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Introduction
 Periodontal disease is associated with variable microbial patterns, 
systemic diseases, local and environmental predisposing factors. 
Development of periodontal disease was believed to depend on the 
interaction between the resident oral microbiota, found in the den-
to-gingival plaque, and the host response. The bacteria host interac-
tion activates a sequence of host immune mechanisms in an effort 
to achieve homeostasis even at the expense of damaging periodontal 
tissues. However, emphasis on the role that specific microbes play in 
chronic inflammatory periodontitis has changed. No longer all peri-
odontal infections are the same; thus, they should not be treated the 
same. Today, from a pathologic perspective, understanding of peri-
odontitis is shifting toward a more individualized chronic inflamma-
tory response dependent on different biologic factors. Offenbacher et 
al., proposed a biologic system to define periodontal disease based 
on the clinical phenotype, biological phenotype which includes mo-
lecular, cellular and microbial differences, genetic and epigenetic 
composition, and personal level exposures such as smoking, diabetes, 
obesity, and biofilm. Greater understanding of these complex path-
ways involved in inflammation may be the future therapeutic strategy 
to combat inflammation and chronic diseases potentially arising from 
it [1,2]. Even though multiple components contribute to periodontal 
disease, most of the tissue damage is caused by the host response to 
infection via the numerous tissue mediators released in response to 
noxious stimuli [3]. The progression and magnitude of the periodontal 
disease is mediated by major mediators such as Prostaglandin (PG), 
histamine, leukotrienes, lysosomal products, lymphokines, 5-hy-
droxytryptamine, macrophage products, kinins, complements, and 
clotting factors [4,5]. PG’s are found in almost all nucleated cells and 
most tissues and organs. Phospholipase degrades the phospholipids in 
the plasma membrane of cells, releasing free Arachidonic Acid (AA). 
The intermediate AA is created from Diacylglycerol (DGLA) Via 
Phospholipase-A2, then brought to either the Cyclooxygenase (COX) 
or lipoxygenase pathway to form prostaglandin and thromboxane 
or leukotriene respectively. The cyclooxygenase pathway produces  
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Abstract

Background: Prostaglandin E2 (PGE2) is a key mediator associat-
ed with periodontal bone loss. We recently demonstrated (Yen, et al, 
J Periodontology 79:104, 2008) that adjunctive use of Celecoxib (a 
COX-2 selective inhibitor) in conjunction with Scaling and Root Plan-
ning (SRP) resulted in significant reduction in Pocket Depth (PD) 
and gain in Clinical Attachment (CAL) in Chronic Periodontitis (CP) 
patients. The purpose of this study was to explore any association 
between PGE2 levels in the Gingival Crevicular Fluid (GCF) and clin-
ical periodontal signs in a subset of subjects who took part in a dou-
ble-blind, placebo-controlled, randomized clinical trial investigating 
the effects of Celecoxib (COX-2) on CP.

Material and methods: Sixty-four subjects were randomly selected 
from the total subject pool of 131. After a comprehensive periodon-
tal examination, subjects were randomized to receive either 200mg 
Celecoxib (COX-2, n = 35) or placebo (PLA, n = 29) once/day for 6 
months in conjunction with SRP. Probing Depth (PD) and Clinical 
Attachment Level (CAL) were recorded and GCF samples were col-
lected from 6 different teeth (one site per tooth) at three time points 
(baseline, 3 months and 6 months). Concentrations of PGE2 in GCF 
samples were measured using enzyme-linked immunosorbent as-
say.

Results: PD and CAL improved significantly over the 6 month peri-
od. There was a modest positive relationship between PD and PGE2 
(Spearman rank correlation: r = 0.12, p = 0.037). Probing depth was 
analyzed using one way analysis of variance. Any decrease in PD 

was compared to no decrease. In the Celebrex group, those who 
had a decrease in PD from baseline to 6 months showed a statisti-
cally significant drop in PGE2 levels, when compared to those who 
did not decrease their PD (172.8 pg/ml vs. 97.7 pg/ml, p = 0.01). 
The COX-2 group demonstrated a statistically significant decrease 
in PGE2 levels from baseline to 3 months compared to the placebo 
group (65.5 pg/ml vs. 13.5 pg/ml, p = 0.013), but not at 6 months 
(109.8 pg/ml vs. 71.2 pg/ml, p = 0.12). 

