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WELCOME MESSAGE

Our first words go to Thank you for attending and actively participate
in the AEROGELS COST Action Training School on 3D Printing of Gels
and Aerogels. One of the main objectives of the Working Group 1 of
AEROGELS Action is the design and development of aerogel-based
products as drug delivery systems for pharmaceutical technology, or
as medical devices for wound healing and tissue regeneration. In this
frame, 3D printing is an excellent tool for combining versatility in
terms of design and materials to fulfil a variety of pharmaceutical and
biomedical applications. Nevertheless, the use of 3D printing to
prepare aerogels is still in its infancy and requires further efforts in
conjunction with Working Group 3 to produce and maintain the very
unique features of aerogels. We believe that this Training School will
create the required multidisciplinary environment that can foster
advances in matching the potentiality of 3D printing and aerogel
technologies. The scheduled sessions combine scientific knowledge
exchange, on-hands practical sessions and time to strengthen the
networking of the AERoGELS COST Action members. We wish you a
very intense and fruitful stay at the University of Santiago de
Compostela.



Ao
AEROGELS

AIMS & SCOPE

3D-printing is a disruptive technology able to produce unique
materials with personalized shapes and advanced performances. The
technological combination of 3D-printing with sol-gel and aerogel
processing results in high added-value materials for several
biomedical and environmental applications.

This training school aims at assembling and integrating the most
recent advances in 3D-printing of gels and aerogels from an
interdisciplinary  perspective. This school comprises invited
presentations covering a wide range of fundamental topics in terms
of novel designs, processes, characterization techniques and uses
from academia, industry and regulatory experts, focusing on
biomedical and environmental applications. It will be a great
opportunity for discussion, questions and exchange of ideas in the
area of material science to encourage the collaboration within the
AEROGELS COST Action CA18125.

Early-career investigators such as PhD students and young
postdoctoral scientists will also have the opportunity to share and give
visibility to their recent research on the topic in a special forum with
short talks.
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Tuesday, 21 June 2022

Welcome and CAD design workshop

14:30-15:30

SESSION 1

15:30-15:45

15:45-16:30

16:30-17:00

SESSION 2

17:00-19:00

REGISTRATION

WELCOME AND INTRODUCTION

OPENING

Hands-on training on 3D-printing of hydrogels
Koldo Artola, Domotek, ES
Eider Bergareche, Domotek, ES

COFFEE BREAK

CAD DESIGN WORKSHOP

Hands-on training of initiation to 3D-modelling
Rosa A Guerra, Univ. Santiago de Compostela, ES
Patricia Tato, Univ. Santiago de Compostela, ES

Wednesday, 22" June 2022

3D-printing technologies (1)

SESSION 3

9:30-10:15

10:15-11:00

11:00-11:30

SESSION 4

11:30-12:15

12:15-13:00

13:00-13:45

13:45-15:00

3D-PRINTING FOR BIOMEDICAL APPLICATIONS

History of 3D-bioprinting: Case studies
Diego Velasco, Univ. Carlos lll, ES

Additive manufacturing in a tertiary hospital: R+D+i Hospital de Cruces case study

Rubén Garcia, Plataforma de Impresion 3D y Bioimpresion. IIS Biocruces Bizkaia, ES

COFFEE BREAK

ASPECTS ON THE DESIGN AND ENGINEERING OF 3D-PRINTERS AND INKS

Characterization techniques and evaluation of prototypes

Ricardo Starbird, Tecnoldgico de Costa Rica, CR

Strategies to incorporate cells in 3D-printed materials

Patricia Diaz-Rodriguez, Univ. Santiago de Compostela, ES

Engineering-biomedicine interdisciplinar development for tissue engineering: the
human skin bioprinting case study

José Luis Jorcano, Univ. Carlos lll ES

LUNCH BREAK
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Wednesday, 22" June 2022

3D-printing technologies (I1)

SESSION 5

15:00-15:45

15:45-16:30

16:30-17:15

17:15-17:45

SESSION 6

17:45-18:30

18:30-19:15

19:15-20:00

OVERVIEW ON 3D-PRINTING TECHNOLOGIES (1)

Ink selection for 3D-printing of hydrogels: rheological aspects

Samaneh Ghazanfari, Maastricht University, NL

Regulatory aspects in 3D-printing for biomedical uses

América Castro, AEMPS, ES

Direct-ink writing of ceramic-based materials: opportunities and functionalities

Benito Roman-Manso, Harvard University, USA

COFFEE BREAK

OVERVIEW ON 3D-PRINTING TECHNOLOGIES (2)

Microextrusion-based 3D-printing: technologies and applications

Diego Velasco, Univ. Carlos Ill, ES

Drop-on-demand 3D-printing: technologies and applications

Carlos A Garcia Gonzalez, Univ. Santiago de Compostela, ES

Relevance of 3D-printing in regenerative medicine

Maria Pau Ginebra, Tech Univ. Catalonia, ES

Thursday, 23" June 2022

3D-printing case studies (l)

SESSION 7

9:30-10:05

10:05-10:40

10:40-11:15

11:15-11:45

SESSION 8

11:45-12:20

12:20-12:55

12:55-13:30

13:30-15:30

CASE STUDIES OF 3D-PRINTING OF GELS AND AEROGELS (1)

