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Introduction 
Hydrocephalus is a clinical condition arising from the accumulation of cerebrospinal fluid within the 
ventricles of the brain. The main treatment for this condition involves the insertion of a shunt 
catheter to bypass the blockage and allow the CSF to drain from the ventricles, thus alleviating the 
build-up of intracranial pressure that would otherwise prove fatal. Such catheters, which are 
commonly made from medical grade silicone, are subject to high incidence of mechanical failure, 
infection and blockage owing to cerebral tissue infiltration and bacterial colonisation [1]. 
 
Increasing the degree of hydrophilicity of the catheter has been reported as an effective way to 
decrease cell adhesion and at the same time increase resistance to bacterial colonisation. Here, 
medical grade polyurethane was modified with the addition of inorganic modifiers (titanium and 
zinc) via a sol-gel process.  
 
Experimental Method 
Electrospun medical grade polyurethane (Z6A1 b9 ‘A’ series thermoplastic poly-ether urethanes, 
Biomer Technology Ltd., Runcorn, UK) was modified either with zinc or titanium via a sol-gel process 
during the electrospinning process itself. Analysis of fibre diameter was conducted via scanning 
electron microscopy, while cell viability was quantified with a colorimetric assay (alamarBlue®, 
ABDserotec, Kidlington, UK) and cell apoptosis with an apoptosis assay (Cell-APOPercentage™, 
Biocolor Ltd., UK). Bacteria colony forming units were determined with serial dilution method on 
agar plates. 
 
Results and discussion 
The sol-gel process has a direct impact on the diameter size and distribution of the fibres, with 
modified materials exhibiting a narrower diameter distribution as compared to unmodified 
electrospun polyurethane (Fig. 1).  
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Fig 1: SEM micrographs of unmodified, titanium and zinc-modified electrospun materials, and 
histogram showing their respective fibre distributions. 
 
Upon exposure to human immortalised astrocyte cultures, modified electrospun materials exhibit a 
significantly lower viability than the positive control (Fig. 2A), and a higher apoptotic rate than the 
negative control (PDMS; Fig. 2B). Preliminary results suggest that cell adhesion is relatively large on 
more adhesive electrospun materials, while at the same time being lower for materials with smaller 
fibre diameters. 

  
Fig. 2: Graph a): Viability of human astroglioma cells after 2, 4 and 9 days. Graph b): apoptosis rate 
of human astroglioma cells after 2, 4 and 9 days. 
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Results from bacterial colonisation studies show that nanostructured surfaces are effective in 
controlling and reducing Staphylococcus aureus colonisation (1 Log10 unit reduction), as compared to 
the standard silicone (Fig. 3). 

Fig. 3: Staph. Aureus CFU/mL count after 24 hours. 
 
 
Conclusions 
Successful modification of polyurethane with zinc and titanium was achieved. Human astroglioma 
cell cultured for 9 days on modified electrospun materials exhibited lower viability and higher 
apoptosis rates. Incubation with Staph. aureus cultures showed a 1 Log unit reduction in colony 
forming units on the modified electrospun surfaces compared to PDMS control surfaces. The results 
from this preliminary in-vitro investigation are promising and support further research to explore the 
potential of such materials for this application. 
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