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A3 o] BALPE & $ 2~24Y¢9
(p €0.05). BALP/TALP H]

&
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ZAo] : A7A=E, HEZ4, osteocalcin, Alkaline phosphatase,
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Zol 2 A9 e slew FwolA WA wAH b2 Fol
9 T 3L bW FANL WAHD o FE fREE
FAINH 42 ol

=X

gatol B354 AUA B A A7 AUAE Fol
_"
o

7tgo =M Tt PSS FIAZE 5 Atk (Paterson 5, 1977).

A7) A5 AFE Fol Adsts Wael wet A4, =49d 2 oy
A we] JATHA T, 1981). A=FS o4 3w AdA 2 F=AUA
e s J8 =2 AR HAYAd WHE ol deskA 2a 74
o 9go] Hom AT Far/t 7hsdt el vk =S vAYA R

o
o
o
2
rir
o
)
ofo
o J
by AL
b
>
ofo
S
)

Alkaline phosphatase(ALP)© membrane-bounded metalloenzyme® =
bt oh Al W2 54 olFe #ofdtt (= F, 1997). P Hol g
F)o] Q= total alkaline phosphatase(TALP)E 1932 Robinson 52 A}
gol F A3 A TUelE AoE Had oY F YA AHEZ o]&FHS
HMoss, 1982), 7, & 2 Bjub 5 g2 Zldd M= TALP7E B4 5 =
of thgk SolAl ARFE o] &st7|dde= AdetA Hsiohal stk ey
TolMEL] A XETo|vt EA3}= bone alkaline phosphatase(BALP)e] &
A7y SHEUA TopAlx &g el AREE AREHAL dvH(Moss, 1982
Rosaki®} Foo, 1984; Garnero®} Delmas, 1993). BALPE =A3}7] ¢35
chromatography, RIA(Duda%, 1988), RIMA, electrophoresis %
heat-inactivation, spectrophotometer & oz 7}# &z =AW o] o] &%
th o]¥ WHWE = lectin A AH S spectrophotometerE ©]-&3to] &o]3}
A BALPE 4% 4 Ath(Rosaki®t Foo, 1984). L3 7§l A ¢] TALPY
BALP= AW 1] Fo] wo] oW 7jA1e] BALPZF A4 W9l A=A
gofatr] olef Aol o] TALPel| digk BALP H]&(B/T)& Al4tste]
BALPY &A=& SAHSAT(H I &, 1999).

T OE & P4 AR osteocalcin Vitamin K o]&4 @A 2 o}

M} Aol FFAdET. Osteocalcine = o]

3

= 7

A= 1)



collagend wwA=z Folaxel FAEE 99 3tH(Delmas, 1990).
Osteocalcine T2 & A Aot d#A ol
7}Zth(Allen 5, 1998).

2 A= MellA =4 dAEC] =2 UEE =
d Fool FrIA R AVASE Alddste] 2- Afrel vAE 2dE
AbA e A A9 TALP, BALP % osteocalcin
&5t k.
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T 1243 AFE AAANT L e FYE AREAT. e 1A A
cephalosporin(A #Z4® #2920 mg/kg, IM)S F93t1 $% 15
o atropine sulfate(%7 Zibot= 22 F A k2814 0.05 ng/ke, IM)
Fold H tiletamine-zolazepam(Zoletil®, Virbac, 10 mg/kg, IM) 2.2 w}
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1) AY #FAXY A=F : A7) AFe IAZFXE7](Ohm  Pulser
LFP-4500, Zen Iryoki corp.)®} 105 & Al-g&3%it).



2 18] 1584 302 B 2 V, %5 o) xAow AL dxre A
23 FARA AFS 4AE F AT AdAA G FH 1520

5. @A Ak

b FEollA 5 mee] EHE AFHS] 1 mee] A2 EDTA AW &

duk gl HALE AT U A 4 = & A2 7F HA g2 Al
Ao A 94 EEES AAE](2500 rpm, 15%) S E3 T A
38t HAALS AAskAT S -72 ColA Baegdtt.

2

1) TALPY FH: ALP-kit(F5Loteldditasref, d5AHE o
=
2) BALPS] =7A: BALPY #HHE wheat-germ agglutine] &% W

BALP®] N-acetylglucosamine¥} Z3%slE A 2& o] 83 Rosaki®t Foool

A5k
H
M (1984)8 o] &35t Th Lectin &N (Triticum vulgaris wheat germ



lectin, Sigma., U.S.A.)2 wheat-germ agglutine 5 g/L9 H|&Z 3435}
of wFEAY. Triton-X 100 & 942 Triton-X surfactant(Triton-X 100
sol”, Sigma, US.A)E THFol 20 g/Lo vl&2 3Aste] Fnjahach
FHE dH3Le 50 woll THEY lectin XS H7FE FH 37 T, 307
incubationd}az, ©] & o] Triton-X 100 & 5 WS H7}sta z &3ts)
o] 37 TeolA 3083t oAl incubationdtth oA d& I IS
2,000 rpmoll A 15&3F 94 Eelate] A3 JHAER Esidv. 45
H& Fste]l TALPS W U3 Hom ALPY 4=

th. BALPE TALPolA 399 ALPE W gto= atla 653k F43)

=]
AA
3) Osteocalcin® =7: OSTEO-RIACT Kit(CIS bio international)Z

o] 43}o] two-site immunoradiometric assay(CANBERRA 727°, Canberra

Industries Inc.)® 653+ A3t}
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Figure 2. Radiograms of control group. The callus
was formed at 3~4 weeks(average 3.8 weeks).

b

{WBalﬁ}

Figure 1. Radiograms of treatment group. The callus
was formed at 2~3 weeks(average 2.5 weeks).



