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Vitamin C and Poly(ethylene glycol) Protect Concentrated Poly (vinyl
alcohol) Solutions against Radiation Cross-linking
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There is a need for an injectable material to augment damaged cartilage. We propose to make
such self-associating poly(vinyl alcohol) (PVA) hydrogels. Physical associations can be
formed in PVA using a gellant such as polyethylene glycol (PEG). The injectability of PVA
solutions is compromised when sterilized due to chemical cross-linking. We hypothesized that
an anticross-linking agent could prevent cross-linking of irradiated PVA solutions.

PVA (17.5 wt/v %, MW= 115,000 g/mol) was prepared in water at 90°C. PEG (MW=400
g/mol) was added at a ratio of PEG unit to PVA unit of 17, 86, 290, and 639 mol/mol. PVA
solutions (17.5 wt/v %, MW= 16,000, 61,000, 81,000 and 115,000 g/mol) were also prepared.
Vitamin C was added at a molar ratio of vitamin C to PVA unit of 0.75-10.4. Solutions were
poured into syringes and y-irradiated. The viscosity of injectable solutions was determined by
using the bubble tube. Gel content of cross-linked samples was measured by boiling gels in
water for 6 hours, drying at 90°C and calculating the ratio of dry weight to 'as is' weight.

In the absence of an agent hindering the charge transfer facilitated by water, 25 kGy and 100
kGy irradiated PVA solutions were chemically cross-linked (Fig 1). The radiation dose
threshold causing gel formation was exceeded at 25 kGy for all except 16,000 g/mol.

Figure 1. Gel content of irradiated PVA solutions
without vitamin C.

Figure 2. Viscosity of unsterilized and sterilized
PVA solutions with vitamin C.
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Of the irradiated PVA solutions containing PEG, only those equal to or above PEG to PVA
ratio of 290 flowed, suggesting that at PEG concentrations below this value, chemical cross-
linking into a network was not hindered. The gel content of 25 kGy irradiated PVA a PEG to
PVA ratio of 17 and 86 were 2.5±0.9 and 13.9±1.2 %, confirming this observation. In the
presence of vitamin C, none of the irradiated PVA solutions were chemically cross-linked, as
evidenced by the measurable viscosity of these solutions at 50°C (Fig 2). We showed that by
introducing an anticross-linking agent into PVA, chemical cross-linking of PVA can be
prevented and injectibility of irradiated PVA-based solutions is enabled.
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