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Abstract

Aim: The aim of this study was to investigate the remineralization potential of casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) on enamel eroded by cola drinks. Subjects and Methods: A total of 30 healthy subjects were
selected from a random sample of 1200 children and divided into two groups of 15 each wherein calcium and phosphorus
analyses and scanning electron microscope (SEM) analysis was carried out to investigate the remineralization of enamel
surface. A total of 30 non-carious premolar teeth were selected from the human tooth bank (HTB) to prepare the in-situ
appliance. Three enamel slabs were prepared from the same. One enamel slab was used to obtain baseline values and the
other two were embedded into the upper palatal appliances prepared on the subjects’ maxillary working model. The subjects
wore the appliance after which 30 ml cola drink exposure was given. After 15 days, the slabs were removed and subjected
to respective analysis. Statistical Analysis Used: Means of all the readings of soluble calcium and phosphorous levels at
baseline,post cola-drink exposure and post cpp-acp application were subjected to statistical analysis SPSS11.5 version.Comparison
within groups and between groups was carried out using ANOVA and F-values at 1% level of significance. Results: Decrease in
calcium solubility of enamel in the CPP-ACP application group as compared to post-cola drink exposure group (P < 0.05) was
seen. Distinctive change in surface topography of enamel in the post-CPP-ACP application group as compared to post-cola
drink exposure group was observed. Conclusion: CPP-ACP significantly promoted remineralization of enamel eroded by
cola drinks as revealed by significant morphological changes seen in SEM magnification and spectrophotometric analyses.

Keywords: Casein phosphopeptide-amorphous calcium phosphate, in-situ model, remineralization potential,
spectrophotometric analysis and scanning electron microscope

Introduction Several studies®'?l have examined a possible association
between dental erosion and the consumption of soft drinks,

Interest in erosion has increased as there has been a rise in i.e., carbonated cola beverages and citrus-based fruit drinks.

its incidence in the younger population.!" Previously erosive
challenges in the cervical area were reported mostly in elderly
people, whose teeth had become non-functional. However,
it has been shown that dietary changes and inadequate oral
hygiene have led to erosion becoming more frequent among
young people."!
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There has also been increased interest in the dental effects
of soft drink beverages due to the escalating (an increase of
56%, rising approximately 2-3%/year) consumption by children
and adolescents over the last decade.!"

In a country like India with extreme climatic conditions
of summer and winter, Cola products account for nearly
60% of the total soft drink market.'” Canadian estimates
that consumption in India shows an estimated 13% jump
during the summer or heat months.!"” India food and drink
report estimated that soft drinks sales in India increase by
an impressive 38.6% over the 2008-2013 forecast in value
terms.!"

It has been suggested that casein phosphopeptides have
the ability to stabilize calcium phosphate in solution by
binding amorphous calcium phosphate with their multiple
phosphoserine residues, thereby allowing the formation
of small casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) clusters."!

The current study was undertaken to evaluate the effect of
CPP-ACP paste on the remineralization potential of enamel
after its surface was exposed to cola drinks. A quantitative
measure of mineral loss (calcium and phosphorus loss)
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using a spectrophotometric autoanalyzer was carried out
along with scanning electron microscope (SEM) study of the
surface profile before and after exposure to cola drinks and
CPP-ACP application.

Subjects and Methods

An in-situ clinical trial study was carried out after random
screening of 1200 school going children and selecting
30 subjects further divided into two groups of 15 subjects
each as shown in the flowchart.

Ethical approval for the study was obtained from the ethical
committee affiliated to the Baba Farid University of Health
Sciences, Faridkot through letter No: BFUHS/2008/p-TH/8610.

