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## 5372272923 : MAJOR GENETICS

KEYWORDS : KETOROLAC / CHONDROCYTE / OSTEOARTHRITIS
NAREERAT RUNGRUANG : EFFECTS OF THE ANTI-INFLAMMATORY DRUG,
KETOROLAC, ON CHONDROCYTE APOPTOSIS AND EXPRESSION OF REPAIR

GENES. ADVISOR : ASST. PROF. RACHANEEKORN TAMMACHOTE, Ph.D., 63pp.

Osteoarthritis (OA) is classified in a group of joint diseases. It is caused by the
degradation of articular cartilage which stimulates inflammatory responses. Ketorolac is a non-
steroidal anti-inflammation drugs (NSAIDs). Nowadays, ketorolac is widely used to treat and
relieve pain for OA patients. There is a conception of intra-articular injection of ketorolac. The
objective of this research is to study the effects of ketorolac on chondrocyte apoptosis and
expression of repair genes. Cartilage samples were obtained from nine OA patients who
underwent total knee replacement surgery. Chondrocytes from the articular cartilage samples
were cultured and treated with ketorolac at the concentrations of 0, 1, 5, 10 and 20 mg/ml for 24
and 48 hours. Chondrocyte viability was analyzed by MTT assay. Apoptotic cells were detected
by TUNEL assay. Dead cells were detected by Live/Dead assay at 24 hours. Expression of the
ACAN and BMP?2 genes were analyzed by real-time PCR. The chondrocyte viability was
significantly decreased after treated with ketorolac at the concentration higher than 1 mg/ml for
24 and 48 hours. TUNEL assay results showed that cells underwent apoptosis in a dose-
dependent manner. Live/Dead assay results showed that the cell percent mortality was
significantly increased when the chondrocytes were treated with ketorolac at the concentration
higher than 1 mg/ml for 24 hours. Furthermore, ketorolac at the concentration of 1 mg/ml
significantly decreased the expression of the ACAN gene. Therefore, further study on safety of

ketorolac for intra-articular injection is necessary.

Keywords: Ketorolac, Chondrocyte, Osteoarthritis

Department : Botany

Field of Study : ____Genetics Advisor’s Signature

Academic Year: 2012
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hane ECM vhldinamsienvesnszgnoouride aaiudu sBMP2 3aliunumlumsnszdu

J 1 [ L4 4 1 J a {
TRiraanszgnosulimsduns iz ECM iogounsunizgnoouritoideny (Glansbeek er

¥ a v a9y Ada ¢ A o oA
al., 1997) UDNNUUIU BMP2 EN?J‘H”L!TVIEJ‘UENVl“]fi@lulﬂulwft’)ﬁﬂﬂWTVI']\Tlu"II’ENLfJuulG]ﬁW]HJu

] ' Y
aung IMIAANMSIToNY0INTZQNEUAITOINNIINTY (van der Kraan and van den Berg, 2000)
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Tﬂiﬁiﬁl]lﬂmmu PNUUNINYU  ACAN UDITUEAANDDNNANAN mm%ﬁmaimmwammu
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NITHANDDUNIVDFIAN (Brew et al., 2010) u,a:mﬁ]1/11114mﬂTiﬂmemawummguuimmw

= A

A J 1 (% o = A o
ilosnnaanszgnoous g denuaNia lumsdunszn 115a 1o lnauau et sl

o q

MITOUUTUNTZANOOUAITO MINAAMWITINY (Eid et al., 2006)
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4 a o I a U 4
wenamsonay uaziluauva liinaeimsiheludihelsadoidon (Aspden, 2008; Kee,

2000) 9iims IFendrumssnaulumsussmermsihalugielsadodon
Y o A
ennlFlumsSnmndihelsatomon

