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ORIGINAL ARTICLE

In vitro effect of paediatric liquid medicines on deciduous enamel
exposed to biofilm
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Abstract
Objective. This study aimed to assess the in vitro effects of paediatric liquid medicines on deciduous enamel exposed to
biofilms. Methods. Fragments (n = 25) of first primary molars were covered by nail varnish, leaving a 22 mm2 exposure area.
Specimens were fixed in polystyrene plates containing BHI broth media. Pooled human saliva was added to form a mature
biofilm on fragments over a 10-day period in microaerophilic conditions. Specimens were divided into groups (n = 5 per group)
and treated (50 mL) daily for 1 min over 1 week as follows: G1 = 10% sucrose solution (positive control); G2 = Dimetapp
Elixir� (antihistamine); G3 = Claritin� (antihistamine); and G4 = Klaricid� (antibiotic). Five other fragments, without
treatment and inoculum represented the blank controls. The covered area for each specimen represented the negative control.
Cross-sectional hardness of the enamel was used as a demineralization indicator. Results. All treatment groups showed
hardness loss compared to the corresponding negative controls (p < 0.05). Among the treatment groups, G2 exhibited the
greatest demineralization pattern (p < 0.05) followed by G3, G1 and G4.Conclusion. All medicines caused deciduous enamel
demineralization in the presence of biofilm. The greatest hardness loss was observed after treatment with Dimetapp Elixir�.
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Introduction

Treatments for the paediatric population commonly
employ syrups and oral suspensions [1]. Some
parents associate susceptibility to dental caries to
frequent use of these liquid medicines by their chil-
dren at early ages [2]. According to Feigal et al. [3],
some factors, such as the addition of sugar (sucrose,
fructose and glucose) to paediatric liquid medicines,
may lead to this cause–effect relationship.
Sugar is used to mask the flavour of these medicines

and, thus, to increase compliance with treatment [2–4].
However, sugar is metabolized by bacteria from bio-
film; constant contact with teeth favours the appearance
of dental caries because it causes a rapid decrease of
oral pH [5,6]. Moreover, paediatric liquid medicines

often have low pH values, low ionic concentrations
(calcium, phosphate and fluoride) and high viscosities,
which increase their cariogenic potentials [5,7,8].
From the theoretical point of view, these medicines

have cariogenic and erosive potential; however, there
is still no evidence of this relationship in the literature,
especially when dental biofilm is present. Previous
in vitro studies analysing the effects of some medicines
on dental enamel have revealed methodological lim-
itations precisely because they did not include biofilm
in their experimental models but instead focused only
on the physicochemical features of enamel dissolution
[1,8–11].
Fontana et al. [12] stated that a bacterial system

for biofilm formation is the best in vitro model to
develop caries lesions. Therefore, this study aimed to
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assess in vitro cross-sectional alterations in hardness of
enamel exposed to paediatric syrups (antihistamines)
and oral suspension (antibiotic) in the presence of a
mature biofilm as a demineralization indicator.

Materials and methods

Medicines

Paediatric liquid medicines in the form of syrups and
oral suspensions were used in this study. Claritin�

(antihistamine; Schering-Plough, Vila Olímpia, Brazil)
and Dimetapp Elixir� (antihistamine; Wyeth, São
Paulo, Brazil) represented syrups and Klaricid�

50 mg/mL (antibiotic; Abbott, São Paulo, Brazil)
represented oral suspension. Syrups were chosen on
the grounds of a previous study [13] that identified
them as having the highest sugar concentrations, lowest
pH values and high viscosities among a group of eight
investigated syrups. Regarding the chosen oral suspen-
sion, Valinoti et al. [14] showed that it exhibited one of
the highest sugar concentrations among 29 antibiotics
commonly taken by children, along with a lower pH
value and a high viscosity (Table I).

Analysis of calcium, fluoride and phosphate
concentrations in the chosen medicines

The concentration of calcium was established by
atomic absorption spectrophotometry. Fluoride and
phosphate concentrations were assessed by fluoride
ion selective electrode [15] and colourimetric assays
[16], respectively.