Conclusion: These results suggest that Celecoxib (COX-2) in con-
junction to SRP significantly reduces PGE2 levels in the GCF in the 
first 3 months post treatment in CP patients. This decrease is asso-
ciated with improved clinical outcomes (investigator-initiated study 
funded by Pfizer).
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thromboxane, prostacyclin and prostaglandin D, E and F. COX-1 is 
responsible for the baseline levels of prostaglandins as shown in Fig-
ure 1.

 The COX enzyme is formed by two isoforms (COX-1 and COX-
2). The pattern of tissue expression and regulation is the major differ-
ence between the two COX isoforms. COX-1 is expressed constantly 
in almost all tissue and its expression increases 2-4 folds under stim-
ulatory conditions. However, COX-2 is undetectable in normal con-
ditions but its expression increases 10-80 fold locally due to stimulus 
from inflammatory cytokines, growth factors, or endotoxins. COX-2 
produces prostaglandin in scenarios of inflammation [6]. Various peri-
odontal studies in the 70’s and 80’s by Goodson, El Attar et al., and 
Offenbacher determined that levels of PGE2 in inflamed gingiva were 
10-fold higher than that in healthy gingiva or were 20 times elevated 
in diseased adult human gingival tissues [7,8]. These metabolites of 
arachidonic acid pathway have been implicated in a wide range of 
events that are associated with disease such as platelet aggregation, 
vasodilatation, vasoconstriction, chemotaxis of neutrophils, increased 
vascular permeability, and bone resorption and closely associated 
with gingivitis and alveolar bone resorption. PGE2 is of particular in-
terest because 1) Prostaglandins have been demonstrated to be potent 
stimulators of bone résorption in tissue culture [9]; 2) PGE2 levels 
within the periodontal tissues and gingival crevicular fluid (GCF) are 
elevated in periodontal disease and correlate with clinical expression 
of the disease [7,8,10,11]; and 3) NSAIDs reduce bone loss in animals 
and humans with periodontal disease [12,13].

 According to Therman O’Brien et al., studies with Immunoreac-
tive Prostaglandin E2 (iPGE2) and Immunoreactive Leukotriene B4 
(iLTB4) in patients post periodontal surgery treated with NSAIDs or 
not, PGE2 is an important mediator/predictor of pain and inflamma-
tion in periodontal tissues post surgery and that the action of prosta-
glandins can be inhibited through the use of Non-Steroidal Anti-In-
flammatory Drugs (NSAIDs) [14-16]. Therefore, Gingival Crevicular 
Fluid (GCF) PGE2 levels can be used as a reliable biochemical pre-
dictor of inflammation and positive predictor of periodontal disease 
activity in chronic periodontitis patients [1,3]. However, sole use of 
PGE2 GCF values for disease monitoring makes it difficult due to  

extensive variability in concentrations, host-to-host variation, and 
complexity associated with inflammation, and technique sensitivity. 
Identifications and development of test to better diagnose and monitor 
disease pathways and periodontitis is an area of continuous research 
and expands in the efforts of identifying a set of markers or patterns 
that increase our predictability and development of new novel more 
targeted therapies with minimal side effects.

 Periodontal treatment historically has involved mechanical disrup-
tion of plaque and calculus associated with the tooth and the peri-
odontal pocket [15,16]. In this study we considered the inhibitory 
effects of adjunctive pharmacological therapy with Non-Steroidal 
Anti-Inflammatory Drugs (NSAID’s) COX-2 inhibitor/ Celecoxib 
on GCF levels of PGE2 in patients with chronic periodontitis. In ad-
dition, a small pool of samples were analyzed using LINCOplex™ 
human cytokine kit to simultaneously screen samples simultaneous 
multi analyte detection and measurement.

Materials and Methods
Study design

 This was a double blind, prospective, randomized, placebo con-
trolled human clinical study of 12-month duration. The protocol was 
approved by the Tufts New England Medical Center Institutional 
Review Board. FDA approval was obtained for this investigator in-
stigated study. After being assessed for eligibility and periodontal 
status at screening and baseline visits, study subjects were randomly 
assigned to receive either Celecoxib 200mg or placebo once a day 
for 6 months. The study subjects received SRP in all four quadrants 
in two visits and were assessed clinically during periodontal mainte-
nance every three months for a period of one year. 

