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Abstract 
 

     Biomaterial innovation is needed for bone substitute which can help the osteogenesis process 
on periodontal tissue regeneration. This study is an experimental in-vitro study of different 
concentration of chitosan and aimed to analyze the osteogenesis of human periodontal ligament 
stem cells (PDLsc) cultured in chitosan.  
     Forty eight PDLsc were collected from healthy and periodontitis third lower molar. There were 24 
healthy teeth-PDLsc and 24 periodontitis teeth-PDLsc. Each groups were divided into three 
experimental groups and were layered by 200 µl concentration of chitosan (0.15%, 0.2%; 0.25%) 
and diluted in 0,5 % citric acid. Cell culture without chitosan was used as a control group. The 
levels of alkaline phosphatase (ALP), osteocalcin and calcium deposit in the cell culture were 
measured on day 3, day 7, day 14 and day 21.  
     Chitosan at concentration of 0.25 % shows a potential impact of PDLsc in both periodontitis and 
healthy teeth samples, especially in the level of ALP and calcium deposit.  
     Chitosan has potential effect in increasing of osteogenesis process in periodontal ligament cells 
for regeneration of periodontal tissues. 
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 Introduction 

 
 Bone regeneration is one of the most 
important issues on periodontal therapy. 
Biomaterial innovation is needed for bone 
substitution which can help the osteogenesis 
process on periodontal tissue regeneration. 
Autogenous bone graft is considered as gold 
standard for bone regeneration; however, the 
process is complex and costly. Furthermore, 
histological studies in both humans and animals 
have demonstrated that grafting procedures often 
result in healing with a long junctional epithelium 

rather then a new connective tissue attachment.1   
Therefore we need to produce new materials 

that may overcome this issue. Osteopontin, 
bonesialoprotein, osteocalcin, type 1 and type 2 
collagen, and alkaline phosphatase (ALP), type 1 
procollagen are all important components in the 
formation of cementum and periodontal ligament 
that can be considred as potential bone 
substitution.2,3,4,5,6 Expression of osteocalcin in 
organisms is confined to the bone, dentin and 
cementum.7  

Chitosan is a material from invertebrata like 
shrimp skin, crab and lobster which is known as 
chitin. Chitosan has been tested as bone graft 
material  and it has the  characteristic of 
nondigestibility, high viscosity, water binding 
properties, biocompatible, biodegradable and low 
cytotoxicity.8,9,10,11 In other study showed that 
treatment in Periodontitis patients, found Chitosan 
alone was and its combination with metronidazole 
was effective due to its antimicrobial properties.12 
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Natural poliaminosacaride has been prooven 
as an antitumor, antirheumatic and biocompatible 
material in bone regeneration. It also has an 
osteoconductive ability and provides a physical 
effect by which the matrix of the graft forms as a 
scaffold that favors outside cells to penetrate graft 
and form new bone.13 

Bone formation can be seen by measuring 
the total serum of alkaline phosphatese activity, 
osteocalcin and type 1 collagen, immunoassay of 
human osteocalcin and alkaline phosphatase are 
the most sensitive marker in bone formation.14 

Recently using osteoblast progenitor cells, 
chitosan has been shown to increase Alkaline 
phosphatase.15   

 The current in-vitro study aim to observe 
the effect of wasted prawn skin derived chitosan 
on the osteogenic process of human PDL stem 
cells, by measuring the level of osteocalcin, 
collagen, alkaline phosphatase (ALP) and 
calcium deposit. Stem cells which play a role in 
the regeneration of periodontal tissue progenitor 
cells can be derived from the periodontal 
ligament.16 

