
ABSTRACT
Osteogenesis is characterized by a serial of events involving cells attachment, proliferation, and differentiation. 
However, chitosan applications in osteogenesis mechanisms have remained limited. This study intends to examine 
chitosan's effect with different degrees of deacetylation (DDA) as a coating material for the Resorbable Blast 
Textured (RBT) implant surface. 63 Resorbable Blast Textured discs were coated either with 80 or 95 DDA. These 
discs were categorized into three groups i.e., RBT 80, RBT 95, and RBT control (without coating). After their 
separate applications, Cell viability, morphology, and bone formation were studied at 7 and 14 days. All samples 
showed biocompatibility and allowed cell attachment. However, areas with high cellular density were found in 
abundance around surfaces coated with chitosan in comparison with the control. At day 14, test groups coated 
with chitosan, especially 95 DDA, showed significant mineralization process and growth of nodule-like structures 
of hMSCs on the surfaces. No significant differences were found in cell viability except for RBT 80, which was 
lower in comparison to other groups. RBT 95 showed a significant increase in all osteoblast markers in comparison 
with RBT 80 and control. Chitosan material was confirmed as a right candidate for implant coated with Resorbable 
Blast Textured surface.
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INTRODUCTION

It is well recognized that functional allogenic tissue 
development necessitates the coordination of cell 
adhesion, growth, differentiation, and organization 
into a particular tissue architecture (Rogina et al., 

2017). Similarly, the development of the stem cell 
microenvironment has become critical for regenerative 
medicine (Bardelli and Moccetti, 2017). Studies show 
mesenchymal stem cells (MSCs), which are isolated from 
the adult bone marrow, possess self-renewing capability 
which able to differentiate into various cell phenotypes, 
showing their potential beneficial use for bone tissue 
regeneration. Concerning the implant therapies, various 
studies show functional as well as biological advantages 
for the patients in contrast to the conventional method, 
providing benefits in the long-run. This is evident from 
the ten years long study with survival and success rate 
of 95 percent (Buser et al., 2012; Fischer and Stenberg, 
2012, Li et al., 2016, Mora et al., 2017). 
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Chitosan GmbH, Germany). 63 Textured implant surface 
(RBT) discs with a diameter of 10 mm (Biohorizon 
company) were utilized. The discs were divided into 
three groups with 21 discs for each: RBT 80, RBT 95, 
and RBT control. 

Coating Procedure: The chemical bond between the CH 
material and the disc surface was created through a 
silanization reaction adapted from Bumgardner et als 
methodology with some modification (Bumgardner et 
al., 2003b). Briefly, the disc surfaces were suspended in 
water/ethanol solution (5:95 vol %) acidifying to 4.5 
pH and 10 M acetic acid. Following it, 2 vol% silane-
coupling agent was added for ten minutes at room 
temperature, whereas pH level was sustained at 4.5 to 5.5. 
The non-adhered silane was removed by rinsing the disc 
with ethanol and was cured at 110±C. Then, the implanted 
disc was suspended overnight in glutaraldehyde solution 
(2 vol %), with a pH of 4.3 at room temperature. After 
this, a solution of CH (2 wt. %) was prepared with acetic 
acid (0.2%) at room temperature. 

For eliminating the undissolved particles, the CH was 
centrifuged before casting. Later, the chitosan was 
kept at 40C overnight. Next, the disc was cast with CH 
solution of 1ml at room temperature. Water was allowed 
to evaporate over 5-7 days. After coating and before 
seeding, 1disc from each group was studied under the 
scanning electron microscopy (SEM). Implant coated 
with chitosan were sterilized using ultraviolet (UVUV) 
light for an hour followed by ethanol soaking (70%) 
for two hours, and then it was washed using Phosphate 
Buffer Saline (PBS) twice (Govindharajulu et al., 2017, 
Abuelreich et al., 2017). 

Cell Culture: Both coated and non-coated discs were 
placed in individual wells. For human bone marrow-
derived mesenchymal stem cells (hBM-MSCs), hMSC-
TERT 20 passage 54 were used. The cell growth occurred 
in a media which consist of DMEM (ATCC, Manassa, 
VA, USA) supplemented with 10% Fetal Bovine Serum 
(FBS), Penicillin-Streptomycin solution, 100X (10,000 
Units/ml Penicillin +10,000 µg/ml Streptomycin) and 
1% MEM Non-Essential Amino Acids Solution 10mM 
(100X, Cat No RMNAA-0100X) under standard cell 
culture conditions (370C,100% humidity, 95% air, and 5% 
CO2). Following 80-95% of cells confluence, they were 
collected, washed, and counted with a hemocytometer. 
The study used 1x106 cells, which were plated with 
culture medium onto implant discs and incubated for 
24h to facilitate adherence to the surface. 

