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Background: The effect of triclosan plus the cationic deter-
gent cetylpyridinium chloride (CPC) was evaluated for prosta-
glandin inhibition in human gingival fibroblasts. Since
triclosan has previously been shown to inhibit proinflamma-
tory cytokine induced prostaglandin E2 (PGE2) production,
we wanted to determine if triclosan, in the presence of CPC,
could enhance these effects.

Methods: Initial studies determined that both triclosan
and CPC were cytotoxic to human gingival fibroblasts in con-
centrations exceeding 1.0 mg/ml for either agent longer than
24 hours in a tissue culture. Therefore, subsequent studies
measuring prostaglandin biosynthesis and cyclooxygenase
(COX)-1 and COX-2 mRNA expression were performed in
concentrations and times that did not significantly affect cell
viability.

Results: PGE2 biosynthesis was dose dependently inhib-
ited by both triclosan and triclosan and CPC when challenged
by tumor necrosis factor (TNF)-a or interleukin (IL)-1b. At
pharmacologically relevant concentrations, triclosan andCPC
inhibited IL-1b-induced PGE2 production to a greater extent
than triclosan alone (P = 0.02). Moreover, enhanced COX-2
mRNA repression was observed with triclosan and CPC in
comparison to triclosan alone in IL-1b and TNF-a stimulated
cells. No effect on COX-1 gene expression was observed. Fur-
ther analysis of cell signaling mechanisms of triclosan and
CPC indicates that nuclear factor-kappa B (NF-kB) and not
p38 mitogen-activated protein kinase (MAPK) signaling
may be impaired in the presence of triclosan and CPC.

Conclusion: This study indicates that triclosan andCPCare
more effective at inhibiting PGE2 at the level of COX-2 gene
regulation, and this combination may offer a potentially better
anti-inflammatory agent in the treatment of inflammatory
lesions in the oral cavity. J Periodontol 2005;76:1735-1742.
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P
roinflammatory cytokines, such as
interleukin (IL)-1b and tumor ne-
crosis factor (TNF)-a, produced by

activated monocytes or macrophages
mediate a multitude of inflammatory and
wound repair responses.1,2 These cyto-
kines are well-documented stimulators of
boneresorption through inductionofother
osteoclastogenic cytokines, including
IL-6 family members and the receptor
activator of nuclear factor-kappa B ligand
(RANKL) in osteoblasts.3,4 In addition,
these cytokines mediate inflammation
through stimulation of a wide variety of
cytokines as well as stimulating prosta-
glandin production in oral tissues includ-
ing gingival fibroblasts.5-7

Prostaglandins play an important role
in inflammation associated with peri-
odontitis.1,8 Prostaglandin E2 (PGE2) is
found in higher levels in periodontally in-
flamed tissues and participates in alveo-
lar bone resorption.9 The production of
prostaglandins is regulated by the en-
zymes phospholipase A2 (PLA2) and cy-
clooxygenase (COX). These enzymes
catalyze the liberation of arachidonic
acid (AA) from membrane bound phos-
pholipids whereas COX mediates the
conversion of AA to prostaglandins.
Two distinct genes encode the COX en-
zymes. The COX-1 gene is principally
homeostatic in function as it possesses
a typical GC-rich housekeeping pro-
moter. In contrast, the COX-2 gene re-
sembles an early response gene. It is
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strongly induced by mitogenic and proinflammatory
mediators, superinduced by inhibitors of protein syn-
thesis, and acutely regulated at the transcriptional
and post-transcriptional levels.10

Triclosan(2,4,49-trichloro-29-hydroxydiphenylether)
is a lipid soluble antimicrobial agent that has been
included in the formulations of dentifrices, mouth-
rinses, and cosmetics. In addition to its antibacterial
activity, other investigators have focused on the
anti-inflammatory activity in oral soft tissue as well
as skin in vivo.11-14 In vitro studies, primarily with
gingival fibroblasts, have shown that triclosan can
inhibit prostaglandin production induced by proin-
flammatory mediators, such as TNF-a and IL-1b.15,16

Regulation of prostaglandin production by triclosan
has been shown to occur at the level COX-2 gene
expression.15

Cetylpyridinium chloride (CPC) is a surface-active
quaternary ammonium disinfectant containing hy-
drophobic and hydrophilic residues. The bactericidal
effects of this cationic agent have been associated
with its ability to inactivatemembrane-associated en-
zymes or by physical disorganization of the bacterial
membrane itself. More recent studies have focused on
the potential ability of CPC to function as an absorp-
tion enhancer of other drugs or peptides.17,18 The
properties of this cationic compound to interact with
cell surface-negative charges have been shown to in-
crease the permeability of epithelial cells through in-
tercellular and/or paracellular routes.18 Thus, it was
hypothesized that triclosan in the presence of CPC
may offer a greater anti-inflammatory effect com-
pared to triclosan alone in agingival fibroblast cell cul-
ture model system.

