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INTRODUCTION: Calcium phosphates (CaP)
have been central to medicine for over two
centuries, progressing from early chemical
observations to established pharmaceutical
excipients and widely used biomateial. Yet
advances in CaP chemistry, pharmaceutical
formulation, biomaterials science, and drug-
delivery research have largely evolved
independently, limiting the coordinated use of
knowledge across these fields. Integrating
insights from excipient science, phase chemistry,
and biomineralization is increasingly important,
as CaP phase composition, dissolution
behaviour, and microstructural control underpin
both drug-delivery performance and implant
functionality. Recent developments in low-
temperature processing provide an opportunity
to unify these perspectives. In particular, cold
sintering offers a route to produce consolidated,
bioresorbable CaP constructs while preserving
heat-sensitive  therapeutics. = This  work
consolidates key milestones across these
disciplines and highlights the potential of cold
sintering as an enabling strategy for long-term
CaP-based drug-delivery implants.
METHODS: A structured literature survey was
conducted across domains including: i) CaP
physicochemical properties, ii) early biomedical
and bone-biology studies, iii) mineralization
pathways, iv) CaP as adsorbent, adjuvant, and
carrier, v) pharmaceutical formulation and
tableting, and vi) CaP coating and processing
technologies. Information on study period,
material class, processing method, and
functional role was extracted and organized into
thematic timelines. Cross-mapping was used to
relate phase composition and processing
conditions to drug-material interactions.
RESULTS: Across the literature, CaP
behaviour in drug delivery is consistently
governed by a structure-property relationship.
Pharmaceutical science studies shows that
particle size, surface area, porosity, and
hydration state of CaP strongly influences drug
adsorption, loading efficiency, stability and
release!. CaP chemistry further clarifies how the

solubility equilibria and substitution (ions or
organic) mediated phase transformations,
control dissolution and conversion-driven
release under physiological  conditions?.
Biological evidence identifies amorphous
calcium phosphate (ACP) as a reactive, primary
precursor phase well suited for drug
incorporation®. Recent work demonstrates that
cold sintering ACP (<150°C or room
temperature), producing mechanically stable,
bioresorbable constructs while preserving heat-
sensitive therapeutics*. Collectively, these
insights drawn from chemistry, pharmaceutical
science, and biomaterials engineering provides
an essential foundation for the rational
development of CaP drug-delivery systems
using cold sintering.

DISCUSSION & CONCLUSIONS: Cold
sintering provides a low-temperature route for
integrating amorphous and nanoscale CaP into
robust, bioresorbable implants while preserving
drug integrity, addressing key limitations of
conventional processing. The convergence of
cross-disciplinary  knowledge enables the
development of CaP constructs with tuneable,
long-term release profiles, supporting their
advancement as next-generation drug-delivery
implants.
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INTRODUCTION: Laser-induced micro- and
nanostructured surfaces are increasingly used to
prevent biofilm formation on materials', yet to
determine the underlying mechanisms are
challenging since conventional methods poorly
resolve critical events in the early biofilm
formation process. Here, we combine single-cell
live microscopy with microfluidics® to
characterize bacterial interactions with laser-
fabricated nanostructured surfaces.

METHODS: Nanostructured glass was
integrated into a four-channel microfluidics
chamber and functionalized with covalently
attached a-mannose to promote E. coli adhesion
(Figure 1, upper). Fluorescently labeled (green)
wild-type E. coli strains and isogenic E. coli
overexpressing Type 1 fimbriae (red) were
allowed to bind to and grow into biofilm under
controlled flow and temperature conditions.

RESULTS: Biofilm formation on
nanostructured surfaces was significantly
reduced and displayed a less compact
organization compared to unstructured surfaces.
Single-call analysis revealed that E. coli on
nanostructured surfaces experienced less Rcs
membrane stress than on flat surfaces. In
competition experiments where WT and
fimbriae overexpressing E. coli were injected
together, overfimbriaeted strains outcompeted
wild-type bacteria on unstructured surfaces. In
contrast, on nanostructured surfaces, WT
bacteria formed  microcolonies while
overfimbriated strains adhered but failed to
progress beyond initial attachment (Figure 1,
lower).

DISCUSSION & CONCLUSIONS: These
findings suggest that early biofilm formation in
E. coli depends on mechanosensing-induced
stress which is not triggered by adhesion alone.
Nanostructures impair surface recognition by
inducing lower activation of the Rcs
mechanosensing system then do flat surfaces,

likely due to smaller contact area between the

bacterial outer membrane and the underlying

surface. This prevents progression from
adhesion to biofilm formation.
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Figure 1. Schematic representation of the microfluidics
system and  nanostructures  (upper). Fluorescence
microscopy image of overnight biofilm (lower).
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INTRODUCTION: Sustainable bio-based
materials are essential for addressing the
environmental challenges associated with
petroleum-derived products. Filamentous fungi,
often described as nature’s recyclers, possess a
remarkable ability to decompose organic waste
and return valuable nutrients to the environment.
During growth, filamentous fungi form
microfibrillar networks known as mycelium.
Mycelium-based materials have attracted
increasing attention across diverse application
areas due to their renewability, low
environmental impact, and tunable properties.
Furthermore, the fungal cell wall contains
biopolymers such as chitin and chitosan, which
represent promising building blocks for the
development of circular and sustainable
materials, particularly in biomedical
applications. This research explores the potential
of food-waste-derived mycelium materials for
use in biomedical applications.

METHODS: Two fungal species belonging to
the Ascomycota and Mucoromycota phyla were
cultivated on food waste (bread residues) in
bubble column bioreactors, and the process was
subsequently scaled up. The harvested biomass
was subjected to alkaline treatment to isolate
fungal cell wall materials containing chitin—
glucan (Ascomycota) and chitin—chitosan
(Mucoromycota), respectively. Aerogels were
fabricated from the extracted cell wall materials
via acid-assisted gelation, followed by freezing
and freeze-drying. The resulting aerogels were
evaluated for cytotoxicity toward fibroblasts at
different concentrations using a leachate-based
MTT assay. Antibacterial activity was assessed
against both Gram-positive and Gram-negative
bacteria.

RESULTS: Both fungal strains were
successfully cultivated under submerged
conditions, resulting in well-dispersed fungal
biomass. Alkali-insoluble fractions
corresponding to fungal cell wall materials were
efficiently recovered and subsequently used for
aerogel fabrication. Cytotoxicity assessment

revealed greater than 80% cell viability relative
to the control when fibroblasts were exposed to
aerogel leachates at concentrations up to 2500
ug/mL for 48 h. Furthermore, the addition of
aerogels at this concentration to Miiller—Hinton
broth significantly inhibited the growth of
Escherichia coli (Gram-negative) and Bacillus
megaterium (Gram-positive).
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Figure 1: Food waste derived mycelium-based
aerogels for biomedical applications

DISCUSSION & CONCLUSIONS: Aerogels
were successfully fabricated from fungal cell
wall materials derived from food-waste-grown
fungal biomass. The resulting aerogels exhibited
good biocompatibility and antibacterial activity,
highlighting their potential as renewable and
circular biomaterials for biomedical
applications.
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INTRODUCTION:
Standard in vitro osteogenic assays report
alkaline  phosphatase  activity, collagen

deposition, and mineralization as population-
averaged endpoints, limiting the spatial and
temporal resolution of differentiation. As a
result, different initial conditions / perturbations
can produce the same experimental outcomes,
limiting interpretability across differentiation
timeline. To address this, we integrate a bone
biomineralization model' with a cellular
automaton' to test whether distinct experimental
conditions lead to similar outcomes.

METHODS:

We developed OsteoMin, a two-dimensional
cellular automaton describing cell migration,
proliferation, differentiation, and apoptosis.
Cellular state dynamics are coupled to
spatiotemporal lattice fields representing
alkaline phosphatase activity (ALP), collagen I
deposition (Col IF), and hydroxyapatite (HAp)
deposition. Main rules were adapted from
existing literature data, while kinetic parameters
were calibrated against experimental endpoint
measurements to resolve dynamics.

MC3T3-E1 cells were induced toward
osteogenesis using ascorbic acid and fB-
glycerophosphate, with varying concentrations
of dexamethasone (Dex) and menaquinone-4
(MK-4) to probe their reciprocal effects on
differentiation. Experimental endpoints included
ALP activity (day 10), collagen immuno-
fluorescence (day 14) in Fig. 1, and Alizarin Red
S (day 28) across eight conditions.

Fig. 1: Collagen | immunouorescence (dayl4)
overlays under Dex and MK-4 perturbations.

RESULTS:

OsteoMin reflects in vitro osteogenic assay
responses by resolving cell-state trajectories
(pre-osteoblast, osteoblast, apoptotic) over the
differentiation timeline. The model separates the
respective contributions of pre-osteoblasts and
osteoblasts to alkaline phosphatase activity and
collagen deposition, alongside showing the
changes in mineralization patterns from day 14
to day 28, including nodule formation (Fig. 2).

Fig. 2: Collagen matrix and mineralization
patterns over 1 mm’ area from day 14 to 28.

Results show multiple trajectories can converge
on similar measurements, indicating limited
coupling between early differentiation, matrix
accumulation, and mineralization.

DISCUSSION & CONCLUSIONS:

These results highlight that variations in initial
conditions and differentiation dynamics can still
produce similar endpoints, which makes
interpretation challenging when conclusions are
based only on end-point measurements without
considering details of spatiotemporal context.
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INTRODUCTION: Biomaterial associated
infections (BAIs) remain a major clinical
challenge, largely driven by biofilm formation.
Biofilms are especially hard to treat; thus it is
desirable to prevent biofilm formation. Solid
supported gold nanorods exhibits photothermal
heating under near-IR light within the first
biological window and is a promising alternative
to antibiotics for preventing BAls!. However, the
antibacterial effect has been shown to be
dependent on the substrate and is less effective
on titanium surfaces, which is a common implant
material. Here, we propose the use of a thin film
coating of mesoporous-titania (MP-TiO,) as an
insulating layer between the AuNRs and the
titanium surface to better retain the photothermal
heating under near-IR (NIR) irradiation. MP-
TiO, also represents a promising material for
local drug delivery?, thus it offers a compelling
combined system that integrates photothermal
heating with drug mediated effects to prevent
BAIs.

METHODS: MP-TiO; thin films were formed
by spin coating onto Si-wafers, glass slides and
Ti-discs using evaporation induced self-
assembly. The MP-TiO; films were subsequently
functionalized with AuNRs through electrostatic
interactions. UV-vis spectroscopy and thermal
imaging was used to evaluate the photothermal
heating effect of the system. The surfaces were
also analysed with Scanning FElectron
Microscopy (SEM).

RESULTS: Figure 1A shows an SEM image of
a AuNR-MP-TiO, surface, using a Si-wafer as
substrate. Figure 1B shows a thermal image of a
surface AuNR-MP-TiO; surface (top) and a MP-
TiO, surface (bottom) directly after irradiation
with an 808 nm laser for 30 s, using glass as the
substrate. Furthermore, UV-vis measurements
on the MP-TiO, surface shows a longitudinal
plasmonic peak around 800 nm, which aligns
well with the wavelength of the 808 nm laser
used.

Fig. 1: A. SEM Micrograph of AuNRs
functionalized onto a MP-TiO?2 thin film. B.
Thermal image of AuNR-MP-TiO; (top) and
MP-TiO: (bottom) surfaces directly after
irradiation with NIR laser (808 nm) for 30 s.

DISCUSSION & CONCLUSIONS: SEM
results demonstrate that AuNRs have
successfully been functionalized onto the MP-
TiO, films, and that the pores of the MP-TiO;
remained accessible after functionalization. The
rods are evenly distributed and are mainly laying
well separated, which is important for keeping
the desired plasmonic behaviour of the rod. The
plasmonic properties were characterized using
both UV-Vis spectroscopy and thermal imaging,
which together indicate that the AuNR covered
surfaces exhibit a surface plasmon resonance
aligned with the 808 nm laser wavelength.
Future investigations will assess if this system is
affective also on Ti-substrates and evaluate its
antimicrobial efficacy.
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INTRODUCTION: Doping and substituting
bioactive glasses (BGs) with therapeutic ions is
widely used to steer biological function.
However, mechanistic ion screening typically
relies on  repeatedly  fabricating and
characterizing multiple doped-glass variants,
which is time- and cost-intensive and often
confounded by changes in glass structure,
surface area, dissolution kinetics and solution
pH. Here, we introduce Simulated Bioactive
Glass Solution (SBGS) as a glass-free,
composition-controlled platform that reproduces
the measured ionic dissolution signature of a
reference BG (first demonstrated using 45S5) in
a defined biological medium, enabling rapid and
interpretable screening of candidate ions without
synthesizing new glasses (Fig. 1) 3.

METHODS: In the planned study, we will (i)
quantify the dissolution products of 45S5 in a
selected culture medium under standardized
extraction conditions using ICP-OES and define
an ion-increment vector (ANa, ACa, ASi, AP)
relative to baseline medium; (i) formulate
SBGS using analytical-grade salts to match this
increment profile, and verify chemical
equivalence (ion concentrations, pH, osmolality)
and solution stability; and (iii) benchmark SBGS
against conventional 45S5 extracts in vitro.
Biological readouts will include ISO-aligned
cytocompatibility assays, osteogenic markers in
hMSCs (e.g., ALP activity and osteogenic gene
expression), and an angiogenesis module
(VEGF-A secretion and HUVEC tube
formation). SBGS will then be used to screen a
showcase therapeutic ion (e.g., Cu®") across a
defined concentration range on top of the SBGS
baseline, with matched controls (ion-only,
SBGS-only, extract).

RESULTS: We anticipate that SBGS will
closely reproduce the ionic composition of 45S5
extracts (within predefined acceptance limits for
each ion) while maintaining matched pH and
osmolality over the exposure window. We
further expect SBGS to recapitulate key

biological outcomes observed for BG extracts in
cytocompatibility and functional assays, while
enabling clean dose-response and synergy
mapping for added therapeutic ions under a
constant background chemistry.
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DISCUSSION & CONCLUSIONS: SBGS is
designed as a front-end screening platform to
accelerate  therapeutic-ion  discovery and
improve interpretability by decoupling ion
biology from glass fabrication variables. By
replacing repeated doped-glass synthesis with a
defined and verifiable solution recipe anchored
to a reference BG (45S5), SBGS is expected to
reduce experimental time and cost while
increasing reproducibility. In follow-up studies,
the SBGS framework will be extended to
additional BG reference compositions to build a
transferable library linking ionic profiles to
biological outcomes.
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INTRODUCTION: Tissue engineering
approaches for urethral reconstruction remain
challenging due to the tissue’s complex structure
and mechanical properties. Bioprinting offers a
promising strategy for engineering functional
urethral tissue; however, current bioinks are
limited by their inability to replicate native tissue
structure. To address this, a tissue-targeted
bioink design strategy is proposed, involving
biomechanical and histological characterisation
of healthy tissue to provide relevant benchmarks
for developing hydrogel bioinks tailored for
bioprinting urethral constructs (Fig.1).
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Fig 1: Tissue driven design of bioinks for urethral
repair.

METHODS: Healthy rabbit urethral tissues
were analysed in both cross-sectional and
longitudinal orientations. Mechanical properties
were assessed on 100 pm-thick sections using
nanoindentation-based  testing to  map
viscoelastic behaviour at the microscale.
Histological evaluation was performed on 8 um
sections using haematoxylin and eosin for tissue
morphology, fast green for collagen, and orcein
for elastin distribution. To modulate mechanical
performance, bioinks were prepared from
dextran- and gelatine-based hydrogels, including
hybrid dextran—gelatine formulations
incorporating ~ host—guest  supramolecular
moieties and thiol-ene crosslinking sites.
Gelation kinetics and viscoelastic properties
were assessed by UV-assisted photorheology.

Cytocompatibility was examined using human
dermal fibroblasts through elution and direct-
contact assays, LDH cytotoxicity, cell
proliferation, and live/dead staining.

RESULTS: Native urethral tissue exhibited
heterogeneous Young’s moduli ranging from
approximately 2.8 to 10 kPa, reflecting spatial
variability. Frequency sweep measurements
indicated a viscoelastic response with a
predominantly elastic contribution across the
tested frequency range. Hydrogel stiffness and
gelation kinetics were tuneable through polymer
concentration, molecular weight, and degree of
substitution. Dextran functionalised with f-
cyclodextrin and complementary guest groups,
combined with bifunctional gelatine derivatives,
produced mechanically stable and reproducible
hydrogels. These hydrogels exhibited shear-
thinning behaviour suitable for extrusion-based
3D printing. Cytocompatibility tests showed low
cytotoxicity, sustained cell proliferation, and
high viability within the optimised formulations.
Based on urethral structure and mechanics, a
limited number of bioink candidates were
selected for in vivo evaluation in a rabbit model.

DISCUSSION & CONCLUSIONS: This study
establishes a tissue-informed design framework
for hydrogel bioinks aimed to replicate native
urethral mechanical and structural features. The
developed supramolecular systems demonstrate
tuneable mechanical properties, printability, and
cytocompatibility, supporting their potential use
in fabricating tubular scaffolds for preclinical
studies in urethral tissue engineering.
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INTRODUCTION: Effective decontamination
of dental implants is essential for managing peri-
implant diseases, yet its impact on the salivary
pellicle and cell response remains unclear. As
the pellicle mediates bacterial and host cell
interactions, investigating how decontamination
alters its composition is key to understanding the
effects on biological outcomes. Accordingly, we
examined how a Poloxamer 407 (P407)
hydrogel, a P407 + hydrogen peroxide (H®)
hydrogel, a titanium brush, and their
combinations influence the adsorbed salivary
proteins and cell adhesion on OsseoSpeed®-like
titanium surfaces.

METHODS: Surfaces with salivary proteins
were treated with different decontamination
methods and re-exposed to saliva. Protein
quantity was measured using the BCA assay,
while the proteomic composition and molecular
functions of the adsorbed proteins were
determined by liquid chromatography-mass
spectrometry and gene ontology analysis.
Human bone marrow mesenchymal stem cell
(hBMMSC) adhesion was assessed on the
surfaces, and cytotoxicity was evaluated using
an LDH assay. Protein-coated and protein-free
surfaces served as controls

RESULTS: Although protein levels were
consistent across  groups after either
decontamination or recontamination, each
treatment produced a different proteomic profile.
Mechanical decontamination, alone or combined
with chemicals, enhanced protein removal
efficiency. Combined treatments yielded
reduced protein diversity following
recontamination and enriched adhesion-related
proteins. None of the treatments compromised
hBMMSCs adhesion nor made the surfaces

cytotoxic.

DISCUSSION & CONCLUSIONS:
Decontamination methods selectively modify
the proteomic profile. Combined chemical and
mechanical decontamination enhances the
removal of salivary proteins and limits their re-
adsorption while preserving cytocompatibility,
supporting their relevance to peri-implant health.
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INTRODUCTION: Invasive surgical
procedures for bone fixation and replacement
carry a high risk of postoperative infection.
Therefore, there is an increasing demand for
biomaterials that simultaneously promote bone
regeneration and enable localized drug delivery.
Mesoporous bioactive glass (MBG) is a
promising substitute for the inorganic phase of
bone tissue, offering a highly porous structure
and a large specific surface area for controlled,
localized drug delivery [1]. Furthermore, plant-
derived bioactive agents, such as rosmarinic acid
(RosAc), possess anti-inflammatory,
antioxidant, and anticancer properties, and show
promising potential as alternative antimicrobial
agents to combat growing antibiotic resistance
[2]. Accordingly, this study aimed to prepare
mesoporous bioactive glass/rosmarinic acid
(MBG/RosAc) composite materials and evaluate
their potential for controlled drug delivery.

