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The Efficacy of a Microplate Spectrophotometer
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Abstract

Hydrogen peroxide from bleaching agents
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can easily penetrate through the tooth structure
into the pulpal cavity and may cause damage
to pulpal cells. The objective of this study was
to evaluate the amount of hydrogen peroxide
penetration through the bovine tooth disc into the
artificial pulp chamber after bleaching with three
different bleaching agents for 1 hour. Bovine tooth

discs with a thickness of 3.2 mm were prepared

Tusuazgauvsesnidu 3 nqumueiinvessiswen  and placed into a modified artificial pulp chamber
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Introduction

Tooth bleaching is commonly used as the
patient’s first introduction to esthetic dentistry. There
are many ways to whiten teeth from minimally
invasive treatments, such as tooth bleaching,
micro-abrasion and macro-abrasion, to aggressive
treatments, such as direct veneer, indirect veneer and

prosthetic restoration.(!)
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filled with acetate buffer solution. The specimens
were divided into 3 groups and bleached with one
of following bleaching agents: group-1, 40% Opal-
escence™ Boost (hydrogen peroxide); group-2,
20% Opalescence™ PF (carbamide peroxide);
and group-3, 10% Opalescence™ PF (carbamide
peroxide). The amount of peroxide that penetrated
into the artificial pulp chamber was evaluated
using either a standard spectrophotometer with
cuvette reader or microplate spectrophotometer
after 1 hour of bleaching. An increase in the amount
of hydrogen peroxide penetration corresponded
to an increase in the concentration of bleaching
products. The highest amount of hydrogen peroxide
penetration was found in the group bleached
with 40% hydrogen peroxide (0.0185 pg/ml for
standard spectrophotometer, 0.1080 pg/ml for
microplate spectrophotometer). The microplate
spectrophotometer exhibited greater efficacy
for detecting the amount of hydrogen peroxide

compared with the standard spectrophotometer.

Keywords: bleaching, hydrogen peroxide,

microplate, spectrophotometer

Tooth sensitivity is one of the major adverse
effects of bleaching treatment caused by reversible
pulpitis. Unquestionably, hydrogen peroxide can
casily penetrate through the tooth structure into
the pulpal cavity® and damage pulpal cells.®) The
severity of pulpal injury is directly related to the
amount of hydrogen peroxide penetration. From a
previous study, the amount of hydrogen peroxide

of 40-50 pg/ml have been suggested to be toxic to
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pulpal cells and might cause pulpitis.®)

Numerous methods are available to quantify the
amount of hydrogen peroxide. Peroxidase enzyme
catalyzer with spectrophotometry was the standard
method to quantify the amount of hydrogen peroxide
since 1900s up until now. Peroxidase enzyme
catalyzes the transfer of electrons from hydrogen
peroxide to a colorimetric indicator. Then, the
color change based on the amount of hydrogen
peroxide is measured using the spectrophotometer.
The absorbance of 596-nm light by the sample
is compared with a reference curve generated by
standard hydrogen peroxide solutions.®*®) This
method is commonly used to quantitate the amount
of hydrogen peroxide in bleaching agents.”) A
previous study in 2015 reported that there were 15
out of 21 experimental studies, from 1991-2014,
using peroxidase enzyme catalyzer with spectro-
photometry for detection of hydrogen peroxide
penetration.”) Currently, a spectrophotometer with
a microplate reader has been introduced for micro-
volume detection of hydrogen peroxide.® None-
theless, high performance liquid chromatography
(HPLC) has been introduced as a very effective
technique for detection, identification, and quanti-
fication of substances in mixture including hydro-
gen peroxide. This HPLC was commonly used in
pharmaceutical industry and medical purposes.®
There are a limitation of dental researches using
this method for quantifying the amount of hydro-
gen peroxide penetration.>'? A previous study in
2015 introduced the HPLC technique for detection of
hydrogen peroxide releasing from dental bleaching
products and hair products.'”) This method was also
relative to the oxidative reaction of triphenylphos-
phine and hydrogen peroxide resulted in a formation
of triphenylphosphine oxide which was quantified
by HPLC/UV method. Even if this method provided
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a high accuracy and specificity, the quality of
chemical reagents using in this method should be
equal to or higher than the HPLC grade which is
meaning of the expensive cost. Moreover, the experi-
mental data may not be compared with the previous
studies which generally used peroxidase enzyme
catalyzer with spectrophotometry.'”) Consequently,
peroxidase enzyme catalyzer analytical technique
with microplate spectrophotometer was used for
detection of hydrogen peroxide in the attempt to
compare the current results with the previous results
of detection by a commonly used spectrophotometer
with a cuvette reader.

