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SUMMARY

I. Title
Development of high potency black ginseng products for therapeutic prevention of

osteoporosis

II. Objective and importance of research

O Osteoporosis is naturally occurring with age, particularly by hormonal imbalance
after menopause in women

O Although less than in women cases, osteoporosis could be easily found in men with
age and also in young people when disrupted by diseases and immunological disorders.
Thus, R&D for anti—osteoposis therapeutics should be increased all over the world

O Black ginseng could be a representative medicinal food in Korea but investigation
on its biophysical function and components is not progressively going on compared to
its enormous value for human health

O Considering the current status of foreign countries actively investing on the
research of ginseng, scientific investigation of the efficacy of ginseng would increase
its value, requiring an extensive R&D to get highly innovated ginseng

O Through the scientific investigation on the components of ginseng, there could be
another chance to export black ginseng, setting up the status of Korea as a
world-leading country.

O Due to the lack of scientific investigation on the components and their efficacies of
modified ginseng coming out recently, Korea ginseng has been inferior to foreign ones
in world market although it is the best in the world. In addition, black ginseng showed
different physiological effects depending on the manufacturing systems. Thus, high
potency ginseng requires a tactic program for manufacturing, component analysis,

leading to the individual authorization and export of ginseng.



[l. Scope and content of research

(1) Structural identification of black ginseng components having anti—antiosteoporosis
activity

-Establishment of creatine kinase assay and inhibitor screening

—-Establishment of cell-based TRAP and in vitro assay systems

—-Structural identification of anti-osteoporosis black ginseng components

(2) Anti-—osteoporosis effect of compounds
—Effect of salubrinal on osteoporosis in relation with ER-stress
-Effect of tunicamycin on osteoclast differentiation

-Effect of ginsenoside on osteoclast differentiation

(3) Charaterization of black ginseng components using OVX mouse model
-Establishment of ovary—depleted mouse model (OVX) for osteoporosis
—Analysis of ginsenoside Rh2 in RANKL-induced mouse model

—Analysis of salubrinal in ~RANKL-induced mouse model

IV. Results
(1) Establishment of creatine kinase assay and inhibitor screening
—-Established in vitro creatine kinase assay system and measured the inhibitory

activity of black ginseng extracts fractionated

(2) Establishment of cell-based TRAP and in vitro assay systems
—-Isolated mouse bone marrow cells to be treated with M-CSF and RANKL for their

differentiation into multinuclear osteoclasts detectable by TRAP staining

(3) Structural identification of anti—osteoporosis black ginseng components
-TRAP screening of the black ginseng components identified 13 active compounds,

amongst them three were co-incident with Rg2, Rh1l, Rd in their molecular weight



and the rest 10 expected to be different from saponins

(4) Effect of salubrinal on osteoporosis in relation with ER-stress
—Salubrianl was found to induce ER-stress and the subsequent CHOP expression,

leading to the NFATcl and Mitf expression and intervention of osteoporosis

(5) Effect of tunicamycin on osteoclast differentiation
-Tunicamycin, as an ER-stress inducer, could be utilized as anti—osteoporosis

therapeutics by inducing osteoclast cell death

(6) Effect of ginsenoside on osteoclast differentiation
-Apart from Rgl, ginsenoside Rg?2 inhibited expression of proteins concerned with

osteoclast differention, leading to the down-regulation of osteoporosis

(7) Establishment of ovary—depleted mouse model (OVX) for osteoporosis

—Constructed OVX mouse depleted of ovary

(8) Analysis of ginsenoside Rh2 in RANKL-induced mouse model

-Rh2 recovered the BMD level in osteoporotic mouse treated with RANKL

(9) Analysis of salubrinal in RANKL-induced mouse model
—Salubrinal was found to recover the BMD level in osteoporotic mouse treated with

RANKL and evidence by micro—CT analysis

V. Accomplishment and its application Plan

-Four SCI(E) publications abroad, 1 under revision in Bone
—Three patents

-Black ginseng certification

-Commercialization in 5 years by the accompanying company
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A2d 1Apd e A4

1. Enzyme based osteoclast inhibitor screening (creatine kinase assay)

# Osteoclast(IFZ M E)= =thF 5ol cancer cell metastasis 9 Fo¢loz & oA
AT} OsteoclastE AAlet= WHOE JWHA O & osteoclast = F3}H ALt o]o] o3k
ME ZJAS v T ol ARgE T S < RhoA GTPase ¢ vacuolar ATPase
g5 xH3ta actin-ringS Ao o)A creatine kinase 7} £83F 9SS dlrla
A Qi HAAZ creatine kinase inhibitor 7} 8.3 osteoclast inhibitor 7} DA Y-S
AA G} o] & nigow B Ao A= in vitroo|A creatine kinase inhibitor screening
systems FHPal E4S fraction B2 E42FAS AT (29 1). o] A¥E vig
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9eA AESHT 3

2. Cell-based TRAP staining and in vitro TRAP assay
& Z4A3EQ bone marrow cells #83dte] M-CSF2F RANKLS A gstar #3A1A
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1 2 3 4 5 6 7 8 13 17 18 19 21

<a¥ 1> 34t AE9] Creatine kinase assay 2%
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Negative control positive

<a¥8 2> H S5A1E9 TRAP staining
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<E 1> 34 £89EF A HEANEY 055 A4 vl (TRAP assay)
o] & Fraction (5 ug/ml) O As%=(%)
4 43 EtOAc 65
Hexane 6
EtOAc + DW 68
Amentoflavone 55
Resveratrol 25
Honokiol 0
Magnolol 0
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=59 main peak(BG-3-13)S LC-Mass® #4138 A3} Rglyt %x}aoko] H] 5=}
ety 2AMS 3 A3 4] main A RELS EAEO] 8039 EHEA RglofA]

s
4k

=
IZAY st ol T FEMD A0S #4403 glerd o b A 2
A e NFEAE F4sn
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TRAP activity

ks oo 4 5 6 7 & 9 1011 12 13 14 15 16 17 19 20 21 22 23 24 25

<39 4> 4 BEES 95 A 4 (TRAP assay)
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A570

06

+ 1 2 3 4 5

<ad¥ 5> ZAF 23

6 7 & 9 10

11 1213 1415 1617 19 20 21 22 23 24 25

o MEZAH B4 (MTT assay)
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BuOH extract of BG ( 9.7g )

VLC (C18,4%12cm, 230g)
MeOH/ (H,O stepwise gradient)

[ I I I I I T 1
100% H,0 10% MeOH 20%MeOH 40%MeOH 50%MeOH  60%MeOH  80%MeOH  100%MeOH

Osteoclast inhibition
AMPKT

BG-3-12 (60 mg), BG-3-13 (40 mg)

Rgl Rg3

|

@.l.o..@@ O

TLC

<2 6> 2TYT ANBAY S TAAES FEREN 37
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BG-3-13 (40 mg) BG-3-12 (60 mg)

HPLC, Capcell C18, 1.8mI/min, 203 nm, 60 C
20% ~24% CH;CN/H,0 10% ~35% CH3CN/H,0
T T T 1

H1 H2 H3 H4 Hl1 H2 H3

|
| |
1) T oolic

N M % /\/\} b !
% -

P

_

<a¥ 7> BG-3-12¢} BG-3-139] F-ZE4
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Relativ

8.,

g P,

8.

Relative Abundance

Bo...
3

I 1
TTT T[T T T T[T T T T[T T T T ITTT [T TTT[TTTT]

P,

N: 1067
B3313t2 1560471
RE424 A/ F-cESl
SO Flins
(BR300

N: 7687
B3313t2 1567415
RE481 A/1F-cHSl
SO Filins
(BR300

N: 1388
B3313t2 1560421
RE53 A/1F-cHl
SO Filins
(BR300

10



- AICAR 1 2 3 4

1:8G3-13-1
2:BG3-13-2
PAMPK o —— 3:BG3-13-3
4:BG3-13-4

<I¥ 9> BG-3-13 AEE9 AMPK Q43 =84
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f:\kribb\.. \ginsenoside rg3_15-60%

RT:0.00 - 15.02 SM: 5G
1007
80|
60|
40
20|

Jhon

733 783 10.06 13.70

100
80

40

207
2.26

6.08

Re

537 728 915 1036 1244

100
807
60—
40
20

6.24
-

N Rgl

6.02

10.12 13.61

100
80
60
40|
20

695 1357

100
80
60
40
20+

Rc /

6.12 6.95 / 13.75

100
80

40
207

13.85
Rg3

943 79.93

<3d 10> Z4F 7 E

Time (min)

