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ABSTRACT

The purpose of this study was to measure the antibacterial efficacy of a dispersion of silver
nanoparticles (AgNP) in a citrate medium tested in two E. faecalis strains. AgNP were synthesized,
and AgNP citrate medium (AgNP-CM) dispersion was prepared at a concentration of 100 ug/mL. The
antibacterial efficacy of AGNP-CM dispersion was evaluated over two E. faecalis strains: ATCC29212 and
a wild strain collected from human necrotic teeth. 5% sodium hypochlorite (NaOCl) and sterile saline
solution were used as positive and negative controls. 5 and 30-minute contact tests were conducted
and each experimental group were replicated 10 times. After 24 hours of incubation, the Log CFU/
mL were calculated. The AgNP obtained showed spherical shapes and had 30-60nm size. 5% NaOCI
was able to completely eliminate both E. faecalis strains in all groups, showing a significant statistical
difference when compared to AgNP-CM dispersion and negative control groups. AgNP-CM dispersion
showed a statistically significant decrease in Log CFU/mL averages (p=0,0006) when compared to
the sterile saline solution for the ATCC29212 strain during the 30-minute time. Between the 5-minute
and 30-minute groups, a significant bacterial count decrease was also observed (p= 0,0128). The
antibacterial efficacy of the dispersion was greater for the ATCC29212 strain than the wild strain, were
the effect diminished. AgNP-CM dispersion showed a significantly lower antibacterial efficacy against E.
faecalis than the 5% NaOCI at the tested times.
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RESUMEN

El proposito del presente estudio fue medir la eficacia antibacteriana de una dispersion de
nanoparticulas de plata (AgNP) en medio de citrato ante dos cepas de E. faecalis. Las AgNP fueron
sintetizadas y se prepar6 una dispersion en medio de citrato (AgNP-CM) en una concentracion de 100
pg/mL. La eficacia antibacteriana de la dispersion de AgNP-CM fue evaluada ante dos cepas de E.
faecalis: la ATCC29212 pura y una cepa silvestre aislada de un tratamiento endodontico fallido. Se utilizd
hipoclorito de sodio al 5% de concentracion (NaOCI) y solucion salina estéril como controles positivos
y negativos. Se realizaron pruebas de contacto durante 5y 30 minutos y cada grupo experimental se
replicd 10 veces. Después de incubar las muestras durante 24 horas, se calcularon las concentraciones
Log CFU/mL. Las AgNP obtenidas mostraron formas esféricas y un tamafo entre los 30 y 60nm. El
NaOCl 5% logro eliminar por completo las cepas bacterianas en todos l0s grupos, mostrando una
diferencia estadisticamente significativa al compararse con las dispersiones de AGNP-CM y los controles
negativos. La dispersion de AgNP-CM mostro una disminucion estadisticamente significativa en 1os
promedios Log CFU/mL al compararse con la solucion salina estéril para la cepa ATCC29212 a los
30 minutos de contacto. Entre los grupos de 5y 30 minutos de la dispersion, se observo también una
disminucion en el conteo bacteriano (p=0,0128). La eficacia antibacteriana de la dispersion fue mayor
para la cepa ATCC29212 que para la cepa silvestre donde su efecto se vio disminuido. La dispersion de
AgNP-CM mostrd una significativa baja eficacia ante el E. faecalis al compararse con el NaOCI 5% a los
tiempos probados.

PALABRAS CLAVE
Eficacia antimicrobiana; Nanoparticulas de plata; Hipoclorito de sodio; E. faecalis.

INTRODUCTION with appropriate mechanical instrumentation,

irrigation is essential for an adequate debridement

Enterococcus faecalis plays a role in the
etiology of persistent endodontic infections (1).
It has been related to up to 77% of root canal
treatment failures (2, 3), mainly due to its different
virulence factors such as adherence to host cells
and extracellular matrix, increased tissue invasion,
direct immunomodulation, and toxin-mediated
damage (2). These bacteria can survive adverse
clinical conditions, are able to create biofilms, and
can penetrate deep into dentinal tubules (4, 5). In
addition, they have the ability to resist intracanal
medication, and survive in the dentinal tubule
system for long periods due to its multiple genetic
polymorphisms (6, 7).

