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ABSTRACT
KEYWORDS: The aim of this study was to investigate the bactericidal properties of
mouthwash; four commercially available antiseptic mouthwashes containing chlor-
antimicrobial properties; hexidine, cetylpyridinium chloride, alcohol with essential oils, propolis,
oral microflora menthol, xylitol and hydroxyapatite nanoparticles. We conducted a series

of in vitro studies to monitor the antimicrobial properties of four mouth-
washes with different active ingredients against representatives of the
normal oral microflora (S. mutans ATCC 35668), and potential pathogen-
ic and conditionally pathogenic bacteria (S. pneumoniae ATCC49619 , S.
epidermidis ATCC12228, S. aureus ATCC 29213). In the second stage, we
conducted in vivo tests with 24 volunteers, tracking the dynamics of the
bactericidal effects of the four mouthwashes on the normal aerobic and

ARTICLE INFO: facultatively anaerobic oral microflora. All mouthwashes demonstrated

Received: March14,2024 antimicrobial activity against Gram-positive bacteria tested. In most of

Revised: September 11, 2024 the cases, an inhibitory effect was observed at all concentrations tested.
Accepted: September 14, 2024 Exceptions were mouthwash MW4 (P+M) mouthwash against S. mutans
Available on line: January 3, 2025 - MIC 1:2 and MW3 (HAN+X) against S. epidermidis ATCC12228- MIC 1:2.

The results of our research show that the combinations of chlorhexidine
digluconate + cetylpyridinium chloride and alcohol + essential oils have
the most powerful antimicrobial action against aerobic and facultatively
anaerobic oral microflora. With these combinations, we observed com-
plete inhibition of microbial growth in a minimum of 30 minutes, after
which the CFU/mL gradually increased, but within 8 hours of follow-up
did not reach the initial baseline value (sample 0). Mouthwashes con-
taining combinations of chlorhexidine digluconate/cetylpyridinium
chloride, alcohol/essential oils, hydroxyapatite nanoparticles/xylitol
and propolis/mentha viridis oil have strong antimicrobial effects against
* CORRESPONDING AUTHOR: S. aureus ATCC 29213, S. mutans ATCC 35668, S. pneumoniae ATCC49619,
sylviastamova@yahoo.com and S. epidermidis ATCC12228- MICs from 1:2 to 21:8.
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Introduction

The normal oral microflora is presented by the
species Streptococcus, Lactobacillus, Gram-negative
diplococcus, Actinomyces, Bacteroides, Fusobacteri-
um, and others. These strains have a protective role
against pathogens from outside. However, coloni-
zation of oral bacteria on the surfaces of teeth can
generate dental plaque formation, beginning with
the accumulation of Gram-positive streptococci,
developed by the aggregation of Gram-negative an-
aerobic bacteria'. Subsequently, the bacteria biofilm
induces an inflammatory response and causes gingi-
vitis, caries, and destruction of teeth and periodontal
tissues?. The health of the oral cavity is not associat-
ed with achieving complete sterility; the ideal condi-
tion is to remove most cariogenic periodontopathic
agents from dental plaque’.

The primary method of preventing disease and
maintaining good oral hygiene is to control plaque
and mechanically prevent its accumulation on the
teeth and adjacent gingival surfaces. Although me-
chanical methods such as brushing and flossing are
considered the basis of plaque control, some antibac-
terial mouthwashes with topical or systemic effects
can be prescribed as an alternative therapeutic aid.
Mouthwashes can also inhibit dental plaque and are
widely used to maintain oral hygiene. Mouth rinses
containing antimicrobial compounds can inactivate
bacteria that remain in the mouth after brushing and
inhibit their regrowth and reattachment to the sur-
face of the teeth?. A variety of antimicrobial formula-
tions have been produced that incorporate different
types of ingredients, such as chlorhexidine, ethanol,
essential oils, propolis, and others.

Some of the most available commercially mouth
rinse preparations contain chlorhexidine digluco-
nate at different concentrations in combination with
cetylpyridinium chloride. Chlorhexidine is a cation-
ic antiseptic with broad-spectrum antimicrobial
activity against Gram-positive and Gram-negative
bacteria, fungi, yeasts, and lipid-enveloped viruses.
It increases the permeability of the cell membrane
followed by coagulation of cellular macromolecules,
it does not interact with any microbial enzymes or
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receptors, and therefore does not lead to resistance
from organisms*. Chlorhexidine is the ‘gold stand-
ard’ or positive control compared to other substanc-
es due to its proven efficiency. However, with pro-
longed use of mouth rinses, some side effects such
as oral mucosal erosion, brown discoloration, and
bitter taste®, increased rate of supragingival calculus
formation have been reported*. Therefore, an alter-
native mouthwash is needed that could negate these
side effects but is still effective equivalent to it.

