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ABSTRACTS

Purpose: Specific COX-2 inhibitor NSAID, celecoxib, is widely received as
an alternative analgesic to conventional NSAIDs in treating chronic and acute pain.
The current study aimed to investigate effects of influence of exposure time and
stages of cell growth on effects of specific COX-2 inhibitor NSAID on growth and
differentiation of osteoblasts on smooth titanium surface. Materials and Methods:
The study was categorized into 5 groups, Group A: 0.1 pM indomethcin; Group B:
1.5 uM celecoxib; Group C: 3.0 uM celecoxib; Group D: 9.0 uM celecoxib and
Group E: serum free culture medium without drug treatment. Mouse calvarial cell
iine, MC3T3-El, was seeded on acid prickled surface titanium disks (Straumann,
Waldenburg, Switzerland). The investigations were performed on three different
experimenta! phases basing on stages of cell growth, staric (at 24 hours after seeding),
log (on culture-day 5) and plateau (on culture-day 12) phases. In each experimental
phase, cells on titanium disks were incubated in medium treated with drugs according
to groups of study for 1, 3 and 5 days. Results: It was found that indomethacin and
celecoxib 1n Groups A-D inhibited growth of cells on treatement days 3 and 5 in static
phase and treatment day 3 in log phase and an inhibitory effect of indomethacin was
greater than celecoxib. Effects on ALP activity and osteocaclin were not clearly
demonstrated. Significant decrease of PGE; production was found in Groups A-D in
static and plateaw, but not in log phases. Conclusions: Specific COX-2 inhibitor
NSAID, celecoxib, was able to inhibit growth of osteoblasts on titanium surface and
the effects were influenced by exposure time and stages of cell growth, Undertaking
of specific COX-2 inhibitor might cause deteriorate effects on osteointegration of

dental implant by interfering with osteoblastic cell growth in proliferative stage.

KEYWORDS

Specific COX-2 inhibitor NSAIDs, Osteoblasts, Titantum Surface, Growth and

differentiation
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INTRODUCTION

Non-specific COX-1 and COX-2 inhibitor NSAIDs decrease inflammation by
inhibiting catalyst function of cyclooxygenase 1 and 2 (COX-1 and COX-2) resulting
in reductions of prostaglandin aind thromboxane A2 synthesis'?. Specific COX-2
inhibitor NSAIDs, celecoxib, is developed to avoid adverse effects from inhibition of
the constitutive function of COX-1 and well received as an analgesic drug for
management of chronic and acute pain3’4. Because COX-2 is an inducible enzyme
produced in responding to stress and trauma, this evidence suggests an important role
of COX-2 in the early stage of wound healing and repair’. Thus specific CCX-2
inhibitor NSAIDs do not inhibit only the inflammatory process, but also a production

of prostaglandins which are necessary for bone healing and metabolism™®.

Evidences from animal studies demonstrates that COX-2 inhibitors inhibit
bone cell proliferation and delay fracture healing in dose and time dependent
manners”®. Roles of COX-2 in osteogenesis and bone metabolism are further
emphasized by Zhang and co-workers’ that COX-2 plays an essential role in
endochondral and intramembranous bone formation during skeletal repair and
osteoblastogenesis of mesenchymal stem cells in b_.one marrow. Inhibitory effects of
specific COX-2 inhibitor in vivo studies are supported by in vitro studies that specific

COX-2 inhibitors and conventional NSAIDs. inhibit proliferation of human

osteoblasts on the plastic surface of cell culture platem and decrease differentiation of

11

osteoblasts on rough titanium surfaces

Although adverse effects of specific COX-2 inhibitor NSAIDs on growth of
osteoblats, bone healing and osteogenesis are reperted, there is insufficient evidence
to define effects of specific COX-2 inhibitors NSAIDs on osteointegration of implant

prosthesis, particularly in the use of high doses and/or extended period of time such as
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in osteoarthritis and rheumatoid arthritis cases in which celecoxib must be taken for at

least 2 weeks'>'?,

Osteoarthritis is one of the most cofnmon indication for COX-2 therapy and
osteoarthritis patients have average age of more than 60 year old>'*'S. This group of
patients is people who most need dental implant for their quality of life'® and bone
metabolism is one of many important factors contributing to success of implants'’.
Thus, further studies are required to demonstrate influence of dose, timing and
duration of specific COX-2 inhibitor administration on osteogenesis and

osteointegration.

