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HA et Basigch.

WA sleE H#HAF e sl
ACPS} ALP 34¢ 343 Copray*¥= ¥ &
47t BH AEZEEAHY FA fiolH,
ALY nAYdHe dFY BE A F &
£F FLsA BaARZ 7YY mRYes
+© ALP #4e°] Frhsgletn Rasdicl. 3
H WA slobEs AWelsAA adEAEL
o} QlalE-8) & 4 (phosphatase) ] AL AR
3k Bollen 399 dTolxE zYgFaiste
FAo] AYH oz EKEIARY A F71=
3, A% 4FFolA mYBA T4 ALPEA
of A4 FAR 3 EEHYct B nd vl e},

Ozaki*®= E7]9 Holo] 5o mAR|E
49 4% WA v, €37 AL F
F& Kotz F33 UAHI Al e A
o g JIgE 796l shubSellA FAe] AR
A velhygon 2usgc,

McPartlin®?-& 74343 2 Zo 23 w4
FA%e ALP 849 3E aﬂr%s}aiJ_ il
D7} ACP 3 ALP &40l mlA& 3o sl
B2 dF7t olFzle “438‘“) 3 giel
ascorbic acid*Ve} QAR o3 ALY
A WEE A7 2ast ggic

£ dTolAe 2A3EE 7S = S

7l &4 ACP, ALP 9 m{lisiase] &
AEE SATczA aAHo] g F2A
43 &0l SlolA ol Eae 9% &

fumA & AYE A},
n.e7xz %
| DEEA Y BxFe HE

HEAF 3.4kgd AET T4 Fngo] 16
ohe) & 2T 1247 24417, 36417 2
4, 3¢, 59 ¥ 749 AdAHFo FEI}
of 74 Fel 20te)d Wil on Aot e
o AXE ol &3Act.

AR FolA aAAAE A237] 3t A
% kgw ketamine 15mgg &=8FAtste AA
nt3 A7)l & micromotord o]&3te] Aot

$AR o A 3ZAETAY ARFE we} 3o
2¢ 3FAY oL, closed coil spring(0.
009”x0.036”, Rocky Mountain Orthodontic
Co., USA)& ZAATe YZo 1A3d%l o,
stress and tension gauge(Dentaurum Co.,
Germany) & ol &3l < 80g?Ve 27|mAH
o] A< Aoz Y= E du AY
175t AzARsA gokoh(Figure 1).
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ok 40mge] A2EFE AFH 8 -70°Coll RH3}
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43lolA BHF F, E4F F
10mM Tris-HCl %%QH (pH

C2 A5G & Lurs}giu}

o] gl £CoA 1087}
Algedte] FEZE AAA] F /é}7§°—’!—8: Q
o] B484 &4 9 A Akl o] &3
om, T4l ALLE oA -70°Ceoll 23}
Rk,

Both upper

Fig. 1. Experimental applince.
canines were moved distally with closed
coil springs.
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3. ACP2} ALPE E2E8M =X

ACPet ALPY #4& FA37 $Ask p
-nitrophenol phosphate (PNPP, Sigma) & 7|
A2 dAFY a4 0E Hrpste] 37°CollA] 30
T2 A F, Ao mio) o8 A=
28 $2]5o] }12%E p-nitrophenol (PNP)-&
Spectrophotometer (UV-120-02, Shimadzu) 2
o] &3le] w]AAksg ot

ol ACP9 #AZA< HsiA pH 4.8
0.1IM sodium citrate(Sigma) o)A,
ALP+= pH 10.391 0.1M Glycine-NaOH
(Sigma) fFdolA T4£F d-3AZoH, o
Wl A2 hovine serum albumin(Sigma, frac-
tion V)& IFLYo2 o]L3lo] Lowry 54
o] wiyo g Aa3gct.

7zbe] B4 8AEE 499 il mgwd
7132%e  fEse v PNPY =
(nmole substrate cleaved/h/mg protein) 2
B A3} om Student’'s t-test® o]&3leo] %
A A 23k vt

4. WRBHEL BELAHM £F

DAEHEL @& 3AE=AHL Collagenase
Assay System(New England Nuclear) g °}
&3t FolA €4l A3 oh&3 Fol 4§
3ot ct.