MATERIALS AND METHODS

Tissue Culture

Human gingival fibroblasts (HGF-1; ATCC CRL2014)
were cultured inDulbecco’smodified Eagle’smedium
(DMEM),§ supplemented with 10% fetal bovine
serum,i 100 U/ml penicillin, and 100 mg/ml strepto-
mycin at 37�C in a humidified atmosphere of 5%
CO2 in air. Experiments were conducted with cell pas-
sages 16 to 20.

Cytotoxicity Assays

HGF-1 cells were seeded into 96-well tissue culture
plates¶ at a density of 12,500 cells per well. At
;70%confluency,mediawas changed toDMEMwith-
out serum and immediately treated with increasing
concentrations of triclosan (in ethanol), triclosan dis-
solved in a CPC solution with a final concentration of
CPC (0.024 mg/ml), or CPC alone (in water).# The
final concentration of ethanol was constant through-
out all experiments. The final concentration of CPC
used in these studies was provided by the manufac-

turer. Treated HGF-1 cells were incubated for 24 to
72 hours. Following incubation, cytotoxicity was
assessed** following the manufacturer’s guidelines.
In these experiments, the amount of reduced forma-
zan product is directly proportional to the number of
viable cells. Formazan accumulation was quantitated
by absorbance at 490 nm by an enzyme-linked
immunosorbent assay (ELISA) plate reader†† and
analyzed.‡‡ The viability of cell cultures was normal-
ized to 100% viability established in untreated control
cultures at the time of indicated agent addition.

PGE2 Immunoassay

HGF-1 cells were grown to near confluency in 12-well
dishes and pretreated for 1 hour with triclosan or tri-
closan plus CPC and were then challenged with either
TNF-a (1 ng/ml) or IL-1b (1 ng/ml) for 18 to 24 hours.
The amount of PGE2 released from HGF-1 cells into
the cultured supernatant was measured using an en-
zyme immunoassay kit.§§ Absorbance was deter-
mined at 405 nm by an ELISA plate readerii and
analyzed.¶¶ Quantities of PGE2 were expressed in
pg/ml of cultured supernatant. Controls for these ex-
periments included untreated cells tomeasure consti-
tutive production of PGE2 as well as cells pretreated
with triclosan or triclosan plus CPC only.

Total RNA Isolation and Reverse

Transcription-Polymerase Chain Reaction

(RT-PCR) Analysis

Total RNA fromuntreated and treated human gingival
fibroblasts was isolated using reagent## as described
previously.19,20 Total RNA integrity was assessed by
gel electrophoresis under denaturing conditions. Five
microgramsof total RNAwasused for cDNAsynthesis
with oligo(dT)12-18 primer and RnaseH-*** in RT re-
actions. Resulting cDNA was used as a template in
PCRreactions.Twomicroliters ofRTproductwasused
as a template for PCR amplification of COX-1, COX-2,
and b-actin cDNA sequences. The following primer
sets in these experiments were derived from human
sequence data: COX-1 (GenBank accession number
U63846, 303 base pairs (bp): forward, 59-TGC CCA
GCT CCT GGC CCG CCG CTT-39; reverse, 59-GTG
CAT CAA CAC AGG CGC CTC TTC-39), COX-2
(M90100, 305 bp: forward, 59-TTC AAA TGA GAT
TGT GGG AAA ATT GCT-39; reverse, 59-AGA TCA

§ Invitrogen, Carlsbad, CA.
i Sigma, St. Louis, MO.
¶ Corning-Costar, Corning, NY.
# BML Pharmaceuticals, Manhasset, NY.
** CellTiter 96 aqueous non-radioactive cell proliferation assay, Promega,