Cetylpyridinium chloride is a broad spectrum anti-
microbial agent used for both the reduction of mal-
odor (halitosis) as well as for the treatment and
prevention of plaque and gingivitis. His action is
expressed in inhibiting enzymes associated with bac-
terial metabolism and alteration of gene expression
of select pathogens. According to Sreenivasan ¢, ex
vivo tests on supragingival plaque microorganisms
demonstrated significantly greater antimicrobial ac-
tivity by the cetylpyridinium chloride-based mouth
rinses (>90% killing, p < 0.001) and chlorhexidine
rinse (>98% killing, p<0.05) compared to fluoride
control mouthwash. Cetylpyridinium chloride 0,05%
formulated with or without alcohol demonstrated
broad-spectrum antimicrobial activity against labo-
ratory strains and supragingival plaque bacteria.

Mouthwashes containing ethanol and a combina-
tion of essential oils are part of the home-care oral
hygiene regimen. Essential oils kill microbes by dis-
rupting their cell walls and inhibiting their enzymat-
ic activity. They prevent bacterial aggregation, slow
bacterial multiplication, and extract endotoxins’.
Previous studies have found this type of mouthwash
as an effective solution in the reduction of dental
plaques and oral bacterial counts® 1011,

Some mouthwashes formulated through innova-
tive technology are available on the pharmaceutical
market containing hydroxyapatite nanoparticles,
xylitol, and sodium benzoate. Hydroxyapatite nano-
particles integrate with tooth enamel and fill irreg-
ular tooth surfaces, with a repairing and whitening
action. It does not consist of typical antimicrobial
compounds and during our investigation no in vivo
studies on antibacterial efficacy were found. Xylitol
reduces Streptococcus mutans levels in plaque and
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saliva by disrupting their energy production pro-
cesses, leading to futile energy cycle and cell death'?.
Reduce the adhesion of these microorganisms to the
teeth surface, reduces their acid production poten-
tial, and breaks up contaminants biofilm'**, Sodium
benzoate, which disperses carbohydrates, fats, and
proteins, thereby weakens the attachment of plaque,
which can then be easily removed by brushing the
tooth.

Herbal mouthwashes do not contain alcohol and/
or sugar, two of the most common ingredients found
in other similar products. These ingredients can
be fermented from microorganisms that cause bad
breath and halitosis'>. Some of these mouthwash-
es contain propolis and menthol, which is used in
mouthwashes and toothpastes to prevent caries and
treat gingivitis and stomatitis. It is commercially
available in mouthwash solutions and in many pu-
rified products from which wax was removed. Due
to its antimicrobial, antiviral and antioxidant prop-
erties, propolis is widely used in medicine, pharma-
cology, and cosmetics?®.

The aim of this study was to investigate the bac-
tericidal properties of four commercially available
antiseptic mouthwashes containing chlorhexidine,
cetylpyridinium chloride, alcohol with essential
oils, propolis, menthol, xylitol and hydroxyapatite
nanoparticles. The in vitro study aimed to follow
the inhibitory properties of mouthwashes against
Gram-positive cocci: S. mutans ATCC 35668, S. epider-
midis ATCC12228, S. pneumoniae ATCC49619 and S.
aureus ATCC 29213, and through an in vivo study, we
followed the duration of these antimicrobial effects
on the salivary aerobic and facultative anaerobic mi-
croflora.

Materials and Methods

The study was carried out at the Medical Univer-
sity-Varna, Bulgaria, Training sector “Medical Lab-
oratory Assistant” in September 2023. (Protocol/
approval decision number 115/31.03.2022- Ethics
Committee for Scientific Research at the Medical
University of Varna)

The research we conducted involved two stages. In
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the first of these, we conducted a series of in vitro
studies to monitor the antimicrobial properties of
four mouthwashes with different active ingredients
against representatives of the normal oral microflo-
ra (S. mutans ATCC 35668 ) and potential pathogenic
and conditionally pathogenic bacteria (S. pneumoni-
ae ATCC49619 , S. epidermidis ATCC12228 , S. aureus
ATCC 29213). For this purpose, we used the method of
serial dilutions to determine the minimum inhibito-
ry concentration (MIC), as well as the determination
of the minimum bactericidal concentration (MBC) in
agar medium. In the second stage, we conducted in
vivo tests with 24 volunteers, tracking the dynamics
of the bactericidal effects of the four mouthwashes
on the normal aerobic and facultatively anaerobic
oral microflora. All participants are declarated in-
formed written consent for participation in the study
and publication of the data for research and educa-
tional purposes to be mentioned.

