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Foreword 
 
The 7th Erwin Schrödinger Symposium 2026 of the Erwin Schrödinger Society for Nanosciences 
“Advanced Materials and Methods in Biomedical Applications” aims to stimulate vivid scientific 
communication and discussion in synthetic, biogenetic, and biomimetic interfacial nanosciences in 
relation to their fabrication methods, characterization properties, size effects, applications, and 
modeling of features and structures. 
 
This symposium is organized by the Erwin Schrödinger Society for Nanosciences in a series of 
successful predecessor events: 
• 1st Erwin Schrödinger Symposium 2014 

“Two Dimensional Nanostructures” 
(November 2014, Vienna, Austria) 

• 2nd Erwin Schrödinger Symposium 2016 
“Zero Dimensional Nanostructures: Science and Technology of Nanoparticles” 
(May 2016, Vienna, Austria) 

• 3rd Erwin Schrödinger Symposium 2018 
“Progress in Interfacial Nanosciences” 
(July 2018, Dornbirn, Austria) 

• 4th Erwin Schrödinger Symposium 2021 
“Advanced Materials” 
(January 2021, online) 

• 5th Erwin Schrödinger Symposium 2023 
“Challenges in Nanoscience & Application” 
(March 2023, Mauterndorf, Austria) 

• 6th Erwin Schrödinger Symposium 2023 
“From Nanostructure to Function” 
(October 2023, Dornbirn, Austria) 

 
International invited experts will illustrate the importance of nanosciences and nanotechnology in 
future applications. Scientists can contribute their recent research in poster sessions. The conference 
features active discussions in lecture and poster sessions. 
 
Vienna, September 2026 
 
The Organizing Committee 
 
 
Oskar Armbruster (BOKU University) 
Eva-Kathrin Ehmoser (BOKU University) 
André Gazsó (BOKU University) 
Wolfgang Kautek (University of Vienna) 
Aida Naghilou (Medical University of Vienna) 
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Program 
 
08:00 – 09:00 Registration and welcome 
09:00 – 09:30 L01 (invited) 

Oliver Kopinski-Grünwald 
(TU Wien, AT) 
Engineering the Microscale: Two-Photon Polymerization as a Platform for Advanced Biofabrication 

09:30 – 09:50 L02 
Sophie Roffeis 
(University for Continuing Education Krems, AT; AC2T research GmbH, AT) 
A Biofunctionalized Biphasic GelMA Hydrogel Platform for Osteochondral Tissue Regeneration 

09:50 – 10:20 L03 (invited) 
Heinz Redl 
(Ludwig Boltzmann Institute for Traumatology, AT) 
Nanofibres based Fibrin biomaterials – in use for more than 50 years 

10:20 – 13:15 Posters short lectures, poster session, and lunch 
13:15 – 13:45 L04 (invited) 

Klaus Drese 
(Coburg University of Applied Sciences, DE) 
Ultrasonic actuation using guided acoustic waves to overcome limitations of heterogeneous chemical 
reactions 

13:45 – 14:05 L05 
Anton Bauer 
(University of Applied Sciences Upper Austria, AT) 
Advancing 3D Lithography with Vitamin-Based Photoinitiators in Aqueous Systems 

14:05 – 14:35 L06 (invited) 
Georgii Gvindzhiliia 
(Johannes Kepler University Linz, AT) 
Direct Laser Writing of Semiconducting Polymers for Nanoscale Organic Electronics 

14:35 – 15:00 Poster session with coffee 
15:00 – 15:30 L07 (invited) 

Francesco Moscato 
(Medical University of Vienna, AT) 
From Digital Model to Implant: Additive Manufacturing as a Materials-to-Medicine Pipeline 

15:30 – 15:50 L08 
Stefan Schrittwieser 
(AIT Austrian Institute of Technology, AT) 
Fabrication of plasmonic gold nanoparticle-based theranostic agents with precisely tunable optical 
properties 

15:50 – 16:10 L09 
Rosa Maria Nothnagel 
(AC2T research GmbH, AT; University for Continuing Education Krems, AT) 
MOF–Hydrogel Hybrid Composites Based on Nano-Ru-HKUST-1 for Tunable Mechanical and 
Tribological Performance 

16:10 – 16:30 Poster session with coffee 
16:30 – 17:00 L10 (invited) 

Johannes Grillari 
(Ludwig Boltzmann Institute for Traumatology, AT) 
Senolytics in aging and regeneration 

17:00 – 17:20 L11 (invited) 
Sandi Brudar 
(University of Ljubljana, SI) 
The double-edged sword of arginine: from protein interactions to delayed amyloid fibril formation 

17:20 Closing remarks 
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L01 (invited) 

Engineering the Microscale: Two-Photon Polymerization as a 
Platform for Advanced Biofabrication 

Oliver Kopinski-Grünwald1,2,3, Carina Kampleitner1,2,4, Lydia M. Zopf1,2, Patrick Heimel1,2,4, 
Barbara Schädl1,2,5, James Ferguson1,2, Paul Slezak1,2, Aleksandr Ovsianikov2,3 

1 Ludwig Boltzmann Institute for Traumatology, The Research Centre in Cooperation with AUVA, 1200 Vienna, Austria 
2 Austrian Cluster for Tissue Regeneration (www.tissue-regeneration.at), Austria  

3 Research Group for 3D Printing and Biofabrication, Institute of Materials Science and Technology, 
TU Wien, Vienna, Austria 

4 Core Facility Hard Tissue and Biomaterial Research, Karl Donath Laboratory, University Clinic of Dentistry, 
Medical University of Vienna, 1090 Vienna, Austria 

5 University Clinic of Dentistry, Medical University of Vienna, Vienna, Austria 

Scaffolded spheroids (S-SPHs), in which cell aggregates are reinforced by porous polymeric 
microscaffolds, offer a bottom-up tissue engineering strategy that combines the self-assembly 
capacity of spheroids with improved shape fidelity and structural stability. Previous studies 
demonstrated enhanced self-assembly and preservation of mesenchymal stem cell (MSC) 
differentiation potential compared with conventional spheroids [1–2]. Here, we investigated the 
potential of S-SPHs for osteochondral tissue regeneration in vivo [3]. 

Biocompatible and biodegradable PCL-based microscaffolds (300 µm diameter) were fabricated by 
Two-Photon polymerization (2PP) and seeded with 4,000 human adipose-derived stem cells (hASCs). 
Within 48 h, the cells formed spheroids within the microscaffolds. S-SPHs were subsequently 
differentiated towards chondrogenic and hypertrophic phenotypes for 21 and 28 days, respectively, 
and assembled into zonal osteochondral constructs comprising a chondrogenic cartilage region and a 
hypertrophic subchondral region. Constructs were implanted into critical-sized osteochondral defects 
in the femur of rabbits and evaluated after 12 weeks against untreated controls (n=6 per group) using 
histological and µCT analyses. 

Successful chondrogenic and hypertrophic differentiation was confirmed by gene expression analysis 
of SOX9, aggrecan, collagen II, and collagen X, together with matrix-specific staining. Most 
importantly, in vivo analysis demonstrated successful integration of the engineered constructs into 
the host tissue. Treated defects showed substantial cartilage resurfacing, with formation of nearly full-
thickness cartilage-like tissue and integration with the surrounding native cartilage, significantly 
improving cartilage regeneration compared with untreated controls. µCT analysis further 
demonstrated mineralization within the regenerated osteochondral region, supporting successful 
bone formation. The observed regeneration was associated with increased vascularization of the 
defect region, highlighting the importance of vascularization for the osseous component of 
osteochondral repair. 

Overall, these findings provide a proof of concept for S-SPHs as a scalable bottom-up approach for 
osteochondral tissue engineering. By combining programmable cell differentiation with high-
resolution microscaffold reinforcement and self-assembly, S-SPHs enable the fabrication of zonal, 
millimetre-scale tissues and demonstrate promising regenerative outcomes in vivo. 

[1] Guillaume, O. et al. Acta Biomaterialia. 2023 
[2] Kopinski-Grünwald, O. et al. Acta Biomaterialia. 2024 
[3] Kopinski-Grünwald, O. et al. European Polymer Journal. 2026 

 

http://www.tissue-regeneration.at/
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L02 

A Biofunctionalized Biphasic GelMA Hydrogel Platform for Osteochondral Tissue Regeneration 

Sophie Roffeis1,2, Christoph Bauer1, Alexander Otahal1, Rosa Maria Nothnagel1,2, Stefan Nehrer1 

1 University for Continuing Education Krems, Krems, Austria 
2 AC2T research GmbH, Wiener Neustadt, Austria 

Regeneration of osteochondral defects remains a clinical challenge, as current surgical options such as 
mosaicplasty are constrained by donor tissue availability and donor-site morbidity. Advanced 
biomaterial strategies that replicate the structural and mechanical complexity of the native cartilage–
bone interface offer a promising route toward functional tissue substitutes. 

A biphasic hydrogel system based on gelatin methacryloyl (GelMA) was engineered to reproduce the 
two-tissue architecture of the osteochondral unit. The cartilage-analogous layer combined GelMA 
(10% w/v) with hyaluronic acid methacrylate (HAMA, 0.5% w/v) and chondroitin sulfate methacrylate 
(CSMA, 0.5% w/v), while the bone-analogous layer integrated GelMA (10% w/v) with hydroxyapatite 
(0.6% w/v) and tricalcium phosphate (0.4% w/v) alongside a 3D-printed polycaprolactone (PCL) 
framework. The two formulations were assessed for mechanical, morphological, rheological, and 
swelling behavior. 

A pronounced mechanical gradient was achieved: the PCL-reinforced bone layer reached a 
compressive modulus of 935.1 ± 143.0 kPa, markedly exceeding the cartilage layer (148.9 ± 5.7 kPa) 
and the unreinforced bone layer (120.4 ± 4.0 kPa). Electron microscopy confirmed embedded ceramic 
particles within the bone-analogous network, in contrast to the homogeneous morphology of the 
cartilage-analogous hydrogel. The cartilage layer additionally displayed greater hydration, reflected in 
higher swelling ratios (6.80 ± 0.04 vs. 4.78 ± 0.20) and water content (87.18 ± 0.06% vs. 
82.70 ± 0.61%) relative to the bone layer, while oscillatory rheology corroborated the stiffness 
gradient, with lower storage moduli recorded for the cartilage formulation at 37°C (85.1 ± 38.5 vs. 
120.3 ± 26.5 Pa). 

