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ABSTRACT
Chitosan is a naturally derived polymer with anti-
microbial and anti-inflammatory properties. 
However, studies evaluating the role of chitosan in 
the control of periodontal pathogens and the 
responses of fibroblasts to inflammatory stimuli are 
lacking. In the present study, we analyzed whether 
chitosan particles may inhibit the growth of peri-
odontal pathogens and modulate the inflammatory 
response in human gingival fibroblasts. Chitosan 
particles were generated through ionic gelation. 
They inhibited the growth of Porphyromonas gin-
givalis and Aggregatibacter actinomycetemcomi-
tans at 5 mg/mL. Conversely, IL-1β strongly 
stimulated PGE2 protein levels in gingival fibro-
blasts, and chitosan inhibited this response at  
50 µg/mL. IL-1β–stimulated PGE2 production was 
dependent on the JNK pathway, and chitosan 
strongly inhibited this response. IL-1β stimulated 
NF-κB activation, another signaling pathway 
involved in PGE2 production. However, chitosan 
particles were unable to modify NF-κB signaling. 
The present study shows that chitosan exerts a 
predominantly anti-inflammatory activity by mod-
ulating PGE2 levels through the JNK pathway, 
which may be useful in the prevention or treatment 
of periodontal inflammation.
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INTRODUCTION

Oral micro-organisms are involved in the pathogenesis of periodontal 
diseases (Pihlstrom et al., 2005). Nevertheless, the host response that 

includes the production of cytokines and prostanoids plays a key role in peri-
odontitis (Paquette and Williams, 2000).

Chitosan corresponds to a polysaccharide derived from chitin (Domard, 
2011). It has been studied for its applications as a biomaterial for tissue regen-
eration, drug delivery, antibacterial, and anti-inflammatory purposes 
(Francesko and Tzanov, 2011). Studies have reported that chitosan may 
inhibit the growth of Porphyromonas gingivalis (Pg) and Aggregatibacter 
actinomycetemcomitans (Aa), among others (Choi et al., 2001; Ikinci et al., 
2002; Sarasam et al., 2008; Costa et al., 2012). However, it is interesting to 
note that no previous studies have evaluated the antimicrobial and anti-
inflammatory properties of one single chitosan formulation. This is important, 
since chitosan is prepared from a natural source, and the above-indicated 
biological activities may show substantial variations between and among dif-
ferent formulations (Domard, 2011).

Chitosan may exert an anti-inflammatory activity in astrocytoma cells 
(Kim et al., 2002) and macrophages (Chou et al., 2003; Yoon et al., 2007). 
However, these effects may vary significantly depending on the different 
chitosan formulations and the tissue under study (Huang et al., 2005). In this 
regard, no data are available concerning the biological effects and the mecha-
nism of action of chitosan in fibroblasts.

The inflammatory mediator PGE2 plays a prominent role in the pathogen-
esis of periodontitis (Noguchi and Ishikawa, 2007), and gingival fibroblasts 
stimulated with IL-1β produce large amounts of PGE2 (Yucel-Lindberg et al., 
1999). In the present study, we evaluated the antibacterial activity of chitosan 
particles against Pg and Aa and their capacity to modulate PGE2 production 
in fibroblasts stimulated with IL-1β. Moreover, we analyzed some of the 
signaling pathways modulated by chitosan in gingival fibroblasts.

MATERIALS & METHODS

Preparation of Chitosan Nanoparticles

Nanoparticles were prepared by the ionic gelation of chitosan (chitosan, low-
molecular-weight; Sigma-Aldrich, St. Louis, MO, USA) with tripolyphos-
phate (TPP) anions (Mohammadpourdounighi et al., 2010). Briefly, a 3.0-mg/mL 
quantity of chitosan was dissolved in acetic aqueous solution. A 5-mL chito-
san solution was added dropwise under constant stirring to 2 mL of a 1.0 mg/mL 
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TPP solution. Nanoparticles were separated by centrifugation at 
13,000 rpm at 14°C for 30 min, freeze-dried, and stored at 4°C. 
Particles were milled in a mortar and sieved through a 400 
mesh. The morphologic and physicochemical features of these 
particles have been described elsewhere (Silva et al., 2013).