B

H3 9] .C-Mass 4

2009-04-097? ? 11:29:21

e

oL
=
3}
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A3 2L AMPK Qs 58

NL:1.24E8 847.3
Base Peak F: - ¢ ES| 1007
5id=1000 Fullms
[500.00-1300.00] MS 80
BG-3-13-H2_15-60% 60
40| 863.3
20 845.3 | | 864.3
ol 8770 7013 8333 | |ges3 0913 1153.2
NL:1.21E8 9914
Base Peak F: - c ESI 1007
5id=1000 Fullms
[500.00-1300.00] MS 807
ginseroside re_1560% 60 9924
40—
20 993.3
. 9905
NL: 4 .45E7 845.5
Base Peak F: - ¢ ES| 81007
5id=1000 Fullms 2 oo
[500.00-1300.00] MS K]
ginseroside rg1_15-60% 5 o]
< o 846.4
2
8 20 847.4
° 8226 |
NL:1 2168 0 11536
Base Peak F: - c ESI 1007
5id=1000 Fullms
[500.00-1300.00] MS 807
ginseroside rb1_15-60% 60
40—
1130.6
20
599.6 1108.0
NL:1.25E8 0~ 11235
Base Peak F: - c ES| 100
5id=1000 Fullms
[500.00-1300.00] MS 807
ginseroside rc_15-60% 60
40—
20— 1100.6
o ‘\ Al 11'576
NL:7 22E7 8453
Base Peak F: - ¢ ES| 1004
5id=1000 Fullms
[500.00-1300.00] MS 80
ginseroside rg3_15-60% 60
846.3
407 8473
20
803.0 }'84'8'3 986.9 1123.4
0 T L B e e ="
600 800 1000 1200
mz

3

NL:3.55E7
BG-3-13-H2_15-60%#177-248
RT: 4.40-5.92 AV: 20F: -cESI
sid=10.00 Fulms
[500.00-1300.00]

NL:8.17E7

ginsenoside
re_15-60%#219-253 RT:
5.79-6.50 AV: 10 F:-cESI
sid=10.00 Fulms
[500.00-1300.00]

NL:2.76E7

ginsenoside
rgl_15-60%#223-257 RT:
5.81-6.38 AV: 10 F:-cESI
sid=10.00 Fulms
[500.00-1300.00]

NL:9.88E7

ginsenoside rb1_15-60%#356
RT:9.12 AV:1 F:-cESI
sid=1000 Fulms
[500.00-1300.00]

NL:1.58E8

ginsenoside rc_15-60%#358
RT:9.33 AV:1 F:-cESI
sid=10.00 Fulms
[500.00-1300.00]

NL:3.68E6

ginsenoside rg3_ 15-60 %#383
RT:9.93 AV:1 F:-cESI
sid=10.00 Fulms
[500.00-1300.00]



Ginsenoside Rgl
(MW 801)

ol

=

<a¥ 11> AMPK 943t %
BG-3-13 AR BAT+Z

Ba-3-13-12
(MW 803)

= AHags
Rgle] 7% Hal

Tl
=

7’|_X] =

ok

A
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5. Salubrinals ©] 83t ER-stress®} =Th&

OI}J

ZHABA
& UPR protein CHOP negatively regulates osteoclastogenesis

XA 2~E Y 2~ (Endoplasmic reticulum stress, ER stress)-related unfolded protein
response(UPR)E= & AW} cellular signal o] #odt= Aoz dex rf. spA| g+
osteoclast ¢ &/ ¥ zH&o glojx e UPR protein 59 9 Ao L&A YA &L o
tf. B AFoME thE A2l UPR protein €1 CHOPE %o i ©] protein ©]
osteoclast ¢ FAd F+= g taA FHAoz AFE F33 Z3 CHOP protein
o] transcribtion factor 59 =4S &3l osteoclast S Aol srf= AES A3 of
22 elF2 alpha-CHOP signal 9] inducer ¢! salubrinal ©] osteoclast o] A4S A g
T Ee 2R CHOPo] osteoclast inhibitor A B A 7/&e] A =28 EFAY-S
o

(138 12)o 49} o] 293T celloll A oscar promoter assays 34 osteoclast ¢ &

B

=

fr
o
o|N
_Orh
2

Aol glojae] Fadk A&}l NFATcl I Mitf ¢ &Alo] chopE WaA o2 QlajA
Zo 5t AR S g
w3 (1Y 13) e AAZ elF2 alpha-chop inducer ¢! salubrinalg &3l uf

mRNA levlelol 5] CHOP & o] Z7}% %3 multi-nuclei osteoclast 7} FEHE Zo]ET)

aly

AS 3Hel 3kt o]+ ER stress 7} osteoclast A A= APAS How vy

Wi} FAJol CHOP protein ©] osteoclast A& |AlE ZHg-o QoA A2 Efzlo] DQlth

aly

A% wEYoEAY Fa ust ek,

6. FAE A A3 HE o] &3

R8s

il

=5
® 7} 4ntEl o] FHE ARESte] WAxE AASHY] Al &
80-100mg/kg/ xylazine 5-10mg/kg = IPZ H ol FAFesith. vl

o|N

Teidel oy

—d
X
il
|\
o
ol
ol

sfol, By A ol AAF ATAH YA wprolx

= %
rﬂ
il
k=)
®
2 H 2

Ao dasE A= AASY. 65F9 FE sacrificeX
Hyp o] e AL A717 GE AAT OVX H(negative control)oll A & A3} A
oS A = AT (2E 14).

oo HAvy Foly] FHE At A4S AAT Fol dE AAFT HHOVX) Sham
(controDF 9] trabecular bone®| @&t microCTE o]§3ste] ZA33t. BMD 54 X2
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ol me] top¥ bottome ZIEow i L e dol EAste wol w9}
trabecular bone®] F7|¢} boneAlole] &3t Yol 1a Vg SA Y. MicroCT &9
Ayt olgfe] ¥y} o] coronal F$12] BV (bone volume), 77, /N5F7F HA2 A A3
oA AASA FaPG (2" 15). wehA, sves 2] S stal TRAP As) &4d<
Uetdl= S4F &5 BA=4dY s Aol dig dv] dFS 2xpdeddA Fad A g o

.
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oscar-luc

NFATcl - + +

Chop(ng) - - 300

600

+

900

1200

oscar-luc

1600

1400

1200

1000

Mitf - + + ¥ ¥ N

Chop(ng) - - 300 600 900 1200

<29 12> CHOPel ¢& NFATS MTF 2¢d < AfgA
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MCSF only MCSF+RANKL Sal3uM
160
140
120
§ 100
8
g 80
g
o 60
&
=
40
) .
. [ |
MCSF + + +
RANKL - + + + +
salubrinal - - 3uM 6uM 12uM

<23 13> Salubrinalg ©]&3F ER-stress$}
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i
ol

Sal6uM Sal12.5uM
sal
4
MCSF + + + +

|
+

—

g

<]
+
+
+

RANKL

CaK

OSCAR

NFAT

/

GRP78

chop

ATF4

N\

GAPDH “__

olX
BN
i)
r o)
el
=1
ol



<2 14> OVX t$29} A4k ope2olAe) WA 37] )@
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Top—>

Bottom—>

Sham ovX

Sham OovX
BV(bone volume)/TV 16.52% 9.63 %
(trabect-lrlgr:-[lnckness) 45.6um 326 um
Tb.Sp 242.7um 332.4um
(trabecular separation)
Tb. N 3.6um 2.5um

(trabecular number)

<a¥ 15> OVX v}$29 AAF vu-20] A9 trabecular boned Bl



134 2xpAd%E A U8 2
A
AT 9 (o] &4 A g A TA AL Ul-E
AHs)
*Tunicamycine IJZAHE] S Asjel= Aoz
*ER-stress
1
o \p=]i-
‘ITEO}‘L
‘ ‘ kA ALz A 212l EIF2a7t ER-stressol
Tunicamycins s =y o qo10)0] EHols]
Il = ol T i B4 — =
R A _
) *TRAP assays &3l oH543 9 &2l
Al S A
ub-25 o] &ste] 1x g1, A 23 Wy F
54 2 o] ol m= . *9 7] Ginsenoside s3] op=A|Ee] 3l
gadlel FHes *Ginsenoside 3}5HE9] _O ) B -
A7) AT — o HX|&= eFS TRAP assay® XA}
A RS A . . B
o sginsenoside Rh2®%= A X9 ZA glo]
ol gk A
shuk AEgs gl
*Salubrinal®]
ER-stress & *ER-stress® key factor?! ElF2a 4 &%l
= AE F3F Al | salubrinale] IFEAE #3tE AATES FET
714
3APA L o] Fof] AAT ZUFS sE A A
e ginsenoside Rh2®9% &= 2axpd o A]zbst
Azl Uy - - - -
=5 1 g A HAE AAT FEAFAA
Ok A) 77 /‘\_]—‘-;l(j_r/]— ) . X X _ -
gdat Ale A ginsenoside WA olginsenoside Rh2®E 8] 3+ 5o A
@
o Rh2@e| &3t A7 | A4 FEoR Bokge el AT Aol
T AF AYE &2l 3
AN4d 22pd = A4 1)
ol g3t F=AE A Al €4 9

