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Objectives This study was performed to decide the bone union effect of Hwaweo-jeon
on tibia fractured mice.

Methods In this study, laboratory experiments were implemented by the stage of in
vitro and /n vivo. In in vitro, MC3T3-E1 cells were treated with various concentration
of Hwaweo—-jeon extract (HWJ). To investigate effect of HWJ for osteoblast, relative
mRNA expression of 5 substances (alkaline phosphatase [ALP], runt-related tran-
scription factor 2 [Runx2], osteocalcin [OCN], osterix [OSX] and collagen type |l alpha
1 chain [Col2a1]) was used as a marker of osteogenesis. In order to determine HWJ'’s
effect for fracture healing, relative gene expression level of ALP, Runx2, OCN, OSX
and Col2a1 were used to find out the influence to osteoblast. Furthermore, receptor
activator of nuclear factor kappa—B ligand and osteoprotegerin relative mRNA ex—
pression were used to estimate the impact to osteoclast. Also, X-ray was used for the
purpose of identifying bone union in tibia—fracture mouse model.

Results In /n vitro experiment, most part of relative mRNA expression were increased
compared to control group. In /n vivoand in vitro experiment, HWJ induced osteoblast
activitation by verifying relative mRNA expression of 5 substances. And /n vivo experi—
ment, we can also identify that HWJ triggered osteoclast activation during early stage
of tibia fracture. Furthermore, X-ray pictures show noticeable recovery of tibia fracture.
Conclusions HWJ extract promotes bone union by facilitating the osteoblast. But,
HWJ may occur liver & kidney toxicity over specific concentration. Therefore, when
HWJ is applied to human body, doctors have to follow up the liver function test & renal
function test of patient. (J Korean Med Rehabil 2020; 30(1):13-29)

Key words Hwaweo—jeon (Huayu-jian), Tibia fractured mice, Osteoblasts, Osteoclasts,
Bone union, mRNA expression
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1. M=

1)

B Aol AR A TiEkaRE s - B2 R AMERE
Y Hell 57 slojroln, 7] A FAsHs
oAl EEE, #RAK, BF, REEE 5L H, Bk
&, BFFT, §LAE, H0 Solth 2 eplE2 et
oF=(Wonju, Korea)oll Al 748tk 2] 743 13
3 &% (g)> Table 13 2o, A XA’ Al KA
Ri(FT74Rkd) W2lS A8 THTable 1), £ =20l
A FAE A} S vhe B g A FE2E FEE A
Ao 285 FSAHs= 2 oE FadEe 3 A=

oPde Wi

o

2) 3=

Ao AL gd FEES 42v9 11553 -S43
2] C57BL/6J mouse = thgHilo] .8 F(Daejeon, Korea)
oA FIRGIT) 7] SEES A3 ] 2242°C,
12A12F F719] light/dark cycle, 18] 5% 55+9%2]
Wolgh= HEH FSH HeS sl 173 A

Arjetn FEAREUH Y 521 e 5 A

Table I. Herbal Compounds of Hwaweo-Jeon (Huayu-jian) for
Each Cheop

Scientific name Amount (g)
Angelica gigas Nakai 9.375
Caesalpinia sappan Linné 9.375
Cyperus rotundus Linné 5.625
Paeonia lactiflora Pallas 3.75
Lindera strichnifolia Fernandez-Villar 3.75
Citrus unshiu Markovich 3.75
Prunus persica Batsch 3.75
Cnidium officinale Makino 3.75
Sinapis alba Linné 2.625
Cinnamomum cassia Blume 2.625
Carthamus tinctorius Linné 2.625
Total 51
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Dexamethasone, red blood cell lysis buffer, nefopam,
a3 7| e ohE 38FeFE2 Sigma Chemical Co.
(St. Louis, MO, USA)ZF-E 4331 th. Alpha-modified
minimal essential medium (a-MEM), fetal bovine serum
(FBS), penicillin-streptomycint= Life Technologies, Inc.
(Grand Island, NY, USA)ZF-E] 1314t} SYBR green
master mix+ Applied Biosystems (Foster City, CA, USA)
ZRE] FYsTE Oligonucleotide primers+= Bioneer

(Daejeon, Korea)Z H-E TU3FATH

2. M

T

) Az 52 4

st 83 kel kAl 408 g& 821Xt F<F 60°C2]
=0l 35% oleh&S FEAIZ] 835 mL EtOH/1,000 mL
of solution)& A&l FE31 ). FEE(Hwaweo-jeon,
HWIJ)2 10 um cartilage paperg AH8-3l] FZ313 01,
o[ &+-8-2 vacuum rotary evaporation (EYELA, Tokyo,
Japan) 0 2 A| ALY FEELS FEAAXSI, FE &
&2 14% AEE ARES Axd 292 -20°Ce]
Al Byetal, AR A AR f18l SRerolA EA sk
AH8-3FA T Voucher sample= 4|t gkl §He] o) g}

oFg]gtal g Aol Byttt
2) in vitro A& vt

(1) MEEM|Z(pre-osteoblast) MC3T3-E12] A|& HHRF

7 ZZ M| E(pre-osteoblast) MC3T3-E1 (Subclone 4)-2
ATCC (Seoul, Korea)oll Al 743ttt o] AMZE2 10%
FBS, penicillin (100 U/mL), 123 100 pg/mLe] strep-
tomycin®] H7}E 37°C2} 5% CO, incubator 19| o
-MEMellA vl eFstint. Al wief wiAl= 3Lmbet
A&kt

