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A b s t r ac t
Aim and objective: The aim of this study was to evaluate the efficacy of novel antioxidant oregano against conventional antioxidants sodium
ascorbate and green tea through comparison of the baseline weight percentage (wt%) of minerals prior to bleaching with values after bleaching
protocols and antioxidant application by employing energy-dispersive X-ray spectroscopy analysis (EDAX).
Materials and methods: Thirty noncarious, freshly extracted human permanent maxillary incisors without any visible defects were selected as
samples. They were divided into three groups (n = 10) based on the antioxidant treatment received as follows: group I—10% sodium ascorbate
solution, group II—10% green tea solution, and group III—5% oregano solution. 35% hydrogen peroxide was employed for bleaching. The wt%
of teeth was calculated at three time intervals. The initial wt% was calculated prior to the bleaching procedure. The second one was calculated
after subjecting to bleaching protocols, and final one was calculated after antioxidant treatment using EDAX.
Results: There was a statistically significant decrease in the calcium/phosphorus ratio for the bleached samples in comparison with the sound
enamel. There was a comparable and significant increase in the calcium/phosphorus ratio values after application of the antioxidant with
insignificant difference among the antioxidants evaluated in the study.
Conclusion: Treatment with antioxidants helped in the reversal of mineral loss, which occurred due to the bleaching procedure while the efficacy
of 10% oregano on reversal of the calcium and phosphorus ratio was found to comparable to that of 10% sodium ascorbate and green tea.
Clinical significance: Application of antioxidants after bleaching reduced the time delay in performing the adhesive procedures without
compromising their clinical efficacy.
Keywords: Antioxidants, Bleaching agents, Green tea, Oregano, Sodium ascorbate.
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I n t r o d u c t i o n
Tooth discoloration can be broadly categorized as extrinsic and
intrinsic discoloration. Intrinsic discoloration occurs predominantly
during the developmental stages of tooth. It includes amelogenesis
imperfecta, dentinogenesis imperfecta, and enamel hypoplasia.
Drug-induced discoloration occurs due to the consumption
of drugs during the formative stages of enamel and dentin.
The acquired stains occur due to variety of causes, which can
be grouped as microbial, dietary, and lifestyle changes. It
predominantly affects the enamel and dentin components of
hard tissues. A chemical interaction occurs between the acquired
enamel pellicle, carbohydrate component of diet, and chromogenic
microbes to produce the discoloration.1
The selection of bleaching as a treatment option depends upon
the severity of discoloration. In mild to moderate cases, it is selected
as a primary treatment option while in severe cases its selected as
a secondary option to veneers.2
In the esthetic era, the bleaching procedure becomes an
essential treatment option rather than a sophisticated option. The
outcome of bleaching must be free from complication. The success
of dental bleaching relies predominantly on the cautious handling
of chemicals such hydrogen peroxide and carbamide peroxide.
Hydrogen peroxide available in various concentrations exerts its
action by two major mechanisms: (a) release of free radicals and
(b) redox processes all leading to the disintegration of pigments. 3
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Application of bleaching agents not only changes the
micromorphology of enamel and dentin but also their mineral
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content. The primary complication related to bleaching leads to
dentin hypersensitivity and gingival irritation.4
The series of change that occurs in the enamel after application
of hydrogen peroxide occurs due to drop in pH from 5.2 to 4, which
increases the diameter of enamel rods leading to formation of
macro pores, 5–13 loss of minerals,14 reduced concentration of
protein,15,16 disintegration of dentin,17 alterations in the calciumphosphorus ratio,18 increased depth of enamel grooves,19 shallow
depressions,20 and slight erosion.21
The persistent peroxide effect increases the solubility of
inorganic ions and alters its original ratio, thereby decreasing
the Ca–P ratio of enamel. Hence, it is mandatory to prevent the
alteration of the Ca–P ratio by nullifying the persistent peroxide
effect. Previous studies have reported the action of the persistent
peroxide effect counteracted with the immediate application of
antioxidants.22,23
The latency period following the bleaching procedures ranges
from 1 to 3 weeks, which is required to minimize the persistent
peroxide effect that occurs due to the usage of hydrogen
peroxide and henceforth to improve the mechanical properties
of composite restorative materials, the role of antioxidants
becomes vital.
The synergetic effect of composites and bleaching is the need
of the hour for esthetic procedures with implementation of the
minimal invasive practice.
The conventional antioxidants used for the above purpose
include sodium ascorbate obtained from ascorbic acid, which has
been proved to be an efficient antioxidant.
The primary mechanism of action is related to the catalytic
action for improving the efficacy of conversion of free radicals
to polymers leaving fewer amounts of residual free radicals and
restoration of redox potential of the substrate.
In order to minimize the adverse effects related to chemical
agents recently natural antioxidants such as oregano and green tea
were used for the above purpose. The major advantage of these
natural antioxidants was their minimal adverse effect on the tooth
substrate without compromising its clinical efficacy.
A variety of methods are available in the literature to assess
the molecular constituents of dental hard tissues such as infrared
spectroscopy, electronic microprobe, Raman spectroscopy, and
energy-dispersive X-ray spectroscopy analysis (EDAX). Each of
methods operates by different mechanism having its own merits
and demerits. The selection of methods is based on the analysis of
above concepts and utilized dubiously.
The purpose of this study was to evaluate the efficacy of novel
antioxidant oregano against conventional antioxidants sodium
ascorbate and green tea through comparison of the baseline wt%
of minerals prior to bleaching with values after bleaching protocols
and antioxidant application by employing EDAX.

