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Abstract

Dental caries and throat infections are still considered as serious public health problems and inflict a
costly burden to health care services around the world and especially in developing countries. In the
present study six mouthwashes were evaluated against six oral microorganisms using turbidity
measurements and the antimicrobial effect of each mouthwash was detected by the agar well
diffusion method. Of the six mouthwashes tested mouthwash A, B and C emerged as the most
effective antimicrobial mouthwashes. Mouthwash C showed the highest effect at the concentrations
50% and 75% by the agar well diffusion method, against four of the oral microorganisms tested. A.
pneumonia was the mostly affected bacteria showing the highest IZD after treatment with
mouthwash C. TEM showed the effect of mouthwash C on A. pneumoniae as disruption of bacterial
cell membrane and destruction of all internal cell contents. A combination between the most three
effective mouthwashes A, B and C was done to investigate their synergestic or antagonistic effects
compared to mouthwash C alone. It was surprising that the effect of mouthwash C alone was higher
than the other tested combinations.
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Introduction

Despite great improvements in the global oral health status in
various fields of medicine, dental caries and throat infections still
remain the most prevalent diseases around the world [1]. The oral
cavity of orthodontic patients undergoes changes characterized by
a destruction of superficial dental structures caused by pH
reduction which are by product of carbohydrate metabolism by
cariogenic bacterium and increased accumulation of food particles.
This may lead to an increased number of Streplfococcus mutans
and Streptococcus sanguinis colony-forming units in saliva. These
bacteria are able to colonize clean and smooth surfaces of teeth.
The presence of these bacteria on tooth surfaces increases the
possibility of caries development [2].

Due to some of their vital characteristics, S.mutans and S.
sanguinis are regarded potentially highly cariogenic. Therefore,
preventive efforts in these risk groups have concentrated on direct
suppression of the cariogenic micro flora by chemotherapeutics as
an adjunct to improved oral hygiene [3].

Prevention of oral diseases is easier than a cure.The widespread
use of mouthwashes as an aid to oral hygiene in the developing
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countries of the world. Development work on the mouthwashes has
been done mostly by the manufacturers, and the little work that has
been done relates to the individual ingredients they contain rather
than to their complete formulations [4]. Chlorhexidine gluconate
(CHX) is the most potent documented antimicrobial agent against
S. mutans and dental caries [5]. Mouth rinsing with a chemical
agent could be a useful clinical adjunct for reducing the bacterial
plaque accumulation during the active phase of orthodontic
treatment [6].

This study determines and compares the antimicrobial properties of
six different types of mouthwashes against six oral pathogens
related to caries and throat infections to provide information about
the efficacy of these mouthwashes in vitro.

Materials and methods
Mouthwashes

Six brands of mouthwashes were purchased from a pharmacy in
Egypt. Their ingredients are shown in Table 1.
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Table 1 Active ingredients of various mouthwashes tested for their antimicrobial potential.

Name Ingredients
A Chlorhexidine gluconate0.2%, Menthol0.04%, Thymol0.06%, Eucalyptol0.09%, Sodium Fluoride0.02%
B Tibezonium iodide 50mg
C ChlorhexidineHcl 125mg
D DLwater,Propyleneglycol, Glycerin, Potassium Nitrate5%, Levomentholum, Menthaepip, Disodium
phosphate, sodium sulfate, sodium saccharin
E BenzdamineHcl 0.15¢
F Povidone iodine
Microorganisms entire microbes when fixed material can be used [13]. At ultra

Six gram positive and gram negative oral bacteria were used:
Streptococcus  mutans (ATCC497)  Streplococcus — sanguinis
(ATCC10556),  Siaphylococcus  aureus  (ATCC — 25923),
Streptococcus pyogens (ATCC  19615), Alebsiella pneumoniae
(ATCC13883) and Heamophilus influenza (ATCC 35056). They
were subcultured on specific media such as brain heart infusion
agar, blood agar and MacConkey’s agar media and were incubated
at 37 C for 24 hours [7].

Evaluation of mouthwashes

Nutrient broth was prepared containing a 10% concentration of the
mouthwashes. They were inoculated with 100ul of the microbial
inoculums adjusted at 0.5 McFarland standard and were incubated
aerobically at 37 C for 24h. The optical density was measured by
spectrophotometer (Humalyzer junior.# 72333, E.E.A) at a
wavelength of 640 nm as a guide to microbial growth. The
experiments were performed in triplicates. Broth without
mouthwash was used as control [8].

