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Objectives The aim of this study is to evaluate the fracture healing effect of Jinmu—-tang
(JM) on femur fractured rats.

Methods Rats were randomly divided into 5 groups (normal, control, positive control,
JM extract with low concentration and JM extract with high concentration). All group
except normal group went through both femur fracture. Normal and control group re-
ceived no treatment at all. Positive control group were medicated with tramadol (20
mg/kg) once a day for 14 days. Experimental group was orally medicated with JM ex—
tract (10 mg/kg for low concentration, 50 mg/kg for high concentration) once a day for
14 days. In order to investigate fracture healing process, plasma and serum were
obtained. Also, micro—computed tomography was conducted to see the frature site
visually. Immunohistochemistry for transforming growth factor-81, Ki67, alkaline
phosphatase, runt-related transcription factor 2, receptor activator of nuclear factor
kappa—p, tartrate resistant acid phosphatase was conducted to observe bone healing
progress after 14 days since fracture occured. Aspartate aminotransferase, alanine
aminotransferase, blood urea nitrogen and creatinine levels were measured in plas—
ma, for hepatotoxicity and nephrotoxicity of JM extract. Osteocalcin was measured to
observe activity of osteoblast.

Results Through Micro—CT, more fracture healing was observed on both experimental
group than control and positive control group. Through Hematoxylin & Eosin and sa-
franin O staining showed bone cell proliferation and bone formation in the experimental
group. RANK was significantly increased in the experimental groups. JM with high
concentration showed statistically significant of TGF-8 and Osteocalcin. NO, TRAP
and ALP were not significantly changed. Liver toxicity was not significantly observed.
Creatinine significantly increased in both experimental groups after 28 days.
Conclusions As described above, JM extract showed anti—-inflammatory effect, pro-
moted fracture healing by stimulating the bone regeneration factor, and showed little
hepatotoxicity and nephrotoxicity. In conclusion, JM extract can promote fracture
healing and it can be used clinically to patients with fracture. (J Korean Med Rehabil
2020;30(2):19-35)
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Table I. The Herbal Composition of Jinmu-tang (Zhenwu-tang)

Latin name Amount (g)
Poria sclerotium 6
Paeoniae radix 6
Aconitum lateralis radix preparata 2
Atractylodes rhizoma alba 4
Zingiberis rhizoma crudus 6
Total 24

(Whatman, Maidstone, UK)Z &]3}3f] ol FZ25 A
S stk N rotary evaporator (Buchi,
Flawil, Switzerland)& 70°Col| A Zrt=st ¥ 5274
z3ke] 79 go] AXELS dol FEFEEL 16.5%
o} Beke g0°Ce] BFEste] Hakslgom AMesE] A
phosphate-buffered saline (PBS)Z 3|43} 0.45 m 2
EHZ A& & AMgsiaith

2)EEE= 22

ZFH A 60 mgkge] ketamine (Yuhan Co., Seoul,
Korea)®} 500 ul/kg®] rompun (Bayer Korea, Ansan,
Korea)& 4101 2= FAsto] vhEsiitt &4 #2<
o R o5 tiERE ARS Uy A7 55
AN F &8 5 = (Saeshin Precision Co., Ltd.,
Daegu, Korea)= ©]-83te] &= 7H7ol 217 3.0 mm®]
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Aor Wz vdge BESA da B LD
o BEAZT T G F 28, IR SR FRANE
olgsto] 5 mm A0 T A BT, 849
soy 25 24E fEsiith
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4) Plasma £2]

i E AEEEe] ARolA AR ANES F 24 ethi-
len dianmin acetic acid”} ¢ )l BD vacutainer tube
(BD, Franklin Lakes, NJ, USA)°ll ¥ 7PHA &5
o} FaLE AT ©]F 3,000 rpmellA 103t €