Y 9 d‘ a [ d‘ [ = 9
Hihelsnterdonluszezusn vzinaeInstie oulpININAMISNETULTIUTD
A A a o o A 9 o 4 . ! .
IGRH mmﬂﬂmiaﬂmumaawauiamawmmﬂcﬂ@"lﬂu (cytokines) 1%U Interleukin-1 (IL-1)
4 o o [ ! .. %
Tagans laTa lniaznszduliiou land phospholipase 1911 %6119 5ms11/ae1 phospholipid ¥4
& v ¥ < 4 ¢ <
Audrlsznouluiinrlude  (Bole, 1962) wazilulassadrwvendoruras iy
Dy . Y ¢ ¢ = L ) v
arachidonic acid viasvnUUON L33 cyclooxygenase v211/@8u arachidonic acid 1¥iiluans
prostaglandins ¥99znizquliinamsonay (Hilario ef al., 2006) lulagiiuve lainmsienly
. .. A < Y Y
&1 non-steroidal anti-inflammatory drugs (NSAIDs) mamsmwmmmuﬂmiu@ﬂ’miiﬂma
4 ' PN <
1@ (Frakes ef al., 2011) o11unguues NSAIDs ouldfe o1 Inlsuan (ketorolac) 130l
A Y 2 A = . .. .
FONWNITA1I1T Toradol YINFONIUANIT  S-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic
{ <3 A o 4 I
acid (319 2) ;d InTsuanigaauialunmsaamsdunsizias prostaglandins 1A In 15080
v 2 o @ , 4 @
vz lldugsmavinuvesonle cyclooxygenase Inseagaurugouaaain lululela -
= v v J A 2 . = S ~ £
wmﬁcﬁmzazﬁmﬂmau%u cyclooxygenase 1T3UILINU active site Gmrﬂuummm@ﬂqmmm
o < A Y9 R oq¥ ' v A A
wulsinaeilumslsznoudidous i liou lmiliaunsonduauganmiiannsa
o Y . . . ey ey g g}’ 4 = [} v @
waula (irreversible  inhibition) o lai cyclooxygenase e ldaunsadsuny

. . . ! < . . . < . o
arachidonic acid 39l3eu15011/A8u arachidonic acid 11/iilu prostaglandins 18 M lenunse

aANITONLAL Lmzmimwmmsﬂaﬂiué’ﬂaﬂiiﬂﬂi’mﬁau (Luong ef al., 1996)
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(‘ﬁiﬂ http://en.wikipedia.org/wiki/Ketorolac)

a oA ) o ~ < a a o 1 a aa 4
Tumsiiia Taena 'l unndaziad InTsuananududu 30 Taaniuasladansh

a Y ,-j( = 3 =< 9 A 9 =1
VInanawiie lagend Inlsuanizgnaadudinszumaoalsnanlszina 50 Wi uay
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~ 1) A o qy o 3~ ) 9 £ o
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3 lanuuranuaamInyiinsaaea Inlsuanluusnandlulsadedou Tasas o v
a‘{ Y < A ,3 A Y = A = = < Aa a o 1
$1AINT00NYNT 1AALAZITIBY 11910 IaTMsAnEATMIRAeA 15uan 60 iaansune
a Aaa a 9 1 Y d' Yo | E-% 1 9 1
Hadaas luusnademivesdihen lasumamdadesndes wunawisaussmeimsiia
1 ) @ 1< a ] ] 4 ' ]
Tudihe ldnuiinaninmsiaea InTsuanluusnuasnan vazieonawull 24 2Tua
1 9 = = = <3 a F) 1 ?x}a o A
Tunwuwadrsfessnnmsaeed InTsuanluuSnademin (Calmet e al., 2004) UPANUUTIT
= Ao = < [ . . a 9 1 FAl 9 A
MsANINRANA InT5ua03IUNY hyaluronic acid TuVINMTRIIVRIHTI8 TIATDINNTOY
[ 4 I~ ] % a a
WU uiieRaed In1511an35 1Ay hyaluronic acid IHUsz@nimmlumsussimernistialaa
<3 ' = . . = ' = =2 A = o
11az159n31M 5N hyaluronic acid 1B99E19A8Y (Lee ef al., 2011) 530 TUREMsARMINRAEN
. =2 g Ao 1 1 1A v oA < = . A
tenoxicam B UNIADY1UNQY NSAIDs 151A8INUA TN 15180 TagRae tenoxicam UT1Ia)
Y Y Yy 1A A A A R v
don lugihelsadenion nuuledanuinudoni lasase aunsaussmeinsie 1

