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Abstract

Osteosarcoma remains one of the most common malignant primary bone tumors. Post-surgical
defect repair combined with tumor suppression remains a major clinical challenge. Investigations
of alternative treatments for osteosarcoma, while promising, have led to multi-drug resistance.
These constraints of common treatment strategies have triggered the need for new therapeutic
candidates in bone cancer treatment. Chitosan, a common biopolymer utilized in bone and tissue
engineering applications, has recently been studied as a pro-apoptotic agent in metastatic cell lines
like breast cancer, but has not been utilized in bone cancer applications. In this study, chitosan was
directly loaded onto HA disks to evaluate its /n vitrorelease and effects on human fetal osteoblast
(hFOB) and human osteosarcoma (MG-63) cell lines. It is hypothesized that the sustained release
of chitosan will decrease osteosarcoma cell proliferation and enhance proliferation of osteoblast
cells. Through morphological characterization and MTT assay analysis, chitosan showed no
toxicity to human fetal osteoblast (hFOB) cells. Chitosan was also shown to decrease human
osteosarcoma viability by up to 96% compared to control samples. This suggests a pro-apoptotic
mechanism against osteosarcoma as well as the potential clinical application of chitosan as a drug
candidate in ceramic scaffolds at tumor resected sites.
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1. Introduction

Osteosarcoma remains one of the most common and deadly forms of musculoskeletal
cancers due to its high malignancy. The current treatment strategy of osteosarcoma is based
on a combination of surgery and chemotherapy. Metastasis at onset of osteosarcoma is
common, where reconstruction of bone cancer defects and limb salvaging surgery remain the
standard of care. Complications in osteosarcoma surgery include infections of bone grafts
and failure of implanted prosthetics. Chemotherapy is highly toxic but poorly specific to the
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tumor site, where systematic administration of chemotherapy and other anticancer agents
such as doxorubicin, cisplatin, and methotrexate limit their overall effectiveness in
osteosarcoma treatment. Additionally, almost 50% of clinically reported osteosarcoma cases
acquire resistance to chemotherapy before or during treatment [1]. Most studies have
focused on targeting pathways that modulate cancer cell sensitivity such as Bcl-2 proteins,
Her-2/ERBB2, miRNAs, and ATP dependent efflux pump P-glycoproteins [2-5]. The tumor
environment is characterized by hypoxia as well as other extreme metabolic and biochemical
changes. More recently, it has been demonstrated that acidic extracellular pH (pH,) is linked
to malignant tumor behavior as well as the association of sarcomas with drug resistance [6—
7]. This is due to cancer cell’s production of metabolic acid generated by lactic acid
production, glycolysis, and an increased proton efflux. These mechanisms prevent apoptosis
of tumor cells by cellular acidosis [8]. This leads to rapid tumor growth, which in turn
induces extracellular acidosis, increasing a tumor’s ability to invade healthy tissues and
metastasize [9]. The acidification of the surrounding environment of cancer cells has shown
to increase /n vivo metastases compared to normal cancer environments [10]. Acidosis has
also been shown to increase the invasiveness and adhesion of /in vivoand in vitro
metastasizing models [11-14].

Thus, the development of therapeutic agents that can selectively inhibit cellular acidosis for
cancer therapy is a growing area of interest. Research in the bone and tissue engineering
field has focused on chitin and its biopolymer equivalent, chitosan, to generate novel
properties and functionalities in biomaterial applications. Chitin is well known as a
biocompatible, biodegradable, and non-toxic compound with indications in antibacterial and
immunogenicity [15]. Chitosan is the linear polysaccharide produced by the deacetylation of
chitin and the properties of this polysaccharide are directly dependent on the deacetylation
sites, making it particularly novel for modifying properties such as biocompatibility,
antimicrobial activity, and biodegradability in tissue scaffolds and coatings.