A3 7 Asde Fst plasmas SEIIAT
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Micro-CT; Perkin Elmer Inc., Waltham, MA, USA)E A&
sto] OEEFS 28It XA a2 3% 90 kp,
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of Health, Bethesda, MD, USA)S A3t A F5E
o] ZAE Fio] Y HAHAA Y callus TS
Astaom, A x2S 7|F0E AE

o2 YRSt

=
h
7}

KR
=
SRS

P
=

7)

Wk

P

K| HAH
= o=

(1) =& &210|= HMIZ

A BF A =S e Hoke] BeE AE
st HEES AR e IS52AES AAT H,
10% paraformaldehyde®l] 15Y -5 28 343}t
A 22 2AAE BFE AR sl Zujg §
2l £5-5 4 m AR Adste] dEs TRtk

(2) Haematoxylin & eosin staining

guleld & &< A 39S A haematoxylin 3}

A2 1087 A5k, Al 2 eosindll 18 4023t #]
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stk 1 o 3 AHAEES AA cover glassE
G Bty 22Eeo] == 408]2] HWi-8-= bright
field microscope (Nikon, Tokyo, Japan)Z ¥2-5}%3 T}

(3) Safranin O staining

232}l F Weigert’s iron haematoxylin Z4-& 5%
F AgstAt M T 0.02% fast green 53, 1% acetic
acid 10, 0.1% safranin O]l 5%-2] X2|HA & A
Z AR O v 34, AW IS AA cover glassE
Q1 BAsiith. 22 sl == 40419 HiE-= bright
field microscope® T2}t

8) Immunohistochemistry (IHC) £

(1) IHC &210(= M=

A BF oA S FI% Hoke] BeE AE
st dEES AR e IS2RAES AAT F,
10% formaldehyde®ll 157Y-5<t 22& 178313t
AE 22S 22 IS AR el
Hepd BE5S 4 m FAE ddste] HHS
b, s AX SRTE AFHSAS W
peroxidase 2] 2432 $1oN7] 13l peroxide blocking (DAKO,
Glostrup, Denmark)E 424 10&3F 2]$+ 3 PBS
2 23] AlH-stirk

(2) Transforming growth factor-81 (TGF-41), Ki67"

Al TGF-B1 (Dilution 1:200; Abcam, Cambridge, UK),
Ki-67 (Dilution 1:100; Abcam)E 4°C| A over nights
oF HFS-AIZ1 & wash buffer (DAKO)Z A &3}l envi-
sion+rabbit (DAKO) 2.2 30837t vhS-A| 7T} ¥ 5wt
$-8H2 wash buffer® A3}, 3,3-diaminobenzidine
tetrahydrochloride (DAB)Z <F 383t whalslicy, vkl
T FHT=E Fslekal, Mayer haematoxylin® 2 o=
BA & R AlFst] T G Aeks A H
S, AHAAES AA cover glassE Gl FU3HA T
2| &eko| == 2004, 400412] BI-&Z bright field mi-
croscope = HZHTh.

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

scription factor 2 (Runx2)

Al ALP (1:200; MyBioSource, San Diego, CA, USA),
Runx2 (Dilution 1:100; Abcam)Z- 4°Cl| 4] over nights
oF Wk-3-A1Z1 & wash buffer (Thermo Fisher Scientific,

Inc., Rockford, IL, USA) A|3}1L biotinylated antibody-
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rabbit (Vector Laboratories, Burlingame, CA, USA)2.
3023t WA HES - W8-89 wash buffer=
A3}, avidin biotin HRP complex (Vector Laboratories)
2 WHEAIZTE Wash buffer® A4 & DABZE ¢F 383t
WS TE A & S R/E F815kal, Harris haema-
toxylin®. 2 thzx g4 & s MHste] de I
A eFe AAS F &< AHFAHS AA cover glassE
g Bdstath 22 sgo| == 20081 9] ¥i&E bright
field microscope@ T3} Th

