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Abstract

Gingivitis is a common inflammatory oral disease caused primarily by the accumulation of dental plaque and
associated bacterial pathogens. Mouthwashes are widely used as adjunctive agents for controlling oral
microorganisms and preventing periodontal disease progression. This study aimed to evaluate the antibacterial
activity of different mouthwash formulations, including Cariax Chlorhexidine DG Fluoride (0.12%), Perio
Chlorhexidine DG (0.20%) with 0.1% cetylpyridinium chloride (CPC), 3% hydrogen peroxide (H,O,), and nystatin,
against gingival-associated bacterial pathogens. The antimicrobial effects of the tested formulations were
evaluated against Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella
pneumoniae, and Escherichia coli using the disc diffusion method. Sterile filter paper discs impregnated with the
tested agents were used to determine inhibition zones. The results demonstrated that 3% hydrogen peroxide
exhibited the strongest antibacterial activity against all tested bacterial isolates, producing the largest mean
inhibition zones against P. aeruginosa (23 mm), S. aureus (41 mm), S. epidermidis (25 mm), K. pneumoniae (29 mm),
and E. coli (25 mm), with statistically significant differences compared with other agents. Chlorhexidine
formulations showed moderate antibacterial activity, with the 0.20% concentration generally producing greater
inhibition than the 0.12% formulation. As expected, nystatin, included as an antifungal negative control, showed no
antibacterial activity against the tested bacterial species. These findings indicate that 3% hydrogen peroxide has
strong in vitro antibacterial potential against common gingival pathogens, while chlorhexidine remains an effective
antimicrobial agent with prolonged activity. Further clinical studies are required to confirm the effectiveness of
these formulations in patients with gingivitis and periodontal disease.
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Introduction

Gingivitis is a reversible inflammatory condition of the gingival tissues characterized by a site-specific host inflammatory
response to the accumulation of dental plaque (biofilm) at the gingival margin [1, 2]. Unlike periodontitis, gingivitis does not
involve destruction of the periodontal ligament or resorption of the supporting alveolar bone [2]. Therefore, it represents an
early stage of periodontal disease and an important opportunity for prevention and intervention before irreversible
periodontal tissue damage occurs. Gingivitis is highly prevalent worldwide, with epidemiological studies indicating that up
to 90% of adults may experience some degree of gingival inflammation [3]. Although it can occur at any age, its prevalence
and severity may increase during periods of hormonal fluctuation, such as puberty and pregnancy, when gingival tissues
become more susceptible to plaque-induced inflammation [4]. Effective control of dental plaque is essential for preventing
and managing gingivitis. In addition to mechanical plaque removal, antimicrobial mouthwashes are widely used as
adjunctive oral hygiene agents. Commercial mouthwashes differ in their active ingredients, antimicrobial spectrum,
efficacy, and adverse-effect profiles.

Chlorhexidine (CHX) is among the most extensively studied agents for chemical plaque control and is considered highly
effective because of its broad-spectrum antimicrobial activity and high substantivity, which allows prolonged antimicrobial
activity within the oral cavity following rinsing [5, 6]. Essential oil-containing mouthrinses, including formulations containing
eucalyptol, menthol, and thymol, have also demonstrated efficacy during long-term use, with significant reductions in
dental plaque and gingival inflammation when used in conjunction with mechanical plaque control [7]. Cetylpyridinium
chloride (CPC), a quaternary ammonium compound commonly incorporated into alcohol-free mouthwash formulations,
has similarly demonstrated plaque- and gingivitis-reducing effects when used as an adjunct to toothbrushing [8, 9].
Hydrogen peroxide (H,0,) is another antimicrobial agent used in oral care products. As an oxidizing agent, H,0O, exerts
antimicrobial effects through oxidative damage to cellular components and may inhibit the colonization and multiplication
of anaerobic bacteria within dental plaque [10, 11].

In addition to differences in antimicrobial activity, mouthwash formulations may vary in their effects on the oral microbiome
and in their acceptability to patients [12, 13]. These differences highlight the importance of evaluating the antibacterial
activity of individual formulations against clinically relevant microorganisms. The microbial composition associated with
gingival inflammation may include a variety of Gram-positive and Gram-negative bacterial species. The presence and
proliferation of potentially pathogenic microorganisms may contribute to the persistence of gingival inflammation,
particularly when effective plaque control is inadequate [14, 15]. In developing countries, limited access to professional
dental care, inadequate oral health education, poverty, and insufficient oral healthcare resources may further contribute
to the burden of oral and periodontal diseases [16]. Consequently, accessible and effective antimicrobial approaches may
have an important role as adjuncts to routine oral hygiene practices. Despite the widespread availability of antimicrobial
mouthwashes, differences in their antibacterial activity against specific oral and opportunistic bacterial species warrant
further investigation. Therefore, the present study aimed to evaluate and compare thein vitro antibacterial activity of
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selected mouthwash formulations, including Cariax Chlorhexidine DG Fluoride (0.12%), Perio Chlorhexidine DG (0.20%)
containing 0.1% cetylpyridinium chloride (CPC), 3% hydrogen peroxide (H,0O,), and nystatin. Their antibacterial activity was
evaluated against Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella
pneumoniae, and Escherichia coli using laboratory-based antibacterial susceptibility testing.

