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Introduction

Direct pulp capping is a treatment that is
performed when the pulp is exposed to iatrogenic
factors, resulting in perforation of the pulp tissue
[1]. Pulp cap treatment is performed by placing
medicament material as a barrier over the pulp
tissue. Inflammation can be slowed down, the
pulp tissue can be protected from outside
influences, and reparative dentin can form more
easily. This is the main goal of pulp treatment [2].
The formation of reparative dentin begins with
the formation of a fibronectin matrix, which is
tubular and irregular. It is made up of a lot of
fibronectin and acts as a storage area for growth
factors like TGF-f and molecules that help
odontoblast-like cells differentiate [3]. Eugenol is
one of the pulp-capping medicaments [4]. The
medicament material often used in treating pulp
capping is calcium hydroxide Ca(OH).. However,
calcium hydroxide has drawbacks, including poor
dentin, high solubility,
mechanical instability that results in tunnel
defects [5]. The high power of hydrogen (pH) in
calcium hydroxide can cause liquidation necrosis
in the superficial layer of the pulp [6]. Necrosis of
the pulp tissue can increase the expression of
factor kappa B (NF-kB) and
proinflammatory cytokines; this will increase
vascular permeability and the movement of
neutrophil cells to the area of injury if the pulp
tissue is in direct contact with these materials so
that persistent inflammation can occur [7].

A technological innovation in dentistry, an effort
to overcome the lack of calcium hydroxide, is
utilizing
polysaccharides sourced from animals, one of
chitosan [8].
polysaccharide produced from chitin [9]. Chitin is
a polymeric compound in most shelled marine
animals, such as shrimp, crabs, lobsters, fish
scales, clams, and crabs. Isolation of chitosan with
various raw materials used is more or less the

adhesion to and

nuclear

natural biomaterials based on

which s Chitosan is a

same in its production, namely through the stages
of demineralization,  deproteination,
deacetylation. However, the difference is the
degree of deacetylation in each of these materials

and

[10].

Chitosan has bioactive, anti-inflammatory, and
non-toxic properties and plays an active role in
wound healing, bone repair, and haemostasis.
Therefore, the use of chitosan is now being
developed as an alternative medicament in
dentistry [11]. Chitosan monomer promotes
tissue regeneration in dental pulp wounds. The
results show that chitosan accelerates
proliferation, and the regeneration process of the
exposed pulp can ideally occur when the
inflammatory process is minimal. According to
another study, using pulp capping material mixed
with chitosan hydrogel would speed up the
healing of vital pulp by encouraging the
production of healing dentin. One way that
chitosan can help reduce inflammation is by
blocking MAPK p38. This protein
important for cell differentiation and making
cytokines that cause inflammation [12].
Transforming Growth Factor f1 TGF-B1 is a
growth factor included in the group of growth
factors that play a role in proliferation, migration,
and differentiation in pulp cells [13]. This study
using fish scale nanochitosan has never been
This study compares
nanochitosane and calcium hydroxide on BMP-2
and TGF-f1 levels in direct pulp capping in teeth
with reversible pulpitis in vivo studies.

cell

is very

carried out Dbefore.

Materials and Methods

This type of study is done in an experimental
laboratory. Extracts were made at the UMS
Pharmacy Laboratory, and animal treatments
were carried out at the UNISULA Laboratory. The
Health Research Ethics Commission, Faculty of
Medicine, Universitas Muhammadiyah Surakarta,
No. 3642/A.1/KEPK-FKUMS/VIII/2021,
granted ethical approval for this research.

