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2] 8ld mechanical stress& & & A|ZHY]
o W FIZIAETY HIE BF
o8] AT Berger$t Harell 522 I
Z A E£0| mechanical stressE H -
A Z W PGE.9 cAMP levelo]l S71E S &%
stgon, Z1AE Ao digk A E=9 sti-
mulus receptor mechanism-2 S =& of s
uhg-3t §AEkE, PGE.Sl 93 vzl = o
cAMPE =9 DNA®A F7tol 4&8& »
o3 AT

Atsumasa 52 ¢ A X ol mechanical st-
ress(tensile force)E AHEIJS o, Az
cAMP level +23tAl S7H8t4l.2 4, PGE:
level?] S7HE B3R £3HA 1L, glycosami-
noglycan(GAG) &3 0] 71AR A=) &)
Z74%cha By d. 3, Rodans &
hydrostatic pressureS ©]% 3t compressive
forced &4 Ca'*3# modulator-dependent
phosphodiesterase®ll 23] cAMP 2 ¢cGMP le-
velo] Za3chil 3t

2R HE o] 83 in vivo AN Davido-
vitch® Shanfeld 5% & ot 8L 71etA&
g X ZIFW e PGE: levelo] 71¢S #Z
st Ffz Aol PGE.7F /sttty Bil
3l 2™, Yamasaki 572 DX F-9 9] PGE:
E FYAA Tl FAZ BF F&E glol
R|ololFo] 2u] AL oA Adoids #

N
PN (o



F3te, PGE/E &5 93¢ vAgu
Hustqoh 28y, 349 AFELe F=2
HEAMEo] g cAMPS} PGE,9] W3S o
Zap P me B s A ofa oA £
FZRAA LA g HEE FFgo g asus
W FzF YAIZZo] o= M Eo|A 7235}
o, A7H o2 dojuhs ME7)Ed ity
ZNAAAF o] MEUolA A3tetd N2
A= 7)de] thg Burh uwg
2ot}

ole] E dAFdMe WAMHa FABRES
FEHEELAEIY 579 AETL B3,
FEY 3z2Ed g yrgez A3
5ol HE 94F 2 ZFANETFAAEE

o] 83t OC group® OB groupl&
& o, E2AMEFY A4 mechanical
stressE FA RS v AXUo) v X = JFS
SAEZHAE S £ A F A (marker enzyme)
Q1 acid ¥ alkaline phosphatase®] W3 %
A|Zke] B Ed wE 7+ AET9 cAMPS}
PGE; 59 ®¥3lg #FFo=zH FxAY
Abel Ml X JEFE Loz} A)P3FY ),
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1. EXXMEL 2a|9f uigt

A 19449 WA FARL F7F
22 AZ&349 0.1% collagenase, 0.05% tryp-
sin, 0.5mM EDTA7} &% 15mle] &4 &
A3} A reactivial (Pierce, Rockford) ol ¥
2 X 37CAAM AMA3F] muwrebHEA 1087
NN =

e F2IAATE EL8AF 2o o
9} fetal bovine serum(Gibco) & 7}t 200
Xg® 587 9AE
AdtR o, 38 FZAMNETE Hank's ba-
lanced salt solution(Gibco) & 2 23] A ¥ 3},
10% fetal bovine serum(Gibco) ©] H7}E mi-
nimum essential medium(Gibco) ol -5-A1 7
G(IT) 548902 APy FARL v}

AR F ZAE A
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Al A28 4888 FHriste 108(10T),
108 (1), 208(VE), 208(VH) T 94
Aejste] FUE PO F 579 273
Axg B4

Holg AX7-E 60mm ZFH] Y& disholl
platingd}od A& 24A17F H, 13 nl} 4847
oot B FH-g WEHIAA 6~7UE vl F3}
At MX A FEE 5%, 2% 37CE
FASAA 95% 2 &9 5% CO.E A&
FTF3A