Chemical irrigation plays an important role
in the endodontic treatment (8). In combination
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and disinfection of the infected root canal (3).
Sodium hypochlorite (NaOCI) is considered the
ideal irrigant solution, due to its multiple benefits
such as antimicrobial spectrum (against bacteria,
mycobacteria, spores, virus, algae and protozoa),
its unique capacity to dissolve organic tissue
because of its high pH (11, 8) and its ability to
neutralize acid environments, preventing bacterial
growth (6, 11). Both, in vivo and in vitro studies
in concentrations ranging from 2.5% to 5.25%
supported these facts (9, 10). However, its main
disadvantage consisted in its high toxicity after
contacting healthy tissue (12).

Silver nanoparticles (AgNP) offers physical,
chemical, optical, and biological properties
different from other biomedical nanomaterials
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(13, 14), being an alternative as antibacterial
agents with acceptable broad spectrum of activity
and biocompatibility (15, 16). Their antibacterial
activity is a result of their cationic nature and
high surface density (17, 18), with increased
interaction with bacterial cells (19). Studies
analyzing AgNP antimicrobial activity have shown
effectiveness against Gram-negative and Gram-
positive microorganisms (20); however, its main
mechanism of action is not fully understood
(14). They have been associated with increased
adherence to bacterial cell wall, increasing
membrane permeability and subsequently bacterial
death (17, 21). AgNP enhance the release of
silver ions, affecting the bacterial respiratory
chain because of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) production
(22, 23) which leads to cell damage and finally
apoptosis (13). AgNP also affect bacterial DNA and
RNA through denaturation and hamper bacterial
replication process (24, 25).

Current investigations addressed to develop
a root canal irrigant with the ability to disseminate
through the root canal system, with a prolonged
controlled action, capable to eliminate both
aerobic and anaerobic microorganisms not only
during but also after the root canal treatment,
with acceptable biocompatibility at the same time.
Thus, the aim of this study was to evaluate the
antibacterial efficacy of an AgNP-citrate medium
(AgNP-CM) dispersion against two E. faecalis.

MATERIALS AND METHODS

This in vitro study was conducted as a
collaboration between the Inorganic Chemistry
Laboratory of the School of Chemistry, the
Medical Bacteriology Laboratory of the School of
Microbiology and the Graduate School Programs
of the School of Dentistry of the University of
Costa Rica.

SYNTHESIS OF SILVER NANOPARTICLES

For AgNP synthesis, 17 mg of AgNOs
(Sigma-Aldrich, MO, US) solution was combined
with 100 mL of distilled deionized water (18mS),
which was brought to boiling point. Then, 10 mL
of trisodium citrate (Sigma-Aldrich, MO, US) into
1% m/v deionized water was infused. The solution
kept warm at 37°C under continuous stirring until
it changed its color from a yellowish tone to a final
green appearance, after a 5 minutes period. This
process allowed the formation of the AgNP-CM
dispersion, in a final concentration of 100 pg/ml,
as previously reported (26).

A separate sample of AgNP-CM dispersion was
used for characterization purposes. Consequently,
AgNP were separated through centrifugation
(Eppendorf Centrifuge 5810R, Hamburg, Germany)
AT 15.000 G and under -4°C in three consecutive
cycles of 15 minutes each. Distilled deionized
water was used for rinsing between each
centrifugation; eliminating the supernatant present.
The remaining precipitate was lyophilized and
scattered again using distilled deionized water.
50 pL of the dispersion of AgNP was placed in
a copper grid and dried in a laminar flow hood.
Finally, the resulting combination was evaluated
by Transmission Electron Microscopy (HT7700
120KV, Ibraraki, Japan) to confirm the presence
and dimension of AgNP.

BACTERIAL STRAIN PREPARATION

Two Dbacterial strains in this experiment
were selected: a wild strain of E. faecalis (isolated
from a failed endodontic treatment) which was
identified by an automatic VITEK 2 Compact
system (bioMerieux, Lyon, France) and an
ATCC29212 strain of the American Type Culture
Collection (ATCC, Rockville, MD, US). Both strains
were maintained frozen at -70°C in a brain heart
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infusion broth (BHI) with 5% glycerol (Whitehouse
Station, NJ, US). Bacterial strains were grown in
blood agar for 24 hours at 37°C. The colonies were
dispersed in sterile saline solution (pH 7,2) to form
a suspension of approximately 1.5 x 108 CFU/ mL
(McFarland Standard of 0.5) verified by colorimetry
using densiCHEK plus (bioMerieux,Lyon, France).

