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ANTIBACTERIAL EFFICACY OF MINERAL TRIOXIDE
AGGREGATE COMBINED WITH NANO-SILVER ADDITIVES
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ABSTRACT

Introduction The aim of the study was to evaluate the antibacterial effect of Mineral Trioxide
Aggregate (MTA) mixed with saline and Mineral Trioxide Aggregate mixed with silver nanopar-
ticles solution; 25 ppm (25AG) and 12 ppm (12 AG) at three setting conditions using the direct
contact test.

Methodology Each of the tested materials was placed at the bottom of 96-well plates then im-
mediately exposed to the bacterial suspension or exposed after 3 days and after 7 days of setting.
Aliquots of the bacterial suspension were placed on the tested materials and in the control wells for
1 hour to ensure direct contact between all the bacteria and the surface of the tested materials. BHI
broth was then added to each of the wells; 15 pl of the bacterial suspension was transferred to cor-
responding wells in other plates, containing fresh culture medium. The kinetics of bacterial growth
was measured every two hours for six hours, using spectrophotometer at a wavelength of 620.

Results There was a statistically significant effect of the material on the antibacterial activity
(p=0.001, p<0.05), where the 25 AG showed the highest antibacterial effect.

Conclusion The addition of Nano-silver solution to MTA seemed to increase its antibacterial

effect against Enterococcus faecalis and Pseudomonas aeruginosa.

INTRODUCTION An ideal root-end filling material should adhere

Endodontic surgery is an alternative to dental and adapt to the dentinal walls of the prepared root-

extraction to save the tooth when conventional re- end cavity, prevent the leakage of the microorgan-

treatment had failed or is impossible to be made. isms and their byproducts into the periapical tissues,

One of the main goals of the endodontic surgery is
to improve the apical seal and this could be done
by placing the root-end filling material in a well-

prepared root-end cavity .

be insoluble in tissue fluids, be biocompatible, be
dimensionally stable, be easy to manipulate, not be
affected by moisture and should have an antibacte-

rial effect >3,
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Mineral trioxide aggregate (MTA), has
been introduced in endodontics in 1993 for its
advantageous properties of biocompatibility;
especially its ability to enhance cementogenesis,
promoting healing and good sealing ability. MTA
has many clinical applications: it could be used in
the repair of perforations, in the management of
open apices as an apical barrier, in vital pulp therapy
and in filling of prepared root-end cavities '®l.
Another commercial form of MTA was introduced
in the Brazilian market in 2001 (MTA-Angelus) as
an alternative to ProRoot™ MTA. MTA-Angelus
contains 80% Portland cement and 20% bismuth
oxide with no calcium sulfate (gypsum) in an
attempt to reduce the setting time """, Inspite of its
advantageous properties, there are controversy in

the result of the antibacterial studies 1.

Several investigations used additives to improve
the handling characteristics and physicochemical
properties of MTA 7141 in addition to the use of
Silver/tin alloy by Camilleri J ! as an alternative
radiopacifier in calcium silicate cement for use as
a root-end filling material without changing the
hydration mechanism of the resultant material,
however few studies evaluated the effect of additives
on the antibacterial effect of MTA.

Recently, the nanoparticles have expanded
applications in various fields, related to their unique
physical and chemical characteristics, including
high surface to volume ratio, high surface reactivity,
and sizes in the range of 1-100 nm, where nano is
defined as one billionth of a quantity, represented
mathematically as 10116,

been conducted on silver
(Ag-NPs) as an

agent, or incorporating it in several antimicrobial

Studies have

nanoparticles antimicrobial
applications, such as in bone prostheses coated
or embedded with Ag-NPs, wound dressings,
bandages, ointments and in surgical instruments,
these may be related to its broad spectrum activity
and lower tendency to induce microbial resistance
compared to that of antibiotics ['71.
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Silver nanoparticles has been evaluated for its
inhibitory effect on the oral bacterial growth of oral
bacteria and accelerating effect on wound healing
[18.190 thug the aim of this study was to assess the ef-
fect of addition silver nanoparticles on the antibac-
terial activity of MTA against Enterococcus faecalis
and Pseudomonas aeruginosa, when used as root-
end filling material.

