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ABSTRACT
Aim: To compare and evaluate the changes in weight percentage of calcium, phosphorus and their ratios in enamel surface
bleached with 35% hydrogen peroxide and subsequent reversal with antioxidants-sodium ascorbate, white tea and oregano,
using energy dispersive x-ray analysis.
Materials And Methods: Thirty non-carious, freshly extracted human permanent maxillary incisors devoid of visible
defects were selected as samples for this study and categorized into three groups (n=10) as follows: Group I — 10% Sodium
Ascorbate solution, Group II — 10% White tea solution, and Group III — 5% oregano solution.
Labial surface of each tooth was divided into three sections, of which one portion served as baseline (Sound Enamel), the
second portion as bleached enamel and the third portion served as Antioxidant-treated bleached (AOTB) enamel. 35%
hydrogen peroxide activated by fast halogen curing light was the protocol followed for bleaching. After antioxidant
treatment of portion, the weight percentage of calcium and phosphorus in sound, bleached, and antioxidant-treated
bleached enamel was assessed by Energy Dispersive X-ray Analysis.
Results: Data were analyzed with the Shapiro-Wilk test (p>0.05) followed by One-way ANOVA and Tukeys HSD Post
hoc test. All the samples subjected to bleaching using 35% hydrogen peroxide shows increase in mean calcium and
phosphorus weight percentage resulting in a statistically significant decrease in the Ca-P ratio as compared to the sound
enamel (P-value<0.01).
Conclusion: Treatment with all three antioxidants prevented the depletion of calcium and phosphorus from the enamel,
thereby preventing its ratio alteration.
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1. INTRODUCTION conservative methods for removing mild to moderate

An extrinsic stain mostly arises from the deposition of
chromogenic substances on the tooth's surface. The factors
contributing to extrinsic staining include inadequate dental
hygiene, consumption of chromogenic foods and beverages,
and tobacco usage. The stains are primarily localised to the
pellicle and result either from the interaction between sugars
and amino acids or from the accumulation of external
chromophores within the pellicle. 1 Bleaching is one of the

extrinsic stains and can also be used to reduce the severity
of stains before veneering.2

The agents utilised for dental bleaching are hydrogen
peroxide and carbamide peroxide. 35% hydrogen peroxide
is used for removing extrinsic stains effectively, as it is
capable of penetrating tooth structures by diffusing through
the enamel and dentin. Free radicals are released, which
react with pigmented molecules and break their double bond
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and oxidise chromophore molecules by means of redox
reactions.?

The most common side effects of bleaching are dentin
hypersensitivity and gingival irritation. *. Bleaching alters
the morphology of enamel and dentin at the microscopic
level and also the mineral content. The detrimental impacts
on the enamel surface, including heightened porosity of the
superficial enamel structure, demineralisation, reduced
protein concentration, degradation of the organic matrix,
alteration in the calcium-phosphorus ratio, increased depth
of enamel grooves, shallow depressions, and minor erosion,
were observed when the pH of H20: decreased from 5.2 to
4.5.2' Moreover, the enduring peroxide effect enhances the
solubility of inorganic ions and modifies their original
proportions, thereby reducing the Ca-P ratio of enamel.
Therefore, it is essential to prevent the modification of the
Ca-P ratio by eliminating the enduring peroxide impact.
Prior literature has indicated that the persistent effects of
peroxides can be mitigated by the prompt administration of
antioxidants. 22, 23 Antioxidants eliminate peroxides and
residual free radicals that compromise the bonding
procedures.

The molecular components of dental hard tissues were
evaluated using several techniques, including infrared
spectroscopy, electronic microprobe analysis, Raman
spectroscopy, and energy-dispersive X-ray
(EDAX). X-ray microanalysis employing EDAX is
commonly utilised in the examination of matrix elements
such as calcium and phosphorus.

This study was designed to investigate the effects of three
antioxidants — 10% sodium ascorbate solution, 10% white
tea solution, and 5% oregano solution — on the calcium-
phosphorus ratio of enamel surfaces bleached with 35%
hydrogen peroxide, utilising energy-dispersive X-ray
analysis.

analysis

2. MATERIALS AND METHODS

PREPARATION OF THE ANTIOXIDANTS
PREPARATION OF 10% SODIUM ASCORBATE
SOLUTION

10 grams of sodium ascorbate powder (S D Fine-Chem.
Limited, Mumbai, India) was mixed in 100 millilitres of
distilled water to prepare a 10% sodium ascorbate solution.

