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Abstract

Tooth extraction may cause bone defects that require regenerative therapy. Chitosan, gelatin, and carbonate
hydroxyapatite can help increase osteoblast proliferation and differentiation, which plays a role in the bone
regeneration process. Scaffold made from chitosan-gelatin carbonate hydroxyapatite has promising characteristics that
may help enhance the bone regeneration process. This study aimed to determine the effect of chitosan-gelatin carbonate
hydroxyapatite (CG:CHA) scaffold application towards the number of osteoblasts on alveolar bone defect in Wistar rats
after tooth extraction. In vivo experimental laboratory research conducted with post-test-only control group design. The
Wistar rats were divided into 6 groups, tooth extraction was conducted, and in the treatment group the C-G:CHA scaffold
was applied on the sockets afterward. After 7, 14, and 21 days of scaffold application, jaw resection was done to observe
the number of osteoblasts by HE histological examination. The result data were analyzed using a one-way ANOVA test.
Data analysis using one-way ANOVA test results in P=0 (P <0,05) which indicates a significant difference between the
control and treatment groups. The chitosan-gelatin carbonate hydroxyapatite (C-G:CHA) scaffold can increase the
number of osteoblasts.

Keywords: Scaffold; Chitosan; Gelatin; Carbonate hydroxyapatite; Osteoblast; Medicine

1. Introduction

Tissues that have been damaged by inflammation, neoplastic, or trauma in the dental, oral, and maxillofacial areas
require regenerative therapy!. Bone reconstruction measures can be performed to restore bone volume and density to
restore bone function2.

Tooth extraction can cause changes in the alveolar ridge3. After tooth extraction, the alveolar ridge undergoes a process
of bone healing which consists of an inflammatory phase, to a remodeling phase, which in some cases is accompanied
by bone defects in the form of resorption of crestal bone which results in changes in the dimensions of the ridge*5°.

The process of bone healing is a complex biological and biomechanical process’. The formation of osteoblasts,
mineralization of the extracellular matrix and osteoid, and the formation of osteocytes are several processes that play
an important role in bone healing 8 Osteoblasts have a role in bone growth and remodeling. Osteoblasts play a role in
the synthesis, deposition, and mineralization of bone matrix by producing osteoid, secreting, and storing bone matrix
proteins910,
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Several studies have utilized a tissue engineering-based approach to develop a biological substitution that can help
construct, maintain, repair, and restore the function of bone tissue that has been damaged. One of the main components
in tissue engineering is the scaffold!!. Scaffold plays a role in facilitating the growth of mesenchymal stromal cells (MSC),
supporting tissue growth and development which acts as an extracellular matrix, cell adhesion for proliferation, and
differentiation to form new tissues. Criteria for an ideal scaffold are a scaffold with biocompatible, biodegradable,
osteoconductive, osteoinductive properties, capable of supporting pressure loads, having a porous structure with a size
of >100um so that it can help cell penetration, and has a high surface area/volume ratio so it can support attachment,
proliferation, and cell differentiation21213 There are three types of materials that are generally used as scaffold base
materials, namely natural polymers, such as chitosan, synthetic polymers, and bioceramics#,

The chitosan-gelatin carbonate hydroxyapatite (C-G:CHA) scaffold can be made with a ratio of 30:70 (w/w) to
approximate the weight ratio of the original bone. It is estimated that the mineral or inorganic component of bone
contains about 60 to 70% of the total bone weight, while the rest are organic components such as protein and collagen?5.
According to research conducted by Yuliati et al, chitosan-gelatin hydroxyapatite (C-G:CHA) scaffold with a ratio of
30:70 (w/w) is a good biomaterial because it has the appropriate porosity as a medium for osteoblast growth16,

In vitro and in vivo studies are important before trials on humans, to ensure the safety and effectiveness of the materials
being developed!’. Research by Dewi & Triawan showed that the application of an apatite-chitosan carbonate scaffold
as a bone substitute in rat tibia bone defects can increase the number of osteoblasts on days 7t, 14t, and 21st after
application?! Based on a study by Ariani, it was found that the results of a significant increase in mouse osteoblast-like
cell (MC3T3-E1) proliferation were observed 7, 14, and 21 days after the application of chitosan apatite carbonate
scaffold compared to the control group!8,

In a study conducted by Sularsih, it was stated that the application of chitosan to the socket after tooth extraction in
Wistar rats could increase the number of osteoblasts, fibroblasts, and type I collagen on days 7 and 141°. In the process
of bone healing, days 7 to 9 are thought to be the peak of young callus formation. On the 14t day, the peak of the hard
callus formation process occurred, and the remodeling process began to occur around the third week or the 21st day?20.
Based on the above background, this study was conducted to analyze the application of the chitosan-gelatin-carbonate
hydroxyapatite (C-G:CHA) scaffold with a ratio of 30:70 (w/w) can affect the number of osteoblasts in alveolar bone
defects in Wistar rats (Rattus norvegicus) 7, 14, and 21 days after tooth extraction.