In the presence study, a study of growth and differentiation of MC3T3E-1 cell
line on a titanium surface iz vitro was selected as a study model to investigate effects
of specific COX-2 inhibitor NSIADs on growth and differentiation of osteoblasts on
the surface of titanium implant'®'%?2' MC3T3E-1 cell line is widely used in
biocompatibility testing and studying effects of matrix interaction and external stimuli
on growth and differentiation of osteoblasts™***, The cell line is well documented
for its capacities to proliferate and differentiate while expressing osteoblastic

phenotypes including ALP activity, osteocalcin and calcium production®>%,

For the current study, the authors intended to examine factors influencing
adverse effects of specific COX-2 inhibitor NSAIDs on osteaintegration of dental
implant by investigating dose and exposure time dependent effects of specific COX-2
inhibitor on growth and differentiation of osteoblasts on smooth titanium surface in
different stages of cell growth in vitro. It is hypothesized that inhibitory effects of
specific COX-2 inhibitor NSAIDs on growth and differentiation of ostcoblasts were

influenced by doses, exposure time and stages of ccll growth and the effects might be
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the subsequent of inhibitory effect of cyclooxygenase enzymes on the production of

prostaglandin E; (PGEy). .

MATERIALS AND METHODS
GROUPS OF STUDY

The study was categorized into five groups according-to treated drugs in
culture medium, Groun A: 0.1 uM indomethacine; Group B: 1.5 uM celeccxib; Group
C: 3.0 uM celecozil; Group D: 9.0 uM celecoxib and Group E: culture medium

without drug treatment.
PREPARATION OF TITANIUM DISK FOR CELL SEEDING

Commercially pure ftitanium disks with acid pricked surface, 15 mm in
diameter with 1 mm thickness were kindly provided by Straumann (Straumann,
Waldenburg, Switzerland). Disks were prepared for cell seeding according to

Lohmann and co-workers®’

. Procedures in brief, prior to cell seeding, disks were
sonicated {Cavitator®MEI1, Mettler Electronics Corp), rinsed in double distilled
water, ncutralized in 5% sodium bicarbonate and rinsed in deionized water. After that

disks were air dried and sterilized by autoclaving. Disks were placed in 24-well

culture plate one disk in one well for cell culture on titanium surface.

MC3T3-E1 CELL CULTURE

MC3T3-El mouse cell line was obtained from ATCC (USA). The cell line
throughout cell culture period was cultivated in alpha-MEM medium, 10% FBS, 1%
Penicillin/streptomycin, 0.5% Fungizone and 50 pg/ml ascorbic acid. Culture
medium was changed every 2 days™. Cells were cultivated into the fourth — sixth

passages. ‘When growth of cells reached 80% confluence, cells were tripsinized and
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séeded on titanium disks, 4x10* cells in 200 pl of culture medium per disk. The
seeded cells were allowed to attach on the disks in a minimum culture medium for 3
hours in 5% CO; at 37°C in 95% relative atmospheric humidity, then 1.5 mi of culture

medium were added into each well®.
EXPERIMENTAL PHASES

The study was categorized into 3 experimental phases, (I) static, (1) log and
(iI1) piatean phases according to stages of cell growth on titanium disks. Static phase
was started at 24 hours after cell seeding, log phase on culture-day 5 and plateau

phases on culture-day 12 (Fig 1).
DRUG TREATMENT

In each experimental phase, cells were incﬁbated in secrum free culture
medium for 7 days. On the starting date of each phase, culture medium supplemented
with serum was removed and cell on disks were washed with PBS, and then cells
were incubéted in serum free culture medium for 24 hours. After that, the medium
was treated with indomethacin, celecoxib or only DMSQO according to groups of the
study. Subsequently, investigations were performed on treatment-days 1, 3 and 5 (24,

72 and 120 hours in treated medium, respectively) (Fig 1).
PREPARATION OF STOCK SOLUTIONS OF TREATED MEDICATIONS

The non-specific COX-1 and COX-2 inhibit.or NSAIDs used in this study was
indomethacin (Sigma, USA) and specific COX-2 inhibitor was Celecoxib (Pflizer,
USA). Stock solution was made in 100% DMSQO (Sigma, St Luis, MO) and stored at
-20°C. Drug was diluted with culture media without FBS immediately just before use.
In the control group, Group E, 10 pl DMSO was added in 10 ml of culture medium.

