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Effect of Sochungryong-tang Extract on Osteoclast Differentiation and
Bone-pit Formation

Min-Youn Ahn, Hyung-Ho Lim.

Colledge of Korean Medicine, Gachon University

Objectives: This study was performed to evaluate effects of Sochungryong-tang Extract(SRE) on osteoclast
differentiation and bone resorptionin order to find out the possibility for clinical use in preventing and treating
0steoporosis.

Methods: To evaluate the effect of SRE on osteoclast differentiation, we induced RAW 264. 7 cells to be
differentiated to osteoclasts by RANKL (receptor activator of nuclear factor- ¥ B ligand). We measured effect on
TRAP (Tartrate-resistant acid phosphatase), NFATc, cathepsin K, MMP-9, inflammation related factors, histogenesis
factors and bone resorption.

Results: SRE decreased osteoclast differentiation, and also decreased expression of bone resorbing factors such as
MMP-9, cathepsin K, TRAP, NFATc1, MITF, c-Fos, osteoclast stimulatory transmembrane protein, calcitonin receptor
in RANKL-induced osteoclast. SRE also decreased Cyclooxygenase-2, indusible nitric oxide synthase, TNF- ¢, which
are thought to be related with the inflammatory bone destruction.

Conclusion: SRE inhibits osteoclast differentiation and bone resorption. The results indicate that the BHT extract can
potentially be applied for preventing and treating osteoporosis.

Key Words - Sochungryong—tang, Osteoclast, Bone resorption, osteoporosis
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sulfoxide)E AF-8-3}¢] HHX] of %2l & pore size
0.45 mQl oA & o] &
2T 7}idq16Pﬂ$izg_sLaLug% W 3

-1 hl i O
oF AbgEIOR, A TAS T Lri(Table
1).
Table 1. Composition of Sochungryong—tang
Herbal name Pharmacognostic Name Dose
amount(g)
Tl 6 Ephedrae Herba 6
HEAL Cinnamomi Ramulus 6
EESE Paconiae Radix 6
PE Pinelliae Tuber 6
LA Zingiberis Rhizoma 4
TR Schizandra Fructus 2
HHF Asari Herba 2
e Glycyrrhl;ae Radix et 2
Rhizoma
2) M=

Ade AlgH FIZAE HATAHEZE mouse
myeloid A|ZF9] RAW 264.7 A|EE RANKL
(receptor activator of nuclear factor-kB ligand)= *|
Dstol fEE AT RS ABHAT. FIALF
2ol A RAW 264.7 AEE 93k AE-3l9ITh

2, W

1) RAW 264.7 Cell HHQ¥

DMEM(Dulbecco’s modified eagle medium)/10%
FBS(fetal bovine serum)/PC-SRE HjA| & A}l&3}¢]
CO, AEH|F7101A RAW 264.7 AIES sl
om, 5x10° cells/wellS! 96 well plateS A}-&3}o]
ujFahleh. 24A13F E9F e S uj S v
a1l 50 ng/ml RANKL, 1 ng/ml TGFB(transforming
growth factor beta), 10% FBS7} 7}8 a-MEM(a
-minimum essential medium) 2.2 W3} HEE
Wbk, Higelol ofe] el SREE A7kl



Fo 299 & WA SA A2 wgs

A (1) RANKLE AHPsA && &
(Normal), (2) RANKLZ 2|3 i (3) RANKL¥}
30 pg/mle] SRES 23+ o, (4) RANKLY} 60 g/
] SRES A2l o, (5) RANKLY 120 pg/mle]
SREE A3 o2 &30t}

3) MEME dd &3

RAW 264.7 cell & RANKLE #2]3le] wFA %

Tt v, Aseh SZA £ 238 marker®
227 TRAP (Tartrate-resistant acid phosphatase)
S 93k} TRAP-positive Al FEES 2H13lt)l. PBS
(Phosphate buffered saline)@ ¥-3}A|71 A|EE 23]
A3k & 37% formaldehyde-citrate-acetone &4
S Akl 102 B9 AL SRR 23] A
283tk NaNO3 843} 2% TRAP fast garnet
GBC base 89 1112 E3ste] e &7} 5%
naphtha AS-BI phosphoric acid, 4% acetic acid, 2%
tartaric acid®] &5 IAHAA F ML A g
UhS 2ollA 308 o) WAsIIch Betdn o
2 AEaglS v Fo] 370 o] = UEhs= TRAP
-positive® TFA| ¥ (TRAP(+) MNCs(multinucleated
cells)) & 7lato] sAl2o] APAEE 53T