Technological combinations: 3D-printing of aerogels

Shanyu Zhao, EMPA, CH

Gradient architectures by 3D-printing for regenerative medicine
Luis Diaz-Gémez, Univ. Santiago de Compostela, ES
3D-bioprinting for drug screening systems

Alvaro Gil, Univ. Santiago de Compostela, ES

COFFEE BREAK

CASE STUDIES OF 3D-PRINTING OF GELS AND AEROGELS (2)

ECOBONE: Bone scaffolds using supercritical fluid technology

Victor Santos-Rosales, Univ. Santiago de Compaostela, ES

Biomimetic biopolymer-ceramic 3D printed aerogel scaffolds for bone tumor therapy
and bone regeneration

Hajar Maleki, Universitat Kdln, DE

Tissue regeneration: Protein- and polysaccharide-based hydrogels by 3D-printing

Pedro Guerrero, BIOMAT, UPV/EHU, ES

LUNCHBREAK
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Thursday, 23™ June 2022

3D-printing case studies (Il)

SESSION 9

15:30-15:40

15:40-15:50

15:50-16:00

16:00-16:10

16:10-16:20

16:20-16:30

16:30-16:40

16:40-16:50

16:50-17:00

17:00-17:10

17:10-17:40
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YOUNG RESEARCHERS AND INNOVATORS’ FORUM

Flash oral presentations from trainees

Biowaste-derived electrode and electrolyte materials for flexible supercapacitors

Yazan Al Haj, Aalto University, -1

Evaluation of different methodologies for primary human dermal fibroblast

Cristina Quilez, Univ. Carlos lll, ES

Bio-Based Magnetic Aerogels for bone cancer theragnostic

Nuno Rosa Roberto, i3N/CENIMAT, PT

Aerogel Based 3D Printed Optofluidic Waveguided Multi-Channel Photocatalytic
Jhan Luke Okkabaz, Kog University, TR

Association of 3D printing and cellular therapies for regenerative medicine

Ana Catarina Sousa, University of Porto, PT

3D bioprinted scaffolds based on xanthan and functionalised biopolymers for soft
tissue engineering

Isabella Cobzariu, Petru PoniInstitute of Macromolecular Chemistry, RO

New opportunities for Silk Sericin sterilization and gel design

Anabela Veiga, Universidade Catdlica Portuguesa, PT

3D printable poly(vinyl alcohol)/nanocellulose and bacterial cellulose hydrogels

Sabinne Briede, Riga Technical University, LV

Stereolithography (SLA) 3D printing of active agent loaded PEGDMA based
hydrogels
Sevil Cikrikci Erunsal, Konya Food and Agriculture University, TR

Coaxial Semi-solid extrusion 3D printing & ionotropic gelation for drug delivery
application

Giovanni Falcone, University of Salerno, IT

WELFARE
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Biowaste-derived electrode and electrolyte a
materials
for flexible supercapacitors

Yazan Al Haj?, Seyedabolfazl Mousavihashemi?, Daria Robertson®, Maryam
Borghei®, Timo Paakkénen®, Eero Kontturi®, Orlando Rojas®, Tanja Kallio?, and
Jaana Vapaavuori®

? Department of Chemistry and Materials Science, School of Chemical Engineering, Aalto University,
Kemistintie 1, 02150 Espoo, Finland
b Department of Bioproducts and Biosystems, School of Chemical Engineering, Aalto University,
Vuorimiehentie 1, 02150 Espoo,02150 Espoo, Finland
 Bioproduct Institute, Department of Chemical & Biological Engineering, Department of Chemistry,
and Department of Wood Science, The University of British Columbia, 2360 East Mal|, Vancouver, BC
V6T 123, Canada

* Presenting author: yazan.alhaj@aalto.fi
* Corresponding author: jaana.avapaavuori@aalto.fi

GRAPHICAL ABSTRACT

Biowaste-derived flexbile supercapacitor

Bone-derived PC
Carbonization
& HCI washing

AlI-CNC hydrogel

Cellulose extraction
& AP crosslinking

Animal bone  Brewery residues
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ABSTRACT

As a response to the growing need of flexible and lightweight energy storage
devices derived from sustainable resources, in the enclosed manuscript, we
present the preparation of flexible symmetric supercapacitor constituting of a
cellulose nanocrystal (CNC) hydrogel electrolyte and porous carbon (PC)
electrode materials. Following the principles of circular economy, CNCs were
extracted from the biowaste residues of brewing industry with an abundance of
approximately 39 million ton production annually, whereas PC was prepared
through carbonization of animal bones — even more abundant biowaste
resource. Simple physical crosslinking of CNC water suspension led to a
hydrogel electrolyte of outstanding ionic conductivity (24.9 mS cm™), high
optical transmittance (~92.9% at 550 nm wavelength), outstanding compression
strength (3.9 MPa at a 70% strain), and tolerates to various deformations (e.g.,
twisting, folding, rolling). Which combined to excellent specific capacitance of
bone-derived PC (805 F g™ at 1 A g™"), allowed us to fabricate high-performance
bendable supercapacitors with promising electrochemical performance (high
energy density 18.2 kg™' at 1 425 W kg™', exceptional power density 20 833 W
kg™ at 7.1 Wh kg™, and ~92% capacitance retention after 6 000 cycles at 5 A
g™") in comparison to analogous commercialized devices.[1]

ACKNOWLEDGEMENTS

The authors acknowledge the generous funding from Academy of Finland’s Flagship Programme
(Competence Center for the Materials Bioeconomy, FinnCERES).

