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(JGT inhibits osteoclastogenesis and healing of OVX-induced osteoporosis)
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SUMMARY

I . Title of research and development
JGT inhibits osteoclastogenesis and healing of OVX-induced osteoporosis

II. Purpose of research and development

Purpose of research

This research was conducted to evaluate the effects of JGT on ovariectomy-induced
osteoporotic rats. In addition, the osteoclast inhibitory effect of JGT was studied. By
combining these results, we will scientifically validate the anti-osteoporotic effect of
JGT.

Necessity of research

Osteoporosis is an important health problem for the elderly. The prevalence is
increasing worldwide due to aging population, and diagnosis and treatment remain
challenging. Currently, various drugs are used in the clinic to treat osteoporosis such as
bisphosphonates, denosumab, teriparatide and estrogen-like drugs. However, these drugs
are not suitable for long-term administration because they cause serious side effects
such as breast cancer and endometrial cancer. Herbal medicine has relatively few side
effects and are suitable for chronic diseases requiring long-term treatment. For this
reason, this study examined the effect of JGT on osteoporosis.

. Contents of research and development

In this study, we examined whether JGT ameliorates ovariectomy (OVX)-induced
osteoporosis in rats. We also investigated the effects of JGT on osteoclastogenesis in
RAW 264.7 cells and demonstrated its mechanism.

IV. Results of research and development
JGT significantly inhibited bone loss in postmenopausal osteoporosis model. In addition,
JGT significantly suppresses osteoclasts differentiation and inhibits the expression of

osteoclastogenesis-related protein and mRNA.

V. Utilization of research and development



This research has proved JGT as a treatment for osteoporosis. These proof is the basis
for clinical use. In addition, By securing the reliability of treatment technology, it will
contribute to the revitalization of treatment of Korean medicine. Overcoming the side
effects of osteoporosis treatment, JGT, a natural medicines, shows the potential for
osteoporosis treatment.
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1) Doherty et al, Lifetime and five-year age-specific risks of first and subsequent osteoporotic fractures in
postmenopausal women. Osteoporosis Found. USA 12 (1), 16-23.
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2) Ther Adv Chronic Dis.Bisphosphonates for the treatment of osteoporosis: insights for clinicians, 2010 May:
1: 115-128.
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I. A7l LiE 2 8y

1 A

i

g 24 &= 32 A9 A

<E I1D H3E9 =4

ef Rk 4% @

=y Angelicae Gigantis Radix 20
M= Cnidii Thizoma 20
HE Astragalus membranaceus 8
A Panax ginseng 8
Fatc Lycium chinense Miller 8
=3 Codonopsis pilosula 8
4% | Cuscuta chinensis Lamark 4
BT Phlomis umbrosa 4
Yyt Dendrobium monile 4
& hg | Psoralea corylifolia L. 4
A#s;, | Albizia julibrissin Durazz 4
BE Cervi Parvum Cornu 4

Al 96

pore size 0.22 mm A S o] &3 Hdte] AL
- 2 SEAYE F3gsd sEAISYNEE s T JPgsHt ($UHs

KHMC-IACUC 18-016)

4) Kalu, D.N.,The ovariectomized rat model of postmenopausal bone loss. Bone Min. 15 (3), 175-191.
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TohEE A0 A A% F BRE 0ed 2o

« H 4A2H-A =7 (Sham);

« dA& HA o (Ovariectomy);

« U4 HA F 17 g -estradiol (100 mg/kg) Fol ¥A thxa (By;
« W4 AA 3 JGT As %= (636 mg/kg) Fo + (JGT-L);

« W4 AA 3 JGT 5% (2680 mg/kg) F< + (JGT-H),

- 5o T O 22 Vel E ZAAFHUGT. A 4 60kg) 7 19 F
o, A= 1 B 9golty. 18lal F2AZX & HI®e 58 33.5%°|th
oJAE kg & FHFAE Sitstdt AF*F&/FAD. ALLs A3} 1kg & 536 mg
o HAE® FEES Foo] Aol Foksls FENT olAS AFE JEoE F
o] gAML} AFF R w27] wiitol, o] 5H) HE wEE AFERE AAIAT