4) TIEMZE RTRUH £

(1) Total RNA %]

HH"WEE] A& A AT T 4 C2] PBSE 33
J3}o] RNA(ribo nucleric acid)E 2|33t Al
B T 750 x goll A 10% B YA HElE

ice cold PBSZ 23] A& 3}31t}. lysis buffers

{t

ol

S o o M X
M r>4 }11 il _IN'

A5l Alazel] 7hste] 834171 - 12,000 x goll A
b A B g § 4SS FEGth 1 M

sucroseE 3= Tris buffer 2ol loadlngﬂ
36,000 rpmolAl 160 EQF DA

Polysome pellet2 SDS bufferol] %<1 v 37 Tol

27 gFo] dEAE

Bl Zaoll mAE 9% (279)

A 308 &<k vl AT Sodium acetate bufferE
7}k % phenol/CsKl; 8915 01‘9”3}04 FE33T
0.2 M°] %% NaClS 7}t § EtOHE 7}slal
20 CellA 12417 &< BAsISl). 75% EtOH=

AAEE 28 AHE & AZE0 F-4AF @ o
I 83 RNAYS A& -Eﬂr 2] mRNAYO] 2
A 243 F A7 % gl

(2) cDNA Az

A Bodizwel A A4z 223 10 1(10ug
RNA 1)2 total RNA] oligo dT 1 ul(2 ug/
S Wil A=A EE 5, 90 TolA 5
b wjeFERGITE A2elA oF 10E7F WA sk
Primer”} annealing 3t=% 3 ¢ 4 CT=Z fX31d
A o 2 AlekS 7bekelTh 5 x cySREipt
buffer 4 10, 0.1 M DTT(dithiothreitol) 2 wf, dUTP
Cydye-labelled nucleotide 0.1 10, dUTP(deoxyuridine
triphosphate) nucleotide mix 1 xf, CySREipt reverse
tranSREiptase 1 1, H,O 0.9 wS #71ske] 20
2 3 3 ol A2~ tipping EEEALE o]
T, 42 CTAlA 9027 e vh, E5 Aol WA
S}3Ith 2.5 M NaOH< 2 ¥ 7hshal 37 CeollA
152 ‘&b wlsision, 10 e 2M HEPES
buffer (free acid)E 7Fste] F3HAZT:. Amersham
Bioscienceoll A Z2ke] AJokS -4 ataltt.

(3) Real time RT-PCR

Optical tube (MicroAmp® Optical 96-Well
Reaction Plate with Barcode and Optical Adhesive
Films, Applied Biosystems, Cat.No. 4314320) 22
o 3wl SybrGreen Mix 2.5 u{ (Sigma-Aldrich,
Cat. No. S9430), (2)°l4 /4% cDNA 1 wl, 10
pmol/gd primer pair mix 1 gl ZZ} 2.5 mM<|
dNTP(nucleoside triphosphate) 2 pl, 10x Tag
polymerase buffer 2.5 1f, Tag Polymerase 0.3 z0 <}
14.7 1 H,OE €31, 95 C 5 min 1 cycle, 95 T 30
sec, 45 T 30 sec, 72 T 60 sec 40 cycles, 95 T 20
min 1 cycleZ SZAIHT} Primer= RT-PCR(Reverse
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Table 2. Primers

