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< SUMMARY >

IAEHD D-02

Osteoporosis is one of the most frequently occurring bone diseases with
increased risk of fracture leading to gait dysfunction and low quality of life.
Also, constant effort on bone health maintenance is critical as it becomes
more common with age, and the average age of the population is growing
older. Most of the osteoporosis treatments currently available are only
capable of preventing the progression of osteoporosis with the inhibition of
resorption, and parathyroid hormone treatment with bone formation
stimulating effect provides limited use due to its hormonal properties.
Therefore, the purpose of this study is to select candidate ingredients and
develop safe health functional food for bone health products with bone
formation activation and bone resorption inhibition with minimum side
effects, and also overcoming the current disadvantages of current

treatments.
Purpose&
Contents O Study on new herbal medicine ingredient of bone formation induction
activity and bone resorption inhibition activity
[0 Development of new functional food materials extract on bone health
and osteoporosis improvement
O Utility patent and journal publication (for scientific evidence) of the
developed product
O Establishment of quality control standards and standardization (research
on material property) of the developed product
O Efficacy evaluation, formulation selection, and stability data (for regulatory
documents) of sample product
O Non-clinical efficacy and toxicity studies (sufficient preliminary data for
future clinical efficacy studies)
O Clinical efficacy studies - Guidelines for the individual recognition (IRB
approved)
1. Establishment of quality control standards and standardization
(1) Selection of herbal medicine ingredient / sample preparation for in vitro
efficacy evaluation
- Screening and selection of herbal medicine ingredients based on the
ingredients allowed to be used as food and other quasi-drugs for
Results

anti-inflammation.

- Establishment and evaluation of ALP stimulation activity of osteoblast
differentiation

- Establishment and evaluation of TRAP inhibition activity of osteoclast
differentiation




Results

- Selection of 3 herbal medicine ingredients with high potential for
development (Dimocarpus longan, Mori Ramulus and Alpinia
officinarum)

- Final selection of Dimocarpus longan for production of sample products
after evaluating the extracts and fractions of 3 herbal medicine
ingredients by in vitro and in vivo studies

(2) Study of mode of action (MoA) of osteoblast differentiation activation
- Evaluation of Osteoblast maker gene expression (ALP, Runx2, OCN)

- Evaluation of Wnt/b-catenin signaling activity stimulation

- Evaluation of Erk1/2 signaling activity stimulation

- Evaluation of p38, JNK signaling activity stimulation

(3) Study of mode of action (MoA) of osteoclast differentiation inhibition
- Evaluation of NF-kB signaling activity inhibition (IkB-a)

- Evaluation of Osteoclast maker gene expression (Trap)

- Evaluation of Osteoclast maker protein expression (NFATc1, NF-kB)

2. Production of raw material and establishment of standards and
specifications
(1) Optimization of extraction condition
- Selection of extraction solvent, time and temperature condition
- Evaluation of ALP activity and gene expression for condition
- Selection of extraction volume and frequency

(2) Establishment of standards and specifications for materials

- Selection of quality control standards and development of method of
analysis

- Verification of method of analysis (specificity, linearity, accuracy,
precision)

- Production of pilot scale

(3) Establishment of standards and specifications for products

Evaluation of hygroscopic property and solubility

- Study on the prescription / formulation

Establishment of standards and specifications

Verification of method of analysis (specificity, linearity, accuracy,
precision)

3. Completion of non-clinical efficacy studies
(1) Efficacy study for osteoporosis on ovariectomized rat model
- Evaluation of efficacy test on animals (rodents OVX rat) with individual
extracts of Dimocarpus longan, Mori Ramulus and Alpinia officinarum
- Selection of final ingredients of Dimocarpus longan and Mori Ramulus
with highest efficacy on BMD and CTx efficacy testing




(2) Efficacy study for osteoporosis on pretreat-ovariectomized rat model

- Evaluation of efficacy test on animals (rodents OVX rat) with individual
or mixed extracts of Dimocarpus longan and Mori Ramulus before
ovariectomy.

- Selection of final ingredients of Dimocarpus longan with highest efficacy
on bone formation (BMD) from rodent OVX rat model

(3) Efficacy study for bone formation on zebrafish model

- Evaluation of bone formation efficacy test on animals (zebrafish embryo)
with final ingredients of Dimocarpus longan extracts

- Selection of final ingredients of Dimocarpus longan with highest efficacy
on bone formation and segmentation from non-rodent zebra fish model

- Verification of bone formation increase on bone growth and somite
efficacy testing in no rodents zebrafish models

4. Regulatory documents
(1) Preparation of IRB documents
- Preparation of documents for safety and efficacy evaluation based on
‘Regulation on registration, evaluation, and approval of quasi-drug
product’
- Preparation of documents for ingredient and finished product about
physicochemistry, manufacturing documents,  establishment  of
specifications and safety control

(2) Preparation of CMC documents for product development

- Establishment of quality control standards and safety of the ingredient
and finished product

- Establishment of manufacturing process, selection of marker compounds,
verification of method of analysis, standards and specifications, and
stability evaluation of the ingredient and finished product

(3) Stability study of ingredient and finished product

- Stability test of real-time condition (25+5°C, 60+5% RH) and accelerated
condition (40+5°C, 75+5% RH)

- No significant change in marker compounds in the ingredient (up to 15
months) and the finished product (up to 2 months)

(4) Non-clinical toxicity study

- Completion of single-dose toxicity study with oral administration on
SD-Rat

- Completion of bacterial reverse mutation test

- Completion of chromosomal aberration test on mammalian cultured cells

- Completion of teratotoxicity, cardiotoxicity, hepatotoxicity, and
neurotoxicity in zebrafish models




5. Utility patent application and journal publication of developed material

- Patent: 2 applications, 1 registration

Results - Publication: 3 publications completed
- Academic conference: 7 presentations at conferences
- Advertisement: 2 presentations at conferences
[Application plan]

- Manufacture and efficacy study of non-toxic (low toxic) functional herbal
medicine extract for new product development, mass production, and
efficacy and toxicity data

- Commercialization of functional ingredient for improvement of bone
health (osteoporosis)

- Increased sales from high added value functional ingredient and its
finished product

- Acquisition of new health functional food ingredient from MFDS

- Establishment of library of new treatment for the age-related metabolic
disease through development of natural herbal extract based on the
osteoblast differentiation induction mechanism

- Expanded wusage in global nutraceuticals products and natural
pharmaceutical industry

- Synergy effect of natural functional ingredient, micro-calcium and vitamin
D complex herbal medication

- Improvement of osteoporosis drugs based on the dual mechanism of

Expected bone formation induction and bone resorption inhibition activity

Contribution

[Expected outcome]

1. Technological outcome
- Core technological development based on natural herbal extract through

osteoblast  differentiation induction and osteoclast differentiation
inhibition activity

Establishment of extraction process and standardized technology on new
functional herbal extract

Development of safe functional materials for improvement of bone
health (osteoporosis) solving the problem of existing treatments.
Increased possibility of new treatment for the age-related metabolic
diseases through development of natural herbal extract based on the
dual mechanism of bone health

Expanded usage in pharmaceutical industry

2. Economic and Industrial outcome
- Establishment of converging technology of nutraceuticals and drugs

based on the functional food industry




Expected
Contribution

- Increased agricultural income for high quality herbal medicine supply

and cultivation
- High value added product and foreign currency profit model through

Key words

USA market
- Reducing social costs that may occur from osteoporosis.
. . . . Functional
Bone Health | Osteoporosis | Bone Anabolic | Anti-Resorptive Food
00
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A8 HHIZ Q8] 2d B & T T I ALY IAE =Y e 24

olF g o= AA AHE T AEBAY o @HELS FEIP] Hstd, TIAH FIF
€3 &4 A 71eAol FHolun A FEHFo REgo] HastE A AT

o] a3 A4

=085 Ao & HlsS AAete Fo& =71 vl=, O FEEVHER S, 5, ol
glof, 2H]l, d=), &Y T0FF BEf AT of 16984 11799, FA 4,5009
WoE FAEY, FF 20208 =tES A48 7= AwEG 170098 FSUtsted 1.34
AH(16% S7he] 2 Aoz o/dE (198, Datamonitor 2010).

=05 A FE= F8 =7Hu| =, 5EU, EE)o A 2005~2009d F<F dAF A+ AAE
2% = d7ste], 2009d0= ¢F 709 EHE @45t o, FFolr HXAHoE AHAS

2 7-91(2009~2019 CAGR 2.1%).

2010~2011d  #% =tEFs  oofEsl dYd
GlaxoSmithKline)e] <A = A2 g Fujeg =97}
A= v FHAA AS ARAYD Ao Z oA, 2012~2014F AW He] =A]Z Bonviva
8 AFe B vtRE dAonE EuFds AL dAHoRE FuFFTEF B
oekF o] FROA Ak AT Ao =E oidH.

234 Prolia(denosumab,  Amgen/
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il = 2008+ 20104 20124 2014 | 20161 | CAGR

a3 A=A

14 5 (US M$)

>ﬂ1H

A7 7,906 9,294 10,657 10,730 11,081 |  4.4%

(£* : Datamonitor, Pipeline Insight: Osteoporosis)

20133 Transparancy Market Research(http://www.transparencymarketresearch.com) = ol
st AA EoEF Yofs AR 20108 739 oA CAGR(EHHF S7HE) 9.2%=
2015\ oll= 114980 o]& Aolgt FAHsIH oM, 53] T =thads Al 2015 25
ofge] 7H7t e Zolatn AEHAS.

T A AA EAEE ARA M 8% RES AASL Yv HIAZAFUYOlE
AL 28420 oEd(ActoneD¥ EH]uKBonviva):= 201413, SERMs Alde] ofv] ~E}
(Evista)& 2014~2015d Alo], Z18]al PTH AE< E=2¥H (Forteo)d] 749 2018d &3
TE7E QB EH dol A ALY AUY AF AL olfo] MEL A e JhEe] theh Al
o] 87 7F vl AR = FFUAGR).

E F8 IGFT ABA Y MA AF 7= B Y 53 T8

2009 019
Class Brand Company Malecule Sales Saley
(S 4% (549th
Fosaman Pk Algndronate LLTy 430
| __'.-.han.»nr Chilcatt - | .
| 1 £} k] 1 1
Artong rSanoti-Avants Rizedrorate 518 18 . il bl 201
Blaphosphonses Bamvivk RachilGEE Bandronsle 43 2 | 204 ra 2013
ficiasia MNorardia Zaladmnic acid 564 85 2013 n'a 2092
Boavled Asbellea'Ona phas IMnadiaime acid 13 L
Evista EliLilly Halanifens A8 150 | 2014 215 2015
SERMs Fahilyn Prlizen Lagaloxfnne o n
Canbnza Phzor Bazedoxifena 0 it
Foelea EliLilly lenparaice B4l 415 2018 wa 2018
FiHa
Pmatad Nycamed 184 parstiryroidl 43 12
hormgnes
Miacalein et Saimon calctonm Fact f
Calcitaning
Fortical Umigene Saimon calctonn a7 3
Ehis aciitg bicine Prolelas Sefmer Srootum renalils 158 54 L] wa 2015
agenls |
Anhbody Proka Amgen/GEE Denasumab
Witamin [
Hafalie Exiral CrugaTaisho Eldecaiciol

e - 2012'd oF 1,6009 el Ae FAst e Aoz FAHHM o] JhedH =2
AP 2(MSD)9t 2 HIHHESr) ol =My opl Bl ) 293 37 A1F mjEo] 830
Addoz A Al 50% 7S ARSI A= 20129 Fu) IHEFSAZA Al A

S o] R e A AMSD)E ERIMHE)7E SRR E whel Sujoll A HAlof




3| &5&st=

&3 2010 US-FDA <
Denosumab& Z=AH3E 3%

olo} T ol dA|o]
HERID
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Amgen®] A A F<21 Prolia(Denosumab)
| E@H RANKLo| ZA3ste] IZAE
ZZME F#9 OPG (osteoprotegerin) T A7} FAGE G- st A2 kF

