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Chelating and antibacterial properties of chitosan 
nanoparticles on dentin 

Objectives: The use of chitosan nanoparticles (CNPs) in endodontics is of interest due 
to their antibiofilm properties. This study was to investigate the ability of bioactive 
CNPs to remove the smear layer and inhibit bacterial recolonization on dentin. 
Materials and Methods: One hundred bovine dentin sections were divided into five 
groups (n = 20 per group) according to the treatment. The irrigating solutions used 
were 2.5% sodium hypochlorite (NaOCl) for 20 min, 17% ethylenediaminetetraacetic 
acid (EDTA) for 3 min and 1.29 mg/mL CNPs for 3 min. The samples were irrigated with 
either distilled water (control), NaOCl, NaOCl-EDTA, NaOCl-EDTA-CNPs or NaOCl-CNPs. 
After the treatment, half of the samples (n = 50) were used to assess the chelating 
effect of the solutions using portable scanning electronic microscopy, while the other 
half (n = 50) were infected intra-orally to examine the post-treatment bacterial biofilm 
forming capacity. The biovolume and cellular viability of the biofilms were analysed 
under confocal laser scanning microscopy. The Kappa test was performed for examiner 
calibration, and the non-parametric Kruskal-Wallis and Dunn tests (p < 0.05) were 
used for comparisons among the groups. Results: The smear layer was significantly 
reduced in all of the groups except the control and NaOCl groups (p < 0.05). The CNPs-
treated samples were able to resist biofilm formation significantly better than other 
treatment groups (p < 0.05). Conclusions: CNPs could be used as a final irrigant during 
root canal treatment with the dual benefit of removing the smear layer and inhibiting 
bacterial recolonization on root dentin. (Restor Dent Endod 2015;40(3):195-201)
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Introduction

Bacterial biofilms are structured communities of cells adhered to an organic surface 
and stabilized in an extracellular matrix.1 The high density of bacterial cells in biofilm 
communities and the inherent resistance of biofilm bacteria to antimicrobials/host 
defence systems are the main factors responsible for most persistent and chronic 
bacterial infections.1 The combined use of mechanical instrumentation and chemical 
irrigation has been recommended to obtain effective elimination of biofilms from 
the root canal system.2 Among the commonly used endodontic irrigants, sodium 
hypochlorite (NaOCl) is the most recommended irrigant due to its substantial tissue 
dissolution capacity and antibacterial effect.3,4 However, NaOCl causes dentin collagen 
denaturation and dissolution. Consequently, the use of a high concentration of this 
solution for long periods of time may cause ultrastructural damage into the dentin.5 
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In addition, NaOCl is not capable of completely debriding 
the root canals or eliminating the biofilm bacteria.4 The 
chelating agents well remove smear layers from root dentin, 
thus are used for the final irrigation of the root canals.6 The 
smear layer is composed of very small particles that may be 
solubilized in acids.7 The most common chelating solutions 
contain ethylenediaminetetraacetic acid (EDTA), which 
reacts with the calcium ions in dentin and forms soluble 
calcium chelates.8 However, the chelating agents may 
alter the structural characteristic of the dentin resulting 
in a compromised mechanical integrity and an increased 
potential for bacterial adherence on the collagen.9,10

Chitosan is a non-toxic cationic biopolymer usually 
obtained by alkaline deacetylation from chitin, which is 
the principal component of crustacean exoskeletons.11 The 
covalent immobilization of chitosan on dentinal collagen 
has been proposed to induce the remineralization of the 
exposed and demineralized dentin structure because its 
functional phosphate groups might bind to calcium ions 
to form a favorable surface for crystal nucleation, resulting 
in the formation of a calcium phosphate layer.12 Chitosan 
treatment improves the resistance of the dentinal surface 
to degradation by collagenase.13 Furthermore, chitosan 
presents with biocompatibility, chelating capacity and 
also antimicrobial effects against a broad range of gram-
positive and gram-negative bacteria as well as fungi.14-17 
Previous in vitro studies have demonstrated the significant 

antibiofilm efficacy of chitosan nanoparticles (CNPs).14,15 
However, testing the efficacy of these nanoparticles on 
biofilms formed in situ would provide a stronger correlation 
with the findings from the in vivo studies since coronal 
leakage of saliva is one of the main factors that allows for 
bacterial recolonization in root-filled teeth.18 In addition, 
there is limited information about the use of CNPs as a 
chelating agent.16,19 The current study aims to investigate 
the ability of CNPs to act as a final irrigant to remove the 
smear layer from a root-dentin surface and simultaneously 
inhibit bacterial recolonization/early biofilm formation 
when exposed to saliva. 

