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Abstract

Periodontal ligament cells play an important role in maintaining periodontal homeostasis upon
mechanical loading caused by mastication or orthodontic force. However, the mechanism of the
phenomenon still remains unclear. As proteolytic enzymes play roles in the degradation part of the tissue
homeostatic process. The present study aims to examine the tension-induced regulation of matrix
metalloproteinases and their inhibitors, TIMPs, by investigating the effect of factors regarding the
tension force; pattern, magnitude, frequency and duration. The study was performed using monolayer
primary culture of the human periodontal ligament cells. Approval of the Human Research Ethics
Committee of the Faculty of Dentistry, Chulalongkorn University and informed consent were obtained.
Tensile force was introduced to the cells using stretch apparatus which developed in our laboratory. Cells
were subjected to uni-axial tensile strain which programmed different strain regimens regarding the
pattern, magnitude, frequency and duration. Effect of inflammation on cells under tensile strain was
studied by simulating an inflammatory condition using interleukin-lB. The expressions of MMPs and
TIMPs were initially analyzed by quantitative real-time PCR. The results demonstrated that tensile force,
with or without interleukin—lB, have the effect on the expressions of MMPs and TIMPs, but with the
different extents according to the strain regimens. The initial results suggested the role of static/cyclic
tensile force on MMP-13 expression, the magnitude of the static mode of tensile force on MMP-14
expression, and the tensile frequency on MMP-2 and MMP-3 homeostasis under an inflammatory
condition. Studies on the expression at the protein levels and the mechanism of action must be further
investigated. A better understanding of the effect of mechanical loading alone or an interaction with
inflammation in the aspect of proteolytic imbalance may raise the concern on an applied force to prevent

destruction of periodontal tissues.

Keywords: human periodontal ligament cells, tensile force, interleukin-1 B, MMPs
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= J v Y 1 [} s A Yo = . 1 [ VA
msan Ty wadymidonsvesdiveauydie IAsuNTRWUY cyclic WA IL-13 Wuduile
Yo Y v A o A 2 '
1BaA 15 UNMINTERUAIY IL-1 061907 53AUMIUAAIOBNYDI MMP-1 1Az MMP-13 NAUY 1A
e 1A5 UM WA S2AD MMP-1 Az MMP-13 anasedledanuuadannnguarugui luld
[ Y 1 @ dy 1 A Y 9 = dy Y o
Sumsnszdulan uamsanszauves MMPs U ldsingilionszauals TNF-0L msanmil Idinaue
[ 1 1 1 [ 4 1 [y o 1 ]
apluduvesmsasmodaanaumeluwed tagnunmslasuusaildaamsderiiuues NF-kB
Y 1a = é dyw U 1 d‘ ar A [ g’/ U d'
hgianded ¥ NF-kB Hsudyananieneaninin IL-13 wedladu MMPs auiuuseluszaui
' o A A o Yy o ' ' < = 2o v
M AUFITAAMIIIagBIEaNAMIo AL ladlena lnddnan se1e lsnaumsanyil lu'la

= ¥y g A 1 A v '
uaaadseumeulvmiunlunsainusanannidnase inasemsuaniesnuyod MMPs  1UN19

=

v v oA 1 = Y Y yg Yo X A
ﬂﬁ‘UﬂLWiif’]llll (Wang P, et al, 2009) Wa‘lﬂﬂfﬂiﬁﬂﬂTSIJT\W]HLLﬁﬂ\‘lGLVHWH'J"Iﬂ"lihlﬂ'i‘]_llliﬂsllﬂﬁlu'ﬂlfl@

D.