ANTIBACTERIAL TESTS

Groups for antibacterial tests were the
experimental group (EG) evaluating 100 pg/mL
AgNP-CM dispersion, a positive control (PC) using
5% NaOCI (Laboratorios Quimicos ARVI S.A.,
Cartago, Costa Rica), and a negative control (NC)
using sterile saline solution. Ten experiments for
each of the solutions in accordance with Crémieux
and Fleurette method were performed (27). For
this analysis, 1mL of the bacterial suspension
was kept in contact during 5 minutes and 30
minutes under continuous stirring at 180 rpm
with TmL of each solution (EG or the respective
controls). Final combinations were diluted form
10-1t0 10-% and 0.1 mL of every solution plated
in blood agar duplicates for counting. After 24 h
of incubation at 37°C, colony-forming units (CFU)
per mL was determined.

STATISTICAL ANALYSIS

Data were processed using MegaStat®
statistics package for Microsoft® Excel. The
means, standard deviations, and relative increase
(RI) of the CFU logarithm per millimeter (log CFU/
mL) were calculated. A Student’st-testconsidering
a significance level of 0.05 was applied.

RESULTS
Analysis of AgNP by TEM at 20000x showed

ball-shaped structures, sized between 30 and 60
nm (Figure 1).
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Figure 1. Analysis of AgNP by TEM at 20000x.

Figure 2 shows the results of the antibacterial
effect by comparing CFU logarithm average per
millimeter (Log CFU/mL) of the AgNP-CM dispersion
and controls over against E. faecalis ATCC29212
strain. 5% NaOCI was able to eliminate completely
all bacteria after 5 min of contact. At the same
period, no significant difference was observed
between the inhibition of AgNP-CM dispersion
and saline solution (p=0,6819). Nevertheless,
when comparing these two solutions after 30
min of contact, AgNP-CM dispersion showed a
significant statistical decrease in the bacterial
growth (p= 0,0006).

AgNP

Sterile saline solution

30 minutes

5% NaOCl

AgNP

E. faecalis ATCC29212

5 minutes

Sterile saline solution

5% NaocCl

1 2 3 4 5 6 7 8 9
Log CFU/mL

(=1

Figure 2. CFU/mL logarithm average and standard deviation
comparison by time between solutions for E. faecalis ATCC29212
(N=10).
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Figure 3 shows the results of Log CFU/
mL averages of AgNP, compared with 5% NaOCI
and sterile saline solution for the wild E. faecalis
strain after 5 and 30 min. 5% NaOCI eliminated
all bacteria after 5 minutes of contact. AgNP-
CM dispersion showed averages not statistically
different results from the saline solution group
after 5 (p=0.086) and 30 min contact (p= 0.4683).

AgNP
£ Sterile saline solution
o
”m
5% NaOC!

Wild Strain

AgNP

Sterile saline solution

5% NaOCl

o -

1 2 3 4 5 6 7 8 9
Log CFU/mL

Figure 3. Log CFU/mL average and standard deviation comparison
by time between solutions for wild E. faecalis strain (N=10).

When comparing the antibacterial efficacy
for AgNP-CM dispersion by time for each E.
faecalis strain, a significant decrease in bacterial
growth of E. faecalis ATCC29212 from minute 5 to
minute 30 (p=0,0128) was found (Figure 4). This
result represents a relative increase of -9%. In the
case of the wild strain, no significant statistical
difference was found when comparing both time
groups (p=0.5146 and =0,6648).
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Figure 4. Average antibacterial efficacy of AgNP in a 100 pg/mL
citrate medium by strain by time (*significant difference).

DISCUSSION

This study determined the antimicrobial in
vitro efficacy of a dispersion of silver nanoparticles
in-a 100 pg/mL citrate medium for the treatment
of E. faecalis ATCC29212 and a wild strain using
the contact test. Our investigation determined
that obtaining silver nanoparticles using a citrate
medium as reducing agent was possible, achieving
desirable spherical structures with sizes under the
100nm. The direct contact method for antibacterial
tests selected is a quantitative and reproducible
method widely used to assess antimicrobial
effects in irrigants, sealants and root canal filling
materials (28).

