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Objectives The main purpose of this study was to evaluate the bone healing effect of
Pahyeolsandong-tang (PHT)(Poxiesanteng-tang) extract in tibia fracture-induced mice.
Methods PHT was extracted using a solution of 35% ethanol in 60°C for 8 hours. Mice
were randomly divided into 4 groups (normal, control, PHT 50 and PHT 100). Mice of
experimental groups were medicated with PHT 50 or 100 mg/kg for 7 to 21 days. To
clarify the effect of bone fracture healing, relative messenger RNA (MRNA) ex—
pressions of osteocalcin (OCN), runt-related transcription factor 2 (Runx2), osterix
(OSX), Sox9, collagen type |l alpha 1 chain (Col2a1), receptor activator of nuclear fac—
tor kappa-B ligand (RANKL), osteoprotegerin (OPG) were examined.

Results In /n vitro experiment, relative mRNA expression of OCN, Runx2, Col2a1 was
significantly increased in PHT treated group to compare with control differentiation
group. In /n vivo experiment, relative mRNA expression of OCN, Runx2, OSX, Sox9,
Col2a1, RANKL, OPG was significantly increased in PHT treated group.

Conclusions This study showed that PHT accelerates bone fracture healing through
the activation of osteoclasts and osteoblasts. It was showed that PHT significantly
promotes osteoblasts differentiation by osteoblast differentiation markers such as
OCN, Runx2, Col1a2. Also it was investigated that PHT had stimulatory effect on
osteoblasts function through enhancing OCN, Runx2, OSX, Sox9, Col2a1 and, os—
teoclasts function through enhancing RANKL and OPG markers. PHT effectively
promotes bone fracture healing process through activation of osteoblasts and
osteoclasts. (J Korean Med Rehabil 2020;30(4):1-16)

Key words Pahyeolsandong-tang (Poxiesanteng-tang), Osteoblasts, Osteoclasts,
Chondrogenesis, Fracture healing
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Dexamethasone, red blood cell lysis buffer, nefopam 2

7€} 8}e}ekE-E2 Sigma Chemical Co. (St. Louis, MO,
USA)ollA FJ3kitth 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) assay©ll Z23t
alpha-modified minimal essential medium (a-MEM), fe-
tal bovine serum (FBS) ¥ penicillin-streptomycin= Life
Technologies, Inc. (Grand Island, NY, USA)olA 43}
At} Polymerase chain reaction (PCR)o| AF8-% SYBR
green master mixtT Applied Biosystem (Waltham, MA,
USA)ZRE FYUs+9 2, oligonucleotide primers
Bioneer (Daejeon, Korea)ollAl T+ th.

2) 2Ty

THBEEE, o 58 LY AW AL Kk
W, ESE, EER, SE, WK, BN, B, BRO, B¥EoIT
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Foll= thghte] @ & Z(Eumseong, Korea)ollA]
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Table L. Herbal Composition of Pahyeolsandong-tang (Poxiesanteng-
tang)

Herb name Amount (g/cheop)
Hirudo nipponica Whitman 11.25
Forsythia suspensa Vahl 7.5
Angelica gigas Nakai 7.5
Bupleurum falcatum Linné 7.5
Caesalpinia sappan Linné 5.625
Ostericum koreanum Maximowicz 3.75
Saposhnikovia divaricata Schiskin 3.75
Cassiae cortex Interior 3.75
Moschus moschiferus Linné 1.875
Total 52.5
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MCT3-El (subclone 4) A|3Z= ATCC (Manassas, VA,
USA)oll A Fustaict. slig Al 10% FBS2} pen-
icillin-streptomycin 100 pg/mLe] 7} 37°C, 5% CO,
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KHAR(FNE) ol B g, o2 FdstaAt vt
TE 83 EEFS 60°C] &l 8AIZE F1F 35%9] el
= TRAZ &AL AREEte] 23T sd A4
AKX FZ-E(Pahyeolsandong-tang, PHT)2 10 pm A&
To|2 ZAsIATE o] % 3]XFWEZ7I(EYELA, Tokyo,
Japan)E AHE3tA o|RHE-S AASIATE BE A 7
e AN FE2ES TAAZINANL 82 13%E A
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2) in vitro A& g

(1) ZBMZMN 2

ZZM|E E)(differentiation) S 715171 $18) MC3T3-E1
AEZZE 1 mLE 5x10°2] UEZ H 6-well platecll A &
(seeding)39tE. MEES PHT 5% 29} Al = &
/g HIA|(50 pg/mL ascorbic acid, 10 mM B-glycerophosphate,
and 1 uM dexamethasone)oll A B F=|ATE A vl
A= 2dvie e Ae® wAskH.

Alkaline phosphatase (ALP) 48 ¢]3ll MC3T3-E1

=2 =1
A EE

B wAoA s, TR B

3L

=

(15.6-1,000 pg/mL)e] PHT &Aoo = X3t 7¢
&, A kit (Takara Bio Inc., Kusatsu, Japan)E AR8-3}
o] ALP FA-& Z1a)skaitt. AAlE A EZES Leica DM
IL LED microscope (Leica, Wetzlar, Germany)< &3}
WA

PHT Fofoll thet &35 #R1s}7] $)ste] MC3T3-El
MNEE 7Y€ &< 22 PHT 125, 25, 50 pg/mLe] %
2 A8 =AMz 235 &<lskarat PCR &
23S %3l osteocalcin (OCN), runt-related transcription
factor 2 (Runx2), collagen type II alpha 1 chain (Col2al)
S ZTAAE2] 22 messenger RNA (mRNA) L& &
< FAFEA.

