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Abstract : The hyaluronic acid (HA) polymers cross—linked with lactide (LA) using the crosslinking
agent, 1,3—butadiene diepoxide (BD), were prepared in order to develop a biomedical material for tissue
engineering. The degree of lactide and BD reaction of the crosslinked polymer was determined by the
analysis of nuclear magnetic resonance spectroscopy. Both degree of reaction and swelling ratio
increased with BD concentration or LA/HA mole ratio. Tensile modulus decreased with increasing BD
concentration or decreasing LA/HA mole ratio. Degradation was shown to be progressed at two different
stages and became slow with increasing BD concentration. It was shown that the first stage degradation
was mainly due to the decomposition of ester linkage in the crosslinked structure. The cell growth
inhibition increased with BD concentration. Although cytotoxicity was slightly observed in the high BD
concentration, the value was very low (below 6%) enough not to affect the cell growth.
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Figure 1. Structure of ester group (a) connected to lactide end group and (b) crosslinked to HA.
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Figure 2. '"H-NMR spectra with methyl group (a) connected to
ester end group, (b) connected to crosslinked ester group, (c)
connected to amide group of HA, and (d) methylene group
connected to BD.
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Table 1. Methyl and Methylene Group Concentration Measured
by "H-NMR in the LA/HA Polymers Crosslinked at Different BD
Concentration

BD Concentration 1.9ppm 2.1 ppm 2.8 ppm  4.3—4.8 ppm
(Wt%) (a) (b) (c) (d)
4.26 0.0536 0.0399 0.0661 0.6277
8.18 0.0234 0.0378 0.0414 0.7344
11.78 0.0213 0.0373 0.0244 0.7516

Table 2. Reactivites Calculated from NMR Data of Table 1

BD Concentration Degree of lactide Selectivity — Degree of BD

(Wt%) reaction((ath)/c) (b/(ath))  reaction(d/c)
4.26 1.415 0.427 9.496
8.18 1.478 0.618 17.739

11.78 2.402 0.637 30.803

Table 3. Tensile Properties of LA/HA Polymers with BD Concen-
tration (mole ratio: 5, temperature: 30 C)

BD concentration Tensile strength Young’s modulus Elongation

(wt%) (kgg/mm®) (kgg/mm®) (%)
4.26 0.484 0.461 155
8.18 0.324 0.211 220
11.78 0.113 0.066 269
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Figure 3. The effect of BD concentration on swelling and
reactivity.

Table 4. Tensile Properties of LA/HA Polymers with Mole Ratio
(BD concentration: 8.18 wt%, temperature: 30 C)

Mole Tensile strength  Young’s modulus  Elongation
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Figure 4. The effect of mole ratio on swelling and reactivity.
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Table 5. Reactivites Calculated from NMR Data in the LA/HA
Polymers before Degradation and after 3 days’ Degradation

Degree of lactide Degree of BD

Time . .
reaction reaction

Before dagradation 1.16 5.3

After degradation 0.08 2.2
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Figure 7. Growth inhibition of L929 embryo fibroblast cell in the
extracts of LA/HA polymers crosslinked at different BD con—
centration.
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