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Abstract 

Background: The purpose of the current study was to compare the antibacterial activity of silver nanoparticles 
AgNPs paste and silver nanoparticles AgNPs with curcumin paste as intracanal medications versus calcium hydroxide 
Ca(OH)2 paste. Thirty extracted, human teeth with single roots were decoronated and mechanically prepared. After 
sterilization, roots were inoculated with Enterococcus faecalis for 10 days. Roots were separated into three groups in 
accordance to kind of intracanal medications used; Group A, silver nanoparticles AgNPs (Nanogate company, Cairo, 
Egypt). Group B, silver nanoparticles AgNPs with curcumin (Nanogate company, Cairo, Egypt). Group C, calcium 
hydroxide Ca(OH)2 (Metapaste, META BIOMED). First microbiological samples (S1) were collected from the canal, 
before insertion of intracanal medication. Intracanal medications were kept in root canals in all groups for 7 days; 
then second microbiological samples (S2) were collected from the canals after medicament removal. After the colony 
forming units CFUs have been counted, the data were statistically analyzed.

Results: In the three tested groups, the highest bacterial count was found in (S1), while the least bacterial count was 
found in (S2) with statistical significant difference between them.

Conclusions: The effect of AgNPs paste and AgNPs with curcumin paste was superior to Ca(OH)2 paste. AgNPs with 
curcumin paste had the best antibacterial effect.
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Background
Achieving a successful endodontic treatment relies on 
several agents such as chemo-mechanical preparation, 
irrigation, intracanal medicaments, and optimum obtu-
ration (Paredes-Vieyra and Enriquez 2012). Chemo-
mechanical preparation is an important step to eliminate 
the root canal infection during treatment (Siqueira et al. 
2008). Instrumentation and irrigation are not sufficient 
for complete eradication of all remaining microbes in the 
spaces root canals due to its complexity and presence of 
resistant microorganisms such as Enterococcus Faecalis, 

which can revive under any conditions (Fabricius et  al. 
2006; Love 2001; Zehnder 2006). So, the utilization of 
intracanal medicaments is an substantial step to get rid 
of the remaining microorganisms (Chong and Pittford 
1992).

The most popular used intracanal medicament is cal-
cium hydroxide Ca(OH)2 due to Its high pH 12.5, which 
has an eradicative effect on proteins structure and cell 
membrane of the microorganisms (Spangberg et  al. 
1994), but there is several microorganisms that are resist-
ant to it such as Enterococcus faecalis which withstand 
the vigor of Ca(OH)2 by liberation proton pump which 
decrease the internal pH of the cell (Haapasalo and 
Ørstavik 1987).

Recent studies (Ahn et al. 2009; Zhao et al. 2011) have 
converged on the benefits of nanoparticles to eradicate 
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microorganisms from the canals. Silver nanoparticles 
AgNPs are an piognant broad spectrum antibacterial 
gadget that inhibits the oral bacterial growth. It has low 
toxicity as well as accelerates wound healing (Atiyeh et al. 
2007; Tian et al. 2007).

Moreover, another study (Garg et al. 2014) focused on 
using natural products such as Curcumin instead of the 
commonly used medicaments as they have low cost and 
fewer side effects.

The active component of turmeric is curcumin, which 
is yellow in color. The underground stems of Curcuma 
longa is the source of curcumin. It is considered a medi-
cal herb for treatment of many diseases (Devaraj and 
Neelakantan 2014). It stops the growth and proliferation 
of many microorganisms as it has anti-inflammatory, 
antioxidant, and antimicrobial activities (Neelakantan 
et al. 2011; Moghadamtousi et al. 2014).

It is important to highlight on the role of silver nano-
particles AgNPs and curcumin as intracanal medica-
ments and their antibacterial efficacy. It is of scientific 
value to suppose the antibacterial effectiveness of silver 
nanoparticles AgNPs and curcumin as root intracanal 
medications and contrast them with the most popu-
lar root canal canal medicament, calcium hydroxide 
Ca(OH)2.

Methods
Three intracanal medicaments were used in this study
Silver nanoparticles AgNPs (Nanogate company, Cairo, 
Egypt), silver nanoparticles AgNPs with curcumin 

(Nanogate company, Cairo, Egypt), and calcium hydrox-
ide Ca(OH)2 (Metapaste, META BIOMED).

