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ABSTRACT 

Context: Iatrogenic actions leading to exposed pulp can result in pulp inflammation, with Reversible Pulpitis being a common condition among the 
general population. Pulp capping treatments are essential for supporting pulp repair and promoting the formation of reparative dentin. The choice of 

pulp capping material plays a crucial role in the success of this treatment. 

Aims: To assess the impact of chitosan nanoparticles (CN) derived from red snapper scales (Lutjanus sp.) on pulp repair, as indicated by the expression of 

TGF-β1 and the formation of reparative dentin. 

Methods: The research began with the preparation of CN extracted from red snapper fish scales using the ionic gelation method. Subsequently, an 
experimental animal model of reversible pulpitis was established. The study was conducted in vivo using 18 Sprague Dawley rats. Three groups were 

included: reversible pulpitis, reversible pulpitis with Ca(OH)2 application, and reversible pulpitis with CN application. Observations were made regarding 

the expression of TGF-β using ELISA and the formation of reparative dentin through histopathological examination. 

Results: The results indicated a significant difference between groups, with a one-way ANOVA Test yielding a p-value of 0.049 for TGF-β1 expression and 

a Kruskal-Wallis test yielding a p-value of 0.009 for dentin reparative formation. 

Conclusion: Chitosan nanoparticles derived from red snapper scales have demonstrated the ability to enhance pulp repair by elevating TGF-β expression 

and promoting the formation of reparative dentin. 

Keywords: chitosan nanoparticle; pulp repair; TGF-β1; reparative dentin. 

INTRODUCTION 

Pulpitis is an inflammatory condition affecting the 
dental pulp, typically caused by iatrogenic factors, 
microorganisms, dental trauma, and mechanical and 
chemical factors (Ricucci et al., 2014). Remarkably, tooth 
pain resulting from pulpitis accounts for up to 90% of 
patient visits to dentists and oral hospitals (Galicia et al., 
2016). Left untreated or improperly managed, reversible 
pulpitis can escalate to severe pain and eventual pulpal 
necrosis (Zanini et al., 2017).  

Direct pulp capping is a dental procedure employed 
when the pulp is exposed due to iatrogenic factors, 
leading to perforation of the pulp tissue (Kunert and 
Lukomska-Szymanska, 2020). This technique aims to 
restore the inflamed pulp to a normal state and initiate 
pulp repair through a process called reparative 
dentinogenesis. Reparative dentin is a form of tertiary 
dentin that originates from stem cells, specifically 
mesenchymal cells that differentiate into odontoblast-
like cells. Several molecules, including fibronectin, 
growth factors, and components of the dentin matrix, 
stimulate the formation of reparative dentin. Among 
these molecules, transforming growth factor β1 (TGF-β1) 

plays a pivotal role (Smith and Cooper, 2015). The 
commonly used medicament for pulp capping is 
Calcium Hydroxide Ca(OH)2 (Brizuela et al., 2017). 
However, calcium hydroxide has limitations, including 
poor adhesion to dentin, high solubility, and mechanical 
instability leading to tunnel defects (Paula et al., 2020).  

Red snapper (Lutjanus sp.), a species of fish, is known 
to contain bioactive peptides with anti-inflammatory 
properties. This anti-inflammatory effect is achieved by 
inhibiting the NF-κB and MAPK pathways, which 
involves interfering with the phosphorylation of IκBα 
and one or more kinases (ERK, JNK, and p38) (Kemp and 
Kwon, 2021). Red snapper also contains chitin, a 
polymeric compound found in the exoskeletons of 
various marine creatures like shrimp, crabs, lobsters, fish 
scales, clams, and crabs. The protein content present in 
the scales of red snapper can be extracted to obtain 
chitin, which can then be further processed into chitosan 
through a deacetylation process. Chitosan is a 
polysaccharide derived from chitin (Marieta and 
Musfiroh, 2019). Notably, the scales of red snapper have 
a chitin deacetylation degree of 80%, which is higher 
compared to scales from other fish species. A higher 
degree of deacetylation results in the production of 
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chitosan compounds with superior quality (La Ifa et al., 
2018). 

