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ABSTRACT

Background: Reactive Oxygen Species (ROS) released from hydrogen
peroxide causes inflammation of the pulp. Remineralization action by fluoride-
containing desensitizing agent (Casein Phosphopeptides-Amorphous Calcium
Fluoride Phosphate/CPP-ACFP) occluding dentinal tubule, thereby minimizing
the penetration of hydrogen peroxide into the pulp and affect the number of
fibroblasts. The aim of this study was to determine the effect of fluoride-
containing desensitizing agent (CPP-ACFP) application: before, after, and
before-after in-office bleaching techniques using 40% hydrogen peroxide on
the number of fibroblasts.

Method: Twenty-eight maxillary molar teeth were divided into 4 groups, Control
Group (bleaching treatment), Group | (CPP-ACFP application before
bleaching), Group Il (CPP-ACFP application after bleaching), and Group Il
(CPP-ACFP application before and after bleaching). Rats were sacrificed 5
days after and histological preparations were stained with HE. Fibroblasts
counting was performed using a 1000x magnification light microscope.
Result: ANOVA test showed that there were significant mean differences in the
number of fibroblasts among the groups. The LSD test showed that there were
statistically significant differences in almost all of the compared groups except
between the Control Group and Group II.

Conclusion: The number of fibroblasts in the pulp of rats applied CPP-ACFP
before and after in-office bleaching was less than applied CPP-ACFP before or
after in-office bleaching.

INTRODUCTION

In-office  bleaching

is a bleaching

weight (34 daltons) which accelerates their

diffusion to the enamel prism and interprismatic

technique using high concentrations of hydrogen
peroxide and has several advantages, for instance
the treatment process is very fast and the process
is controlled by the dentist, thus the results can be
seen in one visit and the patient is more
cooperative?. Hydrogen peroxide as an active
bleaching agent is an oxidant, with the help of
chemical or physical activators it breaks down into
hydroxyl radicals, perhydroxyl radicals,
perhydroxyls anions and superoxide anions.

These reactive free radicals have a low molecular

space, as well as through the dentin organic
matrix*34. The higher the concentration and
application time of hydrogen peroxide, the higher
the oxidative stress produced on the pulp because
the deeper the penetration through enamel and
dentin and the more Reactive Oxygen Species
(ROS) produced>s.

The loss of some minerals in enamel and
dentin has a positive correlation with increased
porosity which facilitates the diffusion of the

bleaching agent into the dentin and pulp
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structures. To overcome mineral loss and its
effects, it is recommended to use desensitizing
agents that can induce remineralization’. Based
on the way it works, there are 2 kinds of
desensitizing agents, namely those that work by
means of nerve blockade and those that work by
closing the dentinal tubules. Desensitizing agents
act by covering the dentinal tubules by the
formation of insoluble precipitates (i. e. oxalate
crystals, calcium phosphate crystals, fluorine
phosphate crystals). The decrease in dentin
permeability that occurs due to partial closure of
the tubules, causes the movement of fluid in the
dentinal tubules to decrease8919,

Calcium Phosphopeptide-Amorphous
Calcium  Phosphate  (CPP-ACFP) is a
desensitizing agent that form calcium phosphate
precipitates in the exposed dentinal tubules
resulting in partial closure of the dentinal
tubules!11213 Research by Kristanti et al,using X-
Ray Diffraction proved that when CPP-ACFP was
applied before and after in-office bleaching
showed the least mineral loss compared to the
control group and the group that applied CPP-
ACFP before or after the in-office bleaching only+.