Antibacterial Effects of Chitosan Particles

Aggregatibacter actinomycetemcomitans (Aa) (ATCC 29522) 
and Porphyromonas gingivalis (Pg) (ATCC BAA-308) cultures 
were established in BHI broth medium (Thermo Scientific, 
Oxoid, Sunnyvale, CA, USA) supplemented with 40 µg/mL 
NaHCO3 (Aa) and 10 μg/mL vitamin K, 5 µg/mL hemin, and 
0.5% yeast extract (Pg). Both types of bacteria were grown in 
the presence, or not, of 10 μg/mL, 50 μg/mL, 100 μg/mL,  
150 μg/mL, 200 μg/mL, 500 μg/mL, 1 mg/mL, 5 mg/mL, and 
10 mg/mL chitosan. BHI broth medium was used as a negative 
control. Chlorhexidine (Sigma) (0.12%) was used as a positive 
control. Aa cultures were grown at 37°C under micro-aerophilic 
conditions. Pg cultures were grown in anaerobiosis in an anaer-
obic jar (Thermo Scientific). To evaluate the bacterial concen-
tration in suspension, we measured the optical density (OD) of 
the medium spectrophotometrically.

Primary Cultures of Human Gingival Fibroblasts

Primary cultures of human gingival fibroblasts (GF) were per-
formed by the explant method. Tissue explants were obtained 
from the masticatory mucosa at the retromolar area from four 
adults at the School of Dentistry, Pontificia Universidad Católica 
de Chile. Second molars were examined, and tissue samples 
with local inflammation were discarded. None of the examined 
tissues was from sites showing bleeding on probing, probing 
depths greater than 3 mm, or clinical attachment level greater 
than 1 mm. Tissue samples were harvested with the informed 
consent of the patients. The protocol for tissue acquisition was 
approved by the Ethical Committee, Faculty of Medicine, 
Pontificia Universidad Católica de Chile. Patients reported no 
relevant medical or drug histories during the preceding 6 mos. 
Cells were cultured in α-Minimal Essential Medium (α-MEM) 
(Gibco BRL, Grand Island, NY, USA) containing 10% fetal 
bovine serum (FBS) (Hyclone Laboratories Inc., Logan, UT, 
USA) and Normocin (InvivoGen, San Diego, CA, USA) at 37oC 
and 5% CO2. All experiments were performed with cells 
expanded between passages 4 and 10.

Cell Viability Assays

Cell viability of gingival fibroblasts exposed to chitosan parti-
cles was evaluated through the release of lactate dehydrogenase 
(LDH) and the MTS assay (Promega, Madison, WI, USA).

PGE2 Production in Human Gingival Fibroblasts

GF (4,000/cells per well) were seeded in 96-well plates (Orange, 
Braine-l’Alleud, Belgium). To evaluate the anti-inflammatory 
potential of chitosan particles, we exposed serum-starved GF to 
50, 200, or 400 µg/mL chitosan overnight. After this, we added 
300 pg/mL IL-1β (R&D Systems, Minneapolis, MN, USA). 

This IL-1β concentration was obtained after we performed a 
pilot study in which cells were stimulated with this cytokine in 
concentrations ranging between 100 pg/mL and 10 ng/mL. After 
16 hrs of stimulus, PGE2 was measured in the cell culture media 
through ELISA. Conditioned media was centrifuged at 15,000 
rpm for 10 min, and PGE2 levels were measured by a competi-
tive ELISA assay (Thermo Scientific). Results were normalized 
against viable cells by the MTS assay.