Chitosan possesses various beneficial properties, 
including bioactivity, anti-inflammatory effects, and 
non-toxicity. It actively contributes to processes like 
wound healing, bone repair, and hemostasis. 
Consequently, chitosan is currently being explored as an 
alternative therapeutic agent in the field of dentistry. 
Chitosan has the potential to accelerate cell proliferation 
and support the regeneration of exposed pulp, 
particularly when the inflammatory response is minimal 
(Matsunaga et al., 2006). Furthermore, research indicates 
that incorporating chitosan hydrogel into pulp capping 
materials can expedite the restoration of vital pulp by 
promoting reparative dentin formation. Chitosan's anti-
inflammatory properties are attributed to its ability to 
block MAPK p38, a key player in cell differentiation and 
the production of pro-inflammatory cytokines (Zhu et 
al., 2019). The transformation of chitosan into 
nanoparticles serves the purpose of enhancing its 
physical and mechanical strength while rendering its 
molecules more reactive and readily absorbable by the 
body (Soutter, 2013). This study seeks to investigate the 
impact of chitosan nanoparticles (CN) derived from red 
snapper scales on pulp repair, with a focus on assessing 
the expression of TGF-β1 and the formation of reparative 
dentin. 

MATERIAL AND METHODS 

This research falls under the category of experimental 

laboratory studies. It is worth noting that this study has 

obtained ethical approval from the Health Research 
Ethics Commission at the Faculty of Medicine, 
Universitas Muhammadiyah Surakarta. The approval 
was granted under reference number 3642/A.1/KEPK-
FKUMS/VIII. 

Stages of isolation of red snapper scale chitosan 

In the deproteinization stage, 125 g of red snapper 

scale powder were placed into a glass beaker. 
Subsequently, 3.5% NaOH (w/v) was added in a ratio of 
1:10 (w/v), where 1 part red snapper scale powder was 
combined with 10 parts NaOH. The mixture was then 
heated to 70°C for one hour while being stirred. 
Following this, the mixture was filtered using filter 
paper and rinsed with distilled water until a neutral pH 
was achieved. The resulting solid was then dried in an 
oven at 60°C for less than one hour until a constant 
weight was reached. 

In the demineralization stage, the powder obtained 
from the deproteinization stage was transferred to a 
glass beaker. Next, 1 N HCL was added in a ratio of 1:10 
(w/v), where 1 part red snapper scale powder was 
combined with 10 parts HCL. The mixture was allowed 
to stand at room temperature before being heated to 
75°C for one hour with continuous stirring. The mixture 
was subsequently filtered through filter paper and 
rinsed with distilled water until a neutral pH was 
achieved. The resulting solid was again dried in the oven 
at 60°C for one hour until a constant weight was attained. 
At this point, the chitin product was obtained from the 
red snapper scales. 

Moving on to the deacetylation stage, 3.5% NaOH 
was added to the powder in a ratio of 1:10 (w/v), where 
1 part red snapper scale powder was combined with 10 
parts NaOH. The mixture was heated to 75°C for one 
hour with stirring. Following this, the mixture was 
filtered using filter paper and rinsed with distilled water 
until a neutral pH was achieved. The resulting solid was 
dried in an oven at 60°C for approximately one hour 
until a constant weight was achieved. Subsequently, the 
chitosan product was obtained from the red snapper 
scales. The determination of the degree of deacetylation 
of chitosan was performed using Fourier Transform 
Infrared (FTIR) spectroscopy analysis. This method 
involved spectroscopic analysis. Based on the analysis, 
the degree of deacetylation of the chitosan obtained from 
red snapper scales in this study was found to be 91.126% 
(Arsyi et al., 2018). 