1. Tunicamycin<-

XA ~E# 2~ (Endoplasmic reticulum stress, ER stress)-related unfolded protein

response(UPR) +

_42_

ER9l unfolded protein®] #= =4 %S w] ER chaperoned &



ftlo

7F, N2 diAo] AA oA misfolded protein® AA =
control & w&al 2o AWl cellular signal o] #odt= Aoz delx Ut 1t

UPRe] ER stressoll tig3h= AlEe] &4 =4 dfsisls d5-ol= AlEATE

23} protein quality

s
a

o

FHt}h. HEK293 cellol A tunicamycin 52 A #3}e] #4524 <]l ER stressE 4]

s
o

A

==

T UPR MM &4 A& XS ## 3 23 [RE19] 242 8A% ol 2
A &5 =

ol YEMT o]= A4 ER stress A& A IRE1 &4 9] A7 Alxe] ApdE

B
ol
k]

}‘

H

ATF69] 42 2071 A=rRE A& whd| PERKS] &2 30413 o] %

N

~|
)

Ho] Q&S HolFia 9l (IRE1 Signaling Affects Cell Fate During the Unfolded
Protein Response, Science, 9, November 2007: 944-949) 3}X| %} osteoclaste] A3
Zh-g-ol 9ol Tunicamycin®} UPR protein ¢ 9&& A9 <#A AA il AT} &
AT-olM= Tunicamycing A X A gste] A X AMES FRdivhs 225 9
Atk 1 1olA e} o] sbEAlx 23 Asdds S74383lth. 21 A3} Tunicamycin &%
of Wl TRAP &4 o] ZAadhs &lsidion, of Aats saEAl Lo Atde] W& 4443

Y= MTT assayell &l &<letitt. svhaTolA oA Ee] ZaAE 3 A5 W

oL d

-

Rk oyt MEAE S Fste] A &shs WM fFadoR 250 Tunicamycino] o] %

A AT FEAGE B A2 ARARAY 7

2. Ginsenoside 3}3t&E9] dtZ A2 £33} A& A 4
Ginsenoside 3}3HE-S Qlito] Alglsldy =& okglstd fFaAEow dd dux o,
Ginsenoside Rbl, Rb2, Rb3, Rc, Rd, Re, Rgl, Rg2, Rg3, Fl1 S°] 3t} &A

Ginsenoside $3t=2 T304 oA 28, dild bd =3 28 FA9HE g2 FH]

& AAbek7] flske] 7] shgteel tigk TRAP A8
ATt
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2l MTT assay

TRAP assay
2 100
g 80
15 - .
E 2 —&— MTT 2hr reaction
= s 4p |
) 1 == MTT 3hr reaction
g 20
[a]
3 o
05 - | '
: NC PC  |30ng/ml [20ng/ml |10ng/ml| Sng/ml
. tunacamycin
D 1 — B B L T — T T 1 °
MNC PC 30 20 10 5
RANKL - + + + + +

(¥ 1) Tunicamycinoll &3t J=HE £} A3} AFALE
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(#1) ginsenoside 3}gE

1 ginsenoside F1
2 ginsenoside Rgl
3 ginsenoside Rh2
4 ginsenoside Rd
5 ginsenoside Rhl
6 ginsenoside Rg?2
7 ginsenoside RbZ
8 ginsenoside Rb3
9 ginsenoside Rh2®
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OD 405 nm

Proliferation (%o)

2
@

04T

100

30

50

40

20

-+ + + 4+ 4+ + + + + 4+ + + + + + + + + o+
10 1 10 1 10 1 10 1 10 1 10 1 10 1 10 1 10 1 (ugm)

1 2 3 4 5 6 7 8 9 ginsenoside 2l

B T T S S S S S S S e S S S S

0 1 10 1 10 1 10 1 10 1 10 1 10 1 10 1 10 1 (ug/ml)

1 2 3 4 5 6 7 8 9 ginsenoside 3}EH=

(28 2) Ginsenoside 3}3HE2] FZAE B3 A3 S AXAFT
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ginsenoside BWAE (1 0ugiml)

RANKL 0 1 2 3 1 2 3 (&
HFATel

TRAF

OECAR

RANE

HPET

(¥ 3) ginsenoside Rh2®Y A E E3lo] lojA RNA 23 F3F ZA}
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(19 2)¢} o] EE ginsenoside 3ELS A EoA A FEALES VERRA] %9ko

1 ginsenoside Rh2 10 ug/mlol A ¢F 50%9 d=AE £33} A& FAS BAF

Kl

o)
AR

=M= M-CSF9} RANKL F 7FA] Q3 Aol EFRQle o9& ZdRA XA FhaAE

2 BaEc, 2FATOA EH]EE= RANKLS Mitf, PU.1 Z28]3 NFATcl# #& #ARQ
AHEo] v ot S RSt gEAxe] 3E =71t I A o)

&4
T AE E3ke] T8 HAARRIAR]I NFATc1# OSCARS] #de 283t AlsdgA A
£ 98 RT-PCR W& o] &3] 2Abakalth. RANKL> RANKe| ZAd&ta NFATc19] &
d& S7HA71ar FHolo] TRAPSF OSCARS] wdo] H wEt}, ginsenoside Rh2®-
RANKLEHS A 2]et gh= A et nlustolSwl NFATcl, OSCAR, TRAP 1831 RANKS] #t
dAS A (193)

A3 A3st mdlolt}, 50 & EEAS o] &3k AT T A3t sERDS A9
st=d T Q3% X%E AlF3ry. wEbA, ginsenoside Rh2®7} Ao E3lo] nx= o

kS AT 19 499k Zo] ginsenoside Rh2®+ ZZA|E Q] F3lo) AF8kS Fx] &

kil IZAES] Etevt FFS £ AR L3l S F= =vEs ARAY] 7

3. FAE AAZ AE ol &3 athes FEEDAA ginsenoside Rh2®9] &7

oln] 1AEENA & ndS Y9, 2xd%EoAE EERdo|A ginsenoside
Rh2®°] =ta3 As] adE A4S AlAsielal 3abd=dl= viy-g & Ageltt. 2t 67}
gol A& ARgste]l dAE AAGT] dol #FAE A4k v A= ketamine
80-100mg/kg/ xylazine 5-10mg/kg = IPE FHo| FANIATH v Ho AFAHAES A3
of, J4 A ®oll §IA|g Abgol A YAR Urolxl ek wel 2ol f1A1E EE4

dAE AE AASAT. 6FF ] HAE sacrificeAl A A AAE skt
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ALP activity

1.5 T

1

s r

L.

Ostecgenic agent - + + + +

20 10 5

ginsencside Eh2® {(ug'ml

(28 4) ZZAE £33 A ginsenoside Rh2®2 &3}
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a0 7

Uterus weight [wet weight, mg)
ra
[}

OV Sham gitisennside BhAE

(2% 5) ¢4 @A 7, sham 7 218 I ginsenoside Rh2® FXF A F&A T
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<2¥5>9} o] kel FAL A7 HAE A AT OVX FH(negative control)ol| A & A

rot

A oA L Felst 4= ATt 3 ginsenoside Rh2® A|8E T3 Fvha= 2d FH 9

el A4 347 (Sham)el Fag M5E 2712 AYNASS FAsA 719 3

ol Fotel FHE Aista A AAR Fol dAE AAT HHOVX) Sham 79

i1

Al

trabecular bone®] W3ate microCTE ©]&3}e] BV (bone volume), ¥4, N+-E =4

3] o]},

4. salubrinals o] &3 d=AxE A A&l €4 119

Salubrinal < ER stress QAAI=A elF2a 2 ER1A3E wWols o2 M4  protein
translation & ZA3 5= FEoz 1 Wty Fo]l & &dEA At ER stress © =3y o
2 7HA] Ak Stell wWol #ou o Qo AR A BEEICRE @Wol Attt -2l ol
213} signal o #JdtE= salubrinal ©] FhAlSo| BAE =% LotH 7|l A7) e
of gl TRAP staining & %314 osteoclast formations counting i MTT assay =
B MEEAS Folddrt. <a™-e oA HolF5Eo] 5uM oA 5B osteoclast £3E &
X082 AAst=AS HASAT. BE AlxEAESs AR T A 200M7HA] sEE F=300

o

o]+= salubrinal ©] AXEEZ=Ao] obd specific 3+

ol

osteoclast ¢] #&3}5 A= AL FH3E

o]#]3l salubrinal ©] ¥ oW wHFIUZow H8&S A Lolr ] 9)a] RANKL
signal o] 3t A+E= 3PPt RANKL (Receptor Activator for Nuclear Factor k¥ B
Ligand), =+ TNF-related activation-induced cytokine (TRANCE) Z% <& # =0
TNF-a superfamily o] 43kt o] signal o] A& #o™ MAPK signal & ¥ &3 thef
3k cellular signal & %38 ZAAFIAIC] c—-fos?] AeF2HS FE3tal o= 1 3t AALZA

=z}l NFATcl ¢ 2ES §%3it), NFATcl & ZFUAadst 7b3 93 2dox=zA

.