ANIMISTUUTLNMIUET (Oztuna et al., 2007)
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= % 1 d’d . . .
3euMeunuNgUAILANNRAA saline solution (Irwin ez al., 1998)
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a g 4 1 = o A o A A J 1
naillusesuan uazisadnszgneoulimssaizssiinulasunlacl Taawadnizgnoeuss
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sauNguiL iwaa lnszaedalunsygneouidemileununguaiuguiae  saline solution

(Shapiro et al., 2007)
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1 1UNguYEd NSAIDs WU lunguued NSAIDs nszaulnisaanszgneounatanoll In
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aer wonINUUEIN INUMIFUgImsuisdIveuaanszgneoy 19019l ua g limsg

gounaunizgnoouivoriiuly 8% (Chang et al., 2006)
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mananlFlumsdae

1. MTT assay
a I A A Y] 1Y) Asa 4 =1 [ A
MANA MTT assay (Humaiinldlumsiaszauanuiiziaveusad laslividnmsae
P PR=PN o 4 4 . ~ Y =X
aanuInvTanIodunT1zyieu lesl succinate dehydrogenase 310 1 Innouase 1a ez
A Aaa A Y I =3 A A
ansonlasuas MTT AUamane linaeiuwan formazan NNTUI HazeITRgANAY
A A A s G S
uaeianuemnaudszna 540-570 Wilwwas Tuvasiadaie lu Inaewasvazidoanin
o ' @ o 7 4 { <
il ldaunsadunseriionland succinate dehydrogenase tfioilasuans MTT 1¥ilunan
Y o c’:‘/ = [ (% aaa 9 a
formazan 1@ AavuseINT0taszauaNuiFInveawad 1d laenslfimatin - MTT  assay
(Sylvester, 2011)
2. Terminal deoxynucleotidyltransferasedUTP nick end labeling (TUNEL) assay
A s a A o a s > A g I
Wosadinauenel Inga duguineveusaazlasunilasly Tasweduaaday
U a o a o <3 o
Tilanes inamsuadivesIasinnuas ls Tanaradu Imsuantinvesfoue waainsva
@ 1% S J I I3 = ' . = a
anasnniuradazuanooniusadian ¢ 38021 apoptotic body (Elmore, 2007) &naiin
@ @ a2 s a a A
TUNEL assay 920188m15ianvinvasaoue lunsasingeuaannatenol Ingd laoiilo
a o a d a dﬂg 4 Aa a A Y a
MAMIUANHNUBIADWIOINAYY DYWL dUTP NUMsaananizoudsaziin ljunsnusn
4 ° ]
Yae 3> OH Adeou lai terminal deoxynucleotidyltransferase ¥11 1% enunsansTIIaOVITAAN
aene Inga'ld (Lawry, 2004)
3. Live/Dead assay
I A A s A % Y v o A o
Huwmaiinnlslumsasnasvwsaaniaia uazisaame landounu Taslivanms
iy 1 ' 4 s s A
flo @15 Calcein AM 91 liamnsoieaas1d vramnsormofuaaad T luaed iiesn
. < Aa v & A 9 o= ) . A A w
@13 Caleein AM 1Hluashiidsey aviubeduaaaveouliars Calcein AM indoudi 1
¢ Z s A ~ o s s . & o '
Tuad niuaeaniidinzlimsdunsiziioulel intracellular esterase  H992 lAnwy]
o v . < Ay 1 v ¥ . =2 '
acetomethoxy M 1va1s Calcein AM L‘]J‘L!’d”l'i‘iﬂ]luuﬂi%ﬁ; AaUUT15 Calcein AM 9 liamnsn
] gll =< o Y

] 4 < g‘.} ¥ o .
iwdouraaoen 118 tazuenainiuduilians Calcein AM Gouasla auiudahln

A a A A A . ! J g = A A
IFAANUBINAATLVIIVDIN1TLIDILEN Calcien AM dIULHAAMNYUUITUNTITDUTNINUDILYD
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Taqe

