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Abstract

Aim: Oral environment hosts many microorganisms and even symbiotic microorganisms can cause diseases under appropriate
conditions and antimicrobial therapy might be required. The aim of the present study was to evaluate the effect of various antioxidants
on Aggregatibacter actinomycetemcomitans, Candida albicans, and Streptococcus mutans as pathogenic microorganisms of the
oral environment.

Material and Methods: In present research, the antibacterial effects of various antioxidants on oral bacteria, Aggregatibacter
actinomycetemcomitans (A.actinomycetemcomitans, ATCC 33384), Streptococcus mutans (S.mutans, ATCC 35668), and fungus
Candida albicans (C.albicans, ATCC 90819) were tested. The tested antioxidants were curcumin, gallic acid, and vanillic acid. The
concentrations of the antioxidants were adjusted to 5% and appropriate solvents were used for the agents. The solvents were
distilled water for gallic acid, ethanol for vanillic acid and dimethyl sulphoxide (DMSO) for curcumin. Antibiotics ciprofloxacin,
penicillin, tetracycline, and chlorhexidine were used as positive control agents. The antibacterial effect of the antioxidants were
tested with disc-diffusion method.

Results: Positive control agents provided significant antibacterial efficacy compared to the test agents and negative controls. The
most significant effect was observed on ciprofloxacin against all tested microorganisms. On the other hand, penicillin provided
similar effects with the chlorhexidine and tetracycline. All antioxidants tested in the present study was found ineffective against all
tested microorganisms. Topical use of antioxidants did not provide efficacy.

Conclusion: Antioxidants have significant effects on preventing oxidative stress and decreasing inflammation-driven pathologies.
However, the tested antioxidants did not provide an antibacterial effect against A.actinomycetemcomitans, S.mutans, and C.albicans.
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INTRODUCTION

The oral environment is a natural habitat that hosts many

basis might be useful without affecting host tissue and
organs.

different species and numbers of microorganisms and is
in a delicate balance with host defense systems (1). When
thisbalanceisdisturbed, differentinfectious diseases such
as periodontal disease, caries, and fungal infection might
occur (2,3). Treatment of infectious diseases requires the
removal of the causative microorganism. Furthermore,
regular use of chemotherapeutics damages host tissues
and organs and is not recommended as a long-term
treatment option (4). In this respect, natural compounds
with antimicrobial efficacy which are consumed on a daily

The most common infectious diseases of the oral
cavity are caries and periodontal diseases (5). Certain
microorganisms such as Streptococcus mutans
which causes dental caries and Aggregatibacter
actinomycetemcomitans which causes rapid destruction
of the periodontal tissues are responsible for those
diseases (5). However, neither of them can be cured
with any chemical agents and the patients would have
to suffer from the diseases throughout their lives. Yet
the development of the diseases and progress can be
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prevented at least slowed down with appropriate therapies
and oral hygiene instructions (6). In addition, antibiotics
do not have a place in the routine clinical treatments as
long-term use of these agents cause adverse effects
like antibiotic resistance, suppression of regular oral
microbiota and fungus superinfection (7).

Anothercommoninfectious diseaseintheoralenvironment
is the fungal infections which are mostly associated
with immunosuppression or overuse of antibiotics (7).
Furthermore, senile patients who use removable acrylic
prosthesis might also suffer from fungal infections
(8). Antiseptics and antibiotics are frequently used in
the treatment of infectious diseases (7). The effect of
antibiotics occurs through disruption of genetic materials,
cell wall integrity or metabolism (9). On the other hand, the
most potent antiseptic used in dentistry is chlorhexidine
(CHX) and it binds cationic molecules on the cell wall and
disrupts cell wall integrity (10).

Antioxidants are natural compounds with various effects
such as modulating host defense system, reducing
inflammation, increasing bone formation and decreasing
apoptosis of the host cells (11). Numerous biological
activity such as antioxidant, antimicrobial, cell protective
activities were also reported (12-20). Potent antimicrobial
efficacy in skin wounds and decreased ROS production
was demonstrated (13,21). Antioxidants exhibit significant
preventive efficacy against various fungi such as Candida
species, gram positive bacteria such as Staphylococcus
aureus, and gram negative bacteria such as Eschericia
coli (21-23).

The viability of microorganisms depends on the
environment and severe alteration on the environment
cause cell death (24). The effects of antioxidants on
microorganisms occur through reactive oxygen species
(ROS) (25). Based on the previous studies reporting
antimicrobial effects of potent antioxidants (21,26),
the aim of the present study was to evaluate the effect
of various antioxidants on oral microorganisms A.
Actinomycetemcomitans, S. mutans, and C.albicans on
cell culture.