Previous work has focused on chitosan’s utilization as a hydrogel and nanoparticle system to
modulate the aggressiveness of metastatic cancers or encapsulate chemotherapy-like drugs
in order to improve efficacy and clinical outcome in breast cancer models [16,17]. Chitosan
was also found to induce apoptosis in bladder cancer cells through DNA fragmentation as
well as activation of caspase-3, a death signaling mediator of the apoptotic pathway
commonly induced by antitumor agents [18]. Chitosan nanoparticles have also been utilized
for drug delivery applications for doxorubicin to treat osteosarcoma [19]. Additionally, it has
been shown that free chitosan promotes osteoblast proliferation and osteogenesis in
mesenchymal stem cells and also increases osteopontin and collagen | expression, ultimately
reducing osteoclastogenesis [15]. Chitosan is therefore commonly utilized in scaffold
matrices for bone healing but has rarely been used as a free drug/coating agent [20].
Chitosan thus has the potential to promote ingrowth and regeneration while reducing
circulating bone cancer cells.

Chitosan also functions as a weak base, suggesting its potential utilization as a pH regulator
in osteosarcoma regulation. This is due to the non-bonding pair of electrons on chitosan’s
primary amino group of the glucosamine unit, which has the ability to accept a proton
[21,22]. The potential for chitosan to promote proliferation in osteoblasts and decrease
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proliferation in osteosarcoma would allow for a targeted, localized, and controlled treatment
strategy. A common delivery system in bone related ailments and tumor resected sites is
hydroxyapatite (HA). Due to calcium phosphate’s chemical and structural similarities to the
inorganic phase of human bone, HA has become one of the most popular bioceramic
material in bone and tissue engineering applications [23]. HA has also been widely
investigated as a biocompatible and osteoconductive biomaterial in the use of bone
substitutes as a bone scaffold which will eventually be absorbed by the body and completely
replaced by new bone growth [24]. Its potential use as a drug delivery system has attracted
significant interest because of its simultaneous use as bone substitute and drug delivery
vector [25,26].

To the authors’ knowledge, there have been no reports thus far that showcase the ability of
chitosan to inhibit osteosarcoma proliferation as well as maintain biocompatibility with
osteoblast cells for bone tissue engineering applications using hydroxyapatite. To explore
chitosan’s potential chemotherapeutic efficacy, the local delivery of chitosan from HA disks
was investigated. In this work, HA disks were prepared and loaded with chitosan to test
chitosan’s efficacy /n vitro on human osteoblast and osteosarcoma cell lines. Authors
hypothesize that the sustained release of chitosan will decrease osteosarcoma cell
proliferation and enhance proliferation of osteoblast cells. The effect of pH on /in vitro
release of chitosan was also assessed. An initial toxicity study was carried out in human fetal
osteoblast (hFOB) and human osteosarcoma (MG-63) cell cultures, followed by drug
loading optimization and a final cell culture study in osteosarcoma cells (Figure 1). This
work provides an effective, pro-apoptotic system against osteosarcoma utilizing chitosan for
bone tissue engineering applications.

2. Experimental

2.1 Characterization of HA powder and non-loaded and chitosan-loaded HA disks.

2.1.1 HA disk preparation—HA powder was prepared by ball milling in ethanol in (2:3
w/v) for 12 hours with zirconia balls (3:1 ball to powder ratio). After milling, the powder
was left to dry in a conventional oven at 60 °C for 12 hours. Dried powders were then sieved
at 212 pm to obtain a uniform particle size. The dried powder was then uniaxially pressed
into disks with a diameter of 12 mm and a height of 2 mm. For each disk, 0.6 g powders
were measured and pressed with a uniaxial pressure of 165 MPa applied for 2 minutes. The
green disks were then sintered in a conventional muffle furnace at 1250 °C for 2 hours to
obtain the final disk parts.

