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The Preclinical Study of Hyeolbuchugeo-tang (Xuefuzhuyu-tang) on Bone
Healing in Rats with Rib Fracture

Gun Huh, K.M.D., Min-Seok Oh, K.M.D.

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

Objectives The purpose of this study is to evaluate the healing effect of Hyeolbuchugeo—
tang (HC) in rats with rib fracture.

Methods Rats were randomly divided into 5 groups (naive, control, positive control,
HC-L and HC-H). All groups except naive group were subjected to bone fracture of
rib. Naive group received no treatment at all. Control group was fed with phosphate
buffered saline. Positive control group was orally medicated with tramadol. Experimental
group was orally medicated with HC extract (50 mg/kg for low concentration [HC-L],
100 mg/kg for high concentration [HC-H]). X-ray and micro-computed tomography
(micro-CT) were conducted to assess the effect of HC. We analysed the level of 2)

transforming growth factor-31 (TGF-41), Ki67, alkaline phosphatase (ALP), receptor
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activator of nuclear factor kappa—£, runt-related transcription factor 2 (Runx2) and
tartrate resistant acid phosphatase (TRAP) on 7 and 14 days after fracture. ALP, ala-
nine aminotransferase, aspartate aminotransferase, blood urea nitrogen, creatinine
was measured for safety assessment.

Results X-ray and micro—CT, showed HC enhance bone repair process. Callus for—
mation was increased in experimental group at 7 days after fracture, but decreased at
14 days after fracture. 7 days after fracture, the level of TGF-81 in experimental group
was decreased. The level of Ki67, Runx2 in HC-H, TRAP in HC-L was increased. 14
days after fracture, the level of Ki67 in HC-L and HC-H was decreased. The level of
ALP, Runx2, BUN in HC-L, TRAP in HC-L and HC-H was increased.

Conclusions Taken together the results, HC promoted healing of bone fracture. In
conclusion, HC has a potential to promote healing of bone fracture. (J Korean Med
Rehabil 2020;30(3):23-44)
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24 HEFe] kA 192 goll 1 Lo] SR/HFE ¥
&7](Daewoong, Naju, Korea)E ©]-&3}a] ¢F 24]
¢t EFFEsth £ ¢FAl= Whatman No. 2 filter
(Maidstone, UK)Z oJ¥}35)] g-Ho]] 2 AETHS B
At} B2 rotary evaporator (Buchi, Sw1tzerland)i
70°Coll A 7SS 5 TAZ3I] 38.8 g9 A
e Ao FZFHEL 202%3ATh FL-2 -80°Cell v‘i‘—?
sto] Bstl 0 ARESlE7] A phosphate buffered saline
(PBS)Z 3]45le 045 ymTEIZ AE F ARSSIATh
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2) SE L 4

A4 FEA 60 mg/kg®] ketamine (Yuhan Corporation,
Seoul, Korea)® 500 uL/kg2] rompun (Bayer, Leverkusen,
Ho] % FARst] mEsith =4

Germany)S 4]

Table I. The Herbal Composition of Hyeolbuchugeo-tang

Scientific name Amount (g)
Prunus persica (L.) Batsch 16
Angelica gigas 12
Rehmannia glutinosa (Gaertner) Libosch. 12
Carthamus tinctorius L. 12
Achyranthes japonica (Miq.) Nakai 12

Citrus aurantium L. 8
Paeonia lactiflora Pall. 8
Platycodon grandiflorum (Jacq.) A. DC. 4
Ligusticum officinale (Makino) Kitag. 4
Bupleurum chinense Cd 4
Glycyrrhiza glabra L. 4

Total amount 96




24 2 Ratof] ISt IMAHRHES] AAA A+ J-

IFo=E Yrdth 4
F(Nor)Z i Z27(Con), Y3 Z7(Tra)> 6v2] 4,
2 o] 22 10mte

A wEA7IAL - F 1579 2500 AAkskdoh A
TS 5= A E4e 74 #9119 BE OFY
HAPFTES 530 24 &4 7 A FE2 1
T 5227 T 14 13] & ARtell AT T8kl
o A dEzTS Gl E 2L e 3 A
2 AMg-3h= tramadol (20 mg/kg; Sigma Aldrich Co.,
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tube (BD, Franklin Lakes, NJ, USA)°ll Y1 7}HA &
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(1) X-ray