(2) ZBMEMN EXM(osteoblastogenesis assay)

ZEAEZ 235 fl8 MC3T3-El AlZ= 1 mLe
1x10°702] ¥=2 #H 12-well plate Al 259tk A+
7] AIZEL HWIS] % oo} @Agle] &= A4 i
A)(50 pg/mL ascorbic acid, 10 mM B-glycerophosphate,

and 1 pM dexamethasone)oll Al ¥t A3 vl &
Hj A= 2wt A ST

(3) 3-(4, 5-Dimethylthiazol-2-yl)-2, 5—-diphenyl tet-

razolium bromide (MTT) assay

B A= M AYE5(cell viability)S H715E7] $130
MTT #4198 ARE3HTh MC3T3-El AZES 1 well
oit} 1x10* D=2 9 96-well plateZ Wi+, o]
48AIZE FRE 5% COE ek 37°C] 5713 F71AM
HWJ 1.25~1,000 pg/mL 55 HZ XXk ch x|k
MEEo) 4A3F < 37°C2] MTT €H(5 mg/mL)S
H7kste] FAsHA T 25 MlF 3 MTT solution?!
A= H]4=8-4 formazan productE dimethyl sulfoxide
o &3lstAh A= AE%59-2 Epoch” microvolume
spectrophotometer system (BioTek Instruments Inc., Winooski,
VT, USA)S ©]-&3}4 570 nmol A &35 W3s =4
SFTE Relative cell viability HWI-S A X|3kA] &
normal group2] AHEE-S 100% 71FL2 dlo] 25
oA Yeh= F352] X5 normal group¥} Has}
of Fid AE AEES A=

(4) ALP EA(ALP staining)
B d7e 23AEAAE E4L 918kl MC3T3-El Al

O

nrlo

EE Z AA A oA HWI 1.25~1,000 pg/mL 5%
Z71 02 sk ALP G412 6Y o] 5 AlFollA

of

%)= 94 7] E(Takara Bio Inc., Kusatsu, Japan)S AR&-
st Alestar, G M EZEL Leica DM IL LED mi-
croscope (Leica, Wetzlar, Germany)Z 2314t F71=2
HWJ Fofof] thet a3= WesiA &<lstr] flsl ot
of 713 Fiak B R X5 Tl AU}

3) in vivo &Y Yt

(1) =2 Y

B Aol Z mouse model A 4 U] A 1S
3 HEo| e B AEEE] AREEHUT

AFFEL 20 mgkg 852 Zoletil 50 (Virbac, Carros
Cedex, France)< 7 U] FAK(intraperitoneal injection, IP)
2 uEiglon, 55 948E 52ow o4 A 308
72 X 39 A A A A nefopam 20 mg/kg/day
IP 8”jo] ARE-H STk

B AN AT el AEEd A =9
o 27), BH W AN 249 &4 5 A9 =H
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FES §2317] 984 Bonnarens and Einhorn 30
S WYl ALY A E mouse?] olATHIE
HE3 # flol AT, BE AR TR do]
100 cm, % A& 20 mm-4 7 FEHE FRAOE A
2T} o] B Fa) FA oF 17 g2 HTES 442 m/s

o) £x2 YA AosEHe FIsiiith

] 3 AdsEe 75 & FHUE 9Esto £
£ A|A3FH 2™, Povidone antiseptic solution (Green
Pharmaceutical Co., Ltd., Seoul, Korea)= AR&3la] 4
AR o7 ANE L scissorsE AHES ]-04

= patella 79l AlqsIATE ZH F9E HEA7]
7] 913l A] patellar ligament 9= F-iol] A= FAHA
< B3l A= =574E &8l 26 gauge syringe needle
(Kovax-Syringe 1 mL; Korea Vaccine Co., Ltd, Ansan,
Korea)= FY3IHTh

A7) Boe 3 8o o) A2=390m, sutures
(B. Braun Melsungen, Melsungen, Germany)Z- A}-&-3}<]
BT 2] AH| Fojo] ARxAES BRI
sl SHE 483kt

(2 =27 Y A= T

A FEL TR E 4719 group & Hafslar Zkzt

o] IFel FLsHAl onte] ¥ viEA AT A gt (normal
group)S A=A &3S FA &2 HE- 7 (non-frac-
ture group) 2.2 A3} 31, tlZT*(control group)S 73
=T(bone fracture group),
o]9] 2Fe Auol =4E& FE ¥ ZZ HWIE 50,
100 mgkg= FAg To= UrLO*E} HWIS A%
2709 T BF vl AR HWIS AF s s 2+
8 HWIE 13]/day, 10 AM.o T&ls}ﬁiﬁ}. = 9
HW] AT 28 78 5 7, 14, 21400 37124 ]
ArekiTt.