The concentration of DMSO for all treatments was 0.1%°,
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diacetate (FDA), 2 pg/ml in serum free medium was added into each well and
incubate in 5% CO; incubator at 37°C in 95% relative atmosphere humidity for 15
minutes. After that the disks were rinsed twice with PBS and examined within 30
minutes under CLSM (Olympus, FV300 model, Japan). Fields of analysis were
examined at both high and low magnifications to give a qualitative confirmation of

attachment and distribution of cells on the disks™.

CELL VIABILITY ASSAY

Cell viability was determined using CellTiter 960 Non-Radioactive Cell
proliferaticn Assay (Promega, USA). Measureinent procedure was performed
according to manufacturer’s instruction. In brief, cells were incubated in culture
medium containing 10% CellTiter 960 Solution for 2 hours in 5% CO, at 37°C and
then an equal volume of solubilization solution/stop-mix was added into each well
and left the plate to stand overnight in the incubator. Then the incubated medium was
read at 562 nm absorbance in triplicate using microplate reader (BiotrakTM II

microplate reader, UK). Cell number was extrapolated from standard curve of cell

numbers and optical density *°.
MEASUREMENT OF PROTEIN CONCENTRATION

An analysis of protein concentration in cell lysate solution was performed
according to Lowry assay using aliquots of cell lysate. An anlysis was performed
according to manufacturer’s instruction (Bio-Rad, DC Protein Assay Instruction
Manual). Levels of protein in the cell lysate solutions were measured by monitoring
light absorbance at 620 nm (BiotrakTM II microplate reader, UK). Concentrations of
protein were extrapolated from standard curve of series of protein standard (Bio-Rad,

DCf Protein Assay Instruction Manual).
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MgASUREMENT OF ALP acTiviTy

The assay is aimed to measure alkaline phosphatase activity of protein extract
solution obtained from detergent cell solubilization using 1% Triton X-100 in PBS. A
procedure in brief: Cell lysis solutions were thawed on ice. Four hundrcd microliters
of lysis buffer containing 2 mg p-Nitrophenyl phosphate in 1 ml of 1.5 M of 2-amino-
2-methyl-1-propanolol were pipetted into each tube containing 100 ul of cell lysate
solution. The solution was thoroughly mixed and incubated at 37°C for | hour. Then
400 ul of 0.05 N NaOH and 100 nl of distilled water were added into each tube to
stop the reaction. Levels of p-Nitrophenol in the solutions were measured by
monitoring light absorbance at 405 nm (BiotrakTM II microplate reader, UK). The
levels of intensity of yellow color are directly proportional to concentrations of p-

Nitrophenol in standard solutions. The specific activity of ALP was calculated as

units/mg protein,
MEASURMENT OF OSTEOCALCIN IN CULTURE MEDIUM

Levels of osteocalcin in cuiture medium of cells undergone ALP activity
analysis was measured using Mouse osteocalcin EIA kit (BT-490, Biomedical
Technologies Inc, USA). An analysis was performed according to manufactérer’s
instruction. The mixture was measured absorbance at 450 nm using microplate reader
{BiotrakTM II microplate reader, UK).‘ Concentrations of ostreocalcin “were
extrapolated from standard curve of serial dilution of highly purified mouse

osteocalcin and reported as ng/mg protein (Mouse Osteocalcin EIA Kit Instruction

Manual, Biomedical Technologies Inc.).
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MEASURMENT OF PGE; IN CULTURE MEDIUM

Levels of Prostaglandin E2 in culture medium of cells undergone ALP activity
analysis was measured using Prostaglandin E2 High Sensitivity Immunoassay
(DE21090, R&D Systems, Inc., USA). An analysis was performed according to
manufacturer’s instruction. A light absorbance was measured at 405 nm with
wavelength correction set at 562 nm using microplate reader (BiotrakTM II-
microplate reader, UK) (Prostaglandin E2 High Sensitivity Ininunoassay Instruction

Manual).