    
Materials and methods 
 
Preparation of chitosan  
We extracted Chitosan derived from 25 

grams of shrimp mixture containing of white 
shrimp (Penaeus merguiensis), krosok shrimp 
(Metepenaeus sp.) and striped shrimp 
(Parapneosis sp.). Chitosan was processed 
acetylated, chipping and irradiated for 
sterilization at the National Atomic Energy 
Agency BATAN in Jakarta, Indonesia. 
Preparation of chitosan started by cleaned of skin 
shrimp from other materials, washed with water, 
dried naturally without sunlight, demineralized 
using 1N hydrochloric acid for 24 hours and 
eliminated of residual hydrochloric acid with 
distilled water at pH of the solution between 6-7. 
The processed was continued to deproteinized 
with 1N sodium hydroxide for 24 hours and 
elimination of residual sodium hydroxide until the 
pH level reached between 6-7. Finally, we dried 
the products called chitin and acetylated it with 
sodium hydroxide (1:1) at a temperature of 80 
degrees Celsius. At the end, it washed with 
distilled water and dried (now this product is 
called chitosan). The extract was then made as 
concentrate of chitosan 0.15%, 0.2% and 0.25%. 
 

 
Preparation of stem cells culture 
Harvested human periodontal ligament 

stem cells (PDLsc) with tissue culture techniques, 
isolated from apex scrapings from healthy and 
periodontitis of lower third molar teeth. 
Identification and confirmation of stem cells was 
done by using magnetic beads and anti stro-1 
(MagnaBindTM Protein A and Protein G Beads, 
Pierce, Rockford, IL), a marker of mesenchimal 
stem cells.17,18 Stem cell culture was done in α-
MEM that contained 10% fetal bovine serum 
(FBS), and 250µg/ml fungizone/Amphotericin B, 
in 37o (5% CO2). The differentiation into 
osteoblast was evaluated by bone formation 
colony through VonKossa staining.19  

Exposure of chitosan on the stem cells.  
Forty eight samples divided into 2 groups 

of periodontal ligament stem cells (PDLsc) from 
healthy and periodontitis teeth. Each group were 
divided into 3 experimental groups, layered by 
200 µl concentration of chitosan (0.15%, 0.2%, 
0.25%) and then diluted in 0,5 % citric acid. Cell 
culture without chitosan was used as a control 
group. On day 3, day 7, day 14 and day 21 the 
levels of ALP (calorimetry), osteocalcin (ELISA) 
were measured. Von Kossa staining technique 
was used to evaluate calcium deposition in the 
cell culture. The level of ALP was evaluated by 
measuring the reaction of the supernatant of 
osteoblast cell culture with a specific substrate 
for ALP using a spectrophotometer (405nm Stem 
cell culture, bone forming unit), triplicate in two 
times. The level of osteocalcin was evaluated by 
ELISA in the Laboratory of Oral Biology, Faculty 
of Dentistry, Universitas Indonesia 2011.  

A number of 10.000 stem cells were 
incubated and spread in tissue culture plate, with 
and without layered by 200 ml of chitosan - 
diluted in 0,5 % citric acid (2mg/ml in 0,25 
acetate acid). Evaluation of osteogenesis was 
done after 72hr. The experiment was evaluated 
in day 3, day 7, 14 and day 21 to measure ALP, 
osteocalcin. 

Viability cell test with MTT assay in 
PDL stem cell after chitosan layering 

MTT assay test calorimetri is performed to 
measure the enzym activity and to evaluate the 
viability of stem cell after chitosan layering. MTT 
assay test also can be done for cytotoxisity test 
of potential medicine or toxic material which may 
irritated or provoked of cell life time and growing 
of cell.20 
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      Results 
 

Totallu we had 24 healthy and 24 
periodontitis teeth samples which divided into 4 
different types of therapy. The mean difference 
(and standard deviation) of all biomarkers in 
periodontitis group can be found in table 1, while 
in table 2 data were shown for the healthy group.   
In periodontitis patients, Chitosan with 0.15% 
concentration had a significant difference with the 
control group for osteocalcin at day 3 and 14; 
ALP at day 21; and calcium deposit at day 14 
and 21.  

Chitosan with 0.20% concentration 
showed significant difference with the control 
group for collagen at day 3,  ALP at day 7, 14 
and 21; and calcium deposit at day 14. 
Significant difference was found for chitosan with 
0.25% concentration for both ALP and calcium 
deposit at day 7, 14 and 21.  

In addition at chitosan concentration of 
0.25%, the increase of ALP at day 7 was 
significantly different (p < 0.05) compared to day 
3, and the increase at day 21 was also 
significantly different compared to day 14. 

