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Abstract
Introduction: Enterococcus faecalis (E. faecalis) is a microorganism commonly detected in persistent endodontic infections.
Eradication of this organism from an infected root canal remains a significant clinical challenge for modern endodontic
treatment. So, this in vitro study was conducted to compare antimicrobial effect of some root canal medicaments on E.
faecalis.
Materials/Methods: A total of 50 E. faecalis strains (49 strains were selected randomly from positive cultures together
with a standard E. faecalis strain ATCC 29212) were used in the study. Inoculum for each bacterial strain was prepared in a
turbidity of 0.5 on McFarland scale. The prepared discs of the three intracanal medicaments; chlorhexidine, diapex and diclofenac; together with readymade discs of amoxicillin and doxycycline were distributed on blood agar and Mueller-Hinton
agar plates inoculated with an E. faecalis suspension previously prepared. Antimicrobial activity was assessed by measuring
the diameters of the zones of growth inhibition surround the discs after incubation at 37°C for 24 hours and then after
48 hours.
Results: All strains (100%) were sensitive to chlorhexidine even though strains that showed resistance to one or both of
antibiotic used (amoxicillin, doxycycline). On the other hand, all strains (100%) were resistant to diapex and diclofenac even
standard strain. Sixty eight percent of the tested strains were sensitive to doxycyline and 44% of them were sensitive to
amoxicillin.
Conclusion: Under the conditions of this study, chlorhexidine is very effective against E. faecalis and can be considered as
the most powerful root canal medicament compared to other intracanal medicaments tested. Controversially, no zones of
inhibition were detected around diapex and diclofenac.
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first appointment, most treatments could be finished in one visit.
However, complete elimination of bacteria is not always obtained
in clinical practice due to the anatomical complexities of root canals and limitations of medicaments. [1,2]
The use of root canal filling materials with antibacterial activity
can be considered beneficial to reduce the remaining microorganisms in the root canal system, and prevent recurrent infection. [3]
E. faecalis is the most commonly isolated bacteria from root canals of teeth with persistent periapical periodontitis and it is frequently isolated from both secondary and persistent root canal
infections. [4,5]
Moreover, this microorganism has shown resistance to several irrigating solutions and medications used in endodontics. [6]

Introduction

A large number of substances have been tested against E. faecalis, with conflicting results. [6-8] thus, investigations leading to an
efficient intracanal medicament capable of eliminating E. faecalis
from root canals and dentin tubules are desirable.

Successful endodontic treatment aims at elimination of microbial
infection in the root canal system and prevents regrowth of residual microorganisms. If sufficient instrumentation and irrigation
can eliminate all microorganisms in the root canal system at the

Since its introduction in 1920, calcium hydroxide has been widely
used in endodontics. It has been recommended for use as intracanal medicaments and in several other clinical situations. [9] Several
works have studied the mixture of other substances to calcium
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hydroxide with the purpose of improving some of its properties.
Among these additional substances are vehicles that can speed up
or slow down ionic dissociation, substances that aid the filling of
pulpal cavity by means of their consistency, substances used as antimicrobial medium and media that enhance radiopacity. [10,11].
Of these mixtures recently used is diapex which is a silicone oilbased calcium hydroxide paste containing 38% iodoform.
Moreover, chlorhexidine (CHX) can be applied clinically as antimicrobial agent during all phases of the root canal preparation
as an intracanal medicament either alone or combined with other
substances. [12]
Diclofenac sodium, a non steroidal anti inflammatory drug, has
been described as non antibiotic that showed significant protection of the mouth against infection by wide variety of highly
virulent organisms at lower doses in comparison to its in vivo
analgesic dose. It showed bactericidal effect against both gram
positive and gram negative bacteria [13]. Salem-Milani et al., [14]
reported that diclofenac had significantly pronounced antibacterial activity against E. faecalis.
On the other hand, antibiotics may be applied systemically or locally (irrigants and medicaments) during endodontic treatment.
Owing to the potential risk of adverse effects and ineffectiveness of systemic antibiotics in necrotic pulpless teeth and the
periradicular tissues, the local application of antibiotics may be a
more effective mode for delivery in endodontics. [15,16]

Diapex paste (calcium hydroxide with iodoform) was prepared in
0.22gm/ml by dissolving it in ethanol (99.9%) and by heating until
it completely dissolved. [19]
These discs were then saturated with 50 μl of each medicament
(the prepared solution of diapex and liquid intracanal medication
agents, chlorhexidine and diclofenac sodium) using automatic pipette with sterile tips then left to dry.

