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The aim of the present in vitro study was to quantify the endogenous erosive potential of the various pedi-
atric liquid medicaments by measuring the calcium dissolution of primary enamel after immersing it for dif-
ferent time intervals (Imin, 10 min and 8 hours) using atomic absorption spectrometer (AAS). The eight
commonly used pediatric liquid medicaments which were selected had definitive endogenous calcium dis-
solution potential. All the medicaments showed calcium dissolution of primary enamel at alkaline pH and
near neutral pH. The calcium dissolution potential of pediatric liquid medicaments when compared with
their respective pH showed no statistically significant correlation. In conclusion, there was evidence of cal-
cium dissolution from all the pediatric liquid medicaments.

Keywords: Erosion, Pediatric liquid medicaments, Chelating agents, pH, Calcium dissolution

J Clin Pediatr Dent 33(2): 51-56, 2008

INTRODUCTION
rosion lesions with multi-causative etiology are signs
Eof dental hard tissue disease that has become com-
monly evident in today’s society.”” The incidence of
erosion lesions are no longer limited to any particular age
group, as manifestations can be detected throughout the
entire life span. Epidemiological surveys report high inci-
dence of dental erosion lesions among pre-school children
and adults of all ages, while the percentage of the incidence
peaks among the teenage populations.'*'* Causative factors
may vary from extrinsic sources such as environmental or
dietary habits, to intrinsic sources such as systemic disease,
or could be secondary to psychosomatic disorders."
Of particular concern is tooth wear caused by dietary ero-
sion, which is seen in individuals consuming fruit juices and
carbonated soft drinks, and in those patients taking certain
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acidic medicines regularly and long-term, where the effects
of dental erosion can add to their considerable burden of il
health.'

Clinical evidence has shown the dentally erosive effects
of aspirin,” vitamin preparations in chewable tablet and
lozenge and anti-asthmatic drugs.'™ In addition, in-vitro
studies have shown the demineralizing potential of iron ton-
ics,” effervescent vitamin preparations,” mouth rinses,” and
medicines used in the treatment of phenylketonuria® and
renal disease.**

In a previous part of this study,” we observed that there
was a definitive erosion of the primary enamel surface
caused by commonly used pediatric liquid medicaments.
But, it has been stated that SEM analyses should be mainly
used to visualize the pathology and should not be used in
isolation, without any quantitative methods.* Hence, the aim
of the present study was to quantify the calcium dissolution
from primary enamel, after immersing it in the Pediatric Lig-
uid Medicaments (PLM) for different intervals of time
(1 min, 10 min, and 8 hrs.).

MATERIALS AND METHODS

The eight commonly used pediatric liquid medicaments,
which were studied for their erosive potential in the previous
part of this study, were selected for the present study and
their endogenous pH was measured (Table 1) using pH
electrode.

Estimation of calcium dissolution potential of PLM
from 50mg of enamel powder ¥’

Thirteen caries free and restoration free, exfoliated or
extracted primary teeth were used for this study. The internal
dentin support was removed using a high speed dental hand
piece. The remaining enamel shell was ground to a fine
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Table 1. Pediatric Liquid Medicaments used in the study and their pH

PLM Generic Name / Trade Name Pharmaceutical company pH of
International Non- the
proprietary Name PLM

(INN)
Analgesics Nimesulide Nise ® Dr.Reddy’s Lab Ltd. 6.2
Paracetomaol Crocin® Smithkline Beecham Asia Pvt. Ltd. 6.77
Antibiotics Amoxycillin Mox® Ranbaxy Lab Ltd. 6.62
Erythromycin Althrocin® Alembic Ltd. 6.73
Anti-asthmatics Salbutamol Salbid® Eros Pharma Ltd. 6.05
Theophylline Theopid® Cipla Ltd. 7.71
Multivitamins Multivitamin with Zevit ® Remidex Pharma Pvt. Ltd. 6.25
zinc Vi-syneral® Aviat Chemicals Pvt.Ltd 6.67
Multivitamin

powder, by use of a mortar and pestle and pooled for these
experiments.

