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`_RFAic\CFAB@KLeEIG=BW\FH?KRDJL^_jCKLCKM@TUFDVFBNOPQ=??RO_T_DHJ-2 DOD=Q?R
OSL (Specific cyclooxygenase 2 inhibitor NSAID, celecoxib) ?CXF@GVAXk=FCDVlj?k=_RD=_jC@<=>\F@
DQ_C@^_jDRSITFRRFAic\CFAB@KLeEIG=BW\FH?KRDJLcHSIIKM@DIS` (Conventional NSAIDs)  <=>\F@DQ_C@
>?@CFAB@KLeEIG=BW\FH?KRDJL^_jCKLCKM@TUFDVFBNOPQ=??RO_T_DHJ WX?RFAOX?`GO`G=BRFAJA\F@
>?@RABI]R ^UFik\DRSIQEF`kXE@iCmn@<=DJ_C^_j?FTDRSI>nMHWX?RFADRFBWSI>?@AFRgoHD^_C`G=B>\?
D^_C`iH<]\epEC^_jTUFDeqHW\?@NI\AKLCFIK@R=XFEDeqHDE=FHFHDVlj?AKRbF?FRFAeEIDAlM?AK@ ?F^S<]\epECPAQ
>\?RABI]RDJlj?`G=B?KRDJL (osteoarthritis and rheumatoid arthritis) �8;<=/2>.?7' DVlj?dnRbF?S^rS
V=>?@DOD=Q?ROSL^_jDHlj?@`FTFReAS`Fs>?@CF^_jic\DVlj?RFAAKRbFG=BABCBDE=F^_jNI\AKLCFWX?RFA
DTASYDWSLPW (growth) G=BRFAVKZHF (differentiation) >?@DO==[JA\F@RABI]RLH<SE>?@EKJIa
N^D^DH_C`^_j?C]XiHABCBRFADTASYDWSLPW^_jWXF@tRKH (different stages of cell growth) �8.9=@A>� &-1#2
^UFRFAD=_MC@DO==[JA\F@RABI]R^_jVKZHF`FTFRRABI]RRBPk=Rd_AbB>?@kH]D`FJ[ (Mouse calvarial
osteoblast cell line, MC3T3-E1) iHHMUFD=_MC@DO==[^_j`_QEF`TUFDVFBWX?RFADTASYDWSLPW>?@DO==[JA\F@
RABI]RLHG<XHP=kBN^D^DH_C`cHSIDA_CL ^_jDWA_C`I\ECESr_RFA acid prickle (Straumann,
Switzerland) DeqHDE=F 21 EKH RFA^I=?@GLX@??RDeqH 5 R=aX`WF`cHSIG=B>HFI>?@CFiHHMUFD=_MC@
DO==[ R=aX` A NI\AKLCF ?SHPID`^FOSH (Indomethacin) 0.1 N`PQAP`=FA[ R=aX` B NI\AKLCFDOD=Q?R
OSL 1.5 N`PQAP`=FA[ R=aX` C NI\AKLCFDOD=Q?ROSL 3 N`PQAP`=FA[ R=aX` D NI\AKLCFDOD=Q?ROSL 9
N`PQAP`=FA[ R=aX` E NI\AKLHMUFD=_MC@^_jN`XNI\<J`CFiIt eAS`Fs>?@CF^_jik\QUFHEsD^_CLDQ_C@TFR
>HFI>?@CF^_jic\iHRFAAKRbF?FRFAeEI>?@>\? PICGLX@RFARFA^I=?@??RDeqH 3 ABCBWF`RFA
DTASYDWSLPW>?@DO==[ Ql? cXE@DASj`W\H (static phase,EKH^_j 1 >?@RFAD=_MC@DO==[) cXE@DTASYDWSLPW?CXF@
AEIDAfE (log phase,EKH^_j 5 >?@RFAD=_MC@DO==[) G=B cXE@PWDWf`^_j (plateau phase,EKH^_j 12 >?@RFA
D=_MC@DO==[) PICiHGWXABCBDO==[TBm]RD=_MC@iHHMUFD=_MC@DO==[^_jN`X`_O_AK`^_j`_JXEH<J`>?@CFWF`R=aX`
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RFA^I=?@DeqHDE=F 1 - 5 EKH RFA^IJ?LWXF@tTB^UFiHEKH^_j 1 3 G=B 5 k=K@RFAik\CF PICiHGWX=B
RFA^IJ?L`_TUFHEHWKE?CXF@ 3 WKE?CXF@ PICic\R=\?@Ta=^AAdH[?SD=QWA?HcHSI^_j`_RFAAE`GJ@
D=DO?A[ (Confocal laser scanning electron microscope, CLSM) G=B R=\?@Ta=^AAdH[?SD=QWA?H
GLLJX?@RAFI (scanning electron microscope, SEM) WAETJ?LQEF``_c_ESWG=BRFACnIDRFBG=B
=KRbsB>?@DO==[LHVlMH<SEN^D^DH_C`WF`=UFIKL ^UFRFAWSIWF`<=>?@CFWX?RFADTASYDWSLPW>?@