2. XM =z0ff CHEt mechanical stress

X

=
=2
S

M

Culture dish v}= ]l Orthodontic ex-

pansion screw(Dentarum) 2 912" F R &

9] acrylic resing FHFAHY. 2 AA L
mechanical stress& HEA1717] 93t or-
thodontic screw® 2~33] 3 AAIA culture
dish v}5 o] FgHolgle F2 9 acryli-
cresint-9] 7} Hol@ o 2 <138 plastic dish7}
HE o] AR AA7AA maximum activa-

tionA] F o},

3. Acid phosphatase®} alkaline phospha-
tase 8

EasAYges 2, gd 579
FZXAAEZF IS UF 2 VIS VES
38t 2 MEZY J2EAFHYEE 23
3t OC( I, I) 9 OB(WV, V) groupl &
&34

OC$} OB groupl & I ¥ Z AET
W3 7] 2E =9 24A13F < mechanical st-
ressE HEA17 F BLEH=S HElE &
83871 A3 0.05% trypsin® 0.5mM EDTAZ
AEE S8, 200XgE 587 48
gt AL ZF AEF9 05mle SHFFE 3
7}8}4] ultrasonic disruptor(Tomy) & ©] &, 10
%7} sonicationdt] YH= FALEHZFAH,

ARE vy Fo) ALgsart
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8= e S LY E 15mM p-
nitrophenyl phosphate(Sigma)& 7|4 & o]
|39 2™, acid phosphatase: sodium cit-
rate buffer(pH 4.8), alkaline phosphatase:=
glycine-NaOH buffer(pH 103)E AM8-3}<d
Z}2} 0.1% Tritan X-100/saline 3% cell lysate &
7Vt 3047t incubationA 2! ¥ 7| 2R
B &3, #2l¥ p-nitrophenol®] %“Ei H]
AR o3, W AFEE bovine serum
albumin(fraction V, Sigma)$ T FEHo=
ALE-&te] Lowrys™e] wWidel ofs) A s}
At

Zt Al Z 79 mechanical stressZ 155, 304
2 607 HEA F wigA L AAEL
1ml®] 6% ice-cold trichloroacetic acid(Sigma)
€ #7138t rubber policeman®Z 33
M X E sonicationd}il, 1.800X gl & 2587+
AN EY3td B2 A AL 5ml water-satu-
rated diethyl ether(Merck) & 43] #&3 &
WEAZ Ao u:} A EL. u}uﬂﬁ A 2k
AHE-3H T
CAMP= Y51 xA17 Al8E& sodium ace-
tate buffer(pH 62)° &3zl o3 [*1]
cAMP RIA Kit(New England Nuclear)E A}
4314 radioimmunoassay WH 08 A HE A

st
5. PGE, M2t

Zb Ao 208 2 4083
ressE F&A7 &

mechanical st-
Tl FY S A AL 1mlo
6% trichloroacetic acid® % 7}3l4, rubber
policeman®.2 433+ M| L E sonication3} 1L,
1.800X g% 25%3F AR 3ty 4L 4
Ao Yrdx AHer AHAEL gy
ol AFE-3tF T PGE,= WS A ZAZ A8
£ sodium azide buffer (pH 6.8)°ll &3]A17]
o, [*I]PGE; RIA Kit(New England Nuc-
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lear) & A3} radioimmunoassay™dH o &
A8t d ot

. Asdnt

1. BRAMED

©| phosphatase 7|%

WA A FAEAA BYH 57 AE
TF) I, U+ 2N, VZ& 247 §3 phos-
phatase 7]1%%=(Basal activity) & S
Ay 7] #FUL(I, )9 A= acd
phosphatase ¥ =7}, Yol £l 8 MEZ (I,
V )& alkaline phosphatases =7} 2 74
S Ho, [ 3 I+ OC group, V3
V OB group2 & &3t tH(Table D).

Table 1. Basal activity of acid & alkaline phospha-
tase in bone cell populations isolated
from rat calvaria

Population (1 ) mo(v V)
0oC OB
Enzyme
Acid 907.15+ 195.15 453.11+ 96.24
Alkaline 6942+ 6327 105.79+ 61.19

Values are Mean+ S. E.(n=4-5) and expressed as nmol
substrate cleaved/h/mg protein.

