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Abstract: The degradation characteristics of cross-linked lactide/hyaluronic acid (LA/HA) membranes were investigated
for purpose of applying to tissue engineering. The lactide/hyaluronic acid cross-linked with 1,3-butadiene diepoxide (BD)
and 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDC) was degradated in deionized water in water bath at 37°C. As
the LA/HA mole ratio or crosslinking agent concentration decreased, the degradation rate of the crosslinked membranes
increased. In order to investigate the structure change of the membrane in the degradation process, the control sample and
3, 6, 9 days-degradated samples were analysed by the nuclear magnetic resonance spectroscopy. In case of the membranes
crosslinked with EDC, the HA-EDC bonding structure was degradated slowly whereas the HA-LA bonding structure was
degradated quickly and dissappeared completely after 6 days. In case of the membranes crosslinked with BD, all the cross-
linked bonding structure degradated slowly. The HA-BD bonding structure maintained its original state about 89, 83% in
case of 3, 6 days-degardated samples respectively whereas the HA-LA bonding structure maintained its original state about
83, 65%. The scanning electron microscopy of the degradated membranes showed that the pore density in the surface, and
the structure in the surface and cross section, of the before and after-degradation membranes did not change greatly, so the
membranes was shown to be applied to materials for tissue engineering.
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Fig. 1. Degradation profiles of HA membranes crosslinked
at different mole ratio of lactide to HA.
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Fig. 2. Degradation profiles of HA membranes crosslinked
at different crosslinking agent concentration.
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Fig. 3. 'H-NMR spectra of control (a) and 3(b), 6(c)
days-degradated, BD crosslinked membranes with methyl
group (1) connected to ester group, (2) connected to
amide group of HA, (3) and methylene group connected
to BD.

I‘-Ilﬂl..

7}xA BDS} EDCZ 7tw¥® uhel 23 EAL 124
Hom Auny] s A4z ZtuAR e nEA
< AZtel wheb ZejA7IEA G Al A A
AMEZS NMRE ZA435te] Btz Wl 4 Ay
Botth Fig. 3914= BDE 7tud 1EAdto] Zaj A

39, 6%, 9%1 23 Foll ZHF NMR 42485 Y

313

[ =)

:.-.lhl"ﬁ'll L2 A Jqu J!'. _Jl'

(a) before degradation
|

LJL,-« ,tfl!j"‘ﬁfg_lhﬂ “ LA

Tt e Tr—rrrer

(b) 3 days degradation

ek s

L.L_,;-_ el b, i _.I!l.

P w . W

Fig. 4. '"H-NMR spectra of control (a) and 3(b), 6(c) days-
degradated, EDC crosslinked membranes with methyl group
(1) connected to ester group, (2) connected to amide group
of HA, (3) and methylene group connected to EDC.

(c) 6 days degradation
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Table 1. Methyl and Methylene Group Concentration Measured by 'H-NMR in the Membranes Crosslinked with BD and

Reactivites Calculated from the Data

Time 1.9~2.1 ppm 2.8 ppm 4.5~5.5 ppm Degree of lactide reaction  Degree of BD reaction
(days) (@ (b) © (alc) (b/e)
control 8.07 35.88 116.18 0.23 3.24

3 5.04 26.86 77.35 0.19 2.88

6 4.71 31.80 88.31 0.15 2.78

9 6.15 42.03 113.65 0.15 2.70

Membrane J. Vol. 19, No. 4, 2009



314

BN
4
(ol

o
ox
e

Table 2. Methyl and Methylene Group Concentration Measured by 'H-NMR in the Membranes Crosslinked with EDC and

Reactivites Calculated from the Data

Time 1.6~1.8 ppm 2.1 ppm 2.5 ppm Degree of lactide reaction Degree of EDC reaction
(days) (@) (b) © (alc) (ble)
control 3.0 0.2354 1.4055 0.17 2.13

3 3.0 0.1182 1.3357 0.09 2.25

6 3.0 0 1.2843 0 2.34

9 3.0 0 1.164 0 2.58

(c) after 6 days degradation

(d) after 9 days degradation

Fig. 5. SEM images of surface and cross section of control (a) and 3(b), 6(c), 9(d) days-degradated membranes; left side:

surface; right side: cross section.
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