Western Blot

After appropriate stimulation, cells underwent lysis as indicated by 
Arancibia et al. (2009). Cell lysates were centrifuged (19,000 g, 
10 min, 4°C), and proteins were resolved through 10% sodium 
dodecyl sulfate–polyacrylamide gel and transferred to polyvi-
nylidene difluoride membranes (PerkinElmer Life Sciences, 
Boston, MA, USA). Membranes were exposed to primary anti-
bodies against phosphorylated c-Jun-N-terminal kinase (JNK) 
(Cell Signaling Technology, Danvers, MA, USA), JNK (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and beta-actin 
(Sigma), then to secondary antibodies coupled to horseradish 
peroxidase (Jackson ImmunoResearch, West Grove, PA, USA) 
and finally developed by means of an enhanced chemilumines-
cence kit (PerkinElmer Life Sciences).

Immunofluorescence

We plated 4 x 104 cells on glass coverslips. Serum-starved GF 
were exposed to 500 µL α-MEM supplemented with 200 µg/mL 
chitosan, 10 µg/mL dexamethasone (Sigma), or 10 µM SP600125 
(Biolmol, Plymouth, PA, USA) overnight. After this, cells were 
stimulated with 300 pg/mL IL-1β. After 3 hrs, cells were fixed 
with 4% paraformaldehyde and processed for immunofluores-
cence according to Arancibia et al. (2009). Primary antibodies 
used were anti-Phospho-c-Jun (Merck-Millipore, Billerica, MA, 
USA) and anti-NF-κB (Santa Cruz Biotechnology). Cells were 
then incubated with fluorescent secondary antibodies (Invitrogen 
Molecular Probes, Carlsbad, CA, USA). Images were collected 
by immunofluorescence microscopy (Carl Zeiss, Dresden, 
Germany) and photographed with a digital camera (Carl Zeiss). 
Nuclei were stained with Hoescht (Invitrogen Molecular 
Probes). Nuclei stained for phospho-cJun or p65 were counted 
in 5 random fields. Positive nuclei/total nuclei ratios were cal-
culated for statistical analysis.

Statistical Analysis

For statistical comparison between and among conditions under 
study, the Mann-Whitney U test was used (Figs. 2, 3A, 4B, 4D). 
To analyze data in Fig. 3D, we used the Student’s t test. 
Statistical significance was set at p < .05. SPSS software for 
Windows was used (version 16.0.2) (SPSS Inc., Chicago, IL, 
USA).

RESULTS

The antibacterial activity of chitosan particles against periodon-
tal pathogens was evaluated by growth curves for Aa and Pg in 
the presence of different chitosan concentrations (10 μg/mL to 
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10 mg/mL) obtained from previous studies (Choi et al., 2001; 
Ikinci et al., 2002; Sarasam et al., 2008; Costa et al., 2012). 
Chitosan was able to inhibit the growth of both Aa and Pg at  
5 mg/mL (Fig. 1).

To evaluate the anti-inflammatory potential of chitosan par-
ticles, we exposed serum-starved GF to a range of chitosan 
concentrations overnight. After this, a 300-pg/mL quantity of 
IL-1β was added for 16 hrs. PGE2 was measured in the cell 
culture media through ELISA. IL-1β induced a significant 
stimulus in PGE2 protein levels, and all the chitosan concentra-
tions tested showed significantly diminished PGE2 levels (Fig. 2). 

We also observed that chitosan alone was unable to induce 
changes in PGE2 levels in the absence of other stimuli (data not 
shown). Moreover, IL-1β did not affect cell viability as deter-
mined through the MTS assay. However, 5 mg/mL chitosan 
induced a decrease in the MTS assay and an increase in the 
release of LDH into the cell culture media (Appendix Fig.).

