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3D Printing, designed a three-dimensional scaffold using FDA-approved Polycaprolactone/Poly Lactic-co-Glycolic Acid

Alginate, (PCL/PLGA) polymers. Then, 40 and 45 (w/w) alginate nanoparticles were added to the bio-ink to improve the

Polycaprolactone, printability, mechanical properties, and biocompatibility of the scaffolds. Finally, 3D-printed scaffolds were

Polylactic Acid, evaluated using mechanical properties, surface hydrophilicity, water absorption, biodegradability, surface

Tissue Engineering morphology, and cell viability. The results showed that increasing the percentage of alginate nanoparticles in the
bio-ink would increase the percentage of porosity, surface hydrophilicity, mechanical properties, cell viability,
and printability. In addition, water absorption and compression modules of PCL/PLGA 3D-printed scaffolds
containing 45 % alginate were optimized, compared to those of other groups, hence used as bio-ink in 3D printing
of scaffolds in tissue engineering defects.
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1. INTRODUCTION

During the past two decades, different techniques in
tissue engineering such as extracting cells from new cell
sources, synthesis of advanced biomaterials and
biocopying, and discovery of new drugs and medical
development in the field of biological structural
constructions led to the discovery of new treatment
solutions in order to repair and regenerate the damaged
tissue [1-2]. According to the conducted studies, not
only can chondrocytes maintain their phenotype after
seeding on 3D-printed scaffolds, but they significantly
enhance articular cartilage regeneration [3]. In tissue
engineering, additive manufacturing techniques were
used to achieve structures with open and regular
porosity, high structural complexity, and flexible
designs [4-5].

In this research, for the first time, composite bio-ink
based on synthetic polymer materials PCL, PLGA, and
natural polymer of alginate nanoparticles were used for
extrusion-based 3D printing in order to obtain optimal
properties for 3D-printed scaffolds.

2. MATERIALS AND METHODS

To prepare and optimize the bio-inks that are suitable
for 3D printing scaffolds, PCL was dissolved in three mi
of chloroform and mixed using a magnetic stirrer for an
hour. PLGA was added to the solution and mixed for
two hours at 35 °C to obtain a homogeneous polymer
solution. Alginate nanoparticles with the wight
percentages of 40 % and 45 % (w/w) were added as
fillers to the base polymer composition. Specifications
of the 3D-printed scaffolds are as follows: side length =
20 mm (12 strands, distance between strands 1 mm) and
total height =5 mm (25 layers, 300 um/layer). Different
inks were ejected through a nozzle with an inner
diameter of 420 um. The movement speed of the nozzle
head and the dose speed of the ink output were 1.85
mms* and 0.0099 mms?, respectively.

3. RESULTS AND DISCUSSION

Figure 1 depicts the SEM images of chondrocytes
attached to the 3D printed scaffolds on Day 7 of cell
study. Chondrocytes adhere well to the surface of
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PPA40 and PPA45 scaffolds and formed elongated cell
pike. However, the cell adhesion to the surface of the
scaffold containing 45 % alginate nanoparticles
significantly increased, compared to the scaffolds
containing 40 % alginate nanoparticles. The adhesion
and elongation of chondrocytes during the cell culture
study confirm the optimal porosity percentage and
appropriate distance between the filament size and mesh
network which allows the cells to bridge the filament,
considering that large mesh spacing and size negatively
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affect the cell growth [6]. According to the results
obtained from the morphological view of chondrocytes,
this level of cell attachment can be attributed to the
appropriate level of hydrophilicity of the scaffolds
which leads to the interaction between the scaffold and
cell surface and creates suitable conditions for the
formation of receptors due to the presence of
hydrophilic functional groups. The cell surface is 3D
printed in the direction of connecting chondrocyte cells
to the surface of scaffolds [6].
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Figure 1. SEM images of the adhesion and morphology of chondrocytes on 3D printed scaffolds: (a) image of scaffold surface
containing 40 % alginate nanoparticles, and (b) image of scaffold surface containing 45 % alginate nanoparticles

4. CONCLUSION

Fabrication of PCL/PLGA scaffolds containing 45 %
alginate shows the optimal water absorption and
compression modules that can be used as a bio-ink in the
3D printing of scaffolds in tissue engineering defects.
According to the findings, increasing the percentage of
alginate nanoparticles in the bio-ink would in turn
increase the percentage of porosity, surface
hydrophilicity, mechanical properties, cell viability, and
printability.
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