(2 ME =4 K7 =2

AEZ =4 F5S LdolB A MIT assayS AR5}
o] Al AYE5(cell viability)2 7153t MC3T3-El
AZEE AE 23 219 F5ol Zagle] 1 welld
2x10%e] I=Z H 96-well plateZ 31 aL, o)A
ol AAH =9 PHTIA 5%°] COE WEL &
= 37°C9| 7hsE 371904 4841 FF APkt
g & MIT £ 5 mgmL-S H7ste] 447 52t
AZE GA8HATE A5 AATE 3, Aok Lol
s B84 formazan A7 dimethyl sulfoxide®ll
S3|A1ZE ©]& 7FAAL Epoch® microvolume spec-
trophotometer system (BioTek Instruments Inc., Winooski,
VT, USA)E 53l 570 nmollA &35E S43ko] AlZ
AEsS Gt A Az AE5ES PHTE A
2)5HA] b o] AEES 100% = 715S ol vz

Sol UEhhe BT FAE vlmsle] AESIAT

3) in vivo A&t

(1) 4= 2= {4 U =M™ x|
H Aol 24 model E mouse = A B9 =
7 ol needles ZAA ol & HROE =9 /Y

g Y 2de sk e ARSI,

8|8 & APES A7) st Zoletil 50 (Virbac,
Carros Cedex, France)2 20 mgkg o2 B7}F Ul 5
AHE Sl PN S, moused] FF& E°17] #I8l
nefopam 20 mg/kg/day-S 57 U FAZ =4 Al 30%
A g A& 015 3Y Bt AREIIHT. vl ©]3F mouse
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Co., Ltd., Seoul, Korea)2 =3¥3}o] A&sla o7&
7HIEZ WS slle 7918 dAAsth €= QY
&0 7 AE AAEUE Fotd A= =74
¥l 26 gauge TAF719] needle (Kovax-Syringe 1 mL;
Korea Vaccine Co., Ltd, Seoul, Korea)©] H=59 14
< 98 FHEAT A 9o dHe A &Y
o2 A535l¥a, 5¥AF 5-0 (B. Braun, Melsungen,
Germany)-& AH8-3t] &3 QlTh Algo] o] Foizl #
o] AR 2Ae Bestuzr iR A5
4= W needle 14S vl & d¥kd HE =4 L
2 FH ARz &3S H486h7] $15te] Bonnarens
9} Einhorn”©] A3t WH & W gste] za)steh 4
F moused] AE FAE FHI Bl 17, 1
A2 17 g9 H7ES 1 m =0]9 AE 20 mm< FE
S B8l °F 442 msE A Foo Hojzmy =4S
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Table II. Classification of Each Group

(3) PHTS| Zt=4 & A=A Hot
PHTO] 1154 2 4548 Hrlstr] st 1159
©] C57BL/6J mouseE PHT o7& Tl o2 Zle)3}
Atk PHT 50 mg/kg Foiwell 2vle], 100 mgkg F<
ol 2uE] ¥ il o ofE Fof 28Yo] At &
e QAT Y AHH A 24 T FE A
FAIBHA 3+ 2™, Zoletil 50 (20 mg/kg):% B
lﬂi FARst mHAIAT EY AQHE < HE
=8 F9E B3l ol FolHk o1& Fal Q’F—?} gl 4
S04 1,000:20% FRF 4°CollA RS Fall @4
< Bt E2lE @3l A alanine aminotransferase
(ALT), aspartate aminotransferase (AST)2] X5 3%
kit (Asan Pharmaceutical. Co. Ltd., Seoul, Korea)E &
8l =7d3}%2.H, creatinine, blood urea nitrogen (BUN)
9] X% 3l kit (BioaAssay Systems, Hayward, CA,
USA)E B3l SA3th

.|_4

L o

2E)

4) QER 24 Y

(1) Total RNA &=

Easy-Blue® A|2K(Intron Biotechnology, Seongnam, Korea)
S ARgSt 71E3 MC3T3-El AlZoA total RNAS
£2]5+99th Epoch® microvolume spectrophotometer sys-
tem ©]-83t] £2]¥ Total RNAE A &s}stATh

(2) Complementary DNA &4

2% total RNA (1 pg), d(T)16 primer, avian myer-
oblastosis virus HHAALEALE ARES}] complementary
DNAE §dstith

(3) Quantitative real-time polymerase chain reaction

(gRT-PCR) 24

PHT7} 2& Aapgel mAls dFe Slstart
SYBR green PCR master mix ¥ oligonucleotide primers
AR8-3E real-time PCRE AAISH] & 78 o #AA=

Group Numbers

Normal 9 Non-fractured group
Control 9

PHT 50 9

PHT 100 9

Intervention

Bone fractured with non-treated group
Bone fractured with PHT-treated group (PHT 50 mg/kg)
Bone fractured with PHT-treated group (PHT 100 mg/kg)