Antimicrobial activity

Three different concentrations 1:4(25%), 1:1(50%) and 3:4(75%)
were made taking sterile distilled water as the diluents [9]. Muller
Hinton agar media was prepared and inoculated with a
standardized 0.5 McFarland inoculums of each bacterial strain. A
45pl of each mouthwash concentration was propelled directly into
wells made in the inoculated Muller Hinton agar plates. The plates
were allowed to stand for ten minutes for diffusion of the
mouthwash to take place and incubated at 37 C for 24h [10].

The antimicrobial activity, indicated by an inhibition zone
surrounding the well containing the mouthwash, was recorded if
the zone of inhibition was greater than 8mm [11]. The mean
diameter of inhibition zones was calculated [12].

Transmission electron microscope (TEM) examination

Conventional TEM is frequently selected to visualize the ultra
structural damage on both cell wall and cytoplamatic membrane of

structural level, a simple negative staining for TEM (JEM-1400
TEM, JEOL- Japan) of bacterial cells can report evidences on the
mechanism of membrane disruption by antimicrobial proteins and
peptides (AMPPs) [14]. Ultrathin sections obtained by conventional
procedures, namely fixation with aldehydes, post-fixation with
osmium tetraoxide, dehydratation and embedding in Epoxy resin,
allow the observation of membrane and cytoplasmatic alterations.
Treatment with AMPPs can induce several external and internal
changes such as membrane bleb, ruffling or detachment, the
presence of electrodense dots or fibers, hypodense cytoplasmic
release and cell vacuolization [15]. The outer membrane
detachment observed is generally related to the extremely high
affinity of AMPPs to LPS, the main component of the gram-
negative bacteria cell wall [15].

Effect of the combination between mouthwashes
against the bacterial strains

Combination between the mostly effective mouthwashes at the
optimum effective concentrations was done to test the antagonistic/
synergistic inhibitory effect. The test was done by inoculating
nutrient broth media containing each tested organism by each
combination. All tubes were incubated at 37 C for 24 hours and the
optical density was measured by spectrophotometer at wave length
640 nm.

Results

The inhibitory effect of 10% concentration of six different
mouthwashes against six oral bacteria was measured by
spectrophotometer as optical density (0.D) (Figure. 1). The figure
showed that A, B, C were the most effective mouthwashes
respectively while D, E, F were the least effective mouthwashes.
The inhibition effect of the six mouthwashes were tested at
different dilutions 25%, 50% and 75% using agar well diffusion
method against Streptococcus mutans, Streptococcus sanguinis,
Staphylococcus  aureus, Klebsiella pneumoniae, Heamophilus
Influenza and Streptococcus pyogenes (figure.2).
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Figure 1 Detection of the antimicrobial effect of the six mouth washes against the six tested microorganisms shown by optical density.
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Figure 2 Determination of the inhibitory effect of the six mouthwashes at (25, 50 and 75%) concentrations against S. mutans (a), S. sanguinis

(b), S. aureus (c), K. pneumoniae (d), H. influenzale) and S. pyogenes(f).

Itis clear that the most effective mouthwash against S. muians was
C at concentration 50% but it was A at concentration 50% against
Streptococcus  sanguinis, while it was E at 50% against
Staphylococcus  aureus. On the other hand the most effective
mouth wash against Alebsielia pneumonia was C at concentration
50% and also showed the highest effect against Heamophilus

influenza at concentration 75%. In case of Streptococcus
pyogenes, the most effective mouthwashs were equally B and C at
concentration 75% each.

Figure 2 also indicated that the largest inhibition zone diameter
(1ZD) was recorded in using mouthwash C at concentration 50%
against Alebsiella pneumonia (4.5 cm IZD) while mouthwash F
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showed no effect at all against the six bacterial strains. Alebsiella
pneumoniae was chosen as the highly affected bacteria using
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mouthwash C and was scanned by TEM to see the effect of this
mouthwash inside the bacterial cell (figure.3).

1

Figure 3 TEM for untreated Alebsielia pneumonia (1) and Alebsiella pneumoniatreated with mouthwash C.