2. dHAA &4

1) TALPY %3}

g4 TALP= F wolA & AEg s §F 2¢
=

. ARl % ¥ 129¢] TALP7 714 CES B
F 8ol £A7 A4 £ gk dxzwd ARTAN 47 & F 89, 129
2 J)goE TALPZF gastqdrh & F 2~249 Apolo= AT 5

ooETY SR BRE, & F 29 2 1296dE fo4 e AolE

el ckp <0.05) (Figure 3).
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pre 2 6 10 14 18 22 26 30 34 38 42
Time in days

Figure 6. Changes of the serum TALP levels by electrical
stimulation. The ’'pre’ means the day before the operation. The
TALP levels of the treatment group were higher than those of
control until the 24™ day, There were significances at 2" and
12" day (*;p<0.05).



2) BALPY w3}

g4 BALPE 7 wolA & Aud & $ 29 343 dFstdn
oF 249 FolE FE Ho FX 9 vz s Bt AT E &
S 169l BALPO X7} 7bd =%ar, izl & F 8¢ BALP
b 7 okt AgdelA & F 1698 71 o2 BALPYE A
HzFe & F 8¥0 ¥ #XE oo 88 V[How #Aasnt
T AERE £ T 247K 9 Adate] BALPE= tlxaeol] Hlste] {9
A QA =2 e FA8 AT <0.05). ATl E e F 1690 H

100 1 *
90 | —— Treatment
“& Control

80 |
70 |
60 |
50
40 |
30 [
20 T

Bone—ALP(IU/L)

Il Il I I I I I I 1

pre 2 6 10 14 18 22 26 30 34 38 42

Time in days

Figure 7. Changes of the serum BALP levels by electrical
stimulation. The 'pre’ means the day before the operation. The
BALP levels of the treatment group were significantly higher
than those of the control until the 24™ day(x;p<0.05, **p<
0.01).



3) B/Te W3}

1 B/T vl&2 dxae] B/T v&Ed dAvbdow =7 vyt

=
o} o4 1ok (Figure 5).

0.9r —o— Treatment
---a--- Control

0.8]

0.7 .. )
0.6[

B/T

0.5]
0.4

pre 2 6 10 14 18 22 26 30 34 38 42

Time in days

Figure 8. Changes of the B/T ratios by electrical stimulation.
The 'pre’ means the day before the operation. The B/T ratios
have no significance between two groups.



4) Osteocalcin®] ¥ 3}

ATy 2L & F 16¥ 7 =
+ osteocalcin A 7} #FAastATh 3 F ol A osteocalcin

o] d 2 Ll v (Figure 6).

4 7 —— Treatment
% Control

Osteocalcin(ng/ml)
N
T

pre 0 4 8 12 16 20 24 28 32 36 40 44

Time in days

Figure 9. Changes of the serum osteocalcin by electrical
stimulation. The 'pre’ means the day before the operation.

There were no significance between two groups.
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fr 7170 30% SEAIA T Baskth Connolly(1981)F BHIAYA W
o 49 BFF A F 0% Ao 3 HAeH HY] AH
s

A AAR ngel B4 Afd Feetin stdrh S AE of
s X

=
ol g old Efds ARse] ¥ ARE A sdn A 5
9

o Friedenberg %Oﬂ o) s}k Ao 5~20 Aol A 74

2k vheS wolw 30 A o oA E= xe] AL o
oyt rhar 6}915}(01 5, 1984). Brighton(1981)2 %<& %t A=& 2
FA el AdebA goka e B AdelH= 2 V, 25

=
e o ZAoE AZAFES Astel B AfE Amstdn 2o Izt

0%
Lo
2ol
=i
=
r>~
oo

A AN o 51984)0] B 4
2 Fole u 8Tz WAMSA PAlA AE FHe wBetel fx

Stk o 5(1986) 1Al E7lolA HIAFY

ol wls) Wz A fgleh

g A7) ASe F9L o EelHd AGE HEnh s 4 5199
e AYA A7 ARE FUL A9 6570 Be Aol F4HATD
B AYNAE AYT AHE YY At BiE 2558 dET A
FHA71e) 3870 Hatel o 179 4= wEs wAHA A7 A4
A ARE FRo AAe B 2YH) TAY ol AT G| wa
A Qe Ao ARdL

Fob ME BHS WIS ARGH A

X E+T  carboxyl-terminal
procollagen type I, osteocalcin, ALP 5°] ¢# A dtH(Delmas, 1990).