STATISTICAL ANALYSIS

The results of cell vitality and ALP assays are presented as the mean =%
standard deviation (SD) of 2 separate experiments, performed in triplicate (n=6). The
results of osteocalcin and PGE; assays are presented as the mean + standard deviation
(SD) of an experiment, performed in triplicate (n=3). Statistical analysis was

performed by analysis of variance (ANOVA) followed by the Tukey HD tests and

Dunnette T3,

RESULTS
ATTACHMENT AND MORPHOLOGY OF CELLS ON TITANIUM DISKS

Cells were able to gro;v and proliferate on surface of titanium disks both in
culture medium supplemented with and without serum. Qsteoblasts were polygonal
in shape with numeral filopodia extending in multiple directions. Cells sprout their
cytoplasmic processes on titanium surface to create intercellular contact and grow in
multilayer. A deposition of cxt;acellhlar matrix on cell surface can be observed in log

and p!a!e&u phases (Fig 2).

. f‘.‘-rpon‘uh_acklong et al 10

.o



Cell growth and attachment in serum free culture medium, Group E, was
limited particularly in static phase. Numbers of cells and spreading of cell cytoplasm
and filopodias were markedly greater in culture medium with serum than serum free

culture medium (Fig 2).
CLSM IMAGES OF ATTACHMENT AND DISTRIBUTION OF CELLS ON TITANIUM DISKS

Confocal fluorescence micrographs showed that cells in Groups A, C and E on
treatment-day 5 (or culture-day 7 in cerum free condition) were vital. Cells attaclied
well and sprouted their cytoplasmic process on titanium surface to create intercellular
contact covering approximately 80-90% of surface of titanium disks. A high cell
density was found in the central region of the disks. Effects of 0.1 uM indomethacin
and 3 pM celecoxib on viability, attachment and morphology of cells could not be

differentiated from confocal fluorescence micrographs (Fig 3).
EFFECTS OF TREATED DRUGS ON CELL VIABILITY

It is clearly demonstrated that numbers of cells were consistently increased

from static to plateau phases. The highest numbers of cells were found in plateau

followed by log and stotic phases (Fig 4-6).

In static phase, in comparison to growth of cells in a control Group E: culture
medium without drug treatment, a marked suppression of cell growth was found in
Groups A — D on trcatment days 3 and 5. On treatment-day 1, growth of cells in all
groups, Groups A-E, were not significantly different (ANOVA, F=1.013, df 4, 25
p=0.49). Growth of cells among expenmental groups, Groups A-D, were not
different throughout the investigation time but significantly different from Group E

(Control group) on days 3 and 5 (ANOVA day 3, F=6.461, df 4,25, p=0.01) (Fig 4).
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In log phase, the lowest level of cell growth was found in Group A: 0.1 uM
indomethacin. On treatment-day 1, numbers of cells in Group A was markedly and
significantly lower than Group E: a control group and Groups B and C of 1.5 pM and
3.0 uM celecoxib (ANOVA, F=6.890, df=4, 25, p=0.001) but not Group D: 9.0 pM
celecoxib. On treatment-day 3, a suppression of cell growth was found in groups
treated with indomethacine and celecoxib, Groups A-D. Numbers of cells in Group A
were sigrificantly lower than Groups E, control (Tukey HSD, MD=-4.064, p=0.003)
and tended to be lower than Groups B-D (p>0.05). On treatment-day 5, a significant
decrease of numbers of cells was found in Group A only. Numbers of cells in Group
A was significantly lower than Groups C and E (ANOVA, F=7.190, df=4, 25,

p=0.001) (Fig 5).

In plateau phase, different levels of cells growth among groups of study,
Groups A-E, was not found (Repeated measure between subject, F=0.004, df=4.25,
p=0.997). Growth of cells were stable during treatment-days 1-5 (Repeated measure

within subject, F=0.279, df=4, 25, p=0.889) (Fig 6).
EFFEéTS OF TREATED DRUGS ON ALKALINE PHOSPHATASE ACTIVITY

Effects of treated drugs on ALP activity of celecoxib in dose and time
dependent manners were inconsistent.  Significant decreased of ALP activity in
comparison to control Group E: g_ulture medium without treated drug (3.749+£0.601
unit/mg) was only found in Group C: 3.0 pM celecoxib in static phase on trcatment-
day 5 (1.769£0.314 unit/mg) (Dunnett T3, MD=1.979, p=0.001} (Fig 7). In log
phase, levels of the activity of all groups were not significantly different (Repeated

measure between subjects, F=0.074, df=4, 25, P=0.617) (Fig 8).
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Stimulating effects of celecoxib on ALP activity was found in plateau phase
on treatment-days, 1 and 3. On treatment-day 1, the ALP activities of Group A: 0.1
pM indomethacin (3.371£0.836 unit/mg) and Group B: 1.5 uM celecoxib
(2.531£0.247 unit/mg) were significantly higher than a control Group E (1.701+0.461
unit/mg) (Dunnett T3, Group A: MD=1.671, p=0.023; Group C: MD=0.831+0.214,

p=0.039).