PHT: Pahyeolsandong-tang.
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o] A §HA WE-e &SIt Table 1), 2E
7171 Real Time PCR System 7500 (Applied Biosystems)
<= ARSI

FAA B A=E AR or Ushlr] 95t
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)<]
Ctate AHE3Ioith o] FAE 7o g s =& 49
yZ 283 #Ho] 9= Col2al, osterix (OSX), OCN,
Runx?2, Sox9, receptor activator of nuclear factor kap-
pa-B ligand (RANKL), osteoprotegerin (OPG) 7=}
g o] Ao 25 =E38] WA, Gene express 2.0
program (Applied Biosystems)< AH&-3] GAPDHS] Ct
o= FFEEs) stk A e v WskE
A4st7] 18+ comparative Ct < AH8-3SH3A T

5) X-ray & 2& &0l

AARE X183k Xeray A |(Galaxy A26430, Medien
International Co. Ltd., Seoul, Korea)Z &3+ A3} Fig.
13} Zo] AE &4 ARE gy Th

6) &4 =4

Zyzyol AFphe e Aol U2 HexFUA}
(meansstandard deviation) <3| = EAI5F T GraphPad
Prism (version 5.01; GraphPad Software, Inc., San Diego,
CA, USA)E ARE-38te] B2 &45 33tk MTT assay
2 MC3T3-E1 &2+ &40l 4= one-way analysis of
variance (ANOVA) A|2~El-& ©]-8-3+ Dunnett's post hoc
testE ARESFAL, qRT-PCR #4237} 3410 A= two-way
ANOVA A|2=El-& A8-3F Bonferroni post hoc tests At
S3tATh TAITH /79 2 pvalue<0.05= 3T

Fig. 1. The comparison of tibial X-ray before and after fracture in mouse.

Table IIl. The Primer Sequences for Quantitative Real-time PCR

Gene Forward (5°-3”)
Col2al ACTGGTAAAGTGGGGCAAGAC
0sX CGCTTTGTGCCTTTGAAAT

OCN AAGCAGGAGGGCAATAAGGT
Runx2 ACTCTTCTGGAGCCGTTTATG
Sox9 GAGGCCACGGAACAGACTCA
OPG TGAGAGAACGAGAAAGACCTGC
RANKL GTACTTTCGAGCGCAGATGG
GAPDH GACGGCCGCATCTTCTTGT

Reverse (5°-3”)
CCACACCAAATTCCTGTTCA
CCGTCAACGACGTTATGC
TTTGTAGGCGGTCTTCAAGC
GTGAATCTGGCCATGTTTGTG
CAGCGCCTTGAAGATAGCATT
CGGATTGAACCTGATTCCCTAT
TCCAACCATGAGCCTTCCAT
CACACCGACCTTCACCATTTT

PCR: polymerase chain reaction, Col2al: collagen type II alpha 1 chain, OSX: osterix, OCN: osteocalcin, Runx2: runt-related transcription
factor 2, OPG: osteoprotegerin, RANKL: receptor activator of nuclear factor kappa-B ligand, GAPDH: glyceraldehyde-3-phosphate

dehydrogenase.
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MTT assay € AHE3td PHTE TFFe 55(15.6-1,000
pg/mL)oll Ax &3} Z2719] f7-ol what 48413 F<F
A3l o] vl O E PHTS MC3T3-ElolA AX
&5l thaiAl Lol R Tt

PHTE AA|3HA] %2 Eslrel Mx AyEFS
100.00+3.76% 2 YEREI. v E3H2 66.39+3.99% =
UERst T

£35 MT3T3-El1°)| PHT 15.6 pg/mL X X2 Al
A EFE 91.83+7.54% = S8 = AL, PHT 31.2 pg/mL
AT 90.77£3.19% = S =AY FAZH 74
o] YehA] ekt

PHT 62.5 pg/mL AX|rollA] A3 AE5-2 87.93+8.60%
o], PHT 125 pg/mL Xt 74.75+£5.66%, PHT
250 pg/mL A X2 68.65+2.21%, PHT 500 pg/mL |
XS 66.83£3.12% 0.7 24z YRt A 18 2%
A A&l FaFol gl FAZ Felde ekl
o} €HE, PHT 1,000 pg/mL A 2|l A] Al A &5
53.90£3.19% = SAE oM FAHOE T dv]
FrefuatAl FA vt Al S40] S Flsith
(Fig. 2). WetA o] 59 A3doA+ 500 ug/mL ©]ste]
EEE ARSI

5 o]3}e] PHT FofwollA 2E4

st o] FolA L & WERN L ATk(Fig. 3).
webA o] Fo] AEollM 62.5 ug/mL ©J3le] FEE F
oE & ARESHATH

¢
&
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5
=

6 ] Korean Med Rehabil 2020:;30(4):1-16.