% ABA YA 2R T gu|kFe] 9 1
=A0A’ 59

Mol A H U=

2N H UL
2ol 8

]
h=

F. 20129 v 8 ITHFSASA WSHAJAMS, ¥rhe)

O 7€ 3

2012

A2 AL HE® 2011 | ZAE Hl D
2 ZHlHt 32133 | 28570 124% gIA =8
3D TAMAZ AC] | 72,104 23,057 | -7 7% | BIEIZID 2E
Al atsw 12,818 | 21,05 | -391% | elnlg
CHICh if|H| - E} 10,231 | 5,979 | 46.6% 2|7l
BEiRet | dMvASA | 6116 | 3661 [ BR0% SEF RS
MSD BAREAZR A | 5643 | 7955 | -291% e
22 A 5127 | 4419 | 160% 2 WIEEln
FEocy T z7i0 | 300 [-128% ] EaAMA AU
___MsD T AL A 2501 | 3970 [-362% ) 2 2EIFlE
e gAER o015 | 3088 | -341% |  HEE HUE
e HIE| & ol@atAet | 1eor | 1558 | 21.4% | L
Hluo= oe Y 1693 | pEEn | -368% | 2EW HIWE
#1010 c=y 1329 | 1707 |-210% ] Usw MU
| Emaegor| z|cEEaA 1,133 | g% | 326% TS
E0|2HE 2l 729 E76 | 7.9% ored W=
ZEacr =Tk gg4 | g1 | 339% b £ HIL =
b UEWEC 670 ] HAlE 28715
S Epok B 360 g3 | 69% | EAA HUE
BIEIH 2k 1A A 44 ] | 218 =8 W0
Y
TOEFE ABAEL XA ZEEAE AYstae = A ZLo)
HHO= S MBS dists g IXa s FdAd 28
S FX5t A585HE A T AT Z7] ARG g kAo
T Agel AT glS. mehH BUHFES TRHYOR AR S3A
I EHA7E Aol BEA g5ty & 7 S
E5& 0dUFEH 38 FHOoE Frlste FAJY, E0EF ZIAE
AL 9 2ZAZ 2ot BYTe| Tolshs FaA B 58 wo] T




sHAl WA FolW, E7IAEE ol&sty TANTE B YdAE ol &3

A= sho] e A7 Ay,

ik

o0&

o|\
10

=1
=

TUEE Aojioks BUA Bo] ZEE, Aol A, DDS L BAH AL T
FZAE A} 2ZHE £ £ TUE 7} /1% sdo] A A 9.

A #3 F ujdy H 7ed @A B 7254 s SHE
oA Jom, AL &3} st ZAARE A 5dE w7t Ee] FYHEHY IS &
3| TNF receptor familye] %<1 RANK (Receptor-Activator of Nuclear factor Kappa B)
7 dEAE 23 9 G40 AAAQ 9SS sk Zlo] WAL

RANKL (RANK ligand)e ZERAMZoA A&d xR B3ls fm38h, A%3
SZAHEe] AEV|IHE ZF7RAZ. RANKL 21339 AZ+= IA TRAFs (INF
receptor-associated factor protein)®] recruitment, transcription factore] &As} (NF-KB,
AP-1, NFATcl), MAPK pathwaye] &4J3} (ERK, INK, p38), g3 Src ¥ Akte] &g}
A, ol A=A EZ g B BHRE GZAEZ AAA e Fa3 SA7F Ha )
o B2 AgI A A o] & o] &3t 4lekS JNEStal s

= ¥4 3 Fgo] 3 BMP2 ©iFe] AZAYE HAFoA FLI 4TS e
Runx2 #2d7te] &3 d77F 283 dPHa om, Runee & 94 #d A5,
e S0 ZIAES &3 7|9 TIFAQ] dHIE2dH o= (ALP), &3} §7]
FAF A 228 274 (osteocalcin) & RIRE L2 LW, BFY 1 Fepl 2 & Abo]
o232 ¢l (bone sialoprotein)e] LH L F 55t HARIAZEA = FAd I+ AAY

o] B3 A< (Ducy, P. et al., Cell 89:747-754, 1997; Mundlos, S. et al., Cell 89:773-779,

1997; Otto, F. et al.,, Cell 89:765-771, 1997). = FA4 A (BMP2) <3 Runx2e &4
3l AzAGe MAPK A3 4Y #45} Smad Aledg A4S A 2dHE o2 By
¥+ (Avantaggiati, M.L. et al., Cell, 89: 1175-1184, 1997, Hanai, J. et al., JBC. 274:
31577-31582, 1999; Jin, Y.H. et al., JBC. 279: 29409-29417, 2004).

T3k, =384 #H Wnt- g -catenin pathway(LRP-5)E &3] Runx2, Ror-2/Osterix/NFAT &
o ZEAZ £33 #d FAAY HHE 2HFOEN TS S TEHCE St E
A7 23 Fo)] d&Bennett CN et al, Pnas 102: 3324-3329). =3 A IAH Wnt-p8

-catenin pathway(LRP-5)oll ™3+ 2}-& & (agonist)ol] &3+ A77F AP= 1 o} opF

StEAR FEoE AEA SEES Eud vt A9 glow, WntAlsE A=

GSK-3p ¢ &4<& Aslste LiClY A& 343k=<] Chir99021 -2 LY603281-31-82 =

ZAE B3E EX%gy BaFy oy ofy FEAHQ FEoRE, FHUE LG
ke

S 7ZRE Y 2IAE BEIE ST F Ade AT AHALAL o] .44,
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A wolent] =4 %)
o RFIAE 23 A FEE &l | o At &4 FEE SWEYE 24 HUL
22y 24 54 B AT
s ZAEZ 23 A FEE V1A | B=FH F=E0 YT Wntha AzdE =
AT 2 =4
s =l FEEdd T FdEAE 23 B
| Alzdg AA (NF-xB, Src/PI-3K,
MAPK &) &4
s A 959 F= T4 scale-up |« B AzxRESFATFUIEEA/TE
AT 3})
o A ZFA scale-up =71 &Y
s X4 *£°‘: aA el AR s Wt Y
o N FAFY AFEAH WM dgo] |« Eo|A/AGAH/AXMAIAYA Holg FH
Gl « 9 A ALY, ASA 2 AL S
23 F A= HAGE, bz 24
o NFEAH Aeuo)ld B A4
o AF AT 2 AEAAF A o HA7HAF-EA AA
e ATEAE AL = AAEIEY) A=z
A AAE AECIHAE BA A
7154 98 A AF
« B A% AN QA F5Y BIWIA e AEAA el =akele] AT A &
Ng Z2EZ A
- 3 Br)Al B vlol evly) A
e NEEZ otdA Hu}
« A7) T RB 29 2%
c AR 23 L AFAE A
. Aopd AWAR AF AF FH - BH B 2D 4w 24
- 2epx mEES
s TAVNE AP AA FE
o MEJIAR AFAAF AA
« 7154 A5 B AFY vHAE A | e 53 AT AR Ut
Bl * 754 HRY 7 Wt 9
c 75 948 B AFY AAL &4
o 7|EAFHe 2} 8l vAE Ay
c AF B2 R AY




2. 7Ue] ZleAd A%

[

2-1. =l AFAL B AR

TU E0ES Ao A% 20121 oF 1,6009 48] AS A e

o] 7h&H ZEAPH=MSD)t ErlvHE ) €fell tEW(A}
23 ) AF wiEo] 830doE HA ALY 50%
A 2012 5 FuESABA AFOlA S o] F

T Qe EAM2MSD)SH BHIUKE )7l ESuiEge] me FueA 2
Aleke] Aol vl AAF 3.

FHA o] A2 AT E0FT ASA YAG2=IA T ] efEo

4 18 58st=

ool FAHYL

HIEHRID o+ 203 AEA g=dud’ 5o AE

(38).

F. 20129 S F8 IHSTAEA W ESHZAMS, HrH4)

HI2EAl AEs 2012 | 2011 | B2E bl D
24 =Hlut 32.133| 28578 | 124% g3 ==
MSD | EAMAgEeiar) | 22004| 23,067] -77% | WIEIZID 215
At orEg 12,816] 21,036 | -39 1% 2e|flE
CHAICH |~ EL 10,231 | 6,973 | 46.6% 2elrl'e
SHEiE|or | AMieiABeis | 6116 | 366 [ 670% | SE NN
MSD | BAMMAZ2 | 5643 | 7.956 | -281% =2l
EREY A DM 5127 | a419 | 160% | ®2 BIEKID
ok e el 2710 3008 | -128%| EailHA HYE
MSD EAL A 2501 | 3,920 | -36.2% Ze|RE
=0pE|a orsE 2015 | a08e | -34.1% e MU=
wHIEIA | ObBatAEt | 1891 | 1556 | 21.4% 22lxg
HIZoE UEHY 1693 | 2,680 | -968% | CEL MU
£101 R 2t czy 1.349 | 1.707 | =21.0% e HdE
BEocr| plcEZpq~ | 1,133 | Be5 | 326% TE NS
St0|oHE gl 729 | B76 | 7.8% HEL AU
=acr T gad | 1 | 339% | HHIAEHUWE
At T USWEC 60 | @ HAb=E 28I
SEtoH SrDE A 250 =6 B9 EAEREA HUES
L= [ ol 1 VA 244 o 213 =8 Py
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LI
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O At AuFoA F=3

Aol 3ol Zw3 HERIDE
ol AAY, =A%
381 &, BA=FAAME

ddZZ AFe A T

2]
ot

O AR FAAE 7] 20073 FE 201197k 593 ARE
= °F 44.3% S7Vstlal, ¥ 57
T%E YEPoH, 215nE oF 1879 9B5%) S713tA 5.

O =W SAAANA T 20108 AHHR] A7 ®3} oS m=d
2030~2035d S 71H o2 I FJATFE 3tF FaFAE HAFAL o
o, fad AF0-144D] Aol =B AT (65401 S7HFAlel w
ot A4 o dFoE nPAS Y AEETE wEA AP
A=

O =879 F7kel wet yol7h Soi7b EAsts k3o meE 4%
o] a8l H7A47] & A4AAN Bol UEtvs AAdF Eueso A
ol toz F FAZE 2 Aol AGEHH, 1S FASH] AT =9l
A& o2 o] Fojd Al
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2-2. =9 AFAL L NG

O 2933 As8A= 285 AsA (bone catabolic drug)et =34 =3

7 AdAdle F=Az A} S 2dsk=

ABARAMN BAZEAZYOIE, A3z orEZA F£8A =dEA

(SERMs), ZAEW Feo] lon, & J4 ZXAENE 2dd 52
(e}

A4 (PTH), E44 F°] I+

AvA ARNA AR 2 AFL AASFTL dE
Dolt AmA A4 el Sasher Bn B8 A Ame, A%

& 9 FAEe] A AU Foec] wue ERlel A=

O A o222 £§4 2AAZE SN, SESA, FaFA
W 5ol glovk ol F AvAE fUY R ATY HT AP F7)

0 ZAED ABAE T7leld Fegyo] oldn B4 AAE PAEL
AR Y BrhEE AoRTE dud] TRt wio] SR,

O SetE 2o =5 2 2PTH) AAE AQdstie EF FIAZ JAE &
g FERMNEFH) dAAZA F2 03Ty JAPe Aslstd] 55
S0FZE9 APL oHsted XX Q= ALY,

}O{l
FPﬂ

= = (PTH) AAe 74
@ WEel FAFols] BEF 3 7711 HER]
&2 4

HAE =2

,ﬂ
1o
r°"

r ® P -
smpqaq | MEASA | B0 R A FUE A9 ) 7o 4
T} 2 | QRN BUBEABAR ALHA LS
2% AA | Bas 48 | Aaug ob ase) =2u.
B—— ] Sl gl olele, L G
=
. wotolm EHl BEEA 2w, A7s
Vitamin D A7 - o WA e mag ©e
Namozde] | WMadolA | §fo WolA Eao AgEs, A
= 7 maemg Zuel of 0%/ RAs AW o
AA B
SERM A* - W2 oA EaI} oFa,
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_ W FAOR st vl aivbedA ANkl
AN B 2 §A
TN FEE I ME GUA g0 omg. 2d ol ez AR
(PTH) o 3‘4‘ oy | /Osteosarcoma block
[} =

box warning

* SERM(Selective estrogen receptor modulator: A€}z o ~EZA &4 ZHA|)

L B |

O =035 A & ¥ss AAse F8 =7k vl=, 5 F3=7F
(22, 5, olggol, 2HQl, ¥=), &Y av5F ETr A=

160l L1791, WA 450009)02 2R, BT 20209
=S A4 A7 AsREg 11,7009 F7sko 1.34—.%(16% =
7hel B Aoz o 3E (2™, Datamonitor 2010).

