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Effects of Saengmaek-san(SM) on Osteoclastogenesis and Gene Expression
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Abstract

Objective : Saengmaek—san (SM) has been commonly used in Korea to treat various diseases that involve
the respiratory and cardiovascular system, However, to date, the mechanism underlying the effects of
osteoclasts differentiation of SM has not been clearly understood.

Method : To evaluate the effect of SM on osteoclast differentiation, we induced RAW 264.7 cells to be
differentiated to osteoclasts by RANKL, and we performed RT—PCR to measure gene expression,

Results : SM decreased the number of TRAP(+) MNCs in RANKL-induced osteoclast., SM decreased the
expression of MMP-9, cathepsin K1, TRAP, NFATcl, MITF, and COX—2 in the osteoclast, But SM increased
the expression of iNOS, TNF—o and IL—6 in osteoclast.

Conclusion : It is concluded that SM might decrease the bone resorption resulted from decrease of osteoclast

differentiation and it’'s related gene expression,
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1) lefxl &= % HAH M=

Ak SEE Theo] Edkade] Y2 &, SR
500mlE 7Fskal 6AIZE o 7hhste] 2he &35
tf, oA E ol8sto] gt th, ]9 Evaporator
(EYELA, Japan)& olgsto] A 553 the &5
HNe 54 dxste] A A7R| PR sieleh A
o Aol AfiRgk sht#(elst SMet $h< DMSOE
o]-g3slo] vjx]of &< &, pore size 0.45m2] oj1}x]
£ SUAX] & ARESIGITE Afikii 254 8g, A
dg, TikT 4go= 5] Jlow, A7|% J1FA] 4
A =APEE qrefi X YPazollA ALYUsIATHTable 1).

Table 1. The composition of Saengmaek—san

Herbal . Dose
Pharmacognostic Name
Name amount (g)
P& Radix Ophiopogonis 8
AN Radix Ginseng 4
Firk+ | Fructus Schisandrae Chinensis 4
2) M=

Adof| AREE TZA|EZ A3 mouse myeloid
KI3EF2] RAW 264.7 Al3Eo]l RANKLE A 2|ste] &
LE Az mdS ARSIt AMSE RAW 264,72
A 2ol A AT

A

2. 4H
1) RAW 264.7 Cell HiQS

RAW 264.7 Al3Z= DMEM(Dulbecco’s modified
eagle medium)/10% FBS(fetal bovine serum)/PC—SM
HiRE o]-8sto] CO, Alzuid7lolA vkt om,
M4 5x10° cells/well & 96 well plateS ©]-83}
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of ujestirt, 24417k viF - viFls Bl 5 10%
FBS, 50 ng/ml RANKL, 1 ng/ml TGFs 7} A71=
a-MEM ©.2 ie¥s}o] A vjeraict, wjerele] of
2 5= CMZ A7l =3k, 2] 3 W4 A3t
HiR| = welkel A 6U7E viFskelt,

2) =X

A2 (1) RANKL v|A2<Normal), (2) RANKL
A2 (Control), (3) 50ug/mle] SME Folgh -, (4)
75ug/mee] SME Foigt -, (5) 100ug/mee] SME &
gt Lo & g},

3) IEMIZ My =8

RANKLZ RAW 264.7 celle ZFAXZ =35
T A<dt oA 2] WE marker=® U2iA TRAP
E dAMIEte] TRAP—positive A|ZE Ittt E3}
A7) HZE PBSE AIEE 23] Al-staL, 3.7% for—
maldehyde—citrate—acetone 8H o2 108 TAA|
711 F5402 23] MASIFEE 2% TRAP fast garnet
GBC base &7} NaNO; §H& -2 HER 4o
U= golit 5% naphtha AS—BI phosphoric acid,
4% acetic acid, 2% tartaric acidE E3gF FHS
AR Al A E]BfaL /=20l 304 o WISk

Yspuul 4o Pl slo] 37) olel TRAP-
positivedt TFHAIE (TRAP(+) MNCs)E Al3sto]
wh2Hlzme] AR St