Fifty milligram of powdered enamel (60-100 in — 1 mesh)
was then mixed with 1 ml of each PLM. Duplicates were
prepared excluding the powdered enamel. All mixtures were

maintained at 3 different period of time (i.e. Imin, 10 min
and 8 hrs). The enamel powder was removed from each sam-
ple after centrifugation for 5 min at 5000 rpm. A 0.5 ml
aliquot of each supernatant was removed and placed into a
porcelain crucible. The samples were dried at 100°C for 2 hrs

Table 2. Procedure protocol for measuring the calcium dissolution from primary enamel powder

PEDIATRIC LIQUID MEDICAMENTS

l

\4 \4

v v

ANALGESICS | | ANTIBIOTICS | | ANTIASTHAMATICS | |MULTIVITAMINS
N id ‘ Par 1 H Amoxycillin ‘ Erythromycin H Salbutamol ‘ ‘ Theophylline H Multivitamin with zinc Multivitamin
STUDY GROUP CONTROL GROUP

| 1ml of PLM + 50mg of enamel |

| 1min 10mins 8hrs |

| 1ml of Pediatric Liquid Medicaments |

| CALCIUM DISSOLUTION MEASURED |

ATOMIC ABSORPTION SPECTROMETER
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Graph 1. Calcium dissolution potential of PLM from 50 mg of primary enamel powder

in a hot air oven and ashed in a furnace at 650°C for 18 hrs.
The residue was dissolved in 0.1 ml of concentrated
Hydrochloric acid and boiled gently to convert pyrophos-
phate back to orthophosphate. The dissolved ash was then
made up to 1.0 ml with distilled water. Calcium was esti-
mated by using atomic absorption spectrometer (Model
932plus, GBC Scientific equipment, Australia,). The amount
of calcium dissolved was calculated by subtracting the cal-
cium concentrations in the mixtures without enamel from
calcium concentrations mixtures containing powdered
enamel (Table 2).

STATISTICAL ANALYSIS
The data obtained was subjected to statistical analysis.

Wilcoxon’s Signed-Rank Sum Test & Spearman correlation
coefficient was used

RESULTS

pH of the pediatric liquid medicaments

The pH ranged between 6.05 (Salbutamol) to 6.77 (Parac-
etamol) which were acidic, where as Theophylline had a
basic pH of 7.71 (Table 1).

Calcium dissolution potential of PLM from 50mg of
primary enamel surface using atomic absorption
spectrometer (Tables 3 and 4)

Amount of calcium dissolution varied from 13.274pg to

Table 3. Estimation of calcium dissolution potential of PLM from 50mg of primary enamel powder using Atomic Absorption Spectrometer

Calcium Calcium Calcium
Calcium Calcium Calcium Calcium dissolution dissolution | dissolution
PLM present present in present in present in from from from
in syrups syrups at syrups at syrups at syrups at syrups at syrups at
(in pg) 1min 10min 8hr 1min 10min 8hr
(in pg) (in pg) (in pg) (in pg) (in pg) (in pg)
Nimesulide 6.083 8.480 9.446 10.214 2.397 3.362 4.131
Paracetamol 4.768 6.682 7.551 13.790 1.914 2.783 9.022
Amoxycillin 2.346 4.505 4.885 7.372 2.161 2.539 5.026
Erythromycin 5.128 10.091 12.093 15.135 4.964 6.965 10.008
Salbutamol 2.075 10.566 11.212 15.348 8.491 9. 656 13.274
Theophylline 5.735 12.039 15.391 18.198 6.304 9.137 12.463
Multivitamin with zinc 5.017 5.146 5.431 13.257 0.129 0.414 8.240
Multivitamin 7.018 7.771 9.047 14.183 0.753 2.029 7.165
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Table 4. Statistical Analysis of Calcium Dissolution Potential of PLM

Table 5. Correlation between enamel calcium dissolution and pH of
the various PLM at various intervals of time (1min, 10min &