=459 me} AQyE wWE IAstr] Astd X-ray
(ROTANODE-E7239X; Toshiba, Tokyo, Japan)S AM&
3lo] 58 FYEYT) Xeray &2 BAQL 36 kVp,
HAR 5 mAR FYSIATE Xray 29 F oF|A =
Fire-CR (3DIHC, 3DISC, Herndon, VA, USA)S A8-3}
of FFe skt

(2) Micro-computed tomography (Micro—-CT)

A WE F138L7] 218k micro-CT (Quantum FX
micro-CT; Perkin Elmer Inc., Waltham, MA, USA)E A}
&3l 558 2WF T Xeray &2 TG 90 kV
p, BAF 160 AR 3EZF 27031490} 8.8 ume] 33t
3l sol A 0.7°9 31 AR 360°0 A WS
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Ettlingen, Germany)E AH8-3td |t th.
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(1) ZES20|= HE
AAkE APEEA 2HEES L
=% 5 10% formalin®ll 15:Y5 =4
A P AR sl Zojgt & g £
4 ym FAE ¥Pdste] HH-Es e

2) Hematoxylm & Eosin (H&E) staining

e bl ¥ 3, A 3H-E AA Hematoxylin
Ig& 1023t A2etaL, Al F Eosinell 18 40%23F
Atttk 1 o 3, A AAE A cover glass
AT 2ASTelEE 409 HlE=
bright field microscope (Nikon, Tokyo, Japan)Z 23}
Ak

(3) Safranin O staining

2 vkl & Weigert’s iron hematoxylin Z}7
F Agskatt A4 F 0.02% fast green 53, 1% acetic
aced 102, 0.1% Safranin O 5%-2] A2 HH& EAHZ
AR I o 4, AHAARE AA cover glassE

S Bdstaint 22 sl == 40819 W& = bright
field microscope (Nikon)Z 23153t}
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7) Immunohistochemistry (IHC) £

(1) IHC &210|= MZ

AAkE AFFEAAN 2ES IS 55 FHE A
=% 5 10% formalin®l 157U
IAE 228 22A 2] A (processing)S A kA
o] Zrli(embedding)dt - FHe}H EF2 4 um 7= 9}
H(cutting)ste] AH(section)= = & velH, g4
A& AX SFTE AFHSATE WA peroxidase©]
2448 glol7] #1381 Peroxide Blocking (DAKO, Glostrup,
Denmark)S 2204 10837F 22|53t PBSE 23] Al
A3k

(2) Transforming growth factor-81 (TGF-51), Ki67

A4 TGF-B1 (Dilution 1:200; Abcam, Cambridge,
UK), Ki67 (Dilution 1:100; Abcam)E 4°ClA over
night5¢F WF-&-A1Z1 & Wash buffer (DAKO)ZE A& 3}

3! Envisiont+ Rabbit (DAKO)S.Z 30&37F Hk-S-AlZiTh
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HES- & HE3-8-912 Wash buffer (DAKO)E A4 3}al,
3,3-diaminibenzidine tetrahydrochloride (DAB)2. 2 <F 3
E2F dAE T B & Z=R[42 F8)slal, Mayer
hematoxylin® 2 Tz |4 £ F5Eo Al&st] -2
A Aok A AR 5 3, AW AE-E AA cover glass
E Q1 Sdsith. 23Tl == 2004, 40012
HI-&= bright field microscope (Nikon)Z I&3}3 T

(3) Alkaline phosphatase (ALP), Runt-related tran-

scription factor 2 (Runx2)

A ALP (1:200; MyBioSource, San Diego, CA,
USA), Runx2 (Dilution 1:100; Abcam)E 4°C| A over
night sk ¥FS-A]Zl % Wash buffer (Thermo Fisher
Scientific, Rockford, IL, USA)Z A& 3}l Biotinylated
antibody-Rabbit (Vector Laboratories, Burlingame, CA,
USA)SZ 30%%F WHEAIATE HHE & REZ-89e
Wash buffer (Thermo Fisher Scientific)= A&},
Avidin Biotin HRP complex (Vector Laboratories)= RH-&-
A ZT}. Wash buffer A% ¥ DABZ oF 383+ &3}
Aot A 3 SRTE F3F8)al, Harris hematoxylin
2tz |4 & sxad AlFste] 2 a9 Aoks
AAG F g, AHAHE AA cover glassE Bl &
ety zALeol= 200802] WS bright field
microscope (Nikon)Z Z23}% T}