Preparation of silver nanoparticles AgNPs and silver 
nanoparticles AgNPs with curcumin
Microwave irradiation was used for elaporation of sil-
ver nanoparticles AgNPs from silver nitrate  (AgNO3) 
solution in ethanolic medium. polyvinylpyrrolidone 
PVP were used as a stabilizing gadget as reported by 
Pal et al. (2009). Ethanol worked as a lowering factor in 
the presence of microwave. To get the silver in powder 
form, the solvent was evaporated at mild temperature 
then, dilute the suspension with diluted carboxymethyl 
cellulose CMC aqueous paste 5% w/v (1 ml silver sus-
pension + 4 ml CMC) to get 100 ppm semi-paste.

For curcumin loaded silver, 5  mg of curcumin was 
dispersed in 1  ml silver suspension before addition of 
CMC paste.

Characterization
Optical properties Ocean Optics USB2000 + VIS–NIR 
Fiber optics spectrophotometer was used for obtaining of 
UV–Vis absorption spectra.

Shape and size Transmission electron microscope TEM 
was executed on JEOL JEM-2100 standard resolution, and 
the accelerating voltage is 200 kV, respectively (Fig. 1a, b).

Fig. 1 a and b Image of silver nanoparticles AgNps by transmission electron microscope TEM
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Properties

Tint Yellow

Creation Semi-paste

Optical properties (Abs.) λmax ~ 405 nm

Size (TEM) 12 ± 3 nm

Appearance (TEM) Spherical shape

Selection of the teeth
Thirty, extracted, human, single rooted teeth with 
mature apex were selected. They were taken from 
patients whom extract their teeth for orthodontic rea-
son from National Research Centre Dental Clinic. The 
roots were examined for the absence of cracks, frac-
tures, or resorption. The teeth were cleaned to remove 
any calculus deposits or soft tissue debris. They were 
conserved in normal saline solution. The anatomical 
crowns were sectioned at the cemento-enamel junction 
using tapered diamond stone on high-speed hand piece 
under water coolant. The roots lengths were adjusted to 
14 mm (±) 1 mm root length.

Preparation of the roots
Mechanical preparation of the teeth
Working length for each root was determined by enter-
ing a size 15 K-file (Mani, Inc, Japan) to the root apex 
until it became out of the apex and then recouping 
1 mm. The mechanical preparation were completed by 
REVO-S rotary system (RS; Micro-Mega SA, Besanḉon, 
France) mounted in micro-motor with a rotation speed 
300  rpm and torque 2.5  N  cm. Root canal treatment 
was done following the manufacture instruction; SC1 
(Shaper and Cleaner 1), SC2 (Shaper and Cleaner 2), 
SU (Shaper Universal), AS30 (Apical Shaper 30), and 
AS35 (Apical Shaper 35) using in-and-out motion to 
full working length.

Irrigation protocol during mechanical preparation
One ml of 5% NaOCl was used between files. After 
instrumentation was finished, the roots were irrigated 
with 17% EDTA which was kept in each root for 3 min, 
then using 3  ml of 5% NaOCl. Each root was finally 
washed with 30  ml of sterile saline to eradicate the 
remaining solutions.

Closure of the apices of the canals
The out surfaces of the roots were covered with two 
strata of nail varnish, excluding the orifice opening and 
apical foramen. The apex was then closed with sterile 
pink wax.

Sterilization of the roots
Each root was individually placed in Eppendorf tubes. 
Each Eppendorf tube was placed in a separate steri-
lizing bag. They were autoclaved at 121  °C for 30  min 
(Fig. 2).

All of the following steps were done in the laminar air 
flow.

Preparation of microbial suspension
The inoculation suspensions of Enterococcus faecalis ATCC 
4083 were standardized to 0.5 McFarland. Preparation of 
the microbial suspension was performed as follows; the 
microorganisms were cultured on Bile esculin agar plates. 
The colonies of the microorganism were picked up by a 
sterile bacteriological loop and emulsified in a sterile glass 
tube filled with 1  ml of sterile brain heart infusion BHI 
broth, then vortexed for thirty seconds. This preparation 
was repeated till the density of the microbial suspension 
was amended to be as a turbidity equal to 0.5 MacFarland.

