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ABSTRACT

A series of synthetic hydrogels have been prepared based on poly(2-
acrylamido-2-methylpropane sulfonic acid sodium salt), poly(Na-AMPS), with a view
to their potential use as wound dressings for second-degree burns. The hydrogels
were prepared via free radical addition polymerisation of Na-AMPS in aqueous
solution. Three different types of initiation were compared: thermal, redox and
photoinitiation.  Overall, photoinitiation gave the best results using an initial
monomer concentration, [Na-AMPS], of 40% w/v in water. Two different
photoinitiator-crosslinker systems were also compared: 4,4"-azo-bis(4-cyanopentanoic
acid) — ethylene glycol dimethacrylate (ACPA — EGDM) (System I) and
1-hydroxycyclohexyl phenyl ketone — poly(ethylene glycol) diacrylate (Irgacure 184
— Ebecryl 11) (System II), both of which proved to be similarly efficient in terms of
the rate of polymerisation and product quality. Photopolymerisations were carried out
in a purpose-designed mould so that the hydrated hydrogel was obtained in the form
of a thin sheet of uniform thickness of 1.20 + 0.02 mm, thereby combining the
polymerisation and fabrication steps into a single operation.

Property testing showed that the hydrogel sheets, both Systems I and II, were
highly water-absorbent with equilibrium water contents (EWCs) in distilled water at
37°C of 99% by weight, attainable within 30 mins. When then left in air at room
temperature, this EWC,..r decreased over a period of about 4 hrs to an EWC,;; of
26% by weight. The water vapour transmission rate (WVTR) measurements, which
combined absorption, diffusion and evaporation, showed the biggest difference
(= 30%) between the System I (102 g m™ hr') and System II (129 g m™ hr')
hydrogels. The higher WVTR for System II was thought to have been due to its
longer and more flexible PEGDA crosslinks compared to EGDM leading to a more
extensible network structure. Oxygen permeabilities were generally high for both,
while the level of skin adhesion was satisfactory, as was the ease of application to and
removal from the skin, as supported by peel test measurements.



An important consideration was the presence of residual monomer in the
hydrogels and its implications for cytotoxicity. Ion chromatography analysis of
distilled water extracts showed that the residual [Na-AMPS] monomer concentrations
in the hydrogels were 0.15% by weight for System I and 0.01% by for System II.
Neither of these concentration levels proved to be cytotoxic when unextracted sheets
were tested by direct contact with L929 mouse fibroblast cells.

The effects of adding a humectant were also studied. Two humectants, namely
glycerol (Gly) and poly(ethylene glycol) (PEG) were compared in the System II
hydrogels. At the 10% by weight level, neither had a significant effect on water
absorption but they did both slow down the rates of evaporative water loss and water
vapour transmission due to their binding of some of the free water. This was more
clearly observed with PEG due to its polymeric structure. Both glycerol and PEG
drastically reduced peel strength and, hence, skin adhesion but had relatively little
effect on oxygen permeability. It was concluded that the main usefulness of a
humectant is more likely to be to keep the hydrogel sheet hydrated during storage
(i.e., extend its shelf-life) rather than to modify its properties during use.

In another modification, a reinforcing polymer mesh was inserted into the
middle of the monomer solution during its photopolymerisation inside the mould so
that the hydrogel formed around it. This proved to be a simple and effective way of
increasing the cohesive strength of the hydrogel sheet as it swelled on hydration,
provide that the volume expansion was not too high.

Finally, copolymerisation with N-vinyl pyrrolidone (NVP) was studied as a
means of expanding the range of the hydrogel’s properties by chemical structure
modification. It was found that increasing the NVP content had little effect on
photopolymerisability or on the copolymer sheet’s transparency, water absorption,
water retention and water vapour transmission. However, it did significantly increase
oxygen permeability and decrease skin adhesion. Importantly, the poly(Na-AMPS-
co-NVP) copolymers were also non-cytotoxic and, with NVP being cheaper in price
than Na-AMPS, could reduce the unit cost of the final product.
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