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Evaluation of silver nanoparticles

as irrigating solution

ABSTRACT

Introduction: Irrigation is an important procedure dur-
ing root canal treatment once it can help cleaning those
areas of the root canal system not directly reached by
instruments Objective: The aim of this study was to
evaluate the biocompatibility and disinfection ability of
silver nanoparticles dispersion in comparison to 2.5%
sodium hypochlorite. Methods: Thirty two rats individ-
ually received 4 infected and uninfected dentin tubes ir-
rigated with 47 ppm and 23 ppm silver nanoparticles dis-
persion, 2.5% sodium hypochlorite, and saline solution.
Sixteen rats received one infected and one uninfected
dentin tube, as the control group. After 7 and 30 days,
all the animals were killed, the tubes and surrounding
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tissues were removed, and prepared to be analyzed in
light microscope. Qualitative and quantitative assess-
ments of the reactions were carried out. Results: All
solutions in uninfected tubes caused mild reactions after
30 days. All solutions in infected tubes caused severe
reactions after 7 days and mild reactions after 30 days.
The outcomes were similar to those of the uninfected
control group, but better than those of the infected con-
trol group. Conclusions: It was possible to conclude
that silver nanoparticles dispersion was biocompatible
and may act as disinfectant in contaminated tubes, es-
pecially at 23 ppm.
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Introduction

[rrigation is an important procedure during root
canal treatment, once it helps with cleaning those
areas of the root canal system not directly reached
by instruments.! Teeth with incomplete root forma-
tion present large root canals, with thin and fragile
walls. These features hinder instrumentation of the
canal. In such cases, in order to allow pulp regenera-
tion, treatment of immature teeth in an attempt to re-
vascularize the pulp has been considered. The treat-
ment consists of irrigation and disinfection carried
out with antimicrobial agents achieving successful
revascularization.? In other studies, the protocol dif-
fers from other apexification techniques in which dis-
infection of the canal is performed with both sodium
hypochlorite (NaOCl) and chlorhexidine (CHX), using
a combination of antibiotics such as ciprofloxacin,
metronidazole and minocycline,* achieving success-
ful revascularization.®* Sodium hypochlorite (NaOCl),
chlorhexidine gluconate and saline solution are rou-
tinely used as irrigants.>®” Several studies have com-
pared their antimicrobial effects, chemical properties
and biocompatibility in order to establish an ideal so-
lution that can be used during root canal treatment.>¢

Nanomaterials have been used to create new con-
sumer products as well as applications for life scienc-
es and biotechnology due to their physical and chem-
ical properties.? Chemically, the nanoparticles (NPs)
are very diverse. Silver nanoparticles (Ag NPs) are
widely used in electronics®!® optical devices,'*!! ca-
talysis,’®!* and antimicrobial agents.’®!* Monovalent
silver compounds, especially silver nitrate, have been
extensively used for antimicrobial treatment. These
antimicrobial properties are retained in Ag NPs and
exploited in nanofiber mats, bandages, wound dress-
ings and ointments. In addition, Ag NPs have been
used to prevent bacterial colonization on various
surfaces such as catheters, prosthesis and clothing.!*
However, silver should be used with caution, since
its toxicity depends on its concentration." On the
other hand, it has been recently observed that silver
nanoparticles dispersion was biocompatible, espe-
cially at a lower concentration.®

Considering that there are few studies in the lit-
erature assessing the use of Ag NPs in steps of root
canal treatment, especially as irrigating solution, the
aim of this study was to evaluate the biocompatibility
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and disinfection ability of Ag NPs dispersion in com-
parison to 2.5% sodium hypochlorite using a rat sub-
cutaneous tissue as model.

Material and Methods

Forty-eight male 4- to 6-month-old Wistar albino
rats, weighing 250-280g, were used. The animals
were housed in temperature-controlled rooms and
received water and food ad libitum. The care of the
animals was performed according to the College of
Dentistry — Aracatuba (UNESP) Institutional Review
Board which approved the project before the experi-
ments began.

