Z. M'Barek***, Y. Zouari***, N. Moalla**%,
E. Zaier***, S. Ghoul-Mazgar*-**-***

Faculty of Dental Medicine, University of Monastir, Monastir, Tunisia

*Laboratory of Histology and Embryology
**Tunisian Association for Dental Research (TADR)
***ABCDF Laboratory for Biological, Clinical

and Dento-Facial Approach

e-mail: zineddine_mk@yahoo.fr

Souakine mouth rinse
solution protects
deciduous enamel
from simulated erosion
in vitro

ABSTRACT

Aim To determine whether a souakine mouth rinse
solution can provide protection of deciduous teeth
against simulated erosion in vitro.

Materials and Methods Thirty deciduous
anterior teeth were used. Half of each tooth was
covered with a varnish and teeth were randomly
divided into a treated (S) and a control group (C).
Each group was immersed in cola drink for 5 minutes
and treated with an aqueous solution of Souakine
(S) or water (C) for 2 minutes. The treatment was
renewed 5 times a day for 8 days. Teeth were then
embedded, sectioned and observed under polarised
light microscope. Observed data were quantitatively
analysed by SPSS software.

Results In group (C), the unvarnished part of
the enamel showed a deep green layer of erosion,
compared to the varnished part. The difference in
depth of this layer was significant (p <0.05). In group
(S), the green layer of erosion was highly located in
the unvarnished part as compared to the unvarnished
part of the control group (C) (p<0.05). This layer of
erosion was comparable to that in the varnished
part, either in control or treated groups.
Conclusions The beneficial results of Souakine
against erosion are validated either by a protective
or a remineralisation effect.
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Introduction

Historically, the first known reference to mouth
rinsing is found in Chinese medicine, around 2700
BC [Jardim et al., 2009]. Mouth rinses are used for
several reasons [Jardim et al., 2009]: to freshen breath,
to control tooth decay, to reduce plaque and tartar
or to prevent gingivitis. Tooth paste is generally used
in association with the tooth brush. This mechanical
action could induce an abrasive effect additional to the
erosive action of the chemical product and the potential
abrasive property of the tooth paste itself [Magalhaes
et al., 2014]. Thus, mouth rinse is more suitable to be
used for the exclusive study of the chemical action of
the studied products.

Souakine is a miswak extracts mouth rinse that is
recommended as a preventive measure to preserve
from tooth decay in children [Chelli-Chentouf et
al., 2012]. This recommendation is probably due to
the antibacterial activity of Miswak. Although this
antibacterial activity is widely recognised in the literature
[Sofrata et al., 2008; Gupta et al., 2012], some authors
have also highlighted its remineralising effect. In fact,
frequent use of miswak extracts has a remineralising
effect on white spots lesions that was proven either
in clinical [Baeshen HA et al., 2011] or in vitro studies
[Baeshen and Birkhed, 2010]. This remineralising effect
is probably due to the buffer capacity of miswak as
previously described by Kemoli [2001]. However, little
is known about the potential remineralising effect of
souakine mouth rinse on the dental mineralised tissues
of primary teeth. We hypothesised that souakine might
have a remineralising effect on the enamel of primary
teeth. This hypothesis is questionable, since this mouth
rinse also contains salicylic acid that could have an
erosive potential.

Dental erosion is defined as the progressive
irreversible loss of dental hard tissue by chemical
processes with no bacterial involvement [Moynihan
and Peterson, 2004]. Any food or beverage having a
pH below 5.5 may produce a dental demineralisation.
The study of dental erosion and its role in tooth wear
has enormously grown since the mid-1990s [Johansson
et al.,, 2012] and several methods have been used to
evaluate tooth wear due to erosion, either qualitatively
by electron microscopy for example [Torres et al., 2010],
or quantitatively by profilometry [Ali and Tahmassebi,
2014], or both quantitatively and qualitatively by
polarised light microscopy [Saunders Jand Mcintyre,
2005; Nirmala and Subba Reddy, 2011].