REFERENCES

[1]1 Y. Al Haj, S. Mousavihashemi, D. Robertson, M. Borghei, T. Paakkénen, O. J. Rojas, E. Kontturi, T.
Kallio and J. Vapaavuori, Chem. Eng. J,, Vol. 435, pp. 135058, 2022.
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Evaluation of different methodologies for primary@
human dermal fibroblast spheroid formation:
automation through 3D-Bioprinting technology

Cristina Quilez®”, Enrique Cerdeira®, Jorge Gonzalez-Rico¢, Gonzalo de Aranda?,
Maria Luisa Lopez-DonaireS, José Luis Jorcano®?, Diego Velasco®®

? Department of Bioengineering and Aerospace engineering, Universidad Carlos /Il de
Madrid, Leganés, Spain
bBIST Dolors Aleu Graduate Centre, Universitat Pompeu Fabra (UPF), Barcelona, Spain
“ Department of Continuum Mechanics and Structural Analysis, Universidad Carlos /Il de
Madlrid, Leganés, Spain
Instituto De Investigacion Sanitaria Gregorio Mararfion, Madrid, Spain

* cquilez@ing.uc3m.es

GRAPHICAL ABSTRACT
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ABSTRACT

Cell spheroids have recently emerged as an effective tool to recapitulate
native microenvironments of living organisms in an /n vitro scenario, increasing
the reliability of the results obtained and broadening their applications in
regenerative medicine, cancer research, disease modeling and drug screening
[1]. In this study the generation of spheroids containing primary human dermal
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fibroblasts (dHFs) was approached using the widely used U-shape low adhesion
plate (LA-plate). Moreover, extrusion-based 3D bioprinting was introduced
to achieve a standardized and scalable production of cell spheroids, decreasing
considerably the possibilities of human error. This was ensured when U-shape
LA-plates were used, showing an 85% formation efficiency, increasing up to a
98% when it was automatized using the 3D bioprinting technologies [2].
However, sedimentation effect within the cartridge led to a reduction of 20% in
size of the spheroid during the printing process. Hyaluronic acid (HA) and
glycerol were considered as viscosity enhancers to supplement the bioink and
overcome cell sedimentation within the cartridge [3, 4]. The presence of glycerol
reported cell viability values below 10% for glycerol concentrations above 20%
(v/v). This data opposes to those of HA, which showed 80% viability for all at
the used conditions. Based on these results, HA of 60-, 200- and 500 kDa
molecular weights were tested, intended to lessen the effect of
cell sedimentation within the cartridge when 3D biopriting spheroids using LA-
plate. ANCOVA analysis of spheroid size over time for different printing
conditions showed a statistically significant reduction of cell sedimentation
when bioinks were supplemented with HA of different molecular weights.
Finally, HA 0.4% (w/v) 60 kDa viscosity-improved bioink was ultimately proven
to exhibit the highest cell viability and spheroid formation percentages, as well
as the lowest satellite spheroid induction, with a mean spheroid diameter of
250um, amongst the viscosity enhancers under study. Besides, not only did it
ensure cell spheroid homogeneity over time, reducing cell sedimentation
effects, but also wider spheroid diameters over time with less variability,
outperforming significantly manual loading.

ACKNOWLEDGEMENTS

We kindly thank Daniel Garcia for their guidance with the rheological experiments. This work was
supported by Programa de Actividades de | + D entre Grupos de Investigacion de la Comunidad de
Madrid, S2018/BAA-4480, Biopieltec-CM, Programa Estatal de | + D + i Orientada a los Retos de la
Sociedad, RTI12018-101627-B-100 and Catedra Fundacion Ramén Areces.

REFERENCES

[1] H. Shen, S. Cai, C. Wu, W. Yang, H. Yu, and L. Liu, “Recent Advances in Three-Dimensional
Multicellular Spheroid Culture and Future Development.,” Micromachines, vol. 12, no. 1, Jan. 2021.

[2] C. Gao et al, “3D bioprinting for fabricating artificial skin tissue.,” Colloids Surf. B. Biointerfaces, vol.
208, p. 112041, Dec. 2021.
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Bio-Based Magnetic Aerogels for bone cancer G
theragnostic

Nuno Rosa Roberto®’, Susete Fernandes?, Manuel Valente®, Marta Corvo?®

7 BN/CENIMAT, Department of Materials Science, NOVA School of Science and Technology, NOVA
University Lisbon, Campus de Caparica, Caparica, Portugal
b Department of Physics & i3N, University of Aveiro, 3810-193, Aveiro, Portugal

*ng.roberto@campus.fct.unl.pt

GRAPHICAL ABSTRACT
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ABSTRACT

Bone regeneration of large bone defects caused by tumour resection is still a
challenge. Autogenous bone grafts struggle with bone availability and may lead
to donor site morbidity [1]. Furthermore, implanted bone grafts are susceptible
to remaining cancer cells at the surgery location, leading to recurrence and
metastasis [2].

