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Healing Effect of Danggwisu-san (Dangguixu-san) on Femur Fractured Mice

Dong-Hwi Jeon, K.M.D., Min-Seok Oh, K.M.D.

Department of Korean Medicine Rehabilitation, College of Korean Medicine, Daejeon University

Objectives This study was designed to evaluate the effects of Danggwisu—san(Dangguixu-san,
DG) on bone repair from femur fracture in mice.

Methods Mice were randomly divided into 4 groups (normal, control, positive control
and DG 300 mg/kg-treated group). In order to investigate the effects of DG on gene
expressions in experimental animals with fracture, we measured the levels of bone
morphogenetic protein-2 (BMP2), cyclooxygenase-2 (COX2), Sox9, collagen type ||
alpha 1 chain (Col2a1), runt-related transcription factor 2 (Runx2), osterix genes. After
the cytotoxicity test, we analyzed the levels of expression of osteocalcin and Runx2,
and tumor necrosis factor-a (TNF-a), a pro-inflammatory cytokine. The process of
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Table 1. The Herbal Composition of Danggwisu-san

A5 ES tighilo] % F(Eumseong, Korea)oll A 7
S7/BL6 UF9-25(19-22 )& Hopulo} A}

<] C
R wm& 22 AFEA A

2) ot

o= HiER, A%, Y BT, BOK, KLAE Bk
~, B, HEE 243] H(Daegu, Korea)ZH-E 193}
Aom, HEEE (Danggwisu-san, DG)] T3 THiB
B2 <A ST Table 1).

3) Mz

MG63 AZ2} RAW264.7 M Z= =M 523
(Seoul, Korea)ollA] ¥Rk S ™, 100 units/mL pen-
icilin/streptomycin®} 10% fetal bovine serum®] 3
Dulbecco's Modified Eagle Medium (DMEM) (Gibco
BRL Co., New York, NY, USA) HJA| S AL&3}ed 37°C,
5% CO, AFHlolElol A ulj a3t

Scientific name

Angelica sinensis (Oliv.) Diels
Paeonia lactiflora Pallas

Lindera strichnifolia Fernandez- Villar
Cyperus rotundus Linné

Caesalpinia sappan Linné

Carthamus tinctorius Linné

Prunus persica Batsch

Cinnamomum cassia Presl
Cinnamomum cassia Presl

Total amount

Botanical name Amount (g)

Angelicae Sinensis Radix 6
Paeoniae Radix 4
Linderae Radix 4
Cyperi Rhizoma 4
Sappan Lignum 4
Carthami Flos 32
Persicae Semen 2.8
Cinnamomi Cortex 2.4
Cinnamomi Cortex 2
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42 5 64.8 g9 Aol 1.2 L
o] FHTE B 9" 7I(Naju, Korea)E ©|-83t 24]
7t B8 EFEskath #20 ¢FAl= Whatman No. 2
filter (Maidstone, UK)= oJ7}ate] glof 25 JET
233t} o B rotary evaporator (Buchi, Switzerland)
2 70°COllA 7]} Siek § sAEsIo 79 go] Ax
S A, FF 282 1229%A0k £E- -80°C
of &F3td BRI AREsH] Aol /T e 4
A2 345t 045 pm BHE AE T ARSI

2) stk AMEH(liquid chromatography—mass spec—
trometry, LC/MS)

DG A&EEE S/l &8l ¥ 3 uLE LC/MS
Ao AR8SHA T LO/MS 412 ABsciex Triple Tof
5600+ (Sciex, Framingham, MA, USA)®} Dionex ul-
tra-high pressure liquid chromatography system (Thermo
Fisher Scientific, Waltham, MA, USA)2 ©o]-83}c] &4
St AERtETIE o83 42 ACQUITY
UPLC BEH C18 column (2.1x150 mm, 1.7 pm; Waters
Co., Milford, MA, USA)& AHE-3F31 0.1 40°CollA] ©]
54 A (water)2} ©]°5%¢ B (0.1% formic acidE -3}
+ acetonitrile) & A3} 0.4 mL/min®] flow rate=
EEATE 27 FE 7L 95%A/S%BE 14 B F
517} 208714 80%BE Z7HAZ F 248714 0%A
2 9E H 3% 59 FASIT MRS 917 Column
MAHL 7] §5 7] 2O E 37 5 HIH S o] F
Al 3Tk Photodiode arrayE A8+ 200~500 nm]
g YoM HEHE EEAES SH5HE Data-de-
pendent tandem mass spectrometry £23-2 Peakview sys-
temoll A A F% = menu-driven &ZE OIS A&3}]
ZHsatt. ZE 42 automatic gain control con-
ditions2 3§35} T}