To explore some of the signaling pathways involved in the 
regulation of PGE2 by chitosan, we incubated serum-starved GF 
in the presence of 10 µM SP600125, a selective inhibitor of the 
JNK signaling pathway implicated in PGE2 production (Båge  
et al., 2010). Dexamethasone was used as a positive control of 
cytokine-stimulated PGE2 inhibition (Yucel-Lindberg et al., 
1999). Cells were exposed overnight to the above-indicated 
drugs, or to 200 µg/mL chitosan, and then stimulated with  
300 pg/mL IL-1β. After 16 hrs, PGE2 levels were measured 
through ELISA. All the agents tested effectively diminished 
IL-1β–stimulated PGE2 protein levels, suggesting that the JNK 
pathway was involved in PGE2 production (Fig. 3A). We then 
analyzed whether IL-1β was able to activate the JNK pathway. 
IL-1β–stimulated GF showed an increase in JNK phosphoryla-
tion, with a maximum at 30 min of treatment (Fig. 3B). To 
analyze whether chitosan was able to modulate IL-1β–stimulated 
JNK phosphorylation, we stimulated serum-starved GF with 
IL-1β in the presence, or not, of chitosan particles. Chitosan 
significantly diminished JNK phosphorylation (Figs. 3C, 3D). 
We then tested whether phosphorylated c-Jun, the product of 
JNK (Davies and Tournier, 2012), was modulated by chitosan. 
To this end, serum-starved GF were exposed to 200 µg/mL chi-
tosan, 20 µg/mL dexamethasone, or 10 µM SP600125 prior to 
IL-1β stimulation. The nuclear location of phosphorylated-c-Jun 
was evaluated through immunofluorescence. Chitosan, dexa-
methasone, and SP600125 effectively diminished the abundance 
of nuclear phosphorylated-c-Jun (Figs. 4A, 4B).

Given the prominent role played by the NF-κB pathway  
in the regulation of PGE2 production (Båge et al., 2010), we 

Figure 2. Effect of chitosan on PGE2 levels in gingival fibroblasts. 
Serum-starved gingival fibroblasts were exposed to chitosan (50, 200, 
or 400 μg/mL) overnight and then stimulated with 300 pg/mL of IL-1β. 
An ELISA assay was used to detect PGE2 levels in the cell culture 
media. Data were obtained from 5 independent experiments. Data 
were normalized against viable cells at the end of the experiment 
through an MTS assay. Graph represents PGE2 mean values plus 
standard error. Brackets indicate statistically significant differences 
between and among the different experimental conditions.

Figure 1. Effects of chitosan (Cn) particles on Aa and Pg. Aggregatibacter actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg) were 
grown in BHI broth medium in the presence, or not, of 10 μg/mL, 50 μg/mL, 100 μg/mL, 150 μg/mL, 200 μg/mL, 500 μg/mL, 1 mg/mL,  
5 mg/mL, and 10 mg/mL of chitosan. BHI broth medium was used as a negative control. Chlorhexidine digluconate (0.12%) was used as a 
positive control. Bacterial concentration in suspension was measured through detection of optical density (OD) of the medium by spectrophotometry 
at 0, 6, 12, 18, 24, 30, 32, and 36 hrs. Graphs represent optical density means plus standard deviation.
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evaluated whether NF-κB was modu-
lated by chitosan. Using immunofluores-
cence, we monitored the nuclear 
translocation of the p65 subunit of 
NF-κB as an indicator of the activation 
of this pathway. IL-1β stimulated NF-κB 
nuclear translocation (Figs. 4C, 4D). 
However, chitosan was unable to reverse 
this response, suggesting that this poly-
mer does not affect or modulate the 
NF-κB signaling pathway.

DISCUSSION

Periodontal disease involves the inter-
play of infecting periodontal pathogens 
and the host inflammatory response, 
leading to tissue destruction (Pihlstrom 
et al., 2005). Chitosan is an attractive 
polymer that may have both antibacterial 
and anti-inflammatory properties. 
However, the great variability observed 
in chitosan samples, including degrees of 
deacetylation, molecular weight, viscos-
ity, and pKa, leads to difficulties when 
different studies are analyzed (Domard, 
2011). To our knowledge, this is the first 
study that evaluates the antibacterial and 
anti-inflammatory properties of the same 
chitosan particles. The present results 
show that chitosan may reduce the 
IL-1β–stimulated PGE2 protein levels at 
50 µg/mL and inhibit the growth of Aa 
and Pg at 5 mg/mL. Cell viability assays 
also demonstrated that chitosan may 
induce a cytotoxic effect at 5 mg/mL, but 
not at 1 mg/mL, in gingival fibroblasts. 
Therefore, chitosan may induce cell dam-
age in both bacterial and connective tissue cells at this concen-
tration. Further studies are needed to determine a chitosan 
concentration that may inhibit bacterial growth without affect-
ing the survival of gingival cells.

