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2 AAGE Y. AFEE 525% sodium hydrochlo-
ride &4 283 BUbA v lo} B 2E A4 Al
e AAY g HotE 100U/ml9l peniciline %
100ug/mi®} streptomycin (Gibco, Grand Island, N.Y
, US.A)°) 378 a-minimum essential medium(a
-MEM)(Gibco, Grand Island, N.Y., USA) A7 #) =]
off AFAIA . o] XolE AAMAR 53] NHF
2 2 1/3 599 AFAgE Tz A3 sk
A3 S 60mme] A Z ek HA n=2A E4
Al71a 2mle] wiFAE FS18td 37C, 100% &%,
5% CO. ¥l %F71(Shel-lab., US.A)ol A v¥atict,
uj o o 2= 10% fetal bovine serum(FBS), 100U/
ml9) penicilline ¥ 100ug/mlel streptomycin EA|
7} 2349 o-MEMS A48t 0L, S8 w7bA] 3L
A0 2 wde] A B Ao e 5 WA 6 Al
o Alel st A EES AMESFTH

At &210] B

Gaspack system(Bectin Dickinson Diagnostic in-
strument systems, Cockeysville, MD, US.A)S 1
2302 ARy AZAANT) 2 2F BN A Gaspack
system&. & AA L= F¢9 0.2ume] Millipore filter
& Atgshd AdERd S WA B Gaspack sys—
tem 79 vl E WA A AN Jta%e 23
£ 4ol Gaspack system WE7} Q24N 7 tA2 »
g5 Al 3t phenol red7t A7 wjokdl-S Yo A
B3 dEZMoZ vt e AR 7havt o

=S syt 60mm wlF Al A2
 AEE 1x10° cell/dish® Y31 #] oo} 3mlE F4]

3l F Gaspack systemel] 91t}

AR T2 10% Oo, 5% CO,, 8% N2l 74 24,
A4 TL 90% 02, 5% COs 5% N2 7F2~ 279
A kst i 5% COz, 95% F7101A mj g X3¢
ad f MEE YRToz AME3ITh

Zt & 37CAA 2, 4, 647 Wit & b3 22
£3& PP
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Aolle AEY vEF=glot dehydrogenasedl
918 3-(4,5-dimethyl thiazoyl-2-yl) -2,5-diphenyl-
tetrazolium bromide (MTT)7} spectrometor2 =%
7158 blue formazan product® cellular reduction®

A

A ZE0] R|FQICholM R ML M 7Sl DX Y

of AR MTT A4 L o] 83lgrh

2+ A8 24N AXE wjde & A2y Aads
J &8 MTT &9 (HF¥%L 5mg/ml) (Sigma
Co., MO., US.A)E 7+ wellol] 20012 %31 37°Cel A
ANTEQ B2 A 7] & MTT 98 AAS . 3
A9 formazan crystale £31A1717] A& dimethyl
sulphoxide(DMSO)Z 5008 A7}k plated & &
E & ELISA reader (Tokyo chemical Co, Tokyo,
Japan)2 570nmell M FBEE AU

R3] 5.1
ARRHE(%) = QBB 1y

sulforhodamine B(SRB) A2 A X7t e
Z= wilzdS 23de WHeZ  sulforhodamine
B(SRB)= AZE e B3Moz ganIgy,

7t AE ZAd A adg Mo 50% cold trichlo-
roacetic acid(TCA)Z 500/ well® 7}ete] HE &
T 10%9)] 238 dted 4TCelA 1A 7HE<t W3k
gl 2 o8 AEE nFIAY FHTE S
3 MAst YA 1% acetic acidel &31A171 0.4%
SRB &9 50u/well& 7Fste] A-&olA 30%7F 4
8 3 19% acetic acid® 53] A& st AR Z2
AMES AASIT AEE 2 ARANF 10mM/]
unbuffered tris(hydroxy) aminomethane(Tris base)
150u1% SRB-bound proteins & 8-31A17] 2L ELISA
readerZ ©] &3t S40mmoAd FF=E FH AT

4-hydroxyproline =&

29A S 2517 Y Jamall S H
o At on AME AloFe o

acetate—citrate buffer (pH 6.0): 3.75g 9 trisodium
citrate® 55g 9] citric acid monohydrateE 395ml<]
isopropyl alcoholell &&lA1Z1 & S/HFE 78t F
Z2 02 1000ml& =AU

chloramine~T &%: 672mg®] chloramine-TE 10
ml acetate—citrate bufferol] &3 AIH o},

