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Objectives This study was designed to evaluate the bone regeneration effects of
Sintongchukea—-tang (SC) on rib fractured rats.

Methods Rats were randomly divided into 5 groups (normal, control, positive control,
SC low [SC-L] and SC high [SC-H]). All groups were subject to fractured rib except
normal group. Normal group received no treatment at all. Control group was orally fed
with phosphate buffered saline, and positive control group was medicated with tra-
madol (20 mg/kg). SC group was orally medicated with SC (50 mg/kg, 100 mg/kg)
once a day for 14 days. The fracture healing process was observed by x-ray, micro CT
and fracture tissue slide was observed by immunohistochemical staining. We analysed
levels of transforming growth factor-51, Ki67, alkaline phosphatase (ALP), runt-re-
lated transcription factor 2 (Runx2), receptor activator of nuclear factor kappa-3, tar-
trate resistant acid phosphatase (TRAP) and analysed levels of Osteocalcinin plasma.
We measured levels of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), ALP, blood urea nitrogen (BUN) and creatinine in plasma, for hepatotoxicity and
nephrotoxicity of SC.

Results Though X-ray and micro—computed tomography, more callus formation was
observed and bone union was progressing. Through Hematoxylin and Eosin, callus
formation was increased compared to the control group. Runx2 level at SC-H was
significantly increased and TRAP level at SC-L was significantly decreased compared
with the control group. AST, ALT, ALP, BUN and creatinine were not statistically dif-
ferent from the control group.

Conclusions As described above, SC promoted fracture healing by stimulating the
bone regeneration factor. And SC shows no hepatotoxicity and nephrotoxicity. In con—
clusion, it seems that SC helps to promote fracture regeneration and it can be used
clinically to patients with fracture. (J Korean Med Rehabil 2020;30(3):1-21)
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Table I. The Herbal Composition of Sintongchukea-tang
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Aol AMSS BmiBikisi(Sintongchukea-tang, SC)<]
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SO 7 3t BE T4 A= SY5 B (Daegu, Korea)
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Herbal medicine name

Prunus persica (L.) Batsch

Angelica gigas

Commiphora myrrha Engl.
Trogopterus xanthipes Milne-Edwards
Achyranthes japonica (Miq.) Nakai
Pheretima aspergillum (E. Perrier)
Ligusticum officinale (Makino) Kitag.
Glycyrrhiza glabra L.

Carthamus tinctorius L.
Notopterygium forbesii Boiss
Gentiana straminea Maxim

Cyperus rotundus L.

Total amount

Amount (g/d)
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254 ](Daewoong, Naju, Korea)E 01%“5}04 oF 2AIZHE

2t BFFE3HATE 2% A= Whatman No. 2 filter
(Maidstone, UK)Z oj33) Qo) F2H AETS &
23tA T} o2 rotary evaporator (Buchi, Switzerland)
2 70°Col| A st F sAd k] 40.69 g9
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2) SEFY LY

A8 FEoA 60 mg/kg®] ketamine (Yuhan Corproation,
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EAZ AME3h= tramadol (20 mg/kg; Sigma Aldrich
Co., Ltd., St. Louis, MO, USA)S A&3t¥t). AdT
2 SC (50 mg/kg, 100 mg/kg)S AHE-SFA T

4) Plasma £2|

e AdE = A AR AL | 24
ethylenediaminetetraacetic acid”} £ 1= BD vacutainer
tube (BD, Franklin Lakes, NJ, USA)oll Y11 71A] &

o] g9 S5 AT ©]F 3,000 rpmell A 1OT7J
AAEEE H FedEs FHot plasmas SHEIATH

(1) X-ray

=49 wel AAE wE Slstr] fdste] Xeray
(ROTANODE-E7239X; Toshiba, Tokyo, Japan)& A&
st 5F8 FY3IAh Xray &2 B 36 kVp,
AAF 5 mAE FFSHATE Xray FF £ o|F| A=
Fire-CR (3DISC, Herndon, VA, USA)S A&l 94
= EA8Th

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

AYE WE F1sk7] 913k Micro-CT (Quantum FX
Micro-CT; Perkin Elmer Inc., Waltham, MA, USA)E A}

83l 5FE 2T Xeray 22E BZRY 90 kVp,
J&ﬁﬁ 160 pAE 3XF 2708k T 8.8 pme] It &
5ol A 0.7°2] 3 AR 360°00 AA WS 3
39Tk Micro-CT 270 & o|n|X]+= Dataview (Bruker,

Ettlingen, Germany)& AR&-3te] A3t Th

6) =X T2 24

(1) Z2IE2101= HMZ

AAkE AEsEA 2HE IS 55 FHE F
Z% F 10% formalin®ll 157U 53 =22 1433tk
A" 228 A Y HH(processing) S AA It
-ﬂ o Xu(embedding)$ & I EEE 4 pm T

vl (cutting) 3+ A H(section)S THEU T
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(2) Hematoxylin & Eosin (H&E) staining

e et § 3br, Al 382 A4 Hematoxylin 2
AL 10837 Agstar, =4 3 Eosinoll 18 40%3F A
gtk 1 o 3 A AA-ES AR cover glassE
Q1 B stk 2AsTol 5= 408 viE-9] bright
field microscope (Nikon, Tokyo, Japan)Z ¥2H5}93 T}