The mouth rinses chosen for the study are shown
in Table 1, together with the active ingredients
named on the package.

In vitro determination of MIC and MBC against
test organisms

The MIC values of four mouthwashes against four
microbial strains were determined by the broth di-
lution method. 1 ml of each mouthwash was serial-
ly diluted in Brain heart infusion broth up to a final
dilution of 1:8. Bacterial culture containing 0.5 Mc-
Farland (1.5x108 colony forming units/ml) of organ-
isms is added to each concentration of mouth rinses.
Control cultures were also prepared. Tubes were in-
cubated for 24 hours at 37°C and growth was exam-
ined by observing the presence or absence of turbid-
ity in the solution. The MIC of each mouthwash was
defined as the lowest concentration that inhibits the
visible growth of bacteria.

Confirmation of growth inhibition from the serial
dilution method was obtained by subculture of 0,1
ml of each broth culture on blood agar and incuba-
tion for 24 hours at 37°C. The MBC was determined
as the lowest concentration of a mouthwash that re-
sults in the killing of 99.9% of the testing bacteria.
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Table 1. Active ingredients of the four types of mouthwash testing.

Mouthwash Active ingredients with antimicrobial activity
MWwW1 Chlorhexidine digluconate 0,12%
(CHD+CP) Cetylpyridinium chloride 0,05%
Mw2 Alcohol 21,60%
(AL+EO) Essential oils:

Thymol 0.064%
Eucalyptol 0.092%
Methyl Salicylate 0.060%
Menthol 0.042%

MW3 Hydroxyapatite nanoparticles (unknown activity against oral bacteria)

(HAN+X) Xylitol
MWwW4 Propolis Extr. 2,00%
(P+M) Mentha Viridis Oil 0.042%

Selection of the study group and protocol

These clinical trials utilized an open, randomized
design. Subjects completed an informed consent form
after explaining the nature of the study to them. The
selected participants initially received oral hygiene in-
struction at the point where the same types of tooth-
paste and toothbrushes were distributed, and were
instructed to brush their teeth twice a day for 1 min-
ute immediately after meals, and to use 10 ml of one
of the following mouthwashes for 30 seconds.

The study group was made up of 24 healthy adult
volunteers between 27 and 49 years of age who had
no obvious oral pathology and presented a minimum
of 24 permanent teeth. Subjects were required to ab-
stain from oral hygiene, eating, and drinking prior to
and during the study. Exclusive criteria are borrowed
from Quintas et al.” and applied in our study: smoker
or formal smoker, presence of dental prostheses or
orthodontic devices, antibiotic treatment or routine
use of oral antiseptics in the previous three months,
and presence of any systemic disease that could alter
the production or composition of saliva. On the day
of the experiment, volunteers were not allowed to
eat or drink during the course of the tests.

In vivo salivary bacterial study

The duration of antimicrobial activity of the four

62

mouthwashes against normal oral microflora was
measured in vivo with the help of 24 volunteers. The
tests with the four mouthwashes were carried out on
five consecutive Mondays, i.e., each at an interval of six
days. Regarding the day of each study, we pre-instruct-
ed the volunteers to brush their teeth with the tooth-
brush and toothpaste provided by us no later than 6
AM, then not to consume food and drink. The first con-
trol saliva sample of each volunteer was collected at
8:00 AM, before oral treatment with mouthwash. The
next seven test samples were taken at 2 min, 30 min, 1
h, 2 h, 4 h, 6 h and 8 h after using the mouthwash.
Saliva samples were mixed on a Vortex mixer and
1 ml was serially diluted in Ringers solution - from
10-1 to 10-6. Subsequently, a 0.1 ml sample of each
dilution was inoculated on a blood agar plate using a
sterile spreader. Petri dishes were aerobically incu-
bated for 24 h at 37°C. On the next day the resulting
colonies were counted and the number of bacteria in
millions per milliliter of saliva was calculated.