The purpose of this study was to evaluate the
amount of hydrogen peroxide penetration through
the tooth disc into the artificial pulp chamber after
bleaching with three different bleaching agents for
1 hour as measured with either standard spectropho-

tometer or microplate spectrophotometer.

Materials and methods

The project was approved by Mahidol Uni-
versity, Institute Animal Care and Use Committee.
(No.U1-06386-2560) Forty-five bovine incisors
from adult bovine slaughtered for consumption in a
legitimate and pass standard slaughterhouse
regulated by Department of Livestock Development,
Ministry of Agriculture and Cooperatives, were used
to prepare experimental specimens. The enamel
surface was analyzed using a stereomicroscopy
(Stereo Microscope Model Eclipse E400 POL,
Nikon, Tokyo, Japan). The specimens with cracks
or flaws in the enamel were excluded.

The selected bovine incisors were cleaned with
periodontal curettes and polished with a mixture of
pumice and water. Then, the specimens were cut at
the middle third area of the buccal surface into a

cylindrical shape (6 mm in diameter) using rough
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fissure diamond burs under copious water.

The cylindrical specimens were ground on a
dentine surface perpendicular to the long axis by
manual rotation using 600-grit silicon carbide
paper (Buehler, Buehler Ltd., Lake Bluff, IL, USA)
until the specimens reached a thickness of 3.2 mm
(the entire thickness of enamel and dentine from
natural bovine teeth) as measured with a digital
Vernier caliper (Mitutoyo, Tokyo, Japan). Then, 17%
ethylenediaminetetraacetate solution (Endo Clean,
M Dent, Bangkok, Thailand) or EDTA was applied
for 1 minute to remove the smear layer formed during
preparation. All tooth discs were rinsed and stored in
distilled water for less than 24 hours before starting
the experiment.

These specimens were divided into 3 groups
according to the concentration and composition
of bleaching agents as follows: group-1 (40HP)
was 40% Opalescence Boost (Hydrogen peroxide,
Ultradent, South Jordan, USA), group-2 (20CP)
was 20% Opalescence PF (Carbamide peroxide,
Ultradent, South Jordan, USA) containing potassium
nitrate and fluoride, and group-3 (10CP) was 10%
Opalescence PF (Carbamide peroxide, Ultradent,
South Jordan, USA) containing potassium nitrate
and fluoride.

The specimens were put into a device that was
modified from an artificial pulp chamber developed
at the Laboratory of Experimental Pathology and
Biomaterials, Araraquara School of Dentistry,
UNESP.!'"D Each device included 3 acrylic discs.
Two discs with an opening of 5 mm allowing the
placement of a specimen between these 2 discs in
the proper position were prepared. The remaining
disc with 2 perforations to allow the circulation of
solution in and out to quantify peroxide penetra-
tion covered the bottom of lower disc. Between the

acrylic discs, a thin silicone disc was inserted to
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prevent excess penetration of the bleaching agent.
All compartments were tightly fixed with 4 screws.
A diagram of the modified artificial pulp chamber

model is presented in Figure 1.

Tooth disc

Ui 1 gaszneuveslwsuiledolusiaes

Figure 1 The diagram of all compartments of the modified

artificial pulp chamber

Bleaching was performed using 3 bleaching
agents according to the manufacturer’s recommenda-
tions. In total, 30 mg of bleaching agent was applied
to each sample and remained in contact for 1 hour
(hr).

To quantify the peroxide penetration through
tooth disc, the artificial pulp chambers were filled
with 1 ml of acetate buffer solution (2 mol/l, pH=4.5)
by mixing 0.1 M acetic acid and 0.1 M sodium
acetate (tri-hydrate). The dentine side remained in
contact with the acetate buffer solution during all
bleaching procedures.

After the bleaching processes, 100 pl of acetate
buffer solution inside the chamber were removed
and mixed with 2750 pl of distilled water, 100 pl
of leucocrystal violet (0.5 mg/ml dissolved in 0.5%
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HCI (Sigma Chemical, St Louis, MO, USA)), and 50
ul of peroxidase type I from Horseradish (1 mg/ml
(Sigma Chemical, St Louis, MO, USA)).

This procedure was based on the chemical
reaction of hydrogen peroxide with leucocrystal
violet, which was catalyzed by peroxidase enzyme.(®
The color of the mixed solution varied in intensity
due to the quantity of penetrated peroxide. As a
consequence of this variation, it was possible to
indirectly calculate the amount of penetrated
peroxide in the solution using a spectrophotometry
method.