[ 1o & { o ! Y { =1 o o
oy lisuilunazdeni llganuguussesmssneuiunimane 1) msldsunseluszaun
Y )
Mz aunauIziaIulunTzuIUMInIsvo oo
2 A ~ = a A A
vilumhanleiezdnyianinavesvinanaz i uvews Iz ANAaDAIUIEAY

~ S 3 K A o Yo Y [ (= 1 = o
53EJ$L3€‘11T]L°11E1E1LE]‘1!EJW]JTVI‘L!Gﬂﬂi‘]_luiﬂﬂﬁlblﬁﬁﬂ"lﬂlgﬂ1§ﬂﬂlﬁﬂ Ninanen1sulasunlasseau

= U v

d v o @ ]
msadaeulmingy MMPs uaz@1guds (TIMPs) luanvazle H9zdIHanonIFoNILTNNT0

o dy A D o J
MsmateveuiowelInua
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EMsanidumMIIdY

1 ¢ I A o &
1. ﬂTﬁL’V\HZLEENth\lIU‘i‘]JﬂWﬁﬁﬂWﬂlﬁﬂL?l@ﬂ?‘ﬂuﬁ

SI X v d A dy A A o J Y ~ 1 [ Aa Y 1 dyu
L“ﬁﬁalﬁ)uﬂﬂﬂ?‘ﬂuﬁWl'ﬁﬂﬂJ%WﬂLu@LEJE)‘IJ'D"V]u@]ﬂWﬂﬁu"UfNQTJ'JfW]@Qiu!LWHﬂWiﬁﬂ‘HTVIIJ(’U@‘]JQ‘]S'N

) [
1zdognoou Taeiuiinazaes lulignz gt Inslszamiuuaz lilisesTsafdatesinilu 35ms

q a

o ' [ - o ! . { f g
w3 suran laggadiaail 1un 1au1819828 phosphate buffer saline N1/51A AT IAE A5 19K

g 4 A o 1 o o I 2 I 1
YALHIHa 3 TUAIINAIUNAI (middle third) Yvo93510WL TiuluFuany udreuuau@es
s 1 o
1509 (tissue culture dish; Nunc) 91119 Ae¥aan19no Dulbecco’s Modified Eagle Medium (DMEM)
N3 10% fetal bovine serum (FBS) ﬂgmﬁu (L-Glutamine) 2 mM NUHFaa Y (penicillin) 100 unit/ml
< v Aa Y . aa A ..
31 Tadesuaama (streptomycin sulfate) 100 [lg/ml wazueu Tlmosull (amphotericin B) 0.25

a =

¢ 1 Yy A A A o ¢ 7
Hg/ml Lmaaﬂzgma&lﬂu@auwuqmﬁgu 37 oAl LL@%Nﬂiu1mﬂ1%ﬂ13ﬂ@u1ﬂ@ﬂﬂqcﬂﬂ1u
1 ‘ ; » ¢ 4 2 X , 2 2
21N 5 % mmﬁL”EENmfaaﬁ]zgﬂL‘]J"EifJunmufﬂumaamﬁeu’e')’e)ﬂmﬂ%mﬁamaguummﬁm AMNUU
tdy J A o o Y o J [ 1 4
mwmaﬂﬂwaaﬂzgmﬂaﬂuﬁﬂmwaz 2 A fﬂﬁSUEJTEJ%"IU'JHL“]faafﬂgﬂ'ﬂﬂﬂﬂ']iﬂWﬂL“ﬁﬁﬁ (subculture)
A a < 2 J it 7 ' o J 9 4 . J
mﬁ)smumummafNaQ’gmuLamwaaﬂlwuﬂluﬂmwmu 1:3 Iﬂﬂﬁlﬂfl@ullﬁlfm trypsin-EDTA 1203290
1 [ 4 g)/ s 9 o 1 ~ [ o
aedlaiviaz 1 Aa L“]faa“lflalslsﬂuﬂ?iﬂﬂﬁﬂﬂﬂ%i%t“ﬁﬁﬁiu?uﬂ 3-6 Glu!,mazmﬁ‘ﬂﬂamﬂzmmsmam
3 ] Y g‘z 9y A A Y o 9 o aa 9
FIDYWNUDY 3 AT uaﬂ%mmammau%m@ﬂm 3AU Llag5]81'!1"11’03;!@%1?111!'3’51!TINET‘E]@I@EJGI,GU one-