2. Mechanical stress& ME8t SZX|AM|
EAO SASMET HiF

24X 7HE<9F mechanical stressE 4835
S ul, acid phosphataseZd =+ 0C% OB
groupol A E5F 7+4:3}% 2.1, alkaline phos-
phatase®4 =+ OB groupl Al F7}ste 7
&S HAH(Teble 2 2 3). o] Wigt
Ao a2 = g v &L Fig 13
rigiq=2
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Table 2. Effect of mechanical stress on acid phos-
phatase activity

Acid phosphatase activity
(n mol substrate cleaved/h/mg protein)

HHRIRBEA 247 12, 1994

Table 3. Effect of mechanical stress on alkaline
phosphatase activity

alkaline phosphatase activity
(n mol substrate cleaved/h/mg protein)

Population Control Experimental Population Control Experimental
OC group 907.15+ 195.15 150.07+ 22.71** OC group 69.42+ 53.72 4552+ 40.55
OB group 453.11+ 96.24 158.55+ 21.28* OB group 105.79+ 61.19 150.08+ 79.10
*P<0.05 compared to control
#p<0.01
1a] Acid 3. Mechanical stressOll 8t cAMP2] H
Alkaline 8}
g 10 15%, 302 2 60% 59 mechanical st-
B ress® A3 A9, cAMP TX¥ 0C¢ OB
£ 06 group EF Z7](158)dE dzTd H¥
= ozt Zasts F¥e B, OC group
02 * ol A& 602 ¥, OB groupl A & 30% 2 60&
3z 247t §94 Qe FUHE B AT
0OC group OB group sgd ne AFT Y AAMPEE7} 2~4dl 2

Fig 1. Effect of mechanical stress on acid & alkaline phos-
phatase activities in bone cell populations.

Table 4. Effect of mechanical stress on cyclic AMP
production in bone cell populations

cAMP(p mol/mg protein)

Time OC group OB group
Control 2413+ 533 6246+ 6.37
15 min. 2265+ 401 4379+ 747
30 min. 51.68i 36.59 10491+ 19.38*
60 min. 85.83+11.88 120.68+ 10.65**

*P<005 compared to control

+p<0.01

AAA F71EE BEE F A (Table
4) (Fig. 2).

__ 150 D OC group
-E @ OB group v
S 120
a
L 3
o
£ 0,
'é‘ -
=
2 60 4
&
=
T a0
O [] 1 1 1
0 15 30 60 Time (min.)

Fig. 2. Effect of mechanical stress on cAMP production in
bone cell populations. '
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Table 5. Effect of mechanical stress on PGE, pro-
duction in bone cell populations

PGEAp g/mg protein)

Time OC group OB group
Control 179.08 357.72
20 min. 286.08 503.03
40 min. 575.64 570.02

4, Mechanical stressOfl CH&F PGE,2| &4

2 407 59t mechanical st-
2 PGE,9 %Et Al 7}01
o

>
o
i3
s
)
b
ox q

¥

Arkin $70] gAY AT ALFHoR
growth plate®] Tfoll Berxoz 283t}
A EBagk ol Z|AIAR] Aol #¥A U
o vXe G i g A7t

I s A
=29
Huga ok 2, 71AIAQ o] Ax
5T ARE gsted dzzel wWas

(]
A ZgAdste] thek 7112 ofF LA YA
Row, FZZAMES mechanical stressE
AEAA WHE FEAT BA AFHAgME

FE dIMxe T2 AHELY cAMPS pro-
staglanding 2] W3le] & Folow,
7t 83 /‘1]36;7]-—013} g Ae AEY
H3le] ©E matrixA 9] SFAAe thd A
B} mulg Aok

=24 QA EE S FYste AEXEe 4
T3F7] A3 PeckS*©] collagenaseE ©| &
ste] X %Eaﬂlge 23t o], ob2 2
T SRANEE Y S
MEEo] A °L°‘4' Wong3} Cohn‘:w"]
mouse® F/H TS A& F A (sequential
enzyme diagestion)dtd 4L SHETE A
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600 A

500 4

E ‘OC group
400 4 & 08 grouwp

300 1

PGB2(pg/mg protein)

200 |

100 1

0 A 1 1
[¢] 20 40  Time (min.)

Fig 3. Effect of mechanical stress on PGE; in bone cell po-
pulations.