2.1.2 Chitosan loading—Chitosan was dissolved in 0.1 M acetic acid and pipetted on
top of the HA disks at initial concentrations of 10 pg. All loaded samples were frozen at —80
°C for 24 hours and lyophilized for 72 hours at =50 °C (FreeZone 4.5L benchtop Free Dryer,
Labconco). The successful loading of chitosan was measured with a Biotek Synergy 2
SLFTAD microplate reader (Biotek, Winooski, VT, USA) at a 250 nm wavelength range.

2.1.3 Physical characterizations—The crystalline structure and the phase

composition of HA powder (Monsanto, USA) was characterized utilizing X-ray diffraction
(XRD) with a Siemens D-500 Diffractometer system operating at 35.0 kV and 30.0 mA with
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a Cu radiation source and Ni filter at a scan rate of .02°/min and a step width of 0.05. Fourier
transform infrared (FTIR) spectra of chitosan loaded and pure HA samples were obtained
using an ATR-FTIR spectrophotometer (Nicolet 6700 FTIR, Madison, WI, USA) in the
400-4000 cm~1 wave number range.

In vitro release of chitosan

HA disks were prepared as described in section 2.1.1. The release of chitosan was measured
in phosphate buffer solution (PBS, pH 7.4) and acetic buffer solution (ABS, pH 5.0) to
replicate both physiological environments as well as the acidic environment of a resected
tumor site. Chitosan was dissolved in 0.1 M acetic acid and loaded at 50 pg. All samples
were frozen at =80 °C for 24 hours, followed by lyophilization for 72 hours (FreeZone 4.5L
benchtop Free Dryer, Labconco) at =53 °C. All control and test samples were tested in
triplicate, and were immersed in 4 mL of each respective buffer and replaced with fresh
buffer after 15, 30, and 45 min, as well as 1.5, 3, 6, 12 hand 1, 2, 3, 7, 10, 14 days, all the
way up to 7 weeks. Samples were kept in a shaker at 37 °C with constant shaking at 150
rpm. The concentration of released chitosan was measured with a Biotek Synergy 2
SLFTAD microplate reader (Biotek, Winooski, VT, USA) at a 250 nm wavelength and
concentrations were determined based on a previously prepared standard curve.

In vitro cell culture study

2.3.1 Initial osteoblast toxicity study—~Prior to cell culture, chitosan was dissolved
in 0.1 M acetic acid and pipetted on top of the HA disks at initial concentrations of 10 pg.
All loaded samples were frozen at —80 °C for 24 hours and lyophilized for 72 hours at =50
°C (FreeZone 4.5L benchtop Free Dryer, Labconco). Pure HA samples were utilized as a
control and chitosan loaded samples were utilized as the treatment group. Both groups were
assessed in triplicate. All samples were sterilized using an autoclave for 60 min at a
temperature of 121 °C. Human fetal osteoblast cells (hFOB 1.19, ATCC, Manassas, VA)
were cultured to passage 7 and seeded at 20x103 cells/sample. The basal medium was
prepared by mixing 1:1 Ham’s F12 Medium and Dulbecco’s Modified Eagle’s Medium
(DMEM/F12, Sigma, St. Louis, MO), with 2.5 mM L-glutamine (without phenol red) in
filter sterilized DI water. 10% fetal bovine serum (FBS, ATCC, Manassas, VA) and 0.3
mg/mL G418 (Sigma, St. Louis, MO) was then utilized to supplement the media. Samples
were then kept in an incubator at 34 °C under an atmosphere of 5% CO, and the study was
carried out for 6 days.

2.3.2 Initial osteosarcoma toxicity study—All samples were prepared based on the
previous section. MG-63 (MG-63 1.19, ATCC, Manassas, VA) human osteosarcoma cells
were cultured to passage 7 and seeded at 20x103 cells/sample. Eagles minimum essential
medium (EMEM) (ATCC, USA) was used to maintain the culture where the media was
changed every 2 days. Samples were then kept in an incubator at 37 °C in a humidified
environment at an atmosphere of 5% CO, and the study was carried out for 6 days.