Results

Chavarria-Bolaiios et al, report high inhibito-
ry activity of chlorhexidine gluconate mouthwash-
es against C. albicans, S. aureus, and E. coli. Shah et
al, 2022 also report a strong antimicrobial effect
against S. mutans, while simultaneously comparing
the action of mouthwashes with alcohol and herbal
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Table 2. MICs of four mouthwashes with different active ingredients against Gram-positive bacterial strains.

Active ingredients MICs (serial dilution)
S. aureus S. epidermidis S. pneumoniae S. mutans
ATCC29213 ATCC12228 ATCC49619 ATCC35668
MW1 Chlorhexidine digluconate 0,12% =1:8 >1:8 >1:8 >1:8
Cetylpyridinium chloride 0,05%
MWwW2 Alcohol 21,60% >1:8 >1:8 >1:8 >1:8
Thymol 0.064%
Eucalyptol 0.092%
Methyl Salicylate 0.060%
Menthol 0.042%
MW3 Hydroxyapatite nanoparticles >1:8 1:2 >1:8 >1:8
Xylitol
MWwW4 Propolis Extr. 2,00% >1:8 >1:8 >1:8
Mentha Viridis Oil 0.042%

active ingredients, announcing that these mouth-
washes also have a powerful effect against S. mutans.

In our studies, we determined MICs of four MWs
with different active ingredients against S. mu-
tans ATCC35668, S. pneumoniae ATCC49619, S. au-
reus ATCC29213, and S. epidermidis ATCC12228. All
mouthwashes demonstrated antimicrobial activity
against Gram-positive bacteria tested. In most of
the cases, an inhibitory effect was observed at all
concentrations tested. Exceptions were mouthwash
MW4 (P+M) mouthwash against S. mutans - MIC 1:2
and MW3 (HAN+X) against S. epidermidis - MIC 1:2.

The results are presented in Table 2.

The determination of MW1 MBC (chlorhexidine
digluconate and cetylpyridinium chloride) and MW2
(alcohol and essential oils) demonstrated MBCs 2
1:8 against all Gram-positive microorganisms test-
ed. MW3 with xylitol and hydroxyapatite nanoparti-
cles demonstrated only bacteriostatic antimicrobial
effects; no MBC was presented. MW4 with propolis
and mentha oil demonstrated MBC = 1:8 against S.
aureus ATCC 29213, S. epidermidis ATCC12228- MBC
1:4 and lack of bactericidal effects against S. pneumo-
niae ATCC49619 and S. mutans ATCC 35668.
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Salivary bacterial counts study

In vivo antibacterial determinations aimed to fol-
low the dynamics of microbial multiplication of the
normal oral microflora under the antimicrobial ac-
tion of mouthwashes with different compositions.
For this purpose, we tested the four mouthwashes
with different compositions in four different weeks
with the help of 24 volunteers. The sampling with
each mouthwash lasted for 8 hours - Oth control
sample and subsequent seven saliva samples after
the use of the respective mouthwash (at the second
minute, the 30th minute, 1, 2, 4, 6 and 8 hours after
use). We performed a serial dilution of all samples,
and after cultivation, the aerobic and facultative
anaerobic microorganisms grown were enumerat-
ed. The survival of the oral microflora, relative to
baseline, was calculated and averaged for each time
point, and the so-called microbial numbers (as de-
scribed in Materials and Methods). The results are
presented in Figure 1.

The results of our research show that the combi-
nations of chlorhexidine digluconate + cetylpyrid-
inium chloride and alcohol + essential oils have the
most powerful antimicrobial action against aerobic
and facultatively anaerobic oral microflora. With
these combinations, we observed complete inhibi-
tion of microbial growth in a minimum of 30 min-
utes, after which the CFU/mL gradually increased,
but within 8 hours of follow-up did not reach the
initial baseline value (sample 0). These data also
overlap with the obtained results of determination
of MIC and MBC against S. mutans ATCC 35668, S.
pneumonia ATCC49619, S. aureus ATCC 29213 and S.
epidermidis ATCC12228. After the mouthwash with
ingredients of hydroxyapatite nanoparticles + xyli-
tol and propolis extr. + Mentha viridis oil, the micro-
bial density of the oral flora decreases to a certain
extent and within an hour completely (MW4) or al-
most completely (MW3) restores its initial values.
The results of the determination of MBC against the
tested Gram positive bacteria with mouthwashes
MW3 and MW4 confirm these results.
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Discussion

