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Abstract

Introduction: Mutans streptococci are the main cause of tooth decay. Application of natural materials as mouthwash has
been effective in reducing the bacterial count. This study aimed to assess the antimicrobial effects of Sour cherry mouthwash
on two oral bacteria S. mutans and S. sobrinus responsible for tooth decay.

Materials and Methods: Strongly adherent strains of Streptococcus mutans and Streptococcus sobrinus were selected for
this in vitro study. Antimicrobial effects of Sour cherry and Pomegranate mouthwash on microbial count in the biofilm and
adhesion potential of bacteria were evaluated by microtiter plate method. Also, the well-plate technique was used to assess the
effect of Sour cherry and Pomegranate mouthwash in comparison with CHX on bacterial growth and proliferation. The ob-
tained results were analyzed by one-way ANOVA and Tukey’s post hoc test using SPSS version 20.0 with Level of significance
was set at P=0.05 with 95% confidence interval.

Results: The chlorhexidine (CHX), Sour cherry and Pomegranate mouthwashes decreased plaque formation by S. mutans by
93%, 80% and 68%, respectively. These values for the S. sobrinus were 92%, 57% and 48%, respectively ( P<0.001). CHX was
more effective than the other two materials (P<0.001). However, none of these materials eliminated the biofilm. Sour cherry
and Pomegranate mouthwash inhibited the growth of the afore-mentioned bacteria.

Conclusion: Within the limitations of this study, it showed that Sour cherry and Pomegranate mouthwash have the potential
to prevent or control the proliferation of S. mutans and S. sobrinus.
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Introduction lence among lower socioeconomic groups [1]. Treatment of car-
ies is time consuming and costly. Considering the high prevalence

Expanded open interest for natural products in treatment of dis- of caries, increased bacterial resistance to antibiotics, adverse ef-

eases has resulted in a search for herbal medications. There are ap- fects of chemical and synthetic drugs as well as their high cost,

proximately 500,000 plant species worldwide; out of which, only there is a clear need for natural, and cost effective alternatives

1% have been photo-chemically evaluated and there is a great po- for prevention of caries. The currently available chemical medica-

tential for finding bioactive materials [1]. Several articles are avail- tions change the oral microbiota and have complications such as

able on the antimicrobial efficacy of plant extracts; however, the diarrhea, vomiting and tooth staining |2, 3|. Streptococcus mutans

and S. sobrinus are the main causes of caries due to their high

effects of medicinal plants on oral pathogenic microorganisms ) > : )
potential for biofilm formation. These bacteria adhere to tooth

have been less commonly evaluated. _ _
enamel and produce glucans following the consumption of su-

Dental caries is a common infectious disease with higher preva- crose in foods and result in accumulation of glucans in the bio-

film and eventually cause enamel destruction via acid production.
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[4] Since bacterial adhesion is the first step for bacterial prolifera-
tion and tooth decay, adhesion is the new target for the modalities
aiming to inhibit bacterial colonization.|3] In this consideration,
medicinal plants have also been evaluated. Studies in this regard
are divided into two groups. Group one, studies assess the activ-
ity of natural compounds, plant extracts and pure photochemical
agents against oral pathogenic microorganisms and group two,
studies assess the efficacy of these products for inhibition of oral
biofilm formation via decreasing microbial attachment to tooth
surfaces.[5] Materials that have a potential to inhibit bacterial ad-
hesion and growth would be ideal for prevention of tooth caries.
Among the herbal alternatives, sour cherry finds a special men-
tion. Sour cherry (botanical name: Prunus cerasus) is one of the
oldest known edible fruits. They are also known by other names
such as sout, tart, dwarf or wild cherry, a traditional Unani medi-
cine, popularly known as Aloo baloo.[6] It has been widely used
in traditional medicine for the treatment of different types of dis-
eases around the world. Furthermore, it has been reported that
the antioxidant capacity ranges from 1,145 to 1,916 pmol TE/100
grams in sour cherries.[7-9]

Previously our team has a rich experience in working on vari-
ous research projects across multiple disciplines [10-24] Now the
growing trend in this area motivated us to pursue this project.
This study aimed to assess the antimicrobial effect of Pomegran-
ate and sour cherry mouthwash on oral bacteria. Since the antimi-
crobial effects of these two substances on oral streptococci have
not been evaluated.