(3) =M

4 8 F 7, 14, 21990 mouse 59| FAZS UlE
=3 S5 g F99 ARz o wRE Al4lsH Ee
3+t Bone callusE2 HAA 9] nitrogenSE SA| &
7HHAL, RNA FZol 24 powder FEfZ E3) =)o)

(4) Bone marrow &£2|(bone marrow-derived macro—

phage [BMDMs]2] M|Z H{2F)
Z5 o M EBMDMs)E FEEI HEdT
oA EeletAt. T mouseE> =4 £ 7, 14, 21¢¥

=
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o Zk2} 3ukel AAkstel AW A9 BEHA ke
AEL FARGL T AvzAe AU AA
ef Uk ¥ ols| 4w AT F ¥ KB
2 A3
e

=

352 E570 FUALE = FF(bone cavity)
bone marrow S A|AH3E7] $15t] EAo] Hole A H71A]
2-5 mLe] 1xPBS &4 02 A3}t A4¥ BMDMsS
MR IXPBST € W] E+E cell strainer (FALCON,
Durham, NC, USA)°l| =33l Bolzl MxE2
¥ 50 mL |5 AR THAA M,
o] AL 38 F9F 1,500 rppme] F7ol A Ald¥star 4
AL H7]5FATE 1xred blood cells lysis buffer”} 5
B2k &2 #ol incubating® cell pelletdll 3718t}
©]% 1,500 rpmollA] 3252t AAlEelstal s H
713FATE Pellets= F M2 1,500 rpm, 3% 2719]
et dsde H7E Hst] 1 mLe| X4A 2
1xPBSell 2Jaf Al&stint. galid AEs2 25
= fal -80°CollA Hastdrt

(5) Plasma &2]

=243 AAglel HWIS] 2t - Al5A(liver & kidney
toxicity) = H7Fsk7] 9138l 1258 2] C57BL/6] mouse 2
nhe]E thxw oz AAgstal, 7t 4nteel] 22} 2vte]
A HWI 50, 100 mgkegs HA|3IATH Fo 21€ &
mouse S 12A17F B9 T4 AX|E wokor, B4k 4
FAERH O 2 Zoletil 50 (20 mg/kg)S FAFSIe] w5k
ATk @Y FEL2 I ol Uehd =8 F-9ellA
AHFHH blood samples®= FZEH AT Y- plasmas
B3] AsiA 1,000:20% 0.2 QA E-2]3H o)

(6) PN Mstolr 24

HWJ 2] B4 AARE 3171 913l alanine aminotransferase
(ALT), aspartate aminotransferase (AST) 2 creatinine
(CRE) 7215 A3t o& 9l ¥4liEg]H plasma
E A5l 5=« kits (BioaAssay Systems, Hayward,
CA, USA)E olg3to] & A5k £4-& A3siaitt

e Moo
2o o>

4) QER 2 e

(1) Total RNA &=
43" BMDMs2} ALP staining® MC3T3-El cells
9 2= CallusolA] total RNAS F=317] 935l
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Easy-Blue® reagent (Intron Biotechnology, Seongnam,
Korea)E A3} T} Total RNAE Epoch microvolume
spectrophotometer system (BioTek Instruments Inc.,
Winooski, VT, USA)S 53 F3lslsith

(2) Complementary DNA (cDNA) &

c¢DNA <+ isolated total RNA (1 ug), d(T) 16 primer,
Z18]31 avian myeroblastosis virus & HAALEA(AMV re-
verse transcriptase)E AH&-ste] A3 SHATH

(3) Reverse transcription quantitative polymerase chain

reaction (RT-gPCR)

74 A] 712} L3-S SYBR Green PCR Master Mix
2} oligonucleotide primersE 7§t real-time PCR techni-
que (Real Time PCR System 7500; Applied Biosystems)
<= ARS8t BHA|SEATH Table 1I).

Threshold cycle (Ct)& RT-gPCR 2% Ax} 4l=d
TAE Altelr] flsfl AHgske ©helolt) kel
d AEE AHslslr] 215k house keeping gene?l
glyceraldehyde-3-phosphate dehydrogenase2] Ct #t= 7]
T ARSI o] FAIE HiR e R =TI Ut
ALP, Runx2, OCN, OSX, Col2al #%#} & sz} 74
© OPG¥} RANKL & 7 342 o] gz =25
EE3ItE A 2 4 ol= Applied Biosystems2]
gene express 2.0 program= ARE3FHTH

Table IL The Primer Sequences for Quantitative Real-time PCR

37] 9130 XerayE ALE3ISITE Aol A8E SEE
%S

< A7 2 Ale A5, SAE R BAMD system

Ho] & HAFES FRISHATHFig. 1). ©]F Mouses<
=4 57, 14, 21l v EA, WA 29e
3l =4 A A=TF Bk A

6) S/ 2 HitH(statistical analysis method)