On treatment-day 3, in comparison to a control group, Group E (2.948+2.253
unit/mg), a stimulatory effect was found in Groups A (3.677+2.016 unit/mg} and D
(2.52240.892 unit/mg) (Mann-Whitney test, Group A: p=0.009; P=0.001). The level
in Group B (1.795+0.513 unit/mg) was significantly lower than Groups A and D

(Group A: p=0.009; Group D: p=0.001).

On treatment-day 5, the ALP activity of Group D: 9.0 uM celecoxib was
higher than other groups but there was no statistically different (Repeated measure

between subjects, F=0.674, df=4 25, P=0.617) (Fig 9).
EFFECTS OF TREATED DRUGS ON LEVELS OF OSTEQCALCIN IN CULTURE. MEDIUM

In every phase of the study, suatic, log and plateau ph.gisés, levels of
osteocalcin in all experimental groups, Groups A-D, were not significantly different
from Group E: a control group of cell culture on titanium disks without drug
treatment. Levels of osteocalcin in the log phase (7.869+2.789 ng/mg) tended to be
higher than the levels in the static phase (3.672+1.465 ng/mg), but they were not
significantly different (Fig 10). The lowest level of ostcocalcin was found in platcau
phase (1.806+0.705 ng/mg), where the .]evels_of osteocalcin of all groups in the
plateau phase were significantly lower than the levels in the static and log phases

L

(Repeated measure, F=173.951, df=1, P=0.000)."
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EFFECTS OF TREATED DRUG ON LEVELS OF PGE3 IN CULTURE MEDIUM

Levels of PGE; of experimental groups, Groups A-D, were significantly lower
than Group E: control group (p<0.05) in static (ANOV A, F=44.085, df=4,10, p=0.00)
and plateau phases (ANOVA, F=120.728, df=4,10, p=0.00), while the significant

differences were not found in /og phase.

Levels of PGE; of Groups A, D and E were stable in all experimental phases,
static, log and platear phases (Fig 11). A significant change of PGE; levels was
found in Groups B and C. The level of PGE; of Groupr B in sfafic phase was
significantly higher than plateau phase (Y-test, t=6.537, df=2, P=0.023) but it was not
significantly different from log phase. For Group C, the level in log phase was

significantly higher than plateau phase (T-test, t=8.282, df=2, P=0.014) (Fig 11).

DISCUSSION

The study was conducted to investigate effects of specific COX-2 inhibitor on
growth and differentiation of osteoblasts on acid prickled titanium surface. Influence
of an exposure time and stages of cell growth on effects of specific COX-2 inhibitor
NSAIDs were investigated and compared with non-specific COX-1 and COX-2
i;lhibitor NSAID, indomethacin in therapeutic doses. In the present study,. despite a
reduction of cell growth found in cell viability assay on treatment day 5 or culture-day
'f in serum free culture medium (Fig 4-6), growth of MC3T3-E1 cell line on titanium
surface was similar to previous reports”'3 336 (Fig 2) and SEM images presented that a
limiting cell adhesion and growth on titanium surface found in serum free culture
medium (Fig 2B-I) was overcome by accurnulation of ECM and interceliular contact
f(;ll‘l"ld in log and platean phases (Fig 2B-J and 1I). This might be because a lack of

protein deposition on titanium surface and essential growth factors in serum free
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culture medium®’

were compensated by stimulatory effects of intercellular contact and
autocrine functions of growth factors in extracellular matrix on growth of
osteoblasts?®., These evidences implied that effects of external stimuli on growth and
differentiation of cells could be influenced by stages of cell grewth or density of cells

growing on a titanium surface. CLSM images further emphasized that treated

NSAIDs did not affect attachment and morphology of cells on titanium disks (Fig. 3).