(3) Safranin O staining

g 92} & Weigert's iron hematoxylin 42 5%
Zt A2t ATE A F 0.02% Fast green 5%, 1% acetic
aced 10, 0.1% Safranin O 5%-2] X2]|HH-& AR
AR 1 o 34, AW S AA cover glassE
Q1 BAsiith. 22 ETto] == 40119 HiE-= bright
field microscope (Nikon)Z 23} Th

7) Immunohistochemistry(IHC) £

(1) IHC &210(= M=

A AP FEAA 2HS 8 5= F9E A
=3+ F, 10% formalin®l] 15Y & =4S 343
o 28 228 22X A (processing)S A= I
2o Zull(embedding) ¥t ¥ HHH E5S 4 pm 7
Z 94(cutting) k] A H(section)S THEIL o vkEb,
TS AA SHTE ARSI QU4 peroxidase
o] A8 gloll7] 23l Peroxide Blocking (DAKO, Glostrup,
Denmark)E A-2o|4 10X} 2]}, phosphate buf-
fered saline2 23] A3} Th

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

A TGF-Bl (Dilution 1:200; Abcam, Cambridge,
UK), Ki67 (Dilution 1:100; Abcam)Z 4°ColA over
night < HH-A1Z1 & Wash buffer (DAKO)Z A3}
3l Envision+Rabbit (DAKO)S.Z 30%7F wHS-A|Z T
HES & Wh-3-8-94-8 Wash buffer (DAKO)Z A3},
3,3-diaminibenzidine tetrahydrochloride (DAB)2.2 <} 3
wXF BAETE B & SRR F3FSkal, Mayer
hematoxylin .2 tZ A4 & FxE AlHste] F-
B AlokS AARE F e, AW AES AAA cover
glassE Qa1 B4ttt =& &g =& 2004, 4004)
9] vll-&-= bright field microscope (Nikon)= 23T}

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

scription factor 2 (Runx2)
HAl ALP (1:200; MyBioSource, San Diego, CA, USA),
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Runx2 (Dilution 1:100; Abcam)E& 4°Cl| 4] over nights
QF HF-2-A]71 3 Wash buffer (Thermo Fisher Scientific,
Rockford, IL, USA)Z A|Z3}3l Biotinylated antibody-
Rabbit (Vector Laboratories, Burlingame, CA, USA)2.=
3023 RESAIHH WhE- F W8-89 Wash buffer
(Thermo Fisher Scientific)Z A|&3}31, Avidin Biotin
HRP complex (Vector Laboratories)Z RF-3-A|ZIT}. Wash
buffer® 4|2 & DABE °f 323+ &AsIgiTh 24 5
SHFT 2 S8slal, Harris hematoxylin® 2 o= ¢4
T FxEol Aldste] P& G AokE AAT H §F
T, AW BHE AA cover glasss Bl FYsIATH
ZZA&eto| == 20081 2] vl &= bright field microscope
(Nikon)Z2 #2355},

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

A RANK (Dilution 1:100; Abcam)Z 4°CollA] over
night &+ ¥-8-4171 ¥ Wash buffer (Thermo Fisher Scientific)
2 M|2{5}a1 Biotinylated antibody-Mouse (Vector Laboratories)
2 3023k RESAIZAT HES 5 HE-E-8-9-2 Wash buffer
(Thermo Fisher Scientific)= A|&3}3., Avidin Biotin HRP
complex (Vector Laboratories)Z RH3-A|ZIth. Wash buf-
ferZ A% 3 DABE °F 321t T4ttt A &
T2 588k, Harris hematoxylin .2 T2 G4
FxEol AFst d-& A Aleks AAZE F 3
W AFE AA cover glassE Hal YAt 222
o] =+= 2008 2] Hi-&Z bright field microscope (Nikon)
=2 BEs

(5) Tartrate resistant acid phosphatase (TRAP)

kAl TRAP (Dilution 1:100; Abcam)E 4°Cll A over
night 52+ WFS-AIZ1 5, Wash buffer (Thermo Fisher Scientific)
2 AM|&3}3l Biotinylated antibody-Rabbit (Vector Laboratories)
o2 3081t WA W F REE-8-42 Wash buf-
fer (Thermo Fisher Scientific)Z A|&3}3l, Avidin Biotin
HRP complex (Vector Laboratories)Z RFH3-A|FTF. Wash
buffer2 A% % DABZ ¢F 387F W5t} A 5
T2 Z8skal, Harris hematoxylin .= T A4
% e ARt B2 G4 Aok AAZE g
A HHS AA cover glassE Gl BU3IATE A&
g}o]=1= 20041 2] HiLS-Z bright field microscope (Nikon)
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8) IHC staining score

xAsgolEe HARE SeRIE A T IdF A
SE 0FF 57FA Scoring 3|
Table 119} 2T

dolAyslsta] £4st7] 213k COBAS 8000 C702
analyzer (Roche Diagnostic system, Basel, Switzerland)