METHODS: 58S MBG (58 mol% SiO,,
33 mol% CaO, 9 mol% P»0s) was prepared by
sol-gel synthesis method, using tetraethyl
orthosilicate, triethyl phosphate, and calcium
nitrate tetrahydrate. The mouse preosteoblast
MC3T3-E1 cell line was used to evaluate the
effects of sintered MBG on cell viability and to
determine the ICsp of RosAc. MBG/RosAc
composite materials were prepared by adsorbing
RosAc onto MBG particles. UV-Vis
spectroscopy at 326 nm was used to analyse
RosAc loading efficiency and release kinetics.
Physicochemical properties of MBG and
MBG/RosAc  were assessed by X-ray
diffraction,  Fourier  transform  infrared
spectroscopy and scanning transmission electron
microscopy (STEM).

RESULTS: Amorphous 58S MBG were
obtained using sol-gel synthesis method.
Prepared MBGs were not cytotoxic below
1 mg MBG/mL, where the highest cell viability
was observed with 0.5 mg MBG/mL sample
concentration. The incorporation efficiency of
RosAc increased with the active compound
content used for composite preparation. The

highest incorporation efficiency exceeded 97%,
while the RosAc content in the composite
material reached 13.41+0.03%. Adsorption of
RosAc onto MBG particles was found to affect
their morphology and tendency to agglomerate
(Fig 1). In terms of release behaviour, an initial
burst release of RosAc was observed within the
first 24 hours, whereas the cumulative release
reached 7.9+0.4% after 21 weeks.

A B

300 nm

Fig. 1. STEM images of a) pure 58S MBG,
b) 588 MBG/RosAc composite, changes in
morphology marked with red circles.

DISCUSSION & CONCLUSIONS: Sintered
MBGs were highly biocompatible with MC3T3-
El cells, maintaining > 70% viability and
promoting cell proliferation at day 3. High
RosAc loading was achieved by adsorption,
resulting in an initial burst release followed by
sustained release over 21 weeks. Released
RosAc concentrations remained below the ICg
for MC3T3-E1 cells, indicating no cytotoxicity
toward preosteoblasts. Overall, MBG/RosAc
composites represent a promising approach for
localized and sustained drug delivery in bone
tissue regeneration, with the potential to address
infection-related challenges.
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INTRODUCTION: This study continues from
our previous work that showed that
administration of inflammatory agents such as
lipopolysaccharides (LPS) and interleukin-1
beta (IL-1P) induced signals that mimic chronic
inflammation in human gingival fibroblasts
(Agger et al., 2024) in 2D culture conditions.
Now we aimed to establish and evaluate a more
physiologically relevant environment in a 3D
cell model with and without the introduction of
hypoxia. This approach can provide a
comprehensive model to investigate the
interplay between inflammation and hypoxia in
human tissues.

METHODS: Human gingival fibroblast cells
(HGFs) cells were added to ClinoReactors on
day -1 and allowed to form into spheroids for 24
h under normoxic or hypoxic conditions. At day
0, inflammatory agents were added. Media was
collected at day 0, 2, 3, 7, 10 and 14 and
spheroids were harvested at day 2 and 14.

RESULTS: We showed that hypoxia and
inflammation, both individually and in
combination, had a significant multifaceted
impact on 3D fibroblast spheroids. Specifically,
the combination led to the formation of smaller
spheroids, alongside a marked decrease in the
expression levels of selected ECM and
cytoskeletal proteins, without drastic effects on
cell viability. The evaluation of histological
sections demonstrated that the combination of
hypoxia and inflammation impacts the formation
of a rim versus core area of spheroids (Fig 2).
The observed increase in cytokines and
chemokines associated with immune responses,
such as IL-6, IL-1f, IL-1a, TNFa, and GM-CSF
indicates the enhanced inflammatory signaling
under the combined conditions. Aligning with
previous studies on in vitro inflammatory
conditions as well as in vivo inflammatory
conditions, increased secretion of the angiogenic
factor VEGFa, known to enhance tissue repair
and neovascularization, was activated in
response to inflammation.

Fig 1: Spheroids fluorescent stained against actin
(yellow), acetylated tubulin (pink) and co-

stained with DAPI (blue) for nuclei
visualization. Scale bar =20 um.

DISCUSSION & CONCLUSIONS: These
findings suggest that the 3D model presented
here effectively mimics the in vivo
characteristics of inflammation by reduced
expression of ECM and cytoskeletal proteins,
secretion of pro-inflammatory molecules. These
findings highlight the biological significance of
using 3D culture systems over a traditional 2D
settings in research as evaluated by the secretion
of cytokines and chemokines. We show that
experimental conditions impact study outcomes
and that physiological levels of O, affect the
results. Expanding in vitro work in 3D may
guide the development of potential therapeutic
strategies more efficiently than 2D.
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INTRODUCTION: Oral bone regeneration
after trauma or surgery due to periodontitis or
oral cancer remains challenging because
autologous grafts are limited by morbidity and
availability. Levan-based hydrogels provide a
biodegradable scaffold for localized delivery of
bioactive compounds, while insulin-like growth
factor 1 (IGF-1) and cannabidiol (CBD) offer
complementary osteogenic and anti-
inflammatory effects but require encapsulation
for stability and efficacy. We therefore
developed a levan-based hydrogel containing
liposomes co-loaded with IGF-1 and CBD and
evaluated it's in vitro potential for oral bone
regeneration.

METHODS: Liposomes composed of DSPC
with or without DSPE-PEG were prepared by
thin-film hydration and loaded with CBD and/or
IGF-1 during the hydration step. Liposome size,
surface charge, and morphology were
characterized using dynamic light scattering
(Anton Paar Litesizer 500) and scanning
transmission electron microscopy (Verios 5
UC). Enzymatically produced and hydrolyzed
levan was crosslinked with BDDE to form
hydrogels, into which the prepared liposomes
were incorporated. In vitro studies were
performed using patient-derived  gingival
mesenchymal stem cells (GMSCs; ethical
approval No. 6-1/12/47). Cell viability and
osteogenic differentiation were evaluated.

RESULTS: The hydrodynamic diameter of
liposomes decreased upon incorporation of
bioactive compounds (Fig. 1; from 1167 + 83 nm
to 307 £ 21 nm). The release of CBD and IGF-1
was monitored over 14 days, reaching 34 + 2%
and 94 + 1% release of the encapsulated amount,
respectively. All levan hydrogel formulations
exhibited typical gel-like behaviour within the
linear viscoelastic region, with the storage
modulus (G") exceeding the loss modulus (G").

Alizarin Red S staining and alkaline phosphatase
(ALP) activity assays of GMSCs cultured with
liposomes and hydrogels for 28 days
demonstrated significantly higher osteogenic
activity compared with the positive control (up

to 50 % increase).
A
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Fig. 1: STEM micrographs of (A) D_CBD/IGF-
1 and (B) D-PEG _CBD/IGF-1 liposomes and
(C, D) the cross-section and pore structure of
swelled and then freeze-dried LH sample.

The increase in ALP activity occurred
concurrently with a decrease in cell viability,
suggesting a metabolic shift from glycolysis to
oxidative phosphorylation as cells matured into
osteoblasts during osteogenic differentiation.

DISCUSSION & CONCLUSIONS: CBD
release followed the Korsmeyer—Peppas model,
consistent with non-Fickian diffusion. The
system  maintained cell viability and
significantly enhanced osteogenic
differentiation, demonstrating a synergistic
effect of CBD and IGF-1 within the levan
hydrogel matrix.
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INTRODUCTION:Cardiovascular diseases are
the most common cause of death globally and
will continue to rise in the coming years [1].
Medical devices, so called blood contacting
devices are often used in the treatment of such
diseases, like vascular grafts and ventricular
assist device [2, 3]. These devices are in direct
contact of the blood but can have serious side
effects due to the activation of the blood
coagulation cascade which leads to thrombus
formation [4]. This project aims at developing
fully hemocompatible biomimetic membrane for
a ventricular assist device that excludes the
major complications seen with devices currently
on the market. The approach here is to develop a
synthetic vascular basement membrane that is
biomimetic in structure, coated with a bio
adhesive for cellular attachment and can provide
sustained release of an anti-inflammatory
compound.

METHODS: Nanofibrous scaffolds were
fabricated by electrospinning 20  wt%
polycaprolactone and characterized by scanning
electron microscope and texture analyzer. Cell
morphology on coated and uncoated fibers was
assessed with confocal microscopy. The
concentration of released Triptolide from gelatin
and silicone was quantified using ultra-
performance liquid chromatography.

RESULTS A synthetic multi layered vascular
basement membrane was designed and
fabricated. Cells on gelatin coated fibers showed
improved attachment compared to uncoated
fibers. Two different drug release mechanisms
showed in sustained release. The anti-
inflammatory compound Triptolide was released
from coating for two weeks but over a month
from the silicone base membrane. However, the
addition of Triptolide and its solvent also
resulted in a softening of the silicone.

DISCUSSION & CONCLUSIONS: A
synthetic multi-layered vascular basement
membrane was fabricated that contains

nanofibers, a bio-adhesive and releases an anti-
inflammatory drug.

ACKNOWLEDGEMENTS: This project is
funded by the "Stiftung PROPTER HOMINES -
Vaduz / Firstentum Liechtenstein", the
"Schwyzer-Winiker Stiftung", the ETH Zurich
Foundation and the pharma award fund of
Bergpora and borsteinn Schevings
Thorsteinsson.

REFERENCES:

[1] World Health Organization. (2018,
April 26, 2018). World Heart Day 2017.
Available:
http://www.who.int/cardiovascular_dise
ases/world-heart-day-2017/en/

[2] K. Werkkala et al., "Clinical Durability
of the CARMEDA BioActive Surface
in EXCOR Ventricular Assist Device
Pumps," ASAIO J, vol. 62, no. 2, pp.
139-42, Mar-Apr 2016.

[3] P. C. Begovac, R. C. Thomson, J. L.
Fisher, A. Hughson, and A. Gallhagen,
"Improvements in GORE-TEX vascular
graft performance by Carmeda
BioActive surface heparin
immobilization," Eur J Vasc Endovasc
Surg, vol. 25, no. 5, pp. 432-7, May
2003.

[4] O. Wever-Pinzon ef al., "Ventricular
assist devices: pharmacological aspects
of a mechanical therapy," Pharmacol
Ther, vol. 134, no. 2, pp. 189-99, May
2012.



13. From Process Parameters to Performance: Microstructural Control

in

Additively Manufactured Biodegradable Magnesium Alloy WE43
L. Larsson', H. Nilsson-Ahman', T. Maimaitiyili'?, P. Mellin2, F. D’Elia’, C. Persson’
'Department of Materials Science and Engineering, Uppsala University, Uppsala, Sweden;
2Swerim AB, Stockholm, Sweden

INTRODUCTION:

Additive manufacturing through powder bed
fusion with laser beam (PBF-LB) of magnesium
alloy WE43 (Mg—4 wt% Y-3 wt% RE-0.5 wt%
Zr) offers the potential for patient-specific
biodegradable implants. However, no additively
manufactured Mg implants are currently
available clinically. This work summarizes a
large body of work, linking key PBF-LB
parameters to microstructure, residual stress,
texture, and mechanical performance to enable
future reliable components implemented in the
clinics [1].

METHODS:
Laser power, hatch distance, build orientation,
build size, and scan rotation were systematically
varied (Fig. 1 and 2). Microstructure was
analysed by SEM/BSE, EBSD, and XRD;
residual stresses by synchrotron X-ray
diffraction; texture by neutron diffraction; and
mechanical properties by tensile, compression,
and hardness testing. Selected conditions were
evaluated for corrosion and in vitro
biocompatibility.
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Fig. 1: Schematic of some important PBF-LB
process parameters.

Powder bed fusion Mechanical

- laser beam

Macroscopic
characterisation

Microscopic
characterisation

?'2,' « Microstructure =

properties
/ « Defects 39 Text
F‘orosi(y - o lexture

« Tensile
m o - . Compressivej
\ =  Hardness
Fig. 2: Schematic illustration of the methods
applied.

+ Residual stress °

RESULTS:

Higher laser power promoted equiaxed-dendritic
grains, increasing tensile strength but reducing
corrosion resistance [1, 2]. Hatch distance tuning
preserved strength at lower laser power.
Horizontal builds showed ~40% higher tensile
strength and ~20% higher elastic modulus than

vertical builds due to basal texture alignment
(Fig. 2) [3]. Scan rotation enabled texture
control; segmented chessboard strategies
improved  compressive  strength,  while
unidirectional scans led to poor densification.
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Fig. 2: The difference in tensile mechanical
properties between a horizontal build (h67) and
a vertical build (v67), both produced with 67
degree scan rotation between layers.

DISCUSSION & CONCLUSIONS:

The results demonstrate how coordinated
selection of PBF-LB parameters enables
tailoring of microstructure, texture, and
performance of WE43, supporting its future
application in biodegradable implants. Future
work is required to further enhance the corrosion
resistance.
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INTRODUCTION: Long bones of small
rodents are characterized by the presence of
islands of mineralized cartilage (MC), even at
considerable distances from the growth plate'.
These features are likely remnants of
endochondral ossification resulting from limited
Haversian  remodelling. However, their
functional impact remains unclear, as they
introduce both structural and compositional
heterogeneity in the bone matrix. In this work,
we aim to investigate the interface between bone
and MC islands, with particular emphasis on the
behaviour of the lacuno-canalicular network
(LCN).

METHODS: Femurs from 16- and 20-week-old
Sprague Dawley rats were used. Following
fixation, samples were dehydrated, embedded in
LR White resin, sectioned longitudinally, and
polished. A multimodal approach was then
employed combining two-dimensional scanning
electron microscopy (SEM) and three-
dimensional SEM-focused ion beam (FIB)
tomography to resolve structure and pseudo-
composition of the bone-MC interface.
Composition was further assessed using time-of-
flight secondary ion mass spectrometry (ToF-
SIMS).

RESULTS: As expected, MC was more highly
mineralized than the surrounding bone matrix
(Fig. 1). However, the interaction between bone
and MC proved more complex than suggested by
prior work'. The interface between bone and
MC exhibited a gradual, mineral-rich transition
zone. Furthermore, although osteocyte lacunae
were absent within the MC islands, canaliculi
appeared to extend beyond the bone matrix.

DISCUSSION & CONCLUSIONS: The
structural characteristics of the bone-MC
interface closely resemble those reported for
bone-ceramic biomaterial interfaces®, suggesting
similarities in mechanisms of new bone
formation and mineralization. The presence of
canaliculi extending beyond bone and into the
MC islands potentially indicates the ability for
communication across the bone matrix despite
the discontinuity introduced by the MC islands.

Overall, these findings highlight that a complex
interplay between bone and MC may contribute
to the preservation of tissue functionality in rat
bone.

Fig. 1: SEM image showing islands of MC
(contoured by dashed lines) throughout the
bone matrix.
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INTRODUCTION: WE43, a magnesium alloy,
has received increasing interest for degradable
biomedical implants [1]. Optimizing WE43 and
other alloys requires workflows that automate as
much of the research as possible to reduce the
development cost and environmental impact.

To do so, this work proposes to automate the
porosity calculation with a neural network (via a
U-net [2]) and model the porosity with a
Gaussian process [3], a machine learning model
that excels with low sample sizes. The pairing of
these two steps represents a novel workflow that
can reduce the time required to improve WE43,
other alloys for biomedical use, and additive
manufacturing research as a whole.

METHODS: A WE43 alloy was printed with 73
process parameter combinations before taking
microscopy images to calculate porosity. A U-
net was trained using 127 manually annotated
images porosity masks, which was then applied
to segment pores in the remaining 611 images.
After the U-net calculated porosity, a
Gaussian process modeled how the process
parameters affected porosity. This interpolates
between observations and infers the values at the
missing datapoints. The research emphasizes
transparency in model validation and includes
the exploration into various model types,
meaning it can also serve as a guide to other
researchers looking to use Gaussian processes.

RESULTS: The U-net helped find a set of
parameters that lead to a porosity percentage of
0.06%. Additionally, the use of multiple images
helped identify process parameters that would be
a robust choice with a lower standard deviation.

eft)

with the U-net porosity segmentation (right)).

The Gaussian process model closely matched the
true porosity values, especially in the low-
porosity region, and could estimate the porosity
values in the missing regions by using the
surrounding parameter combinations.
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Fig. 2: Extracted (left) and predicted (right)
porosity for one hatch distance. This highlights
how the Gaussian process models multimodal
data and interpolates values for failed prints.

DISCUSSION & CONCLUSIONS: This
research demonstrated the advantage of using a
U-net with the microscopy images of printed
samples to decrease the analysis time. The
Gaussian process model captured the porosity
trends across the process parameter space with
significantly less samples than other machine
learning techniques. The workflow presented in
this research is not limited for the purpose of
analyzing porosity data, but can be applied to
other materials to understand their process-
structure-property relationships.
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INTRODUCTION: Immune responses via B
cell activation occurs through the binding of
antigen or processed antigen to the B cell
receptor (BCR) leading to activation, ultimately
leading to antibody production. The process by
which BCR is activated is still not understood'.
Reports from the T cell field have suggested a
process where dynamic receptor relocalisation
after antigen binding leads to signal
transduction. Here we use an in vitro model for
B cell interaction with antigen presented by
antigen presenting cells (APCs) to understand
the role of nanoscale clustering of antigen in
BCR activation.

METHODS: Nanoscale chemical patterns of
functionalised PEG and PMOXA polymers were
generated by sparse colloidal lithography and
used to localised antigen with integrated DNA
force sensors? in a background of APC specific
cell adhesion molecules (ICAM-1). Murine
primary B cells were purified untouched from a
mouse model with BCRs modified to bind to
specific small molecule haptens (NIP or NP).
The interaction of NIP/NP with BCRs were
studied both by live TIRF microscopy to look at
forces exerted on the antigens and after fixation
and staining to look at activation through
phosphorylation of Syk.

RESULTS: First we quantified the clustering
state of antigen in germinal centers in lymph
nodes of mice using fluorescent antigen. Antigen
was present on follicular dendritic cells (FDC) in
clear clusters with a distinct size scale of clusters
between 100nm-500nm. In a second set of
experiments Antigen patterns of NP and NIP
were created with a range of pattern sizes
between 80nm and 600nm in a mimic of FDC-
B cell interactions. The NIP/NP was coupled to
a hairpin DNA force sensor covalently attached
to a PEG/PMOXA layer. Phosphonothioate-
modified DNA was used to prevent degradation
of the force sensors by cellular released enzymes
and showed good stability. B cell interactions in
the first 10 minutes showed rapid formation of
contacts and opening of force sensors indicating
both antigen engagement and force exerted
through the BCRs on surfaces with patterned
antigen but not on comparable global densities

of unclustered antigen. While the level of force
pulling events was comparable between pattern
sizes the level of activation varied with the
cluster size with a lower activation level
(indicated by the level of pSyk) at 80nm patterns
and increasing with cluster size. Little activation
was observed at unclustered antigen surfaces.
The formation of contacts between the B cell
membranes and the antigen patches also resulted
in exclusion of CD45 which is one of a number
of regulatory transmembrane membrane
phosphatases.