way ANOVA

2. MIAIBULHY gelatin coated silicone

AU silicone (polydimethylxyloxane; Silastic T-4, Dow Corning) éﬂﬁﬁhﬂﬁ hydrophobic
YUIA 3x3.5 MITUFUAINAT Qﬂﬂi"uﬂmﬁm]”aﬁuﬁa &M plasma activation 1BLN wettability
i 300 Hz 60kV 528213 4 Haawes melimalulasou Wuna 1 i smisihims crosslink
ﬁu‘ﬁzmmTmaqauuﬁuﬁaﬁgﬂﬁﬂuﬂﬂﬁw 3.5% glutaraldehyde it 15una1 6 $2Tu miudng

y 3 vy £ q9 v s A Ay o v X ¢ a A aa Py
AIYUT 3 DU LlaTVNGlﬂl!ﬂﬂllaglﬂﬂﬂqmﬁﬂuﬂﬂq ﬂﬁ)uumﬂ‘mamwaa%Lﬂaﬂﬂwumaﬂﬂimw

U

71902018 0.1% gelatin

) 7Y
3. D9NTSANUTAAANIYLI

J ' . e ! ] J 1 <
FAAYNHINMUUU gelatin coated silicone membrane NANUHUALUY 50,000 L¥a8a/cm’ ety
o o v e Y o . A a c’d? U U o
81 24 $21109 WHY silicone Ulﬂﬂﬁzﬂammmu stretching apparatus ﬂﬂiz@]ﬁgﬂlumﬂﬂﬂﬂgnﬁnt’l
TagNIMUVDUATOITINTOMHUAMTLISMITIAVOINY  silicone (5088%) 1UIUTDUADUIN
Y v & & . Aa J =2 o A A ' 2
(Hz) wazszoznalums1iusala natiuduy silicone Nllivadazgnianuiniodda uazegluniumes

v Y
HAANNIHITASUYAEAADATINIAIVDINTNAAD
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o ' ' o
A lungunaaeazgnnizquatonsalugluny wagszezna1aes N AaoAIUMSANY

9
1 [ o 1 v o @ ' [ J
ﬂﬁllﬂﬂﬁﬁ@‘llﬁuﬂx‘]ﬁﬂﬂﬁqﬁﬁﬂuﬂﬂﬁﬂan TﬂfJﬂﬁGl‘;]s)'I@]’JEJ‘]J‘c’Nﬂﬁﬂ"lﬂﬂf)ﬂﬁ@ﬂ]ﬂﬂlﬂWiMl“ﬁﬁﬁ uae

9
v v W o

] Y 1
MdugImshauues TsAunnIuaunI i1 cytoskeleton A199 $IWA0 UBNIINTTUNTAN
Y = o ~ ) sy ' o Y A4 2
AoamsAnyImavesanzmMIonEuIzlimInszdusadals 1L-13 saunuussdie edugans
Y A o saq 91 A o s
nAaedzasIIamsasunlasszaumsuanteenveseu lyin l4desaasmmsndueniadiay

v W ?;‘; o 1 d (% @ ¥ 4
AWUVIINTITNMNIU YU muhlclinﬂqn MMPs oy TIMPs Tﬂﬂl‘ﬁﬂ'ﬂﬂllﬁgﬂ'ﬂﬂ?ill,ﬁ'ﬂ\‘]f]f]ﬂﬁug'lutcﬁaﬁ