Ostoeclast #3}e} Aol Aol o] 7}A] factor (OSCAR, TRAP... )9 wdS z4dsto
24 ZUALS ST A 52AY Fa% Eplo R AEEI Q).
$-8l&= 4 salubrinal ©] oW ARE A=A LolE 7] 98 PCR & EaA4 #dd

FAAe war

H

E =A3grt. <™ 7>oA Ho]F50] osteoclastogensis ¢ F8 <z}

)

2] OSCAR ¢} TRAPE RANKL A7 2 time-dependent atA Z7}st= GA4S HolFH 1
St

s1o]

Oll
il

fllo
.1

+ salubrinal ¢ A @& <l8fA significant 3HA A= UdAF
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A

RANKL
salubrinal(uM)

TRAP(+) MNCs/well

350 -
300 -
250 -
200 A
150 A
100 -
0

2.5

25

I.t
5 10 20

salubrinal(uM)

celly fability
(percent)

125

100

75

50

25

+ +
5 10
0 25 5 10 0
Salubrinal(pM)

<2¥ 6> Salubrinalell &3t FFZAHE £3 A& L AEZAS 95
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RT-PCR
Salf10,0)
MCSF+RANKL  MCSF+RANKL
MCSF
oy 41 @ 43 44 dl &2 43
OSCAR e A S— ——
pacn | [ ppp—————
RT-PCR
Sal(10pM)
MCSF+RANKL  MCSF+RANKL
MCSF
oy g1 gy @ & AU @ W dd
e e —————
Bacin [ —

Fold induction

Fold induction

Quantitative PCR

OSCAR
MCSF dl a2 43 d4 dl a2 d3 d4
only
Quantitative PCR
TRAP
MCSF dl d2 d3 d4 di d2 d3 dd
only

<I¥ 7> Salubrianldll €3 OSCAR®} TRAP 24
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RT-PCR
Sal(10pM)
MCSF+RANKL MCSF+FANEKEL
MCSF
only dl d2 di d4 di d2 43 d4
cfos I ———
= — ———————

RT-PCR
Sal(10pM)
MCSF+RANKL ~ MCSF+RANKL
MCSF
only 4l d2 d3 44 dl 42 43 44

o

B-actin

Fold induction

Fold induction

Quantitative PCR

e-fos
60 -
5.0
40
3.0
20
10 +

MCSF dI & & d4 d &2 43 d4
only

Quantitative PCR.
NFATcl

10
o
i
6
3
| il
2
t
o L M M | l

MCSF dl d2 d3 a4 dl d2 d3 d4

only

MCSF+RANKL MCSF+RANKL+sal(10uM)

<% 8> Salubrinaldll &3t c-#e} NFATcl &4
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Sal(10uM)
MCSF+RANKL  MCSF+RANKL
MCSF

oy G E oSl H W B s

NFATcl - . .

| ™ !. - !.- v Short exposing
n“. .... Long exposing
|

c-fos

B-actin

<% 9> Salubrinaldl 23 @& @& 34
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OSCAR 9} TRAP 2 X% Osteoclast w3}ol] 583 I&& gt @A ZA o5 EF
transcription levelol4] NFATcl o] =4S W=t} 1822 salubrinale] ©]# 3 OSCAR,
TRAP®] 79l 24021 NFATcl 3} c—fos o WS dSe30th <IH8>A HoF50]
transcription level o429l NFATcl F4dAFe] &dS RANKL o o)A F7F=E 3 GA
salubrinalell o]allA HaE= RS FAPARE RANKL stimulationell 2]8iA 718 c-fos
A= salubrinalel]l 9JefA FaFE A etk A 2l oF3ilh

t}S- protein leveldlAd 99 S &<2135}7] ¢J3] western blotting analysis & S-3) s}
Ay, Adfo| A HolF5=o] TRAP, NFATcl 9] expression level < salubrinal o 2]&}]A
time-dependent A Z&]H AW 1 A ZAJRS] c-fos & & IS WA ZFEve AE
SISFATHZH9). ©]+= salubrinal ©] RANKL branch o4 c-fos ¢ down-stream ©° Z-&
o =3

Salubrinal & elF2a % phosphorylation A|7]&= W7o 2 2 dH A ). B3k elF2

rob

rr

AE

o

o)

MN

a7} phosphorylation ©] % global 3t protein translation ©f] ¥ogtc}, o}22] salubrinal
o] e[F2aE %3+ NFATcl 9 protein translation o] G3FS FE=A ofdA &= 7pES o

To] Fa F7h A9 W Fo|)

I
d

Bl ol g} c-fos ¥ Wdo|EIZ phosphorylation & A A] c—jun °©]Y TFE partner
& complex & YAsorA T &4 & # @3 std, 3 NFATcl = phosphorylation & &
a4 nucleus translocation {57} Z*o] #Th protein phosphatase inhibitor =A]
salubrinal ©] o]2|gt modification & S Y2 HHS FE& 7FsAd = viASHA X

3ttt Salubrinal ¢ 213 mechanism < 93793 A S AL @sy=o|t},
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Black ginseng extract 480g
n-hexane

extraction

Water Phase
‘ EtOAc extraction
Water Phase
|

n-hexane extract

EtOACc extract

‘ BuOH extraction
Water Phase

BuOH extract

& 22EEVE A7) §uFERIY Az

ot
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A E Iml FAP =
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iy

@ 5ml red-blood cell rising buffer = |3
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=
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(® MCSF 30ng/ml, RANKL 25ng/ml ¥a. thA] 39%<t incubatorol A 7]-&t}.

@ 1000rpmell 4] 5& E¥§ MCSF 30ng/ml
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Black Ginseng EtO Ac Extract (5.76g)

ODS open column chro. (45x215mm)
(30~100% MeOH)

Fr.0 Fr.1A Fr.1B
(No activity) ~ (331mg) (1.26g)
Sephadex LH-20
(MeOH)
Act. Fr. (1.07g)
Silica gel open cc
CM 10:1~1:1
BJl, Iz Ic,Ip, Ig Ip
Prep.ODS Prep.ODS
HPLC HPLC
(65% MeOH) (70% MeOH)
BG-H BG-A
BG-1 BG-B
BG-J
BG-K

<3¥ 2> Z4t oA H|E FEEERH

[ I
Fr.2 Fr.3
(1.87g)

Sephadex LH-20 |

(1.92g)

(MecOH) |
MeOH-soluble

MeOH-insoluble

Act. Fr.(1.02g)
Silica gel open cc
Silica gel open cc CM 15:1~1:1 BG-L
CM 15:1~1:1
Act. Fr
Prep.ODS
BJ-II, BJ-II HPLC
BG-M
Prep.ODS Prep.ODS
HPLC HPLC
(75% MeOH) (70% MeOH)
BG-C BG-E
BG-D BG-F
BG-G
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< 3> =4F EtOAc FE=& £389 ODS open Zd AZuEOfy AA & d& £ 59
Ag7ta TLC 243 (AANLv; S22 EHeL 51, 34 59 2H4)
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WA Fr. 1B 238 1.26g% Sephadex LH-20 Zd m=zulE1#)9E 2 Ashd]
1.07gs =t @488 A TLCE AAste] SAHEHAES T2ads 89 & &

2REFEBLCM 101904 11741 gole] 34 Sevn Ael7td 29 Awnieae)

TLC 2329 6)5 EUWZ BG-Iz5FH BG-I7HA 6719 #& oz o] bz} Bt} ol&
T o] 73 BG-IBY BG-Ip &8 dtiste] ODS-HPLC #41& AA|ste] o]& i3 9
HPLC Z239& &gt} olu] HPLC BEAxALS ¥ 2¢ gon, 35 dAEgo g

2
2
=)