The initial step in the treatment of the teeth of
experimental animals is to perform asepsis in the
control group and the case group using a cotton
pellet that has been applied with povidone-iodine

has

and clamped by tweezers, followed by a circular
motion from the inside to the outside in the area
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to be treated, and then intramuscular anesthesia
was done with 0.2 cc of ketamine. Retraction of
the rat's upper jaw using a check retractor or
tweezers to make it easier to see the work area.
The preparation of the maxillary first molars
using a fissure diamond bur with a high-speed
handpiece, starting at the occlusal position of the
tooth, was drilled in a direction perpendicular to
the axis of the tooth to a depth of 1 mm with a
diameter of 2 mm to a thin layer above the roof of
the pulp. A perforation was made using a probe.
Afterwards, the depth of the burial was checked
using a 10 K file. The bleeding area of the cavity
was cleaned using a cotton pellet and irrigated
with saline solution, and then dried with sterile
dry cotton. Furthermore, the rats were given
treatment according to each group. Group I
(healthy mice), Group II (reversible pulpitis rats),
Group III (reversible pulpitis+Ca(OH)2), and
Group IV (reversible pulpitis+Chitosan
snapper scales).

Thereafter, the dry cavity was closed directly
using Cavit (3M ESPE, UK, and Ireland). The mice
were then placed in the cage according to each
treatment group. The rats were allowed to stand
for 72 hours to see a decrease in their pain
response. The data were tested using IBM SPSS
23 software and analysed with the One-way
ANOVA test and post-hoc with the
significant difference (LSD) test.

red

least

Results and Discussion

The subject of this study was a group of Sprague
Dawley rats that had been given pulp capping
medicament. The results of the study level for
BMP-2 are presented in Table 1.

Based on Table 1, it is known that there is a
difference in the mean level of BMP-2 in the four
groups. The group IV (reversible pulpitis rats
treated with nanochitosan had the highest level
of BMP-2. The results of the One-way ANOVA test
showed a significant value of 0.000 (p <0.05),
meaning that there was a significant difference
between the four groups in this study. The post-
hoc test is Least Significant Difference which is
used to see a significant difference between
groups is presented in Table 2.

The interpretation of the results of LSD test is
that there is a significant difference in BMP-2
level (p <0.05) in group I to group II, group I to
group III, group I to group IV, group II to group
IV, and group III to group IV. Other groups such
as group Il against group III showed that was not
significant between group II to group IIl. The
results of the study level of TGF-Blare
summarized in Table 3. Based on Table 3, it is
known that there is a difference in the mean level
of TGF-B1 in the four groups. The group IV
(reversible  pulpitis rats treated  with
nanochitosan had the highest level of TGF-31.

The results of the One-way ANOVA test showed a
significant value of 0.0016 (p <0.05), meaning
that there was a significant difference between
the groups this study.

four in

Table 1: The results of mean, standard deviation, and One-way ANOVA test for BMP2 level

Group BMP-2 Shapiro Levene | One-way ANOVA
(x+SD) wilk test Sig.
I (Healthy Rat) 418.54+16.24 0.364
II (Reversible Pulpitis) 399.98+11.25 0.920
111 (reversible pulpitis+Ca(OH)2) 394.93+10.49 0.274 0.764 0.000
IV (reversible pulpitis+nanochitosan) 477.50+17.21 0.786
Table 2: Results of LSD post-hoc test for BMP-2 levels in each treatment group
Group I I1 I11 IV
I - 0.034* 0.009* 0.000*
11 0.034* - 0.542 0.000*
I11 0.009* 0.542 - 0.000*
I\Y% 0.000* 0.000* 0.000*
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Table 3: The results of mean, standard deviation, and One-way ANOVA test for TGF-1

Group BMP-2 Shapiro | Levene Dne-way ANOVA
(x+SD) wilk test Sig.
I (Healthy Rat) 439.38+ 35.74 | 0.839
I1 (Reversible Pulpitis) 417.05429.27 | 0.868
III (reversible pulpitis+Ca(OH)2) 488,31 +41,71 0.05
IV (reversible pulpitis+nanochitosan) 501,374+ 70,10 | 0.714 | 0.217 0.016

The post-hoc test is Least Significant Difference
which is used to see a significant difference
between groups is indicated in Table 4.

