
 

Thesis title: Development of an ultra-soft hydrogel for the application in neural tissue engineering 

and brain tissue mimic 

Abstract: Synthetic organ and tissue phantoms are required for mechanical modeling, medical 

training and tissue engineering research. For the design of a material mimicking soft hydrogels 

present the most favorable system. Their stiffness can easily be tailored by varying characteristics 

such as polymer concentration, crosslinking density and material components. However, varying the 

named properties will generally also affect the material stability, and therefore finding a 

compromise between a low stiffness and a sufficient stability is the main challenge. Hyaluronic acid 

(HA) is a biocompatible, nonimmunogenic and biodegradable polysaccharide, which is a component 

of the human ECM. HA can be chemically modified in various ways to enable crosslinking to 

additional components and to form a 3D polymer network. In this work, HA is oxidized (OHA) to 

create aldehyde groups through which different proteins can be bound to OHA by Schiff´s base 

formation. Throughout the PhD studies different additional materials will be investigated regarding 

their suitability for soft tissue applications. The developed materials are thoroughly investigated 

using various methods. While the oxidation procedure was shown to be successful through chemical 

assays, as well as NMR and FTIR, it was shown by GPC measurement to significantly reduce the 

influence of the polymers molecular weight. Mechanical measurement, including parallel plate 

compression, micro-indentation and rheology was used to demonstrate an influence of the 

crosslinking characteristics on the mechanical behavior and the suitability for soft tissue 

applications. Studies on degradation by change in weight and stiffness to investigate long-term 

stability at cell culture conditions (37°C) has shown the maintenance of a stable construct over a 

time of 14 days. Future studies aim to investigate the change of material properties over a long-term 

storage period which could be required to organ phantoms. In vitro studies performed using basic 

cell lines have shown the suitability for cell encapsulation. To investigate the application in neural 

tissue engineering future experiments will include primary neuronal cells.  

 