2.3.3 Final osteosarcoma study—Due to delamination, a final study was carried out
with optimized chitosan loaded HA disks. For this study, all chitosan loaded samples were
frozen at —80° C for 24 hours and lyophilized for 48 hours at =53 °C (FreeZone 4.5L
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benchtop Free Dryer, Labconco). Human osteosarcoma cells (MG-63 1.19, ATCC,
Manassas, VA) were again cultured to passage 7 and were seeded on samples at a density of
20 x103 cells/sample. This final study was carried out for 11 days.

2.3.4 Cellular morphology—Samples for Field Emission Scanning Electron
Microscope (FESEM) analysis were removed at Day 3 and 6 for the initial toxicity studies
and Day 3, 7 and 11 for the final toxicity study in order to characterize osteoblast and
osteosarcoma cellular morphology. Samples were fixed with 2% paraformaldehyde/2%
glutaraldehyde in 0.1 M phosphate buffer overnight at 4 °C. Samples were then rinsed with
0.1 M phosphate buffer, followed by post fixation with 2 % osmium tetroxide (OsOy4) for 2 h
at room temperature. Samples were rinsed again with 0.1 M phosphate buffer followed by
ethanol series dehydration (30, 50, 70, 95, and 100 % three times). The final dehydration
step was performed with hexamethyldisilane (HDMS) and left to dry overnight. Gold
sputtering was then performed at a layer thickness of 3—-4 nm.

2.3.5 MTT cell viability assay—Osteoblast and osteosarcoma cell viability was
measured using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay
at the same timepoints as morphological characterization. Samples were transferred to a new
24-well plate and 100 L of MTT (Sigma, St. Louis, MO) solution and 900 pL of cell media
were added to each sample. After incubating at 34 °C for 2 hours, the media and MTT
solution was removed from each well and 600 uL of solubilizer solution (composed of 10 %
Triton X-100, 0.1N HCI and isopropanol) was added to each sample to dissolve formazan
crystals which are produce after reduction of MTT by cellular enzymes. 200 pL of the final
solution was transferred to 96-well plate and read by UV-Vis spectroscopy (BioTek) at 570
nm. To determine cytotoxicity for the osteosarcoma cell line, the percentage of cell viability
was calculated using the following equation:

Mean value of the measured optical density of test sample

Mean value of the measured optical density of the control x 100

Cell viability (%) =

2.4 Statistical analysis

Statistical analysis was performed on MTT results using a student’s t-test, where a p value
(<0.05) was considered significant.

3. Results

3.1 Characterization of HA powder and disks

Figure 1 shows the XRD patterns for HA utilized for disk preparation. Results show
characteristic peaks of the pure HA phase, which matches well with JCPDS #09-0432.

Figure 2 shows the FTIR spectra of chitosan loaded and non-chitosan loaded HA disks.
There are antisymmetric and symmetric modes representing HA’s phosphate groups in both
spectra [27]. The antisymmetric (v3) P-O stretching modes are represented by bands at
1,085 and 1,012 cm™L. In addition, the P-O (v1) symmetric stretching mode appears at 960
cm~L. The antisymmetric (v4) P-O bending modes of the phosphate group were found in the
region of 540-650 cm™1. OH- is present at around 3,571 cm™1 in all spectrums where overall
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intensity of bands is decreased with chitosan loading due to the uniform coverage on the
disk surface. No bands are attributed to acetic acid, which confirms its complete removal.

Figure 3 displays the /n vitro release kinetics of chitosan from HA disks at pH 7.4 and pH
5.0. Chitosan shows low release from the HA matrix within the first 2 days with an initial
release of around 20%. At 3 weeks, this release was found to be around 25% of the original
drug loading, with a maximum of 28% release at 7 weeks in pH 5.0. Similarly, at week 3,
chitosan showed around 24% release, plateauing at around 27% at Week 7 in pH 7.4.
Release of chitosan was thus slightly higher in acidic buffer than physiological pH.