Preparation of chitosan nanoparticles by the ionic 
glass method 

Chitosan solution (0.2%) in an acetic acid solution 
was prepared. This solution should then be 
supplemented with a 1% sodium tripolyphosphate 
(NaTPP) solution, varying the ratio of chitosan solution 
to NaTPP solution at 3:1. the mixture was stirred at a 
speed of 900 revolutions per minute (rpm) for a duration 
of 1 hour. The resulting nanochitosan was in the form of 
dispersed solids (Widyastuti et al., 2023). 

Treatment of reversible pulpitis animal model 

The study utilized 18 male Sprague Dawley rats, each 
with a body weight ranging from 250 to 350 g, exhibiting 
no anatomical abnormalities, and displaying normal 
activity and behavior. The rats were housed in an 
environment with a temperature maintained between 
26-30°C, and the acceptable humidity range was set at 
30-70%. All experimental procedures involving animals 
adhered to the guidelines outlined in the National 
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Institutes of Health Guide for the Care and Use of 
Laboratory Animals, with the primary aim of 
minimizing any potential distress or suffering 
experienced by the animals.  

The initial step involved intramuscular anesthesia 
using 0.2 mL (0.1 mL/100 g of body weigh) of ketamine. 
Subsequently, the crown of the incisors was trimmed to 
the marginal gingival margin using a wheel disk. Cavity 
preparation was performed with a low-speed cast using 
a round bur with a 0.8 mm diameter on the maxillary 
incisors, reaching a depth of 3 mm. This was followed by 
perforation of the pulp using a size 10 K-file. An 
indication that the animal had reversible pulpitis was the 
presence of a red spot on the floor of the pulp chamber. 
For the maxillary first molars, preparation was carried 
out to a depth of 1 mm with a diameter of 2 mm, just 
above the roof of the pulp. Perforation was achieved 
using a size 10 K-file. The bleeding area within the cavity 
was cleansed using a cotton pellet and irrigated with a 
saline solution, subsequently dried with sterile cotton. 
Following these procedures, the rats received treatment 
as per their respective groups. Group I consisted of 
reversible pulpitis rats, Group II included reversible 
pulpitis rats treated with Ca(OH)2, and Group III 
involved reversible pulpitis rats treated with chitosan 
nanoparticles sourced from red snapper scales. The dry 
cavity was then sealed directly with Cavit (3M ESPE, UK 
and Ireland). Termination of the rats occurred on day 28. 
Euthanasia was performed, and the right maxillary 
bones were extracted. Barbed broaches or extirpation 
files were employed to extract pulp tissue from the 
incisors, which were subsequently placed into 
microtubes (Sari et al., 2023). 

Enzyme-linked immunosorbent assay (ELISA) 
procedure 

The dental pulp tissue was placed into a 1.5–2 mL 
tube, then rinsed with a 0.9% NaCl solution and 
subsequently dried. Following this, the pulp tissue was 
finely crushed. To this, 0.28 mL of phosphate-buffered 
saline (PBS) from Sigma, USA, was added, and the 
mixture was centrifuged at 3000 rpm at 4°C, resulting in 
the separation of the supernatant. The pellet was treated 
with PBS and then subjected to sonication using a 
sonicator for 3-5 seconds. Afterward, it underwent 
centrifugation at the same speed of 3000 rpm at 4°C. The 
supernatant was collected for ELISA testing. ELISA was 
employed to examine the expression of TGF-β1, utilizing 
the BioEnzy kit (BZ-08184670-EB, China): Preparation of 
samples, standards, and reagents. Addition of 50 µL of 
standard liquid to the standard well. Addition of 40 µL 

of supernatant to the sample well, followed by the 
addition of 10 µL of anti-TGF-β1 (Aisyah et al., 2019). 

Histopathological examination 

The tooth was placed in a 10% formalin buffer, which 
served the purpose of tissue fixation to prevent tissue 
damage. Subsequently, the decalcification process was 
carried out by immersing the tissue in HCL for a 
duration of 7 days. Tissue processing was conducted 
through several stages, including dehydration, clearing, 
embedding, tissue cutting, and tissue staining using 
hematoxylin-eosin. 