M at e r ia l s

and

M e t h o d s

The study was performed in the Department of Conservative
Dentistry and Endodontics at Adhiparasakthi Dental College and
Hospital. The support for conduction has been integrated with
MAPIMS and the EDAX-related procedures were carried in IIT
campus, Chennai, by the principal investigator.

Preparation of Sodium Ascorbate Solution
Total 10 g of sodium ascorbate powder was dissolved in 100 mL of
distilled water to obtain 10% sodium ascorbate solution.

Preparation of 10% Green Tea Solution
Green tea leaves were ground into fine powder and packed in a
muslin cloth bag for the process of extraction.
The extraction was done using a Soxhlet apparatus using
ethanol as solvent and finally distilled. Total 10 g of green tea
extract was dissolved in 100 mL of distilled water to obtain 10%
green tea solution.

Preparation of 5% Oregano Solution
Ground leaves were extracted in 100 mL of ethanol at room
temperature for 24 hours. Then they were concentrated using a
rotary evaporator resulting in 5% oregano solution.24
Source of green tea solution and oregano solution was obtained
from IMCOPS, Chennai. The study methodology was approved by
institutional ethical committee of APDCH.

Teeth Sample Preparation
Thirty maxillary incisors were collected from the oral surgery
department of APDCH. Debridement was done as per the guidelines
given by AAE stored in 0.1% thymol solution at 4°C until utilization
for a period not extending 1 week.
All the samples were examined under a stereomicroscope at
20× magnification to rule out any enamel defects or cracks.
The inclusion criteria for the selection of samples were
teeth free from caries, restoration extracted due to periodontal
considerations with no pretreatment of any chemical agents, and
cracks or fractures.
The samples with stains, morphological or structural defects,
discolorations, and any visible defects were excluded. The samples
were washed in running water to eliminate the thymol residue and
stored in artificial saliva.
The storage in artificial saliva was avoided during bleaching
and testing protocols.
A total of 30 tooth samples were segregated into three groups
(n = 10) based on the antioxidant evaluated.
Group I: Treatment subjected with 10% sodium ascorbate
solution.
Group II: Treatment subjected with 10% green tea solution.
Group III: Treatment subjected with 10%, 5% oregano solution.

Bleaching Protocols
Labial surfaces of the samples were divided into gingival,
middle, and incisal segments. One segment of the tooth sample
was subjected to surface varnish application leaving the two
segments unprotected for bleaching procedure and antioxidant
application.
The bleaching procedure was done in the unprotected areas
employing 35% hydrogen peroxide (Polo office), followed by
application of an external light source to activate the bleaching
agent for exertion of maximum bleaching efficacy for 15 minutes’
activation period (Whitening accelerator and C-Bright-I at
3,000 mW/cm2).
This procedure was repeated after intermittent rinsing with
water to have maximum clinical efficacy. After this procedure, the
second portion of the labial enamel surface was coated with acidresistant nail varnish.
The third portion that was left uncovered on the labial enamel
surface was subjected to the application of antioxidants for a time
period of 10 minutes; finally, all the samples were rubbed with a
nail polish remover (acetone) and soaked in 99.9% ethyl alcohol to
dry the samples.
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Table 1: Mean calcium, phosphorus, and Ca:P values of sound, bleached, and antioxidant treated
bleached (AOTB) enamel surfaces of all the three antioxidant groups
Sodium ascorbate
Samples
Sound enamel
Bleached enamel
AOTB

Ca%
37.70
42.98
38.02

P%
17.79
29.08
17.79

Ca/P
2.11
1.47
2.14

Green tea
Ca%
38.94
36.50
38.29

P%
17.66
25.45
17.52

Oregano
Ca/P
2.20
1.42
2.18

Ca%
36.68
41.07
37.63

P%
17.45
24.56
17.49

Ca/P
2.09
1.70
2.15

Table 2: Tukey "honest significant difference" post hoc test showing
statistical differences among sound, bleached, and antioxidant treated
bleached enamel surfaces of all the three groups
S. no.