Study population

 Recruited 131 adult (age¨18-75) patients with evidence of CP over 
1 year period. Sixty-four subjects were randomly selected from the 
total subject pool of 131 for the PGE2 GCF analysis. Although our 
power analysis is based on a sample size of 120 patients, it is antic-
ipated that up to 150 patients will enter the study during the initial 6 
months, in order to take into account possible attrition and non-com-
pliance. After the 6 month mark, no further subject recruitment is 
planned. 

Inclusion criteria

 Each patient had a minimum of 16 teeth, at least two of which 
were molars. At least four teeth with probing depths of > 4mm and 
loss of attachment > 2mm were present, with a minimum of two inter-
proximal areas with radiographic evidence of bone loss. 

Exclusion criteria

 History of periodontal therapy (other than prophylaxis) in the past 
12 months; long-term use of aspirin or NSAIDs within the previous 
12 months; history of antibiotic therapy in the past 6 months; any con-
dition that would require antibiotic pre-medication for prevention of 
subacute infective endocarditis; hypersensitivity to Celecoxib or oth-
er COX-2 inhibitors, aspirin or NSAIDs; history of radiation therapy 
in the head and neck area; history of Sjogren’s syndrome; history of 
peptic ulcers or any other condition that would be a contraindication 
for the use of NSAIDs or COX-2 inhibitors (aspirin/NSAID-induced 
asthma or urticaria; aspirin triad, hepatic failure, sulfa drug allergy, 
pregnancy, labor and delivery, nursing, men fathering children).

Figure 1: The cyclooxygenase pathway.
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Conditions that are of concern

 Patients with PUD/GI bleeding history, nasal polyps, impaired liv-
er or renal function, hypertension, CHF, asthma, dehydration or fluid 
retention and patients over 65 will be cautioned that they have an in-
creased probability of developing adverse reactions to the medication. 
Patients taking anti-hypertensive medications (diuretics, beta block-
ers, ACE inhibitors, angiotensin II receptor blockers), methotrexate, 
fluconazole, lithium or consuming ethanol products will be cautioned 
that Celecoxib might interfere with the efficacy of these medications.

Adverse reactions

 Patients will be followed closely for possible development of ad-
verse reactions to Celecoxib. Most common side effects include dys-
pepsia, diarrhea, abdominal pain, flatulence, peripheral edema, dizzi-
ness, pharyngitis. However, serious adverse reactions can also occur 
more rarely, including GI ulceration and bleeding, esophagitis, ana-
phylactoid reactions, angioedema, hypertension, CHF, hepatotoxici-
ty, renal failure, anemia and blood dyscrasias, erythema multiforme, 
exfoliative dermatitis, Stevens-Johnson syndrome, toxic epidermal 
necrolysis.

Screening visit

 Patients were informed of the nature of the study and signed a con-
sent form. Inclusion/exclusion criteria were evaluated through medi-
cal history review, brief periodontal probing and caries evaluation as 
well as review of any existing intraoral radiographs. Female subjects 
of reproductive age underwent a pregnancy test and pregnant patients 
were disqualified. Non pregnant patients were reminded that they will 
be required to use two forms of proven birth control measures during 
the first 6 months of the study, as indicated in the consent form. If 
patients fulfilled the criteria for entering the study, their baseline visit 
appointment was scheduled. Patients who did not qualify, where re-
ferred to the appropriate clinic for further treatment, if necessary.

First Visit (Baseline): Full mouth periodontal examination per-
formed (plaque index, probing depth and clinical attachment level at 
6 sites per tooth, bleeding on probing, mobility index). Full-mouth 
standardized vertical bitewing radiographs were taken. Oral Hygiene 
Instructions (OHI) were given.