Target gene Forward (5°-3) Reverse (5°-3”)
TRAP ACACAGTGATGCTGTGTGGCAACTC CCAGAGGCTTCCACATATATGATGG
Cathepsin K AGGCGGCTATATGACCACTG CCGAGCCAAGAGAGCATATC
MMP-9 CGTCGTGATCCCCACTTACT AGAGTACTGCTTGCCCAGGA
NFATcl GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA
iNOS CCTTGTTCAGCTACGCCTTC AAGGCCAAACACAGCATACC
MITF GGAACAGCAACGAGCTAAGG TGATGATCCGATTCACCAGA
b-actin TCACCCACACTCTGCCCAT TCCTTAATGTCACGCACCATTT

transcription polymerase chain reaction)ol] A& {
A& AHESISITE PCRE PHEL 5~ tube s ZAUHal, ¥
N 5 wWE AE3 3% agarose gelolA PCR
=74J3}31, ABI PRISRE® 7000 Sequence
Detection System (Applied Biosystems, Cat. No.
4349157)% AF83}9] real time PCR Z3E #45}
St PCRO A8-3F primer= ©}2] Table 20 Al
a3t

specificity &

5) Bone resorption assay

SEAEY $HS BH A3} et e
—/F%'% H7}st7] $13ke], plateol calcium-collagen
o7 FYste AzH AT WME AMEste] 439
t}. Calcium phosphate®} collagens FH 3 plates
phenol-red-free MEM BJA|E A}&3fo] A|Hgk o
<, vEsE SFAE ATAHEE 1 x 103 cells/well
= EFekal 24470 wieket s, RANKLS 100
ng/ml 2 A3tk 1A vlY - SREE 559
= Age v 10943 wgsel. HHX] 249
g wAlE] F=Avk s vk $
hypochlorites *|2]3l A3EE AAS}3L DDW(deuterium
depleted water)= A Z g Thg x 400 7 dn]7 o
= o] 55 st ARl 295t

<
=]

5% sodium

3. SAXzE

Zt A3+ mean + SEM(standard error of the
mean) 0.2 FASGTE Aol ek fro8 AFL
student’s t-testS ©]-83}% o, F24L p < 0.05
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1. SREZ} Cell Viability of O|x|= &&f

SRE+= Hj-& wljx|of] 74 |
3}, 150 ug/ml ©] 3}kl A le de HERHA 2%k
tH(Fig.1).

150 4

120

30

Cell viability (% of control)

A B C D E E

SRE (g /mi)

Fig. 1. Effect of SRE on cell viability,
A @ RANKL(100 ng/mg) only

B : RANKL(100 ng/md) + 18.7 ug/md of SRE
C : RANKL(100 ng/mQ) + 37.5 ug/md of SRE
D : RANKL(100 ng/md) + 75 ug/md of SRE
E : RANKL(100 ng/md) + 150 ug/md of SRE
F : RANKL(100 ng/mQ) + 300 ug/md of SRE
Each bar represents Mean+SD of 5 tests,
** 1 p{0.01 vs RANKL only
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Fig. 2. Effects of SRE on the formation of TRAP(+) MNCs
in RANKL stimulated osteoclast,

0 : RANKL(100 ng/mg) only

30 : RANKL(100 ng/md) + 30 ug/m of SRE

60 : RANKL(100 ng/md) + 60 ug/md of SRE

120 © RANKL(100 ng/md) + 120 ug/m of SRE

Each bar represents Mean®SD of 5 tests,

**: p{0.01 vs RANKL only

RANKLE A#ate] e sh=Ax d4 Al v
EFLE TRAP(H) MNCs 84S 37)5te] SRE7} 1}
ZAE FA A= FFS BF7HITE SRES 15
pgml =AM A9 aiE vehliA Fot,
30 pg/ml A= <k 23%, 60 pg/ml ANAE F 41%,
120 pg/ml FE=NAM = oF 68% A aAE LERNA
UHFig. 2).

2) SREZ} TRAP 2&i0f O|X|l= &
TRAPS] mRNA S =4
SRE7} SZAE 3

2 Fe o] BEAE BalolAe} FE5 nXE 9% (281)

v X &S H7leH3ItE RANKL ## A] TRAP
o] 2 #A3] 571 SRE A8 Al 30 pg
/ml FEAME °F 22%, 60 pg/ml FEIME oF
79%, 120 pg/ml =AM oF 97%2] A &=
LFERASITHFig. 3(A)).

3) SREZt MMP-9 &&i0fl O|Xl= HE

MMP-9¢] mRNA A4%S F43staL
SRE7} #h=AlE A4 Al YERtE MMP-
metallopeptidase 9)2] L&ol| 1]x&= G+ Hrls)
Atk RANKL #2] Al MMP-9¢] W& & A3
7FE QAvk. SREA ] Al 30 pg/ml FEOIAE=
72%, 60 pg/ml FENAE F 87%, 120 pg/ml &%=
AE o 99%9 AEFHE  ERNATKFig.
3(B)).

