 pg/m= A gste] thza-3}
Hlashe] ¥ Ax}b HBE-W1, HBE-W2, HBE-A1S A e]&te] ZF Fola 90% o]e]
AEZAYEES YeEPd o | HBE-A2% 200 wg/meol A 75%%2 et (Figure 2).
o] F MG-63 AIEi= 100, 200, 400 ug/mee] F=olA, RAW 264.7 AXE 100

pg/mle = o]t A AE S Aast).

_16_



2) MG-63 Ao A ilterleukin-69] Ao v x+= &3}

o FEEo] IL-69 Aol W= GFE Gotrr] fste], MG-63 Al
IL-18 (10 ng/ml)E AH&lste] 1L-62 AL Fxsta, 2zt Zm FEHE
o]3k [L-62] A oJAE ELISAZ o]&3to] A3t

Zbzkel o FEEE 200 pg/mee] EZ AFSIE W, EE ARA

o3}

30% °]de] IL-62] AR JAadE ST 5 ARem 1 F F

o
e

o iy
i
:

HBE-Al¥} HBE-A2E A= st3l& w ZH2h 50%et 75% d=e] AdAadts &ld
T AT (Figure 3). °]5S =W A sto] HBE-A17 HBE-A27} S:Eo&

o oAt Ang HAd = YA} (Figuwre 4-7).

3) MG-63 AlEeA ilterleukin-62] mRNAE& o] v X]+= &3}

MG-63 Al¥e] IL-1B (10 ng/m)E A z]sle] IL-62] XS Fedhar o
FZEE0] IL-1B8°] 23 IL-6 mRNA & vX= FgFS Lol 7] 935k RT-
PCRS 335} t}.

IL-6 mRNAS] &S kol A3 [L-189 AHelZ IL-69 mRNAS] o] &

A3 F7betg o, W F2EE5S w2 (100, 200, 400 pg/m)E s A
I} BE FEEAAM T JEHoR JAstE AHE FAaFd 4 ©o ™ HBE-
Al3} HBE-A2¢] 7% @& % (100 pg/ml)AA %= IL-1go o8] Fx% IL-6
1S At JAstE 23S Folsk = At} (Figure 8-9).

4) RAW 264.7 A|3zo|A wa AP v X= a3

SRANKL®| ]3] = ©3o] wiuly A e thao] ity Y= A XL
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Mol TRAP (tartrate-resistant acid phosphatase)S 7}FAa2  <9ith. Acid

phosphatase:= 42FAd Z 7oA naphthol AS-B1l phosphoric acidE 7}=#3l 3}

A4 % naphthol AS-B1¢] azo dye (Fast garnet GBC)®} Adsle] E-gA9] A
55 At A dMETt (Goldberg et al., 1962). A A= A x7}

TRAPS 7HA = W22 1 F5 gQlste] mayAxe] JA4 HAEE XA}
ST,
RAW 264.7 Al3ro] sRANKL (100 ng/ml)< A 2lsle] wa}o 2P AL
, Mo ) 2255 APsigltt. 7zt w3
s o, WIAAANEIAZE 30% oY Ao, 1 F 1z FEFES
HBE-W13} HBE-Aloll A 60% o]+ A& 3= vteblith (Figure 10-11).

Zzke] I FEFES FEW (25, 50, 100 ug/mb)E A ste] gk Az}
HBE-W1-2 63, 71, 78% Ao AAa¥E YERN AL, HBE-W2+= 46, 66, 73% 78
w9 AS Yebdth. HBE-ALS 64, 79, 81% A%, HBE-A2: 40, 48, 57% A%

2 WA xEAAS A s (Figure 12-15).
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120 W1 -=W2 %A1 -8-A2
100 - e ____g—8
_ '“H—-H_.:i:_ = _.‘_a—d_.'___‘/..f.:
- = g
< g0 +
j:.
=
2 60
=
g
U 40 |
20 r
0
IL-1p (10 ng/ml) - + + + +
HBEs (ug/mb) - = 168 208 400

Figure 1 - Effects of HBEs on cell viability in IL-18 stimulated MG-63
cells. MG-63 cells (1.0 X< 10°cells/m{) were pre-incubated for 18 hr, and
the 24 hr culture of cells were stimulated with IL-18 (10 ng/m¢) in the
presence or absence of HBE-W1, W2, Al, and A2 (100, 200, and 400 ug/ml).