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

v

UNN 3

ABAuHUNTIVY

Unsanldlumsdsn

TuTasthala: P2 (0.2-2u1), P20 (2-20u1), P200 (20-200u1), P1000 (0.1-1ml) (Gilson,

France)

11 : 10 ul, 200 pl, 1,000 pl

naoArla Microcentrifuge : 0.2 ml, 1.5 ml

naoAwHaA Polypropylene conical ; 15 ml, 50 ml (Kartell, Italy)
Tnne3: 250 ml (Pyrex, USA)

VIAQLLITU: 100 ml, 1000 ml (Duran, Germany)

mﬂgﬂﬂm‘vj : 250 ml (Pyrex,USA)

NIZUDNA : 100 ml (Glassco, UK)

UNUINYA0A (rack)

W13y (Bemis, USA)

Unlagavisanson Tuia (Corning, USA)

naoARAYT : 10 ml, 20 ml (Nipro, Japan)
Wano3n30991M139U1A 0.2 um (Corning, USA)
VIARBLUBAG : T-25, T-75 (Corning, USA)

NUEBITAF 96 ¥¥qu (Corning, USA)

Cell strainer (SPL, Korea)

ﬂlﬂﬁlﬂa@m%’ﬂ (Costar,Stripette) : 5 ml, 10 ml, 25 ml (Corning, USA)

s 2 s
a'lamamwaa 8 Ny (Nunc, USA)
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4 @ [ o [ 1 4 . .
ﬂ’gﬂﬂﬁ;a‘ﬂﬁﬁmmﬂﬁlﬂaﬂ A TUFULAA (Inverted microscope) (Motic, Germany)



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

4
ﬂé’m@am 5130944 (Fluorescence microscope) (Olympus, Japan)
% 4

a'ladiivas (Haemacytometer) (BOECO, Germany)

A - 4 . . ®
INI03I9TINNY (WiseMix , Korea)

4 any o o o a . . . .
AU NI VIV M5 UM aoAY A Microcentrifuge (Hettichzentrifugen, Germany)

A A a g . ®
mimmmﬁmmmﬂum (Biometra , Germany)

o Y] ~ 9 = . .

AT INTUMTINDA WIONH (Bioer, Chaina)

4 ad a
1AT94904a0 113 1NFFa (Bioer, Chaina)

Y

9 Y J . . .
Ad M VIRoTas (CO, incubator) (Thermo Scientific, USA)
1AT0IIANTRANAULEA (Spectrophotometer)
1A3097ANITYANAULLE (Microplate reader) (Dynex, USA)
An
IA309818AIN198 (Gel Doc) (BIO-RAD, USA)

ya

QLU 4 °C (Sharp, Japan)

2

LL%LLﬂﬁﬂquﬂ”ﬁ -20°C (Sanden Inter Cool, Thailand)

3

Fuandagaunail -80 °C (NEW BRUNSWICK SCIENTIFIC, USA)
1019195115 (Major Science, Taiwan)
44 o o T e
1AT0IHNANUAUFINST V91T (Autoclaved)
1n394 14 1n5199 (Sharp, Japan)

IAT99%IAINDA (OHAUS", USA)

RN lylunsIoy

1.

drsaiina il
1.1 Absolute ethanol (Merck, Germany)
1.2 Agarose, molecular grade (ISC BioExpress, Spain)

1.3 Ethidium bromide (Bio Basic inc, USA)

17



1.4 EDTA (Research organics, USA)

1.5 Boric acid (Research organics, USA)

1.6 Trisaminomerthane (Research organics, USA)

1.7 100 Base Pair DNA ladder (Biolab, Thailand)

asafin1Flumsih PR

2.1 5x PCRBIO reaction buffer (Fermentas, USA)

2.2 5 U/ul PCRBIO HS TagDNA Polymerase (Fermentas, USA)

2.3 Oligonucleotide primer (Biodesign, Thailand)

msaliilFlumsdeasad

3.1 Dulbecco’s Modified Eagle Medium : Nutrient Mixture F-12 (DMEM/F12)
(GIBCO, USA)

3.2 Fetal Bovine Serum (FBS) (GIBCO, USA)

3.2 Trypsin-EDTA (GIBCO, USA)

3.4 100x Antibiotic-Antimycotic (GIBCO, USA)