A written consent from the parent/guardian of the wards
was taken on an informed consent form. Upper and lower
arch impressions of the subjects were taken and a working
cast prepared from the same. Enamel slabs were prepared
by cutting thin sections of enamel (5 mm X 5 mm X 1 mm)
using a slow speed hand piece under continuous water
spray [Figure 1] from the permanent premolar teeth procured
from tooth bank being maintained at the Department of
Pedodontics and Preventive Dentistry at Punjab Government
Dental College and Hospital, Amritsar since 2004.1'*!7I Sound,
relatively planar buccal, lingual surfaces free from cracks,
stains and hypomineralized areas were selected and were
thrice rinsed in deionized water.

Three such Enamel slabs were prepared from each tooth, out
of which two slabs were embedded in the premolar region on
each side of the palatal removable plate fabricated on each
subject’s working cast. The remaining third Enamel slab was
used as a control to obtain the baseline values in both groups,
i.e., Group A for SEM analysis and Group B for calcium and
phosphorus analyses.

Every subject was blinded by a given code and the remaining third
slab (control enamel slab) was stored in artificial saliva in culture
tubes tagged with the respective codes until they were subjected
to their respective analyses for baseline values [Figure 2].

The oral hygiene practices of each subject were noted
on a prepared questionnaire and were not found to be
significantly different from one another. On day 1, each of
the selected subject underwent thorough oral prophylaxis
to obtain a baseline plaque score of zero disclosed by a
disclosing solution (two tone dye solution fluorescein dye and
Cred No. 3). The two tone disclosing agent was procured from
a local dental dealer manufactured by the Burmah chemical
company Bombay. This was repeated on days 1%, 4% 8t
12" and 15™ so as to obtain a baseline plaque score of zero
each time before starting the cola exposure.

Every subject was asked to wear their respective appliance

and drink 30 ml of aerated cola drink (procured from the
same lot) swishing it around the mouth for 1 min before
spitting it out. The subjects were then asked to rinse their
mouth with water for 2 min immediately. This was carried out
4 times a day every 40 min on 1%, 4, 8 12t and 15" day of
the study. When the appliance was removed from the mouth it
was washed under running tap-water for 10 s and was placed
in artificial saliva in vacuum sealed coded plastic boxes.

The fluoride concentration of the tap water was predetermined
by analyzing the school water sample at the Chemistry
Department of Guru Nanak Dev University Amritsar using
American Pharmacists Association (spectrophotometrically)
before starting the study.

After removing the appliance from the subjects mouth,
the subjects were asked to swish with water for at least
2 min. The paste containing CPP-ACP was applied to the
enamel slab on the right side of the appliance and the left
side enamel slab (control) was completely coated with acid
resistant nail paint [Figure 3] before storing the removable
plates in artificial saliva [Figure 4| and retained until the
next cycle. The nail paint was removed from the left enamel
slab using the nail paint remover before the slabs were
repeatedly exposed to cola drinks (in-situ) every 4%, 8,
12% and 15" day of the study.

Onthe 15" day, both enamel slabs from each group (15-post-cola
exposure slabs and 15 post-cola + CPP-ACP slabs) were
removed and subjected to SEM study and quantitative calcium
and phosphorus analyses to study the effect of CPP-ACP on
erosion of enamel caused by cola drinks and the subsequent
remineralization of enamel.

Group A (SEM analysis) — To evaluate the surface profile of
the enamel the samples were subjected to SEM analysis. The
enamel slabs were first dried and then subjected to sputter
coating in Joel sputter coater and then subjected to SEM
analysis in Joel scanning microscope model no 1600, which
was operated at 30 kv.

Group B (calcium and phosphorus solubility) — To evaluate
the calcium and phosphorus solubility of the intact enamel
surface teeth samples were covered completely by molten
sticky wax so that the sides were covered and only the
5 mm X 5 mm of the top surface layer was exposed. The
exposed enamel surface was then cleaned with alcohol and
warm water. Each of the prepared samples was subjected
to a 30 min. Decalcification cycle in 10 ml of 0.2 N acetic
acid adjusted at pH 4 by 1 N-NaOH. The amount of soluble
Calcium and Phosphorus in the acid solution indicated the
enamel solubility and was determined quantitatively by Roche
automated clinical chemistry analyzer. The autoanalyzer
was pre-calibrated using the normal serum provided by the
manufacturer to avoid any error.
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Results

A total of 30 subjects selected for the study were divided
into two groups A and B wherein 15 subjects were taken
for SEM study-Group A and 15 for Calcium and Phosphorus
analyses-Group B.