Fhrlich’s reagent solution: 10g9] o -dimethyla-
minobenzaldehydeZ 11ml¢] 60% perchloric acidoll
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Table |. Effect of oxygen tension on the cellular
activity in the cells derived from
periodontal ligament (%)

control | 100052229 | 10000+ 323 | 100.04+8.78

99.62+ 252 | 105.70+4.02"
672111931 | 64.83£1.90

*Statistically significant(10% vs 90%) (P<0.05)

10% O | 111.49£840

Table II. Effect of oxygen tension on the produc-
tion of total protein in the cells derived
from periodontal ligament (%)

control 100
10% Op | 104441110 | 99.98+0.34 | 102.06£0.07
0% O 9891+094 | 7680+t857 | 91.11*+1.66

Table Il. Effect of oxygen tension on the produc-
tion of 4-hydroxyproline in the cells
derived from periodontal ligament (1
a/mi)

9.21%+0.37 6.28:£0.53""
862+0.83™ | 6.7310.83
758+051 540052

control | 9.33%£1.49

10% Oz | 532+051

A% O | 58210947
" Statistically significant(control vs 10%) (P<0.001)
" Statistically significant(control vs 90%) (P<0.05)
**Statistically significant(2 day vs 4 day) (P<0.05)
“*Statistically significant(4 day vs 6 day) (P<0.05)

L3 A1A stock solutioneS THEU T} stock solution
3mlell 50% isopropyl alcohol 8ml& &E3slad Al
pi=a

Zt Y Z2AdA A EE vj gk 3 2ml 6N HCloll
W3 110CAA 1242 7R A A 3087 A9
A B T qFEke] 50uA S Ak s Az
AlZ] T8 methanol 50ME 7}3la Folle G4to]
AAL w7tA 110Cl A ¥-AlZ o} 50% isopropyl
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alcohol 12ml& Yol & AAES &-3)3ta, 200ul
9] chloramine-TE 713t A-&ollA 1087 4|
34t} 1.0ml Ehrlich’s reagent solution 7}ated &
gata 50ToA 0EZE vldg & A2dA 49
ELISA readerZ ©]43<a 558nm o4 F3LE =
A3kt

4-hydroxyproline®] E£FE4942 HE7] A3f Img
9] trans 4-hydroxyprolind(Sigma Co., St.Lous, MO
, US.A)E Iml 6N-HCI9| %9 stock solutions
WET 0, 8, 16, 24, 32, 40 pg/ml 6N-HClo| A g
A% 3 110CA 1247t 78 sttt

Zt Algo 4% 4-hydroxyprolined] %< th&5-9
Aoz Fot.

B X 2000ml X 10g

— = 4-hydroxyproline lg/ml
A C D

A: 558nmell A} EEAA 1.0g8 FFEA]
B |59 FFEA
C
D

2 A9 volume
AR 5

IL-1B, IL-6 & TNF-aQ| SAMHHEA

Genzyme (Cambridge, MA., USA)AtS] Predica
enzymeimmunoassay system kitS AME-3tH o A
Z3Abe] A Ao whet v 2ol S48ith

monoclonal anti-human IL-18 (£& IL.-61 TNF
~a)7F B2E microtiter plateol 100p1e] EF44 2
7+ o] wjFdEAE ¥l plate sealer2 HolA 37
Toll A 3087 A AT test welld] HEES G
ol 3L wash buffer2 Z#3}A 53] A& 33 A A g
th Z welldl] IL-1p (& IL-61} TNF-a) ZH £10
oul A7}stel 37CoA 3087 ¥hgAI71 2 53] A3
g & A% IL-1p (=¥ IL-64 TNF-a) reagent
2 100w 7}sta 37°CoA 1587 ¥HAIZ o 5
3) A A3k} 100ul) working substrate reagent®
7¥slal 24 (18-24T)ol A 10W1A] 30%3t vl gt &
50u19] stop solutions H7Fe ¥ 30% o]l 450nm
o4} ELISA reader2 F4=% 333t & 19
ZoA FFo g st Th

A A2

7zt A¥AAE ANOVAE o|&3ld EANsi¥z
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Mean £ SEM(standard error of mean)2. 2 ER]
Ak

Ao AxEFLe hzad A9 2AY o

A VEigom wjgr)zle]l dojHd e
HES JepR gt sabhte gz i
AxgAgo] Wotom 49 FHE 6% ZaEo] 6Y
Fole AitihTa FaLFE AEGA Ko
ZFo]7F AR THP<0.05)(Table I, Fig. 1).

Fohid, Ao ANAT S UzTE F Ao
£ Holx] gston wdr|zto] HoAXE & ¥y}
ATk FALTF L vl 29 To| T Be F
EolAtirt 49 Folls AU T 6d T A &
7t o dize] & v 3vk(Table 1, Fig. 2).