The results of the present study show that chitosan is able to 
reduce the protein levels of PGE2, an important inflammatory 
mediator involved in tissue destruction in periodontitis 
(Offenbacher et al., 1993; Preshaw and Heasman, 2002). In addi-
tion, selective inhibition of PGE2 by anti-inflammatory drugs 
decreases periodontal disease progression (Williams et al., 1989; 
Salvi and Lang, 2005). GFs constitute the predominant cell type 
in gingival connective tissue and are involved in the production of 
PGE2 in diseased gingiva (Yucel-Lindberg et al., 1999; Båge  
et al., 2011). Therefore, the present results suggest that chitosan 
may be considered as a therapeutic tool for the modulation of 
inflammation in the periodontium. Future studies should evaluate 
whether these anti-inflammatory effects are also achieved in vivo.

PGE2 production involves the sequential activity of different 
groups of enzymes, including phospholipase A2, cyclooxygen-
ases-2, and prostaglandin E synthases (PGEs) (Båge et al., 

2011). COX-2 and mPGES-1 have been proposed as the main 
enzymes involved in PGE2 production in IL-1β−stimulated GF 
(Båge et al., 2011). Our experiments did not explore the level at 
which chitosan modulated PGE2 production. Future studies 
should evaluate whether chitosan affects COX-2 or mPGES-1, 
among others.

Our study showed that chitosan was able to reduce JNK 
phosphorylation in GF stimulated by IL-1β. In addition, GFs 
demonstrated an increase in phosphorylated-c-Jun, and chitosan 
also diminished this response. c-Jun is a component of the tran-
scription factor AP-1, which is phosphorylated by JNK (Davies 
and Tournier, 2012). Therefore, the present results strongly sug-
gest that the JNK pathway, stimulated by IL-1β, can be modu-
lated by chitosan. Previous studies have reported the modulation 
of mitogen-activated protein kinase (MAPK) pathways by chi-
tosan. However, it is not clear whether these effects are anti-  
or pro-inflammatory. For instance, in osteoblasts, chitosan 
oligomers may stimulate MAPK signaling pathways (Ganno  
et al., 2007). Chitosan plays an anti-inflammatory role in human 
astrocytoma cells by modulating the stimulus induced by  

Figure 3. Role of JNK in IL-1β–stimulated PGE2 production. (A) Serum-starved gingival 
fibroblasts were incubated in the presence of 10 μΜ SP600125 (JNK inhibitor), 20 μg/mL 
Dexamethasone (DEXA), or 200 μg/mL of chitosan overnight and then stimulated with 300 
pg/mL IL-1β for 16 hrs. PGE2 levels were measured through an ELISA assay. Data were 
obtained from 3 independent experiments. Data were normalized against viable cells at the 
end of the experiment through an MTS assay. Graph represents PGE2 mean values plus 
standard error. Brackets indicate statistically significant differences between and among the 
different experimental conditions. (B) Serum-starved human gingival fibroblasts were stimulated 
with 300 pg/mL IL-1β, and pJNK levels were determined through Western blot of the cell lysate 
at different time points. JNK levels are indicated as a loading control. (C) Serum-starved human 
gingival fibroblasts were stimulated with IL-1β alone or in combination with chitosan. After  
30 min, pJNK levels were detected through Western blot of the cell lysate. JNK levels are 
indicated as a loading control. (D) Graph represents mean pJNK values plus standard error, 
normalized against total JNK. Brackets indicate statistically significant differences between 
IL-1β and IL-1β plus chitosan.
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amyloid β peptide or IL-1β (Kim et al., 2002). In microglia cells, 
chitosan may inhibit the inflammatory response by down-regulat-
ing MAPK signaling (Pangestuti et al., 2011). In RAW264.7 
macrophages, chitosan oligosaccharides inhibit LPS-stimulated 
PGE2 production through the inhibition of COX-2 (Chou et al., 
2003; Yoon et al., 2007). However, in a macrophage-like cell line, 
stimulation of these cells with chitin induced tumor necrosis fac-
tor and nitric oxide production (Shimojoh et al., 2010). Moreover, 
chitosan may even stimulate inflammation in the lung (Huang  
et al., 2005). To our knowledge, this is the first report that 
describes the role of chitosan as an anti-inflammatory agent in 
fibroblasts and provides evidence that activation of the JNK path-
way can be a target for this anti-inflammatory agent. However, it 
cannot be ruled out whether other MAPKs, such as extracellular 
signal regulated kinase (ERK) or p38, may be involved in IL-1β–
stimulated PGE2 production as well.