E. faecalis suspension preparation
A total of 50 E. faecalis strains (49 strains were selected randomly
from positive cultures together with a standard E. faecalis strain
ATCC 29212) were used in the study.
E. faecalis strains grown from different clinical samples were identified using colonial morphology, Gram staining characteristics,
negative catalase test, latex streptococcus group D (slidex streptoplus, BioMerieux SA- France) and run on microscan (Siemens
Microscan WalkAway system, Germany) for full identification.
Standard strain of E. faecalis (ATCC 29212), obtained from the
American Type Culture Collection TM (ATCC, Rockville, MD,
EUA), were taken from frozen stock culture and inoculated into
Trypticase Soy Broth (TSB, Difco Lab, Detroit, MI, USA), grown
overnight at 37°C, and streaked onto blood agar plates. The cultures were then checked for purity by Gram stain and colony morphology, and after that it was fully identified as in the test strains.

Due to their effectiveness, minimal toxicity and relatively low cost,
penicillins, including amoxicillin constitute the first choice of antibiotics for odontogenic infections [17]. Furthermore, tetracyclines, including doxycycline have been used to remove the smear
layer from instrumented root canal walls, for irrigation of apical
root-end cavities during periapical surgical procedures, and as an
intracanal medicament [18].

Inoculum for each bacterial strain was prepared by picking up
four to five colonies with the help of sterilized loop and dissolving them into test tube containing 5ml of 0.85% saline solution
to produce a turbidity of 0.5 on McFarland scale (1.5 X108 CFU/
ml).

So, the aim of this study was to evaluate the in vitro antimicrobial activity of amoxicillin, doxycycline, chlorhexidine, diapex and
diclofenac against various strains of E. faecalis as organism implicated in failed enodontic treatment.

Sterile cotton swab rolled in the suspension to streak the plate surface of blood agar and Muller – Hilton – Agar plates (MHA plate)
(Oxoid, Cambridge, UK) for E. faecalis. The prepared discs of
the three intracanal medicaments together with readymade discs
of amoxicillin and doxycycline (OXOID, Basingstoke Hampshire, England) were then aseptically transferred and distributed
on blood agar and Mueller-Hinton agar plates inoculated with an
E. faecalis suspension.

Materials and Methods
Antibacterial properties of two commonly used root canal fillings
medicaments together with diclofenac sodium and two antibiotics
were studied on E. faecalis
The medicaments used for the study were as follows:
1. Diapex Plus (Calcium Hydroxide paste with iodoform) (DiaDent, Seoul, Korea) .
2. Chlorohexidine Gluconate solution 2% (Ultradent Products,
South Jordan, Utah, USA).
3. Diclofenac sodium 0.1% (Ocugesic, Riyadh Pharma, KSA) .
4. Amoxicillin 10 µg (OXOID, Basingstoke Hampshire, England).
5. Doxycycline 30 µg (OXOID, Basingstoke Hampshire, England).
Intracanal medicaments discs preparation
Discs of 6 millimetre diameters were prepared with a puncher
from Whatman paper No.1 and sterilized by hot air oven.

Intracanal medicaments sensitivity testing

Inoculated plates were then incubated at 37°C under the appropriate gaseous conditions for 48 hours.
Antimicrobial activity was assessed by measuring the diameter (in
millimeters) of the zone of growth inhibition surround the discs,
at the nearest distance between two points at the outer limit of
the inhibition zone formed around the discs using a caliper after
incubation for 24 then 48 hrs.
Statistical analysis
Data collected and analyzed using SPSS package system.V.11.
Mean and standard deviation were calculated. Comparison between the antibacterial efficacies of medicaments on E. faecalis
was analyzed.
Reliability and validity of the test
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The measurement for each zone of inhibition was repeated independently in triplicate to minimize the errors and ensure reproducibility. The reliability of the three tests was compared statistically weighted Kappa. The Kappa statistics was 0.98.