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

] RANK (Dilution 1:100; Abcam)Z 4°Cl|A] over
nightd<t ¥HSAIZl ¥, wash buffer (Thermo Fisher
Scientific)Z A3}l biotinylated antibody-mouse (Vector
Laboratories) = 3043t HHSAIFATE HHg & QB8
< wash buffer2 A|Z3}31, avidin biotin HRP complex
2 WHEAIZTE Wash buffer® A% $ DABZ of 33
AT} A 3 SRE F318ka, Harris hae-
matoxylin® = thz G4 & FxEol AHst F-&
A AokS AAG F e, FHAAHES AA cover glass
£ Y1 Bdsilth 2Egtel == 200019] HiE R
bright field microscope@ 23} th

(5) Tartrate resistant acid phosphatase (TRAP)

Al TRAP (Dilution 1:100; Abcam)E- 4°Cl A over
nightd3<F ¥HSAIZl ¥, wash buffer (Thermo Fisher
Scientific)2 A& 33l biotinylated antibody-rabbit > =
3021 WA BHE F 9h-8-92 wash buffer
(Thermo Fisher Scientific)Z &3}, avidin biotin HRP
complex= HH-3-A|ZTE Wash buffer2 A% & DABZ
of 31X WAt A & FRTE F38kal, Harris
haematoxylin © = thz 4 F F5&ol A&t d-2
A AekS AAG F e, FHAAHES AA cover glass
£ Y1 Bdsilth 2Egtel=E 200019] HiEE

bright field microscope@ 23} th

9) IHC staining score
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Table IL. Grade of IHC Score

Score 0 1

Staining intensity No staining Weak

[\

3 4 5

Mild weak Moderate Mild strong Strong

IHC: immunohistochemistry.
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(ALT)E colorimetry FAAME-S ©]83}% 1L, blood urea
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1. Micro—CT 2t&t

Micro-CTE °]-&ste] #23h
ZaolAE HEZ 28599 3
o AR A callus B4 O]
Aoy dsETodAE EF

ZHAsF A tHFig. 1).
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Fig. 1. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
(A) Micro-CT image in bone fracture, (B) Callus area in
micro-CT image. Nor: non treated group, Con: group with bone
fracture and vehicle, Tra: fractured group treated with tramadol
(20 mg/kg/day), JM-L: fractured group treated with Jinmu-tang
(10 mg/kg/day), IM-H: fractured group treated with Jinmu-tang
(50 mg/kg/day).
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1) Haematoxylin & eosin staining

Haematoxylin & eosin staining 23, =4 & 14Y

F Ozt FYETIA dEHEe] 24 f3ol A

AP, FkH AF =TT D=Ll thEZe)
24 ¥ 353} 3 BT90] 2A|x| F2o] BAHY
TKFig. 2).
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2) Safranin O staining

Safranin O staining 23, &4 & 14¢ & =7
ol A cartilage®] ¥o] =] QAL chondrocyte”}
A e A AHT Ao ] woven
boneo] |HH7|E STt HKE AsETd A=
ol A cartilage®] FHo] ARFAIAL SF A 0] o] Foi
Zlo] |EEATKFig. 3).

3. IHC &4

=4 Aol Boshe 2dIdAE th'k HC
45 Aldste] Table ¥ 22 AAE AUTH

1) TGF-B1 24

o

A2 9] TGF-pl1& 418 A, ozt 23}
o] ZZo] dojuk Wi HLjol|A TGF-p1 Hdo] F7igh

Fig. 2. The histological analysis of bone fracture process with
haematoxylin and eosin staining (magnification, x40). Sprague
Dawley rats shaft fracture and treated with 10 mg/kg/day and
50 mg/kg/day of Jinmu-tang for 14 days. The damaged rats
femurs were isolated and used for tissue slide specimen. Nor:
non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day),
IJM-L: fractured group treated with Jinmu-tang (10 mg/kg/day),
JM-H: fractured group treated with Jinmu-tang (50 mg/kg/day).