10444 [®*H]-rat tail tendon typel col-
lageng 8049 5mM CaCl,7} &3 20mM
Tris-HCl &5 (pH 7.6) WA 24|7F Fo
4Coll A vioFsle] collagen fibrile P17
o}. A= collagen fibrilol] 1049 &E4£ NS
go] 21°Coll A 2441 7b5 <t B4 28471 & 4
CollA 12,000X g2 1027t A A 823519 o}

JARE T AAAe] 104E F T
cocktail solutione]l &%3 F Liquid
Scintillation Counter (Beckman, LS 5000

TA)Z *He 4 EATozn FLdFd
Y EME L o3 collagen fibrilzH-¥ &
3 5]o] 1} soluble collagen®l <% cpmo &
&3 ot

Z A5 ZL£FAL BaN =i mg
2 cpm o2 B A3t e, Student’s t-testE
o] 8-3te] FAH AT

>,
2
I
1o
o
frt
N
s
e,
3
n
lo
fu

N
N
)
e,

ALPQl 7% hitErch ZAQFA dzT

Table 1. Changes of ACP and ALP activities in pressure
and tension sides of alveolar bones

nmole substrate cleaved/h/mg protein

Group  Side ACP ALP
+ +
Control D 40.38 £4.54 569.49 £125.07
M 40.29 £3.81 42482 £119.95
12 hrs P 93.88 £33.45 70484 £116.04
T 80.40 £20.23 684.36 £ 163.91
24 hrs P 110.89 *£26.40* 692.85 £23.55
T 81.97 £9.80* 980.57 £70.06*
36 hrs P 80.78 £6.92** 673.72£82.32
T 92.96 £22.70 850.43 £119.97
24 P 102.90 £25.65 526.33 £ 6.61
ays
T 72.96 £12.87 796.73 £220.66
P 90.63 £33.20 450.80 £74.78
3 days
T 55.91 £4.64 551.92 £49.52
+ +
5 days P 92.45 *19.07 776.33 £218.22
T 50.10 £13.49 676.52 +217.49
+ +
7 days P 9253*10.71* 933.55 £30.32
T 72.40 £14.80 857.16 £115.73

Values are Mean £ SE. (n=24).

*

o *] < 0.05, compared to control.
** . n <0.01, compared to control.
D : Distal side. M : Mesial side.

P : Pressure side. T : Tension side.
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_ A—a Control
= 30 o—o Tension side
§ * o—e Pressure side
3
3
2 ¥
P %
L
2.0 A
10 vy
| SN T N | | J
0 1 2 3 5 7
. Days
Fig. 2. Time course of ACP activity changes in
pressure and tension sides of alveolar
bones.
* . p<0.05, compared to control.
*%. p <0.01, compared to control.
Table 2. Changes of collagenase activities in pressure and
tension sides of alveolar bones
Group Side Enzyme activity (cpm)
D 1377 £129
Control
M 1274 £ 153
+
12 hrs P 1434 239
T 1324 £293
+
24 hrs P 1843 + 198
T 2129 £ 229%
Z PPy
36 hrs P 2264 * 242
T 1837 £320
+
2 days P 1695 333
T 1529 * 479
668
3 days P 1668 X 304
T 1555 £ 135
P +379%*
5 days 3596 £ 379
T 1808 +784
P £210*
7 days 2952 210
T 2024 £ 455

Values are Mean * SE. (n = 2.4),

* : p <0.085, compared to control.
** . 5 < 0.01, compared to control.
D : Distal side. M : Mesial side.
P : Pressure side. T: Tension side.

A—4 Control

_ o+ o—o Tension side
g o—e Pressure side
g
a
3
3 *
3
c 20+
e S— -
| S T 1 1 )
0 1 2 3 5 7
Days

Fig. 3. Time course of ALP activity changes
in pressure and tension sides of alveolar
bones.

* . p<0.05, compared to control.

b—A Control

o—o Tension side

w
<
—

= N
s +——e Pressure side
2 %
Q
x
o
L8
=
&
2.0

0 ! 2 3 5 7
Days

Fig. 4. Time course of collagenase activity
changes in pressure and tension sides
of alveolar bones.

* ;. p < 0.05, compared to control.
##. 1 < 0.01, compared to control.

o ua BAol FAAHYLE 5 2713HE
o geld FHET Frhhe A%E vgn
UARARTAN ¥4 FHE 23

(Table 1 % Figure 3).

