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ABSTRACT

Background: Dental pulp plays a role in forming dentin, providing nutrition, and sensing harmful stimuli to the
tooth. Pulp damage can occur due to physical, chemical, and biological factors. A regenerative therapy was
developed so that the pulp can regenerate its tissue and the teeth can survive in the oral cavity with vital conditions.
Tissue engineering is a principle developed in the treatment of pulp tissue regeneration. The main elements of tissue
engineering are stem cells, scaffolds, and growth factors. Scaffolds are elements that support cell organization,
migration, proliferation, differentiation, and vascularization. One example of a biomaterial that can be used as a
scaffold is chitosan. Chitosan has been proved to be suitable as a biomedical material because it has several
beneficial properties including increasing cell proliferation, attachment, and differentiation. Purpose: This study
aims to determine the most effective natural ingredient chitosan for pulp tissue regeneration. Methods: This study
used the literature review method with a narrative review procedure. The literature was searched using Google
Scholar, Science Direct, ProQuest, and PubMed. Results: The results of the study from 6 articles showed that
chitosan from shrimp, crab, and mushroom had the potential to increase pulp tissue regeneration in terms of 3
indicators (cell proliferation, attachment, and differentiation). Conclusion: The most effective chitosan from
natural sources for pulp regeneration is shrimp chitosan and mushroom chitosan.
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INTRODUCTION

The dental pulp is a soft tissue derived from
mesenchyme located in the center of the tooth whose
constituent components consist of cells, fibers,
interstitial  fluid, odontoblasts, and fibroblasts.
Odontoblasts and other cells found in the pulp can
differentiate into hard tissue, making the pulp play a role
in dentin formation. The pulp and dentin have a
relationship called the dentin-pulp complex which has a
regenerative potential that leads to the formation of
tertiary dentin in response to abnormal stimuli, such as
excessive tooth wear, cavity preparation, restorative
materials, and caries.'? In addition, the pulp also plays a
role in providing nutrition and sensing noxious stimuli,
such as pain from temperature, extreme pressure, or
trauma to the dentin and pulp. These stimuli can have an
impact on pulp damage.®

Pulp damage can occur due to pulp exposure due
to physical factors, chemical factors, and biological
factors.* These factors will cause an inflammatory

response. During the inflammatory reaction, there is the
release of lysosomal enzymes that cause hydrolysis of
collagen and the release of kinins. Further changes lead
to increased vascular permeability. The fluid that comes
out accumulates in the pulp chamber, as a result the
pressure in the pulp chamber increases due to the
limited space in the pulp causing pain.*

Root canal treatment is one of the endodontic
treatments where endodontic treatment is considered an
effective treatment for irreversible pulp.® However,
endodontic treatment will cause the teeth to become
non-vital and more brittle than when the teeth were still
vital. This can happen because after endodontic
treatment there is no longer vascularization and
innervation to the tooth, and the pulp will lose its ability
to form reparative dentin. In addition, endodontic
treatment procedures will also increase the possibility of
root fractures, so it is necessary to develop a new
therapy whose aim is to regenerate pulp tissue so that
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the teeth can survive in the oral cavity in a vital
condition.*

A regenerative therapy was developed so that the
pulp can regenerate its tissue and the teeth can survive
in the oral cavity with vital conditions. Regenerative
therapy for dentin or pulp is an ideal therapy to improve
the function and morphology of teeth that are impaired
by pulp injury or inflammation.* Tissue engineering is a
principle developed in regenerative therapy and is
defined as a procedure designed based on engineering
and scientific principles to develop biologics that
replace, maintain, or improve tissue function. The main
elements of tissue engineering are stem cells, scaffolds,
and growth factors. Tissue engineering technology in
the field of endodontics is known as regenerative
endodontics.®’

