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ABSTRACT:

Bone regeneration, which may be observed during typical fracture healing and is involved in continual remodelling throughout adult life, is a complicated, well-
orchestrated physiological process of bone creation. Avascular necrosis, atrophic non-unions, and osteoporosis are a few complex clinical conditions in which large
amounts of bone regeneration are needed, such as for the skeletal reconstruction of large bone defects caused by trauma, infection, tumour resection, and skeletal
abnormalities, or situations in which the regenerative process is impaired. Chitosan (Cs) (from Shrimp Shells, degree of deacetylation >75%) and collagen (Col)
Type 1, Insoluble (from Bovine Achilles Tendon) were purchased from Sigma-Aldrich. Hydroxyapatite (HA) was synthesized in our laboratory following the
reaction:10Ca(OH)2 + 6 (NH4) 2HPO4 —---> Cal0 (PO4) 6(OH)2 + 12NH4 OH + 6H

Chitosan/Collagen composite membranes (Cs/Col) were obtained varying collagen content into the chitosan solution. Briefly, collagen (0.15 and 0.75% w/v) was
dispersed into a chitosan solution prepared as described above by mechanical stirred until a good collagen dispersion was obtained. Then, 25 g of solution was
poured into Petri dishes and dried at room temperature.

The membranes with the highest hydroxyapatite and collagen content showed the highest cell adhesion, and no cytotoxicity was presented by any of the membranes
prepared, suggesting that these materials have a significant potential to be used for bone regeneration .
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INTRODUCTION

Bone regeneration, which may be observed during typical fracture healing and is involved in continual remodelling throughout adult life, is a complicated, well-
orchestrated physiological process of bone creation.(1) Avascular necrosis, atrophic non-unions, and osteoporosis are a few complex clinical conditions in which
large amounts of bone regeneration are needed, such as for the skeletal reconstruction of large bone defects caused by trauma, infection, tumour resection, and
skeletal abnormalities, or situations in which the regenerative process is impaired.(2) The "gold standard" autologous bone graft, free fibula vascularized graft,
allograft implantation, and use of growth factors, osteoconductive scaffolds, osteoprogenitor cells, (3)and distraction osteogenesis are just a few of the many current
methods used to improve the impaired or "insufficient" bone-regeneration process.(4)The poly(ethylene glycol) (PEG), (5)multiwalled carbon nanotubes
(MWCNT), and BKC-containing chitosan composite membranes were created by combining the membrane precursors and the antibacterial solution, then casting
the mixture using an inverse phase process.Due to the rise in bone problems caused by the ageing population, increased obesity, and insufficient physical activity,(6)
bone repair medicine research has received a lot of interest. The bone tissue cannot repair on its own when the bone problem is larger than the critical size defect
(>2 cm), necessitating clinical therapy.(7) With more than two million bone graft surgeries performed each year worldwide, bone grafting is one of the most popular
techniques for bone regeneration(8). In the past few decades, a variety of bone graft types have been used in bone tissue engineering; however, more focus is now
being placed on the biomimetic approach to scaffold design, which achieves molecular, structural, and biological compatibility with complex native bone tissue.
The biomedical sector is very interested in bone regeneration since it has the potential to regenerate a variety of tissues, including cartilage, epithelial tissue, and
bone(9). Tissue engineering attempts to eliminate the need to replace and repair damaged tissue in this setting(10). As a result, numerous studies look for ways to
stimulate, direct, and promote the regeneration of various connective tissues, such as skin, cartilage, and bone, while minimising any negative effects.(10,11) As a
result of their biological, chemical, physical, and mechanical characteristics as well as their ability to combine with other materials to create composites with
improved capabilities, many ceramic and polymeric materials exhibit a significant potential for tissue regeneration.

MATERIALS AND METHODS :

Chitosan (Cs) (from Shrimp Shells, degree of deacetylation >75%) and collagen (Col) Type I, Insoluble (from Bovine Achilles Tendon) were purchased from
Sigma-Aldrich. Hydroxyapatite (HA) was synthesized in our laboratory following the reaction:

10Ca(OH)2 + 6 (NH4) 2HPO4 —---> Cal0 (PO4) 6(OH)2 + 12NH4 OH + 6H20

Briefly, ammonium phosphate solution was applied dropwise to a Ca(OH)2 suspension in deionized water. The mixture was thoroughly stirred while being kept at
a constant temperature of 25 °C. This solution's pH was raised to 10, and it was then let to stand at room temperature for 16 hours. The product was removed from
the mother solution and rinsed repeatedly until the pH was neutral. The powder was produced and dried for 20 hours at 60 °C. By using X-ray diffraction (XRD)
and Fourier transform infrared spectroscopy, the final material was evaluated (FTIR).

