o

=83 9o wiFs<
A F A A Eof] H] 2] =

HEERRE R

LM B

EEEER T TR E DS CESCIREL S
QA ugoz QrubEeld 2FAL A2 A
2g4o] olFolE FAzAALR Ho}r}

oS HTH: o] &o] YuHH o WolEelx 1 3]
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AT 2] AESEH EA tsto] AF
3 o] 35 o] Arnold®} Baramo] X<l
A EE Hz22 %A 2" Brunette’s & A
FAzF o2 5e wIdE ANEE 1 FEI}
oG T AfotdAEEE THEINL
Bolmlof57¢ XAtz 2 el 27|ujkA A3
SA X} Aol ER vt ot X3
HzHe A e Aols AfoldAxs
WjokgS B 1319 21, Ragnarssons Ve Alg
o] AFJANZHE FHlE HARrolFAE} 53
& A4S nud vk Aok Eg Nojimas'e)
a9 ANFzHIG AFANH LA =L Alka-
line phosphatase®] A EE Holw o|F X|F

B9 ¢ 1004 48 1
Vi oeh2cistm A Ts DYDY, M3
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Q) th A 7} bone gla proteing A4 gt} &
Wasi 2, Fisher™, Somermans'?¢ X1t 4l
X7} Osteonectin, Bone proteoglycan I, Bone
sialoprotein [& A dtrhal afe] A FQIthAlE
7} ZEFAER E3149 7bsdE AlAREE bt )itk

Leonard™, Lilja'®, KawaseS'7& x| -&4 &0}
AErTE FAA EA A ¥ Alkaline pho-
sphatase 8AEE RT3 Rug u} glom,
Somerman5'®e 5 &3, Y Ao 2F
Aef M ES} X & frot RS EAS e &
Az AFAPME} F DA wddEy
s % alkaline phosphatase activity7} 4 YE}
U AFANAES ZEAFE} b fFARE 4
A& Hn Yee HIA

37 Binderman%Y¢ EFZHTT wjEA
wj 9k Aol Orthodontic expansion screw& ©]
4, physical stress& 7}8t] stretching® em-
bryonic calvarial cellol A AAsE PGE:$} cA-
MP9 levelo] Z7beHe #aatdth Ngan™%
SaitoE e 2e #E¢ AAE stretch® hu-
man PDL fibroblastell 4] prostaglandin % bone
resorbing activity?l $717F o4& E3 L
W YousefianS?¢ PDL cellel hydrostatic
pressures ©]-43}9 negative pressures & 7
§ AFANAEE F43H4, cAMP 2 Pros-
taglandin® #4AE #&I}NUIL Positive pre-
ssureE & A4 AFAUAEE @t S48
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cAMP % Prostaglandin 5°] ¥tz &
3k Tt

B 4= X ol orthodontic forceZ 713l <
A9 AFANAFENA doit= Aglets 54
o ¥3lE dolR A} in vitro A Wl gE 25
el A E ol mechanical force® F°|, cAMP %
PGE,¢| % 3}¢} “H-thymidine incorporation %ol
ot AFRJAYME A FEE SH37] H51H

e e A49e Adasit

KoK

II. dslxjz 3 gy
1) PDL cell culture in vitro

o *}%51 A¥e wadgta X g
]JJr A ug o Wdste] Asket Al
Els L—ﬂ Q38te BARA Hal Ao
ol FzstH, JAH R X5 to
3’- BAE 2L XjolgE WA, A 5eto 2
7S Al S Fate] 4L AFAUAMAE
& A&

2okg EASH7] 1FUARE At A sl&
A& A E 3al, S22 A =(F-FekE)
B FANESE A7 & FadedA x5
A FEe FEE st RAEH Xo}E Peni-
cillin, Streptomycin(Gibco) ¥ 10% fetal bovine
serum (FBS,GIBCO)¢] #7}¥l minimum ess-
ential medium(MEM, GIBCO)2. 2 3-43] A¥
& E‘} AFAHE curretteS o] &3to] S
o $F 10% FBS7} %3%¥ minimum essential
medlum(MEM GIBCO)°] £ 01;,1\_ 60mm cul-
ture dish(Corning)oll ¥ XIA171$~ 37 Cel A 95%
FEE fAEA 5% CO, 7 " CO
incubator (Precision Scientific)oll 4] v %3} %1
th. 10% FBS7} %71 MEMS vl gh3) o
A ETE S AHESt] WA o 2 RE X
FAAME7} 2472 2eptes A& #3
g & 05% Trypsin 53mM ethylenediamine
~tetraacetic acid(EDTA, Gibco)Z A 3%E- o]
o] 200xg = 4C°ﬂ/\1 1083 A #al8led A
¥ & 433 ¥ Hanks'balanced salt solution
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(HBSS, Gibco)e AM8-3le] 2-33] A& 33Tk
10% FBS7} &% MEMoA 35mm =i %3 Al
of 152 AdujdE Adsg o olF die
olF A¥E& flst] NEE FASY 10% di-
methylsulfoxide (DMSO, sigma)7} ¥3H¢ sl o
Aol P& T A8 WFAIAH AA FA1T
(MVE)dl| A 73}t