Z¥2re] Az o] A8S 59 HeETH A mean
+standard deviation) = ZA¥ghS YERAATE A E42
GraphPad Prism (version 5.01; GraphPad Software, Inc.,
San Diego, CA, USA)S AHE-3} AL, One-way ANOVA
A|2=El © 2 Dunnett’s post hoc testZ Fo|Ad o HE 2
AstAtt. pgkel 0.05 HRHY A9 Fevlsitial A3

Bk

-
3 _L]-» »

1. in vitro A& A}
1) MTT assay Z1}

MC3T3-El A|2Zol] HWIE Z}7] T& #5(15.6~1,000
ng/mL)Z 2|3t aL, MTT assay S B3l HE =&
(cell viability)S Z3IAth A4 (HWI BF-AA 2

Primer sequences

Gene

Forward (5°-3”) Reverse (5°-3”)
ALP AACCCAGACACAAGCATTCC GAGAGCGAAGGGTCAGTCAG
Runx?2 ACTCTTCTGGAGCCGTTTATG GTGAATCTGGCCATGTTTGTG
OCN AAGCAGGAGGGCAATAAGGT TTTGTAGGCGGTCTTCAAGC
OSX CGCTTTGTGCCTTTGAAAT CCGTCAACGACGTTATGC
Col2al ACTGGTAAAGTGGGGCAAGAC CCACACCAAATTCCTGTTCA
RANKL TCCTGAGACTCCATGAAAACGCAG GCCACATCCAACCATGAGCCTTC
OPG TGAGAGAACGAGAAAGACCTGC CGGATTGAACCTGATTCCCTAT
GAPDH GACGGCCGCATCTTCTTGT CACACCGACCTTCACCATTTT

PCR: polymerase chain reaction, ALP: alkaline phosphatase, Runx2: runt-related transcription factor 2, OCN: osteocalcin, OSX:
osterix, Col2al: collagen type II alpha 1 chain, RANKL: receptor activator of nuclear factor kappa-B ligand, OPG: osteoprotegerin,

GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

www.e-jkmr.org 17
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Fig. 1. The changes between normal tibia and fractured tibia. The tibia fracture mouse model was performed successfully. (A)
Normal non-fractured mouse bones, (B) fractured mouse tibia after immediate fracture-inducing.

v MET)e AlE AEES 100+46.01%= e}
ok 23k Tol A ME AYEEL 150.61+5.67%°]
Atk E3kE MT3T3-El celloll HWI 15.6 pg/mLE
23k T MY HE AYEFTL 138.8242.40% 0.2 =7
HAo U 5242 Itk HWI 31.2, 62.5 pg/mL *]3]
ol Ao A2 AEEE 27 135.5043.91%, 135.18+
1046%% SAEHACH, F & BF p<0.01Z A|=Z 4
&5l FEFe] flaol frelshAl UERsTE HWI 125, 250,
500 pg/mL A | ol A= 242t 129.63+0.88%, 129.18+
3.80%, 114.3144.68% = A= oM, A 7 EF p<0.001
2 HWI HX7} 2F w28 A Ao v 9
o] glol frolnlstAl &1= ATk HWI 500 pg/mL
olate] FLTkAE Al AEF0] 100% ©d A=A
o, HWJ 1,000 pg/mL A X|oll A o] A HEHS
65.1747.42% % SR = o] Fon]g A 5Ao] U Al

IE AEFo] ol ZAFTS AT = Uo(Fig. 2)
o]& Ao A= HWI 500 pg/mL ©]3te] B3 AR
ST

2) ALP staining 241 Z11}

HWIS] A E 38} P AR5 28] 93] 7
to] F f= oA ALP 94S NS &
sholglS ) ALP HAS 3}l A
1015 01, 2008 &3} 5008& AHl B A X
AZ B3le} HWI 62.5 pg/mL 5% ©]5+2] oF=x3)g]

r\l

o
fru

ZEAM|E

w2 e e
o
X
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©

(8]
HWJ (pgimL) 156 31.2 625 125 250 500 1000
Differentiation - + + + + + + + +

Fig. 2. Effect of HWJ on the viability of MC3T3-E1 cells.
Pre-osteoblasts were treated by various concentrations of HWJ
for 48 hours in presence or absence of differentiation conditions,
and their viability was estimated using MTT assay. The values
are represented as meantstandard deviation. Significances were
determined using one-way ANOVA followed by Dunnett's post
hoc test. HWJ: Hwaweo-Jeon, MTT: 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide. ###p<0.001 versus normal group,
**p<0.01 versus differentiation group, ***p<0.001 versus
differentiation group.

£ A wollA TS5 ZojAl= o] Yelth 0]—”« HWJ
62.5 ng/mL ©]3} =l A HWI| o3 =42
59 A% FVHE Qvdith(Fig. 3).

