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Abstract. Reversible pulpitis is inflammation of the pulp that can change back
to the normal pulp. The medicament is critical to the success of direct pulp cap-
ping treatment, as evidenced by the formation of odontoblast-like cells. Calcium
hydroxide has begun to be abandoned because of its deficiency. This study aims
to determine the effect of chitosan-coated red snapper fish scales as a medica-
ment for direct pulp capping on the formation of odontoblast-like cells. This
study examined the effect of chitosan on the formation of odontoblast-like cells
in vivo. The samples used were from 4 groups: healthy rats, reversible pulpitis
rats, reversible pulpitis rats treated with calcium hydroxide, and reversible pulpitis
rats treated with chitosan. Observation of odontoblast-like cells was carried out
using an Optilab Olympus CX23 microscope with a magnification of 1000 times
and was calculated using image raster software. The results showed the forma-
tion of odontoblast-like cells with an average of in group 1 0.166, group 2 0.066,
group 3 0.600, and group 4 0.633. Then the Kruskal Wallis test was carried out,
and the results obtained were p = 0.006 (p < 0.05), meaning a significant differ-
ence. The results of the Mann-Whitney test showed that there were significant and
insignificant differences. Based on this study, it can be concluded that chitosan red
snapper fish scales used as a direct pulp capping material influence the formation
of odontoblast-like cells in reversible pulpitis.
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1 Introduction

Pulpitis is an inflamed pulp [1] Pulpitis is classified into reversible pulpitis and irre-
versible pulpitis. Reversible pulpitis is a mild to moderate inflammatory condition of
the pulp, whereas irreversible pulpitis is a continuation of reversible pulpitis. The pulp
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with reversible pulpitis can return to a normal pulp if the irritant stimulus is removed
[2]. Pulps with irreversible pulpitis cannot return to a normal pulp because the pulp has a
necrosis [3] Reversible pulpitis that is not treated promptly has the risk of causing pulpal
death and tooth loss [4].

Characteristics of the healing process of exposed pulp tissue are the remodeling
of damaged soft tissue, the formation of odontoblast-like cells, and the formation of a
reparative dentine [5]. Direct pulp capping treatment is carried out by placing medica-
ments in cavities with exposed pulp to maintain pulp vitality [6]. Medicament sup-
presses the inflammatory process by inducing the formation of odontoblast-like cells [7]
Odontoblast-like cells will form reparative dentin, which will cover the exposed pulp
so that it can protect the pulp from more severe damage [8] The ideal requirements for
medicaments include stimulating reparative dentine formation, maintaining the pulp as
vital, being antibacterial, adhering to dentine and restorative materials, and being able
to act as a barrier to prevent bacteria from entering [9].

One of Indonesia’s abundant marine products is red snapper. The protein content
in red snapper fish scales can be extracted into chitin and then converted into chitosan
through deacetylation. Chitosan is non-toxic, biocompatible, and biodegradable, making
it suitable for the biomedical field [10] Research using chitosan as a hemostatic agent in
pulpotomy treatment has proven that chitosan can increase the formation of reparative
dentine and hard tissue [11]. 1The higher degree of deacetylation of chitosan can increase
the formation of odontoblast-like cells, which play a role in the healing process of pulp
tissue [12]. This study aims to determine the effect of chitosan from red snapper fish
scales on the formation of odontoblast-like cells in pulp tissue with reversible pulpitis.

2 . Research Methods

The sample used was 24 Sprague Dawley rats, which were divided into four groups
consisting of group 1, healthy rats, group 2, reversible pulpitis rats, group 3, reversible
pulpitis rats applied calcium hydroxide, and group 4, reversible pulpitis rats applied
chitosan. Chitosan is made from red snapper fish scales obtained from the market. The
scales of the red snapper are washed thoroughly and then dried. The dried fish scales
were mashed with a blender and then sieved using an 80-mesh sieve to produce a fine
powder.