Paired differences 8hr)
. Amount of
PLM _ Time Calcium  Standard z P
intervals | gissolution  deviation PLM pH of
(in pg) the PLM |[ENAMEL CALCIUM DISSOLUTION
- - - (in ug)
Nimesulide | 1min 2.397 0.017 2425 |.038* . .
10min 3362  [0.042 3523 |.006* 1min 10min 8 hr
shr 4131 0.032 3.489 007 *** Salbutamol 6.05 8.491 9. 6561 3.274
Paracetamol | Tmin 1.914 0.004 2123 |.041~ Nimesulide 6.2 2.397 3.362 4131
10min 2.783 0.002 2.987 .009 ** Multivitamin with zinc 6.25 0.129 0.414 8.24
8hr 9.022 0.001 18.840 |.001 ™ Amoxycillin 6.62 2.161 2.539 5.026
Amoxycillin | Tmin 2.161 0.001 2.247 .0402 * Multivitamin 6.67 0.753 2.029 7.165
10min  2.539 1 0.005 2645 .07 = Erythromycin 6.73 4.964 6.965 10.008
— ?hr_ i'géi ggg: ;24'220 '822 - Paracetamol 677 1914 2783 9.022
rythromycin | 1min . . . . -
10min 6.965 0,005 5750 10095 ** Theophylline . 7.71 6.304 9.137 12.463
8hr 10.008 0.005 6.321 |.001 * Spearman’s Correlation (r) 0.163" 0.386" 0.316*
Salbutamol | 1min 8.491 0.003 2.321 .039 * * Not statistically significant
10min 9.656 0.004 2.683 .006 **
Tk ?hr. :533524 gggg 222:) gg; the collateral effect of a reduction in salivary flow may con-
eophylline | 1min . . . 042~ - : 2031
10min 9137 0.003 5771 | 008 * tribute to the risk of dental erosion. . .
8hr 12.463 | 0.0011 5.426 | .001 *** In the first part of our study, erosive effects of these pedi-
Multivitamin | 1min 0.129 0.006 2.045 |.048* atric liquid medicaments on the primary enamel surface
with zinc | 10min 0.414 0.002 2.942 1.009™ were studied using SEM. We observed the different erosion
8hr 8.240 0.038 11.086 |.001 *** . . -
E— i . patterns on primary enamel surface. As the continuation of
Multivitamin lgmn gggg 888‘71 2225? ggg " the previous study, the present study was undertaken to
8hr 7.165 0.003 8.742 | .001 ™ quantify the calcium dissolution of primary enamel after

*significant ** highly significant *** very highly significant

4.13pg. Highest calcium dissolution was seen with Salbuta-
mol and the least was seen with Nimesulide. As the time of
immersion in pediatric liquid medicaments increased, the
amount of calcium dissolution also increased. When calcium
dissolution potential of PLM was compared with their
respective pH, there was no statistically significant correla-
tion. (Table 5)

DISCUSSION

Dental caries is the most prevalent disease of the oral cavity
and may affect individuals at any stage of their lives. Never-
theless, tooth dissolution can also be caused by erosion,
which is the mineral loss of dental tissue when its surface is
exposed to acids or chelates, in a systematic manner and
without bacterial involvement.*

According to Linnett and Seow, the prevalence of dental
erosion has increased especially among children and adoles-
cents.” The etiology has been related to the regular use of
products with low endogenous pH, high acidity, and absence
or low concentrations of ions including those of calcium,
fluoride and phosphate in their composition. Among these
products are medications that may be erosive because they
possess these characteristics and which may be of particular
risk when used for treatment of chronic diseases. Antihista-
mine containing medicines may be an example of a poten-
tially erosive agent.”

Besides, the acid components found in such medications,
other factors such as high frequency of ingestion (two of
more times a day), bedtime consumption, high viscosity, and
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immersing it in these PLM for various time intervals.

The pH of the each pediatric liquid medicaments used in
the present study was measured as it was not specified on the
data sheet. pH ranged between 6.05 (Salbutamol) to 6.77
(Paracetamol) which were acidic, whereas, Theophylline had
a basic pH of 7.71.

Pediatric liquid medicaments, which were used for the
study, were subjected to atomic absorption spectrometer to
determine the calcium dissolution potential from primary
enamel. All the medicaments studied, showed the calcium
dissolution of primary enamel. Calcium dissolution was evi-
dent at alkaline pH and also acidic pH, which is very much
greater than critical pH of oral cavity. These results were
similar to the results obtained by McClure and Ruzicka who
found decalcification in rats’ enamel that was caused by cit-
rate anions with a pH range of 5.2 to 7.2.%

Among the pediatric liquid medicaments included in our
study pH mainly did not appear to contribute to calcium dis-
solution. So, probably we would relate this to chelation.
Chelation means the removal of ions by “clawing” them
from their surroundings even at a neutral pH.* Chelation is
independent of pH of the medium, so that removal of such
metallic ions as calcium from even a biological calcium-
phosphorous system may occur at a neutral or even alkaline
pH.** Martin et al proposed chelation as explanation for
tooth decay, whereby the inorganic components of enamel
can be removed at neutral or alkaline pH.*

A “chelate” is a chemical compound composed of a metal
ion and a chelating agent. A chelating agent is a substance
whose molecules can form several bonds to a single metal
ion. In other words, a chelating agent is multi-dentate ligand.

