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In vitro Pharmacodynamic Activities of Root
Canal Sealers on Enterococcus faecalis 

Aim:  The aim of this study was to evaluate the antimicrobial efficiency of different root canal sealers on 
Enterococcus faecalis (s E. Faecalis) at different time intervals.

Methods and Materials:  All sealers used were mixed according to the manufacturers’ instructions then 75 mg 
of each sealer was added to different sterile tubes and evaluated at 20 minutes, 24 hours, 7 days, and 30 days. 
A time-kill assay (TKA) was used to determine the antimicrobial efficiency of the sealers.

Results:  AH Plus and MCS were found to be bactericidal at 20 minutes and 24 hours, but only MCS was 
bactericidal at the seventh and thirtieth days. Epiphany and Sealapex were found to be bacteriostatic at the 
seventh and thirtieth days but indifferent at 20 minutes and 24-hours. MCS and AH Plus were both found to be 
bactericidal in freshly mixed samples, but only MCS was bactericidal at longer time periods. Epiphany Sealer 
and Sealapex were found to be bacteriostatic at longer time periods but indifferent at 20 minutes and 24 hours.

Conclusion:  The antibacterial effect of MCS was greater than the other sealers evaluated.

Clinical Significance:  Sealers containing eugenol and epoxy resin might be preferable due to their 
antibacterial effect.
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Introduction
The main objective of root canal treatment is to 
remove microbes in an infected dental pulp and 
to prevent subsequent reinfection.1-3 Microbial 
organisms may be present not only throughout 
the pulp chamber but also in areas inaccessible 
to instrumentation and disinfection such as 
lateral canals, apical ramifications, crevices, and 
dentinal tubules.1,4-8

If a prepared root canal is completely filled 
laterally as well as apically, any microorganisms 
remaining in the dentinal tubules could not 
survive.9 Sundqvist et al.10 reported complete 
root filling with gutta-percha points and sealer 
after chemomechanical cleaning and disinfection 
blocks the nutritional source of any remaining 
microorganisms resulting in their elimination. 
Microorganisms may be destroyed by the 
antimicrobial activity of the sealer or the gutta-
percha points.11-14

The root canal filling helps to prevent infection by 
acting as a barrier against microbial organisms
of the oral flora and to stop periapical tissue 
fluids from leaking into the root canal.10 Some 
root canal sealers elicit an antibacterial activity12,13

that may contribute to the destruction of intracanal 
microorganisms.15 The highest antimicrobial 
activity has been shown to occur immediately 
after the sealer is mixed and then decreased 
when it was set.16,17 However, Kaplan et al.13

suggested the possible importance of evaluating 
the antimicrobial effect of sealers over a longer 
time interval.

Enterococcus faecalis (s E. faecalis) is a resilient
bacterium frequently recovered from filled root 
canals with signs of apical periodontitis.10 When
established in the dentinal tubules, it is difficult 
to eliminate this species through root canal 
medication. Therefore, it might be useful if the 
sealer exerts some antimicrobial activity during an 
endodontic treatment procedure.

The time-kill assay (TKA) is a method used to 
assess the ability of a fixed concentration of
an antimicrobial agent to destroy a bacterial 
isolate under controlled conditions. The kill 
rate is determined by measuring the number 
of viable bacteria at various time intervals. 
The resulting graphic depiction is known as 
the time-kill curve.18,19 While evaluating the
antimicrobial activity of root canal sealers, 
mainly the agar diffusion test (ADT) and direct 
contact test (DCT) are used. The ADT requires 
careful standardization of the following factors to 
maximize accuracy.20

• Inoculum density
• Medium content
• Agar viscosity
• Storage conditions of agar plates
• Size and number of specimens per agar plate
• Location and arrangement of specimens on

the agar plate
• Adequate contact between specimens and 

adjacent agar
• Incubation time
• Temperature

The ADT has a semi-quantitative nature and can
only be used to measure the activity of soluble 
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• Sealapex. A calcium hydroxide-based sealer 
(Sybron Kerr, Romulus, MI, USA)

Preparation of Sealers
Sealers were mixed according to manufacturers’ 
instructions. Four different sterile tubes were 
prepared for each sealer by placing 75 mg of
each sealer into the tubes using a sterile wood 
swab. Surface areas of the tested samples were
approximately 2 cm2. Samples were aged at 20 
minute (freshly mixed), 24 hour, 7 day, and 30 day
intervals after mixing in a humid atmosphere at 37ºC.