2. Material and methods

This research is an in vivo laboratory experimental study with a post-test only control group design. Samples of male
Wistar rats (Rattus norvegicus) aged 12-16 weeks and weighing 200-250 g totaling 24 rats were divided into six
treatment and control groups with a total sample of 4 individuals per group. This research met ethical requirements
and was approved by the UNAIR Faculty of Dentistry Ethics Committee No. 560/HRECC.FODM/VIII/2022.

The tooth extraction procedure in Wistar rats was carried out using xylazine anesthesia and intramuscular injection of
ketamine as much as 0.1 ml/10 g body weight in experimental animals of Wistar rats. The rat tooth extraction area was
performed asepsis using Povidone lodine 10%, then the mandibular incisors were extracted using tooth extraction
pliers and periotome to make bone defects in the sockets of the experimental animals. Next, a C-G:CHA scaffold with a
ratio of 30:70 (w/w) was applied, and sewn with silk thread. Experimental animals were terminated by decapitation.
After the experimental animal died, jaw resection was performed to see the number of osteoblasts according to the
predetermined observation day. The P1 group was observed on the 7th day, the P2 group was observed on the 14t day,
and the P3 group was observed on the 21st day. The K1 group was observed on the 7th day, the K2 group was observed
on the 14t day, and the K3 group was observed on the 21st day.

The resected bone tissue was then washed with a solution of Phosphate-buffered Saline (PBS) and followed by fixation
in 10% buffered formalin solution for 1x24 hours. The fixed tissue was then decalcified and given a 10% Ethylene
Diamine Tetra Acetic (EDTA) solution by changing the solution every day for 30 days.

After the bone tissue had softened, it was dehydrated in a solution of 70% alcohol for 1 hour, 80% alcohol for 1 hour,
90% alcohol for 1 hour, and 100% alcohol for 1 hour, and repeated 3 times. The clearing was carried out with Xylol 3
repetitions within 1 hour, 2 hours, and 3 hours respectively. The tissues were soaked in thawed paraffin at 60°C for 2
hours and repeated 2 times. Embedding is carried out by heating paraffin at 60°C which will be poured into the mold
with bone tissue and then cooled until it hardens to form a paraffin block. Slicing was carried out on the paraffin block
with a rotary microtome with a thickness of 4u=4x10-3, a water bath was carried out at 40°C for 30 seconds, the tissue
was dried and placed on an object glass then the paraffin on the preparation was melted with a hotplate at 60°C for 30
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minutes. Deparaffinized with xylol solution for 3 x 7 minutes, washed with 99% alcohol solution for 3 minutes and
repeated, 90% alcohol for 3 minutes, 80% alcohol for 3 minutes, and 70% alcohol for 3 minutes, and washed with water
running for 5 minutes.

Stained with Mayer Hematoxylin dye for 5 minutes, then rinsed with water for 7 minutes and continued with eosin
staining for 10 seconds, then washed using alcohol 99%, 90%, 80%, 70% each for 2 minutes, washed, dried then given
xylol for 2 minutes. After that, mounting is carried out with a cover glass that has been dripped with entellan or Canadian
balsam.

Counting the number of osteoblasts was carried out using a microscope with a magnification of 400x for taking pictures
and 1000x for 5 fields of view for counting, recording, and calculating the average of each cell. Data analysis was carried
out using a one-way ANOVA test with a significance level of 5% and continued with the Tukey HSD posthoc test if there
was a significant difference.

3. Results

Data were obtained from sample readings using a light microscope with a magnification of 1000x as many as 5 fields of
view for calculation. The mean of the results of calculating the number of osteoblasts in the sample preparations for
each group is shown in the Table 1.