1501

100+

Cell viability(%)
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PHT (ug/mL) -

156 31.2 625 125 250 500 1000

Differentiation - + + + * + + + +

Fig. 2. Effect of PHT on the viability of MC3T3-E1 cells.
MC3T3-E1 cells were treated by various concentrations of
PHT for 48 hours in presence or absence of differentiation
conditions, and their viability was estimated using MTT assay.
PHT: Pahyeolsandong-tang, MTT: 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyl! tetrazolium bromide. The values are represented as
meanztstandard deviation. ###p<0.001 vs. control group, *p<0.05
vs. differentiation group, ***p<0.001 vs. differentiation group.
Significances were determined using one-way analysis of
variance followed by Dunnett's post hoc test.

PHT (pg/mL) - - 16.6 31.2
Differentiation - + + +
100 X
PHT (ug/mL) 62.5 125 250 500
Differentiation + + + +
100X | 0
o S

Fig. 3. Effect of PHT on osteogenesis of MC3T3-E1 cells.
MC3T3-E1 cells were stimulated by osteoinductive media in
presence or absence of indicated PHT concentrations for 7
days and subjected to ALP staining. The stained cells were
visualized using Leica DM IL LED microscope (Leica, Wetzlar,
Germany) at 100X magnification. PHT: Pahyeolsandong-tang,
ALP: alkaline phosphatase.

(1) OCN STIAt 250 OjX|= G

2729 OCN Ath212] mRNA H&-2 1.00£0.09%
YERGTE PHT 12.5 pg/mL £ 1.81+0.15, PHT
25 pg/mL TS 2.06+0.04, PHT 50 pg/mL Foi+e
2.53+0.152 YEPSTE OCNe] 4t mRNA Hd2 &
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(4] -4
< 0 p c
E - = é 1.04
2 o
EO £
2% ™ e 05
z 2
[T} —_
B o € 0.0
Differentiation + + + + Differentiation + + + +
PHT (ug/mL) . 12.5 25 50 PHT (pg/mL) . 12.5 25 50

Fig. 4. Effect of PHT on mRNA level of OCN in MC3T3-E1l
cells on 7 day after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of PHT (12.5, 25 and 50 pg/mL) for
7 days for subsequent PCR analyses. The mRNA level of OCN
was detected by qRT-PCR. PHT: Pahyeolsandong-tang, mRNA:
messenger RNA, OCN: osteocalcin, PCR: polymerase chain
reaction, qRT-PCR: quantitative real-time-PCR. Values are the
meantstandard deviation. ***p<0.001 vs. the PHT-treated groups.
Significances between groups were determined using one-way
analysis of variance followed by Dunnett's post hoc test.

 A@TlA oz v olekA S7FeFAtHFig. 4).
(2) Runx2 STIAt 2540] OjX|= Gt
&7 Runx2 4T3 mRNAS| ®
2 YeRGTE PHT 12.5, 25 ug/mlL FH7-S
0.79+0.09%2 Yephda, EAA O,WO] ST}k PHT
50 pg/mL TS 1.42+0.182 YERE oW 2 tiv]
mRNA o] 42]3k 302 Z7}31%tFig. 5).

(3) Col2a1 RTA} Loi0f O|X|= Fat

) Z=72] Col2al 4t mRNA &2 1.00£0.252
UEeRSTE PHT 12.5 pg/mL £ 2.17+0.112 =3
HRom thz vl mRNA & zFo] folshkAl 71
SFATE PHT 25 pg/mL Fo72 1.35+£0.022 SH S
oy BEAZR R Folakx egtth PHT 50 pg/mL Fo

T2 2.77+0.17% S EA ™ T thH] mRNA9
/z}tHZi L gFo] FroJstAl Skt Col2al @] 7 Th
Zl mRNA &8-S PHT 12.5, 50 pg/mL FolollA of

27 tiH] FoJetAl STk tHFig. 6).

1.00+0.23

?8%
717} 1.1240.09,

4

Fig. 5. Effect of PHT on mRNA level of Runx2 in MC3T3-E1
cells on 7 day after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of PHT (12.5, 25 and 50 ug/mL) for
7 days for subsequent PCR analyses. The mRNA level of Runx
2 was detected by qRT-PCR. PHT: Pahyeolsandong-tang,
mRNA: messenger RNA, Runx2: runt-related transcription factor
2, PCR: polymerase chain reaction, qRT-PCR: quantitative
real-time-PCR. Values are the meantstandard deviation. *p<0.01
vs. the PHT-treated groups. Significances between groups were
determined using one-way analysis of variance followed by
Dunnett's post hoc test.

5 4-

®

1]

o

e ¥

298

zg 2

('

£EG

> 1

©

[7]

o 0-
Differentiation + + + +
PHT (ug/mL) 2 12.5 25 50

Fig. 6. Effect of PHT on mRNA level of Col2al in MC3T3-E1
cells on 7 day after osteogenesis inducing. MC3T3-E1 cells
were cultured in osteoinductive media in presence or absence
different concentrations of PHT (12.5, 25 and 50 ug/mL) for
7 days for subsequent PCR analyses. The mRNA level of
Col2al was detected by qRT-PCR. PHT: Pahyeolsandong-tang,
mRNA: messenger RNA, Col2al: collagen type II alpha 1
chain, PCR: polymerase chain reaction, qRT-PCR: quantitative
real-time-PCR. Values are the meantstandard deviation.
**%p<0.001 vs. the PHT-treated groups. Significances between
groups were determined using one-way analysis of variance
followed by Dunnett's post hoc test.
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Table IV. Effect of PHT on Level of ALT, AST, Creatinine and BUN in Mice

Parameters
Groups —
ALT (IU/L) AST (IU/L) Creatinine (mg/dL) BUN (mg/dL)
PHT 50 mg/kg 50.45+0.00 113.16+£51.95 0.27+0.19 17.62+0.96
PHT 100 mg/kg 40.55+6.99 85,69+5.98 0.34+0.10 18.5142.27
Normal range for mouse 25-60 50-100 0.097-0.184 10-33

PHT: Pahyeolsandong-tang, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BUN: blood urea nitrogen.