Results
Standard E. faecalis ATCC 29212 strain used as control strain in
the present study showed sensitivity to chlorhexidine, amoxicillin 10 µg and doxycycline 30 µg, while it was resistant to diapex,
and diclofenac (tables 1& 2) and zones of inhibition were closely
simillar after 24 and 48 hours. Sensitivity to antibiotics amoxicillin
10 µg and doxycycline 30 µg was calculated according to CLSI
[20] guidelines. It shows that doxycycline is considered sensitive
when diameters zone of inhibition is ≥16mm, Intermediate sensitive when it is 13–15mm and resistant when it is ≤12 mm. Regarding amoxicillin 10 µg, CLSI 2014 guidelines show that it is considered sensitive when the diameters zone of inhibition is ≥17mm
and resistant when it is ≤16mm. Chlorhexidine was considered
sensitive when the zone of inhibition was more than 12.5mm according to Vianna and Gomes [21]. On the other hand, as there
is no reference data for sensitivity of diapex, diclofenac; standard
strain was used as a reference for comparison to the diameter of
inhibition zone.
Tables 1 and 2 show the mean and standard deviation of microbial zones of inhibition by tested antimicrobial agents against both
standard and clinically isolated E. faecalis strains on both Muller
Hinton and blood agar and also after 24 and 48 hours incubation.
On measuring zones of E. faecalis growth inhibition by different
tested antimicrobials, all strains (100%) were sensitive to chlorhexidine even though strains that showed resistance to one or
both of antibiotic used (amoxicillin, doxycycline). On the other
hand, all strains (100%) were resistant to diapex and diclofenac
even standard strain (table 3).Thus, chlorhexidine is the most effective intracanal medicament against E. faecalis in this study fol-

lowed by doxycycline then amoxicillin. On the other hand, diapex,
and diclofenac were not effective antimicrobial agents against E.
faecalis.
In comparison to standard strain, non significant differences was
found between zones of inhibition of chlorhexidine and doxycycline, after 24 and 48 hours incubation on both used media.
On the other hand, diclofenac, diapex and amoxicillin inhibition
zones showed significant differences (tables 4&5).
All tested strains were cultured on two media (Mullar Hinton agar
and blood agar plates) for different periods (24 hs & 48 hs) for
comparison and results showed non significant difference between them.

Discussion
E. faecalis is a persistent pathogen that is believed to play a major
role in the etiology of persistent periradicular lesions after root
canal treatment although it makes up only a small proportion of
the flora in untreated canals. [22]
Therefore, E. faecalis is often used as a model organism in the
testing of irrigants and medicaments to treat apical periodontitis
[23]. So, this study was conducted to evaluate the in vitro antimicrobial activity of different antimicrobials used as intra canal
medicaments against various species of E. faecalis. American Type
Culture Collection E. faecalis strain (ATCC) no. 29212 widely used
as a reference strain in antimicrobial susceptibility studies, was
selected for comparison of the growth inhibition zones with clinically isolated strains.
The results of the current study showed that chlorhexidine is the
most effective intracanal medicament against E. faecalis. This result is in agreement with several authors who found that the medicaments containing chlorhexidine were highly effective against
E. faecalis [21,24-27].