Ed
v W 1

1 § ] [ @ 4 v @ a PR
ninnguauaui i 1d5use szaumsuaaseonvoueu luiazadudsninanizgninsizinglu
52AU mRNA #128 INAlA Quantitative-PCR tagszau Tsaudmaiia ELISA Meununguaiuaui

lildsumsnszau

4. mﬁmﬁwﬁﬁzﬁu mRNA ﬁ}%ﬂmﬂaﬂ Quantitative PCR (Q-PCR)

v 9

[ 4 1 o a a
RNA 229nanaviniad 1ag ]y TRIzol (Gibco, MD, USA) aWasmsnuugihvesussnguan
g}J o A @ Yy Y A A o
AUUIAYTINa RNA hana laane spectrophotometer AV IAAULEAN 260 nm RNA 91U 1 |Ug
[ @ 1 o 1 4
mmmazmemwzQﬂm”lﬂmuﬂizmumi reverse transcription (RT) Tﬂﬂgl%'mu”lw Avian
myeloblastosis virus (AMV; Promega, WI, USA) 1a& oligo dT primer (Promega, WI, USA) ‘ﬁqmwgﬁ
< < \
42 paraFeadunal 1 ¥2134 1o 1314 complementary DNA (cDNA)
3’/ gl./ Y A ) dﬂg Aann 9 . ~ o [
1IN cDNA asdugniiuiuvululgnseves PCR Tasmsldaiy primer N3 U160
oA ' a o 7 v o ° ' p
nucleotide sequence ¥a4U I3 lFgosaarswnInguanadiazAdUsIMIau 1wy ol
] 9 . A o v 1w A Y3 o
ngu MMPs taz TIMPs taz 19 primer Nduwizao 188 arugnull ieldiludaiuguaielu
(internal control) ¥B4MINADDY FINMIAARAINAIYAITITOULAY SYBR-Green I Dye ¥4923UAU DNA
] Y
ATIAUHMUL minor groove UDY DNA @1eg Homstgnnizqudlonasonsilaloma wlimsne
o I Jd o Y o Y [
waanueenuutasvesgessmarud shlvawnsaialiuves DNA 18 Tasamnsonsinia
' ' Y
Y5mm DNA findiululnser PR Tuuaazson’la ldamnsodaawi5ina DNA Tugas
exponential phase leagnauiugr Mln laanudlsiumudsnaisuduves DNA whve wag

[ { A 2 [} o a 4
150391502 DNA Auauan 1dnui TaeTdsunsuazsiinsdmsizsiiazudana

5. M3AnTziYveyaneana
1 a A k) o a d Y A
ANIUAAIDBNVDITUNLTAINAAIY 11 T1TUNENAINT VAT IZHAIEmNALA Q-PCR 91N
9 H H
M3naass 3 A59 gmiwimarnaeuazdadeuuunasgy Taelda@ta unpaired T-test Tag A

]
A o v A

ANUUANANDENNTBTAYN p < 0.05
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Han133a8

1 4 9
HAUD gelatin NAADVUUNUFIIAY silicone AONIUAAIDONNUFIUUDIBU

7 o ! 1 4
wamau%iﬁﬂuﬂgﬂmmawmmu gelatin coated-silicone LAZIABIUDIANIY confluence
9 iz Y
INUUIIANA RNA 110AT1900UIZAUMTUAAIDDNNUFIUVDEY MMP-2, -3, -13, -14, TIMP-1 1@z
-2 LWE’)L‘]EEJ’]JWIEJ']J TEAUNTUAANDDNUDIYUUU AUTZAUMSUAAIDDNNDINIZIAEIUUNUAIUNA
2 s = A ' = s LA A
UBDITU LQgNLsan Namsuﬁ&umauuﬁﬂﬂugﬂm 1 IﬂEJW‘LI’NﬂﬁfJﬂLﬂR"U’ENL%ﬁﬁ'LIH gelatin UNAINY
o A

1A <3 Y A A ] [
NITUFAANDDNUDN MMP-2, 3 Lae 13 HALNYIanUoY 1ummzmauﬂaaumﬁﬂy1”luwumwmm~ﬂmq