Infection of the roots
The roots were placed in a sterile Eppendorf tubes sepa-
rately. Each of the sterilized samples was inoculated with 
10  μl inoculums of Enterococcus faecalis using a sterile 
syringe and then placed in centrifuge to ensure totally 
infection of the whole root canal. They were inserted into 
the incubator for 10 days at 37 °C. The media was altered 
after each 3 days (Fig. 3).

Fig. 2 Sterilized teeth in Eppendorf in sterilizing bag



Page 4 of 8Abdou and Mohamed  Bulletin of the National Research Centre           (2022) 46:36 

Premedication evaluation
After 10  days, first samples (S1) were taken from root 
canals using sterile paper point size 25. Paper point was 
inserted in root for 1 min, and then inserted into sterile 
Eppendorf tubes filled with 1 ml of BHI broth and vor-
texed for 30  s. Ten micron of each specimen was cul-
tured on Bile esculin agar plates using sterile loop after 
serial dilution which was done to 1/1000 (Fig.  4). The 
plates were inserted into incubator at 37  °C for 1  day. 
Colonies were enumerated from the plates and then 
by using this equation (counting of colonies × amount 
of infected BHI broth × dilution) colony forming units 
CFUs /ml were calculated.

Placement of the medicaments in the canals
Samples were separated randomly to 3 groups accord-
ing to kind of medicaments tested. Group A, silver nan-
oparticles AgNPs (Nanogate company, Cairo, Egypt). 
Group B, silver nanoparticles with curcumin (Nanogate 
company, Cairo, Egypt). Group C, calcium hydroxide 
Ca(OH)2 (Metapaste, META BIOMED). Silver nano-
particles AgNPs and silver nanoparticles AgNPs with 
curcumin were inserted to the canals by sterile plastic 
syringe. While the Ca(OH)2 paste was placed by the 
nozzle of the readymade injectable paste. The syringe 
or the nozzle was introduced into the root canal to a 
length shorter than the working length by 2  mm and 
slowly injected during withdrawal till the tested paste 
was shown at the orifice of the canal to ensure that the 
canals were completely filled. The access cavities were 
closed using sterile foil. The samples were reinserted 
inside the Eppendorf tubes and inserted into incubator 
at 37 °C for 7 days.

Removal of medicaments from canals
The medicaments were flushed out from the root canals 
after 7  days by irrigation with 5  ml of sterile normal 
saline using sterile disposable plastic syringe.

Post medication evaluation
After removal of the medicaments, the second samples 
(S2) were taken from the roots using sterile paper point 
size 25. They were cultured, incubated, and counted as 
the first samples.

Statistical analysis
In each group, the standard deviation and mean val-
ues were counted. The numbers of Enterococcus fae-
calis were changed to log10 values. The results were 
cheeked for its normal state by Shapiro–Wilk and Kol-
mogorov–Smirnov tests and reflect normal ranking. 
Paired sample t-test was used to contrast between two 
groups in relative samples. One-way ANOVA was used 
to contrast between more than two groups in non-rel-
ative samples. The significance level was presented at 
p ≤ 0.05. Statistical analysis was completed with IBM® 
SPSS® Statistics Windows Version 20.

Results
Relation between bacterial count before and after 
the insertion of intracanal medications
In the three tested groups, group A (Silver nanopar-
ticles AgNps) (Fig.  5), group B (Silver nanoparticles 
AgNPs with Curcumin) (Fig. 6), and group C (Calcium 
Hydroxide Ca(OH)2) (Fig.  7); There was a statistically 
significant difference between Enterococcus faecalis 

Fig. 3 Infection of teeth with E. faecalis 

Fig. 4 Culturing on Bile esculin using sterile loop
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count in the (S1) and (S2) groups where (p < 0.001) 
(Table 1).

The uppermost bacterial number was found in (S1) 
groups, while the lowermost bacterial count was docu-
mented in (S2) groups (Fig. 8).

Relation between groups in percentage of bacterial 
reduction
There was a statistically significant difference between sil-
ver nanoparticles AgNPs (Group A), silver nanoparticles 

AgNPs with curcumin (Group B) and Ca(OH)2 (Group 
C) where (p = 0.003).