Effects of specific-COX-2 inhibitor NSAIDs on proliferation and
differentiation of osteoblasts are inconsistent. The present study agreed with Evan
and Butcher '° that non-specific and specific COX-2 inhibitor NSAIDs inhibited
growth of osteoblasts but disagreed with Boyan and co-workers ' that specific COX-
2 inhibitor did not have any effects on proliferation of osteoblasts on smooth titanium
surface. Evan and Butcher' reported that indomethacin 0.1-1.0 pM inhibited
proliferation of osteoblasts on cell culture plate. Boyan and co-workers'' found that
specific COX-2 inhibitor, NS-398, 1 and 10 pM, did not have any effects on

proliferation of osteoblasts on smooth surface titanium disks.

Regarding the effects on differentiation of cells, the current findings ag;c_eed
previous reports'' that specific Cox-2 inhibittor NSAIDs, celecoxib, does not interfere
with progress of osteoblastic differentiation into mature stage (Fig 10). It was ’found
that indomethacin and celecoxib did not clearly show their effects on ALP and
osteocalcin levels (Figs 9 and 10). A tendéncy to promote ALP activity of celecoxib

in dose and exposure time dependent manners was found in plateau phase (Fig 9).

A variation of effects of NSAIDs on growth and differentiation of osteoblasts
in different drug treatment time and stages of cell growth suggested that effects of
both non-specific and specific cox-2 inhibitor NSAIDs on cell growth was influenced

by drug treatment time and stages of cell growth (Fig 4-6). The present _:study'
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demonstrated influence of stages of cell growth on effects of celecoxib on growth and
differentiation of osteoblasts by adding the medications in culture medium at different
stages of cell growth, static, log and plateau phases which are comparable to three
stages of osteoblastic differentiation including proliferation and matrix formation and
mineralization”®. Thus an experimental condition in the current study was different
from most of the previousl studies, where osteoblasts were treated with the

medications during days 1 - 4 after cell seeding'®''***

, which was comparable to a
static phase in the present study. Only a study of Ho:et al., 1999% reported effects of
conventional NSAIDs, indomethacin, on osteoblasts in different stages of cell growth
on culture-days 2, 10, 15 and .20, which 1s supported by the present study that effects
of treated drugs in each experimental phase were different and indomethcin decreased
cell growth {Figs 4 and 6). Furthermore, the inhibitory effect of indomethacin was
greater than celecoxib in a stage of rapid cell growth or log phase (Fig 5). ). In
addition, a discrepancy of the results from previous studies may be results of
inconsistent experimental conditions such as a variation in drug treatment period,
condition of culture medium and sfages of cell growth. It was an advantage of the
current study tha_lt the investigation was performed in serum free cuiture condition in
which this condition was not only avoiding interference of growth factors but algo
providing a low protein binding condition for the drug, thus, potency of the drug

might not be obscured.

Dose dependent effects of conventional and specific COX-2 inhibitors

10,40

NSAIDs are clearly demonstrated in most studies Inhibitory effect of

indomethacin and celecoxib in dose and exposure time dependent manners found in
the present study supported previous in vivo studies reporting inhibitory effects of

L3

specific COX-2 “inhibitors, celecoxib and rofecoxib on bone healing®' and bone
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ingrowth - into porous chrome-cobalt¥ and titanium implants™* by inhibiting

proliferation of cells in dose and exposure time dependent manner.

Inﬂthc current study, the concentrations of the treated indomethacin and
celecoxib were comparable to their therapeutic plasma levels. The therapeutic doses
of indomethacin is 50-200 mg or 284 ng/ml in plasma* and celecoxib is 100-200
mg/day for osteoarthritis, 200-400 mg/day for rheumatoid arthritis and 200 mg/day
for acute pain. With a half life of 12 hours, plasma levels of therapeutic doses of 100,
400, 800 mg/day are equivalent to 1.7, 3.1 and 9.2 puM, respectively®. Therefore an
undertaking of celecoxib in therapeutic doses of 100 — 400 mg/day could pose adverse
effects cn growth of osteoblasts on titanium surface, particularly in stages of early and
rapid cell growth and the effects are expected to increase with the doses. The findings
suggested that adverse effects of celecoxib were tended to be in a lower level than

indomethacin (Figs 4 and 5).