DO==[PIC^UFRFA^IJ?LQEF``_c_ESW>?@DO==[ (cell viability test) PICic\ MTT assay G=BWSIWF`
RFAVKZHFRFA>?@DO==[RABI]RPIC^UFRFAEKIABIKL>?@?K=QFN=H[g?JgFDWJ (alkaline
phosphatase, ALP) G=B ??JWSP?QK=OSH (osteocalcin) G=BdnRbF?S^rSV=>?@CFGR\?KRDJL
(NSAIDs) WX?RFA^UF@FH>?@D?HNO`[NOPQ=??RO_T_DHJPICRFAWAETEKIABIKL>?@VA?JWFGR=H
ISH (prostaglandin, PGE2)  (A1#23415# TFRwFVmXFC CLSM G=B SEM GJI@ik\DkfHEXFDO==[JA\F@
RABI]R`_c_ESWG=BJF`FAmCnIDRFBG=BDTASYDWSLPWLHVlMH<SEN^D^DH_C`DeqH?CXF@I_ PICGJI@
=KRbsBRFAG<XG=BCljH??R>?@NOPWV=FJOn` (cytoplasm) ^UFik\DO==[`_=KRbsBDeqHA]eAXF@k=FC
Dk=_jC`^_j`_G>H>?@DO==[CljH??RNeJK`<KJRKLDO==[>\F@DQ_C@ (polygonal shape with extending
filopodia) TFRRFA^UFRFA^IJ?LQEF``_c_ESW>?@DO==[ VLEXFTUFHEH>?@DO==[iHR=aX` D
(Celecoxib 9 µM) `_TUFHEH=I=@?CXF@`_HKCJUFQKYiH^aRcXE@RFADTASYDWSLPW (p<0.05)  N`XVL<=
RFACKLCKM@RFAGJI@??R>?@ ALP G=B??JWSP?QK=OSHiH^aRR=aX`^I=?@ (p>0.05)  GWXVLEXFiHEKH
^_j 5 >?@RFA^I=?@iHABCBDASj`W\HG=BABCBPWDWf`^_jABIKL>?@ PGE2 iHR=aX` A-D `_ABIKLWjUFREXF
R=aX` E Onj@DeqHQELQa`?CXF@`_HKCJUFQKY (p<0.05 G=B p<0.01 WF`=UFIKL)  .2=/ CFDOD=Q?ROSLiH
>HFIJ]@ (9 µM) ^_jic\iHRFAAKRbF`_<=CKLCKM@RFADTASYDWSLPW>?@DO==[RABI]R?CXF@`_HKCJUFQKY GWX
N`X`_<=WX?VKZHFRFA>?@DO==[RABI]R PIC<=RFACKLCKM@IK@R=XFE`_QEF`JK`VKHr[PICWA@RKL>HFI
>?@CFG=BABCBDE=F^_jNI\AKLCF <=RFACKLCKM@IK@R=XFECK@>nMH?C]XRKLABCBRFADTASYDWSLPW>?@DO==[
JA\F@RABI]R Tn@DeqHNeNI\EXFRFANI\AKLCFAB@KLeEIG=BW\FH?KRDJL^_jCKLCKM@TUFDVFBNOPQ=??RO_T_
DHJ-2 DeqHDE=FHFH?FTRX?ik\DRSIRFA=I=@>?@RFADTASYDWSLPW>?@DO==[JA\F@RABI]RLH<SEN^^F
DH_C`cHSIDA_CL (acid prickle) Onj@?FTJX@<=>KI>EF@RFACnIDRFB>?@AFRgoHD^_C`G=B>\?RABI]RD^_C`
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Abstract

Specific COX-2 inhibitor NSAIDs (Celecoxib) have been widely used to avoid
adverse effects of conventional NSAIDs.  Adverse effects of the specific COX-2 inhibitor on
bone healing and osteogenesis raises concerns about those effects on osteointegration particularly
in long term usage of celecoxib such as in osteoarthritis and rheumatoid arthritis cases.
Objective: This study aimed to investigate dose and time dependent effects of celecoxib on
growth and differentiation of osteoblasts, on a titanium surface in different stages of cell growth.
Materials and Methods: A mouse calvarial osteoblast cell line (MC3T3-E1) was cultivated on
smooth surface (acid prickle) titanium disks (Straumann, Switzerland) in a mineralized culture
medium for 21 days.  The study was divided into five groups according to the supplemented