Table 1 Average Number of Osteoblasts

Group | n | Average Number | Standard Deviation
K1 4 | 284 4.191
K2 4 | 19.15 1.652
K3 4 | 31.15 1.330
P1 4 | 2840 0.490
P2 4 | 40.85 4.090
P3 4 | 18.95 2.932

Description: K1 : The control group received tooth extraction treatment and the number of osteoblasts was observed on the 7th day; K2 : The
control group received tooth extraction treatment and the number of osteoblasts was observed on the 14th day; K3 : The control group received
tooth extraction treatment and the number of osteoblasts was observed on the 21st day; P1 : The group that after extraction received the scaffold
application treatment then the number of osteoblasts was observed on the 7th day; P2 : The group that after extraction received the scaffold
application treatment then the number of osteoblasts was observed on the 14th day; P3 : The group that after extraction received the scaffold
application treatment then the number of osteoblasts was observed on the 21st day

In the average table, group P2 showed the highest average number of osteoblasts compared to other groups. The lowest

average number of osteoblasts was in the P3 group. Preparations were taken with 400x magnification. Pictures of the
results of the preparation photos can be seen in Figure 1:
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€ : Osteoblast; —  : Woven bone

Figure 1 Examination results osteoblast cells in the control and treatment groups on days 7, 14 and 21

To find out the average data position for each sample group can be explained in the Figure 2.

The Average Number of Osteoblast
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Figure 2 Diagram Showing The Average Number of Osteoblasts
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The results of the one-way ANOVA comparative test showed a value of p = 0 (p <0.05), so it could be concluded that
there was a significant difference between the control group and the treatment group. Tukey HSD posthoc test was
carried out and the following results were obtained (Table 2).

Table 2 Tukey HSD Post-hoc Test Results Number of Osteoblasts

Number of Osteblasts | P3 P2 P1 K3 K2 K1
K1 0,006* | 0* 1 0.795 | 0.006* | -
K2 1 0* 0.005* | 0* -
K3 0* 0.003* | 0.851 | -
P1 0.005* | 0* -
P2 0* -
P3 -
Annotation:

*= There is a significant difference (p value < a (0.05))

The P1 group and the K1 group showed p = 1 (p>0.05), which means that the difference in the number of osteoblasts
between the P1 and K1 groups was not significant. In the P2 group and the K2 group, the value of P = 0 (P <0.05) was
obtained, which meant that there was a significant difference. Group P3 and group K3, got a value of P = 0 (P <0.05),
which means that there is a significant difference.

4. Discussion

In this study, a chitosan-hydroxyapatite carbonate gelatin scaffold was applied with a ratio of 30:70 (w/w) to the socket
of Wistar rats (Rattus norvegicus) and the number of osteoblasts was observed on days 7, 14, and 21 to determine the
effect of the scaffold on the number of osteoblasts. Based on the results obtained from this study, there was a significant
difference in the number of osteoblasts in the treatment group compared to the control group. These findings support
the hypothesis that the application of a chitosan-gelatin carbonate hydroxyapatite scaffold can help the process of bone
regeneration by increasing the number of osteoblasts. Based on previous studies, chitosan plays a role in the bone
healing process by increasing the infiltration of inflammatory cells in the trauma area and releasing growth factors.
Chitosan can increase osteoblast migration and differentiation, and indirectly facilitate the process?!. The N-
acetylglucosamine component in chitosan which is also found in glycosaminoglycans supports the ability of chitosan to
interact with growth factors, receptors, and adhesion proteins?2,

In this study, the results showed that the application of the C-G:CHA scaffold could increase the number of osteoblasts
on days 7 and 14. This could also be caused by the presence of gelatin in the C-G:CHA scaffold. Gelatin is a promising
choice of scaffold material, with good therapeutic and regenerative properties due to its similarity in chemical structure
to the extracellular matrix?3, Gelatin plays a role in increasing the number of osteoblasts by increasing cell adhesion and
interactions?. Gelatin has a series of amino arginine-glycineaspartic acid (RGD), which is also present in collagen, and
can increase cell adhesion, proliferation, migration, and differentiation2425,

Hydroxyapatite carbonate is often the material of choice for use in bone healing because it can be absorbed more quickly
by osteoclasts to be replaced by new, better bone tissue. Hydroxyapatite carbonate also has osteoconductive and
bioresorbable properties. Several studies explain that in observations made 7 days after the application of
hydroxyapatite carbonate to the post-extraction rat tooth socket, there was osteoid deposition around the
hydroxyapatite carbonate grains which proves that hydroxyapatite carbonate has osteoconductive propertiesz6.27,

The application of the chitosan-gelatin carbonate hydroxyapatite scaffold is thought to function as a medium to support
the bone healing process, due to its ability to facilitate the growth of mesenchymal stromal cells (MSC), support tissue
growth and development which acts as an extracellular matrix, cell adhesion for proliferation and differentiation to
form new tissues2.