One hundred and sixty dentin tubes were pre-
pared using bovine teeth roots. This technique was
adapted from the preparation of dentin tubes with hu-
man teeth.!® The root canals were enlarged to K-file
#35 and overinstrumented 2 mm beyond the apical
foramen. The canals were thoroughly irrigated with
2.5% sodium hypochlorite during instrumentation.
Endo-Z bur (Maillefer Dentsply, Tulsa, OK) was used
to shape the dentin wall thickness to about 0.5 mm.
At the end of the manufacturing process, the length of
the tubes was standardized to 7 mm. Smear layer was
removed with 17% EDTA and 5.25% NaOCI under
ultrasonic vibration and saline solution was used as
final irrigant. The dentin tubes were autoclaved for
30 min at 134°C.1*

Human saliva was used to infect half of the tubes.
Human saliva was collected (3 mL) and distributed
into 3 vials containing 4 mL of Brain Heart Infusion
broth (BHI; Himedia, Mumbai, India) and stored for
48h at 37°C. Under laminar flow, the tubes were asep-
tically and individually set in a 24-well plate (Corn-
ing, NY, USA) using alcohol decontaminated wax
and filled with contaminated BHI. The plates were
stored for 7 days at 37°C in order to allow dentin tube
contamination. Every day, 0.1 mL of contaminated
BHI was used to refill the tubes. Two extra tubes were
used to check the contamination. The remaining
tubes were not contaminated and also aseptically set
in a 24-well plate.

Sixty four uninfected tubes and sixty four infected
tubes were irrigated with 5 mL of 47 ppm Ag NPs
dispersion, 23 ppm Ag Nps dispersion (Khemia Eg-
uipamentos Tecnologicos de Efluentes Ltda, S&o
Paulo, Sédo Paulo, Brazil), 2.5% sodium hypochlorite
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(Apoticéario, Aragatuba, Sdo Paulo, Brazil) and saline
solution (16 tubes/treatment). Sixteen extra uninfect-
ed tubes and sixteen extra infected tubes were not
irrigated with any solution and were used as control.

Four pockets were created in thirty two animals ac-
cording to methods previously published.!® Half of the
animals received four uninfected tubes and the remain-
ing animals received four infected tubes (one tube for
each treatment solution). For the controls, in sixteen
remaining animals, only two pockets were created to
receive untreated tubes (uninfected/ infected).

After 7 and 30 days, the animals were euthanized
by overdose of anesthetic solution, and the tubes with
surrounding tissues were removed, fixed, decalcified
and processed using glycol methacrylate and hema-
toxylin-eosin stain. 61718

Reactions in the tissue in contact with the material
on the opening of the tube were scored according to
previous studies, with 0 being none or few inflamma-
tory cells and no reaction; 1, less than 25 cells and
mild reaction; 2, between 25 and 125 cells and moder-
ate reaction; and 3, 125 or more cells and severe reac-
tion. Fibrous capsules were considered to be thin when
thickness was <150 mm and thick at >150 mm.!"-%
An average of the number of cells for each group was
obtained from 10 separate areas. Results were statisti-
cally analyzed using the Kruskal-Wallis test.

Results
Uninfected dentin tubes

Similar histologic characteristics were found after
the implantation of uninfected tubes, regardless of the
treatment, including the control. After 7 days, a mod-
erate inflammatory cell infiltration with chronic inflam-
matory cells consisting of lymphocytes, macrophages,
and fibroblasts was present in the thin fibrous capsule.
The inflammatory reaction decreased and the tissue
was more organized with the predominance of fibro-
blasts and connective fibers on the 30™ day (Fig 1).

Infected dentin tubes
Ag NPs dispersion (23 ppm)

After 7 days, a severe inflammatory cell infiltra-
tion consisting of neutrophils, lymphocytes and mac-
rophages was present in the fibrous capsule (Figs 2A
and 2B). The intensity of the inflammation was re-
duced to mild on the 30" day consisting only by
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chronic cells and the fibrous capsule near the tube
was thin (Figs 2C and Fig 2D).

Ag NPs dispersion (47 ppm)

On the 7™ day, a severe inflammatory cell infiltra-
tion consisting of neutrophils, lymphocytes and mac-
rophages was present in the fibrous capsule similar
to that observed with the 23 ppm Ag NPs (Figs 2E
and 2F). The intensity of the inflammation was re-
duced to mild on the 30" day when it consisted only
of chronic cells and the fibrous capsule near the tube
was thin and well organized (Figs 2G and 2H).

