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ABSTRACT

Chlorine dioxide is a broad-spectrum antibacterial agent that operates on the same principle as
sodium hypochlorite, oxidizing bacterial cells and leading to cell death. Unlike sodium
hypochlorite, which is toxic to periradicular tissues, chlorine dioxide is considered more
biocompatible and has no toxic effects on humans up to a concentration of 3000 ppm (0.3%).
The concentration of 0.1% is commonly used in commercial mouthwashes, while 0.3%
represents the highest non-toxic concentration of chlorine dioxide. This study aims to
determine the comparative antibacterial effects of chlorine dioxide at concentrations of 0.1%
and 0.3% on the growth of Enterococcus faecalis. This research is an in vitro experimental
laboratory study. The test groups used chlorine dioxide concentrations of 0.1% and 0.3%,
sodium hypochlorite 2.5% as a positive control, and aquades as a negative control. The
antibacterial efficacy of chlorine dioxide was tested against Enterococcus faecalis using the
disc diffusion method to determine the zone of inhibition. The results of the zone of inhibition
measurements were then analyzed statistically using one-way ANOVA and Post Hoc tests.
This study revealed that chlorine dioxide at 0.3% has a larger mean zone of inhibition (14,72
mm) than chlorine dioxide at 0.1% (12,19 mm), although it is still lower than sodium
hypochlorite at 2.5% (18,83 mm). Chlorine dioxide at a concentration of 0.3% exhibits a higher
antibacterial effect than chlorine dioxide at 0.1% against Enterococcus faecalis.
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INTRODUCTION

Antibacterial properties are essential for any irrigant used in root canal treatment. The most
commonly used synthetic antibacterial agent for root canal irrigation is sodium hypochlorite.t
Besides its antibacterial properties, sodium hypochlorite can also dissolve necrotic tissue.’?
However, despite its advantages, sodium hypochlorite has many drawbacks, including its
corrosive nature towards metals, can irritate skin and eye, unpleasant taste, strong odor,
tendency to be unstable, toxic to periradicular tissues, and its potential to induce permanent
damage to dental follicles, peripheral tissues, and oral mucosa.??® Therefore, when used as a
root canal irrigant, sodium hypochlorite must be applied carefully to avoid extrusion into the
periapical area.®

Chlorine dioxide is a broad-spectrum disinfectant that has been popular and widely used since
the late 19" century. It has numerous applications, including as a surface disinfectant solution,
water treatment, food processing, animal care, dental practice water treatment, and a
commercially available mouthwash.* Chlorine dioxide is a powerful oxidizing agent, with
effectiveness comparable to or even greater than other oxidizers such as ozone or chlorine.® It
can dissolve necrotic tissue, though not as effectively as sodium hypochlorite.?

Chlorine dioxide is a strong candidate for use as an irrigant due to its potent antimicrobial
properties while being biocompatible.® Chlorine dioxide does not have toxic effects on humans
at concentrations up to 3000 ppm (0.3%), does not cause allergic reactions, and is not
carcinogenic as its reactions only produce minimal trihalomethanes or even not at all.>* In
contrast, sodium hypochlorite produces carcinogenic byproducts such as trihalomethanes and
haloacetic acids.>® Chlorine dioxide can eliminate various types of pathogenic microorganisms,
including Gram-negative and Gram-positive bacteria, fungi, spores, and viruses.*®
Enterococcus faecalis is a Gram-positive bacterium that plays a significant role as a
predominant organism causing persistent periradicular lesions following root canal treatment.”
Chlorine dioxide has been reported to inhibit the growth of Enterococcus faecalis. Kalay et al.
found that 0.3% chlorine dioxide has higher antibacterial activity against Enterococcus faecalis
than 2.5% sodium hypochlorite (NaOCl), 2% chlorhexidine gluconate (CHX), and 30% ethanol
propolis extract.® Deka et al. showed that 0.1% chlorine dioxide had lower antibacterial activity
against Enterococcus faecalis than 3% sodium hypochlorite (NaOCI) and 2% chlorhexidine
gluconate (CHX).! This differs from Herczegh et al., who found that after 2 and 5 days, canals
irrigated with 0.12% chlorine dioxide had the lowest reinfection rates compared to 5.25%
sodium hypochlorite and 2% chlorhexidine gluconate.* Earlier studies have demonstrated
inconsistent results in the growth-inhibiting capability of chlorine dioxide compared to sodium
hypochlorite. No research has compared chlorine dioxide concentration levels to the
pathogenic root canal bacterium Enterococcus faecalis growth. This study aims to compare the
effectiveness of different concentrations of chlorine dioxide against the growth of the root canal
pathogen Enterococcus faecalis.
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MATERIALS AND METHODS