2
=2
>

>
l
rot

Sl
rln
-
s
=
O
g
1%
>,
o
rlo
=5
\]
fo
Y
rlo
BN
ny
=2
>

>
>,

ol
ol

BG-Iz ¥3&d tste] HPLC EAA¥ (28 7)E vlgoz 70% eSS Sz 59
ODS-HPLC #3# (Z4; Cosmosil 20x150mm, 5u, Flow rate; 7.0 ml/min, UV 210nm)&
TP, o] Z2HE RT 16.4%A =44 a8 EA43¢E BG-A (123mg)d} RT

19.14 514 BG-B (152mg)S ZtZF At} BG-IB #89] tisiA HPLC X423 (19 8)

il

AR 65% HWEreS SviE 3l ODS-HPLC EFHZE $3sle] et 228 4719
3= BG-H (65mg, RT 53.556min), BG-I (3mg, RT 42.99min), BG-J (3mg, RT
27.60min), BG-K (8mg, RT 40.24min)E At}

23 Fr.2 (1.87g9)S Wer2S 582 3t9] Sephadex LH-20 Z¢ I ZvlEadyE
At gdwe 1.02g Eokth @R deggtA TLCE AAlste =459 TLC
rE3ds Flsgleor(1d 9), $¥8ES A FEEEFMEES(CM) 15:194 1:171A
gujo] FAL SHA] A A ZE aEnEasE AA g 28 aEnE gy
dojz 7 BE S5 st A7hA TLC (CM 5:1)E st 1 A2 5E 7}

Fom, o5 FBG-Ipe BG-Ilg F+ 7Hel EAEFo thsle] .ODS-HPLC #4& A3t

=

ol

Hm
ﬂl
FU
<
_1

(79 11). BG-IIp +¥& ODS-HPLC +# (&m; 75% wWerE, 5 7.0 ml/min)E s}
$4353E BG-C (23mg)®t BG-D (76mg)< Zt7 #83isith. BG-1ll; 3o 2HEHE
ODS-HPLC &3 (&vl; 70% wWerE, <% 7.0 m/minEs d3t Z43E BG-E
(15mg), BG-F (11mg) % BG-G (380mg) Al 7M°] &S &F w33l
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<a¥ 6> 34t Fr. 1B £39] Sephadex LH-20 Z¥ I=zZvlEady & dL 4 23
o] AFd ZY ARvtEOHY AA F9 A4 TLC 23, (A/MEd; E2E2FE:
< 4:1, 32 59 W)
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<X 2> HPLC &4 %A

Column YMC 5C18-AR-II (4.6 x 250mm)
Gradient
Mobile phase Time (min) | Acetonitrile (%) H20 (%)
0 20 80
30 80 20
35 100 0
Flow rate 1.0ml/min
Detector Photodiode Array Detector and UV 210nm

Injection volume

10ul
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avelength {nm)
I
w
a8
|

o 2 & 3] 8 10 1z 14 16 18 20 2z 24 26 28 30 32 34
Retention Time (win)

<a¥ 7> BG-Iz 89 ODS-HPLC &4 Z 239 (BEXz7d 12 F=%).
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0.
o.
o.
0.
0.1g000
o.
148
0.

Wawvelength (mm)
P
(53 =3
g 3
||

] z 4 & ] 10 1z 14 16 18 20
Retention Time (min)

<19 8> BG-Iz 89 ODS-HPLC &4 Z239q (BEXzx7d 12 Fx).
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<ad¥ 9> &4 BG-IIp 89 Ag74d TLC 443, (AL, S22 E:Mae 4:1, &
AF 5% A
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Wavelength (nm)
o
I
o
|

] z 4 & 5 10 1z 14 16 18 20 2z 24 26 28 30 3z 34
Retention Time (min)

<3 10> BG-IIp 39 ODS-HPLC &4 Zz3gd (BAzA ¥2 I=2).
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1.
a.
o.
a.
0.45000
o,
a.
a.

Wavelength (nm)
™
n
a
|

Retention Time (min)

<2¥ 11> BG-llg #8<¢ ODS-HPLC #4 Z=2Zud (E4=x7 72 #I=x).
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LL°9T

ET Bz

EL°PT 19°pT

—_—
ST°BT =

z.0

.8

)
.8
[

(ny) SomegIosgy

= ey

36 38 40 42

34

a0 2z 24 26 28 30
(min)

18

14

10

Retention Time

<% 12> Fr.39 wW&g 7184889 ODS-HPLC £z 29d,
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Apsorpance [AU)

22.54

o
N
o

Pl b b bnn b b b b bt bt Ly

-0.05

T i T i T T i T T T T T I T T T T L T
14 16 13 20 22 24 26 28
Retention Time fminl

o
IS
-
S
@
@
=
&
&

<2¥ 13> Fr.39 wW&g 2848389 ODS-HPLC #4=Z29d,
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Absorkance (4U)

<% 14> Ginsenoside ¥F3}3E2] ODS-HPLC #4] T29Yd (4

Rg1

25.08

28.33

Rh2

protopanaxadiol
“Rh1
S LEF 5
Rb2, Rb3 =
Rd &
Ck
)
J\___j\— _/\_/\_,\_,k_,_f\_,.,ﬂ TH—
T T T T T T T T I T T I
2] 14 16 ig 20 2z 4 26

Retention Time (min)
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Absorpance (4U)

&
3
e
0.2 J\
0.0 44—~

L83

N

= 15.39

P 15.03

20.52

io 1z 14 1is
Retention Time imin!

<29 15> 2339 3329 ODS-HPLC 4 Z23g (EXz7A 32 Ix).
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<& 3> Ginsenoside ¥F 3= 3 Aoz E ¥ gFESS HPLC £42%

R. T(min) Reference compounds isolated compounds
9.63 Rgl
14.55 Rb2, Rb3
15.03 Rg?2 BG-A
15.39 Rh1 BG-M
15.67 Rd BG-B
16.11 F1
18.45 BG-E
19.39 BG-F
19.91 BG-G
21.30 BG-K
22.93 BG-I
23.83 BG-H
25.06 protopanaxadiol
26.53 BG-J
27.07 Ck
28.33 Rh2
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4ol EtOAc Fa=25H 7 wd AAd 24 sd=sl dF s+ s 9

3ol NMR % Mass spectrometerES ©]-83F 7| 7| 2418 A A|3}S T
BG-A 33t=E2 N9 #d=E dojxionm, UV 2FAE-HN= EA3 9o S

9] ESI-MS #2443 (29 16, 3% 4) [M+Nal® ion peak’} m/z 776.7914, [M-H] ion
peak’} m/z 752.8914 #=5o] £ shgr=o AR 754%2 FAHAY. o= HPLC &4
A3} 53 RTE YEMA ginsenoside Rg2 (CuoHr2013, A 785)9= Aol b2/
el M2 g2 3989 ez 9 =k 53], BG-A 3gEe 'H (23 17) %
g4<l ginsenoside®] NMR A~#EAZ Btk 'H-NMR

2

BC-NMR (19 18) ~HE#HL

AFEH = &y 4.34°04 1709 Dol A 33k anomeric proton A|1do] #ASE A om,

>

870¢] methyl protone] &; 0.93~1.67¢14 Z+7+ #==EJrt. PC-NMR ~HEHS B

A3 §c 16.1, 17.0, 17.6, 17.7, 17.9, 25.9, 26.5, 34.4°14 87]¢] methyl ¥4,

n

c 105.49)
A G2z 194 Faldk anomeric carbono] TE=Ho gy E FIELS (7o GERAES E
& 3letE s & 4 dden DEPT A#HEZ (29 19) 4243 87019 CHs, 9719

CHz, 1370 CH % 6709 45 ©AE FE3dtsth= 36709 ©AE 7749 ginsenoside & &

)

T AUJT E =Y A FxEAS flske] COSY, TOCSY % HMBC & UtheFsgh 2
NMR &4 = AAlste] 4 ol 9l
T2 dojgon, UV 2FERAE 543 3o F545 Y

A ¢ka1 203 nmol| A %F end absorptions YEFH O =ZH BG-A 3HE3 AR A2 S LE

BG-B 3=k 2~

1
Lo
Hm

o]

W ginsenoside =S & 5 AAT B =9 ESI-MS #4243 (29 20, & 4)
m/z 662.9°14 [M+Nal® ion peak”}, m/z 639.0914 [M-H] ion peak”} Z+7} #=x|o] 1
gt EAHS 64002 FAESIU. ol HPLC 423 FY3 RTE e
ginsenoside Rd (CysHg2015, B4 947)9b= EAo] A 24 Yehdozy M=z o]
3 3gtEel Ao g HArh BG-A 3gEe 'H (28 21) 2 PC-NMR (29 22) 29