The interpretation of the results of the LSD test is
that there is a significant difference in TGF-31.
Level (p <0.05) in Group I to Group IV, Group II to
Group III, and Group II to Group IV. Other groups,
such as Group I to Group II, Group I to Group II,
and II to Group III, showed that there was no

significant.
The pulp roof opened when a round diamond
burst into the injured mice's teeth.

Microorganisms will enter the pulp through the
exposed pulp, irritating, and worsening [14]. The
initial odontoblast cells will respond defensively
to the inflammation by regaining their capacity to
facilitate healing. Reactionary dentin is formed
when initial odontoblast cells are not injured by
modest pulp tissue injury. More severe damage,
however, will cause the original odontoblast cell
to die and be replaced with a cell that resembles
an odontoblast [15]. Calcium hydroxide causes
the pulp tissue to develop necrosis. This
condition is related to the firm-base properties of
calcium hydroxide. High pH in calcium hydroxide
helps release protein and growth factor (TGF-f31).
On the other hand, the strong base properties will
cause necrosis layers to form when in contact
with the pulp tissue and can induce local
inflammation [16]. The hydroxyl (OH-) ions in
calcium hydroxide are highly reactive free
radicals that can cause cell membrane damage,
DNA damage, and protein decomposition,
resulting in cell death [17]. The content of N-
acetyl D-glucosamine in chitosan will form a
with  glycosaminoglycans
glycoproteins that activate the protein growth
factors BMP-2 and TGF-f1 [18]. High levels of
deacetylation make chitosan more biocompatible

cross-bond and

while wounds are healing, especially when cells

that look like odontoblasts begin to form [19]. N-
acetyl D-glucosamine will bind crosswise to
glycosaminoglycans and glycoproteins involved
in TGF-B1 activation. Chitosan can enhance the
TGF-B1function, responsible for
inducing the production of cells resembling
odontoblasts, by shielding them from heat and
enzyme degradation [20]. The tight sealing
affects the creation of restoration in pulp through
the differentiation of pulp cells to form reparative
dentin. Chitosan has a better sealing ability than
calcium hydroxide because of its highly effective
cationic  polyelectrolyte  properties
interacting with surface and negatively charged
biomolecules. Chitosan has an amino group that
can bind hydroxyl particles to dentin. The ability
of the inner chitosan to be a good seal can reduce
bacterial contamination entering the pulp so that
the inflammation does not continue and becomes
bigger [21]. Chitosan can accelerate wound
healing through fibrinogen mediators activated
by growth factors. Because chitosan can combine
with heparin polyanions to form polyelectrolyte
complexes, it can make growth factors BMP-2 and
TGF-B1 do their job of stimulating cell
differentiation better and for longer [22]. For a
variety of reasons, fungal mycelia and higher
edible fungi are seen as an alluring substitute for
the synthesis of chitin and chitosan biopolymers.
They possess a multitude of distinct biological
and physicochemical traits. Commercial products
that are now on the market rely on marine
sources instead than fungal cell walls, despite
their many advantages. [23]. Chitosan is a good

which is

when

adsorbent for the removal of organic colours
because it is nontoxic, eco-friendly, and contains
a lot of amine and hydroxyl groups. It was
discovered that New modified chitosan Schiff
base (EP-CS-SB) was a good option for cationic

dye removal [24].
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Table 4: Results of LSD post-hoc test for TGF-1levels in each treatment group

Group I II I IV
I - 0.419 0.086 0.033*
II 0.419 - 0.016* 0.005*
I 0.086 0.016* - 0.635
v 0.033* 0.005* 0.635 -

To achieve greater removal efficiency in a cost-
effective manner, it is recommended to conduct
testing under ideal conditions to determine how
dyes degrade [25]. Fish medicine can benefit
from the antibacterial and immunomodulatory
properties of marine bio-sourced chitosan
nanoparticles (CSNP) [26].

Conclusion

Pulpitis-reversible rats that added pulp
medicament with nanochitosane had higher
levels of BMP-2 and TGF-B1 than those given
calcium hydroxide.
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