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| ABSTRACT |

Effects of Kanghwalsokdan-tang Gamibang Water Extract on Osteoclast
Differentiation and Osteoblast Proliferation

Eun-Hye Jung, Dong-Youl Yoo
Dept. of Oriental Gynecology, College of Korean Medicine,
Daejeon University Graduate School

Objectives: This study was conducted to evaluate the effect of Kanghwalsokdan-
tang Gamibang water extract (KSG) on osteoporosis.

Methods: RANKL-stimulated RAW 264.7 was used to evaluate inhibitory effect
of KSG osteoclast differentiation and gene expression. We counted TRAP (+)
multinucleated cells and measured TRAP activity and mRNA expressions of
osteoclastogenesis-related genes (NFATcl, MITF, JNKI, cathepsin K, MMP-9) to
figure out the effect of KSG on osteoclast. Osteoblastogenesis was also determined
in rat calvarial cell. Alkaline phosphatase (ALP) activity, bone matrix protein and
collagen synthesis were measured by using murine calvarial cell.

Results: KSG inhibited the differentiation of osteoclast precursor cell and expression
of genes related osteoclastogenesis like NAFTcl, MITF, c-fos, JNK1, Cathepsin K,
MMP-9 and TRAP. KSG increased cell division and function of osteoblast separated
from the skull of a rat and ALP synthesis, biosynthesis of bone matrix protein
and collagen.

Conclusions: Reviewing these results, KSG has efficacy on osteoclast inhibition
and osteoblast activation. After further study, KSG will be able to apply for osteoporosis
treatment and prevention.

Key Words: Kanghwalsokdan-tang Gamibang, osteoporosis, osteoclastogenesis,
osteoblastogenesis, rat calvarial cell, osteoclast, osteoblast
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Table 1. Prescription of Kanghwalsokdan
~-tang Gamibang

Herbs Pharmacology name D((;e

3 & Notopterygii Rhizoma 2

F5  J&  Ledebouriellae Radix 2
H 1 Angelicae Dahuricae Radix 2
I Asarl Radix 2
o Eucommiae Cortex 2
A Achyrant]]%is Bl'denta tae 9
adix
B Gentianae Macrophyllae
L . 2
Radix
& Br Phlomis Radix 2
Shith B Rehmanniae Radix Preparat 2
& 5 Angelicae gigantis Radix 2
N Ginseng Radix 2
H2%%  Paeoniae Radix Alba 2
FRIRAS Poria (Hoelen) 2
w AR Cinnamomi Cortex 2
i = Cnidii Rhizoma 2
H 1 Angelicae Dahuricae Radix 2
A E Zingiberis Rhizoma Crudus 6
fBIE®E  Houttuyniae Herba 10
Total 48
2) A =

Al 24" FEAE ATAES
mouse myeloid Al ZF¢l RAW 264.7 Al
Z(EFFHEF2FY, &) RANKLE
Agste] =¥ AlZ 28-S AH3F T

3 5 E
TES A Fo] o 250 g FAAA 24
9l 1418 Sprague-Dawley(SD) rat
stabo]l 2 3 7, dH) & AFANAM &
Ab W) 7R AbSsRd ek Ao ARSsE =
e AF 1Y = ratd] FHZCIA
£ Rt ARgsksd.

2. W ¥

D gtep & 2 AHY Az

FEIGAEBTG IR 48 g& HEE 7
o] TH 1 4E 78t o 6AIZF A=
7hd st ¥, 3F FE3hdo. KiGEEG
mks FEHE AAAE o &3t o
sty 2, evaporator(EYELA Japan)
o] &-3ted gt FHT F U T X3
WErT st "éﬁ4 Alell &= DMSOi
o] &-3fed wi Aol FEIEHERG kS F
E(°]3t KSG)& o]a pore size 0.45
um®| A H#A 2 o }3 T ARL-3