Cell viability was determined by MIT assay.
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120 W1 W2 -#-A1 -S-A2

100 | " ——————— § A
S~
— 1

80

60 |

Cell viability (%0)

40

20

0
HBEs (1g/me) - 50 100 200

Figure 2 - Effects of HBEs on cell viability in RAW 264.7 cells. RAW
264.7 cell (0.5 X 10%°cells/m¢) were cultured for 7 days in the presence
or absence of HBE-W1, W2, Al, and A2 (50, 100, and 200 ug/ml). Cell

viability was determined by MIT assay.
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IL-6 production (ng/mé)
& e ®w o D
= = = = =

L
=

- &
&
I e
0 " I 1 I I I " l
+ + + + +

IL-1( (10 ng/me)
HBEs (200 pgint) - - wi W2 Al A2

Figure 3 - Effects of HBEs on the IL-6 production in IL-1B stimulated
MG-63 cells. MG-63 cells (1.0 X 10°cells/m¢) were pre-incubated for 18 hr,
and the 30 hr culture of cells were stimulated with IL-13 (10 ng/ml) in
the presence or absence of HBE-W1, W2, Al, and A2 (200 uxg/mé). The
productions of IL-6 were assayed by ELISA (450 nm) method from the culture
medium. The data represent the mean = S.D. (n=4). #*p<0.05 vs. IL-183,

*%p<0.01 vs. IL-1[.
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b & w = [
[ = =3 = 3

IL-6 production (ng/mé)

153
=

B iy
ek
0 L I 1 I L l
+ + + +

IL-1f (10 ng/ml)
HBE-W1 (z2/ml) . - 160 200 400

Figure 4 - Effects of HBE-W1 on the IL-6 production in IL-1B stimulated
MG-63 cells. MG-63 cells (1.0 X 10°cells/m¢) were pre-incubated for 18 hr,
and the 30 hr culture of cells were stimulated with IL-13 (10 ng/ml) in
the presence or absence of HBE-W1 (100, 200, and 400 pg/mé). The
productions of IL-6 were assayed by ELISA (450 nm) method from the culture
medium. The data represent the mean = S.D. (n=4). #*p<0.05 vs. IL-183,

*%p<0.01 vs. IL-1[.
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b & w = [
[ = =3 = 3

IL-6 production (ng/mé)

153
=

|“‘\ ||||| ih
0 L I 1 1 L l
+ - + +

IL-1( (10 ng/ml)
HBE-W2 (ug/nt) - - 160 200 ()

Figure 5 — Effects of HBE-W2 on the IL-6 production in IL-1B stimulated
MG-63 cells. MG-63 cells (1.0 X 10°cells/m¢) were pre-incubated for 18 hr,
and the 30 hr culture of cells were stimulated with IL-13 (10 ng/ml) in
the presence or absence of HBE-W2 (100, 200, and 400 pg/mé). The
productions of IL-6 were assayed by ELISA (450 nm) method from the culture

medium. The data represent the mean = S.D. (n=4). #*p<0.05 vs. IL-13.
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b & w = [
[ = =3 = 3

IL-6 production (ng/mé)

153
=

*
ik
0 s I 4 1 L l
+ + + +

IL-1f (10 ng/ml)
HBE-Al (ug/ml) - - 100 200 400

Figure 6 — Effects of HBE-Al on the IL-6 production in IL-1B stimulated
MG-63 cells. MG-63 cells (1.0 X 10°cells/m¢) were pre-incubated for 18 hr,
and the 30 hr culture of cells were stimulated with IL-13 (10 ng/ml) in
the presence or absence of HBE-A1 (100, 200, and 400 pg/mé). The
productions of IL-6 were assayed by ELISA (450 nm) method from the culture
medium. The data represent the mean = S.D. (n=4). #*p<0.05 vs. IL-183,

*%p<0.01 vs. IL-1[.
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IL-1$ (10 ng/ml)
HBE-A2 (nginl) - - 160 200 44

IL-6 production (ng/mé)
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Figure 7 - Effects of HBE-A2 on the IL-6 production in IL-1B stimulated
MG-63 cells. MG-63 cells (1.0 X 10°cells/m¢) were pre-incubated for 18 hr,
and the 30 hr culture of cells were stimulated with IL-13 (10 ng/ml) in
the presence or absence of HBE-A2 (100, 200, and 400 pg/mé). The
productions of IL-6 were assayed by ELISA (450 nm) method from the culture
medium. The data represent the mean = S.D. (n=4). #*p<0.05 vs. IL-183,

*%p<0.01 vs. IL-1[.
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IL-1p (10 ng/mf) = + i + +
HBE-W1 (zg/mé) - - 100 200 400

IL.-6 421 bp

p-actin 588 bp

IL-16(10 ng/mf) = + + + +
HBE-W2 (zg/mf) - - 100 200 400

IL.-6 421 bp

p-actin 588 bp

Figure 8 — Effects of HBE-W1 and HBE-W2 on the IL-6 mRNA expression in
IL-18 stimulated MG-63 cells. MG-63 cells (1.0 X 10°cells/m{) were pre-
incubated for 18 hr, and the 24 hr culture of cells were stimulated with
IL-1B (10 ng/ml) in the presence or absence of HBE-W1 and HBE-W2 (100,
200, and 400 ug/m¢). mRNA expression was carried out in RNase-free
environment determined by RT-PCR. PCR amplification was performed using

primers for IL-6 gene. B-actin was used as an internal control.
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IL-16 (10 ng/mf) = + + + +
HBE-A1 (zg/mf) - - 100 200 400