The antimicrobial action of chlorhexidine and its
combination with cetylpyridinium chloride is well
known!? 2 21, They exhibit a long-lasting bacteri-
cidal effect against a wide range of microbes, both
representatives of the normal microflora of the
oral cavity and obligate pathogens. However, chlor-
hexidine-containing mouthwashes also have their
known side effects, which limits their widespread
use. The use of chlorhexidine by patients under 12
years is not recommended (under 18 years in the
US). It is also recommended for short-term use only;
2-4 weeks, only licensed for 30 days of use in the
UK?% 23, Mouthwashes containing a combination of
alcohol and essential oils also have a well-studied
and marked antimicrobial effect against oral cocci”
24 Compared to chlorchexidine-based mouth rinses?,
Listerin® (alcohol and essential oils) had a simi-
lar antibacterial effect; however, after 4 hours from
rinsing, chlorchexidine preparation showed further
reduction in microbials. The advantage of Listerin®
is that the mouthwash has no proven side effects®
26 In our in vivo study we observed complete inhibi-
tion of microbial growth in the oral cavity in a min-
imum of 30 minutes, after which CFU/mL gradually
increased, but within the 8-hour follow-up did not
reach the initial baseline value. Tahan N, 2018 also
reports on a 6-hour in vivo follow-up in which CFU/
ml of normal oral flora did not recover to baseline
after using chlorhexidine mouthwash?’. Tests for
determination of MICs of MW1 and MW2 also im-
proved strong antimicrobial effects against S. aureus
ATCC 29213, S. epidermidis ATCC12228, S. pneumo-
nia ATCC49619, and S. mutans ATCC 35668 (MIC =
1:8). The action of MW2 against S. epidermidis ATC-
C12228was weaker - MIC 1:2.

The biomimetic active ingredient hydroxyapatite
is used in various fields of oral care?® ?°. It remin-
eralizes early caries lesions®* 3!, reduces initial bac-
terial attachment to enamel similar to 0.2% chlor-
hexidine®?, and acts as buffer and a calcium and
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CHD+CPC - MW1- Chlorhexidine digluconate 0,12% and cetylpyridinium chloride 0,05%;
AL+EO - MW2 - Alcohol 21,60% and four essential oils;
HAN+X - MW3 - Hydroxyapatite nanoparticles and xylitol;
P+M - MW4 - Propolis Extr. 2,00% and 0.042% Mentha viridis oil.

Figure 1. Dynamics of microbial density (number of viable cells/milliliter of saliva sample - CFU per mL) after
using mouthwashes with different compositions

phosphate reservoir in biofilms*. To extend these
preventive effects, hydroxyapatite can be used to-
gether with xylitol to achieve an antibacterial effect
and to prevent/reduce gingivitis3*.

In the scientific literature, we found no data from
in vitro and in vivo studies on the antimicrobial ac-
tivity of mouthwashes containing the combination
of hydroxyapatite nanoparticles/xylitol and prop-
olis/menthol. Our tests for MIC determination of
MW3 improved antimicrobial effects against S. au-
reus ATCC 29213 , S. pneumoniae ATCC49619 and S.
mutans ATCC 35668- MIC 2 1:8 and S. epidermidis
ATCC12228 - MIC 1:2. In the in vivo test to track the
dynamics of CFU/ml of normal flora, this combina-
tion reduced the total microbial count of aerobic
and facultative anaerobic bacteria to a very small
extent. Similar results were observed in MB4 with

propolis and menthol. When determining the MIC
against S. mutans ATCC 35668 (the predominant
microbe in the mouth), it is found that the antimi-
crobial effect is weaker (MIC = 1:2), compared to
the other microbes tested - MIC = 1:8. According to
El-sayed SR et al, 2016 the use of propolis mouth-
wash achieved a mean reduction of total bacterial
count. The effect of 0.2% chlorhexidine was greater
than the effect of propolis in the reduction of total
bacterial count®,.

The correlation between salivary bacteria (such as
Streptococcus mutans) and the selected gram-posi-
tive cocci (Streptococcus pneumoniae, Staphylococ-
cus epidermidis and Staphylococcus aureus) is based
on their role in infections affecting both the oral cav-
ity and other parts of the human body. Streptococ-
cus mutans are typical oral bacteria and major con-
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tributors to dental caries and periodontal diseases.
These bacteria form dental plaque, which leads to
the production of acids that degrade tooth enamel
and cause cavities®.