Table 1. Mean ± SD of growth inhibitory zones of clinically isolated strains on Muller Hinton agar after 24 and 48
hours incubation in comparison of inhibitory zone of standard strain
Root canal
Standard E. faecalis
Clinically isolated E. faecalis strains
medicaments groups
ATCC 29212
After 24 hours
After 48 hours
Chlorhexidine
17.00
16.94 ±1.984
16.98 ±1.995
Diclofenac
8.00
8.28 ± .904
8.28 ± .904
Diapex
8.00
8.64 ±.749
8.64 ± .749
Amoxicillin
17.00
13.46 ± 3.512
13.48 ± 3.710
Doxycycline
17.00
17.62 ± 5.710
17.5 ± 6.175
Table 2. Mean ± SD of growth inhibitory zones of clinically isolated strains on Blood agar after 24 and 48 hours
incubation in comparison of inhibitory zone of standard strain
Root canal
Standard E. faecalis
Clinically isolated E. faecalis strains
medicaments groups
ATCC 29212
After 24 hours
After 48 hours
Chlorhexidine
15.00
15.440 ± 3.5637
15.440 ± 3.5637
Diclofenac
8.00
8.3000 ± .9091
8.3 00± .9091
Diapex
8.00
8.2000 ± .63888
8.200 ± .63888
Amoxicillin
18.00
14.7200 ± 3.0036
14.7200± 3.00367
Doxycycline
16.00
14.980 ± 6.55429
14.9800 ± 6.55429
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Table 3. Number and percentage of sensitive strains to the tested antimicrobial agents
Root canal
No. of sensitive
Percentage % of sensitive
medicaments groups
strains
strains
Chlorhexidine
50
100%
Diclofenac
0
0%
Diapex
0
0%
Amoxicillin
22
44%
Doxycycline
34
68%
Table 4. Comparison of antimicrobial effects of root canal medicaments groups on clinically isolated E. faecalis strains in
relation to standard E. faecalis ATCC 29212 on Muller Hinton agar
Root canal
Antimicrobial effects
Antimicrobial effects after 48
medicaments groups after 24 hours incubation
hours incubation
t value
P value
t value
P value
Chlorhexidine
0.214
0.832
0.071
0.944
Diclofenac
2.189
0.033*
2.189
0.033*
Diapex
6.039
0.000*
6.039
0.000*
Amoxicillin
7.127
0.000*
6.709
0.000*
Doxycycline
0.768
0.446
0.573
0.570
Table 5. Comparison of antimicrobial effects of root canal medicaments groups on clinically isolated E. faecalis strains in
relation to standard E. faecalis ATCC 29212 on blood agar
Root canal
Antimicrobial effects
Antimicrobial effects after 48
medicaments groups
after 24 hours incubation
hours incubation
t value
P value
t value
P value
Chlorhexidine
0.873
0.387
0.873
0.387
Diclofenac
2.333
0.024*
2.333
0.024*
Diapex
2.214
0.032*
2.214
0.032*
Amoxicillin
7.722
0.000*
7.722
0.000*
Doxycycline
1.100
0.277
1.100
0.277
Figure 1. Zone of growth inhibition of E. faecalis on Muller Hinton (left) and blood agar plates (right) by the tested intracanal medicaments.
1. Amoxicillin 2. Diclofenac 3. Chlorhixidine 4. Diapex 5. Doxycycline

This observation was previously explained by the suggestion of
McDonnell and Russell [28] and Puig Silla et al. [29]. who reported that Chlorhexidine is a positively-charged molecule that binds
to the negatively-charged sites on the bacterial cell wall; leading
to destabilization of the cell wall and interference with osmosis.
The bacterial uptake of the chlorhexidine is very rapid, typically
working within 20 seconds. Once the cell wall is damaged, chlorhexidine then crosses into the cell itself and attacks the cytoplas-