Dental erosion is affecting more and more children
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with a prevalence ranging from 10% to 80% [Taji
and Seow, 2010]. In paediatric dentistry, many
complications caused by dental erosion have been
reported such as tooth sensitivity, altered aesthetics
and loss of occlusal vertical dimension [Taji and Seow,
2010]. Mineralised tissues of deciduous teeth, in
particular, have some structural specificity compared to
permanent teeth. In fact, the enamel that is the first
tissue attacked during decay is less mineralised, more
porous, and has a reduced thickness. The organisation
of crystallites is also less regular and the diameter of the
prisms is slightly lower than that of permanent teeth.
It is presumed that these particularities enhance the
susceptibility of this tissue to demineralisation process
occurring during decay in children [De Menezes Oliveira
et al., 2010].

In view of the above considerations, the aim of this
study was to explore whether souakine can provide
protection of deciduous teeth against simulated erosion
in vitro evaluated by polarised microscopy.

Materials and methods

This study was run with the respect of the ethical
principles and guidelines for research involving human
subjects. Thirty intact deciduous teeth, which had
previously been stored in tap water, were used. Incisors
and canines were chosen. Decayed teeth and molars
were excluded from the study.

In vitro treatment (Fig. 1)

A layer of acid-resistant nail varnish (Aven, Spain) was
applied on half faces of each tooth. The teeth were
distributed in random groups, as follows: 15 teeth
treated with water in a control group (C) and 15 teeth
treated with mouth rinse souakine in treated group (S).

Each group was immersed in 25 ml of Coca-Cola
during 5 minutes. Then the teeth were rinsed with water
during 5 minutes. The group S was immersed in 25
ml of souakine aqueous solution (Biological Chemical
Institute, Tunisia, diluted in 50%) during 2 minutes
before being rinsed with water. The treatment was
renewed 5 times a day for 8 days, and then the teeth
were conserved in water. Group C has undergone the
same treatment replacing souakine solution by water.

Sample preparations

Teeth were embedded in acrylic resin (Major Repair,
Powder and Cold-curing polymer, MAJOR Prodotti
Dentari, Moncalieri, Italy). Transversal sections of 1 mm
thickness were performed in the crowns by the ISOMET
TM low speed saw (Buehler, lllinois, USA). The sections
were mounted on slides without staining.

Observations
The observations were made with an OLYMPUS
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FIG. 1 Representative scheme of methodology and experimental
design. A: Thirty deciduous anterior teeth are collected. B: Teeth

are half covered with vamish. C: Teeth are distributed into random
groups. D: Teeth are immersed in 25 ml of Coca-Cola during 5
minutes. E: Teeth are rinsed in water. F: Group C is immersed in 25ml
of water while group S is immersed in 25 ml of Souakine aqueous
solution 50% during 2 minutes. G: All the teeth are rinsed in water.
The treatment was renewed 5 times a day for 8 days.

CX41RF microscope with polarised light attachments
(Olympus, Tokyo, Japan) at a 20x magnification. The
photos were taken with a 1.3M pixels Moticam, 1000
USB2.0 camera (Motic group, Hong Kong, China).

Measurements

All the measurements were made at 20x magnification
in polarised light. The erosion was measured from the
surface of the enamel to the superior limit of the green
layer (Table 1). The depth of the erosion lesion was
also measured from the enamel surface to the lower
limit of the green layer observed on polarised light.
The thickness of the layer was measured evaluating
the difference between the above two measurements
(Table 1).

Statistical analysis

Data were analysed with Statistical Package for
Social Sciences for Windows 17.0 (SPSS Inc., Chicago,
IL, USA). Scheffe test was carried out for statistical
comparison of the measurements among the groups,
at a significance level of 5%.

Results

Effect of cola drink on the enamel structure
(Fig. 2)

In the control group, polarised light observation
showed that the unprotected side of the enamel (Fig.
2A) presented a deep demineralised layer, compared
to the protected side by varnish (Fig. 2B). Without
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FIG. 2 Polarized light micrographs of the enamel in the control group
(20x magnification). A: Control group, non-protected enamel surface
by varnish. B: Control group, protected enamel surface by varnish.

C: Control group, enamel-dentin junction of non-protected area.