(4) Receptor activator of nuclear factor kappa—8 (RANK)

Al RANK (Dilution 1:100; Abcam)E- 4°CllA] over
night 52+ WH-A171 & Wash buffer (Thermo Fisher Scientific)
2 M| XS]l Biotinylated antibody-Mouse (Vector Laboratories)
23023 W AIHT BEg - REE-8-22> Wash buffer
(Thermo Fisher Scientific)= A& 3}1l, Avidin Biotin HRP
complex (Vector Laboratories) 2 HF3-A|Z1t}. Wash buf-
fer= A% & DABZE oF 33t T3t ich A &
T2 F3}slal, Harris hematoxylin©.2 thz A1
TxEl AFske] 2 |l /‘l‘%kg AARE FH T, A
th,].zg 1 Blskych A&}
o]=%= 200u9] HJ-&Z bright field microscope (Nikon)

ol ol)l
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o=

A cover glassE &

Table IL Grade of Immunohistochemistry Score

wzsk o

(5) Tartrate resistant acid phosphatase (TRAP)

g+ TRAP (Dilution 1:100; Abcam)E- 4°Coll A over
night &<+ ¥+3-A1Z1 - Wash buffer (Thermo Fisher Scientific)
2 A|A3}al Biotinylated antibody-Rabbit (Vector Laboratories)
o2 3083t HEEAIZTE WS F HE-g-8-2-2 Wash buf-
fer (Thermo Fisher Scientific)Z A& 3}31, Avidin Biotin
HRP complex (Vector Laboratories)Z RH3-A|Z1t}. Wash
buffer2 A2 & DABE ¢F 387F HASI3TH ‘%*" =
SR $3kstal, Harris hematoxylm_i oz 294 %
FxEol AlFEst d-& d4 "] & AAZ 5
W3S AA cover glassE Bl BU3FATH ZX]*"\‘F/}
o=+ 20081 2] W& bright field microscope (Nikon)Z
AT

8) IHC staining score

ZX&EMCBI ARE BolE g & Wy
£ 0FE 57}A Scoring3lAtE. WA score HI+=
Table 119} 2T}

o

0) HOHMBISHE| £

Holalsla 2A317] 915t COBAS 8000 C702
analyzer (Roche Diagnostic System, Basel, Switzerland)E
A8 Al9k2 Roche Diagnostics (Basel, Switzerland)
£ A83l¥TE ALP, aminotransferase (AST), alanine
aminotransferase (ALT)= Colorimetry AAPH-& o] 85}

%931, blood urea nitrogen (BUN)< Kinetic test, crea-

tinine™ Enzyme™-& ©]-&3t3th AP sENA 22l
plasmas AR&3te] Z}zte] dHAsisha S 43
3aAth.

10) Osteocalcin 24

Rat Gla-Osteocalcin ELISA kit (Takara Bio Inc., Kusatsu,
Japan)E ©]-83}%] antibody coated microtiter plate®]]
plasmaS 100 pL#¥ 253kl 1AZF ¢ vHEAIXITh

Score 0 1 2

Staining intensity No staining Weak

Mild weak

3 4 5

Moderate Mild strong Strong
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conjugateS 7+ wellol] 100 pL2 2o 147 B2k HH-g-
AR % ThA] washing bufferE ©]-83}e] A|23}a, tetra-
methylbenzidine< 7 welloll 100 pL2 =T} 1548 Foll
stop solution 100 pLE ¥ & §3% =4S ELISA
reader 450 nmol| A ST

3. SAEA
EE A% Z3}= meantstandard error of the mean©.
7153192, FAIA2l= GraphPad Prism 5 (version
5.01; GraphPad Software, Inc., San Diego, CA, USA)
2L o] 83} 3L, Mann-Whitney testZ 24
A2 pakol 0.05 ¥R © BAF O Fo)4
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1) X-ray

Xray 32 A3 24§78 79 Fole d2TS
A BE OFolA 5= =4 F9p7t 38R 4%
31, HC-L¥} HC-Hol A= callus7} 8AE AL 8918
T AATHFig. 1).

4§ F 14Y0] At A3 FEAAE 159} v}
W Z x2S 2393 BE OFA 529 24
95 #JIT AN, HC-HolA = & Frdo] 13

m

Fig. 1. X-ray image of rib bone at 7 days after fracture. Sprague Dawley rats were subjected to rib fracture and orally administered
with HC (50 mg/kg/day and 100 mg/kg/day) for 7 days. The fractured rib bone was isolated and analyzed by X-ray. HC:
Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).