A dispersion of nanoparticles as an
alternative endodonticirrigant due to its bactericidal
potential and biocompatibility, especially in low
concentrations has been recommended (15, 29).
Accordingly, nanoparticles sized over 10 nm
have not been associated with cytotoxic effects
(30). Previous studies suggested that zinc oxide
nanoparticles sized between 60-100 nm and
chitosan are useful as intracanal medication with
a desirable antibacterial activity against E. faecalis
(31). Inasimilar way, 3.8% silver diamine fluoride
shows an antibacterial efficacy similar to 5.25%
NaOCl in similar exposure times in the treatment
of E. faecalis; therefore, it was proposed as an
irrigant or intracanal medication due to silver ions
release; capable to penetrate as far as 40 pm into
dentinal tubules, with long-lasting antimicrobial
effect (32). There are reports of antibacterial
properties of these nanoparticles up to 90 days
after being applied (33). In addition, a suspension
of AgNP at a concentration of 100 pg/mL favors
the transportation of calcium hydroxide inside the
root canal increasing its effectiveness against
E. faecalis biofilm (5). The combination between
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calcium hydroxide and 200 pg/mL AgNP (sized in
70 nm) was also effective eliminating E. faecalis
after only 1 day of contact (34).

Our study compared the antibacterial
efficacy of 100 pg/mL AgNP with 5% NaOCI in
5-min and 30-min times. The 5% NaOCI groups
inhibit both E. faecalis strains in all contact times,
showing a significant statistical difference when
compared to AgNP-CM and the negative control.
This result verifies the NaOClI capability to eliminate
E. faecalis bacteria and demonstrates that AgNP
are not highly efficient as a direct irrigant.

When the antibacterial efficiency of AgNP-
CM with a sterile saline solution for E. faecalis ATCC
29212 compared, no bacterial growth decrease
occurred during the 5-minute contact. However,
during the 30-minute contact, a significant
decrease in Log CFU/mL average occurred.
Furthermore, bacterial count decreased when
comparing 5-minute and 30-minute times. These
results are consistent with the conclusions of
previous studies, which suggested bacterial rate of
destruction caused by nanoparticles depended on
the concentration and the interaction time (14, 31).
In other studies, the interaction time was 72 hours,
leading to the complete destruction of E. faecalis
(35). Recently, AgNP showed higher antibacterial
efficacy than gold nanoparticles and zinc nitrate
added to toothpastes for destroying E. faecalis
(36). AgNP as an irrigant in a concentration of 10
pg/mL during 2-minute contact did not decrease
the number of bacteria in an E. faecalis biofilm.
However, when used as intracanal medication in
a concentration of 2 pg/mL during 7 days, the
bacterial count decreased (37).

Similar studies recommended the use

of isolated wild native strains for antibacterial
efficacy studies in order to compare their behavior
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with standard ATCC29212 strain, which is the
most studied species (28). Regarding the results
of comparing Log CFU/mL averages of AgNP-CM
and sterile saline solution, the wild strain showed
a relative increase during the 5-minute contact;
nonetheless, there was no significant statistical
difference for the 5-minute or the 30-minute
contact. In a study of quaternary ammonium
polyethylenimine (QPEI) nanoparticles added to two
luting cements, the antibacterial effect only after
60-minute contact with E. faecalis RW35, whereas
in the ATCC29212 strain, the effect was evident
only after 10-minute contact (28). In our study, the
antibacterial efficacy of AgNP nanoparticles for
the treatment of a wild strain of E. faecalis was
lower when compared to the ATCC29212 strain.
The AgNP-CM effect in both strains demonstrate
that there is significant difference during the 30-
min contact, where the antibacterial efficacy was
greater in the ATCC29212 strain. After 5-minute
contact, there was no significant difference since
both strains have a similar behavior. However, it
is not possible to correlate both results due to
type Il error range. Since no bactericidal effect
was observed after 5 and 30 min contact, further
studies are suggested in order to evaluate
prolonged contact periods, as well as the specific
mechanisms involving AgNP over E. faecalis. Also,
future studies should analyze how to increment
their effectiveness in short-term periods to be
used as direct antimicrobial agents; such as an
endodontic irrigant.

CONCLUSION

The antibacterial efficacy of AgNP-CM is
directly proportional to the time of application and
was more effective against the ATCC29212 strain
than to the wild strain. AQNP-CM does not seem
to be effective in eliminating E. faecalis when
compared to 5% NaOCI.
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