Figure 4 displays the post-release surface morphologies of HA and chitosan loaded HA
samples after 5 and 7 weeks of release in pH 5.0 and pH 7.4. The samples kept in acidic pH
clearly showed much higher degradation, which is evident from the rough and
inhomogeneous surface with some exposed cracks and pores. In pH 7.4, there is a much
lower degradation of the HA surface, which is evident from the homogenous HA surface.
There appears to be matrix formation on the chitosan samples at Week 5 that dissipates by
Week 7.

Figure 5 shows the MTT results for osteoblast (hFOB) and osteosarcoma (MG-63) at Days 3
and 6. The presence of chitosan showed no toxic affects to osteoblast cell viability at Day 3
and 6 compared to pure HA samples. The presence of chitosan showed a significant decrease
in osteosarcoma cell viability at Day 6 compared to control samples.

Figure 6 and 7 shows the scanning electron microscopic images of osteoblast (hFOB) and
osteosarcoma (MG-63) cellular morphology for HA and chitosan loaded HA. Osteoblast
cellular morphology, viability and density was consistent for both HA and chitosan loaded
HA samples at Day 3. Day 6 samples show elongated and flattened morphology on the
chitosan loaded samples. This sheet-like phenotype indicates favorable attachment and
spreading of osteoblast cells. In the osteosarcoma culture, HA samples show live and
attached osteosarcoma cells with clear filopodial and lamellipodial extensions. SEM
micrographs of osteosarcoma cultured chitosan loaded samples showed consistent debris and
dead cells at Day 3, but with some delamination of the polymer surface. Chitosan
delamination has allowed for the presence of live healthy cells at Day 6, suggesting that drug
loading needs to be optimized in order for coating uniformity.

Figure 8 displays the MTT results of the final toxicity study in osteosarcoma cells at Day 3,
7, and 11 with optimized lyophilization of chitosan coatings. Chitosan loaded samples at
Day 3 and Day 7 show 2- and 8-fold lower cell viability in chitosan loaded samples,
respectively, compared to control. At Day 11, MG-63 viability was 94% lower in the
presence of chitosan compared to control. The results show over 50% lower cell viability as
early as 3 days after cell seeding, which implies chitosan has cytotoxic potential against
osteosarcoma cells.

Table I shows the percentage cell viability of control vs. chitosan loaded samples after 3, 7,
and 11 days of seeding using MTT assay. If the percent viability is less than 50%, this is
indicative that a drug agent has cytotoxic potential.
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Figure 9 shows SEM images of osteosarcoma (MG-63) cell culture on control and chitosan
loaded samples at Day 3, 7, and 11. HA samples show cellular spreading at early timepoints
with enhanced cellular sheets developing by Day 7, suggesting a dense cellular layer. Layers
continue to develop by Day 11 suggesting a highly proliferating cellular environment.
Qualitative analysis shows that chitosan loaded samples at all timepoints have consistent
cellular debris and there are no signs of live cells throughout all time points. No spread or
layered cellular structures are distinguishable, which is conclusive with optical density
results.