.

Fig. 2. X-ray image of rib bone at 14 days after fracture. Sprague Dawley rats were subjected to rib fracture and orally administered
with HC (50 mg/kg/day and 100 mg/kg/day) for 14 days. The fractured rib bone was isolated and analyzed by X-ray. HC:
Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
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2) Micro—CT

Micro-CT & A3 24 {8 3 7Y Foll& tx=+
S X33 BE OFA 559 24 Bt FEHA
Lk, HC-HAA = & 8] =L A ThFig. 3).
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Fig. 3. Micro-CT image of rib bone at 7 days after fracture. Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for 7 days. The fractured rib bone was isolated and analyzed by
micro-CT. Micro-CT: micro-computed tomography, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control, rib fracture
with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H: rib fracture

with HC (100 mg/kg/day).

Fig. 4. Micro-CT image of rib bone at 14 days after fracture. Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for 14 days. The fractured rib bone was isolated and analyzed by
micro-CT. Micro-CT: micro-computed tomography, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control, rib fracture
with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H: rib fracture

with HC (100 mg/kg/day).

28 ] Korean Med Rehabil 2020;30(3):23-44.



=4 F Rato] it mpsEE A9 A !

.28 XA S2j0|E 2

1) H&E staining

H&EE gAsta dAnjdo s 33t A5 24 o
T 79 Follv 2T @ AR 183 HC-L ¥
HC-HOlA =% Z3do] ##=, HC-LL HC-HE
=4 F2lo A9 callus FAo] thEw 3 g 2ol
nls] =715k tHFig. 5).

=4 i £ 149 Folle iz 9 et O
2] HC-L ¥ HC-HollA =57 Zdo] #Egla, of
Zol vlgl] FAtET E HC-LY} HC-HO| =4 #-9]
ol A€ callus @] FHAE = Zlo] #EEJTHFig. 6).

2) Safranin O staining

N

o
o

Safranin O= FAslal dAv|F o= A&3 A3 =4
3 3 7Y Fole Uz © oRdUlET 18] HC-L
2 HC-HolA E5F &3o] U3l HC-Lo| =4 79
o] 49} callus Ao thzrell Bl S7FstRAARE &4
Uz HC-He =4 F$9A 9] callus7} =73
H|S=5H) A== Zlo] = ATKFig. 7).

TH L F 14 FolE EE ¥ PR 1
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g]3 HC-L ¥ HC-HollA =% Zdo] #&H, o
Zrol| His) iz 9 HC-L3 HC-He| &4 79

Fig. 6. The histological analysis of rib fracture with Hematoxylin
and Eosin staining after 14 days. Sprague Dawley rats were subjected
to rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The damaged rats ribs were
isolated and used for tissue slide specimen. The tissue was
stained with H&E and visulized with bright field microscope.
Magnification, x40. HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).

Fig. 5. The histological analysis of rib fracture with hematoxylin
and Eosin staining after 7 days. Sprague Dawley rats were subjected
to rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 7 days. The damaged rats ribs were
isolated and used for tissue slide specimen. The tissue was
stained with H&E and visulized with bright field microscope.
Magnification, x40. HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).

Fig. 7. The histological analysis of rib fracture with safranin
O staining after 7 days. Sprague Dawley rats were subjected
to rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 7 days. The damaged rats ribs were
isolated and used for tissue slide specimen. The tissue was
stained with safranin O and visulized with bright field microscope.
Magnification, x40. HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
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Fig. 8. The histological analysis of rib fracture with safranin
O staining after 14 days. Sprague Dawley rats were subjected
to rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The damaged rats ribs were
isolated and used for tissue slide specimen. The tissue was
stained with safranin O and visulized with bright field microscope.
Magnification, x40. HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).

oA 9] callus Aol ZaE= o] TEEUhFig. 8).

3. IHC 24

1) TGF-B1

TGF-p1ol T GAE 2% 5 Wiz 4
NS @rlos BES A% B L F 7Y Fol

T OIET(4.3+0.50)2] W FLol|A AstA] 715
TGF-B1 A ZEES 1T F+ Atk T2 HC-L
(2.8+0.50)2} HC-H (3.5+£0.58)° 4] 23550 W 7
ol A izl ¥ TGF-p1 THAMEE0] A3+
CHFig. 9).