3) =X 3= =¥

A FENA 300 mgkge] avertin (Sigma Aldrich
Co., Ltd., St. Louis, MO, USA)2 &7} W] FA}3ke] n}
FHatRa, v F HAZ gl 88 AASATH

=2 Bonnarens2} Einhorn®| W2V whe} 23y
= AP TEY LEZE JriEE HWI Bl 1A
A7 Y8 15 mm, T 2 mme) EB-A70 2 HEo]
2 7Y G gEE Yl AXAHT Fd 2 9
2 YR AF 17 mm, 2°] 100 cm®] S T2 OE A
& H, NS 1587 mm, FA 1628 g9 4]7&L Holx=

P B HUT F S0 Sk

o

FAQ 2 47508 YR 2 Folgt
2ukE] ) HigAI71aL 2 3Y, 7Y, 14
uioh 3ute] ¥ XAbe o A3 (naive)
A &4 FA g9tk 1 9 BE OF] AY
ER =4 &3s FUn =4 § 35S
A B UF 25310 mm)SZ A|A| 3

2 Zrol ASIATE Ay FES 1Y 13,
o] A7 T8tk thxw(Con) 5L &
“(phosphate buffered saline, PBS)E 747 &
St A &A= tramadol (20 mg/kg; Sigma
Aldrich Co., Ltd)& 727 T3tk A3d7(DG)>
DG (300 mg/kg)E 747 FAtith =2 F 648 ¢
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5) in vivo

(1) Bone marrow &2
AEES 245 F= 7 42 3¢, 79, 14¢¥
28U A|Aksted A RE AHSAT APEsES A4t
571 1351 etherE E33= glass chamberol] 2¥5
2 22 wiF e 28 wj7bA] oF 128 A3
A5 EZHE bone marrows E23FaLAt
e 225 ) AAE Feo2iE
Cwd T WE S e 2SES VM

ANt AASET femurs} tibias #2135+ Th Femur
ibia®] F € STE 7HIE A2 H S3F 9] 99
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Bz W 2AES AASTA 70 um®] strainer (BD
bioscience, San Jose, CA, USA)Z ZA#FA}. S4F2
2]ol] A3 DMEM Hi & AIASAt 1,500 rpm
oAl 5 Bt ARt Fsde AASHATH
(2) Total RNA =&
AHE TFEHE T FF RNAS v 2ol +
Z3ATE AP ERRH AHE SFAE 10 mLo]

PBSE %1 pipetingste] MEE FIF 5 1,500 rpmoll

Al 5 B ARkl S A Ak AH sk,
FoldeE EAIE0l easy Blue (iNtRON, Seongnam,

Korea) 0.5 mLE 7}3} homogenizer® A|XE Zol5
ATk o] % lysisE =FAHE &Aool chloroform 100 pL
£ Bl vortex S AHESH o] & 4o| =5 whIgH
% 13,000 rpm, 4°CollA 1523+ AAEe skt LA
28 F 45 200 L' MER FEE SAE U
200 uL9] isopropanol & 715}l FEE fol| = 4-53]
FAXE S vhEste] o] Z 4o]=F 3 H 10
E2F Aol A W8 Th Total RNAS A7) L2k
13,000 rpm, 4°Coll 10327F LA EE|3taL &5d-& AA
sto] AHHE RNAE 753 £ 75% oS 1 mL& 7}
sto] AYE AojFo] Hdolgle BEES AASIAT
Hel-S % Y2 F DEPC water (Invitrogen, Carlsbad,
CA, USA) 20-50 uLE #7138t RNAS =9t