- o T8 5 FJAES AP, HES 1 FA SAHAS 5 5AHES o,
T3 AE3% A FA SAES T BEGHLE HAol FLHEHAEA Gl or,
¥ HE=E FAE A5 JGTo] thE = FA ks A st

as  eud £ HEY Eot g%
o ii >
15 25 35 45 LS 85 7% 8% 93 105 115

<dg 121 gdr| SCad 2 AFE DA

O Micro-CT #9¢ 5% B€2 W 2 nAF= 24 2 94 3

- AEH"o] TEE T2 mXe dF 2 F uAFR vX e 9F =3 15
=3

- &3 hEF2, neutral buffered formalin NBRE 3% 59 143 5, 54 &
Z55d BHE AElE Micro-CT #4938ty

- A" Axe gy 2o .

* Bone mineral density (BMD): =4 %

* Bone volume / total volume (BV/TV): ¥ %
» Trabecular separation (Tb. Sp): Z4&F A3
+ Trabecular number (Tb. N): =45 7|

5) Genant HK et al. Advanced CT bone imaging in osteoporosis. Rheumatology 2008: iv9-16.
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O EF3 U & F5 ¢ & A Axd JGTo] mA= IF 2

ok

- SN AAT YL ELISA BHL Fatol, IGTol AA  F thate] mA: 9%
& s,

- SN AT Pl 3087 AedA R F, 3500rpm, 4°CAH 1087F AR
Astel WAL HASAG. AP AR B0CAH BB,

+ Alkaline Phosphatase (ALP): & thA} w7

C-terminal telopeptide of type 1 collagen (Ctx-1): Z &% Eoln}7
+ Tartrate-resistant acid phosphatase (TRAP): &AM Eo|ul#

3. =Ry HAE B394 57 g2l

QO IGTe F=AZ U 54

o

7}

- JGTe M= W 5A4& defstr] fste], RAW 264.7 Ao JGTE A& sted, 191t
A9t A &, MIS &g Hrbstod, 2A3F &< vESAAHATE ©]F ELISA
reader& o]&3tc] 490nmollA FFEE SASITH AX HEELS ol FAE A5}
A go Azo MRgT w78

O RAW 264.7 A3 RANKL Agj2 F=AZ 23 =9 &g

- RAW 264.7 Alxe] IE=ME F% <AAQ] Receptor activator of nuclear factor
kappa-B ligand (RANKL)S A& sle], thale] & ME=E £35S st 6.

O JGTe FzAx E3dA a3 &<l

- RAW 264.7 Ao I=ME F% UAQ] Receptor activator of nuclear factor
kappa-B ligand (RANKL)®} FAlel HE=8-& A F 593 -3 A AT viA = 2
Aottt FA3 A2 wEstA T

- 238 E8 ¥ TRAP kitS $ata] 448 &, Betandoz Baage o At
o N

Hesoz gasel 9, o] 3 o go= Uehke A9 TRAP-positive & o
GAZZ Bershel AL A5E BAC ol ST

6) Teiji Wada et al. RANKL-RANK signaling in osteoclastogenesis and bone disease The Journal of TRENDS in
Molecular Medicine 2006; 1 113-8510.
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O Azwel BZAE £3 B4 @uld NFATCl/c-Fosol mAe 4% 2

- RAW 264.7 M=z I=AHEX F% <A< Receptor activator of nuclear factor
kappa- B ligand (RANKL)2} FAlo JGTS A 2lg H, 193 ¥E-3AIH .