Enamel type
Baseline

Bleached enamel

After antioxidant

Fig. 1: Antioxidant efficacy. AOTB, antioxidant treated bleached; Ca,
calcium; P, phosphorus
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Significance
0.000

0.000

0.000

Table 3: Tukey "honest significant difference" post hoc test showing no
statistical differences among all the three antioxidant groups for sound,
bleached, and antioxidant treated bleached enamel surfaces
S. no.

R e s u lts
The mineral content of each portion of all the samples were
calculated using EDAX. All the samples were placed in an ion sputter
to remove the water content from the tooth samples to evaluate
the Ca and P values.
The baseline values of calcium and phosphorus content were
recorded in the sound enamel segment, which was left undisturbed.
The calcium and phosphorus content were recorded in the
bleached and antioxidant-treated bleached enamel for all the three
antioxidant group. The graphical plots were done for the obtained
values using EDAX.
The calcium and phosphorus wt% were then converted into
the Ca–P ratio in each portion of three antioxidants and its ratio
was calculated from the obtained data.
The data obtained were tabulated and analyzed using SPSS
software version 22. The mean calcium/phosphorus ratio data were
assessed and found to be normally distributed.
Hence, a parametric test (Tukey "honest significant difference"
[HSD] post hoc test) was conducted to assess the statistical significance
among sound, bleached, and antioxidant-treated bleached enamel
for all the three groups.
In the segment of sound enamel, the Ca/P ratio were found to
be 2.11, 2.20, and 2.09, respectively for all three antioxidant treated
groups as represented in Table 1 and Figure 1.
In the segments subjected to bleaching, the Ca/P ratio
decreased to 1.47, 1.42, and 1.70 for all three antioxidant treated
groups as represented in Table 1 and Figure 1
After application of antioxidants, there seems to be reversal of
mineral loss with increasing values similar to the baselines values
represented as 2.14, 2.18, and 2.15 for three groups as represented
in Table 1 and Figure 1.

Variables
Between groups
Within groups
Total
Between groups
Within groups
Total
Between groups
Within groups
Total

Enamel type
Baseline

Bleached enamel

After antioxidant

Variables
Between groups
Within groups
Total
Between groups
Within groups
Total
Between groups
Within groups
Total

Significance
0.540

0.675

0.243

The Tukey HSD post hoc test represented in Table 2 shows
statistical differences among sound, bleached, and antioxidant
treated bleached (AOTB) enamel surfaces of all the three groups.
The Tukey HSD post hoc test represented in Table 3 shows no
statistical differences among all the three antioxidant groups for
sound, bleached, and AOTB enamel surfaces.
There was a statistically significant decrease in the calcium/
phosphorus ratio for the bleached samples in comparison with the
sound enamel. There was a comparable and significant increase
in the calcium/phosphorus ratio values after application of the
antioxidant with insignificant difference among the antioxidants
evaluated in the study.