3.5 Phosphate Buffered Saline (GIBCO, USA)

3.6 Tryphan Blue (GIBCO, USA)

3.7 215 U/mg Collagenase Type II (GIBCO, USA)

3.8 35 U/mg Protease (Invitrogen, USA)

3.9 Dulbecco’s Phosphate Buffered Saline (D-PBS) (GIBCO, USA)

gamsnidiFaguildluanise

4.1 RNeasy® Mini Kit (Qiagen, USA)

42 SuperScriptTM III First-Strand Synthesis System for RT-PCR (Invitrogen, USA)

4.3 SsoFast " EvaGreen" Supermix (Bio-Rad, USA)
4.4 PrestoBlue” Cell Viability Reagent (Invitrogen, USA)
4.5 LIVE/DEAD" Viability/Cytotoxicity Kit (Invitrogen, USA)

4.6 DeadEnd'" Fluorometric TUNEL System (Promega, USA)
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a g s [ Y I 4 1
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= = S As o Aaa 4 ] 9 ax
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12. ﬁﬂ‘HTWﬁ"UﬁNEﬂﬂi‘ﬂIillﬁﬂ‘ﬂu@i’)!!,@W’E]‘]JT‘VI%ﬁ%ﬂﬁl“ﬂaﬁﬂizﬂﬂ@ﬂuﬂﬁﬂﬁ‘ﬁ
TUNEL assay
= = S Ao 4 1 Y ax .
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NUANUINYIVDIADNITVONUTNUVDIUFAANITISANDDUAIYIT real-time PCR
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Al v d
2.1 M3BNAMASUTAaNIZgnooUlgagi (Primary cell)

Y v J v Y o Y dy Ay (%
Gluéllu@ﬂi.!ﬂﬁﬁﬂmﬁlmaﬂ‘iﬁﬂﬂ@@u%gﬁﬂﬂﬂlﬂ']ﬂﬁluﬂﬂﬁ@ﬂl%@LWfJ‘iJfNﬂuﬂTi
Y Y
4 1 . .
uilou waﬁﬁmwaaﬂig@,ﬂaaumuﬁmm Mary B. Goldring (Picot and Jones, 2005) 1ag
@ 1 Y I 2 a3 a a 9y = 1w 0o £
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Y
nszgnoouldlurasaung 50 dadans dunszqnoounis PBS lasgatlladuagun
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@ LA 2 1 ' 4 a 1
wmmﬂuuﬂﬁ)wumuﬂﬁx@ﬂaaﬂﬂﬂi%’sau%u protease 35 guUANBNAANTN UINUN 50
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3.2 Reverse transcription polymerase chain reaction (RT-PCR)
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4 I [ % o < .
(DNA) e ldiudunuulumsdunsiziou  cor241 Tasldgaduiagzil SuperScript™ 11T
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a = A U g‘; [
Qg -20 earuTaFed e 15 Tunsnaasuuas 11

a13199 1 ansn e 1un1391 RT-PCR

FHAVDIANS ANMINTHgATIIY 153103 (lulnsans)
1. 50 ng/pl Random hexamers 2.5 ng 1.0
2. 10 mM dNTP 0.5 mM 1.0
3. 25 mM MgCl, 5 mM 4.0
4. 10X RT buffer 1X 2.0
5. 0.1 M DTT 0.01 M 2.0
7. 200 U/pl SuperScript " IIT RT 10U 1.0
8. 40 U/l RNaseOUT 2U 1.0
9. 2 U/ul RNase H 0.1U 1.0
10. RNA 2.5ng
11. DEPC-treated water Y5v151a3 195 20 pi
s manye 20.0
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A15199 2 @017 lun139 RT-PCR