2. in vivo &8 ZAnt ot
20
1) PHTO| 2154 2 A=Y w7} 23} = o
@ PHT 100

PHTS] 7H54 2 AI54E gRlsk] 913t ALT,
AST 2 creatinine¥} BUN <=x|& #H7}s}lt}. PHT 50
mg/kg T2 ASTS} creatinine®] 242} 113.16+£51.95
9} 0.27+0.192 AT BT &F A Ugkom, PHT
100 mg/kg T creatinine®] B4 X121 0.097-0.184
Ho}h & 03440.102 Utk YA x5S BF o -
A4S olE USith (Table 1V).
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Fig. 7. Effect of PHT on mRNA level of OCN in bone callus
from mouse tibia on 7th, 14th, and 21st day post fracture.

2) & RE o2 BXIRH LHO|| Tt 240t C57BL/6J mice had tibia fracture and were treated with 50
- - and 100 mg/kg of PHT daily for 7, 14 and 21 days. Total

in vivo Aol 2ZA| o] F3lel| tidt PHTS| ¥ RNA was isolated from bone callus of fractured tibia from
S AP o 2 Ve Y] Y5t & &3 deEE ® non-treated and PHT-treated .mice. RNA was suk.)jected to
co gRT-PCR to measure expression of OCN gene with SYBR
AJAE<1 OCN, Runx2, OSX, Sox9, Col2al, RANKL, green. BF: bone fracture with non-treated group (control group),

OPG $-7A12] At el mRNA W3S =459ttt PHT 50: bone fracture with PHT-treated group (50 mg/kg),
OR{TL HIS L ofat PHT 100: bone fracture with PHT-treated group (100 mg/kg),

(1) OCN RTIAt 4240] 0|X|= G PHT: Pahyeolsandong-tang, mRNA: messenger RNA, OCN:
OCN &34z Bde =4 9y 79 & gjzTo) osteocalcin, qRT-PCR: quantitative real-time polymerase chain
o = reaction. Values are the meantstandard deviation. ***p<0.001
1.0040.2093= ™ PHT 50 mg/kg ol 100 mg/kg vs BF group. Significances between groups were determined

B 7} 0.1240.03, 0.21+0.02 2 YEOo ™ EA 7] using two-way analysis of variance followed by a Bonferroni
o= fosA) wgith BA WA 149 F djmpe] Pt
1.00£0.4090-S ] PHT 50 mgkg T2 100 mg/kg
Eo]o 7} 2.68+1.50, 1.18+0.04 % LIEN O £ 3
o= fofstA eksk

4 B4 219 F glzFo] 1.00£0.319- =] PHT
50 mg/kg T 100 mgkg TS ZF 6.26+1.32, T
1283428605 UEhton] w5 oz ou] gejus AT }jj HT 100 mg/kg Ta‘;o 0.5240.055
A 7Y tHFig. 7). Uelgon EAZ o g folsA zHAastnh

(2) Runx2 SRt &0 O|R[= Fst =2 2 219 F tiETe] 1.00+0.1990< = PHT

Runx2 &AA drale ZA vy 79 & glzatol 50 mg/kg TS 1.17+0.01 2 JERG O BAH &
1.00£025%S ®] PHT 50 mke So]72 0500145 /o0 ST PHT 100 mghkg FHwE 24240162
FAROR folrail wage] dasiary, i g T oot ST SRS BT §).

Z 24 79 3 PHT 100 mg/kg FoI7-& 0.74£0.04 2
E= lﬂ_%lflﬂ% sAZA o8-S /it =4 2
A
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Fig. 8. Effect of PHT on mRNA level of Runx2 in bone callus
from mouse tibia on 7th, 14th, and 21st day post fracture.
C57BL/6J mice had tibia fracture and were treated with 50
and 100 mg/kg of PHT daily for 7, 14 and 21 days. Total
RNA was isolated from bone callus of fractured tibia from
non-treated and PHT-treated mice. RNA was subjected to
qRT-PCR to measure expression of Runx2 gene with SYBR
green. BF: bone fracture with non-treated group (control group),
PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg),
PHT: Pahyeolsandong-tang, mRNA: messenger RNA, Runx2:
runt-related transcription factor 2, qRT-PCR: quantitative real-time
polymerase chain reaction. Values are the meantstandard deviation.
*p<0.05 vs BF group, **p<0.01 vs BF group, ***p<0.001 vs
BF group. Significances between groups were determined
using two-way analysis of variance followed by a Bonferroni
post hoc test.