2) Applying Mechanical Stress

Culture dish #Fe 9]l orthodontic expan-
sion screw (Dentarum) HAH F FR9
acrylic resing HIAIAY, AFAA E
mechanical stress& -8 A]7]7] 138 activation
W 0 2 orthodontic screw® 2-33] 3] AA| A
culture dish vt= ¥l HEgsodE 449
acrylic resin 97} WHojgog <3 plastic
dish7} W] 7AA7] H#A7A] maximum
activationA] Z t}.

3) cAMP determination

aj el 2] F A A E mechanical stress&
15%, 304, 607 A-&A17] F wjdd & A%
2 1ml9 6% ice-cold trichloroacetic acid
(Sigma)E ¥ 7}3+4] rubber policeman & 43
3 M ¥E sonicationdli, 1800xgl ® 25%-7F
A5t d& 4 AE 5ml water-satur-
ated diethyl ether(Merck) & 43] F%&3% & Y%
Az AFew, AHAEL A A Gl ALE3)
Atk cAMPE WEHxEAZl AJEE sodium
acetate buffer(PH 62)d €aA71 & [
cAMP RIA Kit(New England Nuclear)& A&
3}9 radioimmunoassay¥§ &2 A A3

t},
4) PGE2 determination
Z} A o 205—, 40%, 60%-7F mechanical

stressE A A7 & kRS A AT 1mle)
6% trichloroacetic acid& #7}8l¢], Rubber
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policeman©.2 F3 & MIE sonicationd}i,
1800xgZ 2683 YAE sl d& A AL
Wsnz Afew, AAEL G o A}
L3199} PGE = YE5AZA7 A EE sodium
acetate buffer(pH 68)d £81A)71 th&, [*1]
PGE; RIA Kit(New England Nuclear)& A}-4-8}
o] radicimmunoassay W 0.2 A #FEA &9 v}

5 Cell proliferation assay with 3H-thymidine
Incorporation

MEAA v xe= Qd3g #A@dslr]) ¢

RULRE= Y

> o
e

3}
12, 24, 48713+ &<t activationdt i 2} A7+
ANZHA 30 4 Ci tritiated-thymidineS % 743
o, 5% TCAZ A A3}l il 05N NaOHZ &
FAA AR A FHELY FE A8
I YR il S s

F
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Mechanical forceg & & AT jA £ 2
cAMP W3}e& Table 1 2 Fig 13 #ZoH, o
ZT A9 cAMPS %2 776 Picomolo] it
activation$- 158l 4] 146.3, 30l 82.3, 604l
7085 15%-Fo o8 St den, 1 &
of HAF TrAasdte ¥44S Jehdn

Mechanical forceE & F XFhAE <]
PGE2 ¥3}3-2 Table 2 2 Fig 29 7o, of
2ol A PGE2%-S 18,7 Picogram©] 1L acti-
vation¥- 202 33.2, 4049l 31.5, 604l 2552
2059l #-eatA Fretthrt AA 8] TAskS L
W, 7 Az BF gzl H8) S/gade
B

Mechanical forceE & ¥ A FAHAE] A
A3} %S Table 3 % Fig 33 Zom Al F e

'3H-thymidine incorporation%< 2z} A7+t &

F Z7bshe e venigent BAH §9
92 .

Table 1. Effect of mechanical stimulus on the cAMP production of cultured PDL cells

Control 15 min 30 min 60 min
CAMP 776%12.2 k14635189 82.3+22.6 708%179
(Pmol/mg protein)
Values are Mean £ S.E (n=4-6) =** : p<0.01, compared to control
Table 2. Effect of mechanical stimulus on the PGE:z production of cultured PDL cells
Control 15 min 30 min 60 min
PGE 187 + 26 4332 + 2. 315 + 82 %5 + 18
(Pg/mg protein)

Values are Mean = S.E (n=4-6)  #*x : p<0.01,

compared to control

Table 3. Effect of mechanical stimulus on the 3H-thymidine incorporation of cultured PDL cells

fime 12hrs 24hrs 48hrs
group
Control 5091 + 435 3623 + 434 3536 + 389
Experimental 5260 + 617 3339 + 388 3957 + 431
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mg protein 100
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803
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203
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15 30 §0  min

Fig. 1. Effect of mechanical stimulus on the cAMP
production of cultured PDL cells.

] control

- mechanical stimulus

cpm

12 24 a8 hr

Activation time
Fig. 3. Effect of mechanical stimuius on the -

thymidine incorporation of cultured PDL cells.

