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J\HE K=0| MC3T3-El MEQ| Alkaline
Phosphatase ActivityQll O|Xl= Q&

LI IR R B R B -

AP YL Aoto] T FFAFE 23 71 AA AFolH, o) &3 A x}Fel] FAEI} WEEE
2N XN2gqI e AR7 doldtt ol 7|AH AFL AA L&YY QAo YEEy, u
A B ATE A4 2 458 MEGE JAAAT] AXG nX e o] E Lolrr) 95ty
ZEANEF MCIT3-E1H L& 24well i FH Ao welld 2x10° 742 MES Yol wjokat %, A At At
¥ Q&9 Diaphragm pumps AF&3}o], 25g/cr 2 300g/en'e] &3} -25g/crt B -300g/ard] QA&
< A&H R 7l8tat) Wl g3t F 22 44, 69, 109, 14%, 18Y, 20d Ao ALPEA S £33 Aw}
e Arle g E AR vE FEY S g AoA ALPEAES} SrtE e A EE 714
A AT Fd F 4H5EA JAFYEE PEsMY tEA 8 dAe ¥ A Eud 948y &Y
BRo A ALPEA E & Al7lo] Agel uhe}l tl2a o2 Eolgith oy 7AA AFL AT F4
3 B3/t G A7l MEEH R o A 9 nA e AR A4EY, GE ) Q1AH o A
ol Z1AA AT o] F4E ALPEAEY Haux 22X 7] AFH, A1AZF A= AANE AR

Y=o d3Fe vld AR AlgHrh

(=B © MT3T3-E1MIE, JIHAXIZ, Alkaline Phosphatase &AL)

I.M £ PEet AFE o] sit} 19417] Meyer, Cullmane !

e dEE RN A FiaF FAY

AHYL Ao} ol T o F AFE 2] A3
483 7144 AFolgtn & 3l ol d 7|AH
A o AZxFIH o NE7t dojuAE

NAH AZd 93 FNzxe FFY AXTEY &
& WNE o]FARNER o]E 7 AENEE do
7le 713& W o BN X877t ©E3 A8A
R4 Foln B} o] ABAHE o] & ¢
Ag Aolt},

ZF2% 71AAQ § Atele] BEA tElA 2

DHs T, HBe
n¥st WA, $04
n¥s MY, m4

V ZS st x|y
? Aoy x| npys
9 Z=oism x|njcfs
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o] F YA YRS ARIAAN ol FHAe
AEE Hojel staol A7) A% F2YS AHs
At 1 F Wolffel] oM Q&5 Rt o2 g
Wolff's lawo] th gt =2 Al&E o] gl a7 7}
Ul 71AA AFo| MESH o2 HEy e 7
ol #3te] ool A7 o Be A7} ¥y
stod A et

Liskova®} Hert”& E7]9] 7 Ze| =8} o3
HE& 7k AolA F §lo] BF FYAE op71AR)
th1, 519 o™, Lanyon¥} Rubin®& AwWzxe] 33
oA ZFEAQ 71AE A=e] A&AHQ AFEY o
B FHEAE oMY Rustitt. Skerry &
P0o Awz o) 7)AA 2L gL F



el Zal2, JAe

W el proteoglycan®] AW E-& B 13} 3L, Morey 9}
Baylink™& T34l e 4384 #(Wistar)|
Z¥4o] dAEtL Yo, Duke?E HES F
2 (26G)oA EAY7] AH e AEYdo] JAEE B
&t o] 2L AFAREL VA AFE F
AA o thekg W3 E do7 £ YUSS AlAbsla Q)
t},
i A7 Bt wA Y okl A AdstetEe] 4
A& A8 Y8t o) BgX|, foli npaA T
otelmy FAZ 7|AAQ & /M 7As BHE7)
gojtg 23 EA ZAZ AA P, EI x|o}
ol A AF2F NEEY 7% B A4 Wile #
ZRN. ol FEAYS BT 22 Heg}
A AT BMEA tste AHEA acle] nA&
JFge AAdede T2 AR HALY &Y
871 4E Ags7lde drtA] 48R, & 2
5, 83, ABAS 3 HEFH o2 Jefve 4
%, ol BAHT0) Q7] wEo] AEYEEA
FEollAl e olai7t st HAL &2 F77t ol
Foj .