HPA FAL dzTdA F AdFRg gL
Ao 2 Yelg o ujdr)zke] oA WA ZHaE o
Y Fofl = 4d ol ¥ fAA hHE dAES B

ot @A AakiT kol e v 2d &
d fEFEY 984 2aF YAy 48 F)

F7tE 9o 53] AatiaFol e 299 vl&) &
SHAl Sk Aoz vEyth w6 Folle 1
A F0] F AET RFAM HAAaAYPey iz
I & zol7t A TH(Table TN, Fig. 3).

IL-1B, -6, TNF-a= E4WdHos 243 4
3} kol glo A IL-6, TNF-q, IL-1p &2 2 JEhy
tHTable IV-VI, Fig. 4-6).

[L-6% Ay} HakaFo| A vjekr|7ko] Ao
AFE S E A% 19on fatak 2404 6
Azt S of iETEY Fol s (P<0.00D F
ZHE R olE 29 F(P<0.000Y 49 F(P<0.05) 9}
T §Y3 AolZ RYHTable IV, Fig. 4).

TNF-aX2 Aiba7 3 ikl vl k7] 7te] 2
oAAFE 2ol vls] T7hE Ao hEFME
2o 4B Z71E whd F AR FoE 4
6 Atelol F43] F7tEE FeHE JeEydt &
8] Fakd 2ZAM 647 SRS W) IL-69) w3k
A2 dZ2FET /o3 A(P<0001) F71E 93
o] 29 F(P<0.00D)Y 49 Z(P<0.05)9t% §2)%t
ZFol7b JAtH Table V, Fig. 5).

[L-18% IL-61% TNF-aBthHe AL oko] 2H ]
o A v g A7t Aol Pl et ks G
= YAtk T A Z2A0ME 6¢7 AR S

A
=
T

3:8‘03

do Lo fr

M

(=R

Yeto] AFolcholA ReHF AT BNT 750 XS B

[N

Table V. Effect of oxygen tension on the produc-
tion of IL-6 in the cells derived from
human periodontal ligament (pg/ml)

109% Oz | 5,0831+1,247 |16,785141 (19463+2,277
90% O [12,17314,631 | 16084684 [28,317411,200""
" Statistically significant(control vs 90%, 2 day vs 6
day)(P<0.001)

TStatistically significant(4 day vs 6 day) (P<0.05)

Table V. Effect of oxygen tension on the produc-
tion of TNF-a in the cells derived from
periodontal ligament (pg /ml)

control 26241162 2877%+2,333
10% Oq 18491305 | 7,247+1,287
0% O, | 3615+2982| 2,041+ 641 | 19,019£9,738""

* Statistically significant(control vs 90%, 2 day vs 6
day)(P<0.001)
“Statistically significant(4 day vs 6 day) (P<0.05)

Table VI. Effect of oxygen tension on the produc—
tion of IL-1B in the cells derived from
periodontal ligament (pg /ml)

control

10%6 O2
90% O

o S71she A2 Jegti(Table VI, Fig. 6).

v. &2 % 7ot

z|otel] WA H g 715t Ao} olFE ol & F Uwe
AL N 2F9 & 7l Z(bone remodeling)7} € ojr}7)
wj Folt}, ofi MEEo] ojH & FPFoaH
TN o] FOlA=THE Dot & B8, o] A
EEo] ofg A A=E AAET = dom Ax szt
o AEd F UertE W Ee Ak Ao} olF 7]
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Fig. 2. Effect of oxygen tension on the production
of total protein

4

Fig. 3. Effect of oxygen tension on the collagen
production

Fig. 4. Effect of oxygen tension on the producion
of IL-6
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of TNF-a

Fig. 6. Effect of oxygen tension on the production
of TNF-8

a3ttta s

2 Nz x}%s}% 2 725, YA, AL
A, @A AAET € F Alorﬂ Aae AL 27
£ o] & o] F23TH. Goldhaber 5 57

B & 7H5‘—Z.°ﬂ &% #A} }slr’]':ﬂ- =7 ey
Khouw 9% 333 ole]% & A4 B3 Az
9 Nz e 3 BAL S’Juﬂu— 33t Brigh-
ton $2 24 AFo] B AW HFE 23
ste AElA Zldelgtn Ao