Spectrophotometry was used to read the amount
of hydrogen peroxide penetration using 2 techniques
of spectrophotometer. Readings will be taken with
a standard spectrophotometer with cuvette reader
(Genesys 10S Vis, Thermo Fisher Scientific,
Waltham, MA, USA) and hybrid multimode micro-
plate spectrophotometer (Epoch, BioTek, Winooski,
VT, USA) at 596-nm wavelength. The calibration
curve was used to calculate the quantity of hydrogen
peroxide contained in each solution. The measure-
ment was repeated thrice for each solution for all
different application times. The calibration curve
was generated by dividing the known-concentration
of hydrogen peroxide by its absorbance measured

from each spectrophotometer.
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The means and standard deviation of hydrogen
peroxide concentration (ng/ml) were calculated.
Data were organized, and the distribution and
homogeneity of variance were analyzed using
Komogorov-Smirnov test and Levene’s test. Then,
one-way ANOVA at a 95% significance level and
Duncan’s post hoc test were used for analysis. Thus,
the independent t-test was used for further analysis
of differences between the testing method, and the
correlation between testing methods was also
analyzed within each material at a 95% significance

level.

Results

The results from standard spectrophotometer
analysis were in Table 1. Analysis with one-way
ANOVA at a 95% significance level showed a
significant effect of the bleaching type on the
amount of hydrogen peroxide penetration (p=0.002).
The data were also analyzed using Duncan’s test
for multiple comparison. The highest amount of
hydrogen peroxide penetration was found in the
group bleached with 40HP (0.0185), and this
level was significantly higher compared with other
groups. In contrast, the lowest amount was observed
in the group bleached with 10CP (0.0026), but the
difference was not significant (p=0.818) compared
with the group bleached with 20CP (0.0037).

mswa 1 Uswalalanawweseanludnduaiu (lulasasu/ug.) mevdonanendiuduszeziar 1 Talue Ineldinsesiinsisi

maganfuuavyiailiAauInamunTTu:

Table 1 The amount of hydrogen peroxide penetration (ug/ml) after 1-hr application as determined by the standard spectropho-
tometer with cuvette reader
Spectrophotometer Bleaching type
40HP 20CP 10CP
H,0, (pg/ml) 0.0185+ 0.0177 0.0037+ 0.0098" 0.0026 0.0099"

The data (mean =+ standard deviation) with the same superscripts are not statistically different (»>0.05).
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The results from microplate spectrophotometer
were in Table 2. Analysis with one-way ANOVA at
a 95% significance level also revealed a significant
effect of bleaching types on the amount of hydrogen
peroxide penetration (p=0.000). Further analysis
using Duncan’s test for multiple comparison
revealed that the highest amount of hydrogen
peroxide penetration was detected in the group
bleached with 40HP (0.1080). This level was
significantly higher compared with other groups. The
lowest amount of hydrogen peroxide penetration was
observed in the group bleached with 10CP (0.0107).

Analyses of different hydrogen peroxide pene-
tration levels as determined by different evaluating

methods are demonstrated in Figure 2. Statistically
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significant differences were found between the two
spectrophotometers with different reading methods
(p<0.05) for each bleaching agent. The use of a
standard spectrophotometer with cuvette reader
yielded a reduced amount of detected hydrogen
peroxide compared with microplate spectropho-
tometer.

The correlation between results from the two
spectrophotometers with different reading methods
on the amount of hydrogen peroxide (ng/ml) was
further analyzed by Pearson correlation at the 95%
significance level as demonstrated in Table 3. High
correlation was found with R = 0.95 for the 40HP
group, R =0.96 for the 20CP group and R =0.99 for
the 10CP group.

mawi 2 sunalalasiouweseonludindus (lulpsasu/ua.) mevdonnwendiuiuszeziaar 1 7alu lngldinsoviingiz

maganauusvyialulasinan

Table 2 The amount of hydrogen peroxide penetration (ug/ml) after 1-hr application based on the microplate spectrophotometer
Bleaching type
Microplate £p
40HP 20CP 10CP
H,0, (ug/ml) 0.1080+ 0.0164% 0.0365+ 0.0105" 0.0107+ 0.0243¢

The data (mean + standard deviation) with the same superscripts are not statistically different (»>0.05).