Materials and Methods

Sample preparation

The present study was performed according to the 
guidelines of the Institutional Research Human Ethics 
Committee (Protocol 166/2011). Eighty rectangular 
dentin blocks (5 mm × 5 mm × 3 mm) were obtained from 
bovine radicular dentin. Dentin debris were created on the 
sample surface by sectioning every side of the block. The 
sectioning procedures were performed using an Isomet saw 
(Buehler Ltd., Evanston, IL, USA). The dentin blocks were 
autoclaved for 30 minutes at 121℃ (Sercon-Modelo HS, 
Mogi das Cruzes, SP, Brazil). The samples were not treated 

with any chemicals before being autoclaved to maintain 
the dentin surface debris generated during the sectioning 
of these samples.

Synthesis of chitosan nanoparticles 

The CNPs were synthesized based on a previously 
published protocol using an ionic gelation method.20 
Briefly, the chitosan powder (Polymar Ciência e Nutrição 
S/A, Fortaleza, Brazil) was dissolved in 1% acetic acid 
under magnetic stirring at room temperature. Next, 1 mg/
mL sodium tripoly-phosphate solution (Sigma-Aldrich 
Chemical Co., St. Louis, MO, USA) was added into the 
chitosan solution. The preparations were mixed with a 
Polytron homogenizer (PT-3000, Brinkman Instruments, 
Rexdale, ON, Canada) at 5,000 rpm with drop-wise addition 
of the tripoly-phosphate solution, thus achieving a final 
CNPs concentration of 1.29 mg/mL. The zone of opalescent 
suspension was visible with the formation of the 
nanoparticles, and the solution was further examined for 
nanoparticle characterization. The concentration of tripoly-
phosphate solution in the final solution was 0.3 - 0.6 mg/
mL. The range of the nanoparticles’ size was 85 - 221 nm.

Treatment procedures

The irrigating solutions used included 2.5% NaOCl for 20 
minutes, 17% EDTA for 3 minutes and 1.29 mg/mL CNPs 
for 3 minutes. The NaOCl was replenished every 5 minutes 
to simulate clinical conditions. One hundred bovine dentin 
blocks were equally divided in five groups (n = 20 per 
group) and treated with either distilled water (control, 
group 1), NaOCl (group 2), NaOCl-EDTA (group 3), NaOCl-
EDTA-CNPs (group 4), and NaOCl-CNPs (group 5). The 
volume was standardized to 3 mL for all of the solutions. 
The experiments were performed in 24 well tissue culture 
plates by immersing the dentin samples in the irrigant 
solutions. After the irrigation procedure was performed, 
half of the samples (n = 50) were used to analyse the 
chelating effect of the solutions using a portable scanning 
electronic microscope (PSEM, Aspex Corporation, Delmont, 
PA, USA), while the other half (n = 50) was infected intra-
orally to assess bacterial biofilm forming capacity using 
a confocal laser scanning microscope (CLSM, Leica TCS-
SPE, Mannheim, Germany). Therefore, the experiment was 
conducted in two assays, which were formed by five groups 
each containing 10 samples. 