Tuncay £%& gtuhite xFQtzzdx &
2 zRdo] mAue} itk BV A2 A E
Al % F98 W37 AA A3 F NE7F dojdtt
1 8¢l om AA| scanning microfluorimetry” & &
Yata] Hol-H2F 279 43ldd FHE S B
2 vk Y, TG o] 5L Ak FHo| FoAE
9] 7l5& 2ATT= 7N e e AFE
Ao Me 79 FA & A 59 Hsz 4 A
A Ae-Asks G- d AL dHEe dde ¥
37l A7) 1 498 S B 2N e H R F
A 2k AeolA Bk Az Wl dojdd®
a1 Asich
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e 2ol WA o} o] ol njx
A Wl dFete Ae B FA4% }7

B2 B AFdAe AR A3
& A X ThE AL FYE 7] AA ArE 4
Z+ 10%, %2 8L, ojatstgtihe AX S F
A z279 5%% fAddn YA E 242 A9k
A 7he FAE Ads7] 93l 0.2um Millipore
filter® 28t Gaspack systeme] 7}AE AZAAA
neEEo 2N AE wFAY ] pHel| E WHElE F
A FowA Atk 27 Fatdk 21 A E
F A9l

AE &3& Frsrl A8 Ax S48 43S
273 v w3 A3 (Table I, Fig. 1) A Ak ol A
EzTH 2 F=olfn AT E WolA
wjfr|te] AAASFE T F39) o)t AA 6Y
Foll= Fo3 2ol & HYth ol& Aghe] X ubAl
E7F 10% AbE FRola Falo] Wz goktie
Kubota®e] ¥.319} 2+-e Azlo]n Bradley £%0]
Mol A Felgt AfoldlE F4 o] Aska AejolA
E79vtn Bad A A g2x gvn Azt
Ut} Tuncay 5ol oahdl #ix o] ZobM X 10%
Ao 200 AE S ) FA3 Fhska 0% 4t
& Z27AqA dAHAG T st o] AR m|Fof
AE ZF) wal Ak zAdd 3t 229 sl
2ol 7t A& 4 dkn AzEd

AZ7 3%, E3etede FAA mae) ol
A FAJo] o|Folo} sl g B ATt & il
A S SRB 2AYY'S o) gato 2T A
Al 3 A= vlwd A3(Table U, Fig. 2) A4t
A 2L oA o) E Jkg vxA e A
o7 Holn AT 49 T dA] FAaHEg o
A g 85 e A4S B 4 3%t ol 94 Han
PVol 4YBEL 24 AF AV)d @A 2as
Z279 wEZAAA A8 AXY 7R nA FFE
ol th9 AFES F3) ofulicslel guid 2

of FA| HadtARt UA|A

ol Ac g FEHAT Bud A 2o]2 e}
ol g FAakdh o] obd 10% w29 AR E
FRon fiigo] AFEE] ofz} wkg oA A
Fo|UthE AR 2S5 9lS Aot B A7
e AAATRD FALTGAN 2 g 349
7AE 1yrt

2 A7 47 309 dd3 wdd g A=
2 B o Aih 2oy #akd o] A E JlE

SES A
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A "E0| X|F0lchol A FeHEt AlEe| Zdnt 7|0 UXle gY

OO

& IAlshe 9IS A e Rolgx srle oyt
ik Fol A AE Edo] dAE vHE F diE
A 7t Lol o A F B e A A
Zo} @AYol YolHol® 7% & F3
T Aok

A2 AR 712 g3 71AF AA
AEL olF, A%, E3dd B4AEY 4 AEE A
Fo Agas A4S d¥a madgan Qv F
A ZA) A (cytoskeleton)e] AT FEdtAY AE
W A= A A2E AF3te] 71A 847 874 9
ZA7N 249 &L 3, A AR eytokine
o] A9 V1A B A3l FER 0|59 84
S 248 5 9 Itk webA B @70 »
e A X olF, 71E &), Az V4 AFd
AR axke] 3g, AX F4, 2 A4, 712 F4
aglm 9 24 gz AL AFIHVq @
Axe ANAZ AA FENA 1/3& AR et =
AL AF7HA 14711 7F g A dow ohE Alx
NAEY Ned FRAo2 UHM dZA=
3 AFAd @A giRES AAstn gl
Meikle 57¢ A8 < 719 S o) ANY nddF
o] ZFrteEttn e, AgxA x| It &
Aol FHE ¥ FHE AH = o A
oy} B4 tiale] w|X & G 710 T vt
89t} Hasegawa™ = Mloket ZAEE NAACR
AZANZ LY wYd gide] T Wt 9l
Aotz &) 538 Atae 2 9d A9 hydro-
xylation®] BZAAEAN Yen E¥& 244 Balo] vt
& A w49 underhydroxylatione] €y &
o Lol A F3 T vud e wdd FA