AN F aYEHEL FHES] ALA
o] wE W3t= Table 2. ¥ Figure 4.9
Zon & X AUALR FiEE FE
29tk b= A% 3647, 59 ® 79 A
FFelH F98% F7HE 2in AAFAE
2427 Aol FA8 F7HE 2y
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Al FYAENE o] Fr}. ol T 134l
gHql A3 FEFTAQ Holo)lE oo F
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J&hu
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E
3445—/%}, FH ‘/‘ﬂl 7&‘ *év‘éﬁﬂ Wk 5o
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24343 opo] thehtesene, o528 Aot
Zz9 zz e ZZdo] BHOkZJ )22 F
% 22475 ol 5ol Qstebd 3

ALP: =4 B4, dd, A%, ¥ 5
of ¥}, B8 TaFoldt uldATA
%, 2EAZ, FTAZAA WAL, o Za
t oqore $us @ 2 Eie
W, F4E $uls@ed B8FE A
Bt 250l A%H ATEA, ¥ HEA
G AT s SakoA et ool

=3
3 ACPE o3 zAJd Z
Aoz od#x Qope. Bourne‘“”°ﬂ o5}
ALP+= 9% /3L sk A2 &
FA ZWell &Aste], ACPE T3 o F9
APA HYollA LA EokAdte] Fg
A ztebd 5o g gA A G.
ACPs} ALPS] Aeld AL ofx & o+
A YA g g A el FAEHIL e
o, ALPx ¥4 A3ste] AFo]ms),
YA Az HAeiste] TP HAA| HoJd
o} g2y Vilmann®™< ALPSF F3 &3}
o TAl= s gl on], Al Zujjoke]
A ALP7} Z4as Aol AzFAlY Frieh 3

il 259% glty. ACP
= 438 AsA o /‘ﬂ xz9] 7 ] 4917 o} 3 o]
gomsn, w% Fuly Axel Hde] AF
Ha YA AXdME G 3 == 3
’D]_54).

Susi®”®] o wad, FAAATZE F
Zolof ko T %—’?— I A
ol ACP Aol #A el wieF 534
H2AE o) Foed, old AdEel I}
%, ACP, z8lz EF53AEF & =
tn FAsG. £ ATFoAe iS4
24417k 9 36417k AFFelAd ACPEA S
23 FHE Bl mAHe| seA F FE 2
Z\etAl A Fotste AFHE R (Figure
2). o3 Ade FAEFAz FFFl 3o
A EHaAELe] Fet HAT AL A
= Eilon® Raisz®®9 238l X,
Aol o3 FEAZ/ SAFH F o]2FH
LA HHEH &4 ACPY +37}
2717 FFAA Fote Aoz 2l

Takimoto®E WA & o] §3fe] Holo]F2
A7 & AzzAe] ACPS ALPE =7 3hs}
Hoz Z;Aslo] Hofe]FFe] AEIAHL W
o} dAH HAEEw ol s ZFAH
o} ALP #4jo) 7r4 =gz, ACPE Hotelw
of o =ZA WHIEA iy Bado

2 AFlAE ACP/E P33 AQFe)s
slmd EE AolE Melm glof 2T
Azodde E2B4 Aold vrhim Yo
et} A3Ee] ACPZAo] Szl vld

2 xe 2R o] A o}F
T g1 Acz A7Add

_I_4

uj 4] “I‘7H"_°ﬂ’q ZA4%3 ALP 9 ACP &
A7kel #AS 77 Vilmann®o| ¢fstH
ALPE ZA#A3} Fgo Solig RolA %
om ACPE &4 H9olA #@AZ AL
vetdictn ®adte ACP 848 & d74
o} 9x& ®olm gleovt ALPY Av= A
Az AYxr) 53] 24417 AFHTANA 79
& F7the 2o *101 ‘& 7&43 dRen, ol



o} (Figure 3).
ALPE Azzts} A2 o]Fate] 91X 3}
f7104 s 220 E QA E FEAlA X

22

Aol 2FHe 42 e Aoz IHA 3
om, 2 Aol hutae ACP B4}
2710l ZA5He AT ARA & =) 2AY

o 93 A ofolFA] 22 F7|A4
F2 z7)d 243 dolvpe ez AZ4d
o},

gutE st AolZoA ACP, ALP ¥ a{l+-
fEide] A7l e B4 AR W
+ 7} Figure 5. % Figure 6.5 2o
ALPY A =7t ACPEc Aoz EA
bt

