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Effect of a Surfactant on the
Antimicrobial Activity of
Sodium Hypochlorite Solutions

Marcos Rodolfo Bolfoni', Marcelo dos Santos Ferla', Otavio da Silva Sposito’,
Luciano Giardino?, Rogério de Castilho Jacinto’, Fernanda Geraldes Pappen’

The objective of the present study was to evaluate the antimicrobial activity of sodium
hypochlorite (NaOCl) associated with a surfactant. Seventy single-rooted extracted
human teeth were inoculated with Enterococcus faecalis, and incubated for 21 days (37
°C). The groups were distributed according to the irrigation solution used during root
canal preparation: 5%, 2.5% and 1% NaOCl; 5%, 2.5% and 1% Hypoclean®, a solution
containing a surfactant (cetrimide) associated with NaOCI. Three microbiological samples
were collected from each tooth: S1 - before instrumentation; S2 - immediately after
instrumentation; and S3 - after a seven-day period. Data were submitted to ANOVA
and Tukey test with 5% significance level. The results showed that immediately after
root canal preparation (S2), E. faecalis was eliminated in all the experimental groups.
However, after 7 days (S3), only the groups in which Hypoclean was used, remained
contamination-free, including Hypoclean associated with 1% NaOCl, while the root canals
irrigated with 1% NaOClI only, presented the highest percentage of bacterial growth. In
conclusion, the addition of surfactant increased the antimicrobial activity of 1% NaOCl
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to levels similar to 5% NaOClI.

Introduction

A range of instrumentation techniques and irrigation
regimensis available to accomplish a successful endodontic
treatment. The use of chemical solutions during root canal
preparation isan important tool in the decontamination of
the root canal system. Endodontic irrigants are infiltrated
into the canal system to flush out loose debris, kill microbes,
remove microbial byproducts, dissolve organic tissues, and
remove the smear layer (1).

Sodium hypochlorite (NaOCI) in concentrations ranging
from 0.5% to 5.25%, is the most widely used solution in the
root canal treatment, as it appears to satisfy most of the
requirements for an ideal root canal irrigating solution (2,3),
e.g., it presents high organic tissue-dissolving ability (2),
and an antimicrobial wide-spectrum activity (3), especially
in concentrations higher than 2.5%. However, it has been
shown that 2.5% and 5.25% NaOCl are more toxic to the
periapical tissues than 1% NaOCI (4).

Despite its high pulp-dissolving capacity and its
antimicrobial activity, NaOCl has a high surface tension
(48.90 mJ/m?), which may limit its penetration into the
irregularities of the root canal and the depth of dentinal
tubules (5). Surface tension may be reduced by using heat
or adding chemicals known as surfactants (6). Therefore,
Hypoclean® (Ogna Laboratori Farmaceutici, Milan, Italy) - a
solution of 5% NaOC| with added surfactants (cetrimide

hypochlorite, surfactant.

and polypropylen glycol), with low surface tension (29.13
MJ/m?) - has been evaluated as an endodontic irrigating
solution (7). Hypoclean showed an increased capacity to
kill bacteria compared with the 5.25% NaOCl solution (5),
and an increased pulp-dissolving capacity (8).

The fact that Hypoclean has 5.25% NaOCI in its
formulation may be of concern. Some authors advocate
that 0.5% and 1% NaOCI solutions are safer than NaOCl
at higher concentrations, as 1% NaOCl has been shown
to produce cytotoxic effects and inflammatory reactions
when reaching the periapical tissue (4,9). On the other
hand, NaOCl at low concentrations presents a low capacity
to disinfect (10) and to remove debris from the root canal
system (11). Nevertheless, the addition of detergents
like cetrimide and polypropylene glycol may increase
its antimicrobial capacity in root canal irrigation, while
maintaining the low cytotoxicity of the solution. The aim
of this study was to evaluate the effect of a surfactant
on the antimicrobial activity of different concentrations
of NaOCI solutions, in order to determine whether the
addition of surfactants to NaOCl is able to optimize the
disinfection of the root canal system.