Aerogels, specifically, bio-based aerogels scaffolds can improve bone
regeneration, providing high porosity and surface area, and showing
cytocompatibility, biocompatibility, and biodegradability, which are crucial
features for bone tissue engineering applications [3], [4].

The aim of this work is to produce bio-based magnetic nanocomposite aerogel
scaffolds for bone cancer treatment. To date, only a few studies have reported
the use of aerogels with the incorporation of magnetic nanoparticles [5], [6].
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However, the establishment of a theranostics approach can truly make a
difference in bone cancer treatment. Superparamagnetic iron oxide
nanoparticles (SPIONs), when excited, can annihilate cancer cells through
magnetic hyperthermia [7], [8], but they can also be used as contrast agents for
magnetic resonance imaging (MRI) to track bone regeneration [9], and allow the
elimination of the remaining cancer cells at the grafting location.

In this work, the methodology consists on producing nanocomposite aerogels
from biopolymers and hydroxyapatite (HAp), introducing HAp as nanowires
(Nw) and SPIONs during the aerogel formulation to obtain magnetic bio-based
aerogels. Hydroxyapatite nanowires are obtained through a solvothermal
approach and the SPIONs produced using in-house optimised protocols by
chemical precipitation.

The possibility to tune the morphology of the aerogel scaffolds through 3D
printing techniques is extremely promising for improved bone regeneration and
cancer theragnostic [10].
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(2021. 03255.CEECIND). This work was also supported by FEDER funds through the COMPETE 2020
Programme and National Funds through FCT - Portuguese Foundation for Science and Technology
under the project number POCI-01-0145-FEDER-007688, Reference UID&UIDB/50025/2020-2023.
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Aerogel based 3D printed optofluidic waveguided G
multi-channel photocatalytic microreactors
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Alexandr Jonas®, Erkan Senses®, Can Erkey®', Alper Kiraz**
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GRAPHICAL ABSTRACT
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ABSTRACT

Due to their open pore structures, very high specific surface areas and pore
volumes, aerogels are attracting increasing attention for a wide variety of
applications from drug delivery to catalysis [1]. Recently, aerogels have been
introduced as a promising material to fabricate optofluidic waveguides with
liquid cores since their highly porous nanostructure provide very low refractive
indices in the visible part of the spectrum [2]. In such an approach, an aerogel
is used as an optofluidic photoreactor where the liquid-filled channels are
transformed into a micro photoreactor in the aerogel that simultaneously
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confines the reaction medium and also serves as the waveguide cladding.
However, obtaining these micro photoreactors with desired shapes via keeping
integrity of aerogels is a challenging task due to low mechanical strength of
aerogels combined with the difficulty of precisely casting shape. Additive 3-D
manufacturing might be providing the right balance for freedom in design,
resolution, and repeatability and reducing the waste, and required number of
steps during synthesis [3]. In this study, we successfully produced a honeycomb
photocatalytic silica aerogel reactor with titanium dioxide (TiO2) nanoparticles.
Effects of rheological properties of silica aerogel ink such as viscosity, storage
and loss modulus and printing parameters including volumetric flow rate and
tip diameter of syringe on physical properties of printed aerogels were
investigated. Silica aerogel precursor solution was obtained via mixing 5 ml
Dynasylan 40, 5.5 ml 1-pentanol, 0.4 ml ultrapure water and 0.4 ml nitric acid at
room temperature. Subsequently, prepared precursor solution was stored at
4 °C for 24 h for hydrolysis reaction. Silica aerogel ink was obtained via adding
precursor solution into a mixture consisting of 9 ml 1-pentanol, 0.7 ml
poly(propylene glycol) bis(2-aminopropyl ether) and 0.1 ul hydrochloric acid.
After that silica aerogel powder (IC3100, Cabot) in the mass ratio of 100 wt.%
and TiOz in the mass ratio of 50 wt.% with respect to the SiO. content in the
precursor solution were added to the mixture. The resulting solution was loaded
into syringe barrels and then was mounted to a custom syringe pump designed
to work on Creality Ender-3 Pro (3-D printer) with conical and needle nozzles
with diameters of 400 um and 1200 um respectively. The inks were driven by
gears connected to the stepper motor with a 5:1 ratio, with a filament extrusion
rate of 5-18 mm s™". Printing paths and STL files were generated by Autodesk
Inventor Professional 2022, sliced, and converted into G-Code files (Ultimaker
Cura 4.13.1) to command the x-)~zmotion of the printer head. Printed aerogel
was then subjected to the vapor of a 5.5 M ammonia solution for gelation. After
hydrophobization with hexamethyldisilizane and solvent exchange with ethanol,
gel was dried supercritically in an Applied Separations Speed SFE at 50 °C and
85 bars. A block of aerogel with channels was successfully obtained and the
channels had an average diameter of 1 mm and length of 4 cm. The walls of the
printed aerogel block retained an interconnected mesoporous network with a
BET surface area of 407 m?/g and a density of 0.15 g/cm?. TiO; particles were
uniformly distributed inside the walls of the channels produced in the aerogel
block. Thus, no additional post-synthesis functionalization of the photoreactor
walls was required and the photocatalytic layer was inherently stable, being
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tightly embedded in the supporting SiO: scaffold. The ink showed shear-
thinning behaviour, due to the high-volume fraction of gel particles. Therefore,
the ink flowed easily through the nozzle during printing, and its viscosity
increased rapidly after printing, ensuring that the printed objects preserved their
shape. Increasing the flow rate along with the printing speed showed that the
printed lines became more uniform due to the increase in shear stress. Lowering
the flow rate showed more inconsistencies within the printed lines. The chemical
composition is as important as the mechanical setup for the printed structure.
Increasing the viscosity of the ink led to the printed lines being much more
defined. On the other hand, when the viscosity of the ink is decreased the
printed lines tend the merge together and have lower structural integrity with
overhanging structures. Prints with low viscosity inks showed that it is not
possible to create any type of free-standing structures. With these methods in
place, we hope to lead the way on making reactors that have a photocatalytic
phenol reduction function to remove the toxic pollutants from wastewater,
splitting water to generate hydrogen gas and many other photocatalytic
reactions.
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ABSTRACT