(3) OSX RTIX} a0 O|Xi= Bt

0OSX dx Tde =4 A 79 & gzl
1.00£0.3099< ] PHT 50 mgkg T2 1.12+0.192
UEhtom FAASE fFo4do] §IaL PHT 100 mgkg
FEo] L 248+0.522 o3t =712 Bk =4 1y
149 5 dlZ70] 1.00£0.009< ©f PHT 50 mg/kg 5
T2 3.23+0.002 YEFO™ fofdt F7FstTt. PHT
100 mgkg TS 1.51+0.002 Ve oM EA2 07
frojAdo] giih =4 Ay 219 F tlx70] 1.00+0.32
%= W PHT 50 mgkg 5% 100 mgkg Fo
Z} 3.27+0.63, 6.19+0.51 0.2 YEPtom 2% EAH O
2 SolslA 2718k thFig. 9).

(4) Sox9 RTX o0 0|R|= Fgt

Sox9 Xz HEL = WA 79 F gz
1.00£0.2799-8 w] PHT 50 mgkg T 100 mgkg
Eo]o 7} 0.44+0.05, 1.25+0.28 % LVEROH £ 2]
o= FoAo] gtk 2d A 14Y F djxTo|
1.00£0.09%32 W} PHT 50 mg/kg 3 100 mgkg &

Relative mRNA expression of
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Fig. 9. Effect of PHT on mRNA level of OSX in bone callus
from mouse tibia on 7th, 14th, and 21st day post fracture.
C57BL/6J mice had tibia fracture and were treated with 50
and 100 mg/kg of PHT daily for 7, 14 and 21 days. Total
RNA was isolated from bone callus of fractured tibia from
non-treated and PHT-treated mice. RNA was subjected to
gRT-PCR to measure expression of OSX gene with SYBR
green. BF: bone fracture with non-treated group (control group),
PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg),
PHT: Pahyeolsandong-tang, mRNA: messenger RNA, OSX:
osterix, qRT-PCR: quantitative real-time polymerase chain
reaction. Values are the meantstandard deviation. ***p<0.001
vs BF group. Significances between groups were determined
using two-way analysis of variance followed by a Bonferroni
post hoc test.

o2 7} 4.18+0.54, 3.01+0.66 0. eV O™ EA|A
o2 fofgt TV Btk 2 24 219 F tiETo)
1.00£0.11°]%1 o PHT 50 mg/kg £ 100 mg/kg
Foje 7b 2.88+0.19, 3.86+0.02F UEP}om mF
BAFLSE Fogt 7 YERATHFig. 10).

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

Col2al %A} wdo] =4 A 79 & tixTo]
1.00£0.07%0& =l PHT 50 mgkg 72 100 mg/kg
B8 7} 0.04+0.01, 0.13+0.03 0.2 UElton £
o fofatA Aasdch =4 WA 149 & U=
°] 1.00+£0.22%32 W] PHT 50 mg/kg FoI77 100 mg/kg
Faolqtoll A 7 2.36+0.80, 2.39+0.64 2 UERG O 57
Aoz FofsiA ZUIsIth =24 A 219 & Ui=T
©] 1.00£0.28°1%1S W PHT 50 mg/kg T 0.15+0.02
2 Yehgon FAACE {Fo3F ZHAEk3lal, PHT
100 mg/kg Fol7S 0.46+£0.13 0.2 UEPFon EA A
o2 FYsHA| FUTHFig. 11).

(6) RANKL R} 24540f| O|X = Gt
RANKL F7# &de Zd why 79 & ) Z279]
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Fig. 10. Effect of PHT on mRNA level of Sox9 in bone callus
from mouse tibia on 7th, 14th, and 21st day post fracture.
C57BL/6J mice had tibia fracture and were treated with 50
and 100 mg/kg of PHT daily for 7, 14 and 21 days. Total
RNA was isolated from bone callus of fractured tibia from
non-treated and PHT-treated mice. RNA was subjected to
qRT-PCR to measure expression of Sox9 gene with SYBR
green. BF: bone fracture with non-treated group (control group),
PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg),
PHT: Pahyeolsandong-tang, mRNA: messenger RNA, qRT-PCR:
quantitative real-time polymerase chain reaction. Values are
the meantstandard deviation. ***p<0.001 vs BF group. Significances
between groups were determined using two-way analysis of
variance followed by a Bonferroni post hoc test.