This study is in vitro experimental research that has received approval from the Medical and
Health Research Ethics Committee of the Faculty of Medicine, Sriwijaya University (Protocol
No. 321-2023). Six Petri dishes containing Mueller Hinton Agar media were prepared
according to the number of repetitions. The Petri dishes were labeled and divided into four
sections for each treatment, which included 0.1% chlorine dioxide, 0.3% chlorine dioxide
(CDS Laboratoire Boreal), 2.5% NaOCI (OneMed), and distilled water. The 0.1% chlorine
dioxide used in the study was prepared by diluting 0.3% chlorine dioxide (CDS Laboratoire
Boreal) with sterile distilled water. A suspension of Enterococcus faecalis ATCC 29212,
prepared beforehand, was taken using a sterile loop and evenly spread on the Mueller Hinton
Agar media with a sterile cotton swab.® Discs were then impregnated with 0.01 ml of the
treatment solutions and placed on the agar surface in their designated areas. The Petri dishes
were incubated anaerobically at 37°C for 48 hours. The formed inhibition zones were measured
manually using a caliper in millimeters (mm) (Figure 1). The antibacterial strength was
determined according to the inhibition zone categories by Davis and Stout: >20 mm (very
strong), 10-20 mm (strong), 5-10 mm (moderate), and <5 mm (weak).°

Figure 1. Inhibition zone of sodium hypochlorite (K+), distilled water (K-), chlorine dioxide
0,3% (0,3%), and chlorine dioxide 0,1% (0,1%)

Statistical Analysis

The data were analyzed using the Shapiro-Wilk test for normality and Levene's test for
homogeneity. Data analysis proceeded with one-way ANOVA followed by Post-Hoc testing
to determine statistical differences between groups using SPSS for Windows version 24 (IBM,
Armonk, USA).

RESULTS

The antibacterial activity test results in Table 1 show that 2.5% sodium hypochlorite has the
highest antibacterial efficacy in inhibiting the growth of Enterococcus faecalis, followed by
0.3% chlorine dioxide, 0.1% chlorine dioxide, and distilled water, with significant differences
(p < 0.05). Table 2 indicates a highly significant difference in antibacterial activity between
each treatment group (p < 0.001).
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Table 1. Inhibition Zone of The Treatment Group and Control Group against E.faecalis

Group Average = SD (mm)
Chlorine Dioxide 0,3% 14.71 £0.32
Chlorine Dioxide 0,1% 12.19£0.26

Sodium Hypochlorite 18.83 £0.25
Distilled water 0.00 £ 0.00

Table 2. Games-Howell Post Hoc Test for Comparison between Groups tested against

E.faecalis
Group Chlorine Chlorine NaOCl 2,5% Aquades(K(-))
Dioxide 0,1% Dioxide (K(+))
0,3%
Chlorine <0,001* <0,001* <0,001*
Chlorine <0,001* <0,001*
Dioxide
0,3%
NaOCl 2,5 % <0,001*
(K(*))