Among healthy subjects, Chitosan with 
0.15% concentration significantly difference with 
the control group for ALP at day 7, 14 and 21; 
and calcium deposit at day 14 and 21. Chitosan 
with 0.20% concentration  significantly difference 
with the control group for ALP at day 14 and 21; 
and calcium deposit at day 3, 7 and 14. 
Significant difference was found for chitosan with 
0.25% concentration for both collagen and ALP 
at day 14; and calcium deposit at day 14 and 21. 
In addition chitosan concentration of 0.15% the 
increase of ALP at day 7 was significantly 
different (p < 0.05) compared to day 3; while at 
concentration of 0.20% and the changes of ALP 
were significantly different between day 14 and 7 
and between day 14 and 21. 

Since changes in ALP and calcium 
deposits were shown significantly difference 
among different groups, we plot the mean 
differences of those biomarkers between days of 
observation. In figure 1a we can see that 
concentration of 0.20% and 0.25% gave a lower 
ALP than the control group in both periodontitis 
and healthy group subjects at all days. In addition 
in figure 1b, chitosan at concentration of 0.25% 
gave a higher calcium deposit than the control 
group in all subjects at all days. 

 
Figure 1a. Mean of alkaline phosphatase 
between groups and days. 
 

 
Figure 1b. Mean of calcium deposit between 
groups and days. 
 
 Discussion 

 
 This in-vitro study, we use wasted prawn 
skin derived chitosan to observe the osteogenic 
process of human PDL stem cells. Its potential 
benefit has been widely explored in many 
researches. The use of Hydroxyapatite (HA) / Tri 
Calcium Phosphate (TCP) as a carrier modified 
with human PDLsc already been transplanted 
into the dorsal surfaces of immunocompromised 
mice and showed the ability of cementum/PDL-
like structures forming. PDLsc has showed the 
capacity to regenerate periodontal ligament 
attachment by forming collagen fibers connected 
to the cementum.21-23 

Related with previous studies, in this 
study we want to explore the potential effect of 
chitosan on the osteogenic process of human 
PDL stem cells (PDLsc), based on the level of 
osteocalcin, collagen, alkaline phosphatase 
(ALP) and calcium deposit on day 3, 7, 14, and 
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21. Chitosan at concentration of 0.25% shows 
impact of PDLsc in both periodontitis and healthy 
tooth, especially in the level of ALP and calcium 
deposit. In this study, we use a fresh PDLsc 
scraped from both of healthy and periodontitis 
teeth. In contrast with Tatullo et al (2015), he 
proved that the cryo-preserved PDLsc from 
extracted teeth could be useful for clinical 
therapeutic application.24 In our opinion, both 
fresh and cryo-preserved PDLsc samples show 
almost no significant difference. This study 
showed a similar result with a previous study in 
which chitosan increased the expression of ALP 
in the osteoblast preogenitor cell.14 In this 
condition, chitosan may have osteo-conductive 
character which accelerate the secretion of 
osteocalcin that only needs 3 days. Chitosan has 
an effect as blood and tissue interphase in 
healing process and proved as an biocompatible 
material in bone regeneration, also 
osteoconduction provides a physical effect as a 
scaffold in forming new bone.12 Osteoconduction 
causes differentiation of mesenchymal cell into 
bone cell and stimulation of bone development.8 
Significant difference showed in this study in 
calcium deposition of PDL derived stem cell 
between chitosan and control group indicated 
that PDL derived stem cell cultured with chitosan 
increased osteogenesis and can be used as a 
scaffold to guidance bone development. Prior 
studies by Muzzarelli Boudrant et al., 2012; 
Muzzarelli, Greco, Busilacchi, Sollazzo & Gigante, 
2012; Ravi Kumar, Muzzarelli, Muzzarelli, 
Sashiwa & Domb, 2004 revealed that chitosan 
has an chemo-attract and an ability in activating 
macrophages and neutrophils in initiate healing 
process; promote granulation tissue and re-
epithelialization.25 
 
 Conclusions 
 

Chitosan concentration of 0.25 % has a 
potential effect in increasing osteogenesis 
process in periodontal ligament cells for 
regeneration of periodontal tissues. Further study 
is needed to confirm the result of this preliminary 
study. 
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