0.12 0.108
0.1
0.08
0.06
0.0365
0.04
0.0185 0.0107
0.02 0.0037 0.0026
0
g/ml 40HP 20CP 10cp
B standard Spectrophotometer M Microplate

iz swalslasiumesoonlvdidusu (lulas-nsw/
us.) menssnnwandiudiuszeziaa 1 191w lne
l9ia3auiiAs1zinspanduuaoiniildAuanmiu
muuz uazgialulasivan

Figure2 The amount of hydrogen peroxide penetration

(ug/ml) after 1-hr application as determined by
standard spectrophotometer and microplate spec-

trophotometer

M509 3 Audunusildaananisnsiailalaniavines
ponlys (lulpsasu/ue.) szninsesinmaganiy

wavriaildawamsmdumee uazvialulasinas

Table 3 The correlation between results from the two spec-
trophotometers with different reading methods on
the amount of hydrogen peroxide (ug/ml)

Bleaching type
Correlation
40HP 20CP 10CP
R 0.95 0.96 0.99
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Discussion

The small molecule H,O, is released from
bleaching agents, can penetrate rapidly through the
tooth structure, can reach the dentin tissue shortly
after the application of a bleaching agent to the
enamel, and then can enter the pulp.(!? H,0, and
products derived from decomposition of bleach-
ing agents react with chromophores, breaking them
down into smaller compounds and resulting in
brighter teeth.(-'314) Unfortunately, this oxidative
reaction is not only limited to chromophores but also
may cause a number of undesirable side effects.(>!6)
Thus, studies evaluating the penetration of H,0,
into the pulp chamber are required to establish a safe
and effective bleaching therapy.(!”!)

The methodology used for quantifying the
trans-enamel and trans-dentinal penetration of H,O,
in this study was modified from a previous report by
Goncalves and co—worker(zo), which demonstrated
significant sensitivity for detecting small amounts of
H,O,. In our study, the contact between the dentin
surface and the acetate buffer solution allowed for
stabilization of H,O, penetration into the artificial
pulp chamber, and this procedure was employed for
further investigation of H,O, diffusion through the
dental tissues as measured by either the standard
spectrophotometer with cuvette reader and the
microplate spectrophotometer.

The amount of hydrogen peroxide penetration
represents the residual hydrogen peroxide that
remained from the reaction with the colored molecules
in the tooth structure and then penetrated into the
pulp. Increased penetration was observed with
increased concentrations of bleaching agents. This
result correlated with previous studies using in-office
bleaching agents.!'??) However, a former study
found that the hydrogen peroxide seem to break down

to radical ion faster than carbamide peroxide.?

CM Dent J Vol. 41 No. 1 January-April 2020

The value of the assessment archiving from
various methods may be different. In this study,
the amount of hydrogen peroxide penetration was
analyzed based on 2 techniques of spectrophoto-
metry: microplate spectrophotometer and standard
spectrophotometer with cuvette reader. In previous
studies, a spectrophotometer with cuvette reader
was mainly used, which required a large amount of
samples and chemical reagents. A 3-ml total volume
of testing sample is required to fill the cuvette for the
procedure of analysis.?!?2) Whereas, the microplate
spectrophotometer helps to reduce the total volume
of analyzed solution to microliters in each well of
microplate. However, as mentioned earlier, HPLC is
another interesting and effective device for identify-
ing and quantification of hydrogen peroxide. Future
study may be carried out the detection of hydrogen
peroxide using HPLC technique.

Comparing the amount of hydrogen peroxide
penetration in terms of the penetration rate, this study
found that 40HP exhibited an increased penetration
rate (0.1080 pg/ml/hr) compared with 20CP (0.0365
ug/ml/hr) and 10CP (0.0107 pg/ml/hr). This result
indicates that the increased bleaching agent concen-
tration, the increased penetration rate.

The lowest amount of hydrogen peroxide
penetration was observed in the 10CP group in both
spectrophotometers, which used a home-bleach-
ing agent. However, some studies have discussed
hydrogen peroxide toxicity in pulpal cells. From a
previous study, 40-50 pg/ml hydrogen peroxide has
been suggested to be toxic to pulpal cells and might
cause pulpitis.*)) Regarding hydrogen peroxide
penetration results, the highest measurement
observed was much lower than toxic levels. However,
using different measurements or equipment may
be obtained in different results. The interpretation

for the clinical situation should be concerned that
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might be resulted from the sensitivity and reliability
of equipment and methodology. Thus, genotoxic
and carcinogenic effects of high concentrations of
hydrogen peroxide during long-term application
have been proposed.®>?%) The human body contains
peroxidase and catalase enzymes as a natural defense
mechanism, and these enzymes reduce the amount
of hydrogen peroxide that passes through the pulp
cavity. To avoid the adverse effects that might occur
from unsafe use, it is important to consider the

concentration used and application time.

Conclusion

Under the conditions of this study, it can be
concluded that the amount of hydrogen peroxide
penetration was affected by the concentration of
the bleaching products. The microplate spectropho-
tometer exhibits greater efficacy compared with the
standard spectrophotometer with cuvette reader, and
the microplate spectrophotometer is recommended
to quantify relatively low amounts of hydrogen

peroxide.
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