The figure illustrated that treatment of Alebsielia pneumoniae with
mouthwash C disrupted the bacterial cell and appeared as it is
washed out, no membrane and the internal cell content distorted.
The cells also appeared larger after treatment which means that
the bacterial cells absorbed the mouth wash and destructed.

A combination between the three mostly effective mouthwashes A,
B and C were done at the most effective concentration (50%)

a
o

against the six tested oral bacteria to investigate their synergistic
and/or antagonistic effect compared to that of the highly effective
mouthwash C alone at concentration 50% by measuring the
turbidity (O.D) using spectrophotometer at wavelength 640nm
(figure. 4).

ac

A+B
mB+C
mA+C
uA+B+C

Figure 4 Effect of combination between the highly effective mouthwashes A, B and C compared to the effect of C only.
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The figure indicated that mouthwash C showed the highest effect
on the six bacterial strains than that of the other combined
mouthwashes. Mouthwashes A+C, A+B and A+B+C showed
synergistic effect against Strepfococcus mutans, Sireptococcus
sanguinis and Heamophilus influenza while it showed antagonistic
effect against other bacterial strains.

Discussion

It is known that a balance exists in a person’s oral microbial
population. If this balance is lost, opportunistic microorganisms can
proliferate, enabling the initiation of disease processes [16]. In
addition, dentists should keep in mind that the mean average
inhibition zone of one mouthwash may not be directly comparable
with that of another mouthwash because different mouthwashes
are constituted of different active ingredients and may diffuse at
different rates [17]. In the present study the antimicrobial potential
of the six mouthwashes was tested to place the six different
mouthwashes in order of antimicrobial effectiveness. The results
revealed wide variations in their effectiveness against the six tested
microorganisms. Mouthwashes A, B and C emerged as the most
effective ones.

More importantly, the test was conducted 7 vifro, so it cannot be
assumed that the results of antimicrobial efficacy could be
proportional or transferable to the oral cavity and translated into
clinical effectiveness. Studies have demonstrated the effectiveness
of rinsing with an antimicrobial mouth rinse in significantly reducing
both salivary [18-20] and mucosal [21, 22] levels of bacteria.

The findings in this study were in agreement with author [23] who
reported that 0.2% chlorhexidine mouthwash decrease S.mutans
and S.sanguinis levels. Also [24] observed that the use of
dentifrices containing chlorhexidine seems to be effective for the
treatment of gingivitis in orthodontic patients. Other author [25]
found a significant reduction of S. mufans and S. sanguinis in ten
patients after using chlorhexidine oral rinse. According to [26], the
use of chlorhexidine mouthwash reduces the level of S. mufans
and S. sanguinis, gingival index and gingival bleeding. The use of
chlorhexidine oral rinse contributes to improving oral hygiene in
patients with fixed orthodontic appliances [27].

Interestingly, mouthwashes A and C that showed excellent
antimicrobial activities contained chlorhexidine as the active
ingredient. Chlorhexidine is a cationic biguanide with broad-
spectrum antimicrobial action, whose effectiveness in decreasing
the formation of dental (plaque) and gingivitis has been
demonstrated in several clinical studies [28]. Its mechanism of

References

[1]. Van Gemert-Schricks MCM, van children: a
Amerongen WE, ten Cate JM and
Aartman IHA. The effect of different
treatment strategies on the oral health of

action is that the cationic molecule binds to the negatively-charged
cell walls of the microbes, destabilizing their osmotic balance [29].
This was illustrated in this study by TEM which reveled increasing
in bacterial cell volume due to absorption of the mouthwash and no
defined internal cell constituent appeared with removal of the
bacterial cell membrane. The bacterial cell appeared as fragments
collected together with no definite shape.

Thus, from the overall results obtained, it is evident that various
mouthwashes listing Chlorhexidine as the active ingredient
presented different antimicrobial activities. This is probably due to
the different formulations in different mouthwashes in association
with other ingredients. The possible explanation may be the active
product concentration and its interaction with other constituents, in
addition to differences in the formulations, might be responsible for
different effects. The result justifies the antimicrobial claims of the
mouthwashes, made by earlier workers [8, 30,31].

In this study a combination between the mostly effective
mouthwashes was done to show the differences in the effect of
mouthwash C alone and its combination with the other two
mouthwashes A and B. It was obvious that mouthwash C alone
had higher effect on the six oral bacterial strains than combining
mouthwash A+B, A+C, B+C and A+B+C. This may be due to
antagonistic effect resulted from the differences in the other
components added to the active ingredients of each mouthwash
which weakened the combination antibacterial effect.