The above mentioned parameters were measured on the
control slab of each subject of each group coded at the
beginning of the study so as to obtain the baseline values
for respective study groups. The remaining two enamel
slabs of the same code were exposed to cola drink in-situ
at repeated intervals until 15 days, using one slab without
CPP-ACP application and the other after subjecting to CPP-ACP
application post-cola drink exposure. After 15" day, the two
enamel slabs were subjected to analyses of their respective
groups to evaluate the remineralization potential of CPP-ACP
on all the 30 in-situ models.

The observations of various parameters were tabulated as
given in [Tables 1 and 2] and were subjected to one-way
ANOVA analysis in order to draw valid conclusion from the

l

Figure 1: Preparation of enamel slabs using slow speed hand
piece under continuous water spray measuring 5 MM x 5 MM
x 1 MM

LEFT SIDE

RIGHT SIDF % '

Figure 3: Application of casein phosphopeptide-amorphous
calcium phosphate on the right side enamel slab and acid
resistant nail paint on the left side enamel slab

experimental data. The software used for these analyses was
SPSS 11.5 (statistical package for social sciences).

Using ANOVA, a comparison was made of the baseline
values of soluble Calcium levels with the values of post-cola
drink exposure and post-CPP-ACP application group. The
‘P’ value of baseline and CPP-ACP application group was
0.641 showing no statistical difference in the calcium
solubility of enamel of baseline and CPP-ACP application
group. The ‘P’ value of baseline and post-cola drink
exposure group was 0.001 showing statistical significance
at 5% in the calcium solubility of enamel. The ‘P’ value of
post-cola drink and CPP-ACP was 0.011 showing statistical
significance at 5% level of significance in the calcium
solubility of enamel [Table 1]. There was no significant
difference in phosphorus solubility of enamel in any of the
three comparison groups [Table 2].

SEM analysis- A total of 45 photomicrograph’s of the enamel
slabs of (Group A) were taken at varying magnification’s,
i.e., X3000, 10,000 and 15,000 (15 X 3 = 45) [Figure 5].

The topographic changes were observed by two different
observers. Whenever, there was a difference of opinion, a
third observer’s result was noted and compared with the
previous results.

In baseline group, the photomicrograph at the three
magnifications showed no evident loss of interprismatic enamel

Figure 2: One enamel slab stored in culture tube with the
coding for each subject. The arrows are pointing to the code

Figure 4: Appliance placed in artificial saliva in vacuum sealed
plastic boxes
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and a typical honeycombed appearance of normal enamel
surface [Figure 5]. The enamel surface topography of post-cola
drink exposure group showed significant demineralization
with evident loss of interprismatic mineral content and rough
diffused margins of the outlines. The SEM picture at x15,000
magnification showed that the features wherein enlarged
depressions were visible in the diffused honeycomb pattern
corresponding to an eroded surface layer [Figure 5]. The
photomicrograph was clearly different with the baseline as
well as post-CPP-ACP application group [Figure 5].

Post-CPP-ACP application group-SEM pictures [Figure 5] revealed
considerable clogging of interprismatic areas indicating
significant amount of remineralization when compared to the
post-cola drink exposure group. At various magnifications distinct
crystallite deposition as shown with the red arrow [Figure 5]
were found. Comparing the photomicrograph with the
baseline SEM pictures did reveal increased mineral accretion at
interprismatic margins in 9 out of 15 samples. However, there
wasn't a significant difference in the comparative analysis of
all the samples with the baseline pictures. These mineralized
areas are highly relevant in explaining CPP-ACP promoted
remineralization of the surface of the enamel.