The regenerative endodontics technique is
divided into several strategies, one of those is cell
homing. Cell homing is a tissue regeneration technique
that uses the principles of cell recruitment and
differentiation. Recruitment refers to the migration of
stem cells to the injured site, whereas differentiation
refers to the transformation of stem cells into mature
cells.® Four stages occur in cell homing. The first stage
is chemotaxis, where stem cells migrate from the apical
region. This happens because it is induced by a scaffold
containing growth factors. After the chemotaxis stage,
the cells begin to proliferate with the increasing humber
of scaffolds containing growth factors, this is the second
stage. The third stage cells have attached to the root
canal surface and the fourth stage cells differentiate into
pulp-like cells.®

One of the main elements of regenerative
endodontics is the scaffold. Scaffold is an element that
provides support for cell organization, migration,
proliferation, differentiation, and vascularization. The
requirements for the scaffold to be used are non-toxic,
porous to allow placement of cells, biocompatible with
host tissues, biodegradable, and must be degraded
gradually so that it is replaced by regenerative tissue.
One example of a biomaterial that can be used as a
scaffold is chitosan.3°

Chitosan is a polysaccharide derived from chitin
and modified by the deacetylation process.!! Chitosan is
non-toxic and has a high molecular weight. This
polysaccharide has proven to be suitable as an ideal
material for biomedical applications due to its
antimicrobial properties, fungistatic, biocompatibility,
biodegradability, non-carcinogenicity, as well as
promotion of cell adhesion, proliferation, and
differentiation. Based on these properties, several
studies have used chitosan as a biomaterial, including in
the development of scaffolds for tissue engineering, and
more specifically for pulp regeneration.3!2 Chitosan is
found in natural and synthetic forms. However, natural
chitosan has advantages compared to synthetic chitosan,
it has good biocompatibility and biodegradability
properties, as well as wide availability.”* Chitosan
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natural ingredients can be obtained from the cuticle or
exoskeleton of insects, arthropods, molluscs, and
crustaceans.'4

Several existing studies explain the different
effectiveness of one type of chitosan natural sources for
pulp tissue regeneration, so researchers are interested in
conducting a literature review because no one has ever
summarized the comparison of the effectiveness of
chitosan from various natural sources on pulp tissue
regeneration. Researchers used three stages of cell
homing as an indicator of pulp regeneration, there are
cell proliferation, attachment, and differentiation.

RESEARCH METHOD

The method used in this study is literature
review. Literature review is a survey of scientific
articles, books, and other sources relevant to a particular
problem, field of research, or theory, and provides a
description, summary, and critical evaluation of these
works. The purpose of a literature review is to update
the previous literature on a topic and form the basis for
other purposes such as justification for future research
in the field.*

The keywords used in this study were,
“chitosan”,  “pulp  regeneration”,  “regenerative
endodontics treatment”, and “tissue engineering” as well
as those related to these keywords. Literature searches
were carried out using Google Scholar, Proguest, and
Science Direct. The criteria for the reviewed sources are
reputable English sources Q1, Q2, and Q3 through the
SJR Scimago ranking (SClmago Journal & Country
Rank), which are publications between 2011-2021 and
can be accessed in full text.

RESULT

Artk i dudent: fikac mets
pemcarian hasis data (n=7 451)

Figure 1. Prism Diagram of Literature Review
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The results of the literature search found 6
articles that were worthy of review including 3 articles
using shrimp chitosan, 1 article using crab chitosan, and
2 articles using fungal chitosan. The 6 articles stated that
chitosan affects cell proliferation, attachment, and
differentiation.

Table 1. Pulp Tissue Regeneration Indicator

Indicator
Article  Chitosan
Proliferation Attachment Differentiation
Ducret et Shrimp - ) -
al
Flo;elset Shrimp - . .
Amir et Shrimp - ) -
al
Sana et Crab - - -
al
Abbas et Fungal i i -
al
EzEldeen Fungal ) - )
etal

Based on table 1, total of 6 articles were reviewed
has 4 articles discussed cell proliferation, 3 articles
discussed cell attachment, and 5 articles discussed
differentiation. The results of the review obtained 3
natural sources of chitosan that can be used as a scaffold
material, there are shrimp, crab, and fungal.