MATERIALS AND METHODS

Test microorganisms and growth conditions:

Antibacterial activity of the tested materials was
evaluated against the following facultative bacterial
species: Enterococcus faecalis and Pseudomonas
aeruginosa. Bacteria were grown aerobically from
frozen stock cultures in Brain Heart Infusion broth
(BHI broth, OXOID, England) at 37° C. With the
two bacterial species, 18 to 20-hrs cultures were
used. Cells were harvested by centrifugation and
resuspended in fresh BHI broth. Bacterial numbers
were standardized to an optical density of 0.35 at a
wavelength of 545 nm.

Evaluation of the antibacterial activity:

The “ Direct contact test” was used to assess the
antibacterial activity of the tested materials; MTA-
Angelus (Angelus, Londrina, PR, Brazil) mixed
with sterile water and MTA-Angelus mixed with
25 part per million silver nanoparticles solution or
12 part per million nanoparticles solution, the test
is based on determining the turbidity of bacterial
growth in 96-well plates.

- Preparation of the samples:

The materials were mixed using a sterile stain-
less steel spatula and a clean, dry glass slab. For
the MTA samples, powder was mixed with sterile
water according the instructions provided by the
manufacturer of MTA, where the material was dis-
pensed and gradually incorporated with the liquid
from the enclosed micro-ampoule; if needed, one or
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two drops of sterile water were to be added to make
the material into a thick creamy consistency with
a final water-to-powder ratio of approximately 0.3
(1g: 3g) 1. For the samples in which MTA pow-
der was mixed with silver nanoparticles solution; 25
ppm (25AG) and 12 ppm (12 AG) were prepared by
dilution of silver nanoparticles solution 0.1 mg/ml
stock solution (nanotech, Nanotech Egypt for photo
Electronics), then mixed with MTA powder accord-
ing the instructions provided by the manufacturer
of MTA.

Each of the tested materials was placed at the
bottom of 96-well plates to a height of 1-2 mm and
then condensed with a large plugger. The unfilled
wells of the plate were used for the control group.
All the procedures were carried out under aseptic
conditions in a laminar flow cabinet.

The samples of each tested material were evalu-
ated under three setting conditions as follows: fresh
mix, where the samples were immediately exposed
to the bacterial suspension, 3 days-old, where the
samples were allowed to set at 37°C temperature
and 100 % relative humidity in an incubator (Forma
Series II water jacketed CO2 incubator, Thermo
electron corporation, USA) for 3 days before test-
ing, and 7 days-old, where the samples were al-
lowed to set at 37°C temperature and 100 % relative
humidity for 48-hrs then aged for 5 days in saline
before testing.

- Spectrophotometric measurements:

Aliquots of the bacterial suspension, 10 pl in
volume, were placed on the tested materials and
in the control wells. After incubation for 1 hour at
37°C temperature and 100 % relative humidity, the
liquid portion of the suspension evaporated ensur-
ing direct contact between all the bacteria and the
surface of the tested materials. BHI broth (245 ul)
was then added to each of the wells and the plates
were gently mixed for 2 min; 15 pl of the bacte-
rial suspension was transferred from each well of
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these plates to corresponding wells in other plates,
where each well contained fresh medium (215 pl)
and again mixed for 2 min 2",

The kinetics of bacterial growth in each plate
was followed by continuous densitometric mea-
surement every two hours for six hours, using a mi-
croplate spectrophotometer at a wavelength of 620
nm. The experiment was repeated three times under
each condition for each of the two bacterial species:
Enterococcus faecalis and Pseudomonas aerugino-
sa to ensure reproducibility.