3) MAZME(MC3T3-E1) QT 2 Zut

HWIe] 3712191 EhE 9] s7] Slsle] MC3T3-El
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HWJ (ugimL) - - 15.6 312

Differentiation

200 X

500X

HWJ (ug/mL)

Differentiation

200 X

500 X

W :
S LL ) L

Fig. 3. Effect of HWJ on osteogenesis of MC3T3-E1 cells. We
used ALP staining to analyze whether HWJ promotes differentiation
of pre-osteoblast (MTCT3-E1 cell). MC3T3-El cells were
stimulated by osteoinductive media in presence or absence of
indicated HWJ concentrations for 7 days and subjected to ALP
staining. The stained cells were visualized using Leica DM IL
LED microscope at 500x and 200x magnification. This picture
shows that the color of ALP staining below the concentration
of HWIJ 62.5 pg/mL are darker than that of other groups. HWIJ:
Hwaweo-Jeon, ALP: alkaline phosphatase.

cellsi= 2+ PCR 4= =2 02 A5719 1447k27]
of A 7131 79 &t 242 HWI 12.5, 25, 50 pg/mL
FTEE AT ZEHE B35 gRIEh] g &
Z|Q1ALZ ALP, Runx2, OCN, OSX¢} Col2al S A3}
Aok 2FAE F3F FAAEL] A< mRNA 3
& A2l differentiation T 73 WS w] S}
g 2o & e

(1) ALP ST} 24240]| O|X = B&

ozl 4] ALPS] Z3thAQ] mRNA S| &lo] 1.00+0.16
o7 ZAEATE HWI 12.5, 25, 50 pg/mL T-ollA] z+zt
10.56+7.48, 10.38+12.03, 20.39+14.37% == o] &
7t wet ALP 34 Hdo] HAp FrtetdeS &
A S AUk 28y = dizT 2ol 1o
Al 942 SIATHFig. 4).

(2) Runx2 A 2340f| OjX|= Gt

izl 4 Runx29] T2 9] mRNAS] H&o] 1.00+
0.192 ZA=| Atk HWJ 12.5, 25, 50 pg/mL FolHE 2+
7} 4.81+0.82, 4.10£0.19, 3.60+£0.932 AXF=ATE HWI
12.5 pg/mL oA 7H o] FTkslH oW, HWIE
AR BE APTolA] 2T Blnl Al fF2 g Ajo)

N

ALP
c
o 404
w
w0
e
2 304
¢ 5
23 )
s
E
i)
z 104
©
©
w 04
Differentiation + + + +
HWJ (ug/mL) - 12.5 25 50

Fig. 4. Effect of HWJ on mRNA level of ALP in MC3T3-E1l
cells on 7 days after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of HWJ (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of ALP
was detected by qRT-PCR. Values are the meantstandard
deviation (n=3). HWIJ: Hwaweo-Jeon, ALP: alkaline phosphatase,
PCR: polymerase chain reaction, qRT-PCR: real-time reverse
transcription-PCR.

Runx 2
[
.2 6- Er e
w
w
2
= o
L] 44
<5
g
ES
R
w
°
'
0_
Differentiation + + + +
HWJ (pg/mL) - 12.5 25 50

Fig. 5. Effect of HWJ on mRNA level of Runx2 in MC3T3-E1l
cells on 7 days after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of HWJ (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of Runx2
was detected by qRT-PCR. Values are the meantstandard deviation
(n=3). HWJ: Hwaweo-Jeon, Runx2: runt-related transcription
factor 2, PCR: polymerase chain reaction, qRT-PCR: real-time
reverse transcription-PCR. **p<0.01 versus differentiation group,
*#*p<0.001 versus differentiation group.

& YEPATKFig. 5).
(3) OCN QX+ 2b540f| O|X|= H&k
ol A OCN2] At 221 mRNA 2] &8 1.00+£0.35
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Fig. 6. Effect of HWJ on mRNA level of OCN in MC3T3-E1
cells on 7 days after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of HWJ (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of OCN
was detected by qRT-PCR. Values are the meantstandard deviation
(0n=3). HWIJ: Hwaweo-Jeon, OCN: osteocalcin, PCR: polymerase
chain reaction, qRT-PCR: real-time reverse transcription-PCR.
*#%p<0.001 versus only differentiation group.

2 ZA39ATE HWI 125 pg/mL TolAE 0.74£0.22%
ATiZ o E OCN E&o| 743t HWI 25, 50 pg/mL
o A= 247} 1.57+0.14, 8.91+0.98F AlXFEATE HWJ
50 pg/mL wollA thzat iRl ol e WA
UEePATHFig. 6).

(4) OSX STIX} L2d0)| DX |= Fgt

ool A 0SX2] 4T ] mRNAS] o] 1.00+0.04
2 ZAFJTE HWJ 12.5, 25, 50 ug/mL ol A& ZH2
2.63+0.33, 7.66+1.24, 3.80+0.302.2 =A<}t OSX
FAA FHo Qo] xR AdTo]l F94 e
ZAE B KFig. 7).

(5) Col2al RTIX} L0l D|X|= Bt

ool A Col2al 9] AthAQ] mRNAS] o] 1.00+0.24
2 ZAHEIcE HWI 12.5, 25 pg/mL o= 212} 1.8140.57,
2.14£0.50 0.2 =A% oH, 25 ng/mL FEolA F2
Al &7k ek HWI 50 pg/mL 7oA 0.63£0.100.2
22T mRNA H@o] THAgh - BATHFig. 8).