4) TFBME ST S5

(1) total RNA &g

RNAE E57] flsto] siefAlZe] wixE AAS
o}, 4T PBSZ 33] washing 3%ttt AI2E 22
e, 750 x gollA] 1087t A E2gh ok, ice cold
PBS® 23] At WAH Aol lysis buffers 7t
sto] &3A171 T, 12,000 % goflA] 1087 Q4] &
gl5te] A5 Hstdct oAl IM sucrose’}t T-F-H
Tris buffer ¢Jof loading?t T2, 36,000rpmoi| Al
16057 ¥4)Ee] 319t} Polysome pellet2 331
SDS buffere]] %21 3, 37TCollA 30&7} incubation
AlFtt, Sod. Acetate bufferE 73t th, phenol/

2let 9 321 A fRaeel TEME =k et 2 R Eelo 0|xl= I

CsKlI3 gHo= FE3130th, NaCle 0.2Mo] H&=%
718t TR, EtOHZ 718t & —20T oA 12417 B3t
3ttt AAELS 75% EtOHZ 23] washing®r th&
AN, 4237 delo] Qs RNAYS dj=att
Aol Al mRNAYe] 2hs 233 ok, A71%9%
o7 sRolsto] ARESHITE

(2) cDNA Az

et B Al TolA Z2F 2217t total RNAY 10
ul(10ug RNA 3ol oligo dT 1u(2ug/ul)= ¥ &
ZAAHA B33 T2, 90ColA 587t incubation
Fct. primer7} annealing 3t=S 4204 ¢F 10
AT T ATR fAIS0] RS AlokE Tk,
5 x cyscript buffer 4uwl, O0.1M DTT 2ul, dUTP
nucleotide mix 1ul, dUTP Cydye—labelled nucleo—
tide 0.1ul, Cyscript reverse transcriptase luul,
H20 0.9ute 718t 20wz 3+ 5, ol 244
Al o2 tipping EsIATE o] &, 42CoA 90&
7t incubation ¥ & A& Aol WAIEIRIH, o7
2.5M NaOH-& 2w 7)3t & 374 1587 incu—
bationd}d 2™, 2M HEPES buffer (free acid)Z 10
wE 7tste] SIAIZEE 42Fe] AloR2 Amersham
Bioscienceol|A] GtsFoict,

ol

)i

(8) Real time RT—PCR

Z¥719] optical tube (MicroAmp® Optical 96—Well
Reaction Plate with Barcode and Optical Adhesive
Films, Applied Biosystems, Cat.No. 4314320)¢] 3
Hj9] SybrGreen Mix 2.5uf (Sigma—Aldrich, Cat.
No. $89430), (2)oll4] 43t cDNA 1w, 10 pmol/ul
primer pair mix 1x0, 22} 2.5 mM2] dNTP 2 Wi,
10xTag polymerase buffer 2. 5ul, Tag Polymerase
0.3u¢ &} 14.7u0 HoOE 9a1, 95T 5min 1 cycle, 95
T 30sec, 45T 30sec, 72T 60sec 40 cycles, 95T
20min 1 cycle®2 ZFZA|F ) Primer+= RT—PCRY||
AR S o]831th, PCRE vhl 3 tubeE 7AW
U, B SuwE AM8So] 3% agarose gelof A
PCR specificityS 2343}, ABI PRISM® 7000
Sequence Detection System (Applied Biosystems,
Cat. No. 4349157)2 AF&5}] real time PCR Z3}
£ 2435190t PCRO|| ARESE primer+= o) table 2

of AT,
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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
NFATc1 GGGTCAGTGTGACCGAAGAT GGAAGTCAGAAGTGGGTGGA
iNOS CCTTGTTCAGCTACGCCTTC AAGGCCAAACACAGCATACC
MITF GGAACAGCAACGAGCTAAGG TGATGATCCGATTCACCAGA
b—actin TCACCCACACTCTGCCCAT TCCTTAATGTCACGCACCATTT
3. SAIXz2| FroM= AL BFE UERA] ko, 50ug/ml

7} Al Wit + SEMOR ®ASHIch Auto] o
3t 394 HASE student’s t—testE ©|-83lH oM,
Qoo 1 (0.05 o3t2 FA5FAT

. & 2t

1. SMO| IFEMZ Fdol 0|X|l= Fet

SMo] THEAEE g/l wiRl= S B7H] 9
s, RANKLE G2t 9b2A1E 94 A dehtis
TRAP(+) MNCs 374 B7Istdct. SM-2 25ug/ml
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Fig. 1 Effects of SM on TRAP(+) multinucleated
cells formation.