Material and Methods
Specimens Standardization
Seventy sound extracted permanent human anterior



teeth with single straight canals were used in this study.
The study was independently reviewed and approved by
the Federal University of Pelotas (UFPel) Ethics Committee
(document no.182/2010).

After immersion in 1% NaOCI the teeth were cleaned
and stored in distilled water under refrigeration. The number
of specimens per group was calculated using SigmaStat
software, version 3.5 for Windows. Dental crowns of all
specimens were cut at the level of the cementoenamel
junction with a diamond disk.

To obtain standardization of the specimens, the root
canals were instrumented in all their extent until an apical
diameter corresponding to a #40 K-file. The canals were
irrigated with 1 mL of 5% NaOCl between each instrument.
After instrumentation, the root canals were irrigated with
5% NaOCI for 5 min, and then with 17% EDTA for 5 min,
to obtain open dentinal tubules free of smear layer, so that
the bacterial infection had access to the dentinal tubules.
Finally, the teeth were irrigated with 5 mL distilled water.

Subsequently, the apical area was sealed with light cured
composite resin Opallis (FGM Dental Products Ltd., Joinville,
SC, Brazil), and root surfaces were externally sealed with
two coats of cyanoacrylate, except in the cervical region.

The specimens were randomly assigned to separate
Eppendorf tubes. Each tooth was fixed into this tube using
chemically activated acrylic resin. The set containing the
tooth included in acrylic resin was autoclaved prior to the
experiments.

Contamination with Enterococcus faecalis

The microbiological procedures were performed in
aseptic environment in a laminar flow chamber (VecoFlow
Ltda, Campinas, SP, Brazil). Cultures of pure Enterococcus
faecalis (ATCC 29212) were reactivated in Tryptic Soy
Broth - TSB (Difco, Detroit, MI, USA) for 48 h. The bacteria
were inoculated into Tryptic Soy Agar plates - TSA (Difco,
Detroit, M1, USA) and incubated at 37 °C for 24 h. A bacterial
suspension was prepared in sterile water, equivalent to
3 X 108 colony forming units (CFU)/mL. The adjustment
of the optical density of the suspension was made in a
spectrophotometer (SP22 - 325 to 1,000 nm Bioespectro,
PR, Brazil) at a 405 nm wavelength .

The culture medium (TSB) was mixed with the bacterial
suspension at a ratio of 1:1 and the root canals were
infected with 20 uL of this suspension. A sterile cotton
swab was dipped in TSB and placed at the entrance of the
root canals. The specimens were maintained at 37 °C and
relative humidity for 21 days, with the TSB being renewed
every three days.

After 21 days, all root canals were collected to confirm
the contamination (S1). Three sterilized absorbent paper
points #35 (Tanari Industrial Ltda., Manacapuru, AM,
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Brazil) were used per tooth. Each paper point was kept
in the root canal for 1 min and transferred to Eppendorf
tubes containing 1 mLsterile distilled water. Each tube was
agitated in vortex for 30 s (56 AP; Phoenix, Araraquara, SP,
Brazil). Aliquots of 20 pL of ten-fold dilutions (up to 10-4)
were seeded in triplicate into TSA medium. The plates were
incubated at 37 °C for 48 h. Bacterial growth was detected
by counting the number of CFU/mL of E. faecalis.

Solutions

Pure NaOCl and NaOCI associated to cetrimide and
polypropylene glycol (Hypoclean) were obtained as 5.25%
stock solutions (Ogna Laboratori Farmaceutici, Milan, Italy).
The solutions were kept at 4 °C following the manufacturer's
recommendations and brought to room temperature before
use. The 5.25% solutions were diluted in distilled water
immediately before use in order to obtain 5%, 2.5%, and
1% solutions. Distilled water was used as control.

Experimental Groups

The roots were fixed in Eppendorf tubes and randomly
divided into seven groups (n=10) according to the used
irrigating solution: groupsirrigated with NaOCl in different
concentrations: 5%, 2.5% and 1%, groups irrigated with
NaOCl associated with cetrimide and polypropylene in the
same concentrations: 5%, 2.5% and 1%, and the control
group containing distilled water.