DISCUSSION & CONCLUSIONS: In T cell
biology the exclusion of CD45 from TCR
contacts results from its large size. In analogy to
this process termed kinetic segregation in T cell
receptor/ T cell activation the exclusion of CD45
and its correlation to BCR activation suggests
that a similar mechanism may be in play in B cell
activation.

We observe in an in vitro model of antigen
presentation by FDC’s that B cell activation is
substantially increased at clustered antigen and
that clusters in the size range 200-300nm give
enhanced activation. This size range is similar to
the size range of antigen clusters in vivo. The in
vitro system suggest that forces exerted by the B
cells correlate to both BCR activation and to

CD45 exclusion. We propose that that physical
separation of this regulatory phosphase from the
BCRs leads to activation in a process similar to
kinetic segregation in T cells.
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INTRODUCTION: Biomimetic scaffolds that
replicate the structure of the extracellular matrix
represent a promising strategy for enhancing
wound healing by promoting cell adhesion,
migration, and tissue regeneration. Silk fibroin is
a biopolymer of significant interest for wound
healing applications due to its biocompatibility,
biodegradability, and favourable mechanical
properties [1]. Electrospinning enables the
fabrication of fibrous mats with controlled
architecture and high surface area; however,
conventional electrospinning of silk fibroin
typically relies on organic solvents, which limits
its biomedical translation [2]. Therefore, this
study aimed to develop a water-based
electrospinning approach for producing fibrous
silk fibroin mats suitable for wound healing and
tissue engineering applications.

METHODS: Silk fibroin was extracted from
Bombyx mori silkworm cocoons and prepared as
a 23% (w/w) aqueous solution. Electrospinning
was performed under ambient conditions using
an applied voltage of 18 kV, a flow rate of
0.8 mL/h, and a tip-to-collector distance of
12 cm. The aqueous stability of the resulting
mats was enhanced by inducing [p-sheet
crystallization  through post-treatment in
96% (v/v) ethanol. All prepared mats were
characterized by FTIR, SEM, water contact
angle, and swelling degree analyses.

RESULTS: The electrospun mats comprised
smooth, randomly oriented fibres with a mean
diameter of 1.82+0.51 um (Fig. 1). Ethanol
treatment preserved the fibrous morphology
while inducing B-sheet formation, leading to a
significant improvement in aqueous stability.
Treated mats retained 92.5+2.8% of their
original mass after immersion in water, whereas
untreated mats exhibited rapid degradation. In
addition, ethanol treatment reduced the swelling
capacity to 406.8 = 86.7% and increased surface
wettability, as evidenced by a decrease in the
water contact angle to 59.3 + 6.7°.

Fig. 1. Elctrospu silk fibroin mats.

DISCUSSION & CONCLUSIONS: This
water-based electrospinning approach enabled
the fabrication of homogeneous, cylindrical silk
fibroin microfibres with enhanced structural
integrity and surface properties. Ethanol-induced
crystallization produced moderately hydrophilic
mats well suited for cell attachment and
proliferation. Overall, this study demonstrates a
simple yet effective, organic solvent-free
strategy for manufacturing fibrous scaffolds with
strong potential for wound healing and tissue
engineering applications.
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INTRODUCTION: Success of implants is
strongly determined by their capacity to
integrate with bone and soft tissues. Upon
implantation, proteins immediately absorb to the
surface creating a conditioning layer that will
determine the subsequent biological responses.
Albumin is a globular protein present in blood
plasma and forms non-specific protein-cell
interactions, whilst fibrinogen (FNG) contains
specific RGD domains that can interact with
integrin receptors on cell surfaces. Because of
their different biological functions, they serve as
a model to study the adsorption and properties of
the protein corona on implants. Development of
functionalized surfaces that can control the
formation of the protein corona have become a
good strategy to achieve strong cell-biomaterial
interactions. Our aim is to understand how
proteins present in blood interact with tannic
acid (TA)-coated titanium surfaces and how the
formed protein corona affects the adhesion of
human gingival fibroblasts (HGF).

METHODS: Quartz crystal microbalance with
dissipation monitoring (QCM-D) was used to
study protein adsorption on TA-coated surfaces.
The chemical/physical properties of the formed
protein corona were investigated by Fourier
transform infrared (FTIR) and ultraviolet-visible
(UV-vis) spectroscopy. Zeta potential and
contact angle measurements were made to
determine how surface properties relevant to cell
adhesion were modified. QCM-D in
combination with live-cell imaging was used to
determine the dynamics of HGF adhesion onto
TA-protein coated surfaces. Cell morphology
was observed using confocal microscopy.

RESULTS: Different thickness, absorption
mechanisms, orientation of proteins and changes
in conformation were observed depending on the
concentration and type of protein used. The
interaction between TA and proteins was found
to be noncovalent, as determined by FTIR and
UV-vis spectroscopy, although TA altered the
secondary structures of BSA and FNG. Despite
the stable interaction between TA and BSA, the
Vroman effect was observed when depositing
FNG on a surface saturated with BSA. FTIR

mapping based on the intensity of amide I band
revealed different surface coverage and
distribution of proteins for the studied
conditions. Surface parameters relevant to cell
adhesion, such as zeta potential and surface
energy, were found to be comparable among the
different protein-coated surfaces but different
from TA-coated. Combining QCM-D and
timelapse imaging showed that stronger cell
adhesion was achieved in surfaces with FNG,
which contains RGD domains. Surfaces
containing protein delayed initial cell adhesion
compared to TA-coated surfaces, although high
cell density and interconnection were observed
in all surfaces.

BSA
FNG
FBS o o FNG

BSA-FNG w, 002} <> BSA-FNG
FNG-BSA| ¥ FNG-BSA
[ T R S FE 5 0 T

AF Hz]

-1 BSA

#o OO

i
Time (]

Fig. 1 Fibroblast adhesion on proteins deposited
onto TA-coated surfaces. Averaged AD vs AF
plots (left) and relative area occupied by
fibroblasts (right).

DISCUSSION & CONCLUSIONS: The
differences in protein orientation, surface
coverage and layer thickness were attributed to
limited mass transport in lower concentrations.
Modifications of the secondary structures of
proteins were attributed to the physical
interaction between TA and proteins. The
enhanced adhesion observed on surfaces
containing the RGD sequence indicates the
importance of integrin-mediated interactions in
stabilizing cell attachment. In contrast, the
surfaces lacking RGD sequence relied initially
on weaker interactions before secreting ECM
proteins that allowed the formation of integrin-
mediated interactions. It was demonstrated that
the presence of TA affects the properties of the
protein layer and altered cell adhesion dynamics.
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INTRODUCTION: Bioactive glasses (BGs)
are materials that have several favourable
properties for regeneration of bone tissue [1].
After implantation, a bone-like hydroxyapatite
(HA) layer forms on their surface, promoting
early recruitment of bone-forming cells. As the
glass dissolves, it releases ions in a controllable
manner, with therapeutic effects on cells and
tissues [2]. The biological effects of therapeutic
ions have been researched in many studies, and
several BG compositions have been developed
to optimise ion release for bone growth
stimulus [3]. However, despite promising in
vitro data for BGs with added therapeutic ions,
the improvements have generally been modest
in vivo compared to conventional BGs, and the
correlation  between  bone  regeneration
outcomes in vitro and in vivo has been poor [4].
Bone regeneration is a complex process that
involves a variety of biological functions.
Stimulation of a subset of the involved cellular
processes may result in improved cell function
for isolated cell lines in vitro, but this kind of
limited stimulation may not be sufficient for
improved outcomes in vivo. Instead of focusing
on specific ions that stimulate only a subset of
biological processes, it may be beneficial to
stimulate a wider variety of cellular pathways
for a more comprehensive bone growth
stimulation. We hypothesise that bioactive
glasses designed for multi-objective ion release
will simultaneously =~ promote shifting
macrophages toward a  pro-regenerative
phenotype, enhancing vascular network
formation, and  promoting  osteogenic
differentiation, with potential to enhance bone
regeneration.

METHODS: Multi-ion substituted bioactive
glass frits will be prepared by mixing precursor
oxides and carbonates that are melted for 3
hours at 1360 °C in quartz crucibles, followed
by pouring into an ice-water bath and washed
with acetone. Subsequently, the quenched frits
are dried overnight at 70 °C.

RESULTS: The glass frits are milled and
sieved to a narrow size fraction and analysed by
XRD, FTIR, HSM, SEM, BET, and DSC. Their
dissolution in simulated body fluid (SBF) will
be studied by ion release (ICP-OES), pH
changes, and reaction layer formation (SEM-
EDX, FTIR) at multiple time points.

DISCUSSION & CONCLUSIONS: This
work is expected to verify the amorphous
nature of the BGs and reveal calcium phosphate
layer formation on their surfaces after SBF
immersion with XRD and SEM, while BET
analysis will quantify their surface area. DSC
analysis will be used to determine key thermal
properties, including glass transition and
crystallisation peak temperatures, and FTIR
spectroscopy will characterise the multi-
substituted borosilicate glass structure and HA
layer development post-dissolution. HSM
results will provide critical hot working
temperatures to guide processing.
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INTRODUCTION: Nanoemulsions are
thermodynamically stable, nanosized emulsions
in which an emulsifying agent stabilizes two
immiscible liquids, and they have been explored
to improve the delivery of active biomolecules.
Curcumin is a hydrophobic polyphenol with
significant medicinal value. However, its
application is limited because of poor
pharmacokinetics and physicochemical
instability. Here, we fabricate nanoemulsions
based on k-carrageenan hydrogels using the
ionotropic gelation method, with potassium
chloride and calcium chloride serving as ionic
crosslinkers. The primary goal of this
nanoemulsion hydrogel is to investigate the in
vitro release of hydrophobic molecules such as
curcumin from the gel matrix.

METHODS: We prepared a nanoemulsion
using the solvent displacement technique.
Briefly, a 50 mL nanoemulsion with an aqueous
and oil phase was prepared at a 9:1 ratio. A
solution of 10 mg of curcumin in 10 mL of
polysorbate 80 was prepared, and 1000 uL. was
added to the nanoemulsion under magnetic
stirring at 800 rpm. Next, 1.5 g of k-carrageenan
was added and heated to 80 °C while stirring
vigorously at 1600 rpm. Crosslinker solutions of
KCI and CaCl; at various concentrations were
prepared and used to crosslink the
nanoemulsion. A combinational study was
conducted using different percentages of KCl
and CaCl,. The effects of crosslinking were
evaluated through water retention, chemical
composition, and surface topography. The
release behavior of curcumin was examined by
immersing the hydrogels in a beaker containing
30 mL of PBS at pH 7.4 and analyzing them
spectrophotometrically.

RESULTS: The characteristic peaks of K-
carrageenan are at 1260 cm™ and 1048 cm™ and
the peak of curcumin is at approximately 3000
cm-1, indicating the presence of phenolic O-H
stretching. A comparison of the various
crosslinked hydrogels revealed that the samples

retained the characteristic peaks of «-
carrageenan (1260 and 1048), indicating their
presence in the matrix. The absence of curcumin
peaks represents the complete incorporation of
the drug into the hydrogel matrix. The more
compact and rigid surface due to cross-linking is
shown in Figure 1. The control (gel without
crosslinking) has a maximum swelling

percentage of 550%, whereas the gel crosslinked
with both KCl and CacCl; is observed to have the
least swelling capacity. Furthermore, the greater
release of curcumin is attributed to poor
crosslinking and a wider pore size.

-
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Fig. 1: (4) Dual-crosslinked k-carrageenan
(B) curcumin-loaded dual-crosslinked k-
carrageenan gel.

DISCUSSION & CONCLUSIONS: The
challenges associated with using curcumin have
been successfully addressed by preparing a
nanoemulsion-based k-carrageenan-crosslinked
hydrogel impregnated with curcumin. The
crosslinking effects of potassium chloride,
calcium chloride, and their combination were
used to evaluate water retention, chemical
composition, and surface topography. SEM
micrographs of the dual-crosslinked gels showed
a compact gel structure. IR studies confirmed the
successful incorporation of curcumin within the
matrix. Additionally, in vitro drug release was
tested in physiological buffer, and compared
with other hydrogels, those crosslinked with
both KCl and CaCl, exhibited sustained release
of curcumin.
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INTRODUCTION: Despite being a mainstay into  differences in  bone  apposition:

for bone fracture fixation, titanium (T1i) implants
may require removal after healing, leading to
complications. Magnesium (Mg) degrades in
situ and circumvents these problems (1), but how
Mg influences the biological processes (2) at the
bone—implant interface  remains  poorly
understood. Using spatial transcriptomics to
profile gene expression in spatially defined
interfacial regions (3), this work investigates the
molecular and structural dynamics underlying
Mg osseointegration.

METHODS: Pure Mg and Ti screws were
implanted in rat tibiae and retrieved at 3 d and 28
d (n=8/group/timepoint). Spatial transcriptomics
(Bruker-NanoString GeoMx DSP) targeted
regions within 20 um of the Mg interface versus
distant control areas, enabling direct, whole
transcriptome profiling of the interfacial bone
microenvironment (Fig. ). Complementary
analyses included histomorphometry, Raman
spectroscopy, and qPCR at the interface bone—
implant. Mann-Whitney test was used for
comparisons between Mg and Ti. Student's t-test
was used for spatial transcriptomics data.
Significance was set at p < 0.05.

RESULTS: Spatial transcriptomics
demonstrated a two-phase transcriptional
program at the interface with Mg implants. At 3
d (Fig. 1), a transient NF-xB/IFN alarmin surge
was evident, with the upregulation of the
transcripts frgml, Trpvl, and 1118bp, alongside
the  activation of  Wnt-related  and
mechanosensitive pathways. By 28 d, these
inflammatory signatures resolved, while genes
marking for osteoblast lineage, collagen
remodeling, and angiogenesis were strongly
upregulated (Cntfr, Sp5, and Cxcli2),
evidencing a transition from inflammation to
regeneration. qPCR corroborated these findings,
showing a ~2-fold higher osteocalcin (Bglap)
and collagen lal (Collal) mRNA levels (p <
0.05; Fig. 1), as well as a ~4-fold higher
expression of vascular endothelial growth factor
(Vegf) gene (p < 0.05) at the interface with Mg
vs Tiat 28 d. These molecular changes translated

(Mg implants:

histomorphometry demonstrated 55% higher
bone—implant contact for Mg (92.2 £ 7%) vs Ti
(59.5 = 7%) (p = 0.002; Fig. I). Yet, Raman
spectroscopy revealed a lower mineral
crystallinity (Fig. 1) and a higher organic content
near Mg, indicating a compositionally 'younger'
bone matrix.
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Fig. 1: Morphometry (bone—implant contact),
qPCR (Collal), Raman spectroscopy, and
spatial transcriptomics of the bone—implant
interface.

DISCUSSION & CONCLUSIONS: Spatial
transcriptomics demonstrates a temporally
coordinated immunomodulatory program at the
Mg-bone interface: an early
alarmin/inflammatory surge transitions to a pro-
regenerative signaling, therefore promoting new
bone formation at the surface of Mg implants.
Intriguingly, this enhanced bone quantity is
accompanied by a lower bone age, pointing to
the unique bone microenvironment around Mg
implants shaped by their degradation.
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INTRODUCTION: Understanding the early
morphogenetic steps of neural cell aggregation
and pseudospheroid formation is critical to
model neurodevelopment and neurodege-
nerative disorders'. Graphine oxide (GO) is
widely used in biomedical applications and
tissue engineering for itch exceptional
electronic, optical, mechanical and biological
properties?.

In this study, we investigated how combined
effect of GO, serum supplementation and
substrate topography influences the cell
clustering using human neuroblastoma SH-
SYS5Y cells. To this end, we employed
polycaprolactone (PCL) randomly aligned
nanofiber scaffolds fabricated by solution
blowspinning (SBS), mimicking an anisotropic,
low-attachment microenvironment, and
parafilm, mimicking rougher surface.

METHODS: The fibers were produced via
SBS in-house. Fibers and parafilm (Seal-R-film)
were wrapped around coverslips, UV sterilized
and prewetted with cell culture media for 1.5 h
at 37°C before cell seeding. The samples were
characterized via scanning electron microscopy
(SEM), contact angle measurement and
profilometry. GO was applied overnight prior to
seeding. SH-SYSY cells were cultured at high
seeding density in media supplemented with
FBS or serum replacement (SR) the tested
substrates as well as on glass controls and were
analyzed over several early time points to
capture cell dynamics. We employed confocal
microscopy and quantitative PCR (qPCR) for
gene expression analysis.

RESULTS: Contact angle, which was initially
highly hydrophobic for both substrates,
significantly decreased after prewetting, and
parafilm did not differ from glass after
preprocessing. Surface roughness varied among
the experimental groups; however, preprocessed
samples significantly differed from the original
untreated material and reached values similar to
glass coverslips.GO did not cause cell death in
the FBS group and only induced minor changes

in the SR and parafilm groups. Gene expression
analysis via qPCR provided insights into key
regulators of cell—cell interaction, migration, and
neuronal differentiation markers.
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Fig. 1: Contact angle (left) and roughness
(middle) of material pre-processing with heat
(room temperature, RT, or 65°C) and
prewetting. LDH (vight) at day 3. Prewetting
with cell culture media significantly altered
surface and thus cell adhesion. GO did not
affect LDH release in FBS, only in SR and

parafilm.

DISCUSSION & CONCLUSIONS: This work
demonstrates the importance of preprocessing
the surfaces for cell culture and effect of media
supplementation. We also proved that GO did
not negatively affected cell proliferation. Future
studies integrating functional assays will be
instrumental in identifying the molecular players
and early programs driving spheroid formation.
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INTRODUCTION: Octacalcium phosphate
(OCP, Cag(HPO4)2(PO4)4-5H,0) is a metastable
calcium orthophosphate considered a precursor
of biological apatite due to its apatite-like layers
separated by hydrated layers. Its metastability
limits high-temperature processing,
complicating scale-up and densification into
implantable forms. Here, we combine scalable
OCP powder synthesis with room-temperature
densification to preserve the OCP phase.

METHODS: OCP was synthesised by (i) room-
temperature hydrolysis of alpha-tricalcium
phosphate (alpha-TCP), scaled from 0.1 g to 10
g, tracking phase evolution at 1-180 h [1]; and
(i1) a rapid co-precipitation route tailored to tune
specific surface area (SSA) [2]. Powders were
characterised by X-ray diffraction (XRD), FT-
IR, Raman spectroscopy, BET (SSA) and SEM.
Room-temperature ~ sintering  (high-pressure
consolidation) was performed by uniaxial
pressing (<1500 MPa). Relative density and
biaxial flexural strength were determined.

RESULTS: In the hydrolysis route, alpha-TCP
transformed gradually to OCP via brushite
(DCPD) as an intermediate (up to ~36%). The
co-precipitation route produced reproducible
OCP with SSA of 16-91 m2/g. Cold sintering
preserved the OCP phase while achieving a
relative density of over 90%; densification
increased with compaction pressure, yielding
crack-free compacts flexural strength close to
conventionally sintered calcium phosphates.

DISCUSSION & CONCLUSIONS: The
combined synthesis and room-temperature
densification strategy offers a manufacturable
pathway for OCP-based ceramics and composite
feedstocks,  thereby  avoiding  thermal
decomposition. This low-temperature approach
is compatible to form organic/inorganic
composites with high inorganic loading and
potential load-bearing resorbable properties for
bone-regenerative applications.
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INTRODUCTION: Passive multiple particle
tracking (MPT) enables the study of changes in
microstructures of hydrogel biomaterials over
time. In MPT, Brownian motion of tracer
particles embedded in hydrogel is tracked, which
reveals rigid, viscoelastic, and fluid-like areas in
the hydrogel sample'. In our 3D version of MPT
microrheology, the sample is imaged with
known Z-intervals, and the data is reconstructed
into a 3D visualization based on quantified
viscoelastic micromechanics with the help of
generalized Stokes-Einstein relation’.