Table IIL IHC Scoring of Each Factor

Fig. 3. The histological analysis of bone fracture process with
Safranin O staining (magnification, x40). Sprague Dawley rats
shaft fracture and treated with 10 mg/kg/day and 50 mg/kg/day
of Jinmu-tang for 14 days. The damaged rats femurs were
isolated and used for tissue slide specimen. Nor: non treated
group, Con: group with bone fracture and vehicle, Tra: fractured
group treated with tramadol (20 mg/kg/day), JM-L: fractured
group treated with Jinmu-tang (10 mg/kg/day), JM-H: fractured
group treated with Jinmu-tang (50 mg/kg/day).

Normal Control
TGF-B1 1.0+0.00 2.5+1.00%
Ki67 1.8+1.26 2.0£1.15
ALP 1.3£0.50 3.340.96°
RANK 1.3£0.50 2.0£0.00*
Runx2 0.8+0.50 3.3£0.50°
TRAP 2.3+0.96 2.0£0.00

Tramadol JM-L JM-H
4.0+0.821 2.3+0.50 3.8+0.50"
2.841.26 1.8£1.26 1.5+1.00
3.0+0.00 2.3£0.50 3.3£0.50
2.8+0.507 3.5+0.58" 3.540.58"
1.5+0.58" 1.5+0.58" 1.5+0.58"
0 2.3+0.96 1.8+0.96

Normal: non treated group, Control: group with bone fracture and vehicle, Tramadol: fractured group treated with tramadol (20
mg/kg/day), JM-L: fractured group treated with Jinmu-tang (10 mg/kg/day), JM-H: fractured group treated with Jinmu-tang (50
mg/kg/day), ITHC: immunohistochemistry, TGF-1: transforming growth factor-p1, ALP: alkaline phosphatase, RANK: receptor
activator of nuclear factor kappa-f, Runx2: runt-related transcription factor 2, TRAP: tartrate resistant acid phosphatase.

*Significantly different from normal (p<0.05), 'Significantly different from control (p<0.01), TSignificantly different from control

(p<0.05), "Significantly different from normal (p<0.01).
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Fig. 4. Sprague Dawley rats shaft fracture and treated with 10
mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days. The
damaged rats femurs were isolated and used for tissue slide
specimen. The sliced bone tissue were incubated with TGF-$1
antibody and subjected to IHC. (A) TGF-B1 IHC staining in
bone fracture (magnification, x200), (B) IHC score of TGF-B1.
Nor: non treated group, Con: group with bone fracture and
vehicle, Tra: fractured group treated with tramadol (20 mg/kg/day),
IJM-L: fractured group treated with Jinmu-tang (10 mg/kg/day),
JM-H: fractured group treated with Jinmu-tang (50 mg/kg/day),
IHC: immunohistochemistry, TGF-B1: transforming growth factor-
B1. *Significantly different from normal (p<0.05), 'Significantly
different from control (p<0.05), ' Significantly different from
control (p<0.01).

3) RANK &4

ZUz2| RANKE 24T 23), 272 23510
o] Yofrk WM F9Jo)A] RANK %}sﬂo] e A
< SIS B AEETT TEEF BF U2
ol Wa RANK o] ola %7}3}9&%@. 6

4) TRAP 24

Ki67 IHC score
e

&

& >

& 6ol

(@ o &
Fig. 5. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
The damaged rats femurs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
Ki67" antibody and subjected to THC. (A) Ki67" THC staining
in bone fracture (magnification, x400), (B) IHC score of Ki67".
Nor: non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day), JM-L:
fractured group treated with Jinmu-tang (10 mg/kg/day), IM-H:
fractured group treated with Jinmu-tang (50 mg/kg/day), IHC:
immunohistochemistry.
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o] Zrslg o) folslE SekTiFig. 7).

