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ABSTRACT

Statement of the Problem: Hydrogen peroxide (H,O,) has been suggested to be
used in sequence or in combination with chlorhexidine (CHX) to enhance the an-
tibacterial activity against Enterococcus faecalis, but there is no research in the
literature on the safety and effectiveness of thisirrigation protocol.

Purpose: This study aimed to assess the cytocompatibility and antibacterial
activity of different concentrations of CHX combined with H,O, in comparison
with the activity of 5.25 and 2.5% sodium hypochlorite (NaOCI).

Materials and Method: Different concentrations of H,O, (10, 5, 3 and 1%)
were exposed to the PDL cells. Then, the solution with minimal cytotoxicity was
selected (3% H,0,). The cytocompatibility and antibacteria activity of 0.1, 0.2,
1 and 2% CHX combined with 3% H,O, were evaluated and compared with 5.25
and 2.5% NaOCI. The differences in the mean viability of PDL cells were evalu-
ated by one-way ANOVA. Kruskal-Wallis and post-hoc Dunn's tests were
adopted to compare the antibacterial activity of the solutions against E.faecalis.
Results: The viability of PDL cells was lower when treated with 5.25 or 2.5%
NaOCI than all combinations of CHX and H,O,. There was no significant differ-
ence in the antibacterial activity of the solutions against E.faecalis, except for the
0.1% CHX + 3% H,0O, combination, which had significantly lower efficacy than
other groups.

Conclusion: All combinations of CHX and H,O, (used in this study) except
0.1% CHX + 3% H,O, were efficient irrigants against planktonic E.faecalis and
had a better cytocompatibility with PDL cells than 5.25 and 2.5% NaOCl.
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Introduction

lent antimicrobial activity against endodontic patho-

Effective endodontic antimicrobial agents should be
active against persistent pathogens while being com-
patible with periapical tissues. [1-3] Sodium hypo-
chlorite (NaOCl) and chlorhexidine (CHX) are the two
most frequently-used root cana irrigants, with excel-

gens. [4-6] The main advantage of NaOCI, which
makes this solution the gold standard irrigant in root
cana treatment, is its potential to remove organic
components and tissue remnants from the root canal
space. [7-8] It adso has other useful features such as
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low viscosity, ease of availability, and low cost. Yet,
NaOCI tends to bleach clothes, corrode metallic in-
struments, and has an unpleasant taste and odour. [9]
Besides, it istoxic to living tissue, especially whenitis
inadvertently extruded to the periapical region. [10]
On the other hand, inability to dissolve tissue remnants
is the major shortcoming of CHX that leads us to con-
sider it as a supplement rather than a main irrigation
solution. [11-12] H,O, is another disinfectant which
has been used as an irrigation solution in endodontics
for along period of time. It is effective against bacte-
ria, viruses and yeasts but its antibacterial effective-
ness is considered weak. [13-14] Therefore, investiga-
tions are still being continued to find a suitable disin-
fectant for root canal treatment.

At the present time, there is no available irrigant
to be considered as an ideal choice individually. Due
to the shortcomings of NaOCl, CHX, and H,O,, recent
investigations have been focused on introducing a
combination of solutions to be used as a root canal
irrigant. [15]

In this respect, applying CHX in sequence with
NaOCl was initially found to be beneficial due to the
increase in antimicrobia substantivity and tissue solu-
bility. [16-17] But later on, this mixture was detected
to have produced a precipitate which contained para-
chloroaniline, a carcinogenic agent which could oc-
clude the dentinal tubules. [18-22] Therefore, using
this combination is not recommended anymore.

The combination of CHX and H,O, has aso
been regarded as a potent disinfectant against E. fae-
calisin in vitro studies and found to be more efficient
than (or at least comparable to) other regimens such as
CHX or NaOCI alone. [23-25] Furthermore, two ran-
domized trial studies proved that using H,O, as an
adjunct to CHX mouthwash was more effective than
chlorhexidine per se in preventing the development of
gingivitis and reducing plague and stain formation.
[26-27]

Although the clear mechanism of antibacterial
synergistic activity between these two agents is not
completely understood, it is assumed that CHX makes
bacterial cell walls more permeable to H,O, and causes
further damage to intracellular organelles. [15]

A rationale for adding H,O, to CHX can arise
from some parameters such as the low effectiveness of