EZL BG-A 3gE 2AET wl§ FA}3E ginsenoside?] NMR ~FEHE H AT
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@3 \ﬁcalil;uﬂdalaﬁﬂ 107_111107124154 - 11/07H1 12:41:54 PM BJ-A
r.KimJ
111107_111107124154 #27-55 RT- 0.67-1.34 AV: 29 SB: 82 0.05-1.98 NL: 1.86E2 )
T: {0,0} + ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]

1005 1726

604.9

80~

|
90- |

< | :
70- 107.5 ,

2437
|

i 11817

Relative Abundance
o
3

| I
7389 748
1347

Qo2 || 757.9 ‘
| 1588 | | - |

692.0 ——

i
|
|

S N I |
150 200

111107_111107124402 #35-46 RT: 0.86-1.12 AV: 12 SB: 62 0.05-1.98 NL: 12162
T: {0,0)~ ¢ ESI 8id=50.00 Full ms [ 2.00-1636.00]
100
E|
90

80—

650 700 750

70~

Relative Abundance
o
g

30 2355 8927

157.3 | |

20 513.7 | e

! | E

107 000 1ol 1g2q 202 | 2P 2876 4082 5006 5780y BAd 734.0 (752
.| s I s w3 | sws ] o] =
100 150 200 260 300 350 400 450 s 550 600 650 700 750

m/z

<% 16> BG-A g3E9 ESI-MS ~¥EH,

abo

7738

7822
800



<E 4> SHozRE 24T vhex F2AE £394 84 AFES ESI-MS 2427

Compound Mo . MS, WAL
[M + Nal', m/z (M - Hl, m/z
A 776.7 752.8 754
B 662.9 639.0 640
C 644.9 620.9 622
D 643.8 619.9 621
E 791.8 7679 769
F 823.8 799.9 801
G 791.8 7679 769
K 770.3 746.0 47
M 823.6 799.7 801
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S MJMWW :

T T
1 0 ppm

<2¥ 17> BG-A 3¥E¢ 'H-NMR £ E¥(CD;0D, 400 MHz).
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A

T
140 120 100

LI S e e e e

'R

L e B T T T
60 40 20 ppm

<23 18> BG-A 33E9 BC-NMR 23 EH(CD;0OD, 100 MHz).
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Pulse Sequence: dept

ol

e e T T — T
180 160 140 120 100 a0 60

| il IIJI!JLI‘I

T T
40 20

<I¥ 19> BG-A 3E9 DEPTAHEH(CD3OD).
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'H-NMR 2~#Efo| = BG-AS vl7FAR 6y 4.3494 1719 glucose® F4 &= Bl
A el gk anomeric proton Al71Eo] #FHASH, 87§°] methyl proton®] Sy 0.94~1.66
AlM 77 #EHAT. UC-NMR ~HE-S 248 A sc 16.6, 17.8, 18.1, 18.2, 18.4,
22.8, 26.4 2 31.99014 870¢ methyl &2, §c 106.0914 1782 anomeric carbon®¢] #=5%

o 2A ¥ Fe=2 glucosez FEEH= 19 FEAE X IFEdS & F UL
W, DEPT 2=3lE3%] A7 8709 CHs, 8709 CHe, 137H¢] CH % 5709 4% ©4E X3
st & 34719 ©AE A% ginsenosideds & 4 Atk COSY, HMQC, TOCSY #

HMBC & ©d 2D NMR 245 dAjste Qo gstx2s 24BG-C dtax 94 2
Aol Btz dojxon UV AFEH| % 203 nmol AW end absorptiong YERH O ZH
BG-A % BG-B 3}gE3 ¢ A3k A2S YEN = ginsenoside SFEYS & = AU
o}, ¥ 3gtEo] ESI-MS B4 23 (28 23, ¥ 4) m/z 645914 [M+Nal® ion peak’}, m/z
62114 [M-H] ion peak”} 22} #FHo] 1 EAHL 6222 FAHUY. BG-C 3}3HE9
'H (2® 24) 2 PC-NMR (13 25) 29 E#S BG-A 2 BG-B dgE3 vj§ {A1E 1)
o] & AU ginsenoside®] NMR ~HE#HE wlth 'H-NMR AHEd = BG-A ¥
BG-Boll A ¢} 7ol 6y 4.34°1A glucose® FAHE = oA gk 1709 anomeric proton
Aladoel #FEASH, 77019 methyl proton®] 6y 0.93, 0.98,, 0.99, 1.12, 1.32, 1.61 %
167014 Z+2} =9 Ak BG-C 8tehE2 BG-A 3teh&Ed vl wskgls o methyl”]7F 170
A wbA| &y 256 (IH, m) ¥ 4.68 (1H, s)olA methine ©47F AMFA #ZEAoh
PC-NMR 2#|E#lo] X 6¢ 16.1, 17.0, 17.5, 17.8, 18.0, 25.9, & 31.4914 771<] methyl
B4 A=A, ¢ 105.6904 170¢] anomeric carbono] 5%tk meEkA BG-C &3t

52 glucose® FAHE 1719 BdEAES L= F 35719 ©AE FA4 % ginsenoside?

dojzxom 203 nmol AW UV end absorptions UEF
Y EA4S Yeidh. ESI-MS #4439 (28 23, & 4) BJ-D 32L& m/z 643.8914
M+ Nal® ion peak’}, m/z 619.9914 [M-H] ion peak7]- zyz} L}E‘rlﬂoi 1 BAEE 621

ol oF 4 At 'H (28 27) 2@ PC-NMR (1% 28) ~ ° BG-A ¥ BG-B 33
=3 g FARSE 1709 2S A ginsenoside®] NMR QE%% Bt 'H-NMR 29
Edo A= 6y 4.34904 1709 anomeric proton A|Z1E9] #ZHASH, &y 0.9394 1.66

Atolo A1 970 €] methyl proton®] 77t #5 5 S},
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C:\Xcalibur\data\111107_111107131240 11/07/11 01:12:40 PM BJ-B
Dr.KimJP
111107_111107131240 #34-52 RT: 0.84-1.26 AV: 19 NL: 9.11E3
T: {0,0} + ¢ ESI sid=50.00 Full ms [2.00-1636.00]
100

661.9

3 662.9

Relative Abundance
w
o

4238 |
|663.8
| 6938 7218 7602 7597 g4p7 970.5 981.7

380.8
2333 LA 3§q§ [ 48T g0 039 1

Bk
L e B A R B

200 " 300 400 500 600 700 800 800 1000
miz

T et SIS wothirne~-. H F

{6 #46-55 RT: 1.12-1.34 AV: 10 NL: 1.32E3
50.00 Full ms [ 2.00-1636.00]

T11107_111107T:
T: {0,0/~cESlsi
100-

6379
90-

80~ 4759 .
70° 161.3 656.0

60

40~ |476.9 P

Relative Abundance
o
o
1

3 ‘ 2836 ! |1
20 | 255.7 | [ 700.2
10- | 1132 3 Lo (e

: 1623 2275 35 aaso 4603 sa0g 5673 5359 748.1

[ a3 o T, - SURPE INFRURBMAN . W, W S WIS R

100 200 300 400 500 600 700 800 900 1000
miz

7999 gags 892 gr5, gsso

| DL B DR R N b e Ay e e

<2¥ 20> BG-B 3}&}ES ESI-MS ~HEH,
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<2¥ 21> BG-B #¥E¢ 'H-NMR 23 E#H(CD;0OD, 400 MHz).
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<13 22> BG-B 33E9 BC-NMR A% EH(CDsOD, 100 MHz).
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C:\Xcaliburdata\111107_111107131845 11/07/11 01:18:45 PM BJ-C

Dr.KimJP o
111107_111107131845 #37-50 RT: 0.91-1.22 AV: 14 NL: 4.54E4
T: {0,0)+ ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]

S 537.8
%0~
80-
g 70
¢ -
ge 643.9
2 50-
Sl
0 5388
@ 3°'f 644.9
20
oo W3 508 5308 a0
% ? ’ 2818 3245 386.8 4237 5038 5408 6199 _675.9 7179 7g0.2 863.8 943.9 964.4
100 200 300 400 s0 600 700 800 00
m/z

111107_111107132054 #4447 RT. 1.07-1.15 AV- 4 SB: 45 0.05-1.10 NL: 1.82E3
T: {0,0} - ¢ ESI 5id=50.00 Full ms [ 2.00-1636.00]

100
90—

80
70 161.3
60-

50
: 639.9
40— 255.6 {

30

zo-: a3 ALE 651.9
159.4 72574 X 667.9 7100

10- 4283 276 2845 27 675 e 817.9 - 01 gwe gm2 . ow2

o [ N ! y: 4894 5238 5536 | 776.1 i 87

100 200 300 " 400 500 600 700 800 900

m/z

Relative Abundance

<2¥ 23> BG-C 3}}ES ESI-MS ~HEH,
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e
1 0 ppm

<2¥ 24> BG-C 3FE¢ 'H-NMR 23 EZH(CD;0OD, 400 MHz).