Second visit (1-2 wks): A second pregnancy test was administered 
to female subjects of reproductive age to minimize the possibility of 
false negative results in the previous test. Gingival crevicular fluid 
samples were collected from a single site of 6 representative teeth 
(based on baseline examination), processed with Periotron 8000, fro-
zen in liquid nitrogen and stored at -80oC for further analysis. Scaling 
and root planning of the UR and LR quadrants under local anesthesia, 
performed if required. Patients were randomly assigned to the test 
(200 mg Celecoxib qd) or control (Placebo) groups and will be pro-
vided with three months’ worth of medication or placebo capsules, 
being instructed to take one capsule per day. Celecoxib and same size/
shape/color placebo capsules was provided in identical containers la-
beled 1-150, assigned randomly to Celecoxib or placebo. Active drug 
and placebo were distributed under the supervision of the hospital 
pharmacy. The containers were dispensed consecutively in increasing 
number order and neither the examiner nor the patient was aware of 
the true contents of the container. The code was kept by the hospital 
pharmacy as well as the Chair of the DSMB and was broken only if a 
patient developed adverse reactions during the study.

Third visit (2-3 wks): Scaling and root planning of the UL and LL 
quadrants under local anesthesia, if required.

Fourth visit (3 mos): Full mouth periodontal examination, Collec-
tion and processing of gingival crevicular fluid samples from the 
same 6 teeth used in visit one. OHI, Prophylaxis. Patient compliance 
in taking the prescribed medication will be assessed (patients will be 
required to return the original medicatio/placebo container). A second 
container with enough capsules for three more months will be given 
to each patient. 

Fifth visit (6 mos): Full mouth periodontal examination, Collection 
and processing of gingival crevicular fluid samples from the same 
6 teeth used in visit one. Full mouth standardized vertical bitewing 
radiographs. OHI, Prophylaxis. Patient compliance in taking the pre-
scribed medication will be assessed.

Sixth Visit (9 mos): Full mouth periodontal examination. Collection 
and processing of gingival crevicular fluid samples from the same 6 
teeth used in visit one. OHI, Prophylaxis.

Seventh Visit (12 mos): Full mouth periodontal examination. Col-
lection and processing of gingival crevicular fluid samples from the 
same 6 teeth used in visit one. Full mouth standardized vertical bite-
wing radiographs. OHI, Prophylaxis. Completion of study protocol.

Mechanical Treatment: SRP under Local Anesthesia.

Periodontal Support Treatment: 3 months for 12 months. 

Primary outcome measures: Probing Depth (PD) and Clinical At-
tachment Level (CAL), GCF fluid collection with perio-paper strips. 
At this point the patients were referred to the post-graduate periodon-
tal clinic if surgical periodontal therapy was deemed necessary. Oth-
erwise, they will were advised to enter a 3 month periodontal mainte-
nance schedule at TUSDM or their private dentist/ periodontist. Also, 
if at any time during the study there was evidence of rapid clinical 
attachment loss (> 3mm in three months or > 4mm in six months), 
or any emergency situation developed (pain, abscess), patients were 
dropped out of the study and referred to the post-graduate periodontal 
clinic for treatment. Furthermore, patients were dropped out of the 
study if they developed any adverse reactions that could be attributed 
to the medication, as discussed above.

PGE2 Elution: Perio strips were eluted into a 1XPBS 0.05% Tween 
solution at 4oC. 

PGE2 Quantification: The amount of PGE2 present in the lysate was 
determined by using an enzyme-linked immunosorbent assay (ELI-
SA, Caymen Chemical Ann, Arbor, MI, USA). 

Statistical analysis

 Sample Size was similar in design to that of Caton JG et al., (Jour-
nal of Periodontology 71:521-532, 2000), where six month changes 
in a placebo group were shown to be: A) Mod: CAL = 0.83 (se = 
0.05, n = 92) and PD = 0.68 (se = 0.05, n = 92) B) Sev: CAL = 1.14 
(se = 0.13, n = 78) and PD = 1.14 (se = 0.12, n = 78) Based on these 
numbers a sample size of 60 in each group will be able to detect six 
month differences between the treatment groups of 0.25 (Mod) and 
0.57 (Sev), based on an independent sample t-test at a level of sig-
nificance of 0.05 and a power of 80%. Change in clinical attachment 
loss probing depth and PGE2 was analyzed using one-way analysis  
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of variance and spearman rank correlation. These analyses were done 
separately for the two treatment groups (Celebrex and Placebo) as 
well as for each time point (baseline to 3 months, baseline to 6 months 
and 3 to 6 months). 

Results
 Measurements of PGE2 revealed that there was a modest posi-
tive relationship between PD and PGE2 (spearman rank correlation: 
r = 0.12, p = 0.037) and a significant relationship between CAL and 
PGE2 (r = 0.028, p = 0.001) (Figure 2).