Materials And Methods

In this in vitro study, five strains of S. mutans were isolated from
dental caries and dental plaque of patients using a sterile curette.
Standard strains of S. mutans (ATCC35668) and S. sobrinus
(ATCC27607) were also obtained. A suspension was prepared of
the lyophilized powder. All strains were cultured in blood agar and
Mitis Salivarius agar (MSA) and incubated at 37°C and 5% CO2
for 24 hours. Standard strains were cultured, exposed to bacitracin
and optochin discs, gram stained and subjected to catalase test for
final confirmation.

Determining the quantity of biofilm formation by the bacte-
ria using microtiter plate method

The microtiter plate method is based on colorimetry and is used to
determine the biofilm formation potential of bacteria and assess-
ment of the effect of antimicrobial agents on the biofilm. This
method requires a small culture medium, it is not time consuming
and can be used for assessment of the antimicrobial efficacy of a
wide range of antimicrobial agents with different concentrations
and in combination with each other.[25, 20]

In order to assess the biofilm formation potential of the bacteria,
18-24 hour culture of the bacteria in Tryptic Soy Broth (TSB)
supplemented with 1% sucrose and 5% CO, was prepared. This
microbial suspension was diluted with sterile TSB to obtain 0.5
McFarland turbidity. Of this suspension, 250uL. was transferred
to eight wells of a polystyrene 96-well plate. The control wells
only contained sterile culture medium. After 24 hours, the content
of the wells was removed and each well was rinsed with 300pL of
sterile saline. Next, bactetia attached to the walls and bottom of
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the wells were fixed with 250pL of 96% ecthanol. After 15 min-
utes, the contents of the wells were removed and the plates were
dried at room temperature. Then, they were stained with 2% crys-
tal violet for five minutes and after washing the excess dye with
water, the plates were dried at room temperature. Next, 200 pL
of 33% glycol acetic acid was added to each well and the optical
density (OD) of the crystal violet present in the solvent was read
by an ELISA reader at 492nm wavelength. Bacterial strains were
then classified based on their OD as follows:|27]

OD: The mean light absorbance of bacteria
ODc: The mean light absorbance of control wells
ODIODc: No adhesion

ODc<ODI2OD: Poor adhesion
20Dc<ODI40ODc: Moderate adhesion
40Dc<OD: Strong adhesion

Strains with strong adhesion, which had greater biofilm forma-
tion potential than others were chosen for the next step. Deter-
mination of the efficacy of Pomegranate , Sour cherry and CHX
mouthwash for elimination of biofilm: Microtiter-plate method
was used for this purpose. After preparation of 18-20 hour cul-
ture, 0.5 McFarland standard suspensions were prepared of the
strains with strong adhesion in TSB supplemented with 1% su-
crose. The suspensions were then diluted 1/100 in sterile TSB and
all wells of a polystyrene 96-well plate were filled with 250uL of
this suspension. Control wells only contained aqueous medium.
After inoculation, the plates were covered and incubated at 37°C
and 5% CO2 for 24 hours. Then, the wells were emptied and
washed with 300pL of sterile saline; 250pL of Sour cherry, Pome-
granate and CHX mouthwash were added using 0.2 um Millipore
syringe filter for one hour.