After that, the media was changed for each implant 
disc and the cells were grown and maintained in an 
osteogenic medium which comprised of 100 nmol/L 
dexamethasone (Sigma-Aldrich, Cat No D1756-1G), 10 
mmol/L Sodium β-glycerophosphate pentahydrate (Loba 
Chemie Ltd., India, Cat No 05885), 50 g/ml L-Ascorbic 
Acid, Vitamin C (Winlab Ltd., UK, Cat No107888), and 
Cholecalciferol, (+)-Vitamin D3 (Cat No C9756-1G). The 
media was changed every three days. 

Mainly, the success of the implantation depends on 
osseointegration, which constitutes bone modeling 
and remodeling processes (Li et al., 2018). Optimal 
osseointegration depends on the material implant 
characteristics, implant loading, and surgical techniques 
as well as the quality, distribution, and amount of bone 
present at the implant insertion site (Guglielmotti et al., 
2019, Chen et al., 2019). Accelerating this process is 
a modern trend in implant dentistry, which relevance 
increases when treating medically compromised patients 
such as diabetic and osteoporotic patients (Naujokat et 
al., 2016, Vohra et al., 2014). To minimize the treatment 
time, the implant surface coating of the biomimetic 
materials or agents is used. In this regard, increased use 
of chitosan (CH), a natural biocompatible polysaccharide 
derived from the crustacean shells, has been observed 
(Elieh-Ali-Komi and Hamblin, 2016). Chitosan comprises 
various polymers with a varying differences in molecular 
weight, degree of deacetylation (DDA), and viscosity 
(Kumaran, 2020).

Su et al., (2017) have  reported  an increasing level 
of resemblance between the bone and cartilages 
extracellular matrix and CH components and chemical 
structure. Arunkumar et al. (2017) showed that CH 
components also denotes effective osteoconductivity, 
which help improve the vitro as well as vivo tissue 
generation (Arunkumar et al., 2017). Other biological 
properties have been indicated by previous searches on 
CH include antitumor, antioxidant, and antimicrobial 
characteristics (Pippi et al., 2017, Costa et al., 2014, 
Cheung et al., 2015). However, these properties are likely 
to be affected by DDA, which refers to the deacetylated 
units’ molar fraction or deacetylation percentage 
and the molar weight of CH (Jiang et al., 2017). Most 
studies highlight the impact of chemical and physical 
properties of DDA on CH as a coating material (Cheung 
et al., 2015; Bumgardner et al., 2007). For instance, one 
study revealed that different DDA of chitosan as implant 
coating did not affect the cell growth nor the degradation 
rate. However, the tensile bond strength was lower, with 
81.7% DDA (Yuan et al., 2008). However, Limited studies  
have focused on the effect of DDA on chitosan coating 
potential.

Although chitosan has been approved to be an excellent 
coating material and was investigated using different in 
vitro/vivo models(Govindharajulu et al., 2017, Husain 
et al., 2017), previous studies were focused on coating 
a commercially pure titanium surface, and no study 
used different surfaces to test the coating potential. 
Therefore, the aim of this investigation was to determine 
the morphology, proliferation, and pattern of attachment 
of hMSC-TERT 20 on chitosan with two degrees of 
deacetylation (DDA) as a coating material for Resorbable 
Blast Textured implant surface (RBT).  

Material and Methods

Materials: The powdered form of chitosan of about 200 
kDa molecular mass and 500 mPas viscosity with two 
different DDA 80 and 95 were used (Heppe Medical 
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Cell Viability Assays: AlamarBlue (ABAB) assay was 
used to evaluate the cell viability (AbD Serotec, Raleigh, 
NC, USA). For each reaction, 10 % of Alamar blue was 
diluted into 100 ml of DMEM and incubated in the dark 
for 60 minutes at 37ºC. The samples were read through 
a microplate reader (Synergy™ 2 Multi-Mode Microplate 
Reader) at 590 nm. Three readings were recorded for each 
sample at each time point. 