2.1 Chitosan Manufacture

The process of isolating red snapper scales starts at the deproteinized stage: putting 125
g of red snapper scale powder into a beaker glass. Red snapper scale powder was added
with 3.5% (w/v) NaOH at a ratio of 1:10. The mixture was heated at 70 °C accompanied
by stirring for 1 h using a magnetic stirrer then filtered with filter paper and washed with
distilled water to obtain a neutral pH. The solid obtained is dried in an oven at 60 °C for
1 h or until it has a constant weight.

The second stage is demineralization, which is carried out by adding solids with 1IN
HCL at a ratio of 1:10 in a beaker glass. The mixture was allowed to stand at room
temperature and then heated to 75 °C, accompanied by stirring for 1 h using a magnetic
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stirrer, and then filtered with filter paper and washed with distilled water to obtain a
neutral pH. The solid, thus obtained is dried in an oven at 60 °C for 1 h or until it has a
constant weight. The resulting product is chitin.

The third stage is deacetylation, which is carried out by adding chitin powder to
3.5% NaOH with a ratio of 1:10 in a beaker glass. The mixture was heated to 75 °C and
stirred for 1 h using a magnetic stirrer, then filtered with filter paper and washed with
distilled water to obtain a neutral pH. The solid thus obtained is dried in an oven at 60
°C for 1 h or until it has a constant weight. The product produced at this stage is red
snapper fish scale chitosan. The degree of chitosan deacetylation was calculated using
the Fourier Transform Infrared (FTIR) spectrophotometry method. The analysis showed
that the degree of deacetylation of the chitosan scales of red snapper was 91.126%.

2.2 Experimental Animal Treatment

Sprague Dawley rats were anesthetized intramuscularly using 0.2 cc of ketamine. The
surface of the maxillary first molar was opened using a round diamond bur with a cavity
diameter of 2 mm and a depth of 1 mm. The pulp roof was perforated using a sonde
and then checked using a k-file. The cavity on the teeth of the rats was treated with a
plastic instrument, according to the group. Group 2 was applied with cavity, group 3 was
applied with calcium hydroxide, and group 4 was applied with chitosan.

After the 28th day, the euthanasia process was performed by placing the rats in an
airtight container filled with cotton containing chloroform. Dead rats were subjected to
jaw cutting using surgical scissors to remove their teeth. Maxillary first molars were taken
and put in a sealed container containing 10% formalin buffer solution. Furthermore, the
decalcification process was carried out by immersing the tissue in HCL for seven days.
Tissue processing was carried out in several stages: dehydration, clearing, embedding,
tissue cutting, and tissue staining using hematoxylin-eosin.

Odontoblast-like cells were observed in 5 randomly selected fields of view using an
Optilab Olympus CX23 microscope with 1000x magnification and counted using image
raster software. Each visual field is scored based on the parameters described in Table 1
[13].

The data obtained were then tested statistically using SPSS 22 software. The data
were subjected to the Shapiro-Wilk test to determine their normal distribution and the
homogeneity test, namely Levene’s test. If the test results show that the data is nor-
mally distributed and homogeneous, it meets the requirements for a one-way ANOVA
parametric test.

Table 1. Scores and Parameters of odontoblast-like cells

Styles Parameters

1 The number of odontoblast-like cells in each visual field 1-20

2 The number of odontoblast-like cells in each visual field 21-40
The number of odontoblast-like cells in each visual field 41-80
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Fig. 1. a) Odontoblast-like cell score 0, b) Odontoblast-like cell score 1, c) Odontoblast-like cell
score 2, d) Odontoblast-like cell score 3, e) Odontoblast-like cell score 4.

3 Results

Based on the observations of odontoblast-like cells, the average number of odontoblast-
like cells in each group is shown in Table 2.

Table 2. The average result of odontoblast-like cells The average results showed
that the most odontoblast-like cell formation occurred in group 4, while the lowest
odontoblast-like cell formation occurred in group 2.