D: Control group, enamel-dentin junction of protected area.

varnish, the erosion layer was significantly closer to
the enamel-dentine junction (Fig. 2C) compared to the
area protected with varnish (Fig. 2D). This finding was
confirmed by the quantitative analysis of the depth
of the layer (Table 1) as measured from the enamel
surface to the lower limit of the layer and established
by the Scheffe test (p <0.05). The thickness of the
layer was significantly higher (Table 1) (p <0.05) in the
unprotected enamel compared to the protected one.

Effect of souakine (Fig. 3)
In the souakine group (S), the unvarnished enamel
presented a highly situated demineralised layer (Fig.

FIG. 3 Polarized light micrographs of the enamel in the Souakine
group (20x magnification). A: Souakine group, non-protected enamel
surface by varnish. B: Souakine group, protected enamel surface by
varnish. C: Souakine group, enamel-dentin junction of non-protected
area. D: Souakine group, enamel-dentin junction of protected area.

3A) as compared to the unvarnished enamel of the
control group (Fig. 2A).

This difference was assessed statistically (p<0.05)
(Table 1). However, the position of the erosion layer in
the varnished side of the enamel in the souakine group
(Fig. 3B) was comparable to that in the varnished side
of enamel of the control group (Fig. 2B). The difference
was not significant for all types of measurements
comparing these two groups (Table 1).

Otherwise, without varnish (Fig. 3C), the erosion
layer was also comparable to that of the varnished side
(Fig. 3D) and statistics confirmed that the differences
were not significant (Table 1).

Group Depths of erosion estimated from | Depths of erosion estimated from | Thickness of green layer
the surface of the enamel to the | the surface of the enamel to the
upper limit of the green layer of | lower limit of the green layer of
erosion erosion
S+V+ Mean (um) 132.46¢ 553.67f 421.210
N 15 15 15
Standard Deviation | 229.05 414.52 240.36
S+V- Mean (um) 80.11° 578.629 498,51
N 15 15 15
Standard Deviation 97.73 433.50 468.55
S-V+ Mean (um) 147.81¢ 453.51° 305.71¢
N 15 15 15
Standard Deviation 92.41 382.63 338.74
S-V- Mean (um) 266.48° 951.63° 685.15¢
N 15 15 15
Standard Deviation | 240.11 310.97 250.01
LEGENDS
S+: treated with Souakine. V+: covered with varnish. S-: treated with water. V-: not covered with varnish. N: sample size.
Treatments followed by distinct superscript letters differ statistically by the Sheffe test (p<0.05).

TABLE 1 Multiple comparisons based on means and standard deviations for each group.
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Discussion

In our study, two potentially erosive solutions were
used: the cola drink and the mouth rinse containing
salicylic acid.

Only few studies explored the erosive effect of cola
drink on deciduous teeth [Lippert et al., 2004; Murakami
et al., 2009]. However, the increased consumption of
such acidic drinks by children is an important factor
in the aetiology of dental erosion [Lussi et al., 2004].
Forty cycles were performed in our study alternating
demineralisation by cola drink and a treatment either
by souakine solution or water in order to optimize the
experimental conditions to the deciduous teeth. In fact,
the number of cycles used in this study was higher than
most of those described in the literature for permanent
teeth [Kato et al., 2009; Passos et al., 2013]. Moreover,
several methods are described in the literature for
exploring dental erosion [Passos et al., 2013; Poggio
et al., 2010]. Among these methods, profilometry,
surface hardness and electron microscopy analysis are
widely used. Polarised light was used in this study in
order to observe the erosive lesions and we added a
quantitative approach to highlight the erosive effects
of the product.

In the limits of these methods, both the erosive effect
of the cola drink and the beneficial effects of souakine
against erosion on deciduous enamel were validated
in this study by the qualitative and the quantitative
approaches.