A . .
plastic gelatin-coated
MMP-2

MMP-3
MMP-13

MMP-14

TIMP-1

TIMP-2

GAPDH

B Relative expression of MMPs-TIMPs/18s mRNA (Fold)

MMP2 MMP3 MMP13 MMP14 TIMP1 TIMP2

:]Ililll

Plastic  Gelatin coated silicone

a o o AR I3 = o oA X 1 J
31]7] 1 Llﬁﬂ\ﬁ3ﬂ‘LIﬂ'lﬁU,ﬁﬂ\‘]0'@ﬂEU'ﬂ\1EJL!‘VIﬁﬂH'lcl,u!,clfflﬁlﬂu&ﬂﬂ%ﬂu@]‘ﬂlWTgmﬂﬁﬂuﬂTHLaﬂﬂl‘ﬂ)’ﬁa
. a o ' . . y 2 ’ )
(Plastic) L‘]_GfJTJWIfJ‘]JﬂU‘UULLNu Gelatin coated silicone MenasnINnz@eusadunal 24 GH'JI?N

a L4 a @
'JLﬂiTgﬁﬁ}'JfJL‘Vlﬂuﬂ A. conventional PCR (WON1TNAADIAWULNUIIN 1 NITNAADI) B. Q real-time PCR

(ARAgLAz AN UINATIIUIIN 3 MTNAADI)
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) A A . v . o q ¥ 4 = a A o
ﬂTSl]i‘]J‘]J?QWMN'J silicone MY gelatin ‘l/lﬂﬁl“]fﬁﬁﬁ']‘lﬂﬁﬂﬂﬂlﬂW% RIY LAasWNITUINUY

1 % dy 9 @ = 1% dy dy 4 a [ ~
UAUAINA N L!Ulﬂ Tuanvazimenumsaes lunupsasaalng ﬂﬂllﬁﬂﬂugﬂﬂ 2

H ' 7 v @ 1 7 a ' { o Y { a
5U0 2 gUsrawaauaIfSiuduy A Mudsusadnd  B. iy silicone NYiMsUFulganui

9 .
TaensinaoUAIY gelatin

AAa £ 9 = A A
ﬂ'lﬁ@]5'3%ﬁ@Uﬂ']']1|1|"]f')ﬁGllf]\uqfaaﬂ'lﬁlﬁlﬁ]llﬁ\‘iﬂ\iﬂﬂj’luﬂﬁ’mc']

Aana da o a @ ~ 1 A Jq YA

ﬂ’NiJiJ‘h"JG]"llfNLG]Sﬁﬁ’JLﬂﬁWWIﬂElmﬂL!ﬂ MTT ﬂ\‘lllﬁﬂ\ﬂugﬂ‘ﬂ 3 WU’ﬂﬂﬁﬁlﬂ!GﬁaaﬁlﬁﬂJﬂﬁﬁJm’J

A 2 g a A ' . YA ¥ v =
INUIUTBEDS 10 (Iﬂ&lﬂﬂ%?ﬂﬂﬁﬁlﬂlmu silicone Glﬁﬁlﬂf]@ﬂi@ﬁlﬁ% 10) AEAUD 15, 60 Lag 90
1 = 3 @ a T A o J A @
TUADUIN Lﬂunm 2 “li’ﬂll\i wamnmawﬁ"luwuﬂmﬂaﬂuuﬂmmmmmuwaa nIvTTAl
.. . . 2 o o do I (A A
activity U®J mitochondria dehydrogenase FadunutnunszuIumsmelaveusaant/asulyl e

= o 1 A " Yo =
eununquaduaud lulasuns s
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15