D i s c u s s i o n
The science of bleaching is developing rapidly and inseparable
among the restorative fraternity. Various types of bleaching options
are available among from vital and nonvital bleaching. In office, vital
bleaching was found to have high clinical efficacy. The advantages
and disadvantages of materials used for the bleaching procedures
have to be analyzed thoroughly before their clinical usage.
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In the course of bleaching process, there is a considerable
loss of minerals leading to changes in mechanical, physical, and
chemical properties and in most of the clinical scenario requires
the additional composites usage for the correction esthetic
procedures.24
The employment of composites immediately after a bleaching
process is essential for the reversal of the above process. There is
need to establish a balance between the minerals lost during the
bleaching procedures with the antioxidants.
Employment of conventional antioxidant materials for the
above purpose acted as a double-edged sword and had detrimental
effects on the properties of the dental hard tissues.
The efficacy of antioxidant potential is multifactorial and can be
categorized as: (a) substrate-related factors, (b) clinical techniquerelated factors, and (c) material-related factors.25–27
The substrate-related factors depend on the composition,
compatibility, and resistance exhibited by the substrate toward
capacity to replenishment of minerals lost during the bleaching
process.
The interaction that occurs between the bleaching agents and
substrate is related to fluid dynamics, viscosity of the bleaching
agents, and the volume of the organic portion of the dental hard
tissue. The organic content of enamel is very low in the range of
2% and is comparatively more in the range of 38% for dentin and
exhibits difference in its behavior.
Bleaching agents have maximum interaction and attachment
to dentin tissue molecules, reacting with the organic components.
Additionally, substrate thickness and understanding the antioxidant
dynamics play a vital role for the successful application of
antioxidants.
According to Borges et al., maximum concentration of
bleaching agents is concentrated in the outer dentin, which plays
a key role in exhibiting the action and chance of adverse effect is
directly proportional to it.
The clinical technique includes the measures and protocols
taken to maximize the efficacy of antioxidants usage ranging
from the duration of antioxidant, activation mechanism, and
maintenance of aseptic field free from salivation.
The selection of antioxidants should be based on assessment
of chemical nature, PH, concentration, mechanism of action,
indications, contraindications, and advantages and disadvantages
related to the antioxidants.
According to Rashmi et al., ideal molecular weight of the
antioxidant should be less than 500 g/mol to remove the residual
free radicals effectively.
The presence of hydroxylated structure aids in formation of
complexes with less solubility on interactions with the proteins
and carbohydrates and reduces the action on the nascent oxygen
available after bleaching.
Contact time plays a significant role in efficacy of antioxidants
reviewed. The ideal contact time depends on various material
factors such as chemical nature and molecular size of antioxidants.
The latency period following the bleaching and prior to the
composite restoration was found to have no clinical significance
implying the significance of antioxidants materials employed.
Most commonly used materials for the bleaching procedure
include hydrogen peroxide, sodium perborate, and carbamide
peroxide.
Bleaching agents release free radicals as nascent oxygen and
hydroxyl ions when applied to dental structures. The oxidation
process disintegrates the organic and inorganic elements and