METHODS: We used Nikon Eclipse Ti2 wide
field fluorescent microscope to image hydrogels
filled with @ 200 nm fluorescent tracers (Bangs
Laboratories). In our proof-of-concept research,
we used Geltrex™ and collagen type I from rat-
tail, both in two different concentrations. For
Geltrex™ concentrations were 10 mg/ml and 7
mg/ml, and for collagen I 1.5 mg/ml and 1
mg/ml. For data analysis and visualization, we
used our recently developed MuRheo software.

MuRheo does particle detection and tracking
based on optimized nearest neighbour
algorithm?. When 3D data is used, different Z-
levels are processed in parallel for faster
computations. To study changes in 3D
microstructures of hydrogels during hydrolytic
degradation, we imaged focus stacks from the
same locations in the samples for two weeks.
The statistical overview created in MuRheo
shows changes in pore volumes of hydrogels,
defined by adjustable mean square displacement
(MSD) threshold.

RESULTS: Our data shows that with Geltrex™
the microstructure is more heterogenous when
concentration is higher, while collagen type I
hydrogels are more similar between each other’s.
Furthermore, the difference between
heterogeneities of samples was observed only
during the first week of incubation.

We have found that with collagen type I apparent
modulus of polymer network decreases 20%
while pore volume increases 60% due to
hydrolytic degradation in one week. Figure 1
shows the visualization of highly heterogenous

microstructure and the quantified changes in
pore volume and apparent modulus.
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Fig. 1: (4) Change in pore volume over time
based on highly mobile tracer particles. (B)
Average apparent modulus measuring hydrogel
network stiffness change over time. (C) & (D)
Example microstructural  visualizations  of
Geltrex™ hydrogel produced in MuRheo with
red showing pores and blue molecular network.

DISCUSSION & CONCLUSIONS:

Our MPT-based 3D microrheology is shown to
work in studying the effect of hydrolytic
degradation on hydrogel microstructure, enable

by our in-house developed analysis software
MuRheo.
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INTRODUCTION: Polypyrrole (PPy) is a
conductive polymer with significant potential in
biomedicine due to its antioxidant and electrical
properties. However, its broader application is
hindered by poor processability, limited
biodegradability, and the tendency of PPy to
leach from composite matrices due to its lack of
covalent bonding. Conventional methods to
covalently anchor PPy often require toxic
linkers, complex synthetic pathways, and
provide minimal control over the PPy
deposition. This work introduces a novel, green
and versatile technology based on the
spontaneous aldol condensation between pyrrole
and dialdehyde polysaccharides (DAPs),
demonstrated on two distinct biomaterial
morphologies: electrospun nanofibers and
injectable hydrogels, both exhibiting potent anti-
inflammatory effects.

METHODS: The method is based on a
spontaneous aldol condensation between the
aldehyde groups of DAP and the pyrrole rings,
covalently  tethering  pyrrole to  the
polysaccharide backbone, following its shape.
This "pyrrole-decorated" template is bioactive
on its own and can facilitate polymerization of
added pyrrole, yielding a covalently bound
DAP-PPy copolymer.

Nanofibers: Chitosan-based nanofibers were
fabricated via electrospinning, utilizing DAC as
a dual-function reagent that simultaneously
crosslinks the chitosan via Schiff bases and
anchors PPy (via aldol condensation).
Hydrogels: Injectable, shear-thinning hydrogels
were formulated using soluble chitosan and
DAC-anchored PPy, loaded with bone
morphogenetic protein-2 (BMP-2) for bone
defect regeneration.

RESULTS: The aldol condensation mechanism
successfully anchored PPy to the polysaccharide
matrices. The resulting covalently crosslinked
chitosan/DAC/PPy nanofibers exhibited
conductivities up to 11 mS/cm and enhanced
mechanical and chemical stability. In vitro
assays confirmed significant antibacterial
activity against S. aureus and accelerated wound
healing compared to neat chitosan nanofibers.

The composite hydrogels demonstrated
excellent self-healing and shear-thinning
properties, suitable for direct injection into the
body. In a critical-size calvarial defect mouse
model, the PPy-modified hydrogels effectively
scavenged reactive oxygen species (ROS) and
suppressed pro-inflammatory cytokines (IL-6),
leading to reduced acute inflammation (lower
CD45+ and CD68+ counts) and enhanced
collagen deposition, higher early osteogenesis
marker expression, and better bone regeneration.
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reaction on the example of nanofibers.

DISCUSSION & CONCLUSIONS:

We have developed a green synthetic route to
covalently bond PPy to polysaccharide matrices
via aldol condensation. The resulting
biomaterials combine the biocompatibility of
polysaccharides with the conductivity and anti-
inflammatory properties of PPy. Whether
processed into nanofibers for wound dressings or
hydrogels for bone regeneration, these
composites provide a bioactive platform that
modulates the immune response and accelerates
tissue repair.
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INTRODUCTION: Macrophages are key
orchestrating cells during the tissue response to
implanted biomaterials [1]. Extracellular
vesicles (EVs) mediate cell-to-cell
communication via transferring cargo between
cells [2]. EVs have been used in the treatment of
various diseases [3]; however, the role of
macrophage-derived EVs during biomaterial
integration or rejection has not been thoroughly
investigated.

METHODS: A soft tissue model in rats was
employed to investigate the effects of M1 and
M2 macrophage-derived EVs on the cellular and
molecular responses during titanium (Ti)
implant integration. Ti discs (9 1.4 mm) were
implanted subcutaneously with and without M1
or M2 EVs to evaluate cellular and tissue
responses in three peri-implant compartments
using cell counting, histomorphometry, confocal
microscopy and quantitative polymerase chain
reaction (qPCR) after 1 and 21 d (n =
8/group/time  point). Kruskal-Wallis and
Wilcoxon signed-rank tests were used for
statistics (p < 0.05).

RESULTS: Despite similarities such as low
cytotoxicity and leukocyte influx, predominantly
mononuclear cells, in the Ti, M1 EV, and M2 EV
groups, pronounced immunomodulatory
responses were induced by both M1 and M2
EVs. M1 EVs promoted polymorphonuclear and
eosinophilic cell infiltration, whereas both M1
and M2 EVs induced multinuclear giant cell
formation at 21 d. PKH67-labeled M1 EVs were
more efficiently internalized than M2 by
implant-adherent cells (Fig. 1). M1 EVs
promoted proinflammatory gene programs and
interferon regulatory factor-7 ({rf7) expression.
M2 EVs promoted collagen-lal (Collal)
expression in implant-adherent and tissue cells
than in the Ti group. A thicker peri-implant
fibrous capsule was evident in the M2 EV group
than in the Ti group after 21 d (Fig. 2).
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Fig. 1: Fluorescence micrographs showing implant-adherent cells
in the M1 EVand M2 EV groups internalizing PKH67-labeled EVs
at 1 d (Scale bars: black = 50 ym, yellow = 5 t/m).
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Fig. 2: Sections showing the fibrous capsules around implants in
the Ti, M1 EV, and M2 EV groups at 21 d (Scale bar: 50 f/m).

DISCUSSION & CONCLUSIONS:
Macrophage-derived EVs could influence tissue
responses around Ti implants. M1 EVs can
modulate peri-implant tissue response towards a
more proinflammatory state, whereas M2 EVs
can induce a profibrotic tissue response. Our
findings suggest that macrophage-derived EVs
promote phenotype-dependent inflammation
and immunomodulation around implants.
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a nanocomposite material consisting of an organic
matrix, mainly collagen type-I, and an inorganic
matrix, ie., bone mineral. The structure and
chemical composition of bone mineral is a heavily
debated subject and it is often incorrectly labelled as
“hydroxy(l)apatite” (HAp) (1). This mislabelling
complicates bone mineral characterisation since it
places preconceptions on both structural and
chemical properties of the mineral, e.g., that the
calcium to phosphorous ratio (Ca/P) “should” be
~1.67 (i.e., the stoichiometric value of Ca/P for
HAp) in mature bone. As a result, this leads to
misinterpretation of experimental data as it ignores
the cation and anion substitutions, such as carbonate
(COs5*) occupying trivalent anionic phosphate
(PO4™) sites in the apatite crystal lattice (also called
B-type substitution) (2). Thereby, bone mineral is
better described as an ion-substituted carbonated
apatite (1). We present a simple approach towards a
realistic measurement of elemental composition of
bone mineral by accounting for cation and anion site
substitutions (3).

METHODS: Bovine bone slices were
commercially sourced (https://boneslices.com) and
systematically deproteinised using 5 % NaOCl at 4
°C for up to 168 h. Energy-dispersive X-ray
spectroscopy (EDX) was used for elemental
analysis. Raman spectroscopy was used to monitor
deproteinisation. Phosphorous correction was done
by accounting for B-type carbonate substitution
using Raman spectroscopy (1070/960 cm™) and
Fourier transform infrared spectroscopy (FTIR;
872/1020 cm™ and 1412/1020 cm™). Backscattered
electron scanning electron microscopy (BSE-SEM)
was used to image the bone slices. One-way analysis
of variance (ANOVA) with post hoc Bonferroni
correction was used for statistical analysis of the
cation-to-anion ratios (CAR) between 0 h, 96 h, and
168 h.

RESULTS: Raman spectroscopy shows a gradual
decrease in organic matrix (amide III) in relation to
mineral content (v.POs*) (Fig. 1A), going from
undeproteinised (whole bone) to completely
deproteinised after 168 h of NaOCIl exposure,
further validated by increasing atomic number (Z)
contrast on BSE-SEM (Fig. 1C), and decreasing
organic matrix content based on inverse mineral-to-
matrix ratio (1/MMR) (Fig. 1D-E). EDX reveals
that the CARs (Ca/P, Ca+Mg+Na/P) increase from
0Ohto96hand 168 h (p < 0.0001, p < 0.0001), and

phosphorus correction (Peor) based on Raman and
FTIR spectroscopy generally decreases the overall
CAR values (Fig. 1D-E).

Anide

Fig.1: (A) Raman spectra. (B) FTIR spectra.

(C) BSE-SEM. (D) Ca/P ratios. (E)
Ca+Mg+Na/P ratios. Secondary y-axes show
the organic matrix content based on inverse
mineral-to-matrix ratio (1/MMR).

DISCUSSION & CONCLUSIONS: The
increase in CAR values using uncorrected
phosphorus values over deproteinisation time show
that they are strongly influenced by the organic
matrix, making whole bone inadequate to use for
analysing elemental composition of bone mineral.
Additionally, the decrease in CAR values obtained
using corrected phosphorous values, for both
Raman and FTIR spectroscopy, underscores that
uncorrected CAR values are grossly overestimated
as the phosphate sites occupied by carbonate ions in
the apatite lattice are ignored. Correlative EDX and
vibrational spectroscopy performed on completely
deproteinised bone reveals a more realistic view of
bone mineral elemental composition by eliminating
uncertainties introduced by the organic matrix and
accounting for expected cation and anion
substitutions.
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INTRODUCTION: Chitosan exhibits
antimicrobial activity and promotes re-
epithelialization and angiogenesis, making it a
suitable candidate for wound management.
Aphthous ulcers are common oral ulcerative
lesions that can be caused by trauma and
pathogen infection. However, currently
available medications only relieve pain, rather
than addressing the cause. miRNA-31 is reported
to modulate the inflammatory response and
enhance re-epithelialization, potentially
accelerating the healing of ulcerative lesions in
the oral cavity. Therefore, manipulation of miR-
31 is proposed for treating aphthous ulcers in this
research project. However, exogenous miRNAs
can be degraded shortly in vivo. On the contrary,
nanoparticle (NP)-mediated delivery can protect
miRNAs against nuclease degradation and
improve cell retention. Accordingly, chitosan
NPs will be used for miR-31 transfection for this
project.

METHODS: Human oral epithelial cells were
stimulated with tumor necrosis factor-alpha
(TNF-0a), and the injured cells were transfected
with mR-31 by chitosan NPs. The cell cycle,
proliferation, viability, gene expression, and
protein production for inflammatory
cytokines/chemokines and extracellular
components were studied. NF-kB, STAT3, and
TGF-p signalling pathways were demonstrated,
and the effects on wound healing and cell
migration were analysed.

RESULTS: Chitosan NPs exhibited high
biocompatibility. However, transfection of miR-
31 decreased cell proliferation and viability.
Overexpression of miR-31 downregulated the
mRNA levels of inflammatory cytokines TNFA,
ILIB, IL6, IL6ST, and ILS8, while increasing
IL6R, COL4A1, and SMAD4 in cells stimulated
by TNF-a. The results of the inflammatory
protein array revealed that miR-31 mimic
transfection decreased the secretion of IL-6, IL-
6sR, and IL-8. Otherwise, the increase in TIMP-
2 product may promote the remodelling of
stomatitis wounds. The results of the Western
blot revealed that miR-31 suppressed NF-«xB/

STATS3 signalling pathway in TNF-a-stimulated
oral epithelial cells.

DISCUSSION & CONCLUSIONS:
Modulation of miR-31 using chitosan NPs can
regulate the inflammatory response and promote
extracellular matrix remodelling in oral
epithelial cells and has the potential to treat
aphthous ulcers.
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INTRODUCTION: Regeneration of articular
cartilage remains a major clinical challenge due
to its avascular and aneural nature, which limits
nutrient supply and intrinsic repair [1]. Current
surgical approaches, including microfracture,
autologous chondrocyte implantation, and
osteochondral grafting, can improve symptoms
but often result in fibrocartilage formation and
fail to restore long-term tissue function [2], [3].
The aim of this study was to investigate the
physiochemical and biological properties of
oxidized hyaluronic acid with different
molecular weights and to identify materials most
suitable for microgel formation.

METHODS: Hyaluronic acid (HA, Contipro)
with molecular weights (MW) of 90-130 kDa,
500-750 kDa, and 1250-1500 kDa was oxidized
in aqueous solution using sodium periodate at
HA:NalOmolar ratios of 1:1, 1:2, and 1:3 to
introduce aldehyde functionalities along the
polymer chains. The oxidation reaction was
conducted under dark conditions at room
temperature and terminated with ethylene
glycol. Purification of oxidized HA was
achieved by dialysis against distilled water using
membranes with molecular weight cut-offs
adjusted to the polymer size (3.5 or 10 kDa),
followed by freeze-drying. At this stage,
Fourier-transform infrared spectroscopy (FTIR)
was performed to confirm successful oxidation,
and the TNBS assay was used to quantify the
degree of oxidation of the obtained materials.

Oxidized HA was subsequently dissolved at
concentrations of 10 and 12% (w/v) for 90-130
kDa HA and 2, 4, and 6% (w/v) for higher MW
variants. Hydrogel formation was achieved via
hydrazone crosslinking with adipic acid
dihydrazide (ADH) used at concentrations of
1.0, 1.5, and 2.0% (w/v). The oxi-HA and ADH
solutions were mixed at a fixed volume ratio of
4:1, resulting in rapid gelation. The hydrogels
were poured onto Petri dishes, punched into 12
mm discs, frozen at —80°C, and freeze-dried to
obtain porous hydrogel constructs.

At this stage, the hydrogels were characterized
using a combination of techniques to evaluate
their structural, mechanical, and functional

properties. Fourier-transform infrared
spectroscopy (FTIR) was employed to confirm
successful crosslinking, while rheological
measurements assessed viscoelastic behavior
and self-healing capacity. Degradation studies
provided insight into material stability over time.
Morphological analysis was performed using
both optical and scanning electron microscopy to
examine the microstructure and surface features
of the hydrogel scaffolds. Lastly, biological
evaluation (AlamarBlue assay, Live/Dead
staining and LDH assay) enabled to determine
the most promising combinations for microgel
fabrication.

RESULTS: FTIR confirmed successful
oxidation through aldehyde peaks, and TNBS
assay showed higher HA:NalOgatios increased

oxidation. The hydrogels fully recovered within
30 minutes, exhibited rapid water uptake, and
had a porous structure. In vitro tests
demonstrated that they were cytocompatible and
non-toxic, supporting their biomedical potential.

DISCUSSION & CONCLUSIONS: The
observed physicochemical and functional
properties of the hydrogels were strongly
dependent on both the degree of oxidation and
the molecular weight of hyaluronic acid. Higher
oxidation levels generally led to increased
crosslinking density, enhancing structural
recovery and water uptake, while molecular
weight influenced network formation and
porosity. These results provided valuable
insights into the relationship between polymer
characteristics and hydrogel behavior, guiding
the optimization of formulations. Building on
this understanding, we proceeded to the next
stage of our study: the preparation of microgels
with  tailored properties for subsequent
biological and mechanical evaluation.
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INTRODUCTION: Injectable platelet-rich
fibrin (PRF) is a second-generation platelet
concentrate consisting of fibrin enriched with
autologous platelets and leukocytes. Its purpose
is to accumulate platelets, immune promoters
and release cytokines from the fibrin clot. A key
limitation of injectable PRF is its rapid clearance
from the injection site, so a delivery system that
sustains growth-factor release could enhance
cellular responses and improve tissue repair. The
current study explores a novel approach by
integrating PRF  with  fucoidan/chitosan
microparticles (FU CS pPs) to investigate
whether this formulation can prolong the release
of bioactive factors, while providing injectability
and compatibility with other tissue regeneration
materials.

METHODS: A 0.25% (w/v) chitosan solution
in 0.1% acetic acid was mixed with 1.5% (w/v)
fucoidan in water (1:1) under stirring to form
FU _CS uPs. The particles were neutralized in
water, then centrifuged, frozen, and lyophilized.
Written consent from all donors was obtained to
use their blood samples to be used in the research
study (ethical approval No. 6-2/10/53). PRF was
prepared by centrifugation, and 1 ml of liquid
PRF was used to form each PRF sample. For
PRF/FU_CS pPs composites, 1 ml of PRF was
mixed with 10 mg of FU_CS pPs using a spatula
and allowed to coagulate prior the
characterization. All synthesized samples were
characterized by SEM (Fig.1) and rheology,
evaluated the release kinetics of bioactive
agents. In vitro cell viability was evaluated
towards mouse derived pre-osteoblast cells
(MC3T3-El), human osteoblasts (hOB), and
human mesenchymal stromal (hMSC) cells, and
tested for osteogenesis in MC3T3-E1 cells.

RESULTS: The ELISA results showed distinct
release profiles between pure PRF and
PRF/FU _CS uPs over time, with pure PRF
releasing higher levels of EGF, IL-8, and TGF-
B1 than the PRF/FU_CS pPs composites. The

FU CS uPs particles maintained metabolic
activity in primary hOBs and MSCs at
10 mg/mL,  supporting  their  biological
relevance. Alizarin Red S staining of MC3T3-E1
cells cultured with PRF, FU CS pPs, and
PRF/FU_CS pPs extracts at days 7, 14, and 21
showed enhanced calcium deposition with the
composite. While PRF induced gradual
mineralization, PRF/FU CS puPs promoted
earlier and stronger mineralization at all time
points, indicating enhanced osteogenic

differentiation.

Fig. 1: SEM images of PRF matrice (4) and
PRF/FU_CS uPs matrice (B).