The population is ageing, leading to a manifest shortage of organs and
limitations of clinical treatments for tissue regeneration. Reconstruction of bone
defects with mechanical integrity to the original surrounding bone tissues is
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essential for a patient's rehabilitation. In this research, a novel approach is
explored to produce synthetic bone grafts mimicking the complex bone
structure using additive manufacturing, comprising the construction of 3D
scaffolds. In addition to the development of biomaterial support, cells and
growth factors have an important role in the formation of the biological
substitute, so it is necessary to resort to regenerative medicine and tissue
engineering [1]. The use of biomaterials with mesenchymal stem cells (MSCs)
allows the proliferative and differentiation capacities of the latter to work in
synergy with scaffolding properties [2-4]. Human Dental Pulp Stem Cells
(hDPSCs) have recently been used as a source of cells for regenerative medicine
and the most applications tend to focus on tissues, such as, the tooth and the
bone [2,5]. In the present study, three types of scaffolds were produced by
extrusion: one using a thermoplastic polymer, polycaprolactone (PCL), another
using a combination of PCL and hydroxyapatite nanoparticles (HANP), and the
third using a combination of the two materials and poly-ethylene glycol
diacrylate (PEGDA). After production, optimisation and characterisation of the
scaffolds, an in vitro evaluation was performed with hDPSCs.

According to the results, the scaffolds were produced successfully presenting
interconnected channel networks and good geometric accuracy. Regarding the
mechanical behaviour, the results demonstrated that the addition of HANP
seem to have improved the compressive rigidity of the scaffolds. After analysis
of the in vitro tests, it was verified that the PCL/HANp/PEGDA-based scaffolds
present superior cell proliferation when compared to the other groups.The study
demonstrated PCL/HANp/PEGDA scaffolds associated with hDPSCs are a very
promising therapeutic system in critical fractures treatment, to accelerate and
im-prove bone regeneration. In order to obtain a biomaterial with enhanced
properties, future work includes the production of aerogel-based
bioink/scaffolds for bone tissue regeneration. This strategy aims to contribute
to the development and implementation of a pioneering and innovative
procedure for the personalized repair of bone tissues.
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ABSTRACT

Introduction. Tissue engineering (TE) is a multidisciplinary field that uses a
combination of cells, biomaterials and engineering technologies to develop
artificial biological tissue substitutes. This has created a potential therapeutic
method to heal tissue functions by utilizing scaffolds, cells, and bioactive
chemicals[1,2].As a constantly developing emergent technology, three-
dimensional (3D) printing provides a customizable and programmable platform
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for tissue engineering and regenerative medicine [3]. Scaffolds with a novel
small-scale and large-scale design were created using the three-dimensional
printing (3D) process. It is a fabrication process that allows for the controlled
production of 3D object geometries and internal structures, such as pore size
and distribution [4].This paper presents the obtaining and characterisation of 3D
bioprinted scaffolds based on combinations of gelatin methacrylate
(GelMa)/chitosan methacrylate (CsMa) with xanthan gum (XG) and gelatin
methacrylate (GelMa)/chitosan methacrylate (CsMa) with xanthan gum
methacrylate (XGMa).

Methodology. The polymers (gelatin, chitosan and xanthan) [5] were
methacrylated according to the protocol described by Camci-Unal [6], adding
some changes to the method. Further, xanthan gum and the functionalized
polymeric (GelMa, CsMa and XGMa) solutions in PBS were mixed in different
ratios, adding a photoinitiator (Lap-Lithium phenyl-2,4,6-
trimethylbenzoylphosphinate), homogenized, bioprinted and finally freeze-
dried for characterization. The scaffolds were obtained using extrusion
bioprinting method [7] using a Cellink bioprinter and an applied pressure of 25
kPa-30 kPa, dependent on the bioink composition. The infill density was set to
100% and the distance from the needle to print surface was optimized so that
the leading edge of the flow was in line with the needle. Bioprinted scaffolds
were characterized for their structure, morphology (SEM microscopy), swelling
behavior in simulated physiological conditions and in vitro cytocompatibility.