SM . Saengmaek—san (“Ek%) Extract, Control :
RANKL only, SM25 : RANKL + 25ug/ml of SM,
SM50 @ RANKL + 50ug/ml of SM, SM75 : RANKL +
75ug/ml of SM, SM100 : RANKL + 100ug/ml of SM,
+ SEM of three individual
experiments, *** p<0.001 vs Control,

Data represent the mean
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o A= oF 54%, 75 ug/mlollAl= F 72%, 100ug/ml
FroA= oF 79% JAEIE YeERNItHFig. 1).

2. SMO| MMP-9 dsdof| O|xl= F&k

SMe| TEAIE B4 Al Uehis MMP—99] 2o
A= = B8] 915kl MMP-99] mRNA 4§
dg= S5t Hlasklth. RANKL #2] A] MMP—-9
1S T3] S7HEAch SMAE] Al 50ug/mlef
A oF 82%, T5ug/mlellX91%, 100ug/ml F=oA]
% AAaTE YErAch(Fig. 2).
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Fig. 2. Effects of SM on MMP—9 gene
expression in osteoclast.
#EE 50,001 vs Normal, ### p<0.001 vs Control.
For more detail, refer Fig, 1.

3. SMO| Cathepsin K &i0]| O|x|[=

5t

SMo| whEA|E
uya o

A4 Al YERE= cathepsin KO
n|x= FEFE H7KE7] flste] cathepsin K
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°] mRNA /%S 57d35to] H|uLskgltt, RANKL A
2] A] cathepsin K9] 3L &A35| Z71=2c}t. SM
2] Al 50ug/mloAE oF 67%, T5ug/mloAl= oF
86%, 100ug/ml FEoA+= oF 94% AAaIE et
WAck(Fig. 3).
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Fig. 3. Effects of SM on cathepsin K gene
expression in osteoclast.
#%% 1{0.001 vs Normal, ##H# p<0.001 vs Control,
For more detail, refer Fig. 1.

4. SMO| Tartrate—resisitant Acid
Phosphatase(TRAP) &t&i0]| O|Xl= H&F

SMo] TEAIE A Al YElh= TRAPS] &
& B7Fst7] 9lste] TRAPS] mRNA /3
‘8}04 v w3lglth, RANKL 2] A| TRAP2

8] S7F=E] ek, SMAE] Al 50ug/mlo A=
9%, 75 ug/mloll A= 2F 85%, 100ug/ml =0l Al
oF 92%2] AA|AIHE YERHITHFig. 4).
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Fig. 4. Effects of SM on TRAP gene
expression in osteoclast.
#%% 5{0.001 vs Normal, ##H p<0.001 vs Control,
For more detail. refer Fig. 1.
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5. SMO| NFATc1 &0 O|xl= &

SM7} A &

2

B7dA HER= NFATc19] 2o
F= F718] 918t NFATc19] mRNA A
e S45te] vlasioiny. RANKL A 2]A] NFATcl
WL A S7H= ATk SMAZ|A] 50ug/mlollAf
oF 57 %, 75 ug/mlo|X+= 9F 67%, 100ug/ml S&=
orl= of 79% AAlEE WeEPIchFig. 5).
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Fig. 5. Effects of SM on NFATc1 gene
expression in osteoclast.
*##% 5{0.001 vs Normal, ### p<0.001 vs Control,
For more detail, refer Fig, 1.

6. SMO| MITF &rsi0]| O|x|= Hak

SMo| TEAIE P4 Al YeRE MITFS] Ee]
0|2 JES Frlslr] skl MITFS] mRNA A4
S =Hsto] nlwslct, RANKL 2] A] MITFS]
2 Fxs] S7HE AT SMAE] Al 50ug/mlollAl=

5
x
2 Hokok
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Fig. 6. Effects of SM on MITF gene
expression in osteoclast.
""" * p<0.001 vs Normal, ## p<0.01, #H p<0.001
vs Control, For more detail, refer Fig, 1,
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oF 40%, 75 ug/mloflAl= F 49%, 100ug/ml &=
A= oF 60% AAEIE UEFHICHEIg. 6).