Sodium hypochlorite (2.5%)

On the 7" day, a severe inflammatory cell infil-
tration consisting of neutrophils, lymphocytes and
macrophages was present in the disorganized fi-
brous capsule (Figs 21 and 2J). The intensity of the
inflammation was reduced to mild on the 30" day,
consisting only of chronic cells in a thin fibrous cap-
sule (Figs 2K and 2L).

Saline solution

On the 7™ day, a severe inflammatory cell infil-
tration consisting of neutrophils, lymphocytes and
macrophages was present in the disorganized fibrous
capsule (Figs 2M and 2N). The intensity of the in-
flammation was reduced to mild on the 30® day, con-
sisting only of chronic cells in a thin but partially dis-
organized fibrous capsule (Figs 20 and 2P).

Control (empty tubes)

On the 7™ day, a severe inflammatory cell infil-
tration consisting of neutrophils, lymphocytes and
macrophages was present in the disorganized fibrous
capsule (Figs 2Q and 2R). The intensity of the in-
flammation was reduced to moderate on the 30* day;,
consisting of chronic and acute cells in a completely
disorganized fibrous capsule (Figs 2S and 2T).

Comparison among groups
The data were compared in each period of time
and are shown in Table 1.

Uninfected dentin tubes

There was statistically significant difference (p < 0.05)
between the results observed on the 7" day (median 2)
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Figure 1. Uninfected dentin tubes. 47ppm Ag NPs: A, B) thick fibrous capsule and moderate inflammatory cell infiltration (7 days, hema-
toxylin and eosin, 10x and 40x); C, D) thin fibrous capsule and mild inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x).
23ppm Ag NPs: E, F) thick fibrous capsule and moderate inflammatory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x); G, H) thin fibrous
capsule and mild inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x). 2.5% NaOCI: 1, J) thick fibrous capsule and moderate
inflammatory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x); K, L) thin fibrous capsule and mild inflammatory cell infiltration (30 days,
hematoxylin and eosin, 10x and 40x). Saline solution: M, N) thick fibrous capsule and moderate inflammatory cell infiltration (7 days, hematoxylin and
eosin, 10x and 40x); O, P) thin fibrous capsule and mild inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x). Control: Q, R) thick
fibrous capsule and moderate inflammatory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x); S, T) thin fibrous capsule and mild inflammatory
cell infiltration (30 days, hematoxylin and eosin, 10x and 40x).
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Figure 2. - Infected dentin tubes. 47ppm Ag NPs: A, B) thick fibrous capsule and severe inflammatory cell infiltration including the presence of
neutrophils (7 days, hematoxylin and eosin, 10x and 40x); C, D) thin fibrous capsule and mild inflammatory cell infiltration (30 days, hematoxylin and
eosin, 10x and 40x). 23ppm Ag NPs: E, F) thick fibrous capsule and severe inflammatory cell infiltration, observe the more organized tissue (7 days,
hematoxylin and eosin, 10x and 40x); G, H) thin fibrous capsule and mild inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x).
2.5% NaOClI: 1, J) thick fibrous capsule and severe inflammatory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x); K, L) thin fiorous capsule
and mild inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x). Saline solution: M, N) thick fibrous capsule and severe inflamma-
tory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x); O, P) thin fibrous capsule and mild inflammatory cell infiltration (30 days, hematoxylin
and eosin, 10x and 40x). Control: Q, R) thick fiorous capsule and severe inflammatory cell infiltration (7 days, hematoxylin and eosin, 10x and 40x);
(S, T) thin fibrous capsule and moderate inflammatory cell infiltration (30 days, hematoxylin and eosin, 10x and 40x).
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Table 1. Percentage of samples from each group, categorized according to the inflammatory score, presence of necrosis and thickness of the

fibrous capsule.

Material Score
0 1
7 days
47 ppm 0 0
23 ppm 0 0
2.5% NaOCl 0 0
Saline solution 0 0
Control 0 0
Infected 47 ppm 0 0
Infected 23 ppm 0 0
Infected NaOCI 0 0
Infected saline 0 0
Infected control 0 0
30 days
47 ppm 0 100
23 ppm 0 100
2.5% NaOCl 0 100
Salina solution 0 100
Control 0 100
Infected 47 ppm 0 100
Infected 23 ppm 0 100
Infected NaOCI 0 100
Infected saline 0 100
Infected control 0 0

and 30™ day (median 1) for all treatments. No statisti-
cally significant difference was observed among the ma-
terials on day 7 or 30 (p>0.05).