Time-kill Assay (TKA)
E. faecalis ATCC 29212 was used in this study. An s
inoculum was prepared by suspending E. faecalis
colonies from blood agar in sterile saline to match 
a 0.5 McFarland standard (approximately 108 CFU/
mL) using a spectrophotometer at a wavelength
of 625 nm. A micropipette was used to inoculate 
approximately 100 μL of bacterial suspension into 
the four different tubes containing sealer and 900 
μL brain-heart infusion broth, resulting in a final
inoculum of approximately 107 CFU/mL. The tubes 
were then vortexed and incubated in ambient air at 
35°C for 24 hours. One hundred μL samples were 
taken from the tubes at 0, 1, 6, and 24 hours and 

components, and the test cannot distinguish 
between the bacteriostatic and bactericidal effects 
of tested materials.21

Using the TKA, a 3-log10-CFU/mL decrease 
in bacterial colony counts in an antimicrobial
solution compared with counts for the growth 
control is indicative of a bactericidal effect. A
decrease in the bacterial colony counts below 
3-log10-CFU/ml are considered to be indicative
of a bacteriostatic effect.18,19

The aim of this study was to evaluate the
pharmacodynamic activities of four different root 
canal sealers on E. faecalis using the TKA method.s

Methods and Materials
Products Tested
Commercially available root canal sealers included 
in the study are listed below, and the composition 
of each product is presented in Table 1.

• AH Plus. An epoxy-based sealer (DeTrey, 
Zurich, Switzerland)

• MCS. An iodoform and zinc oxide based sealer
(Lone Star Technologies, Westport, CT, USA)

• Epiphany. A resin-based sealer (Pentron, 
Wallingford, CT, USA)

Table 1. Composition of the materials.
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Pharmacodynamic Analysis
In vitro model time-kill curves were determined byo
plotting mean colony counts (log10 CFU/mL) from 
each tube versus time. Bactericidal activity (99.9% 
kill) was defined as a 3-log10 CFU/mL reduction
in the colony count from the original inoculum. 
Bacteriostatic activity (99.9% growth inhibition) 
was defined as a 2-log10 CFU/mL reduction and
indifference was defined as the a 1 log10 CFU/mL 
reduction in the original inoculum.22

Results
Bactericidal activities of the four sealer using a 
TKA are shown in Figure 1. According to these 
results, AH Plus and MCS were found to be 
bactericidal at 20 minutes and 24 hours, but only 
MCS was bactericidal on the seventh day and 
thirtieth day. Epiphany and Sealapex was found to 
be bacteriostatic on the seventh and thirtieth days 
but indifferent at 20 minutes and 24 hour intervals 
(Figure 1).

inoculated into another four tubes containing 900 
μL brain-heart infusion broth. The main tube was 
allowed to continue the incubation up to next 
sample time (1, 6, and 24 hours, respectively). 
Immediately after inoculation, serial dilutions were 
performed. Two more tubes containing 900 μL of 
brain-heart infusion broth were used as controls; 
one without bacteria for a sterility control and the 
other with bacteria for a growth control.

One hundred μL samples were taken from 
each dilution tube and used to inoculate two 
brain heart infusion agar plates. Colonies were 
counted following 18 hours of incubation at 
35°C. The counts from plates showing 30 to 300 
colony forming units (CFUs) were averaged. 
The average counts were converted to actual 
CFU per mL by multiplying the average of raw 
counts by the dilution factors. CFU per milliliter (y 
axis) versus time (x axis) was then plotted on a 
semilog paper.

Figure 1. Bactericidal activities of the four sealer using a TKA. A. Test within 20 minutes after mixing the sealers, 
B. Test at 24 hours after mixing, C. Test at seventh day after mixing, and D. Test at thirtieth day after mixing.
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on long-term samples. In one of the long-term 
studies Kaplan et al.13 reported AH Plus to be 
relatively effective after 40 days. This difference 
may be due to the methods and the tested 
microorganisms used to assess the antibacterial 
activity of sealers. Since the antimicrobial activity 
of AH Plus may depend on its content of calcium 
hydroxide the pH rise may be insufficient to kill
E. Faecalis.15 An insufficient rise in pH may be 
due to the low solubility of AH Plus reported by
McMichen et al.32

MCS is an iodoform and zinc-oxide contining 
root canal sealer also found to be bactericidal 
at 20 minutes and 24 hours but was the only 
sealer tested that demonstrated bactericidal 
activity on the seventh and thirtieth days. Due 
to the slow release of iodine when in contact 
with body fluids, iodoform is a mild antiseptic
material.3 MCS contains zinc-oxide eugenol that 
could be responsible for a strong antimicrobial 
effect15,24,31 which is in agreement with Pizzo et 
al.2 and with Kaplan et al.13 who suggest sealers 
containing eugenol and formaldehyde show high 
antimicrobial activity.

