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Introduction 
3D-Bioprinting is a rapidly evolving field of research 
in tissue engineering and regenerative medicine. It 
allows for the precise creation of intricate structures 
that replicate natural tissues using additive 
manufacturing techniques. The material used in 
this process is known as bioink, typically composed 
of biomaterials and cells. The biomaterial provides 
mechanical stability to the structure, allowing cells 
to grow and develop into tissue. [1] 
Among various bioprinting techniques, Extrusion- 
Based Bioprinting (EBB) and Vat 
Photopolymerization (VP) have emerged due to 
their versatility, scalability, and ability to handle a 
wide range of biomaterials. In the former, a liquid 
bioink is extruded through a nozzle and deposited 
onto a substrate. The deposition of successive 
layers of material leads to the fabrication of a three-
dimensional structure. After being deposited, the 
material can be crosslinked either physically or 
chemically to obtain a stable construct. In Vat 
Photo-polymerization, successive layers of 
precursor material are photo-crosslinked on 
existing ones to build the final shape. [2,3] Typical 
bioinks are hydrogels based on natural or synthetic 
polymers, such as gelatin, collagen gelatin 
methacryloyl (GelMA). These are commonly 
employed as biomaterials due to their 
biocompatibility, biodegradability, and ability to 
mimic the extracellular matrix of native tissues. [1] 
The selection of biomaterials for EBB is also 
related to specific rheological requirements. 
Bioinks must exhibit an appropriate viscosity to 
enable the formation of continuous filaments when 
extruded through a nozzle, while also possessing a 
yield stress that allows them to maintain their 
shape once extruded. Additionally, pseudoplastic 
behavior, i.e. decreasing viscosity upon application 
of shear stress, is desirable to facilitate bioink flow 
during extrusion. [4] As regards VP, the rheological 
behaviour has a minor contribution to the process, 
while the photo-crosslinking kinetics is 
predominant. A key challenge in EBB lies in 
achieving highresolution prints while maintaining 

high cell viability. Smaller nozzle diameters, which 
are essential for high-resolution printing, inevitably 
lead to increased shear stresses during bioink 
extrusion. These shear stresses can be detrimental 
to cell viability, potentially compromising the 
functionality of the printed constructs. Self-healing 
hydrogels offer a promising solution to this 
challenge, being linked in literature to better 
printability and higher cell viability. These 
hydrogels possess dynamic polymeric networks 
that enable the reversible formation and 
dissociation of bonds, allowing them to 
autonomously repair damage and restore their 
structural integrity. [5] This study aims at 
developing a bioink with enhanced properties for 
3D-Bioprinting. The bioink incorporates self-
healing and shapememory capabilities to protect 
against shear stresses and enable self-repair. A 
hydrogel based on gelatin, GelMA and 
Polyurethane nanoparticles (WPU) has been 
formulated and characterized. 
 
WPU were synthesized starting from 
polycaprolacton diol and isophorone diisocyanate 
and their size distribution was investigated using 
Dynamic Light Scattering. GelMA was synthesized 
and its substitution degree was assessed using H-
NMR spectroscopy. Bioinks formulation involved 
Gelatin, GelMa, WPU, culture medium, sodium 
bicarbonate and a photoinitiator. Self-healing 
behavior was evaluated macroscopically and 
microscopically. Macroscopic assessment involved 
cutting and reassembling material samples. 
Analytical evaluation was conducted through 
oscillatory rheology. Rheological behavior was 
assessed to evaluate printability in EBB. 
Constructs were printed both via EBB and VP, and 
shape fidelity was assessed. Shape-memory 
properties were verified through semi-quantitative 
tests. Degradation behavior was investigated by 
monitoring weight loss over 28 days and compared 
to a traditional gelatin- GelMA hydrogel. Finally, cell 
viability assessments were performed to confirm 
the noncytotoxicity of the bioink. 
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Results and Discussion 
WPU with a mean dimension equal to 80 nm were 
obtained, which were considered suitable for 
incorporation into the hydrogel and further 
investigation. The successful reaction between 
gelatin and methacrylic anhydride was confirmed 
by H-NMR analysis. The methacrylation degree of 
the GelMA was equal to 41%. A higher degree of 
substitution is not essential for this application, as 
GelMA does not directly participate in the 
selfhealing mechanism, but only provides 
mechanical stability to the crosslinked structure. 
The self-healing capability of both pristine and 
crosslinked hydrogels was assessed through the 
macroscopic self-healing test. 24 hours after the 
introduction of a mechanical damage, the 
hydrogels had successfully repaired. The samples 
demonstrated the ability to be elongated in a 
direction perpendicular to the cut without breaking, 
thus affirming both structural integrity and, 
qualitatively, functional integrity. The rheological 
self-healing test showed that both pristine and 
crosslinked hydrogels have self-healing abilities, 
equal to 60% and 95% respectively. 
Oscillatory temperature sweep tests showed a sol-
gel transition temperature at 33°C and aided in the 
determination of the optimal printing temperature 
for EBB and VP. In the first case, the material can 
be printed at 25°C, showing a yield point and 
therefore ensuring shape retention. In VP, the 
material can be printed at 37°C to show a lower 
viscosity. The pristine hydrogel showed shear-
thinning behaviour and yield stress similar to a 
reference gelatin-GelMA hydrogel, proving suitable 
for EBB. 
Following the biodegradability test, the hydrogel 
experienced a 70% weight loss in 28 days, 
whereas the reference formulation underwent 
complete degradation. From preliminary EBB tests 
at 25°C, it emerged that the hydrogels can be 
extruded with a 22 G nozzle uniformly. Printability 
tests have been performed and optimal process 
parameters have been selected as a compromise 
between high resolution and filament integrity. A 
multilayer tubular structure made of 10 layers was 
printed and crosslinked, demonstrating the 
possibility of printing three-dimensional structures. 
[4] 
Printability and shape fidelity were characterized in 
the case of VP as well. Positive and negative 
features have been printed, demonstrating the 
possibility of printing details as small as few 
hundreds of microns. The degradation rate of the 
hydrogel was finally measured: the hydrogel 
showed a slower degradation with respect to the 
control formulation, which is positive, considering 
the usual tendency of natural hydrogels to degrade 
in less than 28 days, which was confirmed by the 

results obtained on a control hydrogel in the same 
test. 
The shape memory tests showed that the material 
has an excellent shape-recovery capacity, with 
both shape fixity and shape recovery ratios above 
90%. [5] As for the cell viability assessment, no 
statistically significant difference in cell survival 
was observed between the hydrogel and the 
control formulation, confirming the noncytotoxicity 
of the novel bioink. 
 
Conclusions 
A bioink for EBB and VP has been developed and 
characterized. Polyurethane nanoparticles, gelatin 
and GelMA have been used as main components 
of the hydrogel, which shows selfhealing 
behaviour. The mechanical and rheological 
properties of the material have been characterized, 
proving its suitability of 3D-Printing processes. 
Degradation rate was assessed, with better results 
with respect to a control formulation, while no 
statistical difference was observed in the 
cytotoxicity. Further investigation into long-term 
cell cultures and scaffold design is still needed, but 
promising results have been obtained so far. 
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