medications: Group A; indomethacin 0.1 µM, Group B; celecoxib 1.5 µM, Group C; celecoxib 3
µM, Group D; celecoxib 9 µM, and Group E; without supplementation.  Doses of celecoxib and
indomethacin were ranged by their therapeutic doses.  The medications were supplemented in
three stages of cell growth, static (24 hours after seeding), log (on culture-day 5) and plateau
experimental phases (on culture-day 12).  In each phase, cells were incubated in a serum free
culture medium treated with the medications for 1-5 days.  Attachment, growth and
differentiation of osteoblasts were monitored on treatment-days 1, 3 and 5, on triplicate samples.
A confocal laser scanning electron microscope (CLSM) and a scanning electron microscope
(SEM) were used to examine cell viability, attachment and morphology of cells on titanium disks.
A cell viability test (MTT assay) was performed to determine growth of cells.  Expression of ALP
and osteocalcin were measured to determine osteoblastic differentiation in early and late stages,
respectively.  Levels of PGE2 were detected to determine inhibitory effects of NSAIDs on
function of cyclooxygenase enzymes.  Results: CLSM and SEM images showed cell viability
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and well-attached of polygonal shaped cells on the titanium surface.  A suppression of
proliferation of cells in dose and time dependent manners was found in Group D; Celecoxib 9 µM
in all experimental phases.  On treatment-day 5 the numbers of cells in Group D were
significantly less than the control Group E in experimental log and plateau phases, while it was
less than Groups A-C in all experimental phases (p<0.05).  Inhibitory effects of the supplemented
medications on ALP activity and expression of osteocalcin was not found in all groups of all
experimental phases (p>0.05).  Levels of PGE2 of Groups A-D were significantly less than Group
E in the static and plateau phases (p<0.01), but not in log phases.  Conclusions: A high
therapeutic dose of Celecoxib (9 µM) was able to inhibit growth of osteoblasts on titanium
surfaces, but it had no effect on osteoblastic differentiation.  The inhibitory effects of celecoxib
were dose and time dependent and influenced by different stages of cell growth.  It may be
postulated that a long term usage of celecoxib may inhibit growth of osteoblasts on the titanium
surface, resulting in an impeding of osteointegration of implants.