2) M E P A

(1) RAW 264.7 cell i oF

Algof] ARE-8F RAW 264.7 cell CO; Al
2 vfef7]o|lA1 DMEM(Dulbecco's modified
eagle medium), 10% FBS(fetal bovine
serum), PC-SM(penicillin-streptomycin)
WAl S Fa wFEl e, HMESE 96
well plateZ %3] 5x10° cells/well=
Fatadet. 24A17F wieF F wiFA S W
2]32 10% FBS. 50 ng/ml RANKL%} 1
ng/ml TGFBR7} 79" o-MEMo 2
ﬂ?““ A ZE i Fatdet. wi kel o1

=2 KSGE H7Fsl F3 2del &w

‘5‘. TSt iR 2 w3EHA] 643 W
¥ttt

(2) IFFA=E ¥4 A

RAW 264.7 cellel RANKLE

ri et

7}t
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A EZ FE23 5 As A XY
e markerd] TRAPS 343le] TRAP(+)
A Z2E galsich. +314121 M EE PBS
(phosphate buffer saline) 2 23] A3 *
3.7% ‘s=2] formaldehyde-citrate-acetone
gl oz 1077 TAAT] Z A =F
2 23] A&t H. NaNO03 §-4 3 2%
TRAP fast garnet GBC base solution<
Fd3 HEE Ao e S99 2%
tartaric acid, 4% acetic acid, 5% naphtha
AS-BI phosphoric acidgd Egs $9&
IAAIZL A Eel| 7}slar Aol A o 30
A= W3t FEHu| oz #
Za| A & o] 3] o]Akel TRAP(+) 3l
A Ee 5 Mo staMEe] AR
2 3.

3) fﬂrl/‘ﬂi Az wE EA

(1) &= RNA &9

Ratgi FE A2 245 PBSE ¥
A3 1 ml TRIzol reagent(Invitrogen,
USA)E A3l & RNAE #=33d.
+2/% RNA &9 °ﬂ 200 pl®] chloroform:
isoamylalcohol(24:1)& H7bsl] 4= F,
14,000 rpmell A LA E=ls] A= 500

1E2 #2399k o37]e 0.5 ml isopropyl
A7bel ©d3k 20T RNAE

e 94

Mo

alcoholi
A A 7122 1,400 rpme 2 202
st ol F AFdE MY 0%
etz AAHT g5 Ad AxA
RNase free waterell RNAE 5¢]37 RNase-
free DNaseg #H7FsE F -70TeIA A=A
a3l o},

(2) cDNA Az

Q23 Al 424 E2= total
RNA 9 1 plell oligo dT (% 100 pmol)

1 nl#} RNase free water 3 pul& ¥ &
gk, 65CelA 1082t incubationdt
4TCA oF
57k H}x]8 & Reverse transcriptase
buffer, ANTP(Z 2.5 mM). DTT(100 nM).
RNase inhibitor, Reverse transcriptase
(M-MLV 200 U/u)< #H7lsky 24X

o}, Primer”} annealing 3t==

HA £ o] F, 42TelA 907
incubation 3+ 95Tel A 587 A= 3t

Foll Ab&-shsd .

(3) Reverse transcription-polymerase

chain reaction(RT-PCR)

Oligo(dT) primer(Promega, Cat.No.
C1101), reaction buffer(50 mM Tris-HCI,
75 mM KCl, 3 mM MgCle, 10 mM DTT,
pH 8.3) (Promega, Cat.No. M1705), 1 mM
dNTP(Promega, Cat.No. U1515)2 200 unit
M-MLV-RT(Moloney murine leukemia
virus reverse transcriptase) (Promega, Cat.
No. M1705)5 &8 RNAe| A= <
AARE 3838l (DNAE A3k PCR
<= & £ 25 plel 10xPCR buffer, 0.2
mM dNTPs, 2 pmole®] sense®} antisense
primerE Y2 &£3tleo] ¢DNA, 1.25 unit
9] Taq polymerase(Promega, Cat.No.
M8295)& ¥ PCR& #l383l+. PCR
Z72 94T 4%, 30 cycles®] [94T(20
%), 54T (20%), 72C(30x)], 72T 10%&
o] 1=} (Perkin Elmer. USA). %% PCR
AFE-S 2% agarose gelell A 713 % 3ty
3, A719F F = bande Gel-Pro
analyzer 3.1(Media Cybernetics, USA)
+ AH&3le] 73 RT PCRell AH8-3
primere ot o} 2}k (Table 2).
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Table 2. Primers