Results. From the point of view of changing the structure of polymers and the
interactions between their chains, FT-IR spectroscopy data confirmed the
gelatin, chitosan and xanthan modification with methacrylic anhydride and the
polymers interconnections. SEM data revealed a 3D morphology suitable for
cells growth and proliferation. Scaffolds are high swellable (degree of swelling
between 2100% and 6800%). According to the cytocompatibility test, the cells
viability (fibroblasts) after 72h of contact was 90-95%, which is obvious that the
materials are non-cytotoxic. Morphological tests performed claim that the cells
retain their native shape and density was not significantly affected.

Conclusions. The present paper aimed to obtain scaffolds by 3D printing of new
bioinks  based on  xanthan/xanthan  methacrylate and  gelatin
methacrylate/chitosan methacrylate. According to the tests performed, it was
observed that the bioprinted scaffolds have pores that favor the diffusion of
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nutrients for cell development. It has been found that the scaffolds stimulate the
cells attachment and proliferation.

ACKNOWLEDGEMENTS

Work carried out in the frame of the COST-Action "Advanced Engineering of aeroGels for Environment
and Life Sciences" (AEROGELS, ref.CA18125) funded by the European Commission.

REFERENCES

[1] H.Baniasadi, E.Kimiaei, R.T.Polez, R.Ajdary, O.J.Rojas, M.Osterberg, J.Seppéla, High-resolution 3D
printing of xanthan gum/nanocellulose bioinks, International Journal of Biological Macromolecules,
(2022)

[2] Y.Liu, Q.Hu, W.Dong, S.Liu, H.Zhang, Alginate/Gelatin-Based Hydrogel with Soy Protein/Peptide
Powder for 3D Printing Tissue-Engineering Scaffolds to Promote Angiogenesis, Macromolecular
Bioscience, Volume22, Issue 4, (2022)

[3] Z.Yang, X.Ren, Y.Liu, Multifunctional 3D printed porous GelMA/xanthan gum based dressing with
biofilm control and wound healing activity, Materials Science and Engineering:C, Volume 131 (2021)
112493

[4]M.P.Mani, M.Sadia, S.KJaganathan, A.Z Khudzari, E.Supriyanto, S.Saidin, S.Ramakrishna, A.F.Ismail,
A review on 3D printing in tissue engineering applications, Journal of Polymer Engineering Volume 42
(2021)

[5] Z.Fu, L.Ouyang, RXu, Y.Yang, W.Sun, Responsive biomaterials for 3D bioprinting: A review,
Materials Today, Volume 52 (2022) Pages 112-132

[6] G. Camci-Unal, D. Cuttica, et all., Biomacromolecules, 14(4), 1085-92 (2013)

[7] P.E.Antezana, S.Municoy, M.I.A.-Echaz(, P.L.S.-Orihuela, P.N.Catalano, T.H. Al-Tel, F.B.Kadumudi,
A.D.-Pirouz, G.Orive, M.F.Desimone, The 3D Bioprinted Scaffolds for Wound Healing, Pharmaceutics
(2022) 14(2), 464

25



Dpiringof e andaerogsls
21-BJue A2

Sartiagp e Conpostela, Spain

New opportunities for Silk Sericin sterilization and a
gel design
Anabela Veiga®><, Filipa Catro ¢, Fernando Rocha ¢, Blanca Vazquez®®, Luis

Rojo %¢, Rosa Ana Ramirez-Jiménez ¢, Victor Santos-Rosales’, Carlos A. Garcia-
Gonzalez', Ana L. Oliveira?

? CBQF-Centro de Biotecnologia e Quimica Fina—-Laboratdrio Associado, Universidade Catdlica
Portuguesa, Escola Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 Porto
b LEPABE-Laboratory for Process Engineering, Environment, Biotechnology & Enerqy, Department of
Chemical Engi-neering, Faculty of Engineering of the University of Porto, R. Dr. Roberto Frias, 4200-
465 Porto, Portugal
¢ ALICE-Associate Laboratory in Chemical Engineering, Faculty of Engineering, University of Porto,
Rua Dr. Roberto Frias, 4200-465 Porto, Portugal
dinstituto de Ciencia y Tecnologia de Polimeros ICTP-CSIC, C. Juan de la Cierva, 3, 28006 Madlrid,
Spain
¢Centro de Investigacion Biomédica en Red de Bioingieneria, Biomateriales y Biotecnologia CIBER-
BBN, Instituto de Salud Carlos Ill, Calle Monforte de Lemos S/N, 28029 Madlrid, Spain
f Departamento de Farmacologia, Farmacia y Tecnologia Farmacéutica, R+D Pharma group (G-
1645), Facultad de Farmacia and Health Research Institute of Santiago de Compostela (IDIS),
Universidade de Santiago de Compostela, E-15782 Santiago de Compostela, Spain