Fibroblasts are located towards the center
of the pulp and play a role in the formation and
replacement of the extracellular matrix of the
pulp'®. Fibroblasts are oval-shaped, large, and
pale cells, with a clearly visible nucleus, and have
many irregular cytoplasmic branches. These cells
play a role in the pulp-dentin regeneration 1617,
There are two types of fibroblasts, active
fibroblasts and passive fibroblasts. The presence
of active fibroblasts is an indicator of fibroblast
proliferation  activity!81°, In  physiological
conditions, fibroblasts have a low proliferation
index and metabolic activity, while during the
healing process fibroblasts have high proliferation

and metabolic rates'’. Fibroblasts play a role by

producing various inflammatory mediators such as
IL-8, IL-6, and Vascular Endothelial Growth Factor
(VEGF) and initiating the formation of reparative
dentin?, Fibroblasts migrate to the injured area
and differentiate into odontoblast-like-cells to
initiate reparative dentin formation as an effort to
heal tissue?'?2, In the wound healing process,
fibroblasts play a role in the proliferation phase.
Fibroblasts maintain the integrity of connective
tissue in the pulp by synthesizing collagen types |
and 1ll, as well as proteoglycans and
glycosaminoglycans, which are also responsible
for collagen turnover because they have the ability
to phagocytosis and digest collagen?3.

The aim of this study was to determine the
effect of variations of fluoride containing
desensitizing agent (CPP-ACFP) application:
before, after and before-after in-office bleaching
techniques using 40% hydrogen peroxide on the

number of fibroblasts.

METHODS

This research protocol was approved by
the  Ethics and Advocacy Unit (No.
00444/KKEP/FKG-UGM/EC/2020) of the Faculty
of Dentistry, Gadjah Mada University (Yogyakarta,
Indonesia).

The male Wistar rats were anesthetized
by intramuscular injection of ketamine-xylazine
(40 mg/kg). The upper left and right molar teeth of
rats were assigned to 4 groups. In the control
group, 0.01 ml of 40% hydrogen peroxide
(Opalescence Boost PF 40%, Ultradent, USA) was
applied to the occlusal surface for 5 minutes then
cleaned with an aspiration tip and rinsed with
distiled water. Group I, 0.1 ml Casein
Phosphopeptide-Amorphous Calcium Fluoride
Phosphate (CPP-ACFP) (Tooth Mousse Plus®,
GC) was applied for 3 minutes on the occlusal

surface then cleaned with a cotton bud followed by
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application of 0.01 ml of 40% hydrogen peroxide
for 5 minutes then cleaned with an aspiration tip
and rinsed with distilled water. Groups Il and Il
received the same treatment as Group |, but in
Group Il CPP-ACFP was applied after 40%
hydrogen peroxide application, whereas in Group
Il CPP-ACFP was applied before and after 40%
hydrogen peroxide application. Five days after the
treatment, the rats were killed with a lethal dose of
ketamine HCI (0,2 ml/250 gram). The right and left
maxillae from each rat were separated, dissected,
and fixed in a solution of 10% buffered formalin for
24 hours. The tissues were then dehydrated
through a graded series of ethanol and embedded
in paraffin blocks. All of these stages were done by
the previous researcher?4,

In this study, there were 28 upper molar
paraffin blocks of male Wistar rats consisted of 4
groups (n=7). Four-micron sections were cut in the
mesiosagittal plane using a microtome (Sakura
Accu-cut SRM Microtome, Japan), and stained with
Hematoxylin Eosin using an Automatic Staining
Machine (Thermo Scientific, USA). Observations by
3 observers were performed under light microscope
(1000x, Olympus CX 33, Japan) equipped with a
microscope camera (Sigma, USA). The observed

fibroblasts consisted of active fibroblasts and

passive fibroblasts. Active fibroblasts have a
relatively large cytoplasm, round, long, blunt, and
sometimes  branched, oval-shaped nucleus.
Passive fibroblasts are smaller than active
fibroblasts, are coil-shaped, with an elongated
process and a darker, more heterochromatic oval-
shaped 1. The calculations were performed in
three fields of view in the coronal pulp with a “V”
pattern (Figure 1). The number of accumulated
fibroblasts is then divided by 3 according to the
number of fields of view 6. Data were analyzed
using ANOVA followed by LSD.

