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Our primary objective was to measure root canal penetrations of aqueous
antibacterial nano-chitosan (Nano-CS), for the first time. The second objective
was to compare and contrast such penetrations to those of chitosan (CS)
itself, as well as sodium hypochlorite (NaOCl), chlorhexidine (CHX) and
ethylenediamintetraacetic acid (EDTA), at the routinely used concentrations.
Molar roots were split longitudinally by a rotary diamond saw. Nano-CS was
made by dissolving CS in acetic acid and adding tripolyphosphate (TPP),
followed by a freeze-drying process. Dentin penetrations are estimated
through measurements of sessile contact angles. Penetrations of the probed
irrigants were assessed as inverse functions of their sessile contact angles.
Accordingly, all Nano-CS solutions showed smaller sessile angles compared
to those of NaOCI, CS, and EDTA samples. Hence, Nano-CS appeared to be
a superior irrigant for demonstrating a higher penetration than the latter
three. It fell only behind CHX, yet, the superb chelating ability of Nano-CS
enabled it to remove smear layer to a larger extend than all of our other
irrigants including CHX. Nano-CS could be considered as a new irrigant. Higher
penetration was its main advantage over CS, and commercial NaOCl, and EDTA.
This was verified by the smaller sessile contact angle of Nano-CS. Anticipated
chelating effect of Nano-CS could anchor more efficient removal of smear
layer. This was another advantage of Nano-CS over other irrigants including
CHX. Other advantages of Nano-CS included its reported biocompatibility,
biodegradability and antibacterial effects. Commercialization of Nano-CS was
deemed in the near horizon.
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INTRODUCTION

Irrigation has a central role in endodontic
treatment. Irrigants are basically chemical solutions
which are used to clean and disinfect the complex
root canal system three dimensionally. This is prior
to filling and sealing the canal completely [1].
Irrigants often prevent packing of the hard and
soft tissue in the apical root canal. They assist in
extrusion of infected material into the periapical
area. Some irrigating solutions dissolve either
organic or inorganic tissue in the root canal [2].
* Corresponding Author Email: kassaeem@modares.ac.ir

Important requirements of an endodontic irrigant
include properties such as antimicrobial activity,
tissue dissolving capability, and nontoxicity to
the periapical tissues [3]. Microbial infection of
the pulp, leading subsequently to endodontic
treatment, is frequently the consequence of dental
caries, mechanical injury, or canal micro leakage.
The success of endodontic therapy depends on
eliminating or reducing these microorganisms
[4]. NaOCl is an irrigant solution which is known
to many root canal patients for its bitter taste.
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Surprisingly, this toxic irrigant is still widely used
for disinfecting root canals during endodontic
therapy in most parts of the world. It is usually
employed at 0.5-6.0% concentrations. NaOCI is
mostly used for its excellent tissue-dissolving [5-7]
and antimicrobial properties [5,8,9]. Nevertheless,
it has many problems. For a proper antimicrobial
activity, NaOCl must be prepared freshly just
before its use [10,11]. In majority of cases, however,
it is purchased in large containers and stored at
room temperature while being exposed to oxygen
for extended periods of time. Exposure of NaOCl
solution to oxygen, at room temperature under
light can inactivate it significantly [11]. On the
other hand, extrusion of NaOCI into periapical
tissues can cause severe injury to the patient
[12,13]. An alternative irrigant solution is CHX
which has been used for the past 50 years for caries
prevention [14], in periodontal therapy and as an
oral antiseptic mouthwash [15]. It has a broad-
spectrum antibacterial action, sustained action
and lower toxicity than NaOCI [16]. Because of
these properties, it is sometimes used as a root
canal irrigant [14,16]. The major advantages of
chlorhexidine over NaOCl are its lower cytotoxicity
and lack of foul smell and bad taste. In addition, like
NaO(l, it is unable to kill all bacteria and cannot
remove the smear layer [17,18]. Another irrigant
solution is EDTA. It is a good chelating agent and
is used for removal of the inorganic portion of the
smear layer [19] undesirably, its longer exposures
can cause excessive removal of both peritubular
and intratubular dentin [20] even worse, EDTA has
little or no antibacterial effect [21] Many reports
have shown that chitosan and chitosan derivative
materials have good biocompatibility [22-26].
Seung-Yun Shin and his group showed that chitosan
also has a good biocompatibility on a nanometer
scale [27,28]. Conversely, studies have shown
varying antimicrobial activity of chitosan against
Gram-positive and Gram-negative bacteria [29].
Chitosan advantages include antibacterial effect,
biocompatibility, nontoxicity, biodegradability and
chelating potential. Yet, its penetration falls behind

CHX, and compared to other irrigants it is not
equally effective at low concentrations. Nano-sized
composites (nanoparticles, nanomaterials) are
anticipated to be more effective in penetrating and
disrupting bacterial cell membranes [30,31-34].
Hence, Nano-CS is expected to be more effective
against a variety of organisms. It is introduced as
a new irrigant and its penetration is compared to
those of NaOCl, CHX, EDTA and CS.