SEEN|

Non-st 15rpm 60rpm 90rpm

. a [l o 1 o d a o a 4 .
gﬂﬁ 3 UAUQUUNALFAINIUIUNIVOINUIULEAA AATIEH laanailn MTT Lﬁﬂiﬁllli\iaﬂuﬁﬂ cyclic
o =2 1 e YA I 9 a A A 1
MNTAILNY silicone Tneaponluszeziovay 10 UBIANUYNUAN NANUD 15, 60 Lag 90 UMD

I @ [ 1 { [} o ] Y4
W (rpm) 1Wuna 2 ¥ T ulieufeunungui 1185 uus98s (Non-st) luadadugas g

= A o Y 2 = ~ a o2&
ﬂ']iﬁﬂH'IL‘W@‘Vlﬂﬁﬂﬁﬂ?iiugmﬂﬂl‘ﬁfﬂa@]ﬂlﬁﬂﬂﬂi]'lﬂ stretch apparatus ﬂﬂi%ﬂﬁi"ﬂu

° ' . . A s 2 = A Y 9
UMWY gelatin coated silicone NULFADWISLIAYIIUDITNIIE confluence HUBDUVNAU I8

Y o A a <X 1 ogao ° = ' . Hq ya 2
ﬂi%ﬂ@‘ﬂl"l]’lﬂ'ﬂ stretch apparatus ﬂﬂi%ﬂ‘]&lﬁﬂluiﬂﬂﬂquW?ﬂﬂllﬁ$ﬂ1ﬂ15ﬂ\nmu silicone uiﬁﬂﬂﬂ'ﬂﬂlﬂu

U

9 a 9y = ' ] o
324239802 10 VBIAIITUYTUAY AJYAITUD 60 TIDUADUIN If]_]una'l 2 6]5'311]\1

¥ 2 = ! =< 9 A A a o3 Y, o 1 9y 9 v
MU WHANITANEN WU'J']Ufj\‘]ﬂ\iﬂjﬂlﬂiﬂ\?ﬂﬂigﬂyimu PIYLIIANATIVNAU  NISAUNTT

9y
=1

= S K v J o A A a o v
UEAAIPDNVDIBU cox-2 Turadioudalinua awaadlugln 4 Weeununquaiuau (esuu
] o @ 4 1 1 % I o o {
UHY gelatin coated silicone 11 1U1szReunUATod e l3'ld19usede) Fauiluldludnvas@ernun

ABTA1TIIBNUNINET (Shimizu N ef al., 1998)
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2 —
15 -
1 1
0.5 -
O .
K
\@\b @&&

2.

Aa 1 o J o J 3 o oA
3UR 4 urUQTUNWEAITILIUIMYDITEAUNTUAAIDBNUDY cox-2 mRNA Tuiradioudai/siuan
Yo = LA A ' A ° = 1 . YA I3 ¥
1@5us9RUUY cyclic NNWD 60 TOUABUIN (60rpm) FTINMTAUHY silicone I dnooNTUTT Oz 0E

Aa & @ o ' i v o
az 10 vesnnuerauiuna 2 ¥3Tus Taeld stretch apparatus fFoufisunungui lulasuus s

(Non-st) (* p < 0.05 tiotieunUNgUAILIAN)

. A Yo = .
NIINAADUNAVDITLYZLIA (time) mawaaﬂmmwmmuu cyclic

A Yo =3 . A 1 A A AA 9 A a
HoIad IR UUIIAWUY cyclic AND 60 TOUABLIN NIzazNinoanTEay 10 MUNOTLY
{ ¢ = N 2 4 2
1981 NIzezIa 2, 4 1az 6 ¥ 109 WU 2 3 T FUNDMTRVIUYDINTLAAIDDNVDI MMP-
] [ A ~ dl A I ) A
2,3, 14, TIMP-1 uag 2 ua hinumsulasuulasves MMP-13 luvazidioivnanilu 4 4 1u4 5y
WUMSAUMTUAAIDDAVDITY MMP-13 Tagnnsduudd luaeszeznalveamsanyl (2-6 52 119)
A AR = y A 2 o ~
M3UAAI00NURIBUNANEINUI THNNIY Aaalugili s
= vy T A & ~ o
pamsanuldvoyaluiiosdun  Aszeznal 2 0 lue  deawelumInidviams
A Aa X = . ¥ XA = A ] v = A
wasuulasina¥unnus@uuy  cyclic  netilosninmsanynrivanlgarlumsldusedan
1 dy 7 d' G 1 dy 2 g’/ =<
wnnNHlumsasviamsnlasunilasvesdulunguil (Takano M et al., 2009) AU luMIANEI U