All eight wells in each row were treated the same and the antimi-
crobial agents were refreshed every 20 minutes. The control well
rows only contained biofilm. After one hour, antimicrobial agents
wete removed by washing the wells. Next, the wells were stained
with 200uLL of 2% crystal violet for five minutes and after rinsing,
they were filled with 200pL of 33% glycol acetic acid. In the next
step, they were shaken on a shaker for 15 minutes and their OD
was read at 492nm wavelength by an ELISA reader. Assessment
of the efficacy of these materials was done by calculating the per-
centage of reduction in biofilm via OD of treated and control
wells using the formula below:[28]

Percentage of biofilm reduction = (C-B)-(T-B) x 100/(C-B)

Where C is the mean OD of positive control wells, B is the mean
OD of negative control wells and T is the mean OD of treated
wells.

Overnight culture of strongly adherent streptococci in TSB medi-
um supplemented with 1% sucrose was done. To assess the effect
of these materials on bacterial adhesion, two methods were used:
In the first method, 200pL of a mixture with similar portions of
antimicrobial agent and bacteria was transferred to the wells while
the control wells only contained microbial suspension. In the
second method, 100uL of Pomegranate, Sour cherry and CHX
mouthwash were poured into wells and streptococcal suspension
was added 30 minutes later. In the control wells, first 100uL of
phosphate buffered saline (PBS) and after 30 minutes, 100uL of
streptococcal suspension were added. After 24 hours of incuba-
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tion, the solutions and nuttients were removed from the wells and
after three times of rinsing with PBS, staining was performed
using 2% crystal violet for five minutes. After addition of 33%
acetic acid, OD of the solvent was read using an ELISA reader.

The well-plate technique was used to assess the effect of antibac-
terial agents in this respect [29]. After 18-20 hour culture of S.
mutans and S. sobrinus in brain heart infusion broth, a microbial
suspension with 0.5 McFarland standard concentration was pre-
pared of the bacteria and cultured on Mueller Hinton agar supple-
mented with 5% defibrinated sheep blood using a sterile swab in
three directions with a 60° angle. Inoculated plates were placed on
a smooth surface for three to five minutes and then, equal wells
measuring 6 mm in diameter were created in the medium using
the tip of a sterile pasteur pipette. One drop of melted Mueller
Hinton agar was poured into each well in order to seal the bottom
of the wells. Next, 100 uLL of the antimicrobial agents were added
to each well.

Distilled water was used as the negative control. The plates were
refrigerated for one hour in order for the antimicrobial agents to
be able to diffuse in the medium before bacterial proliferation.
The plates were incubated for 16-20 hours and the diameter of
the growth inhibition zone was then measured.

Statistical Analysis

The data were analyzed using SPSS version 20.0. One-way ANO-
VA and Tukey’s post hoc test were used for analysis of the data re-
lated to S. mutans, and the Kruskal Wallis test and Mann Whitney
U test were used to analyze the data regarding S. sobrinus. Level
of significance was set at P=0.05.
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Results

Assessment of the Quantity of Biofilm Formation by Strep-
tococci

To assess the effect of Sour cherry, Pomegranate and CHX on
bacterial adhesion, first the quantity of formed biofilm was as-
sessed in order to select strains with greater adhesion to assess
the effect of these antimicrobial agents on adhesion of bacteria
with strong adhesion. (Figure 1) shows the mean of three meas-
urements of OD of bacteria. Standard S. mutans and S. sobri-
nus strains (bacteria #1 and 2) were the strongly adherent strains.
Bacteria # 4-7 isolated from the mouth of candidates had poor
adhesion and bacterium #3 was non-adherent.

Effect of Understudy Materials on S. Mutans and S. Sobri-
nus Biofilm

The results showed that Pomegranate, Sour Cherry and CHX were
able to prevent biofilm formation by these bacteria. The percent-
age of reduction in biofilm formation in presence of Sour cherry,
Pomegranate, CHX was 0.089%, 0.38% and 0.089%, respectively
for S. mutants and 0.061%, 0.37% and 0.062%, respectively for S.
sobrinus; no statistically significant difference was noted in this

respect (P=0.514).