O =855 A& 2= F8 =7Hu =, 5EU, d8)ollA 2005~20093
A AT AHE 292 A, 20093 oF 70 g E 24
stlom, FFox FHow YD HwA(2009~2019 CAGR 2.1%).

2 i |
0,000 .
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F.000
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5,000 4
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(0258 ) o =

1.000

2] ) i P, S - R T S W O
B A g g S g

mUS @IEU@ B
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¥ EGFF XNEA AA AR A=

= 2008 | 2010 | 2012\ | 2014 | 2016 | CAGR

A
=055 A=A

AA AA FE US MS) 7,906 9,294 | 10,557 | 10,730 | 11,081 | 4.4%

(Z*] : Datamonitor, Pipeline Insight: Osteoporosis)

[ 2010~20119 % =v35 o E<d
Amgen/ GlaxoSmithKline)e] &4 S5¢ =5
AT Ty F7F A= vl=H FHAA AL A
4. 2012~20143 Ad¥e] EA|= Bonviva & 8 A
UHeE AAHolnE EUFS AFS AR EUES

oefFo] JFRoM ta AT Ao odH.

] 20134 Transparancy Market Researchttp://www.transparencymarketresearch.com)
Azol osE AA BFF CJFE A 20109 730 Teol A
CAGR(EH +# F71€) 9.2%= 2015\ = 1149 &) o] & Aol o=
slgom, 53 23 3UEE AFe 20159 25989 AAT AL

O A AA 2085 AZdA 713 83 &8s A st e vl=x
2ZYolE Ald HEAQ] EW(ActoneDd} EH]¥HBonviva)= 2014
d, SERMs Alge] dv]2~eHEvista)= 2014~2015d A}e], 18]l PTH
AEQ E=2E 2(Forteo)o] 7% 201830l E3] w7l o FE o] o]
Zt Ade] Aye AF AT ol M= A el tigh A
o &7 wi- AR A+ B
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3. 475 Y& 2 A

FTWHE D-05

31 3B A&X) AA 2 FHF IRTERE 2 944 =&
7} TRAF AA

ATE B3 /54 FHE S8 ¥ eNEE Fustgon, 4
2 Agol b5 27HA 0] FRAFS HYshe] MCITI-El AEFE of

R 1
43t ZZAE E3}s(alkaline phosphatase, ALP) #H7let Z% 2= H7HAlizarin Red
Assay)E 17} in vitro @4 H 72 sto] 0], X, ¥ 352 FH MAS TSI

3Fo ZTRAYES tidoZ 23 in vitro A H7FQ TRAP(tartrate-resistant acid phosphate)
£ ol gIAEES AT 9 AT GHAHULE B HE TH MYo= goxgnt

dXE HESRAE

o 1

o 200{F2] E2 U ~32|d U FEES/EES HE

i

1%t in vitro B4 H7}
¥ ALP (alkaline phesphatase) Assay
v Alizarin Red Assay

"

2%} jn vitro Bd E7}
* TRAP (tartrate-resistant acid phosphatase) Assay
¥ MO (nitrite exide) Assay

T FHAO} AK| M

L

[28] FEAF &4 AUF
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[E] ZRAYF &A)

(D 1z in vitro 84 7}

Ob 84%7r AFE A=

o

Aok 27F 0 thste 7|EAH R =
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bl A3
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Ry

<& o] 83| FZ3he] ALP(alkaline phosphatase) €43
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]
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=
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Z4y st =, 7 FEE 9L 50% DMSO(d+ F&58&) =

5 ogste] Qe 2
+ 100% DMSO(HI €& FZE)ol

(1}) ALP(alkaline phosphatase) assay

1

N

np-e-2~ F7)S(calvaria) 2 56 83k osteoblast precursor cell¢l MC3T3-El1 MEZE Z
96well plateo] 2 x 10%cells/well® EF3te] 2447+ S v ¥st ohe, MEZS st ot
Al T2A1ZF B9k wjoksk F wixE A ASte] PBSZ g W AojE F, FAIH glo]Al A W
(Passive lysis buffer, Promega)Z 3083 AEZE LA F5He ALP &4 &
Phospha-Light™ SEAP Reporter Gene Assay System(Applied Biosystem)S A}-&3le] #4131
35 VICTOR™X3(PerkinElmen 2 243932, ol A|XE 9] xto]7} ALP A %o g3k
< vE F org G2 Fsdor awld HFgFs AP, dld TR HAPFO R
A ALP ZXEE Albet A

assay

7 2280 H%F BEE 100 pg/nl = 3ke] MC3T3-E1 AlZol 647k Held & ALP B4
=43 Ay BE MENXM AP B2 FHEE|X] AU

O H3HEUR), #EFE F35, 393, #AR, 771&, 2%, FHEHA, @7l ALP

et

HZE T E 100 ug/mlZ 3k MC-3T3-E1 A=) 647 g3 & ALP &4
A3 Az Clg(ESoiE) FES0A 558 O|Ao| T2 =2 ALP T/d0| ZHEE|IS.
HEFLARZ LT F W, BHIF AUE FE AT Frgtos

0X

ALP activity (RLU/mg)
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-
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™
2717} -
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2 1R

(F)e
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[ZE] A EFAR) 2 8F
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O A EAFR), SAZRZE), Y, FA, 2, F7ol ALP assay

Zy F2E HE 55 100 pg/m (A 50 ug/ml, ¥ 25 pg/m)ZE Sk MC-3T3-E1 A&
3 P 3 ALP 84S 543 Ay dX], EE, EAF0AM 4~6H] O] =2 ALP

ALP activty (FLL mg

a = L]
g
: -

ENE
tI!H’HI‘
| B
o
bi|
Ty
i)

[Z28] &AIE(AEHE) & 5F TR 4R ALP &4 7}

2750]

8t 1X} in vitro 23 2| (ALP assay) H7IZ1} MX|, ¢4 2ogZ TH Mo

k> (ol

CH
=z HERAS

(th) Alizarin Red assay

ZEAZANAY Zg Frle HFES B45t7] #l8l, Alizarin Red S assaygE T35+ =
MC3T3-El1 AlXd ZF FE&5< AHEd ta, AXE 2097 vjSs & 943 dnjde=
233t Ado FAS AESIA, HNEE 37 % ELHSIE &Yoo 2 vAHY vy, 14H

1l =
AEZE 2 % Alizarin Red S
32 SHRTE AT F, SAoZ B Mo N5 Ad JFAHARE 2T H
23t A=

O A, %7, &80l Alizarin Red assay

Ho
>
=
2
>
fiu})
N
@
2
E

(K= !
21_!{
ok
-
g 0
>2
,ﬂ
_‘\l
ol
e

2410 % ammonium hydroxideZ pH 4.2)°.& 20&

7 G5t
Ml aste] ¥

l.

rJ
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a. Mo induction media b. Induction media

c. 24X MeOH ext d YT MeOH ext. o BPHE MeOH ext. . B0HE water ext
(eonc.: 50 pg/ud ) {cone.: 25 /el ) {eonc. : 500 pg/nl) {tonc. : 500 pg/ul)

(298] 3A 9 2% 32 &4 gF FI1E 3F 97}

-’F-%*Iioilﬂ ZE F712 HE S7MA SRSE SMIIlE FH HAZH gt

O 1AEE 47 Hdaq) 2580 ZIAT ¥3} XA §u2e FAo| AL I B2

O =2 AZ B8t od 24 faxe] Bdel os) 24P, ALP B0 F7hHE sow
8 7154 249 HHEFUD), §U45, ¥4, P FEES MCIT-EL AEF 6
Q) 3]

A7t *8]%k th alkalin phosphtase (ALP), Runt-related transcription factor2 (Runx2),
Osteocalcin H@ 2] WstE RT-PCRS T3l &<l

O FUie =SAx 3 24 32 ¢d =4 4%

O ALP &A4& Bl tisH(Edido] 2=AHE 3} 7 Fdxe] ddd= dFS 1A
A FQstr] 9ete] RT-PCRE &3l mRNAS] &S ##3 [A-]olA Role npe}
o] 3 fx= EAT A AW Hlste] th3HFHIHS 50 pe/nl FEE AU
719 ALP, Runx2, Osteocalcin®] ®do] Z7}sl= AL 213k whd internal control®
AH8-3 GAPDHE WH37l §lsls

o
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&)

O

+ O%
- ALP

s BB Runx?

= B Osteocalcin

& e GAPDH

[Z27] MC3T3-E1 AIZFA TR FE=9 23 =SAX £3 &4
22 &d Z2HRT-PCR)

@£

&5 A, e FEEY SAX B3 £4 #32 2E =2 #F

filo
dou

o
ol
oo

808
= ?2 M E

— . o

S BB B s GAPDH

[2%] MC3T3-E1 AlEF0]4 $9+8 A5 e $380) o
ZZAZ 238 EA §34 28 ART-PCR)

A H"E, 30 % deE FEE ZSAE B3 ¥R 434 ¢E =4 #F

EA Mg, 30 % S FEE°] =E=A 3t A4 FAA B vA= FES

JYAA BT & Ye. B A= B

=83 2] g 7A4(+)0ﬂ H|3lo] AFA] W&k
EES 50 ug/ml ==, 30 % &S FEES 200 ug/ml 52 AHEsAS ¢ ALP,
Runx?2, Osteocalcine] &do] =73l AL ERI382
el
weE weg

- s ALP
— — R

- B Osteocalcin

- s R GAPDH

[Z29] MC3T3-E1 MEZFoA FA 30 % d&2/Hete FE259] 23
ZIZAE B3 X @A dd ZART-PCR)
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@ FF vEE, 7, 30 % oEE FEEY ZIAE £33 EAFAA Lddxd 4%

O o] veke, 4=, 30 % des FE=< 44 A §F =IAEL 23 24 F44
Ao wistE HEAAS. F AEE FEES 25 /il =2, dF FEEH 30 %
Nere FZES 747 50 yg/nl FEE A3PLS A ALP, Osteocalcin®] 23 o] Z7}
= Ae FAdsA=

2
s mes B auy
- - ALP
- . Runx2

— - Osteocaloin

- GAPDH

[Z28] MC3T3-E1 AlZFlA &7F /30 % Ag2/vaE FE=° 9
ZEAEL £33 24 A& ¢d =HRT-PCR)

o

O &3S, FA, ¥4 F2E°] Wnt/ p-catenin ASAGA A vX& IF AF

O Wnt/ g-catenin A% AL AAF SA=EE =3 AE B3/l SHEYE RuE vlgog 44
H FE&0°] Wnt/ f-catenin A& A2 AAE At A7I=A FRlstr] fet] A= 7|§F ~3
g A2ES o] g3te] FIse. Wnt/ f-catenin A& AP AAS SAsE W luciferase T
o] F7Fsk= HEK293-reporter Aol 82t5 AFFEE (B00 pg/ml), &A 30% et F2E
(200 pg/ml), ¥ 30% Oﬂ g8 FEE (50 pg/m)E Ak 15 AR o luciferase 84S =4
SHAs. (28] BE nblel o) posmve control®l Wnt3a ©h&o] x3te Wnt3a-CM2 &3}
e W luciferase B/do] F7ksh= A S8l AlzHlo] A2 Asshkes Zle IR, F=&
o 9J3) luciferase 4o Z7}elA] R= Ao F Hol FZE2 Wnt/ f-catenin AZHGAAE &

°]
Heh AFIA g AL SIS S
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TOPFash adivly L)
MW & !