(3) Complemantary DNA &4

&o1% RNAE NanoDrop 2000 (Thermo Fisher Scientific)
S =2 AeFsted 200 ng/uLE S ¥ Easy cDNA Synthesis
kit (NanoHelix, Daejeon, Korea)S ©]-83}] T2}
Zo] cDNAE 4339 TE RNA 9 5 uL, Oligo-d(T)
1 uL Z18]3L DEPC water 9 LS 911, 65°Col|lA 5%
B AR F FA| ofo] 2o WS ZF FE
o wg] TFEolE FHA E¥E(5x RT reaction mix
4 uLART enzyme mix 1 pL)< 5 uL& go] 50°Co A
40+, 70°CollA 102 &<t RE&3o] cDNA ¥4& ¢
=3kt

(4) Real-time quantitative polymerase chain reaction

(PCR)

=] Ede S43517] st Power SYBR
green PCR master mix (Thermo Fisher Scientific)2 ©]
43+ AAZF H& PCR (real-time quantitative PCR)S-

AR, 71715 QuantStudio™ 3 real time PCR sys-

4 ] Korean Med Rehabil 2021;31(1):1-16.

tem (Thermo Fisher Scientific)S AF&-3tA T & -4
ZFe] PCR AHZ2] H7]+= 100 bp HIZE 393, Tm
(melting temperature) &%= 60°C FLo2 TRRISIA
o} Real-time PCR ¥H3-2 Z 20 pL el 1322 3|4
gk ¢cDNA 2 uL9} 10 uL2] 2x SYBR mix, primeri= Z}
7} 10 pmol/pLe] H52 03 pLA H7iskda, v
= SFTE A FAG% BE A st PCR
TE = v 2 SF cycle 40 cyclese 4
AIBFATE Hot starts 913 95°CollA] 108, 2 WA 9
denaturation= 95°Col| A4 15%, annealingS 60°CollA]
60%, extensione 72°ColA] 30%3t HHE31H 2} cycle
9] extension o FF S 7153 Y. ZE cycle©]
A4S F primer®] SolAS E<Isk7] 913 melting
curve 415 AAISHATE Aot 42 Thermo Fisher
Scientificoll 4] A|-&-3}= Real-time PCR Instrument soft-

ware = 213} T Table 10).

6) in vitro

(1) 3-(4,5-Dimethylithiazol-2-y)-2, 5-diphenyl tet-
razolium bromide (MTT) assay

M EZ 5x10° cells/mLE 96-welloll 53} 24417k
B ekgslEldth DG FEES 1,000 pg/mLE-E
124 B|Aste] F=HE Aelstal 2447t 52t CO,
Hj k7)ol v skt viF 3 MTT 0.5 mg/mL (Sigma
Aldrich Co., Ltd.) &8 A g|s}aL 4417t 52t CO, Hl
¥et & DMSOE ¥l 30+ B<F 37°CollA WA|g &
540 nm 3} A microphotometer (Molecular Device,
Sunnyvale, CA, USA)Z A3}t S ES Al
BE AEshA] B 2T LSS 100%= 248t
I FEES] ARl S vlaste] Skt

(2) MIZSJ A= M2| % cDNA &+

Human osteoblast-like MG63 AM|XZZE 6-well plate®]]
2x10° cells/mL 2] A|ZEE- 500 uL? B3} 2447k B2t
HjoFst TS DG FEE& 500 pg/mL-S 1A B9t %23
% la, 25-Dihydroxyvitamin D3 (50 nm; Sigma Aldrich
Co., Ltd)E AHEg F 36417k &<k 37°C, 5% CO, Al
Zafgrlol A vjeFatTt wiYg F 27 PBSE 23]
MA3}IaL, easy Blue 0.5 mLE 7}t AXE A%
< chloroform 100 nLE 23l 2 wHHste] 13,000 rpm,
4oCo) 1533 ¥4 Eest), So] e Asd
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Table IL Nucleotide Sequence of Primer for Real-Time Polymerase Chain Reaction

Primer sequences

Gene

Forward Reverse
mBMP2 CACACAGGGACACACCAACC CAAAGACCTGCTAATCCTCAC
mCOX2 CAGACAACATAAACTGCGCCTT GATACACCTCTCCACCAATGACC
mCol2al ACTGGTAAAGTGGGGCAAGAC CCACACCAAATTCCTGTTCA
mSox9 GAGGCCACGGAACAGACTCA CAGCGCCTTGAAGATAGCATT
mRunx2 AGGGACTATGGCGTCAAACA GGCTCACGTCGCTCATCTT
mOsx CGCTTTGTGCCTTTGAAAT CCGTCAACGACGTTATGC
mGAPDH CCCATCACCATCTTCCAGGAGC CCAGTGAGCTTCCCGTTCAGC