Sample selection and preparation

A convenience sample of 15 healthy deciduous first
molars were obtained; teeth were voluntarily donated
by patients at the Paediatric Dental Clinic of the
Federal University of Rio de Janeiro according to
the local Ethics Committee regulations. Teeth were
kept in 2% formaldehyde solution (pH 7.0) for dis-
infection purposes. Elements had been previously
selected after observation under a stereoscopic micro-
scope (Zeiss; 475200 9901, Oberkochen, Germany)
at 40� magnification. Elements exhibiting structural
alterations (n = 2) were excluded from the study. After

selection, teeth (n = 13) were sectioned along the
mesiodistal axis, resulting in two fragments (Figure 1).
From these, 25 fragments were covered with nail
varnish, leaving a 22 mm2 exposure area (Figure 1).
The covered area represented the negative control in
this study because it was not exposed to treatment. All
specimens were sterilized with ethylene oxide (Bioxxi,
Sterilization Services, Rio de Janeiro, Brazil) before
being subjected to the experimental protocol.

Inoculum used for biofilm formation on fragments

The inoculum used was composed of non-
stimulated human saliva collected from three volun-
teers (one male and two females) with good general
and oral health complying with the Zero [17] inclu-
sion and exclusion criteria, as follows: none of the
subjects were on any medication; they did not have
any caries activity; and they did not use orthodontics
devices. Also, the subjects gave their informed con-
sent to be included in the present study.
Subjects were instructed not to consume food or

beverages except water for 1 h before saliva collection
and not to brush their teeth for 24 h before the
experiment (saliva collection). One millilitre of saliva
from each volunteer was placed into a single test tube
that was then agitated on a vortex, thus forming a
human saliva ‘pool’ containing 2 � 108 CFU/mL
(1:200 dilution). A total of 0.6 � 103 CFU/ml of
Streptococcus mutans were identified in this suspension.

In vitro formation of a mature biofilm on dental blocks
and treatment of biofilm

The biofilm formation model suggested by Antonio
et al. [18] was used here; each specimen was ran-
domly fixed inside one well of a 24-wellpolystyrene
plate (TPP, Zellkultur Testplatte 24 F) by means of
400 ml of 2% agar (Noble Agar, Difco, Sparks, USA).
Culture medium (BHI, Difco, 1485 mL/well) and
inoculum (15 mL) were added to each well. The
system was incubated under microaerophilic condi-
tions for 10 days at 37�C and a mature biofilm
developed over these enamel blocks (Figure 1).
According to the literature [19], a mature biofilm is
characterized by the attachment of new micro-
organisms on the microbial community either by
recruitment from planktonic bacteria or through
replication of cells already present in the biofilm.
After biofilm formed on fragments, specimens were

treated once daily according to the following groups
(n = 5): G1 = 10% sucrose solution (positive control);
G2 =Dimetapp Elixir� (antihistamine); G3 =Claritin�

(antihistamine) and G4 = Klaricid� (antibiotic). In
addition, another five fragments without inoculum
did not receive any treatment, thus representing the
blank control. The surfaces of the specimens received
50 mL of each tested substance, which was left on the

Table I. Characteristics of the liquid medicines.

Characteristics
Klaricid�

(antibiotic)
Claritin�

(antihistamine)
Dimetapp elixir�

(antihistamine)

Concentration
of sugar (g%)

77.46
(sucrose)

86.90
(glucose +
fructose)

75.93
(glucose +
fructose)

pH 5.04 2.80 2.70

Viscosity at
20 s�1 (cP)

1660 19.70 13.30

According to Valinoti et al. [14] and Neves et al. [13].

Effect of medicines on enamel hardness 1137



fragments for 1min. The fragments were then cleansed
twice with 1500 mL of deionized water. After cleansing,
fresh culture medium (BHI = 1500 mL) without inoc-
ulum was added to each well. The plate/specimens/
biofilm system was again incubated under microaer-
ophilic conditions until the following day, when
treatment was performed again. Treatment was thus
performed for 7 consecutive days, always at the same
time of day (Figure 1). The viability of the inoculum

was confirmed in each treatment day through the
medium density.

Cross-sectional hardness assessment

After 7 days of treatment, the blocks were removed
from the plate, longitudinally sectioned (Figure 1)
and polished under refrigeration [20] to perform the
blind cross-sectional hardness assessment test. The

Children

Saliva

50µL/well, once a day
during a week

Sterilization
(ethylene oxide)

1mL

1500µL360µL

BHI
(36 mL)

3mL
inoculum

10% sucrose

Klaricid

Blank control

Dentine

+160 µm

0 µm

Tooth area covered
with nail varnish

(negative control)

