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ABSTRACT

Focus of this study was to compare the amount of calcium released from enamel treated wath different remineralizing agents at pH 4.5 using atomic
spectrophotometric analysis. The present study was designed to assess the calcium release from enamel when subjected to an acid challenge. Enamel samples
were divided into four groups of which intact enamel served the purpose of control group and other three groups were based on the remineralizing agents used
(CPP-ACP [GC Tooth Mousse], CPP-ACPF [GC Tooth Mousse Plus], 0.044 % Sodium Fluoride [Phosflur]). All the groups of enamel samples were imitially
demineralized and followed up with remineralisation by adopting the pH cycling model. Acetate buffer was prepared at a specific pH of 4.5. The enamel
samples were subjected to acid challenge in presence of a magnetic stirrer and buffer solution were pipetted at specific time intervals for pH 4.5. The solutions

collected were transferred into stenle containers and subjected to atomic spectrometry analysis.
Keywords: Calcium, Critical pH, Atomic Absorption spectrometry, CPP-ACP, CPP-ACPF

INTRODUCTION

Dental caries is a disease of primary concern in the present
day. The factors responsible for the cause of caries being
multiple, it makes for a challenging task to recognize or
target a specific aspect to help prevent or even reduce the rate
of occurrence of caries. Nevertheless a number of promising
advances have been made over the years and helped in the
better understanding of the carious process. The aspect we
focus here is the response of Enamel at a specific pH. Critical
pH is the point at which a solution is just saturated with a
mineral and the solution we refer to here is saliva with the
mineral being enamel. The reason for the existence of tooth
in the oral cavity without undergoing dissolution is due to the
fact that the pH of saliva and plaque are more often than not
greater than the critical pH. The critical pH is inversely
proportional to the amount of calcium and phosphate ions in
saliva of an individual and as concentration of these ions
inevitably vary from each individual the critical pH isn’t a
constant value.! Research now suggests that in individuals
with low calcium and phosphate concentration levels the
critical pH is 6.5 and in those with higher levels of these
minerals the critical pH is 5.5.” It’s a known fact that plaque
in its liquid phase contains ion concentrations of calcium and
phosphate at higher levels when in comparison with saliva
and its critical pH may be as low as 5.1.° All this research
now will bring on doubts whether to accept the critical pH as
a constant value.

MATERIALS AND METHODS

Method of Collection of Data

Inclusion criteria: Freshly extracted human Maxillary and
Mandibular first molar teeth extracted on periodontal grounds
from individuals below the age of 40. Teeth were selected
based on randomized sampling method.

Exclusion criteria: Teeth with caries, hypoplastic lesions,
stains, white spots, cracks, erosion, developmental anomaly
or any other deformity were excluded.

Infection Control Protocol

The teeth were cleansed of visible blood and gross debris and
were maintained in a hydrated state during storage. Extracted
teeth were placed in sodium hypochlorite solution diluted
with saline in a ratio of 1:10 in container with a secure lid to
prevent leaking and labelled with the biohazard symbol.
Elimination of microbial growth was achieved by using an
autoclave cycle for 40 minutes. Teeth that do not contain
amalgam restorations were preferred because they can be
safely autoclaved. However, Extracted teeth containing
amalgam restorations, were immersed in 10 % formalin
solution for 2 weeks.* Enamel Sample preparation: 4 Enamel
slabs of 2 mm thickness were prepared from Buccal and
Lingual surface of molars by using diamond discs under
water cooling at a speed of 25,000 RPM using Micromotor
with a contra angled hand piece. The surface of enamel on
the buccal and lingual surface was first made flat and then
polished to get a fine gloss using 3 M Sofl.ex polishing discs.
The samples were prepared following all infection control
protocols and barrier techniques.
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Demineralisation Solution to Produce Caries like Lesions
The Demineralizing solution provides a  partial
demineralization of the enamel, leaving the enamel softened,
yet structurally intact; which is morphologically similar to the
human caries condition. The Demineralizing solution used
for the study was proposed by Featherstone in 1992.°

Composition:

Acetate 0.1mol/L

Calecium 0.1 mmol /L
Phosphate 0.1 mmol /L

Fluoride 0.1 mg/L (5.3umol/L)

pH was adjusted to 5.0

Demineralising Solution for pH Cycling

Composition:

Calcium 2.0 mmol /L
Phosphate 2.0 mmol /L
Acetic acid 75.0 mmol / L

The pH was adjusted to 4.4 using 50 % NaOH after all the
ingredients were dissolved completely.®

Groups
Enamel slabs were randomly divided into 4 Groups based on
the type of remineralising agent to be used.

Table 1
Table 1: Showing the Division of Groups
Group I 5 dE 1 (No treatment)
Group I Demineralised and treated with slorry of
Caesinephosphopeptide - Amorphous calcium
phosphate (GC Tooth Moouse) CPP-ACP
Group IIT Demineralised and treated with slorry of
Caesinephosphopeptide - Amorphous calcium
phosphate with Fluoride (GC Tooth Moouse plus)
CPP-ACPF
Group IV Demineralised and treated with Sodium fluoride
solution

Remineralisation Solution for pH Cycling

Remineralising solution simulates saliva which approximates
the mineral ion composition and super saturation of saliva
and promotes the remineralisation process. The
remineralisation solution used for this study was originally
reported by Ten Cate and Duijsters.

Sodium cacodylate  20.0 mmol /

Calcium and Phosphate at a known degree of saturation to
mimic the remineralising properties of saliva, 130 -150
mMEKC! to provide background ionic strength and 100 mM
TRIS or 20 mM Cacodylate buffer at pH 7.0.°

Preparation of Acetate Buffer for Further Acid Challenge
Acetate buffer of 02 M was prepared for pH
4.5.(SYSTRONICS, micro pH system 361)

Composition:

Acetic acid 11.5mL /L

Sodium acetate 16.4 g/ L

The above solution was made to 200 ml in distilled water.