Table IIL Nucleotide Sequence of Primer for Real-Time Polymerase Chain Reaction

Primer sequences

Gene

Forward
hOsteocalcin AGGTGCAGCCTTTTGTGTCCAAG
hRunx2 CCCCACGACAACCGCACCAT
hf-actin CAAGAGATGGCCACGGCTGCT

Product size

Reverse
GCAAGGGGAAGAGGAAAGAAGG 263
CACTCCGGCCCACAAATC 270
TCCTTCTGCATCCTGTCGGCA 274

200 ULE M2 FEZ 275 T3 532 isopropanol
7}—5}04 10T7} /gliow W23 313,000 rpm, 4°C

21 mLe o] WAL HolFol okl HaEE
AASG ). HelS 2 2 3 DEPC water 30 pLE 3
7}kl RNAE =3t doJx RNAE NanoDrop 2000
< o] &3t A3 3200 ng/uLE 9= 3 Easy cDNA
Synthesis kitZ 3R LS RNA 8 5 L,
Oligo-d(T) 1 pL Z18]31 DEPC water 9 pLE& E1,
65°CollA] 53 FRF WEEAIZ] & ofo] e FA] W] gH
ot 7} FEo| vlg] RhEolE FRA SFE(Sx RT re-
action mix 4 uL+RT enzyme mix 1 pL)< 5 uL# o]
50°Co Al 404, 70°CellA] 104 &<+ ¥H-3-3te] cDNAE
ey

(3) Semi—quantitative real real-time PCR (RT-PCR)

FAAEL] WS =Hs)7] ¢85+ AccuPower PCR
PreMix kit (Bioneer, Daejeon, Korea)= ©]-8-3} PCR
S FY319t}. 717]:= DTC-4C thermal cycler (Tianlong,
Xi'an, China)& AH&3FSATE PCR WHg-2 Z- 20 pL el
1322 343} cDNA 2 pLe} primer= ZF2} 10 pmol/ul
ol ¥5== 1 pLA H7kskda, ‘/‘r”ixl%f ShHTE A9
FA BE fFHAte] tist PCR 5% W& t&

I 23 F3F cycle 30 cyclesS AAISIATE Hot start
E 3l 95°ColA 108, 5F A9 denaturation=
95°Coll A 15%, annealingS 60°COlA 30,
< 72°COlA 30&3F WHESITE PCR A#e] AHE2
1% agarose gelollX X719 5S A H UV FHaZ o}
ol A ZIsHATK Table 1II).

(4) Enzyme linked immuno-sorbent assay

Raw264.7 AIZE- 24-well plate®l] 2x10° cells/mLe] &&=
2 500 uLA 5 F DG FEES 100, 250, 500 pg/mLe]
TEE 1ARE &% AAsATE AAe 2t *
lipopolysaccharide (100 ng/mL; LPS)E A3 #jFH o]
Aefg 5 24AF Foll AEAS FHsHATE TNF-a
ELISA kit (eBioscience, San Diego, CA, USA)E ©]-&
stod A FzAFe] Z|AJof] W} coating bufferol] capture an-
tibodyE 3|48+ 3 96 well-immunoplate®l] Z+2} 100 uL
A F QIR gol 4°CollA 16A13E BRF RIS
o). Z} well= washing buffer= 33]2] A|&-& 3+ 5 as-
say diluentE wellol] 200 pL2 93 Q2 & & 14]
7F S0 AFeo| A WD 1 & 33 AHS & F
7 7% €4S 72 welloll 100 pLA %
Mz G2 & A2oA BAsnh F ARE F 339
MA-& 331, detection antibodyS 100 L2 53

extension

F plateE G
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1AL B9F Aol Al Wx|skdeh. Al 335]9] AlH& 7‘_3.37,]-»»»
enzyme working reagentE 100 pL2 533 30
7t 2ol A RS hA 53] AlFH e 3 FH TMB 1. LC/MS 2

one-step substrate reagentE 100 L2 l‘?——’éﬂ T Ho]