E AH83 T A9k Roche Diagnostics (Indianapolis,
IN, USA)E AH8-3}3th. ALP, aminotransferase (AST),
alanine aminotransferase (ALT)<= Colorimetry ZAPH S
0]-83}% 11, blood urea nitrogen (BUN)<> Kinetic test,
creatinine< EnzymeH< ©| 83}t A5 =0lA &
23t plasmas o]&3dt] Z47+e] Aty E4&

Tt
10) Osteocalcin £

Rat Gla-Osteocalcin ELISA kit (Takara Bio Inc., Kusatsu,
Japan)E- ©]-8-3}<] antibody coated microtiter plate®l| plas-

£ 100 pLA E58kar 1A1RF 5<F ¥RS-AIZITE Washing
bufferg ©|-83te] A& 3}il, antibody-POD conjugate
5 ZF wellol] 100 pLA o] 1A17F B9 ¥H-&AIZ 5 o
A] washing bufferE- 0]-8-8F] A|23}3, tetramethylbenzi-
dineS ZF wellell 100 L2 ¥+=t} 157 FHeoll stop sol-

Con Tra

ution 100 uLE ¥
450 nmollA] AT

T &3 %= =4S ELISA reader

3. A=A

EE A% Z3+= meantstandard error of the mean
2 7183192, S48l GraphPad Prism 5 (version
5.01; GraphPad Software, Inc., San Diego, CA, USA) 2
ZE o] 83t A, Mann-Whitney test® 23S
53tk parel 0.05 Y o FAHCE Fo4
o] vk FAHsATh
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1) X-ray

X-ray ¥ 23 2d 78 7 Folle dx=ae £
e BE OFelA 5 -5V I HHA &%
25 BET = A9, SC-LF SC-HAA callus7t &
A AS 1T 5 AATHFig. D).

=4 8 3 14¥0] At AP EAAE 1579 vt

l‘

=
WA dzTe G B IFN 539 24
3lo]g]

%13l SC-L¥} SC-HolA & #3to]

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 SC (50 mg/kg/day and 100 mg/kg/day) for 7 days. The fractured rib bone was isolated and analyzed by X-ray. SC: Sintongchukea-tang,
Nor: normal, no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib fracture
with SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).

Table IL Grade of Immunohistochemistry Score

Score 0 1 2

Staining intensity No staining Weak

Mild weak

3 4 5

Moderate Mild strong Strong
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2) Micro-CT
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o] AYPHI J&= AL FAT = JAThFig. 3).
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2. T | S0 4
1) H&E staining
H&EE GAsta dAn|d o= #as 49 =4 L

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 SC (50 mg/kg/day and 100 mg/kg/day) for 14 days. The fractured rib bone was isolated and analyzed by X-ray. SC:
Sintongchukea-tang, Nor: normal, no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day),
SC-L: rib fracture with SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).

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 SC (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, SC: Sintongchukea-tang, Nor: normal, no fracture, Con: control, rib fracture
with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H: rib fracture

with SC (100 mg/kg/day).
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SC-HOlA 25 =Zo] &=, SC-L SC-He)
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= ok e

=4 L 149 FolE dx 2 FdET 8
SC-L ¥ SC-HoIA B5F Zd-o] #AFHA, thzTol
Hla AUl ET 2 SC-LI} SC-HO| ZFEF-$jol| A9
callus FAo] 7HAE = Zlo] A2 JATHFig. 6).

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 SC (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, SC: Sintongchukea-tang, Nor: normal, no fracture, Con: control, rib fracture
with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H: rib fracture

with SC (100 mg/kg/day).

S

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 SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days. The damaged rats ribs were
isolated and used for tissue slide specimen. Magnification,
x40. SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day).

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 SC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The damaged rats ribs were
isolated and used for tissue slide specimen. Magnification,
x40. SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day).

www.e-jkmr.org 7
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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 SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days. The damaged rats ribs were
isolated and used for tissue slide specimen. Magnification,
x40. SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day).

2) Safranin O staining

Safranin 02 @Aty dn|F o2 Hae A7 24
it 7Y ZolE tiad @ FAURTE 1 C
gl SC-HelA B Zdo] #EF U, SC-Le] 4+
AellAe] callus FAo] thzwel HIsl S7k== Aol
HBRLHAAT AU ETT SC-He| ZAFoA 9
callus7} &3 vlszsHA] YA == Aol A= AT
(Fig. 7).

=4 8 149 FolE dxT 2 SR 1
SC-L ¥ SC-HolA =57 Zdo] T&= UL, oo
H3l] Atz 2 SC-L} SC-He| ZHF-24<]
callus gAdo] ZAE= Ao] TEEUTHFig. ).

d

3. IHC &4

1) TGF-81

TGF-1oll tigt FAE A 5 W= A4S 4o
Asta dv oz st dx 3-8 fid 7 $ol=
O 222(4.3£0.50) 2] B F-9lol A TGF-pl A LS

o] fostA =71stdty. 18y SC-L (1.8+0.50)
SC-H (1.3£0.50)°14] 23-5E2] SEHAEL A o

8 ] Korean Med Rehabil 2020;30(3):1-21.