M
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Fig. 7. Effect of HWJ on mRNA level of OSX in MC3T3-El
cells on 7 days after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of HWJ (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of OSX was
detected by qRT-PCR. Values are the meantstandard deviation
(n=3). HWIJ: Hwaweo-Jeon, PCR: polymerase chain reaction,
OSX: osterix, qRT-PCR: real-time reverse transcription-PCR.
*p<0.05 versus only differentiation group, **p<0.01 versus only
differentiation group, ***p<0.001 versus only differentiation group.

Col2a1

Relative mRNA expression
of Col2a1

0-
Differentiation
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+ + + +

Fg. 8. Effect of HWJ on mRNA level of Col2al in MC3T3-El
cells on 7 days after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of HWJ (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of Col2al
was detected by qRT-PCR. Values are the meantstandard
deviation (n=3). HWIJ: Hwaweo-Jeon, Col2al: collagen type II
alpha 1 chain, PCR: polymerase chain reaction, qRT-PCR: real-time
reverse transcription-PCR. *p<0.05 versus only differentiation

group.
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fiio] 2BA% 9 ATTE 99 4 2o TAE 4T

Z73 ZA 2 HFE 712 mouseoll HlaLd] 423
7F FARBIAY 4% F71IA oy 94 a1 E et
T2 oY ATtKTable III).

2) BMDMs2| RTIAt 24 Zut

H AXZ= in vivo AFOA ZIZAE] Eslof st
HWJ9] d&-s Aistslr] 913 BMDMsS] ZZA|3E U
ALP, Runx2, OCN, OSX, Col2al 52 substance®l A -
Z2ke] 241 mRNA HE-E& A3 in vitro A
oo} FAg SAHYHOZ quantitative RT-PCR-=S
AHE-SF3A T

(1) ALP ST} 24240]| O|X = B&

ALP 37 @de 22 WA F 794 =Tl
1.00£0.22°0] 0 wl, HWJ 50 mg/kg & 10.40+2.50.2
2 Fod A S7FFATE HWI 100 mg/kg -2 3.20+
0.94% 2T ET} Lol F7lat ot fro e fldl
1;],' :’-7@ HL}\g < 401;54] q]z:rLQ] ALP _g_;q;(} m—-&]o]
1.00+£0.68°121-2 wl, HWJ 50, 100 mg/kg oA 22t
15.74+4.26, 24.53£530°0.2 F & 25F UZTRT 72
S SUHE Btk =d 3 32194 iz
ALP 74} BF&lo] 1.00+0.520]1%1S W, HWJ 50 mg/kg
T2 100 mg/kg T2 ZH7} 0.31+0.10, 0.31+0.152 =
THET o] Ao, oS ISithFig. 9).

(2) Runx2 STIAt 25i0] OjX|= S

Runx29| #7172} H&de 24 B4 3 7944 o=
o] 1.00+0.22°]1%1-& W], HWJ 50 mg/kg & 1.40+0.03,
HWJ 100 mg/kg T 0.35£0.02%2 thzrRot 22 =
e RO, oL gt =4 I 3 1495
2ol A & o] 1.00+0.62011-2 W, HWI 50 mg/kg
T3 100 mg/kg T2 ZH2} 5.89+0.67, 14.49+£3.25%2 &

T HEZTRY FofstA S8kt 24 3 £ 21¢

A ¥Feo] tlzarollA 1.00+0.35010S wl, HWJ 50 mg/kg
T 100 mg/kg 7oA ZH2E 0.30£0.14, 0.99+0.16 2.2 &
T iETES ol e B s UERIT(Fig. 10).

(3) OCN STIAt 2ad0)| D|X = Fet

OCN9 A a2 A 3 794 270
1.00£0.20°]1%1-S =i, HWJ 50 mg/kg 3 100 mg/kg T
& Z+Z} 1.00£0.10, 0.17+0.053.2H §-2]5}%] 0}9}9
Zd 9y F 1494 thxTte] EE o] 1.00+0.300]%1
o, HWJ 50 mg/kg T2 100 mg/kg S 242+ 3.75+0.38,
17.16£1.86 2.2 thETRHTE o4 = HEZ/1E By
o) T 24 32194 OCN9| -F2Ak ¥Hdo] 1.00+0.72
°|ARg wl, HWJ 50 mgkg T3 100 mgkg o 242t
4.90+1.95, 18.36+1.07= T thy] Fdx @alo] =
7¥staal, frolgh X HAckFig. 11).
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Fig. 9. Effect of HWJ on mRNA level of ALP in bone callus
from mouse tibia on 7, 14, and 21 days postfracture. BMDMs
were isolated from non-fractured, fractured and fractured with
HWIJ-administered mouse tibia at different time points (7, 14
and 21 days postfracture) and used for total RNA extraction.
Prepared RNA was used for measuring the expression of
mRNA of ALP. CON: Only bone fracture group, HWJ 50:
bone fracture with HWJ 50 mg/kg treated group, HWJ 100:
bone fracture with HWJ 100 mg/kg treated group. ALP: alkaline
phosphatase, HWJ: Hwaweo-Jeon, BMDMs: bone marrow-derived
macrophage. ***p<0.001 versus CON group.