U]
4

2AE Aol A 3087 Aol WA F 50 ule Fig. 19] 23 188 DG high-pressure liquid chro-
stop solutiong E AT} #2492 30+ o]l spectropho- matography =& &) gk UV AE Aol sik 1
tometer (Molecular Device)E ©]-83}] 450~570 nm<] U2 mass #4102 E2H HEZA 0|tk LO/MS 4
o e SAst < %3 5.220, 5.967, 6.175, 6.761, 7.175 retention time

(RT)°ll 2 peak’} HAZEF AT} Peakoll thdk cqw ®
3. 84 &M FEZFE BX3% A3 UV detector?] RTE 7|=
Table 1V} 22 FFEZ] AFHUT A&

EE A3 23+ meantstandard deviation® 7] 53k 7.1759] RTOIA = mass 412 53l 463.1599 m/zoﬂfﬂ
o, SAAE = IBM SPSS Statistics 23 Z 213 exoticin, agehoustin A, purpurascenin, farrerol 7-O-glu-
(IBM Corp Armonk, NY, USA) ©]-&5+911, 49 Hj coside7} =52 0™, 503.1543 m/zol| A= apigenin-7-
] E4HEA (one-way analy51s of variance) A|2~8l-S A} O-B-D-glucuronide butyl ester Z== actinosporin B2 <]
4319 Tukey’s HSD test B Duncan’s testZ 2|4 S5 AT Table 1V).
< ASAT parel 0.05 P o SAHOE F2
gol Atk AAsHAT

TWC ks DINTON I, Sareyguiinninnml (1ample 1] - dahggmi bbiaa

52 ] M8
501

507
I

T . 5] '
=| ‘15- pou ll|J | ‘ e Wi
| 1880 ]
L al ""k,». '
e kst u.uwu-.'\-_' &..N\w.r\, LY Y At e AP SRS T\

H [ [ H $ [ ™ n 12 ) 11 1% ") ) M M
Tive, min

Fig. 1. LC/MS analysis of DG. UHPLC mass spectrophotometry analysis of the DW extract from DG. (upper) PDA chromatogram
of DW extract, (lower) high-resolution mass chromatogram. LC/MS: liquid chromatography-mass spectrometry, UHPLC:
ultra-high-pressure liquid chromatography, DG: Danggwisu-san, DW: distlled water, PDA: photo diode array.
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Table IV. Summary of Metabolite Screening from Danggwisu-san

m/z ((M+H])")

Retention time (min)

Formula ([M+H]") ppm

Identification

5.220 269.0812 Ci6H1204 1.4 Formononetin
isoformononetin
5.967 591.1277 C34H,049 -1.5 Mulberrofuran M
314.1394 CisH9NO;4 2.3 Coumarin 314
6.175 287.0914 Ci6Hi1405 1.4 Sakuranetin
Isosakuranetin
631.1810 C34H30012 -14 lichenicolin A
Orientoside A
6.761 481.1718 Cy3Ha504, 2.8 Paeoniflorin
albiflorin
bruceine B
7.175 463.1599 Ca3Hy6010 2.6 Exoticin
Agehoustin A
Purpurascenin
Farrerol 7-O-glucoside
503.1543 CasHp601 -1 Apigenin-7-O-p-D-glucuronide butyl ester
actinosporin B
2. 1n vivo A%A 1:. .
1) BMP2 QXA @3i0] 0|xl= 23} E5 |
A 3R, AT BMP2e] HHEo] 120,00 £2 «
1%L W TIETE 6564416400 % WEAFo| Fo)4 = . .
QA Z7FekATE Dol A E 2.57:0.382 th ol S TNae  cm T Do
HI3l 94 A FHASEATHFig. 2A). B, 2
24 WA & 7Y, BTN BMP2e| B0l is.. l
1.000£0.726°1 & W thET-2 0.519+0.093 % F-84F F g .
o wago] Zaslgon folaiA gtk DG & T
0.754+0.3172 )zl vls] S718td oy folsiA| %g . . . l

%A THFig. 2B).

2) COX2 R} &aiof O|X|

=4 A F 3YA), AdrollA coxX2<] o] 1+0.00
o]US W thETLS 2291+11.032.F 1 I o] {9
A A F7FsIATE DGTolAE 4.53+4. 472 Dl 2T
of ®lal o] UA A4S THFig. 3A).