dojttdw s A SV interferon-v7} 2 F
ol Mxe] w¥d 347 alkaline phosphatase®
Z24E dA gty sttt B A7 A3 Table I,
Fig. 3) AxtaTd A 292 Ao Agde gxT
Bl uoktiyl wjdr)zte]l ZojASE FriE o]
Tuncay 7o) FoldEoA Bad A7} Ao]sh
vehd 9 abda s A FUHE By ol
o] Axtel dA gt JEul AXY FF/ o=t 7424
9] 7]5o] BREE AFA 2719 WAyt wdd &4
o M| e FeE FE Aoz A4ET o83 A
b Aol mel £ Adry 2T 2ol Hoi)
AE & ¢ e oz A o¥s 3
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= 9o7t sleee A
XolE o)Fdly] A 7te wFHL XF2F
THES A0EAN, JF2HL G4 g5 e
A

+ prostaglandin, neurotransmitter, cytokine £°|
FzAYA 481 Fedtn BaEge
d%e WdzAgHo2 247 FAGAG?, cy-
tokine & IL-1B, IL-6, TNF-ax & &4 Zo] 2
St A EE v £33 o NE2RE A E
HEE Aoz deAYT®.

B Aol AFAd s AEoE A 2ug
-1, IL-6, TNF-a& &4& Z3(Table V-VI,
Fig. 4-6), 293 A= vz AdaT3 34t
AFoA iz vl Frletd o §3) A7EA|
BT ItaddA 43 S48 RS 2 & U
¥l folX e IL-67F 7HF Bskm IL-1pE IL-69
TNF-a Bt} 4 A9},

Z Z B A F F47F o] e e &
ol X ol8) FZAE} 84 ke ook 3% IL-6
E ol 2t BulstE cytokineolt). Hl&o] A
AT A AT FAFHI R ARA 3
TR e GEA 44 FEHo] YAE 4 9l
, = FAT dojue Ao ol $4 NE 29

e

O, 40 H g
Hr

olfl A3 Z olglsted Ego] B Aotk T3
A Ao Wstg A3 A fE) Al o)A AdkE
IL-6, TNF-q, IL-17} E718te @ 222 9
Aste & AXE vlXe dgke] B FEstn
B ez Az

AT AR2RE 4 Ao Wl A3
frel AES] T T WAsE JHA e Rn )
o o B2 9FE FH, 53 F Foo #A3e
IL-18, IL-6, TNF-a AJ4te]] & ¥3E 712 Ao
2 Btk v AAE AAUAA dojue A
Fo Wsle 4d4 249 g Aoy 9 87
2 A E Fuzle] tpge 38 5 nEsor & 24
7t Bong ARE g Fodof & Aot}

20g8

L 7538, o|7]¢: WM wAA Ao} o|FF ¢¥E AF2H
o 7] dgle #E 47, X wPA, 19:21-29, 1989.

2. A4, A4, A4, 35 INF-wl A3 AEe
collagen Ffibronectin®] 347} alkaline phosphatase 849l
HAE 9%, WA 2R, 23:229-248, 1993,

510

7} EFER WA AZE Fo| FHBTHE A

UXIwEN 273 35, 19974

3. 1719 Collagen tAlol el olgk A% old Bofdi= B
E, 4BAAA =, 4(1):33-40, 19%.

4. v, Fd4: A8H AololFA| AA AFZ2A 9] Wi
U H2AssA A, dAIFA, 14187-202, 1993,

5 248, 43E 228 2R 942 B4 X 523
Halo] dg APA AT, A RBA, 1957-74, 1989,

6. BIE, ol FE, F94: 4UY AFIL 1Y) A2 cyclic
nueleotides?l  MAE FFA BF AT, AA2BA,
14:187-202, 1984.

7. A8 %, AR E £29 cytokineo] AR AFA0 AR
9} protaglandin E2, leukotriene B4 % collagenase 44kl v
e 9T DAZFPR, 24871-834, 1994

8 RFH, 254, 294 288 2 904 ARt 1%l A=
29 prostaglandin E20fl M A& akel &t A7, A w3
A, 14:213-216, 1984,

9. 785, F8A: gl A2 AAHAY MA = 4F,
thR| s A, 22:297-308, 1992.

10. 27, o}FE, FdA: T T ngol AxE9 #F
o Qle] B¥o B¢ AF, A mAA, 1117-24, 1981

1L 84, o714 HA7A 9] 23 F Aot 5F 4E X 2d
o FAzd] A A, XA, 19:37-55, 1989,

12. gt O), o] FE, gl wg el 9% X229 cyclic AMP
o & |, WA @A, 11:7-15, 1981

13. ©1728], A8 &: Prostaglandin Fp7t Hoto] 52 A 2E0l 7|
A G B A, WA 2FA, 19:25-36, 1989.