7. SMOJ iNOS &0l O|xX|l= g8k

SMo| ThEAE B4 Al UEh= INOS9| o] ]

ATRS Hrlsl7| 9J5te] iNOSS] mRNA Ak
v w5ty RANKL #2] Al iNOSe| &
= /MR #, SME AEfsklrt. Addyt, sM
50ug/mlof A= oF 61%, T5ug/mlolA= oF 44%, 100
ug/ml FEA A= oF 54% F7} AIE LER )t
(Fig. 7).
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Relative mRNA of iINOS

O T T T T
Control SM50 SM75 SM100
Fig. 7. Effects of SM on iNOS gene
expression in osteoclast.
# p<0.05, ## p<0.01 vs Control, For more detail,
refer Fig, 1.

8. SMO| COX-2 &0l DIxl= Fet

SMo] THEA|E @4 A] tehbs COX-29) o]
2
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Fig. 8. Effects of SM on COX—2 gene
expression in osteoclast.

## p<0.01 vs Control. For more detail. refer Fig. 1.
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&S Hrislr] ¢ste] COX—22] mRNA A4

F& Z7gsto] vlaslty, RANKL #2|sto] COX—2

e S7HXL &, SM= Aelskeint, A2t

SM 50ug/mloll A= ©F 53%, T5ug/mlolAE oF 61%,

100pg/ml sEAE oF 44% A ATE LERYQIT
(Fig. 8).
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9. SMO| TNF—a &&iof| O|xl= F&

SMo| TEAE B4 Al Uehs TNF—a2] Hdof
A3kS 7Bl $Jsto] TNF—a2] mRNA A3
éé to] wwskdct, RANKL *]2]ste] TNF—
7HINZ] &, SME A2]steltt, Ag2dat,
0 wg/mlolA= 9421 ®3k7t glalom, 75ug
/mloA= oF 31% S7Fe YERSIAL, 100ug/ml §=
Nz 27% 57t BE et SItHFig. 9).
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Fig. 9. Effects of SM on TNF—a. gene
expression in osteoclast.
# p<0.05 vs Control. For more detail, refer Figure 1.

10. SMO| IL—6 &&iof| O|x|l= F&*

SMo| FZAE P4 Al UERt= IL-62]
1A= GFE H7sh] 918t IL-62] mRNA 234
v wakgich, RANKL A 2jshe] 11,62
A Z7H1Z &, sME APsioint, AdZda, SM
50ug/mlo A= 521431 ¥zt §19 0, T5ug/mlell
A& oF 35%, 100ug/ml FEo A= oF 31% 7} A}

d

£ YeERAek(Fig. 10).
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Relative mRNA of IL—6

O T T T T
Control SM50 SM75 SM100

Fig. 10. Effects of SM on IL—6 gene
expression in osteoclast.
## p<0.01 vs Control, For more detail, refer Figure 1,
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AT o] AR, FrhEEol F8 Y1l TTA
32 Eoto) oigh Al kel mEAlRe] E3kE
318k Ay Q=] gt ARk Eatol st
T2 oFd BaE vl glo] oof thste] Bristarzt st
At

W= A|EH 08 Az o8] AL THEA

o] o3l shaisls B 27 = o] Te] i
Pe B AL oplshl B, 53] 2 wle] Fa
3 e Yok sHBAEY Hoke srEdEY &

3h= ofy] 7HA] A==
of nuclear factor—xB ligand(RANKL)2] gt&l 9 2}
go] ¢ 93 RANKL-2 Tumor necrosis factor
(TNF) Alge] #olE7|Q10 R mld-tA|arofA &
%= 484 Receptor activator of nuclear factor—
xB(RANK)®} Aglste] Azl Alsddg 2H49l
MAPK A4 27} S/dsten apZAz &3l
=29l NF-kB, c—Fos, NFATc19} 22 HARIA}
7} dreE] o] SEAIE] A4S o |Rh)
TRAP(tartrate—resistant acid phosphatase)=
A2t IR Ao A dHEElE A o2 TRAP FAA|E

=35} Receptor activator
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= A2sd e AA ol saAlEe Zolste] =
557158 A P, Cathepsin K+ RANKLO]
1} M—CSF(macrophage colony stimulating factor)
52 APjshs 39 wEEs ghgdoln] MMP-9
= AR ¥ F5 3 F vEhdes 5aEA
TRAPS} Zro] Z9] F<of Hofstar qich. wh
, AR SAstR QIR TEar T AllEof|A]
ARPS’—] mRNA $-A2} W& 3}t 3174 Cathe—

MMP-90] $-83l 2|82 A= 4 it}
04 A}, EARsL fhd(elst SM)o] st
B RANKLZ $%¥ TRAPS sl o}l
FAE AAIste] TEAlE FA4E A=
S, ). 9 Bk s
Fallal=t Hofsh= MMP-9 9 cathe—
psin K-"J WAL AAlskAH(fig. 2, 3). ol A
d Aol A= SMe| TRAP 4314+ WS <
Ak AS FRlskachkFig. 4).