S. epidermidis, S. pneumoniae and S. aureus, while
not primarily associated with the oral cavity, can
colonize it and are recognized as opportunistic path-
ogens. They can cause infections in immunocom-
promised individuals or lead to complications such
as endocarditis when they enter the bloodstream.
Studying these bacteria together is important be-
cause Streptococcus species from the oral cavity can
lead to systemic infections, similar to Staphylococ-
cus, particularly in individuals with compromised
immune systems. Both types of bacteria can interact
during inflammatory processes, especially in oral in-
fections, where contamination with Staphylococcus
from external sources is also possible. Therefore,
investigating the antimicrobial activity against these
pathogens could indicate whether a given treatment
is effective not only against oral bacteria but also
against systemic infections caused by gram-positive
cocci®” 38,

References.

1. Ghapanchi ], Lavaee F, Moattari A., Shakib M. The
antibacterial effect of four mouthwashes against
Streptococcus mutans and Escherichia coli. JPMA.
J. Pak. Med. Assoc.65(4),350-353, 2015. PMID:
25976564.

2. Lasserre ].F, Brecx M.C,, Toma S. Oral Microbes,
Biofilms and Their Role in Periodontal and
Peri-Implant Diseases. Materials (Basel). 11(10),
1802, 2018. doi: 10.3390/mal11101802. PMID:
30248991; PMCID: PMC6213094.

3. Latimer ]., Munday ].L., Buzza K.M., Forbes S,
Sreenivasan PK., McBain A.J. Antibacterial and
anti-biofilm activity of mouthrinses containing
cetylpyridinium chloride and sodium fluoride.
BMC Microbiol. 15, 169, 2015. doi: 10.1186/
s12866-015-0501-x. PMID: 26293609; PMCID:
PMC4546200.

4. Parashar A. Mouthwashes and their use in differ-

66

RESEARCH ARTICLE

Conclusions

Mouthwashes containing combinations of chlor-
hexidine digluconate/cetylpyridinium chloride,
alcohol/essential oils, hydroxyapatite nanoparti-
cles/xylitol and propolis/mentha viridis oil have
strong antimicrobial effects against S. aureus, S.
mutans, S. pneumoniae, and S. epidermidis with
MICs ranging from 1:2 to 21:8. Our in vivo study of
the inhibitory effect of these combinations against
normal microflora has shown that they signifi-
cantly reduce CFU/mL compared to mouthwashes
containing hydroxyapatite nanoparticles/xylitol
and propolis/mentha viridis oil. O

Acknowledgements: This work was supported by
the institutional Science Fund (Project Ne21012) of
the Medical University of Varna, Bulgaria.

Conflict of interest: The authors declare no con-
flict of interest.

Data Availability statement: The authors con-
firm that the data supporting the findings of this
study are available within the article.

ent oral conditions. Sch. J. Dent. Sci. 2, 186-91,
2015.

5. Tartaglia G.M., Tadakamadla S.K., Connelly S.T,,
Sforza C., Martin C. Adverse events associated
with home use of mouthrinses: a systematic re-
view. Ther. Adv. Drug Saf.10,2042098619854881,
2019. doi: 10.1177/2042098619854881. PMID:
31579502; PMCID: PMC6759706.

6. Sreenivasan PK., Haraszthy V.I., Zambon ].J. An-
timicrobial efficacy of 0-05% cetylpyridinium
chloride mouthrinses. Lett.Appl. Microbiol. 56,
14-20,2013.

7. Quintas V., Prada-Lépez 1, Carreira M],
Suarez-Quintanilla D., Balsa-Castro C., Tomas L. In
Situ Antibacterial Activity of Essential Oils with
and without Alcohol on Oral Biofilm: A Rand-
omized Clinical Trial. Front. Microbiol. 8, 2162,
2017.

8. Kasuga Y, Ikenoya H., Okuda K. Bactericidal effects
of mouth rinses on oral bacteria. The Bulletin of



Ermenlieva N. et al, ®apuaxevtikn, 36, IV, 2024 | 59-68

Tokyo Dental College. 38,297-302, 1997.

9. Balbuena L., Stambaugh K.I., Ramirez S.G., Yeager
C. Effects of topical oral antiseptic rinses on bac-
terial counts of saliva in healthy human subjects.
Otolaryngol. Head Neck Surg. 118, 625-9, 1998.

10. Fornell J., Sundin Y., Lindhe J. Effect of listerine on
dental plaque and gingivitis. Scand. J. Dent. Res.
83, 18-25, 2007.

