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Abstract

Objective: To evaluate in vitro the antimicrobial effect of Listerine-green tea mouthwash on Streptococcus
mutans (SM) in comparison with 0.12% Chlorhexidine (CHX) and Listerine-Zero. Material and Methods:
The sensitivity and growth inhibition of SM bacterial species were evaluated and compared between
Listerine-green tea, 0.12% CHX and Listerine-Zero mouthwashes. Sixty plates containing SM colonies
were prepared in three groups (n=20), and growth inhibition zones were measured using the disk diffusion
agar test in mm. Data were analyzed with SPSS 21. One-way ANOVA was used to compare the efficacy of
the three mouthwashes tested. Post hoc Tukey tests were used for two-by-two comparisons. Statistical
significance was defined at P<0.05. Results: Analysis of data showed significant differences between the
three groups (p<0.001); 0.12% CHX was the most effective mouthwash, and Listerine-Zero exhibited the
least effect on the growth inhibition of SM (p<0.004). Conclusion: All three mouthwashes were
significantly effective in inhibiting the growth of SM. The effect of Listerine-green tea mouthwash was
higher than that of Listerine-Zero and less than that of 0.12% CHX.
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Introduction

Dental caries is still considered a major health problem in many countries [17]. The condition is the
result of an interaction between specific bacteria and diet on the one hand and the tooth surface plaque. Of all
the bacterial species, Streptococcus mutans (SM) has been reported as the principal etiologic agent for dental
caries. SM is an anaerobic gram-positive coccus bacterial species that forms a large amount of extracellular
polysaccharides using dietary sucrose and is the principal etiologic agent involved in the formation of
cariogenic plaque [27].

Currently, there are great concerns about the prevention and preventive care for dental caries at home
[87. The use of mechanical techniques to preserve the oral health, including brushing and use of dental floss, is
the focus of dentists' attention to decreasing the counts of microorganisms, especially SM, and provide caries
prevention care. Use of antimicrobial agents (chemical and herbal) has been recommended to improve the
efficacy of mechanical methods [47]. Mouthwashes are safe and effective antimicrobial and anti-plaque agents
that prevent adhesion, colonization, metabolic activity and proliferation of bacteria [57. It is difficult to decide
on the use of a specific mouthwash for a specific aim due to diversities in the antibacterial efficacy, cytotoxicity
and kinetics of different solutions [67.

Of all the commonly used mouthwashes, chlorhexidine (CHX) digluconate has a long history as an
effective antimicrobial agent in inhibiting the formation of dental plaque. CHX is considered a gold standard in
decreasing the counts of oral microbial counts. In many studies, it is considered a positive control group to
compare its effect with that of other materials. However, despite all its advantages, it has some disadvantages,
including a change in taste perception, tooth discoloration and xerostomia [77].

Studies on the use of Listerine mouthwash have shown its high antimicrobial activity against oral
microorganisms [87. Its antiseptic properties are attributed to its content of active antibacterial agents,
including essential oils [97].

Currently, the use of herbal medicines with antibacterial properties has increased for the treatment of
infections. Recent in vitro, animal and human studies have reported the positive effect of green tea on
decreasing the rate of dental caries [10,117. Green tea is one of the traditional drinks in China and Japan,
which is derived from the young stems of Camellia sinensis [127].

One of the new achievements in the treatment of dental caries is the use of a combination of several
antibacterial agents. Recently, Listerine mouthwash has been marketed, with green tea as one of its
constituents, and the manufacturer claims that adding green tea with antibacterial properties and the
polyphenols in its structure has increased the inhibitory effects of this mouthwash on the initiation of caries.

Considering the high prevalence of caries in different communities, its prevention is one of the
research priorities. In addition, due to the diversity of the mouthwashes that are available and the current data,
this in vitro study was designed to evaluate the inhibitory effect of Listerine containing green tea and
Listerine-Zero. In addition, 0.12% CHX mouthwash was used, which is the gold standard mouthwash in the

treatment of infections, to compare the results and effects on SM.