=4 8 T 14¢ Tl FANET(0.5£1.00)=
ALgt BE oA AgEES] WA Fe gAsH
57 TGF-B1 YA ZES SRIE & Aok 18
v o Z25(1.8+0.50)°1 ®I3] HC-L (1.8+0.96)3 HC-H
(2.0£0.82)] =4 F-9oA 9] TGF-p1 LA EES] H
3= A9 gle Ao BHHQTKFig. 10).

2) Ki67

Ki67el Tie A8 Aa 5 Dz e 44
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Fig. 9. IHC staining with TGF-B1 in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
TGF-B1 antibody and subjected to IHC. Magnification, x200.
IHC: immunohistochemistry, TGF-B1: transforming growth
factor-p1, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture,
Con: control, rib fracture with vehicle, Tra: rib fracture with
tramadol (20 mg/kg/day), HC-L: rib fracture with HC (50
mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
TTTSigniﬁcantly different from normal (p<0.001), *Significantly
different from control (p<0.05), **Significantly different from
control (p<0.01), ***Significantly different from control (p<0.001).

ol

P dAnE o s B A3 24 L $ 7Y Fole
Z74(1.0£0.82) 3} A THET(1.8+0.96) 2] o] Yoj
W H2jo)A Ki672] o] fhhdhe AL RIS
S AATE T HC-L (1.8+0.50)3F HC-H (3.8+0.50)
oA AdsEe] AYHFS A 1‘411%1011 H|&} Ki67
I Al ZEo] F7kshe Zlo] #EERlAL, 1 5 HC-H
oA gAstA F7IsFATHFig. 11).

=4 8 14Y Foll= tE2T(3.8+0.50)2 E3}a}od
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Y L2



=4 F Rato] it mpsEE A9 A !

TGF-p 1 IHC score

7

& & <P N prog
=S ¢ & & q»

Fig. 10. IHC staining with TGF-B1 in rib fracture after 14
days. Sprague Dawley rats were subjected to rib fracture and
orally administered with HC (50 mg/kg/day and 100 mg/kg/day)
for 14 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated
with TGF-B1 antibody and subjected to IHC. Magnification, x200.
IHC: immunohistochemistry, TGF-B1: transforming growth factor-f3
1, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). TSigniﬁcantly
different from normal (p<0.05), *Significantly different from
control (p<0.05).
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3) ALP
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Fig. 11. IHC staining with Ki67 in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
Ki67 antibody and subjected to IHC. Magnification, x200. IHC:
immunohistochemistry, HC: Hyeolbuchugeo-tang, Nor: normal,
no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
THSigniﬁcantly different from normal (p<0.001), ***Significantly
different from control (p<0.001).
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Fig. 12. IHC staining with Ki67 in rib fracture after 14 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
14 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated
with Ki67 antibody and subjected to IHC. Magnification, x200.
IHC: immunohistochemistry, HC: Hyeolbuchugeo-tang, Nor:
normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib
fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC
(100 mg/kg/day). *Significantly different from control (p<0.05),
***Significantly different from control (p<0.001).

ALP THC score
»

0' T
& & & ng Q@Q

Fig. 13. IHC staining with ALP in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
ALP antibody and subjected to IHC. Magnification, x200.
IHC: immunohistochemistry, ALP: alkaline phosphatase, HC:
Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control,
rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H:
rib fracture with HC (100 mg/kg/day).
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Fig. 14. IHC staining with ALP in rib fracture after 14 days. Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for 14 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with ALP antibody and subjected to IHC. Magnification, x200. IHC:
immunohistochemistry, ALP: alkaline phosphatase, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control, rib fracture
with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC
(100 mg/kg/day). TSigniﬁcantly different from normal (p<0.05), *Significantly different from control (p<0.05).
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Fig. 15. THC staining with RANK in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
RANK antibody and subjected to IHC. Magnification, x200.
THC: immunohistochemistry, RANK: receptor activator of nuclear
factor kappa-p, HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).