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 SC (50 mg/kg/day
and 100 mg/kg/day) for 14 days. The damaged rats ribs were
isolated and used for tissue slide specimen. Magnification,
x40. SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day).

Z7(4.3+0.50)0] B3] TGF-pl LA ZE0] F2|3HA
A3 A THFig. 9).

28 % 149 Fol= SC-L (1.5+0.58)3 SC-H
(1.5£1.00)2] o] dojt HPFE2] B F2oA
TGF-p1 EaAA|ZSo] Skt FofskA] stk
T2} tZ74(1.8+0.50)°) BIS SC-L (1.5+£0.58)2 SC-H
(1.5+1.00)9] =4 F-9]oll 4] TGF-p1 FAMEE] 7+
a8t ot foskA] FtTtHFig. 10).

2) Ki67 24

Ki67°l tiet A5 A3st 5 "2 AN AA
sta @rjdo s JEg Av 24 f3 7Y Folle ol
Z7(1.0+£0.82)2] =do] Lot W F-9ellA Ki679]
o] FofstAl stk 18y SC-L (2.8+0.50)
7 SC-H (3.0+0.82)°l|4] A@FES] SHEHTL A
o 24(1.0£0.82)l B13) Ki67 LHAEE0] f2|3HA
=7}t thFig. 11).

Td 2 149 Foll= g X2T(3.8+0.50)2] AFFE
o] W RoA Ki67 HAMEEC] TastHot &
oJ&}HA] kokt} ®3F SC-L (0.5+0.58)7} SC-H (1.50.58)
oAl AP TES] YU A o 2(3.8+0.50)°]
H3l| Ki67 @A ZE0] oAl 48k thFig. 12).
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Fig. 9. THC staining with TGF-B1 in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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-
B1, SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day). 7Wk*Signiﬁcantly
different from normal (p<0.001), ***Significantly different from
control (p<0.001), **Significantly different from control (p<0.01).