MATERIALS AND METHODS
Preparation of Nano-chitosan andits Antibacterial
Studies

0.5 g of CS (molecular weight: 100,000-300,000)
was dissolved in 1000 ml of 2% acetic acid and
stirred for 30 min. Subsequently, 100 ml of this
solution was added to 40 ml of tripolyphosphate
(TPP), stirred for 2 h at ambient temperature, and
then centrifuged at high speed. The isolated Nano-
CS was rinsed with distilled water and freeze-dried
[35].

Antibacterial ~studies of Nano-CS against
the Enterococcus faecium shows 53.14% average
antibacterial potency in 15 min (Supplementary
Information) [36].

Solutions

To a stirring 50 ml distilled water was added 50
mg CS. Acetic acid (2% v/v) was then added drop-
wise till all CS dissolved. From this, other aqueous
solutions containing different CS concentrations
were prepared: 0.2%, 0.5%, 1.25%, 2.0%, 2.5%,
3.75%, 5.25%, 6.0% and 17.0 % (wt/wt). Following
the above procedure, nano-chitosan (Nano-CS)
solutions were also prepared.

In addition sodium hypochlorite solutions
(0.5-6.0%, wt/wt) were prepared immediately
before the use by diluting a 6.0% stock solution
(EMD Chemicals Inc.) with distilled water. Three
endodontic irrigant solutions were purchased
including 0.2% CHX (BP Lot 15243, Willer-PCCA
London, ON), 2.0% CHX (BP Lot 15243, Willer-
PCCA London, ON), and 17.0% EDTA (VISTA
DENTAL PRODUCTS). Furthermore, freshly

Fig. 1. (A and B) The projected Image ] contact angle, (C) The projected AutoCAD contact angle.
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produced MilliQ water (distilled water) was
employed as a control liquid.

Sample Preparation

Extracted adult human maxillary molar was
used to prepare the dentin surfaces for contact
angle measurements [37]. Tooth was extracted for
periodontics or orthodontic purposes and did not
present caries or restorations. After cutting off the
crown and apical third of the root, the remaining
root was polished using a series of abrasive papers
in the following sequence: 120/P120, 180/P180,
240/P280, 320/P400, 400/P800 and 600/P1200.
Cut and polished surface was cold sample mounted
(embedded) with 3 component araldite resin and
then was polished again with rough SiC sandpaper
in following sequence: 320, 400, 600, 800, 1000, 1200,
1500, 2000, 2500 and 4000. Finally it was felted with
%4 p diamond and 0.05 micron Al O, suspension.

CONTACT ANGLE MEASUREMENT

A 1.00-ul droplet of each solution was placed
on coronal root dentin using a 10-pl sampler
(Fig. 1). The contact angle was measured by using
engineered set up containing FUJIFILM camera
maker, FinePix E610 camera model and 35mm

focal length and also 45mm focal length lens. All
the contact angles were determined with Image ]
and AutoCAD 2014 (Fig. 2).

RESULTS

Contact angle measurements showed that there
are not many differences between wettability of
NaOCl, CS and Nano-CS, hence Nano-CS had
small contact angles and also more penetration than
the others (Table 1). The highest contact angle was
observed for MilliQ water with 72.00° sessile contact
angle as a control group. CHX solutions immediately
spread on the dentin surface, yielding under 30°
contact angles and made an obvious difference
between this tested liquid and CS and Nano-CS
(Table 1). Wettability comparison of EDTA, CS and
Nano-CS also showed that there is a small difference
between EDTA and CS in the same concentration,
however Nano-CS was more permeable than both
EDTA and CS with the measuring sessile contact
angle value: 43.77° (Table 1).

DISCUSSIONS

CS shows remarkable chelating capacity for
different metal ions, justifying its use in various
sectors of industry [38]. Studies have shown the

60 —e—NCS
Ccs
55+
.
o 50 S S
=
c
o~
B 451
©
£
8 401
2
2 354
@
2]
304

T T T T T T T T
00 02 04 06 08 10 12 14 1/6 18 20 22
% Concentration

—s—EDTA
—e—NCS
-CS

57
56 —a—NaOCl
—e—NCS
554
cs
544
)
o 534
e
© 524
-
& 514 0\
L]
§ 50 \.—.\
o 49 \ S
@ 48
& a \
46
454 R
T T T T T
0 1 2 3 4 5 6
% Concentration
54 4
52
2
2 50
©
k7]
©
€ 48
<]
o
2
3 4
-
7]
444
T T
15 16

% Concentration

Fig. 2. Comparative wettability of Nano-CS, CS and (A) NaOCl, (B) CHX, (C) EDTA.
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Table 1. Sessile Contact Angle Measurements for the Probed Irrigants with Different Concentrations in Distilled Water

Concentration (v/v)