PREPARATION OF 10% WHITE TEA SOLUTION
10g of white tea powder is dissolved in 100ml of boiling
water and filtered to get 10% aqueous extract of white tea.
PREPARATION OF 5% OREGANO SOLUTION

Ground leaves were macerated in 100 ml of ethanol
at ambient temperature for 24 hours. The solution was
concentrated using a rotary evaporator, yielding a 5%
oregano oil solution.24

Thirty maxillary incisors were obtained from the
Department of Oral and Maxillofacial Surgery. The samples
were excised from residual tissue tags, rinsed in running tap
water, and preserved in a 0.1% thymol solution at 4°C until
use. The criteria for sample selection included teeth
extracted for periodontal reasons, devoid of caries or
restorations, unexposed to any chemical agents prior to
extraction, and free from cracks or fractures. Samples
exhibiting stains, morphological or structural anomalies,
discolourations, and other discernible faults were excluded.
The samples were rinsed with running water to remove
thymol residue and were stored in artificial saliva, except
for bleaching and testing operations. The 30 samples were
categorised into 3 groups (n=10) according to the
antioxidant treatment administered as follows:

Group I: Administration of a 10% sodium ascorbate
solution

Group II: Administration of a 10% white tea solution

Group III: Administration of 5% oregano solution

Labial enamel surfaces of all the samples were divided into
three portions. One portion of the sample was coated with
acid-resistant nail varnish leaving the other two portions
unprotected. Bleaching was performed on the unprotected
portions using 35% hydrogen peroxide (Polo office), and
subjected to rapid halogen-curing light (Whitening
accelerator, C-Bright-I at 3000 mW/cm?) for 15 minutes.
The gel was removed from the tooth surface, a bleaching
chemical was reapplied, activated by light, and left for a
further 15 minutes before being rinsed off. After the
operation, the second segment of the labial enamel surface
was enveloped with acid-resistant nail varnish. The third
section that remained exposed on the labial enamel surface
underwent the application of antioxidants. 10% Sodium
ascorbate gel was applied for the samples in group I,
samples in group Il received 10% White tea solution and the
samples in group III received 5% oregano solution for a
time period of 10 minutes. Ultimately, all samples were
treated with nail polish remover (acetone) and immersed in
99.9% ethyl alcohol to facilitate drying. The mineral
composition of each sample piece was determined using
EDAX.

QUANTITATIVE EVALUATION

Analysis Of Ca-P Ratio Using Edax

All samples were subjected to an ion sputter (EMS 7620
Mini Sputter Coater) to eliminate water from the tooth
specimens for the assessment of calcium and phosphorus
values. The weight % of calcium and phosphorus in baseline
(sound), bleached, and antioxidant-treated bleached enamel
for all three antioxidant groups was determined using
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EDAX. The weight percentages of calcium and phosphorus
were subsequently transformed into the Ca-P ratio for each
portion of the three antioxidants, and this ratio was derived
from the collected data.

STATISTICAL ANALYSIS

The data obtained were tabulated and analyzed using SPSS
software version 22. The data were assessed for normal
distribution using Shapiro-wilk test (P>0.05). Hence
parametric test (one way ANOVA and Tukey HSD post hoc
test) was conducted to assess the statistical significance
among the three groups.

3. RESULT

The Ca/P ratio of sound enamel was 2.24, 2.19, and 2.10,
respectively for Sodium ascorbate, white tea, and Oregano.
The Ca/P ratio in the bleached enamel diminished to 1.43,
1.38, and 1.55 among the three antioxidant-treated groups.
This ratio continued to increase, reaching values of 2.13,
2.24, and 2.20 for the three groups. The results indicated
that all samples treated with 35% hydrogen peroxide
bleaching demonstrated a statistically significant reduction
in the Ca/P ratio compared to samples that did not undergo
bleaching. The striking finding was that there was a
significant increase in the Ca/P ratio on application of all the
three antioxidants to the same extent when compared with
bleached enamel.

TABLE I: Mean Calcium, Phosphorous and Ca:P values of Sound, Bleached and Antioxidant Treated Enamel surfaces of

all the Three Antioxidant Groups.

Sodium ascorbate White tea Oregano
Samples
Ca% | P% |Ca/P|Ca% | P% |Ca/P|Ca% | P% |Ca/P
Sound
39.65(17.63 | 2.24 [37.99 (17.34| 2.19 |37.12]17.66 | 2.10
enamel
Bleached
41.28 [ 28.78 | 1.43 |38.25(27.54 | 1.38 |39.53|25.35| 1.55
enamel
Antioxidant
37.72 | 17.65| 2.13 [39.82 [17.75| 2.24 |{38.35]17.39| 2.20
Treated

Graph 1: Graphical representation of mean Calcium, Phosphorous and Ca:P values of Sound, Bleached and Antioxidant

Treated Enamel surfaces of all the Three Antioxidant Groups
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4. DISCUSSION advised before applying composite materials to the

Tooth enamel is a highly mineralised tissue, comprising
96% inorganic ingredients, with the remainder consisting of
water and organic material. The principal mineral
constituent is hydroxyapatite, characterised by the
fundamental formula CalO(PO4)6(OH)2, although
additional ions, such as fluoride, are typically integrated.
Bleaching agents emit free radicals in the form of nascent
oxygen and hydroxyl or perihydroxyl ions upon application
to dental structures. These molecules interact with electron-
of pigments the tooth matrix,
decomposing large pigmented molecules into smaller, less
pigmented counterparts. The conversion of carbon double
bond chains to hydroxyl groups decreases the quantity of
light absorbed. Consequently, the tooth has a lighter
shade25.