H] a3ho]

9(matrix

12 om

4) SRE7} cathepsin K Zt8i0f O|x|= &t

SRE7} gh=A|E 84 Al YE= cathepsin K9]
o] WA= G W7ketr] 918k cathepsin K
°] mRNA A ZFS S7438ko] HlaLskgith RANKL
2] Al cathepsin Ko ¥ dA3] F71= 3tk
SRE A& Al 30 pg/ml SEolAE= SF 31%, 60 ug
/ml FEANAE < 76%, 120 pg/ml sEoAE oF

99%2] o)A &2 YERIRIkFig. 3(C)).

3. SREV IEBAIZ 23t B2l QIxtol 0lxl=
=k

1) SREZ} NFATc1 &b&iof O|xl= &t

SRE7} 3t A 3§70 Al YERS= NFATcl19] 2
ol WA= JgS H7sh7] $18ke] NFATcl9
mRNA AAFS SA3te] v]alskgith. RANKL A
2] Al NFATc19] 2d2 #A43] 571+ AT} SRE
A A 30 gg/ml FEAAE oF 28%, 60 pg/ml 5
Lol A= oF 26%, 120 gg/ml FE=oA = oF 70%<]
oA &S YERATKFig. 4(A)).

2) SRE7} c—Fos gfiol| O|x|= Fek
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Fig. 3. Effects of SRE on (A)TRAP, (B) MMP-9 and (C)cathepsin K gene expression in RANKL—stimulated osteoclast,

NC : Vehicle

0 : RANKL(100 ng/mf) only

30 : RANKL(100 ng/mQ) + 30 ug/md of SRE
60 : RANKL(100 ng/md) + 60 ug/m) of SRE
120 : RANKL(100 ng/md) + 120 ug/md of SRE
Each bar represents Mean+SD of 5 tests,
* 1 p{0.05 vs NC

#: p{0.05 vs RANKL only

] YEPE c-Fose &
7] $3}e] c-Fos® mRNA
W3Stk RANKL A 24
<71 Sl SRE A Al
30 pug/ml FEANAE= F 16%, 60 pgml FEAA=
oF 27%, 120 ug/ml FSENAE F 47%2] A&z}
£ YeEhIATKFig. 4(B)).

LH

3) SREZ} MITF &radof O|x|= Hsk

MITFS] mRNA AAFZS ZHsla H)ashd
SRE7} ThAE 34 Al YEh= MITFO] 2
H 2= 93-S F7sklth RANKL A2 Al MITF
o wrgo] @3] F7HE Uk SRE A& Al 30 ug
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/ml FEANAE 2F 12%, 60 pg/ml F=oA= oF
36%, 120 pg/ml FEolAE ok 68%2] A &=

LERY SATh(Fig. 4(C)).

4, SRE7} iNOS, COX—2, TNF—a, IL—6 23i0f

njxls F8
SREZ} SHEAIE 338 S5k Aoz gelrl
QFH el WA WA GFE B ¢

3t iNOS, COX-2, TNF-a®] mRNA TS =
Aato] M]ialith. RANKLE HE3 shgA %o
SRE g3 79~ iNOS, COX-2, IL-6, TNF-a2] &
A& dA43] JAshe adE JeEbdthFig ).
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Fig. 4. Effects of SRE on (A)NFATc1, (B)c—Fos and (C)MITF gene expression in RANKL—stimulated osteoclast.

NC : Vehicle

0 : RANKL(100 ng/ml) only

30 : RANKL(100 ng/m) + 30 ug/ml of SRE
60 : RANKL(100 ng/md) + 60 ug/md of SRE
120 : RANKL(100 ng/md) + 120 ug/md of SRE
Each bar represents Mean+SD of 5 tests,
* 1 p{0.05 vs NC