Cross-section
microhardness test Indentations

Enamel

10 days in
microaerofilia

Dimetapp elixir

Claritin

1mL
1mL

Figure 1. The biofilm model and the microhardness test used to identify in vitro cross-sectional alterations in hardness of enamel exposed to
paediatric syrups (antihistamines) and oral suspension (antibiotic).
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test was performed using a micro-durometer
(Buehler, Lake Bluff, USA) with a Knoop-type
diamond penetrator under a load of 25 g charge for
10 s. Two 14-indentation columns separated 150 mm
from each other were made at the following depths:
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150,
200 and 300 mm, using the enamel surface as a
reference (Figure 1). Indentations were made in the
areas exposed to treatment and in the control area
(the area covered with nail polish, which represented
the negative control). Measurements were made for
each depth level and the results were expressed as
Knoop hardness [18].

Statistical analysis

The data were analysed using the statistical software
SPSS version 17.0 (SPSS Inc., Chicago, IL). The
Shapiro-Wilk test allowed the establishment that the

distribution of results was not normal. Because each
specimen had its own (negative) control, a non-
parametric Wilcoxon test was used in the following
paired analyses: treatment vs negative control and
blank control vs negative control. A Kruskal-Wallis
test was used to investigate the statistical differences
among groups, and a Mann-Whitney test was used to
compare pairs of groups. The level of significance was
5% in all tests.

Results

The ionic characteristics of the liquid medicines are
described in Table II. All treatment groups exhibited
higher mineral loss compared to their respective
controls (Wilcoxon, p < 0.05) (Figure 2). The blank
control group and its corresponding control were not
significantly different (Wilcoxon, p > 0.05) (Figure 3).
Among the treatment groups, G2 (Dimetapp Elixir�

antihistamine) exhibited the greatest demineralization
pattern, followed by groups G3 (Claritin� antihista-
mine), G1 (10% sucrose solution) and G4 (Klaricid�

antibiotic) (Mann-Whitney, p < 0.05) (Figure 4).

Discussion

This study employed paediatric liquid medicines with
high sugar concentrations, high viscosities and low pH
values. These factors increase the cariogenic potential

Table II. Ionic content of the liquid medicines.

Ionic content (mg/ml) Calcium Phosphate Fluoride

Klaricid� (Clarithromycin) 11.16 33.32 0.17

Claritin� (Loratadine) 10.98 < 1.5 < 0.025

Dimetapp elixir�

(Pseudoephedrine +
brompheniramine)

9.82 < 1.5 < 0.025
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Figure 2. Means of enamel Knoop hardness (Kgf/mm2) after treatments with G1 (10% sucrose solution; positive control), G2 (Dimetapp
Elixir�; antihistamine), G3 (Claritin�; antihistamine) andG4 (Klaricid�; antibiotic) compared to their respective controls. All groups showed a
loss of hardness when compared to their respective controls (Wilcoxon, p < 0.001).
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of such medicines [7], therefore, to assess the effects
of these substances on deciduous enamel is perfectly
justified because paediatric liquid medicines are
commonly used with children.
The in vitro biofilm formation model suggested

by Antonio et al. [18] was chosen because it best
reproduces the oral conditions for in vitro studies,
since it uses bacteria as well as deciduous teeth,
properly to mimic an oral environment. According
to Fontana et al. [12], an in vitro study model
including a bacterial biofilm system best represents
the cariogenic challenges occurring in the oral cavity.
This model was employed in this study to simulate the
behaviour of the investigated medicines when in
contact with the biofilm accumulating over the teeth
of paediatric patients, thus assessing whether they
favour caries formation as a function of the sugar in
their compositions.
The formation of caries is characterized by

sub-surface mineral loss in the enamel. Therefore,
the cross-sectional microhardness test used in this
study was relevant, as it assessed enamel hardness
from the superficial layer towards the dentin, thus
allowing the identification of deciduous enamel min-
eral loss or gain after different treatments. Moreover,
Featherstone et al. [21] stated in 1983 that the cross-
sectional microhardness test is an excellent method
for caries assessment because there is an excellent
correlation between enamel microhardness and lesion
mineral percentage.
Still considering the methods, the sample size was a

limitation of this study. The authors used deciduous
teeth as experimental samples. Teeth are more
difficult to be obtained than hydroxyapatite discs or
glass slides, which are devices commonly used in
biofilm models. Actually, we opted for teeth because
they mimic what occurs in the oral cavity more
accurately. In addition, the sample size problem
was minimized through the use of a paired sample
(all groups were paired with its own teeth—the