Conclusion

Chlorhexidine formulations are considered to be the “gold
standard” antiplaque mouth rinses due to their prolonged broad
spectrum antimicrobial activity and plaque inhibitory potential.
Mouthwashes A, B and C were the most effective mouthwashes
against the six oral bacterial strains tested. Mouthwash A and C
contained chlorhexidine as active ingredient. TEM showed that
chlorhexidine affected the microbial cell membrane and disrupted
the internal cell constituents. The combination between the most
effective mouthwashes A, B and C showed antagonistic
antibacterial effect compared to that of mouthwash C alone.

Acknowledgment

The author wants to express her deep appreciation to Prof. Abeer
A Rushdy, Ain Shams University for her support, guidance and
motivation . Deep thanks also for Eiman Abd EI- Hameed, October
6! University.

longitudinal randomized [2]. Nakas E and Zukanovi A. The
controlled trial, Clin. Oral. Invest. 2008,
12, pp. 361-8.

prevalence of cariogenic salivary micro-
organisms in children of various ages,

PAGE 49|



Othman, International Journal of Drug Delivery 7 (1) 44-51

[2015]

Bosnian j. of bas. Med. sci. 2007, 7(2),
pp. 166-70.

[3]. Gibbons RJ, Cohen, L and Hay DL.
Strains of Streptococcus mutans and
sobrinus attach to different pellicle

receptors, Infect. immune. 1986,
52,pp.555-61

[4]. Granby TH, Saldanha MG. The
antimicrobial  activity of  modern

mouthwashes, Br. Dent. 1984, J. 157,
pp. 239-42.

[5]. 5- Attin R, llse A, Wemer C, Wiegand A
and Attin T. Antimicrobial effectiveness
of a highly concentrated chlorhexidine
varnish treatment in teenagers with fixed
orthodontic appliances, Angle Orthod.
2006 , 76, pp. 1022-7.

[6]. Nakas E, Vildana D, Alisa T, Enes
P.and Sanja H. Antimicrobial activity of
chlorhexidine in patients with fixed
orthodontic appliances, Braz. J. Oral.
Sci. 2011, 10, pp. 79-82.

[7]. Cappuccino JG and Sherman N.
Microbiology lab manual.USA,
Benjamin-Cummings Publishing
Company. 1995, 477.

[8]. Mat Ludin CM and MdRadzi J. The
antimicrobial  activity of different
mouthwashes in Malaysia, Malay. J.
Med. Sci. 2001, 8, pp. 14-8

[9]. Okeke MI, Iroegbu CU, Eze EN, Okaoli
AS and Esimone CO. Evaluation of
extracts of the root of
Landolphiaowerrience for antibacterial
activity, J .Ethnopharmacol. 2001 ,78 ,
pp.119-27.

[10]. 10-Khokra SL, Prakash O, Jain S, Aneja
KR and Dhingra Y. Essential oil
composition and antimicrobial studies of
Vitexnegundo Linn. Extracts, Ind. J.
Pharma Sci. 2008 ,70, pp. 522-6.

[11]. Rios JL, Reico MC and Villar A.
Screening methods for natural products
with antimicrobial activity: a review of the
literature J. Ethnopharmacol. 1988 , 23,
pp. 127-49.

[12]. Hammer KA, Caon CF and Riley TV.
Antimicrobial activity of essential oils

and other plant extracts, J .Appl.
Microbiol. 1999, 86, pp. 985-90.

[13]. Hammer MU, Brauser A, Olak C,
Brezesinski G, Goldmann T, Gutsmann
T and Andra J. Lipopolysaccharide
interaction is decisive for the activity of
the antimicrobial peptide NK-2 against
Escherichia coli and Proteus mirabilis,
Biochem J. 2010 ,427, pp. 477-488.

[14]. Torrent M, Navarro S, Moussaoui M.and
Nogues MV. Boix E, Eosinophil cationic
protein  high-affinity ~ binding  to
bacteriawall lipopolysaccharides and
peptidoglycans, Biochemistry, 2008, 47,
pp. 3544-3555.