DISCUSSION & CONCLUSIONS: FU CS
uPs constitute a distinct microparticulate
platform that modulates the presentation of PRF-
derived  molecules  through  controlled
physicochemical properties, enabling staged and
biomimetic ~ growth-factor  release  with
prolonged bioactivity. The system supports
osteogenic  responses while  maintaining
cytocompatibility in relevant cell types,
highlighting its potential as a tunable, bioactive
biomaterial for regenerative applications.
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INTRODUCTION:

Diabetic  wounds represent a  serious
complication of diabetes and are frequently
accompanied by infection. Bioactive glass (BG)
S53P4 is known to have antimicrobial
properties, and it can also promote the function
of many cell types involved in soft tissue
healing. Our aim was to set up an in vitro skin
model with human cell lines to test the potential
of BG S53P4 dissolution products in an
environment with diabetic features.

METHODS: Normal dermal human fibroblasts
(NHDFs) or green fluorescent protein (GFP)-
expressing human umbilical vein endothelial
cells (HUVECs) were cultured in cell culture
conditions mimicking some of the features
observed in diabetic conditions. The cells were
cultured either in normal glucose concentration
(5.5 mM) or high glucose concentration (25
mM). The cell -cultures were further
supplemented with different concentrations (0-
800 uM) of methylglyoxal (MGO), which in
vivo is responsible for oxidative stress and
formation of advanced glycation end products.

The feasibility of the model was first assessed by
examining the proliferation rate of both NHDFs
and HUVECs under diabetic conditions using
the IncuCyte Live Cell Analysis System.
Furthermore, the viability of the cells was
determined with the alamarBlue assay. The
wound closure capacity of fibroblasts cultured in
the in vitro diabetic model was examined with a
scratch wound assay utilizing the IncuCyte
Scratch Wound Analysis Software module.

After the cell culture model optimization, it was
used to assess the effects of BG S53P4
dissolution products on fibroblasts first
maintained under diabetic conditions. For this,
the proliferation assay, viability assay, and
scratch wound assay were repeated with the
addition of BG S53P4-conditioned media.

RESULTS: According to our results, both
fibroblasts and endothelial cells show a dose-
dependent response to MGO, with higher
concentrations leading to decreased proliferation
and viability. Notably, these effects were
consistent across both high and normal glucose
concentrations. In a scratch wound assay,

fibroblasts demonstrated enhanced wound
closure in normal glucose environment
compared to high glucose.

BG S53P4 conditioned medium appeared to
promote fibroblast motility even in high glucose
environment. Interestingly, combination of BG
and MGO slightly impaired fibroblast migration.
It also seems that BG S53P4 dissolution products
in the concentration used in the current study
could not reverse the harmful effect that MGO
had on fibroblast proliferation and viability.

DISCUSSION & CONCLUSIONS: It is
possible to develop in vitro models that include
relevant human cell types and disease specific
conditions for the testing of biomaterials. The
models can be especially useful, if commonly
used animal models differ greatly from humans.
For example, the major mechanisms of wound
healing are different between mouse and human,
thus elucidating the molecular mechanisms of
wound healing in a reductionist model can be
valuable.

In our cell culture model, we were able to
demonstrate the effects of hyperglycaemia and
oxidative stress on some of the functions of
fibroblasts and endothelial cell. Further research
is still needed to conclude if the positive effects
of BG S53P4 reported elsewhere could also be
established in a diabetic environment.
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INTRODUCTION: Injectable Platelet-rich
fibrin (i-PRF) is a protein matrix with growth
factors and immune cells extracted from venous
blood via centrifugation [1]. Although widely
used, results from studies using this autologous
material are still unpredictable. This is at least
due to the wunexplored nature of i-PRF
interactions [2]. Storage conditions and
combination with materials can affect the
biological properties of this blood derivative;
thus, the goal was to identify how handling
conditions influence the biological properties of
i-PRF.

METHODS: i-PRF was isolated from healthy
donor blood by centrifugation (5 and 3min, 700
rpm) and tested for growth factor release after
multiple handling procedures: combined with
materials - collagen (Collacone, Biotiss), bone
substitute/ collagen (Bio-Oss, Geistlich), and
hydroxyapatite/ Btricalcium phosphate
(CeraForm, Teknimed) scaffolds by
impregnation; frozen in -80 °C or flash frozen by
N.. The cytokine release from these i-PRF
samples was measured over 10 days in a-MEM
using ELISA. Fresh and frozen i-PRF samples
were tested for viability with live/dead staining
using Ethidium homodimer (MedChemExpress,
New Jersey, USA) and Calcein-AM (Sigma-
Aldrich, Saint Louis, MO, USA).

RESULTS: Although material impregnation
with i-PRF does not prolong the growth factor
release compared to pure i-PRF, the contact with
materials can induce high concentration pro-
inflammatory cytokine release, especially with
collagen-containing materials, reaching up to
37.5-fold increase in cytokine concentration
(Fig. 1). i-PRF freezing also significantly
reduces the viability of cells contained in i-PRF,
as after only 1 week of storage, the samples show
a low or no viability. The growth factor release
was also affected. After 7 days, TGF-B1 release
decreases by up to 50 % from frozen samples
than from fresh ones. Notably, IL-8 is only
detectable in fresh i-PRF samples and is
undetectable in cryopreserved samples.
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Fig.1: IL-8 release over 10-day period. BT- Biotiss,
Collacone, GS — Geistlich, Bio-Oss® Collagen, TK—
Teknimed, CeraForm. p < 0.05 (*), p < 0.01 (**), p
< 0.001 (***) compared to i-PRF.

DISCUSSION & CONCLUSIONS: The
impact of handling conditions on i-PRF
properties remains largely unexplored, despite
their potential influence on both clinical and
experimental outcomes. The choice of material
combination with PRF can affect the growth
factor release properties. i-PRF storage
conditions affect the viability of this material,
thus impacting the biological properties. These
results prove that additional studies exploring
different i-PRF handling procedures should be
conducted to fully predict the i-PRF outcomes.
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INTRODUCTION: Characterisation ~ of
orthopaedic implants is typically completed
using cadaveric bone due to its similarity to
human bone in vivo. However, cadaveric bone is
highly variable with physiological factors
leading to large uncertainties in test results.
Artificial bone surrogates capable of replicating
the behaviour of human bone are an attractive
alternative to relieve some of the complications
associated with cadaveric bone. Whilst porous
models, such as polymer foams, have been used
extensively, replication of the full range of
mechanical performance of human bone using
artificial materials is yet to be achieved due to its
complex hierarchical structure. As an
alternative, optimisation of these porous models,
such as Voronoi-based lattices, to match specific
mechanical properties could allow for models
that replicate the complex mechanical behaviour
of human bone whilst maintaining a more
consistent representation of its architecture.
Whilst previous studies have favoured
parametric testing, evaluating a limited number
of discrete parameters and selecting the best-
performing option for individual mechanical
requirements, this work utilises a formal
optimisation framework capable of exploring a
large continuous design variable space to satisfy
specified mechanical objectives and produce
structures that mimic both the mechanical and
morphological properties of human trabecular
bone. This work aims to demonstrate the
potential of a gradient-based formal optimisation
framework for production of mechanically
suitable trabecular bone surrogates.

METHODS: The computational framework
presented in this work utilises the python
package Firedrake for production and
characterisation under the finite element method
of Voronoi-based geometries. Optimisation is
completed using the Interior Point Optimiser
(IPOPT) integrated with HSL (formerly the
Harwell Subroutine Library). Results for this
work were generated by optimising under
compressive loading the classification of
geometry as plates or rods at each element, as
well as the associated thickness. An initial rod-
dominated structure was produced with 18

Voronoi cells. Optimisation tests were run with
tight volume bounds of +5% of initial BV/TV for
a maximum of 30 iterations at a resolution of 24°
due to current computational power constraints.
Post-optimisation, structures were reproduced at
a resolution of 128 for visualisation only.
RESULTS: The gradient-based optimisation
algorithm explored a design space of 31,250
variables, converging within 30 iterations to
achieve an improvement of 7.3% in global
stiffness. Total BV/TV of the structure increased
by 5% with successful redistribution of available
material for = mechanical performance
demonstrated in Figure 1.

Fig. 1: Voronoi Structures with material added
during optimisation in red (left) and material
removed in blue (right).

DISCUSSION & CONCLUSIONS: The
results presented in this work demonstrate the
feasibility of this computational framework for
optimisation of Voronoi lattices, with successful
exploration of a large design variable space
leading to the potential for improved structures
over the previously favoured parametric method.
Furthermore, due to the development of this
framework from the ground up, complete control
over each stage of the design and optimisation
process is possible, affording feasible
applications across orthopaedic research where
microarchitecture is influenced by mechanical
loading requirements. Whilst further work is
required to refine this framework and evaluate its
full potential, initial work demonstrates
significant applications in design and evaluation
of mechanically suitable orthopaedic implants.
ACKNOWLEDGEMENTS: This work was
supported by the UKRI Engineering and
Physical Sciences Research Council [grant
number EP/W00709].
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INTRODUCTION: Immobilizing functional
molecules is a key strategy to enhance dental
implant biofunctionality. This study aims to
develop bioactive coatings using
Epigallocatechin-3-gallate (EGCQG), a flavonoid
with antimicrobial, antioxidant, and anti-
inflammatory properties (1), on piranha-treated
surfaces (2).

METHODS:

Piranha-passivated titanium dental implants
were coated with polydopamine (PDA), amino-
terminated polyethylene glycol (aPEG), and
EGCG. A multispecies in vitro dynamic biofilm
model was established using a Robbins device
under oral-mimicking anaerobic conditions. The
inoculum consisted of Streptococcus oralis,
Veillonella parvula, Actinomyces naeslundii,
Fusobacterium  nucleatum, Aggregatibacter
actinomycetemcomitans, and Porphyromonas
gingivalis. Biofilms were allowed to form for 6
hours on coated and uncoated (control) surfaces.
Subsequently, DNA was isolated, and bacterial
quantification was performed by qPCR using
species-specific primers and probes targeting the
16S rRNA gene. Statistical differences were
assessed using a general linear model (p<0.05).

RESULTS: Quantitative qPCR analysis
revealed that EGCG-functionalized surfaces
effectively  inhibited  bacterial  adhesion
compared to piranha-treated controls after 6
hours. While a consistent reduction in bacterial
counts was observed across all tested strains, the
coating displayed a particularly marked
inhibitory effect against A. naeslundii and A.
actinomycetemcomitans.
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Fig. 1: Antibacterial effect of EGCG-coated,
piranha-passivated titanium dental implants
after 6 hours of biofilm development.

DISCUSSION & CONCLUSIONS: Overall,
EGCG-functionalized titanium surfaces
significantly reduced early multispecies biofilm
formation under dynamic oral-like conditions.
These coatings appear to be a promising strategy
to improve dental implant biofunctionality and
reduce the risk of peri-implant infections.
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INTRODUCTION: Drug delivery for
treatment of bone ailments carries numerous
challenges. Slow tissue absorption and quick
clearance lead to low therapeutic efficacy and
increased risk for systemic side effects. Using
localized drug delivery systems (DDS) helps
increase the therapeutic efficiency. Various DDS
vehicles for bone tissue have been explored, like
calcium phosphate containing hydrogels,
calcium phosphate cements and ceramic
granules. Burst release of drugs is a mayor issue
for ceramic DDS - the high processing
temperatures only allow for them to be adsorbed
on the surface of the finalised ceramic material.
Encapsulation of drugs in the entire volume of a
ceramic DDS would provide a much more
sustained release profile.

METHODS: Room temperature consolidation
(RTC) is a novel ceramic monolith production
method, enabling low-energy, rapid creation of
dense materials. Differing from the heat-
dependent ceramic technology, high-pressure-
driven RTC allows for non-crystalline or low

crystallinity  particle  adjoining  through
dissolution-precipitation ~ processes. E.g.,
amorphous  calcium  phosphate  (ACP)’s

metastability renders it impossible to sinter at
elevated temperatures, but the hydrated structure
and particle susceptibility to deformation make
ACP a great candidate for RTC.

Strontium ranelate (SrRan) has been chosen as a
model drug. It has proven its efficacy for treating
post-menopausal osteoporosis in various clinical
trials, but its oral bioavailability is low, and the
therapeutical process is lengthy, with risks of
serious systemic side effects.

RESULTS: At low drug concentrations and
higher RTC pressures these ceramic DDS
exhibit no burst release (Table 1), which can be
attributed to the incorporation of the drug in the
entire DDS volume (Fig. 1).

Ly

F ig 1: SrRan dispersion in ACP bioceramics.

Table 1. Release duration of 50% of theoretical
SrRan amount, depending on drug content and
RTC pressure.

1000 1100 1200
MPa MPa MPa
2.5w/w% | 30days | 33 days | 33 days
SrRan
Sw/w% | 26 days | 20days | 28 days
SrRan
10 w/w% | 5 days 9 days 20 days
SrRan

DISCUSSION & CONCLUSIONS: The
obtained results suggest that RTC approach has
great potential in creating sustained release
calcium phosphate bioceramic DDS for long
term therapy. Further research should be done,
using diverse medicinal compounds to test the
benefits and limitations of this technology.
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M‘ﬁ%%%ﬁmﬁone regeneration is a

complex biological process requiring both
osteogenic and angiogenic support.
Hydroxyapatite (HA) and Silicophosphates (SP)
ceramics, while established osteoinductive
biomaterials individually, have limited intrinsic
angiogenic  capacity. = Recent  evidence
demonstrates that cobalt ions (Co?J play a
pivotal role in promoting vascularization
through hypoxia-inducible factor (HIF) pathway
activation,  enhancing  endothelial  cell
proliferation and VEGF expression. Strategic
incorporation of cobalt into HA and SP matrices
separately offers a rational approach to enhance
the pro-angiogenic potential of these ceramics
while preserving their osteogenic properties.
This dual-material strategy addresses the critical
need for biomaterials that simultaneously
support bone formation and vascularization
essential for successful regeneration of large
bone defects. The present study investigates Co-
doped HA (Co-HA) and Co-doped SP (Co-SP)
ceramics as advanced bioceramics for enhanced

bone regeneration [1].
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Fig. 1: The role of ions in biomaterials.

METHODS: Co-HA was synthesized using a
well-established wet chemical method with
varying cobalt concentrations [2]. Co-SP were
prepared via a novel two-stage synthesis
combining previously known techniques,
optimized to achieve controlled cobalt
incorporation [3]. Materials were characterized
using X-ray diffraction (PXRD), Fourier-
transform infrared spectroscopy (FT-IR),
scanning  electron  microscopy  (SEM),
transmission electron microscopy (TEM), and
Raman  spectroscopy to assess phase
composition, surface morphology, and structural
properties. Elemental composition and Co*"
content were determined using atomic
absorption spectroscopy (AAS) and energy-
dispersive X-ray spectroscopy (EDS). In vitro

biological studies were conducted using MTT
and NRU assays to evaluate cell viability and
biocompatibility. Results were compared
between Co-doped and undoped control
materials.

RESULTS: Synthesis of both cobalt-doped
materials was successfully confirmed. Co-SP
ceramics are presented in Fig. 2, demonstrating
progressive color changes with increasing cobalt
content. Contrary to previous reports on cobalt
toxicity, appropriate Co?Concentrations did not
induce negative effects in MTT and NRU assays,
demonstrating good biocompatibility.

Fig. 2: Synthesized Co-SP with increasing
cobalt content. Visual appearance reflects
varying degrees of CoZincorporation into the
SP matrix structure.

DISCUSSION & CONCLUSIONS: Co-doped
hydroxyapatite and Silicophosphates ceramics
demonstrate significant potential for future
clinical applications in bone regeneration and
tissue engineering requiring angiogenic support.
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INTRODUCTION: The study aimsto
evaluate whether proline-rich peptides (P2 and
P6) enriched cross-linked
HA exhibit comparable effects to Enamel
Matrix derivative (EMD) on soft tissue wound
healing in a porcine model.

METHODS: Twenty-two circular full-
thickness skin wounds were created on the dorsal
surface of six pigs. Five experimental groups
were established based on the

biomaterials used: HA+P2, HA+P6, EMD, HA
and asham group (no biomaterial applied).
Each group consisted of
four wounds. Two additional wounds served as
indicators to monitor healing progress. When the
indicator ~ wounds  reached  50%  of
their original diameter, tissue samples from all
groups

were collected for histology, immunohistoche
mistry (anti-IL-10, anti-CD206, anti-CD163,
anti-CD80 and anti-TNFa), and proteomic
analyses. (Fig.1)

RESULTS: Proteomic analysis
revealed a downregulation in the HA+P2 group
versus EMD of IL-8 and complement fragments,
with no significant changes in IL-1a/B (q=0.356
and 0.362). In contrast, group HA+P6 displayed
a significant downregulation of IL-1a and IL-8
(g < 0.01).IL-11 and TGFBR1 were
significantly upregulated in both treatment
groups compared with EMD (group HA+P2: q =
0.0016 and 0.0079; HA+P6: q = 0.0158 and
0.022), while TGFB1 showed an increase in
HA+P2 (q = 0.055) and in group HA+P6 (q =
0.020). In both  treatment groups, HA+P2
and HA+P6, Ameloblastin was upregulated
compared with SHAM (JlogFC| = 0.26 and

0.68, respectively). By immunohistochemistry,

no statistically significant differences were
detected among the groups in the signal
intensities of IL-10, CD206, CD164, CD80, and
TNF-a.
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Fig. 1: Graphical overview of the experimental
design

DISCUSSION & CONCLUSIONS: HA+P2
and HA+P6 promoted comparable expression of
proliferation proteins and, at the same time, a
stronger anti-inflammatory response when
compared to EMD. Proteomics
also revealed Ameloblastin (AMBN) expression
in both groups, findings consistent with an
enhanced regenerative response.
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INTRODUCTION: Serotonin (5
hydroxytryptamine; SHT) is a bioactive amine
with emerging applications in biomaterials and
functional tissue reconstruction. However, its
rapid oxidation and degradation under
physiological conditions affect its stability and
thus limit its use. Even more so in systems
requiring sustained and prolonged bioactivity,
such as 3D cell culture models. Here, we report
the fabrication of a conjugate between SHT and
carboxymethyl dextran (CMD) to enhance
serotonin stability. Beyond enhancing resistance
to oxidative degradation, conjugation may
influence receptor accessibility and activation
kinetics, as macromolecular tethering can alter
diffusion behaviour and effective ligand
presentation at the cell surface.

METHODS: CMD was activated using
EDC/NHS chemistry and reacted with SHT.
Residual NHS esters were quenched with
ethanolamine. The resulting CMD-5HT
conjugate was purified by acetone precipitation
followed by dialysis. Successful conjugation
was verified using Fourier-transform infrared
(FTIR) spectroscopy. The degree of substitution
was determined by UV—Vis spectrophotometry
to be 27% relative to the total available carboxyl
groups and the degradation of free serotonin in
phosphate-buffered saline at 37°C was
monitored over 3 days via UV-Vis analysis.
RESULTS: FTIR analysis confirmed successful
conjugation of 5-HT to CMD. The CMD-5HT
conjugate exhibited the emergence of
characteristic amide I (~1640 cm') band,
corresponding to C=0 stretching of the amide
carbonyl group, consistent with amide bond
formation  following =~ EDC/NHS-mediated
coupling (Fig. 1). Moreover, UV—Vis analysis of
free serotonin in phosphate-buffered saline
(PBS) at 37 °C demonstrated rapid oxidative
degradation. A  pronounced decline in
absorbance at the characteristic peak (~275 nm)
was observed within the first 24 h, with
continued decrease over the 3-day monitoring
period (Fig. 2), confirming the limited stability
of unconjugated 5-HT under physiological
conditions.