Methods

This study employed a laboratory-based in vitro experimental design conducted under controlled conditions. Sample
collection and laboratory analyses were performed between January and February 2026 in western Libya, with standardized
procedures applied throughout sample handling and experimental processing. The antimicrobial activities of four oral
formulations were evaluated: Cariax Chlorhexidine DG Fluoride (0.12%), Perio Chlorhexidine DG (0.20%) containing 0.1%
cetylpyridinium chloride (CPC), 3% hydrogen peroxide (H,0,) spray, and Nystatin oral suspension (100,000 IlU/mL; 30 mL).
Nystatin was included as an antifungal negative control because its primary activity is directed against fungal organisms
rather than bacteria. The tested formulations were evaluated against five bacterial species: Pseudomonas aeruginosa,
Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella pneumoniae, and Escherichia coli. For the antimicrobial
susceptibility assay, sterile filter paper discs measuring 6 mm in diameter were prepared from Whatman® No. 1 filter paper
(Sigma-Aldrich). The discs were placed in heat-sealing bags and sterilized by autoclaving at 121°C for 15 minutes.
Following sterilization, the discs were dried in a hot-air oven at 50°C to remove residual moisture. The sterile discs were
subsequently impregnated with the respective test formulations and used for antimicrobial susceptibility testing under
standardized laboratory conditions. The bacterial colonies were suspended in 0.9% normal saline, and the bacterial density
was adjusted to the 0.5 McFarland standard using a spectrophotometer. The standardized bacterial suspension was then
evenly inoculated onto the entire surface of Mueller-Hinton agar (CM0337) using a sterile swab. Antibiotic discs were
placed on the inoculated agar surface, followed by the prepared mouthwash-impregnated discs. The mouthwash discs
were prepared by immersing sterile filter paper discs in their respective mouthwash formulations and then placing them
evenly on the agar plates. The experiment was performed in triplicate for each bacterial species to minimize experimental
error. The plates were incubated at 37°C for 24 hours. Finally, the diameters of the bacterialinhibition zones were measured
in millimetres, and the results were recorded for subsequent statistical analysis. GraphPad Prism 9.4.1 software (2022,
U.S.A. was used to analyse the data.

Results

Hydrogen peroxide (H,O,, 3%) demonstrated the highest antibacterial activity against Pseudomonas aeruginosa, producing
the largest mean inhibition zone (23 mm), which was significantly greater than that observed for the other tested agents
(****P < 0.0001). Chlorhexidine showed moderate antibacterial effects, with 0.20% and 0.12% formulations yielding mean
inhibition zones of approximately 18 mm and 12 mm, respectively. In contrast, as expected for the antifungal negative
control, nystatin showed no detectable antibacterial activity against P. aeruginosa.

Pseudomonas aeruginosa
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Figure 1. Antibacterial activity against Pseudomonas aeruginosa

H,0, (3%) produced the largest mean inhibition zone against Staphylococcus aureus (41 mm), which was significantly
greater than those produced by the other tested agents (***P < 0.0002). Chlorhexidine also inhibited S. aureus growth, with
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mean inhibition zones of 19 mm and 15 mm for the 0.20% and 0.12% formulations, respectively. No inhibitory activity was

observed for nystatin against S. aureus.
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Figure 2. Antibacterial activity against Staphylococcus aureus

H,0, (3%) exhibited the highest antibacterial activity against Staphylococcus epidermidis, producing the largest mean
inhibition zone (25 mm). This inhibitory effect was significantly greater than those observed for the other tested mouthwash
formulations (*P < 0.0214). Chlorhexidine formulations (0.12% and 0.20%) demonstrated moderate antibacterial activity,
with mean inhibition zones of approximately 18 mm and 19 mm, respectively. In contrast, Nystatin, included as the
antifungal negative control, showed no measurable antibacterial activity against S. epidermidis.
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Fig 3. Antibacterial activity against Staphylococcus epidermidis
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Kiebsiella pneumonia
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Fig 4. Antibacterial activity against Klebsiella pneumoniae

Escherichia coli
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Fig.5. Antibacterial activity against Escherichia coli
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H,O, (3%) demonstrated the highest antibacterial activity against K. pneumoniae, producing the largest mean inhibition
zone (29 mm), which was significantly greater than those observed for the other tested agents (***P< 0.0006). Chlorhexidine
formulations (0.12% and 0.20%) exhibited moderate antibacterial activity, with mean inhibition zones of approximately 10
mm and 13 mm, respectively. In contrast, Nystatin showed no detectable antibacterial activity against K. pneumoniae,

consistent with its role as an antifungal negative control.