A statistically significant difference was reported 
between Ca(OH)2 (Group C) and each of silver nano-
particles AgNPs (Group A) and silver nanoparticles 
AgNPs with curcumin (Group B) where (p = 0.007) and 
(p = 0.007), respectively (Table 2).

No statistically significant difference was reported 
between Silver nanoparticles AgNPs (Group A) and Sil-
ver nanoparticles AgNPs with curcumin (Group B) where 
(p = 0.999).

The uppermost bacterial reduction was reported in Sil-
ver nanoparticles AgNPs with curcumin (Group B) fol-
lowed by Silver nanoparticles AgNPs (Group A), while 
the least bacterial reduction was found in Ca(OH)2 
(Group C) (Fig. 9).

Discussion
The purpose of the current study was to compare the 
antibacterial activity of silver nanoparticles AgNPs 
paste, silver nanoparticles AgNPs with curcumin paste, 
and Ca(OH)2 paste. Enterococcus faecalis was chosen 
as the experiment microorganism as in spite of it is not 
the most common microorganisms in the root canal; it 
is isolated from 90% of cases with secondary infection 
(Sedgley et  al. 2006; Figdor et  al. 2003), and because of 
its resistance to high pH, high salt concentration, biofilm 
formation, and tolerance of starvation (Stuart et al. 2006; 
Portenier et al. 2003).

The microbiological steps of current study were per-
formed under laminar air flow to prohibit contamina-
tion (Xinping et al. 2011). The medicaments were cleared 

Fig. 5 Culture of S1 and S2 in AgNPs paste group

Fig. 6 Culture of S1 and S2 in AgNPs with curcumin paste group

Fig. 7 Culture of S1 and S2 in Ca(OH)2 paste group
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from root canals using saline before taking the samples as 
it has no any antibacterial activity, consequently it does 
not influences the results of study (Schäfer and Böss-
mann 2005; Sharifian et al. 2008). Antimicrobial evalua-
tion was done by using the colony forming units (CFUs) 
counting as it permits the gathering of the amount of liv-
ing bacteria in the root canals (Cwikla et al. 2005).

The results of current study clarified that the decrease 
in bacterial count in the group treated with Silver nano-
particles AgNPs paste (group A) is higher than group 
medicated with Ca(OH)2 paste (group C) with significant 
difference after 7 days of intracanal medication applica-
tion (Table  2). This could be due to overflow attraction 
of the molecules of bacterial cells with negative charge to 
silver that lead to inhibition the growth of bacteria and 
preventing the biofilm genesis (Bhardwaj et al. 2009). Sil-
ver nanoparticles AgNPs had the capability to interact 
with the thiol group of DNA molecule of bacteria, lead to 
its condensation and cell death (Castellano et al. 2007). It 
could be also related to the small size of silver nanoparti-
cles AgNPs which was 12 nm, as smaller size affords more 
surface area. Therefore, more antibacterial effect (Guz-
man et  al. 2012; Morones et  al. 2005). The results were 
in agreement with Javidi et  al. (2013) who proved that 
Ca(OH)2 single cannot kill E. faecalis completely after 
1  week; while, adding silver nanoparticles to Ca(OH)2 
can kill Enterococcus faecalis after 7 days. The results of 
our study were in agreement with Allakar (2010) who 
proved that nanoparticles had a capability to control the 
formation of bacterial biofilm and with Chamakura et al. 
(2011) and Guzman et al. (2012) whom stated that silver 
nanoparticles AgNPs had effective antibacterial activity 
even when used in low concentration. The results of this 
study were against the Mozayeni results (Mozayeni et al. 
2014) that stated Nanosilver gel cannot be able to kill 
Enterococcus Faecalis. This may be due to the difference 
in manufacturing process, and the thick consistency of 
Nanosilver gel which may prevent the emission of nano-
particle ions.