4. Discussion

Chitosan has been well studied as a nano-carrier and matrix former in hydrogel systems
utilized in cancer treatment [28]. However, chitosan has rarely been studied as a free agent,
particularly in the inhibition of metastasizing cancers such as osteosarcoma. Although we
know the general functions and cellular methods of pH regulation, it is still unclear as to
what regulators are expressed and function as anti-apoptotic factors in cancerous cell lines.
This study was implemented in order to assess chitosan’s drug activity towards both
osteoblast and osteosarcoma cells and elucidate a possible mechanism of action. HA disks
were manufactured and assessed to have characteristic peaks and modes as seen by the XRD
and FTIR analyses, which was in line with our previous studies [27,29,30]. Controlled drug
release from HA is desired in order to improve its chemopreventative and osteogenic
potential. The /n vitro release Kinetics of chitosan showed relatively low cumulative release
by week 7 in both physiological and acidic microenvironments. It is likely that chitosan is
adhering to the matrix by binding to calcium ions present in HA, but such release is common
for more sustained and continuous release profiles as presented in other work [31-33].
Additionally, it is well known that chitosan has cationic properties which is the basis of
many of its potential applications. Chitosan and its derivatives can thus be considered as
linear polyelectrolytes with a high charge density which can interact with negatively charged
surfaces, like proteins and anionic polysaccharides. Thus, chitosan’s higher release kinetics
in the acidic microenvironment are hypothesized to be due to its cationic nature as well as
chitosan’s associated hydrophilicity.

To ensure chitosan’s clinical success as a potential chemopreventative agent against
osteosarcoma, a short-term initial toxicity study was performed in human osteoblast and
osteosarcoma cell lines. MTT results showed no toxic effect to osteoblast proliferation and
viability in the presence of chitosan compared to the control samples. Microstructure
analysis via SEM showed osteoblast spreading, proliferation, and viability in the presence of
chitosan and control samples. While lower optical density values as well as clear
morphological changes were observed in chitosan loaded samples in the osteosarcoma
culture, delamination of coatings required optimization of drug loading and lyophilization in
order to improve the efficacy of chitosan as a drug candidate.

Once a uniform coating was obtained, a final /n vitro study was performed to investigate
chitosan’s effect on human osteosarcoma cells. MTT results showed a significant decrease
of up to 96% in viable cells on chitosan loaded samples over the course of the 11-day study
compared to control samples. A reduction in tumor cell viability induced by chitosan is
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corroborated by the works of Tan et al. and Shen et al [34,35]. Additionally, cellular viability
continued to decrease over the course of the study from 40% to 6% suggesting an early-
stage mechanism of action behind toxicity of osteosarcoma cells. Morphological
characterization via SEM confirmed an increase in cellular debris and the lack of live
attached cells on chitosan samples compared to control samples which displayed uniform
cellular density and spreading. Figure 10 shows a possible mechanism of action regarding
chitosan and its chemopreventative properties. Chitosan can cause deprotonation of the cell
cytoplasm which further inhibits tumor growth activity. The amino groups of chitosan could
have a neutralizing effect on the cellular environment. At low pH, the amino groups can
receive protons while in aqueous solution [21,22]. By accepting these protons, the
extracellular pH (pH.) can potentially be buffered, therefore inhibiting osteosarcoma
proliferation. Another contributing factor for the chemopreventative ability of chitosan is the
activation of caspase-3 [18]. Through the use of chitosan, nuclear fragmentation, chromatin
condensation, and internucleosomal DNA cleavage have all been shown which indicate
cellular apoptosis of tumor cells [18]. As a cationic polymer, chitosan has also shown to
induce red blood cell lysis as well as inhibit melanoma cell growth [36]. Further studies are
necessary in order to understand the regulators, pathways, and factors associated with
chitosan’s apoptotic effect against osteosarcoma. However, the results presented validate
many of the existing literature regarding the potential utilization of chitosan and other
neutralizing agents as potential regulators in osteosarcoma treatment [37—39]. Reviewing the
existing results, this work presents the sustained release of chitosan as a promising
alternative or adjunct treatment for osteosarcoma regulation, suggesting its clinical
significance in the localized drug delivery in bone tumor resection.