—
T

S48 2x| 22 wnl w2

[2d] FEFE 93 Wnt/p-catenin AZAGANAE 43 &3
@ &5 F2E°] Erkl2 A A A PR 9T #F
O Mitogen Activated Protein Kinase (MAPK)7} Z& A|3E E3}lo] #A3ith= Zlo] R, MAPK

Erk1/2, p38, INK o] Z3t=ojx|=t] &3] Erkl/2E€ &/43st] =& Ax 35 It
Erkl/2 oj& oARE FIstd=. Ekl2 AsdGAAE %‘SPC’%

rr
ol

IE HEOE FEEE ZZA|
X B3E FEshEA ERlstr] feke] MCIT3-El AlZFE 12 well plateol] v & 8<k5 4=
F2& 500 xg/mL= Erkl/2 inhibitorql PD98059 (50 «M glo] E+= A M ot 69 &<t #¥F
T ALP 245 SAsE. [TdlelA Ee vie o] 85 deFEett AT 49 9714
Ask Eal HAALP) /o] Z7IskAITE PDIRSIE A eletd 83b8 FEEo| ¢ ALP &4 Z

O ro inkibsikor
m POSa0ES

(*

ALP Actityimaliol fiokis)
¥

o

-

[18] 8¢5 55280 o Erkl2 532 AAE 53 ALP &4 =4

Erk1/29] AsjA|d PDI8059 (50 M) Aelstar, 308 Fo 8<% d-F=& 500 pg/ml <= 2A1F &
<t Al ol [l 718 FAE o] &3 Tl HAS SA3AS. Erkl/29e] o) <
W3} glo] {018 W=ZT) o) Erkl/27) <14+s H9ou PDIS0SI Jﬂl Al Erk1/2¢] <l4ts)
7 AslEe gl PRI E Smadl/5/99] QlAkslE 8¢t A4FEEC o8 FUsht
Erk12E Asfstd Qakshrt dojuA] &= A& FRlstds. olE T3l &2ts F5&0] Erkl2E

3 2dstke= Ae &Adstdw
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« B » 4| p-Smad 159

[18] 8¢5 g5 9T Ekl/2 ¥ Smad 1/5/9 914+t &3}

Ho
ne
+
iy
i
:;l

Runt-related transcription factor2 (Runx2)e] & wWH3lE #slr] st &<k =
PDI8059E 6¥7t M F A28 EFHS FsIAS. [AHA Be A o] &Rbs F35&
= At Runx2e] ao] F7ksht PDI805I ] Al Runx2e] Tdo] o=+ Z1e Rl

=

[238] Erkl2 A3HE AAE T8 &¢5 FEEY Rune @92 2 =4
@ A FEEo] Erkl)2 AEHAGAA N vX= 9F #F

A= gake AAs7] 95k AR 30% o e
P 24& F4sAe [T8]0A B
A B EAALP) BA4o] Z7lekA| Rt
54 27} JA9S el

O 4A 30% ollg-& F2=0] Erkl/2 AZHLA A v
< %= (200 pg/m)¥ PD38059 (50 «M)<= A=
nie} o] A 30% ol e —7—%%& =l
PDI8059E A elstd A 30% olehe FEEol o

ALP Adiviontiol fokis)
LN Rl

= H & W% E

[298] A 30% oetE FE50) 97 Erkl2 2332 AAE 5 ALP 84 =3
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2 r$£

2 30% e FEE o3 Brklf2e] Qakal o BE Hlaly] sl dad BeRe 49
A3} ofe) [N B whe} o] Erklj2e] wujAe] o wis} glo] 47 30% g $2E
oJs)| Erk1/27} 14kst =104 PDIS059 A2l Al Erk1/2¢] 14tslrF AslEs A5+

ME|3%E - + -
PDO80SD - -+

- = L e

— e —

Erkir2

— — —

[2-] 3A 30% &S FEE) 93 Erkl/2 2 Smad 1/5/9 4+t &3}

=3 o [1™]AM Be A 2ol AR 30% e FEES ATt Runx2e] odo] Z7}st
U} PD98059 #8] Al Runx2¢] ao] Fojt= AL Il

M E|3E - +
PD98059 =
M | Rune
O] 6o
[28] FErkl/2 AzAY AAS B3 AR 30% ke 22E Runx ol ahy =3
@ ¥7% F2F°] Erkl/2 A A vX= 9T FFH

O &7 30% oIeke FEEo| Erkl/2 ASHADAA mxs G D237 S1ste] P 30% ole
& 28 (200 «g/mD)7} PD38059 (50 xMS A2)§ & ALP B4L ZA89S. [adlolA ne
dhsh ol o 30% olEhe FEEBW Held B¢ A7 A Ba) EALP) BHo] ZrkakA sk
PDIB0SOE AN 47 30% b 2E B o3 ALP 24 2/} oARS SAIGAS

ganm
E
5 2
3
E" ||
L

= B IONE

[298] %73 30% oerE FE50) 3 Erkl2 AsAG AAE T ALP 84 =3
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ol [ZLAINAM F 30% oee FE=oll 27 Erkl/27} 4kst A=E BEe3l+

RZFIRE - + -
PD980F9 - - +

— o | p-Enarz

Erkir2

w4, obd) [2RelA B4 30% NEe 25 Aelshd Rune] o] 2715l PDISSY A
2] Al Runx29] &do] Foees AL IRISAS. olE B3l ¥ 30% oletE FE2EX Erkl/29]
IBHE B3 ABADAAY BHHE 2T AT BE AETS HIGAS

%I IAMLE - + i
PD98059 - - +

Y s P Rune

e W W | p-acin

[2] Erkl2 A3AF AAE & 474 30% A& F5EY Runx2 g &g 24
® A, ¥4 FEE°] p38, INK AsAGA A vX&= 9T #F
O == Al

w3toll= MAPK % Erkl/2ell ofsAnto] ofyz} p38 51 INK AZHLAAE B go]
|, &7 30% oASE F=E0] ol8d A5 AL AA FFS wA=A Elstr] flst
AA, 01]%% F==3 p38 Ao AgAA As)A (SB20358, 25 4M), INK A SHAEA A A
3|Al (SP600125, 25 uME A 2] 2 FAE At atst RS FASHA
. [Z"]ellA He npel 2o 74], G S FE=e ATshd p3del A7 S7FsHAL,
o]# %k &= p38 A A SB203581 sl A= A=

A x| 3 E - + - A ANLE - + -

SB20358 - - + SB20353 - = +
e w— e | p-p38 — p-p38
e wee | B-aclin Y Wy Wy | G-adin

Ashe FAE ASR dst AA, S F2EA sk INKY s

_25_




i 4A1%F 2

O]

AolgES 7

+

=
-

== 30%

SPe012S -

7t IE -

=

=

ta, A, =3

JNK
1718
3 sk

8

A=

=

=

£l

8

+
- -
- -

AR

L

T

SPe0D25 -

24X 0%E -
o e

[e)

[Z%] SP600125 ONK inhibitor)®] A, 47 dg& FEE

dted 2z} in vitro 84 &

S

e Az A Ak SEFiE 108 ol

5
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(2 2zt in vitro &4 H7}
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(\}) TRAP(tartrate-resistant acid phosphate) assay
O A= v TRAP &4& 0|83 HSAE £ 2389 A2" 75

A AFAE7 AR 23= o, AA|Eol receptor activator of nuclear factor »B (RANK)
7} =531, receptor activator of nuclear factor xB ligand (RANKL)7} 2§ =+ RANK-RANKL
32+go] I4A9). o9} tlE-o] macrophage colony stimulating factor (M-CSF) % }ZA| 27} A<star
Eslstet] T893 I3 @detd, oot 2 AlE EA4S o]&s) i AFAZEHE RANKL
M-CSFE o] &3 Al W F=AE £33} 7hsdh A=Al 2 £37F Iy ddo] dAA27}
SHEAA ] s FEAZE FAsHA Ha ol & FHAA & FFoke FAEs L
T3 gEAEE A o] kgl Eo] 9 tartrate-resistant acid phosphatase (TRAP) A AE=
12315, kA TRAP positive multi nuclear Osteoclasts £3} FA|QIAZA HZA|Z H3FAS =

BT 5 gl mAY

Mouse macrophage cell line RAW264.7S s}=37 MEZZ 3t 10% FBS2} 1% penicillin- streptomycin
o] H71d DMEME w4 o =& 5% CO, incubatorE o]-&ste] 37° CollA At wieksts Aol A&
3la1, RAW264.7 Al ZZ 96 well plateol] 5 X 10° cells/well S 2F3 & 24417k v oFate] A7 wellol
BZEH R E AASIL 10% FBS7F 718 DMEM HjA|of] #3}1x91 RANKL 50 ng/mL3} M-CSF
20 ng/mLE F7Fe wiAle] EAFE AEE E§3 wigdS 5ot 390 & WY wixE wd
slAA 5Y7F wokatde. 5Y 3 wjklS AAStaL PBSE AlA3F & acid phosphate leukocyte kit
Sigma)E o]-&ate] dA APl RAW264.7 Mol A TRAP assay Z1dstollA AEZ=EES H7keh] 9
sl MIT assayE ©]-8-3hq cell viabilityE &7 71692

O AA, &7, &%, &2, =3}, A%, AL, 7d%4 TRAP assay

, TAZR FE2E HF EHFEE 100 ug/nl =2

§
)
02
0x
=
Kl
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TRAF = O % e contor

100 L
b |
§0 -
iiIm I
B -
N - s & * & " ! "

1 | 50 [0 | s | W0 B |00 10 0 | 168 | 100 | 100 | 100

ALN BOR g s AN HE | AW TR e | N2

i f 3

Conc. (ug/mL]

[29] 8<% 9] 7% FH Ao TRAP 249%7}

DEMZL 23S AMAMF & 2HS oYSts FH WASE X, &F, EA]E =0|

1ol

(th FZAE 394 &AE&7d 4+

O 2z = 9+

st g, gEAlE 5“5}7} ‘IT—LQ% % /‘d%}S_ UH7HE Bk HLL 8] /\Jid% EAE
HEAEZ Ao Ba3t FAAY HAPE S7HEH, £3] RANKe S=A|2 231 28] Fa3k d
ARIAL c-Fose] FEE F3lo dEAx Esle] AA4#Qd zAAAR] NFATcl (nuclear factor of
activated T cell, cytoplasmic 1)9] Z7]3d-& ZA3E RANKLY 93] &AstH NF- »B= NFATcl9]

7S FEH, o]F NFATcle th& ZARRIAReE §H] TRAP & F=AE Sol&Ql Ak &

O RANKLE NF- «BE SAJ5H 1 xBe] 261 KKol o3 2148k B3] #=3h0 24 NF- B A1
ALAAE B 2 AL Bap} Ho] Arka Ry, webd 4B Bmd o]
NF- xBe] A& AGAAE S4S SAHT 5 A= FAY. Raw2bd7 AEFo RANKLY FEES
AL A28 e cl8alel KBl AYE AT Ak RANLA 218 249 K

e VM FEEs EESie

o
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RANK L S0ng/mi

HE - E ik a5
B a1 W g 1 g 1 g 1ML e o0

= v s 8w . . e — IkB-a

- YW Wy 5o

FAMK L SOngim

'k gzl g3 d e ST v L UL

-— - = = . — IkB-a

VOGS A v v vy e S acin

RANK L Song'mi
o w w e e
#0020 &0 Ll Y W O guY
- = ot e P g %'E.'-':'H aB% gut %1“5“
-_— . — — — - — lxB-a

A L L X I L L. s
[29] AZ/s HSAE B A4 238 238y

RANEC L S0ng'mi
RANK L SOngymi =
- i qulet
= = e A { &% - - & j,l'.':'ﬂ' - Rt
Eh.:l:nl.rrﬁl"‘ oy ._E_I}_‘“LU‘I & e ot R g ¥
- = am & = Trap

- T W PN ow e | IB-0

e v e .. | e ciod

[28] FHSAX £ A F&E HF

O A, ¥, 895 FEE0] TRAP assayolA] & gZAz 23l AASAS el sZA=
23} A2 RNA #H&o oust AH 4 GaFs v|A =4 A= 27|83AQ] 13 831 &=

3Y $ol= mono-nucleated macrophage 737} large multi-nucleated osteoclast® S£3

’I:l——] _51?