H,0, (3%) showed the greatest antibacterial activity against Escherichia coli, producing the largest mean inhibition zone (25
mm), which was significantly higher than the other tested agents (****P <0.0001). Chlorhexidine 0.12% and 0.20% exhibited
moderate antibacterial activity with mean inhibition zones of approximately 13 mm and 12 mm, respectively, while nystatin,
used as an antifungal negative control, showed no inhibitory effect against E. coli.
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Discussion

The present study evaluated and compared the in vitro antibacterial activity of selected mouthwash formulations against
bacterial isolates associated with gingival infections. Among the tested agents, 3% hydrogen peroxide (H,0,) demonstrated
the strongest antibacterial activity, producing the largest inhibition zones against Pseudomonas aeruginosa (23
mm), Staphylococcus aureus (41 mm), Staphylococcus epidermidis (25 mm), Klebsiella pneumoniae (29 mm),
and Escherichia coli (25 mm). The observed differences were statistically significant, indicating that H,O, exhibited greater
antibacterial activity than the other tested formulations under the experimental conditions of this study.

Antibacterial Activity of Hydrogen Peroxide

The strong antibacterial activity of hydrogen peroxide is primarily attributed to oxidative stress and the generation of reactive
oxygen species (ROS), which can damage essential cellular components, including proteins, lipids, and nucleic acids,
ultimately leading to loss of cellular integrity and bacterial death. This oxidative mechanism contributes to the broad-
spectrum antimicrobial activity of hydrogen peroxide against both Gram-positive and Gram-negative bacteria[17, 18]. These
findings are consistent with previous research demonstrating that 3% hydrogen peroxide significantly reduces bacterial
counts on the tongue, supporting its potential antimicrobial effect in reducing the oral bacterial burden [19]. However,
further clinical studies are needed to confirm its efficacy under in vivo conditions. The relatively large inhibition zones
observed with H,0, against all bacterial isolates suggest that its oxidative activity was effective against a broad range of
microorganisms under the present in vitro conditions.

Antibacterial Activity of Chlorhexidine

Both chlorhexidine formulations exhibited moderate antibacterial activity against all tested bacteria. The 0.20%
chlorhexidine formulation generally produced larger inhibition zones than the 0.12% formulation against P. aeruginosa, S.
aureus, and K. pneumoniae, suggesting that increasing chlorhexidine concentration enhances its antibacterial effect.
However, against S. epidermidis and E. coli, the difference between the two formulations was minimal. Chlorhexidine exerts
its antimicrobial activity by disrupting the bacterial cell membrane, causing leakage of intracellular contents and inhibition
of essential cellular processes. Although its inhibition zones were smaller than those observed with hydrogen peroxide,
chlorhexidine remains one of the most effective and widely studied agents for chemical plaque control because of its high
substantivity and prolonged antimicrobial activity following application. However, its clinical use may be limited by adverse
effects, particularly extrinsic tooth staining and taste alteration [9, 20, 21].

Lack of Antibacterial Activity of Nystatin

Nystatin showed no detectable antibacterial activity against any of the bacterial isolates tested. In the present study,
nystatin was intentionally included as an antifungal negative control rather than as an antibacterial mouthwash. This lack
of antibacterial activity was expected because nystatin is a polyene antifungal agent that primarily acts
against Candida species. lts mechanism of action involves binding to ergosterol in fungal cell membranes, resulting in pore
formation and leakage of cellular contents. Since bacterial cell membranes lack ergosterol, nystatin has no significant
antibacterial effect. Therefore, its absence of activity against P. aeruginosa, S. aureus, S. epidermidis, K. pneumoniae, and E.
coli agrees with its established pharmacological properties [22, 23]. Overall, the findings indicate that hydrogen peroxide
may provide rapid and effective reduction of oral bacterial pathogens under in vitro conditions, whereas chlorhexidine
provides moderate antibacterial activity with the additional advantage of prolonged antimicrobial substantivity. The absence
of antibacterial activity with nystatin confirms its specific role as an antifungal rather than an antibacterial agent. Further
clinical studies are recommended to determine whether the superior in vitro antibacterial activity of hydrogen peroxide
translates into improved clinical outcomes in patients with gingivitis and periodontal disease.

Limitations
This in vitro study requires confirmation through larger in vivo clinical studies.

Conclusion

This study demonstrated that 3% hydrogen peroxide exhibited the highest antibacterial activity against all tested gingival
bacterial pathogens, producing significantly larger inhibition zones than the other tested agents. Chlorhexidine
formulations showed moderate antibacterial effects, whereas nystatin, included as an antifungal negative control, showed
no antibacterial activity, as expected. These findings suggest that hydrogen peroxide has strong in vitro antibacterial
potential, whereas chlorhexidine remains valuable for its prolonged antimicrobial action. Further clinical studies are
needed to confirm these effects in patients.
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