Fig. 10. THC staining with TGF-B1 in rib fracture after 14
days. Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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-
B1, SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (100 mg/kg/day). TSigniﬁcantly
different from normal (p<0.05), *Significantly different from
control (p<0.05).
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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 SC (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, SC: Sinfongchukea-tang, Nor: normal, no fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day). "Significantly
different from normal (p<0.001), **Significantly different from control (p<0.01).
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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 SC (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, SC: Sinfongchukea-tang, Nor:
normal, no fracture, Con: control, rib fracture with vehicle, Tra:
rib fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with
SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
*Significantly different from control (p<0.05), **Significantly
different from control (p<0.01).
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Fig. 13. IHC staining with ALP in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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, SC:
Sintongchukea-tang, Nor: normal, no fracture, Con: control,
rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H:
rib fracture with SC (100 mg/kg/day).
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Fig. 14. THC staining with ALP in rib fracture after 14 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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, SC:
Sintongchukea-tang, Nor: normal, no fracture, Con: control, rib
fracture with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day),
SC-L: rib fracture with SC (50 mg/kg/day), SC-H: rib fracture
with SC (100 mg/kg/day). w\Signiﬁcantly different from normal
(p<0.05), *Significantly different from control (p<0.05).
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Fig. 15. IHC staining with RANK in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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.
IHC: immunohistochemistry, RANK: receptor activator of
nuclear factor kappa-p, SC: Sintongchukea-tang, Nor: normal,
no fracture, Con: control, rib fracture with vehicle, Tra: rib
fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with
SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
TSigniﬁcan‘[ly different from normal (p<0.05).
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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 SC (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,
x200. IHC: immunohistochemistry, RANK: receptor activator
of nuclear factor kappa-B, SC: Sinfongchukea-tang, Nor:
normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib
fracture with SC (50 mg/kg/day), SC-H: rib fracture with SC
(100 mg/kg/day). TSigniﬁcantly different from normal (p<0.05).
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Fig. 17. THC staining with Runx2 in rib fracture after 7 days.
Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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.
THC: immunohistochemistry, Runx2: runt-related transcription
factor 2, SC: Sintongchukea-tang, Nor: normal, no fracture,
Con: control, rib fracture with vehicle, Tra: rib fracture with
tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50
mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day). '
Significantly different from normal (p<0.05), *Significantly
different from control (p<0.05).
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Fig. 18. [HC staining with Runx2 in rib fracture after 14 days. Sprague Dawley rats were subjected to rib fracture and orally
administered with SC (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, x200. IHC:
immunohistochemistry, Runx2: runt-related transcription factor 2, SC: Sintongchukea-tang, Nor: normal, no fracture, Con: control,
rib fracture with vehicle, Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H:
rib fracture with SC (100 mg/kg/day). "'Significantly different from normal (p<0.01), *: Significantly different from control (p<0.05).
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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 SC (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,
SC: Sintongchukea-tang, Nor: normal, no fracture, Con:
control, rib fracture with vehicle, Tra: rib fracture with tramadol
(20 mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day),
SC-H: rib fracture with SC (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 SC (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, SC: Sintongchukea-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib
fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with
SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
**Significantly different from control (p<0.01), ***Significantly
different from control (p<0.001).
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Fig. 21. ALP in serum of rib fracture model of rats after 7
days (A) and 14 days (B). Sprague Dawley rats were subjected
to rib fracture and orally administered with SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days and 14 days. The result were
presented by the meantstandard error of the mean. ALP:
alkaline phosphatase, SC: Sintongchukea-tang, Nor: normal,
no fracture, Con: control, rib fracture with vehicle, Tra: rib
fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with
SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
“Significantly different from Normal (p<0.05), *Significantly
different from control (p<0.05).
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Fig. 22. ALT in serum of rib fracture model of rats after 7
days (A) and 14 days (B). Sprague Dawley rats were subjected
to rib fracture and orally administered with SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days and 14 days. The result were
presented by the meantstandard error of the mean. ALT: alanine
aminotransferase, SC: Sintongchukea-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50
mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
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Fig. 23. AST in serum of rib fracture model of rats after 7
days (A) and 14 days (B). Sprague Dawley rats were subjected
to rib fracture and orally administered with SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days and 14 days. The result were
presented by the meantstandard error of the mean. AST: aspartate
aminotransferase, SC: Sintongchukea-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib fracture
with tramadol (20 mg/kg/day), SC-L: rib fracture with SC (50
mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
*Significantly different from normal (p<0.05), bSigniﬁcan‘cly
different from control (p<0.05).
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Fig. 24. Creatinine in serum of rib fracture model of rats after
7 days (A) and 14 days (B). Sprague Dawley rats were
subjected to rib fracture and orally administered with SC (50
mg/kg/day and 100 mg/kg/day) for 7 days and 14 days. The
result were presented by the meantstandard error of the mean.
SC: Sintongchukea-tang, Nor: normal, no fracture, Con: control,
rib fracture with vehicle, Tra: rib fracture with tramadol (20
mg/kg/day), SC-L: rib fracture with SC (50 mg/kg/day), SC-H:
rib fracture with SC (100 mg/kg/day). *Significantly different
from Normal (p<0.05), bSigniﬁcantly different from control
(p<0.05).
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Fig. 25. BUN in serum of rib fracture model of rats after 7
days (A) and 14 days (B). Sprague Dawley rats were subjected
to rib fracture and orally administered with SC (50 mg/kg/day
and 100 mg/kg/day) for 7 days and 14 days. The result were
presented by the meantstandard error of the mean. BUN:
blood urea nitrogen, SC: Sintongchukea-tang, Nor: normal, no
fracture, Con: control, rib fracture with vehicle, Tra: rib
fracture with tramadol (20 mg/kg/day), SC-L: rib fracture with
SC (50 mg/kg/day), SC-H: rib fracture with SC (100 mg/kg/day).
“Significantly different from normal (p<0.05), *Significantly
different from control (p<0.05).
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Fig. 26. Osteocalcin in serum of rib fracture model of rats
after 14 days. Sprague Dawley rats were subjected to rib
fracture and orally administered with SC (50 mg/kg/day and
100 mg/kg/day) for 14 days. The result were presented by the
meantstandard error of the mean. SC: Sintongchukea-tang,
Nor: normal, no fracture, Con: control, rib fracture with vehicle,
Tra: rib fracture with tramadol (20 mg/kg/day), SC-L: rib
fracture with SC (50 mg/kg/day), SC-H: rib fracture with SC
(100 mg/kg/day).



v}
—

BgEol 5254 2 Rato] 20 vX= IF

i
of¢ m]-J
i
rlo
o[t
T
fo
~
X,
rlot
X
2
>
=
El
2
Clot
P‘E
X
=
o=

52 2o o2 E A B2 Yehus 4%
Teh 3% 9 T4 A glEE TS E o,
A5S SHRIAY 5F Alole] 25, QIde] B
A3E FRIE gl 53AA7EA] &3] TkelA
AL 24 B2 34375 slal SR Rt
o= AzE FHAARH I7E7HA FFol =A%l
o 5 49 3 9= 499 5Zo|H, 9~121
5 THL 5F A7) &8 1 4 7] wEol
olo] g X|87} WteA] B et 534S ¥
g EE 2 X5 5% HiEe 1S st
o 555 Y7L 7S 3 EAIA By AER

EAATE Holtth.