IL.-6 421 bp

p-actin 588 bp

IL-16(10 ng/mf) = + + + +
HBE-A2 (zg/mf) - - 100 200 400

IL.-6 421 bp

p-actin 588 bp

Figure 9 - Effects of HBE-A1 and HBE-A2 on the IL-6 mRNA expression in
IL-18 stimulated MG-63 cells. MG-63 cells (1.0 X 10°cells/m{) were pre-
incubated for 18 hr, and the 24 hr culture of cells were stimulated with
IL-1B (10 ng/ml) in the presence or absence of HBE-A1 and HBE-A2 (100,
200, and 400 ug/m¢). mRNA expression was carried out in RNase-free
environment determined by RT-PCR. PCR amplification was performed using

primers for IL-6 gene. B-actin was used as an internal control.
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sRANKL () sRANKL (100 ng/m¢)

0 ng/m¢)+ HBE-A1

j
‘gt
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Kk v : 9 ,JF
: . el i S

SRANKL (100 ng/m{)+ HBE-W2 SRANKL (100 ng/m{)+ HBE-A2

Figure 10 - Effects of HBEs on osteoclastogenesis in SRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
sRANKL (100 ng/mé) for 7 days in the presence or absence of HBE-W1, W2, A2,
and A2 (25 pg/ml). The growth medium was replaced 4 days. After 7 days,

the cells were fixed and stained for TRAP. (><200)
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sRANKL (100 ng/ml) -
HBEs (25 pg/ml) . . w1 w2 Al A2

Figure 11 - Effects of HBEs on osteoclastogenesis in SRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
SsRANKL (100 ng/m¢) for 7 days in the presence or absence of HBE-W1, W2, Al,
and A2 (25 pg/ml). The growth medium was replaced 4 days. After 7 days,
the cells were fixed and stained for TRAP. The data represent the mean =+

S.D. (n=3). *p<0.05 vs. SRANKL, ##p<0.01 vs. sRANKL.
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Figure 12 - Effect of HBE-W1 on osteoclastogenesis in sRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
SRANKL (100 ng/ml) for 7 days in the presence or absence of HBE-W1 (25, 50,
and 100 wg/ml). The growth medium was replaced 4 days. After 7 days, the
cells were fixed and stained for TRAP. The data represent the mean £ S.D.

(n=3). *p<0.05 vs. sRANKL, ##p<0.01 vs. sRANKL.
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Figure 13 - Effect of HBE-W2 on osteoclastogenesis in sRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
SRANKL (100 ng/ml) for 7 days in the presence or absence of HBE-W2 (25, 50,
and 100 wg/ml). The growth medium was replaced 4 days. After 7 days, the
cells were fixed and stained for TRAP. The data represent the mean £ S.D.

(n=3). *p<0.05 vs. sRANKL, ##p<0.01 vs. sRANKL.
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Figure 14 - Effect of HBE-Al on osteoclastogenesis in sRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
SRANKL (100 ng/ml) for 7 days in the presence or absence of HBE-Al (25, 50,
and 100 wg/ml). The growth medium was replaced 4 days. After 7 days, the
cells were fixed and stained for TRAP. The data represent the mean £ S.D.

(n=3). *p<0.05 vs. sRANKL, ##p<0.01 vs. sRANKL.
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Figure 15 - Effect of HBE-A2 on osteoclastogenesis in sRANKL stimulated
RAW 264.7 cells. RAW 264.7 cells (0.5 < 10°cells/ml) were stimulated with
SRANKL (100 ng/ml) for 7 days in the presence or absence of HBE-A2 (25, 50,
and 100 wg/ml). The growth medium was replaced 4 days. After 7 days, the
cells were fixed and stained for TRAP. The data represent the mean £ S.D.

(n=3). *p<0.05 vs. sRANKL.
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HAHEE AFgo|e FS v =d, AFHuke] YFS UERYo] o ~E
2219 Ao o3 AFHEAL FHAE 1At} (Lee HM et al,. 1992).
AgdS HEste] AFFA vES Felste] B Ad= o3 @t Shamdt

3 ouEE R W OXEe FelHow AR uEo] FAsAOn | OVK-ELE

o) AFEA v&e ST OV ol A AF5A n&e folHom F
ZFeFRA ok, OVX-Alwol A= OVX: Bk Bgte) (Figure 20). ol2]dh Zabe=

2HER AgFAs AS5HNeH, 9 22T = FEEO AT 4
& NN Aoz gzdr.