=4 1A 3 7R, AAdTelA coxX29 ERlol
1.000£0.629°]1 A0S ] =TS 0.377+0.066°-2 7
7] e wFo] 7HAaskad ot o skA] Uth DG
0.561+0.2740.2 thzTol| v Zrlsta oy §-98t

rr

&

0%

Naive Con Tra DG

Fig. 2. Effect of DG on BMP2 expression in bone marrow from
mouse femur on 3 and 7 days after bone fracture. C57/BL6 mice
had femoral shaft fracture and treated with 300 mg/kg/day of
DG for (A) 3 and (B) 7 days. Total RNAs were isolated from
bone marrow of damaged femur and subjected to real-time
PCR to measure the expression of BMP2 gene with SYBR
green. GAPDH was used as an internal control to normalize.
The relative gene expression was calculated by comparing with
that of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). BMP2:
morphogenetic protein-2, PCR: polymerase chain reaction,
GAPDH: glyceraldehyde-3-phosphate dehydrogenase. *p<0.05
vs Control, "p<0.001 vs Naive.

www.e-jkmr.org 7



§ 1T
S £ 30
23
<2 20
229
s
E=S % % EE 3 3
~ & 10
S
8 H =
0 . . .
Naive Con Tra DG
B 2
15 1

COX-2 mRNA expression
(Relative to Nanve)
4

o
o wm
.4

Col2a1 mRNA expression

Naive Con Tra DG

Fig. 3. Effect of DG on COX2 expression in bone marrow from
mouse femur on 3 and 7 days after bone fracture. C57/BL6 mice
had femoral shaft fracture and treated with 300 mg/kg/day of
DG for (A) 3 and (B) 7 days. Total RNAs were isolated from
bone marrow of damaged femur and subjected to real-time PCR
to measure the expression of COX2 gene with SYBR green.
GAPDH was used as an internal control to normalize. The
relative gene expression was calculated by comparing with that
of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). COX2:
cyclooxygenase-2, PCR: polymerase chain reaction, GAPDH:
glyceraldehyde-3-phosphate dehydrogenase. ***p<0.001 vs
Control, ""p<0.001 vs Naive.

% AUTHFig. 3B).
3) Col2al RMXt 2&40q| O]X|

=4 I 149A, ATolA Col2al o] o]
1.00£0.590]1%18 w tZTE 7.37+6.202 FAA}2] dd
Zol 7l oM olekA] Btk DG 13.36+4.162

2 ozl Hlf‘sH 718l o U FrolalA] Agkth(Fig. 4A).