Acid Challenge

The samples of Intact Enamel and enamel treated with CPP-
ACP, CPP-ACPF and fluoride were divided into 4 groups of
three samples each based on the pH of Acid buffer.
Individual specimen of every subgroup was immersed in 50
ml of acetate buffer. 5 ml of the solution was poured to a
sterile centrifuge tube of 15 ml (Corning[R] 15 ml centrifuge
tubes) at time intervals of 0, 0.5, 1, 5, 10, 15, 30 and 60
minutes using a micro pipette (Eppendorf,10 ml). All the
centrifuge tubes were marked for future identification. The
solution was continuously stirred using a magnetic capsule on
a magnetic stirrer (REMI Magnetic Stirrer, 2 ML) at RPM of
100. The experiment was almost simultaneously conducted
for all the 4 groups at the same time, so that the same buffer
solution was used for all the samples.

Atomic Spectrometry

The acid buffers of all the groups for all time intervals were
evaluated for calcium, using Atomic spectrometry (GBC 932
Plus atomic absorption spectrophotomter). A known standard
of calcium was first measured and the values obtained were
used to plot a standard curve. The range was set at 1-4 PPM
of calcium. The values obtained from the test solutions were
compared with the standard curve and the amount of calcium
in the solution was calculated based on the formula:

Absorbance of sample X conc. of Standard
Concentration of calcium =

Absorbance of Standard

Statistical Analysis
All the Experimental data were analyzed using one way
ANOVA. One way ANOVA and TukeysPosthok tests were

Composition:

Calcium 1.5mmol /L
Phosphate 0.9 mmol /L
KCl 130.0 mmol / L

conducted for all the values obtained.

Table 2: Showing Tukeys Posthok Analysis between Groups

Time Intervals For Acid Buffer At pH4.5 Sum of Squares Df Mean Square F Sig.
0.5 M Between Groups .000 3 000 51.503 .000

1M Between Groups 000 3 000 19.428 .000

5M Between Groups 001 3 000 50.137 _000

10 M Between Groups 003 3 001 46.091 .000

15M Between Groups 006 3 002 90.268 000

30M Between Groups 547 3 182 182.80 _000

60 M Between Groups 1.500 3 633 170.29 .000
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Graph 1: Showing Calcium Released at ph 4.5 by al the Groups at Different Time Intervals; X axis- Time in Minutes, Y Axis — Calcium Released in
PPM

RESULTS

e At pH 4.5, there was a marked difference in the calcium
released between group IV and IIT when compared to
Group I and II. There was also a substantial difference
between Group III and IV. This graph shows that fluoride
is more resistant to acid attack than ACP-CPPF at pH 4.5.

e Group II released the maximum amount of calcium
followed by group I and Group III. Group IV released the
least amount of calcium.

e At 60 and 30 minutes, significant difference was found
between all the groups.

e At 15 and 1 minutes, significant difference was noticed
between all the groups except between group I and IT and
Group IT and IIL.

e At 10 and 5 minutes, significant difference was noticed
between all the groups except between Group III and IV.

e At 0.5 minutes, significant difference was noticed
between all the groups except between Group I and TV.

DISCUSSION

The results of our study infer that enamel treated with
fluoride is more resistant to acid attack in comparison to
enamel treated with CPP-ACPF at pH 4.5. Overall we can
conclusively comprehend that at pH 4.5; maximum calcium
release was observed in enamel treated with CPP-ACP
followed up by intact enamel and enamel treated with CPP-
ACPF respectively. One more key observation was that there
was significant difference in the amount of calcium release at
time intervals of 30 minutes and 60 minutes for pH 4.5.
Research is now focused on remineralizing early enamel
lesions. Unlike salts like sodium chloride the dissolution of
hydroxyapatite crystals is determined by the pH of solution in
which it’s dissolving and not the volume of the solution.
When hydrogen ion from the acid attacks the hydroxyapatite
crystal calcium is released. Calcium and Phosphate ions
continue to release until a state of super saturation is
achieved. Solubility of hydroxyapatite depends on the pH of
the solution in which it dissolves. Fluoride is necessary for

the formation of subsurface caries. Caries forms between pH
range of 4.0-5.5 at pH below 4.0, erosion occurs.” A study
done to determine the ability of CPP-ACP to increase the
incorporation of fluoride into plaque and to promote enamel
remineralization in randomized, double blind trials, cross
over study involving dentifrices and mouth rinses containing
CPP-ACP and fluoride. The mouth rinses were used for 60
seconds four times per day for 14 days in an in situ model.
The results showed that 2 % CPP-ACP produced a level of
remineralization similar to 2800 ppm fluoride.® Fluoride in
sub-ppm concentrations is effective in promoting mineral
deposition and inhibiting mineral dissolution. The latter
phenomenon is mostly likely attributable to the concomitant
precipitation of a fluoride rich mineral phase which inhibits
further dissolution. These fundamental processes result in an
inhibition of enamel demineralization and an enhancement of
enamel lesion remineralisation” The rate of mineral
dissolution with respect to enamel is significantly reduced in
acidic solutions with presence of low fluoride levels.'® This is
in relation to the solution fluoride effect where in the fluoride
in saliva as the solution aid in inhibition of dissolution of
tooth material.'’ A study showed that measurements of pH
have made it possible to examine dental plaque as a
metabolic unit and to identify the Stephan pH response as an
important indicator of caries activity. High reproducibility of
results with the antimony electrode can aid in quantifying
factors such as substrate concentration, substrate duration,
substrzite retention and ability of a foodstuff to stimulate
saliva.*
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