Statistical analysis:

One-way analysis of variance (one way ANOVA)
was used to compare the means of the optical den-
sity influenced by the type of the material (MTA, 25
AG, 12 AG and control) under each setting condi-
tion (Fresh mix, 3 days-old and 7 days-old) at each
of the three reading points (2h, 4h and 6h). Tukey’s
post-hoc test was used for pair-wise comparisons
of the experimental and control groups. Three-
way ANOVA test was used to study the effect of
the Material on the antibacterial activity. Statistical
analysis was performed with IBM® SPSS® (SPSS
Inc., IBM Corporation, NY, USA) Statistics Version
24 for Windows.

RESULTS

For the Enterococus faecalis, One-way ANOVA
test showed a statistically significant difference
among the groups (p=0.001, p<0.05) under differ-
ent setting condition and all the reading points. In
Fresh mix, the value of the mean optical density was
highest for control group followed by MTA then 12
AG and 25 AG, where there was no significant dif-
ference between 12 AG and 25 AG group, while in
3 days-old and 7days-old mix, 25 AG showed the
highest antibacterial effect followed by 12 AG, MTA
and control (Table 1 and Figure 1). For Pseudomo-
nas aeruginosa, One-way ANOVA test showed a
statistically significant difference among the groups
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(p=0.001, p<0.05) under different setting condition
and all the reading points. In Fresh mix, a statistical-
ly significant difference existed between MTA and
the control, between 25 AG and the control, as well
as between 12 AG and the control (p<0.05), while
in 3 days-old and 7 days-old mix, 25 AG showed
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Fig. (1) Bar chart showing the mean optical density of
Enterococcus faecalis with the tested materials and the
control under the three setting condition (A=620nm).
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the lowest mean optical density followed by 12 AG
and MTA, then control (Table 2 and figure 2). Ac-
cording to the Three-way ANOVA test, there was a
statistically significant effect of the Material on the
antibacterial activity (p=0.001, p<0.05), where the
25 AG showed the highest antibacterial effect.
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Fig. (2) Bar chart showing the mean optical density of
Pseudomonas aeruginosa with the tested materials and
the control under the three setting condition (A=620nm).

TABLE (1) The means and standard deviation (SD) values of the Mean optical density of Enterococcus
Jaecalis with MTA, 25 AG, 12 AG and control at the three setting conditions.

Setting conditions Reading Control MTA BAG 12AG p-value
Mean(SD) Mean(SD) Mean(SD) Mean(SD)

2 hrs 0.64+(0.03) 0.28(0.03) 0.27°(0.01) 0.27°(0.01) 0.001%
Fresh mix 4 hrs 1.07*(0.03) 0.32° (0.04) 0.28¢(0.01) 0.28¢(0.01)
6 hrs 1.07 *(0.02) 0.33°(0.05) 0.30°(0.02) 0.30°(0.01)

2 hrs 0.35*(0.01) 0.26°(0.01) 0.24¢(0.00) 0.26°(0.01) 0.001%
3 days-old 4 hrs 0.56*(0.03) 0.38°(0.05) 0.28¢(0.05) 0.34(0.07)
6 hrs 0.99*(0.04) 0.89*(0.11) 0.43%(0.26) 0.88*(0.19)

2 hrs 0.37* (0.01) 0.33°(0.01) 0.33°(0.02) 0.32°(0.02) 0.001%
7 days-old 4 hrs 0.522(0.03) 0.44°(0.07) 0.38¢(0.05) 0.37¢(0.03)
6 hrs 1.02%(0.07) 1.022(0.08) 0.62°(0.25) 0.84%(0.19)

*: Significant at p < 0.05, groups identified with different letters in the same row are statistically significantly different, same
letters in the same row are not significantly different. SD= standard deviation.
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TABLE (2) The means and standard deviation values of the Mean optical density of Pseudomonas aeruginosa

with MTA, 25 AG, 12 AG and control at the three setting conditions.