 Clinically PD and CAL improved significantly over the 6-month 
period post treatment. There was a modest positive relationship be-
tween PD and PGE2 (spearman rank correlation: r = 0.12, p = 0.037) 
(Figure 3).

 In the Celecoxib group, those who had a decrease in PD from 
baseline to 6 months showed a statistically significant drop in PGE2 
levels, when compared to those who did not decrease their PD (172.8 
pg/ml vs. 97.7 pg/ml, p = 0.01).

 In addition, the COX-2 group demonstrated a statistically signifi-
cant decrease in PGE2 levels from baseline to 3 months compared to 
the placebo group (65.5 pg/ml vs. 13.5 pg/ml, p = 0.013), but not at 6 
months (109.8 pg/ml vs. 71.2 pg/ml, p = 0.12) (Figure 4).

 Cytokine and stimulating factor levels were also analyzed for 8 
samples to screen for potential trends or potential markers of inflam-
mation in the Celecoxib and placebo group as shown in table 1. The 
only trend observed from the GCF sample analysis is elevated IL-8 
values associated with the treatment group.

 Finally, no adverse events (as described above) were reported in 
this study with COX-2 selective inhibitors and no diminished patient 
pool contributing to the analysis as a result of adverse effects was 
noted.

Discussion
 This study analyzed GCF samples from patients that participated 
in a placebo controlled, randomized clinical trial, that evaluated the 
efficacy of Celecoxib (COX-2 inhibitor) in conjunction with Scaling 
and Root Planning (SRP) in subjects with Chronic Periodontitis (CP) 
[1]. The Yen et al., J Periodontol 79:104, 2008 study showed PD re-
duction and CAL gain greater in the Celecoxib group of moderate and 
deep sites. Celecoxib showed to be an effective adjunctive treatment 
to SRP to reduce progressive attachment loss in subjects with CP up to 
6 months post drug administration. In this study, patients treated with 
Celecoxib, a specific COX-2 inhibitor, showed significant decrease in 
PGE2 levels compared with the placebo group at the 3 month follow 
up but not at 6 months. A modest positive relationship between PD 
and PGE2 was observed in the study. Decreases in PD from baseline 
to 6 month in the Celecoxib group were associated with a significant 
drop in PGE2 levels, when compared to those who did not decrease 
their PD. Despite the variability in reading, less variability and better 
correlation between PGE2 levels was associated with the moderate 
and severe site sites. In addition, GCF samples (n = 8) were screened 
using a commercially available assay by LINCOplex™ Immunoassay 
kits (EMD Millipore Corporation, Billerica, MA, USA) for cytokines 
and stimulating factors (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-
10, IL-12 p70, IL-13, TNF-α, IFN-γ, and GM-CSF) for both placebo 
and Celecoxib group.

Figure 2: Relationship between PGE2 levels PD and CAL.

Figure 3: Clinical correlation between PD, CAL, and PGE2 over 6-month period 
post treatment.

Figure 4: Comparison of PGE2 levels over different times in conjunction to clinical 
attachment loss.
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 Data are not included in this paper but increased levels of IL-8 
were seen in the Celecoxib group when compared to the placebo at 
3 months. IL-8 is important for PMN recruitment and also promotes 
monocyte adhesion [17,18]. The finding of higher levels of IL-8 in 
the GCF of Celecoxib samples is unexpected, as Celecoxib is an anti- 
inflammatory. However, Mathur et al., demonstrated diminished host 
response associated with low GCF IL-8 levels [19]. A deficient or 
ineffective chemokine IL-8 gradient may impair PMN function and 
increased susceptibility to periodontitis. 

 Limitation of the present analysis is the low statistical power, 
inability to sample PMN from the subjects, and lack of information 
regarding subgingival species. These issues need to be considered in 
future mediator inflammatory studies as well as in drug efficiency 
studies. These findings need to be further analyzed in a larger pool of 
patients.

Conclusion
 In summary, suggest that Celecoxib (COX-2) in conjunction 
to SRP significantly reduces PGE2 levels in the GCF in the first 3 
months post treatment in CP patients. This decrease is associated with 
improved clinical outcomes. These findings need to be further ana-
lyzed in a larger pool of patients.
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