=4 A Zr)de €9 22 &R s Solx3
S = v A=A o] FAG O FejolA 2= A
Z7} S5k 7FE(callus) )2 W] 71HE e
=4o] WA W o] of £5 IAHoE AP =
=A|IZE7F S48k vhE 7128”1 FE(osteoid)oll 2]
&35l Z7]F(woven bone)o] BT, dutzog X
HAE e Y 7t=E FAsHH =AM E(osteoclast),
ZENET} BAst A7t wAH S QoA wWrt A
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2ejjo] Balg A2 T Jde AEE H2V 7R 9] 34
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oo, 187 wiel FAHS X5 w= 547
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o] FoIA|aL o] FHH &4 F-9)7}F JtaL FAke] =
=t ole FHHEOR XTIt AU, <HRHHE>
oAM= BAEMERE, REEY, BIGHAEN 2 =
< oA Boj AF7F SHHY Fo] FHE T
o} sto] Zde] 9, S, &4 FH, A=l i
TAZ Aol AL, o] F B> A ZH
A7 ekl tisl A 71Eskar A
=40 ofehH A m= 270 BURBH, TR,
EERIL S 7100 MV AR, Heai, &bt
F710 wlisgm, FHEME, Malirgse Ade &8
s, 7)ol figiel2te A dS =5k A
oP). Edo] WAYshd wie}l ARz, 9] F 1l
73 5ol £, olofM 718 w30l FokA| X3
wo] =l iRyt #EREE A fEH S L7171 Wl
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108 mg/kg o= ThEF 100 mgkge] A FoI&FS Tt
S rate] 1Y Fo] o] HAch olol] tist 129 8
AEs Fol 8307 AAsATh

AN ETOE A3 tramadol S 7| EFH O E o
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Z7°) tramadol & Foiste] AHAE sy ]—E-— 3ttt
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22 g ol st =4 il%Oﬂ a3k o
o],__ 74_& o]-‘—:qx:] o]qﬁl) —2—75—;1 01 :'5;01115
SC- LJ+ SC-HellA A@EE2] -‘é—@%?ﬂ%‘—ﬂﬂl/ﬂ 2 B
o e} TGF-p1 &d AzZEo] FostAl a3k
o A WA AFREE 79704 SC-L¥} SC-HolA
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ALPE= ZoPAEo A #H 5= ez

He 234 AR, =4 {2 ¥ 14
Foll= SC-L3 SC-HolA d3s=2] S48
of| A Tz Hl&) ALP Tdo| folstA Z7}1skslTh.
H & ALPe] T7h= =o IRSE ofnishad,
ol ZoMEE thgFe] ALPE E/9A17]7] W&ot
HalA scE 2o| 1d8E 2A THEe £1
ARG A7k,
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8 BT 2 WY AT o) AT wHe] Wiy
M AL B L B AU BolATPY,
A7olA SCE=o whE RANKS| Tdo] ke At
7h uhgkont st ghol WE folshA stk
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5 o8 fFHze AAE FEIHO. 23
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Zog AYZrEn
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A EAAO) 71 3P, AST, ALTE A E9] d53
HAE e = S8t ARE o] 851 o) 3t
A Aazol] Foll7l A71H ASTSF ALTE o2 W&
Heg "3 AST9 ALT F7h= 3t <438 ojmjgiy,
SC9] ALP, AST, ALT A7} x4 FAHC=E
ol xfol7F YAl gkem, o5 3l sC7t 1t 7lE
of fro]g 54L& FdskA 5S glsch
AWrH o 7 53] AHEEE 4715 AAR= % BUN,
creatinine, AF7A] o7& So|t*?. BUNH creatinine &
T A7) At Al FA17F F71RTE BUN 2= Z3v)

gk A&l E BlaE wizkelA] dov % AlV|E
49 A F2 YA AxE AHEHET Creatinine
2lo] Tlof] P-E W= BUNO HI3)| H]n /‘]71%
< QA MYshe Aol AT 24§32 7Y

4
creatinine 5*|]+= SC-L¥} SC-H EF A+ % EH_%EL
Hs] fFojHo g 7Fasity. SCel ¥%F BUN %
7} thZre] HlE) TrA A =715k &
of SC7F AEAE FIslA ¢h5-S RIS
1:]

creatinine A

Osteocalcine w38 ZZAHZA A HHH=
Aoz A wol Bk AT Al 2AEo|HQA =34
AxZ ARG, 53] 23| 2] 37|83tE HHYys)
= AT 2T, 2 FAE A oF 30%7} BE

o
2 Eyo] 1 g S =3 AeE 5
I AT, 149 F osteocalcin &S SC-L¥ SC-H =5
izl HlsiAE S7kskaR v FoskAl etk
ool A7 AAE FTHNEA SEEHE FE
ratol] 2577 SCE 77 T § 2459 Fda#
A} Xray 2 micro-CToA] SCTL ol H]3|
callus S7Fe} WHE =f3o] WPES & & AL, =
Ko &elol=o A H&E 2 Safranin O staining®l| 4]
=4 8 79 & callus7t S7F8EA AL o= SCVF =4
Z27] =l Frag a7t oS & T ATk <
4 B S8 Alde Y HAF A 1) AR

%1 AST, ALT, ALP®} 41715 #|3%<] BUN, creatinine©]
A}t gho]l BF SCo# 2T A= TAZSE {9
3 Aot glolek. Wel A A3} BYYAE SCF
9] osteocalcin FX+= T & 149 F t) 7ol v
ko BAH Folde ik

olE &3 SC7F =4 =
A-gste] 1 713He E0)a,

N
ro
ultd
o]}l
N
o
bo{(
:i
a0
o
il

o] W& X5t & FAS S7/MIA 94 B 44
7VE71E 371 7FeAdol e 3k AEde
SHA Fes & AATE SCO R, JHIE k=
&l =