=4 A $ 289, ArollA Col2al o] o]
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Fig. 4. Effect of DG on Col2al expression in bone marrow from
mouse femur on 14 and 28 days after bone fracture. C57/BL6
mice had femoral shaft fracture and treated with 300 mg/kg/day
of DG for (A) 14 and (B) 28 days. Total RNAs were isolated
from bone marrow of damaged femur and subjected to real-time
PCR to measure the expression of Col2al gene with SYBR
green. GAPDH was used as an internal control to normalize.
The relative gene expression was calculated by comparing with
that of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). PCR:
polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase.
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Fig. 5. Effect of DG on Sox9 expression in bone marrow from
mouse femur on 14 and 28 days after bone fracture. C57/BL6
mice had femoral shaft fracture and treated with 300 mg/kg/day
of DG for (A) 14 and (B) 28 days. Total RNAs were isolated
from bone marrow of damaged femur and subjected to real-time
PCR to measure the expression of Sox9 gene with SYBR
green. GAPDH was used as an internal control to normalize.
The relative gene expression was calculated by comparing with
that of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). PCR:
polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase. *p<0.05 vs Control.
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(Fig. 7B).
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Fig. 6. Effect of DG on Runx2 expression in bone marrow from
mouse femur on 14 and 28 days after bone fracture. C57/BL6
mice had femoral shaft fracture and treated with 300 mg/kg/day
of DG (A) 14 and (B) 28 days. Total RNAs were isolated from
bone marrow of damaged femur and subjected to real-time
PCR to measure the expression of Runx2 gene with SYBR green.
GAPDH was used as as an internal control to normalize. The
relative gene expression was calculated by comparing with that
of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). PCR:
polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase.
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Fig. 7. Effect of DG on osterix expression in bone marrow from
mouse femur on 14 and 28 days after bone fracture. C57/BL6
mice had femoral shaft fracture and treated with 300 mg/kg/day
of DG for (A) 14 and (B) 28 days. Total RNAs were isolated
from bone marrow of damaged femur and subjected to real-time
PCR to measure the expression of osterix gene with SYBR
green. GAPDH was used as as an internal control to normalize.
The relative gene expression was calculated by comparing with
that of control. Naive: without bone fracture, Con: control, bone
fracture and vehicle, Tra: tramadol treated group (20 mg/kg/day),
DG: Danggwisu-san treated group (300 mg/kg/day). PCR:
polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase.
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o] Yehgth 28 1,000 pg/mLe) EX7HA] 80% ©]
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Fig. 8. Effect of DG on bone regeneration in femoral shaft
fracture-induced mouse model at 3, 7, 14 and 28 days after
bone fracture. C57/BL6 mice were femoral shaft fracture and
treated with 300 mg/kg/day of DG for (A) 3, (B) 7, (C) 14 and
(D) 28 days. The damaged femur was isolated by removing the
muscles around the bone and investigated by gross examination.
Naive: without bone fracture, Con: control, bone fracture and
vehicle, Tra: tramadol treated group (20 mg/kg/day), DG:
Danggwisu-san treated group (300 mg/kg/day). Yellow circles
indicate the damaged bone region.
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AthFig. 10).
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Fig. 9. Cytotoxic effect of DG in MG63 cells. The MG63 cells
were cultivated with in the presence of DG upto 1,000 pg/mL
for 24 hours. The cell viability of MG63 cells were measured
by MTT assay. The cell viability was calculated by comparing
with the relative optical density of vehicle treated group.
*p<0.05, **p<0.01, ***p<0.001 vs. 0 pg/mL-treat control. DG:
Danggwisu-san, MTT: 3-(4,5-Dimethylithiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide.
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Fig. 10. Effect of DG on osteocalcin and Runx2 expression
in MG63 cells. The MG63 cells were cultivated with
1,25-(OH),D3 (calcitriol) or DG (500 pg/mL) for 24 hours.
The total RNAs were isolated from the cells and used for
semi-quantitative RT-PCR with (A) osteocalcin or (B) Runx2
specific primers. The PCR products were analyzed with gel
electrophoresis. Nor: vehicle-treated group, Cal: calcitriol-treated
group, DG: Danggwisu-san treated group. Runx2: runt-related
transcription factor 2, RT-PCR: real-time polymerase chain
reaction.

4) LHAM|IZ | TNF-o L50]| O|X|= E&

Raw264.7 cellsoll A TNF-o &S =743 23} LPS
7} A2)E ol A= 0.1120.02 pg/mLollA 77.13+3.92 pg/mL
2 Z7FsIAth DGE Fo% A3 250, 500 pg/mLe] &
oA ZHz} 88.13+3.48, 94.28+4.10 ug/mLZ 214 2L
Al Z7FF Ptz cyclosporin AE 25.39+0.33
pg/mLE YEPGTHFig. 12).
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Fig. 11. Cytotoxic effect of DG in RAW264.7 cells. The
RAW264.7 cells were cultivated with in the presence of
DG upto 1,000 pg/mL for 24 hours. The cell viability of
RAW264.7 cells were measured by MTT assay. The cell
viability was calculated by comparing with the relative optical
density of vehicle treated group. DG: Danggwisu-san, MTT:
3-(4,5-Dimethylithiazol-2-y1)-2, 5-diphenyl tetrazolium bromide.
*p<0.05 vs 0 pg/mlL-treat control.
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Fig. 12. Effect of DG on TNF-o production in RAW264.7 cells.
The RAW264.7 cells were treated with DG for 24 hours in
the presence of lipopolysaccharide (LPS) (1 pg/mL) and the
cell culture supernatant were harvested. The level of TNF-a
in the cell culture supernatant was measured by ELISA. Nor:
normal cells without LPS stimulation, LPS: LPS (1 pg/mL)
with PBS, CsA: LPS (1 pg/mL) with cyclosporin A (1 uM),
DG: LPS (1 pg/mL) with Danggwisu-san. TNF-o: tumor necrosis
factor-a, PBS: phosphate buffered saline. **p<0.01, ***p<0.001
vs LPS, "p<0.01 vs Nor.
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