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Abstract 

The study of the characteristics of hydrogels is critical to identify 
possible applications of these macromolecules. Swelling tests, 
mechanical tests, and network stability tests in various environments 
are therefore essential to evaluate their behavior and thus to be able to 
use them for various purposes in many fields. 

In this work, the mechano-diffusive behavior of pure alginate (a 
biopolymer) hydrogels was analyzed and subsequently, the 
theophylline release from its network was analyzed. The analysis of 
mechanical behavior involved studies of swelling, polymer erosion 
and mechanical behavior during stress-relaxation tests performed on 
cylindrical gels. During the method set-up, absorption kinetics was 
evaluated using different external volumes to assess whether they 
could have affected the equilibrium conditions. From the results 
obtained, it was concluded that the volume of the outer medium 
influences the value of the degree of swelling. It was observed that a 
smaller volume causes a lower swelling degree. However, this was 
true until the use of a volume of a certain value beyond which no 
variation was evident.  

Once the methods was set-up, the behavior of pure gels was evaluated. 
The analysis covered two consecutive phases, the first relating to the 
evaluation of water absorption kinetics and the second relating to the 
analysis of the mechano-diffusive behavior. The mechanical 
properties were studied by stress-relaxation tests performed with the 
texture analyzer, coupled with the evaluation of the gel transport 
properties (quantification of the water movements during the  stress 
relaxation phase). It was noted that pure gels can double their weight 
with respect to their initial values. During the mechanical tests, 
however, it was observed that the relaxation of the network structure 
caused a small release of water. During the two phases, also the 
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analysis of the erosion of the polymer was performed by a 
colorimetric method (based on the oxidation of reducing sugar and 
polysaccharides). Hydrogels during the equilibration phase lost about 
15% of the polymer initially present. No erosion was observed during 
the mechanical tests. The results obtained by the colorimetric method 
were also confirmed by a dry residue analysis. 

The mechano-diffusive analyses were performed also on drug loaded  
hydrogels. In this case the first step (equilibration) was performed in a 
water plus theophylline solution, to allow both the water and the drug 
inlet. The results show that hydrogels during the equilibration phase 
can double their initial weight and that during the mechanical test the 
gel loses a small amount of water. Concerning the drug release, it was 
noted that it was complete at the end of the three-day mechanical test. 
Gel erosion was also evaluated and, as confirmed by the dry residue 
analysis, the trend was the same of the pure gels. Finally, a 
comparison was made between the results obtained from the pure and 
loaded gels, concluding that apart the absorption kinetics from which 
was noted that pure gels absorb about 5% more water than loaded 
gels, all the results of the other tests were similar. 

In conclusion this work has allowed to identify the main phenomena 
regulating the mechano-diffusive behavior of alginate hydrogel, and it 
constitutes the starting point to characterize other hydrogel-loaded-
systems as well as a good starting point to develop a descriptive 
mathematical model of the process.  
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