MATERIAL and METHODS

Penicillin, ciprofloxacin, tetracycline, CHX, and nystatin
were used as positive controls and distilled water, ethanol
and dimethyl sulphoxide were used as negative controls.
The tested antioxidants were curcumin, gallic acid, and
vanillic acid. The solvents were distilled water for gallic
acid, ethanol for vanillic acid and dimethyl sulphoxide
(DMSO0) for curcumin. All agents were tested as 5%
concentration.

For positive controls; 0.12% CHX, 5% concentration
dissolved in distilled water for ciprofloxacin, 10 pg/
disc for penicillin, 30 pg/disc for tetracycline and 10
pg/ disc for nystatin were used. Nystatin was not
tested for Aggregatibacter actinomycetemcomitans and
Streptococcus mutans. Tetracycline and ciprofloxacin
were not tested for Candida albicans also. Antibacterial

and antifungal efficacy of test materials tested via Kirby-
Bauer (Disc-diffusion) method.

Disc-diffusion method
Disc-diffusionmethodisaneffective method andfrequently
used to investigate the efficacy of various agents against
microorganisms (26-28). The bacterial species used in
this study was Aggregatibacter actinomycetemcomitans
(A.actinomycetemcomitans, ATCC 33384), Streptococcus
mutans (S.mutans, ATCC 35668), and fungus Candida
albicans (C.albicans, ATCC 90819). The antimicrobial
activity was determined with the disc-diffusion method
previously described in the literature (27,29). Firstly,
nutrient agar (NA) was prepared and 108 CFU/mL of
bacteria was added to 100 mL NA solution. Then, bacteria
wereinoculated to the petri dish containing Mueller-Hinton
agar (MHA) medium which does not include any indicator
or inhibitor. 38.0 g/L MHA was sterilized by autoclave
(121°C, 15 min). After cooling to 45-50 °C 5% de-fibrinated
sheep blood was added. 20 mL of blood-enriched MHA
was poured to sterile petri dishes. The blank discs (6 mm
diameter, Oxoid) were impregnated with 20 mL of each test
compound dissolved in distilled water (105 pg/disc) and
placed on the inoculated agar. The inoculated plates were
incubated at aerobic conditions with 36°C for 24 h. After
incubation, the growth inhibition zones were measured
via a millimetric scale. The procedure was repeated thrice
and the arithmetic mean of three measurements were
recorded as one inhibition zone. The agents tested were
shown in (Table 1).

RESULTS

The widest inhibition zones were
positive control group ciprofloxacin,
Actinomycetemcomitans and  S.mutans.  Negative
control groups; both distilled water, ethanol and
dimethyl sulphoxide did not exhibit any inhibition zones.
No inhibition zones were observed in antioxidants;
curcumin, gallic acid, and vanillic acid tested against A.
Actinomycetemcomitans and S.mutans. Tetracycline
provided wider zone compared to the penicillin and CHX.
Positive controls penicillin and CHX provided similar
inhibition zone (Table 2).

Table 1. The agents used in the study

Distilled water

observed on
against A.

Ethanol 50% concentration

Dimethyl sulphoxide 50% concentration

Penicillin 10 pg/disc

Tetracycline 30 pg/disc

Ciprofloxacin 5% concentration dissolved in distilled water
Nystatin 10 pg/disc

Chlorhexidine 0.12%

Curcumin 5% dissolved in dimethyl sulphoxide

Gallic acid 5% dissolved in distilled water

Vanillic acid 5% dissolved in ethanol
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Table 2. Inhibition zones of the tested agents.

Microorganism/ Aggregatibacter Streptococcus Candida
Tested agents  actinomycetemcomitans mutans albicans
Distilled water 0 0 0
Ethanol 0 0 0
siphorie : 0o
Penicillin 10 18 3
Tetracycline 17 17 Not tested
Ciprofloxacin 40 34 Not tested
Nystatin Not tested Not tested 20
Chlorhexidine 11 15 20
Curcumin 0 0 0
Gallic acid 0 0 0
Vanillic acid 0 0 0

Against C.albicans, the most effective agents were
tetracycline and nystatin which provided similarly medium
antimicrobial effect with 20 mm inhibition zone. Penicillin
exhibited 3 mm wide inhibition zone also. Negative
controls did not exhibit antimicrobial effect (Table 2).
Antioxidants also did not create any inhibition zones
against C.albicans.