The largest average increase in the number of osteoblasts can be seen in the P2 group. This might have happened due

to the application of the chitosan-gelatin carbonate hydroxyapatite scaffold which helped increase cell adhesion and
proliferation during the bone regeneration process?8. On day 14, which was the day of observing the number of
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osteoblasts in group P2, there was a peak in the process of hard callus formation2?. During the process of hard callus
formation, RANK-L would be expressed thereby stimulating further differentiation of chondroblasts, chondroclasts,
osteoblasts, and osteoclasts?®. The increase in the number of osteoblasts on day 14 can also be influenced by
hydroxyapatite carbonate. Biomaterials containing calcium phosphates such as hydroxyapatite, tricalcium phosphate
(TCP), and biphasic calcium phosphate (BCP) are good candidates to assist bone reconstruction due to their
osteoconductive properties?. High concentrations of calcium and phosphate ions can increase the bone mineral
formation and affect the expression of osteogenic genes that play a role in osteoblast differentiation such as RUNX2 and
BMP31,

The smallest average number of osteoblasts was in the P3 treatment group, which was observed on the 21st day after
scaffold application. The decrease in the number of osteoblasts on day 21 after the application of the CG:CHA scaffold
was in line with previous studies, which stated that the number of osteoblasts indicated an ongoing process of bone
formation. After the maturation process, osteoblasts will calcify to form osteocytes which will then go through a
remodeling process?s. On the 215t day, the remodeling process takes place, namely the bone regeneration phase when a
balance begins to occur between the activities of osteoclasts whose job is to absorb, and osteoblasts which are
depositing new bone tissue”20. This could be the reason why the number of osteoblasts on day 21 after the application
of the C-G:CHA scaffold decreased. The application of the C-G:CHA scaffold is expected to accelerate the remodeling
phase due to the combination of the three ingredients, namely chitosan-gelatin carbonate hydroxyapatite which
supports the bone healing process.

There was no significant difference in the mean number of osteoblasts between the K1 control group and the P1
treatment group. This might happen because the osteoblast differentiation stage is still ongoing, even though the 7t day
is predicted to be the peak of young callus formation?’. In the early stages of osteoblast differentiation, callus
fibrocartilage begins to form due to angiogenesis triggered by communication between cells and VEGF on days 5 to 11
which marks the start of the bone repair phase. Granulation tissue rich in fibrin begins to develop, and MSCs that are
recruited to the bone defect area will begin to differentiate due to the influence of BMP to form fibroblasts,
chondroblasts, and osteoblasts??. In the group that received the treatment in the form of C-G:CHA scaffold application,
there was an increase in the number of osteoblasts on days 7 and 14, with a decrease in the number of osteoblasts on
day 21. Similar results were also found in several previous studies. In a study conducted by Dewi & Triawan, histological
evaluation of rat tibial defects showed that the application of apatite carbonate and apatite-chitosan carbonate resulted
in a higher number of osteoblasts and osteoclasts than the control group 7 days after implantation of the apatite-
chitosan carbonate scaffold, but the opposite was 14t and 21st. The number of osteoblasts was lower than in the control
group on days 14th and 21st after scaffold implantation, indicating that osteoblasts calcified faster!>. In a previous study,
chitosan was used in a gel dosage form to determine the expression of BMP- 2 on bone healing in Wistar rats (Rattus
norvegicus) after tooth extraction. The results obtained were an increase in BMP-2 expression on days 7 and 14 and a
decrease on days 21. As is known, BMP-2 is an important factor in the process of maturation and activity of osteoblasts,
because of its ability to induce bone formation?!. The findings in this study, which are supported by the studies
mentioned above indicate that the application of scaffolds with chitosan-gelatin carbonate as the basis hydroxyapatite
(C-G:CHA) can accelerate the process of bone regeneration.

5. Conclusion

The application of chitosan-gelatin carbonate hydroxyapatite (C-G:CHA) scaffold with a ratio of 30:70 (w/w) increased
the number of osteoblasts on days 7, and 14 after tooth extraction. The application of a scaffold with the basic
ingredients of chitosan-gelatin carbonate hydroxyapatite (C-G:CHA) can accelerate the process of bone regeneration.
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