5. Conclusions

Controlled release of chitosan was achieved from HA disks, where the effects of pH have
been investigated to study its release in simulated physiological and tumor resected
environments. Acidic buffer media at pH 5.0 resulted in higher release of chitosan compared
to physiological buffer at pH 7.4, which is based on chitosan’s cationic nature. The initial
toxicity of chitosan was tested on human osteoblast and osteosarcoma proliferation through
MTT assay analysis and FESEM. No toxicity was observed in osteoblast cells and a
significant reduction in osteosarcoma viability was witnessed after 6 days of culture
compared to control samples. After drug loading and lyophilization of chitosan was
optimized, a final toxicity study was performed., where chitosan significantly decreased
cellular viability by over 96% by Day 11 compared to control samples. Additionally,
chitosan loaded samples allowed for the regulation osteosarcoma proliferation, with no
significant increase in optical density over the course of the study. These results suggest
chitosan as a promising drug candidate against osteosarcoma. Chitosan thus has the potential
to be utilized in load bearing bone grafts after bone tumor surgery to eradicate remaining
cancer cells without harming normal bone growth.
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Highlights
. Need for drugs capable of combating multi-drug resistance of osteosarcoma.
. Chitosan can trigger apoptosis of metastatic cell lines like breast and bladder.
. Little known about effects of chitosan on bone cells, especially osteosarcoma.
. Chitosan shows a decrease in human osteosarcoma viability by up to 96%.
. Chitosan in ceramic scaffolds can be used for tumor resected sites within

bone.
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Figure 1:
XRD, Monsanto HA. Overall, the powder utilized shows characteristic HA peaks referenced

in JCPDS # 09-0432.
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Figure 2:
FTIR Spectra, chitosan and non-chitosan loaded HA disks
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Figure 3:

Cumulative release of chitosan from HA disks at pH 7.4 and pH 5.0. Chitosan was found to
release at a higher rate in pH 5.0 vs pH 7.4.
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Figure 4:
Cumulative release micrographs of chitosan from HA disks and chitosan loaded HA disks at

pH 7.4 and pH 5.0 at weeks 5 and 7. Samples in acidic pH display higher degradation, which
is evident from the inhomogeneous and rough surface morphology.
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Figure 5: Initial Toxicity Study MTT.
hFOB and MG-63 optical density on HA, and chitosan loaded samples after 3 and 6 days of

culture (n=3, **p<0.05). Chitosan did not affect osteoblast proliferation, and significantly
decrease osteosarcoma proliferation at Day 6.
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Figure 6: Initial Toxicity Study FESEM.
hFOB cellular morphology on HA and chitosan loaded samples after 3 and 6 days of culture.

Darker toned areas, circled in white, with a smooth appearance indicate flattened, attached
cellular morphology that have followed the HA disk microstructure.
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Figure 7: Initial Toxicity Study FESEM.
MG-63 cellular morphology on HA and chitosan loaded samples after 3 and 6 days of

culture. There are clear cellular, density and morphological changes in all drug loaded
samples compared to HA.
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Figure 8: Final Toxicity Study MTT.
MG-63 optical cell density on HA and chitosan loaded samples after 3 and 7 and 11 days of

culture (**p<0.05). Chitosan loaded samples showed significantly lower optical density at
all time points, with no increase in optical density from day 3 and day 11.
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Figure 9: Final Toxicity Study FESEM.
MG-63 cellular morphology on HA and chitosan loaded samples after 3, 7, and 11 days of

culture. Control samples show an enhanced cellular sheet suggesting a dense cellular layer at
all timepoints. All chitosan loaded samples showed increased cellular debris and dead cells
across all timepoints with no presence of attached cells.
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Figure 10:
Possible mechanism of action regarding chitosan and its chemopreventative properties.

Chitosan can cause deprotonation of the cell cytoplasm, buffering the pH, in the cell by the
amino groups accepting protons [21]. Chitosan can also cause DNA damage and cause the
activation of caspase-3 leading to cellular apoptosis [18].
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Table I:

Percentage cell viability of control vs. chitosan loaded samples using MTT assay of MG-63 cells after 3, 7,
and 11 days.

MG-63 cell culture time point | % viable cells (cytotoxicity)

Day 3 40.05 %
Day 7 12.41 %
Day 11 6.01 %
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