Table 2. Comparison of the Proliferation of Chitosan Natural
Sources

Article Chitosan Result
Ducret et Shrimp  (chitosan-fibrin)The highest
al cell proliferation occurred on
the 4th day
Flores et Shrimp (ChCDG) The highest cell
al proliferation occurred on the
8th day
Amir et al Shrimp (Ch 5ug/mL) The highest cell
proliferation occurred on the
14th day
Sana et al Crab (Ch+Fn) The highest cell
proliferation occurred on the
5th day

Based on table 2, it was found that 3 articles used
shrimp chitosan and 1 article used crab chitosan. The
proliferation value with the fastest time is in the
chitosan-fibrin group of shrimp chitosan on day 4.

116

Table 3. Comparison of the Attachment of Chitosan Natural
Sources

Article Chitosan Result

Flores et al Shrimp ~ The ChGDG group showed that
there was a spread of cells with
filopodia on the surface of the
scaffold on the 4th day and
covered the entire surface of the

scaffold on the 8th day.

Sana et al Crab The chitosan-RGD group
showed more adherent cells
compared to the chitosan group
after one day.

In the chitosan-fibronectin
group, it was found that there
was attachment and spread on
the surface of the scaffold on the

1st and 9th days.

EzEldeen et Fungal The fCS-GEL-GPTMS group
al showed the best attachment
compared to other groups,
judging from the metabolic
activity of the 7th-day cells.

Based on table 3, it was found that the journals
used different natural ingredients, there are shrimp,
crab, and fungal. The fCS-GEL-GPTMS group had the
fastest cell attachment on the 7th day.

Table 4. Comparison of the Differentiation of Chitosan Natural
Sources

Article Chitosan Result

(chitosan-fibrin) The highest
cell differentiation occurred on
the 7th day

Ducret et al Shrimp

(ChGDG) The highest cell
differentiation occurred on the
21st day

Flores et al Shrimp

(Ch 10 pg/mL) The highest cell
differentiation occurred on the
7th day

Amir et al Shrimp

(Cn+Fn) The highest cell
differentiation occurred on the
14th day

Sana et al Crab

All groups did not increase the
formation of dentinal hard
tissue on the canal walls

Abbas et al Fungal

Based on table 4, it was found that 3 articles used
chitosan shrimp, 1 article used chitosan crab, and 1
article used chitosan shrimp. The value of
differentiation with the fastest time was found in
chitosan shrimp in the Ch 10 g/mL group on the 7th day
and in the ChGDG group on the 7th day.

DISCUSSION
The Effectiveness of Chitosan Based on Cell
Proliferation

The total articles reviewed were 6 articles, which
3 articles tested shrimp chitosan on cell proliferation.
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The results of the review showed that cell proliferation
can be seen from the expression of the MKI67 gene and
the absorbance value. MKI67 is a protein that appears in
the cell cycle and can be used as a marker to determine
cell proliferation.’* The first article was written by
Ducret et al (2019) which discussed the effect of
chitosan-fibrin scaffold on cell proliferation as seen
from the expression of MKI67.17 The results in the
article stated that the highest expression of the MKI167
gene in the fibrin-chitosan group was on day 4. Fibrin
added to the scaffold has a role in pulp regeneration.
Ruwangsawasdi et al (2014) also mentioned that fibrin
helps cell proliferation and differentiation for the
formation of new pulp tissue and found that the newly
formed pulp tissue is very similar to the normal pulp
tissue.18