The nuclear factor-kappa B (NF-κB) transcription factor 
exerts a key role in the regulation of inflammation by modulat-
ing COX-2 and mPGES-1, among other mediators (Båge et al., 
2010). Glucocorticoids are potent NF-κB inhibitors, and this 
may partly explain the inhibitory effect of dexamethasone on 
IL-1β–stimulated PGE2 production (Murphy et al., 2011). 
Contradictory studies have shown that chitosan may stimulate 
or inhibit NF-κB signaling. These divergent responses may be 
due to differences in chitosan formulations, cell types under 
study, and the nature of the inflammatory stimuli (Yu et al., 
2004; Wu and Tsai, 2007; Wei et al., 2012). Our results 
showed that the NF-κB pathway was not modulated by chito-
san particles. Further studies are needed to understand the 
roles of, and interplay between, NF-κB and JNK in the regula-
tion of inflammatory responses and the effect of chitosan in 
this response.

Figure 4. Regulation of c-Jun and p65 translocation by chitosan. (A) Gingival fibroblasts were plated on cover-slips, serum-starved overnight, 
stimulated with chitosan, dexamethasone (DEXA), or SP600125 overnight, and then stimulated with IL-1β for 3 hrs. Phosphorylated c-Jun (p-c-Jun) 
was detected through immunofluorescence, and nuclei were identified by Hoechst staining. Magnification bar equals 10 μm. (B) Graph represents 
the average of phospho c-Jun-stained cells normalized against total nuclei. Error bars represent standard error. Asterisk indicates statistically 
significant differences between IL-1β and IL-1β plus chitosan-, dexamethasone (DEXA)-, or SP600125-stimulated cells. (C) Serum-starved human 
gingival fibroblasts were stimulated with IL-1β or IL-1β plus chitosan for 15 min. The p65 subunit of NF-κB and F-actin (Phalloidin) were visualized 
through immunofluorescence. Nuclei were detected by Hoechst staining. Magnification bar equals 10 μm. (D) Graph represents the mean of nuclei 
stained for the p65 subunit normalized against total nuclei. Error bars represent standard error. Asterisks indicate statistically significant differences 
between IL-1β and IL-1β plus chitosan.

 at UNIVERSIDAD DE CHILE on January 16, 2014 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

© International & American Associations for Dental Research

http://jdr.sagepub.com/
http://jdr.sagepub.com/


J Dent Res 92(8) 2013 Chitosan Particles in Periodontal Pathogens, Gingival Fibroblasts  745

The results of the present study contribute to our understanding 
of the mechanism of action of chitosan particles on the growth of 
periodontal pathogens and the control of inflammatory responses in 
human gingival fibroblasts. These findings are relevant for the 
design and future testing of chitosan-based formulations for the 
prevention and treatment of periodontal diseases.