Aquades(K(-))
*) highly significant

DISCUSSION

Sodium hypochlorite (NaOCI) is a chlorine-releasing agent commonly used as an irrigant in
root canal treatment due to its broad-spectrum antibacterial activity, ability to kill viruses and
spores, and capacity to dissolve necrotic tissue.* However, sodium hypochlorite has several
drawbacks, including its corrosiveness to metals, unpleasant taste, strong odor, and instability.
It is also cytotoxic to vital tissues and can produce carcinogenic byproducts such as
trihalomethanes and haloacetic acids.® Sodium hypochlorite has potential side effects and
safety issues. Further research is needed into alternative substances to eliminate and eradicate
Enterococcus faecalis with fewer side effects. Sodium hypochlorite functions through the
ionization of its molecules, which triggers redox reactions with bacterial molecules. These
reactions lead to protein denaturation, oxidation of lipids in the cell membrane/wall, enzyme
deactivation, and DNA damage, ultimately resulting in bacterial cell death.*?

Chlorine dioxide (ClO2) is a potent oxidizing agent that also belongs to the group of chlorine-
releasing agents.'®* Chlorine dioxide is considered more biocompatible, does not have toxic
effects on humans at concentrations up to 3000 ppm, and does not cause allergic reactions. Its
bactericidal capability remains relatively constant within a pH range of 3-8 and can be applied
in either gas or solution form.41> Chlorine dioxide works by binding electrons from microbial
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structures such as cell walls, membranes, organelles, and genetic material, leading to the
leakage of DNA and protein structures. This results in molecular imbalance and disrupts
cellular homeostasis, ultimately causing microorganism death.>1416

Based on the inhibition zones formed, 0.3% chlorine dioxide has a higher antibacterial effect
than 0.1% chlorine dioxide against Enterococcus faecalis (Table 1). This finding is aligned
with the concentration-dependent principle, where the impact of a substance increases with its
concentration.!” Both concentrations of chlorine dioxide used in this study exhibit lower
antibacterial effects than that of 2.5% sodium hypochlorite. However, according to Davis and
Stout, all three are categorized as strong. This result may be due to the use of chlorine dioxide
solutions with lower purity levels in this study.

High-purity (hyper-pure) chlorine dioxide solutions are more effective than commercially
available solutions. Unlike chlorine dioxide processed by other methods, hyper-pure chlorine
dioxide does not contain acid byproducts during its production process. As a true gas solution,
hyper-pure chlorine dioxide is highly volatile and has a short contact time but remains
reactive.'® Additionally, chlorine dioxide's oxidative capacity can reach up to five electrons per
microbial species per molecule.® Therefore, hyper-pure chlorine dioxide can kill bacteria
without harming human cells.8

Previous studies have shown varying results related to the differences in the chlorine dioxide
solution preparations. Research by Szabo et al. and Herczegh et al., which used hyper-pure
chlorine dioxide, demonstrated antibacterial effects equal to or even more significant than
5.25% sodium hypochlorite despite using a lower concentration of 0.12%.4'8 In contrast, Deka
et al., using a commercial mouthwash containing 0.1% chlorine dioxide, found lower
antibacterial effects than 3% sodium hypochlorite. Meanwhile, Kalay et al., using agricultural
irrigation solutions containing 0.3% stabilized chlorine dioxide, observed higher antibacterial
effects than 2.5% sodium hypochlorite.® These studies lacked measurements of purity levels
and additional details about any preservatives contained in the solutions because they use
different types of formulations, which could introduce bias and affect the observed antibacterial
effects.

This study was conducted following scientific procedures but still has limitations. It used pure
chlorine dioxide solutions but did not provide additional information from the manufacturer
and fabricator about the purity levels of the chlorine dioxide. Furthermore, chlorine dioxide
remains challenging to obtain due to limitations in producers and distributors in Indonesia.

CONCLUSION

Chlorine dioxide at a concentration of 0.3% has a higher antibacterial effect than 0.1% against
Enterococcus faecalis. However, the antibacterial efficacy of 0.3% chlorine dioxide is still
lower than that of 2.5% sodium hypochlorite.
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