This work establishes a compositionally and mechanically tunable biphasic hydrogel platform for 
osteochondral repair. Subsequent studies will incorporate Hoffa fat pad-derived mesenchymal stem 
cells into the constructs and mature them within a dual-chamber bioreactor, working toward 
implantable osteochondral plugs for mosaicplasty applications. 
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L03 (invited) 

Translating molecular bond dynamics into Mechanically Adaptive 
Artificial ECM: 3D Cell Culture and Tissue Engineering 

Heinz Redl, Paul Slezak, Johannes Grillari 

Ludwig Boltzmann Institute for Traumatology 
The Research Center in Cooperation with AUVA, Austrian Cluster for Tissue Regeneration 

Fibrin is a natural hydrogel containing nanofibres. It is the end product of the physiological blood 
coagulation cascade and is naturally involved in tissue healing. Over 50 years ago, we began supporting 
the development of fibrin as a therapeutic surgical sealant product, focusing on both the material and 
the application tools. As well as its role in haemostasis and tissue sealing (commercial products), fibrin 
acts as a local reservoir for growth factors and a provisional matrix for invading cells that drive the 
regenerative process. Its unique intrinsic features promote wound healing directly by modulating cell 
behaviour, and it can also be fine-tuned to deliver therapeutic biomolecules, cells, and gene vectors 
over a sustained period. Despite having been in use for such a long time, fibrin remains a highly 
versatile biomaterial, and we will demonstrate its potential in the field of regenerative medicine. 
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(invited) L04 

Ultrasonic actuation using guided acoustic waves to overcome limitations of  
heterogeneous chemical reactions 

Johannes Landskron, Sabrina Tietze, Klaus Stefan Drese 

Coburg University, Institute of Sensor and Actuator Technology 

A trivial but essential step in chemistry is that the different molecules which one wants to react must get 
sufficiently close to each other. Squires et al. [1] is described that one of the main challenges can be that the 
molecules which are intended to react. A solution that was seen essentially in the 90ies was by scaling 
down [2]. However, later it was found that applications required large sample due to low target 
concentrations, e.g. circulating tumor cells with 2 cells per 7.5 ml [3] or fetal DNA from material plasma [4]. 
Also scientists had to realize that most microfluidic systems despite the fact that they have low Reynolds 
numbers they still had high Peclet numbers [5], i.e. that mass transport is mainly convective and not 
diffusive. This motivated to develop technique enhancing the transport by electric and magnetic fields [6]. 
For cases that these means are not applicable one can use ultrasound. Applying ultrasound in the bulk of 
the fluid like it is done in ultrasonic bath is like stirring not very effective, since most of the energy is put 
into central volume of the fluid and not to the wall near boundary layers where mixing is needed most for 
heterogeneous chemical reactions like they are common for biosensors, electrochemical reactions and 
heterogenous catalytic reactions. Here we show how guided acoustic waves can be used to enhance the 
transport right at the boundary layer [7]. This kind of wave shows a plethora of modes [8] which allow to 
control where the convection is wanted and by the use of evanescence sound waves one can make sure the 
no acoustic energy is radiated into the bulk of the fluid. By the use of structured surfaces the fluid 
movement can even be intensified [9]. Due to the reciprocative nature of acoustics one can additionally use 
these guided acoustic waves also to monitor the surface, if any deposition takes place [10] or for 
simultaneous deposition and temperature measurement [11]. This joint use of the very same kind of 
ultrasonic wave both for reaction enhancement and measurement makes guided acoustic waves a versatile 
tool whenever fluid covered surfaces are of interest. 

[1] T. M. Squires, R. J. Messinger, und S. R. Manalis, „Making it stick: convection, reaction and diffusion in surface-based 
biosensors“, Nat. Biotechnol., Bd. 26, Nr. 4, S. 417–426, Apr. 2008, doi: 10.1038/nbt1388. 

[2] A. Manz, N. Graber, und H. M. Widmer, „Miniaturized total chemical analysis systems: a novel concept for chemical 
sensing“, Sens. Actuators B Chem., Bd. 1, Nr. 1–6, S. 244–248, Jan. 1990, doi: 10.1016/0925-4005(90)80209-I. 

[3] W. Laureyn u. a., „Lab-on-chip for the isolation and characterization of circulating tumor cells“, in Technical 
Proceedings Nanotech 2007 Vol. 2, 2007, S. 229–231. 

[4] T. Hahn, K. S. Drese, und C. K. O’Sullivan, „Microsystem for isolation of fetal DNA from maternal plasma by preparative 
size separation“, Clin. Chem., Bd. 55, Nr. 12, S. 2144–2152, 2009, doi: 10.1373/clinchem.2009.127480. 

[5] P. Tabeling, „Recent progress in the physics of microfluidics and related biotechnological applications“, Curr. Opin. 
Biotechnol., Bd. 25, S. 129–134, Feb. 2014, doi: 10.1016/j.copbio.2013.11.009. 

[6] Y. M. Shlyapnikov u. a., „Rapid simultaneous ultrasensitive immunodetection of five bacterial toxins“, Anal. Chem., Bd. 
84, Nr. 13, S. 5596–5603, Juli 2012, doi: 10.1021/ac300567f. 

[7] O. Dubrovski, S. Tietze, A. Zigelman, K. S. Drese, G. Lindner, und O. Manor, „The Enhancement of Ion Transport in an 
Electrochemical Cell Using High Frequency Vibration for the Electropolishing of Copper“, J. Electrochem. Soc., Bd. 165, 
Nr. 5, S. E236–E244, 2018, doi: 10.1149/2.0811805jes. 

[8] J. Landskron, A. Backer, C. R. Wolf, G. Fischerauer, und K. S. Drese, „FEM-Based Modeling of Guided Acoustic Waves on 
Free and Fluid-Loaded Plates“, Appl. Sci., Bd. 15, Nr. 16, S. 9116, Aug. 2025, doi: 10.3390/app15169116. 

[9] A. Backer, J. Landskron, K. S. Drese, und G. Lindner, „Actuation of Liquid Flow by Guided Acoustic Waves on Punched 
Steel Tapes with Protruding Loops“, J. Bionic Eng., Bd. 18, Nr. 3, S. 534–547, 2021. 

[10] S. Tietze u. a., „Monitoring of Soft Deposition Layers in Liquid-Filled Tubes with Guided Acoustic Waves Excited by 
Clamp-on Transducers“, Sensors, Bd. 18, Nr. 2, S. 526, Feb. 2018, doi: 10.3390/s18020526. 

[11] J. Landskron, F. Dötzer, A. Benkert, M. Mayle, und K. S. Drese, „Acoustic Limescale Layer and Temperature 
Measurement in Ultrasonic Flow Meters“, Sensors, Bd. 22, Nr. 17, S. 6648, Sep. 2022, doi: 10.3390/s22176648. 

This work was supported by Bavarian Ministry of Science and Arts. 
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L05 

Advancing 3D Lithography with Vitamin-Based Photoinitiators in Aqueous Systems 

Anton Bauer, Dmitry Sivun, Heinrich Krobath, Jaroslaw Jacak 

1 Josef Ressel Centre for Materials Engineering in Soft Tissue Regeneration, Department of Medical Engineering, University 
of Applied Sciences Upper Austria, Garnisonstrasse 21, 4020, Linz, Austria 

2 Institute for Theoretical Physics, Johannes Kepler University, Altenberger Straße 69, 4040 Linz, Austria 

Three-dimensional nanostructuring via single- and multiphoton lithography is a cornerstone 
technology for biomedical engineering, enabling the fabrication of cell culture systems and tissue 
scaffolds with sub-micron precision. Conventional photoinitiators are often limited by cytotoxicity, 
narrow spectral range, or poor solubility, restricting their use in biologically relevant environments. 

This work investigates vitamin-based photoinitiators—riboflavin monophosphate, nicotinamide, 
ascorbic acid, hydroxocobalamin and leucovorin—as biocompatible alternatives for 3D lithography 
using 515 nm and 1030 nm excitation. Performance was evaluated in aqueous polyethylene glycol 
diacrylate monomer, focusing on polymerization thresholds, structure fidelity, and processing 
stability. 

All five photoinitiators enabled 2D and 3D structuring with feature sizes in the ~100 nm range using 
two-photon lithography, and the approach shows potential for adaptation to single-photon 
techniques. These results highlight the promise of vitamin-based photochemistry for sustainable, 
aqueous lithography and biomedical microfabrication applications. 
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(invited) L06 

Direct Laser Writing of Semiconducting Polymers for Nanoscale Organic Electronics 

Georgii Gvindzhiliia, Manuel Jahn, Martina Muck, Noah Schock, Thomas A. Klar 

Institute of Applied Physics, Johannes Kepler University Linz, Austria 

Organic semiconductors are systems of pi-conjugated polymers with electrons delocalized along their 
backbones, making them suitable for electronic applications. Since their discovery [1] they have been 
used in solar cells and light-emitting diodes, and notably in bioelectronics. Compared to solid-state 
semiconductors, these systems are soft, stretchable, exhibit high conductivity when doped, and 
conduct not only electronic, but also ionic current, which underpins the development of organic 
electrochemical transistors used in wearable electronics, sensors and neuromorphic devices. 
However, the conventional ways to produce these materials are largely confined to chemical or 
electrochemical polymerizations, which are well suited for thin-film fabrication [2], but require 
additional steps for precise micro- and nanoscale patterning, such as mask or e-beam lithography or 
laser ablation of spin-coated films and remain essentially planar. 

Over the last decades, multiphoton polymerization lithography (MPL), based on two-photon excitation 
of photoinitiators to localize polymerization within a sub-femtoliter voxel, has been established as a 
powerful tool for micro- and nanofabrication of arbitrary 3D structures, with results ranging from 
photonic devices to biocompatible systems for cell manipulation [3]. Using photoinitiating molecules 
for polymerization grants not only high spatial control, but also the ability to employ super-resolution 
photolithography approaches, such as STED-inspired photoinhibition, in which a second wavelength 
of light deactivates polymerization in the outer-rim of excitation voxel, resulting in sub-50 nm 
features [4]. The state of the art relies on free radical chain-growth polymerization of primarily (meth-
)acrylic monomers, overlooking inherently functional polymers, such as pi-conjugated systems, which 
are polymerized oxidatively in a step-growth manner.  

By applying MPL to oxidative polymerization of organic semiconducting materials, we aim to expand 
the material toolbox for 3D additive manufacturing and provide a direct nanofabrication technique for 
the field of organic electronics. Moreover, by using initiators compatible with photoinhibition 
approaches, we enable further miniaturization of the produced structures [5]. In the lecture, we will 
discuss our current progress in these directions, challenges we face and how we overcome them, along 
with future steps in our efforts to directly fabricate nanoscale organic devices. 

[1] Shirakwa, H. et al. J. Chem. Soc., Chem. Commun., 578–580, (1977) 
[2] Nie, S. et al., 803509, (2021) 
[3] Skliutas, E. et al., Nat. Rev. Methods Primers 5, 15, (2025) 
[4] Gvindzhiliia, G. et al., ACS Appl. Opt. Mater. 1, 945–951, (2023) 
[5] Gvindzhiliia, G. et al., ACS Applied Materials & Interfaces (2026) 
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L07 (invited) 

From Digital Model to Implant: Additive Manufacturing as a Materials-to-Medicine Pipeline 

Francesco Moscato1,2,3 

1 Center for Medical Physics and Biomedical Engineering, Medical University of Vienna, Austria 
2 Ludwig Boltzmann Institute for Cardiovascular Research, Vienna, Austria 

3 Austrian Cluster for Tissue Regeneration, Vienna, Austria 

Medical imaging has become a fabrication input: patient anatomy can be segmented, modelled and 
turned into a tangible object at the point of care. This lecture follows that digital-to-tangible path 
through three examples from our group, from biointerface to bedside. First, the implant surface, where 
the body interacts with the bulk mechanically but with the surface biologically: 3D-printed PCL 
surfaces with osteon-like microtopography guide cell adhesion, proliferation and osteogenic 
differentiation. Second, a patient-derived neurosurgical simulator in which multi-material printing 
reproduces tissue behaviour for aneurysm clipping training. Third, a patient-specific tracheobronchial 
stent designed from CT data for an individual airway. Together they show that the technology works; 
what remains is making it routine, and the barriers are regulatory, organisational and infrastructural 
rather than technical. 
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L08 

Fabrication of plasmonic gold nanoparticle-based theranostic agents with 
precisely tunable optical properties 

Christian Derntl1, Guilia Zampini2, Enrica Soprano2, Manuel Ceballos2, Pablo del Pino2, Ester Polo2, 
Leoni Breth3, Beatriz Pelaz2, Stefan Schrittwieser1 

1 AIT Austrian Institute of Technology, Molecular Diagnostics, 1210 Vienna, Austria 
2 Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), 

Universidade de Santiago de Compostela, 15782 Santiago de Compostela, Spain 
3 Department for Integrated Sensor Systems, University for Continuing Education Krems, 2700 Wr. Neustadt, Austria 