AE7F oAGA NAA A=2 QAs e #HE
F gl g o &e] A|7|HEAM AertA] 74
o] EnHE Atk 71AA AT thste] AF X zE o
F ol A ALt Mg Vo] Loyt ololjutE Hate] W3t
o] &) EMzst dold F e £g A7AS
olu} W57 A sto A X|oto] E& ) Frtetn®
aPAFA 0] 4978 Baageh. 23y Zengo
Vo g2 o 2au Jopdo] FAHI} M
E1 9ed Ao Walve g /2 E 4y
ojgrtiu Hmstch 3 ZAHAFo|Y GAE
Fojste] AXFPE Wstel MEEHE WA eR
A A EZNAZE DA ¢ o A EFE ] Wl 7|
ARAFTE AAE 5 dvke A7 #Bel U

1,16,19,45,49)

o|Z& NAE B NAA AFE AAG A X
£ autocrine®] W} paracrine 58 E/2& A4 of
JNNANAY B Fe g v/l E4E Bulstez
W EFNZE 7| A7 AoZ delA AUt HZ A
FHlFAGAA 71AH AT it BNz T8
o AEA 2 PG Cal”) inositol phosphate *,
IL-18%%50] NAA AZ& whe 22 o)L} Al Lo A
F7Vge] &elA Sk olejo & o2l 7kA] A el 7]
AR A3 74e A8l A DNA® type I collagen

13 : 31) .18
), metalloproteinase™, noncollagenous protein =
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=10) o

o] giJo] S ¥ 1, Davidovitch 5 <
AofolFol| wE FNE HAA 417 E AGA
FAE 4 Ja AAR o8] $7/9 neurotransmitter
u cytokineo] AJopolEAl A 2F AFAT 2F
A 249¢ Basglt SandyEPe oj2d 24
olgoll = UHAA] ¥ B BEAEC] VA4 A=
of 93 FfFRe AAL 4 dria .

olg| gt WG 2ol 71AH AFE FAshe WY
o2y n34 4 YA, 228 AA%E"E o
&3] Wi FAl vgE gAste W, 94887
W} diaphragm pumpE ©]-&3 542 7hete W
150§ 27} W FE collagen ribbong &8s
MPeo] 9lom Kani 5% 18] 1 Kobayash®& Al
EXZFHY HlE FE &2 e PHE AHESAT
o]0l A} diaphragm pumpZ ©] &% A yte Ho}
Aelols Axgefe] wsigle] &I dFY S
TR st £ da g Vg A 24E &
A FHel Ao

192313 Robinson #-& pHoAM f7191& 344
@ AlAA F7)¢l o] &S ¥¥]A]7)+= alkaline pho-
sphatase”} A1 3] 8} Aol A $5 A 3 o] A7t
F7191 o] 29 A FEE FVRAA F7] o|E
& AN NP 1 A o] g & 2] 7hA] A} 3
st A2 5k o}2] = alkaline phosphatase(ALP)S] %
g3t 7] %52 e R A Fa ek AR SH A uk
ZE ALPE 34 AT U239 284
o} 2ASAERSY F3 2 P Aol e
Re g deA oM 2IFAMESY ZAFA XY &
AEg e A48 B2 AlgE o] g