# 1 0€0.05 vs RANKL only

5. SREVI mEM2 g 2EHe!

SR
g

0o

1) SREZ} OC-STAMP, CTR &fsiof 0

SRE7} #F&A|2 #3} 2 2As
2 43 AR Wil mA = JEs o }0}7]
2151 OC-STAMP(osteoclast stimulatory transmembrane
protein), CTR(calcitonin receptor)] mRNA A=
S SAst vlusllth. RANKL A& A OC
-STAMP, CTR®] &2 dA43 715Ut SRE
A2] Al RANKL A#]Z Q18 57 OC-STAMP,
CTRO| S dA3] A8kt (Fig. 6).
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Fig. 5. Effects of SRE on iINOS, COX-2, TNF—a, IL—6 gene expression in RANKL—stimulated osteoclast,

0 : RANKL(100 ng/ml) only

30 : RANKL(100 ng/mQ) + 30 ug/md of SRE
60 : RANKL(100 ng/md) + 60 ug/md of SRE
120 : RANKL(100 ng/md) + 120 ug/md of SRE
Each bar represents Mean+SD of 5 tests,
** 1 p{(0.01 vs RANKL only
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Fig. 6. Effects of SRE on (A)OC—STAMP and (B)CTR gene
expression in RANKL—stimulated osteoclast,

NC : Vehicle

0 : RANKL(100 ng/mg) only

30 : RANKL(100 ng/mQ) + 30 ug/m) of SRE

60 : RANKL(100 ng/md) + 60 ug/md of SRE

120 : RANKL(100 ng/md) + 120 ug/md of SRE

Each bar represents Mean+SD of 5 tests.

** 1 00,01 vs NC

## 1 p{0.01 vs RANKL only

Al BH9 Qo AN &
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Fig. 7. Effect of SRE on bone pit formation by RANKL—=induced
Osteoclast,

NC : Vehicle

0 : RANKL(100 ng/mf) only

60 : RANKL(100 ng/m)) + 60 yug/md of SRE

120 : RANKL(100 ng/md) + 120 ug/md of SRE
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o|E7RI, ZEE, §H%A} T A4S o} o] F
o] AT, o] ZF RANKLE 3ol 718 23k A}
o|E7}919] SR TNF AlG el Alo]E7klo]H
A E] ol Zof BmAFAR Bl
ARl RANKSF ZAgsto] Axy 2lsdd 7}
MAPK (mitogen-activated protein kinase)2] A1
9 A7t @AstEY gEAE Estel deHel
NF-kB, c-Fos, NFATcl, MITF9} -2 transcription
factor’} LAE o] HIAER] H3}= AT,
TRAPS A58 dEA oA By o] Z9] &

seol Folalil 9lenR TRAP AMTE THEA
EE #5078 Bushl s /170 9 5 At

) RANKLZ fdt opZAlE 34 Al vehdes
TRAP(+) MNCs 34& 37l8te] SREZ} &A1
Aol mA= e AR 23} SREC] 95 60
pg/ml ©17e] Fiol A FeofatA oAl ¥ A Th(Fig.
2). TRAP mRNA A %S Z43ko] TRAP o]
MA= g AuiE A3} SRE7F RANKL frl=
A EZo| A TRAPS] &S 30 pg/ml SEol A+
B st AAsl e 120 pyml FEANAME
°F 97%9] A ENE HIATKFig. 3(A)).
Cathepsin K==  M-CSF(macrophage colony
stimulating factor).} RANKL 55 # 2|5l a5
e R kel glar, sEAlEel] o8 frely
AlZ=HQ] GRS A A S5 Al SR A R
7 PR E Edl EHlEe] AllE Fele
= =3l Cathepsin K= MMP-9, TRAP
S I =] Fel APASRE Holsta ok
0 MMP-9E dEA 20 HE5 A F UEhe
Zo|th). SREE= MMP-9¢] oS 30 pg/ml 5
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SOl oF 72%e] #AS JAaNE HTh(Fig.
3(B)). Cathepsin K¢ &2 30 pg/ml 5= A5
B fFolgk qAasts BAom 120 pg/ml sl
A= o 99%°] Al EHE HERITHFig. 3(0)).