RESULTS AND DISCUSSION :Chitosan membranes (Cs) were prepared by solvent casting method. Chitosan solution was obtained by dispersing 1.5% (w/v)
in an aqueous solution of acetic acid at 2% (v/v). The solution was mechanically stirred until solubilization. (12)After that, 25 g of solution was poured into Petri
dishes (diameter = 8.2 cm) and dried at room temperature (~a week).Chitosan/collagen composite membranes

Chitosan/Collagen composite membranes (Cs/Col) were obtained varying collagen content into the chitosan solution. (13)Briefly, collagen (0.15 and 0.75% w/v)
was dispersed into a chitosan solution prepared as described above by mechanical stirred until a good collagen dispersion was obtained. Then, 25 g of solution was
poured into Petri dishes and dried at room temperature.

Chitosan/hydroxyapatite composite membranes

Chitosan/hydroxyapatite composite membranes (Cs/HA) were obtained varying HA content into the chitosan solution.(14) Briefly, HA (0.15 and 0.75% w/v) was
dispersed into a chitosan solution prepared as described above by mechanical stirring until a good dispersion of HA was obtained. Then, 25 g of solution was
poured into Petri dishes (diameter = 8.2 cm) and dried at room temperature (~a week).

FIGURE 1:
0.5
0'4 . e .
E FIGURE 1 : Biocompatibility assessments of the prepared composite. (A) and
m g 03 (B)- 24 h and 48 h direct cytotoxicity assessment performed using MTT assay
- P 0.2 with human osteoblastic cells (MG-63). The membrane was found to
S cytofriendly. *-indicates significant differences compared to control, p<0.05,

0.1

* n=4. Positive control in MTT assay is 0.1% Triton-x-100.

Control cs CS-BNP's  Positive control FIGURE 2 :

0.5

0.4

03

0.2

0D at 590 nm

0.1 &

Control cs CS-BNP's  Positive control

https://mswmanagementj.com/ 1326


mailto:152001076.sdc@saveetha.com
mailto:saravanan.sdc@gmail.com
mailto:marinafrancis26@gmail.com
https://paperpile.com/c/Oye3Lo/UQKp
https://paperpile.com/c/Oye3Lo/9luK
https://paperpile.com/c/Oye3Lo/Y0xm
https://paperpile.com/c/Oye3Lo/5B1f
https://paperpile.com/c/Oye3Lo/rjyf
https://paperpile.com/c/Oye3Lo/HETu
https://paperpile.com/c/Oye3Lo/oBZ1
https://paperpile.com/c/Oye3Lo/2Lra
https://paperpile.com/c/Oye3Lo/jGUk
https://paperpile.com/c/Oye3Lo/l3mA
https://paperpile.com/c/Oye3Lo/l3mA+5tDk
https://paperpile.com/c/Oye3Lo/CwBz
https://paperpile.com/c/Oye3Lo/QUZy
https://paperpile.com/c/Oye3Lo/Cgi8

MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal
ISSN: 1053-7899 S
Vol. 36 Issue 22,2026, Pages 1326-1329 25

ELSEVIER
) °"’°°"""‘MG*‘3 oule) FIGURE 2: Biocompatibility assessments of
e the prepared composite. Lactate dehydrogenase

release assay performed using the medium

@
—_/ N -
@\\) d\\> obtained from mouse mesenchymal stem cells
o —— A Y grown on the composite membrane for 48

120

Sosen Chmosan-Dirs hours. The membrane was found to
l | % 100 I cytofriendly. -indicates significant differences
g 80 compared to control, p<0.05, n=4. Positive
@ @ L 60 control =1% H202 treatment.
-
5 40
l 48 hrs l "
20
0
Control Chitosan CS-BNP's  Positive ...
Conditioned Medium
FIGURE 3 :
Mouse mesenchymal stem cells
": FIGURE 3: Role of prepared Biocomposite
/ \ membrane on osteoblast differentiation in vitro.
25 RUnx2 Mouse mesenchymal stem cells were grown
5 * onto the membrane under osteogenic conditions
hfg:gf::e Ch;‘:;:g;:r:“e"'s 3 and total RNA was isolated, converted into
l Osteogenic MadRi s 15 c¢DNA and subjected to gene expression analysis
e g 4 of Runx2. *-indicates significant differences
— i compared to control, p<0.05, n=4. Positive
0.5 control =1% H202 treatment.
i / 6