EngstrOm'¥5-& 2| olo] FA] gupe] x]5<I)
2 X ZZo|A ALPEA 7} 729S, Ozawa 52
& A& AFABatm)ol oFke] ul A F(
MC3T3-E1)l 41 9] ALPEAc] JA|H &, Copray &
condyle organ culture) 18]35 Kubota S*(Ros
17/28)& A 7|1AA Aol oajAvt ALPE
Aol 2719 Rastgch v, KanaiZs |39
] A3 A A &AQL FEE o sl ALP #40] &
7VEE BEastdeh. @A7kA A&AA FeshE vt
gof 3] A7)ol whE A EHFg-9 Abo|u} &I
AZE & MEst FHE 4 gleAo v A+ vl
3 Aol

wehA] EdtE 2FAEF MC3T3-E1 Al 29
AEAJN Fe4e 45 L AR Fe 2 44 7}
3 T FAE H3le AFAAZ 47 ALPEAE
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g 248 o|H@ BelHA AT ¥AZA 24
%ol ofHl Y VA& A& YolunA & ATE
A B,

I iz X 2

N =

a-minimum essential medium(GibcoA}l, v]S}),
fetal bovine serum(GibcoAl, ®]=), trypsin, bovine
serum albumin(Type V), sodium paranitro pheyl
1-2-phosphate, paranitrophenol, nonident F-40(°} %}
sigmarl, B]=), 24well tissue culture plastic
dishes(CostarA}, u]=)& AL&-3I3 T} 718 A FE&
AREE dF AFES 7Ystd A8kt

TR

1. A EefF

B AT Al4E AEe =F AEF MC3T3-El
o)™ Kodama™Sol o8 247 (C57B.L/6)9l
oA Eelxo] AtugE MERA |74
ol aki-a] & A (alkaline phosphatase, ALP)&A % 1
47 g Tl on, A7zt ujatd E7)4 A
33} ¥ wrolel oA ¥} SHXEEY E3E #
2% & it

MEEE 100mn A EujFg Ao 10% fetal bovine
serum(FBS) penicilin 100U/mé, streptomycin 100ug/
md, fungizone Sug/mé7} ¥3¥ @ -minimal essential
medium( ¢ -MEM) 10meel] ¥ 37C, 95%2 &%,
5%2] COy vl 7 oA vl ekatet, A7} DA ALE)
g o|FW 1302 Auigad dFe 5-10%
dimethyl sulfoxide (DMSO)7} g2l Qkefof) KAt
st WEE A AL Ao Hassich A At
48 ATEL 2well plated] 2x10°cells/ml L2
A7 F A ek & 2drith mgka) F91ch.

2. 71AA A

ZHA# A 2EF 120x110X200mm 2719 ¢4y
4710 A9 7L Bl Y 47 E7E Y
ol ¢ £71& Azt

Digphragm pump&. 3 %% 7Fet handy man-
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ometer(Fujikura, Japan)& o] &3t &7-%-919 ¥
BE FAste 25g/cnf(P25), 300g/cn'(P300)8] 3¢
o -25g/cni(N25), -300g/em(N300)S} Q4EH & 7}+at
Aok AFAS FeA gL FE 2 To S
AE7F &4 AAGE7 @ 5 449 oHg &7
o 24-well plate® 92 F F4%4E 7Fatsith. wiek
Ao AEE B3 T 49, 6Y, 109, 149, 18Y,
209 mith zt FoA dwell plate® Zakdio}l 3 pho-
sphate buffered saline(PBS) 2.2 23] Mol 3 ALP
Z24& 98 WEao Basgh

3. AR AFHol MFY pHel viAlE 9%

10% FBS7} &8 o -MEM ¥ %9 20m¢E 100mn
A EujeF FAlo] dol P30T N3009 <+ £7]9)
o] ¥l 6417, 24A17Y, 48A17kmbe} automatic
acid-base analyzer® W]l o] pHE &3 38l B4
shol viFel zpAo vl FEgE Folr kel