350

CHX to dissolve organic and inorganic remnants in the
root canal space, the dissolving ability of H,O, in or-
ganic tissues and its effectiveness on enhancing the
antimicrobial activity of other disinfectants despite its
relatively low activity, reducing the teeth-staining
properties of CHX by using adjunctive H,0,. [13-14,
25, 27]

To the best of our knowledge, although a strong
synergism has been described between these two irri-
gants in the literature, [13-14] there is no study evalu-
ating their cytotoxicity. Therefore, it is highly relevant
to assess the cytotoxicity of this combination together
with its antibacterial effectiveness to justify its clinical
application. As a result, this study was designed to
assess the bactericidal and cytotoxic activity of CHX
and H,O, combinations compared with those of
NaOCl as the most commonly-used irrigant.

Materialsand M ethod

This study was approved by the Ethics Committee of
Shiraz University of Medical Sciences (# 4264). The
PDL cells exploited in this investigation were obtained
from fully erupted, clinically healthy human third mo-
lars extracted for orthodontic purposes. The cells were
cultured according to the methodology suggested by
Mailhot et al. [28]

In the first phase of the study, the cultured cells
were exposed to different concentrations of H,O, (10,
5, 3, 1%) and their effects on the mitochondrial func-
tion were evaluated by employing MTT assay. The
culture medium and 35% H,O, served as the negative
and positive controls. The MTT solution (SIGMA; St.
Louis, MO, USA) was prepared in 5 mg/ml phosphate-
buffered saline and filtered by a 0.22 pm pore-size
filter. The PDL cells were seeded 20,000 cells per well
into 96-well culture plates. After 24 hours, the cells
were exposed to particular concentrations of each ex-
perimental solution for 20 minutes and 10 pL of MTT
solution was added to each well. The media were re-
moved by overturning the plates, adding 100 pl of
dimethyl sulphoxide (Merck; Darmstadt, Germany) to
each well. Absorption of the solutions was read at a
wavelength of 540 nm by an ELISA plate reader
(PowerWave™ X52; BioTek Instruments, USA). This
indirect cytotoxicity test was performed for each sam-
plein triplicate. The mean optical density values (OD)
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Table 1: Viahility of the PDL cells (%) when treated with different concentrations of H,O,. Having equal |etters denotes alack of

statistically significant difference (p> 0.05)

H,O, concentration 10% 3% 1%
Cédll viability a c
M D) 8.01+1.45 12.73+2.00° 35.21+1.30° 37.16+1.25

of the three wells containing the same extract were
calculated. The mean cell viability defined as the per-
centage of the mean OD values of the experimental
solution was compared with the OD value of the nega-
tive control (0.92).

In the second phase, the toxicity of 0.1%, 0.2%,
1% and 2% CHX combined with the 3% H,O, (four
combinations) was evaluated according to the above-
mentioned protocol and was compared with 5.25 and
2.5% NaOCI. The toxic effect of 1 and 3% H,0, was
not statistically different, although it was significantly
lower than that of the 10 and 5% concentrations.
Hence, in this phase, the concentration of 3% was se-
lected to be mixed with different concentrations of
CHX. One-way ANOVA and Tukey’s test were used
to evaluate the differences between the mean cell-
viabhility values of the experimental solutions.

In the third phase, the elimination of E. faecalis
(PTCC 1237) was investigated in vitro after 20 min of
contact time in each experimental group. Briefly, the
isolated 48-h colonies of pure culture of E. faecalis,
which were grown on brain heart infusion agar, were
suspended in a 5 ml brain heart infusion broth and
were adjusted spectrophotometrically to reach aturbid-
ity of 1.5x10° CFU/mL. Then, 50 pl of the prepared
bacterial suspension was carefully mixed with 950 pl
of each solution and incubated at 37°C in air for 20
min. Sterile water was employed as the negative con-
trol. Afterwards, 10 pl of each sample was collected
and ten-fold seria dilutions (up to seven times) were
made. Each dilution was cultured on a tryptic soy agar
(TSA) plate and incubated at 37°C in jars in anaero-
biosis for 7 days. After that, the plates were checked
for bacterial growth under a stereomicroscope by an
expert microbiologist. The E. faecalis colonies were
counted three times and the bacterial growth was rec-
orded as CFU/mL according to the known dilution
factors. Microscopic observation of the colonies was
performed to rule out any contamination. All experi-
ments were carried out in three replicates. Kruskal-
Wallis H and post-hoc Dunn’s tests were used to com-

pare the bactericidal efficiency of the test solutions on
E. faecalis.