Chelating effect of chitosan nanoparticles

After the irrigation procedures, the samples were dried at 
room temperature for 24 hours and fixed on stubs. Three 
micrographs per block were analysed using a PSEM with a 
magnification of 500 times at 10 kV creating a total of 150 
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images. The area of each image represented 1,024 μm × 
1,024 μm. For quantification purposes, the PSEM pictures 
were divided into 100 areas using a digital grid, and then 
examined by three endodontic specialists who assessed the 
amount of area in each grid that was covered by a smear 
layer. Each examiner evaluated the pictures twice, with 
an interval of one week between each observation. The 
values obtained by one examiner that showed concordance 
with that from the other examiners and had the lowest 
amount of discrepancy between these observations were 
chosen for the statistical analysis. A scores of one to four 
were ascribed to each sample according to a previously 
published methodology that was slightly modified.21 Having 
less than 10% of the area containing open dentinal tubules 
was scored as one, having 10 - 50% of the area containing 
open dentinal tubules was scored as two, having 50 - 70% 
of the area containing open dentinal tubules was scored 
as three and having more than 70% of the area containing 
open dentinal tubules was scored as four.

Antibacterial ability of chitosan nanoparticles

An in situ model was modified to simulate the presence 
of intra-oral dentinal biofilms.4 Twenty treated dentin 
blocks were fixed in the cavities of a Hawley orthodontic 
device using sticky wax (Kota Ind. e Com. Ltda., São Paulo, 
SP, Brazil). The procedure was repeated to complete the 
infection of all of the samples. To standardize the biofilm 

thickness as much as possible, one healthy volunteer used 
the orthodontic device for 48 hours. After this period, the 
samples were transferred to test tubes containing 5 mL 
of brain-heart infusion broth, and then incubated at 37℃ 
for 24 hours. The subject maintained a controlled routine 
of food and drink consumption while using the intra-oral 
device during the infection period except during regular 
oral-hygiene practices. The same diet was supplied during 
each infection period.
After the dentinal infection period, the samples were 

rinsed with sterile distilled water to remove the non-
adherent cells and culture medium. The biofilms were 
stained with the Live/Dead BacLight Bacterial Viability 
kit (Invitrogen, Eugene, OR, USA) and analysed with a 
CLSM. Four stacks were analysed from random areas of 
each sample, totalling 200 images. Each block was scanned 
using a 40 times oil lens, 1.5 μm step-size and a format of 
512 pixels × 512 pixels. The area of each image represented 
275 μm × 275 μm. The parameters evaluated were the 
total biovolume expressed in μm3/μm2 in accordance with 
Heydorn et al. and the percentage of viable cells.22 The 
software Bioimage_L (http://bioimagel.com) was used 
to calculate these parameters.23 Representative images 
obtained from the PSEM (post-irrigation) and CLSM (post-
infection) are shown in Figure 1. A previous pilot study 
has demonstrated that the residual effect of NaOCl did not 
interfere with the activities of the experimental solutions 
on the dentinal surface and bacterial biofilm.

Figure 1. Representative images from the portable scanning electron microscope (×500) and confocal laser scanning 
microscope (×40). The irrigated pre-infection samples can be seen in images (a) - (e), and the infected samples after 
experimental irrigation protocols can be seen in images (f) - (j). A substantial amount of smear layer was observed 
when the samples were irrigated with sterile distilled water (a) and NaOCl (b). Visible dentinal tubules were seen in the 
samples treated with NaOCl-EDTA (c), NaOCl-EDTA-CNPs (d) and NaOCl-CNPs (e). A positive cellular viability and evident 
biomass were observed in the control (f), NaOCl (g) and NaOCl-EDTA (h) groups. The NaOCl-EDTA-CNPs and NaOCl-CNPs 
groups had decreased biomass (i) and interfered with bacterial growth (j). All bars represent 20 μm.
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Statistical analysis  

All statistical analyses were performed with the Prism 5.0 
software (GraphPad Software Inc., La Jolla, CA, USA). The 
Kappa test was utilized to determinate the concordance 
among the examiners (Kappa ≥ 0.75). The non-parametric 
Kruskal-Wallis and Dunn tests (p < 0.05) were used to 
perform multiple comparisons among the groups as the 
data did not show a normal distribution. 

Results

The results of the Kappa tests showed good inter-
examiner agreement with values of 0.8 or above for all of 
the different categories.