RANKL-2 4~8#¢] RANK(receptor activator of
nuclear factor kappa-B)9} A3slo E}Okﬂ AEA
1= E}—\ﬂ'-] AR 0 :o‘J—/HQ. O}_J_ J}‘““*ﬂ:ﬁ _‘?_Q‘oﬂ 24 o]
HAARIAF WS FX8k=t], 53] MAPK oA
p38 HARRIARR] MITFE ﬂ*é@r ato s A 9]
EA 42l TRAPY @do| #o]3}al c-Fos,
NFATcl &3 971 spzA|x ﬁ/‘q TR BHS
Fz1ghar 4 A kY. SRES RANKL %= 3}
A EONA c-Fos®] Tal& AIEHITh SRE 30 g
/ml EEAARE frofd A aIE Blon, 60
pg/ml FEAAE 30 pg/mlZ T 2felE HolA| oF
SO} 120 pg/ml FEoll M= oF 70%2] A EAE
e H(Fig. 4(A)). SREE NFATcl1¢] 2+l w3k
AASFATE 30 pg/ml o)) FEAA frolgh oA
275 HQItK(Fig. 4(B)).

MITF+= TRAF(TNF receptor-associated factor),
p389] &3t & dHe AsHE HAS AA &4
stel= AR shEAl 2o Boks Hxleh b
X 3t Al FTkete QAkeltP?. SRE AE] A
MITF2] mRNA A 574 23} MITF 2&o]
AE A 30 pg/ml o)) FolA fFolgh oA E
72 Bom 120 pgml FEANAE oF 68%2
A&7t e THFig. 4(C))

NO(nitric oxide)™ L-arginine®] NOS(nitric oxide
synthase)ll ©J3l 2kskE]o] AJAJFITE cNOS(constitutive
NOS)&= dubdgo=m &4} wdxo 9la, iNOS
(indusible NOS)¥= Al E7RR] 52 54 Ap=¢] 9l
ofofgt HApEle] AAE:. iNOSel| <fs AAH
NO= Ae]4 7] ohel ¥4 7ek: 2k
=3 1Nos<>ﬂA1 AYE NOE T2 Hgwhs =
AEZA el #olgrhY. RANKL, TNF-a 59
é% li of o8l &A4d3lE= iNOSol 23] NO7}
M A E] 31 35) olglst o7 AAHE NO= g=k
CN-

_4

7Z+77 o]
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ofN WE ¥

+

- HT O

S ek e St Hv, diAA R 24



kel IL-6, TNF-a$t 2 pro-inflammatory
cytokineS AAFEHCFO3N,
sfaA e @4 A A PGEY o] Az

S 2 A A ZH-H phospholipase A29] & AZHE-o]
2]8}] arachidonic acid’} THEOX= Aoz AJZtE
o). @42kl 23] Arachidonic acid prostaglandin
Gy7} F]al BhA] prostaglandin Hy7} =& o] AL
EoHge tjAMsEE ot} Cyclooxygenase (COX)ol
oelf F o] FZHrh CoXe oY FF9
isoenzyme©| EAJsH ©]E F COX-2+ 9% 59
A=l o)s Wk 12 7] Wit coX-29] 9
3 A== prostaglandin®] SESHHST Al XS
of Fojsttiy A AP HFAI SREE
COX-2, iNOS, TNF-q, IL-6 H‘?ﬂ% 3 Zﬁ}ﬂl 1A

OC-STAMP:= 3 A|E £31E 8l 4aE
o]t CTRE calcitonin®] EEAS A&}

w3t A4 o] B npAR AL EE T

et AR A3 SREE
OC-STAMPS] #&S AlstE Aoz Yekit
30 pgml ol FEAAFEH FoJF A adE
B3 THFig. 6(A)). CTR & A &z 43 Az}
Al 30 pg/ml ©]7Fe] FEelA FolakAl A=Y
UHFig. 6(B)).

woby sEAER Qe
FAH = &7 E4< bone pitd
3} SRE®] 2|3} bone pit2] FAJo]
LFERL SRE7} Bt Al A0 R
g =24 A S AASHE
(Fig. 7).
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1. SRE® RANKL % 324 o] Al st
R, FEAE &4 # QIARI MMP-9,
cathepsin K, TRAP #&-& A} t}

2. SRE2 RANKL F% FZFAH ¥ FIAE &
3} ¥4 QUAQl NFATcl, MITF, c-Fos9] o3&
A3k T

3. SRE® RANKL 5= spzAlZo A A5#d <l
A1 COX-2, iNOS, TNF-a H&S A3}t
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