* s-anveiga@ucp.pt

GRAPHICAL ABSTRACT

Bombyx Mori
silkworm

P | |
N e

SS gel Boiling water Silk-Sericin (SS)  Freeze N,

\ PRBS ? solution !
n Reaction J{ vessel ” N
Ll . . HeQ l . . . \_R./

o

Cooling

=

=

S? solution Sterilized SS SS powder Dried

Wavelength (mm)

26


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Blanca++Vazquez
https://repositorio.ucp.pt/browse?type=author&value=Ram%C3%ADrez-Jim%C3%A9nez%2C+Rosa+Ana
https://sciprofiles.com/profile/181127
https://sciprofiles.com/profile/181127
mailto:s-anveiga@ucp.pt

A6
AEROGELS

ABSTRACT

Silk-sericin (SS) is gaining importance in the biomedical field owing to its
excellent biological properties, its affordability and resource availability.
However, current research lacks on 1) comparing the influence of different
concentration processing methods to obtain a SS-gel and 2) presenting an
effective sterilization approach, since conventional sterilization methods are
very harsh in protein-based materials and lead to changes in its structure [2].

Thus, in the present study, conventional used concentration techniques were
optimized based on the best available evidence and compared in terms of its
final physicochemical properties: 1) SS1: controlled evaporation; 2) SS2: rota-
evaporation (BUCHI Rotavapor™ RIl) at 40°C, 500 mbar and 120 rpm; 3) SS3:
lyophilization, in which the SS solution was frozen in LNz and freeze-dried under
vacuum; 4) SS4: SS concentrated against a 20 wt.% PEG solution (Sigma-Aldrich,
20 KDa), using a dialysis membrane (Spectra/Por™ pre-wetted RC tubing
MWCO: 3.5 kD). The effect of the concentration method on the on the structure
crystallinity was analyzed by Circular Dichroism (CD) and FTIR. CD spectra of
SS1-4 show strong negative bands around 200 nm assigned to the random coil
conformation and a weak negative band around 220 assigned to the B-structure,
characteristic of SS extracted in boiling water [1]. The FTIR spectrum of SS4
resulted in a change in the amide I/Il ratio. This was associated with a change in
secondary structure due to the increase in B-sheet conformation. According to
Cryo-SEM, the longer concentration period during dialysis has favored the
molecular self-assembly of silk sericin, which explains the differences registered.
On the other hand, the proposed method of lyophilization using cryogenic
temperature was able to freeze and dry the silk maintaining its amorphous
structure.

Thus, sterilization of the studied SS powder using supercritical CO2 (scCO2) was
validated through FTIR, turbidity tests and culture in TSA plates. The parameters
used were optimized in other works [3]. The results obtained demonstrate the
efficiency of this technique for the development of sterilized SS 3D gels.
Furthermore, indirect in vitro tests conducted over a week using Human Dermal
Fibroblasts demonstrated that cell viability is maintained > 98%. Moreover, a
wound healing scratch assay showed the regenerative capacity of this silk
protein (0.5 and Twt.%).
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ABSTRACT

Hydrogel materials have sparked a lot of interest in recent years due to their
physiological similarity to soft biological tissues. Various applications have been
demonstrated in tissue engineering, wound dressing, drug delivery systems,
biosensors, cosmetics, superabsorbent materials, and agriculture.[1] Polyvinyl
alcohol (PVA) is an excellent polymer matrix, which is water-soluble, chemically
stable, biocompatible, non-toxic, and possesses a good biodegradability.
However, achieving the desired application with just PVA can be challenging, so
combinations with biopolymers have been suggested.[2] Two types of
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nanocellulose were chosen for the sample preparation: nanofibrillated cellulose
(NFC) and bacterial cellulose (BC).

Sample preparation was optimized for 3D printing using a Cellink Inkredible 3D
printer. PVA and cellulose hydrogels were prepared by the freezing-thawing
method, without cross-linking agents. A 10% PVA solution was prepared by
dissolving the PVA granules in a deionized aqueous solution at 80°C. BC and
NFC, sourced from hemp, were prepared with the microfluidization method
using a microfluidizer (LM20, Microfluidic, U.S.A.) with a chamber H210Z (200
um). Hydrogels were prepared by mixing aqueous solutions of PVA with NFC or
BC in different weight ratios (4:1, 3:1, 2:2, 1:3 and 1:4). After two 32-hour
freezing-thawing cycles, the PVA/cellulose suspensions successfully formed
physically cross-linked hydrogels.

The thermal stability in aqueous media was analyzed and compressive tests of
the hydrogels were performed. To analyze the swelling capacity of the
hydrogels, the dried samples were immersed in water. Scanning electron
microscopy (SEM) micrographs were produced from freeze-dried hydrogels. In
addition, to achieve tunable structure was investigated with an addition of a
magnetite (Fe3Oa). The prepared ferrogel (magnetic hydrogel) showed the best
performance properties for PVS/NFC 4:1 and PVS/BC compositions. Our future
research is aimed at improving and studying the mechanical properties and
stability of 3D printed hydrogel composites.
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ABSTRACT

3D printing (3DP) has started to take a crucial place in different areas from food
to biomedical applications. Since it is difficult to fabricate complex structures
with conventional methods, 3D printing opens a huge way to create
personalized shapes depending on demand. Hydrogels having three-
dimensional network and absorbing large amount of water have a wide range
of applications.

