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Abstract

Hydrogels are particular macromolecules, characterized by the
presence of a polymeric matrix, an interstitial fluid and eventually
ionic species. The evaluation of the mechanical properties of
hydrogels is important for optimizing applications in various fields,
such as, for example, pharmacokinetics, for controlled drug delivery,
and tissue engineering. In this thesis, the poro-visco-elastic behavior
of pure agarose gel and gel loaded with theophylline was analyzed.

Hydration tests were conducted to evaluate the transport of water in
pure agarose gels. The hydration tests were carried out immersing
samples in water and monitoring their weight (gravimetric tests). The
result shave shown that pure agarose gels absorb/release negligible
amounts of water. Furthermore, the erosion of the polymer network
was evaluated, using a colorimetric method carried out on the
hydration water (external medium). The results have shown a minimal
amount of polymer present in the outer medium, and therefore eroded,
showing that erosion in pure agarose gels is a marginal phenomenon.

Stress-relaxation tests were conducted to analyze the mechanical
response of these gels to mechanical stimuli. The stress-relaxation
tests were performed using a Texture-Analyzer and a device optimized
for working with gels immersed in water. The mechanical response in
terms of stress/time and the potential mass variation of the samples
were monitored. Although there was a slight loss of weight (after 16
h) attributable to a poroelastic behavior, there was no significant
variation in the stress state of the gel. This made it possible to consider
the poroelastic relaxation to be negligible compared to the viscoelastic
relaxation and therefore to describe the stress-relaxation test by means
of a purely viscoelastic model. In particular, a "generalized Maxwell"
model was used to describe the relaxation phase and the number of
Maxwell elements was optimized by the Akaike method. The
viscoelastic model provided relaxation times for agarose gels and their
respective elastic moduli. The sum of the latter, which represents the
elastic modulus of the unrelaxed gel, was compared with the elastic
modulus obtained from Hooke's law used to describe the compression
phase, obtaining a good agreement.

[9]
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The analysis was also carried out on gels loaded with theophylline to
evaluate the transport of water and drug both in the absence and in the
presence of mechanical stresses. The gel loaded at 2% w/w with
theophylline were subjected to hydration tests: the gravimetric results
showed a decrease in terms of mass comparable to the amount of drug
released (determined by spectrophotometric method). Therefore, even
in the case of drug-loaded agarose gel the absorption/release of water
was negligible. The erosion of the polymer was greater than that of
pure gels and, although it is still a few percentage points compared to
the total mass of polymer present, it highlights the disturbance caused
by the presence of the drug in the formation of a compact polymeric
network. The drug release was evaluated both in the absence and in
the presence of a mechanical stimulus (axial compression): it was seen
that there is no difference in terms of release, confirming the
predominantly viscoelastic behavior of the gel. Stress-relaxation tests
conducted on loaded gels showed a lower stress state (and therefore
smaller elastic moduli) of these samples compared to pure gels,
confirming the disturbing effect caused by the presence of the drug in
the formation of the polymeric network.

In conclusion, pure agarose gels loaded with theophylline are scarcely
affected by solvent transport and, in the analyzed times (200 h), show
a negligible erosion of the polymeric network. The poor mobility of
the solvent is also reflected on the mechanical characteristics, which
can be well described by means of viscoelastic solid models (i.e. by a
generalized Maxwell model). The presence of different molecules
other than polymer and/or solvent, in this case theophylline, interferes
with the formation of the polymer network (hindering the formation of
the cross-links) generating less rigid gels. Furthermore, the release of
these molecules is not influenced by the presence or absence of
mechanical stimuli.
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