Table IIL Effect of HWJ on ALT, AST and CRE of Plasma in Mice Regardless of Tibia Fracture

Parameters (IU/L)

Group

ALT
Normal range 25-60
Control 32.49+48.15
HWI (50 mg/kg) 39.84+8.00
HWIJ (100 mg/kg) 48.68+1.5

AST CRE
50-100 0.097-0.184
64.09+22.63 0.20+0.07
95.96+54.92 0.20+0.09
113.69+3.65 0.54

Values are the meantstandard deviation.

HWI: Hwaweo-Jeon, ALT: alanine aminotransferase, AST: aspartate aminotransferase, CRE: creatinine.
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Fig. 10. Effect of HWJ on mRNA level of Runx2 in bone
callus from mouse tibia on 7, 14, and 21 days postfracture.
BMDMs were isolated from non-fractured, fractured and
fractured with HWJ-administered mouse tibia at different time
points (7, 14 and 21 days postfracture) and used for total RNA
extraction. Prepared RNA was used for measuring the expression
of mRNA of Runx2. CON: only bone fracture group, HWJ
50: bone fracture with HWJ 50 mg/kg treated group, HWJ
100: bone fracture with HWJ 100 mg/kg treated group. HWIJ:
Hwaweo-Jeon, Runx2: runt-related transcription factor 2,
BMDMs: bone marrow-derived macrophage. ***p<(.001 versus
CON group.
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Fig. 11. Effect of HWJ on mRNA level of OCN in bone callus
from mouse tibia on 7, 14, and 21 days postfracture. BMDMs
were isolated from non-fractured, fractured and fractured with
HW]J-administered mouse tibia at different time points (7, 14
and 21 days postfracture) and used for total RNA extraction.
Prepared RNA was used for measuring the expression of
mRNA of OCN. CON: only bone fracture group, HWJ 50: bone
fracture with HWJ 50 mg/kg treated group, HWJ 100: bone
fracture with HWJ 100 mg/kg treated group. HWJ: Hwaweo-Jeon,
OCN: osteocalcin, BMDMSs: bone marrow-derived macrophage.
*p<0.05 versus CON group, ***p<0.001 versus CON group.

oo

rir

(4) OSX MK} &aof 0|x|= I

Osxe] 3z w3 24 B & 74 thzrol
1.00£0.20°]1 1S W], HWJ 50 mg/kg T, 100 mg/kg T
& 717} 1.00£0.10, 0.18+0.052 th2THo} FAREAY
Z

g Bde ®lou, fordt FA= oflTh

g

i
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Fig. 12. Effect of HWJ on mRNA level of OSX in bone callus
from mouse tibia on 7, 14, and 21 days postfracture. BMDMs
were isolated from non-fractured, fractured and fractured with
HW/J-administered mouse tibia at different time points (7, 14
and 21 days postfracture) and used for total RNA extraction.
Prepared RNA was used for measuring the expression of mRNA
of OSX. CON: only bone fracture group, HWJ 50: bone fracture
with HWJ 50 mg/kg treated group, HWJ 100: bone fracture
with HWJ 100 mg/kg treated group. HWI: Hwaweo-Jeon, OSX:
osterix, BMDMs: bone marrow-derived macrophage. **p<0.01
versus CON group, ***p<0.001 versus only CON group.

= WA T 1497 Lol 1.00+£0.300] 1S o, HWJ
50 mg/kg T, 100 mg/kg T ZH7F 3.75+0.38, 17.16+1.86
o2 gz g o4 e T FTHIE BT
T4 WA T 2194tz Hd o] 1.00+0.72019&
o, HWJ 50 mg/kg T2 4.90+1.95% thza thy] #¢
3HA] A Z7FsHA . HWJ 100 mg/kg T2 18.36+1.07
Z §FY4 A STk tHFig. 12).

(5) Col2al KT} L0 O|X|= B

Col2al9] 72} HdL 248 A T 794 tjz=7to]
1.00£0.00°]1S ], HWJ 50 mg/kg 3 HWJ 100 mg/kg
T 2 25 0.00£0.000.F thzT tin] o] In)
st o, AR ovl= gtk =4 A 3 1495
izt 3ol 1.0040.53°10& #l, HWJ 50 mg/kg T,
100 mg/kg 0] ZZF 20.16+4.02, 8.13+£0.85% T =
ojR] feJetAl S7FskaTh =4 EA 3 2194 Col2al
o] Rz o] thzTell4] 1.00+0.28°] 1S =, HWJ
50 mg/kg 3 100 mg/kg T2 ZHZ} 0.10£0.04, 0.39+0.04
2 xRt o4 e ZaME EAtKFig 13).