5) d* estradiol (E2)¢] W3}

AR TEY daHEL d2ERA ARS =T Aew A 25 AAA

21t} (Durbridge TC et al., 1990; Eastell R et al., 1988; Faugere Mc et al.,
1986; Malluche HH et al., 1987;). Shamw ¥} Hlulste] HOYS wf dAHE=
OVXw9] E29] =47} vtel & Blshglom, OVX-E2w el 4] estradiol®] Foi=
3 E29] FA7F wolds gl w4 FE2ES Folgh OVX-AlTr 3 OVX-

Wiol e dadsel o8 Yol dA 2 X0 d&d= VAA &e A

6) &3 alkaline phosphatase (ALP)®] W3}

ALPe] A= W AlEd dAEM, A7 Ao Ag WAL St
2 &9l g 4 A} (Duda RH Jr et al,. 1988).
2 ALPO] A5 Flste] ¥ A} OVXrell Al FH ALPS] A7} fol Ao

2 7S @RlEiglen, OVX-E2utol A d ALPe] A7) oA em fhAas)
- 36 -

O



Aok, T FE2E T JA] 0K Hrh v " AP FAE YERY AT
(Figure 22). ALPS] A7} YolAl= oz Hol @ FEzo] WuA&s 3

AN 7= Aoz Rpelt),
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—o—Sham —=—O0OVX ——OVX-E2 —#-0VX-W1 —=-0VX-Al

Body weight (g)

0 week 5 week 6 week 7 week 8 week

Figure 16 — Changes of body weight during administration of Horse Bone
Extracts in ovariectomized rats. HBEs (4 m{/kg) were administrated (P.0) to
ovariectomized rat every day for 8 weeks. 173 -estradiol (20 ug/kg) was
administered (I.M) to ovariectomized rats 3 days/week for 8 weeks. The

data represent the mean = S.D. (n=7). #p<0.05 vs. 0 week.
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Figure 17 - Changes of femur/body weight ratio by administration of Horse
Bone Extracts in ovariectomized rats. HBEs (4 ml/kg) were administrated
(P.0) to ovariectomized rat every day for 8 weeks. 17 -estradiol (20 ug/
kg) was administered (I.M) to ovariectomized rats 3 days/week for 8 weeks.

The data represent the mean = SD (n=6). *p<0.05 vs. Sham.
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Figure 18 — Changes of femur bone mineral content (BMC) by administration
of Horse Bone Extracts in ovariectomized rats. HBEs (4 ml/kg) were
administrated (P.0) to ovariectomized rat every day for 8 weeks. 17B-
estradiol (20 pg/kg) was administered (I.M) to ovariectomized rats 3
days/week for 8 weeks. The data represent the mean + SD (n=6). 'p<0.05 vs.

ovX, 7T p<0.01 vs. OVX.
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Figure

of Horse

19 - Changes of femur bone mineral density (BMD) by administration

Bone Extracts in ovariectomized rats. HBEs (4 ml/kg) were

administrated (P.0) to ovariectomized rat every day for 8 weeks. 17B-

estradiol

(20 ug/kg) was administered (I.M) to ovariectomized rats 3

days/week for 8 weeks. The data represent the mean * SD (n=6). #*#p<0.01

vs. Sham,

T p<0.01 vs. OVX.
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Figure 20 - Changes of uterine/body weight ratio by administration of
Horse Bone Extracts in ovariectomized rats. HBEs (4 ml/kg) were
administrated (P.0) to ovariectomized rat every day for 8 weeks. 17B-
estradiol (20 pg/kg) was administered (I.M) to ovariectomized rats 3
days/week for 8 weeks. The data represent the mean £ SD (n=6). #*#p<0.01

vs. Sham, Tp<0.05 vs. OVX.
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Figure 21 - Changes of serum estradiol (E2) by administration of Horse
Bone Extracts in ovariectomized rats. HBEs (4 ml/kg) were administrated
(P.0) to ovariectomized rat every day for 8 weeks. 17 -estradiol (20 ug/
kg) was administered (I.M) to ovariectomized rats 3 days/week for 8 weeks.

The data represent the mean = SD (n=6). *%p<0.01 vs. Sham.
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Figure 22 - Changes of serum alkaline phosphatase (ALP) by administration
of HBEs in ovariectomized rats. HBEs (4 ml/kg) were administrated (P.0) to
ovariectomized rat every day for 8 weeks. 17B-estradiol (20 ug/kg) was
administered (I.M) to ovariectomized rats 3 days/week for 8 weeks. The

data represent the mean £ SD (n=6). *#p<0.01 vs. Sham, ' 'p<0.01 vs. OVX.
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