Infected dentin tubes

There was statistically significant difference (p<0.05)
among the results observed on the 7* day (median 3)
and 30" day (median 1 for all treatments except for the
control — median 2) for all treatments. No statistically
significant difference (p>0.05) was observed among the
materials on the 7" day. On the 30" day, thee was statis-
tically significant difference among all treatments (me-
dian 1) (p<0.05), except for control (median 2).

100
100
100
100
100

o O O O

O O O O O O O o o o

—_
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. Necrosis Capsule
0 Absent Thick
0 Absent Thick
0 Absent Thick
0 Absent Thick
0 Absent Thick
100 Absent Thick
100 Absent Thick
100 Absent Thick
100 Absent Thick
100 Absent Thick
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
0 Absent Thin
Discussion

The aim of this study was to assess the biocompat-
ibility and disinfection effect of Ag NPs dispersion for
possible use as an irrigating solution in comparison
to sodium hypochlorite. Infected dentin tubes were
used to simulate a root canal infection which was
obtained with saliva in order to generate a biofilm
similar to that formed naturally with pulp exposure
to the oral environment. Irrigation was used without
instrumentation to achieve a critical condition aiming
to test the irrigation solutions.

Biofilms are a result of a sequence of events: mi-
crobial surface attachment, cell proliferation, matrix
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production, and detachment.??! Endodontic infection
is a biofilm-mediated infection, and the success of an
endodontic treatment will depend on the effective
elimination of bacterial biofilm from the root canal
system.? Resistance of bacterial biofilm to disinfec-
tants such as sodium hypochlorite and chlorhexidine
is due to inherent microbiologic factors and the com-
plex anatomy of the root canal system.?

In the present study, the uninfected control tubes
exhibited moderate response in the beginning. This re-
sponse was reduced to mild within 30 days and similar
to other studies.'® The infected control group exhibited
a severe reaction in the beginning, which was reduced
to moderate, showing persistence of the infection.
The infection was reduced with saline solution irriga-
tion, but the tissue was not completely organized evi-
dencing some hazard in the healing process.

Sodium hypochlorite was biocompatible, since it
was observed just a mild reaction after 30 days, similar
to what was observed in the uninfected control tube.
Sodium hypochlorite was also able to disinfect the
dentin and it was evidenced by mild reaction after 30
days, corroborating previous reports.®® Sodium hypo-
chlorite is one of the most widely used endodontic ir-
rigants due to its antibacterial activity and capacity of
dissolving necrotic tissue remnants.”® The antimicro-
bial effect of sodium hypochlorite is a result of the for-
mation of hypochlorous acid (HOCI) when in contact
with organic debris. HOCI exerts its effect by oxidation
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of sulthydryl groups within bacterial enzyme systems,
thus, disrupting microbial metabolism."®

On the other hand, Ag NPs were also biocompatible
exhibiting tissue response similar to that observed with
2,5% sodium hypochlorite in uninfected tubes. They
were also able to disinfect the infected dentin tubes,
similarly to the hypochlorite. Nevertheless, the fibrous
capsule seemed to be more organized with 23 ppm Ag
NPs than with 2,5% sodium hypochlorite or 47 ppm
Ag NPs. Antibacterial experiments have demonstrated
that silver is effective against a broad range of bacterial
cells and mature biofilms; however, concentration is an
important factor which can partially explain the results
observed.??! Nanoparticulates exhibit high antibacterial
activity as a result of their polycationic/polyanionic na-
ture, with high surface area and charge density, increas-
ing the degree of interaction with the bacterial cell 2%

Silver compounds have been extensively investi-
gated in comparison to other metals because of their
antibacterial, antifungal and antiviral actions.?!:?4%
Silver ions have been used in biomedical applica-
tions, including, within the dental field, as an antibac-
terial component in dental resin composites, tissue
conditioners, acrylic resins, and mouthrinses,?426-29

This study concluded that Ag NPs dispersion was
biocompatible and able to disinfect the infected dentin
tubes, similarly to 2.5% sodium hypochlorite. However,
other studies are necessary to better analyze the behav-
ior of this material and confirm the observed data.
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