reduces the mechanical properties of dental hard tissues and
morphological alterations in the inorganic and organic components.
Electron-dense zones present in the dental stains act as the
interceptive point for the lyses of large heavily stained particles to
smaller less-stained particles. Additionally, it opens up the more
pigmented carbon ring and converts them into carbon chains.
When the carbon double-bond chains are converted to hydroxyl
groups, the amount of light absorbed is reduced. Hence, the tooth
appears lighter in color. Rotstein et al. indicated that bleaching
agents cause changes in the levels of calcium and phosphorus
among the hydroxyapatite crystals and increase the solubility
leading to compromised mechanical strength properties.27
This leads to mobilization of calcium and phosphorus ions in
the enamel surface leading to dentin exposure at cervical third of
the tooth, resulting in hypersensitivity. Further leakage into the
periodontal tissues leads to inflammatory resorption.28
Impact on the composite restoration occurs due to the residual
oxygen interfering with the resin bonding; additionally, it inhibits
polymerization that may cause bubble formation that further lowers
the adaptation and penetration of enamel tags.29
The recommended latency period postbleaching ranges from
1 day to 6 weeks prior to the usage of composite restoration. To
overcome this, various antioxidants ranging from conventional to
natural antioxidants have been employed. 30
The factors related to the antioxidant efficacy are related to
the neutralization potential of free radicals generated during
the bleaching along with the reestablishment of altered redox
potential. Additionally the presence of singlet oxygen improves the
antioxidant potential by providing the reducing and hydrogen ions.
The effects of various natural antioxidants such as guava seed
extract, green tea extract, and pomegranate peel extract have
been reported.31
Several studies concluded that the application of antioxidants
after bleaching facilitates immediate bonding and restores
mechanical properties to the enamel.24
In a previous study by Poorni et al., 10% sodium ascorbate
solution showed a good reversal of the Ca–P ratio in previous
studies. Hence, the same concentration of sodium ascorbate was
retained for this study.
To date, the effects of oregano as an antioxidant has not been
evaluated in the literature that made us to conduct this study to
minimize the adverse effect related to bleaching.
The mean calcium and phosphorus ratio of the enamel surface
was detected using the EDAX. The principle employed in EDAX was
collision of enamel specimens with electron beam, which leads to
displacement of valence electron from the inner shell.
This vacancy was replaced by the transfer of electrons from
the outer shell causing the generation of X-ray. The principle of
EDAX analysis includes measurement of output of above process
as graphic plot with peaks representing the energy values unique
for an element and found to be helpful in identification of elements
subjected for analysis.
The results of our study revealed the following values of mean
calcium and phosphorus ratio of baseline enamel in group I, group
II, and group III: 2.11, 2.20, and 2.09, respectively, as represented in
Table 1 and Figure 1. Bleaching was done twice at an interval of
15 minutes.
After 24 hours, the samples were evaluated using EDAX and the
mean calcium and phosphorus ratio was found to decrease from
baseline values to 1.47, 1.42, and 1.70, respectively, in all the three
groups as represented in Table 1 and Figure 1.
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This might be attributed to the excessive dissolution of
phosphorus ions which has weaker and covalent bonding to
hydroxyapatite crystals than the calcium ions. The reason may be
the weaker bonding of the phosphate moiety, which is covalently
bonded to the hydroxyapatite crystals, than the calcium ions that
are ionically bonded.
These results correlate with the previous study done by Santini
et al. where bleaching leads to reduction of the phosphate ions
which in turn resulted matrix degradation.
Immediate application of antioxidants after bleaching helps
in maintenance of the mean calcium and phosphorus ratios which
was found to be 2.14, 2.18, and 2.15, respectively for all the three
groups. This was comparable to that of baseline enamel values and
was found to statistically insignificant. This result was probably
due to oxygen cleansing activity of the antioxidants resulting in
neutralization of free radicals.
Sodium ascorbate is a naturally occurring water-soluble
antioxidant. It allows maintenance of the Ca and P ratio without
dissolution of ions by restoring the altered redox potential of the
substrate and thus reversing the reduced mineral ions. 32
In a study conducted by Poorni et al., 10% sodium ascorbate was
found to reestablish the baseline Ca–P ratio of the bleached enamel.
Green tea is made from Camellia sinensis leaves. The main
antioxidative ingredients present in green tea were catechins
(GTCs) EC—6.4%, Epigallo catechins (EGC—19%), EC gallate
(ECG—13.6%), and EGC gallate (EGCG—59%). EGCG is the most
active and abundant catechin present in the green tea, which
was found to have high water solubility and has the ability to
destroy free radicals.
The antioxidant activity for green tea was related to the ability
to neutralize the excess oxygen that exists after the bleaching,
which reduces the dissolution of mineral ions and it restores the
Ca–P wt%. According to Ozelin et al., 10% green tea extract had
a better efficacy to completely neutralize the adverse effects.33
Oregano is a natural antioxidant herb native of dry rocks with
a chemical structure of hydrocarbons and phenolic compounds.
The antibacterial action is related to the presence of carvacrol and
thymol.32
The proposed antioxidant mechanism of thymol is shown by the
concentration-dependent decrease in cell number, degradation of
cell morphology, and a decrease in the total protein content in an
in vitro study. Thymol may impel cell death in human by apoptosis
via mitochondrial pathways.34
The study was the first kind of study to assess the effect of
oregano as a potent antioxidant in prevention of the alterations in
mineral ions from the hydroxyapatite crystal.

Limitations of the Present Study
The sample size and results variation in the in vitro conditions
require lots of clinical trials in human. Furthermore, it’s an indirect
way of evaluation of antioxidant efficacy. There was no valuable
criterion to evaluate the mechanism of action of antioxidants
employed. Future studies can compare and evaluate the efficacy
of antioxidants against the remineralizing agents without causing
any untoward effect on the substrate.
Future studies can be attempted to assess the efficacy of
incorporation of antioxidants as inherent constituent of bleaching
agents without compromising the efficacy. It has been claimed that
the concentration, form, and mode of application play a pivotal role
in the selection of materials.
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Among the antioxidants evaluated in the study, it can be
recommended to employ oregano as the material of choice due
to its high efficacy with less adverse effect on the tooth substrate.

C o n c lu s i o n
Within the limitations of the study, it can be concluded that the
dissolution of Ca and P ions is due to the persistent peroxide effect
after bleaching while bleaching with 35% hydrogen peroxide
increases the dissolution of phosphorus ions and leads to the
decrease the Ca–P ratio with immediate application of antioxidants
after bleaching effectively helps to maintain the Ca–P ratio. The
efficacies of all the three antioxidants such as 10% sodium ascorbate
solution, green tea, and 5% oregano were found to be similar.
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