FTIR Overlay

Fig. 1: FTIR comparison of pure CMD and the
SHT-CMD conjugate showing the emergence of
characteristic amide I band following EDC/NHS
mediated coupling.

SHT Degradation in PBS at 37°C

tion (M)

Fig. 2: Degradation of SHT*HCl in PBS at 37°C,

over 3 days measured by UV-Vis
spectrophotometry.
DISCUSSION & CONCLUSIONS:

Conjugation of 5-HT to CMD offers a strategy
to mitigate oxidative degradation and potentially
extend serotonin stability under physiological
conditions. This approach provides a
straightforward platform for stabilization of
labile bioactive molecules, supporting future
investigation of their functional properties and
application in scaffold-based systems and three-
dimensional (3D) tissue culture models.
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INTRODUCTION:  Growing  healthcare
demands are driving the integration of
bioeconomic principles into medical innovation.
Biodegradable textile scaffolds fabricated from
bio-derived  poly(3-hydroxybutyrate)/poly(3-
hydroxybutyrate-co-4-hydroxybutyrate)
(P(3HB)/P(3HB-co-4HB)) offer a promising
platform for bone regeneration. The use of
eggshell-derived ceramic coatings provides a
resource-efficient approach to enhance the
material’s osteoconductivity.

METHODS: Braided textile scaffolds were
fabricated  from  melt-spun  bio-derived
P(3HB)/P(3HB-co-4HB) monofilaments'.
Hydroxyapatite (HA) was synthesised from
waste eggshells and applied as a surface coating
onto the scaffolds. Scaffold morphology and
coating coverage were examined by scanning
electron microscopy (SEM). Human
mesenchymal stem cells were seeded onto
uncoated and HA-coated scaffolds to assess
cytocompatibility. Cell viability was evaluated
after 2 and 3 weeks of culture using a WST
assay.

RESULTS: Braided P(3HB)/P(3HB-co-4HB)
scaffolds were successfully fabricated, yielding
uniform and reproducible architecture (Fig. 1 a-
b). Eggshell-derived hydroxyapatite was
homogeneously deposited onto the polymer
fibres, as confirmed by SEM, which revealed a
continuous ceramic coating and increased
surface roughness compared to uncoated
scaffolds (Fig. 1c-d). WST assays demonstrated
sustained cell viability on both uncoated and
HA-coated scaffolds after 2 and 3 weeks of
culture (Fig 1 e). HA-coated scaffolds showed
comparable or slightly enhanced metabolic
activity relative to uncoated controls, indicating
good cytocompatibility of the ceramic coating

DISCUSSION & CONCLUSIONS: Eggshell-
derived hydroxyapatite was successfully

deposited onto braided P(3HB)/P(3HB-co-4HB)
scaffolds without compromising cell viability
over 23 weeks. These results support the use of
bio-derived polymer textiles and waste-based
ceramic coatings as a cytocompatibility and
resource-efficient platform for bone tissue
engineering.
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Fig. 1: (a-b) Braided P(3HB)/P(3HB-co-4HB)
scaffolds. (c—d) SEM images of eggshell-derived HA-
coated braided scaffold surface. (e) WST viability
assay after 2 and 3 weeks.
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INTRODUCTION: Collagen, as a fundamental
structural protein of the human body, has been
extensively investigated for medical and
biomaterial applications. Collagen isolated from
different animal species may exhibit variations
in physicochemical and mechanical properties
despite belonging to the same collagen type
(e.g., type I)!. These differences may be reflected
in mechanical behaviour, response to cross-
linking strategies, and minor compositional
variations®. This study compares two sources of
type I collagen (bovine and fish) with a focus on
their mechanical response to O-radiation cross-
linking. Complementary chemical and structural
analyses were performed to enable a
comprehensive evaluation of cross-linking
effects with emphasis on interspecies
differences.

METHODS: The study incorporated two
sources of type I collagen (bovine and African
catfish), prepared as hydrogels (8 wt%).
Hydrogel strips were obtained by slow extrusion
to prevent anisotropy arising from collagen
bundle alignment. The prepared samples were
then irradiated with O-radiation in a dose range
of 1 to 25 kGy?. The mechanical properties were
evaluated by means of tensile tests using the
Zwick/Roell experimental system (Messphysik,
Germany). In order to interpret irradiation-
induced changes in relation to the collagen
source, the samples were analysed using a range
of complementary techniques. These included
amino acid analysis to characterise the primary
level of collagen structure, infrared spectroscopy
to assess changes at secondary level (cross-
linking, denaturation), and scanning electron
microscopy to evaluate morphology associated
with tertiary and quaternary structural
organisation.

RESULTS: The tensile data reveal a
pronounced difference between bovine and fish
collagen in the non-irradiated state, which
remains evident after irradiation at 25 kGy. Prior
to irradiation, bovine collagen exhibited an
ultimate tensile strength of approximately 6.8

kPa, compared to 1.1 kPa for fish collagen. After
irradiation, the maximum stress increased to
228.7 kPa for bovine collagen and to 29 kPa for
fish collagen. Irradiation affected the two
materials to markedly different extents. At a
strain of 0.05, bovine collagen showed a 1 985%
increase in stress relative to the non-irradiated
state, whereas fish collagen exhibited a 618%
increase.
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Fig. 1: Mean tensile stress—strain curves of
bovine and collagen (0 vs. 25 kGy). Mean = CI;
percentage stress increase at 0.05 strain after
irradiation is indicated.

DISCUSSION & CONCLUSIONS:

The mechanical behaviour of collagen strongly
depends on its source, with different origins
showing substantially different responses.
Moreover, the effect of irradiation is not
uniform: the same dose can lead to markedly
different outcomes depending on the collagen
source. The interpretation of these differences,
based on comprehensive analyses across
multiple levels of collagen structure, constitutes
the focus of this contribution.
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INTRODUCTION: The proceedings will be
published as abstracts' collection in eCM
conferences Open Access online periodical &
eCM annual conferences
(http://www.ecmconferences.org/). The present
Microsoft Word file must be used as a template
for the abstract production. The easiest way to
use this abstract form is by cutting and pasting of
unformatted text, to maintain the present format.
This study aimed to investigate if literature data
can be fitted to a QSAR equation that describes
the relationship between antimicrobial activity
and molecular weight.

METHODS:

Drawing inspiration from Kubiniy's bilinear
quantitative  structure-activity  relationship
equations [3], we formulated a bilinear equation
to elucidate the molecular weight-antimicrobial
activity association for chitosan and its
derivatives.

To encapsulate the bilinear relationship between
molecular weight and activity based on the
measured minimum inhibitory concentration
(MIC) of the polymer, we introduced Equation
1:
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Figure 1) Example of the fitting of our
published data to equation 1.
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The shape of the graph described by the equation
is governed by three constants. The CMW is the
critical molecular weight for maximum activity,
Amax (MIChin) represents antimicrobial activity
when Mw>CMW, and Apin (MICmax) is the
projected activity as Mw approaches zero.
Twenty-nine datasets from studies published
between 1984 to 2019, providing MIC values for
chitosan and its derivatives relative to MW, were
used for the analysis. We used the KaleidaGraph
Software for least-squares fitting, resulting in
excellent conformity to the equations across
datasets (Example shown in Figure 1 [4]). For
datasets with suitable fits and at least three
values on either side of CMW, CMW values
ranged from 4 to 10 KD.

DISCUSSION & CONCLUSIONS: The study
showed that there is a bilinear relationship
between the molecular weight of chitosan and
chitosan derivatives and antimicrobial activity.
This type of relationship may exist for other
biological properties of chitosan and may also
apply to other polysaccharides.
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INTRODUCTION: Large bone defects caused
by trauma, tumour resection, or infection often
fail to heal due to insufficient cellular
recruitment, poor vascularisation, and limited
biochemical signalling, while current clinical
standards (e.g., autograft, Masquelet technique,
distraction osteogenesis, free flaps) are
constrained by donor-site morbidity, long
treatment times, and patient burden !. Synthetic
bone grafts and scaffolds are increasingly used
but frequently lack the biological complexity
and osteoinductive/angiogenic potency required
for critical-sized defects 2. Because angiogenesis
and osteogenesis are tightly coupled and
impaired vascular connectivity is a major cause
of non-union, this study focuses on identifying
optimal combinations of therapeutic ions and
their temporal renewal profiles to achieve
sustained, synergistic modulation of endogenous
regenerative signalling (e.g., VEGF / BMP /
PDGF related pathways) and promote
coordinated vascularised bone regeneration.
Compared with exogenous growth factors,
therapeutic ions offer greater stability, lower
cost, and easier incorporation into biomaterials>.
These findings will be directly applied in later
scaffold designs.

METHODS: Therapeutic ions (e.g., Ca, Sr, Mg,
Zn, Cu, Co, B) and selected binary combinations
will be systematically screened using coupled in
vitro angiogenic and osteogenic models with
cytocompatibility assays. Dose-response studies
will define effective, non-toxic concentration
windows, and temporal presentation regimes
(single, repeated, renewal) will be compared.
Angiogenesis—osteogenesis coupling will be
assessed using co-culture and conditioned-media
approaches with analysis of key cross-talk
mediators (e.g., VEGF, PDGF-BB, BMP-related
pathways) and targeted pathway perturbations.
Prioritised ion combinations will be incorporated
into 3D scaffold systems and evaluated in
physiologically relevant 3D cultures.

RESULTS: We aim to find ion species and
simple combinations that simultaneously
enhance endothelial network formation and
MSC/osteoprogenitor osteogenic differentiation
within defined, non-cytotoxic concentration
windows. We further aim to identify temporal
ion presentation profiles that sustain bioactivity
and determine synergistic or antagonistic ion—
ion interactions associated with strengthened
angiogenesis—osteogenesis coupling. In 3D
scaffold contexts, we aim to verify retention of
bioactivity and identify top-performing ion
combinations for later scaffold incorporation.

DISCUSSION & CONCLUSIONS: Our
findings are expected to demonstrate that
optimised, dose and time-controlled ion cues can
promote angiogenesis—osteogenesis coupling
via endogenous signalling, offering a stable
alternative to exogenous growth factors. This
work is expected to provide a quantitative
framework linking ion identity, combination,
and renewal dynamics to coupled regenerative
outcomes, enabling design and refinement of
multifunctional scaffolds for vascularised bone
regeneration and improved healing of large bone
defects.
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INTRODUCTION: Durable sealing of the
resin—dentin interface remains challenging.
Supplying bioavailable Ca*" locally may
promote interfacial remineralization and
improve longevity of adhesive restorations [1].
We designed thin ion-imprinted polymer (IIP)
layers to bind and release Ca*ions, selecting
2-(methacryloyloxy)ethyl acetoacetate (M) as a
functional monomer based on spectroscopy and
molecular modelling, indicating the strongest,
specific CaZinteractions among the screened
monomers [2].

METHODS: Template-monomer interactions
were assessed using  ultraviolet—visible
(UV—-Vis) and proton nuclear magnetic
resonance ('HNMR) spectroscopies. Molecular
modeling (Gaussian 16; BIOVIA Discovery
Studio) was used to evaluate template—monomer
complexation energies. Calcium-imprinted
polymer (Ca-IIP) films were synthesized by
thin-film photopolymerization using calcium
chloride dihydrate as a template,
2-(methacryloyloxy)ethyl acetoacetate as a
functional monomer, and ethylene glycol
dimethacrylate as a cross-linker [2]. Morphology
and elemental composition of Ca-IIP were
examined by scanning electron microscopy
(SEM) and energy-dispersive X-ray
spectroscopy (EDS). Ca?felease was quantified
in water (pH=7.0), acetate buffer (pH=5.5),
phosphate buffer (pH=7.4), and an artificial
saliva model (pH=7.3). Data were fitted to Ho—
McKay desorption kinetics and the Higuchi
model.

RESULTS:

Spectroscopic analyses (UV-Vis, 'H NMR)
confirmed formation and stability of template—
M, interactions in the pre-polymerization
complexes. Molecular modeling identified the
most  favorable stoichiometry for Ca*"
coordination. SEM revealed an asymmetric
surface with distinct porous domains, and EDS
confirmed localized calcium retention in these
regions.  Release  experiments  showed

medium-dependent desorption consistent with

pseudo-second-order kinetics [2].
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Fig. 1: Flowchart of the research concept.

DISCUSSION & CONCLUSIONS: There are
only a few literature reports describing
calcium-ion imprinting [3], and existing Ca-IIPs
have primarily been explored as sorbents rather
than as delivery systems. In this work, the
combination of spectroscopic analyses and
molecular modelling enabled the selection of a
functional monomer that specifically interacts
with Ca’" ions, thereby allowing the synthesis of
calcium-imprinted  layers.  The  results
demonstrate that these materials can release
calcium in a medium-dependent manner—a
feature not previously investigated for
calcium-imprinted polymers. These findings
expand the potential application of IIP materials
toward dentistry, where controlled calcium
release may support interfacial remineralization
and improve the performance of adhesive
systems.
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ectronics,

INTRODUCTION: The increased demand for
sustainable electronics needs the development of
biodegradable, low-cost, and ecologically
friendly materials'. The current work explores
the preparation of electrolytes, functional
binders, and dendrite-suppressing agents, to
develop Dbio-based batteries and printed
electronic ink displays utilizing optimized
quaternary chitosan materials. By leveraging the
inherent bioactivity of chitosan, the developed
devices are designed to be compostable,
providing organic fertilizer at the end of their
functional life cycle.

METHODS: Chitosan was chemically modified
to N-alkyl and N-acyl derivative and refined
using ion-exchange chromatography,
diafiltration, and spray drying. The electronic
ink (gel based) was prepared via UV curing of
mixtures containing, UV-curable polymer
precursor  polyethylene glycol diacrylate
(PEGDA) and N',N?-diethyl-1,2-ethanediamine
(DA) (4:3) with modified chitosan.

HATU, HOBt
Betaine, Et;N,
DMSO

CH3SO4H, RT, 24 h

CH;SO3H, H,0

OH OH OH
O 0, 0,
* 0.
H;&’ At HO SN ﬁg&/o\*
NH NH NH,
° 1
® HO. CS-mesylate

Mel, HCI,
DIPEA, DMSO | 60 °C,26 h
CH,

HP-TMC
Scheme1. Synthesis of HP-TMC,Chitosan mesylate and TAC
derivatives

RESULTS: The electrical characteristics of the
materials were investigated with electrochemical
impedance spectroscopy (EIS). The ink
demonstrated both resistive and capacitive

behaviour, with EIS indicating effective
interfacial polarization and ionic relaxation.
Efficient bulk ionic conduction at higher
frequencies confirmed its viability for 3D-
printed electrochromic display applications.
Water hydration significantly improved ionic
mobility in chitosan quaternary derivatives,
resulting in lower impedance and better bulk
ionic conduction

Different CS derivatives —— HP TMC

log (Z)Ohm:

0 oEse2 x
Fre/Hiz, log spacieg

Figure1. Various chitosan derivatives with a 4:3 ratio of
PEGDAand Base

DISCUSSION & CONCLUSIONS:
Quaternary chitosan derivatives have been
shown to be effective for printed electrochromic
displays and biobatteries, with optimized
formulations enabling compostable devices that
support plant growth and sustainable printed
electronics.
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INTRODUCTION: Antimicrobial resistance
(AMR) poses a serious threat to public health, as
it makes it difficult or even impossible to treat
infectious diseases, and the World Health
Organization listed AMR among top 10 global
health threats. Furthermore, biofilm-forming
bacteria pose significant challenges and are
associated with the majority of chronic and
device-related infections. Development of new
antimicrobials is not a top priority for the
pharmaceutical industry as it requires enormous
economic and labour investment with uncertain
commercial return. Thus, alternative approaches
are urgently sought to combat AMR. Our Centre
of Excellence (CoE) in Materials-driven
Solutions for Combatting Antimicrobial
Resistance (MADNESS; www.abo.fi/madness)
at Abo Akademi University was established to
generate alternative solutions for AMR, by
joining expert forces from the fields of
pharmacy, materials chemistry, and artificial
intelligence (Al).

METHODS: We employ several methodologies
to create novel materials that are either
inherently antimicrobial or have been loaded
with drugs. The approaches we use:

1. Integration of Al in materials design for
predicting and maximizing the antimicrobial
activity and to shorten the design life cycle.

2. Nanoparticles (NPs) based on — (a) Woody
polyphenols as inherently antimicrobial NPs, (b)
Functional polymeric NPs as antimicrobial drug
carriers, and (c) Inorganic NPs as carriers for
genetic constructs.

3. Developing antimicrobial textiles for AMR
therapy utilising flexible cellulose nanofibers
with polypyrrole nanocoatings.

4. Development of antimicrobial, functional
composite materials and 3D-printed templates
for tissue regeneration.

5. Implementing new real-time label-free
analytical methods for measurements of
bacterial adhesion and biofilm growth kinetics
via surface plasmon resonance.

RESULTS: Throughout the study, we will
deepen our knowledge on the impact of distinct
materials on AMR. We expect to create a
“toolbox” for treating infectious diseases and
other medical conditions where traditional
antimicrobials are ineffective (Fig. 1).
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Fig. 1: Assisted by Al and advanced analytics,
we develop NPs that are applied to overcome
biofilm-forming resistant microbes in diseases
as well as in wounds and in tissue defects.

DISCUSSION & CONCLUSIONS: We
envision to create highly specialized solutions
that have great potential for practical
implementation and can have an impact on the
pharmaceutical industries, while creating
opportunities for entrepreneurs. In future, we
believe to aid people in managing prevalent
microorganisms in a financially viable manner.

ACKNOWLEDGEMENTS: The authors
thank the Abo Akademi University Foundation
for funding the CoE for 2024-2028.



46. Thermosensitive Amniotic Membrane Hydrogel for Diabetic Wound Repair

P. Jaipal', S. Gujjar', S. Ranjan', M. Kumari', B. N. Panda!, S. Mathapati'”*
!BRIC-Translational Health Science and Technology Institute, Faridabad-121001, Haryana, India

INTRODUCTION: Decellularized
extracellular matrix (ECM) hydrogels are
promising regenerative biomaterials due to their
ability to mimic the native tissue
microenvironment. Human amniotic membrane
(AM) is an abundant, ethically acceptable source
enriched with wound-healing ECM components.
This study developed and characterized
thermosensitive hydrogels from decellularized
AM ECM and evaluated their therapeutic
efficacy in diabetic wound healing.

METHODS: Native AM was decellularized
using a detergent—enzymatic protocol to remove
cellular components while preserving key ECM
proteins. The acellular ECM was lyophilized,
cryo-milled, and enzymatically digested with
pepsin under acidic conditions at three
concentrations.  Pregel  solutions  were
neutralized and thermally gelled at 37 °C to form
injectable, thermosensitive hydrogels.
Physicochemical characterization included
gelation kinetics, swelling ratio, porosity,
mechanical stiffness, and enzymatic
biodegradation. /n vitro biocompatibility was
assessed in fibroblasts, keratinocytes, and
endothelial cells using live/dead staining,
metabolic (MTS) assay, intracellular ROS,
apoptosis, cytoskeletal organization, and cell
migration assays. Proteomic analysis was
performed to identify retained ECM proteins. /n
vivo efficacy was evaluated using a diabetic
mouse full-thickness wound model.