Epiphany is a new dual curable dental resin-
based sealer. Although favorable results were 
obtained in bacterial leakage studies with this 
product,33,34 no previous study has been done to 
investigate the antimicrobial activity of Epiphany 
root canal sealer. The findings of the present 
study demonstrated Epiphany to be bacteriostatic 
on the seventh and thirtieth days but indifferent 
at the 20 minute and 24 hour intervals. This late 
effect of Epiphany may be due to its calcium 
hydroxide content.

Discussion
Microorganisms are considered to be the main 
etiologic agents in endodontic diseases.23 The 
main objective of root canal therapy is to prevent 
and treat periradicular inflammation by eliminating 
microorganisms from the root canal system and 
to prevent subsequent reinfection.2,15 Adequate 
instrumentation, irrigation, intracanal medicaments, 
and obturation are common procedures used to 
eliminate microorganisms from the root canal.24

However, Byström and Sundqvist25 as well as 
Ørstavik and Haapasolo26 showed bacteria 
could survive in empty dentinal tubules after a 
complete biomechanic preparation of a root canal. 
Furthermore, Sundqvist et al.10 reported E. faecalis
to be an important etiologic agent for endodontic 
failures and Rocas et al.27 demonstrated E. 
faecalis to be strongly associated with persistents
infections.

Although E. faecalis does not represent a large s
percentage of the root canal flora, once it enters 
the root canal system the microorganisms can 
demonstrate a high resistance to biomechanic
preperation and medicaments and persist after 
completion of the root canal filling. For this
reason, the choice of sealer with high and long-
term antimicrobial activity may be advantageous 
to decrease or avoid future growth of these 
remaining microorganisms.28,29

The incorporation of antimicrobial components into
root canal sealers may become an essential factor 
in preventing the regrowth of residual bacteria 
and control of bacterial re-entry into the root canal 
space.20 Lai et al.30 showed different inhibitory
effects may be seen depending on the type of root 
canal sealers and bacterial strains tested.

AH Plus and AH26 (De Trey Division Dentsply, 
Weybridge, UK) are basically the same epoxy 
resin-based root canal sealer except AH Plus 
reportedly does not release formaldehyde.31

In the present study AH Plus was found to be 
bactericidal at 20 minutes (freshly mixed) and 24 
hours but less bactericidal on the seventh and 
thirtieth days. The results of freshly mixed and 
24 hour AH Plus samples were similar to those 
found by Cobankara et al.23 and Kayaoglu et al.3

On the contrary, Pizzo et al.2 found a bacteriostatic 
effect on E. faecalis in the 24 hour samples.s
However, none of these studies were performed 
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Like Lai et al.30 and Kaplan et al.13 the present 
study found root canal sealers containing 
formaldehyde and eugenol were more effective 
against the tested microorganism. Nonetheless, 
other parameters should be considered when 
selecting a root canal sealer because root canal
sealers with strong antibacterial effects could have 
cytotoxic or even mutagenic adverse effects.

Conclusion
The antibacterial effect of MCS was greater than 
the other sealers evaluated.

Clinical Significance
Sealers containing eugenol and epoxy resin might 
be preferable for their antibacterial activity.

Sealapex is a calcium hydroxide-based sealer 
whose antimicrobial properties are achieved by 
the release of (OH)- ions. Pure calcium hydroxide 
with a pH of 12.5 is a strong antimicrobial.25

However, the pH of Sealapex was 9.14 after 48 
hours and hydroxyl ions were not released in 
high concentrations in freshly mixed samples.25

This could explain why calcium hydroxide-
based sealers had no significiant antimicrobial 
effect when freshly applied as was the case in 
the present study and in a previous report by
Kayaoglu et al.3 Similarly, the present study found
Sealapex had no effect at 20 minutes and 24 
hours but it was found to be bacteriostatic at the 
seventh and thirtieth days.
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