Target gene Forward (5-3")

Reverse (5'-3")

NFATcl

GGGTCAGTGTGACCGAAGAT
MITF GGAACAGCAACGAGCTAAGG
c-Fos CCAGTCAAGAGCATCAGCAA

GGAAGTCAGAAGTGGGTGGA
TGATGATCCGATTCACCAGA
AAGTAGTGCAGCCCGGAGTA

JNK1 GCCATTCTGGTAGAGGAAGTTTCTC CGCCAGTCCAAAATCAAGAATC

Cathepsin K AGGCGGCTATATGACCACTG
CGTCGTGATCCCCACTTACT

MMP-9

CCGAGCCAAGAGAGCATATC
AGAGTACTGCTTGCCCAGGA

TRAP  ACACAGTGATGCTGTGTGGCAACTC CCAGAGGCTTCCACATATATGATGG

(4) Real time RT-PCR

Z+2+2] optical tube(MicroAmp® Optical
96-Well Reaction Plate with Barcode and
Optical Adhesive Films, Applied Biosystems,
Cat. No. 4314320)l 3vl2] SybrGreen Mix
2.5 nl(Sigma-Aldrich, Cat. No. S9430),
9rA] A8 ¢DNA 1l 10 pmol/ul primer
pair mix 1 ul, 247 2.5 mMe] ANTP 2 ul,
Tag polymerase 0.3 pl, 10xTag polymerase
buffer 2.5 ple} 14.7 ul H.08 ¥ %,
95C 5 min 1 cycle, 95C 30 sec, 45C 30
sec, 72°C 60 sec 40 cycles, 95C 20 min
1 cycle® ZZAZ . Primers RT-PCR
o o] &3t A& AS3tlth PCRE vhAl

= tubed AW BFSH ] 5 ulE AHE-
3ol 3% agarose gelel A PCR SolA&
ZA3stl omy, ABI PRISM® 7000 Sequence
Detection System(Applied Biosystems, Cat.
No. 4349157)& AF&-3l real time PCR
ANE A

4) 2FME] 715 A

(1) Calvarial cell®] ¥ % ¥

AF 375 rate] FFRE AN
calvariae® A &3}t Calvariaeo]
il AAzA T Al7ska, HBSS
(Hanks' balanced salt solution)& ©]%
3 MA . &3 calvariaes 2 mlo

collagenase, trypsin, 0.5 mM EDTA

(ethylenediaminetetraacetic acid) -8
Y3 37CAA ubgAZ & A5
Fs& 1500 rpmell A 4] s AA
calvarial cell& A%t PBSel i3 &s}
I 1,500 rpme.2 HAl B2 3le] washing
gk o& o]& DMEM == (10% FBS, 100
IU/Penicillin. 100 pg/ml streptomyecin,
50 ug/ml L-ascorbic acid, 10 nM
dexamethasone, 10 mM B-glycerophosphate,
300 ng/ml Fungizone)oll e &g *
37°C 5% CO2 incubatorell A wl oF&}d .
e & A A F2 calvariaeol] HHA]
4 2 mlE 93 8 s 43 vy
stk AlZ vl A& 39 s A w3t
sl ow, wjoFgt AlE&= 25 F trypsin
AYsty ME 5 AT F A
AH-&-3lod o

(2) A2 £9% A

SubcultureZ- 3} FHFHE7} 1.0~3.0<10°
cells/welle] A 24well plateell seeding
39t} plateel] AME7F HEFslE= 7S
gelslar 24417 ¥ KSGE #H7bsle] 8Y
7 ekt o wi A= 2dwie w3k
o}, 84 Aol collagenase, trypsin, 0.5 mM
EDTAE 7}sl M=E%E culture plateol A
2289 2™, isoton-1 solutions o©] &
s 200 3] AM 3 g5 Al Z£A47] (Sysmax
F-820)5 ol43le] ME & ZA3}
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o:h;]_