Gold nanoparticles are established tools for biomedical applications due to their unique optical 
properties, primarily attributed to localized surface plasmon resonances. These optical properties 
make gold nanoparticles highly valuable for sensing, imaging and therapy. However, their widespread 
adoption is hindered due to challenges in consistent and accurate nanoparticle fabrication as well as 
due to nanotoxicological concerns, including cell damage, DNA damage, and unregulated cell signaling. 
Here, we present a top-down fabrication approach using nanoimprint lithography in combination with 
thin film deposition which yielded highly homogenous nanoparticles in size, shape and optical 
characteristics. The measured optical properties closely match performed simulations, indicating that 
pre-experimental modelling can effectively guide the design of nanoparticles with tailored optical 
properties. Our approach also enabled nanoparticle transfer to solution. Particularly, we show that the 
surface coating with a PEG polymer shell ensured stable dispersions in buffer solutions and complex 
cell media for at least 7 days. Additional labelling with a fluorescent dye introduced traceability by 
standard fluorescence methods as additional nanoparticle functionality. Furthermore, our in-vitro 
experiments demonstrated that these nanoparticles are internalized by cells via endocytosis, 
exhibited good biocompatibility, and showed minor cytotoxicity, as evidenced by high cell viability. We 
applied our nanoparticles as nanoheaters for photothermal therapy by exposing them to near-infrared 
laser light. The nanoparticles exhibited robust optical properties and photothermal durability in 
repeated irradiation cycles. We evaluated their photothermal therapeutic efficacy using both 2D cell 
cultures and 3D tumor spheroid models and compared to results gained by using gold bipyramids, 
another highly promising type of gold nanoparticle for theranostic applications. Both 2D cell cultures 
and especially 3D spheroid models demonstrated our nanoparticles' superior efficacy in cancer cell 
destruction and localized heating compared to bipyramidal nanoparticles. Finally, we also evaluated 
the efficiency of the nanoparticles when employed as contrast agent for photoacoustic imaging. To 
that end, our nanoparticles acted as labeling agents. We labeled different fractions of cells inside cell 
fragments and imaged these using photoacoustic tomography. The minimum fraction of nanoparticle-
labelled cells from all cells inside a cell fragment that could be distinguished from the background was 
0.1%. Our nanoparticles acted as effective contrast agents and proved their ability to be used in 
theranostic applications. 

 



p. 16 7th Erwin Schrödinger Symposium 2026 
 “Advanced Materials and Methods in Biomedical Applications” 
 September 25, 2026, BOKU University, Vienna, Austria 

 

 

L09 

MOF–Hydrogel Hybrid Composites Based on Nano-Ru-HKUST-1 for 
Tunable Mechanical and Tribological Performance 

Leonarda Vukonic, Nádia E. Santos, Christoph Bauer, Felix Groß, P. J. Thurner, 
Manel Rodriguez Ripoll, Carsten Gachot, Stefan Nehrer, Susana S. Braga, Filipe A. Almeida Paz, 

Rosa Maria Nothnagel 

AC2T research GmbH & University for Continuing Education Krems 

Metal–organic frameworks (MOFs) represent a highly versatile class of functional materials with 
tunable porosity, surface chemistry, and modular design possibilities, making them increasingly 
relevant for advanced biomaterial engineering, particularly as delivery platforms. However, many 
pristine MOFs suffer from limited chemical stability, low conductivity, and mechanical fragility, which 
restrict their practical use. 

In this work, we present Nano-Ru-HKUST-1 reinforced poly(vinyl alcohol) (PVA) hydrogels as MOF–
hydrogel hybrid composites for multifunctional materials design. The nano-sized Ru-HKUST-1, a 
ruthenium-substituted analogue of HKUST-1 ([Cu₃(BTC)₂]), was obtained via microwave-assisted 
synthesis and incorporated into PVA at concentrations of 0.06, 0.3, and 1 wt.-%, followed by physical 
crosslinking via freeze–thaw cycling. The incorporation of low concentrations of ruthenium-modified 
HKUST-1 nanoparticles enables simultaneous tuning of mechanical, structural, and interfacial 
properties. 

The resulting composites exhibit increased stiffness, improved energy dissipation, and reduced 
friction compared to neat PVA hydrogels (and relative to a metallic counterface under lubricated 
conditions), highlighting their tunable mechanical and tribological performance. Composites 
containing 0.06 and 0.3 wt.-% filler further show enhanced water uptake and stable viscoelastic 
behavior, whereas 1 wt.-% leads to reduced mechanical performance, likely due to particle 
aggregation. In addition, controlled swelling behavior and preserved cytocompatibility with primary 
human chondrocytes up to 0.3 wt.-% demonstrate their suitability for biointerface applications, while 
L929 fibroblasts exhibit reduced viability at the same concentration. 

Beyond mechanical reinforcement, the MOF component introduces additional functional versatility, 
including potential for molecular loading and controlled release, positioning these systems within the 
broader context of multifunctional hybrid materials. This study outlines a transferable design 
approach for MOF–hydrogel hybrid composites and provides a basis for the development of cartilage-
inspired, load-bearing materials and regenerative interfaces. 
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Senolytics in aging and regeneration 

Johannes Grillari 

Ludwig Boltzmann Society, Institute for Traumatology, the Research Center in Cooperation with AUVA, 
Donaueschingenstraße 13, 1200 Vienna 

With age, senescent cells accumulate in various tissues, which is linked to low-grade chronic 
inflammation, aging and age-related diseases. As a possible therapy for age-related diseases, the 
ablation of senescent cells using senolytics mainly targeting senescent cell anti-apoptotic pathways 
(SCAPs) was proven efficient in numerous preclinical disease models and first clinical pilot studies are 
ongoing. Recently, we discovered an alternative target pathway for the development of novel senolytic 
compounds that is based on an altered lipid metabolism in senescent cells. 

We found that the enzymatic phospholipase A2 activity as well as the resulting metabolite arachidonic 
acid are significantly upregulated intracellularly in senescent cells. Since high levels of arachidonic acid 
can induce apoptosis, we tested, if inhibition of enzymes that use arachidonic acid as a substrate would 
increase its levels further to cytotoxic dosis specifically in senescent cells. Indeed, a range of various 
cell types were selectively eliminated in vitro when senescent. In vivo, the treatment of 26 months old 
C57BL6 mice resulted in decreased mRNA levels of p21 and SAbetaGal staining in various tissues as 
well as markedly improved neuromuscular functionality, frailty index score, as well as an around 40% 
increase in life span starting from treatment at the age of 27 months.  

In addition, we identified circulating miRNAs in plasma of mice that correlate with tissue levels of 
senescence marker genes in order to establish a companion diagnostic to monitor the senescent cell 
load. 

In summary, we here provide a promising novel strategy to assess the senescent cell load based on 
circulating miRNAs and then to eliminate senescent cells for counteracting functional decline and 
diseases associated with aging targeting the arachidonic acid metabolism. 
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The double-edged sword of arginine: from protein interactions to delayed amyloid fibril formation 

Sandi Brudar, Barbara Hribar-Lee 

University of Ljubljana: Faculty of Chemistry and Chemical Technology 

Proteins are essential macromolecules involved in virtually all biological processes. To perform their 
functions, however, they must maintain their structural and colloidal stability. Protein misfolding, 
aggregation and amyloid self-assembly are relevant for pathological conditions and for the stability of 
protein-based biomedical formulations. Controlling protein-protein interactions using simple 
biocompatible co-solutes is therefore of considerable biomedical and biotechnological interest. 
Protein surfaces govern intermolecular recognition and association, with surface-exposed arginine 
residues frequently participating in first contacts. Our experimental and molecular dynamics studies 
suggest a dual role of arginine in protein solutions: surface-exposed arginine residues can promote 
intermolecular contacts, whereas free arginine in solution can reduce effective protein–protein 
attraction. This prompted us to investigate whether free arginine can similarly interfere with 
irreversible protein self-assembly. We investigated the effect of 0.15 M free arginine on hen egg-white 
lysozyme amyloid fibril formation, using a combination of circular dichroism spectroscopy, thioflavin 
T (ThT) fluorescence, Congo red spectroscopy, and quantification of the remaining soluble monomer 
following high-speed centrifugation. Our results show that free arginine markedly delays the onset of 
HEWL fibrillization, accompanied by a delayed transition from α-helical to β-sheet-rich secondary 

structure and prolonged persistence of soluble protein. These findings highlight the context-
dependent role of arginine in modulating protein–protein interactions and demonstrate how a simple 
co-solute can profoundly alter the kinetics of biomolecular self-assembly. 
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Photoactive Hydrogel-Based Therapy for Disrupting Biofilms in Chronic Wound Infections 

Wanessa CMA Melo, Eglė Žalytė, Adei Abouhagger, Antanas Straksys, Arunas Stirke 

State Research Institute Center for Physical Sciences and Technology (FTMC) 

This study introduces a novel photoactive hydrogel (HG1MB1) incorporating methylene blue (MB) as 
a photosensitizer for the treatment of chronic biofilm-related infections. The innovation lies in the gel-
like formulation of HG1MB1, which enhances MB penetration into biofilms, enabling deeper and more 
effective disruption of the biofilm matrix. By improving interaction with the biofilm’s extracellular 
polymeric substances (EPS), HG1MB1 facilitates EPS reduction and structural degradation of the 
biofilm. Upon light activation, the hydrogel generates reactive oxygen species (ROS), significantly 
boosting its antimicrobial activity. HG1MB1 exhibited broad-spectrum efficacy against both bacterial 
and fungal biofilms, including Candida albicans, Staphylococcus aureus, and Pseudomonas aeruginosa. 
Importantly, it demonstrated low cytotoxicity toward fibroblast cells, making it a safer and more 
targeted alternative to conventional antimicrobial treatments. These findings underscore the 
potential of HG1MB1 to overcome biofilm-associated resistance mechanisms and improve outcomes 
in chronic wound management. 
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Nanoengineered Fullerene–PLA Films for Light-Triggered Biofouling Resistance 

Wanessa Melo, Gabrielė Saulėnienė, Monika Kirsnytė, Guoda Gasauskaitė, Samuelis Dobilaitis 

State Research Institute Center for Physical Sciences and Technology (FTMC) 

The growing risk of microbial contamination and infection—especially in clinical and food processing 
settings has created a need for more advanced antimicrobial surfaces. This study investigates a 
nanobioengineering strategy based on the self-assembly of fullerene (C60) nanoparticles with 
poly(lactic acid) (PLA) to produce thin films with anti-biofouling properties. Through this self-assembly 
process, fullerenes are uniformly dispersed within the PLA matrix, resulting in a stable nanocomposite 
with improved physicochemical characteristics. Structural analyses using SEM, FTIR, AFM, and water 
contact angle measurements confirmed the films’ homogeneity and the interaction between their 
components. 

The antimicrobial performance of the PLA–fullerene films was tested against Staphylococcus aureus, 
Pseudomonas aeruginosa, and Candida albicans, showing a substantial reduction in microbial adhesion 
compared to pure PLA films. Inhibition rates exceeded 80% for S. aureus, 75% for P. aeruginosa, and 
70% for C. albicans. This activity is driven by the generation of reactive oxygen species (ROS) by 
fullerene nanoparticles under ambient light, offering an effective, biocide-free mechanism. With 
demonstrated biocompatibility and strong anti-biofouling performance, these films show promise for 
applications in food packaging, medical device coatings, and high-contact surfaces, providing a scalable 
and environmentally friendly approach to reducing contamination and infection risks. 
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Terahertz emission from Bi/GaAs heterostructures 

Benas Stanionis, Vaidas Pačebutas, Ričardas Norkus, Arūnas Krotkus 

Center for Physical Sciences and Technology 

Two-dimensional (2D) materials with atomic-scale thickness exhibit unique properties from quantum confinement and 
high surface-to-volume ratios. Thin bismuth layers are promising for topological insulators, sensors, thermoelectric, 
and ultrafast optical devices. While bulk Bi is a semimetal, films thinner than ~30 nm become semiconducting, with 
bandgaps tunable up to 0.8 eV in ultrathin limits [1]. Growth has been shown primarily on InAs, InP, and Si(111), with 
GaAs(111) also demonstrating promising monolayer crystal structures [2-4]. Femtosecond excitation of Bi films can 
emit terahertz (THz) radiation via lateral photocurrents and nonlinear effects. THz excitation spectroscopy (TES) 
probes band structure and carrier dynamics. In this study, Bi layers were grown by molecular beam epitaxy on (100) 
oriented GaAs - previously unreported substrate orientation. THz emission was analyzed varied excitation wavelength 
using an OPA seeded by a Yb:KGW laser. The results reveal two distinct THz generation mechanisms, highlighting the 
potential of Bi/GaAs heterostructures for THz applications. 