B AEZ LA E TALPx= ARl AW 9l7F 20~300 TU/LelaL,
Mol A= 10~225 TU/Lelt}. o] ¢} Fo] AHAd XA Fo] A Zo g
Soldo] "ojrmg = P4 AREE o&H7|7F ZdEAnh ey
BALPE FolAEZel Ao Meixoz AL 7IX 2R BALPE A3
of ZolM e A4S 5T = th(Allen, 1998). Hartig 5(2000) %
71 Ap=rol whell mA= JEFE AR 9@l in vitro AESE 100 V,
16 Hz& Fol& w Alx Ffodels A4 ALPS +A7F S7hshalthaL

=

Rusgdeh, 2 AdoMz 4 AF A T 247 12¢9 AT

ﬂJH



TALP7} diz=ae] ARG o4 A =g Ad3dLedA= TALPY
Ha A 7F 1290 dERg =Y dzated A 8del A FXE YE
th 249 o]F R txwe FAF APLe FAERG = =
F& Hol Aol gEzare wE X§ $4S Bvha Abs

Leung 5(1992)2 =4 A/ A4 F 9% Ao A 8F~12F Aol
of BALP ¢ sx7} F7tetadvhar &b, A 5(1998)2 ratll Al =4

W S 33 BF Fo7F BALPO WA= 9SS AT A3 114, 16¢
g 21ge] EIRE FosHA @2 txdtel HlE =A S7FskA T

¢

A H(1999)+= =4 F BALP WistE ##s AP e 257 w<t
BALPS] F%=7} W=7 F7bstdvha sSlth. Yu-Yahiro 5(2001) =4
Wz dEete] A AAE S8 AFolA =8k =24 Ao A 3~60Y
Abolel BALPZF Z7Fetivta shsdth. Kawaguchi 5(2001)2] 45 o] ol Al
HE T4 3 fibroblast growth factor-27F n & J3FS #2328
1= Fdo] AFH= Al7ld BALP7F S7tekdith & Aoy = d3a
o] xwtol nld & F 24U7tA BALP7F Ekow o]FolA 2d93E 20
A7 A = AFare] BALPS F%7F tixa ®Buh fol4d dAl F7Hsks
(p<0.05). A&7 29 BALPE 244 169 2 8Yd HuAE HHA
ddatel Hls BALP7} w=7|

2 e] BALP7E Haxjo] =23 & §F 8¢l
7t 2o & F 1699 HuAE Btk ol
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BALP 7} tizdel vld] & w22 A7 fAE7] wqitelga sed
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B/Te vl&< A3 #(1999)9] AFA =4 T WA A3 248
A oA A=) Aol AAE dellA Al ol Hlske] 20% ~40%
7S YEaL A= FAge] D dellA e Al A3 2
wE WstE BHdva sglvh & AFdAE vhE dAde] dAEHE 14
oA ~2297kA B/TS] Hl&o] dxatol Hla) =4 detwAR FofdS B
o] A & kTh.
Fo} M EoA FAEH = osteocalcine Wo| 5ol gr= wel HA
o ZHH ZolAxe deAS Hrieta = I ARE
S, 1998; Eastell &, 1988). Liesegang 5(1999)2 heagle 7HolA 35 =
9] osteocalcin F%=5 FAHI A3} dF7|HS HolH 2F 6AA A
8Al Abe] 2 TEE Bt B AddA= do AFHE 57 T
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Effects of electrical stimulation on femoral fracture
healing
in a dog model

Kyoung-chul Park
(Supervised by professor Jongtae Cheong)

Department of Veterinary Medicine
Graduate School, Cheju National University
Jeju, Korea

Abstract

This study was performed to investigate the effects of electrical
stimulation on femoral fracture healing in dogs. Eight healthy dogs from
4 to 5 kg were used in this experiment. In the treatment group, anode
and cathode were connected to proximal and distal site apart from the
fracture line by 2 cm and electrical stimulation was applied to the
fracture site for 15minutes by 2 V, 25 Hz and for a months. The
control group was connected to electrostimulator as the treatment
group, but no electrical stimulation was applied. Various parameters
were  evaluated including radiograph and serum levels  of
total"ALP(TALP), bone-ALP(BALP) and osteocalcin. The radiography
revealed more rapid callus formation in the treatment group than in the
control by about a week. The total-ALP levels of the treatment group
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were higher than those of the control group from the 2" 1o the 24"
day(p<0.05). The bone-ALP levels of the treatment group were
significantly higher than those of the control from the 2" to the 24"
day(p<0.05). The bone-ALP/total-ALP ratios of the treatment group
were higher than those of control throughout this experiment but there
were no significance. There were no significance in the osteocalcin
levels between two groups. In conclusion, the electrical stimulation on

femoral fracture site was effective for bone healing in dogs.

Key words : Electrical stimulation, femoral fracture, osteocalcin,

Alkaline phosphatase, Bone-ALP, Bone-ALP/Total-ALP, dog
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