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Summary 

 

In recent years, the demand for synthetic degradable polymeric biomaterials has been 

growing continuously for temporary applications in the field of drug-delivery devices, for 

tissue engineering, in scaffolds, or in surgical implants. The information obtained from their 

chemical analysis can be used to modify existing biomaterials and for rational design of new 

materials. The suitability of such materials for specific applications strongly depends on their 

rate of degradation and their biocompatibility. Therefore, the objective of the present study 

was to develop methods for the analysis of biomaterials by degrading them under non-

physiological and physiological conditions, followed by the analysis of their degradation 

products.  

The thesis starts with a review of different degradation methods and analytical strategies, 

which may be applied to gain in-depth knowledge on the chemical structure of degradable 

polymers and the toxicological nature of their degradation products (chapter 1). Methods for 

the degradation and analysis of degradable materials using chromatographic separations and 

spectroscopic or spectrometric detection methods provide useful information. Each 

analytical technique has its limitations, but combination of techniques may provide powerful 

tools to aid in optimizing the performance of degradable polymers. 

In chapter 2 an approach is described to analyse the structure of different polyesters and 

networks based on polyester urethane acrylates, based on completely degrading the polymers 

at harsh conditions, such as elevated temperature and extreme pH. Degradation was 

performed in alkaline media in a microwave instrument. Residues in the glass vessels were 

prevented by incorporating an internal PTFE (“Teflon”) liner. Hydrolysis until completion 

was monitored using NMR spectroscopy. The amount and the kinetic chain length of 

poly(methacrylic acid) backbone were determined by size-exclusion chromatography (SEC). 

The monomeric products were separated and quantified by liquid chromatography 

hyphenated to mass spectrometry (LC-MS). The study provided useful insights in the 

composition of these novel polymeric networks. 

LC-MS was exploited to analyse the products of multi-block poly(ester amide) (PEA), 

partially degraded at extreme pH or high temperature (chapter 3). This analysis provided the 

basis to monitor the release of different monomers and oligomers generated by the enzyme-

mediated degradation of PEA with α-chymotrypsin and proteinase K under physiological 

conditions. The compositional analysis by LC-MS yielded useful information on the 
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polymerization process. Quantitative analysis of several degradation products revealed the 

different esterase and amidase activities of both enzymes. The potential of the studied 

polymer for drug-delivery applications was supported by the steady degradation of the 

polymer under physiological conditions, as was evident from the observed weight loss and 

from the average molecular weight of the remaining polymer the degradation, which was 

preserved according to SEC measurements. This confirmed a surface-degradation 

mechanism. The molar ratios between blocks of the copolymer and different components of 

the polymer were ascertained by 1D and 2D NMR measurements. 

In chapter 4 a miniaturized and automated system is described to study the kinetics of 

degradation and the products formed in an efficient way. Further degradation of the 

generated products in the enzyme media could be avoided. The system allowed tracking the 

degradation products of PEA, coated internally in stainless-steel tubing, under dynamic sink 

and static conditions. The system was investigated using different reaction times, enzyme 

concentrations, and capillary lengths. LC-MS proved to be good analytical technique for the 

on-stream separation and identification of the released degradation products. Analysis in 

continuous-feed and pulse-feed modes allowed to differentiate between primary and 

secondary degradation products. Weight loss curves and concentration profiles of specific 

degradation products often did not coincide. Shorter analysis times, no sample preparation 

and more favourable conditions make the developed system a versatile analytical tool to 

study the degradation of polymers. The minimal requirements on sample quantities and 

enzyme activities highlight the efficient application of this system.  

 

This thesis resulted in the quantitative analysis of complex polyacrylate networks and an 

innovative system for fast assessment of degradable polymeric coatings. 