_91_



| : . I LHJ

| 36 0, s o LB i 7 78 2 < TR s o P B ) I 4 2 .28 1 (R SR P G 0 e . S o I L e e i

e e B o SO
160 140 1zo0 100 80 60 40 20

<13 25> BG-C 33E9 BC-NMR A% EH(CDsOD, 100 MHz).
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BJ-A$} H]w&}9lS W BJ-Do] 'H-NMR 2 Holl A= 6y 2.58, 2.66 2 5.074 2zt

ZF 1719 A 3709 methine proton AlZZEo] AlFA #S5HAL 17012 methyl Al2do] H
#5E ubd, BJ-AYAM #S5FHAW 6y 3.549] methine signalo] #5H A &gty PC-NMR

A EHAE 9719 methyl 47} §c 12.9, 16.1, 17.0, 17.5, 17.8, 17.9, 25.8, 27.9 %

314994 #ASHJAoh =3 1709] anomeric carbon AlZLEe] §c 105.504 #SH AT}, o]

258 BG-D =2 M8 B #AE Eeta e F 30719 ©@AhAR A" BAE
o]0 o)

6219 ginsenoside¥d= & 4 AT}

BG-E stgte= oA 4

o
lo
M
o
1=}
lo
2
>
%,

JS eSS, 203 nmol| 4Tk end absorption
S UEtdl= UV 29 E"S Bt BG-E 3t8+9] ESI-MS #4143 (19 29, ¥ 4) m/z

791.891 4 [M+Nal® ion peak”}, m/z 767.9914 [M-H] ion peak’} Z+Z} #=xHo] 1 &
A 7692 =AY BG-E g3 'H (18 30) 2 BC-NMR (18 31) ~HEZd 9

Al 1709 B& A4 ginsenoside?] 53¢ NMR ~HEHE Bl 'H-NMR ~HEH

=2

A &y 4.639141 1789 anomeric proton Aol #ZHJY O™, 9719 methyl proton®] &y
0.92014 1.67 Atelol A #Z5H Ak "C-NMR 2= M= §c 17.1, 17.3, 17.33, 17.8,
18.0, 25.9, 27.8, 31.9 % 34.994 ZF 9719 methyl A&7} #HS5EHAIL, ¢ 101.6914
anomeric carbon®] #ZH UG, o|ZX-FH BG-E 3= 1719 GEAE 2838 £ 3770

o] BtAhE FAE EAE 7692 ginsenosided S & 4 AT}

ol

BG-F 3}gtEw 3 A BEhol AAao 74 203 nme end absorption?he UER|E UV 2~

19,

AEHS HYgon ESI-MS 4243 (29 32, % 4) [M+Nal® ion peak’} m/z 823.89

A, [M-HI" ion peak?} m/z 799.9914 Z17} #A=55 o] A 801d= & 4 USNTh

rlo

BG-F 3}3tE< 'H-NMR (18 33) ~2FEHL AA 1709 &S AU ginsenosided E4 A
2] NMR ~#FEHS H o BG-E¢ ¢ FAFIS Y. =, '"H-NMR 2 EHo| A &y 4.63
ol 1709] anomeric proton A28 #TZHUSH, 8702 methyl protone] &y 0.929] A4

1.69 AlololA #=HTl. BG-E FJIFEL 1719 HEAES xIeE= Ex= 8019
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C:\Xealibudata\111109_111109172252

DrkimiP -

111109 #39-45 RT: 0.95-1.10 AV 7 NL: 2.74E4
T: {0,0} + ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]
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Relative Abundance
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300
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111109 111106172252 #3546 RT: 0.86-112 AV: 12 NL 2.02E3
T: {0.0) c ESI 5id=50.00 Full ms [ 2.00-1636.00]
100-
90~

80
70 161.3
60

Relative Abundance

323,
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150’ 300 350

<a¥ 26> BG-D 3329 ESI-MS A3

4
3396 50, 4389 458.8 4g75 5160 5737

' 450 550 700
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400 500
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miz
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— .
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b

—— 77—
S 4 3 2 1 0 ppm

<% 27> BG-D #}3E9¢ 'H-NMR 23 EH(CD;0OD, 400 MHz).
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<23 28> BG-D 33E9 B¥C-NMR 23 EH(CDs0OD, 100 MHz).
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C:\Xcalibundata\111115 111511 11:52:12 AM BJ-E
Dr.KimJP ) e e et
111115 #39-50 RT: 0.95-1.22 AV: 12 NL: 7.65E3

T: {0,0} + ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]
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40—

Relative Abundance

30

S 1332
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10 173
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T
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Relative Abundance
8

1074218 4512

5= S
100

200

111115_111115115421 #30-48 RT: 0.74-1.17 AV: 19 NL: 3.39E3
{0,0}~ ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]

619.7
0 2553 3298 3397 3575 4387 4507 5262 6019 | 647.8 697.6 7644 |

300 400 500 600 700 800 900

miz

(7658

= 8119
18139 8501 9036 9422

300 400 500 600 700 800 900

miz

<1¥ 29> BG-E 33E9 ESI-MS 29 EH,
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<2¥ 30> BG-E #gE¢ 'H-NMR 23 E#(CD;0D, 400 MHz).
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<a¥ 31> BG-E 33E9 BC-NMR 23 E#(CD;0OD, 100 MHz).

_99_

ppm



g.\écalil;ur\data\l||115_‘|11115120239 11/16/11 12:02.39 PM e
r.KimJ

T11115_111115120239 #34-55 RT: 0.84-1.34 Av: 22 NL:508E3
T: {0.0} + ¢ ESI sid=50.00 Full ms [ 2.00-1636.00]

100

898

405 3936

Relative Abundance
@
ki

2 3162
207 1272 4774 sreal (2 ans |
- | SHi4 z [459.6 | | 4%
103 |17 g 18 5035 5635 5974 oo 7236 7847 | 865.7 %03 oo

el dhalit T 1 alsehed b dbome i L

T 200 300 400 s00 600 700 800 s00 1000

11115 120447 #31-54 RT: 0. 31 AV 24 NL: 2.75E3
T: {0,0} - c ESI sid=50.00 Full ms [2.00-1636.00]
100 (1658

a0-

e
70°
60~
50-

i 766.8)
40° [

Relative Abundance

30—
20-

619.7

56 8958 9624 9859

10- 2555
101.3 1634 2534 2573 3394 3897 459.6 484.0 5775 6208
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[ Eimratheii EHOS— 4 =
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miz

<1¥ 32> BG-F g%E9 ESI-MS 29 EH,
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T T T
a 1 o ppm

<2¥ 33> BG-F 33%&¢ 'H-NMR 23 E8(CD;0D, 400 MHz)
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BG-G 3}tgEL 3N Bz dojxlomn UV 2HEZ HA] 203 nmolA% end

o

absorptiong YEATE BG-G2 ESI-MS ~#Ef] BMAx (o9 32, ¥ 4) [M+Nal”

ion peak’} m/z 791.894, [M-H] ion peak”’} m/z 767.9°A #=Eo] B 3}stEo] Ex

-

F 76974 BG-E¢ #sith BG-A s§Eel 'H (1% 33) ¥ PC-NMR (2§ 34) 2=9E
22 BG-E ¥ BG-F &3 w9 FAFSE S Hol= ginsenoside?] NMR A~FEZHE
e, '"H-NMR 2FHEHOAE §; 4.63904 1719 oA S@1d anomeric proton
Alzado] #ZFEHFA oW, 9709 methyl proton®] 6y 0.92~1.66914 Z+2F #ZHAL
YC-NMR ~9|E9] 9 DEPT ~#Ed (19 35) #Adu el & §c 12.9, 17.1, 17.3, 17.3,
17.8, 17.8, 18.0, 25.8 % 31.9°14 9719 methyl B4, §c 27.5, 27.9, 29.4, 32.3, 33.5,
40.3, 46.3 ¥ 63.1914 & 87l¢] CH, &4, 6&6c 51.0, 51.2, 61.4, 69.6, 71.9, 72.2, 72.4,
74.0, 74.9, 78.1 79.1, 79.1, 79.7, 101.6, 101.6, 124.2 ¥ 124.6914 < 1671¢] CH &4
7F #SHA e, AlgRAE 6707F B5Eo] & 397 ©aA Ajado] #SHIIH. A, S
101.6°14 2709] anomeric carbon®] #Z% o BG-G &3tE2 2719 & BAE 3 4