7] o] ©AIZ TRAPS| Wdo] Fx5A ¢om, cell morphology %3+ ©F2] mono nuclear
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NFATEY

UZ0| TRAP assaydflA FlO{Ht THEMZE 23 HHS
= FAMQIXtO] ZI|EHAMFE] HR[St=H 2[QA5t=

>y filo
lo
fu
rel
2y
Kl
£
mlo

(b NOWNitrite Oxide) assay

Nitric Oxide NO)= &9 5
= 238 AEXsAdE
2hA ASHRgo] P E =
ANA F&3 WHoE oA
Mouse macrophage cell line RAW264.72 ©]&3te] 10% FBS2} 1% penicillin-streptomycin®] @7}%
DMEM<S HjFi o 2 5% CO, incubatorE ©]&38ted 37° CollA At wjefsiy Ago] ARgs9y, A
AEE NOY &S Axujdd 5 ZAsk= NO, o Fel2 Griess reagent RS o83 438

S
=

RAW264.7 A= 96 well plateol] 5 X 10* cells/well-S EF3 3 2447t vjkate] A7} wellol] 22}
H3 wjA S AAskaL 10% FBS7F 719 phenol free-DMEM #jA|o] S5 %] AEZ 3AZF 59
At 5 924 A=Akl LPS 500 ng/mLe Aelshe] 2447t wieksta, ME HlgH-S 4A 5]
izl U o] Griess solutions HojFa 108z 9e sty WAzl & daAd=Z
microplate readerolA 540 nm &FEE SA3IG S AEZASFY U NO9 F=(uM+= NaNO, EFH
o] AFRAE 7|Fo 2 AlLketon, RAW264.7 AlZ2] NO assay 23t Aol NEEAHS
7V8k7] 918l MIT assayS Sl cell viabilityS 34 H718491S

=l

O XA, ¥%, 845 FEE9 NO assay

}\0]—1] , ok7} o

o

& FEE HAF BEAHFEE 200 pg/ml 2 3te] NO assayS X3P 3k 23}
X9t %70 ot s 2EXMO NO MY AHE RS




12.0

% 10.0
g 0
H 6.0 .
w
o 4.0
S 20
0.0 —
] o 50 100 200 S0 100 200 %0 100 200
CON B8R ext HE ext. o ext.

(23] AR, F7, §959] NO A4 &4%7}
O A, 474, &4 £ F2E9] wjgn|o w2 NO assay

AR, P,
(=)
=]

71%X] =
10.0
% 8.0
2 60 {
é -
Tt 4.0
m
o
S 2.0 l
0.0 - =
- + + + + + + + + + + + +
o a S0 100 OO0 S50  1pp 200 S50 100 200 | 50 100 200
COM SR 2 BOrR 1) HEHE Eorg g hadE
(21, wihw) [1:1, wiw) (11, wiw) (22121, wiwfwd

[2-] BA, ¥4, 4% F& EFE NO B4 84971

O #uA4% 24 4% A3}

A SRS ZBAL BAE FOHOR BH AYL P HBAE $E felno=
1 tro BRH7IE Eate] Folatgde. 2A% AA 715 TR A=
Fqske] AAHGAOH, R AT A AR neisle] AF 8
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TAAF/ wigt H T &
<S5 Hexane &
2915 EA(ethyl acetate)

¢FS BuOH(butanol)

5 DW(distilled water) &
£ot5-4A Hexane &
fok&-- A EA(ethyl acetate) =

8¢+ A% BuOH(butanol) = EgFEs
£oF5- 4% DW(distilled water)

[E] AE A ®

=

5]
. 8¢
==
o

%
&-<r

NI O W N~

b FAHBH 27

O ABTS % DPPH =tz 4&A &4

ABTS @tz &£AFS A8 U &4kst E3o] ABTS AJekyt 2,2° -Azobis(2-amidinoprop
ane) dihydrochlo ride (AAPH)®] wh-3-ell &3] A4 E ABTS A &@Z& 2AAF O EH
AEMo] dAEE AYE o] &t FAHSAF

DPPH s}tz &7 SAH S /\l el kst 23 A 2zl DPPH Alofo] wE-g-&f
o AlJo| &4ksl AHgo] o gz asl wel Hepdo] kAo s gAEE
g & ol &sto ks G4 S %Xéé‘}ﬁi%

L r
ok
>
:{o

ABTS assay
<00
3
-
ip - .
E T
d === == —— || fEm—
#0118  SMtdEAs  EDE  EDE B POR-4N EURUN EDI-UN FUR-UN
Hexane s BulHS H&anes EAT BulHE s

[19] 3R 95 &A ABTS 8437}
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DPPH assay

L
: I .
0
B — [1=] = === i

0% JURmp BUR EOS EF BURUNEDS-HN BUSR-HN FOE&-4N
Hexane S BUOHE Hexane® (AR BuHE 58

(2%}
=

[

Arrtinokkut coputy
Ay WiC g DRAT,
5 9

[1¥] 3% 98 AAd DPPH 8497}

=2
=

ol ABTS, DPPH 2tz &7 &4 =4 2
pom, 24 FES0H K EOIMEIOIE F(ethly

(th NOWNitrite Oxide) assay

5 TR LA dE5 A4S HIIsH] 8l 7F RAF AA > (2) 23 in vitro &
A7} > (8) NONitrie Oxide) assay’ ¢ T3 whio=w Hr3 Ay, 248 HLrFEE
1 gorg-HX| FHEFEEN OEHOIMHIOIE 2210]| 7IY =2 FHS ES LIEYAS

|

NO assay

Cddime Bes BES AR BER RO BES el nl'!lll-h'- I\.Ili:" i!l-ll' Idll-l"

trrara Elo

MO producd (%)

[1¥] 3B d8 &£A 9 NO A4 4837}
(EH =ZAZ &3 =3 523 53
O ALP(Alkaline phosphatase) assay
FrE=d 2YEH E4FEA EFES MCIT3-E1l AlZFA A AZ

ALP B4e 2489 e. 49 A3 8% HEE

e} 3}
T = b |
ALP EHHS H9loD|, OIS AK| EBEUIME ALP BAS HO|X| 2ot

2
ox
filo
Mo =




ALP assay

-

L=

. a
P Ly e 4T

ot BorR goa BoR soE4N

BOR

B
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B e

e

Hewaena

[138] 35 98 &R ALP &4 B7}

-

ALP &4W3stE #&

=
T—

ez s o

ALP &Aool 7+

L S e e

.........

I FE o|EFH ALP 84 FV)

3

[Z29] &5 dFFE=9 9

(mh) AESAL B3 JA 53 5H

st

< Ad

12}¢] RANKL

It T e 22l

171 913
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TRAP assay

SR FE BTE-UN EUE-OH BTE-UN SUR-AUN

L el

AN 13 BTH BUE BT AR

. q
1) s BEPEED Gl

L bie ] Eag rUET e

hES

(18] 3R 95 AA 9 TRAP &X4%7}
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SZAE B3 A Aol U Loks
ol
=

s oA B B A BUAS

=
HEls He Hose

FANFL MCSF T B4 5 100ugimi

B4R
AE 3

AFFEEL YO FEol BE FIHE B
$3SE0| SE OZHOE WINEEQ E817 o

THAP + OC % to controd
%8
-
< .
.
.

10 % | W0 200
ALN B8

[uM]

Conc. | pg/ml |

A5 drFEE TEE FIAX 3 oA 4B}

LA WRICEF | i S GO0 RAMHLAMCEF{ T 9 1000kl

= gIZAMERES E3IU} 042115101 control® 3k

(D) $g AFFEEY ZAZ B3 57 714 47
ALP 4] 718 BW §9% A5FEEE URoR Bkl2 AsAAA B45E 5
shel BAZ RHF 2HEA0] U@ AAATE e Lol FARAL
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s

ALP Adlidmniml folls)

2oha

[28] &% EFFEE9 ¥ Erkl/2 w7} ALP =%

&5 dFFEES Ay

73
inhibitor 1 PD98059 & *{&|s}H

[Z28] &5 dFFE=d 2% Erkl/2 A33dE AA =2

] Ay [1H]%
rk1/27}F 14bsl = 1oy PDI8059 A 2] Al Erkl/2¢] <I4tkstrh A& & Lar, Smadl/5/9
A JA A5 deFE=c o8 Frlsty Erkl2E Asfstd 14tsrh dojuA|

8ol % 4222 Aelad Runxe o @3] Z7bah} PDIS059 Al Al Runx2 ¢ 23
o] ZolEE AL YL ol Hi UG FAFZEO0| Erk12 MSHEHAS S8
ZZHE 232 ZHSE U TS £ e




(W) &5 dFEEY AdSAX B3 A 71d I

)

TRAP oA &/do] FUdd 8dF d5-FE=S WESE NF-«B AZAHAGAAE T3+
HZAE 237 AAH=A 0l i 71dd

RANKL(50ng/mi)

100 200 500 1000 (pgimi)

— e W S gy W | kD3

b b A ap v | fcn
[Z™F] 248 55259 93 NF-KB A5AD AAE 53 FIFHAE 3] A

Raw264.7 A|3E3o] RANKL¥} &8 d4FEE5S o|E3F A 83ta western blot2 ©] &3}
o] kBe] @i FS st A3 828 EF5FE=°] RANKLA 93] #4ad kB &
S7HN 7= A 3

S
=

tlo X
ot
rO
okt
2
o

100 200 500 1000  (ugimi)

e S Trap

— — e N e mGAPDH

[Z8] &<h5 dFFEEd AT FSAXE SolF a2 A4

§oHy AFFEEC] FTAL 5o FAAY WA MXE FF BB Sste] §9
4 943227 RANKLS o[ B3t AZlste] RT-PCRS a3t e. 4984 53289 &
o weh RANKLO 3] @alo] Z7bE TRAP $dte] Mg 7aA7= AL 8laha

internal control® AF-&3%+ mGAPDH+ ®H3}7F I

Rl

RANKL(50mg/ml)

SAIDW. W00 200 SO0 1000 (ug
100°C 4h g/
B NEFATcl{9W 1101400 Da)
el e el o
- w—— .+ %+ s | NFKBPSS)

- gy g w = W = | [ aminB(6TkDa)

[28] &5 7359 AT FSAX £33 X 99d 2d =3

H=AE 23 #d Asdg 487]dS NF-xB 45 dEAA7E €43 == RANKLY
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ol 1xB7F #all=o] & W= NF-xBE ol &AA BA43stH, NF-»B Azd=go HARRI
ARl NFATcle] Wde FI7HAZo2R dzAxe £35 fF=3ds. &<t

o] NF-xB A& HE9o] %A FAA ddo IS wx= A LolrRr] 93t RANKLH
A o]EZ HE T & Westerng F3. 838 dF-FEEL =0 wek AHYsiA e o,
RANKLol 93] Z7}2 NF- x B9} NFATcle] whild wrgo] A= AL &5

of A3tz mulz THZ AM JSHAS AH2 8o8s HFHoE MHgIoD], 8ot
S YLFTES 08T UE U ANES MMAYS. B Ao AT 4NEBL §U5 U5
AA2 BHHGOH, FF §U4F + 4X BPFEE ATE AVY 1RY

2 ATodE 2rEzel F2 909 BTAEe] B4 Zvle 2z we] B4 Pao B
FPol @ S B Slsked, 7bg AutF o2 AlgstE wdl AEZ9l RAW264.77
MC3T3/E]l MEFE olfata FIAHE 24 Ah7 22AE B4 3L Frjeted 7%

Z = &dH
U, dbA o' AREStE Al @AY vk frEje] MEFE o
A g 2 T5olde] &%o] human celldlAi = LA &Rlo] =]
$& Ago] H a3ttt o] human osteoblast A€ e Saos-2, human osteoblast primary cell
S o] &3k ALP, mineralization, gene-expression &<13}, human osteoclast Al€<2] Human
Osteoclast Precursor Cells, human PBMC(human peripheral blood mononuclear cells)S ©]-&
3+t TRAP, gene-expression 2 287|d AFE F7HH o ZE P AL,

2 9A59 BF3
HAAEAA EAAN Azxd 59 554 FRE 93

o
b ERSER b 2 S U ARAT B AP
olHHlo] 25 Frate] ] WS

o) FABANARE B

=
Aurstn AAzel OF 24 o

1t

Ob Ak AR
O &¢S(HEHRA)

o] oF& &HHEMY) Dimocarpus longan Loureiro (F-3Fx#} Sapondaceae)®] A QA= 3
Aol &5k FEnE HFAEDAA FAE AAGE FETE TY AR AR
2 gdd B HoRA BHE o2 A7t B84 2o e Aol 2~4 cm, FA 2
~4 mmz HPZHE T AAN~FZMow WMEY F A FFo] Ao 1=2A ¢
e 12 |77 o A=

B2 AREO] 7hset &S




.(:5]_1 9}]\%1),2),3)

of ok okgRSlE Faslelw GlERE AW HNE BOGimEs T (e
AFEIDF] AALINE FHAANE Tee A AR
GOSH BUml P2 AUFE AR Agslolgon, sheol BA FRAYL Bess
L AAAFOENEN FAE X2t Lol OAM

ehgol e HREATE B ool Qor, B §o% du) Uiels FrG v
AR WER, olviie] BANG YMAOE PAEAL BUZW, AF DG P W
% FR, A Y 5ol B5L A7) s) del AL go] BT el Ak HFoz
o MEE TF5F.