Setting Control MTA 25 AG 12AG

conditions Reading Mean(SD) Mean(SD) Mean(SD) Mean(SD) p-value
2 hrs 0.39*(0.01) 0.27°(0.01) 0.27°(0.01) 0.27°(0.01)

Fresh mix 4 hrs 0.68%(0.04) 0.29°(0.01) 0.27°(0.01) 0.29°(0.01) 0.001*
6 hrs 1.14(0.04) 0.30°(0.01) 0.28°(0.01) 0.31°(0.01)
2 hrs 0.322(0.01) 0.25°(0.01) 0.25°(0.01) 0.25°(0.02)

3 days-old 4 hrs 0.86(0.03) 0.31°(0.04) 0.27°(0.01) 0.31°(0.05) 0.001*
6 hrs 0.99%(0.03) 0.46"(0.12) 0.33¢(0.03) 0.45°(0.04)
2hrs 0.36*(0.01) 0.32°(0.01) 0.33°(0.01) 0.33°(0.02)

7 days-old 4 hrs 0.92%(0.02) 0.35°(0.01) 0.35"(0.02) 0.36°(0.01) 0.001%*
6 hrs 1.09%(0.02) 0.43%(0.07) 0.37¢(0.03) 0.43°(0.02)

*: Significant at p < 0.05, groups identified with different letters in the same row are statistically significantly different, same

letters in the same row are not significantly different. SD= standard deviation.

DISCUSSION

An ideal endodontic material should adhere and
adapt to the dentinal wall, prevent the leakage of the
microorganisms and their byproducts, be insoluble
in the tissue fluids, biocompatible; dimensionally-
stable and easy to manipulate, not corrode or stain
the periapical tissues and should have an antimicro-
bial effect 122,

In the present study, the materials were evalu-
ated against the following facultative bacterial
species: Enterococcus faecalis and Pseudomonas
aeruginosa, Although the aerobic and facultative
microorganisms are usually minor constituents of
the primary infections, it was observed by Sundqvist
et al. ™ that they have been found in cases of flare-
ups and endodontic failures. It was reported that
Enterococcus faecalis, Pseudomonas aeruginosa
and Staphylococcus aureus are species resistant to
several antimicrobial agents >+,

Enterococcus faecalis can grow as a monoinfec-
tion in treated canals in the absence of synergistic
support from other bacteria, can colonize the den-

tinal wall under stressful conditions like nutrient
deficiency, chemo-mechanical instrumentation and
intracanal medication with the help of adhesive sub-
stances that facilitate the adherence of the organism
to the host collagen type I as mentioned by Love et
al. and McHugh et al *>-*1; pH greater than 11.0 is
needed to kill Enterococcus faecalis.

The antibacterial activity of the tested materials
was evaluated by the direct contact test. As reported
by Shalhav et al."", it is a reproducible and quan-
titative assay that allows testing of water- insoluble
materials, continuous measurement of bacterial
growth and could, also, be used for standardized ag-
ing studies. In the direct contact test, bacteria are
brought in direct contact with the tested samples
for a controlled period of time to allow the mea-
suring of the effect of direct and close contact be-
tween microorganisms and the tested material on
microbial growth. It allows determining whether the
data gathered reflects bactericidal or, just, bacterio-
static effect. This test was, also, used to overcome
the disadvantages of the agar diffusion test, such as
lack of the standardization of the inoculum density,
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the growth medium, the agar viscosity and the stor-
age condition of the agar plates. In addition, the agar
diffusion test results were found to be influenced by
the diffusibility of the materials across the medium;
not only the antibacterial activity **!. The agar diffu-
sion test, also, was found not to be a reliable method
for testing the antibacterial properties of calcium
hydroxide-based materials; this substance has low
solubility and may slowly diffuse in agar >\,

In the present study the results showed that MTA
had an antibacterial activity against the tested mi-
croorganisms, which was in agreement with Filho
et al. ™, Eldeniz et al " and Koruyucu et al .
However, the results of the present study differed
from those of Miyagak et al. ®" and Yasuda et al.
(221 These could be attributed to the variations in the
methods of the antibacterial activity evaluation as
the direct contact test was used in the present study,
while the others used the agar diffusion test or due
to the variations in the materials used.