(3) Alkaline phosphatase &4 =4

ALP 842 ALP-K KitE o/ &3] =
At Cells #ioF3t plateE Y44
PBS& A3} cellS scraper® =14
5 mM dithiothreitol(DTT) 7} &+% PBS
of destdet. YA e el A o] ekl
ultrasonicator® sonicationd4itt. ©
detd & F3 71dA = 37T 158
HESA 7] T ol & o) ol 1047
490 nmel A FF=E A8
(4) Bone matrix protein &4 =4
PBSE Cell& ®i 3t plates A A3k
% cell scraperE o] &3 MEZ FolW 5
mM dithiothreitol(DTT)7} &+ PBS
of st YAl o] dEhl
< ultrasonicator® sonicationdtH 1, &

Ng FHs %ﬂr%{E Al ekt 37Tl A 10

1=}

ol
27 WEAZ F 550 nmel A FREE

Job AL st o

o

ol -lhl‘

(5) Collagen A

PBSE cell& wH<F3t plateE A A3k
% cell scrapers °]&3led MEZ Fof
Wik 5,000 rpm e 2 1587 94 22
33 PBSE dersla, 0.3% collagenase
E 9> F 37CelA 2412 F<F whekatad
o}, =38k 11.14 N HCIE #H71ske] 100C
o Al 24417 Tt ZhEsl st F 1114 N
HC1€ ¥ <o} Isopropanol$ %3 oxidant
solution® AH7FsE & A2l A 4% F<F
Faolv}l. o] & Ehlrich’s reagent solution
< A7k F 60Tl A 25827t heatingdt

& 2-3%7F coolingdll o™, 17412 &
o 550 nmelAM FFE=E SA A

3. B4 A=

2 E A3 A= SPSS for windows

(Releae 14.0K, SPSS inc, USA)E ©]
3 EAs Y, RAAHE FFrEF
A2 veplgle AY Aol 3

oA 7 ZF2 student’s t-testE ©] &3}
ow P-value7} p<0.05 °l3ksl 7%
AA FA el e Aoz A3

o :10 & o

TRAP-positive ‘;]-

I E =5 éé'& A3 10 pg/ml
T2 2o Bl <oF 18% 7:}5\_3}951_1_.
50 pg/ml =T dETol vl oF 42%

31 (p<0.05) FFA3Fd . =3 100
pg/ml 573 200 pg/mle] el
M= 2ol vlsl TRAP-positive ©+3)
ME 71 <F 66%, 76% 31 (p<0.01)
ZHae e (Fig. 1).

2) ME BEE v+ A

NE YEEES MTT assay® H7hst
A3}, KSGE Adel A3 2E F=
oA A v wEtds W HE A
EEd dsFE FA gt (Fig. 2).

3) NFATcl #&of| wX& o3k

KSG7F NFATcle] 3o vx|+&=

fand

%

[e]

2 =A% A7, KSGE 50 ng/ml 5%
T WE2Lel vlEl NFATclE #d&
Fr2l 8k (p<0.05) A3+ 2w, 100 pg/ml
FETLS dxTel vlsl RANKL A
Gz E3HA AN F7F NFATcL
S F94 A (p<0.01) A 3=
(Fig. 3)
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Fig. 1. Effects of KSG on the formation
of TRAP (+) MNCs in RANKL stimulated
osteoclast.

0 pg/ml (Control) : RANKL (50 ng/ml)

1 pg/ml © RANKL (50 ng/ml) +1 pg/ml of KSG
10 pg/ml : RANKL (50 ng/ml) +10 pg/ml of KSG
50 pg/ml © RANKL (50 ng/ml) +50 pg/ml of KSG
100 pg/ml @ RANKL (50 ng/ml) +100 pg/ml
of KSG

200 pg/ml : RANKL (50 ng/ml) +200 pg/ml
of KSG

Each bar represents Mean+SD of 5 tests.

* 1 p<0.05 vs Control

## 1 p<0.01 vs Control

Cell Viabllity [%)

KSG10 KSGS0 KSG100

Fig. 2. Effects of KSG on cell viability
of raw 264.7 cells.

Normal control : vehicle

KSG10 : 10 pg/ml of KSG

KSG50 : 50 pg/ml of KSG

KSG100: 100 pg/ml of KSG

Each bar represents Mean+SD of 5 tests.