One of the possible adverse effects of bleaching is
weakening of enamel structure by oxidation of organic and
inorganic elements. Hydrogen peroxide and the the
liberated free radicals may interact with both the organic
and inorganic components of the enamel leading to
morphological changes26. Rotstein et al. revealed that
bleaching agents alter the amounts of calcium and
phosphorus in hydroxyapatite crystals, the fundamental
components of dental hard tissues, and also documented a
reduction in strength and increased solubility of enamel,
dentin, and cementum following bleaching.27

Due to the persistent oxidative effect of hydrogen peroxide
on the enamel surfaces after bleaching, there is an increase
in the solubility of ions that lead to change in the original
ratio of inorganic components of the enamel. 28 The
remnant is detrimental to the adhesion of resinous materials
because its residual oxygen disrupts resin bonding and
inhibits polymerisation.29 Therefore, a waiting period is

dense areas inside

bleached enamel surface.21

To overcome this, numerous antioxidants, including guava
seed extract, green tea extract, sodium ascorbate,
pomegranate peel extract, a-tocopherol, oregano, and grape
seed extract, have been utilised for their oxygen scavenging
properties to neutralise free radicals.30,31 Several studies
have determined that the application of antioxidants post-
bleaching enhances immediate bonding and reinstates the
bond strength of composite resin material to enamel.32,22
The mean calcium and phosphorous ratio of the enamel
surface were detected using energy dispersive X-ray
analysis. Bleaching was performed twice with a 15-minute
gap. After 24 hours, the samples were assessed using
EDAX, and the mean calcium and phosphorus ratio was
found to decrease from baseline in all three groups. This is
because of the dissolution of Ca and P ions by the persistent
peroxide effect and it is evident increase in mean calcium
and phosphorus wt% and this reduction is significant when
compared to baseline enamel. The drastic decrease in Ca-P
ratio after bleaching is due to a greater amount of
phosphorus ions dissolution compared to calcium ions. The
cause may be attributed to the weaker bonding of the
phosphate moiety, which is covalently attached to the
hydroxyapatite crystals, compared to the calcium ions that
are ionically bonded.30 These results correlate with the
previous study done by Santini et al where bleaching
resulted in the depletion of phosphate groups from the
surface enamel, accompanied by degradation of the enamel
matrix.33

Immediate application of antioxidants after bleaching the
mean calcium and phosphorus ratio was maintained to 2.13,
2.24, and 2.20 respectively for all three groups and it is
found to be not statistically significant. This outcome was
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likely attributable to the oxygen-scavenging properties of
the antioxidants, leading to the neutralisation of free
radicals.

Sodium ascorbate is a naturally occurring water-soluble
antioxidant. It facilitates the maintenance of the calcium and
phosphorus ratio without ion dissolution by restoring the
modified redox potential of the substrate, thereby reversing
the reduced mineral ions.21 Since vitamin C and its salts are
non-toxic, they can be applied to dental hard tissues without
inducing any adverse biological effects or clinical risks.
Oregano is a therapeutic herb native to dry rocks. Oregano
extract is a potent natural antioxidant and antibacterial34
due to the presence of carvacrol and thymol, Monoterpene
hydrocarbons and phenolic compounds. The suggested
antioxidant mechanism of thymol is evidenced by a
concentration-dependent count,
deterioration of cell shape, and a decline in total protein
content in an in vitro research.35 Thymol may induce
apoptosis in human cells through mitochondrial
pathways.36

Saponins, polysaccharides, and polyphenols are particularly
abundant in white tea. These bioactive ingredients offer
numerous health advantages, such as anti-aging, anti-

reduction in cell

inflammatory, and antioxidant qualities. White tea's
polyphenolic constituents have strong antioxidative
qualities and efficiently scavenge reactive oxygen

species.37

This study reveals no significant difference in the efficacy
of three antioxidants in avoiding changes to the Ca-P ratio.
All three antioxidants shown comparable efficacy in
inhibiting the continued dissolution of ions and
modification of the Ca-P ratio in bleached enamel.

5. CONCLUSION

Within the limitations of this current research, it can be
concluded that

The dissolution of calcium and phosphate ions results from
the enduring peroxide impact following bleaching.
Bleaching with 35% hydrogen peroxide enhances the
solubility of calcium and phosphorus ions while reducing
the Ca-P ratio.

The prompt administration of antioxidants post-bleaching
effectively reinstates the modified potential and preserves
their ratios.

The effectiveness of the three antioxidants—10% sodium
ascorbate solution, white tea extract, and 5% oregano
extract—was comparable
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