11. Aneja K.R,, Joshi R., Sharma C. The antimicrobial
potential of ten often used mouthwashes against
four dental caries pathogens. Jundishapur J. Mi-
crobiol. 3,15-27,2010.

12. Trahan L., Néron S., Bareil M. Intracellular xyli-
tol-phosphate hydrolysis and efflux of xylitol in
Streptococcus sobrinus. Oral Microbiol. Immunol.
6,41-50, 1996.

13. Roberts M.C,, Riedy C.A., Coldwell S.E., Nagahama
S., Judge K., Lam M., Kaakko T, Castillo J.L., Mil-
grom P. How xylitol-containing products affect
cariogenic bacteria. J. Am. Dent. Assoc. 133, 435-
41; quiz 492-3, 2002.

14. Tanzer ].M., Thompson A., Wen Z.T,, Burne R.A.
Streptococcus mutans: fructose transport, xylitol
resistance, and virulence. J. Dent. Res. 85, 369-73,
2006.

15. Jeddy N., Ravi S., Radhika T, Sai Lakshmi L.J.
Comparison of the efficacy of herbal mouth rinse
with commercially available mouth rinses: A clin-
ical trial. J. Oral Maxillofac. Pathol. 22, 332-334,
2018. doi: 10.4103/jomfp.JOMFP_303_18. PMID:
30651676; PMCID: PMC6306595.

16. Wagh V.D. Propolis: A Wonder Bees Product and
Its Pharmacological Potentials. Adv. Pharmacol.
Sci. 308249, 2013.

17. Chavarria-Bolafos D. Esparza-Villalpando V.,
Ramirez K. Antibacterial and antifungal capaci-
ty of three commercially available mouthwashes
with different concentrations of chlorhexidine.
Odovtos Int. J. Dent. Sci.. 24, 69-80, 2022.

18. Shah S.V, Badakar C.M., Hugar S.M, et al. Anti-
microbial Efficacy of Chlorhexidine and Herbal
Mouth Rinse on Salivary Streptococcus mutans
in Children with Mixed Dentition: A Randomized
Crossover Study. Int. ], Clin, Pediat,r Dent. 15, 99-
103, 2022.

Ermenlieva N. et al, Pharmakeftiki, 36, 1V, 2024 | 59-68

19. Da Silva N.B. Alexandria A.K., De Lima A.L.,
Claudino L.V, De Oliveira Carneiro T.F, Da Costa
A.C, Valenga A.M., Cavalcanti A.L. In vitro anti-
microbial activity of mouth washes and herbal
products against dental biofilm-forming bacteria.
Contemp, Clin, Dent. 3,302-5, 2012.

20. Araujo 1].S. Carvalho M.S., Oliveira T.R., Pup-
pin-Rontani R.M., Héfling ].F, Mattos-Graner
R.0,, et al. Antimicrobial activity of mouth rinses
against bacteria that initially colonizes dental’s
surface. Rev, Odontol, UNESP. 48, 20180130,
20109.

21. de Miranda S.L.F,, Damaceno ].T., Faveri M., Figue-
iredo L.C., Soares G.M.S., Feres M., Bueno-Silva B.
In Vitro Antimicrobial Effect of Cetylpyridinium
Chloride on Complex Multispecies Subgingival
Biofilm. Braz. Dent. J. 31, 103-108, 2020.

22. James P, Worthington H.V, Parnell C. Chlorhex-
idine mouth rinse as an adjunctive treatment for
gingival health. Cochrane Database Syst Rev. 3,
2017.

23. Brookes Z.L.S., Bescos R., Belfield L.A., Ali K., Rob-
erts A. Current uses of chlorhexidine for manage-
ment of oral disease: a narrative review. J. Dent.
103,103497, 2020.

24. Alshehri FA. The use of mouthwash containing
essential oils (LISTERINE®) to improve oral
health: A systematic review. The Saudi Dental
Journal. 30, 2-6,2018.

25. Al Habashneh R., Qubain T.G., Alsalman W., Khad-
er Y. The Effect of Listerine Mouthwash on Dental
Plaque, Gingival Inflammation and C - reactive
protein (CRP). Dentistry. 4, 191-5, 2014.

26. Haerian-Ardakani A., Rezaei M., Talebi-Ardaka-
ni M., Keshavarz Valian N., Amid R., Meimandi
M., Esmailnejad A., Ariankia A. Comparison of
Antimicrobial Effects of Three Different Mouth-
washes. Iran J. Public Health. 44,997-1003, 2015.
PMID: 26576378; PMCID: PMC4645771.