A 27 e ENA R AAS] QS
2 23

< £0]3, ERES S o2 At o=
AgHoR SCo A =4 [l digk |33t
2 225k g5 7 AoE o Yo
4 X5 SCE v 8T & & o= A7te

q
ol
ol
X
=
M v
re
-L]
2
X

follow up®] o] Fo1F a1, 1 O]—r«] Z|13tell A= 4
T} o] Fo A A kth. YBE O rib fracture2] 3
B719 4~67 744 Od_—’r% A=zt =4+
of PIAI= SCo EHE Y TAH LR 8T 5
Ao Aztan

71.;:,‘_%»»»
EERE(S0)0) S &3t Hxe ggke Aw
1] 9t

o] g3t Fdefstd A

S5 83 Sprague Dawley rat<
=4 x99 A, d94

L o
A8 2R DY HA0A 5 24D AT TS

1. X-ray®} Micro-CTOIA] callus A4 2 = F&©]
&Y= AU

2. HXEZ S - ZA A 78 T callus F430]
tiztoll Hlsl S7kekla, 149§ Zhashith

4
g
2
=
@)
fru
2
>
Ol
Mkt
()
BN
»
2
X
~
e
o
w2
o
t
1o

callus gAJo] tZ=To
= ZAastTh

3. TGF-B19] #2749 & of
e =

4. Ki679] a2 7¢ & =7

ol w3 folspl 2

of i3 felakA St

www.e-jkmr.org 19



shAaL, 149 & izl vis] f2lskA gast
Ak

5. ALP9] #2149 & ozl Hl3l ALP Tdo]
frefstAl F7FataTh

6. Runx29] 3t 74 ¥ SC-H7} tlZx7o vls) -2
sHAl F7hstaath

7. TRAPQ] #& 7¢ % SC-Lo| thxTol His) 72
SHAl ATk 149 & diZzwrel vls] f-2st
Al F7¥stAT

8. ALP, AST, ALT, creatinine 2! BUN2| =x]7} th=
T Folk Zfol7k A T

9. Osteocalcin®] 72 14¥ 3 2ol HlsiA= =
7het ot folskA] 2okt

ol o] BiEEE S B, 2287 74
‘c‘SH =4 el WAUP 344'7]' AN AT

o 3] 7]_

0

References»»»

1. The Korean Orthopaedic Association. Orthopaedics. 7th
ed. Seoul:Choisin Medical Publishing Co. 2013:779-831,
1153-75, 1177.

2. Hole JW. Human anatomy and physiology. Dubuque:
W.C. Brown Publishers. 1993:170-227.

3. Suh YS, Kim YB, Choi HS, Yoon HK, Seo GW, Lee
BI. Postoperative mortality and the associated factors
in elderly patients with hip fracture. Journal of the
Korean Orthopaedic Association. 2012;47(6):445-51.

4.  Shin KM, Jung CY, Hwang MS, Lee SD, Kim KH,
Kim KS. Effects of administration of pyritum on fracture
healing in mice. The Journal of Korean Acupuncture &
Moxibustion Society. 2009;26(5):65-75.

5. The Society of Korean Medicine Rehabilitation. Korean
Medicine Rehabilitation. 4th ed. Paju:Koonja Publishing.
2015:206-10.

6. Hadjiargyrou M, McLeod K, Ryaby J, Rubin C.
Enhancement of fracture healing by low intensity
ultrasound. Clinical Orthopaedics & Related Research.
1998;355:216-29.

7. Goodship AE, Cunningham JL, Kenwright J. Strain rate
and timing of stimulation in mechanical modulation of
fracture healing. Clin Orthop Relat Res. 1998;355:105-15.

8. Wang D. Medical secrets of an official. Seoul:Seongbo

20 J Korean Med Rehabil 2020;30(3):1-21.

10.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

Publishers Co. 1975:749-50.

Son SM. Invaluable prescriptions for emergencies.
Beijing:The People’ Medical Publishing House. 1982:454-5.
Jo G. Seongje chongnok. Seoul:Yeo Gang Publishing
Company. 1987:460-64.

Wang QR, Yilingaicuo. Taibei:Tailian Guofeng Publisher.
1975:65.

Lee KS, Na YH, Cha YS, Heo Y, Kim DH, Han SH.
Effects of Sintongchukeo-tang on the cultured spinal
sensory neurons injured by hydrogen peroxide. The
Journal of Internal Korean Medicine. 2001;22(4):557-65.
Kim DS. Effect of Shintongchugeotang on the intra-
vascular coagulation induced by endotoxin in rats
[dissertation]. Seongnam:Kyungwon University; 1988.
Son JG. Experimental studies of the Sintonchugeotang
and Sintongchugeotanggamibang on the carrageenin-
pretreated rats [dissertation]. Seoul:Kyunghee University;
1996.

Ryu JY. Study on the anti-inflammatory, analgesic and
anti-thrombotic effects of Shintongchugeotang in the
experimental animals [dissertation]. Iksan:Wonkwang
University; 1996.