Collagen <QlalollA 7} FHHsHA L2
Hol sle whiAolw, Hote} A=A F
H AES o]Fcp” Axz=Ag collagens
AFA g os =] 4emR FHTdE

2)F 2229 collagenolytic enzymeol A]o]
EForx gt

AYBEAE collagend helical regionell
2143 peptide bondE FHHAA I TLEZA
272 ez ddolAeH, 2 dus AT
A a2 &4 (bacterial  collagenase) 4]
Clostridium histolyticumol| 4} -f-2i=l™ 2003
o] Aboll 4] collagen®] polypeptide chaing &
ek, = e 2AALYLN LA (tissue
collagenase) 24 Hz2 A o] meloA
A QEd), THFS FAFY A AYA
ZA o4 2250 wE reorganizations X
ol ZHFERANA B0l FA dEhdepo.
LYRHELE A Ao 2Aw AR
WA s gdPaiss: FAEHEE
ALY NP9 dHA A BAEL Grosstol
utzw A3 27} S| me]e] ikl 1}
Bt 3¢ 8 a4sE § A&, Fullmer™

4000 4000
£
Q
g B AcPx10 EZAALP  HH Collagenase 3% c
‘ a
(5]
g Hi
3 H
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Fig. 5. Changes of ACP, ALP and collagenase activities in pressure side of alveolar bones.
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A AFelA mYdRdELs 229 A4
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2 olzld Ao freld mYFEHELo] 9
) 1/4% 3/40.2 Bt oich,

LAFHNELY FFSF FEAR+ W=
YA A FH#fA F=FH procollagenase s
Ao zH, =3 TWe collagend 5174
71 8% Hrgezd ZAdTHo g
o wdEsjE4E T non-mineralized
collagen®] #}3o] o], Horton 59
RYEHEL A A (collagenase inhibitor) 7}
EEFTE ARG Lasgic.

Ozaki*®= E7)9 3}t A9} FA|ALe]d
1552 YL 7k collagenolytic
activity® #A4ste] mYEAEL FAo] &
ofzz o] Az LA AAo] U&E AF
S5, A 79EY S A #Ae] A
=4 Jelgtorn] B ATl A 5YUFl

4000 —

it}

A ALAE ool pR2el 3647, 59
79 AREA FA4YE FAHE 2y
Jol AR os AYElel Mnd Fe
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478 o} (Figure 4).
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Fig. 6. Changes of ACP, ALP and collagenase activities in tension side of alveolar bones.
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— ABSTRACT —

EFFECT OF ORTHODONTIC FORCE ON THE ENZYME ACTIVITIES
IN ALVEOLAR BONE

Hyung-Soo Kim, Dong-Seok Nahm

v Department of Orthodontics, College of Dentistry, Seoul National University

The effect of orthodontic force on the collagenase and phosphatase activities of the adjacent
alveolar bone was evaluated. Maxillary canines of male cats were treated orthodontically with
closed coil spring so as to exert about 80g force.

Sixteen cats were equally divided into one control group and seven experimental groups
(12 hrs, 24 hrs, 36 hrs, 2 days, 3 days, 5 days and 7 days after orthodontic treatment). After
sacrificing all animals on experimental intervals, collagenase, acid phosphatase (ACP) and alkaline
phosphatase (ALP) activities were determined in the pressure and tension sides of alveolar bones.

ACP activities increased in both the pressure and tension sides, but-significantly increased
in the pressure side continuously.

ALP activities increased in the tension side at early stage (1-2 days after treatment), but
changed small amount in the pressure side. _

Collagenase activities increased in the pressure side, especially at late stage (5-7 days after
treatment).

These results suggest that (1) orthodontic force increases the ACP, ALP and collagenase
activities generally and (2) activities of ACP and collagenase increase in the pressure side, but
that of ALP in the tension side and (3) activities of ACP and ALP increase at early stage, but
that of collagenase at late stage after orthodontic treatment.

Therefore it is shown that there are time differences in the formation and destruction of
organic and inorganic components in the bone metabolism of alveolus with application of the

orthodontic forces.

Key words: Orthodontic force, Collagenase, Acid phosphatase, Alkaline phosphatase
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