Madison, WI.
†† Bio-Rad, Hercules, CA.
‡‡ Microplate manager, version 5.0 software, Bio-Rad.
§§ R&D Systems, Minneapolis, MN.
ii Bio-Rad.
¶¶ Microplate manager, version 5.0 software, Bio-Rad.
## Trizol, Invitrogen.
*** Superscript II, Invitrogen.
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TCT CTG CCT GAG TAT CTT-39), and b-actin
(NT011520, 300 bp: forward, 59-AGCGGGAAA-
TCGTGCGTG-39; reverse, 59-CAGGGTACATGGTG-
GTG-CC-39). The PCR amplification conditions
employed standard 94�C denaturation for 1 minute,
annealing at 55�C for 2 minutes, and extension at
72�C for 2minutes for 30 cycles with a final extension
at 72�C for 10minutes. Semiquantitative comparison
with b-actin, a housekeeping gene, was made to as-
sess changes in gene expression due to experimental
treatments. A total of 10 ml PCR products were
quantitated†††‡‡‡ following electrophoresis and ethid-
ium bromide staining. Experiments were repeated
three times and representative data are presented.

Western Blot Analysis

HGF-1 cells were exposed to triclosan in ethanol ve-
hicle or CPC containing vehicle for;45minutes, then
stimulated with IL-1b (1 ng/ml) or TNF-a (1 ng/ml)
for 10minutes. Cells were rinsed with ice-cold sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) buffer.§§§ Protein concentrations were
measured by Bradford’s method.iii Ten micrograms
of each sample was electrophoresed on 10% de-
natured SDS-PAGE gels and electrotransferred to
nitrocellulose membranes.¶¶¶ Antibodies against
phosphorylated forms of p38 mitogen-activated pro-
tein kinase (MAPK) and the nuclear factor-kappa B
(NF-kB) p65 subunit### were used as primary anti-
bodies in these studies. Antibodies against
GAPDH**** were used to compare total protein
loaded onto the gel. Primary antibodies were detected
using horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies and chemiluminescence detec-
tion.††††

RESULTS

Gingival Fibroblast Cytotoxicity to

Triclosan and Cetylpyridinium Chloride

To gain pharmacological insight into the role of
triclosan and CPC on prostaglandin inhibition, cell
cytotoxicity assays were performed to determine non-
cytotoxic concentrations for subsequent studies. As
shown in Figure 1, 60% to 70% confluent cultures of
HGF-1 cells were incubated with increasing concen-
trations of triclosan, triclosan and CPC, or CPC alone.
In all experiments, HGF-1 cells were grown in the
presence of 0% fetal calf serum (FCS) to ascertain
the cytotoxicity in the absence of FCS. In all experi-
ments (N = 3 measured in triplicate), triclosan and
triclosan and CPC reagents were cytotoxic at concen-
trations exceeding 1.0mg/ml for 72-hour time periods
(P <0.01). For CPC alone, concentrations of 1 mg/ml
decreased cell viability for 24- and 72-hour time
points (P <0.05) with no difference between time
points. Similar results were obtained with reagents

in 2% FCS (data not shown). Thus, at concentrations
<1.0 mg/ml, there were no significant cytotoxicity ef-
fects of cetylpyridinium chloride. These preliminary
experiments established the pharmacological range
of triclosan and triclosan andCPC tobeused in all sub-
sequent experiments. In the PGE2 immunoassays, as
well as the RT-PCR analysis, triclosan was used in the
0.01 to 1.0 mg/ml range for time periods that did not
exceed 24 hours. In addition, CPC was used at a final
concentration of 0.024 mg/ml as determined by the
manufacturer who was developing a mouthrinse
product that contained triclosan and CPC, which
never had measurable cytotoxic effects at 72 hours
in culture. This time point was chosen to avoid confu-
sion in data interpretation with cytotoxic levels of
agents and time frames where these effects were ex-
perimentally observed.