RESULTS

The data obtained in this study were ratio
data, namely the number of fibroblasts. The image
of fibroblasts in rat pulp can be seen in Figure 2.
The data are the results of the mean calculation of
the number of fibroblasts divided by the number of
fields of view observed by 3 observers. The mean
results were tested for reliability by using the
Pearson correlation test then the data were
analyzed by using the Shapiro-Wilk normality test to
determine the distribution of the data, meanwhile

the homogeneity test of variance using the Levene

test.

Figure 1. lllustration of fields of view in the coronal pulp with a “V” pattern.

Tabel 1. Time eruption primary teeth®

Tooth Seed Formation

Eruption Grow Perfectly

Upper Jaw  Insisivus 1

4 months

7,5 months 1,5 years old
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Lower Jaw

Insisivus 2 4,5 months 9 months 2 years old
Caninus 5 months 18 months 3,5 years old
Molar 1 5 months 14 months 2,5 years old
Molar 2 6 months 24 months 3 years old
Insisivus 1 4,5 months 7 months 1,5 years old
Insisivus 2 4,5 months 7 months 1,5 years old
Caninus 5 months 16 months 3,5 years old
Molar 1 3 months 12 months 2,5 years old
Molar 2 6 months 20 months 3 years old

Group Il

Group Il

Figure 2. Representative images of specimens at 1000x magnification in the Control Group (a), Group | (b),
Group Il (c), and Group 11l (d). Fibroblasts are indicated by white arrows.

Table 1. The mean and standard deviation of the effect of various fluoride containing desensitizing agent
application related to in-office bleaching using 40% hydrogen peroxide on the number of fibroblasts

Group Mean + SD
Control 18,614+1,8872
Group | 13,200+1,6643
Group Il 17, 486+2,1162

Group Il 11,157+1,4604

Table 2. A one-way ANOVA of the effect of fluoride containing desensitizing agent application related to in-
office bleaching using 40% hydrogen peroxide on the number of fibroblasts

Sum of Squares df Mean Square F p
Between Groups 260,380 3 86,793 26,825 0,000*
Within Groups 77,654 24 3,236
Total 338,034 27

Table 3. LSD test of the number of fibroblasts between Control Group, Group | (CPP-ACFP application before
in-office bleaching), group Il (CPP-ACFP application after in-office bleaching), and group Ill (CPP-
ACFP application before and after in-office bleaching)
Comparison groups LSD p

Control Group | 5,4143 0,000*
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Group Il 1,1286 0,252
Group llI 7,4571 0,000*
Group | Group |l -4,2857 0,000*
Group llI 2,0429 0,044~
Group Il Group IlI 6,3286 0,000*

DISCUSSION

This research used Wistar rats because
they have a physiological system and
inflammatory reactions that resemble humans, are
easy to handle, easy to standardize and control,
and relatively economical?>26, Upper molar teeth
were chosen because the structure and
anatomical shape of these rats resembled human
molar teeth?”28,

The tissue specimens taken 5 days after
treatment (application of 40% hydrogen peroxide
bleaching agent with three variations of the
application of Casein Phosphopeptide-Amorphous
Calcium Fluoride Phosphate (CPP-ACFP)). This is
consistent with the statement of Vellnar et al.
(2009) cit. Pribadi?® (2017) stated that the
proliferative phase starts on the third day to two
weeks after injury. The proliferative phase is
characterized by the formation of granulation
tissue in the lesion area by cells that play an
important role, namely fibroblastss°.

Migration and proliferation of fibroblasts
marked the start of a proliferative phase in wound
healing, beginning in the final inflammatory phase
by secreting growth factors, cytokines, collagen,
and other components of the extracellular matrix3?,
Migration of undifferentiated stem cells and
fibroblasts to the injured area occurs from the 3
day and reaches a peak on the 7" day. This action
is stimulated by several cytokines (i.e. fibroblast
growth factor/FGF, insulin-like growth factor-
1/IGF-1, and platelet-derived growth factor/PDGF)

which were initially produced by platelets but were

subsequently produced by macrophages and
lymphocytes®°.