27. Tahan N. Effect of Different Mouth rinses on Sali-
vary Bacteria in vivo, 2018. Dissertation available
on: https://publikationen.sulb.uni-saarland.de/
handle/20.500.11880/28038.

28. Limeback H., Enax ]., Meyer F. Biomimetic hy-
droxyapatite and caries prevention: A systematic

67


https://publikationen.sulb.uni-saarland.de/handle/20.500.11880/28038
https://publikationen.sulb.uni-saarland.de/handle/20.500.11880/28038

$APMAKEYTIKH, 36,1V, 2024 | 59-68

EPEYNHTIKH EPTAXIA

PHARMAKEFTIK]I, 36,1V, 2024 | 59-68

review and meta-analysis. Can. J. Dent. Hyg. 55,
148-9, 2021.

29. O’'Hagan-Wong K., Enax ], Meyer F, Ganss B.
The use of hydroxyapatite toothpaste to prevent
dental caries. Odontology. 110, 223-30, 2022.
https://doi.org/10.1007/s10266-021-00675-4.

30. Amaechi B.T,, AbdulAzees P.A., Okoye L.O., Mey-
er F, Enax ]. Comparison of hydroxyapatite and
fluoride oral care gels for remineralization of
initial caries: A pH-cycling study. BDJ Open. 6, 9,
2020.

31. Amaechi B.T,, Phillips T.S., Evans V., Ugwokaegbe
C.P, Luong M.N,, Okoye L.O., Meyer F, Enax |J. The
potential of hydroxyapatite toothpaste to prevent
root caries: A pH-cycling study. Clin. Cosmet. In-
vestig. Dent. 13, 315-324, 2021.

32.Kensche A, Holder C,, Basche S., Tahan N., Hannig
C., Hannig M. Efficacy of a mouthrinse based on
hydroxyapatite to reduce initial bacterial coloni-
sation in situ. Arch. Oral Biol. 80, 18-26, 2017.

33. Cieplik F, Rupp C.M., Hirsch S., Muehler D., Enax
], Meyer F, Hiller K.A., Buchalla W. Ca2+ release
and buffering effects of synthetic hydroxyapa-
tite following bacterial acid challenge. BMC Oral
Health. 20, 85, 2020.

68

RESEARCH ARTICLE

34. Enax ]., Amaechi B.T,, Schulze zur Wiesche E,,
Meyer F. Overview on Adjunct Ingredients Used
in Hydroxyapatite-Based Oral Care Products. Bio-
mimetics. 7, 250, 2022.

35. El-sayed S.R., EI-Bayoumy S.Y., Mostafa M.H., EL-
Malt M.A. Evaluation of the antimicrobial effect of
propolis extract on oral microflora. Al-Azhar Den-
tal Journal for Girls. 3, 135-40, 2016.

36. Abranches ]., Zeng L., Kajfasz ]J.K.,, Palmer S.R,,
Chakraborty B., Wen Z.T., Richards V.P, Brady
L.J., Lemos J.A. Biology of Oral Streptococci. Mi-
crobiol. Spectr. 6, 10.1128/microbiolspec.GPP3-
0042-2018, 2018. doi: 10.1128/microbiolspec.
GPP3-0042-2018. PMID: 30338752; PMCID:
PM(C6287261.

37. Burke, O. Zeden, M. S.,, 0’Gara, J. P. The patho-
genicity and virulence of the opportunistic path-
ogen Staphylococcus epidermidis. Virulence. 15,
2024. https://doi.org/10.1080/21505594.2024.2
359483

38. Howden B. P, Giulieri S. G.,, Wong Fok Lung T,
Baines S. L., Sharkey L. K., Lee J. Y. H., Hachani
A., Monk 1. R, Stinear T. P. Nat. Rev. Microbiol.
21, 380-395, 2023. https://doi.org/10.1038/
s41579-023-00852-y).


https://doi.org/10.1007/s10266-021-00675-4
https://doi.org/10.1080/21505594.2024.2359483
https://doi.org/10.1080/21505594.2024.2359483
https://doi.org/10.1038/s41579-023-00852-y
https://doi.org/10.1038/s41579-023-00852-y

	_Hlk179808032
	_Hlk179808059
	_Hlk179808131

	Button 8: 