14, o}, Zel, AL A8A A FEA A5l At A F
z79] W}, YA wAA|, 25:403-414, 19%.

15. 0918, +947F: Guinea pigdll A AFA Holo|Fol w2 gt
& Xolpe 23 o ¥l B AAANAA I, R ud
A, 13:165-176, 1983,

16. O13F, o714 WA A Aol §F FHS A F2A9
whgo] B AAEuAA AF, XA, 17:223-234,
1987,

17. &4, 44 YA 72 A3 Aolo|FA AoH Y&
Hglo] A3 dAFHYE o] 83 AT, R wFA, 243762,
1994,

18 4Ag FdH: AFF Hoo]gA] Vel WA X F2A ¢
wald g Y 2 2RI AT, dA2AA,
6:33-39, 1976.

19. FAS, fdt: AEF Ao} o] FA AAE AF2H 1A
' 9% A% AAEuAA A7, dAnFA, 1465-T3,
1934.

20. &84, AA 2, F9Y: 29 cytokineo] Wl YEQ] WA el A
FAZFAEY 75 vIAE 9, X wBA, 25639 -696,
1995.

21 A, MAE AEA AololFAl WA AR T
g3 Wl g A7, 2=, 18311-327, 1983

22. Bradley, t.r., Hodgson, G.S.Rosendaal, M.: The effect of oxy-
gen tension on haemopoietic and fibroblast cell proliferation
in vitro, J. Cell Physiol., 97:517-522, 1988.

23. Brighton, C.T., Heppenstall, R.B.: Oxygen tension in zone of
the epiphyseal plate, the metaphysis and diaphysis, J. of



Vol. 27, No. 3, 1997. Korea. J. Orthod.

Bone and Joint Surg., 53: 719-728, 1971.

24. Davidovitch, Z., Nicolay, O.F.,, Ngan, P.W., Shanfeld, JL.
Neutrotransmitters, cytokines, and the control of alveolar
bone remodeling in orthodontics, Dental Clinics of North
Am.,, 32:411-435, 1988.

25. Deren, J.A,, Kaplan, K.S., Brington, C.T.: Alkaline pho-
sphatase production by periosteal cells at various oxygen
tension in vitro, ClinOrthopaedics & related research,
262:307-312, 1990.

26. Goldhaber, P.: Remodeling of bone in tissue culture, J. Dent.
Res., 45, suppl3:490-499, 1966.

271. Goz, GR., Rahn, B.A., Schulte-Montig, J.: The effects of
horizontal tooth loading on the circulation and width the
periodontal ligament-an experimental study on beagle dog,
Eur. ]. Orthod., 14:21-25, 1992.

28. Han, S.S., Kim, J.H.: Studies on hypoxia V. effects of anoxia
on developing connective tissue cells in rats, Anat. Rec.,
165(4):531-41, 1969.

29. Han, S.S., Kim, JH, Burdi, AR.: Studies on hypoxia VI
effect of prenatal anoxia on leucine-"H incorporation of
neonatal rat pancreas and submandibular gland, Pro. Soc.
Exp. Biol. & Med,, 136(1):191-5, 1971.

30. Han, S.S., Smith, DM, Studies on hypoxia:ll Auto-
radiographic quantitation of proline-"H incorporation by
connetive tissue cells of the neonatal hamster, J. D. Res.,,
47(2):244-51, 1968.

3l. Hasegawa, S., Sato, S.: Mechanical stretching increases the
number of cultured bone cells synthesizing DNA and alters
pattern of protein synthesis, Calcif. Tissue. Int., 37:431-436,
1985.

32. Hemley, S.: The clinical significance of tissue changes
incident to tooth movement, Am. J. Orthod., 41:5-26, 1955.

33. Hixon, EH, Callow, GE., McDonald, HW. Tacy, R:
Optimal force, Differential force, and anchorage, Am. J.
Orthod., 55:437-457, 1965.

34. Jamall, LS., Finelli, VN., Que Hee S.: A single method to
determine nanogram of levels of 4-hydroxyproline in
biological tissue, Anal. Biochem., 112:70-75, 1981.

35. Keeper, Y.P,, Piazo, P.E, Peter, G.J.. Comparison of the
sulforrhodamine B protein and tetrazolium(MTT) assays for
in vitro chemosensitivity testing, Eur. J. Cancer, 27:897-900,
1991.