Heterostructures with 9 nm thick bismuth (Bi) layers were grown by molecular beam epitaxy on (100)-oriented GaAs 
substrates with different doping types: semi-insulating SI-GaAs, n-type, and p-type GaAs. Terahertz excitation spectra 
were measured using femtosecond laser pulses in reflection geometry, with p-polarized light incident at 45° and 
photon energies varied while maintaining constant average power of 20 mW. The TES showed clear doping-dependent 
differences, but a common feature was that strong THz emission appeared only when the photon energy exceeded the 
GaAs bandgap (1.42 eV), indicating that the emission originates primarily from physical processes within the GaAs 
substrate. Below this threshold, THz emission was only noticeable for heterostructures on n-GaAs. The opposite 
polarities of THz pulses from n- and p-type substrates were attributed to reversed internal electric fields at the 
Bi/GaAs interface, which direct photocurrent transients in opposite directions. By comparing TES from Bi/GaAs (for 
n- and p- types GaAs substrate) heterostructures and corresponding bare substrates, the Bi layer’s optical absorption 
coefficient was estimated to be between 3×10⁵ and 4×10⁵ cm⁻¹ in the 1.5-1.7 eV range, more than an order of 
magnitude higher than GaAs in the same spectral region [5]. 

More pronounced TES deviations occurred in Bi/SI-GaAs heterostructures, where excitation through the Bi layer 
reduced THz pulse amplitude and reversed polarity near 1.7 eV. This suggests an additional THz emission mechanism 
linked to strong internal electric fields at the interface, producing signals opposite in polarity to conventional 
emissions. The TES spectra featured two extrema of opposite polarity, with the negative peak about twice the 
amplitude of the positive, effects intensifying at higher photon energies. Most notably, Bi/p-GaAs heterostructures 
exhibited enhanced THz emission relative to bare p-GaAs, attributed to a hole drift velocity overshoot within the 
strong internal electric field of the heterostructure. Overall, these findings demonstrate that thin Bi layers influence 
THz emission through increased optical absorption and altered band alignment at the interface. While emission from 
the Bi layer itself was weak and confined to photon energies below the GaAs bandgap, the doping-dependent effects, 
especially the enhanced emission from Bi/p-GaAs heterostructures, highlight their potential for efficient surface THz 
pulse emitters based on p-type semiconductors. 

[1] Reis, F., Li, G., Dudy, L., Bauernfeind, M., Glass, S., Hanke, W., Thomale, R., Schaefer, J. and Claessen, R., 2017. 
Bismuthene on a SiC substrate: A candidate for a high-temperature quantum spin Hall material. Science, 357(6348), 
pp.287-290. 

[2] Inbar, H.S., Zubair, M., Dong, J.T., Engel, A.N., Dempsey, C.P., Chang, Y.H., Nishihaya, S., Khalid, S., Fedorov, A.V., Janotti, 
A. and Palmstrøm, C.J., 2023. Inversion symmetry breaking in epitaxial ultrathin bi (111) films. arXiv preprint 
arXiv:2302.00803. 

[3] Jalil, A.R., Hou, X., Schüffelgen, P., Bae, J.H., Neumann, E., Mussler, G., Plucinski, L. and Grützmacher, D., 2023. Phase-
Selective Epitaxy of Trigonal and Orthorhombic Bismuth Thin Films on Si (111). Nanomaterials, 13(14), p.2143. 

[4] Liu, Y., Benter, S., Ong, C.S., Maciel, R.P., Bjork, L., Irish, A., Eriksson, O., Mikkelsen, A. and Timm, R., 2023. A 2D bismuth-
induced honeycomb surface structure on GaAs (111). ACS nano, 17(5), pp.5047-5058. 

[5] Aspens, D.E., Kelso, S.M., Logan, R.A. and Bhat, R., 1986. Optical properties of Al x Ga 1-x As. J. Appl. Phys, 60, pp.754-
767. 
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Engineered Carbon Quantum Dot Luminophores for High-Sensitivity 
Electrochemiluminescence Sensing in Biomedical Applications 

Mandana Amiri 

Laboratory for Life Sciences and Technology (LiST), Faculty of Medicine and Dentistry, Danube Private University, 3500, 
Krems, Austria 

Carbon quantum dots (CQDs) derived from small organic precursors through controlled pyrolysis 
have emerged as highly adaptable luminophores for electrochemiluminescence (ECL) sensing. In our 
work, we have explored how rational structural engineering of CQDs can be used to systematically 
regulate their electrochemical and optical behavior. We have developed a series of tailored systems, 
ranging from pristine CQDs to N-doped architectures [1,2], as well as hybrid and composite platforms 
such as CQD–Ag nanoparticles [3] and CQD–polymer intrinsic microporosity (PIM) frameworks [4]. 
Each design introduces a distinct level of control over interfacial charge transfer, surface chemistry, 
and luminophore environment. For example, nitrogen incorporation significantly enhances electron-
transfer efficiency and promotes strong anodic ECL by creating additional active sites. In CQD–AgNP 
systems, plasmonic coupling works in synergy with electrochemical processes, facilitating more 
efficient radical formation at the electrode surface. Meanwhile, embedding CQDs within PIM matrices 
improves structural stability, suppresses signal fluctuations, and enables selective enrichment of 
target species near the active interface. By combining electrochemical analysis with ECL spectroscopy, 
we were able to correlate material design with excited-state formation pathways and emission 
efficiency. Across all systems, these engineered architectures consistently improved analytical 
performance, delivering high sensitivity, broad dynamic ranges, and robust operational stability. 
Overall, this work demonstrates that CQDs are not only tunable luminophores but also a versatile 
platform where nanoscale design directly translates into controllable ECL response for advanced 
sensing applications. 

[1] H. Afshary, M. Amiri, Sensors & Diagnostics, 3 (2024) 1562-1570. 
[2] H. Afshary, M. Amiri, A. Bezaatpour, M. Wark, Journal of The Electrochemical Society, 169 (2022) 026523. 
[3] N. Valipour, H. Afshary, A. Afruz, A. Bezaatpour, M.S. Yesupatham, S. Szunerits, Y. Joseph, M. Amiri, Journal of The 

Electrochemical Society, 172 (2025) 127504. 
[4] H. Afshary, M. Amiri, F. Marken, N.B. McKeown, M. Amiri, Analytical and Bioanalytical Chemistry, 415 (2023) 2727-

2736. 
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Overcoming barriers in GUV formation with a scalable drop-casting approach 

Magdalena Schöller, Cherng-Wen Darren Tan, Eva-Kathrin Ehmoser 

BOKU University, Institute of Synthetic Bioarchitectures, Department of Biotechnology and Food Science, 
Muthgasse 11/II, 1190 Vienna, Austria 

Giant unilamellar vesicles (GUVs) are cell-sized membrane structures with a wide range of 
applications. They are frequently employed in drug delivery research, membrane studies, and 
synthetic biology due to their controllable and tuneable properties. However, conventional methods 
for GUV formation are often time- and labour-intensive, and typically require specialised equipment. 

To address these challenges, a drop-casting method for hydrogel-assisted GUV production has been 
developed. This approach eliminates the need for specialised equipment and can be readily adapted to 
a multi-well format. As a result, different membrane and hydrogel substrate materials can be screened 
simultaneously, allowing rapid identification of promising combinations. 

The rapid screening of hydrogels for their capacity to support GUV formation was shown to be highly 
effective. In addition to established hydrogels such as agarose and polyvinyl alcohol, Poly(ethylene 
glycol) diacrylate, hyaluronic acid, Matrigel, and DNA substrates were also found to support GUV 
formation. It was demonstrated that existing hydrogels could be combined and reused for further GUV 
formation. 

Furthermore, mammalian cell extracts were shown to produce GUVs at notably high densities. When 
DNA substrates were used, DNA was successfully encapsulated within the vesicles, suggesting the 
potential for encapsulating entire metabolic pathways or complex macromolecular assemblies such as 
protein synthesis machinery. 

To enable membrane functionalisation, cell-free protein synthesis reactions were performed in the 
presence of GUVs. Neither protein synthesis nor vesicle stability was found to be significantly affected. 
Overall, the drop-casting method simplifies GUV production, supports high-throughput screening, and 
enables the encapsulation of functional biomolecules within vesicles. 
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Evaluation of liposomal doxorubicin as a sonosensitizing agent 
for sonodynamic therapy on TS/A cells 

Melika Hosseini 

University of Turin 

Breast cancer represents one of the major causes of mortality in women globally. Although there have 
been major breakthroughs in targeted therapy approaches, chemoresistance and systemic toxicity are 
still limitations to conventional chemotherapy. Doxorubicin (Doxo), an anthracycline antibiotic 
complex, is a standard anti-cancer drug against solid tumors but its cardiotoxicity associated with 
dose-related accumulation in cardiomyocytes as well as its short plasma half-life are major limitations 
to its use. Pegylated liposomal Doxo (Lipo-Doxo), which leverages the Enhanced Permeability and 
Retention (EPR), has been explored to address these issues. Although major breakthroughs have been 
made against cancer therapy, resistance within tumors remains a major limitation. Sonodynamic 
therapy (SDT), a newly emerging anti-cancer therapeutic method involving a combination of a 
chemical sensitizer and low-intensity ultrasonic waves (US), generates localized cytotoxicity based 
primarily on the generation of reactive oxygen species (ROS). In the present experimental study, we 
intended to evaluate the use of Lipo-Doxo in association with US exposure in TS/A murine mammary 
carcinoma cells. The Lipo-Doxo dispersion was shown to display advantageous physicochemical 
properties (mean size 138.2 ± 5.1 nm, PDI 0.068, EE% 51%), thus proving its efficacy for the intended 
parenteral use. Cytotoxicity assays clearly demonstrated a dose- and time-dependent response 
mechanism along with increased  

uptake. SDT observably suppressed the proliferation of TS/A cells to a larger extent compared to 
controls. MRI analysis along with in-vivo studies thus reported preferential uptake into tumor tissue. 
Neither sonodynamic activation nor exposure to US was observed to cause harm to normal 
surrounding tissues. These results suggest that Lipo-Doxo mediated SDT could potentially serve as a 
non-invasive therapeutic approach for potentiating Dox efficacy with reduced systemic toxicity. 

 



p. 28 7th Erwin Schrödinger Symposium 2026 
 “Advanced Materials and Methods in Biomedical Applications” 
 September 25, 2026, BOKU University, Vienna, Austria 

 

 

P07 

A Basic Framework for Design and Optimization of 
3D-Printed Bone-Integrated Foreleg Prostheses for Equines 

August Hammel1, Paul Lindlbauer1, Kathrin Lindlbauer2, Isak Niederbrunner3, Ille C. Gebeshuber1 

1 Institute of Applied Physics, TU Wien, Vienna 
2 Department of Small Animals and Horses, University of Veterinary Medicine, Vienna 

3 Department of Astrophysics, University of Vienna, Vienna 

Horses are frequently exposed to the risk of injuries in daily activities or sports, some requiring special 
medical intervention or even surgery. Complex or severe injuries such as comminuted fractures or 
suspensory ligament ruptures often result in long-term complications or euthanasia due to insufficient 
rehabilitation options. This study explores a bioinspired engineering approach to equine prosthetics, 
investigating the feasibility of a structurally refined alternative to conventional socket-based 
solutions. 