Material and Methods
Study Design

In the present in vitro study, the standard strain of SM (PTCC 1683) was used to evaluate the
inhibitory effect of Listerine-green tea mouthwash (Listerine, Johnson & Johnson S.p.A, Italy) and compare it

with Listerine Zero (Listerine, Johnson & Johnson S.p.A, Italy) and 0.12% CHX (Behasa, Iran).
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Experimental Stage

The microbial inoculation technique was used to carry out the antibiogram test with the Kirby-Bauer
standard method or disk diffusion test, commonly used to identify a microorganism that is resistant or
sensitive to a specific antibiotic. A sterile loop was used to transfer some isolated colonies of SM standard
strain from the culture medium into a test tube containing sterile physiologic serum and incubated at 37°C for
2—3 hours. Then the turbidity of the test tubes was compared with 0.5 standard McFarland concentration
because the amount of microbes inoculated affects the growth inhibition zone in the disk diffusion test. The
turbidity of this test tube is almost equal to 1.5x108 bacteria/mL. After achieving suspension turbidity equal
to that of 0.5 McFarland concentration tube, a sterile swab was used to remove some bacterial suspension and
inoculate on 60 plates containing Mueller-Hinton agar. The plates were randomly divided into three groups
(n=20) to evaluate the performance of the mouthwashes: Group 1: Listerine-green tea; Group 2: Listeria-Zero;
and Group 3: 0.12% CHX.

A blank disk (Padtan Teb, Iran), containing Listerine-green tea, and disks containing 0.12% CHX and
Listerine Zero mouthwashes, were dried in an incubator at 37°C for 1 hour. Then they were placed on the
prepared culture medium using the microbial method. One specific microbial culture plate was allocated to each
disk because the effect of each mouthwash and the diameter of the halo of each disk were unknown.

After 24 hours of incubation of the plates, the disks containing the mouthwashes were evaluated by
determining the size of the microbial growth inhibition zone. The diameter of the SM growth inhibition zone
around each disk was measured with a ruler in mm. The mean values were determined in each group, and the

bactericidal effects of the three mouthwashes were evaluated and compared.

Data Analysis
Data were analyzed with SPSS Statistics for Windows Software (IBM Corp., Armonk, NY, USA),
version 21. Descriptive statistics was used to calculate the mean and standard deviation. One-way ANOVA and

post hoc Tukey tests were used. Statistical significance was set at P<0.05.

Ethical Aspects
This research was approved by the Research Committee of the Guilan University of Medical Sciences

(IRGUMS.REC.1897.855).

Results

The normal distribution of data was confirmed by the Kolmogorov-Smirnov test. Table 1 presents the
diameters of SM growth inhibition zones in the three study groups. One-way ANOVA showed significant
differences between the three groups (p<0.001). Two-by-two comparisons of the groups with post hoc Tukey
tests showed that the effect of CHX was significantly higher than those of Listerine—green tea and Listerine

Zero (p<0.001 and p<0.001) and Listerine-green tea was significantly higher than that of Listerine-Zero

(p<0001).

Table 1. The mean diameters of SM growth inhibition zones.

Groups Mean (SD)
Listerine Green Tea 21.43 (3.76)7
Listerine Zero 18.73 (8.91)B
Chlorhexidine 26.35 (1.84)C

The differences between dissimilar letters are significant (p<0.05).
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Discussion

Streptococcus mutans is the chief etiologic agent for dental caries. It can adhere to the acquired
pellicle as the first step in plaque formation. As a result, the elimination of this bacterial species prevents plaque
formation and development of caries. The mechanical methods of plaque inhibition have some limitations;
therefore, chemical techniques of dental plaque inhibition have been recommended. The use of disinfecting
mouthwashes can be helpful for decreasing dental plaque [187. The present study evaluated the effect of
Listerine-green tea mouthwash on the inhibition of SM and compared it with the efficacy of 0.12% CHX and
Listerine-Zero mouthwashes.

Based on the results, all the three mouthwashes exhibited the ability to inhibit the proliferation of SM,
with 0.12 CHX exhibiting the highest inhibitory effect. Many studies on oral microorganisms have reported
that CHX is the best mouthwash [14,157, deeming it the gold standard in the chemical treatment against SM
and dental caries [17]. Consistent with the present study, other authors showed that CHX-containing
mouthwashes (0.2% and 0.06% concentrates) and Total Care Listerine Zero inhibited the formation of plaque
by different species of Streptococci [167]. They also reported that CHX-containing mouthwashes were more
effective than Total Care Listerine Zero mouthwash. These mouthwashes effectively inhibited the initiation of
dental caries, and they decreased colonization of pathologic bacterial species and also exerted no destructive
effects on innocent bacterial species competing with SM.