Volume 33, Number 2/2008

ZZ0z 8unr Gz uo Jasn eydsoH @ 86s]100 [elua@ yeadeApin nereyg Aq Jpd-yonLz8ry/€1082sb z €€ Pdali0zz0G . L/LE Liz/cEApd-aonie/pdaljwoossaidus)ie-ueiptawy/:diy woly papeojumoq



pH of Medicated Syrups—Does It Really Matter?

Important examples of chelates are: the haem group of Hb,
the cytochromes and EDTA. These substances form chelates
with calcium ions that are both soluble and very stable. This
substance can therefore dissolve highly insoluble calcium
phosphates in neutral solution, thus resulting in demineral-
ization of bone and the hard tissues of teeth.” Calcium dis-
solution, seen in our study, may be probably due to the
chelating agents present in pediatric liquid medicaments
which would have caused the decalcification of primary
enamel surface. This finding is in confirmation with the
study done by Morch et al and Onose H ef al,**” who showed
that the solution of the sodium salts of various amino acids
(alanine, aspartame, glutamate) and lactate, at or near neu-
tral pH, can increase the uptake of radioactive phosphorous
by enamel or loss of calcium from enamel. However, the
near neutral pH decalcification may result from a chelating
effect.”

Amount of calcium dissolution varied from 13.274ug to
4.13pg. The highest calcium dissolution was seen with
Salbutamol and the least was seen with Nimesulide. In chil-
dren, the lower concentration of calcium in whole saliva
means that oral pH dose not have to drop as much before
demineralization occurs, compared to adults. The driving
force for demineralization is greater in children than in
adults. However and probably more importantly, the driving
force for remineralization is less in children when oral pH
returns to normal. Thus, for children, the lower salivary cal-
cium concentration means a higher critical pH and a lower
driving force for remineralization compared to adults.’® May
be due to this reason maximum calcium dissolution was seen
in our study at pH of 6.05.

In our study, we observed that Salbutamol had highest
decalcification potential compared to other pediatric liquid
medicaments in all the three intervals of time. This could be
due to the fact that chelating agents added to Salbutamol are
more erosive to enamel than the chelating agents present in
other pediatric liquid medicaments. As the time of contact
with pediatric liquid medicaments increased, the erosive
potential of Salbutamol also increased. On the other hand,
Nimesulide had less calcium dissolution potential than other
pediatric liquid medicaments. The chelating agents added in
this medicament may be less erosive or reduced levels in
comparison to the other pediatric liquid medicaments.

Primary teeth are known to be less mineralized than per-
manent teeth and particularly as the enamel surface of pri-
mary teeth is not as mature as that of permanent teeth, there-
fore it is more liable to erosion. It can be speculated whether
susceptibility to erosion might depend on differences in hard
tissue quality, culture and/or origin of people, or perhaps
even genetics and/or environmental conditions.*

In some children, who have to use medicines several
times per day for long periods of time, sucrose-based medi-
cines may contribute significantly to their caries experi-
ence.” Pharmaceutical preparations with acidic pH and high
sugar contents have a potential for increasing dental caries
when used several times each day over long periods of time.*

Since the erosion in this experiment was induced under in
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vitro conditions, it was clear that the results are not com-
pletely transferable to the in vivo situation. The presence of
the pellicle would protect the teeth from acidic challenges. It
has also been suggested that the amount and quality of
saliva, in particular its buffering capacity, are important in
the occurrence of dental erosion. It has been shown that chil-
dren aged 3-7 years have larger variations and slower sali-
vary sugar clearances and also lower salivary flow rates than
older children and adults. From the standpoints of both hard
tissue quality and salivary conditions, primary teeth seem to
be at greater risk from erosive challenges than permanent
teeth®

Evaluation of this literature indicates that many more
additional in vivo studies are necessary to define the role of
pediatric liquid medicaments in causing erosion. Further
study on composition of these pediatric liquid medicaments
inclusive of various chelating agents proves mandatory from
this study as this is found to function independently.

CONCLUSION

1. Statistically significant Calcium dissolution was evi-
dent from all the pediatric liquid medicaments.

2. The relationship between pH of pediatric liquid
medicaments and calcium dissolution was not found
to be statistically significant.

Thus, greater knowledge about the erosive effect of
medicaments should direct us to evolve effective pro-
grammes to alert parents, children and pharmacist against
self medication of these over-the-counter medicaments.
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