Current prosthetic systems, which rely on soft-tissue socket interfaces, are associated with limitations 
such as delayed post-operative usability, unstable load transmission, and the risk of pressure-induced 
necrosis. To address these challenges, this research applies a biomimetic design strategy by developing 
a conceptual bone-anchored prosthesis tailored to the equine cannon bone. 

The core objective of this study is the development of a semi-automated workflow for the design and 
biomechanical optimization of 3D-printed bone-integrated prosthetic systems. The methodology 
includes anatomical and physiological parameter integration, analysis of biomechanical loading 
scenarios common in equine locomotion, and the derivation of design constraints from biological 
principles. Through Finite Element Analysis, the prosthetic concepts are assessed under varying 
dynamic conditions to explore functional robustness and structural integrity. 
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Biological Characterization of Reinforcing Fibers and a 3D-Printed Polymer Matrix 
for Craniofacial Bone Replacement 

Christina Winter1, Philipp Schlossgangl2, Aleksandr Ovsianikov2, Ioanna Giouroudi3, Marianne Raith1, 
Ines Swoboda1 

1 Molecular Biotechnology, Hochschule Campus Wien - University of Applied Sciences, Vienna, Austria 
2 Institute of Materials Science and Technology, TU Wien, Vienna, Austria 

3 Doctoral Center TU Wien, Vienna, Austria 

Large craniofacial bone defects resulting from trauma, tumor resection, or degenerative diseases 
often require reconstructive implants. While conventional implant materials can restore mechanical 
stability, their capacity to actively support cellular integration and tissue regeneration remains limited. 
Fiber-reinforced polymer composites represent a promising alternative, combining tunable 
mechanical properties with regenerative potential. The envisioned composite combines non-
degradable reinforcing fibers that provide long-term structural support with a degradable polymer 
matrix intended to facilitate progressive cellular infiltration and tissue replacement. However, 
detailed biological characterization of both components is essential prior to further development of 
the composite system. 

In this study, we investigated the cellular response to the individual components of a novel fiber-
reinforced composite biomaterial designed for craniofacial bone replacement. Human osteoblast-like 
U2OS cells and fibroblasts (BJ1) were used to evaluate the biological response to both the reinforcing 
fibers and the 3D-printed polymer matrix. Cell viability was assessed using the Resazurin assay, which 
measures cellular metabolic activity. Inflammatory responses were evaluated by analyzing the 
expression of inflammatory cytokines (e.g., IL-6, IL-8) at the mRNA level using reverse transcription 
quantitative PCR (RT-qPCR) and at the protein level using ELISA. Cell–material interactions were 
investigated by confocal microscopy. In addition, a Transwell migration assay was performed to 
determine whether soluble components released from the fibers influence chemotactic migration of 
U2OS cells. 

The fibers and the 3D-printed polymer matrix showed good cytocompatibility and did not induce a 
pronounced pro-inflammatory cytokine response. Moreover, neither exposure to the fibers nor the 
polymer matrix promoted chemotactic migration of U2OS cells, suggesting that no soluble 
components with relevant chemotactic activity were released under the investigated conditions. 
Direct interaction with the fibers resulted in pronounced attachment of both U2OS and BJ1 cells, 
accompanied by cytoskeletal alignment along the fiber axis. Furthermore, also the 3D-printed polymer 
matrix supported continued cell proliferation of both U2OS and BJ1 cells. However, cell adhesion was 
influenced by matrix surface roughness and topography, with distinct responses observed between 
the two cell types. Together, these results demonstrate favorable biological properties of both major 
components of the investigated composite system. The combined cytocompatibility the lack of pro-
inflammatory activation, the absence of fiber extract-induced chemotaxis, and direct cell–material 
interactions support further development of this fiber-reinforced 3D-printed composite for 
craniofacial bone regeneration. 

This study was funded by the Austrian Science Fund (FWF) (project DFH 64-N). 
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Biodegradable drug-eluting cell scaffolds fabricated by two-photon polymerization 

Felix Behlau1,4, Antonio Riveiro Rodriguez2, Sara Amorim3, Cemal Esen1, Juan Pou2, 
Andreas Ostendorf1 

1 Applied Laser Technologies, Ruhr University Bochum, Bochum, Germany 
2 Applied Physics Department, University of Vigo, Vigo, Spain 

3 Centre for Biotechnology and Fine Chemistry (CBQF), Universidade Católica Portuguesa, Porto, Portugal 
4 PicoShape GmbH, Bochum, Germany 

Two-photon polymerization (2PP) has become an established fabrication technology for three-
dimensional microstructures with sub-100 nm feature resolution. The growing availability of 
biocompatible and biodegradable photoresists has enabled medical and biomedical applications such 
as scaffolds for tissue and cell engineering. In this study we fabricated passively drug-eluting scaffolds 
by embedding a drug directly into the photoresist. Iodinated povidone was mixed into the liquid 
photoresist at a volume ratio of 1% and 5%, with 0% serving as a reference. The biodegradable 
photoresist DEGRAD INX was used and compared to the non-degradable resist SZ2080 as a 
reference. Following 2PP processing, the scaffolds were immersed in deionized water for two weeks 
at 37°C under constant agitation in an incubator. The drug-release was tracked by sampling extracts 
at defined intervals and quantifying the drug concentration via Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS). When normalized to the originally loaded amount, the biodegradable resist 
released more drug than the non-degradable resist throughout the immersion period. For both resists, 
higher drug loading led to greater release. Scaffold-cell interaction was additionally examined 
qualitatively via SEM imaging. 
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Assessment of Bio-Med Clear Resin for In-Vitro Cell Culture under Flow Conditions 

Veronica Viola1,2, Sára Fülöp2, Margit Gföhler1, Thomas Czerny2 

1 Institute of Engineering Design and Product Development, TU Wien, Vienna, Austria 
2 Department of Applied Life Sciences, Hochschule Campus Wien, Vienna, Austria 

Digital light processing (DLP) has recently emerged as a suitable 3D-printing technique for the rapid 
prototyping of microfluidic devices [1]. Advantages such as relatively inexpensive equipment, the lack 
of need for a cleanroom environment, and a good compromise between printing speed and spatial 
resolution are, however, counterbalanced by the fact that the resins employed in these techniques are 
usually highly cytotoxic and not biocompatible [2]. 

We have chosen the commercially available resin “Bio-Med Clear” by Liqcreate as a candidate material 
for manufacturing microfluidic channels with the aim of studying the impact of flow structures on 
vascular smooth muscle cells (VSMCs). 

Firstly, the adhesion of primary VSMCs on resin samples has been assessed. Further, cytotoxicity and 
proliferation assays have been performed by using human osteosarcoma (U2OS) cells, due to their 
consistent and faster growth rate. 

Direct-contact cytotoxicity testing showed viabilities for the U2OS cells on the resin samples of 90% 
and 87% relative to the control at days 1 and 4 after cell seeding, respectively. Immunofluorescence 
staining of tubulin has been performed to assess VSMCs adhesion and U2OS cells proliferation on the 
resin samples. VSMCs adhesion on Bio-Med Clear samples resulted in a tubulin-positive area 
corresponding to 82% of that observed on the control plate. U2OS cells showed similar progressive 
growth on the resin samples and control plates, with a tubulin-positive area increasing around 2.4-fold 
at day 2 and 3.5-fold at day 3, relative to day 1 after cell seeding. 

These preliminary findings indicate that Bio-Med Clear shows low cytotoxicity and supports cell 
growth under the tested conditions and encourages its further evaluation for microfluidic cell-culture 
applications, including testing the impact of different shear forces on cell adhesion. 

[1] F. Barbosa, P. Coutinho, M. P. Ribeiro, A. F. Moreira, L. M. Lourenço, and S. P. Miguel, “Advancements and challenges in 
SLA-based microfluidic devices for organ-on-chip applications,” Aug. 01, 2025, Elsevier Ltd. doi: 
10.1016/j.matdes.2025.114254. 

[2] K. Piironen, M. Haapala, V. Talman, P. Järvinen, and T. Sikanen, “Cell adhesion and proliferation on common 3D printing 
materials used in stereolithography of microfluidic devices,” Lab Chip, vol. 20, no. 13, pp. 2372–2382, Jul. 2020, doi: 
10.1039/d0lc00114g. 

This research was funded in whole by the Austrian Science Fund (FWF), DOI: 10.55776/DFH64 
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From Wearable Integration to Tissue Adaptation: 
Engineering Microneedle Interfaces for Continuous Biosensing 

Youbin Zheng 

Danube Private University 

Wearable microneedle sensors provide minimally invasive access to interstitial fluid and offer 
considerable potential for continuous biochemical monitoring. However, their practical deployment is 
constrained by a fundamental mechanical paradox. Microneedles must remain sufficiently rigid for 
reliable skin penetration, while being mechanically compatible with both deformable wearable 
substrates and soft, dynamic biological tissues during prolonged use. These requirements create 
mechanical mismatches at multiple interfaces, which can compromise device integrity, tissue 
compatibility, and long-term sensing performance. 

Here, we present two strategies developed to address these challenges. First, we established a 
stretchable microneedle-based extended-gate field-effect transistor platform for real-time sodium 
monitoring in interstitial fluid. Rigid sensing microneedles were integrated with a stretchable 
substrate through a thickness-gradient architecture, enabling stable deformation of the wearable 
device while maintaining microneedle attachment and sensing function. This approach addressed 
mechanical mismatch at the device level, enabling wearable, wireless, real-time monitoring. Second, to 
further address the mechanical mismatch between rigid microneedles and soft tissue, we developed a 
protein-based buffer layer that undergoes a stiff-to-soft transition. The material remains sufficiently 
robust during insertion, but softens after exposure to the physiological environment. This mechanical 
adaptation improved long-term sensing stability and reduced inflammation and fibrotic responses at 
the tissue interface. 

Together, these studies demonstrate that long-term microneedle biosensing requires simultaneous 
consideration of sensing performance, device mechanics, and tissue compatibility. Engineering the 
mechanical properties of both wearable architectures and tissue-contacting interfaces offers a 
promising route toward more stable, durable, and biocompatible microneedle sensing systems. 

Advanced Materials 2022, 34, 2108607; Advanced Materials 2026, 38, e20745 
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Titanium alloys are widely used in orthopedic implants due to their excellent corrosion resistance and 
biocompatibility. However, their poor tribological performance limits their use in articulating 
applications. Surface functionalization with soft, hydrated polymeric layers represents a promising 
strategy to mitigate both wear and corrosion by creating a bioinspired soft-on-hard interface. 

In this work, poly(vinyl alcohol)-based hydrogels reinforced with Ti3C2Tx MXenes were developed as 
functional coatings on Ti6Al4V. MXenes are electrically conductive 2D carbides that serve to enhance 
the mechanical integrity of the hydrogel matrix. The electrochemical behavior of coated Ti6Al4V was 
investigated using electrochemical impedance spectroscopy, linear polarization resistance, and 
potentiodynamic polarization in phosphate-buffered saline. MXene-reinforced hydrogels exhibited 
corrosion potentials comparable to Ti6Al4V, while showing increased anodic currents under 
polarization, indicating enhanced electrochemical activity. EIS measurements showed high phase 
angles at low frequencies, consistent with stable passive behavior. Under in vitro tribocorrosion 
conditions against bovine osteochondral plugs, the open circuit potential remained stable during 
sliding, suggesting a lack of surface damage. The hydrogel coatings provided very low coefficient of 
friction of 0.02. Post-test electrolyte analysis by inductively coupled plasma indicated very low metal 
ion release, with Ti detected at 1 ppb and only traces, non-quantifiable levels of Al. These findings 
reveal that MXene-reinforced hydrogels act as multifunctional interfacial coatings that markedly 
reduce friction against cartilage while providing a stable interface under tribological loading in 
physiologically relevant conditions. 
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Dynamic polymer networks offer a promising route to artificial extracellular matrices (ECMs) that 
reproduce the time-dependent mechanical behavior of native tissues. In particular, stress relaxation 
and viscoelastic processes regulate cell function and matrix deposition [1]. Networks formed through 
bioorthogonal reversible covalent bonds provide molecular-level control over these properties by 
coupling junction exchange kinetics to macroscopic mechanical adaptation. A central challenge, 
however, is to achieve sufficient network rearrangement for cellular accommodation while preserving 
long-term mechanical integrity under physiological conditions [2]. 