The positive effect of 0.12% CHX mouthwash on decreasing the number of SM and Lactobacillus
colonies has been described in the literature [177]. CHX is a bisguanide and is adsorbed to the surface of tooth
pellicle, plaque and mucosa, and its cationic nature increases its adsorption to the surfaces mentioned above.
The antibacterial activity of this mouthwash is the result of its absorption by extracellular polysaccharides
[187.

On the other hand, contrary to the results of the present study, previous authors showed the better
eftect of Listerine mouthwash on planktonic and biofilm bacteria compared to 0.0005% CHX (diluted) [97. In
another research, 12% CHX was more effective in decreasing plaque and gingivitis; however, the use of diluted
CHX (0.0005%) did not exhibit any antibacterial activity [197. It appears that the concentration of CHX has
an important role in its antimicrobial activity.

Another finding of the present study was the better and higher antibacterial effect of Listerine-green
tea mouthwash compared to that of Listerine-Zero mouthwash. Listerine contains active ingredients, including
essential oils, and its antimicrobial activity against oral microorganisms has already been evaluated and
confirmed [87.

Recently, Listerine-green tea mouthwash has been produced and marketed by adding green tea to the
main mouthwash. A large number of studies have evaluated the antimicrobial, anti-inflammatory and
anticariogenic effects of green tea extract [10,117; however, no study is available on the evaluation and
comparison of the effect of this new mouthwash on SM.

Green tea is produced from the fresh leaves of Camellia sinensis and contains polyphenols, especially
flavonoids. The principle flavonoids in tea are epigallocatechin-3-gallate and epicatechin [107. The
anticariogenic activity of catechin might be attributed to its direct anti bactericidal effect on SM, inhibition of
the adhesion of bacteria to tooth surfaces and inhibition of bacterial amylase. Drinking green tea cleans the oral
cavity and the individuals drinking large amounts of green tea are affected by dental caries at a lower rate
[207]. Use of a combination of several antibacterial agents in one product might be one of the methods to

increase its anti-plaque efficacy [177]. Considering the confirmation of the effects of green tea extract and
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Listerine mouthwashes in different studies on the inhibition of SM, it is possible to justify the higher
antibacterial effect of Listerine-green tea mouthwash compared to Listerine-Zero.

Consistent with the present study, the positive effect of 0.5% green tea extract on decreasing the
colony counts of SM and Lactobacillus was previously demonstrated [177; however, it was less effective than
0.12% CHX mouthwash. Contrary to the present research, a study showed that the use of green tea extract
mouthwash can decrease the oral microorganism counts similar to CHX, and the two mouthwashes had similar
effects [217. The differences in the results of studies might be attributed to the differences in the concentration
of active agents in the formulation of the mouthwash. Unfortunately, the concentration of the green tea used in
Listerine mouthwash has not been reported by the manufacturer, and it is possible that a similar concentration
has not been used in studies.

Previous authors evaluated the effect of EGCG-S (epigallocatechin-3-gallate-stearate polyphenol) on
SM biofilm and showed that EGCG-S solutions at 200 mg/mL concentration at 4 hours and 250 mg/mL
concentration at 2—4 hours completely inhibited streptococcal biofilm formation, and its efficacy was
concentration-dependent [227. In addition, the authors reported that EGCG-S of green tea at higher
concentrations was able to completely inhibit the growth of S. mutans, similar to the effect of 0.1% CHX.
Overall, in the present study, the 0.12% concentration of CHX exhibited the highest antibacterial properties;
however, the use of CHX, apart from its strong antibacterial effects, has some disadvantages, including tooth
discoloration, loss of the sense of taste and allergic reactions. For this reason, sometimes its diluted
concentration is recommended. However, this may decrease antibacterial efficacy [9,197.

Therefore, given the presence of nature components in Listerine-green tea mouthwash and lack of

tooth discoloration potential in this mouthwash, it might be a proper alternative for CHX for daily use.

Conclusion
Listerine mouthwash containing green tea was more effective than Listerine Zero in inhibiting S.

mutans proliferation. However, both mouthwashes were less effective than 0.12% CHX mouthwash.
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