36. Khouw, FE,, Goldhaber, P.: Changes in vasculature of the
periodontium associated with tooth movement in the rhesus
monkey and dog, Arch. Oral Biol,, 15:1125-1132, 1970.

37. Kubota, M. Study on proliferation and function of peri-
odontal ligament fibroblasts and osteoblastic cells under
hypoxia, kokubyo-gakkai-zasshi, 56:21-32, 1989.

38. Kuftinec, MMM.: Vascular changes due to the application of
force to the molar teeth in hamster, J. Dent. Res., 47:916-
918, 1968.

39. Kvinnsland, S., Heyeraas, K., Ofjord, E.S.: Effect of expe-

0| XFQUCHoIM RelE Mo ML s DiXle GF

o

rimental tooth movement on periodontal and pulpal blood
flow, Eur. J. Orthod,, 11: 200-205, 1989.

40. Lin, W.L., Christopher, A.G., McCulloch, Cho, M.I: Diffe-
rentiation of periodontal ligament fibroblasts into oste-
oblasts during socket healing after tooth extraction in the
rat, Anat. Rec., 40:492-506, 1994.

41. Macapanpan, L.C., Weinmann, J.P., Brodie, A.G.: Early tissue
changes following tooth movement in rats, Angle Orthod,,
24:79-95, 1954.

42. Meikie, M.C., Heath, J.K., Hembry, R.M.: Rabbit cranial
suture fibroblasts under tension express a different collagen
phenotype, Arch. Oral Biol,, 27:609-613, 1982.

43. Mosmann, T.: Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays, J. Immunol. Methods, 65:55-63, 1983.

44, Moxam, B.J., Shore, R.C., Berkoviz, BKB.: Fenestrated
capillaries in the periodontal ligaments of the erupting and
erupted rat molar, Arch. Oral Biol. 32:477-481, 1987.

45. Ninikoski, J., Heughan, C.: Oxygen and carbon dioxide
tensions in experimental wounds, Surgery, Gynecolody &
Obstetrics, 133:1003-1007, 1971.

46. Nojima, N., Kobayashi, M., Shionome, M., Takahashi, N.,
Suda, T., Hasegawa, K.. Fibroblastic cells derived from
bovine periodontal ligaments have the phenotypes of
osteoblasts, J. Periodont. Res., 25:179-185, 1990.

47. Quistorff, B., Haselgrove, J.C., Chance, B: High spatial
resolution readout of 3-D metabolic organ structure: An
automated, low-temperature redox ratio-scanning instru-
ment, Anal. Biochem., 148:389-400, 1985.

48. Ragnarsson, B., Carr, G., Daniel, J.C.! Isolation and growth
human periodontal ligament cells in virto, J. Dent. Res., 64:
1026-1030, 1985.

49. Robers, W.E., Chase, D.C., Jee, W.S.: Kinetics of cell proli-
feration and migration associated with orthodontically
-induced osteogenesis, J. Dent. Res., 60:174-181, 1981.

50. Robers, W.E., Morey, E.R.: Proliferation and differentiation
sequence of osteoblast histogenesis under physiological
conditions in rat periodontal ligament, Am. J. Anat., 174:
105-118, 1985.

51. Rygh, P.: Activation of the vascular system: A main me-
diator of periodontal fiber remodeling in orthodontic tooth
movement, Am. J. Orthod., 89:453-468, 1986.

52. Rygh, P.! Elimination of hyalinized periodontal tissues
associated with orthodontic tooth movement, Scand. J. Dent.
Res., 82:57-73, 1974.

53. Rygh, P.: Ultrastructural cellular reactions in pressure zones
of rat molar periodontium incident to orthodontic tooth
movement, Acta. Odont. Scand., 30:575-593, 1972.

54. Rygh, P.: Ultrastructural changes of the periodontal fibers
and their attachment in rat molar periodontium incident to
orthodontic tooth movement, Scand. J. Dent. Res., 81:467-
480, 1973.

511



AtEE|, A4 CHRIDER 274 3%, 19974

55. Rygh, P.: Ultrastructural vascular changes in pressure zones 61. Tuncay, O.C., Frasca, H.P., Shapiro, LM.: Scanning micro-
of rat molar periodontium incident to orthodontic tooth fluorimetric measurements of redox status in the rat
movement, Scand. J. Dent. Res., 80:307-321, 1972. dento-alveolar tissues, Arch. Oral Biol,, 35:113-118, 1990.