Table 1 Standard deviation (SD) values, the mean of LOG 10 of bacterial number of tested groups

Means with different l letters in the same column indicate statistically significance difference
* Significant (p < 0.05)

Variables Groups of intracanal medications

Group A silver nanoparticles AgNPs Group B silver nanoparticles AgNPs 
with curcumin

Group C calcium 
hydroxide Ca(OH)2

Mean SD Mean SD Mean SD

Before intracanal medication S1 7.15a 0.47 7.20a 0.59 6.81a 0.51

After intracanal medication S2 4.09b 0.44 1.36b 1.50 5.90b 0.82

p value < 0.001* < 0.001* 0.001*
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Fig. 8 Bar chart representing antibacterial activity for tested groups

Table 2 Standard deviation (SD) values, the mean of percentage 
of bacterial reduction of tested groups

Means with different lower case letters in the same column related to statistically 
significance difference
* Significant (p < 0.05)

Variables Percentage of bacterial 
reduction

Mean % SD

Group A (silver nanoparticles AgNPs) 99.733a 0.527

Group B (silver nanoparticles AgNPs with 
curcumin)

99.999a 0.003

Group C (calcium hydroxide Ca(OH)2) 76.142b 27.649

p value 0.003*
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Fig. 9 Bar chart representing bacterial reduction in tested groups
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The results of the current study stated that the decrease 
in bacterial count in the group treated with silver nanopar-
ticles AgNPs with curcumin paste (group B) is higher than 
the group medicated with Ca(OH)2 paste (group C) with 
significant difference after 7  days of application (Fig.  9). 
This may be due to the antibacterial activity of curcumin 
against Enterococcus faecalis, as it restrains the cytokine-
sis of the bacteria through mobilization of filamentation. It 
also curbed the cytokinetic Z-ring genesis in bacteria (Rai 
et  al. 2008) and devastation of peptidoglycan cell wall of 
bacteria (Moghadamtousi et al. 2014). This was in line with 
the results of Vasudeva et  al. (2017) and Prabhakar et  al. 
(2013) whom stated that curcuma longa has antibacterial 
activity against Enterococcus faecalis and with Neelakan-
tan et al. (2011) who proved that curcumin could get rid of 
Enterococcus faecalis biofilm after 2 days and 2 weeks. This 
result was against the results of Nosratzehi et  al. (2019) 
who stated that curcumin has no antimicrobial effect; this 
may be due to using different microorganism as he used 
candida which was fungus not bacteria.

Silver nanoparticles AgNPs were used as vehicle for 
curcumin in group B, and the results showed more bacte-
rial count reduction in this group than in silver nanopar-
ticles AgNPs group (group A) with insignificant difference 
(Fig. 8). This may be due to combining of the antibacterial 
activity of silver nanoparticles AgNPs and curcumin. There 
was no other studies that assessed the antibacterial effect 
of this combination against Enterococcus faecalis, but this 
results were in accordance to the results of Chandra et al. 
(2017) who proved that silver nanoparticles AgNPs had a 
very good scope in their susceptibility to be utilized as a 
vehicle for other intracanal medication inverse resistant 
root canal bacteria.

In our study, the least bacterial reduction was found in 
group treated with Ca(OH)2 paste (Group C) in comparison 
to silver nanoparticles AgNPs paste (group A) and silver nan-
oparticles AgNPs with curcumin paste (group B) after 7 days 
of intracanal medication application (Table 1). This may be 
attributed to the thickness of dentin and bacterial biofilm 
which may lower the high alkalinity of Ca(OH)2. Therefore, 
decreasing its antibacterial effect (Sharifian et al. 2008; Evans 
et al. 2002). Also the antibacterial effect of Ca(OH)2 is rele-
vant to emission of hydroxyl ions, thick paste consistency of 
Ca(OH)2 could not be suitable as medicament (Behnen et al. 
2001). This results were in line with the research of Yadav 
et al. (2018) which proved that Ca(OH)2 intracanal medica-
tion cannot eradicate Enterococcus faecalis. This results disa-
gree with the findings of Sjögren et al. (2018) which stated 
that application of Ca(OH)2 intracanal medication for 7 days 
can decrease the numbers of bacteria in root canals, this may 
be due to the difference in testing techniques and also that 
study was an old study published before discovering newer 
intracanal medication with more antibacterial effect.

Conclusions
(1) The antibacterial efficacy of silver nanoparticles AgNPs 
paste and silver nanoparticles AgNPs plus curcumin 
paste were better than Ca(OH)2 paste when used as root 
medication.

(2) Silver nanoparticles AgNPs with curcumin paste seem 
to be a perfect choice to defeat most resistant microor-
ganisms from the root canals.
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