Triclosan and CPC Inhibition of PGE2

We performed immunoassays on cultured superna-
tants to determine if CPC had an additive effect on tri-
closan-mediated repression of cytokine-induced
PGE2 production in gingival fibroblasts. The amounts
of PGE2 were determined by a competitive immuno-
assay for PGE2 following treatment with triclosan or
triclosan and CPC (at 0.024 mg/ml) and subsequent
stimulation with IL-1b or TNF-a for 18 hours. CPC
in vehicle was held constant in all immunoassays.
As shown in Figure 2, we observed a dose dependent
inhibition of PGE2 secretion after TNF-a (Fig. 2A) or
IL-1b (Fig. 2B) stimulation by both triclosan and
triclosan and cetylpyridinium chloride. Unstimulated
cultures had non-detectable levels of PGE2 (data
not shown). At concentrations of 1.0 mg/ml triclosan,
in both ethanol vehicle and CPC, significant inhibition
of TNF-a-induced PGE2 was observed (P <0.05).
However, no differences between vehicles were
observed at the same triclosan concentrations in
TNF-a stimulated cultures. In contrast, significant dif-
ferences between vehicles were observed in IL-1b
stimulated cells. Here, a dose dependent inhibition
of IL-1b-induced PGE2 production was observed with
triclosan in either ethanol or CPC-containing vehicle
reaching significance at 1 mg/ml (P <0.01). Moreover,
a significant decrease in PGE2 secretionwas observed
at both 100 ng/ml and 1.0 mg/ml of triclosan in CPC
vehicle in comparison to some triclosan concentra-
tions in ethanol vehicle (P = 0.02). In these studies,
we observed an average increase in PGE2 inhibition
in the presence of CPC of 13% to 19% at 1.0 mg/ml

††† Phosphoimager system, Bio-Rad.
‡‡‡ Molecular Analyst, version 1.5 software, Bio-Rad.
§§§ Bio-Rad.
iii Bio-Rad.
¶¶¶ Bio-Rad.
### Cell Signaling Technologies, Beverly, MA.
**** Chemicon, Temecula, CA.
†††† LumniGlo, Cell Signaling Technologies.
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and 100 ng/ml, respectively, when IL-1b was used to
stimulate PGE2 production. In addition, CPC alone
had significant inhibitory effect on TNF-a (P <0.05)
at all concentrations tested, but only at 1.0 mg/ml
(P <0.01) did CPC significantly affect IL-1b stimulated
PGE2 production in gingival fibroblasts (Fig. 3). How-
ever, a dose dependent inhibition was not observed in
either cytokine stimulated culture.

Selective Inhibition of COX-2 Gene Expression

To determine themolecular nature underlying the ob-
served inhibitory events of triclosan – CPC on PGE2

production, we determined the expression of COX-1,
COX-2, and the housekeeping gene b-actin in HGF-
1 cells. Using semiquantitative RT-PCR, Figure 4
shows that COX-1 was constitutively expressed in
these cells under all conditions, but COX-2was highly
regulated. COX-2 gene expression was increased ap-
proximately six-fold with TNF-a (Fig. 4A), but TNF-a
induced COX-2 expression was significantly inhibited
by triclosan (1.7-fold reduction) and to a slightly
greater extent with triclosan and cetylpyridinium
chloride (2.6-fold reduction). In addition, the specific
COX-2 inhibitor NS-398 showed similar COX-2 inhib-
itory activity compared to triclosan and triclosan and
cetylpyridinium chloride (data not shown).

When cells were stimulated with IL-1b after
pretreatment with triclosan or triclosan and cetylpyr-
idinium chloride, we observed repression of IL-1b-
induced COX-2 expression. As shown in Figure 4B,
we again observed repression of COX-2 gene expres-
sion in the presence of triclosan (2.6-fold reduction)
and slightly more repression with triclosan and cetyl-
pyridinium chloride (2.9-fold reduction). In addition,

Figure 1.
Methyl tetrazolium salt (MTS) assay for HGF-1 cell viability with
triclosan in ethanol vehicle (A), triclosan with CPC (0.0024 mg/ml)
(B), or CPC alone (C) at 24- and 72-hour time points is indicated.
All experiments were conducted in duplicate and measured in
triplicate with methylthiazoletetrazolium (MTT) assay reagents.
Significant differences in cytotoxicity between treated and untreated
cells are indicated by an asterisk (*P <0.01). †Significant difference
between 1 mg/ml treatment and either 1- or 10-ng/ml treated cells.

Figure 2.
Dose-dependent inhibition of PGE2 in HGF-1 cells with triclosan and
triclosan and CPC when stimulated for 18 hours with 1 ng/ml of
either TNF-a (A) or IL-1b (B). PGE2 was measured by ELISA assays
and expressed in pg/ml. Significant differences from cytokine
stimulated only are indicated with an asterisk (*) and were observed
between triclosan and triclosan and CPC at concentrations of 0.1 and
1.0 mg/ml (P <0.01) for either TNF-a (A) or IL-1b (B). Significant
differences between triclosan in ethanol and triclosan in CPC were
observed at 0.1 and 1.0 mg/ml in IL-1b stimulated cells (P = 0.021).
These data represent four independent experiments measured in
duplicate.
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no significant changes in COX-1 gene levels were ob-
served by semiquantitative RT-PCR.