Demineralization that is caused as a side
effect of bleaching can affect the content of
calcium and phosphate ions. In enamel, the
phenomena detected were a decrease in
hardness and an increase in surface roughness.
In dentin, hydrogen peroxide causes oxidation of
organic components resulting in an increase in the
diameter of the dentinal tubules, because
peritubular dentin, which contains more minerals
and less collagen, is more resistant to hydrogen
peroxide than intertubular dentine which contains
more collagen. This can lead to increased dentin
permeability’432:33.34 Hydrogen peroxide as an
active ingredient in in-office bleaching is a strong
oxidant that can break down into free radicals
(Reactive Oxygen Species/ROS)%. Reactive
Oxygen Species (ROS), which are chemical
irritants that cause inflammation of the pulp, are
marked by an increase in blood vessel dilation, the
number of macrophages, and the intensity of the
inflammatory response®6. Reactive Oxygen
Species (ROS) are reactive species that contain
oxygen, some have unpaired electrons and are
included in the free radical category such as super
oxidants and hydroxyl, there are also ROS that
does not have unpaired electrons (unpaired
electrons) and is called non-radical derivatives of
molecular oxygen, for example, hydrogen
peroxide®”.. Reactive Oxygen Species can induce

oxidative stress in pulp tissue if there is an
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imbalance between the amount of ROS and
antioxidants 2939,

The desensitizing agent is a material used
to minimize the effects of bleaching agents, one of
which is Casein Phosphopeptide-Amorphous
Calcium Fluoride Phosphate (CPP-ACFP) which
also has a remineralization effect. Amorphous
Calcium Phosphate can break down into calcium
and phosphate ions causing remineralization by
forming fluorapatite precipitates and closing the
dentinal tubules*9-41,

The results of the one-way Anava test
showed that there was a significant difference (p
<0.005) in the effect of variations in the application
of CPP-ACFP between groups, which means that
variations in the application of desensitizing agent
containing fluorine in in-office bleaching with 40%
hydrogen peroxide affected on the number of
fibroblasts.

The results of the Least Significant
Difference (LSD) test on the mean number of
fibroblasts showed a significant difference in the
mean number of fibroblasts between the Control
group and Group | and between the Control group
and Group lll. In the control group that did not
apply CPP-ACFP, it was seen that the number of
fibroblasts detected was more than those in Group
I and Group lll. The effects of bleaching on enamel
and dentin include loss of minerals, increased
porosity, and increased diameter of the dentinal
tubules, thereby facilitating the diffusion of the
bleaching material and its products (ROS) to the
pulp. The more bleaching agents that can pass
through the enamel and dentin to the pulp, the
more potential for pulp injury due to oxidative
stress increases so that the highest number of
fibroblasts is detected.

Oxidative stress is a situation in which the
stationary concentration of ROS increases

temporarily or chronically, exceeding the defense

capacity of the antioxidant. This condition has the
potential to cause tissue injury because it triggers
hypoxia which leads to ischemia which can affect
the biological system 3842, High levels of ROS
cause damage to lipids, proteins, and DNA2642,

Odontoblast damage due to the bleaching
effect causes the formation of dead tracts which
facilitate the penetration of chemicals into the pulp,
which causes activated fibroblasts417. Goldberg
and Hirata*® (2017) stated that during the tissue
healing process, fibroblasts are activated, then cell
migration and proliferation occur.

The mean number of fibroblasts between
Group | and Group Il was significantly different.
Fewer fibroblasts were detected in Group | than
those detected in Group Il. Application of CPP-
ACFP prior to in-office bleaching results in closure
of the dentinal tubules due to fluorapatite deposits.
The decreased permeability of the dentinal tubules
results in the incoming irritant (hydrogen peroxide
and the product) being inhibited. This is in line with
the research of Parreiras et al.** (2020) stated that
materials such as fluoride, nano calcium
phosphate, and CPP-ACP products can act as
physical barriers that reduce the entry of hydrogen
peroxide to the pulp. Fewer hydrogen peroxide
was detected in the pulp when desensitizing
agents were applied prior to in-office bleaching.