Concerning the erosive effect of cola drink, the
observations of the control group showed that the
unprotected side of the enamel presented deep
erosion as visualised by the deeply localised green
layer, compared to the protected side. The front of
demineralisation was significantly closer to the enamel-
dentin junction. These two facts are in concordance
with previous reports which have shown that cola
drinks have a high demineralizing effect on the enamel
[Poggio et al., 2010; Tedesco et al., 2012]. Our study
showed also that both the depth and the thickness
of the demineralisation layer were significantly higher
in this side compared to the protected side of the
enamel suggesting an important erosive effect in this
group (Table 1). The fact that there was no significant
difference between the measurements from the
enamel surfaces among these groups could be related
to the absence of remineralisation process due to the
treatment with water.

Concerning the potentially beneficial effect of
souakine against enamel erosion, our study showed
that in the Souakine group, the unvarnished enamel
surface was significantly less demineralised compared
to the unprotected enamel of the control group. These
qualitatively and statistically assessed results should be
further related to the miswak components, that could be
both protective and remineralising, than to the salicylic
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acid. In fact, regarding the miswak components, resins
have been suggested to serve as physical barrier and
to form a protective layer over enamel [Dahiya et al.,
2012] explaining that in our study, the anti-acid effect
of souakine was comparable to that of the varnish.
Moreover, calcium and fluoride ions components
usually described in miswak extracts could promote
remineralisation [Naumova et al., 2012] explaining that
the erosive effect of cola was significantly less pervasive
with souakine when erosion was measured from the
enamel surface to the its upper limit.

Even though,these are in vitro results, they could
be relevant to the clinical practice. In fact, as fluorides
varnishes [Levy et al., 2012] and NaF gel [Murakami et
al., 2009] were found to provide a high level of control of
erosion, these products need professional application,
unlike souakine mouth rinse. Obviously, further long-
term clinical trials are needed to validate the clinical
anti-erosion effect of souakine solutions in deciduous
teeth, but this herbal mouth rinse solutionsis already
and strongly recommended for children, especially
those consuming cola drinks [Chelli-Chentouf et al.,
2012].

The use of miswak is recommended as an effective
tool for oral hygiene by the World Health Organisation
in view of its beneficial effects on mechanical removal
of plague and its antibacterial action [WHO, 1984].
Our study adds other arguments for its use both for its
protective and remineralising effects against deciduous
tooth erosion.

Acknowledgments

Professor Kamel Ben Salem (Faculty of Medicine of
Monastir) is acknowledged for Statistical assistance.

Professor Fathia Khemiss (Faculty of Dental Medicine
of Monastir) is acknowledged for her critical reading of
the paper.

Professor Semir Boukottaya (Faculty of Dental
Medicine of Monastir) is acknowledged for English
assistance.

Tunisian Association for Dental Research (TADR) is
acknowledged for the supervision of the study.

References

Ali H, Tahmassebi JF. The effects of smoothies on enamel erosion: an in situ
study. Int J Paediatr Dent 2014;24(3):184-191.

Baeshen H, Birkhed D. Release of fluoride from fresh and old NaF-impregnated
chewing sticks (Miswaks) in vitro and oral retention in vivo. Oral Health Prev
Dent 2010;8(1):93-99.

Baeshen HA, Lingstrdm P, Birkhed D. Effect of fluoridated chewing sticks
(Miswaks) on white spot lesions in postorthodontic patients. Am J Orthod
Dentofacial Orthop 2011;140(3):291-297.

Chelli-Chentouf N, Tir Touil Meddah A, Mullié C et al. In vitro and in vivo
antimicrobial activity of Algerian Hoggar Salvadora Persica L. extracts against
microbial stains from children’s oral cavity. J Ethnopharmacol 2012;144: 57-66.
Dahiya P, Kamal R, Luthra RP, et al. J Ayurveda Integr Med 2012;3:184-187.

EuroPEAN JOURNAL OF PAEDIATRIC DENTISTRY voL. 15/4-2014



SOUAKINE PROTECTS DECIDUOUS ENAMEL FROM EROSION

De Menezes Oliveira MA, Torres CP, Gomes-Silva JM , et al. Microstructure
and mineral composition of dental enamel of permanent and deciduous teeth.
Microsc Res Tech 2010;73:572-577.

Gupta P, Agarwal N, Anup N, Manujunath BC, Bhalla A. Evaluating the anti-
plaque efficacy of meswak (Salvadora persica) containing dentifrice: A triple
blind controlled trial. J Indian Soc Pedod Prev Dent 2011;29(3):205-215.