Effect of Understudy Materials on Strongly Adherent Bac-
teria

The effects of pomegranate, Sour cherry, CHX on adhesion of S.
mutans and S.sobrinus are presented in (Table 1). All three materi-

Figure 1. Bar chart showing the association between the mean diameter of growth inhibition of s.mutans and s.sobrinus

against three different mouthwashes, X axis represents the bacteria, Y axis represents the diameter of growth inhibition;

sour cherry mouthwash (gren) is better than pomegranate mouthwash (blue) and statistically significant when compared
with each other.(F=49.542) and p value 0.003).

Table 1. The percentage of reduction in adhesion of S. Mutans and S. Sobrinus in presence of pomegranate, Sour cherry
and CHX mouthwash.

. . Percentage of reduction in | Standard | Percentage of reductionin | Standard
Material Bacteria . . .. . . ..
adhesion( in method 1) deviation adhesion (in method 2) deviation
Pomegranate S. mutans 80 0.06 56 0.08
Mouthwash | S, sobrinus 57 0.1 60 0.16
Sour cherry S. mutans 93 0.01 95 0.02
Mouthwash S. sobrinus 92 0.03 93 0.03
S. mutans 68 0.11 52 0.06
CHX :
S. sobrinus 48 0.1 32 0.12
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als significantly decreased the adhesion of S. mutans and S. sobri-
nus compared to the control group (P<0.001). As seen in Table
1, Pomegranate resulted in 80 and 56% reduction in adhesion of
S. mutans (in the first and second methods, respectively) and 57%
and 60%, respectively for the adhesion of S. sobrinus, which in-
dicate no significant difference in the two methods for the ef-
fect of sour cherry on S. sobrinus (P=0.451). Also, the effect of
sour cherry on adhesion of S. mutans in the second method had
no significant difference with that of CHX (P=0.319). However,
the second method was effective for S. sobrinus (P=0.003). Sour
cherry inhibited the adhesion of both bacteria and had the great-
est effect on bacterial adhesion compared to other materials in
both methods (P<0.001); no significant difference was observed
between the two methods in this respect (P=0.514) CHX sig-
nificantly decreased bacterial adhesion compared to the control
group (P<0.001). No significant difference was found between
the two methods for S. sobtinus, and both methods decreased the
adhesion of both bacteria to the same extent (P=0.105).
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Discussion

Our institution is passionate about high quality evidence based
research and has excelled in vatious fields [30-40].

Several studies have assessed the antimicrobial efficacy of herbal
mouthwash for reduction of dental plaque. This mouthwash has
antimicrobial effects on oral pathogenic bacteria [41-43]. The cur-
rent study showed the efficacy of Pomegranate in decreasing the
adhesion of oral streptococci; this result is in agreement with that
of other studies on the effect of this mouthwash on oral bacteria.
On the other hand, inability of Pomegranate to eliminate biofilm
or inhibit the growth and proliferation of oral bacteria was noted
as well. Brazilian researchers evaluated the effect of Pomegran-
ate extract on adhesion of oral bacteria (which is the first step in
development of caries).[44]

Various studies have already shown that sour cherry has various

Table 2. The mean diameter of growth inhibition zones for S.Mutans and S.Sobrinus in presence of pomegranate mouth-
wash, sour cherry mouthwash and chlorhexidine mouthwash.