The significance level was set at 0.05. All the
analyses were done by using SPSS software, version
15.0 (SPSSInc.; Chicago, IL, USA).

Results

All the tested solutions had a negative effect on the
viability of PDL cells after 20 min of contact. It was
found that 35% H,O,, as positive control, caused
98.16% cellular death. The mean cell viability values
of PDL cellsin the first and second phase of the study
are summarized in Table 1 and Figure 1. Statistical
analyses showed that the mean cell viability of 5.25%
and 2.5% NaOCl were significantly lower than al
combinations of CHX and H,O, except for 2% CHX
combined with 3% H,0,. Although the mixture of 2%
CHX and 3% H,0, was the most toxic combination of
these two irrigants, its relevant cytocompatibility result
was not significantly different from that of 5.25 and
2.5 % NaOCl.
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Figure 1. The mean cell viability of the PDL fibroblasts
treated with different experimental solutions. Having equal
letters denotes a lack of statistically significant difference
(p> 0.05)

The E. faecalis colonies were calculated based
on the known dilution factors. Due to the violation of
normality assumption, non-parametric Kruskal-Wallis
H and post-hoc Dunn’s tests were employed. The ob-
tained colony forming unit (CFU) counts for each
group are represented in Table 2. E. faecalis had 100%
growth (1.5x10% colonies) when treated with sterile
water as control. There was no statistical difference in
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the bactericidal efficacy between the tested solutions,
except for 0.1% CHX+3% H,0,, which had signifi-
cantly lower effectiveness compared with other
groups.

Table 2: Number of E. faecalis colonies [Median (mean+
SD) of CFU per mL] after 20 min of contact. Having at |east

aletter in common denotes a lack of statistically significant
difference (p> 0.05)

Solutions E. faecalis colonies
2% CHX + 3% H,0, 0(0)°

1% CHX + 3% H,0, 2 (4.00 + 5.29) ®
0.2% CHX + 3% H,0, 10 (18.33+23.62) °
0.1% CHX + 3% H,0, 1500 (4146+5076) °
5.25% NaOCl 0(0)°

2.5% NaOCl 1 (4.66+7.23)
Discussion

Although combined or alternate use of irrigants can be
a therapeutic approach for drawing benefits from anti-
bacterial synergism, this approach may not be recom-
mended in vivo due to the occurrence of possible nega-
tive interaction between the agents being used. The
toxicity and antibacterial activity of CHX and H,0,
combinations was investigated to justify previously
published reports which recommended this mixture for
root-cana treatments. The mechanism of this antimi-
crobia synergism is not clearly understood, but it can
be speculated that CHX is likely to make the bacterial
membrane more permeable to H,O,, causing more
damage to the intracellular components. [29] Mean-
while, the influence of H,O, on cytotoxicity of CHX is
still unknown and should be investigated. This study,
therefore, was designed to reach a better understanding
of the safety and bioactivity of these irrigant mixtures
before clinical application. Combining these irrigants
was first proposed by Heling and Chandler in 1998.
[23] The synergistic effect between these two irrigants
was then shown by Steinberg et al. to be more potent
to eliminate E. faecalis than their being used separate-
ly. [24] In a more recent study by Hasheminia et al.,
[25] the effectiveness of this combination on eradicat-
ing E. faecalis from the superficia and deep dentinal
layer was verified once again and found to be compa-
rable to NaOCI. Furthermore, using H,O, as an adjunct
to CHX was also proposed as a beneficial mouthwash
for the patients to control plaque and stain formation.
[27]

The current study experienced that mixing H,O»
with CHX resulted in lower cytotoxicity in the PDL
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cells compared with 2.5 and 5.25% NaOCI. To evalu-
ate the cytocompatibility of the experimental solutions
close to in vivo situations, this study used human PDL
cells. The main reason to choose these cells, rather
than established permanent cell lines, was that they
were cultured for the first time. Therefore, they were
more similar to their original tissue and had a diploid
set of chromosomes, a largely unchanged metabolic
status, and a high degree of differentiation. [30] Since
the established cell lines have been passaged many
times, they have lost the karyotype of their origina
tissue. [30] The other reason to select the primary PDL
cells was the heterogeneity regarding different stages
of physiologic aging in these cell cultures, which re-
flects different stages of physiologic aging and simu-
lates in-vivo situations much better. [31]

The cells viability was measured with a rapid
colorimetric test, namely the MTT cell proliferation
assay. This protocol was employed due to being rec-
ommended as a valid and sensitive index to measure
the cytotoxicity of irrigants and for biological screen-
ing of the active agents. [32] A 20-minute exposure
period was selected for the current study to simulate
the clinical situation of routine root canal treatment.