4. Alkaline phosphatase A% &3

A E22] alkaline phosphatase 4%+ Bessay
593t Burch 579 W& o] &3le] t}&3} o] &
Attt 21& F 24well plate?] ¥ FH-& A A
% A PBSE 3 A2 ¥ 3T Y7iA] -20T B
#etdt d59 A 714 (PNPP:sodium paranitro-
phenyl-2-phosphate)-2& FH]8}aL A 2ol lysis¢h$
4(0.02% nonident F-40)& Im¢ ¥ 30%7F 2{¥
712 nkdE oS 300uE  #H3dke  alkaline
phosphatase®] B =& &4 3831 200uE # 3t
Lowry™ 0.2 @A) & 4t EE4
© 2% paranitrophenol 30nmd7HA] H &5 ko] ¥
3 37°ClA 3087 ¥gAIZ] 5 INS NaOH 25044
g 4o WEE FAANAHY oAE 410molA
ELISA reader2 &F#=E =3 on, alkaline
phosphatase®] &4 X & nmole/ug protein/min ¥
2 Yehfic,

msy A

1 A&AQ Aol wjokde] pHell WX 9%
(Fig. 1)

613, 24213, 48A13HERL w9 pH ¥ st Al
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Fig.1. Effect of continous hydrostatic pressure on
the pH in the culture media.
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29l w7t pAAE BAGHCE fela Aol
Qen e pHASE ook HEe weo] tat 3%
2 WA,

2. Alkaline Phosphatase(ALP)&4 %=(Table 1, Fig.
23 & 4)

ot= g Jleld Sy & Hsled ALP ¥4
=7} ke A4S eI, AAEE 71ekdd
& W& ALP 8457} #as e 43S etk
27, P25, NOSTEL ALPEA S} 10Y4) 1
Ao @A P30T N300TS 1445 & x|
seslgoen 1845 RE ToA Yxd FELE

e P2§
......... -~ N2§

Fig.2. Effects of continous hydrostatic pressure on

Fig.3. Difference in ALP activity between P25 group

ALP activity in MC3T3-E1 cells. * P¢0.05 and N25 group. * P(0.05
Table 1. Values of time-dependent alkaline phosphatase activity at each group

Day Co P25 N25 P300 N300
(£8.D) (£S.D) (+8.D) (£S.D) (+S.D)
6 0.933 0971 0.549 * 0.965 0.541 *
(0.140) (0.049) (0.044) (0.086) (0.191)
10 1.318 1.388 1.214 1.735 * 1.024 *
(0.013) (0.123) (0.026) (0.122) (0.133)
14 1.203 1.109 0.888 * 1.932 * 1.270
(0.081) 0.141) 0.047) (0.043) 0.027)
18 1.080 1.126 0.891 1.221 0.940
(0.214) 0.041) (0.036) (0.074) (0.036)
20 1.013 1.115 1.131 1477 * 1.143
(0.130) (0.060) (0.110) (0.100) (0.158)

CO : Control group.
P300 : Pressure group by 300g/ci

P25 : Pressure group by 25g/cr.
N300 : Tension group by -300g/cr’

N25 : Tension group by -25g/cif

% p < 0.05, Statistically significant difference compared to control.
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Alkallne phosphatase activity

Fig.4. Difference in ALP activity between P300 group
and N300 group. * P(0.05

SOkttt 2L 2719 4&FYat A4 u& ALP
gAx9 alo|E HH P59} N25, P3003} N3007tel
apol & vebton, 458 & 7k BE Tol AAE
S M BRE TRY £& ALP 845 $AE Ve
WAet.

T3 &Y QY @AQle] BBl A=
Fo] E4E ALPEAES Hux =EAzte] A
=g

288 ¢5YE /ey ALPEYE7) 3715
T A%s 44¥E ey ALPEAY RS} A
E %S et} E3 gt st g B
flol 83 2459 go] F42 ALPEAES H 1

A Z=EA|Zbe] A=A
v.n &

£ Ao AMRRE A EEL ZFAEF MC3T3-
El°]® Kodama $°7°] oja) Az Fr4ZdA &
g3 At s AEEM ALPEA S ndd ¥
Aol lor A7t wiekstd Fr)de M3E W
ool 2FMES ZAER B3} doubling
time& 18717t Woln] F4:3] AAstd] 4UA wo
o2 FE& Ui @3o] YT E o) F
T2 FollE MY AgEEA oS g
ojebte ZFM T £ 9 FHEE Yehle A
H2 AMEEE ALPE 723 W9 713 ¥ (matrix
;g:sicle)"}' ME & NETe] 15T 2 A3}