Relative mRNA level of NFATC1
*
*

o i
s RANKL KSG10 KSG%0 KSG100

Fig. 3. Effects of KSG on the expression
of NFATc] in RANKL stimulated osteoclast.
Normal control : vehicle

Control : 50 ng/ml of RANKL

KSG10 : RANKL (50 ng/ml) +10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100 : RANKL (50 ng/ml)+100 pg/ml
of KSG

Each bar represents Mean+*SD of 5 tests.
** 2 p<0.01 vs NC

# : p<0.05 vs RANKL

#4# : p<0.01 vs RANKL

4) MITF 8o vz oJ3

KSG7} MITF®] e wx]= 33k
< A3 A3, RANKL *&]A MITF
Waol F7hE e, KSG 100 pg/ml
FELS dELel vl MITF ¢3$
o

2] &HA (p<0.05) A skA = (Fig. 4).

"

Relative mRNA level of MITF

Fig. 4. Effects of KSG on the expression
of MITF in RANKL stimulated osteoclast.
Normal control : vehicle

Control : 50 ng/ml of RANKL

KSG10 : RANKL (50 ng/ml) +10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100 : RANKL (50 ng/ml)+100 pg/ml
of KSG

Each bar represents Mean+SD of 5 tests.

* 1 p<0.05 vs NC

#: p<0.05 vs RANKL

o
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5) c-Fos &8l mx]& o3

KSG7}F c-Fose] 2&el mlx|= o3-S
23 A3, RANKL #2]A] c¢-Fos 2d
A 2ol wlsl] §-21 31 (p<0.01)
7Feld o™, KSG A=Al 50 pg/ml %
Lol Atz vls)] c-Fostd el
o] &} A| (p<0.05) FAI = A 2w, 100 ug/ml
=7 izl vlsl] c-Fosrdl o]

3} (p<€0.01) A A= A H(Fig. 5).

o

1o off 1o OlN

Relative MRNA level of cFos
M

°

NE RANKL 10ugsmi S0ugiml 100ug/mi

Fig. 5. Effects of KSG on the expression
of c-Fos in RANKL stimulated osteoclast.
Normal control : vehicle
Control : 50 ng/ml of RANKL
KSG10 : RANKL (50 ng/ml)+10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100: RANKL (50 ng/ml)+100 pg/ml
of KSG
Each bar represents Mean+SD of 5 tests.
## 0 p<0.01 vs NC
# : p<0.05 vs RANKL

# : p<0.01 vs RANKL

6) INK1 &3l mx|= o3F

Alg A3 RANKLA® Al JNKIE™
o] #-9JA A (p<0.05) F71skd et KSG
10 pg/ml =<3 50 pg/ml =l
M INKIEE o] 1231 (p<0.05) Al
Holerm, 100 pg/ml FEZAMNE =z
ol Blsl JNKI1 & e] f23}H4 (p<0.01)
A = o= (Fig. 6).

Relative mRMA level of JNK1

KSG10

Fig. 6. Effects of KSG on the expression
of JNK1 in RANKL osteoclast.
Normal control : vehicle
Control : 50 ng/ml of RANKL
KSG10 : RANKL (50 ng/ml)+10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100: RANKL (50 ng/ml)+100 pg/ml
of KSG
Each bar represents Mean+SD of 5 tests.
* 1 p<0.05 vs NC
# : p<0.05 vs RANKL

# : p<0.01 vs RANKL

o

7) Cathepsin K W&ol njx&= o3k

KSG7} cathepsin K] & e v]X]&=
ogeks AT ZF, KSGx 10 pg/ml,
50 pg/ml 100 pg/ml = EF dH=
ol B3 cathepsin K #4x wd&
F2) 3 A (p<0.01) A3+ S (Fig. 7).