A fi 149 FollE thR(1.8£1.26)S £33 oF
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Fig. 16. IHC staining with RANK in rib fracture after 14 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
14 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated
with RANK antibody and subjected to IHC. Magnification, %200.
IHC: immunohistochemistry, RANK: receptor activator of nuclear
factor kappa-f, HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), HC-L: rib fracture with HC
(50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
TSigniﬁcantly different from normal (p<0.05).
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Fig. 17. IHC staining with Runx2 in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated with
Runx2 antibody and subjected to IHC. Magnification, x200.
IHC: immunohistochemistry, Runx2: runt-related transcription
factor 2, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture,
Con: control, rib fracture with vehicle, Tra: rib fracture with
tramadol (20 mg/kg/day), HC-L: rib fracture with HC (50
mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
TSigniﬁcantly different from normal (p<0.05), **Significantly
different from control (p<0.01).
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Fig. 18. IHC staining with Runx2 in rib fracture after 14 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
14 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated
with Runx2 antibody and subjected to IHC. Magnification, %200.
IHC: immunohistochemistry, Runx2: runt-related transcription
factor 2, HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). T TSignificantly
different from normal (p<0.01), *Significantly different from
control (p<0.05), **Significantly different from control (p<0.01).
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Fig. 19. IHC staining with TRAP in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
7 days. The damaged rats ribs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
TRAP antibody and subjected to IHC. Magnification, x200. IHC:
immunohistochemistry, TRAP: tartrate resistant acid phosphatase,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). Significantly
different from normal (p<0.01), *Significantly different from
control (p<0.05).
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Fig. 20. IHC staining with TRAP in rib fracture after 14 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with HC (50 mg/kg/day and 100 mg/kg/day) for
14 days. The damaged rats ribs were isolated and used for
tissue slide specimen. The sliced bone tissue were incubated
with TRAP antibody and subjected to IHC. Magnification,
x200. IHC: immunohistochemistry, TRAP: tartrate resistant
acid phosphatase, HC: Hyeolbuchugeo-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib
fracture with tramadol (20 mg/kg/day), HC-L: rib fracture with
HC (50 mg/kg/day), HC-H: rib fracture with HC (100 mg/kg/day).
**Significantly different from control (p<0.01), ***Significantly
different from control (p<0.001).
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Fig. 21. Level of ALP in serum of rib fracture model of rats after
7 days. Sprague Dawley rats were subjected to rib fracture and
orally administered with HC (50 mg/kg/day and 100 mg/kg/day)
for 7 days. The level of ALP was measured by biochemical
analyzer. The result were presented by the meantstandard error
of the mean. ALP: alkaline phosphatase, HC: Hyeolbuchugeo-tang,
Nor: normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib
fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC
(100 mg/kg/day). *Significantly different from normal (p<0.05).
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Fig. 22. Level of ALP in serum of rib fracture model of rats
after 14 days. Sprague Dawley rats were subjected to rib
fracture and orally administered with HC (50 mg/kg/day and
100 mg/kg/day) for 14 days. The level of ALP was measured
by biochemical analyzer. The result were presented by the
meantstandard error of the mean. ALP: alkaline phosphatase,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). “Significantly
different from normal (p<0.05), I’Signifmantly different from
control (p<0.05).
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Fig. 23. Level of ALT in serum of rib fracture model of rats after
7 days. Sprague Dawley rats were subjected to rib fracture and
orally administered with HC (50 mg/kg/day and 100 mg/kg/day)
for 7 days. The level of ALT was measured by biochemical
analyzer. The result were presented by the meantstandard error
of the mean. ALT: alanine aminotransferase, HC: Hyeolbuchugeo-tang,
Nor: normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib
fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC
(100 mg/kg/day).
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Fig. 24. Level of ALT in serum of rib fracture model of rats
after 14 days. Sprague Dawley rats were subjected to rib
fracture and orally administered with HC (50 mg/kg/day and
100 mg/kg/day) for 14 days. The level of ALT was measured
by biochemical analyzer. The result were presented by the
meanstandard error of the mean. ALT: alanine aminotransferase,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day).
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Fig. 25. Level of AST in serum of rib fracture model of rats
after 7 days. Sprague Dawley rats were subjected to rib fracture
and orally administered with HC (50 mg/kg/day and 100 mg/kg/day)
for 7 days. The level of AST was measured by biochemical analyzer.
The result were presented by the meantstandard error of the
mean. AST: aspartate aminotransferase, HC: Hyeolbuchugeo-tang,
Nor: normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), HC-L: rib
fracture with HC (50 mg/kg/day), HC-H: rib fracture with HC
(100 mg/kg/day). “Significantly different from normal (p<0.05),
bSigniﬁcantly different from control (p<0.05).
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Fig. 26. Level of AST in serum of rib fracture model of rats
after 14 days. Sprague Dawley rats were subjected to rib
fracture and orally administered with HC (50 mg/kg/day and
100 mg/kg/day) for 14 days. The level of AST was measured
by biochemical analyzer. The result were presented by the
meantstandard error of the mean. AST: aspartate aminotransferase,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day).
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Fig. 27. Level of creatinine in serum of rib fracture model
of rats after 7 days. Sprague Dawley rats were subjected to
rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 7 days. The level of creatinine was
measured by biochemical analyzer. The result were presented
by the meantstandard error of the mean. HC: Hyeolbuchugeo-
tang, Nor: normal, no fracture, Con: control, rib fracture with
vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), HC-L:
rib fracture with HC (50 mg/kg/day), HC-H: rib fracture with
HC (100 mg/kg/day). “Significantly different from normal
(p<0.05), hSigniﬁcantly different from control (p<0.05).