ALPE tE2 3 AHgene)olM welEE 371419
B &8 &(isoenzyme) 7t &84 placenta, intes-

7|AX R=0] MC3T3-El MZ2| Alkaline Phosphatase Activityd] OJX|= %5t

tine, liver-bone—kidney type©|™ liver-bone-kidney
type &E & A (isoenzyme)te FLF F4 2 gene)d
A e RR FYd 9dS XA gdtE
9 Fz7} tag®,

o] 49 712 AFsA LA A YRI5t o
HATAN g vhof] et ZIAMEY 2AF
Axzel B3} fibrous protein® pre-osseous ma-
trix8 4, 714 &4 (ground substance)®] HHATh
F(mucopolysaccharide) ¥4, matrixt¢] phosphate
acceptor®] transphosphorylation, crystal growthol
W8 ] = organic phosphateE A| A dte 71%°] Ue
Aoz FHan,

Lian® Stein®- primary bone cell ¥} %F & -0 4]
o5k A Zoll A ZFA XS] AR P B3 By e A
“(proliferation), 7|23/ (matrix formation), A
3] &} (mineralization) A]7] & AX =6 ALP 84 =9}
ALP mRNA7} 22| (proliferation) A17] 2 &5E &
&3] F7Islvirb A28 Al 2 JPRAM AES] A
gt Bag w gih £ AFdAE dx,
N25, P25& 10974l P3003 N300T< 14874
ALPEAA =7} Haxo] =28 & 18UAd] RE A
Po] 2T FFLE Bolee AL BA 433
A7lle A3 2z ¥ zlo)7t 91 Ao
2 Azt

Lanyon® Rubin”& E&A8 X 7+849] 3o
A&l PR FYAo] F7HE L, Kubota 52
AEa g AFA HEAQ Flo] ols] ALPEA <]
7 & Bt 2144 3g A48 B Add)
A Z27)9 ALPE/o] 94 E 713 FolMe tx
ol Hjg)] HAaEe A, 458 S 713 FolME
7HE e A% Jehltirl Alzto] Aol whel ¢t
3 A4Y S /13 T BT WET FFELE Bo}
gt oleld @S X429 g g eme AX
7b =B E 870 Agsty] wlEoletn Bzt
& P57 N25, P300T 3} N300z A7to] wa
ALP €49 Wsl7b fARE AdS YeElgl e
ol F9 A7) W& A x| A-g-AI7te] 2jo] wjE
o ol{gt AgE et Az,

Ozawa 59| AFeA oF 2kg/ante] A &H< 3
TY& MC3T3-EIM 20 718 PGE:9] 7}l <]
3 ALPEAe]l #AHL, PGEY Fxd we
ALPEA 9] ®¥3ls #F3 AEud 4golA v
A Be FE10°Molshol e 2818 PG 24
ALPE/o] 7t A3E Rusl¥th Ozawas 2l
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AFHh g 300g/er HEHH S 7H & AFelA
ALP &4o] $71e AL 7144 AFd 93] PGE:
o] RS} GE FxdA 2po|7t W] wiEolzt
i ArREC

duba oz X o} olFA it BEAE7}
Z71M FEF7E delva 2FAEIE FUEIA
23 3o| dojdtta galA Ao, aey X34
WY oz Feael X2FZd AIFAQ I
74wl o 2] FHE 7H(inter cellular martrix)
o & Hre duEde FHE, AFSNe 2
F570 AR, olhzo] A2HE Mg YEY
2 #1438 Zengo¥ES) H1E BW Xolo]F ek
o2 Xzgo] FolHA gurEe ITUFH N2F
& AY g & 2T ¢5Y S WY o5
3 Y EA2FHL FAUd} AN ZZIAREY &
o] Z7t=lo] tdA FHA o] dojvta BES X
ZHE A2 FL G YAA FEA LY 84
ol Z7tEo] FFF7F dojdtia Tt