Here, we investigated how molecular-level bond dynamics can be translated into a mechanically 
adaptive microenvironment that supports tissue formation and function. Bond kinetics serve as a 
molecular design parameter for regulating network formation, stress relaxation, and cell–matrix 
interactions while preserving mechanical stability under physiological conditions. Dynamic bond 
rearrangement enabled injectability for minimally invasive delivery and protected encapsulated cells 
from injection-induced mechanical stress. Slowly evolving networks preserved cellular morphology, 
whereas rapid formation caused transient deformation followed by recovery through stress 
relaxation. The networks also supported high cell viability and homogeneous cell distribution under 
static and cyclic loading. 

These findings establish bond kinetics as a direct molecular-to-cellular design axis, linking reversible 
bond dynamics to network adaptation and cell response. This framework provides a strategy for 
engineering artificial ECM that reconcile mechanical support with the capacity to reorganize around 
living cells. 

[1] Kazemi-Aghdam, F.; et al. Linking polysaccharide structure, gelation kinetics, and function in dynamic acylhydrazone 
hydrogels. Submitted to Advanced Healthcare Materials, August 2026.  

[2] Saraswathibhatla, A.; et al. Cell–Extracellular Matrix Mechanotransduction in 3D. Nat. Rev. Mol. Cell Biol. 2023, 24, 
495–516 

This work was supported by VEGA 2/0154/26, APVV-22-0568, and FLAG-ERA grant GRAPH-OCD, by the Slovak Academy 
of Sciences under the grant number FLAG ERA III/2023/808/GRAPH-OCD. 
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Spinal cord injury (SCI) remains one of the most challenging conditions in modern medicine, affecting an 
estimated 27 million people worldwide with over 250,000 new cases annually [1]. Despite decades of promising 
preclinical work, the translation from animal models to meaningful clinical outcomes has been slow, in part 
because no two SCIs are the same, and in part because the regenerative biology of the human CNS differs 
substantially from the rodent models that dominate the field. These limitations motivated us to try to build 
something closer to the physiological tissue environment. 

Organotypic slices offer a valuable intermediate between in vivo and in vitro studies, preserving the native 
cellular composition and tissue organization [2]. This makes them particularly promising for evaluating novel 
cell-based therapies for SCI [3]. Previous studies in rodents have demonstrated that longitudinal spinal cord 
slices from 5- to 7-day-old rats can be maintained ex vivo for over four weeks, with spontaneous axonal 
regrowth [2,4]. 

Here, we describe the establishment of adult human organotypic spinal cord (hOS) slice cultures derived from 
thoracic spinal cord tissue obtained from body donors at the Medical University of Vienna, Center for Anatomy. 
Sagittal longitudinal sections (400 µm) were prepared using a vibratome and maintained in culture for up to 30 
days, with viability and structural integrity assessed at multiple time points. To our knowledge, the only 
previously published human ex vivo organotypic slices were derived from first-trimester fetal tissue, a 
methodological mismatch given that the average age of SCI in humans is 43 years [5,6]. 

Our results suggest that hOS cultures can maintain viability and structural integrity over 30 days in culture. 
Immunostaining revealed increasing neurofilament expression, indicating preservation of neuronal architecture, 
alongside stable GFAP-positive astrocyte and Iba1-positive microglial expression throughout the culture period. 
Myelin integrity, assessed via Fluoromyelin staining, showed moderate but progressive decline over the culture 
period, while cell density remained relatively stable. The ratio of neurofilament to Fluoromyelin area increased 
over time, suggesting axonal preservation despite ongoing demyelination. 

Important next steps include characterization of the cell populations that are reacting to the mechanical injury, 
as well as gaining insights into the functionality of the cells in these hOS through electrophysiological monitoring. 
If successful, this would yield a reproducible and scalable human research platform to help bridge the gap 
between preclinical and clinical research. 

[1] James, S. L. et al. Global, regional, and national burden of traumatic brain injury and spinal cord injury, 1990-2016: A 
systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 18, 56–87 (2019). 

[2] Sypecka, J., Koniusz, S., Kawalec, M. & Sarnowska, A. The organotypic longitudinal spinal cord slice culture for stem cell 
study. Stem Cells Int. 2015, (2015). 

[3] Pandamooz, S., Nabiuni, M., Miyan, J., Ahmadiani, A. & Dargahi, L. Organotypic Spinal Cord Culture: a Proper Platform 
for the Functional Screening. Molecular Neurobiology vol. 53 4659–4674 Preprint at https://doi.org/10.1007/s12035-
015-9403-z (2016). 

[4] Bonnici, B. & Kapfhammer, J. P. Spontaneous regeneration of intrinsic spinal cord axons in a novel spinal cord slice 
culture model. European Journal of Neuroscience 27, 2483–2492 (2008). 

[5] Lin, C. et al. Human ex vivo spinal cord slice culture as a useful model of neural development, lesion, and allogeneic 
neural cell therapy. Stem Cell Res. Ther. 11, (2020). 

[6] University of Alabama at Birmingham. National Spinal Cord Injury Statistical Center, Facts and Figures at a Glance. 
(2021). 
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Ageing is a complex process that affects all human body processes. Reproductive hormones (e.g. 
oestradiol (E2), Follicle-Stimulating Hormone (FSH), and Anti-Müllerian Hormone (AMH)) are critical 
biomarkers not only for determining follicular, ovulation and luteal phases but also for biological 
ageing in women who are experiencing the premenopausal-perimenopausal-menopausal transition. 
Current hormone assessment relies predominantly on episodic blood sampling followed by laboratory 
analysis. Such measurements are invasive, infrequent, and provide only snapshots of a continuously 
evolving endocrine state. Therefore, there is a great need to develop a sensing platform for reliable 
longitudinal monitoring of reproductive ageing biomarkers/hormones to predict the ageing process. 

Here, we present a mechanically adaptive microneedle (MN) sensing platform as a foundation for 
future longitudinal hormone monitoring in interstitial fluid (ISF). The platform incorporates a 
crosslinking–recombination bovine serum albumin (CR-BSA) buffer layer that undergoes a hydration-
induced stiff-to-soft transition. The coating is stiff before insertion and softens upon contact with ISF, 
improving compatibility between rigid MNs and surrounding tissue. Using sodium sensing as a model, 
CR-BSA-coated MN sensors maintained more stable sensitivity over 14 days of laboratory testing 
than Nafion-coated controls. This technology provides the foundation for integrating hormone-
specific sensing elements into a platform for longitudinal reproductive health monitoring. Future 
development will focus on multiplexed detection of E2, FSH, and AMH, with validation of analytical 
performance and relationships between ISF and blood concentrations. Such a platform could support 
studies of reproductive ageing and the development of minimally invasive tools for personalised 
reproductive health assessment. 
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Nanostructured surfaces and nanoparticles can boost the performance in many different fields of 
application, driving a growing demand for novel nanoparticles with tailored physical properties 
optimized for the specific tasks. Among these, magneto-plasmonic nanoparticles, which combine 
localized surface plasmon resonances with magnetic properties, are emerging as versatile agents for 
multimodal bioimaging and theranostics. Bare plasmonic contrast agents have already enabled high-
resolution photoacoustic imaging of cells in vivo but remain limited by static background signals. 

Here, we introduce elongated, ferromagnetic magneto-plasmonic nanoparticles and associated 
imaging and sensing schemes that exploit magnetically driven nanoparticle orientation. The presented 
anisotropic nanoparticle type is showing tunable plasmon resonances with a peak position matched to 
the excitation wavelength of the employed imaging technique. Furthermore, we are presenting novel 
imaging and biosensing technologies based on the tailor-made magneto-plasmonic nanoparticles. The 
new magneto-plasmonic imaging technique enables background reduction in optoacoustic imaging 
and is based on magnetic manipulation and plasmonic signal generation. 

Nanoparticle orientation-dependent absorption allows to periodically excite the nanoparticles and, 
thus, the recovery of nanoparticle signals even in the presence of a static background. Using a 
multispectral optoacoustic tomography (MSOT) system from iThera Medical gmbH equipped with 
integrated magnetic coils, we realize magnetically switchable contrast and demonstrate background 
reduction in phantoms, followed by contrast switching in a zebrafish animal model.  

Finally, we outline an ultrasensitive nanoplatform for on-site water quality monitoring based on 
surface-enhanced Raman scattering (SERS) from analyte-loaded magneto-plasmonic nanoparticles 
reversibly confined in nanochannels. Controlled nanoparticle orientation and deterministic coupling 
to plasmonic hotspots in the channel are expected to increase both SERS sensitivity and accessible 
spectral range. Together, these results establish magneto-plasmonic nanoparticles as a promising class 
of actively switchable probes for high-contrast molecular imaging and high-sensitivity sensing in 
complex media. 

This work has received funding from the European Union’s Horizon programme 2020 and 2024 under grant agreement 
numbers 899612 "SWIMMOT", 101016964 "REAP" and 101186814 "WATERsense". 
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Accurate assessment of degree of damage in nerves is essential for the diagnosis and treatment of 
peripheral nerve injuries. Current diagnostic methods such as ultrasound and magnetic resonance 
imaging only provide qualitative information, are operator dependent, and do not provide quantitative 
information on the nerve components. In fact, quantitative analysis requires destructive histological 
examination. 

In this study, Raman spectroscopy was investigated as a label-free method for the quantitative analysis 
of peripheral nerves. Raman spectra of peripheral nerve tissue and surrounding tissue types were 
recorded and showed characteristic spectral differences. Spectral deconvolution was used to 
determine the relative contributions of different tissue components within measured whole nerve 
tissue. The Raman-based quantitative results were compared with histological analysis as an 
established method for tissue quantification and showed good agreement. 

These results demonstrate the potential of Raman spectroscopy for non-destructive quantitative 
analysis of peripheral nerve tissue and provide a basis for its further investigation as a diagnostic 
approach for peripheral nerve injuries. 

 



 7th Erwin Schrödinger Symposium 2026 p. 39 
 “Advanced Materials and Methods in Biomedical Applications” 
 September 25, 2026, BOKU University, Vienna, Austria 

 

 

P18 

Ordered Mesoporous Materials on Plasmonic Surfaces: A First Step toward Hybrid VOC Sensors 

Santiago Poklepovich-Caride1, Paula Angelomé1,2, Jakub Dostalek3,4, Juan A. Allegretto3 

1 Gerencia Química CAC, CNEA, Av. General Paz 1499, San Martin, Buenos Aires, 1650 Argentina. 
2 Instituto de Nanociencia y Nanotecnología, CAC, CNEA, CONICET. Av. General Paz 1499, San Martin, 

Buenos Aires, 1650 Argentina. 
3 Laboratory for Life Sciences and Technology (LiST), Department of Medicine, Faculty of Medicine and Dentistry, 

Danube Private University, Krems, 3500 Austria 
4 FZU-Institute of Physics, Czech Academy of Sciences, Na Slovance 2, Prague, 82021 Czech Republic 

Exhaled breath contains a complex mixture of volatile organic compounds (VOCs) originating from 
endogenous metabolic processes as well as exogenous exposures, providing a non-invasive window 
into physiological and pathophysiological states. Changes in the concentration pattern of these 
compounds have been associated with metabolic activity, oxidative stress, exposure to external 
substances, and disease-related processes, highlighting their potential as biomarkers for health 
assessment and clinical diagnosis. Consequently, the analysis of exhaled VOCs has gained increasing 
attention as a safe and non-invasive approach for obtaining relevant biological information. However, 
the practical implementation of breath-based analysis requires sensitive, selective, and accessible 
detection technologies capable of translating variations in VOCs composition into measurable signals, 
motivating the development of sensor-based platforms for breath analysis [1-3]. 