In the first phase of current study, the cytotoxici-
ty of various concentrations of H,O, was assessed to
reveal the optimum concentration for mixing with dif-
ferent CHX concentrations. The results demonstrated
the toxicity of all tested combined irrigants to be lower
than 5.25 and 2.5% NaOCI. Although the cytotoxicity
results of 5.25 and 2.5% NaOCI were not statistically
different from each other or from the results of mixing
2% CHX and 3% H,0O,, al other combinations had
lower toxicity than 5.25 and 2.5% NaOCI. These find-
ings confirmed the safety of mixing H,O, and CHX for
clinical applications. Moreover, the results of the third
phase revedled no datisticaly significant difference
between the bactericidal efficiency of al combined
irrigants, except 0.1% CHX mixed with 3% H,0,. As
summarized in Table 2, this specific combination re-
sulted in lower bactericidal efficacy compared with
both 5.25 and 2.5% NaOCI using direct contact test.

It should be noted that antimicrobia activity of
an in vitro environment depends on many variables
such as pH or temperature of the substrates in plates or
tubes, sensitivity of the mixed irrigants or medica-
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ments, bacterial resistance of the tested species, the
number of inoculated bacteria, the applied method for
bacterial growth measurement (spectrophotometric
analysis or colony counting approach), and the method
of data analysis (calculating the percentage of reduc-
tion or the growth inhibition compared with control
group or reporting the count of CFUs). [5-6, 33-35]
Therefore, al these variables should be taken into ac-
count for drawing a proper comparison between the
results of a study and the previous findings.

To the best of our knowledge, there was no study
in literature to evaluate the antibacterial activity of the
tested combined irrigants on planktonic E. faecalis. In
this study, an Iranian strain of E.faecalis (PTCC 1237)
was used and a colony counting method was em-
ployed. Regarding the antibacterial activity of NaOCI,
a previous study by Gomes et al., [33] used spectro-
photometric evaluations and showed that 5.25%
NaOCI and 2, 1, and 0.2% CHX eliminated E.faecalis
in 30 seconds; while, 2.5% NaOCI did the same activi-
ty after 10 minutes. In their study, medium turbidity
matching the turbidity of a McFarland 4 scale (12x10°
CFU/mL) was considered as positive bacterial growth.
In the current study, the culture method was employed
and the colonies were counted. From the microbiologi-
ca point of view, the colony counts less than 5-6
CFU/mL can be regarded as zero growth when it is
compared with the growth of control group (1.5x10°
CFU/mL).

Regarding the antibacteria activity of 0.1%
CHX on E.faecalis, two previous studies [36-37] re-
vealed that 0.12% CHX was ineffective in eliminating
E.faecalis after 30 min of contact time by using direct
contact test. The current study experienced that the
combination of 0.1% CHX + 3% H,0, was also ineffi-
cient in eliminating the E.faecalis after 20 min and it
was not as efficient as other tested irrigation solutions.
Accordingly, this mixture could result in a higher level
of PDL viability; however, it may not be recommend-
ed for endodontic purposes.

Comparing the cytotoxicity of the experimental
mixtures, it was found that 2% CHX combined with
3% H,0O, was the most toxic solution to the PDL cells.
The results also implied that increasing the concentra-
tion of CHX resulted in elevation of cytotoxicity. This
effect might be attributed to the presence of more ac-

tive sites in CHX chemica structure compared with
H,0.. If s0, the excess level of CHX after the interac-
tion with H,O, might increase the antibacterial and
toxic activity.

Conclusion

Based on the results obtained under the experimental
conditions of this study, combining H,O, with CHX
has the potential to be considered as a promising strat-
egy to achieve higher effectiveness without raising the
toxicity. However, mixing 0.1% CHX with 3% H,0,
may not be recommended for clinical application. Ide-
ally, further ex vivo and in vivo studies would justify
the findings of the current investigation.
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