TzA| 20 2315 Feshe A AARIAN= c—Fos
€} NFATclZ &eA Qle} c—Fos Alodg A|Alf
ofsf NFATcl 'I&o] S7FHA Hm ol whaAlE &
sto] F5 7]do|tb?, &2 AdolAi= SMe] NFATcl
o] WEE AAol= 2aE UeEhiSIck(Fig. 5).

MITF+ TRAF(TNF receptor—associated factor),
p382] B3t 5 YR MY IS AX st
= AR oA o) 23S X6k AH8o] Utk
FESH MITF= TZAIE B3 Aoz 27161 QRI=E

T o
—lrhrs %“%ﬂl—lﬂ
4mrmr1r rlo

ES
=

9/]

N P
R
JE ot

N

RANKL/RANK E3H7} @Asls 20w A2ksin],
o] IAol| TRAF 443} TAK1 A3t MKK6 24
o}, p38TAS} £ ele] AsHYTAHE ARG,

AdA, SM2 MITF Hde AAeto] oA
w35 JAlsks Aew YehithFig. 6).

NO+= NOS(nitric oxide synthase)el 2J3] A==
E242, calciume] =
NOSeof| 9Jaf A=A, RANKL, TNF—a, IL-6 &
o] 7+E A5 Aol o8 &/d3t== inducible NOS
(INOS)oll 23l YA, w3 A Zol A whEA]
EZ B3l I oflA iINOSE E3slzdof Hofsl=
4, SM2 iNOS ¥&S 7 HH(Fig. 7).

COX~—29] Wel o & ZAo| F7El= PGEx= 1 A
A7F & ) ZAHAE cAMP-protein kinase A
3L ol TEAlEY E3lE FXEThL g A
Rom, oAz BIFAQIARR] OPG Was AR

endothelial = neuronal
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HZ0ESo] YF o -6, TNF—o 5ol <]
Z%1%|o] RANKL A2 sZA| 2ol COX—-2 &
PGE; 35712 vehdot® webd COX-2
AR5t TZAEL] HIE AT 4= ot
TNF—o= ZZAES] collagen ¥ ALP S oA
3hal IL-69F M-CSF& SAAA AR Zo
& W8kl 29| F4E Foke o= dEA Sle
w36, 37> [L-6+= 9= nj7)] E2=& Z835}= cytokine
o8 FBAE] B3lE sk AoR A o]
AFA v fae 5 g, Addn, SMe
TEA|EA A COX—2 A} LaS A8 (Fig.
8), TNF—o, IL-62] W& ®3t A8t chFig. 9, 10).

olfe] Aits Ev® SMo] uEAlE B35 oA
= At 9SS Eel & 4= Ql3it) ol NFATCL,
MITFS} 7252 HAF QIAFES] el Alste] mhzA|
X9 F &5 A8-2 YEHE TRAP, cathepsin K,
MMP-9 59| TdE Alshs Aoz e, wet
A ARE TREAlEe] E3tet 23kE EXehe AlS

A% A2E Asks 7150l Qo] Brhggel A2A
2 AN 4 9 AoR AR
V.8 E

AEIREK HHAAESM) 0] THEAIE 25} 2 2S04
ste] Ze| AE4E AAHEAS Brtsk] Slstol,
RANKL % 934l 2319t Bl Q459 74
o] X GRS Soto] Tt g AU o
ek,

1. SM= RANKL 5= THZAES] P4 A8t

2. SM& RANKL $% mhIA|Zo]A] MMP-O,
cathepsin Ko} W& A5HAT

3. SM RANKL &% ZpEA|3E0A] TRAPS] Ud
< AAEkG,

4. SM2 RANKL 4= mFZA) o] 4] NFATcl, MITF
o] WS A5k,

5. SM& RANKL 9% ThZA|ZoA COX—2 4+l
< JAISFAT.

6. SME RANKL S5 S-2A|Zol|A] iNOS, TNF—a,
IL-6 W3S S7HAIH
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