Quantitative Real-Time-Polymerase Chain Reaction 
(qPCR): RNA isolation was accomplished at days 7 and 14 
using recommended BIOFACT HiGene Total RNA Prep Kit 
(Biofact, Cat No RP101-100, Korea). RNA concentration 
and protein contamination were measured using a 
spectrophotometer (Eppendorf-Biospectrometer basic). 
Samples with ratios between 1.8 and 2.0 purity were used. 
Amplification and synthesis of Complementary DNA 
(cDNA) was done from lmg of RNA using a FIREScript 
RT cDNA synthesis KIT (Solis BioDyne, Cat No 06-15-
00200). Using a total reaction volume of 20ml and HOT 
FIREPol® EvaGreen® qPCR Supermix (Solis BioDyne, 
Cat No 08-36-00008), QPCR were completed. For 
normalization, B-actin was added for all the reactions 
as a control gene. All qPCR assays were performed and 
accomplished under the same conditions as triplicate 
(n=10, duplicate independent experiments). The primers' 
sense and antisense were designed based on GenBank. 
The primers used in this experiment are listed in Table 
(1).

of cells on 7th and 14th day, the culture medium was 
removed and washed thrice using PBS. The cells were 
collected from the wells through trypsinization using 
25% trypsin and afterward, centrifuged at 7500 rpm for 
5 minutes. Next, the harvested cell pellet was treated 
by the kit while following the company's instruction 
manual. At 405 nm, the absorbance was measured in 
the microplate reader.

Cell Morphology: Scanning Electron Microscopy (SEM) 
was used for the examination of the cell culture at time 
intervals of 7 and 14 days. Before observation, the PBS 
was used to wash the implant discs thrice for eliminating 
all non-adherent cells and fixed in 4% v/v glutaraldehyde 
at 4ºC overnight. Followed by the gradual immersion 
of the sample in water-ethanol solution. For osteoblast 
adhesion, Rhodamine-phalloidin staining was used to 
view the cellular actin filaments. After incubation of cells 
for 24hs, 4.0% paraformaldehyde was used to fix the 
samples for 15 minutes. Next, the cells were blocked by 
using 1.0% BSA for 30 minutes and then kept overnight 
at RT. The next day, the samples were stained for 30 
minutes with 40, 60-diamidino-2-phenylindole (DAPI, 
Sigma, St. Louis, MO). The confocal microscope was 
used to obtain the fluorescence images (a Zeiss LSM510 
META confocal system, connected to an inverted Zeiss 
Axiovert 200 microscope).

Ethical Approval: The study protocols, as outlined by 
the Kind Saud University Approval of the Ethical Board 
Committee, were followed. Institutional Review Board 
(No E-18-2850) as well as Dentistry Research Center 
(CDRC No. PR 0074) provided ethical consideration. 
The Molecular and Cell Biology Laboratory provided 
the hMSC-TERT20 in collaboration with Prince Naif Bin 
Abdulaziz Health Research Center.

Statistical Analysis: IBM SPSS (Statistical Package 
for Social Sciences/ SPSS 22; IBM Corp., NEW YORK, 
NY, USA) was used for the analysis of the results. 
The normality of the data was assessed by using the 
Shapiro-Wilk test. The statistical significance between 
groups were determined by using a two-way analysis 
of variance (ANOVA) followed by one-way analysis of 
variance (ANOVA) and the Tuckey post hoc assessment. 
Mean, and the standard deviation was computed for the 
measurable data. The significance value was determined 
at P<0.05.

Results and Discussion

The structural and chemical properties of chitosan 
make it an excellent alternative to traditional coating 
materials such as calcium phosphate (van Oirschot et al., 
2016). This is consistent with the previous studies which 
considered chitosan as an osteoinductive material which 
can act as antimicrobial, accelerate wound healing, and 
can promote bone formation (Li et al., 2015, Pippi et al., 
2017). The objective of this project was to determine the 
behavior of hMSC on implants with rough topography. 
To evaluate cell viability and attachment, the Resorbable 
Blast Textured implant surface was coated with chitosan 
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Sequence Name		  Description