Discussion

Active erosive lesions will progress when no preventive
measures are implemented. This was aptly demonstrated by
Lussi and Schaffner."8l

Lussil" stated that in no case may early diagnosis of erosive
tooth wear be an excuse for a restoration. Instead, preventive
measures must be initiated to reduce erosive challenge and
to increase the protective and defensive factors thus bringing
this equilibrium back to the oral environment.!"”!

Recent studies on MI paste or tooth mousse containing
CPP-ACP have shown to remineralize eroded enamel.?*?!l

However, all these studies were in-vitro studies. The aim of
the present research study was to create a clinical in-situ
model with human Enamel to evaluate the remineralization
potential of CPP-ACP on eroded enamel as compared to a
control group using SEM and to obtain a quantitative aspect
of how much mineralization does occur with calcium and
phosphorus ions using an autoanalyzer.

The enamel substrate selected for the present study was
human enamel sections taken from premolar teeth stored
in the human tooth bank (HTB) in the Department of
Pedodontics and Preventive Dentistry, Amritsar developed
in the year 2004. HTB is a non-profit institution where teeth
from healthy donors are stored for research purpose with
completed protocol forms and records.

Artificial saliva was selected as a storage medium so as to
simulate the oral environment. This study made use of a
composition that was developed by Featherstone et al.?
and later modified by Serra and Curry.!

Levels of magnification

10,000x

Baseline

Post cola

Drink
exposure

#ast cola Drink
=cosure
=Taoth mousse
mpicztion

Figure 5: Sem — Pictures of enamel slabs of various groups
at various magnification

Table 1: Level of significance of calcium solubility of enamel using ANOVA

Group B Mean differencexSEM P value Significance
Baseline versus post-cola drink exposure 0.23+0.059 0.001 Significant at 5%
Baseline versus post-CPP-ACP application 0.053+0.059 0.641 Not significant
Post-cola drink exposure versus post-CPP-ACP application 0.18+0.059 0.011 Significant at 5%
Between groups ‘F’ value 8.582

CPP-ACP: Casein phosphopeptide-amorphous calcium phosphate

Table 2: Level of significance of phosphorus solubility of enamel using ANOVA

Group Mean differencexSEM P value Significance
Baseline versus post-cola drink exposure 0.036+0.027 0.380 Not significant
Baseline versus post-CPP-ACP application 0.026+0.027 0.611 Not significant
Post-cola drink exposure versus post-CPP-ACP application 0.0106+0.027 0.919 Not significant
Between groups ‘F’ value 0.955 Not significant

CPP-ACP: Casein phosphopeptide-amorphous calcium phosphate
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The present study made use of the spectrophotometric
method for chemical analysis of calcium and phosphorous
appearing in acetic acid buffer solution (pH-4) as it is able
to detect early changes in the enamel. These chemical
methods are also the methods of reference (“Gold standard”)
to determine the mineral dissolved from samples in-vitro.
(Ten Bosch and Angmar-Manson).#l

Autoanalyser was used to determine calcium and phosphorus
from the buffer solution as automation has led to reduction in
the variability of results and human errors with improvement
in reproducibility. A significant decrease in calcium solubility of
enamel after application of CPP-ACP was found when compared
with post-cola drink exposure group, which showed an increase
in solubility of Enamel. This is evident by the statistical analysis,
which showed no statistical significance between baseline
and post-CPP-ACP application group, whereas post-cola drink
exposure group when compared to baseline and CPP-ACP
application group individually showed a statistically significant
difference in Calcium solubility of Enamel at 5% implying that
CPP-ACP provided significant protection to enamel against
erosion caused by cola drinks. A significant decrease in
calcium solubility of enamel using spectrophotometric method
after application of remineralizing agent was also shown by
Thiradilok® and Borovsky et al.l?