[15]. Torrent M, de la Torre BG, Nogues VM,
Andreu D and Boix E. Bactericidal and
membrane disruption activities of the
eosinophil cationic protein are largely
retained in an N-terminal fragment,
Biochem. J. 2009,421, pp. 425-434.

[16]. Sheen S, Owens J and Addy M. The
effect of toothpaste on the propensity of
chlorhexidine  and  cetylpyridinium
chloride to produce staining in vitro: a
possible predictor of inactivation, J .Clin.
Periodontol. 2001, 28,pp. 46-51.

[17).Barry AL and Thornsberry C.
Susceptibility  tests:  diffusion  test
procedures. In: Balows A, (ed). Manual
of clinical microbiology. 5nd eders,
Washington, American  Society for
Microbiology, 1991, pp.1117-25.

[18]. Dahlen G. Effect of antimicrobial
mouthrinses on salivary microflora in
healthy subjects. Sc.and J. Dent. Res.
1984, 92(1), pp. 38-42

[19]. DePaola LG, Minah GE and Overholser
CD. 1996, Effect of an antiseptic
mouthrinse on salivary microbiota, Am.
J. Dent., 9(3), pp. 93-5.

[20]. Jenkins S, Addy M, Wade W and
Newcombe RG. The magnitude and
duration of the effects of some
mouthrinse products on the salivary
bacterial counts, J. Clin. Periodontol.
1994, 21(6), pp. 397-401

[21]. Fine DH, Furgang D, Sinatra K, Charles
C, McGuire A and Kumar LD. In vivo
antimicrobial  effectiveness of an
essential oil containing mouth rinse 12h
after a single use and 14days use, J
.Clin. Periodontol. 2005 ,32(4), pp. 335-
40.

[22]. Pitts G, Pianotti R, Feary TW,
McGuiness J and Masura T. The in vivo
effects of an antiseptic mouthwash on
odor producing microorganisms. J Dent.
Res. 1981,60 (11), pp 1891-6.

[23].Sari E and Birinci. Microbiological
Evaluation of 0.2%
chlorhexidinegluconate mouth rinse in
orthodontic patient. Angle Orthod. 2007,
77, pp.881-4.

[24]. Olympio KP, Bardal PA, de M, Bastos,
J.R.and Buzalaf, MA. Effectiveness of a
chlorhexidine dentifrice in orthodontic
patients:a randomized- controlled, trial.
J. Clin. Periodontal, 2006. 33, pp.421-6.

[25]. Beyth N, Redlich M, Harari D, Friedman
M and Steinberg D. Effect of sustained-
release chlorhexidinedigluconate varnish
on  Streptococcus  mutans  and
Actinomycesviscosus in  orthodontic
patients, Am. J. orthoddent ofacial
orthop. 2003, 12, pp. 345-8.

[26]. Eldridge KR, Finnie SF, Stephens JA,
Mauad AM, Munoz CA and Kettering JD.
Efficacy of an alcohol-free
chlorhexidinedigluconate mouthrinse as
an antimicrobial agents, J. prosthet.
Dent. 1998, 80, pp. 685-90.

[27]. Anderson GB, Bowden J, Morrison EC
and Caffesse RG. Clinical efforts of
chlorhexidinegluconate mouthwash on
patients undergoing orthodontic
treatment, Am. J. Orthod. Dentofacial
Orthop. 1997, 111,pp.606-12.

[28]. Hugoson A, Koch G and Johansson S.
Consensus Klorhexidininomtandvéarden,
Lic.Forlag, Solna, 1990, 123.

[29]. Amornchat C, Kraivaphan P,
Dhanabhumi C, Tandhachoon K,
Trirattana T and Choonhareongdej S,
Effect of Cha-em Thai mouthwash on
salivary levels of mutans strepfococcr

PAGE|50| M



Othman, International Journal of Drug Delivery 7 (1) 44-51 | [2015]

and total IgA, Southeast Asian J. Trop. Am. Dent. Assoc. 2006 , 137,pp. 16S- mouthwash on dental plaque and

Med. Pub. Hith. 2006, 37,pp. 528-31. 218S. gingival inflammation, Iranian J. Pharma.
[30]. Barnett ML. The rationale for the daily  [31]. Pourabbas R, Delazar An and Chitsaz Res. 2005, 2, pp- 105-9.

use of an antimicrobial mouthrinse, J. MT. The effect of German chamomile

PAGE|51|