Chelating effect of chitosan nanoparticles

The smear layer was significantly reduced in the groups 
treated with NaOCl-EDTA, NaOCl-EDTA-CNPs and NaOCl-
CNPs in comparison with that of the control and NaOCl 
groups (p < 0.05). The percentage of areas with or without 
observable dentinal tubules per score and the statistical 
differences among the groups are shown in the Figure 2.  

Antibacterial ability of chitosan nanoparticles

The biovolume and bacterial viability were significantly 
lower in the samples receiving final irrigation with CNPs 
than those in the control were (p < 0.05). The NaOCl-EDTA-
CNPs and NaOCl-CNPs groups were not statistically different 
(p > 0.05). The bacterial colonization and cell viability 
in the NaOCl and NaOCl-EDTA groups were not statically 
different than those in the control group (p > 0.05). The 
comparison of the medians and 25 – 75% percentiles of 
the total biovolume and the percentage of live cells among 
all of the groups are shown in Table 1. 

Discussion

The bovine dentin was chosen as a substrate in the 
present study because it is a suitable substitute for 
human dentin when testing for erosion/abrasion, which 
is closely related with smear layer removal.24 In addition, 
the topography of the substrate is an important factor 
when discussing the survival of biofilms since rough 
surfaces will increase bacterial adhesion and retention 
providing anchor points for microorganisms and their 
nutrients.25 Thus, it should be logical to assume that the 
bovine dentin facilitate bacterial invasion due to the 
significantly greater tubular diameter when compared with 
that of human dentinal tubules.26 However, these factors 
do not substantially affect studies focused on evaluating 
the bacterial volume and cell viability of mature biofilms 

Table 1. Medians (25 - 75 percentiles) of the total biovolume 
and the percentage of live cells of the comparisons among 
the groups

Total Biovolume 
(μm3/μm2)

Percentage 
of live cells

Control 5.0 (4.0 - 5.4)a 92 (90 - 96)a

NaOCl 3.9 (3.1 - 5.1)ab 90 (85 - 92)a

NaOCl-EDTA 3.6 (2.8 - 5.1)ab 91 (87 - 94)a

NaOCl-EDTA-CNPs 2.6 (0.85 - 4.4)c 73 (51 - 86)b

NaOCl-CNPs 2.7 (1.8 - 4.2)bc 77 (60 - 83)b

* Different superscript letters in each column represent 
significant differences (p < 0.05). 
NaOCl, Sodium hypochlorite; NaOCl-EDTA, Sodium hypochlorite
-ethylenediaminetetraacetic acid; NaOCl-EDTA-CNPs, Sodium 
hypochlorite-ethylenediaminetetraacetic acid-chitosan 
nanoparticles; NaOCl-CNPs, Sodium hypochlorite-chitosan 
nanoparticles.
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Figure 2. The percentage of areas with open dentinal 
tubules for each score (1 to 4). Having less than 10% 
of the area containing open dentinal tubules was scored 
as one, having 10 - 50% of the area containing open 
dentinal tubules was scored as two, having 50 - 70% of 
the area containing open dentinal tubules was scored as 
three and having more than 70% of the area containing 
open dentinal tubules was scored as four.
* Different letters within a column depict a significant 
difference (p < 0.05).
NaOCl, Sodium hypochlorite; NaOCl-EDTA, Sodium
hypochlorite-ethylenediaminetetraacetic acid;
NaOCl-EDTA-CNPs, Sodium hypochlorite-
ethylenediaminetetraacetic acid-chitosan nanoparticles; 
NaOCl-CNPs, Sodium hypochlorite-chitosan nanoparticles.
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localized from the dentinal surface to the highest part of 
the biofilm.4,27,28 
The chelating capacity of chitosan on root canal dentin 

has been assessed by only two previous studies, which 
showed that the irrigation of the root canals with a CNPs-
based solution for 3 minutes effectively removed the 
smear layer from the root canals.16,19 These results were in 
accordance with those obtained in the present study, where 
the final irrigation with CNPs for 3 minutes effectively 
removed the inorganic contents from the dentin. Even 
though all the EDTA- and CNPs-treated experimental groups 
showed similar efficacy in removing the smear layer, the 
use of CNPs after irrigation with NaOCl is recommended 
because of the ability of the CNPs on dentin to resist 
bacterial adherence and early biofilm formation.15 This 
resistance is an important advantage of using CNPs over 
EDTA, which presented a similar chelating effect. 
The chelating effect of CNPs and EDTA could cause 