covered area). Moreover, considering the results of
each group, there was not a great difference among
the standard deviation values, when they were
individually analysed.
Microhardness results indicated that all of the

medicines promoted hardness loss compared to the
negative control. This finding may be explained by
the high sugar concentrations and viscosities and the
low pH values of the investigated medicines. More-
over, the negative control was not exposed to either
medicines or bacteria-containing culture medium
because it was covered by nail polish. To our knowl-
edge, the cariogenic potential of these medicines had
not been tested through this bacterial model until the
present study.
According to the literature [22–24], when biofilm

remains adhered to the teeth for more than 3 days, the
pH decreases in the biofilm, leading to mineral loss.
When minerals are not reincorporated by means of
re-mineralization with increasing pH, dental caries
become unavoidable. The finding that antihistamine
in syrup form (Dimetapp Elixir�) exhibited the
greatest demineralization pattern compared to the
remainder of the tested medicines was probably
due to its lower pH and lower calcium, phosphate
and fluoride concentrations in addition to its high
sugar concentration.
The 10% sucrose solution caused greater enamel

demineralization compared to both blank and nega-
tive controls, but was not different compared to the
medicines. Although 5% sucrose solution is known to
form cariogenic biofilm [25], when it is associated
with a low ionic concentration and a low pH, as
present in the formulae of the medicines, caries
formation might be potentiated.
Among the three medicine groups, the antibiotic

Klaricid� exhibited the lowest amount of demineral-
ization. Some studies show that dental biofilm formed
in the presence of sucrose is more cariogenic
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Figure 3. Means of enamel Knoop hardness (Kgf/mm2) of blank
control group compared to its respective control (negative control).
No significance difference was observed among blank control and
negative control (Wilcoxon, p > 0.05).
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Figure 4. Means of enamel Knoop hardness (kgf/mm2) for each
group. The antihistamine Dimetapp Elixir� had the highest demin-
eralization pattern when compared to all other groups (Mann
Whitney, p < 0.001). G2 exhibited the greatest demineralization
pattern (p < 0.001) followed by G3, G1 and G4.
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compared to biofilm formed in the presence of glu-
cose and fructose [15]. Although Klaricid� contains
sucrose in its composition, it also possesses antibac-
terial properties, which possibly resulted in decreased
acid production by plaque micro-organisms and, con-
sequently, it provoked less mineral loss in the tested
fragments. Moreover, this medicine contains the
highest fluoride concentration, which might have
favourably affected dental re-mineralization in the
corresponding fragments. Thus, studies involving
antibiotics without sugar addition and with and with-
out fluoride in their compositions become relevant.
There was no significant difference between the

blank and the negative controls. Thus, it was verified
that the BHI culture medium compounds did not
affect the dental enamel hardness. Furthermore,
regarding sucrose treatment group (G1), the frag-
ments exhibited lower hardness values compared to
controls, which means this study model can be accu-
rately replicated.

Conclusions

On the grounds of these findings, we may conclude
that all tested medicines promoted enamel deminer-
alization in the presence of a mature biofilm. There-
fore, whereas caries disease is likely preventable, the
results of this study are a warning to paediatricians
and caretakers that there are risks involved in the
continuous use of the investigated paediatric liquid
medicines. It is worthwhile to emphasize, however,
that, because this was an in vitro study, further studies
are needed to verify the cariogenic effect of these
medicines on dental enamel.

Acknowledgements

The authors would like to thank CNPq for the
research grant, FAPERJ and CAPES for financial
support.

Declaration of interest: The authors report no
conflicts of interest.

References

[1] Costa CC, Almeida ICS, Costa Filho LC, Oshima HMS.
Morphology evaluation of primary enamel exposed to anti-
histamine and fluoride dentifrice - an in vitro study. Gen Dent
2006;1:21–7.

[2] Neves BG, Pierro VSS, Maia LC. Pediatrician’s perceptions
of the use of weetened medications related to oral health.
J Clin Pediatr Dent 2007;32:133–8.

[3] Feigal RJ, Jensen ME, Mensing CA. Dental caries potential of
liquid medications. Pediatrics 1981;68:416–19.

[4] Hebling J, Teixeira HM, Pizzolitto AC. Potencial cariogênico
de medicamentos infantis. ROBRAC 2002;11:35–9.

[5] Nunn JH, Salina KF, Sharkey I, Coulthard M. The dental
implications of chronic use of acid medicines in medically
compromised children. Pharm World Sci 2001;23:118–19.