56. Sandy, J.R., Farndale, R.W., Meikle, M.C.: Recent advances 62. Tuncay, O.C, Ho, D., Barker, M.K.: Oxygen tension re-
in understanding mechanically induced bone remodeling and gulates osteoblast function, Am. J. Orthod. Dentofac. Orthop
their relevance to orthodontic theory and practice, Am. J. ., 105:457-463, 1994. v
Orthod. Dentofac. Orthop., 103:212-222, 1993. 63. Tuncay, O.C., Shapiro, LM.! A possible role for hypoxia in

57. Sandy, J.R.: Tooth eruption and orthodontic movement, Br. cellular energy metabolism of calcified tissues. In: Norton
Dent. J., 172:141-1351, 1992. LA, Burstone, C.J..eds. The biology of tooth movement.

58. Schuppan, D., Somasundaram, R., Dieterrich, W., Ehnis, T, Boca Raton, Florida: CRC Press, 249-264, 1989.

Bauer, M.: The extracellular matrix in cellular proliferation 64. Yamashita, Y., Sato, M., Noguchi, T:: Alkaline phosphatase
and differentiation, Annals New York Academy of science, in the periodontal ligament of the rabbit and macaque
733:87-102, 1994. monkey, Arch. Oral Biol., 32:677-678, 1987.

59. Shapiro, LM., Golub, EE.,, Kakuta, S.: Initiation of end- 65. Yen, EHK,, Sodek, J., Melcher, AH.: The effect of oxygen
ochondral calcification is related to changes in the redox partial pressure on protein synthesis and collagen
state of hypertrophic chondrocytes, Science, 217:950-952, hydroxylation by mature periodontal tissues maintained in
1982. organ culture, Biochem. J., 178:605-612, 1979.

60. Stern, B.,Glimcher, M.]., Goldhaber, P.: The effect of various 66. Yoo, SK, Kim, K.J, Shin, HS. Park, JK, Jeon, BH.
oxygen tensions on the synthesis and degradation of bone Development of in vitro gingiva hyperplasia model and drug
collagen in tissue culture, Proc. Soc. Exp. Biol. Med,, 121: to treat gingival hyperplasia, Korean J. Oral Biol., 18(2):121-
869-872, 1966. 126, 1994,

- ABSTRACT -

EFFECT OF OXYGEN TENSION ON THE ACTIVITY AND FUNCTION OF
THE CELLS DERIVED FROM HUMAN PERIODONTAL LIGAMENT

Muyng-Hee Sa, D.D.S., M.S.D., Ph.D., Won-Sik Yang, D.D.S.. M.S.D.. Ph.D.,

Dept. of Orthodontics, College of Dentistry, Seoul National University

This study was undertaken to investigate the effect of oxygen tension on the activity and function of the cells derived from
human periodontal ligament by measuring cell activity, total protein synthesis, collagen synthesis, IL-1B, IL-6, TNF-a.

Human periodontal ligament fibroblasts were collected from premolars extracted for orthodontic treatment and incubated
in the environment of 37T, 5% COg, 100% humidity. After the fifth to sixth passage they were used for the experiment.
Gaspack system to which 0.2um Millipore filter was attached was connected to mixed-gas tanks. The mixed gases were
composed of 10% Oq, 5% COz, 8% Nz in hypoxic group or 90% Os, 5% COs, 5% N2 in hyperoxic group and 5% COs,
95% air for control. After incubation in 37°C for 2, 4, 6 days, cell activity was determined by tetrazolium(MTT) assay and
total protein synthesis was assayed using sulforhodamine B(SRB). And measurement of 4-hydroxyproline was performed
to assess collagen synthesis and IL-1B, IL~6 and TNF-a were measured by enzymeimmunoassay.

The results were as follows.

1. The cell activity and total protein synthesis in hypoxic group were a little higher than or almost the same with those
in control group.
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2. In hyperoxic group, the cell activity was lower than that in control group and total protein synthesis was decreased.

3. Collagen synthesis was significantly decreased initially in both hypoxic and hyperoxic group and increased nearly to the
level of control group as the duration of cell incubation was longer.

4. As a result of enzymeimmunoassay, the amount of cytokines was IL-6, TNF-a and IL-1B in order.

5. IL-6, TNF-a and IL-1B were increased more rapidly in both hypoxic and hyperoxic group than in control group as the
duration of cell incubation was longer.

6. There were more IL-6 and TNF-a in hyperoxic group than in control group after 6 days, and there were more IL-6 and
TNF-a after 6 days than after 2 or 4 days in hyperoxic group.

These results suggested that oxygen tension might modulate the production of extracellular matrix ‘and cytokines in the
cells derived from human periodontal ligament.
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% Key words : oxygen fension, cell activity, extracellular matrix, Interleukin-8. Tumor necrosis factor-a,
Interleukin-18
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