o w 1 = A = = LA A 9 = & 3 v
ﬁWﬂ‘U@]fJul‘]J%QLa@ﬂﬁﬂ‘]&l'lwa"’llﬂﬂllﬁﬂﬂ\‘lllﬂll CyCllC NIAUITINAUN 2 Glfﬂjllﬂlﬂu@lullﬂ
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20 7 Relative expression of
MMP14/18s mRNA
15 4 (Fold)
3 - Relative expression of %
MMP2/18s mRNA
2 - (Fold) 10 -

N . . - .
0 . 0 | | |
0 2 4 0 2 4

6 hrs 6 hrs
5 *
Relative expression of
4 - MMP3/18s mRNA *
(Fold) 2 Relative expression of
37 " TIMP1/185s mRNA
2 1.5 - (Fold)
1
1 .
C
0 0
0 2 4 6 hrs 0 2 4 6 hrs

5 7 MMP13/18s mRNA

1.5

0.5

Relative expression of 4 - Relative expression of

TIMP2/18s mRNA

*
| (Fold) * 3 - (Fold)
] ,
1B ) I
5 BN .
0 ) 4 6 hrs 0 2 4 6 hrs

H a v o 1 [ 4 i a 4 a

s 5 unuglnnandassiuaumvesszAuMsIdatoanvesBuNTNE Il INT 1A IuMALA Q-
o ] H " Yo ER] 9 4 @

PCR Taafisununquaiugui lildsuuseds 0 ho) lusedoutalinue Taslidnuaunielune
= A ] = . e = ' . YA I3 Y a
Bu 188 e 1WA cyclic TNSASLAY silicone MHdaoanlluszeziosas 10 YBIANNIUAY
~ = ' = = = o Yo ~ o
AAND 60 sUABUN (rpm) (SeLIRBUMSUAAIEDNVDITUNENAL 1A LITIN 2, 4 uaY 6 FI TN
(ARAYLAZ AIUDEWLUINATIIUIIN 3 MTNAAOY INWIZHAYOI MMP-14, TIMP-1 118z TIMP-2 11

9 !
INNTNAAN 1 ATY) (* p <0.05 Lﬁﬂlﬁﬂﬂﬂﬂﬂquﬂﬁﬂﬂu)
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Y = . I ' . .
ﬂﬁ‘l/lﬂﬁ’i]‘ﬂWaellENE‘]JLL‘U‘Uﬂ']’iclﬂllidﬂfilmﬂ cyclic LL“]J‘UL‘]J‘L!‘D"NQ (intermittent)

A Yo =2 . A A 1 A A A 9 I 1 A

iioirad AT ULTIRWUY cyclic NN1WD 60 ToUADUNT Hszozdadosaz 10 1Hunameriio

o o o ' o o o= o
4 ¥ 19 nazvga s 4 92109 (4-4) 530081 8 F2 T noudna RNA 1lSeuiiounumadn lasy

= Lo A 3 v 4 Y 4 Yo 12 &

USIAVY cyclic ALY 2 2 Tue tazngalinsa 2 $2Tue udr 1asuusaInudn 2 ¥ 1ue uazvige

o o T < 1 { [ [ 1 o
Tuse 2 #2709 (2-2-2-2) 590 8 2 Tua neuMuwa WuNgUuDVVewsINwad 13U denadoszAL

d s3I =R v J 1 o 1 a A AR Y A
miuﬁﬂq’e)’e)ﬂmaqauiugeﬁaagauaﬂlﬁmummﬂ@]Nﬂu”lﬂuLmawuﬂmmaumﬁﬂm ﬂﬂllﬁﬂﬂiugﬂ‘ﬂ 6