—

rr

i

cﬁ
i
M
B
o|\
tlo
ﬁ"
il
ob
=
N

S5 o 5 oA &5

(28] 9% 4% & P AR

8K A 2ol 4 elEY 8 BE 5 el dEsta gon, T FEHE Sos
o Wbe B 13.0009/500 g0 2 Trbe] WRoAW, HH ARAZTY FAS B 50%
o Ee FEEEL /M YRAZIHL AUt US| Fuo U FEE AUYS
U5t S, ES @A THAAE SobE3t e GBS AMStLA ThF AET} o
ol heEl, S5 ol§F BARITUIF) AN AL SAE AL He AA
2 M Aow B

Nuatritional values of

Longam Briod

ol A LA @7/ F 2 (00 g) =
HAF W E G 9,500¢)
DA} B = 17,500
YA} W Ed 16,3009 -
YA} R 10,500
SAF W EG 13,0009
(] SU/5F 829459 AZAF [¥] 89189 HEFZA

fotgoe  ZEHsAHAES  ZEeH(corilagin), A2} 1iHellagic aicd), 4-O-wl € Z4k
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(4-O-methylgallic acid) Z18]al o] &9 3lg=Ec] EAstal ol AEoE M
o] S8 ZAo] =(glycosides of quercetin), ZHd E(kaempferol), og Z#o]E(ethyl gallate),
1- p-O-Z 28 -d-=F 23 gt = =(1- p -O-galloyl-d-glucopyranose), 1@ H]3Ed(grevifolin) 1
23l 4-0- ¢ -I-H =3 2= A -44H4-0- ¢ -I-thamnopyranosyl-ellagic acid) 52 A& A
Hol ALY AAHF goks Au] Fekol] of 17%Z A &= H(seed)oll = 36.15 mg/goll &

g 33Eo] gaEo gom® Es, zPebzl(corilagin), Ael14iHellagic acid), ZH4k
(gallic acid) ¢} &2 EdHA =77} 5‘%ﬂ01 RNl B2, FAs S, e rls &3kt
£ 59 AL SgES Uy ZEele gl dFo = ek g4kstE ) Ay
% 2 UERH, A4, 24k =3 AEe ksl bR es bEe AReE &

3

-5
foks A8 Bz E37S Eaf 7kA &9k% T"rﬂwlﬂgalhc acid, corilagin, ellagic acid)
& geIsrgon, gilic acd 9 coragn® ¥lwd e FHFOR Aol T JEAES 71 A
O o
| “"'1'“' Longan Arillus extract
150 -
Corilagin
100
50 E Gallic acid EHaglr acid
0 - — _...M-_r_){_____r—‘/“nvh
0.0 ?5 50 ?5 1Uﬂ 1.—'5 15'0 1?5 min
[2¥E] &9+ ##) AE HPLC pattern ¥4 ZZnlE19
No EZA-AR TZ UV spectrum
- A& : gallic acid HO_-©
- CAS No : 149-91-7
1 - A4} © white powder
- A2 0 GiHgOs HO OH
: ‘\]‘?fx]"%]: 0 170.1 g/mOl OH

- A% : corilagin
- CAS No : 23094-69-1

2 - A4 1 yellow powder
- A 1 CyH2O05 » : N
- B2 6344 g/mol on L

[£] 45 =2 B BE
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(h A% 7€ - 4 &

O 948 2YHY

YAz AHA], -’Fﬁ/\]ﬂ TS 43 8 4] gE ARE FYE 845 YASel dis] 2YH
g9 Agstg S’ & 7~850] 8948 AMFE DL EHSI0, HIELY £= H%*"Oﬂ UK E MES
712 2gsieion, MR HESEnY XEE AEet A 7| XHF K22 MESRAS
g2 dujalEe dulEN HEGH o] FE o]FU, o duiXddAME gy Ay &
HA ong F3 oA YAEE FHsI AREEZEY 9 ABATE s dASe A
AL BRT A9
A= A Aldd =
O 0 RO Wister (0801 3 whef
O HH A=
: 30 mg/mLe FE7F HEZ 0%
HEFEof o] @QEQE iy
-
skeiA] g ®@ AN =4 & » = 8 & -y
(TLC) fructose, sucroseE {FEZHRE, 12 8.4 85 61 8
chloroform : methanol : water (6 © "No. code &7 No. code &%
5: 12 vvvE ANEWZE 3, 7 pler mew 5 DLB-5 HEY
AN 3 anis-aldehyde® HA3ste] 5 it g= 6 DLB-6 HEL
golst 3 DUT-3 = 7 DLB-7 HEY
4 DLT-4 Ei= 8 DLB-8 HIEY
Lok FEES dd4oR A8}
A PDA % ODS column (40 x 250 mn, ' ~
xZgge 5 ;zm)ﬂr ACNE o] 54 (gradient) & =
2 3lo] HPLCZ 5418 i !
[Z] A5 2UHY A3
O A= 7= 4 A3
AR 7IE - 74 SR 95 Ao AHEE dAse FE AL AdolA AA=HT #
glElojof gto 2 FAA L AFH MES FI YAE g 7E - 74 AN
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= V& - tAE H] 31
gl g g9l
Ax7ZF 15% o] 3}
3 & 5% o] 3}
g 5 ppm ©] 3t
=oa H]4 3 ppm ©] 8} KP
om 2 0.2 ppm ©]3}
7F=+# 0.3 ppm ©]3}
AFE G 1A ()% FoF 5%
S R iy 30 mg/kg ©|3&}

3 95 Ax 4 JE -

Ob 34 234 &H

kA R &Y in vitro, in vivo 238 AHAE FHS &4& FEES E A9 98 F
BANw. &U4F FE=S Axd] St HAHY FE28H, FE25, FEINL, FE 3
T T B WU AEHNSH, Ax ARl AP JHAS AAH £&S 1Hste

(%] 9489 71 - 724

4 4%

o FAHUL

R i Al i - . s = o=
% ee F= & FEF AN FEF2E FE EUF FE 3T
= 2A1 7k 90+5C 2vl 4 13]
A W = 4R ZF 100£5C 584 23]
— — — SHH_/F_ —
g7 9 ALP assay, Runx2 5 & (yield, %)

O

4y

Sebsol ARSRSI7E A
£ AEsA=. el

497t ANEZ ALY, ALP assay:=  ‘ 7k
(1) ALP(alkaline phosphate) assay’ ol w2} 213

HAZ%% 500 pg/ml =

Z &1, & Az, FE

[#] &% FE2E A=dH 34

rfo
bt

78

e AA BEAe mH I T4 A Fol

s |
2]
e FE2ES AZINT AdsFos AL A=zt ALP

o
ol
5o o
[o

AR F7IEIEE W, EFFEEANA M 5 2IHAE B3 &4
¥} alkaline phosphatase(ALP), Runx29] @de] F7tE& AS #EsFom, 100£5C F




ALP activity (RLU/mg)

[

12

10

RT-PCR (ALP)
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EUE @ =8
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+

i¥niis W

[29] C2C12¢} MC3T3-E1 A|ZFo| A ZZA|X

il

o

—_—

N

—_—

0 HF e

4r
it

<
T

(yield, %)°]

o

et ojEhE
REE

37 W wE ALP 24 B7}

- AR B e GAPDH

g3 Solx 434 2@ 271 &

(o)
Rl
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S (g,

E &
3

R8s

54 EL B3

[Z2E] & &vlZdd o

245

(%)
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g 3

145 =&

O 1t

l—h

25 =@

i
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ol

rll
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i
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o

[28] &< d5EE A=FA scheme

b AzFAHY 2F3)

O 95 scale-up A4+

EEEIR

3|

arel] A g

2 ds
oF 2 kgoll &%

st NET-DL-01,

S 33 A=x

R .
g d5FEE

F

S
= .

Al scale-up A4ko] AP =S}

o
o
o7
o
el

G
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e 2E H3E
a NET-DL-01 NET-DL-02 NET-DL-03
- = —— e —
KeT-DL-01 m_m_m MET-DL-03
4= = S =
— g Ty "H‘ . : .
- @ £
Aok E Q1 2k 2.2 kg 2 kg 1.6 kg
A5 XA 1.2 kg 1.1 kg 0.9 kg
TE(%) 54.5% 54.3% 54.0%%
% Rk iy ot
x4 7.41% 8.02% 8.15%
[#] Scale-up YEA4k
AEE FF T8
37 K ° =
H 3} (mg/g) (kg)
of Hup: Gerg Ao
Az FHFF 5 vi=(w/v)e AA 0.2~0.3 100

A

A7 = H e AAFE 9 +2
1% 2= o?]xj : :7& ;%1 ;‘%Hr«l A< 100£2°C 600
of 7} FZ=HE 10 m o]ste] FlolH FHE A&t o3 0.2~0.3 450

o Al GAR FF g 5 Mgl AAFE Yn
24 72 10012]‘@ o HH 2 :7& %EH%]%; . " 0
o 7} FZE=HE 10 m olste] BHE AF&3te] of 3 0.2~0.3 600

= 12}, 22} of S Rol 40780 T oA #ds=

Az FAAE 04~05 50

[E] 98 AxFAR
(h 95 71&= 4 3 Y

§obg A522Eo 7|2 2 FA4HE NET-DL-01, 02, 03 37H4 A8g tjgoz Brts
o

2% AE - 74 Aol BE T, ABFEADA A
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Gk 7E 2 73
K ol AARTA
AzZF 6.2~9.4% o] o) gkl = ok
ZH A& 1 mg/kg ©]3} A%
= be) 1 mg/kg ©]3} 2
SE e H 0.5 mg/kg ©l3s} Rl
F52 0.5 mg/kg °l3s}t 2T A
nAE o) At A AETHA
"2} (gallic acid) 3 (%) 0.004 ~0.006% AR
* 24 (gallic acid) &H2(%): BOK| F4FTEES 1g & SR 240 &%) &
(%] 989 7% - 74
F52 TH A, JIEH H A E
- o I J
A7) s A F AT A At

* TAOIA AIE0l 20158t 542 RALFE ol S=JISAEARRAN 2422AS Aol BULAIANS &S

SES AxUY A E FFFet o FFAFHORE FE o] &3 AP A
EXJoU, AFEH olglgo® AR ARAZTOEN IFAS A Xtde. 4
T BAAAE EURE 845 FRHE T F840 Ea 4o g0l HAEA H4EL
2 AZAHES AAstA sglon, g ARz Ead A3 ZiKgallic acid3 ZE31
(corilagin& $H AFHEZTLSE st =. HS 22 Z(corilagine] =doy, &
AN SANA ZsHgallic acid)o] E&40] =& ACE Aty HF S48 AFFEE
of AFAES Zakgallic acido. 2 AAST BAHS Madstn =S AA9S

T2y Z4Hgallic acid)e] 749 tiEAdo] ol ow F3 gb&o JEATE T3l 5olA
g g Egde] grE AES AFZHES ALAFT AFY