According to the manufacturer MTA-Angelus
contains 80% Portland cement and 20% bismuth
oxide with no calcium sulfate (gypsum). Portland
cement is hygroscopic material; part of the water in
the mix is consumed in the chemical reaction and
another part is trapped in pores. Calcium hydroxide
is the main soluble fraction produced by the hydro-
lysis of Portland cement. When the setting cement
contacts with an aqueous environment, it absorbs
water and the trapped water is released with calcium
hydroxide 2. Sigueira, Lopes ** reported that most
of the endodontic pathogens are unable to survive
in the highly alkaline environment provided by cal-
cium hydroxide, since its pH is about 12.5, and it
was found that the water that had been in contact
with MTA specimens had highly alkaline pH that
ranged between 11.94 and 11.99 21,

Results showed that MTA has extended antibac-
terial activity up to 7 days, which was in accordance
with Fridland and Rosado®", who reported that the
high pH of MTA, ranging from 11.00 to 12.00, was
maintained for 78 days.
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MTA did not show any antibacterial effect in the
3days-old mixes and 7days-old mix with Entero-
cocus feacalis at the 4h and 6h reading; this could
be correlated to and explained on the basis that the
initial rapid release of calcium hydroxide into the
solution leaves an outer layer of calcium silicate
hydrate, this is followed by a dormant period dur-
ing which little hydration occurs due to the depo-
sition of coating on the unhydrated cement grains,
then eventually the coating ruptures because of the
pressure of the products of hydration beneath, and
hydration speeds again B3,

Recently, the study of the synthesis and effect of
Ag-NPs has drawn the attention, because of its an-
timicrobial properties **¥7. In the present study, re-
sults showed that MTA mixed with silver nanopar-
ticles solution has an extended antibacterial activity
extended up to 7 days, which was in accordance Ab-
baszadegan et al. ™ who revealed that Enterococus
feacalis did not survive after 4 and 24-hrs of contact
with the most diluted form of Positively charged
Ag-NPs, with Zhuang et al. *" study, where 0.1%
Ag-NPs had a strong bactericidal effect against En-
terococus feacalis biofilm formed on dentine sur-
face after 24-hrs of exposure and Wu et al. "', who
demonstrated that Ag-NPs were able to destroy En-
terococus feacalis biofilm after an optimum time of
interaction. These may be related to the sustained
release of Ag+ by the progressive cement hydrolysis
over time !, which may create free radicals and in-
duce oxid-dative stress, enhancing the bactericidal

activity 42,

The present study showed that MTA mixed with
silver nanoparticle solution had more antibacterial
effect than MTA mixed with sterile water, these
was in agreement with Samiei et al "', Bahador et
al. %% and Jonaidi-Jafari et al. !, these could
be attributed to the large surface area of the silver
nanoparticles allowing better contact with microor-
ganism, attachment and penetration “°, in addition
to the interaction with phosphorus-containing com-
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pounds like DNA and inhibiting its function -4
and attacking the respiratory chain in the bacterial
mitochondrial, leading to its death .

Results showed that 25AG showed better anti-
bacterial effect than 12AG, these was in agreement
with Bahador et al - Sondi I, Sondi B P and wu
et al. B who reported that the antibacterial effect
of silver nanoparticles depend on concentration and
the time of interaction, regarding the cytotoxicity of
silver nanoparticles, it has been reported by Miura
and Shinohara % that 80 pg/ml nanosilver could
be cytotoxic to Helal cells and Gomes-Filho et
al B3 who observed mild tissue reaction with 23
ppm nanosilver, thus it could be advised to use
25ppm nanoparticles to improve the antibacterial
effect of MTA.
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