All root canals were instrumented to a #55 K-file, and 2
mL of respective irrigating solution was used between each
instrument. The planned gradual decline was performed
up to a #70 K-file. The total time for instrumentation and
maintenance of irrigating solution was standardized at 10
min per specimen. At the end, the root canals were irrigated
with 2 mL sterile distilled water.

Sampling and Microbiological Analysis
Immediately after instrumentation, a second
microbiological collection was performed (S2). For this
purpose, sterile #55 absorbent paper cones were used,
following the same procedures described for the initial
collection. Next, the root canals were filled with TSB
medium and a sterile cotton swab culture was placed at
the entrance of the root canals. Microplates containing the
specimens were closed again and incubated at 37 °C. After
7 days, a third microbiological sampling was conducted (S3)
following the same procedures of the first two collections.

Statistical Analysis
The results were analyzed using SPSS for Windows
version 17.0. After checking the normal distribution of
the results, comparison between the experimental groups
was performed by applying ANOVA and Tukey's multiple
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comparison test. The level of significance was set at 5%.

Results

The results showed that after instrumentation (S2), the
tested irrigating solutions, except for the distilled water
used in the control group, were able to totally eliminate
the infection from the root canals.

After 7 days, when a new collection was performed
(S3), only in the groups in which NaOCl was associated
with surfactants (Hypoclean®) the root canals remained
free from contamination. The lowest bacterial reduction
occurred in the control group, followed by 1% NaOCI
Group (Table 1), while 1% NaOCl + cetrimide showed 100%
bacterial reduction after 7 days.

Discussion

Considering that both manual and mechanized
instrumentation techniques leave many areas of the root
canals untouched by the instruments, it is paramount to use
irrigation solutions that present satisfactory antimicrobial
activity during the whole biomechanical preparation
(1). This study confirmed the antimicrobial activity of
NaOCl, and demonstrated that the addition of surfactants
optimizes the ability of lower concentrations of NaOCl in
disinfecting the root canals.

E. faecalis is a facultative anaerobic microorganism,
easily grown, with a high clinical relevance and ability to
establish and survive in the absence of other bacteria, and
is commonly isolated in resistant endodontic infections
(12). This microorganism also presents greater resistance
to antibacterial agents when compared to other species
(13), justifying its use in the present study. The complexity
of complete bacterial eradication of the root canal and its
influence on the failure of endodontic treatment system
is widely discussed in the literature (1,14,15). One factor
that contributes to this difficulty is the inhibition of the
antibacterial activity of the disinfectants by the chemical
environment of the root canal (16,17). The validity of direct
contact tests and agar diffusion tests has been questioned,

Table 1. Mean values (S.D.) of bacterial reduction of root canals
evaluated among the different experimental groups

Irrigating Bacterial reduction Bacterial reduction
solution after preparation (%) after 7 days (%)
5% NaOCl 100° 99.65 (0.32)a
2.5% NaOCl 1002 96.42 (1.82)

1% NaOCl 1002 53.02 (22.52)°
5% Hypoclean® 100¢ 1002

2.5% Hypoclean® 100° 100°

1% Hypoclean® 100° 100°

Control group 99.22 (0.33)® 4.18 (27.58)°
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since these methods do not allow interactions between
components of dentin tissue, bacteria and disinfectants
(18). Thus, the evaluation of the antimicrobial capacity
of irrigating solutions and medicaments used during root
canal treatment should preferably be performed according
to methodologies that reproduce the clinical conditions
found in infected root canals.

Immediately after instrumentation, all substances
presented 100% of bacterial reduction, which may be
related to the mechanical effect of instrumentation, as
even the control group, despite the statistical difference,
showed a high percentage of bacterial reduction (99.22%).
The true effect of the different solutions was observed in the
third collection (S3). After 7 days, the bacterial reduction
in the control group was 4.18%, meaning that bacteria
viable in dentinal tubules recolonized the root canal. Also,
after 7 days, bacteria could be found in all NaOCl groups,
with a statistically lower bacterial reduction to 1% NaOClI,
which may be explained by the lack of NaOCI residual
antimicrobial activity (19,20).