Relative expression of MMP2/18s mRNA (Fold) Relative expression of MMP14/18s mRNA (Fold)
4 6 -
3 - 3
2 - 47
3 -
1 -
N 2 |
0 - . : L.
0 4-4 2222 0 _J
4-4 2-2-2-2
Relative expression of MMP3/18s mRNA (Fold) Relative expression of TIMP-1/18s mRNA (Fold)
3 -
2 4
0 - 4-4 2 2-2-2
4-4 2-2-2-2

Relative expression of TIMP-2/18s mRNA (Fold)
3

Relative expression of MMP13/18s mRNA (Fold)

‘amm = ﬁi

4-4 2-2-2-2 4-4 2-2-2-2

H a 1 o 1 { i a 4 a
517 6 wuglunauaasIILveIMsIHAaseBNYRITU AN DN Iz HAemMATA Q-PCR Tay
~ o ' AN 1 Yo = /3 = IS4 A o A A A
ieununquaiuaud lulasuuseds 0) luwaddudalSaud Taslidnrugumelunedu 18S 1o
° [ < ~ A :
1Hu3 9DV cyclic TNMIALEY silicone THdnsaniluszaziosay 10 voanNueI AN AANVD 60
1 =1 =1 = [ Yo =3 . d' o [
50UADUIN (rpm) W3 BUIREUMIIAAIDBNVDITUMENEI AT VUTIAWUY cyclic N 4 FTuge i 4
q'/ = . d' o'/ [y q'/ = q'/ [ q'.l
2139 (4-4 hr) 1AL USRIV cyclic N1 2 T TU9 9D 2 ¥ Tae A9 2 B Tug Wn 2 2 Tue (2-2-2-2 hr)

(Aundeuaz @ DeuUULIATIINGIN 2 MINAABI) (* p < 0.05 otfeunUNguAILAN)
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MINATOUNAUDITIUIUTOUADUIN (mmﬁ) VDT IAWLY cyclic

A v = .oa a '
!M@@ﬂﬂLL‘U‘Uﬂ?iﬂﬂﬁﬂﬂiﬂﬂﬁlﬂ!ﬁﬂﬂﬂllﬂ‘ﬂ cychc NANUD 15, 30, 60 LA 90 TDUADUIN

A 9 3 & VW ' A4 4 2 4 ]
J2YTNYADDNIDYAT 10 Lﬂuﬂfﬂ 2 "]f'JIlNL‘VHﬂL! NANTINAADINUIT ANUDANINUUU NLLH'JIH?JLW?J

~ ] 32 A 1 A w o v A
NTUFAAIDDNUDIYY MMP-2, 3, 13, 14 1ae TIMP-1 ’E]EJNlliﬂﬂ “W‘LIﬂ”lil‘]JaEJL!LL‘iJﬁQ’OEJNZJHEJﬁWﬂiUﬂI

]
=1

=

=h.

'
a

[ 4’ @ 9 d’ d’ 1 = 9 d' [} a‘
FEAUANUBOUUNITDYIAL 95 IRWIENAIUD 90 FOUADUIN gNIU TIMP-2 w'luwmmﬂaauuﬂm

aaaaluglin 7

Relative expression of MMP2/18s mRNA (Fold)

2 -
1.5 A

ol

90 rpm

Relative expression of MMP14/18s mRNA (Fold)

2_

1.5 -
y
n

:

Relative expression of MMP3/18s mRNA (Fold)

2.5
7
1.5 -
1 -
1Rl i
0 -
90 rpm

90 rpm
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