0.2% 0.5% 1.25% 2.0% 2.5% 3.75% 5.25% 6.0% 17.0%
Irrigant probed
Nano-CS 51.47° 51.15° 50.19° 49.69° 49.29° 48.12° 45.83° 45.00° 43.77°
CS 57.65° 56.43° 54.46° 54.25° 53.53° 51.31° 50.74 50.02 48.81
NaOCl - 53.69° 52.85° - 50.71° 50.60° 49.57° 49.08° -
CHX 28.1° - - 27.69° - - - - -
EDTA - - - - - - - - 48.32°

importance of using EDTA for the removal of the
inorganic components of the smear layer [39].
However, despite being efficient in removing
the smear layer, EDTA has an erosive effect on
dentin [39] and attacks the periapical tissues [40]
in addition to being considered an environmental
pollutant [41]. To deal with organic structures,
previous studies have sought for weaker and
more biocompatible acids than EDTA [41,42].
CS is a natural polysaccharide, biodegradable,
biocompatible with human cells [43] and with a
high chelating capacity [38]. This result suggests the
use of chitosan as a possible alternative to replace
EDTA. CS, even at the lowest concentration, was
capable of adequately removing the smear layer
from the dentin surface causing little erosion of
dentin.

Wettability is one of the most important
physicochemical properties of a root canal irrigant.
Contact angle measurements determine the
wettability of the substratum. Low contact angles
are an indication of good wetting, whereas high
contact angles indicate poor wetting [44,45]. With
the improvement of wettability, it is also possible
that the irrigant could extend its solvent capability,
and also optimize its bactericidal ability through a
better penetration into the non-instrumented areas
of the root canal system [46]. It is reported that the
contact between dentin and an irrigant depends on
the wettability of the irrigant over the dentin surface
in the root canal. Because spreading of the irrigant
is thought to be directly related to its wetting
properties, it may provide a good index to assess
the irrigation efficiency in the root canal [47]. The
contact angle measurement on biological surfaces
is usually difficult due to substrate hydration,
porosity and heterogeneity. Dentin is a complex,
heterogeneous and intrinsically wet organic
tissue, composed by 50 vol% mineral, 30 vol%
organic material and 20 vol% fluid [48]. Besides
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its complex composition, dentin is penetrated
by a tubular labyrinth containing odontoblastic
cells [49]. The tubule lumen is lined by the
peritubular dentin, which is highly mineralized.
The tubules and peritubular dentin are separated
by intertubular dentin. Dentin is hydrated in the
vital state due to the pulp tissue pressure, estimated
to be approximately 15 cm H,O [50], which causes
an outward flow of dentinal fluid. When dentin is
instrumented or grounded, a thin layer of debris,
called smear layer, partially covers the surface,
occluding the dentin tubules [51].

The contact angle as a thermodynamic
equilibrium property of a liquid on a solid
immersed in a fluid is unique only for inert, no
wetting liquids on ideal solids, for example, on
smooth, homogeneous, inert, and nonporous
surfaces [52,53]. The “sessile” contact angle is the
contact angle detected by simply placing a drop
on a surface. Generally, the observed contact angle
contains a contribution from surface chemistry
and a contribution from topography (capillary
penetration). These two factors interact in a very
complex way [54-55]. The grinding and polishing
procedure can also yield different opening of the
capillary structure of tubules, affecting the degree
of capillary penetration [56-58]. After defining the
meaning of each detected value, it can be concluded
that the high surface tension (72.00°) observed in
control group indicated that MilliQ water does not
penetrate into the porosity of the surface and shows
a high contact angle. Different concentrations
of NaOCI showed an increased trend towards
wetting as compared to water, possibly through the
chemical interaction involving attack to organic
tissue. On the other hand, the wettability of CS and
Nano-CS was completely controlled by capillary
penetration. The surface topography allows the
liquid to readily penetrate into the dentin tubules
and surface roughness. Nano-CS, because of tiny
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nano size, has smaller sessile contact angle and
better penetration.

CONCLUSIONS

Nano-chitosan (Nano-CS) appears to be a
relatively more effective penetrating root canal
irrigant than EDTA, NaOCI and regular CS. This
is on the grounds of showing a smaller sessile
contact angle, under similar conditions. Even
though penetration of Nano-CS falls behind CHX,
its superb chelating ability enables it to remove
smear layer to a larger extend than all of our other
scrutinized irrigants, including CHX. Interestingly,
we easily extracted Nano-CS from shrimp shells of
Persian Gulf. Other advantages of Nano-CS include
its cost effectiveness, antibacterial activity, superb
hydrophilicity, biocompatibility, degradability,
along with physicochemical and biopharmaceutical
properties [59]. Finally, solutions of Nano-CS are
suggested as alternative candidates for customarily
used root canal irrigants such as commercial
sodium hypochlorite which shows some limitations
such as toxicity and bad smell, or CHX which is
unable to kill all bacteria and cannot remove the
smear layer, as well as EDTA which has little or no
antibacterial activity.
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