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Introduction

Poly ((-glutamic acid) ((-PGA) is an acidic polyamide produced by several bacillus species (Cromwick et al., 1996; Ogawa et al., 1997; Yoon et l., 2000). It is biocompatible and biodegradable polymer that has a broad range of molecular weight of 100,000 – 1,000,000. The studies on hydrogel of gelatin:poly (L-glutamic acid), synthesized by chemically, were done by several researchers (Otani et al., 1998; Iwata et al.,1998) but of gelatin:(-PGA were not done. Therefore characteristics especially based on swelling property of hydrogel made of gelatin:(-PGA was surveyed in this paper.
Material and Methods

Chemicals (-PGA fermented by B. licheniformis ATCC 9945A was obtained by our laboratory. The number-average molecular weight, Mn, of (-PGA was 1.7 Х 105 as analyzed gel permeation chromatography. WSC, 1-ethyl-3-(3-dimethylaminopropyl) carboiimide, and gelatin were obtained by Sigma-Aldrich Co., Ltd. and Junsei Chemical Co., Ltd. respectively. 

Hydrogel 3 ml of WSC (100 mg/ml) was added 7 ml of two mixed gelatin and (-PGA solutions each, one of which contains PGA of 7.1 mg and gelatin of 21.3 mg and the other contains PGA 14.2 mg and gelatin 14.2 mg keeping constant the sum of (-PGA and gelatin. The gel was formed within 10 minutes after mixing of WSC solution and mixed gelatin and (-PGA solution. Hydrogel was vacuum-dried for 1 day after drying under ambient condition 1 day.

Swelling ratio (SR) and water fraction (Ws) The swelling ratio and water fraction were calculated following equations for each:
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where mwet and mdry represent mass of wet and dried hydrogel repectively.

Results and discussion

Swelling kinetics of hydrogel The swelling kinetics results presented for a few samples in Figs. 1 and 2 show that the equilibrium swelling degree was established after 5 h. The hydrogels experienced deswelling at pH 3 and 4 before the swelling process reached equilibrium. The hydrogel with (-PGA:gelatin ratio of 1:3 reached the equilibrium faster than the hydrogel with PGA: gelatin the ratio of 1:1 regardless of pH value. This could be guessed that the cross linking density in hydrogel was different. The higher the cross linking density is, the slower the swelling process is. But the hydrogel with (-PGA:gelatin ratio of 2:1 took long time to form gel and its mechanical strength was weak so it was not considered here.

Effect of pH on swelling ratio of hydrogel The equilibrium swelling ratio was shown in Fig. 3. The swelling ratio increased rapidly by change of pH value from 3 to 5 and the variance in swelling ratio was small in further increase of pH value. Low swelling ratio in acidic solution was mainly guessed due to the un-ionized carboxyl group in (-PGA molecule because un-ionized (-PGA has small hydration compared with ionized (-PGA. Do et al. reported that the increase in loss of (-PGA occurred simply by change of pH from 6 to 3 during the concentration of PGA by ultrafiltration. The water fraction in hydrogel with (-PGA:gelatin ratio of 1:1 was higher than with (-PGA:gelatin ratio of 1:3 (Fig. 4). This fact agreed to swelling results. The water fraction in both hydrogel was above 0.9 in the range of pH 6 – 10.
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Figure 1. The swelling kinetics for a hydrogel with (-PGA:gelatin ratio of 1:3.
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Figure 2. The swelling kinetics for a hydrogel with (-PGA:gelatin ratio of 1:1.
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Figure 3. The effect of pH on equilibrium ratio (The opened and filled circle represent hydrogel with PGA:gelatin ratio of 1:3 and 1:1 respectively)
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Figure 4. Effect of pH on water fraction in hydrogel (The opened and filled circle represent hydrogel with PGA:gelatin ratio of 1:3 and 1:1 respectively)
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