Control cs CS-BNP's

Total RNA
GR analyoi
PCR analysis

3.1 Chitosan/collagen/hydroxyapatite membranes: Chitosan/Collagen/Hydroxyapatite membranes (Cs/Col/HA) were obtained, varying HA and collagen
content into the solution. Briefly, HA (0.15 and 0.75% w/v) and collagen (0.15 and 0.75% w/v) were dispersed into a chitosan solution prepared as described above
by mechanical stirring until a good dispersion of HA and collagen was obtained. Then, 25 g of solution was poured into Petri dishes (diameter = 8.2 cm) and dried
at room temperature (~a week).

Figure 4: SEM Micrograph and Elemental Mapping of the Chitosan-Composite Membrane. Scanning Electron Microscopy (SEM) image showing the surface
morphology and particle distribution within the membrane matrix. The white rectangular box indicates the specific area ("Spectrum 1") selected for Energy-
Dispersive X-ray (EDX) analysis.
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Figure 5: EDX Spectrum of the Chitosan-Copper/Strontium Composite. Energy-Dispersive X-ray (EDX) spectrum confirming the elemental composition of
the membrane. The peaks and the data table verify the presence of Carbon (C) and Oxygen (O) from the organic chitosan/collagen matrix, along with Strontium
(Sr) and trace zinc dopants used for enhanced bone regeneration.
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Figure 6: Low-Magnification SEM Surface Analysis. SEM micrograph at 91.4x68.6um magnification showing the general topography and uniformity of the
solvent-casted chitosan membrane. The scale bar represents SOmicrometre.
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Figure 7: Low-Magnification SEM Surface Analysis. SEM micrograph at 985x738um magnification showing the general topography and uniformity of the
solvent-casted chitosan membrane. The scale bar represents 50micrometre.
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Figure 8: Low-Magnification SEM Surface Analysis. SEM micrograph at 160x120pm magnification showing the general topography and uniformity of the
solvent-casted chitosan membrane. The scale bar represents SO0micrometre.

Figure 9: Low-Magnification SEM Surface Analysis. SEM micrograph at 171x128um magnification showing the general topography and uniformity of the
solvent-casted chitosan membrane. The scale bar represents SOmicrometre.
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Figure 10: Low-Magnification SEM Surface Analysis. SEM micrograph at 2.13x1.60 mm magnification showing the general topography and uniformity of the
solvent-casted chitosan membrane. The scale bar represents 50micrometre.
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SEM analyses
The morphological characterization of the different synthesized samples and the seeded membranes was carried out in a Scanning Electron Microscopy (SEM)
FEI Inspect F50 System attached with an Energy-Dispersive Spectrometer (EDX) EDAX Apollo.

The preparation of the seeded membranes for SEM analyses was performed modified method. Briefly, samples were fixed using 2.5% v/v glutaraldehyde in PBS
for 1 h at 4 °C, then postfixed with 1% v/v OsO4 in PBS for 1 h at 4 °C and rinsed three times with distilled water. After, seeded membranes were dehydrated with
a graded series of ethanol (50, 70, 80, 90, and 100% v/v), followed by a 5 min incubation with hexamethyldisilazane (HMDS. Sigma-Aldrich®) and left at room
temperature for 2 min to dry. The samples were carbon/Pt coated in Balzers BA 510 evaporator.

5. CONCLUSION:

Composite membranes of chitosan/collagen, chitosan/hydroxyapatite, and chitosan/collagen/hydroxyapatite were successfully prepared by solvent casting method.
Membranes with micro and nanopores were obtained with good dispersion of hydroxyapatite in the organic matrix. The addition of collagen and hydroxyapatite
to chitosan improves thermal stability and reduces thermal decomposition of the composites. The membranes with the highest hydroxyapatite and collagen content
showed the highest cell adhesion, and no cytotoxicity was presented by any of the membranes prepared, suggesting that these materials have a significant potential
to be used for bone regeneration .
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