Lower concentrations of NaOCl have lower antimicrobial
activity, and consequently lower capacity for disinfecting
root canals (20). This fact was confirmed in this study,
where 7 days after biomechanical preparation, the bacterial
reductioninroot canalsirrigated with 1% NaOCl was about
539, while 2.5% and 5% NaOCI solutions removed more
than 95% of initial infection of root canals. Despite the
lower antimicrobial activity of 0.5% and 1% NaOClI, these
solutions have been indicated because of their recognized
low cytotoxicity, safer to periapical tissues (21,22).

After 7 days, however, only the groups irrigated
with Hypoclean remained free of contamination. Similar
antimicrobial activity was observed in the groups in which
5% and 2.5% NaOCl solutions were used, while these groups
were statistically superior to 1% NaOCl. In both evaluation
periods, the control group had the lowest percentage of
bacterial reduction. These results may reflect the superior
diffusion capacity of NaOCl solution when associated with
surfactants, because of the surface tension reduction (23).
Therefore, the penetration of these irrigating solutions in
the main canals, side canals, and within dentinal tubules
may be optimized during mechanical preparation (23).
Furthermore, the absence of bacterial contamination
even 7 days after the mechanical preparation may also
be the result of a possible residual effect of cetrimide.
This possible residual effect is expected, since cetrimide
is a quaternary ammonium, as chlorhexidine, with similar
chemical behavior (24).

Cetrimide, even at concentrations between 0.01%
and 0.04%, can increase the antibacterial effect of some
antibiotics (24). Recent studies have demonstrated that
this agent increases the antimicrobial activity of irrigating



solutions like chlorhexidine and NaOCl (7,25). The addition
of detergents such as polypropylene and cetrimide used
in Hypoclean® may be an alternative for irrigation of root
canals, because the surfactants provide lower surface
tension to the solutions, therefore optimizing penetration of
theirrigating solution in dentinal tubules, with consequent
increase in their disinfecting power.

In conclusion, after 7 days of mechanical preparation,
the combination of NaOCI solution with cetrimide and
polypropylene increases the antimicrobial activity of
1% NaOCI to values similar to 5% NaOC| and a more
biocompatible concentration of the solution.

Resumo

0 objetivo da presente pesquisa foi avaliar a atividade antimicrobiana de
hipoclorito de sodio (NaOCl), associado a um tensoativo. Setenta dentes
humanos monorradiculares extraidos foram inoculados com Enterococcus
faecalis e incubados durante 21 dias (37 °C). Os grupos foram distribuidos
de acordo com a solucéo irrigadora utilizada no preparo do canal:
hipoclorito de sodio a 5%, 2,5% e 1%; Hypoclean® a 5%, 2,5% e 1% -
uma solucgéo contendo um surfactante (cetrimida) associado com NaOCl.
Trés amostras microbioldgicas foram coletadas de cada dente: S1 - antes
de instrumentacgdo; S2 - imediatamente apos a instrumentacéo; e S3 -
apos um periodo de sete dias. Os dados foram submetidos & andlise de
variancia e teste de Tukey com 5% de nivel de significancia. Os resultados
mostraram que imediatamente apos o preparo do canal radicular (S2), 0 E.
faecalis foi eliminado em todos os grupos experimentais. No entanto, apds
7 dias (S3), apenas os grupos em que se utilizou Hypoclean permaneceram
livres de contaminacéo, incluindo Hypoclean 1%, enquanto que os canais
radiculares irrigados apenas com hipoclorito de sédio 1% apresentaram
a mais elevada percentagem de crescimento bacteriano. Em concluséo,
a adicdo de surfactante aumentou a atividade antimicrobiana de 1% de
NaOCl a niveis semelhantes aos do NaOCI 5% .
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