EES

Relative mRNA level of Cathepsin K

_____

Fig. 7. Effects of KSG on the expression
of Cathepsin K in RANKL stimulated
osteoclast.
Normal control : vehicle
Control : 50 ng/ml of RANKL
KSG10 : RANKL (50 ng/ml) +10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100 : RANKL (50 ng/ml)+100 npg/ml
of KSG
Each bar represents Mean+SD of 5 tests.
** 0 p<0.01 vs NC

# : p<0.01 vs RANKL
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FoOBEDZ IR0l WEME 23 & RSN 240l OIXls 9
8) MMP-9 3ol w|X]& °J3F
KSGZ 28t 524 223 MMP-9 2.

g4d& &A% A3, KSGE 10 pg/ml, s

50 pg/ml, 100 pg/ml =+ ZF U= gm"

ol ®sl RANKL #2] 524 el A g

Z7bs MMP-9 23S 521514 (p<0.01) 2

A sk (Fig. 8).

4000

3000

2000

Relative mRNA level of MVP-9

RANKL

10ug/m| SOugimi

Fig. 8. Effects of KSG on the expression
of MMP-9 in RANKL stimulated osteoclast.
Normal control : vehicle
Control : 50 ng/ml of RANKL
KSG10 : RANKL (50 ng/ml) +10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100 : RANKL (50 ng/ml) +100 pg/ml
of KSG
Each bar represents Mean+SD of 5 tests.
#5 0 p<0.01 vs NC

# : p<0.01 vs RANKL

100u gim i

9) TRAP 3

Ay A3, KSGE 10 pug/ml s=7ol
ME dxzFed vlsl TRAPHAA
= At o FeAd el . KSG
50 pg/ml, 100 pg/ml 2F U9z
Tl ¥]s] RANKL x 2|2 3715l TRAP
A HA S F98H (p<0.01) A3
Ak (Fig. 9).

L

=

N
BET

RANKL

1Wugiml  SOugimi

Fig. 9. Effects of KSG on the expression
of TRAP in RANKL stimulated osteoclast.
Normal control : vehicle
Control : 50 ng/ml of RANKL
KSG10 : RANKL (50 ng/ml) +10 pg/ml of KSG
KSG50 : RANKL (50 ng/ml) +50 pg/ml of KSG
KSG100 : RANKL (50 ng/ml)+100 pg/ml
of KSG
Each bar represents Mean+*SD of 5 tests.
** 2 p<0.01 vs NC

# : p<0.01 vs RANKL

100ugim|

2. ZZA X 715 AL 9
Rat ezke] FrlEelA 223 ==
AE 54

AEZE 87 wioFsle], =3
T AT 2 A dE2L(NC)2
45%10° cells/wello] 122, 1 ng/mle] KSG

7 9ol = 5.1x10° cells/well2
vla ZFAHE EA50
S7Ftd o frolAdel A, 10 pg/ml
©] KSGE A& Aol 6.2x10° cells/well
2A A Az vE 22AE Y
ol 94 UA (p<0.05) F7Fek -
ALP 8A4& A 23 AN d=x
=29 ALP #A1L 9.7 unit/mle] gl e,
1 pg/ml®] KSGE A&t 7 $ol & 145
unit/mlE® AA gz »)s ALP &
Aol F7hstR ot folAd el dldla, 10
ug/mle] KSGE A= 7$olx= 14.8
unit/mlE2A A ) 2ol vl ALP &
Aol §238H A (p<0.05) 7 38kl ot
BMPE A3 ZA3 A dx=+9
BMP: 3.23 g/dlel 2l . 1 pg/mle] KSG

= A3
q
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£ AEst A5l 34 g/zdlelsleH, 10
ng/mle] KSGE A2ldt 7 f-ell= 3.7 g/dl
224 A2 Azl vls) BMP A =Fol
213k (p<0.05) F7F8lsd =

Collagen &AHE AT A3, AA
N z279] collagen A 3HAI S 136 ng/well
100
i =
»
3 ®
B B |
x  m
5
£ _
z
5 -l
= NC KSG1 SG

H 3
t

ALP Activity (Lei¥d)
- o~ O I+ - -

Hydalysate of Collagen (ug'well)

=] 2] 8k
= 147 pg/welle] 3129, 10 ug/mle] KSG
= %23t 74 9o= 165 pg/well=A] AA
2
Al

o]9lx, 1 pg/mle] KSGE 73 %ol

ol B3 collagen Al 214 9l
(p<0.05) Z7}sld =

: =
i

[l

_____
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