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Abstract

Vapor-phase grafting is a step in the modern strategy of optimizing the
molecular architecture of biomaterials. Covalent surface modification with
hydrophilic vinyl monomers and the coupling of bioactive moieties improves
the biocompatibility and bioactivity of the biomaterials.

This thesis describes a new non-destructive, single-step method that has
been developed for the surface modification of degradable polymers. The
technique is solvent-free, performed at low temperatures, and utilizes low
energy irradiation. Substrates are subjected to a vapor-phase atmosphere of
photoinitiator (benzophenone) and a vinyl monomer in a closed reactor at very
low pressure and low temperature under UV irradiation.

Four of the most commonly used degradable polymeric biomaterials;
poly(L-latide) (PLLA), poly(ε-caprolactone) (PCL), poly(trimethylene
carbonate) (PTMC), and poly(L-lactide-co-glycolide) PLGA were functionalized
with N-vinylpyrrolidone (VP). PLLA was surface modified with different
vinyl monomers; VP, acrylamide (AAm), maleic anhydride (MAH), or acrylic
acid (AA). The chemical composition of the surface changed upon grafting,
and the wettability, assesed by static contact angle measurements, increased
markedly. A cell seeding test showed that VP-functionalized PLLA, PTMC,
and PLGA substrates are good materials for keratinocyte and fibroblast cells
to adhere and proliferate on. Complex structures such as porous scaffolds
of poly(ε-caprolactone-co-L-lactide) and poly(1,5-dioxepan-2-one-co-L-
Lactide) with interconnected pores, and submicron-patterned PCL were surface
modified by vapor-phase grafting. Their topographies were well preserved
after grafting, indicating that the grafted layer was very thin. The wettability of
the grafted substrates increased after grafting, especially in the case of porous
scaffolds. Some porous scaffolds were covalently coupled with hyaluronic acid
to demonstrate the concept of coupling bioactive moieties onto the grafted
substrates to further improve the biocompatibility.

Masked grafting, a simultaneous chemical and topographical surface
modification technique for degradable polymers, was developed. The analyses
showed a change in the surface chemistry in sub-micron pattern, and an
increase in the wettability.

The influence of vapor-phase grafting with hydrophilic monomers on
the in vitro degradation rate has also been investigated. PLLA substrates
were functionalized with VP, AAm, and AA and degraded in a buffered
saline solution for various time periods. The results showed a change in the
degradation rate in terms of mechanical characteristics and weight loss.
Grafted monomers remained attached after 154 days of in vitro degradation
which confirmed that the grafted layer was covalently attached to the surface.

Keywords

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4544


ISBN: 978-91-7178-793-4 | Trita-CHE-Report 2007:73 | ISSN 1654-1081
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4544

Vapor-phase grafting, covalent surface modification, functionalization,
solvent-free grafting, sub-micron patterned topography, scaffolds, degradable
polymers, poly(L-lactide), poly(ε-caprolactone), poly(trimethylene carbonate),
poly(L-lactide-co-glycolide), poly(1, 5-dioxepan-2-one-co-L-lactide), poly(ε-
caprolactone-co-L-lactide), N-vinylpyrrolidone, maleic anhydride, acrylamide,
acrylic acid, hyaluronic acid, in vitro degradation

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4544