ACKNOWLEDGMENTS

This study was financed by FONDEF (Scientific Fund for 
Science and Development; DO8I1141), Colgate-Palmolive, and 
MECESUP (Program for Improvement of Quality and Equality 
in Education; UCH0811). The authors declare no potential con-
flicts of interest with respect to the authorship and/or publication 
of this article.

REFERENCES
Arancibia R, Cáceres M, Martínez J, Smith PC (2009). Triclosan inhibits 

tumor necrosis factor-alpha stimulated urokinase production in human 
gingival fibroblasts. J Periodontal Res 44:726-735.

Båge T, Lindberg J, Lundeberg J, Modéer T, Yucel-Lindberg T (2010). 
Signal pathways JNK and NF-kappaB, identified by global gene 
expression profiling, are involved in regulation of TNFalpha-induced 
mPGES-1 and COX-2 expression in gingival fibroblasts. BMC 
Genomics 11:241.

Båge T, Kats A, Lopez BS, Morgan G, Nilsson G, Burt I, et al. (2011). 
Expression of prostaglandin E synthases in periodontitis immunolocal-
ization and cellular regulation. Am J Pathol 178:1676-1688.

Choi BK, Kim KY, Yoo YJ, Oh SJ, Choi JH, Kim CY (2001). In vitro anti-
microbial activity of a chitooligosaccharide mixture against 
Actinobacillus actinomycetemcomitans and Streptococcus mutans. Int J 
Antimicrob Agents 18:553-557.

Chou TC, Fu E, Shen EC (2003). Chitosan inhibits prostaglandin E2 formation 
and cyclooxygenase-2 induction in lipopolysaccharide-treated RAW 264.7 
macrophages. Biochem Biophys Res Commun 308:403-407.

Costa EM, Silva S, Pina C, Tavaria FK, Pintado MM (2012). Evaluation and 
insights into chitosan antimicrobial activity against anaerobic oral 
pathogens. Anaerobe 18:305-309.

Davies C, Tournier C (2012). Exploring the function of the JNK (c-Jun 
N-terminal kinase) signalling pathway in physiological and pathologi-
cal processes to design novel therapeutic strategies. Biochem Soc Trans 
40:85-89.

Domard A (2011). A perspective on 30 years research on chitin and chitosan. 
Carbohydrate Polymers 84:696-703.

Francesko A, Tzanov T (2011). Chitin, chitosan and derivatives for wound 
healing and tissue engineering. Adv Biochem Eng Biotechnol 125:1-27.

Ganno T, Yamada S, Ohara N, Matsunaga T, Yanagiguchi K, Ikeda T, et al. 
(2007). Early gene expression analyzed by cDNA microarray and real-
time PCR in osteoblasts cultured with chitosan monomer. J Biomed 
Mater Res A 82:188-194.

Huang YC, Vieira A, Huang KL, Yeh MK, Chiang CH (2005). Pulmonary 
inflammation caused by chitosan microparticles. J Biomed Mater Res A 
75:283-287.

Ikinci G, Senel S, Akincibay H, Kas S, Ercis S, Wilson CG, et al. (2002). 
Effect of chitosan on a periodontal pathogen Porphyromonas gingiva-
lis. Int J Pharm 235:121-127.

Kim MS, Sung MJ, Seo SB, Yoo SJ, Lim WK, Kim HM (2002). Water-
soluble chitosan inhibits the production of pro-inflammatory cytokine 
in human astrocytoma cells activated by amyloid β peptide and 
interleukin-1β. Neurosci Lett 321:105-109.

Mohammadpourdounighi N, Behfar A, Ezabadi A, Zolfagharian H, Heydari 
M (2010). Preparation of chitosan nanoparticles containing Naja naja 
oxiana snake venom. Nanomedicine 6:137-143.

Murphy SH, Suzuki K, Downes M, Welch GL, De Jesus P, Miraglia LJ  
et al. (2011). Tumor suppressor protein (p)53, is a regulator of NF-kappaB 
repression by the glucocorticoid receptor. Proc Natl Acad Sci USA  
108:17117-17122.