2 7699 ginsenoside 9 & 4 AU}

19,
&‘i
Q

>

Mol Bug dojxl BG-L FFIE A UV 203 nmol A%k end
absorptions YEMN T BG-L #3&< 'H (2% 35 % BC-NMR (2% 36) ~2FEH o
Al A8 A ginsenoside®] NMR AHE#E eIl 'H-NMR AFHEZAE §y 4.42

3o &; 0.85~1.68

v

(1H, d) 2 4.66 (1H, d)ol A 2709] anomeric proton A]1go]
o4 870¢] methyl proton®] #ZH <t "C-NMR £~#E# @ DEPT A= EY (2% 37)
FA AT 8702 methyl B4, 10719] CHy ¥4, 17719 CH &4, Alg@iE 7707F
HEE] F 427) A& Alordo] BSHATE A, §c 104.5 ©F 105.4004 27019 anomeric
carbon¢] #=5o] BG-L F=2 2719 & A& -3 ginsenoside €= & & A

HANNA F27F FHE BG-A, BG-L, BG-C9] 7%+ (¥ 38)°] et Att.
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C:\Xcaliburdata\i11115_111115122134 11/15/11 12:21:34 PM BJ-G

Dr-kimJP

111115_111115122134 #41-47 RT: 1.00-1.15 AV- 7 NL: 4353 -

T: {0,0} + c ESI sid=50.00 Full ms [2.00-1636.00] e
100~ %8>

©
L=}

o @ N @
& & o o

IS
&

Relative Abundance
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3 ! : | ! i 1o | | S -3 9416
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T: {0,0}= ¢ ESI id=50.00 Full ms 2.00-1636.00]
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80-

«
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|

e
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Relative Abundance
&

5
Rl
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o 1204 163.3 2051 2835 3304 g 6198 oors 7519 8446 8858
200 300 500
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<% 32> BG-G 83E9 ESI-MS ~¥EH,
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S 4 3 2 1 0 ppm

<2¥ 33> BG-G 3¥E¢ 'H-NMR &3 E&(CD;0D, 400 MHz).
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<13 34> BG-G 3FE9 BC-NMR 23 EH(CDsOD, 100 MHz).
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S aq 3 2 1 0 ppm

<a2¥ 35> BG-L 3gE¢ 'H-NMR &3 E#(CD;0D, 400 MHz).
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L e o e B S LI B B B B S e e R L e R B o o e e o B e L BRI,
140 120 100 80 60 40 20 ppm

<23 36> BG-L 3§29 BC-NMR 2% E#H(CDsOD, 100 MHz).

- 107 -



DEPT-100-111118-BJ_137 in CD30D 25degC

Pulse Sequence: dept

CH2 carbons

CH carbons

TR

all protonated carbons

<a¥ 37> BG-L 3%§+E9 DEPT 2 EZH(CDs0OD)
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BG-A

o Ginsinoside Rg2 Glu=Glu—0
%
¥ 4 oH

OH

<% 38> BG-A, L, C g3&E9 F+x
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Z 5 ginsenoside Rh29] SFAEL 23 A 71d 1+

o
N

osteoclastogenesis © 7] 7FA] AW S FEst}, FulE s #4 <, bone metastasis,
Paget's disease 18]1 Ft}d% 52 ¥ AUz osteoclastogenesis 2] Zldg oz Q&)
H3kA "t} o]2]3F osteoclastogenesis =T 834 RANKL signal o 9alilA] ZA ¥ 18
21efA RANKL signal & BFAOR st 2452 s dHld addom Ads &7
o FEa gl

A B A9 FHX|+= osteoclastogenesis & EFI SR 3Fi= small molecules =4}o]

gt A B A ZrolylA I WY FE Y|l =d At} ginsenoside Rh2 & tx A<l

b

ginseng 9] F8 faAiFo|t}. o] Ao 98]+ ginsenoside Rh2 7} osteoclast ¢

stE aaAew A s=Aes 3ES ¢ AJTHEHD.

Oft

Bone marrow A|XoA MCSF ¢ RANKL = A&t A Ida=ME 735 FE39a
ginsenoside Rh2 & #EEA o2 Aty d=Axe] F3h7F a3 o= o
= stttk

o]#]3k ginsenoside Rh2 o FIZAxE £3F AA &7} cell cytotoxicity & &RFe=2<]
A <olr 7] 98l cell viability assay & Z 3329 2).

Yo A Fls4a d=rkel 2ol ginsenoside Rh2 i= osteoclast ®3} A4S Wuw A &

FLEANAVIAE Ayl Al ESAAE YER A &UT} ©]= ginsenoside Rh2 7} ©&2 A ¥

rlo

54 o] ol osteoclast 2 35 So|Hgoz A= AN S AFF o F

ok ol g} osteoclast ¢ F7F4] vwpAHQ OSCAR ¢+ TRAP %= ginsenoside Rh2 o] <]
3 transcriptional level ©]A time-dependent dtA FAHTH= AAS gld AATH( L
3).
o] 2t A3}E2L ginsenoside Rh27} RANKL o 2|3t osteoclast 2] #3}= time-dependent
sHAl @A o7 AAZG=A S BoAFATH

U osteoclast #3}e} #HE o2 7HA] HARJIASE marker &9 WAGSES dolH Sk
Tl osteoclast w3lollA AAHAR] FFES T+ HARIA NFATcl 3 c-fos ¢ 2do|

&

A4 FAB5 U

transcriptional level oA @34 oz A H=%< realtime-PCR &

(24 4).

U5 western = Sl oA SHAAHEE A5 Ay JA G dHE
H

Rh2 o] 9]&]|4 time- dose- dependent s}A] <A

= ==

'S
5
2}
@
=)
o
2
a
@
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<2¥ 1> Ginsenoside Rh29 oA ¥ A&
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Cell viability (%o)
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<Z¥ 2> Rh29 AZ5Ad v 9%
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Relative mBRNA expression
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(==
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<13 3> Effect of Rh2 on TRAP and OSCAR expression
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<% 4> Effect of Rh2 on NFATcl and c-Fos expression
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Rh2 306 12 (Wi
RANEL + o+ o+ o+
(25ngfml)
WEATe] - .- -
iZ-fos r—ype—
GAPDH e G cme e
Wehicle EhZ
EANEL Z2ongmly - 1 2 3 1 2 3 (days)
MEFATe1 - e -—
C-fos -y — -
GAPDH | Sl |

<% 5> Effect of Rh2 on protein level related with osteoporosis
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U} ginsenoside Rh2 o] 2¢]&|4 RANKL signal ©] QA% += HIHFo] ¢

&
ox
fru
il

3 ANA Ldotr 7] $8] MAPK pathwayE A= s ATH 1H 6).

(1™h6)o A &<l &< 9)59] ginsenoside Rh2 & specific 34 ERK o] <1Aks} g)lof vk
Hsls F9lS ¥ o MAPK W9l p38, INK 2] QI4tslel= o} ¢l J&ke x| gkethe
As AT F AAH

NF-kappa B & 2z &d#@npe}l 7o) osteoclaste] E3}o] 3#3 FQ3 dJae 3o}
Ginsenoside Rh27} RANKL ol 2]+ NF-kappa B 42| oj® J&& F=4 Lolrr] 93
WA [ kappa B alpha ¢] phosphorylations &9l s|H T} 28 7). 1A A& 4= 39
o] 1 kappa B alpha ¢ <1437} ginsenoside Rh29¢] ¢a] H-EZA o=z A7} ¥ ]
kappa B ¢ ©@WAE oA recover 7} Hrt= AAS 3ol 4 Al

oS AAZ NF- kappa B¢ DNA binding activity 7} 933kS HkgkE=x] <olr 7] 93)
EMSA analysis & Z s} 19 8). 1¥HoA &<l & 4 359°] NF kappa B 2] DNA
binding activity 7} ginsenoside Rh2 ol ¢ajA oA Hrl= AL 9 4= Ak

U 8He1S #lal NF kappa o AAZ< B genegd 23S < fEIHTH

9-10). o’gddnle} o] NF kappa B ¢ F ERQl TNF-alpha®} ICAM-1 X57}
ginsenoside Rh2°] ¢Js]A FggFS W=t AS &2 T4 AU

o]g3t EE AIEL ginsenoside Rh27F A2 ERK®E| phoaphorylaiton®} NF kappa

o] FA3E A= HIMUES 3 osteoclastd #3IE A3 t= AFAS Feld = 9
Al 85

< in vivooll 4] ginsenoside Rh2 9] &35 &<213dl7] #3] mouse bone loss E 2
ginsenoside Rh2E& A& stal A5 PETE &FalA &1 sHtH( 198 11). RANKLY <]
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