One of the 3DP techniques is Stereolithography (SLA) which is based on
photopolymerization reaction. Solid form is achieved by solidification of
polymer resin upon exposure to UV light. 3DP follows layer by layer process
after optimization of process conditions such as layer thickness, UV exposure
time, etc. Polyethylene glycol (PEG) based hydrogels that can be rapidly
crosslinked by free radical polymerization upon UV light exposure and in the
presence of a photo initiator (PI). There were a few studies [1] confirming RF use
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as a Pl and our first paper about SLA printing proposed its use with PEGDMA for
SLA 3D printing resin in ascorbic acid delivery [2].

This communication covers our recent formulations including different target
agents and examination of their antioxidant or other properties after SLA
printing. Main precursor solution was prepared as follows: PEGDMA was mixed
with distilled water at a ratio of 3:1. Riboflavin (0.1% w/w) as the PI and
triethanolamine (3% w/w) as the co-initiator were added and the solution was
stirred. Different target active agents as phenolic compounds were also added
separately and then varying shapes were printed in SLA printer to investigate
the impact of different surface area to volume ratios on phenolic compound
release behavior under simulated gastrointestinal conditions. For this purpose,
the samples were immersed into simulated acidic and alkaline media at
predetermined time intervals and the released amount of target compound was
obtained by taking an aliquot sample from the media. Then, they were analyzed
at UV spectroscopy. Finally, they were figured out with respect to time.
Furthermore, 3D gel formulations and printed gels were characterized by FTIR
spectroscopy in the range of 600-4000 cm™ to understand molecular
interactions. To analyze the success of printing, they were also analyzed for
printability by comparing theoretical and actual images. Finally, DPPH and Folin—-
Ciocalteu methods were conducted to obtain antioxidant activity and total
phenolic content of 3D gels, respectively.

According to the results, it was seen that gels showed different printability
values depending on the selected target agent. In overall, they displayed a
controlled release behavior depending on geometry, as well. Their antioxidant
potential also proposes their use in different areas such as drug delivery, soft
implant or wound dressing, etc.
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ABSTRACT

The hydrogels offer a capacity to encapsulate drugs, slowing or preventing their
degradation, prolonging their lifetime, while providing sustained release [1]. For
these reasons, they can be considered among the most interesting inks for drug
delivery systems (DDS) production wia semi solid extrusion 3D printing
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[2]. However, the use of polymeric hydrogels as 3D printable inks requires a
deep knowledge of their physical and chemical properties e.g. mechanical
strength, gelation mechanism and biocompatibility [3]. To date, for example, the
use of sodium alginate, a copolymer of (1,4) linked b-d-mannuronate and b-1-
glucuronate residues [4], in the 3D printing is almost limited by poor ink flow
control and shape fidelity during the printing, and matrix collapsing during the
drying process [5].

In order to overcome these alginate applicability problems, we propose to
exploit the alginate ionotropic gelation during the semi solid extrusion 3D
printing, using a co-axial extruder. In this configuration, the printing process
allows for the simultaneous extrusion of two feed solutions, i.e., the alginate ink
and the crosslinking agent link, obtaining a sol-gel transition at the nozzle. The
choice of channel in which gels are pumped affects the structure of the extruded
product: pumping the ink gel in the inner channel the result after drying was a
bulk filament, while if it was pumped in the outer channel a hollow filament was
obtained. With the aim to produce a gastro-retentive drug delivery system, we
selected the second configuration. Firstly, it was necessary to establish the
composition of both inks: polymeric-ink, an alginate solution (from 2 to 6% w/v),
and crosslinking-ink, a calcium chloride solution (from 0.05 to 0.5 M) thickened
with hydroxyethyl cellulose (2-2.5% w/v) and containing Tween 85 (0.1-0.3%
v/v). To test the potentiality of our platform, two different APIs i.e., propranolol
hydrochloride, and ricobendazole were loaded in the crosslinking-ink. The
impact of the chemical characteristics of both APIs and excipients was
investigated to obtain the best ratio between rheological and gelation
properties ensuring the high resolution (shape fidelity in comparison to the
digital model) and reproducibility (2.90% of relative deviation for the printed
mass) of the new forms after printing and after drying. After the optimization of
the manufacturing process, several DDS batches were produced, varying the
digital model (from single to double circumference toroid) and the drug amount
loaded. The obtained DDS were therefore subjected to technological
characterization in terms of buoyancy and mechanical properties, swellability
and release profiles. It was possible to highlight an increase of floating time
around 50% varying from single to double circumference toroid DDS (from 6 to
13 hours). The comparison of the drug loading efficiency value, 83% for
propranolol hydrochloride loaded DDS and 94% for ricobendazole loaded DDS,
allowed to understand the impact of drug solubility on the matrix retention
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capacity. All the obtained dissolution profiles were subjected to fitting analysis
(Higuchi's model and Peppas-Korsmeyer's equation) highlighting that the
release was due to a complex non-Fickian transport mechanism, involving matrix
erosion and swelling, depending on the DDS internal structure.
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