RESULTS: AM ECM hydrogels demonstrated
rapid and stable gelation, high water retention,
and an interconnected porous microstructure.
Mechanical strength and resistance to
biodegradation increased with  hydrogel
concentration. All formulations showed strong
cytocompatibility with fibroblasts,
keratinocytes, and endothelial cells, with no
detectable induction of intracellular ROS or
apoptosis. The hydrogels promoted cytoskeletal
organization and enhanced fibroblast migration.
Proteomic profiling confirmed preservation of
key matrisome proteins linked to epithelial
differentiation,  angiogenesis, and tissue
regeneration. In diabetic mouse wound models,
AM ECM hydrogels significantly improved
wound closure rate, re-epithelialization,

neovascularization, and collagen remodeling.
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Fig. 1:(4) Temperature-dependent viscoelastic
properties of AM hydrogel at temperature range
of 10 to 50 °C. (B)Self-healing properties at
alternating 7 strain cycles of 1% (low) and 100%
(high) strain recovery at 10 Hz frequency. (C)
Quantitative wound closure over a designated
time. (D) Semi-quantitative histopathological
scoring of inflammation and neovascularization.

DISCUSSION & CONCLUSIONS: The AM-
ECM  hydrogel provides a  Dbioactive,
thermosensitive, injectable scaffold that supports
regenerative processes critical for diabetic
wound healing. Its pro-migratory,
cytoprotective, and pro-angiogenic effects
highlight its translational potential as an
advanced biomaterial for diabetic wounds.
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INTRODUCTION: Severe burn injuries and
full-thickness skin defects remain a major
clinical challenge, largely due to limited
availability of autologous donor tissue and the
frequent development of fibrosis and scarring.
Biofabricated, injectable dermal constructs
represent a promising strategy to overcome these
limitations by enabling minimally invasive
delivery and in situ tissue regeneration. This
study aimed to evaluate an injectable, fibroblast-
laden granular hydrogel, termed plnk, in a
clinically relevant porcine wound model. The
objective was to assess its in Vvivo
biocompatibility, biodegradation profile, and
capacity to promote extracellular matrix (ECM)
remodeling during dermal regeneration.

METHODS: plnk was fabricated by dispersing
porous gelatin microcarriers (PGMs) within a
hyaluronic acid—polyethylene glycol hydrogel
network, resulting in a shear-thinning, self-
healing construct suitable for extrusion-based
application or direct wound injection.
Autologous dermal fibroblasts were isolated and
expanded from two adult pigs and seeded onto
PGMs for 72 h prior to transplantation. Each
animal received twenty full-thickness excisional
wounds (2 cm diameter), which were treated
with plnk either with or without fibroblasts.
Wound biopsies were collected after 2, 4, 8, and
12 weeks for histological, gene expression, and
protein analyses. Complementary in vitro studies
were performed to evaluate fibroblast
attachment, proliferation, and ECM protein
synthesis on PGMs.

RESULTS: In vitro, fibroblasts exhibited robust
adhesion to PGMs and produced key dermal

ECM components, including collagen I, collagen
11, and elastin. In vivo, PGMs were completely
degraded within four weeks, indicating
favorable scaffold biodegradability and tissue
remodeling. Wounds treated with fibroblast-
laden plnk demonstrated increased collagen
deposition and distinct elastin-rich regions
localized around the former microcarrier sites,
compared to acellular controls, suggesting
enhanced regenerative remodeling rather than
fibrotic repair.

DISCUSSION & CONCLUSIONS: The plnk
platform supports fibroblast viability, ECM
deposition, and integration with host tissue in a
large-animal wound model. These findings
demonstrate the potential of injectable,
biofabricated dermal constructs as a regenerative
strategy for full-thickness skin repair and
provide an important step toward large-scale
preclinical and translational evaluation.



48. Fabrication of a Reusable Plate-Well Insert with a 3D-Printed Mounter

and

Hydrogel Scaffolds for 3D Cell Culture and Functional Assays

Saloua Saghir!, Jana Hlinkova?, Athina Samara?, Giuseppe Schiavone!

'Department of Microsystems, Faculty of Technology, Natural Sciences and Maritime
Sciences, University of South-Eastern Norway, *Department of Biomaterials, FUTURE,

Center for Functional Tissue Reconstruction, University of Oslo, 0317 Oslo, Norway

INTRODUCTION: Three-dimensional (3D)
cell culture systems better replicate native tissue
environments  than  conventional  two-
dimensional models, yet widespread adoption
remains limited by high costs, poor
standardization, batch-to-batch variability, and
incompatibility with common downstream
analyses. Here, we present a reproducible,
scalable protocol for fabricating reusable 24-
well plate inserts combining a custom 3D-
printed mounter with methacrylated hyaluronic
acid (GMHA) hydrogel scaffolds, designed to
integrate seamlessly with standard laboratory
workflows and downstream functional assays.'

METHODS: Mounters were designed in
Autodesk Fusion and printed in PLA (UltiMaker
S5). GMHA hydrogels were synthesised by
reacting hyaluronic acid with glycidyl
methacrylate, UV-crosslinked (10 mW-cm?, 5
min), and lyophilised for storage at 4°C (up to 3
months). Prior to use, hydrogels were UV-
sterilised and rehydrated in basal medium
(DMEM/F12, 20% FBS) for 24-48 h. Human
umbilical cord mesenchymal stem cells (UC-
MSCs) were seeded at 50,000 or 100,000 cells

per hydrogel and cultured for 7 days.
Downstream  analyses  included LDH
cytotoxicity assay, confocal

immunofluorescence, and qPCR for nestin
(NES) and beta-actin (ACTB), normalised to
RPL19.

RESULTS: Mounters were reproducibly
fabricated (bottom: 119.3 £ 17.8 mg; top: 179.1
+ 10.2 mg; n=9), and one 50 mL precursor batch
filled two 48-well plates. UC-MSCs remained
viable over 7 days in 3D culture. LDH release
was lower in hydrogel versus glass controls at
D5 and D7 (p < 0.0001), indicating reduced
cytotoxic  stress. NES expression was
significantly upregulated in hydrogel-cultured
cells at D7 (p < 0.001), consistent with
maintenance of a progenitor-like phenotype
(Figure 1).
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Fig. 1: a) LDH, b) gPCR, of UC-MSCs on glass
vs. GMHA hydrogel and c) confocal imaging
UC-MSCs in GMHA hydrogel.

DISCUSSION & CONCLUSIONS: The
reduced LDH release and elevated NES
expression confirm that the GMHA hydrogel
matrix better preserves stem cell characteristics
than rigid 2D surfaces. ACTB variability in
hydrogel conditions highlights the importance of
selecting mechanically stable reference genes for
3D systems. Key limitations include incomplete
optical transparency and susceptibility to gel
disturbance during media changes.

In conclusion, this protocol provides a
reproducible, low-cost 3D culture platform fully
compatible with standard 24-well plates and
common downstream assays. Its open-source,
modular design supports adaptation across cell
types and experimental contexts, offering a
practical alternative to disposable commercial
scaffolds.
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INTRODUCTION: Conventional therapies for
treating bone cancer are often associated with
side effects and recurrence, other than the
presence of critical size bone defects, in case of
surgical removal [1]. Magnetic hyperthermia has
emerged as a possible alternative therapy
because of its tissue-specificity and ability of
reaching bone structures in depth without being
invasive [2]. In bone tissue engineering,
bioactive glass (BAG) 1393B20 represents a
good candidate for bone regeneration, since it
overcomes the crystallization tendencies of
traditional silicate glasses, while promoting
angiogenesis and osteogenesis in vitro, and
mineralization and collagen formation in vivo
[3]- This study focuses on combining magnetic
hyperthermia and bone tissue engineering, to
process multifunctional 3D printed magnetic
scaffolds, able to repair critical bone defects
while eradicating residual cancer cells. The
scaffolds were composed of BAG 1393 B20 and
Superparamagnetic Iron Oxide Nanoparticles
(SPIONS), that act as heat sources for magnetic
hyperthermia.

METHODS: SPIONs were synthesized via co-
precipitation  method and  successively
incorporated into an ink composed of 1393 B20
BAG powder and Pluronic F-127. The
BAG/SPIONS ratios were 100:0 wt%, 95:5 wt%
wet, 95:5 wt% dry, 90:10 wt% dry, with “wet”
or “dry” indicating if SPIONs were introduced
as a liquid solution or a dry powder. The impact
of SPIONSs addition was evaluated in the inks for
3D printing in terms of rheological properties
with a rotational rheometer, and in the scaffolds
in terms of mechanical properties, bioactivity,
magnetic properties and heating capacity under
alternating magnetic field exposure and
cytocompatibility.

RESULTS:  Manufacturing of  porous
cylindrical structures (h = 1 mm, ¢ =5 mm) was
successful for all compositions. The mechanical
properties of the compositions 100:0 wt% and
95:5 wt% dry were close to the trabecular bone

range, whereas the compositions 95:5 wt% wet
and 90:10 wt% dry showed lower results,
comparable to each other. The scaffold exhibited
superparamagnetic properties and an increase of
up to 10 °C was recorded under 10 min of
exposure to an alternating magnetic field. All the
compositions proved to be bioactive
(precipitation of HA layer in SBF). Human
adipose stem cells, cultured in direct contact
with the scaffolds, exhibited a spread
morphology. No significant impact on cell
viability and proliferation was evidenced.

DISCUSSION & CONCLUSIONS: The lower
mechanical properties for the compositions 95:5
wt% wet and 90:10 wt% dry were mostly due to
the presence of SPIONs aggregates within the
glass matrix that acted as impurities. The
developed scaffolds enabled increasing the
temperature of the medium within a range
suitable for hyperthermia treatment. The
presence of the SPIONs didn’t interfere both
with the bioactivity of the scaffolds and with cell
viability and proliferation, indicating promising
cytocompatibility. This study represents an
innovative step towards the possibility of
offering new, multifunctional treatments able
simultaneously repair bone while preventing
cancer cells proliferation and migration. Such
material could potentially reduce cancer
recurrence post-surgery.
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INTRODUCTION: Bioactive glasses are
attractive for bone regeneration, especially
borosilicate glasses such as 13-93B20 which offer
fast dissolution with demonstrated pro-angiogenic
and pro-osteogenic properties [1]. Combining
bioactive glass with chitosan, a biocompatible
polymer known to support osteoblast activity, may
further enhance regenerative performance [2].

A major challenge in bone repair, especially in
dental applications, is infection, often associated
with  prolonged  antibiotics. = Antimicrobial
photodynamic therapy (aPDT) provides a promising
alternative by using light-activated photosensitizers
to generate reactive oxygen species and eliminate
pathogens [3]. Riboflavin (RF or vitamin B2) is a
safe, effective photosensitizer responsive to UV A
and blue light, making it a strong candidate for
integration into regenerative biomaterials [4]. In this
context, bioactive glass - chitosan cements loaded
with RF could serve as multifunctional platforms
for on-site light-activated drug delivery and bone
regeneration.

METHODS: In this study, RF photochemical
behavior and its release dynamics, from 13-93B20
bioactive glass cements, under controlled
environmental conditions were assessed. Initially,
serial dilutions of RF, in TRIS buffer solution, were
prepared and their absorbance spectra between 300
and 600 nm were recorded. RF solutions were
exposed to blue light for 0-20 min, and absorbance
spectra were recorded. TRIS buffer solution was
conditioned with BG powder at 37°C for 24h and
RF solutions were exposed to light at RT or 37°C
for 0-20 min to evaluate changes in absorbance due
to either pH and/or temperature. 13-93B20
bioactive glass was synthetized from analytical-
grade reagents using the melt-quenching technique
and crushed into powder (0< 38 pm). RF-cements
were prepared by mixing BG powder and RF (0.04
mg/mL) with a 2wt% chitosan-20wt% citric acid
solution.

Release tests were performed by immersing RF-
cements in TRIS buffer solution (kept in the dark,
continuously illuminated, alternating light/dark
cycles (20 min) for up to 100 min). Absorbance
spectra (300-600 nm) of the immersion solution at
each time point were measured. The ionic

composition of the immersion fluid was quantified
using ICP-OES.

RESULTS: The results demonstrated that RF
undergoes degradation under blue light irradiation,
leading to the formation of photoproducts such as
lumichrome and lumiflavin. In contrast, riboflavin
remained stable under dark conditions and elevated
temperatures but exhibited sensitivity to variations
in pH. Furthermore, RF-loaded cements showed the
ability to sustainably release the drug, achieving
complete release within 24 hours. Importantly, the
bioactive glass cements exhibited a protective effect
on riboflavin: while the compound in solution was
light-sensitive, the RF embedded within the
cements and exposed to light in air showed no signs
of  degradation nor transformation into
photoproducts.
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Figure 1: A) Immersion of RF-cements up to 1 week;
B) [RF] release in TRIS buffer solution

DISCUSSION & CONCLUSIONS: Overall, this
work introduces a novel light-responsive drug
delivery platform that combines the bioactivity of
bioactive glass cements with the antimicrobial
properties of riboflavin. This promising and
versatile approach shows significant potential for
tissue engineering applications.
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INTRODUCTION: Bone has - inherent
regenerative capacity; however, in cases of
critical defects and fractures, additional
interventions are needed to enhance tissue
regeneration. The limitations of autografts,
allografts, and xenografts have encouraged the
development of synthetic bone substitutes. Since
bone is a natural composite primarily made of
hydroxyapatite (HA), scaffolds that mimic this
structure can better support regeneration. In this
study, HA nanoparticles were incorporated into
a chitosan matrix during the in situ
copolymerization of aniline. This strategy
combines the biocompatibility and
osteoconductivity of HA and chitosan with the
antibacterial and electrically  conductive
properties of polyaniline to create a
multifunctional biocomposite scaffold for bone
regeneration.

METHODS: Biocomposites of Chitosan-grafi-
polyaniline/hydroxyapatite ~ (CS-g-PANI/HA)
were fabricated using an in-situ
copolymerization —method with  different
concentrations of HA (5 wt.% and 10 wt.%).
Briefly, chitosan was dissolved in acetic acid,
followed by the addition of HA nanoparticles.
An APS initiator solution was added dropwise,
and aniline monomer was introduced, and the
mixture was stirred overnight. The reaction was
neutralized with NaOH, precipitated in ethanol,
washed with Dimethylformamide to remove
ungrafted PANI, then rinsed with acetone and
vacuum-dried at 50 °C to obtain CS-g-PANI/HA
(Fig. 1). The physicochemical properties of the
composites were characterized using FTIR,
XRD, SEM, and EDS, followed by evaluation of
their biocompatibility and antibacterial activity.
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Fig 1: Schematic illustration of chitosan-graft-
polyaniline/hydroxyapatite biocomposite
fabrication.

RESULTS: Physicochemical analyses
confirmed the successful synthesis of the CS-g-
PANI/HA biocomposites. The cytotoxicity
investigations indicated that HA and the
biocomposites did not show significant toxicity
toward the cultured cells (Fig. 2).
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Fig. 2: Graph showing cytotoxicity analysis
results of HA and biocomposites cultured with
PDLSCs. (ns.: not significant).

The HA sample did not exhibit antibiotic activity
against E. coli and S. aureus over the
investigated concentration range. The MIC and
MBC of biocomposites against E. coli and S.
aureus are demonstrated in Table 1.

Table 1. MIC and MBC of samples at the final
concentration of 4 mg/ml.

Bacteria Sample MIC MBC
(mg/mL) (mg/mL)
HA - -
E. coli Cs-g-PANI/HA(5%) 1.0 2.0
Cs-g-PANI/HA(10%) 0.5 1.0
HA - -
S.aureus ~ Cs-g-PANI/HA(5%) 1.0 2.0
Cs-g-PANI/HA(10%) 0.5 1.0

DISCUSSION & CONCLUSIONS: CS-g-
PANI/HA biocomposites were successfully
synthesized and demonstrated favourable
biocompatibility, comparable to HA. In contrast
to HA, the composites exhibited antibacterial
activity against E. coli and S. aureus, attributed
to the presence of chitosan and polyaniline.
These results suggest that the developed
biocomposite augments the antibacterial
properties of the osteogenic potential of the HA,
which is advantageous for bone tissue
engineering applications.
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INTRODUCTION: Bone defects that
compromise structural integrity remain a
significant clinical challenge in orthopaedic
surgery, often resulting in fractures, prolonged
healing times, and a reduced quality of life.
Injectable bone fillers are commonly used to fill
irregular bone voids and cystic lesions; however,
conventional materials lack adaptability,
bioactivity, and adequate integration with host
tissue, which can limit bone remodelling and
lead to adverse clinical outcomes. To address
these limitations, we developed an injectable,
dextran-based supramolecular hydrogel for bone
tissue engineering. The hydrogel system is based
on dynamic host-guest interactions between
cyclodextrin- and adamantane-modified dextran,
enabling the formation of an adaptable network.

Dextran (Dex)

ohitisk . Laponite (LAP)
Adamantane {Ad) TTesses = = < .
O Ad-Dex : ‘JQ
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CD/Ad-Dex LAP + CD/Ad-Dex

Fig. 1. Laponite-doped CD-Dex and Ad-Dex
modified dextran leveraging supramolecular host-
guest interactions.

METHODS:  Laponite  nanoclay  was
incorporated to enhance the mechanical
properties and injectability of the hydrogel. Key
formulation parameters, including dextran
molecular weight, degree of substitution, host-
to-guest anchor-point ratio, and laponite
concentration, were systematically varied to
fine-tune the rheological and mechanical
properties relevant for injectability and structural
support. A higher anchor-point ratio was
employed to generate vacant cyclodextrin host
sites, enabling future functionalization with

bioactive cues and facilitating drug-loading and
controlled-delivery  applications.  Hydrogel
candidates meeting the criteria for injectability
and stiffness, including a shear-thinning ratio
below 0.5 and compressive stiffness within the
range of 1 to 20 kPa, were selected for further
evaluation. Biocompatibility was evaluated
using a fibroblast viability assay in combination
with haemocompatibility assessment.

RESULTS: Increasing dextran molecular
weight enhanced mechanical strength, driven by
longer polymer chains and increased network
entanglement. The incorporation of laponite
further improved the mechanical properties in a
concentration-dependent manner, introducing
pronounced shear-thinning behaviour and
significantly = enhancing injectability. The
stiffness of the hydrogel formulations increased
significantly =~ with  increasing  laponite
concentration from 0 to 3%, accompanied by a
corresponding reduction in mesh size.
Furthermore, the laponite-doped hydrogels
demonstrated superior biocompatibility and
haemocompatibility, indicating their suitability
and safety for biological applications.

DISCUSSION & CONCLUSIONS: An
injectable dextran-based supramolecular
hydrogel with tunable stiffness and shear-
thinning  behaviour was developed by
modulating polymer characteristics and laponite
content. Laponite significantly enhanced
mechanical  strength and  shear-thinning
behaviour. The selected hydrogel candidates
demonstrated good in vitro biocompatibility,
supporting their potential for further evaluation.
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INTRODUCTION: Bioprinting urethral grafts
aims to produce cell-laden constructs with
mechanical properties that match the delicate,
compliant corpus spongiosum surrounding the
male urethra. This requires bioinks that are not
only cytocompatible but also exhibit well-
controlled viscoelasticity: pronounced shear-
thinning for easy extrusion, sufficient yield
stress for shape fidelity, and time-dependent
stress relaxation within a physiologically
relevant range. In this work, we present a
material platform based on supramolecular
dextran hydrogels designed for modular tuning
of rheology and mechanics.