In this context, a plasmonic platform consisting of gold gratings was integrated with porous dielectric 
materials to optically probe VOCs. Au gratings exhibiting optical properties associated to surface 
plasmon resonance [4] were employed to exploit plasmonic hot spots for surface-enhanced Raman 
spectroscopy (SERS). Titanium oxide ordered mesoporous films were deposited onto the gratings, 
generating a porous scaffold that promotes analyte preconcentration on the plasmonic surface prior 
to optical detection [5]. The incorporation of the mesoporous thin films was found to alter the optical 
properties of the plasmonic grating, inducing a red shift of the bands associated with plasmonic and 
dielectric waveguide modes. This spectral shift enabled matching the optical resonances with the 
excitation wavelength of the laser used for SERS measurements of 4-mercaptobenzoic acid (4-MBA) 
as a model analyte, yielding promising results. The analyte was successfully detected in the presence 
of the porous materials, whereas no detectable signal was observed for the bare gratings. These results 
highlight the key role of the porous materials in enhancing the detection capability of the plasmonic 
platform. 

[1] Kim, K. H., et al. (2012). TrAC Trends in Analytical Chemistry, 33, 1-8. 
[2] Alenezy, E. K., et al. (2025). Biosensors and Bioelectronics, 278, 117094. 
[3] Amann, A., et al. (2014). Journal of breath research, 8(3), 034001. 
[4] Lequeux, M., et al. (2020). Plasmonics, 15(6), 1653-1660. 
[5] Zalduendo, M. M., et al. (2018). The Journal of Physical Chemistry C, 122(24), 13095-13105. 
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Positive-tone lithography is a widely used patterning technique in which exposed regions of a solidified 
photoresist become more soluble and are selectively removed during development. It is extensively 
employed in semiconductor fabrication, MEMS, and nanophotonic manufacturing. Beyond these 
established fields, the subtractive features it produces, such as nanocavities and pores, are of 
particular interest for biological interfaces. 

Multiphoton lithography (MPL) enables direct three-dimensional fabrication through localized 
nonlinear optical absorption within the focal region of a tightly focused laser beam [1]. However, its 
resolution is influenced by the excitation voxel size, resist response, and diffusion of photogenerated 
species, often resulting in anisotropic feature dimensions. 

Stimulated Emission Depletion (STED)-inspired lithography overcomes these limitations by combining 
an excitation beam with a depletion beam that suppresses the photochemical reaction around the 
excitation maximum, thereby reducing the effective reaction volume and improving spatial resolution 
and symmetry [2-5]. 

While this concept has been predominantly demonstrated using negative-tone photoresists, its 
application to positive-tone systems remains largely unexplored. Here, we investigate positive-tone 
photoresist behavior under STED-inspired exposure conditions and demonstrate its potential for sub-
diffractional, high-precision three-dimensional nanofabrication. Preliminary results highlight the 
feasibility of this approach and its potential for improved control of nanoscale feature dimensions. 

[1] Heiskanen, S., et al,. Advanced Engineering Materials 22(2): 1901290, (2020) 
[2] Wollhofen, R., et al., Optics Express, 21(9): 10831, (2013) 
[3] Gvindzhiliia, G., et al. ACS Applied Optical Materials 1 945 (2023) 
[4] Fischer, J. and Wegener, M., Opt. Mater. Express 1, 614 (2011) 
[5] Islam S. et al. J. Phys. Chem. C 127, 18736 (2023) 

We acknowledge financial support by the Austrian Science Fund (FWF) DOI: 10.55776/DOC5524224 
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Organic semiconducting (OS) polymers combine mechanical flexibility, tuneable electronic properties 
and biocompatibility, which has established them as key materials in bioelectronics, from on-skin 
sensors to implantable devices. Current chemical and electrochemical fabrication routes are confined 
to planar geometries, requiring additional processing for nanoscale patterning. Extending OS 
polymers into three-dimensional micro- and nanoarchitectures could provide the geometrical 
complexity inaccessible to planar films, opening the way to next-generation devices. 

Multiphoton polymerization lithography (MPL) enables direct 3D structuring via localized nonlinear 
optical excitation and has been applied to OS materials with submicron resolution while maintaining 
electrical conductivity [1]. However, current approaches often rely on blending acrylic photoresists 
with optically opaque PEDOT:PSS dispersions, which limits the PEDOT:PSS content and constrains 
the PEDOT phase and the resulting electrical performance. 

In our recent work, MPL of 3,4-ethylenedioxythiophene (EDOT) using 7-diethylamino-3-
thenoylcoumarin (DETC) as a photoinitiator enabled direct writing of sub-100 nm PEDOT wires and 
the application of STED-inspired photoinhibition for resolution enhancement [2]. However, the low 
monomer viscosity and polymer sensitivity to parasitic absorption, leading to material degradation 
under repeated exposure, confined fabrication to two-dimensional structures. 

In this work, we introduce pentaerythritol tetraacrylate (PETTA) into the EDOT-DETC system to 
provide a crosslinked network for 3D fabrication [3]. Unlike approaches based on opaque dispersions, 
this strategy of subsequent EDOT and PETTA photopolymerization, allows the formation of 
EDOT/PETTA-based three-dimensional architectures while retaining a high EDOT fraction. This work 
establishes direct 3D polymerization of high-content OS materials, allowing the next step of tuning 
their electrical properties and integrating them into devices. 

[1] Delente, Jason M., et al. "Fabrication of 3D PEDOT: PSS composite microstructures via two-photon polymerisation." 
Journal of Materials Chemistry C (2026). 

[2] Gvindzhiliia, et al. "Subdiffraction Multiphoton Polymerization of PEDOT" ACS Applied Materials & Interfaces (2026)  
[3] K. Kurselis, R. Kiyan, V. Bagratashvili, V. Popov, and B. Chichkov, "3D fabrication of all-polymer conductive 

microstructures by two photon polymerization" Opt. Express 21, 31029-31035 (2013). 
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Organic electrochemical transistors (OECTs) are 3-electrode devices where the source and drain 
electrodes are connected via an organic semiconductor channel, typically composed of a conducting 
polymer, and a gate electrode which is coupled through an electrolyte to the channel. Applying 
potential to the gate induces ionic and electronic charge transfer within the channel, thereby 
modulating the source-drain current. A standard semiconducting polymer is poly(3,4-
ethylenedioxythiophene) doped with poly(styrene sulfonate) (PEDOT:PSS). It is indispensable for 
applications ranging from OECTs, solar cells and other organic electronic devices due to its high 
electronic mobility, mechanical flexibility and biocompatibility [1,2]. However, fabrication of channels 
in OECTs is so far limited to thin films and masked-patterned 2D structures. Recently, direct laser 
writing (DLW) with infrared (IR) femtosecond lasers in PEDOT:PSS has been reported to produce 
nanoscale, water-stable, electrically conductive wires by local modification and separation of the 
PEDOT and PSS phases [3,4]. Such precise patterning of the channel material opens the pathway to 
nanoscale OECTs. 

In this work, we present PEDOT:PSS structures fabricated by IR femtosecond laser irradiation as 
channel materials for OECTs. For this, a PEDOT:PSS dispersion is spin-coated onto glass substrates 
carrying indium-tin-oxide (ITO) or gold electrodes and subsequently patterned using 780 nm 
femtosecond radiation. The resulting samples are then tested in an OECT operation measurement. 
Their output characteristics are evaluated to determine the suitability and performance of laser-
patterned PEDOT:PSS channels in OECT devices. This study explores direct laser writing as a versatile 
fabrication approach for miniaturized organic electrochemical transistors. 

[1] Rivnay, Jonathan, et al. "Organic electrochemical transistors." Nature Reviews Materials 3.2 (2018): 17086. 
[2] Taussig, Laine, et al. "Electrostatic self-assembly yields a structurally stabilized PEDOT: PSS with efficient mixed 

transport and high-performance OECTs." Matter 7.3 (2024): 1071-1091 
[3] Ludescher, Dominik, et al. "Femtosecond Direct Laser Writing of Conductive and Electrically Switchable PEDOT: PSS 

Optical Nanostructures." Advanced Optical Materials 13.15 (2025): 2403271.  
[4] Zeng, Mingze, et al. "Phase Separation Manipulated Gradient Conductivity for a High‐Precision Flexible Pressure 

Sensor." Advanced Functional Materials 34.52 (2024): 2411390. 

We acknowledge financial support by the Austrian Science Fund (FWF) DOI: 10.55776/PAT3523723 
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The regeneration of peripheral nerve after traumatic injury remains a major clinical challenge. Native 
dragline spider silk has been established as a promising material for nerve repair because of its 
mechanical strength and its ability to support Schwann cell adhesion and migration [1]. While it is 
known that native silk consists of protein, glycoprotein, and lipid components, the contribution of 
these natural surface elements of spider silk to its biological activity is not fully understood [2]. 

In this study, the outer lipid and glycoprotein-containing layers of native dragline spider silk were 
selectively removed to investigate how they influence the material properties and Schwann cell 
response. Untreated and surface-modified silk fibres were characterized using scanning electron 
microscopy, Raman spectroscopy, and mechanical testing. Schwann cell adhesion, migration, and 
proliferation on the different silk conditions were then evaluated. 

Removal of the outer surface components did not cause major changes in the overall fibre structure or 
mechanical properties. In contrast, Schwann cells showed improved interaction with the silk after 
removal of the outer components, causing an increased migration along the fibres. These results 
indicate that the outer lipid- and glycoprotein-containing layers are not required for the favorable 
cellular response to native spider silk. Instead, exposure of the underlying protein core enhances 
Schwann cell interaction. This suggests that the bioactivity of native spider silk is mainly associated 
with its proteinaceous core. 

[1] Bergmann, F., Stadlmayr, S., Naghilou, A. The properties of native Trichonephila dragline silk and its biomedical 
applications. Biomaterial Advances 140;213089 (2022) 

[2] Stadlmayr, S., Mautner, A., Naghilou, A. Holistic Analysis of Material Properties in Phylogenetically Diverse Spider Silks 
and Their Influence on Cell Adhesion. Advanced Functional Materials (2025) 
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1 Danube Private University (DPU), Laboratory for Life Sciences and Technology (LiST)| 2700 Wiener Neustadt, Austria 
2 Department of Chemistry and Physico-Chemical Processes, Faculty of Materials Science and Technology, 

VSB-Technical University of Ostrava, 17. listopadu 2172/15, 70 800 Ostrava, Czech Republic 
3 FZU-Institute of Physics, Czech Academy of Sciences, NaSlovance 2, Prague 82021, Czech Republic 

In this work, we integrate exfoliated graphitic carbon nitride (eg-C3N4) with metal-organic-framework 
(MOFs) materials for optical and photocatalytic applications. Bulk g-C3N4 was synthesized and 
exfoliated for either 30 min or 60 min at 550 °C to expose more active sites that can be used for 
photocatalytic reactions applied in the breakdown of pollutants. The materials were characterized by 
nitrogen adsorption for determining the surface area and X-ray diffraction (XRD) to determine their 
crystallinity. Different MOFs were solvothermally synthesized, including zeolitic imidazolate 
frameworks and UiO-66 and its linker-functionalized derivatives. To facilitate composite production, 
synthesis conditions were adjusted according to the dispersion tests of the bulk and exfoliated g-C3N4 
materials. Raman measurements were conducted for the eg-C3N4, the MOFs and the composites to 
enable the comparison of the characteristic vibrational energy modes of the materials to confirm the 
integration of exfoliated g-C3N4 and different MOFs. This work builds towards the use of these 
composites as constitutive materials for sensor development. 
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Programming Dynamic Schiff-Base Hydrogel Formation through 
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1 Polymer Institute of the Slovak Academy of Sciences, Dúbravská cesta 9, 845 41 Bratislava, Slovakia 
2 Faculty of Natural Sciences, Comenius University, Ilkovičova 6, Bratislava, Slovakia 
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Injectable hydrogels formed through Schiff-base chemistry are attractive biomaterials for tissue 
engineering because they gel rapidly under physiological conditions without external initiators and 
form dynamic imine bonds that enable self-healing, shear-thinning injectability, and stress 
relaxation [1-3]. Gelatin is frequently incorporated to provide cell-interactive motifs and biological 
functionality, while oxidized dextran serves as an efficient aldehyde-bearing crosslinker. However, the 
limited amine content of gelatin restricts crosslink density and mechanical performance. Chitosan is a 
promising complementary component due to its abundant amine groups and inherent bioactivity, but 
its poor solubility at physiological pH limits its integration into neutral Schiff-base hydrogel 
systems [4]. 