The results of the Shapiro-Wilk test for groups 1, 2, and 4 have a p-value < 0.05,
so the data is not normally distributed. Levene’s test results obtained a value of p =
0.240, where the value of p > 0.05 indicates homogeneous data. The one-way ANOVA
test does not apply to data that is not normally distributed. An alternative test that can
be performed if data normality is not met is the Kruskal-Wallis test. The results of the
Kruskal Wallis test obtained p = 0.006, so the p < 0.05 indicated a significant difference
between treatment groups. The Mann-Whitney test was performed to determine the
significant relationship between groups. The Mann-Whitney test results can be seen in
Table 3.

Table 3 Mann-Whitney Test Results*Sig < 0.05, indicating a significant difference
in the number of odontoblast-like cell formations.

Based on the results of the Mann-Whitney test, it was found that there was a signif-
icant difference in the formation of odontoblast-like cells (p < 0.05) in groups 1 to 3,
groups 1 to 4, groups 2 to 3, and groups 2 to group 4.
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4 Discussion

Trauma to the rat teeth causes the pulpal roof to open. The exposed pulp becomes an entry
point for microorganisms into the pulp, causing inflammation [14]. Inflammation that
occurs will make the original odontoblast cells carry out a defensive reaction, namely the
ability to carry out recovery. In mild pulp tissue damage, the original odontoblast cells
that are not damaged will form reactionary dentin. However, with more severe damage,
the original odontoblast cells will die and be replaced by odontoblast-like cells [15].

The medicaments used in treating pulp caps will help stimulate an increase in the
number of progenitor cells. Progenitor cells function to stimulate an increase in trans-
forming growth factor-beta 1 (TGF-B1), which is the initial stage in the formation of
odontoblast-like cells produced by undifferentiated cells of the dental papilla mes-
enchyme [16]. Chitosan and calcium hydroxide can both stimulate the formation of
odontoblast-like cells. However, the formation of odontoblast-like cells carried out by
calcium hydroxide is inconsistent [17]. The high pH of calcium hydroxide can help
release proteins and growth factors (TGF-1) [18] On the other hand, the strong base
of calcium hydroxide can cause mitochondrial dysfunction in tissues. These conditions
will increase superoxide radicals that diffuse through the cytosol and then enter the
mitochondria, resulting in decreased function. If the mitochondria die, the cell will lack
oxygen and eventually die [19].

Pulp healing depends on the ability of the medicament to form an excellent seal to
prevent the entry of microorganisms into the pulp [20]. Chitosan has a better sealing
ability than calcium hydroxide because it is a polyelectrolyte that can interact with
the surface and negative biomolecules. The amine group in chitosan can bind to the
hydroxyl particles in dentin [21, 22]. The ability of chitosan to form a good seal can
prevent microorganism contamination from entering the pulp, preventing inflammation
and promoting pulp repair.

The rats treated with chitosan had the highest average number of odontoblast-like
cell formations among the other groups. This is because the chitosan in red snapper fish
scales has a high degree of deacetylation. A high degree of deacetylation will increase
the biocompatibility properties of chitosan in the wound healing process, especially
in the formation of odontoblast-like cells [23, 24]. The active compound N-acetyl D-
glucosamine in chitosan will cross-link with glycosaminoglycans and glycoproteins,
which play a role in activating TGF-1. Chitosan will enhance the role of TGF-f1,
which stimulates the formation of odontoblast-like cells, by protecting TGF-1 so that
it is not easily degraded by enzymes and heat [25]. Chitosan will also accelerate wound
healing through its ability to bind heparin polyanions to form polyelectrolyte complexes
[26] Heparin slows the diffusion of TGF-1 in the tissues, increasing its half-life [27].

5 Conclusion

Through the research that has been done, it can be concluded that chitosan from red
snapper scales used as a pulp cap medicament can increase the amount of odontoblast-like
cell formation in reversible pulpitis.
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