223 AAFEY 238 FHUAE AHSEA
A v g% A EE G APN FEFS
£ o] AT E UAEo] WAE vl Y3 Saito FPE
2849 &5HE MC3T3-E14| 29 718w PGE:7}
tha Z7he A& Hag b gl

ol# g Aol B AAHFRY ¢HY S 71
T A ALPEAC) $7tE 2 A3 AoE 438 &
golst AAHY Hrge AHEPad Axe
Axere wtEeto g AR oA Aagtd o Al
Tele] Wy} 2e=A] o] Wi MIHAR
YA T e 71AA W o8 ALPEA F7tE
®18 Kubota 579 Z3tehe Hlme}r) ozl A
o2} Atz ®rt.

ole] ATAT QY ¢S F3] MC3T3-
El Al 29 ALPEAY =0 9 nXBZ A X7} o
9 F ZF AFE e FFFe AEE ¢
o€, 28 A AR JAA AFE A
g A7 eAld BN FF EAYESH U
52 58 A7) ol Fojor & Ao w Yyzdr),

2 o

ZFM X3 MC3T3-E1M ol A &2 A 45t<
Zhed gl 27] 9 A4H T} g3 o] g ALPE
A& A kA NAA A tg Axg
Ao zpo] & ol ] 9sla] 24well platedl] 2x104
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cell/well2] MC3T3-E1X2E ujesle] A JE) 7]}
5|% Diaphragm pumps A&t 4&¥ 25g/cn,
300g/citz} Q1 3H8 -25g/cnt, ~300g/cri-S 7F8lA] 49, 6
d, 109, 144, 18, 207t ALPEA & &% 3t
g3 2o A3E Ach

- 1ol vla FEHHAN ALPEA ] 7 AT

A &Y BT ALPEAYES} ARl Ad
o gt xT FELR Eolgtth

- A #ARel B2l A9 Yol
545 ALPEA Y] H A =@l A AHS)
ok
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-ABSTRACT-

The Effects of Mechanical Stress on Alkaline Phosphatase
Activity of MC3T3-E1 Cells

Sung-Min BAE, D.D.S., Hee-Moon KYUNG, D.D.S., M.S.D..Ph.D.,
Jae-Hyun SUNG, D.D.S.. M.S.D., Ph.D.

Department of Orthodontics, College of Dentistry, Kyungpook National University

Orthodontic force is a mechanical stress controlling both of tooth movement and skeletal growth. the mechanical stress
stimulate bone cells that may exert some influence on bone remodelling

The purpose of this study was to evaluate the difference in cellular activity depending on mechanical stresses such
as compressive and tensile force by determining the alkaline phosphatase(ALP) activity

A clonal osteogenic cell line MC3T3-El was seeded into a 24-well plate(2x10%well). At the confluent phase, a
continuous compressive hydrostatic pressure(25g/crf, 300g/ci’) and continuous tensile hydrostatic pressure(-25g/cr,
-300g/cm’) were applied for 4, 6, 10, 14, 18, 20 days respectively by a diaphgragm pump. At the end of the stimulation
period, cell layers were prepared for ALP activity assay.

The ALP activity of the compressive group increased more than that of the tensile group at same force magnitude,
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whereas the cells responded to a similar pattern regardless of the type of mechanical stress

The ALP activity of the compressive and tensile group turned into the level of the control group as the length of time
increased. These results indicated that a mechanical stress may be more effective on cellular activity during active
cellular proliferation and differentiation periods.

The time to achieve maximum ALP activity was delayed as the mechanical stress increased in both the compressive
and the tensile group.

Accordingly, the magnitude of the stress rather than the type of mechanical stress may have more influence on cellular
activity.
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# Key words : MT3T3-E1, mechanical stress, alkaline phosphatase activity

-299 -