Funou QUM (IR NBAITYE) 1
1. Denature 65 5u
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FHAVDIANS ANMAINTUgAEY 153103 (lulnsans)
1. 10X PCR buffer 1X 2.0
2. 10 mM dNTP 0.5 mM 1.0
3. 25 mM MgCl, 2 mM 1.6
4. 5 um Forward primer 0.2 pm 0.8
5. 5 um Reverse primer 0.2 um 0.8
6. 5 U/ul TagPolymerase 0.02U 0.08
7. Distilled water 11.72
8. cDNA 0.25ng 2
PSassauianye 20.0
137197 4 #0122 Tuns¥ PCR vt COL241
Funou QUM (IR NBALTYE) e
1. Initial denaturation 94 SRTRET
2. PCR cycle (36 591)
- Denature 94 30 Ju0
- Annealing 60 30 1N
- Extension 72 1 U
3. Final extension 72 5UM
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1 Y T
time PCR #3A13°1991 5 9101Ua319n3111A5511 (standard curve) tior1sz@nTamves
Y
UA3e1909 PCR 828 CFX96™ (Bio-Rad, USA) Tngl9@10819cDNA Anmduduasdy 1X
° Yo 1 o Yy 7 Yy v o A
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A135199 7 @017 1UN131M real-time PCR
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cDNA  dzdostianumingauasilgnienne v lalfnuawuemniugoum  @w1so

MUIUA efficiency AITNNITN 1 (Livak and Schmittgen, 2001)
~ S I 4 a A Aaan A 14 1 1 I'4
aumsh 1 nefidudlseaninmvesdfnseniiders luuaazg Inswes
% efficiency = (E - 1) x 100%

-1/slope

=(10 - 1) x 100%
d' = a A ann 1 1 4
1o E Ao sz@niamve§iser PCR Tuuaazg lnsiwes

slope A9 ANNFUYDINT I




31

a1 efficiency mmﬂﬁﬁ“%mﬁw Bio-Rad CFX Manager (Bio-Rad, USA) Tagmn
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COL2A41 F: GACAAAGGTGAAAAAGGTGCCCC 67.80
R : CAGCAAAGTTTCCACCAAGACCAG 61.40

ACAN F: AGACTGTCAGATACCCCATC 55.72
R: AAAGACCTCACCCTCCATCTC 58.81

BMP2 F: CGCAGCTTCCACCATGAAGAATC 62.32

R: GCATCTTGCATCTGTTCTCGG 59.67

GAPDH F : GAAGGTGAAGGTCGGAGTC 57.18
R : GAAGATGGTGATGGGATTTC 53.72
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MANUIN U
A1519A1 Ct cycle N1 1ANMSANBIMIUTAIDONVBIEUAILIT real-time PCR

A13197 9 Yoyam Ct cycle Yo8U GAPDH

U GAPDH
§106197 Ct cycle
ANuTuTUe ANTuTUE ANt Ue

0 mg/ml 1 mg/ml 5 mg/ml
1 31.51 30.32 30.52
2 29.45 29.21 29.30
3 31.83 29.58 31.28
4 33.73 28.87 30.21
5 28.45 28.50 28.74
6 29.14 27.84 28.65
7 27.48 27.81 28.42
8 29.73 29.54 30.04
9 29.60 28.67 29.26




A15199 10 foyan Ct cycle Y98U ACAN
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8U ACAN
F106197 Ct cycle
AU ANMTuTUEe ANutuTUe
0 mg/ml 1 mg/ml 5 mg/ml
1 31.27 29.84 29.45
2 28.47 29.27 28.93
3 29.59 28.39 30.61
4 31.75 29.26 29.60
5 25.52 26.90 26.89
6 27.39 27.46 28.17
7 27.53 27.41 27.39
8 28.76 29.15 29.04
9 27.79 27.75 28.22




M15199 11 foyan Ct cycle Y06U BMP2
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8y BMP2
F106197 Ct cycle
ANMTUTUE ANMTUTUE ANMTUTUE
0 mg/ml 1 mg/ml 5 mg/ml
1 38.48 32.30 38.22
2 35.52 32.07 35.50
3 34.48 3331 3534
4 34.33 31.94 33.61
5 34.80 33.11 35.28
6 33.51 31.51 33.36
7 32.53 31.91 32.95
8 35.69 34.02 35.62
9 35.51 34.35 35.67
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