Signaling Intermediates Inhibited by

Triclosan and CPC

To understand the selective inhibitory effects of triclo-
san and CPC on COX-2 gene expression in gingival fi-
broblasts, we sought to evaluate the effect of triclosan
and CPC on key signal transduction intermediates
that contribute to cytokine stimulated COX-2 gene
expression. As shown in Figure 5, following a short-
term stimulation with IL-1b and TNF-a, both p38
MAPK and NF-kB signaling pathways are activated
as indicated by increased phosphorylated levels of
these signaling intermediates. In the case of TNF-a,
we observed less NF-kB induction, most likely due
to suboptimal concentrations of this cytokine. How-
ever, for consistency throughout these studies, the
same experimental concentrations of TNF-a were
used for PGE2 ELISA and COX-2 gene expression ex-
periments inwhich an increase in protein and gene ex-
pression were observed, respectively. Most intriguing
in these studies, triclosan in CPC vehicle inhibited
NF-kB p65 phosphorylation. In triclosan-only or
CPC-only pretreated cells, this effect was not ob-

served. This effect was not observed with p38 MAPK
phosphorylated levels, indicating a specific pharma-
cological action of triclosan and CPC. GAPDH indi-
cates that there were even quantities of total cell
lysates blotted onto the membrane.

DISCUSSION

In these studies, we are able to demonstrate that
CPC enhances the ability of triclosan to inhibit

Figure 3.
Effect of CPC on cytokine-induced PGE2 production in HGF cells.
PGE2 was measured from cultured supernatants following 18-hour
treatment with CPC and cytokine stimulation by ELISA assays.
Significant differences, indicated with an asterisk (*), were observed
at 1.0 mg/ml in IL-1b (A) (P <0.01) and all of TNF-a (B) (P <0.05)
treated cells compared to stimulated controls. These data represent
two independent experiments measured in duplicate.

Figure 4.
RT-PCR analysis of COX-1 and COX-2 mRNA expression in HGF-1
cells. Cells were incubated with (A) TNF-a (1 ng/ml) or (B) IL-1b
(1 ng/ml) for 18 hours following pretreatment with triclosan or
triclosan and CPC. RT-PCR specific products for COX-1, COX-2, and
b-actin were analyzed by agarose gel electrophoresis and digitized.
Fold change in COX-2 gene expression is shown as fold change
relative to control (untreated) mRNA. The representative figure shown
was repeated in three separate experiments with similar results.
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proinflammatory cytokine stimulation of PGE2. Both
TNF-a and IL-1b were shown to be potent inducers
of PGE2 production in human gingival fibroblasts.
These results are consistent with previous investiga-
tors who showed triclosan could inhibit fibroblast-de-
rived PGE2 production.16 Also in agreement with
other investigators, we have demonstrated the ability
of triclosan to inhibit prostaglandin biosynthesis when
challenged by either IL-1b or TNF-a.15

Cytotoxicity studies with triclosan indicated that
concentrations of 1 mg/ml for more than 24 hours re-
sulted in significant loss of cell viability. Furthermore,
CPCalonewas cytotoxic to gingival fibroblasts at con-
centrations of 1.0 mg/ml at 24- and 72-hour time
periods. The present study contrasts with previous
studies that observed cytotoxicity at much higher
concentrations of triclosan with gingival fibro-
blasts.21,22 These observed differences may be due
to the cell line used as they were different between
studies.

In pharmacologically relevant ranges of agents
tested in this study, we have shown that both triclosan
and triclosan and CPC could dose dependently inhibit
PGE2biosynthesis (Figs. 2Aand2B). Although statis-
tical differences between triclosan and triclosan and
CPC were observed at 100 ng/ml and 1.0 mg/ml only
in IL-1b stimulated cultures, a general trend toward
greater PGE2 inhibition in CPC containing cultures
was consistently observed throughout these experi-
ments. Importantly, these data support the fact that
triclosan can function as a potent anti-inflammatory
agent. At the highest concentrations tested in these
studies, we observed an 83% to 93% reduction in IL-