5) ALP 24

ZHZZ 0] ALPE 43 Ay d2S E3sto]
o] dofdt W F-2follM ALP Wdo] F7IRE A=
: 5 AsEaolA ALP Hdoe] Zvlst

Z7o| A Runx2

A. Nor Con Tra
IS ey M
B. 4- il 1
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RANK IHC score
N

&

é

%,

&

Fig. 6. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
The damaged rats femurs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
RANK antibody and subjected to IHC. (A) RANK IHC staining
in bone fracture (magnification, x200), (B) IHC score of RANK.
Nor: non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day), JIM-L:
fractured group treated with Jinmu-tang (10 mg/kg/day), JM-H:
fractured group treated with Jinmu-tang (50 mg/kg/day), IHC:
immunohistochemistry, RANK: receptor activator of nuclear
factor kappa-p. *Significantly different from normal (p<0.05),
*Significantly different from control (p<0.05), *Significantly
different from control (p<0.01).
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Fig. 7. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
The damaged rats femurs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
TRAP antibody and subjected to IHC. (A) TRAP IHC staining
in bone fracture (magnification, x200), (B) IHC score of TRAP.
Nor: non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day),
IJM-L: fractured group treated with Jinmu-tang (10 mg/kg/day),
JM-H: fractured group treated with Jinmu-tang (50 mg/kg/day),
IHC: immunohistochemistry, TRAP: tartrate resistant acid
phosphatase.
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k1
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Fig. 8. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
The damaged rats femurs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
ALP antibody and subjected to IHC. (A) ALP IHC staining in
bone fracture (magnification, x40), (B) IHC score of ALP. Nor:
non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day), JM-L.:
fractured group treated with Jinmu-tang (10 mg/kg/day), JM-H:
fractured group treated with Jinmu-tang (50 mg/kg/day), IHC:
immunohistochemistry, ALP: alkaline phosphatase. *Significantly
different from normal (p<0.05).
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Fig. 9. Sprague Dawley rats shaft fracture and treated with
10 mg/kg/day and 50 mg/kg/day of Jinmu-tang for 14 days.
The damaged rats femurs were isolated and used for tissue
slide specimen. The sliced bone tissue were incubated with
Runx2 antibody and subjected to IHC. (A) Runx2 IHC staining
in bone fracture (magnification, x200), (B) IHC score of Runx2.
Nor: non treated group, Con: group with bone fracture and vehicle,
Tra: fractured group treated with tramadol (20 mg/kg/day), IM-L:
fractured group treated with Jinmu-tang (10 mg/kg/day), JM-H:
fractured group treated with Jinmu-tang (50 mg/kg/day), IHC:
immunohistochemistry, Runx2: runt-related transcription factor 2.
*Significantly different from normal (p<0.01), t*Significantly
different from control (p<0.01).

www.e-jkmr.org 27



oL - oul

o
2
02
ox
=2
BN
Ml
flo
~
I
[\o]