(o) =
AzE Ao W2 ALP BA4H7tE EUE HA Ax3FS AR en, &
Aok ARl BtHF AFFEEY 4 oEoMHE, RErE, E o2 BIES AR
Y& tig ksl &, ALP, TRAP &48 71619 2.(p32~35) A X EZ L] HH T+ &
S 1g &Fo¥] % FFo2 ZIASF o H(p47), EAA 284S ATt ZAs A RE
2 dAsH oY Aol R EdUA " dFe FF AT A,
& &
Column Zorbox eclipse C18 (4.6 X250 mm, 5 um)
Column temp. 30C
Detector PAD-DAD (210 nm)
Injection vol. 10 pL
Flow rate 1.0 mL/min
Isocratic
Mobile phase degassed mixture of 0.196 phosphoric acid with acetonitrile
p and 0.1% phosphoric acid with distilled water (5:95, v/v).
* run time: 15 min
Chromatogram .
[¥] Z2Hgallic acid) TFEA H
O &4 A%
‘olokE T AlEWHH wEdolAd iRl AT & Faste 8¢S da-FEE
ZHgallic acid) +AHE A5 23 SolAd, A, BIA 2 BEAZ 277 7l
state] RO EX AL HE8E Zi(gallic acid) BHEFAIEMO| HMetsrE SHIIAS
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AEAE 49 A5 29
sopy BFUE AFFEEINT EASh: Solde gRon, ¥ A 93E
TN FEUgA Bde 0
” A DB 71EE ¥FEE 113~07 ug/mL FEBAAA R® gkl 0999 ol
At T Ao g zha, AYEAE 0159 ug/mL o)tk
A dEe 55 & 100£5% oW, %RSDE 2.0% olstz 7]l 4 3aieh
AW A7 %RSDE 2.0% oldtE 7])Fo] A gsirt.
¥ ASEX

- M 70 mg/meo] BotE &
- EZERAM: 10 ug/meoil 2&Hg

O 9% g3 B4

&2 (with methanol)

allic acid) (with methanol)

[E] 98 F Z4Kgallic acid) ¥4 AF

F4% A5FE B scale-up AAARE B ndel AL WAkl oF 10 kool HE

MR, NET-DL-01, 02, 03 Al Y59} NET-Yol| EZ=

2 o
o
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<
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0x

il

x

T
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of
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o
o] 98 ol olskety EEAL HRIGYS. ANYE et
5—M71%?i?%’ oA Al iRt BrEo] A3 47
H510] 7|X SMAEI ANHMBAHN AZE AR

Gdgl 44 48 (NET-Y) NET-Y CoA AFEF 2462 A A A A

—
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% XS #3

e - = Z m=r
F 4500 - . N o o
£ .— L 70% o B2 uj§- =] ol gt
@ 000 e
" o g 7] =2 =

.00

3000

H | aH ™ HH
& AP

*ZI|BEXH: 2542C, RH 60+5%

[2d] 989 &4 971 [#] 9489 &= B}

= T Jd= HA7H F 4= interrupt R0
AUR] = H7MAE AAstaA g o, 95 EAY 2SS HF TEAHAS =Y
A H7HA o 2H& 9o H7HA ~238de A=
T B TR HILA
53 A AJAZZ2 e MAJAEZ 0~ FHFstE Ao dE ST
53l A L-HPC, CMC-Ca
kel A ZE|ot 24 n |, oAb Skat A, o AbstE B, A A T4, "
3} A =g A A X WAl o ~E| 2
8 7] Al sl NZYEAER e oAAZZ oA Zgu|ddE YA E
[E] &1 HIA
9 3 T H71A
AQAEL L~
H-G A
N i
2 HlopAAbul 1 U 47
&3l A o 2k8}af 4
o] 1F8}E] Bl
3}A S A A A WAl o ~H 2
RN AL FEAML
I 7|A JEEAZR WY AEF QA

[£] &A A
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ABHE 24% A5 2%
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ol 3F

o

[}

4%%ﬁ@ab10~05@mm%E%HﬂHR?&d0%9ﬂ
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Agd AR FF4ES 100:4% o, %RSD+= 2.0% olat= 7]l A gtstt.

AAA 979 %RSDE 2.0% o|dt&2 7])wol 2 st}

¥ AMEXEH
- M 2K J4LFESE FTHE2EM 70 mg/m (with methanol)
- EFEAM: 10 yg/me0fl Z4k(gallic acid) (with methanol)

[E] 94| & ZAKgallic acid) ¥4 AF

4A A9 A ZE CoA

ENDD TECH

il e R

7] 52

o
s

ro,

?_

A

F A AN (D)

[E] €A 98 ¥ CoA

3.2. HIYEAIE & FH7RE T

7h. HA3A

D d424dA @ =r2d(Ovariectomized Rat)& o] &3 3= X8 a¥Hr}

12} in vitro 2384< 3 AAHP 3Fd TR *ﬁ‘lF/\XH(% b,
A4 A P =(Ovariectomized Rat) =5
Ao AlEEES 1Y 13, 1251 P%
SAs AE=EEe] EuEFs NAEHE H

1—;(]
FERYARL

=

[e]

== o ©°

AT Fosle] U x(bon mineral density, BMD)ZS
!

, Gl disty o

A5}
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Airunal Final

toagus-Damadey  AcClimation .
'.T‘::.-,.-m;, :IJL Tk BMID (0,6,12w, Tibia, pQCT)
S I { 7 .
Lhy Serum by o 1Y
Cwariectomy ochencakin

Em“ + Samples treatment

wrk
. o
L]
T 1 ham (Sham operate - vehicks) . . R
™ 2 OV OV« yehicie) e, .'. ko
i iPC  OVKs Alenceonats 0 Smg/kg) Ol adming
Yorsy low 1OV + 100mg/lg)
Yierg kg J0N « 500mmg Mgl

Fge ! § Sang (V= 50mg /i)
\J Yang  {OVX« SOmgfeg)
L B ¥Yalvad [OWx+ 150mgikg)

L

[Z2¥] 2897 AEA S scheme

dih w3

O AN ZR

O ANds=

- A'¥%: Rat(Rattus norvegicus) | A EF=

- A @A Sprague-Dawley Rat 54 x| 7|5 E(SPF)
- ANEAA A FE: 1258

- HVAC ¥%%7: 100% HEPA-filtered air, 7]314 &4 10 air changes/hr
- 255 MY 22 £ 3C,50 £ 20 % (HHER)
- 2N 25 2 A HS(EHEAIZE 08:00~20:00), =% 150~300 Lux
- AR W S A (34 AE e 16413 24
QS AlFHH
- SEYT H &3 —~ FEY & EEE S8 o JdAaEA - FABEE D AAZA

@ ANdT 74 B Fo8F

o] g ak Edry | FE T

NRE | NEEE RERE Y 0 Ry 2 e
Gl Sham Control Vehicle (Purified Water) 0 0 6
G2 Vehicle (Purified Water) 0 0 6
G3 Alendronate(tl] ") 05 0.05 6
G4 | Ovariectomized s FEEALED) 100 10 6
G5 SD Rat BoHE FER(1E) 500 50 6
G6 B FEE 50 5 6
G7 i FEE 50 5 6
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¥ F0HI2E A4 HEF2I FFUS Dole 7 FOHZ A

, %“i%’% 1?& A= %Xé, =95 =74, Osteocalcin % C-terminal Cross-linking

- SAIA Y

O N@ds
NERE AEEE! Sk

- 2
(L or
of\ &
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o >
o2
2
N offl
g
do >
ol
of
i
=
e,
T
of\
ox

[Absolute Trabecular BMD(cm2)]

Trabecular BMD: B0 week B week B1Z week
405 FEEF ALY iYL

q
(p=0.07, p=0.08)& H<

(G4, GHIA  AAH  FoH
A FEFEGTH SAA A

- 0.09)S
A 5 A .
%2 ; -
gl .05). .
¢ Relative Change of Trabecular o

oy (p<0.05)
BMD: £¢t8 %2 A8 2KG4), omom e
e LETGE) BT EAM oz o ek p<000L vs GL i # p<005. #: p<00l.

=T o] sHel¥ (p<0.05). ## p<0.001. vs G2. Statistics by ANOVA
(BMD)

§ & 8 B

Trabacular BMD (giem?)

=1
=]

and Dunnett’'s Multiple Comparison Test

-12F

e Trabecular BMD: &<t &5
AL, L& FT(G4, GHAA F
AR F9448  (p=0.07, p=0.08)=
Bl

[Relative Change of Trabecular BMD(%)]

Farlatie Teabexular EMD ()

¢ Relative Change of Trabecular
BMD: &<+ FE= A8%G4) " :
o BAR  FelFel g o im wum
(p<0.05).

#; p<0.05, *xp<0.01 vs G2. Statics by T-test

CTx
(Serum - 125
?_]_.

C-terminal s & [ CTx ]
A

4
N _W,
e
e
N
oo
o
)
L
%
i)
1

cross-linking o

Telopeptide)
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{rg/mi.

=
i
- ..i'..x Li.."'i

a5 ]

* p<0.05, **p<0.01 vs G2. Statics by T-test

A 673 B 127t AAG EHE SAA TN §eHS FEE(AHED) (G B A FEE (GO)
o FUEE ALHOE & AlFT Hg SUlet 2R A
A3 &< vl C-terminal Telopeptide(CTy)ol A= £-QHS
G3) > A F2E (G6) AHATY «o= 7asigon, 1 = &Y%
& =
4

¥ Qe TES Oi30) ZAot B ol wst w3 B
=

b
i
Mo
>
olo
ol
Q
D
Sl
10
ox
Ho
N

—

S
&
g
<
£
M
ya
O
>
o
e
il
w1

5 0 mg/kg/day Fof&
= 898 FEE(100 mg/kg/day) £0T2 MEI=ZEH LSS

2 d42AA @ =2d(Ovariectomized Rat)-& ©)] &3 SHFZE 44 a€9Yr)

WA A #=(Ovariectomized Rat) FERDL o] &3] OVX FEo|dRE 337 AEAESE
ANZste] E20aS AW SEEHAYS JAdsAS. AFEZDS 1Y 13, 1557 vHE 4+
Fojste] Z¥=(bon mineral density, BMD)E =3 AFEde] IvpaxZ o 2 AAE

Pre-treat Post-treat
{3wks) (12wks)

SE gD \ OWX Collection of blood

Il |

13 29 Age{weeks)
L I 1 1 |
—— 1 1

|

I

N 4 16 Study day{weeks)
Measurement of Bane mineral density

[ZH] 2597 AEAY scheme
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OAgE AR

O NIFE

- A& % Rat(Rattus norvegicus) | Koreatech

- N @A %: Sprague-Dawley Rat EFH YA -2} %E(SPF)
- A@RAl Al FE 1079

SHFE W9 22 £ 2C,50 £ 15 % (FHES)
- ZBAIT E 2= 12 ARE AS(EZBAIZE 07:00~19:00), 2% 150~300 Lux
- PR B S5 AR (g AF A 1647 B4

@ NFT T4 2 FALF
= E o] =T LB 2=
NEE | NREE AEAA Y . N I e
Gl Sham Control Vehicle (Purified Water) 0 0 6
G2 Vehicle (Purified Water) 0 0 6
G3 Alendronate(t 2=+") 05 0.11 8
G4 | Ovanectomized | gorg F2u(4 8% 250 % 8
G5 5 FEE(EH) 500 110 8
G6 L4547 FE= 500 110 8
X EHZZ= 24 H2AZI FRAS Nelote A7 S0z AN
6 #FY=
- AbgelR, AwEd B3 AFSH, NS Y, 2Us R 2Ay 24, 2499
54 74}
- SAAE
O N@gasn
NRRE NaaH A
At R/ NE )7 B AP EE E Quky
Qubza & BREA 2o
3] I 7 o3t A= =
- ;;i;j ot AFws A w2
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-1552¢

e shamw(Gl) dI¥] tE(G2)9
FA7Y FrolatA HAE.

e BMD:

&

BMD § mades |
e
=

Lot b B ]

Alendronate o (G3)3} £ oo \";wf’ oo
250mg/kg Fol (G AN A 2T

m e ¥ wlwate] {fofgk FUF FHEE.