[6] Ccahuna-Vásquez RA, Cury JA. Streptococcus mutans biofilm
model to evaluate antimicrobial substances and enamel
demineralization. Braz Oral Res 2010;24:135–41.

[7] Valinoti AC, da Silva Pierro VS, da Silva EM, Maia LC. In
vitro alterations in dental enamel exposed to acidic medicines.
Int J Paediatr Dent 2011;21:141–50.

[8] Lussi A,Megert B, Shellis RP,Wang X. Analysis of the erosive
effect of different dietary substances and medications. Br J
Nutr 2011;30:1–11.

[9] BabuKL, Raj K, Hegde AM. Pediatric liquid medicaments do
they erode the teeth surface? An in vitro study: part I. J Clin
Pediatr Dent 2008;32:189–94.

[10] BabuKL, Raj K, Hegde AM. Pediatric liquid medicaments do
they erode the teeth surface? An in vitro study: part II. J Clin
Pediatr Dent 2008;32:137–42.

[11] Costa CC, Almeida ICS, Costa Filho LC. Erosive effect of an
antihistamine-containing syrup on primary enamel and its
reduction by fluoride dentifrice. Int J Paediatr Dent 2006;
16:174–80.

[12] Fontana M, Haider A, Gonzáles-Cabezas C. Caries lesion
development and biofilm composition responses to varying
demineralization times and sucrose exposures. Biofilms 2004;
1:229–37.

[13] Neves BG, Farah A, Lucas E, de Souza VP, Maia LC. Are
pediatric medicines risk factors for dental caries and dental
erosion? Community Dent Health 2010;1:46–51.

[14] Valinoti AC, Farah A, Lopes L, Lucas EF, Souza VP,
Maia LC. Are pediatric antibiotics risk factors for dental caries
and erosion? J Dent Res Miami: IADR 87th General Session
2009, abstract 2067 ( J. Dent Res online).

[15] Cury JA, RebeloMAB, Del Bel Cury AA, DerbyshireMTVC,
Tabchoury CPM. Biochemical composition and cariogenicity
of dental plaque formed in the presence of sucrose or glucose
and fructose. Caries Res 2000;34:491–7.

[16] Fiske CM, Subarrow Y. The colorimetric determination of
phosphorus. J Biol Chem 1925;66:375–400.

[17] Zero DT. In situ caries models. Adv Dent Res 1995;3:214–30.
[18] Antonio AG, Iorio NL, Pierro VS, Candreva MS, Farah A,

dos Santos KR, et al. Inhibitory properties of Coffea canephora
extract against oral bacteria and is effect on demineralization
of deciduous teeth. Arch Oral Biol 2011;56:556–64.

[19] Stoodley P, Sauer K, Davies DG, Costerton JW. Biofilms as
complex differentiated communities. Annu Rev Microbiol
2002;56:187–209.

[20] Delbem AC, Bergamaschi M, Sassaki KT, Cunha RF. Effect
of fluoridated varnish and silver diamine fluoride solution on
enamel demineralization: ph-cycling study. J Appl Oral Sci
2006;14:88–92.

[21] Featherstone JD, ten Cate JM, Shariati M, Arends J. Com-
parison of artificial caries-like lesions by quantitative micro-
radiography and microhardness profiles. Caries Res 1983;17:
385–91.

[22] Takahashi N, Nyvad B. Caries ecology revisited: microbial
dynamics and the caries process. Caries Res 2008;42:409–18.

[23] Cury JA, Tenuta LMA. Enamel remineralization: controlling
the caries disease or treating early caries lesions? Braz Oral Res
2009;23&ndash;23–30.

[24] Filoche S, Wong L, Sissons CH. Oral biofilms: emerging
concepts in microbial ecology. J Dent Res 2010;89:8–18.

[25] Aires CP, Tabchoury CP, Del Bel Cury AA, Koo H, Cury JA.
Effect of sucrose concentration on dental biofilm formed
in situ and on enamel demineralization. Caries Res 2006;
40:28–32.

Effect of medicines on enamel hardness 1141


	Abstract
	Introduction
	Materials and methods
	Medicines
	Analysis of calcium, fluoride and phosphate concentrations in the chosen medicines
	Sample selection and preparation
	Inoculum used for biofilm formation on fragments
	In vitro formation of a mature biofilm on dental blocks and treatment of biofilm
	Cross-sectional hardness assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Declaration of interest