Col 2a1

Bl BF
i 33 PHT 50
[ PHT 100
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Fig. 11. Effect of PHT on mRNA level of Col2al in bone
callus from mouse tibia on 7th, 14th, and 21st day post
fracture. C57BL/6J mice had tibia fracture and were treated
with 50 and 100 mg/kg of PHT daily for 7, 14 and 21 days.
Total RNA was isolated from bone callus of fractured tibia
from non-treated and PHT-treated mice. RNA was subjected
to qRT-PCR to measure expression of Col2al gene with SYBR
green. BF: bone fracture with non-treated group (control group),
PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg),
PHT: Pahyeolsandong-tang, mRNA: messenger RNA, Col2al:
collagen type II alpha 1 chain, qRT-PCR: quantitative real-time
polymerase chain reaction. Values are the meantstandard
deviation. **p<0.01 vs BF group, ***p<0.001 vs BF group.
Significances between groups were determined using two-way
analysis of variance followed by a Bonferroni post hoc test.
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Fig. 12. Effect of PHT on mRNA level of RANKL in bone
callus from mouse tibia on 7th, 14th, and 21st day post
fracture. C57BL/6J mice had tibia fracture and were treated
with 50 and 100 mg/kg of PHT daily for 7, 14 and 21 days.
Total RNA was isolated from bone callus of fractured tibia
from non-treated and PHT-treated mice. RNA was subjected
to qRT-PCR to measure expression of RANKL gene with
SYBR green. BF: bone fracture with non-treated group (control
group), PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg), PHT:
Pahyeolsandong-tang, mRNA: messenger RNA, RANKL:
receptor activator of nuclear factor kappa-B ligand, gRT-PCR:
quantitative real-time polymerase chain reaction. Values are the
meantstandard deviation. *p<0.05 vs BF group, ***p<0.001
vs BF group. Significances between groups were determined
using two-way analysis of variance followed by a Bonferroni
post hoc test.

1.00£0.22%3-2 ] PHT 50 mg/kg £ 2.97+0.102 1}
Ehtont FAH R fofshA] itk PHT 100 mgke
Eo] e 11.1742.88% UE}oH EAFOZ o3}
A F7¥skack 22 A 149 F thx7o] 1.00+0.03
A= ™ PHT 50 mg/kg T 3.7740.772 YEPHES
W FAZCE folsiAl S7Fskth PHT 100 mg/kg
B2 22740492 YERG O BAA FofstA] &
itk 24 A 219 3 UlR70] 1.00£0.2792 W PHT
50 mg/kg FoITH 100 mgkg FoITE Zb 0.58+0.15,
0.26+0.022 Uelgton 5% EAF o2 Fo)3lA] ¢
SrtHFig. 12).

(7) OPG RTK} &d0)| 0|X|= B

OPG 3z Hd2 =4 44 79 § Uizl
1.00+0.28%1-2 W PHT 50 mg/kg T2 1.18+0.14%
yebstow A fe4dol Itk PHT 100 mg/kg
B 23840.152 UEIGOoH EBA AR §ols}
A F70 2 A 149 F dlx2To] 1.00+0.16
A< o PHT 50 mgkg FI7-2 0.13£0.04 2 LEFES

e

o
A=
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Fig. 13. Effect of PHT on mRNA level of OPG in bone callus
from mouse tibia on 7th, 14th, and 21st day post fracture.
C57BL/6J mice had tibia fracture and were treated with 50
and 100 mg/kg of PHT daily for 7, 14 and 21 days. Total
RNA was isolated from bone callus of fractured tibia from
non-treated and PHT-treated mice. RNA was subjected to
qRT-PCR to measure expression of OPG gene with SYBR
green. BF: bone fracture with non-treated group (control group),
PHT 50: bone fracture with PHT-treated group (50 mg/kg),
PHT 100: bone fracture with PHT-treated group (100 mg/kg),
PHT: Pahyeolsandong-tang, mRNA: messenger RNA, OPG:
osteoprotegerin, qRT-PCR: quantitative real-time polymerase
chain reaction. Values are the meantstandard deviation. *p<0.05
vs BF group, **p<0.01 vs BF group, ***p<0.001 vs BF group.
Significances between groups were determined using two-way
analysis of variance followed by a Bonferroni post hoc test.

H BAXCE Fo]Ado] itk PHT 100 mgkg F4
T2 29941297 YePg o SAX g FoletA St
stk =4 Y 219 ¥ izl 1.00+0.215%S
PHT 50 mg/kg F472 1.30+0.079 24 SAHCE &
9I5| 243kt PHT 100 mg/kg Fo3S 2.81+0.80°.2
Uelston SAF o2 FolatAl S7FeFAtFig. 13).
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PHT 100 mg/kg Folw, =4 MY 149 £ 50 mgkg &
of 7 2 =d A 219 ¥ PHT 50 mg/kgd} 100 mg/kg
Folzol A fFostAl S7FskdAth HREZ QL A7)0l whet
Frolgk S7F Bal 53] 219 $ellA] 50, 100 mg/kg
Folol A AAsHAl 7kt o= PHTZF =4 5
A 7k 471 2 ABA Ve 37 A8

AARE 53] APA7I= Fojd F-idoll 0SX Ede]

=

b
T FETOEA T AFHY L Gl 7oAS
ATk BT}

= P2 “ul(intramembranous) & FAI A3
(endochondral) = Ao T 711 #AHS Eaf veht
O, dERAEE F B $89 d2 = 34
off Z-g3te] A=& PAHsh=tl, o€ Tl AP A=

7149] 84+ Type 11 collagen©|T}. Type II collagen

= g e 7% x}(Colzal)E TA%o] 913l al chain 3
7o = Fof Ul gzo|th, whebA Col2al
< ZPANA YERI™ Col2al @&
o) 7Kk 4 AR Y AH At 2 3
o 2 AgelA =d B 14¢ $ PHT 50 mgkgyt

U= A

[e]
AT 2% WAL
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100 mg/kg T EFol|A] Col2al o] W&o] fofaiAl
Z7FlAth oli= PHTZF 53] A4 71= d47]4 %
&ote] AT A 7S = Avka AR