Observations of reparative dentine were conducted 
using the Optilab Olympus CX23 microscope at a 
magnification of 100×, and calculations were performed 
using raster image software. Scoring was done based on 
the thickness of reparative dentin, with the following 
scores: Score 1: >0.25 mm, score 2: 0.1-0.25 mm, score 3: 
<0.1 mm, Score 4: 0 mm (Khazane et al., 2022). 

Statistical analysis 

All data were meticulously recorded and subjected to 
analysis using the Statistical Package for Social Sciences 
(SPSS) version 22.0 for Windows. The variable related to 
TGF-β1 expression was scrutinized through one-way 
ANOVA, while the formation of dentine reparative was 
assessed using the Kruskall-Wallis test. It's noteworthy 
that a significance level of p<0.05 was deemed as 
statistically significant. 

RESULTS  

Expression levels of Transforming Growth Factor 
(TGF-β1) 

 Based on the data in Table 1, the highest TGFB1 
expression was in the group of reversible pulpitis mice 
that were given nanochitosan, while the lowest was in 
the pulpitis mice that were not given medicament. 

Reparative dentin formation 

Based on Table 2, the reversible pulpitis group given 
nanochitosan formed thicker reparative dentin 
compared to the other groups. As shown in Fig. 1, 
reparative dentine was formed like a matrix with an 
irregular arrangement. Based on Table 3, there are 
significant differences between the three groups. The 
group of pulpitis mice given nanochitosan formed 
thicker reparative dentine. The process of reparative 
dentin formation depends on pulp cells to detect the 
presence of injury and thus initiate a repair response. The 
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process of forming tertiary dentin was replacement 
dentin, depending on how capable it was of responding 
and how much new dentin matrix was formed. Overall, 
replacement dentin was formed by pre-existing 
odontoblasts. Then reparative dentin was formed by 
odontoblast-like cells.  

 

Table 1. One-way ANOVA for TGF-β1 expression among three groups. 

Parameter Mean ± SD P-value 
Post hoc 

comparison 

G1 426.1900 ± 34.28  

0.049* 

 

G2 488.3150 ± 41.71 G1<G3 

G3 501.3700 ± 70.10  

G1: Negative control group; G2: Positive control group (Ca(OH)2, G3: Chitosan 

nanoparticle. *p<0.05, significant difference between groups by One way ANOVA 

test and post hoc Tukey’s LSD test. 

 

Table 2. Reparative dentin formation among three groups. 

Parameter G1 G2 G3 

Score 1 0(0) 0(0) 2(33.33) 

Score 2 1(16.67) 5(83.33) 4(66.67) 

Score 3 4(66.67) 1(16.67) 0(0) 

Score 4 1(16.67) 0(0) 0(0) 

G1: Negative control group; G2: Positive control group (Ca(OH)2; G3: Chitosan 

nanoparticle. Scoring of reparative detine formation (%). 

 

Table 3. Kruskall-Wallis for reparative dentine formation among 

three groups. 

Parameter Mean rank P-value 
Post hoc 

comparison 

G1 16  

0.009* 

 

G2 10 G1, G2<G3 

G3 6  

G1: Negative control group; G2: Positive control group(Ca(OH)2; G3: Chitosan 

nanoparticle. *p<0.05, significant difference between groups by Kruskall-

Wallis and post hoc Mann-Whitney test. 

DISCUSSION 

This study has demonstrated that red snapper 
chitosan nanoparticles have the capacity to augment the 
expression of TGF-β1, which serves as the primary 
mediator in the process of odontoblast-like cell and 
reparative dentin formation. The underlying reason for 
this phenomenon lies in the remarkably high degree of 
deacetylation, precisely at 91.126%, observed in the 
chitosan extracted from red snapper fish scales. 
Chitosan, with such an elevated degree of deacetylation, 

represents a potent source of the active compound N-
acetyl D-glucosamine, a factor that significantly 
influences its biological properties. Specifically, within 
chitosan, N-acetyl D-glucosamine content fosters the 
formation of crucial cross-links with 
glycosaminoglycans and glycoproteins, thereby 
assuming a pivotal role in the activation of TGF-β1. 