Jardim JJ, Alves LS, Maltz M. The history and global market of oral home-care
products. Braz oral res 2009;23 (Suppl. 1):17-22.

Johansson AK, Omar R, Carlsson GE et al. Dental erosion and its growing
importance in clinical practice: from past to present. Int J Dent 2012.

Kato MT, de Moraes Italiani F, de Araujo JJ, et al. Preventive effect of an iron
varnish on bovine enamel erosion in vitro. J Dent 2009;37:233-236.

Kemoli AM, van Amerongen WE, de Soet JJ. Antimicrobial and buffer capacity
of crude extracts of chewing sticks (Miswaki) from Kenya. ASDC J Dent Child.
2001;68(3):183-188.

Levy FM, Magalhdes AC, Gomes MF, et al. The erosion and abrasion-inhibiting
effect of TiF(4) and NaF varnishes and solutions on enamel in vitro. Int J Paediatr
Dent 2012;22:11-16.

Lippert F, Parker DM, Jandt KD. Susceptibility of deciduous and permanent
enamel to dietary acid-induced erosion studied with atomic force microscopy
nanoindentation. Eur J Oral Sci 2004;112: 61-66.

Lussi A, Jaeggi T, Zero D. The role of diet in the aetiology of dental erosion.
Caries Res 2004; 38 (Suppl. 1):34-44.

Magalhaes AC, Wiegand A, Buzalaf MA. Use of dentifrices to prevent erosive
tooth wear: harmful or helpful? Braz Oral Res 2014; 28 Spec no. 1:1-6.
Moynihan P, Peterson PE. Diet, nutrition and the prevention of dental disease.
Public Health Nutr 2004;7:206-226.

Murakami C, Bonecker M, Corréa MS, et al. Effect of fluoride varnish and gel
on dental erosion in primary and permanent teeth. Arch Oral Biol 2009;54:997-

EUrOPEAN JOURNAL OF PAEDIATRIC DENTISTRY voL. 15/4-2014

1001.

Naumova EA, Niemann N, Aretz L, et al. Effects of different amine fluoride
concentrations on enamel remineralization. J Dent 2012;40:750-755.

Nirmala SV, Subba Reddy VV. A comparative study of pH modulation and trace
elements of various fruit juices on enamel erosion: an in vitro study. J Indian Soc
Pedod Prev Dent 2011;29:205-215.

Passos VF, Melo MA, Vasconcellos AA, et al. Comparison of methods for
quantifying dental wear caused by erosion and abrasion. Microsc Res Tech
2013;76:178-183.

Poggio C, Lombardini M, Colombo M, et al. Impact of two toothpastes on
repairing enamel erosion produced by a soft drink: an AFM in vitro study. J Dent
2010;38:868-874.

Saunders JG, McIntyre JM. The ability of 1.23% acidulated phosphate fluoride
gel to inhibit simulated endogenous erosion in tooth roots. Aust Dent J
2005;50:263-266.

Sofrata AH, Claesson RL, Lingstrdm PK, Gustafsson AK. Strong antibacterial
effect of miswak against oral microorganisms associated with periodontitis and
caries. J Periodontol 2008;79(8):1474-1479.

Taji S, Seow WK. A literature review of dental erosion in children. Aust Dent J
2010;55:358-367.

Tedesco TK, Gomes NG, Soares FZ, et al. Erosive effects of beverages in the
presence or absence of caries simulation by acidogenic challenge on human
primary enamel: an in vitro study. Eur Arch Paediatr Dent 2012;13:36-40.
Torres CP1, Chinelatti MA, Gomes-Silva JM, Rizdli FA, Oliveira MA, Palma-Dibb
RG, Borsatto MC. Surface and subsurface erosion of primary enamel by acid
beverages over time. Braz Dent J 2010;21(4):337-345.

WHO: Prevention Methods and Programmes for Oral Health. Report of a WHO
Expert Committee Technical Report Series 713. Geneva: WHO, World Health
Organisation, 1984.

411