METHODS: A library of linear dextran
polymers with varying molecular weights and
degrees of substitution was synthesised. Dextran
chains were functionalised with B-cyclodextrin
(host), and different guest groups —
benzophenone (Bzp), adamantane (Ada), and
Ada-CH; were used to create dynamic host—
guest interactions (Fig. 1). Parameters such as
concentration, molecular weights of the
components, and their degree of substitution (for
a fixed anchor ratio) were varied according to an
orthogonal design procedure to guide the
selection of the most suitable hydrogel
formulation. Small amplitude oscillatory shear
measurements were performed to determine
storage and loss moduli, linear viscoelastic
limits, and the effects of frequency and
temperature on gel formation. Flow curves and
amplitude sweeps were used to quantify shear-
thinning behaviour and yield stress, which are
directly related to extrusion and shape fidelity
during bioprinting. Time-dependent properties
were investigated by stress-relaxation and
creep—recovery tests, providing characteristic
relaxation times and distinguishing between
recoverable and permanent deformation.

RESULTS: The hydrogels exhibited shear-
thinning behaviour, rapid stress relaxation

primarily governed by host—guest content and
polymer  concentration, and thixotropic
properties. The most important parameter that
can be determined from the rheological data is
the network mesh size, which must meet strict
criteria based on the diffusion and proliferation
properties of the cells to be introduced before
bioprinting.
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Fig. 1: Schematic diagram of dextran-based
hydrogels

DISCUSSION & CONCLUSIONS: By
systematically characterising the rheology of
dextran hydrogel, we established a structure—
property map linking molecular design
(backbone, dynamic bonds, crosslink density) to
printability and mechanical compatibility with
urethral tissue. This rheological toolbox guides
the selection of bioinks for urethral tissue
constructs and provides general design rules for
dynamic supramolecular hydrogels in extrusion
bioprinting.
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INTRODUCTION: Micro-computed
tomography  (micro-CT)  enables three-
dimensional imaging of biological samples but is
limited in soft tissue visualization when relying
solely on X-ray absorption. Contrast-enhanced
micro-CT improves soft tissue contrast using
heavy metal-based contrast agents, such as
iodine [1]. However, segmentation remains
challenging due to overlapping material
attenuation. Dual-energy micro-CT provides
additional energy-dependent attenuation
information that enhances material
discrimination and iodine-specific segmentation.
This study investigates the distribution of iodine
in rabbit bone and adjacent soft tissues during
paraffin embedding to demonstrate enhanced
segmentation  using  dual-energy—assisted
contrast-enhanced micro-CT.

METHODS: Cylindrical femoral samples
containing cartilage and bone marrow were
harvested from S5-month-old New Zealand
rabbits (N=10), fixed in 4% PFA, and decalcified
in EDTA. Samples were either stored in PBS or
contrast-enhanced with 1.5% Lugol’s iodine,
followed by ethanol dehydration and paraffin
embedding. Spectral, dual-energy, and high-
resolution micro-CT were performed to assess
iodine distribution across different preparation
states. Energy-dependent attenuation and
clustering-based segmentation were applied,
with classical histology used for validation.

RESULTS: Dual-energy micro-CT parameters
were guided by spectral micro-CT pretests that
provided iodine-specific attenuation information
in selected planes. Although water-based
Lugol’s iodine was expected to improve contrast
in laboratory dual-energy micro-CT, the
resulting 3D datasets showed increased noise
compared to spectral tomography. In contrast,
paraffin-embedded samples exhibited reduced
noise, enabling more robust material separation
and improved segmentation despite a more
confined iodine distribution. Surrounding

materials were consistently separated in dual-
energy grey-value space across all conditions.
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Fig. 1: Dual-energy—assisted segmentation of
background (air), paraffin, bone, cartilage and
bone marrow after iodine treatment.

DISCUSSION & CONCLUSIONS: Dual-
energy—assisted contrast-enhanced micro-CT
enabled reliable material segmentation across
different preparation states, with paraffin
embedding improving noise characteristics and
segmentation stability in laboratory-based
imaging. This approach allows non-destructive
analysis of soft tissues and material interfaces
while remaining compatible with standard
histological workflows, making it a promising
tool for advanced biomaterials characterization.
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INTRODUCTION:

Hydroxyapatite (HA; Cag(PO4)s(OH)5) is a
well-known calcium phosphate widely used in
regenerative biomaterials. In this work, cobalt
was introduced into the hydroxyapatite HA
structure by partially substituting Ca®* ions. The
resulting materials were extensively
characterized and evaluated as bioactive HA-
based biomaterials. Their potential to support
bone tissue regeneration and formation is
attributed to the pro-angiogenic effects
of Co®* ions [1]. The materials were synthesized
via a wet-chemical route under controlled pH
and temperature, yielding a series of samples
with systematically varied cobalt incorporation
levels, expressed as the molar fraction of cobalt
substituting for calcium in the HA structure
(x=0.05;0.1; 0.2 and 0.4) [2].

METHODS:

The powders were characterized by FT-IR and
Raman spectroscopy to identify the main
functional groups. Powder X-ray diffraction
(PXRD) was used to determine the crystalline
phases and their crystallinity. The elemental
composition, including cobalt content, was
measured by atomic absorption spectroscopy
(AAS), while particle morphology and elemental
distribution were studied using scanning electron
microscopy (SEM). The morphology of the
crystals was further investigated using
transmission electron microscopy (TEM).
Cytotoxicity tests were additionally carried out
to assess the safety of these materials for
potential biomedical use.

RESULTS:

The results show that this synthesis route
produces homogeneous products with high
chemical purity. Importantly, despite cobalt
introduction, the materials obtained across the
investigated concentration range are still
hydroxyapatites, with cobalt incorporated into
the HA structure rather than forming separate
unwanted phases. Introducing Co? in the
investigated range, modifies the crystal structure

but does not induce cytotoxic effects, as
confirmed by MTT and NRU cell viability
assays.

Fig. 1. Mpholo of Co-doped hydroxyapatite
powder (HA-Co 0.4) observed by SEM
(15,000%, 10 kV)

DISCUSSION & CONCLUSIONS:

Results demonstrate that the proposed synthesis
approach enables effective cobalt incorporation
into hydroxyapatite and reliable tuning of its
physicochemical  properties  within  the
investigated range. Importantly, this
modification did not compromise basic in-vitro
safety under the tested conditions. The obtained
results show that it is possible to obtain HA-
based biomaterials which could potentially serve
not only as a bone-substitute scaffold but also as
an active platform capable of modulating
biological processes. Nevertheless, further
in-depth studies in relevant biological systems
are required to fully elucidate the impact of
cobalt incorporation on bone healing and
regeneration.
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INTRODUCTION: Hydrogels are widely
studied for wastewater treatment due to their
high water affinity and tunable porous structures.
However, conventional polyacrylamide (PAM)
hydrogels often suffer from limited mechanical
stability and insufficient adsorption selectivity.
To address these limitations, this study develops
a sustainable composite hydrogel reinforced
with bacterial cellulose (BC) extracted from
Nata de coco and keratin intermediate filaments
(KIF) recycled from human hair, aiming to
improve structural stability and dye removal
performance [1].

METHODS: Composite hydrogels were
prepared by incorporating BC and varying
contents of KIF (0-2 wt%) into a crosslinked
PAM network. The resulting hydrogels were
characterized by FTIR spectroscopy, scanning
electron  microscopy, swelling behavior,
porosity, compressive strength, and point of zero
charge (PZC). Batch adsorption experiments
were conducted using methylene blue (MB,
cationic) and methyl orange (MO, anionic) dyes
under different pH conditions to evaluate
adsorption capacity, selectivity, and adsorption
mechanisms.

RESULTS: Figure 1 summarizes the hydrogel
design concept, sustainable raw materials, and
macroscopic appearance of BC/KIF/PAM
composites prior to structural and adsorption
characterization.
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Fig. 1. BC/KIF/PAM hydrogel: formation, raw
materials, and hydrogel samples.

Incorporation of BC and KIF reduced swelling
while enhancing structural integrity and
mechanical stability of PAM hydrogels. As
shown in Fig. 2, dye adsorption exhibited clear
pH-dependent behavior: adsorption of anionic
MO correlated positively with swelling under
acidic conditions (pH 3), whereas adsorption of
cationic MB increased with decreasing swelling
under basic conditions (pH 10), reaching ~60
mg/g for 2.0% KIF hydrogels, indicating
enhanced and selective MB adsorption with
increasing KIF content.
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Fig. 2: Correlations between swelling ratio and
dye adsorption capacity for MO at pH 3 (a) and
MB at pH 10 (b) in BC/KIF/PAM hydrogels.

DISCUSSION & CONCLUSIONS: BC and
KIF effectively reinforced PAM hydrogels,
improving structural stability while enabling pH-
dependent and selective dye adsorption. The
reduced swelling and enhanced MB uptake at
higher KIF contents highlight the role of keratin
in promoting selective cationic dye removal,
whereas limited MO adsorption confirms
charge-dependent selectivity. These sustainable
BC/KIF/PAM hydrogels demonstrate potential
as tunable adsorbents for wastewater treatment
applications.
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INTRODUCTION: Modern wound dressings
are expected not only to protect injured tissue,
but also to actively support all phases of the
healing process, including inflammation control,
cell proliferation, and tissue remodeling.
Conductive hydrogels based on biopolymers
represent a promising class of materials due to
their ability to combine biocompatibility with
bioactive and electroactive functions. In this
study, composite hydrogels based on water-
soluble partially re-acetylated chitosan and
dialdehyde cellulose were developed and
functionalized with polypyrrole nanoparticles to
obtain multifunctional materials suitable for
wound healing applications.

METHODS: Partially re-acetylated chitosan
soluble at physiological pH was used as the main
polymer matrix, while dialdehyde -cellulose
served simultaneously as a crosslinking agent
and as a macromolecular anchor for pre-
synthesized polypyrrole colloids. Hydrogels
with different polypyrrole contents were
prepared by simple blending followed by cast-
drying. The materials were characterized in
terms of chemical structure, morphology,
viscoelastic behavior, swelling, and electrical
conductivity. Biological performance was
assessed in vitro wusing cytotoxicity, cell
proliferation,  migration, skin irritation,
antioxidant activity, immunomodulatory
response of macrophages and neutrophils, and
antibacterial activity against Escherichia coli
and Staphylococcus aureus.

RESULTS: The formation of a stable hydrogel
network with uniformly distributed polypyrrole
particles was confirmed, without particle
aggregation or leaching. Covalent bonding
between dialdehyde cellulose and polypyrrole
significantly enhanced the mechanical integrity
and allowed precise control over the conductive
phase content. The prepared hydrogels exhibited
conductivity values comparable to soft
biological tissues and showed no cytotoxic or
irritating effects. In vitro assays demonstrated
enhanced cell migration (Fig. 1), effective
scavenging of reactive oxygen species,
modulation of inflammatory mediators, and
pronounced antibacterial activity, particularly
against S. aureus. The presence of polypyrrole

substantially improved the overall biological
performance of the materials compared to non-
conductive reference hydrogels.
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Fig. 1: All hydrogels accelerated wound healing
in NIH/3T3 cells compared to the reference. The
highest addition of PPy promoted wound healing
most effectively by leaving only 39% of the
wound area open after 10 hours.

DISCUSSION & CONCLUSIONS: The
developed chitosan-based composite hydrogels
combine conductivity, antibacterial action,
antioxidant capacity, and immunomodulatory
effects in a single biocompatible system. The use
of dialdehyde cellulose as a multifunctional and
low-toxicity component enables a sustainable
synthesis route without the need for acidic
conditions or toxic crosslinkers. These
properties make the presented hydrogels strong
candidates for next-generation active wound
dressings with tunable physical and biological
characteristics.
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INTRODUCTION: Surgical site infection
(SSI) occurs in roughly 3% of all surgical
wounds. These events increase patient suffering,
leading to prolonged hospital stay, antibiotic
overuse and higher mortality rates. Our study
aims to evaluate prevention of SSIs by
covalently binding antimicrobial peptides
(AMPs) to soft amphiphilic hydrogel dressings.
Covalent attachment increases peptide stability
and ensures no release of peptides into the
wound environment, decreasing toxicity and risk
of resistance development.

METHODS: A porcine in vivo contaminated
wound model was used to evaluate antimicrobial
efficacy of the dressing (Regional Animal Ethics
Board approval: ID1418), by closely mimicking
the development of surgical site infections. Skin
was antiseptically prepared with ethanol and
iodine prior to contamination with 10* colony
forming units (CFU)/ml Staphylococcus aureus
(ATCC 29213). Circular 10 mm @ partial-
thickness wounds were created and treated with
either AMP-functionalized hydrogel dressings
or commercially available dialkylcarbamoyl
chloride (DACC) coated foam dressings for a
total of 7 days. Dressings were placed on wounds
on day 0 and changed on days 2 and 4. Biopsies
were obtained on days 2, 4 and 7. Tissue
infection was determined by quantitative
bacterial cultures and immunofluorescent (IF)
staining. Re-epithelialization was evaluated with
routine histology on paraffin-embedded tissue
biopsies.

RESULTS: Quantitative cultures revealed an
inhibition of wound contamination during the
first two days. A slight, however non-significant,
reduction of bacterial load was evident on days 4
and 7 on wounds treated with AMP-

functionalized hydrogels in comparison to the
control. IF stainings corroborated these findings.

Interestingly, despite the wound bioburden,
histology showed significantly higher re-
epithelialization in wounds treated with AMP-
functionalized hydrogels at the end of treatment.
Moreover, the hydrogels promoted significant
wound contraction over the treatment period
compared to the control.

DISCUSSION & CONCLUSIONS: The
findings suggest that covalent immobilization of
AMPs onto hydrogel wound dressing could
potentially prevent surgical site infection.
Moreover, the structure of the soft amphiphilic
hydrogel, providing both high water content and
high adsorption, facilitated early wound healing.
Further studies are warranted to explore long-
term healing outcomes across various wound

types.
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INTRODUCTION: Liver fibrosis is a chronic
and progressive condition triggered by ongoing
injury and improper repair, leading to excessive
extracellular matrix (ECM) deposition and
structural remodeling, which can ultimately
progress to cirrhosis and liver failure 0.
Activation of hepatic stellate cells (HSCs) is a
critical factor in fibrogenesis, suggesting that
microRNA (miRNA)-based therapies targeting
HSCs could be a promising approach to
modulating  fibrosis-related  pathways .
Systemic delivery of miRNA is challenging due
to poor stability in circulation and insufficient
accumulation in target cells. Accordingly, we
developed an HSC-targeted nanocarrier platform
for anti-fibrotic miRNA delivery to enhance
cellular uptake and improve therapeutic potential
for liver fibrosis.

METHODS: Trimethyl chitosan (TMC) was
synthesized through the chemical modification
of chitosan and used as the main polymeric
carrier ®. To enhance cell-specific targeting and
reduce off-target effects, the HSC-targeted
protein was conjugated to the surface of TMC
nanoparticles (NPs). An activated HSC (aHSC)
model was utilized to assess NP uptake,
cytocompatibility, and the ability of anti-fibrotic
miRNA delivery to modulate fibrotic gene
expression and protein production.

RESULTS: The confirmation of successful
TMC synthesis was achieved through analyses
using NMR and FTIR. Subsequent assessments
utilizing Zetasizer revealed that the synthesized
TMC NPs possessed an appropriate size
distribution and a positively charged surface,
characteristics that enhance their suitability for
cellular engraftment applications. Encapsulating
miRNA within TMC NPs did not adversely
affect their physicochemical properties, thereby
maintaining NP integrity and functionality. The
conjugation of HSC-targeted protein to TMC
NPs was confirmed by FTIR analysis, which
showed successful grafting. The resulting HSC-

targeted protein-modified TMC NPs exhibited
good Dbiocompatibility. The HSC-targeted
protein-modified TMC NPs effectively targeted
aHSCs. Notably, delivery of anti-fibrotic
miRNA to aHSCs using HSC-targeted protein-
TMC NPs downregulated fibrotic mRNA
expression and the corresponding protein
products.

DISCUSSION: This study established a TMC
NP platform for targeted delivery of miRNA to
cells. By grafting HSC-targeted protein onto the
TMC NPs, we enhanced the specific targeting of
aHSCs. In vitro experiments showed that
transfecting aHSCs with anti-fibrotic miRNA
using HSC-targeted protein-TMC NPs reduced
fibrotic characteristics, indicating the therapeutic
potential of these NPs for treating liver fibrosis.
Further in vivo evaluations will be conducted
using histological staining, fluorescence-based
biodistribution imaging, and biochemical assays
to investigate the potential antifibrotic effects.
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INTRODUCTION: Hand osteoarthritis (HOA)
is a degenerative joint disease characterized by
cartilage degradation, inflammation, pain, and
reduced joint function.! Because articular
cartilage has limited capacity for self-repair,
current treatments primarily address symptoms
rather than the underlying pathology.’> Three-
dimensional (3D) bioprinting combined with
hydrogel-based bioinks offers a promising
approach for developing physiologically
relevant in vitro cartilage models that can be
used to evaluate potential therapeutics like
tazarotene.

METHODS: A gelatin-based cartilage bioink
(GelXA Cartilage, CELLINK) was used to
fabricate cell-laden constructs. The C20A4
human chondrocyte cell line was expanded and
suspended in the bioink prior to extrusion-based
printing to form three dimensional constructs.
Printed structures were stabilized using a dual
crosslinking approach consisting of photo-
crosslinking followed by ionic crosslinking in
CaClsolution.

To induce an osteoarthritis-like inflammatory
environment, constructs were treated with IL-13
at concentrations of 2.5 and 5 ng/mL. The anti-
inflammatory effects of tazarotene were then
evaluated at concentrations of 25 uM and 50 uM
and compared to untreated controls. Cell
viability was assessed using Live/Dead staining,
while inflammatory responses were quantified
by ELISA analysis of pro-inflammatory
cytokines TNF-a and IL-6. The experiment was
subsequently = repeated  using  primary
chondrocytes isolated from patients with HOA
to confirm the translational relevance of the
model.

RESULTS: Inflammatory stimulation with IL-
1B successfully induced an osteoarthritis-like
phenotype characterized by increased secretion
of inflammatory cytokines. Treatment with
tazarotene resulted in decreased levels of TNF-a
and IL-6 compared with untreated controls,
indicating a reduction in inflammatory
signalling. A dose-dependent relationship was

observed, with the higher concentration of
tazarotene producing a stronger reduction in
inflammatory markers.

These findings were reproduced in constructs
using primary HOA chondrocytes, further
supporting the validity of the model. Live/dead
assay results demonstrated good cell viability,
with no observable cytotoxic effects of
tazarotene.

DISCUSSION & CONCLUSIONS: This study
demonstrates the feasibility of using a gelatin-
based cartilage bioink and extrusion-based 3D
bioprinting to generate viable chondrocyte-laden
constructs for evaluating therapeutics targeting
osteoarthritis-related inflammation. The model
enabled assessment of the anti-inflammatory
effects of tazarotene, with results indicating a
dose-dependent reduction in pro-inflammatory
cytokine  release,  suggesting  potential
therapeutic relevance in osteoarthritis.

Overall, the 3D bioprinted cartilage model
represents a promising platform for investigating
disease mechanisms and screening candidate
therapeutics for osteoarthritis. Future work will
include gene expression analysis to further
elucidate the molecular pathways underlying the
observed anti-inflammatory responses.
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