OSTEONECTIN F		  5’ GAG GAA ACC 
		G  AA GAG G 3’
OSTEONECTIN R		  5’ GGG GTG TTG TTC 
		  TCA TCC AG 3’
RUNX2 F-RO		  5’ GTA GAT GGA CCT 
		  CGG GAA CC 3’
RUNX2 R-RO		  5’ GAG GCG GTC AGA 
		G  AA CAA AC 3’
OSTEOCALCIN R-RO		  5’ CTC ACA CAC 
		  CTC CCT G 3’
OSTEOCALCIN F-RO		  5’ GGC AGC GAG GTA 
		G  TG AAG AG 3’
ACTB (Beta-actin) R		  5’ ACATCTGCTGGA
		  AGGTGGACA 3’
ACTB (Beta-actin) F		  5’ TCAAGATCATTGC
		  TCCTCCTGAG 3’
ALPL F		  5’ GACGGACCCTC
		G  CCAGTGCT 3’ 
ALPL R		  5’ AATCGACGTGGG
		  TGGGAGGGG 3’ 

Table 1. Primers Sequence

Measurement of Osteoblast Differentiation by Alkaline 
Phosphatase Activity: The alkaline phosphatase activity 
was measured quantitatively by using the Alkaline 
Phosphatase Activity Colorimetric Assay kit (BioVision, 
Cat No K412 -500ASSAY). In brief, after the induction 
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with two different DDAs. First of all, the coating 
architecture was studied under SEM for all groups. At a 
magnification of 1000, RBT control surface demonstrated 
multiple irregularities with small flaws, depressions, and 
spikes (Figure 1). 

For chitosan 80 or 95 DDA, all of them showed a similar 
appearance in which they formed a homogenous and 
transparent coating, which is free from any cracks. 
The chitosan molecules chain was attached to the disc 
surface by their NH2 groups. This attachment occurred 
through their silane-glutaraldehyde molecules, which 
account for the yellowish tint on all the coating  (Yuan 
et al., 2008). Studies demonstrated that the silanization 
method is not only simple and cost-effective but also 
chemically binds the substrate to the implant surface, 
which confirmed by mechanical tests (Yuan et al., 2008, 
Bumgardner et al., 2003b).

The AlamarBlue results showed that no significant 
difference in cell viability between control and RBT 
95 during day 7 and day 14 (Figure 2). However, RBT 
80 was significantly lower in cellular viability at both 
time intervals in comparison with the other groups. 
This indicates that these surfaces were biocompatible 
and would not be cytotoxic in vivo, even with time 
progress. However, even though proliferation was lower 
in RBT 80, still full confluent cell layer and attachment 
were obtained at 7 and 14 days. Also, according to 
the International Organization ISO10993-5, if the cell 
viability remained >70%, then the material does not have 
cytotoxicity potentials (10993-5, 2009). One study found 
that cell attachment and proliferation was increased by 
chitosan with high DDA membranes which coated with 
fibronectin (Lieder et al., 2012). 

This is different from the study findings of Abuelreich 
et al., which showed that cells cultured on the Chitosan-
Polycaprolactone membrane had more cell attachment 
and less proliferation than plastic surface control 
(Abuelreich et al., 2017). Another study showed that 
keratinocyte was increased in proliferation when the 
DDA decreases; thus lower DDA will increase the cell 
adhesion. On the contrary, fibroblast demonstrated a 
better adhesion than keratinocyte, although they remain 
alive, they do not proliferate well regardless of the 
DDA. This kind of cell behavior was related to the high 
adhesion to the underline surface in which inhibits their 
growth (Chatelet et al., 2001). After that, the capacity of 
osteoblast cell growth was studied by using molecular 
assays. 

Coated and non-coated samples were evaluated for the 
expression of Runx2, ALP, and matrix mineralization. 
Cells grown on chitosan-coated material have more 
expression of bone markers in comparison with the 
control group. Moreover, 95 DDA caused statistically 
higher bone marker expression than the other groups 
(Figure 3). Alkaline phosphatase (ALP) expression is the 
most commonly used marker for bone formation (Choi 
et al., 2011). Chitosan material influenced ALP activity at 
7 and 14 days from cell culture with the highest activity 
on 95 DDA (Figure 3-4). The quantity of ALP enzyme 
was significantly lower in RBT control in comparison 
with the other groups.  One study found that after 8 days 
of incubation, ALP's intracellular activity was higher 
on chitosan-coated titanium discs compared with the 

Figure 1: (a) gross view of Resorbable Blast Textured (RBT) 
surface without coating, (b) under SEM. (c) RBT surface 
coated with chitosan 80 DDA, (d) under SEM. (E) RBT 
surface coated with chitosan 95 DDA, (E) under SEM. All 
of the samples at a magnification of 1,000

Figure 2: Alamar blue quantification for cell viability 
performed on cells grown on control or chitosan 80/95 
coated groups during osteogenic differentiation for 7 and 
14 days. Values were presented as mean ± SDSD of six 
different groups. *p < 0.05
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pure titanium group. However, they used a combination 
between 85 and 90 DDA (Li et al., 2015).