- HkE F3 & RIPA buffer (60 mM Tris-Cl, 150 mM NaCl, 1% NP-40, 0.5%
Na-deoxycholate, 0.1% SDS, protease inhibitor cocktail, phosphatase inhibitor
cocktalDE Agsted, MEE &3fiste] i d S ==t

- BCA protein assay kit® ©#AS HZatgdon, vz sample 30ug)< 10%
SDS-PAGEZ &gttt Euld w28 Nitrocellulose membraneo] 231 th2 H

=< AA37] 918 5% Skim mﬂk7} g8 TBST (TBS + 0.05% Tween 20)

Eo] 1t
Z AL A 1A1ZF &<t Blocking 3 % 12} ﬂxﬂ Z blocking bufferel 1:1000o.2 3]
Ay S Y1 overnight AZTh ¥S & TBSTE 5% 71402 3W H¢ AlH
3 5 1:100000.2 34 3 2z AE Y *PQOH/H 1A 7 F<F w83ty TBSTE
108 tA4o =2 39 A& 3 & enhanced chemiluminescence (ECL) kit= A A]HA
o] Iy A s gt

- RAW 264.7 Alxe| I=ME F% UAQ] Receptor activator of nuclear factor
kappa- B ligand (RANKL)®} FAlel JGT< A glg F, 443t dHSA AT viA&= 2¢Y
of T3 A E nFsIAT

- ¥ F5 5, TRRzol& Astd, MEE &astey RNAE FEFHth RNAE
nanodrop< 53l A#3A O™, RNA (2 ng)S reverse transcriptdle], cDNAZ 34
3 A T

- 4% cDNAE= T¥&4 A3 ¥HS (Polymerase Chain Reaction)& S3l SZ= U
o} B Ado| ALL-H primere] sequencex thS-3} 7t}



<E [.3.1> primer sequence

Genes sequence 25 | cycle
TRAP E act tcc cca gec ctt act acc g 58 30
: tca gca cat agc cca cac cg
CTK E agg cgg cta tat gac cac tg 58 28
: cCg agc caa gag agc ata tc
F: cga ctt ttg tgg tct tcc cc
MMP-9 R: tga agg ttt gga atc gac cc >8 33
OSCAR E ctg ctg gta acg gat cag ctc ccc aga 53 40
: cca agg agc cag aac ctt cga aac t
ATP6v0d2 £ atg ggg cct tgc aaa aga aat ctg 58 33
: cga cag cgt caa aca aag gct tgt a
F: act ttg tca agc tca ttt cc
GAPDH R: tgc agc gaa ctt tat tga tg >8 30

4. &R 2EA=E 23 154 &<

O JGTY =ZAE U =

o
o
N

-

- JGTe M= W =54& Ietetr] 913k, MC3T3-E1 A2 JGT<S A &ste], 3¢zt
APt Az F, MIS &q& FH7pste], 243 5 W-gAZHT. o] % ELISA
readerg ©]-&st 490nmellH FFEE ATt AE AEEL oFFAE A elst

A gre Aol MEEE 7|35

(O MC3T3-E1 A *9) ascrobic acid®} B-glycerophosphate A 8] 2 ZZA| X B3 »d 37

ok

- MC3T3-El AMlxe] ZEZME F% <AARI ascrobic acide} A -glycerophosphate *| €]

=
sto], =EAZ £35S FAsAn

- MC3T3-El Alxd ZZAX F% AR ascrobic acide} A -glycerophosphate * €]
ZF RESAIFH T WA= 29t Y v =

O]
ol
K
oft
>
2
i)
i
ot
ftlo
24
)
e
B
N
—
e

5l =8 % Alizarin S G B3 =IAEV} A

rok

49l 3

s

HEg o}



GraphPad prism< ©]83l W £SEMOE FASIATH A3
2 One-way ANOVA t-test& ©]83}of, p < 0.05 & p < 0.01¥
AR o] % Dunnett AAHHS T3l A AS3sAo
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- Effect of JGT on the OVX-induced osteoporosis rat-model. (A) Weekly body weight
of OVX-induced SD-rats, (B) Uterus weight, (C) Tibia weight, (D) Femur weight.
Columns and error bars represent the mean =+ SE of eight independent
experiments. ##p<0.01 compared with the sham and **p<0.01 compared with OVX.
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ovX