DISCUSSION

Periodontitis is the irreversible chronic inflammatory
disease triggered by dysbiotic oral microbiota causing
soft and hard periodontal tissue destruction (2). Many
pathogenic bacteria are involved in the content of dysbiotic
flora (2). Aggregatibacter actinomycetemcomitans plays
a critical role in the development of periodontal disease
due to its virulence factors (30). There are several
studies in the literature that have been investigated the
effectiveness of various plant extracts and agents on this
microorganism (26,30,31). Dental caries is one of the most
common preventable diseases; people are susceptible to
the disease throughout their lifetime (5). S. mutans is the
primary microorganism responsible for the formation of
dental caries (6,32). In addition to daily oral hygiene habits,
the use of certain agents has been proposed to reduce
S. mutans levels, especially in individuals with  a high
incidence of caries (33). C. albicans is the most common
cause of oral fungal infections and it may occur as a
result of flora deterioration due to long- term antibiotic
use (20). And the use of natural products instead of
antifungals has been the subject of many studies before
(20,21,34). The present study evaluated the antimicrobial
effect of curcumin, gallic acid, and vanillic acid on oral
microorganisms A. actinomycetemcomitans,

S. mutans, and C. albicans. The results have revealed
that antioxidants did not exhibit any antimicrobial effect
on the tested microorganisms. Positive controls as CHX
and penicillin provided acceptable efficacy and the most
significant effect was observed with ciprofloxacin.

The oral environment is a complex milieu, rich in
microorganism species in both diversity and number
(5). Bacteria in the oral flora have normally a symbiotic
relationship, and disruption of this equilibrium leads to
infection and related diseases (1). However, unlike other
infectious diseases, oral diseases such as caries and
periodontal diseases are not mono-infections which could
be treated with antibiotic use (3). Antiseptics can also be
used however they could cause adverse effects such as
suppressing existing oral microbiota, discoloration in the
teeth, and systemic side effects such as gastrointestinal
problems or kidney problems (35). Furthermore, in
patients with immunosuppression, in situations such
as pregnancy or lactation, chemotherapeutics also are
not recommended for oral infections (36). In this regard,
natural compounds with low side effects can be used on
daily basis and aid treatment of infectious diseases of the
oral environment (31).

Curcumin is a polyphenolic compound which was
demonstrated to exhibit potent antibacterial, antiviral,
antifungal, and anti-malarial effect (37). Mahdizade-Ari
et al. recently reported that A. actinomycetemcomitans
cell viability, metabolic activity, and quorum sensing
ability significantly decreased after curcumin expose (30).
Alalwan et al. showed that curcumin was also effective
against C. albicans adhesion and biofilm formation (34).
In contrast, no inhibition zone was observed in the present
study in A. actinomycetemcomitans, S. mutans, and C.
albicans cultures in response to curcumin treatment.

Antioxidant molecules have diverse activity spectrum
as they can up-regulate anabolic activities, reduce
inflammation, apoptosis, and prevent tumor growth
(11,26,38). Gallic acid is a potent antioxidant and anti-
inflammatory agent which was recently shown to
prevent periodontopathogenic bacteria cell growth (26,
31). Nakamura et al. Suggested that gallic acid might
be a potent disinfectant as gallic acid implementation
exterted significant antibactericidal activity against A
actinomycetemcomitans and S. mutans (31). It was also
effective against Porphyromonas gingivalis (26). As for

C. albicans, Teodoro et al. recently found that gallic acid
exhibited potent antifungal effect and can be considered
as a novel antifungal treatment agent along with its anti-
inflammatory activity (39). However, the present results
did not reveal any inhibitory effect of gallic acid with 5%
concentration which was lower than the doses used in
the aforementioned studies (10%) (26,31). According to
these results, the concentrations of antioxidants included
in this study may be considered to be lower than the
minimum inhibitory concentration (MIC) value. And for
future studies, it should be noted that doses below the
MIC values will not be effective to these species.

Vanillic acid is another strong antioxidant agent which
was reported to reduce major pathogenic bacteria in the
oral environment. Bodet et al. showed that vanillic acid
and its derivatives significantly reduced S.mutans biofilm
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formation and P. gingivalis cell growth (40). In contrast,
Panyo et al. reported that vanillic acid did not exhibit
inhibitory effects against C.albicans and S. mutans.
Currently, there is no published study regarding the effect
of vanillic acid on A. actinomycetemcomitans.

CONCLUSION

Among tested molecules, positive control agents provided
significant antimicrobial efficacy, however antioxidants
did not exhibit any effect. That might be the result of used
concentrations in the study. Future studies with different
agents and bacterial strains, or high concentrations
might be beneficial in searching natural antimicrobial
compounds.
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