=4 A HAHNA FE SVIHNEE 2T3A| 28
ATH|ZE E3h=o] W o] AEEE=T] ] F Sox9
< T NET 2dE ATA AERE ESske

A= AApoltHl, Sox9o] A g dZe

Q1 type 1I collagen3} aggrecan 52 &&o| 7+
A= ¥4 2 FFE AsFH. Sox92>
L3Pl A AAZRI HARIA O, o= AT A
L olUg)t 7] &4 W dl(templates) F7dol AAXE
Al 230, wEbA Sox92] IEEe 3 A
B FAH AFE B Aot B ATl A] Sox9
=4 24 149 € 219 F9] PHT 50 mg/kgy}
100 mg/kg FoAT EFolA Fo3HA S71stdt) o=
PHT7} A4 7k 3471 2 AZA7=2 dojrt= o
Sox9 HHS F7INA A= A A8 + ok
Azt

RANKL2 ZZA|2 9 B43lH HAA A A
H gZAZ ATAZY 8A41”] RANK | Agstd
THEAE XS FAsles 9L . RANKL-S
= AFTE T AP HHE $83 AAE Dougall
T2 RANKLO| 3R] & ¢ d=AE Aol
A= o] 43k &= A3)5}5-2 op7IFar s3Itk RANKL

[*F

B

L
AL

O
-

X
M & ox o
ox MM P lo

b

i

kY

fo 4o ot d
o

oA =4 vy 79 F PHT 100 mgkg T 2 14
% PHT 50 mg/kg FowollA o8t 718ttt o]
= PHT7F 24 1 3 A4 7= 8471 9 A4 7=

7101 =1 AFTE A FEAE A3 9

G2 UA T o)F HoR A2 T2A 4o Ed)
2 YAV AT o A7 dolrks A
el }

A SAA Fol8E JERAlE AT w2t
ARl PHT Fof 3 RANKL &3 A=} 7424813
o} wZel s Al7]oll Folsh=s Zlo] =4 XH34d 7
Aol o] = AFTE AMANZ 7 U= 7FsAel 7]
el olef] gk S A7} Eesitka Az

OPGE ZZA|Z B =5 U9 1& AlzoA A4t
= AL AFA EZ2] RANKS} RANKLe] Z2E s}

AL vo} SBAE AHS A V)5S BT,

14 ] Korean Med Rehabil 2020;30(4):1-16.

= o] 2§ Aol Tt =5
=S APV, o] g A8
3l OPG= =4 B¢ Il & 34 2 A=

4L 7153 FPY. Mizuno 5722 OPG7} Ao®

mouse®l| Al AR EFF 802 13ty Stha-50]

ak o

Ack. B AFoA= =4 A 7, 14, 2199] PHT
100 mg/kg FolTollA OPG7} F2lstAl Z7FstdTh
o= PHT7} 713kl “daglo] 32 ag=elA OPG
TAS SV = o B17] 5L QA7) Rt
IPEAE RANKLO thgh 3282 F3l = FAel
7198 4 oo Bk

o1& FHAS Wl In viro AFoNA PHT ] Al
Col2al, OCN, Runx2 % OSX 59| Z=A|x &3}e}
e A AR FAA o] Fou|siAl S8R,
In vivo AglA PHT FZo4 OCN, Runx2, OSX,
Sox9, Col2al 9} & ZZAZ B A5 o EA#¢}
RANKL, OPGZ2 FZAE #H BAAEY] F-44
Aol FefrlstAl S71skith ol PHT7F 2E3A
Z A3 A= A R gEAEe A5t o8t
of 4 Aol IS VA F UdeS HoFAH

SHARE & ATelMs T A B Aol Agshke
transforming growth factor-B, bone morphogenetic pro-
tein-2, cyclooxygenase-2 & A WS SA3HA
Fatlon A3 7IRte] 332 =3Eo] Y] o]F
o] Aol Ui = 73 &35 IRIsHA] £ A
o] AT} EZF creatinine®] “Fso] TEE YA F

Qo FFe T2 5 getel g PRE F7hHe
Y =4 AF 7|71 thisl @ JaE ARgol thik 5
7} AFE Bl ol2]d Fio] Betwojop & Aot}
71.;:,‘_%»»»

HdikERol T el oWt FEdFE v =

BA AvRIA B ATE WS AT BEL
—g— 3L



ik

ud

AFERMEEE)°l =2 AFe] & ool vAle 9%

P4 B FAA S0l g FAAke] A G S
39 o5 22 AES Atk
1. in vitro 23 A3} MC3T3-El9] PHTZ A& A
ZEAE E3he} #HEE OCN, Runx2, Col2al9]
A Eo] FrFskA T
2. in vivo AN A PHT T o4 ASTS} creatine
o] FA7F 2T vlwEtye o =4 vef F
F F/HEA A7 st
3. in vivo A3 A3 PHT FoATol|A 2= Al B4
FA A1 OCN, Runx2, OSX, Sox9, Col2al % 3}
ZAE #E TA A2 RANKL, OPG -3} ¥
o] 7Vt

47) ARE BN PHTE B4 #3232 Fofulsh
QN7 FF DA QIR AL WEL B
24 A5 A8F & YL AoT Y
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