mic membrane allows for leakage of components leading to cell
death. In high concentrations, chlorhexidine causes the cytoplasm
to solidify. Sassone et al [30] added that CHX has a good diffusing
ability through the agar media.
In addition to direct bactericidal activity by disintegrating membranes, chlorhexidine may induce reactive oxygen species production in the alkaline environment. The production of these reactive
species may inhibit E. faecalis growth by destruction of the cell
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wall and the plasma membrane mediated by nitric oxide Nishikawa et al, [31] . Moreover, CHX can inactivate lipoteichoic acid
of this organism leading to the alleviation of inflammatory responses induced by E. faecalis and its lipoteichoic acid. [32]
The antibiotics tested in the present study showed that 68% of
the tested strains were sensitive to doxycycline and 44% of them
were senstive to amoxicillin .
Regarding to doxycyline, the results are in accordance with those
of Skucaite et al [33] who found that 70% of the tested E.faecalis
strains were sensitive to tetracycline and in partial agreement to
that of Pinheiro et al [17] who found that higher percentage of
85.7% of their tested E. faecalis isolates were susceptible to doxycycline. On the other hand, these results do not coincide with
that of Rams et al [34] who reported that 53.2% of the periodontal E.faecalis was resistant to tetracyclines. Coinciding with
results of the present study, Sandya Kini et al., [35] concluded that
doxycycline is the second effective antimicrobial agent after CHX.
Moreover, Khademi et al., [36] reported that both CHX and doxycycline had antibacterial activity against E. faecalis although the
substantivity of CHX was significantly greater than doxycycline.
Yagiela et al [37] explained the mechanism of action of doxycycline a it is primarily bacteriostatic, inhibits bacterial protein
synthesis by binding to and interfering with ribosomes. This bacteriostatic action may be advantageous because in the absence of
bacterial cell lysis, antigenic by- products such as endotoxin are
not released [38]. Furthermore, Rizvi et al [39] attributed the higher efficiency of endodontic irrigate MTAD (composed mainly of
tetracycline and citric acid) against E. faecalis, to the presence of
doxycycline which may allow a prolonged antibacterial effect beside its low pH , anti-collagenous activity, its capability of binding
to dentinal tissues and its gradual release.
Regarding to amoxicillin, both Pinheiro et al [17] and Skucaite
et al [33] studies on E. faecalis strains found that 100% of their
strains were sensitive to it. Pinheiro et al [17] explained the lack
of enterococcal resistance to penicillins in their study by the limited number of strains investigated and/or geographical differences. They also added that besides differences in geographical
areas and origins of infections, changes in resistance pattern of
bacteria may occur over time. Another contributing factor is that
their strains were negative for β-lactamase production, which is
the major mechanism of resistance for Amoxicillin, while strains
in the present study were not tested for this factor.
On testing the antimicrobial efficiency of diclofenac none of the
tested strains including the standard in the present study were sensitive to it. These results are in accordance with that of Johnston
et al, [40] who showed that diclofenac conferred no antimicrobial activity on their tested strains. In contrast Salem-Milani et
al [14] concluded that Diclofenac had distinct antibacterial activity against E. faecalis but the exact mechanism of this activity is
unclear. However, they reported that previous studies have proposed inhibition of bacterial DNA synthesis or impairment of
membrane activity.
In the present study diapex (calcium hydroxide with idoform
in silicon oil) had no antibacterial action against E. faecalis. This
agrees with previous studies that found calcium hydroxide to be
ineffective against E. faecalis [41,42]) and confirms the results of

Sabrah et al [43] who found that calcium hydroxide was not inhibitory in the MIC and MBC assays against E. faecalis at any dilution, suggesting poor antimicrobial activity of this medicament.
Regarding to diapex, although iodoform is incorporated to improve the antibacterial properties of the material [9], it was observed that oil paste containing calcium hydroxide was largely
lacking in both ion release and antimicrobial properties [44].
Moreover, Evans et al [45] demonstrated that the proton pump
activity of E. faecalis offers resistance to high pH of calcium hydroxide.
Jhamb et al [46] added that when performing agar diffusion test,
calcium hydroxide could not diffuse through agar plates very well
or resistance could be a result of buffering agents in the culture
medium. As the antibacterial effect of calcium hydroxide is mainly obtained from its high alkalinity, in the presence of buffering
agents, the pH level may not be sufficient to give antibacterial
activity.
The present study was done on Muller Hinton and blood agar
media and the tested strains were examined after incubation for
24 and 48 hours to ensure validity of the results where non significant differences between them were recorded.

In Conclusion
• Within the limitations of this in vitro study, the data presented
in this work showed that chlorhexidine is the most effective agent
against E. faecalis.
• Although doxycycline and Amoxicillin were shown to be effective in eradicating E. faecalis, the development of antibiotic resistance should be considered when there is a proposal to use them
to eradicate endodontic infections.
• Addition of iodoform with silicone oil to calcium hydroxide in
diapex made calcium hydroxide as non effective agent against E.
faecalis.
• Diclofenac may help in treatment of endodontic infection to
relief pain but it is non effective as antimicrobial agent.
• However it must be considered that the antibacterial effectiveness of antimicrobials in vitro may be quite different when compared to mixed cultures present in a dynamic biological system,
as usually occurs in vivo. Thus, the antimicrobial efficacy of the
tested intracanal medicaments on bacterial biofilm still needs to
be confirmed.
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