There was no such parallel decrease in phosphorus solubility
of enamel. This may be explained by the fact that phosphorus
content typically seems to be less susceptible to changes
during both demineralization and remineralization. This
is in accordance with the changes that occur during
demineralization process where during the initial stage,
calcium decreases markedly, but phosphorus content only
slightly (Borovsky et al.).?!

SEM was used to study the surface topography of eroded and
remineralized enamel at the microscopic level. In the present
study, the morphologic analysis carried out with SEM showed
that enamel surface exposed to cola drinks produced an early
pattern of demineralization with evidence of interprismatic
Mineral loss. SEM of enamel surface treated with CPP-ACP
after exposure to cola drinks resulted in no alteration
in surface morphological changes of the tooth substrate
when compared with the control surface morphology; thus,
indicating that CPP-ACP paste promoted remineralization,
preventing demineralization of enamel. These findings were
in accordance with the findings of Giulio et al.?”" and Oshiro,
et al.? who also found similar results.

In previous studies by Reynolds?! and Sudjalim, et al.*!
CPP-ACP has been proven to promote remineralization of
enamel in-vitro conditions. SEM observations from the present

School children aged 8-14 years

Carious teeth
present

Excluded from the
study

Carious teeth
absent

/

Further evaluated for resting saliva
pH, stimulated saliva pH and buffering
capacity of saliva

below 7

Resting and stimulated salivary pH

Buffering capacity below normal

Resting and stimulated salivary
pH 7
Normal buffering capacity

Excluded from the
study

Subjects selected for the study
Total no: 30

Group A — SEM (15 subjects)

Group B - calcium and phosphorus
analyses (15 subjects)

Flowchart: Sample selection protocol for Group A and B
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in-vivo study confirmed such a remineralizing property of
CPP-ACP as the CPP-ACP application group did not show
enamel dissolution as compared to cola drink exposure group
and the surface morphology of CPP-ACP application group
was similar to the surface morphology of baseline group.
This can be clearly seen in the Photograph-19 where in the
post-cola drink exposure group, interprismatic mineral loss
is seen, which is not seen in the baseline and tooth mousse
application group. However, it would require a quantitative
measure to fully validate this picture.

The erosion of tooth substrate depends on the number and
duration of the acid attacks as well as the pH of the acidic
agent (Oshiro, et al. 2007).20

The present study selected subjects with salivary pH and
buffering capacity at par. Moreover, oral hygiene practices
were monitored and same toothpaste provided by us was
used by all participants making it a well-controlled clinical
model. Furthermore, the fluoride content of drinking water
at home/school was measured before starting the study and
was found to be in a low range of 0.014-0.04 ppm. On every
day of in-situ cola drink exposure; we had achieved zero
plaque level by providing prophylaxis. This was carried out
to avoid any additional demineralization that could be caused
by plaque deposited in the oral cavity.?°3"

Within the limitations of this in-situ study model, the results

of the present study support the following conclusions:-

e CPP-ACP significantly promoted remineralization of
enamel eroded by cola drinks [Flowchart]

e It aids in the remineralization by increasing available
calcium ions at the tooth surface, which was revealed
by the significant surface morphological changes seen
in SEM magnification

* Coladrinks play a potential role in the etiology of enamel
erosion seen in both SEM and quantitative analyses of
enamel substrates of post-cola drink samples. Hence,
preventive advice on their consumption should be given
to young children and adolescents

e Since the balance between remineralization and
demineralization is the key to progression or reversal
of caries, the practice of cola drink intake and use of
CPP-ACP paste, post-exposure to colas could be used for
tipping the balance toward protective remineralization.

Further in-vivo studies are suggested to evaluate the amount
of protection offered by CPP-ACP to enamel eroded by cola
drinks as compared to other remineralizing agents such as
fluorides, xylitol gum, etc.
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