Between Group | and Group lll, and also
between Group Il and Group Il the mean number
of fibroblasts was significantly different. The
application of CPP-ACFP before in-office
bleaching in Groups | and Ill was shown to be
effective in reducing the irritants introduced by
partially closing the dentinal tubules by mineral
precipitates when compared to Group Il. The lower
dentin permeability causes chemical irritants and
the product is less ROS so that the proliferation
and migration of fibroblasts to the injured area is

less. In Group |, it was seen that the mean number
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of fibroblasts detected was less than in Group I,
and in Group Il the number of fibroblasts was less
than in Group I. This is in line with the statement
of Ortiz et al.*1 (2019) that CPP-ACFP can partially
cover the dentinal tubules by depositing calcium,
phosphate, and fluoride ions with high
concentrations. The application of CPP-ACFP
before bleaching did not affect the treatment
outcome, this is supported by the statement of
Parreiras et al.#4 (2020) stated that the application
of a desensitizing agent before bleaching did not
affect the bleaching efficacy as measured by using
a spectrophotometer.

In Group lll, the desensitizing agent was
applied twice, namely before and after bleaching
the least number of fibroblasts detected, this was
because the ROS that diffused into the pulp was
not as much as in the other groups. The
application of CPP-ACFP before the application of
bleaching caused a decrease in dentin
permeability due to partial closure of the dentinal
tubules by fluorapatite precipitates, and the
application of CPP-ACFP after the bleaching
application made the mineral precipitates more
stable. Berkathullah et al.*> (2018) stated that it
takes the application of CPP-ACFP more than
once to form stable mineral precipitates in the
dentinal tubules. Scanning Electron Microscope
(SEM) image of the dentinal tubules shortly after
CPP-ACFP application shows the presence of
mineral precipitates that partially cover the
dentinal tubules with a cobblestone-like
appearance. The research of Berkathullah et al.*®
(2018) also mentioned that after the dentin disc
was immersed in artificial saliva for 7 days, SEM
images showed that some of the deposits had
detached from the dentinal tubules. Pinto et al.*6
(2010) stated that the repeated application of a
desensitizing agent could increase its clinical

effectiveness.

Between Control Group and Group I, the
mean number of fibroblasts between the two groups
did not differ significantly. This occurs because the
bleaching agent in the form of hydrogen peroxide
and its oxidation products have penetrated first
through the interprismatic space of the enamel and
dentinal tubules into the pulp, resulting in injury to
the pulp tissue, this condition results in the number
of fibroblasts detected in this group not much
different from the number of fibroblasts in the
Control Group. This is supported by Silva-Costa et
al.2 (2018) who stated that the pulp response to
bleaching varies from mild to severe inflammatory
reactions that can even cause partial necrosis of the
coronal pulp tissue. Inflammatory reactions due to
oxidative stress caused by ROS can still occur even
though the composition of the bleaching gel
contains desensitizing agents, namely potassium
nitrate and fluoride because hydrogen peroxide has
a lower molecular weight so that hydrogen peroxide
reaches the pulp more quickly and causes injury

and causes an inflammatory response®.

CONCLUSION

Based on the results, it can be concluded that
the application of desensitizing agent before and
after bleaching causes the number of fibroblasts in
the dental pulp after bleaching with 40% hydrogen
peroxide to be less than the application of a
desensitizing agent before or after bleaching with
40% hydrogen peroxide. Another conclusion is the
application of desensitizing agent before bleaching
causes the number of fibroblasts in the tooth pulp
after bleaching with 40% hydrogen peroxide less
than the application of a desensitizing agent after

bleaching with 40% hydrogen peroxide.
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