The MTT assay is the most common assay to
measure cell viability and proliferation.’® The MTT
assay functions to measure cell viability by looking at
the absorbance value, the higher the absorbance value,
the higher the cell viability. Viability values that exceed
the control group indicate the occurrence of cell
proliferation.?® The second article was written by Flores
et al (2021) which discussed the effect of chitosan
scaffold added with  gelatin, genipin, and
microparticulate dentin on cell proliferation using the
MTT assay.? The chitosan-gelatin-microparticulate
dentin-genipin (ChGDG) group on day 8 had the highest
absorbance value compared to the chitosan (Ch) group
and the chitosan-gelatin-genipin (ChGG) group. The
absorbance value of the ChGDG group was also higher
than the control group, which means that there has
occurred cell proliferation in the ChGDG group. The
high cell proliferation in the ChGDG group could occur
because the addition of gelatin, microparticulate dentin,
and genipin was able to increase cell adhesion. The
higher the cell attachment, the higher the cell
proliferation that occurs.’®2° In addition, proteins in
dentin can increase cell proliferation on the scaffold.??

The third article was written by Amir et al (2014)
which discussed the effect of the chitosan group at
concentrations of 5 and 10 g/mL on cell proliferation.?
The MTT assay is also used in research to determine the
value of cell proliferation. The results showed that the
highest absorbance value was found in the 5 g/mL group
of chitosan on day 14. If the 5 g/mL chitosan group was
compared with the Ch group in the article by Flores et al
(2021), the Ch group had lower cell proliferation. This
situation could occur due to the use of different stem
cells, hDPSC, and hCAP, resulting in different results.
The concentration of chitosan used can also affect the
results of cell proliferation. Amir et al (2014) used 5 and
10 g/m, while Flores et al (2021) did not mention the
concentration of chitosan used.?*?® Based on the results
of the review, the most effective group of shrimp shell
chitosan based on cell proliferation was the chitosan-
fibrin group in DP-MSC because it only needed 4 days
of culture to achieve high proliferation.
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There is 1 article that tested crab chitosan on the
value of cell proliferation. This article was written by
Sana et al (2014) which discussed the effect of chitosan
scaffold added with fibronectin on cell proliferation.?*
The test used to determine the value of cell proliferation
is the resazurin test which is measured by the
absorbance value based on the reduction of resazurin to
resofurin by the metabolic activity of living cells.?®> The
higher the absorbance value, the higher the cell
viability. Sana et al (2017) stated that the highest
absorbance value was in the Ch+Fn group on day 5 of
hDPSC. This could be due to the addition of fibronectin
in the Ch+Fn group to promote better adhesion and
assist in cell proliferation. Fibronectin itself is a protein
that plays a role in proliferation, attachment, and
differentiation.?®

Based on the results of the review, the chitosan-
fibrin group from shrimp chitosan only needed 4 days of
culture to achieve the highest proliferation, while crab
chitosan took 5 days, so it was concluded that shrimp
chitosan was considered more effective for pulp tissue
regeneration in terms of cell proliferation. Further
research is needed to determine the effect of using
different stem cells and different chitosan
concentrations on cell proliferation.

The Effectiveness of Chitosan Based on Cell
Attachment

There is 1 article that tested shrimp chitosan on
cell attachment. The article of Flores et al (2021)
discussed the effect of chitosan scaffold added with
gelatin, genipin, and microparticulate dentin on cell
adhesion which can be seen using SEM.?* SEM is a type
of electron microscope that can produce high-resolution
images of a sample surface, so the images produced by
SEM have qualitative characteristics in two dimensions
because they use electrons instead of light waves and
useful for determining the surface structure of the
sample.?” The surface description of the scaffold in the
ChGDG group showed that there was a spread of cells
with filopodia on the surface of the scaffold on the 1st
day and covered the entire surface on the 9th day. The
addition of gelatin and microparticulate dentin was able
to increase cell adhesion and surface roughness of the
scaffold, thereby increasing cell attachment to the
scaffold.18-20