» N@]ﬂ%—ﬂ@ 1995e) ez}
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=
TS AFELAS A 579 F2HA
ZTE st 71 9 I, I¢e

i,z
OC group2 2 U5 228 I, V-?Lo OB
groupfli —E—%ﬂ‘# 7t M Z o mechanical
AE eSS B3
3]'9\9\‘:}.

Davidovitch®} Montgomery®”, Davidovitch
¢} Shanfeld®®o] 9JadH, FNEE cyclic
AMPo|| oj3) wlj 7R ©ehal B 31319 31, Binder-
man & A3 T B A P
PGE:oll 9ia] wj7j=lo] cAMPS W3ty 2%
Aoz doju, MRz FAFHE PGE.0
o} cAMPEZ7l #FH$Huun Hudgdoh
Harell 5%® & —‘?—E] HH G FRIAANEA AAH
S HEFo2A 279 HEY
Ay 81 8}4 Q] \}%Ei prostaglandin®] 34 o]

A3 2, gy FAE
o] A4 21 3 (continuous force)S 2 & 3}
20% ¥ PGE, 5 =7t Y2 S7hele AL
#&aal, FHolo] cAMP#E Y S7H7 o
ojtom, Alzke] AYHEA ZAadTin B
3l th Hasegawa 522 WA F/HTo) A
28 ZFAM X continuous force®t 10%
Ao 2 2A7F F<t intermittent forceE #

SAIZ A5, AEe] DNARAY F7tz <
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st ME F7F 64%F7 8, TLEA
SR ARY L 33% FUHEH T B
Z Z 2 Al £ mechanical stressE 3 &3 7
+, L =29 Aol U stimulus receptor
system™ FAFSHA 28-8t] M EU PGE,9}
secondary messengerdl cAMPS B2 & &
%3] F7HA71H, MEA A== PGE=
cAMPA A& d3 o2 wirigoia 3t

PTH, calcitonin® #2 S 22 & o] &3}
EMNZ FEA cAMPO H&o) dig g
ATFEo] B3 FHglonseus® Dayvidovitch
¢} Shanfeld %2 P L o] &3 in vivo
Ao A 1A17t~28YU FF A7 H & Fol
otoll g 7tate ZAlolsE st A
X 9] compression % tension siteo] U3+
cAMP levels &4 43, 2719 cAMP¥
T #AaFgeu, Azte] A uiet
cAMP %7} S7H8-E #3319 3, o] 942 o]
cAMPE =7} 2710 A3 ol fE comp-
ression sitel| A= X F A A E 7} 3 At (nec-
rosis) ¥ 213, tension site?| A& A X9 3}
thg FAe Q1% Folgtn B 3gPoen,
forced & 25 Fo| YEIDG cAMPEEY F
The ddHez A2 o AxT T
ENZE 8459 F7to o Rolgtx 3
A=

2 AZAA F, gE AR
o 3t mechanical stressol] 23 9322 OB
group® OC group®] PGE.9 H %7} £715
N3, cAMPEEE Z7|d ZAaste AFE
HAoY forced & 308 FHE 78S
wEste} 71AHR] 2RpF o] M Edte] wkg-&}
o 3}18tAQl AE 2 HE s B4 PGE
cAMP?] H3& =2 3t Fx2AME 7|5 S
A AEEAGgo] S AR T Alg
HAuoh E£§ 71AIH AFel tig PGEY) &
42 cAMPl tidt 28 troluz} DNAY
A3 wdd dRAFPY FEH FAGE
AL FEE 5 o] AXAESH F3Fo]
Aokl ALs =

