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Electrospinning is a widely used technique producing nanofibers with a number
of outstanding characteristics. However, building macroscopic 3D electrospun
structures and studying the biological activity inside 3D scaffolds remain challenging.
This dissertation involves the study and development of an in-house 3D
electrospinning technique that combines electrospinning with a 3D printer to address
the issue of macroscopic 3D fibrous structures. In a part of the biological assessments,
the 3D structures are examined with in vitro cell culture by observing them
with Scanning Electron Microscope (SEM), Synchrotron-based Fourier-transform
infrared microspectroscopy (SR-FTIR), and Synchrotron Radiation X-ray Tomography
(SRXTM) techniques.

In the setup of in-house 3D electrospinning, the use of a delta configuration
offers the advantage of effectively minimizing undesired fiber deposition and enabling
the control of 3D structures. In the section of the self-assembled formation, the
findings demonstrate that solution conductivity plays a crucial role in facilitating the
self-assembly of fibers. Under the same conditions, polycaprolactone (PCL) and
polyvinylidene fluoride (PVDF) solutions did not exhibit self-assembled fibers stacking
if there were not the addition of HsPO,4 additives. Nevertheless, polyacrylonitrile (PAN)
solutions, without any additives, were capable of forming self-assembled stacks. It
was attributed to the conductivity of the PAN solution that reached to 99.4 uS/cm
Despite the fact that the conductivity of the PCL solution with the additions of
additives was around 0.80 uS/cm, it exhibited self-assembly. It implied not only did
the conductivity value influent self-assembly, but it was also attributed to other

variables of electrospinning. Therefore, the PCL solution was utilized to investigate the
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influence of the solution and electrospinning parameters. It was observed that
concentration and flow rate of solutions plays critical role because these parameters
relate to the quantity of incoming fiber. Additionally, the initial distance between a
nozzle and a collector is crucial for 3D formation, as a distance that is too short could
hinder 3D formation and excessive length may cause fiber to spatially spread instead
of depositing at the same location. Not only those mentioned earlier but other
relevant parameters, including voltage, and nozzle moving speed, influent also 3D
formation. Through tunning experimental conditions, 4 ml/h of flow rate, 4 cm of initial
distance, 14 kV of voltage, and 1 mm/s of nozzle speed were the optimal conditions
for 3D PCL fibrous constructs under the ambient environment. It provided the rapid
buildup of cylinder macrostructures with 6 cm of diameter, reaching a height of 16.18
+ 2.58 mm and a wall thickness of 3.98 + 1.01 mm on one perimeter with a non-
significant difference in average diameter on the upper, middle, and lower parts, whose
overall average diameter was 1.40 = 1.10 um. For biological assessment, plasma
treatment with 30 and 50 W for 5 minutes improved the hydrophilicity of the PCL
macrostructures, proving most suitable for in vitro cell culture of NIH3T3 cells.
Additionally, SRXTM allowed the access to 3D images of cell distribution within the
scaffolds, proving cell adhesion, migration, and proliferation within 3D PCL structures.
The normalized volume of cells grown on scaffolds doubled when comparing the
cultures at 1 and 3 days. In addition, SR-FTIR imaging is able to present cell localization
on electrospun fibers and the cell distribution on the fibers with a hierarchical
clustering analysis (HCA).

This breakthrough in 3D electrospinning not only overcomes existing limitations
in scaffold fabrication but also paves the way for revolutionary applications across
various fields, including future foods, artificial organs, and fibrous-based 4D printing
technologies. Furthermore, SRXTM and SR-FTIR have the capability to conduct
bioactivity evaluation within 3D scaffolds, providing useful insights for biomedical

applications.
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