There is 1 article that tested crab chitosan on cell
attachment. This article was written by Sana et al (2014)
which discussed the effect of chitosan scaffold added
with fibronectin on cell adhesion.?* The test used to
determine cell attachment is SEM. The chitosan-
fibronectin group was found to have attachment and
spread on the surface of the scaffold on day 1 to day 9.
The addition of fibronectin to the Ch+Fn group
promotes better adhesion.?®

There is 1 article that tested fungal chitosan on
cell attachment, the article was written by EzEldeen
(2021). The test used in this article to determine cell
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attachment is the Alamar Blue test measured by the
metabolic activity of cells.?? The cell's metabolic
activity indirectly conveys information about attachment
or proliferation.?® The best cell adhesion was in the fCS-
GEL-GPTMS group on day 7 which could occur due to
the addition of RGD to gelatin which could increase cell
adhesion.*

Based on the results of the review, the ChGDG
group (shrimp chitosan) and the fCS-GEL-GPTMS
group (fungal chitosan) produced better cell attachment
than the Ch+Fn group (crab chitosan). The ChGDG
group took 8 days and the fCS-GEL-GPTMS group took
7 days to complete cell attachment.

The  Effectiveness of Chitosan Based on
Differentiation

There are 3 articles that test shrimp chitosan on
cell differentiation. The results of the review showed
that cell differentiation could be seen from the
expression of odontogenic marker (COL1Al) and
mineralized nodule formation. The article by Ducret et
al (2019) and the article by Amir et al (2014) used the
COL1Al1 gene to determine the value of cell
differentiation.t”?®> The COL1A1 gene is a gene that
orders the manufacture of type | collagen constituent
proteins which are important components of the
ECM.3%%2 Ducret et al stated that the highest expression
of COL1ALl was in the fibrin-chitosan group on day 7.
Amir et al said that the expression of COL1Al was
found in the chitosan group of 10 g/mL on the 7th day.
The results of these two studies prove that chitosan is
able to initiate the formation of type I collagen.

The article by Flores et al (2021) used the
formation of mineralized nodules to determine the value
of cell differentiation which could be analyzed using the
Alizarin red test. The alizarin red test is a hard bone
staining test that serves to detect the calcification
process in the stained bone area.®® The article by Flores
et al (2021) stated that the Ch and ChGG groups
interfere with the formation of the ECM.?* However, the
ChGDG group was able to increase COL1AL expression
more than the control group. It can be concluded that the
addition of dentin acts as an osteoconductive which
increases the mineralized tissue. In addition, the
addition of genipin was also able to promote the
formation of mineralized tissue.*

There is 1 article that tested crab chitosan on cell
differentiation. This article was written by Sana et al
(2014) who discussed the effect of chitosan scaffold
added with fibronectin on cell differentiation by looking
at the expression of COL1A1.>* COL1A1l gene
expression in the chitosan-fibronectin group decreased
during the culture period. Research by Lia et al (2014)
also stated that there was a decrease in the expression of
the COL1A1l gene towards the end of the culture
period.®

The article of Abbas et al (2020) showed that the
chitosan-demineralized bone matrix (REG-CD) group
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and the chitosan-dexamethasone group did not increase
the formation of mineralized tissue along the canal and
no histological tissue formation was found.3®

Based on the results of the review, shrimp
chitosan has the ability to differentiate compared to crab
chitosan and fungal chitosan. shrimp Chitosan had a
high differentiation value after 7 days of culture, while
crab chitosan required 21 days and fungal chitosan did
not increase differentiation in pulp tissue. It can be
concluded that shrimp chitosan has better effectiveness
than crab and fungal chitosan. Based on the research
that has been done, the most effective chitosan from
natural sources is shrimp and fungal chitosan. All
natural chitosan sources (shrimp, crab, and fungal) have
potential as scaffold materials in regenerative
endodontic treatment. Further research is needed on the
effectiveness of natural ingredients chitosan with
different concentrations and different stem cells.
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