=2 21 P2

s Bv/Tvi4= Trabecular Thickness [MicroCT Image]
Alendronate ¥ (G3), &9+% it 3
e

250mg/kg Fof a1 (G4wt) ol A
gz v 93 Ao

7} a3,

e

S
=

lo

E

Tosksroular Thicknes @ mm b
o

e Trabecular thickness #43:

Gl G2 .61 Gi G 6B
29k 250mg/kg(G4), 500mg/kg b

(Gh) FolaelA 24 dzxa o
vt} FAA o4 Sl ANOVA, Fisher's PLSD post-hoc tests: G1 vs G2
*i p<0.05, G2 vs G3~G6 #: p<0.05

G1 G2 G3

e Sham(Gl)¥< trabecular bone,

cortical bone®] #E|$} marrow

WX, A oAl gl

Histology*= | o &4 tzxa(G2)° AlF bone¥t
G4 G5 G6

marrow 3ol £4bo] QS
o 89S 250mg/kg Folvt(G4)ol

e At AiE AeR 3

Tl

VOl bone= S 0IA o HoiN HlE
»EEe 2M: 25 51X ZB(tibia) THS HEE HM = B2 24,

O Zg

ANE 155k AAS SUE SHET A 845
7P #FEQoH, BYTV 24 Axs 8918 325

ztole] Z7p7F #AEQQa, Trabecular thickness =3+ &<k "ir%ﬁ A-L2HGY), 1-83HGH)
BFolA O FAZE SVt 24 & tivlste] BAE &

£OFS F2E ARLFHGHANAN 22N AT} A 4

o|#o| ZTHHQI Al OVX surgeryE 0| 8%t SCtSF HE oY SS0M AHEE £o=2 Qo H

— = =
g M HEOAM 22U, BV/TV, Trabecular thickness, ¥ Histology Zil 52 12{51%ig mf, 24
=t Hwst] A[E SH 808 FE8 NBHT(250mg/kg)tiM ECISS ot 3 74Mof| Sat

7t A= Aoz MEE
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7}Vst T} Ovariectomized rat 22-g o] &3ty oM,

feoele o ob
o =

> I ol oot

N, fo of
tlo
z

Bl d
o

lo
in}
o

(o4

Q) ABZHIHE o] &3 FH Ad5aA 9 EHH7}

r.\

g3to] 9lo], ZToZN A FThEZ x2eko @ ALHT 9= AlendronateE o] &

Lo

A7) el BrEE 9

O ES Bohe] 9Istels Estradole BhETOEA Wimslopd Bayel 9o, o
3o MBARE A SHE A Bl Aopush B AR AWY POz,
o wheh Estradiols EFE $EAEL F/HH0E AW F AHY,

O L4948 95289 A X 2 A 9 H7} (Bone formation test)

= &

Adx A B u4 wjo}=S 12-well plateol

T 6.25, 125, 25, 50, 100 ppm

>,
e
o
o
® @

® Tricaine (MS-222)0.2 wHA 7] & 3% methyl
WAL e me YHAEE 24

et

242t 5 A

B9 Egg water? 3|A3le] A@]ala 28T mjgr]o] dit)

Holgol A =S AAsk AlREdL mfjd wAste] Frh
, zebrafish embryo+ immersion solutions (2 g/L of calcein powder in
water) 0.2 15% &9t staining 3+ H, Egg water® 10min?® 3% wash 3}t

cellulose®] 1As+e] 333

2915
o] W P} v% s AnsAn, e
Ag B B 5 99

T Q90 FA5E A% Y

ALFEES AP ot A AT maste] Fx gEHoE v
b s Al 34 TF F7hE
2. o1 Bajel Bokgol Sstel Anehd voll A

- Egg water : sea salt 0.6 g/L (Cat. # S9883, SIGMA)
- Tricaine : Tricaine 4 g/L (pH 7) (Cat. # A5040, FLUKA)
- 3% Methyl cellulose : Methyl cellulose 30 g/L (Cat. # M0555, SIGMA)
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. §7kAE EH

(D IRB A= TH|

=

il

&5 EFFEES o8 A VI Ve AdEdAE S A8 SAE e, o

AAHEAY £90e 9% RB AAARE A3t meltistaTegdols 13 RB
ul2l efolv], metAEe FESY 98 % 23 AoE B AZ ANHEAY &
B A4

Al o]

k=
o]l L&
U=

ofrt i

(2) CMC(Chemistry, Manufacturing and Controls, CMC) 3} 7]x] %

=37 WA A7 AF LS A’ CMC H7IAE F538H3

g & &
AEZE AR Tz UV spectrum
- - A& : gallic acid HO._O =
?i{ . CAS No : 149-91-7 :
e - A4 white powder
- A4 T CHeOs HO OH
- B2 170.1 g/mol OH L
T4 &
asA @ AoF ?J%k'%%% A ]
@ S A& AT FHFF 5 vl (w/v)e] AAFE Ao
g == AAE FF div] 5 s AAFE T3 100:2TCe A 2 A 3
12 & - ==
24 o] # FEAE 10 im olste] slols] HHE Ab8-she] of
° g == Zhaboll AAm F&F oy 5 v AAFE Y 100£2Tol A 2
2 A7 BlE ==
]L LT T =
o 3} FZHS 10 mm olste] ZEE AFE3ste] of 3}
= 12}, 23 ofxelg ®ol 40780 C oA #AdFs=
Az FAAx
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T3 48 7 2 73 T34 &4A JE € 74
9% srolu, w | T AEY EEAS ARG
e
azga | oo o olul, o217} glofok ghul,
- . . (o)
FHl& 1 mg/kg ©] s} = S0 ol
23 k] 1 mg/kg °l8t FH & 1 mg/kg °|3}
= =
& JI=F 0.5 mg/kg ©] s}t - ) 1 mg/kg °ls}
)
%/ F5e | 05 ma/ke ol x| H=E 03 mg/kg °l3t
ﬁ-a U]/\g% KHXO]__E;‘JL _‘Qj_,%] %—)I:% 0.5 mg/kg O]S]'
F 27T E S (cfu/g)
22§ (%) 0.004~0.006% 5000 ©]a}
F2 T (cfu/g) 100 ©] 3}
A E
A
(o gitie, Awae, o, 2
LT )
J ol g} T EH =X ¥
Q"ﬂ_’@’%‘: 713—1 t»U—\__ —19’] TTOI__ ‘l]ig’]
%) FA A 7Fe A X 3o}
° (0.003~0.005%)

[£] &<H5 EFEE9 CMC H7]A

(3) 3 H7}

ACE71Ba =z, 7hERFz w2t o
+ ANEds dBs Zof 15703,

e 21a 9 aAG A AY
9% (20150105-RN) ¢4 (RN151103)
FNRE ZA (25£5T, 60+5% RH) 0,3, 69 12, 15 /h ¥4 -
b Z7A (40+5T, 75+5% RH) 0,2 4,6 714 0,2 4 6 M4

[£] AAPAE A
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€% (20150105-RN)

2kA (RN151103)

001 e
£ noos #
w® ]
=0 & pons
o OLe = R
3 ] -
£ nom W-*__*Jﬂ b :52:::’51"' = —8— =l
o = Ao & o0
] =
oo U
(8] X i e I A e OM 130 1584 v Y] THE 26 it}
B 2 0E Month) S8 A (Month)
x: BIBEXAH B (25+5C, 60£5% RH)
@®: Dt EA (404£5T, 7545% RH)
[#] AAHHANE A7}
@ A8 Bt
|s deFEEo ds) A SAANEY ARes 3 2E
T A &3 B
: : Mol AN dr 4
o3 &= =AY o] A+ ! =
o U
eqEy | FAEAW] | grzzm | 5000ug/plate ©]F | EAWO] FETe &4
AR a4 5000ug/mL ©1% | SlA Aol fabse oA
O 985 SHNY L FASH A
O A@e
A gE A E
B D g 0, 2000mg/kg & 5 A2 5rhel o] 674 SDALe ol 477l
ey QT 1Y B duTYel 83 0 AT 242 A,
T @ #0286 deatete) 27,
O =dWol IS Hrkety] Sle s|2Ed a4 ARdost TA%
TAI100, TA1535, TA1537 2@ EHESR Q44 it WP2uvrA(pKM101) <
fASgAY- oIl RS MEASR % EAEke] Aol tistel 47 BkE 4,
7 2l Q &FEAAEE flsted, 5000 neg/plates HiEFoR AL ofst w1 4
ol A 2 1,250, 313, 781 % 195 pg/plates A,
@ EAE &3S 5000 pg/plates HugHow AAsta ojs FH| 22 2500,
1,250, 625, 2 313 pg/plates A4,
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}o] Chinese Hamster Lung (CHL/IU)
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=
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T AlgEd At
A =T e AL 78 5 o)A WAl A o g
IV A= i O L y S O o = o T o
Hs A= g
AEEA T4 A5 | A sEAA AEEA flS
FEE
H=73 A skl 54 jls
A=A A sl AAEAY S
O A&
NEZE ANEEH

Terato Tox

ZR =4)

@O 2 5 AAZA A Beta]s wjolE 12-well plateo] 2+ 10 A4 ¥4
@ Positive control¥} 8¢t 4FEES Egg waterZ 84 A st a)<d
- Positive control final Conc(Retinoic acid). 0.5uM
- AldEAFE 625, 125, 25, 50, 100 ppm
© 24AMZE 5, wjols wFeto] SRolF, mele] Fe ofF, FHFo| dA4 o,

3

@
©® FA T 48X A BN E tricaine (MS-222)0.2 wlFH A7l & w7 o
2 ARES Bt A, EEE defects YERE Ao S A9 &

2+ (chorion)S A 738}aL, 3% methyl celluloseo] 14 &be] o2

Cardio Tox
AHF =4)

O 2 5 344 A4 vjorE 12-well platedll 242 5 WA ¥ 4.
2 Positive control?} &2t FFEES Egg water2 34 A8t wje
- Positive control final Conc. 10 uM
- AFEE =% 5% 6.25, 125, 25, 50, 100 ppm
@ 15AIZE &<t QIFFHIolE oA =&
@ Tricaine (MS-222)2.=& w3 A7l 3 3% methyl cellulosed] A 3sFe] 4wka}

N Al o ,] Al x]-ul—E/\ =2

D w52 Ane s Wl 12 well plawedl 27 10 A e,
@ |15 AFFEHES Egg water® 3|4 38le] A g]star 28T w9k,
Hepato Tox - AEEA =F FE 625, 125, 25, 50, 100 ppm
r =4) 3d FF Aoy oA wFatH, AFEAS Y WAL
3d & He“g W& Tricaine (MS-222)0.% vl A7l ¥ 3% methyl cellulose®]]

dnds S e A7) S4.

il

Neuro-Tox

A7d =4)

f
o
-101
N
>
i

]y 7 XHHF/}J%“% Hjo}l= 12-well plateo] zHz; 10 A4 €S-
Positive control¥} 8¢+ 4535523 Egg water® 34 A5t a)<dk
- ANdEdFE: 625 125, 25, 50, 100 ppm

@ 24X 7F Wit oFE-S WAFFI 28T Wi

@ 39 3, WAE tricaine(MS-222) .2 vk A7l H, 3% methyl cellulose?l]
VA PPHn Ao R AA e Bapaky 7

® e e
2k
o2
Q‘L
2
o
o
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O N@ds

A Y3 Ald 2
Caerargd AA B Rl A-AIY ppen ALY ppm A dh ppes A e A N00 pge
e Lo '.1 L W C a0 - 5 §%s € O
- “ s L2 - ™~ - A ;! s 0 e
10099 &' fs < e Lo Tt & %o & f‘fc o S ¥
i @8 5® g A2 ®< . A oo 1
c o {_-_' f..«c: Q g L}
Terato Tox ' = ot Qe N A 3
3 . - A
CZIERIE L B (oF, =3P e A\
\ .‘ & ] - e £

Positive control (0.5 1M retinoic acid) oA sjgtAio] A= o] Fojx|x] &L
Hlusle], §9ks A5 S AP A FRAAME ARG AA BAS 5 Qe A

AL 718 50 ol A AR QAR 54 9FE B2 e

e
(Gl
l

Cardio-Tox

n B B & = — = —
| Z19001-MET-¥ | hant 4 4
| rigart rate cwy | bean| s | 50 |stean| ¢ | SO
| Contial |1o0e] » |55 [1000] . | 58
Lo | Amiedarone 10uM | 337 |« [186) 333 |4 |18
g | 638 losalela0]024]:]23
adE | 125 | 995 |+ |60 [ 975 |+ |65
| 25 | o5 |« |26 975 |20
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