Lee KH. Study on the effects of Shentongzhuyutang
on experimental blood stasis model induced by com-
pression [dissertation]. Seoul:Kyunghee University; 1997.
Lee KS. Effects of Sintongchukeotang on the cultured
spinal sensory neurons injured by hydrogen peroxide
[dissertation]. Iksan:Wonkwang University; 2000.
Park JW. Effects of Sintongchukeatang water extract
on cultured osteoblast damaged by xanthine oxidase/
hypoxanthine(XO/HX) [dissertation]. Tksan:Wonkwang
University; 2001.

Park JW. Effects of Sintongchukeatang on the ovariec-
tomized rat model of postmenopausal osteoporosis
[dissertation]. ITksan:Wonkwang University; 2003.
Kerr-Valentic MA, Arthur M, Mullins RJ, Pearson TE,
Mayberry JC: Rib fracture pain and disability: can we
do better? J Trauma. 2003;54:1058-63.

Kang JH, Lee SK, Seo MB, Na JY, Jang JH, Kim KY.
A clinical study of intercostal neuropathy after rib fracture.
The Korean Journal of Thoracic and Cardiovascular
Surgery. 2010;43(1):53-7.

Kim HY, Kim MY. Management of patients with rib
fractures: analysis of the risk factors affecting the outcome.
Korean Society for Thoracic and Cardiovascular
Surgery. 2010;43(3):285-91.

Song GY, Chi JG, Ham EK. Essential pathology. 1st
ed. Seoul:Korea Medical Book Publishihng Company.
1998:772.

Sung SC, Choi IH, Lee MC, Park SC, Song GY.
Expression of osteocalcin and transglutaminase C dur-



—

BgEol 5254 2 Rato] 20 vX= IF

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ing fracture healing and distraction osteogenesis in rat’s
tibia. J Korean Orthop Assoc. 1994;29(5):1312-25.
Hulth A. Current concepts of fracture healing. Clin
Orthop Relat Res. 1989;(249):265-84.

Park JY. Eastern physical therapy Medicine. Seoul:
Komoonsa. 1993:325.

Oh G. Uijonggeumgam. Seoul:Bupin Publishing Company.
2006:1250.

Jeon SC. Sanggwaboyo. Seoul:Iljung Publishing Company.
1992:176.

Jung YJ. Review of clinical research about the central
post-stroke pain and thalamic syndrome with Korean
medicine [dissertation]. Busan:Dong-Eui University; 2018.
Reagan-Shaw S, Nihal M, Ahmad N. Dose translation
from animal to human studies revisited. FASEB J.
2008;22(3):659-61.

Matsumoto K, Matsunaga S, Imamura T. Expression and
distribution of transforming growth factor-p and decorin
during fracture healing. In Vivo. 1994;8(3):215-20.
Scotlandi K, Serra M, Manara MC, Maurici D, Benini
S, Nini G, Campanacci M, Baldini N. Clinical relevance
of Ki-67 expression in bone tumors. Orthopaedic Research
Society. 1995;75(3):806-14.

Kim DY. Biochemical markers of bone formation.
Korean Journal of Bone Metabolism. 1994;1(1):233-9.
Kong YY, Yoshida H, Sarosi I, Tan HL, Timms E.
OPGL is a key regulator of osteoclastogenesis, lympho-
cyte development and lymphnode organogenesis. Nature.
1999;397:315-23.

Nobta M, Tsukazaki T, Shibata Y. Critical regulation

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

of bone morphogenetic protein-induced osteoblastic dif-
ferentiation by Deltal/Jagged]-activated Notchl signaling.
The Journal of Biological Chemistry. 2005;280(16):15842-8.
Komori T. Regulation of skeletal development by the
Runx family of transcription factors. Journal of Cellular
Biochemistry. 2005;95(3):445-53.

Roodman GD. Advances in bone biology, the osteoclast.
Endocrine Reviews. 1996;17:308-32.

Rhee SH, Park JS, Yeo HS, Choi YK, Jun CY, Park
CH, Kim DW. Relationship between herb-medicine and
liver damage. J Int Korean Med. 2006;27(3):572-8.
Sipes IG, McQueen CA, Grandolifi AJ. Comprehensive
toxicology. 3rd ed. Didcot:Pergamon. 1997:251-71.
Reichling JJ, Kaplan MM. Clinical use of serum enzymes
in liver disease. Dig Dis Sci. 1988;33(12):1601-14.
Kim HS. Effects of the Saururus chinensis Baill hot-
water extract intake on the lipid components and meta-
bolic enzyme activities in hyperlipidemic rats. Kor J
Exercise Nutr. 2006;10:99-106.

Kwon SK, Son DC, Song WS. A study of effects on
renal function from continuous long-term herbal medication.
The Journal of Korean Oriental Internal Medicine.
2004;25(4):300-5.

Sisson JA. Handbook of clinical pathology. Philadelphia:
J.B. Lippincott Co. 1976:164-205.

Price PA. Role of vitamin-K-dependent proteins in bone
metabolism. Annual Review of Nutrition. 1988;8:565-83.
Price PA, Parthermore JG, Doftos LJ. New biochemical
marker for bone metabolism. J Clin Invest. 1980;66(5):
878-83.

www.e-jkmr.org 21