Noguchi K, Ishikawa I (2007). The roles of cyclooxygenase-2 and prosta-
glandin E2 in periodontal disease. Periodontol 2000 43:85-101.

Offenbacher S, Heasman PA, Collins JG (1993). Modulation of host PGE2 
secretion as a determinant of periodontal disease expression.  
J Periodontol 64(5 Suppl):432-444.

Pangestuti R, Bak SS, Kim SK (2011). Attenuation of pro-inflammatory 
mediators in LPS-stimulated BV2 microglia by chitooligosaccharides 
via the MAPK signaling pathway. Int J Biol Macromol 49:599-606.

Paquette DW, Williams RC (2000). Modulation of host inflammatory 
mediators as a treatment strategy for periodontal diseases. Periodontol 
2000 24:239-252.

Pihlstrom BL, Michalowicz BS, Johnson NW (2005). Periodontal diseases. 
Lancet 366:1809-1820.

Preshaw PM, Heasman PA (2002). Prostaglandin E2 concentrations in gin-
gival crevicular fluid: observations in untreated chronic periodontitis.  
J Clin Periodontol 29:15-20.

Salvi GE, Lang NP (2005). The effects of non-steroidal anti-inflammatory 
drugs (selective and non-selective) on the treatment of periodontal 
diseases. Curr Pharm Des 11:1757-1769.

Sarasam AR, Brown P, Khajotia SS, Dmytryk JJ, Madihally SV (2008). 
Antibacterial activity of chitosan-based matrices on oral pathogens.  
J Mater Sci Mater Med 19:1083-1090.

Shimojoh M, Kojima T, Nakajima K, Hatta K, Katoh A, Kurita K (2010). 
Branched chitins as nonnatural immunomodulatory biopolymers: secre-
tions of TNF-r and NO by direct stimulation of macrophages. 
Biomacromolecules 11:1212-1216.

Silva D, Arancibia R, Tapia C, Acuña C, Diaz-Dosque M, Cáceres M, et al. 
(2013). Chitosan and platelet-derived growth factor synergistically 
stimulate cell proliferation in gingival fibroblasts. J Periodontal Res 
[Epub ahead of print 3/3/2013] (in press).

Wei P, Ma P, Xu QS, Bai QH, Gu JG, Xi H, et al. (2012). Chitosan oligosac-
charides suppress production of nitric oxide in lipopolysaccharide-
induced N9 murine microglial cells in vitro. Glycoconj J 29:285-295.

Williams RC, Jeffcoat MK, Howell TH, Rolla A, Stubbs D, Teoh KW, et al. 
(1989). Altering the progression of human alveolar bone loss with the non-
steroidal anti-inflammatory drug flurbiprofen. J Periodontol 60:485-490.

Wu GJ, Tsai GJ (2007). Chitooligosaccharides in combination with interferon-
gamma increase nitric oxide production via nuclear factor-kappaB  
activation in murine RAW264.7 macrophages. Food Chem Toxicol 
45:250-258.

Yoon HJ, Moon ME, Park HS, Im SY, Kim YH (2007). Chitosan oligosac-
charide (COS) inhibits LPS-induced inflammatory effects in RAW 
264.7 macrophage cells. Biochem Biophys Res Commun 358:954-959.

Yu Z, Zhao L, Ke H (2004). Potential role of nuclear factor-kappaB in the 
induction of nitric oxide and tumor necrosis factor-alpha by oligochito-
san in macrophages. Int Immunopharmacol 4:193-200.

Yucel-Lindberg T, Nilsson S, Modéer T (1999). Signal transduction path-
ways involved in the synergistic stimulation of prostaglandin produc-
tion by interleukin-1beta and tumor necrosis factor alpha in human 
gingival fibroblasts. J Dent Res 78:61-68.

 at UNIVERSIDAD DE CHILE on January 16, 2014 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

© International & American Associations for Dental Research

http://jdr.sagepub.com/
http://jdr.sagepub.com/