HC-HE= 0.25+0.022 thZ&73} A2 HIS=319 thFig. 28).

(2) BUN

=4 8 79 ¥ BUN A= Aol Al 18.20+1.06
o|AE v thET-LS 16.68£0.76 0.2 Aol Bls] 74
3lATh FAZRTS 1327409002 FAra thxd
of Hl&] Feo|Ho =z FAadom, HC-L-S 17.64+0.42
2 27 v5=8k9al HC-HE 14.80£1.272 A
7 izl wls ZHAsAth(Fig. 29).

=3 =4 L 149 F BUN X AdellA
18.20£1.06°1& W ZETS 17.98+026°2 AT
o Hlal FAastATE PRI 16.03+0.572 A3
I izl vls] Ao, HC-LS 21.36£1.012
A vzl vl 78k, HC-HE 16.46+0.72
2 A4 dizarol vls] g ofstAl Akt
(Fig. 30).

5. Osteocalcin
Osteocalcin 5X= Aol A 5.71+0.740]190-2 f o)
ZTE 411204008 AT Hl8)] 7Aastga, A

2T B3 4.14620.51 2 )23 HlSs3E =48 U

38 ] Korean Med Rehabil 2020;30(3):23-44.

0.4-
-

= e I

el a

E

o2

£ S

3 G

5 011 ﬁg

0.0-LkEEES .

o & 2 by X
- S A Qg.v QS’

Fig. 28. Level of creatinine in serum of rib fracture model
of rats after 14 days. Sprague Dawley rats were subjected to
rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The level of creatinine was
measured by biochemical analyzer. The result were presented
by the meantstandard error of the mean. HC: Hyeolbuchugeo-
tang, Nor: normal, no fracture, Con: control, rib fracture with
vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), HC-L:
rib fracture with HC (50 mg/kg/day), HC-H: rib fracture with
HC (100 mg/kg/day). “Significantly different from normal (p<0.05).
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Fig. 29. Level of BUN in serum of rib fracture model of rats
after 7 days. Sprague Dawley rats were subjected to rib fracture
and orally administered with HC (50 mg/kg/day and 100
mg/kg/day) for 7 days. The level of BUN was measured by
biochemical analyzer. The result were presented by the
meantstandard error of the mean. BUN: blood urea nitrogen,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). *Significantly
different from normal (p<0.05), bSigniﬁcantly different from
control (p<0.05).
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Fig. 30. Level of BUN in serum of rib fracture model of rats
after 14 days. Sprague Dawley rats were subjected to rib
fracture and orally administered with HC (50 mg/kg/day and
100 mg/kg/day) for 14 days. The level of BUN was measured
by biochemical analyzer. The result were presented by the
meantstandard error of the mean. BUN: blood urea nitrogen,
HC: Hyeolbuchugeo-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). bSigniﬁcantly
different from control (p<0.05).
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Fig. 31. Level of osteocalcin in serum of rib fracture model
of rats after 14 days. Sprague Dawley rats were subjected to
rib fracture and orally administered with HC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The level of osteocalcin was
measured by commercially available ELISA kit. The result
were presented by the meantstandard error of the mean. HC:
Hyeolbuchugeo-tang, Nor: normal, no fracture, Con: control,
rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), HC-L: rib fracture with HC (50 mg/kg/day),
HC-H: rib fracture with HC (100 mg/kg/day). *Significantly
different from normal (p<0.05).
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