In this study, chitosan was partially functionalized with glycidol to improve aqueous solubility while 
preserving a controlled fraction of free amine groups for dynamic Schiff-base crosslinking. Chitosan 
derivatives with low, medium, and high degrees of substitution were combined with gelatin and 
periodate-oxidized dextran to form injectable hydrogels under physiological conditions. All 
formulations exhibited rapid gelation and developed stable viscoelastic properties within 
approximately one hour, as confirmed by rheological measurements. The results demonstrate that 
partial glycidol functionalization provides a balanced strategy to integrate chitosan into neutral-pH 
Schiff-base hydrogels while maintaining its crosslinking capability. Furthermore, the degree of 
chitosan substitution emerged as an effective design parameter for tuning network formation and 
material properties. This work presents a versatile platform for developing dynamic, injectable, and 
self-healing hydrogel systems for tissue engineering and regenerative medicine applications. 

[1] Scott et al., Adv. Mater. 2025, 37, 2408616. 
[2] Liang et al., Nat. Mater. 2025, 24, 599. 
[3] Peng et al., Nat. Nanotechnol. 2023, 18, 1463. 
[4] Almajidi et al., Int. J. Biol. Macromol. 2023, 253, 127278. 

This work was supported by VEGA 2/0154/26, APVV-22-0568, APVV-22-0565, and FLAG-ERA grant GRAPH-OCD, by the 
Slovak Academy of Sciences under the grant number FLAG ERA III/2023/808/GRAPH-OCD. 
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Ionizable Water-Soluble Cyclodextrin Polymers for 
Resveratrol Delivery in Biomedical Applications 

Faezeh Ardestani1, Juraj Filo2, Zuzana Kronekova1, Igor Lacik1, Abolfazl Heydari1,3 
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Cyclodextrin-based polymers are attractive drug-delivery systems owing to their ability to 
encapsulate hydrophobic molecules through host-guest interactions while offering tunable 
physicochemical properties [1,2]. In particular, ionizable β-cyclodextrin polymers containing carboxyl 

groups can provide pH-responsive behavior and enhanced aqueous solubility, making them promising 
carriers for poorly water-soluble therapeutics [1]. 

Here, we investigated the effect of an amino-containing modifier on water-soluble β-cyclodextrin 

polymers synthesized by thermal polycondensation of β-cyclodextrin and citric acid. The polymers 

were characterized by NMR spectroscopy, elemental analysis, potentiometric titration, 
thermogravimetric analysis, and zeta-potential measurements. Cytotoxicity was also evaluated using 
fibroblasts. The amino-containing modifier altered the polymer composition and thermal degradation 
profile, while only modestly affecting acidic-group content. All formulations exhibited increasingly 
negative zeta-potentials with increasing pH, consistent with carboxyl-group deprotonation. The 
modified polymers showed no apparent cytotoxicity toward fibroblasts under the tested conditions. 
Resveratrol encapsulation studies revealed comparable loading capacities and encapsulation 
efficiencies across all formulations. These results demonstrate that the modifier provides a convenient 
strategy to tune the properties of ionizable cyclodextrin polymers while maintaining comparable 
resveratrol loading and encapsulation efficiency.  

[1] E. Kashani, S. Maghsoudi, H. Rezania, M. Yarazavi, M. Hajiabbas, G. Benkovics, E. Bilensoy, I. Lacík, A. Heydari, 
Cyclodextrin polymers containing ionizable and ionic groups: A comprehensive review from classifications and 
synthesis methods to applications, Materials Today Chemistry 39 (2024) 102186. 
https://doi.org/10.1016/j.mtchem.2024.102186 

[2] M.A. Elmeligy, F. Rasoulian, S. Kalantarifard, J. Filo, S. Dinparvar, A.M. Omer, L. Vojtová, S. Nehrer, I. Lacík, A. Heydari, 
Cyclodextrin–epichlorohydrin–cyanoguanidine polymer for resveratrol delivery to enhance human chondrocyte 
function in cartilage repair, Biomacromolecules 27(5) (2026) 3063–3079. 
https://doi.org/10.1021/acs.biomac.5c02392 

This work was supported by VEGA 2/0154/26, APVV-22-0568, and the FLAG-ERA GRAPH-OCD project through the 
Slovak Academy of Sciences under grant number FLAG ERA III/2023/808/GRAPH-OCD, with additional support for 
Faezeh Ardestani provided by the National Scholarship Programme of the Slovak Republic, administered by SAIA, n. o. 

 

https://doi.org/10.1016/j.mtchem.2024.102186
https://doi.org/10.1021/acs.biomac.5c02392
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Tuning Dynamic Covalent Hydrogels through Small-Bridge Valency 
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Dynamic covalent hydrogels have attracted considerable attention for tissue engineering due to their 
injectable, self-healing, and adaptive properties. Their viscoelastic behavior is strongly governed by 
the kinetics and density of reversible interactions within the polymer network. In particular, 
controlling the linking rate and equilibrium constants of reversible exchange reactions provides a 
molecular strategy for regulating hydrogel stiffness, stress relaxation, and mechanical 
adaptation [1-3]. In this work, we investigate the influence of small-bridge valency on the viscoelastic 
and functional properties of injectable dynamic covalent hydrogels based on modified chitosan 
crosslinked through reversible interactions between polyphenols and boronic acid. 

A series of hydrogel formulations with different dynamic bridge valencies was prepared and 
systematically characterized. Gel formation and viscoelastic properties were evaluated by oscillatory 
rheology, including time, frequency, and amplitude sweeps, stress-relaxation measurements, step-
strain recovery, cyclic amplitude sweeps, and creep-recovery experiments. Mechanical properties 
were further investigated by unconfined compression testing. Changing the valency of the dynamic 
bridge altered the viscoelastic behavior of the networks, with a shift of the crossover point toward 
higher frequencies observed for the more dynamic formulation. Stress-relaxation measurements 
further demonstrated faster relaxation behavior, while recovery experiments confirmed the 
reversible and adaptive nature of the hydrogel networks. 

[1] Morgan, F.L.C., et al., Designing Dynamic Hydrogels: The Interplay of Cross-Linker Length, Valency, and Reaction 
Kinetics in Hydrazone-Based Networks. Chem Mater, 2025. 37(8): p. 2709–2719. 

[2] Morgan, F.L., et al., Structure–Reactivity Relationships in a Small Library of Imine-Type Dynamic Covalent Materials: 
Determination of Rate and Equilibrium Constants Enables Model Prediction and Validation of a Unique Mechanical 
Softening in Dynamic Hydrogels. Journal of the American Chemical Society, 2024. 146(40): p. 27499–27516. 

[3] Liu, C., et al., Engineering the viscoelasticity of gelatin methacryloyl (GelMA) hydrogels via small “dynamic bridges” to 
regulate BMSC behaviors for osteochondral regeneration. Bioactive Materials, 2023. 25: p. 445–459. 

This work was supported by VEGA 2/0154/26, APVV-22-0568, and FLAG-ERA grant GRAPH-OCD, by the Slovak Academy 
of Sciences under the grant number FLAG ERA III/2023/808/GRAPH-OCD. 
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Smectite-Polymer Composites for pH-Responsive Curcumin Delivery 

P. Labib Shotorban1, L. Kleman Santos1, M. Zimovska2, H. Pálková1 

1 Institute of Inorganic Chemistry, Department of Hydrosilicates, Slovak Academy of Sciences, 
Dúbravská cesta 9, 845 36 Bratislava, Slovakia 
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Curcumin is a well-known compound which shown pharmacological potential across a diverse 
spectrum of diseases, with anti-inflammatory, antibacterial, and antiviral activities. However, clinical 
application requires further research and development because of its poor aqueous solubility and low 
oral bioavailability. Therefore, developing delivery systems to stabilize and release these active 
molecules is a promising strategy. This work focused on optimizing the preparation of pH-responsive 
composites based on layered silicates and polymers, incorporating curcumin to investigate the release 
behavior. Layered silicates, especially those belonging to so-called smectites, are particularly 
attractive because their negative layer charge and cation exchange capacity facilitate encapsulation 
and controlled release of active molecules [1,2]. 

Two types of smectites, differing in structure, were used to prepare composites with polyvinyl alcohol 
(PVA) and chitosan. Freeze-thaw cycles formed a smectite-PVA layer that provided mechanical 
stability and served as the substrate. Smectite-chitosan dispersion containing curcumin cast onto the 
substrate provided a layered composite. SEM cross-sectional images showed a continuous stacked 
morphology without interfacial defects. The optimized procedure therefore confirmed the 
development of a cohesive material with hydrogen bonding at the interface between layers of the 
composite. 

The curcumin release was monitored for 24 h in buffer solutions simulating gastrointestinal (pH 4.5) 
and blood (pH 7.4) conditions. At pH 7.4, the release reached approximately 90% of the curcumin 
solubility limit. Lower release was observed under acidic conditions (pH 4.5). In addition, immersion of 
prepared composite films with defined dimensions in buffer media showed pH-sensitive rolling 
behavior, with the smectite-chitosan layer oriented outward under acidic conditions. This pH-
responsiveness was driven by protonation and deprotonation of the chitosan amine groups. The 
results highlight the potential of layered silicate-based polymer composites as stimuli-responsive 
delivery systems for poorly soluble active agents. 

[1] Yang, J. H., Lee, J. H., Ryu, H. J., Elzatahry, A. A., Alothman, Z. A., & Choy, J. H. (2016). Drug–clay nanohybrids as 
sustained delivery systems. Applied Clay Science, 130, 20-32. 

[2] Jafarbeglou, M., Abdouss, M., Shoushtari, A. M., & Jafarbeglou, M. (2016). Clay nanocomposites as engineered drug 
delivery systems. RSC advances, 6(55), 50002-50016. 

The project is funded by the Slovak Academy of Sciences program for PhD students, DoktoGrant No. APP0633, and the 
Slovak Research and Development Agency APVV-23-0635. 
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Laser-guided crosslinking: Advanced two-photon initiators for direct cell embedding 
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Two-photon polymerization (2PP) is emerging as a key biofabrication modality, enabling direct cell-
embedded printing and a resolution down to the submicron range [1,2]. This process relies on 
photoinitiators, that initiate the polymerization by generating radicals. However, many commonly 
used compounds either exhibit insufficient cytocompatibility or possess low two-photon absorption 
cross-sections [2]. To address this limitation, functionalized chromophores with diazosulfonate 
groups, that enhance two-photon activity and aqueous solubility, were synthesized, since these 
features are critical for biomedical applications. Three novel photoinitiators were isolated and 
evaluated for their ability to crosslink gelatin-derived hydrogels using 2PP. Following quantification of 
their two-photon activity, cytocompatibility using human adipose-derived stem cells (hASCs) was 
assessed. Notably, no significant reduction in cellular metabolic activity was observed upon UV 
irradiation of the photoinitiators in the presence of hASCs. Finally, direct cell embedding of the cells 
within hydrogel architectures using 2PP was demonstrated and the resulting constructs were 
characterized by laser scanning microscopy. 

[1] Torgersen, J et al. Adv. Funct. Mater. 2013 
[2] Tromayer, M et al. Polym. Chem. 2018 
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