Sham OVX

(D)
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Trabecular separation

JGI-H
@
&

Sham OVX E, JIGELJGTH Sham OVX E, JGT-LJGT-H
Froatal section  Cross-section

< mAi2> = W 2LUE B}

- (A) Effects of JGT on bone destruction in OVX model. JGT was administrated 8
weeks and the femurs were imaged micro-CT. (B) The bone mineral density (BMD)
was determined using the micro-CT data and CT analyser software. (C) bone
volume / total volume (BV/TV) was determined using the micro-CT data and CT
analyser software. (D) Trabecular separation (Tb. Sp) was determined using the
micro-CT data and CT analyser software. (E) Trabecular number (Tb. N) was
determined using the micro-CT data and CT analyser software. Columns and error
bars represent the mean =+ S.E of eight independent experiments. #<0.05,
##p<0.01 compared with the sham and *p<0.05, **p<0.01 compared with OVX.
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- (A) The effects of JGT on level of ALP (B) Ctx (C) TRAP activity in serum.

independent
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experiments. #<0.05, ##p<0.01 compared with the sham and *p<0.05 compared with

OVX.
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2. EAE £33 A0 thgt HE=e =3

(A) RAW 264.7 cell

10+

Fiin

cell viability (94)

ﬂ-
Nomad I3 5g 1w 260
JET {upant)

<%l M.2.1> RAW 264. 7 M= M=

- (A) The effect of JGT on cell viability in RAW 264.7 cells. Cell viability was
measured by MTS assay. Cells were treated with various concentrations of JGT (25,
50, 100, 200 xg/ml) for 24 hours and then the cells were treated with MTS
solution 20 xl. After 2 hours optical density was measured at 490 nm with an
ELISA reader. Data represent the mean + SE of three independent experiments.

- JGT & 200 ug/ml ¥=7}A RAW 264.7 A =4S bR et

O "dEgel ASAE L3l viA= 9%
(A) (B) ©

Normal le:rol
, ¢ ys M 'n'i :‘ [ X r, oty
.\ - *,
“ 3 v

TRAP staining TRAP activity

P m 51

TRAP activity (468nm O.D)

RANKL (160 ng/mb

< m22> oZM=Z st 9H 59 HE
- The effect of JGT on RANKL-induced osteoclast formation in RAW 264.7 cells. (A)
TRAP-positive cells were stained with TRAP staining kit, and captured using

_12_



inverted microscope (x100). (B) TRAP-positive cells containing more than three
nucleus were counted as osteoclasts. (C) TRAP activity were analyzed with ELISA
reader (optical density, 405 nm). Data represent the mean =+ SEM of three
independent experiments. ###p<0.01 compared with the sham and *p<0.05, **p<0.01
compared with OVX.

- TRAPS FZA|ZA Fojxoz WHsts AER 3
sl A&t TRAP G4 & AlZ2E I3t S of, H249 3l & Al=x7}
S A o)t

- JIGTo| Ag= &< HIAAxE daAzxon, 1
3l FroletAl F=AE F7F dAagte sk

FOAF AAETAE ehRATH
O dzgol HBAT 23 B Ao WAE 3

(A)

IGTiugmll  _ 4 25§56 100 200

RANKL
{100 ng/mi}

+ o+ o+ o+ o+

e e | Actin

| — — | NFATG
| d— | ¢-Fas
(B) (©)
NFATcl ¢-Fos
M
284
= o
= =
“« 154 .
< 4
- -
= S
[ W y
; &
L
0.5+
a_s- ks i
T T AR E S FEEHE E E
g =z - S ‘.E TS
¥ g 3 3
F ] LA
RANKL (10D ngiemd RANKL {180 sg'm}
IGT {ugimiy FOT {pghmb

<OEl m.2.3> o2ME 23 T X g 28
oqAXN HS

- Effect of JGT on NFATcl and c-Fos protein expression. (A) RAW 264.7 cells were

7) HAYMAN AR et al . Tartrate-resistant acid phosphatase (TRAP) and the osteoclast/immune cell dichotomy.
Autoimmunity 2008:. 3: 218-223.
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Al

protein level of NFATcl (B), c-Fos (C) which were normalized to actin. The
NFATcl were measured using Image J. software. Values are expressed as means =+
SE of triplicate experiments. #p<0.05, ##p<0.01 versus untreated cells. *p<0.05 and
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