(6) RANKL STAt 23d0l| O|X|= e

= RdoA gEA2e] E3lol g HWIS] a3}
5 Avshy] $135ke] BMDMs2] =4I U] RANKLY
2o EAS fdAke] A4tiA<l mRNA T3-S A s}

7] 913 quantitative RT-PCR-E A|3¥3}Th =4 LAY
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Fig. 13. Effect of HWJ on mRNA level of Col2al in bone callus
from mouse tibia on 7, 14, and 21 days postfracture. BMDMs
were isolated from non-fractured, fractured and fractured with
HW]J-administered mouse tibia at different time points (7, 14
and 21 days postfracture) and used for total RNA extraction.
Prepared RNA was used for measuring the expression of
mRNA of Col2al. CON: only bone fracture group, HWJ 50:
bone fracture with HWJ 50 mg/kg treated group, HWJ 100:
bone fracture with HWJ 100 mg/kg treated group. HWI:
Hwaweo-Jeon, Col2al: collagen type II alpha 1 chain, BMDMs:
bone marrow-derived macrophage. ***p<0.001 versus only
CON group.

T 794 =24 @579 RANKL #3723
°] 1.00+0.48°]1%18 i, HWJ 50 mg/kg & 2.26+0.52
2 7kt ev o4 1T HWI 100 mgkg
2 10.95+0.68% & vl F-2J3tA] Edo] F7kst
Atk =4 WA 1444 iz A7 1.00£0.739]
A= o, HWJ 50 mgkg T2 11.82+7.592 43 U=
=712 B3tk HWJ 100 mgkg TolAE 0.32+0.102
2 CONol| Hlgl wao] 7HAstar o3k 23Ut
=4 Y 2219 HAS w, thET0] 1.00+0.240]1 0=
ul, HWJ 50 mg/kg T3 100 mg/kg T 271 0.02+0.00,
1.1940.300.2 TR 7hael Z/HE B ot
o2 QIUTHFig. 14).

(7) OPG OIW 2U3H0]| 0|X = B

=4 WA T 79A, dEe] OPG Al o]
1.00£0.00°]1 1S @, HWJ 50 mg/kg TNA1E 1.17+0.18
2 F7F o, fromlskAl etttk HWI 100 mg/kg
TONME 34543512 7oA A S8k =4
Al T 149, =72 OPG 3R} ¥ o] 1.00+£0.36°]
AL wl, HWJ 50 mg/kg 3 100 mg/kg v ZH} 0.40
+0.02, 2.08+0.76°] 21}, 7} 9] F7to] frolekA] oF
Sttt =4 A 3 2194, tiEro] 1.00+0.19°1 342 o,
HWIJ 50 mg/kg T3 100 mgkg T2 27+ 0.03+0.00,
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Fig. 14. Effect of HWJ on mRNA level of RANKL in bone
callus from mouse tibia on 7, 14, and 21 days postfracture.
BMDMs were isolated from non-fractured, fractured and fractured
with HWJ-administered mouse tibia at different time points (7,
14 and 21 days postfracture) and used for total RNA extraction.
Prepared RNA was used for measuring the expression of mRNA
of RANKL. NF: without bone fracture group, CON: only bone
fracture group, HWJ 50: bone fracture with HWJ 50 mg/kg
treated group, HWJ 100: bone fracture with HWJ 100 mg/kg
treated group. HWIJ: Hwaweo-Jeon, RANKL: receptor activator
of nuclear factor kappa-B ligand, BMDMs: bone marrow-derived
macrophage. ***p<0.001 versus CON group.
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Fig. 15. Effect of HWJ on mRNA level of OPG in bone callus
from mouse tibia on 7, 14, and 21 days postfracture. BMDMs
were isolated from fractured, fractured HWJ-administered and
non-fractured mouse tibia at different time points (7, 14 and
21 days postfracture) and used for total RNA extraction. Prepared
RNA was used for measuring the expression of mRNA of OPG.
NF: without bone fracture group, CON: only bone fracture group,
HW1J 50: bone fracture with HWJ 50 mg/kg treated group,
HW1J 100: bone fracture with HWJ 100 mg/kg treated group.
HWIJ: Hwaweo-Jeon, OPG: osteoprotegerin, BMDMs: bone
marrow-derived macrophage. *p<0.05 versus CON group.

HWJ 100

CON HWJ 50

Day7

Day 14

Day 21

Fig. 16. Effect of HWJ on fracture healing process (X-ray data).
These X-ray radiographic pictures of fracture bones show that
tibias are nearly recovered by treating HWJ 50 mg/kg and HWJ
100 mg/kg after 14, 21 days of fracture. CON: only bone fracture
group, HWJ 50: bone fracture with HWJ 50 mg/kg treated group,
HWIJ 100: bone fracture with HWJ 100 mg/kg treated group.
HWI: Hwaweo-Jeon.
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MC3T3-El cells& ARSI, 24 #3 &3} 51
o1&, in vitro TANA HWIS] b A AZS 43| Al
X AYES AE 5O F MIT assayS Al SR,
MTT assay 73 £} MT3T3-El cellsoll HWJ x| A
HWJ 500 pg/mL ©l3} AX2] 100% ©]do]lom,
SOt Au 2 AZHo B A= Aleko g W]
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ALPE ThFst A A2 o3l == Mz o
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