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 Abstract 

Introduction: Highly resistant bacteria and fungi in particular have led to an international resistance 

crisis in recent decades, which was relatively underestimated for a long time. At the same time, the 

development of new antibiotics and antimycotics was criminally cut back. This seriously jeopardises 

the maintenance of modern high-performance medicine and in particular the use of invasive 

biomaterial-based medical devices. This is where the many new developments in materials science 

can help to develop so-called complementary antimicrobial strategies to protect implants from 

microbial colonisation and biofilm formation. Before these antimicrobial biomaterials can be used, for 

example, as release systems, implant coatings or as temporary scaffolds in humans, their 

biocompatibility must be proven preclinically. With the help of today's biofabrication and information 

processing technologies, biocompatibility testing of antimicrobial biomaterials (AMBs) is becoming 

more comprehensive, faster and cheaper. The innovative and comprehensive assessment of the 

biocompatibility of AMBs is illustrated by H2O2 releasing, biodegradable hydrogels [1], 

Amhelin/Dispersin B (DB) modified polyhydroxyalkanoate (PHA) meshes [2], and Ag+ releasing 

dressings [3]. A sufficient killing effect against highly resistant bacteria is one thing, but the 

simultaneous guarantee of high cell, blood and immune system compatibility in humans, preclinically 

tested on human 3D tissue equivalents [4,5], must be ensured before the first clinical trials in humans 

can be conducted.  

 Materials and methods: Hyperbranched PEG-thiolated hyaluronic acid hydrogels with the ability 

to generate/release H2O2 in situ were prepared by a thiol-ene click reaction between hyperbranched 

polyethylene glycol diacrylate (HB PEGDA) synthesised by reversible addition-fragmentation chain 

transfer (RAFT) polymerisation and thiolated hyaluronic acid (HA-SH). Honey mimetic properties 

were realised by hydrogel loading with glucose oxidase (GO). GO causes conversion of D-glucose to 

D-gluconolactone with release of H2O2. PHAs were produced by bacterial fermentation under 

nitrogen-limiting conditions and with glucose as carbon source using Pseudomonas mendocina CH50. 

PHA-[NCO-sP(EO-stat-PO)] based blend fibres functionalised with bacterial membrane targeting 

Amhelin and biofilm disrupting enzyme DB were prepared by electrospinning. Various silver-

containing wound dressings were obtained from different suppliers. All biomaterials were extensively 

characterised chemically and biologically [1,2,3]. The guidelines of the International Organisation for 

Standardisation (DIN EN ISO 10993) and the European Committee for Antimicrobial Susceptibility 

Testing (EUCAST) were followed. The detailed protocols for a human 3D skin equivalent, its 

complete characterisation and the application of 3D cell/tissue culture-based assays can be found at 

Idrees et. al. [4,5].  

 Key findings: Using various AMB systems, it could be shown that well-established, fast-to-perform 

and less complex 2D cell culture assays for DIN-compliant in vitro biocompatibility analyses are not yet 

obsolete. The data can be used in the CBA phase for pre-selection of specific biomaterial candidates. As 

a result of the amount of material/modification-specific data and unpredictable correlations with the 

collected biological cell-biomaterial effects, machine learning algorithms can help with candidate 

selection. Nevertheless, it was confirmed that different AMB approaches under more physiologically 

realistic 3D tissue culture conditions resulted in less toxic reactions at higher antimicrobial compound 

concentrations. By using dynamic 3D culture systems, so-called on-chip tools, the cultivation period of 

the presented human 3D HSE could be significantly extended and thus longer-term pathological, 

physiological or regenerative effects of AMBs could be investigated and analysed.  

 Major conclusions: Dynamic 3D tissue culture offers much more realistic investigation 

possibilities. Considering the higher costs for biocompatibility analysis with hTOC systems, MLA and 

AI concepts can be helpful in the selection of AMB candidates. 
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