Figure (3): Osteoblast gene expression at 7 and 14 days 
from cell culture. 

Figure 4: Alkaline phosphatase activity at 7 and 14 days 
of cell culture

Mineralization process can be detected by measuring 
the amount of Osteocalcin (OC) and Osteonectin (ON) 
activity (Ozdemir et al., 2016; Rosset and Bradshaw, 
2016). The expression of these two non-collagenous 
markers increases in the final phases of bone formation 
by mature osteoblasts. Our data displayed that these 
genes were expressed more in chitosan-coated samples 
in comparison with the RBT control, and by following the 
general trend of bone mineralization, the expression of 
ON and OC was more at day 14 in comparison with day 
7. A study by Mathews et al. examined different densities 
of chitosan with >87.61 DDA coating for osteoblast 
differentiation. Chitosan coated plates revealed more 
gene expression of osteoblast markers, including Runx2, 
ALP, ON, OC on day 7, 14 and 21 from cell culture in 
comparison with untreated plates. Moreover, calcium 
deposition measured by quantification assay was 30% 
more on chitosan-coated plates by day 14 and 21 from 
osteogenic induction (Mathews et al., 2011). 

Figure 5: (G–L) Scanning electron microscopy (SEM) 
images. (G) RBT control at day 7 (H) at day 14. (I) RBT 
80 at day 7 (J) at day 14. (K) RBT 95 at day 7. (L) At day 
14. 2500× magnification.

According to the literature, the deacetylation degree in 
the chitosan is high with an increased number of amino 
groups, which is better for implant surface bonding. 
Thereby, an increase in the amino group is likely to 
increase the positively charged particles, which leads 
to a high net positive charge on the coated samples. 
Consequently, the coating will have a higher affinity for 
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Figure (6): Images of cell morphology and osteoblast 
adhesion. (A1) for RBT control as all. (A2) with Phalloidin 
for actin filaments. (A3) nuclei stained with DAPI. (B1) 
for RBT 80 as all. (B2) with Phalloidin for actin filaments. 
(B3) nuclei stained with DAPI. (C1) for RBT 95 as all. (C2) 
with Phalloidin for actin filaments. (C3) nuclei stained 
with DAPI.



negatively-charged cells and growth factors (Bumgardner 
et al., 2003a, Hamilton et al., 2007, Prasitsilp et al., 
2000, Fakhry et al., 2004). Overall, all surfaces showed 
good biocompatibility and allowed for cell attachment, 
proliferation, and differentiation. After 24 h, the confocal 
results indicated that hMSC could attach and grow on 
chitosan-coated surfaces as well as control. 

For RBT 95 and RBT 80, dense flattened osteoblasts 
approximating each other were seen on the top of the surface  
(Figure 6). For SEM results, the samples coated with 
chitosan showed more layers of dark cell patches 
overlapping each other while forming bridge-like 
structure at day 7 (Figure 5). With a later stage, the 
calcium deposits were clearly visible at the chitosan-
coated groups in contrast to the control groups. The 
nodule-like structures suggested that the cells were 
committed to developing osteogenic phenotype and 
osteoblasts differentiation (Abuelreich et al., 2017).

Concerning the different DDAs, the results of the present 
study showed that 95 DDA coated chitosan is superior 
in terms of biological responses in comparison with 80 
DDA coated chitosan. Research by Foster and his group 
showed that cell line, which grew on 85 DDA was much 
better in cell spreading in comparison with 72 DDA 
(Foster et al., 2015). On the contrary, A recent study 
investigated the influence of DDA on the biological 
behavior of the MC3T3-E1 cells and found that a DDA 
in the range of 87–94% had a less critical effect on cell 
growth or proliferation in comparison with the source 
of chitin (shrimp & crabs) (Supernak-Marczewska 
and Zielinski, 2020). To the best of the researcher’s 
knowledge, this is the first study that utilized chitosan 
to coat implant surface other than pure titanium, and 
these data encourage future researchers to do more 
investigation regarding the mechanical properties of this 
combination for future implant design.
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