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Chitosan (CS) has attracted a great deal of attention and has been studies as a
potential absorption enhancer across mucosal epithelia for transmucosal drug delivery.
However, the main drawback of CS is its water-insoluble property at physiological pH (pH
7.4). Therefore, in this study, water-soluble CS derivatives including methylated N-(4-N,N-
dimethylaminobenzyl) chitosan (TM-Bz-CS), methylated N-(4-N,N-dimethylaminocinnamyl)
chitosan (TM-CM-CS), methylated N-(4-pyridylmethyl) chitosan (TM-Py-CS), N-(2-
hydroxypropyl) trimethylammonium chitosan (CSQ), N-benzyl CSQ (BzCSQ) and N-n-octyl
CSQ (OctCSQ) have been synthesized and evaluated for their in vitro absorption enhancing
properties and their toxicity on Caco-2 cells monolayers. Moreover, the application of these
CS derivatives for oral protein drug delivery was also investigated. The results revealed that,
at pH 7.4, all CS derivatives, excepted TM-Py-CS, appeared to increase cell permeability in a
concentration-dependent manner, and this effect was relatively reversible at lower doses of
concentration (0.05-1.25 mM). The higher the DQ and the ES, the higher the permeability of
fluorescein isothiocyanate dextran MW 4,400 (FD-4), as a model compound for hydrophilic
macromolecules. Methylated chitosan containing different hydrophobic moiety showed the
different absorption enhancing ability. The rank of enhancing paracellular permeability of TM-
CSs was TM-CM-CS > TM-Bz-CS > TM-CS > TM-Py-CS and CSQs was CSQ > OctCSQ >
BzCSQ, respectively. Cytotoxicity of CS derivatives was concentration, %DQ and %ES
dependent. The results suggested that increasing the %ES with aromatic group led to slightly
decrease in cytotoxicity whereas increasing the %ES with aliphatic group led to increase in
cytotoxicity. Application of representative modified CS by coating on negatively charge of
liposomes entrapped bovine serum albumin (FITC-BSA), a model protein, resulted in the
mean particle size in range 95.7 to 107.6 nm. Initial FITC-BSA 2.5 % w/w to lipid showed the
highest percentage entrapment efficiency (50.13 %) and FITC-BSA content (8.08 mg/g of
lipid). The results of FITC-BSA transport showed that completely coating of CS derivatives on
liposomal FITC-BSA enhanced protein permeability across Caco-2 cell monolayers. In
addition, CS derivatives coated liposomes could protect the degradation of protein from
pancreatin. These studies demonstrated that these novel modified CS have the potential to
be used as an oral absorption enhancer of therapeutic macromolecules.
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