dentin demineralization.16 However, a previous study has 
shown that dentin surfaces coated with chitosan have the 
potential to remineralize the demineralized dentin.12 The 
results of the present study suggest that the chelating 
effect of CNPs irrigation following 17% EDTA is similar to 
the effect caused by each of these solutions when they are 
used independently. This observation could be explained 
by the finding that the chelating ability of the polymeric 
chitosan matrices was maintained when it was modified 
with the chemical immobilization of EDTA.29 
The chelating mechanism of chitosan on dentin has 

previously not been well documented. However, this 
bioactive biopolymer is widely used as a chelating agent to 
absorb heavy metals from wastewater.30 Two theories have 
been used to explain the chelating mechanism of chitosan. 
First, the bridge model states that two or more amino 
groups of chitosan bind to the same metal ion.31 Second, 
the pendant model suggests that one amino group is 
utilized in the binding, and the metal ion is linked to the 
amino group like a pendant.32 Either of the two mechanisms 
could be responsible for the chelation of calcium ions in 
dentin resulting in the depletion of inorganic matter from 
the smear layer.33

In the present study, the bacterial infection was 
created in situ because biofilm development in a natural 
environment has been demonstrated to be profoundly 
different from the biofilm formed in vitro.34 Many factors 
have been associated with failures in endodontic 
treatment. Yet, bacterial re-entry and re-contamination of 
the root canal by coronal microleakage subsequent to root-
filling, is suggested to be one of most important causes 
for endodontic treatment failure.35 In addition to salivary 
microleakage, the filled root canals may be exposed to 
the oral environment in certain situations such as during 
the loss or fracture of dental structures/restorations as 
well as during intraradicular preparations for prosthetic 

purposes, thereby allowing the more than 175 bacterial 
species present in human saliva to invade the root canal 
spaces.36,37 It is important to note that intracanal salivary 
penetration via coronal leakage in endodontically treated 
teeth can occur in only 2 - 3 days.38,39

In this study, the bacterial volume and cell viability were 
found to be highest when the samples were irrigated with 
NaOCl and NaOCl-EDTA. EDTA has been reported as a weak 
antibacterial agent, and its effect against gram-positive 
bacteria has been found to be almost nil.40 EDTA has shown 
selectivity for gram-negative bacteria and is known to 
destabilize the bacterial cell membrane and cause release 
of lipopolysaccharides. In contrast, the biofilm formed 
after treatment with NaOCl-EDTA-CNPs and NaOCl-CNPs were 
significantly lower than that in the control and NaOCl-EDTA 
groups. These results corroborate the theory that chitosan 
has the ability to interfere with bacterial adhesion thereby 
hindering the biofilm formation, and that EDTA has the 
power to alter the physicochemical properties of dentin 
that contribute to the bacterial adhesion.10,15

The antibacterial mechanism of chitosan has been 
attributed to its polycationic nature that interacts with 
the negatively charged surface of bacteria, altering cell 
permeability and resulting in the leakage of intracellular 
components.41,42 In addition, CNPs are able to inhibit 
bacterial enzymatic degradation reducing the possibility of 
bacterial penetration and dentinal micro-fractures.43 This 
biopolymer is also capable of improving the mechanical 
properties of the root dentin.13 Grande et al. showed that 
the reaction between NaOCl and EDTA led a very slow 
degradation of the acid.44 Although degradation of EDTA 
was progressive, its properties were not affected in periods 
of time clinically realistic. In addition, the structure and 
molecular weight of chitosan have been found to be 
affected by oxidation caused by NaOCl.45 However, more 
detailed evidence on the interaction of NaOCl with chitosan 
applicable to root canal disinfection is required.

Conclusions

CNPs have the potential to be used as a final irrigant and 
a useful alternative to EDTA in root canal treatment due to 
its ability to act as an antibiofilm agent and a chelating 
agent on root dentin.
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