HtH o) Bourret® Rodan 5% Z¢9 4
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Z A  (epiphyseal chondrocyte)oll. W3l me-
chanical stressE €& o calciumy ¢}
adenyl cyclase2] A& <139 cAMPF X7}
Zaggdn sQm, 71430 ol 33Hgl
energy® W E ol o] nucleotide(cAMP &
cGMP) 2ol 93 Ff=ojvty Hust
Ao Yutakas®& 9 M E(growth carti-
lage celDol tensile forceE FA L,
cAMPF %7} 3% ol Ho 3uj7tA F7tst
QoY PGE; levele F7138tA &5& o3
3lod Q3] 2] mechanical stress”} PGE. &4 &
AAZGr Bt ool B AEF
¥ 3 &t o] Bu cAMPS} PGE.°l w3t 3uls
= die N2 g2 g9 Axd g%
uk-2- 7} mechanical stress®-&A] activation™
A3} Ao g ZJolz dgso]d 4 QU
%3 PGE, 9t cAMPZ:7}ell 93 Al 284 3} 9]
A2 M X9 acid ¥ alkaline phosphatase
A% W3l 3] BuckleysW2 ZEAXE
FA}A) E 7 (osteoblast-like cell) o} mechanical
tensionS &L A$ cAMPS7iAl 9%
PTHel o g w+3-3} 1,25(0OH). Vitamin D2
247N 7F F< FrEA] osteocalcin®] AL =Z
¢18] alkaline phosphatase’} Y422 ¥h&
goia Hasle], B AFdA ZEEL A}
2314 %3 OC € OB group2Z &FE
A E 7o) mechanical stressTHe A-8A1A Al
xuto) MEH VIAFAF o] PGE.S cAMP
A 23ol Wl o AMEFHIE AFHC
2A F2FANE FEFEAHT (osteoclas-
tic activity) ¢ & 34 &4 = (osteoblastic acti-
vity) 9] W32 Asty A A E
FEgS vHga AtsEd.
v.d £

2Nz #A L £Y3e XA L 3
 mechanical stressE F93ld AFEU o
ojues a2gAx9 W3l cAMP ¥ PGE,
& WalE 238 U 2L 2ES
dA
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1. BEA=ZIA

X9 HEA A A (marker
enzyme) ) acid % alkaline phosphatas® =
A3t 7%, acid phosphataseZFA &+ OC
groupol Al A WENSEIL, alkaline phospha-
tase &4 =+ OB groupol A =4 &2 A}

2. Mechanical stress& #-83 29, acid
phosphatase 2 =& OCS OB groupoi A
5% 748 o, alkaline phosphatase &
QX+ OB groupdl A E7138te A%¢S 29
=3

3. A|IZPE 2(15, 30, 60%) mechanical fo-
rces A& A, cAMPY %2 0C ¥ OB
groupdll Al Alzkol E & wel Frhakeh

4, AP 2(20, 40%) mechanical stressZ
&3t PGE,Y &S ST 47, 0C ¢
OB groupol| A A|7te] & & ulg} Z713teE
BEE #FY 4 YR
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—ABSTRACT—

THE EFFECTS OF MECHANICAL STRESS ON CULTURED
BONE CELL POPULATIONS

Sang-Tae Kim, D.D.S, Kyung-Suk Cha, D.D.S, MSD, PhD.
Department of Orthodontics, College of Dentistry, Dan Kook Universily

The movement of teeth during orthodontic treatment requires bone remodeling process of bone formation
and bone resorption. To find out the changes occuring in the cell itself, mechanical stress was applied
to the cell populations involved in the bone metabolism.

Bone tissue cell populations were isolated from fetal rat calvaria and divided into OC and OB groups.
Following results were obtained from measuring the changes in acid & alkaline phosphatease activity, cyclic
AMP and PGE. production in time lapse after the application of mechanical stress.

L. In case of the marker enzyme of specific bone tissue cell, acid phosphatase activity was high in OC
group and alkaline phosphatase activity was high in OB group.

2. After the mechanical stress was applied, acid phosphatase activity was decreased in both OC and OB
groups and alkaline phosphatase activity was increase in OB group.

3. When the mechanical stress was applied for 15, 30 and 60 minutes, the production of PGE, increased
in both OC and OB groups, as the time span increased.

4, When the mechanical stress was applied for 20 and 40 minutes, the production of PGE. increased in
both OC and OB groups, as the time span increased.
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