3+1.61 2 A4 o) =7l
EE TS 472643465 TZ
ol Hls)| ZastR o, Bl s ST 56.4643.82

=
é{
N
B>
ﬁoﬂ
28
&
o
E{_l
&
By
O

t

400-
3004 2
5
%‘: 200-
1004
0-
é& Ooo &@

Fig. 10. Effect of JM extract on the ALP of serum in femur
fractured rats after 14 days. Sprague Dawley rats had femoral
shaft fracture and treated with 10 mg/kg/day and 50 mg/kg/day
of JM for 14 days. The result were presented by the meantstandard
error of the mean. Nor: non treated group, Con: group with
bone fracture and vehicle, Tra: fractured group treated with
tramadol (20 mg/kg/day), JM-L: fractured group treated with
IM (10 mg/kg/day), JM-H: fractured group treated with JM
(50 mg/kg/day), IM: Jinmu-tang, ALP: alkaline phosphatase.
*Significantly different from normal (p<0.05), 'Significantly
different from control (p<0.05).
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Fig. 11. Effect of JM extract on the ALP of serum in femoral
shaft fracture rats after 28 days. Sprague Dawley rats had
femoral shaft fracture and treated with 10 mg/kg/day and 50
mg/kg/day of JM for 28 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang, ALP: alkaline
phosphatase. *Significantly different from normal (p<0.05).
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Fig. 12. Effect of JM extract on the ALT of serum in femoral
shaft fracture rats after 14 days. Sprague Dawley rats had
femoral shaft fracture and treated with 10 mg/kg/day and 50
mg/kg/day of JM for 14 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang, ALT: alanine
aminotransferase.
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Fig. 13. Effect of JM extract on the ALT of serum in femoral
shaft fracture rats after 28 days. Sprague Dawley rats had
femoral shaft fracture and treated with 10 mg/kg/day and 50
mg/kg/day of JM for 28 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang, ALT: alanine
aminotransferase.
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Fig. 14. Effect of JM extract on the AST of serum in femoral
shaft fracture rats after 14 days. Sprague Dawley rats had
femoral shaft fracture and treated with 10 mg/kg/day and 50
mg/kg/day of JM for 14 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang, AST: aspartate
aminotransferase.
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Fig. 15. Effect of JM extract on the AST of serum in femoral
shaft fracture rats after 28 days. Sprague Dawley rats had
femoral shaft fracture and treated with 10 mg/kg/day and 50
mg/kg/day of JM for 28 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang, AST: aspartate
aminotransferase.
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Fig. 16. Effect of JM extract on the creatinine of serum in
femoral shaft fracture rats after 14 days. Sprague Dawley rats
had femoral shaft fracture and treated with 10 mg/kg/day and
50 mg/kg/day of IM for 14 days. The result were presented by
the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang. *Significantly different
from control (p<0.05).
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Fig. 17. Effect of JM extract on the creatinine of serum in
femoral shaft fracture rats after 28 days. Sprague Dawley rats
had femoral shaft fracture and treated with 10 mg/kg/day and
50 mg/kg/day of JM for 28 days. The result were presented
by the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured group
treated with tramadol (20 mg/kg/day), JM-L: fractured group
treated with JM (10 mg/kg/day), JM-H: fractured group treated
with JM (50 mg/kg/day), IM: Jinmu-tang. *Significantly different
from control (p<0.05).
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Fig. 18. Effect of JM extract on the BUN of serum in femoral
shaft fracture rats after 14 days. Sprague Dawley rats had femoral
shaft fracture and treated with 10 mg/kg/day and 50 mg/kg/day
of IM for 14 days. The result were presented by the meantstandard
error of the mean. Nor: non treated group, Con: group with
bone fracture and vehicle, Tra: fractured group treated with
tramadol (20 mg/kg/day), JM-L: fractured group treated with
IM (10 mg/kg/day), JM-H: fractured group treated with JM
(50 mg/kg/day), IM: Jinmu-tang, BUN: blood urea nitrogen.
*Significantly different from normal (p<0.05).
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Fig. 19. Effect of JM extract on the BUN of serum in femoral
shaft fracture rats after 28 days. Sprague Dawley rats had femoral
shaft fracture and treated with 10 mg/kg/day and 50 mg/kg/day
of JM for 28 days. The result were presented by the meantstandard
error of the mean. Nor: non treated group, Con: group with bone
fracture and vehicle, Tra: fractured group treated with tramadol
(20 mg/kg/day), IM-L: fractured group treated with JM (10 mg/kg/day),
JM-H: fractured group treated with JM (50 mg/kg/day), JM:
Jinmu-tang, BUN: blood urea nitrogen.
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Fig. 20. Effect of JM extract on the osteocalcin of serum in
femoral shaft fracture rats after 14 days. Sprague Dawley rats
had femoral shaft fracture and treated with 10 mg/kg/day and
50 mg/kg/day of JM for 14 days. The result were presented
by the meantstandard error of the mean. Nor: non treated group,
Con: group with bone fracture and vehicle, Tra: fractured
group treated with tramadol (20 mg/kg/day), JM-L: fractured
group treated with JM (10 mg/kg/day), JM-H: fractured group
treated with JM (50 mg/kg/day). IM: Jinmu-tang, Gla-OC:
carboxylated-type of osteocalcin. *Significantly different from
normal (p<0.05), 'Significantly different from control (p<0.05).
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