As it is known that conventional NSAIDs, indomethacin, inhibit functions of
bbt'h COX-1 and COX-2 (IC50 ratio COX-2/COX-1 = 0.01) and affinity of specific
COX-2 inhihitor, celecoxib, to COX-2 (IC50) is much higher than to COX-1 (IC50
ratio COX-2/COX-1 = 375)*, significant decrease of PGE; levels found in the present
study (Fig 11) implied that treated indomethacin and celecoxib were able to inhibit the
funiction of cycloxygenase pathway by blocking synthesis of the cyclooxygenase
enzymes and the effccts were influenced by stages of cell growth and doses of
celecoxib (Fig 11). The finding agreed with Coetzee and coworkers'’ reporting that
specific COX-2 inhibitors, NS-398 0.1 uM and indomethacin 1.0 pmolar inhibited

PGE; production of MG63 and MC3T3-E1.

However, changing of cell growth, ALP activity and osteocalcin levels did not

correspond with decreasing of PGE; synthesis found in all experimental phases.
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Thus, it was unlikely that effects of NSAIDs on growth and differentiation of

osteoblasts were results of reduction of PGE, function. This assumption is suppoted

by Cheng and co-workers*

that the effect of celecoxib on differentiation of
osteoblasts on a smooth titanium surface is not via a reduction of PGE; production.
This may be because osteoblastic differentiation is a complex multifactorial event and
PGE; is not the only factor regulating osteoblastic differentiation*”. The results led to

a postulation that effects of specific COX-2 inhibitor on growth and differentiation of

osteoblasts did not critically depend on a reduction of PGE; synthesis.

It is well known that osteointegration involves a complex series of events and
is tied to discrete phases of osteogenesis including osteogenic differentiation, matrix
production, mineralization and remodeling®, thus growth and differentiation of
osteoblasts are one of prime factors determining success or failure of osteointegration.
In addition, osteoblatic differentiation is temporally regulated and is closely related to
stages of cell growthSI. Hence, the findings of the present study that the inhibitory
effect of celecoxib on cell growth was influenced by stages of cell growth and the
inhibitory effect of indomethacin was greater than celecoxib suggested that specific
COX-2 inhibitor could interfere with osteointeingration of dental implant and the
effects of NSAIDs on different stages of osteointegration could be different. Effects

of specific COX-2 inhibitor, celecoxib, are expected to be lower than indomethacin or

conventional NSAIDS_.

CONCLUSIONS

The results of this study demonstrated that indomethacin and celecoxib in
therapeutic doses were able to inhibit growth of osteoblasts on smooth titanium

surface in dose and time dependent manner and the effects were influenced by stages
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of cell growth. The findings suggested that undertaking of celecoxib in therapeutic
doses of 200-400 mg/day of more than 3 days could jeopardize osteointegration by
inhibiting proliferation of cells in proliferative stage of osteointegration, particular in

high doses and longer exposure time.
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Fig 2 SEM images of MC3T3-Et on the surface of titanium disk cultured for 7 days

{on drug treatment day 5) in culture medium with (A) and without serum (B). (I) Sravic,
(Ily Log, and (II1) Plateau phases. T extracellular matrix (Original magnification

x1000).
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Fig 3 CLSM images of MC3T3-El on surface of titanjum disks cultured for 7 days (on
drug treatment day 5 ). (I) Group E: a control group without drug treatment; (I} Group
A: 0.1 pM indomethacin, and (III) Group C: 3.0 pM celecoxib {(a) original

magnification x 200, and (b) original magnification x1000}
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Fig 4 Growth of cells in Static phase on treatment days 1,3 and 5.  P<0.05; significant

against all experimental groups, Groups A-D (mean % SE, n = 6)
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(mean £ SE, n = 6).
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Fig 6 Growth of cells during medication treatment in Plateau phase Numbers of cells

among groups were not significantly different (mean + SE, n=6).
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Fig 8 Alkaline phosphatase (ALP) activity of cells on titanium disks in Log phase on

treatment days 1, 3 and 5. The activity of cells among groups were not significantly

different (mean £ SE, n = 6)
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Fig 9 Alkaline phosphatase (ALP} activity of MC3T3-E! on titanium disks during drug

> +
treatment in Plafeau phase. P<0.05; significant against control, Groups E.  P<0.05:

significant against Group A: 0.1 uM indomethacin. iP<OJ’JS; significant against Group
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