1b and TNF-a-induced PGE2 biosynthesis with triclo-
san in a CPC-containing vehicle. These present
results suggest that CPC may enhance uptake of
triclosan at lower concentrations where differences
between treatment groups could be observed relative
to prostaglandin inhibition. Other recent studies have
suggested that cationic compounds, e.g., CPC, can
act as an absorption enhancer.18 This may explain
our findings that CPC enhanced the ability of triclosan
to inhibit cytokine induced prostaglandin production.
In addition, CPC by itself also affected cytokine-
induced PGE2 production in HGF cells (Fig. 3). Al-
though there appears to be a dose independent
effect of CPC or cytokine-induced PGE2 production,
the effects observed seem to be significant in TNF
stimulated cultures at all concentrations tested. Fur-
ther titration is required to substantiate the con-
centration where no PGE2 inhibition is observed.
Collectively, these data suggest that the CPC func-
tions to enhance prostaglandin inhibition in the pres-
ence of triclosan. Thus, at low concentrations of
cetylpyridinium chloride, this agent may facilitate
the effects of other agents or have anti-inflammatory
properties itself, providing a novel combination of oral
pharmacological delivery of chemotherapeutic and
anti-inflammatory agents.

To explore the possible molecular events that were
affected by triclosan and triclosan plus cetylpyri-
dinium chloride, we evaluated the steady state gene
expression of COX-1 and COX-2. Since COX-2 gene
expression is one of the major regulators of prosta-
glandin production, we wanted to determine if triclo-
san plus CPC could repress COX-2 gene expression
more than triclosan alone. As shown in Figure 4, both
triclosan and triclosan in a CPC vehicle were able to
reduce TNF-a or IL-1b-induced COX-2 gene expres-
sion. The extent of inhibition was consistently more
with triclosan plus CPC than triclosan alone. Also, nei-
ther agent affected COX-1 gene expression. Because
RT-PCR is a semiquantitative means of measuring
gene expression, we cannot state for sure if COX-2
gene expression was repressed with triclosan plus
CPC statistically more than with triclosan alone. How-
ever, theses changes were consistent throughout all
of these experiments indicating that COX-2 gene ex-
pression is reduced with triclosan plus CPCmore than
triclosan alone.

The COX-2 gene is highly regulated in all tissues
and several key intracellular pathways have been im-
plicated in its regulation. Several intracellular signal-
ing proteins have been implicated in COX-2 gene
regulation, including protein kinase C (PKC),23 p38
MAPK,24,25 and NF-kB.26 Triclosan with CPC seems
to specifically inhibit NF-kB p65 phosphorylation
(Fig. 5). No effect on p38 phosphorylation was ob-
served. NF-kB has been well established and a potent

Figure 5.
Western blot analysis of NF-kB and p38 MAPK activation in HGF-1
cells treated with triclosan or CPC. Cells were pretreated for
45 minutes with triclosan (1 mg/ml) in 70% ethanol or triclosan
(1 mg/ml) in a CPC-containing vehicle (24 ng/ml). Cells were
stimulated with IL-1b (1 ng/ml) or TNF-a (1 ng/ml) for 10 minutes.
Whole cell lysates were used for Western blot analysis. Antibodies
against phosphorylated p38 (p-p38) MAPK or NF-kB (p-p65) were
used to assess the effects of triclosan – CPC on key signaling
intermediates known to be involved in COX-2 gene expression.
GAPDH probe was used to indicate even loading of protein. Results
are representative of two independent experiments where similar
results were obtained.
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transcriptional activator of inducible COX-2 gene ex-
pression in response to IL-1b or TNF-a.27-29 The
COX-2 gene promoter contains NF-kB sites -223/
-214 and has been shown to be important along with
other transcription factors in COX-2 transcriptional
activation.30 In addition, both TNF-a and IL-1b have
been shown to mediate prostaglandin production
partly at the level of COX-2 and at the level of PLA2

in a PKC-dependent manner in gingival fibroblasts.23

To our knowledge, this is the first study that has
attempted to discern if signaling cascades may be
affected directly by triclosan/CPC. Future studies will
address themolecular nature of triclosan/CPC repres-
sion of NF-kB activity.

It is possible that gingival fibroblasts along with res-
ident macrophages and other immune cells contrib-
ute to the PGE2 levels that are increased in gingival
crevicular fluid in periodontitis patients.31 Our find-
ings that triclosan and CPC enhance the inhibitory ef-
fect of triclosan upon proinflammatory cytokine
induced prostaglandin production offer a potential
novel combination for the treatment of gingival in-
flammation. Levels of CPC that did not approach cy-
totoxic levels may provide enhanced control of
gingival inflammation mediated by PGE2. Further-
more, control of PGE2 in gingival fibroblasts may pro-
vide a novel basis for inflammatory management of
prevention of periodontal disease pathogenesis.
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