 

  
Score 4 Score 3 

  
Score 2 Score 1 

Figure 1. Score of reparative dentin thickness. 

Score 4: no reparative dentin formation; score 3: < 0.1 mm; score 2: 0.1-

0.25 mm; score 1: > 0.25 mm. 

Moreover, chitosan possesses the capability to 
amplify the effects of TGF-β1, primarily by shielding 
TGF-β1 from rapid degradation attributed to heat and 
enzymatic factors (Niwa et al., 2018). This protective role 
is instrumental in sustaining the biological activity of 
TGF-β1. Furthermore, chitosan expedites the wound-
healing process through a mediator involving 
fibrinogen, notably heparin, which binds to TGF-β1. 
Chitosan's propensity to form polyelectrolyte 
complexes, particularly with heparin polyanions, 
contributes to the extension of TGF-β1's half-life (Al 
Baani et al., 2017). Importantly, heparin ensures that 
TGF-β1 remains localized at the secretion site within the 
tissue, impeding undue diffusion (Rider and Mulloy, 
2017). Chitosan, characterized as a complex polycationic 
carbohydrate, plays a pivotal role in facilitating the 
migration and proliferation of progenitor cells 
(Khoroushi et al., 2018). These progenitor cells, in turn, 
assume a critical role in inducing growth factors, 
fostering proliferation, migration, and ultimately 
contributing to the formation of odontoblast-like cells 
and reparative dentine (Ravi and Subramanyam, 2015). 
It is worth noting that chitosan exercises regulatory 
control over cell growth. Once the requisite proliferation 

RD 
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has been achieved, chitosan effectively curtails the cell 
growth process by influencing the TGF-β pathway. 
Furthermore, chitosan's capacity to bind with TGF-β 
plays a key role in mediating cell aging by increasing the 
number of amino groups within chitosan and elevating 
its degree of ionization. Notably, prior research has 
shown that a three-day treatment with chitosan resulted 
in a lower expression of TGF-β, Smad2/3, pSmad2/3, 
p21, and pR (Tsai et al., 2018). 

This study also provides evidence that red snapper 
chitosan nanoparticles have the capacity to enhance the 
formation of reparative dentine. This finding is 
substantiated by research conducted by Li et al. (2014), 
where teeth with reversible pulpitis exhibited a notably 
higher frequency of reparative dentin formation when 
treated with chitosan compared to calcium hydroxide. 
Chitosan, owing to its high charge density and 
polycationic nature, is highly effective in interacting 
with surface biomolecules and negatively charged 
biomolecules, resulting in the formation of cationic 
polyelectrolytes. Notably, chitosan features amine 
groups capable of binding to hydroxyl particles within 
dentine. This adhesion between two distinct substances 
facilitates an optimal sealing ability between them, 
driven by attractive forces at the interface. Chitosan's 
sealing ability surpasses that of calcium hydroxide due 
to its mucoadhesive properties, which effectively reduce 
the ingress of bacteria into the pulp, thus preventing 
contamination (Silva et al., 2012). It's important to note 
that the mucoadhesive characteristics of chitosan are 
influenced by its molecular weight. Higher molecular 
weights result in slower chitosan dissolution. Factors 
affecting the molecular weight of chitosan include the 
synthesis method, deacetylation process temperature, 
degree of deacetylation, particle size, and chitin source. 
A higher degree of deacetylation removes more acetyl 
groups, increasing the number of amide groups (NH2) 
and lengthening polymer chains, consequently elevating 
chitosan's molecular weight (Khoroushi et al., 2018). 
These elevated molecular weight and degree of 
deacetylation enhance chitosan's biocompatibility, 
particularly in the healing process, notably in the 
formation of odontoblast-like cells, a crucial aspect of 
reparative dentine formation (Nimbeni et al., 2021). 

CONCLUSION 

Red snapper scale chitosan nanoparticles have 
demonstrated the ability to enhance pulp repair, as 
evidenced by the elevated expression of TGF-B1 and the 
promotion of reparative dentine formation.  
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