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Abstract

Electrically conducting polymers induce specific cellular responses at the
molecular level. One of the crucial limitations of the use of conducting
polymers in tissue engineering is their inability to degrade. The incorporation
of conductivity into degradable polymers to obtain materials that are both
electroactive and degradable is therefore highly anticipated. Architecture
plays an important role in the performance of polymers. To be able to achieve
the optimal mechanical, degradation, thermal and biological properties for
a particular biomedical application, it is desirable to promote architectural
diversity.

 In the first part, by combining the electroactivity of conducting polymers
and the degradability of aliphatic polyesters, we have designed and synthesized
a series of linear, star-shaped, hyperbranched, and crosslinked degradable and
electrically conducting polymers and hydrogels based on polylactide (PLA),
polycaprolactone (PCL), and aniline oligomers such as aniline trimer, aniline
tetramer, and aniline pentamer. The polymers and hydrogels obtained have
good electroactivity, as indicated by their ultraviolet spectra and by cyclic
voltammetry. The conductivities of the polymers and hydrogels are tuned by
the content of the aniline oligomer and the macromolecular architecture. The
hydrophilicity of the polymers was greatly increased after doping the aniline
oligomer with acid, which overcomes the hydrophobicity of the PLA and PCL.
Thermogravimetric analysis and differential scanning calorimetry studies show
that these copolymers and hydrogels have good thermal properties compared
to PLA and PCL. The swelling ratios of these hydrogels covered a wide range
and were controlled by the degree of crosslinking, the oligoaniline content, and
the pH of the surrounding solution.

 In the next part, methods for the facile synthesis of degradable conducting
polymers and hydrogels were presented to avoid the multi-step reaction used
in the earlier work. We developed a one-pot reaction for the synthesis of
degradable conducting polysaccharide hydrogels based on chitosan and aniline
tetramer. These hydrogels can form free-standing and flexible conducting
films. This overcomes the drawback of polyaniline which could not be easily
fabricated into a thin film in common organic solvents. We also presented a
universal two-step approach to create degradable conductive diblock or triblock
copolymers based on a polyester and aniline tetramer or aniline pentamer
by a combination of ring opening polymerization and post-functionalization
via an oxidative coupling reaction. The self-assembly behavior of the triblock
copolymer consisting of a middle aniline pentamer segment and two bilateral
polycaprolactone segments in chloroform as a selective solvent (selective for
PCL segment) were also investigated by transmission electron microscopy and
dynamic light scattering. The size of the nanoparticles from the assembly of the
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triblock copolymers depends on the molecular weight of the copolymer and on
the aniline pentamer state.

 In the last part, electroactive degradable non-toxic porous tubular scaffolds
were fabricated from a polymer blend of hyperbranched degradable conductive
copolymer and PCL by a modified solution-casting/particle-leaching technique.
The porous structure of the tubular scaffolds was investigated by scanning
electron microscope and microcomputed tomography. The hydrophilicity of the
blend films was greatly improved by doping with (±)-10-camphorsulfonic acid.
The conductivity of the films was tuned by adjusting the ratio of hyperbranched
degradable conducting copolymer to PCL. The cytotoxicity test with HaCaT
keratinocytes indicated that the materials were non-toxic.

 These degradable electroactive copolymers and hydrogels with
different architectures and properties have a great potential for meeting the
requirements of biomedical application.
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