. . Mean diameter of growth inhibition | Standard
Material Bacteria . ..
zone in well-plate method(mm) deviation
Pomegranate S. mutans 9 0.79
Mouthwash S. sobrinus 13 1
Sour Cherry S. mutans 14 0.89
Mouthwash S. sobrinus 17 0.95
S. mutans 21 1.71
CHX -
S. sobrinus 20 1.5
Figure 2. Sour Cherry Fruit Used.
Figure 3. Sour Cherry Mouthwash Preparation.
Figure 4. Colony Formation on the culture media.
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active components. Sour cherries contain higher total phenolics
than sweet cherries due to higher anthocyanin and hydroxycin-
namic acid concentrations, consisted primarily of cyanidin 3-O-
rutinoside, cyanidin 3-O-glucoside and minor amounts of del-
phinidin, malvidin, peonidin, petunidin glycosides.|45, 46]. When
used regularly in combination with toothpaste that has been re-
inforced with bioactive botanical extracts, sour cherties contain-
ing mouthwash may fight dental plaque and tartar formation by
inhibiting the activities of the microorganisms that cause plaque.
[47, 48] In addition, sour cherry compounds possess anti-inflam-
matory properties that may help soothe irritated tissues [49-51] Its
extract suppresses the ability of these microorganisms to adhere
to the surface of the tooth. Plaque may involve four or more dif-
ferent microorganisms combining forces to colonize the surface
of the teeth.[47, 48] Remarkably, nature’s own sour cherry fights
the organism's ability to adhere by interfering with the production
of the very chemicals the bacteria use for adhesion.[47] In a study
done by ] R Homoki et al., 2018, subjects were given chewing gum
with and without sour cherry extract and experienced a reduction
in salivary S.mutans levels which is normally higher among peo-
ple with caries and may correlate with plaque forming bacterial
content [52]. Sour cherry rinsing also increased saliva activities of
alpha amylase, an enzyme that helps in clearance of streptococcus
mutans and performs a direct inhibitory effect on the growth of
certain bacteria or viruses [53-55]. Therefore, sour cherries may
exhibit anticariogenic effects as well, which may be utilized to pre-
vent dental caries in individuals.

A few studies are available on the antimicrobial effects of com-
pounds derived from Pomegranate on oral pathogenic microor-
ganisms. Loo et al, in 2010 reported the effect of lactic acid on
oral bacteria [56]. Pomegranate extract contains about 40% lactic
acid. Also, Vasconcelos et al., in 2006 showed the antimicrobial
effects of Pomegranate extract on S. mutans [44]. Subramaniam
et al,, 2012 compared the antimicrobial effects of Pomegranate
extract with those of Aloe Vera and sotrbitol and showed that
Pomegranate extract had greater antimicrobial efficacy compared
to the other two against S. mutans [57].

The current results showed that Sour cherry significantly inhib-
ited the adhesion and proliferation of bacteria; however, after
biofilm formation, it could not eliminate it. Sour cherry may be
suitable for elimination of oral bacteria since it can inhibit ad-
hesion and proliferation of bacteria at the same time. Search of
the literature yielded no study on the effect of Sour cherries on
plaque producing oral bacteria. Thus, the current study is the first
to assess the effect of Sour cherry mouthwash on oral bacteria.
The results showed that Sour cherry mouthwash had a signifi-
cant effect on decreasing the adhesion of bacteria but had no
effect on their growth and could not eliminate biofilm after its
formation. This finding shows that the mechanism of Sour cherry
in decreasing biofilm formation is different from its bactericidal
and growth inhibition mechanisms; however, a definite conclu-
sion in this regard requires further studies. The results showed
that Pomegranate, Sour cherry and CHX were all effective against
adhesion of oral bacteria; however, they were not effective for
elimination of biofilm. This finding may be due to strong adhe-
sion of dental biofilm due to the activity of mutans streptococci.
They first attach to plates by sucrose-independent adsorption and
then sucrose-dependent adherence occurs following the synthesis
of insoluble glucans. Therefore, these colonization mechanisms
may be so intense that they prevent the effect of antimicrobial
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agents on elimination of biofilm.Future studies are required to
further assess the effects of Sour cherry in effective formulations
on dental caries in clinical trials.

Clinical Significance

Sour cherry mouthwash can be used as an effective adjunctive
with dentiftices for reduction of oral bactetia which causes dental
caries. The antioxidant effect of the sour cherry will be an advan-
tage for oral tissues.

Conclusion

In this study it was proven that the optimal antimicrobial effects
of Sour cherry on proliferation of cariogenic streptococci and the
optimal efficacy of Pomegranate and Sour cherry in decreasing
the adhesion of these bacteria, future studies are recommended
to assess the application of these materials in different pharma-
ceutical formulations for caries prevention.
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