V.58 % ot

AR A R obe] YurEoA e 2249
A FEAETL UEUA A2DE
A Ha, 4 wEidrs 234
7} el ABTE FUAIIEA Kok o
FEh Aote o]F L FIHor F/E I
Aol #ofdhe Axe] B4l Este Aoz
dH A glom, AFRAPAREE o)#d TAx

Hq4e F9d Aolgtes A7t ALHn gl
1-6)

oob B
O B OE

A Felt) A X7} Osteonectin, Bone Proteo~
glycan I, Bone Sialoprotein IS §H4 3t 8f
o ZFMEZ B34 7hsA S AR vF i
P 5 g2}, B H& Al fol Aol
Hla) X FJANMEF F Dl dY AT
% ¥ alkaline phosphatase activity7} &4 e}
W 2o} thh AR S-S Wrka Hal
HAH?. Binderman' & EFEA T 9 %A
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mg protein™
20~
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Fig. 2. Effect of mechanical stimulus on the PGE;
production of cultured PDL cells.

Hj % Aloll orthodontic expansion screwE ©]
&, Physical stressS 713+ 79 PGEoll 23] vl
NEE cAMPH S 7} 2313 0.2 dojdtia 3}
3L, PGE: ¥ cAMPY] S71¢} MENAAEE
Bag v gl

B Ao AFANAES v F- TG g)
A AFAg e o wHXNEE st LT
o] A7E A 14272E EASY explant
culturedtH 1 W ¥F<A AFA A EA mech-
anical force® 2-&3}7] 9134 orthodontic ex-
pansion screw”} $-2% resing W FH Aol
HAZ T wFHAIE AR 7] AA 2-38]
activationd} i th, 2+ AIZPHE AEYe] cAMP
Wt akS ool R 7] ¢ mechanical forced &
% RIAR &A% A3} activation$ 155014
CAMP7} frolstAl F7He ¢S YeEld =)
ol EEA & wldEQl FAE A &3t
oF 15%% cAMPe] F7t7F iz g JEit
' 2439 9xdctn Abgdh MEFd A
FO YA £ol| mechanical forceE 713 & A X
e PGE2 WstYE 7} Al B5 F7hdd
& Jehdlon E3] 2084 R S0 #&
e ol FAEL BYA Y 2HEE 2
739 PGE; 57}7F H Ao b & F 3Had
o Aol dXHH?, e weFel x5
o) A ol mechanical forceE 7}3F 39 A2
] *H-thymidine incorporation® Z7}%4-& ¥
Rov FAH ool e, &
FU3 A= ol e AFTo] oF
158 F7ke ¥4g Yehldtha B vl 9l

j=|
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U}-lg)_

B Ao A sigd XFARAME mecha-
nical forceZ & -&A171F PGE:} cAMP A4 9]
¥ 3} 2 *H-thymidine incorporation 4 =¥ 3}

A 7 8ol WPE AFARA 27}t M2
of 9FE& WA Ardr
v.2 E

B A3 o)A+ Orthodontic forceE 713& 7
$ X FANAH L A8 EAJS golH il
A wjFEQ AFAPA E| orthodontic ex-
pansion screw& ©]-&3 mechanical forceE &

A3 & dE& it

1. WFZEQ) X FAth A X o] mechanical forceE
743k 49 AE e cAMPY-2 forced 713t
T 158F0 FoaA SR en, L F Al
Ztol B FOl wet HA}F FHASHAT

2. WieFE¢l x| F e th A E ol mechanical forceE
7h3 76‘-?— A EWe PGE2%YL forceE 7t8t

B A0, 60 el 25 FUtE e

‘/}E}q}‘}ic’”i, 53] 2089 & 5717t

Zolth A F o mechanical forceE
A ZU ¢ 3H-thymidine incorpor-
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- ABSTRACT -

THE EFFECTS OF MECHANICAL FORCE
ON CULTURED PERIODONTAL LIGAMENT CELLS IN VITRO

Hyun-young Kim, D.D.S., Kyung-Suk Cha, D.D.S., M.S.D., Ph.D.
Depertment of Orthodontics, College of Dentistry, Dan Kook University

The movement of teeth during orthodontic treatment requires bone remodeling process in periodon-—
tal tissue.

To find out the changes occuring in the cell itself, mechanical force was applied to the cultured
periodontal ligament cells.

Following results were obtained from measuring the changes in cyclic AMP and PGE,, *H-
thymidine incorporation amount in time lapse after application of mechanical force.

1. When mechanical force was applied to cultured PDL cells, the amount of cAMP in cells were
increased significantly after 15 min. of force application, but were decreased gradually as time
lapsed.

2. When mechanical force was applied to cultured PDL cells, the amount of PGE2 were increased at
20,40,60 min, and was significantly increased at 20 min.

3. When mechanical force was applied to cultured PDL cells, the amount of 3H—thymidine incor—
poration was some increased, but was not statistically significant.

KOREA J. ORTHOD 1994 § 24(2) : 295-301.

Key words : Mechanical Force, Culture, Periodontal Ligament Cell



