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Abstract

In this research, the techniques established in previous projects were used to prepare
chitosan/PHB composite membranes. These membranes were then applied in the biomedical
field. The techniques of plasma induced polymerization and immobilization were employed to
prepare the composite membranes. First, poly(acrylic acid) was grafted on PHB membrane by
plasma induced polymerization, then chitosan was immobilized by reacting with PAA using
1-ethyl-3-(3-diethylaminopropyl) carbodiimide hydrochloride (EDAC) as an activation agent.
Membranes with different porous structures and/or immobilize chitosan yields were used in
culture of osteoblast cells and antibacterial tests of gram-negative (Escherichia coli),
gram-positive (Bacillus cereus) bacteria. The biocompatibility and antibacterial activities
were found to increase with increasing amount of chitosan on the membrane, for which
porous membrane immobilized with 0.26 umole/cm? chitosan improved most in terms of cell
MTT absorption and quantity of attachment. Also, an antibacterial activity of ~80% for both E.
coli and B. cereus was achieved by this membrane.

Keywords: biodegradable polymer, poly(3-hydroxybutyrate), porous membrane, surface
modification, chitosan.
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Figure 3 SEM photomicrographs showing the morphologies of the top surfaces of PHB

membranes. (a) Film; (b) Mg.
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Table 1 Grafting yields of poly(acrylic acid) on “Film” and “Mg,”.
PAA Grafting Grafted amount of
Code Substrate : 2 )
yield (mg/cm”)  -COOH (umole/cm®)
low-PAA/PHB(Film) Film 0.07 1
high-PAA/PHB(Film) Film 0.16 2.22
low-PAA/PHB(M80) \Y% BN 0.12 1.67
high-PAA/PHB(M80) Mz 0.48 6.67

Table 2 Immobilization yields of chitosan on poly(acrylic acid) / PHB membranes.

Surface density of amino

Code Substrate )
group (umole/cm”)
CS/low-PAA/PHB(Film) low-PAA/PHB(Film) 0.026
CS/high-PAA/PHB(Film) high-PAA/PHB(Film) 0.037
CS/low-PAA/PHB(M80) low-PAA/PHB(MS80) 0.11
CS/high-PAA/PHB(M80) high-PAA/PHB(MS80) 0.26

Reaction condition: EDAC activation at pH 3 for 6hr, EDAC concentration = 0.05 M,

immobilization time = 12 hr, chitosan concentration = 10 mg/ml.
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Figure 4 MTT tests of hFOB 1.1.9 cells grown and proliferated on modified and
unmodified PHB films.
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Figure 5 MTT tests of hFOB 1.1.9 cells grown and proliferated on modified and



unmodified membrane Mgy.
LAY R B A i AR R B AP HRbE M T‘;l L3 1ﬁ$ﬁ,
o m W H A e XA E L FHRANEET 2 £
2 - x &= X g2 A fE ot 3t Figures 6 ~ 7 0 32 %‘év— x B%',?m’i'ia,ﬁ_
CREAEIFZABEVE R E L A AR % o oMB0 HE k| AT R
SR A RERLPRE VAR T BREL #&—”i‘m’i’?‘}é'k‘_i i toe

Figure 6 SEM photomicrographs of the morphologies of hFOB 1.19 cells cultured on
various membranes for 1 day. (a) CS/high-PAA/PHB(Film); (b) CS/low-PAA/PHB(Film); (¢)
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CS/high-PAA/PHB(M80); (d) CS/low-PAA/PHB(M80); (e) chitosan.
(a) (b)

Figure 7 SEM photomicrographs of the morphologies of hFOB 1.19 cells cultured on
various membranes for 3 days. (a) CS/high-PAA/PHB(Film); (b) CS/low-PAA/PHB(Film); (c)
CS/high-PAA/PHB(M&80); (d) CS/low-PAA/PHB(M80); (e) chitosan.
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Figure 8 Antibacterial activities of various membranes against Escherichia coli. (A)
chitosan; (B) Film; (C) M80; (D) high-PAA/PHB(Film); (E) low-PAA/PHB(Film); (F)
high-PAA/PHB(MS80); (G) low-PAA/PHB(MS80); (H) CS/high-PAA/PHB(Film); (I)
CS/low-PAA/PHB(Film); (J) CS/high-PAA/PHB(M80); (K) CS/low-PAA/PHB(MS&0).
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Figure 9 Antibacterial activities of various membranes against Bacillus cereus. (A) chitosan;
(B) Film; (C) MB80; (D) high-PAA/PHB(Film); (E) low-PAA/PHB(Film); (F)
high-PAA/PHB(M80); (G) low-PAA/PHB(MS80); (H) CS/high-PAA/PHB(Film); (I)
CS/low-PAA/PHB(Film); (J) CS/high-PAA/PHB(M80); (K) CS/low-PAA/PHB(MS&0).
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