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ABSTRACT

This study aimed to investigate the potential use of nanocomplexes (NC)
based on N-trimethyl chitosan (TMC) and its corresponding poly(ethylene glycol)-
graft-TMC copolymers (PEGylated TMC) for intranasal insulin delivery. The results
indicated that a suitable degree of quaternization (DQ) of TMC was 40%, which
provided the highest water solubility; its physicochemical properties and cytotoxicity
were independent of degree of dimethylation (DD). Regarding mucoadhesive
properties, PEGylated TMC showed significantly higher levels of adhesion to mucus
than unmodified TMC, due to the synergistic effects of interpenetration of PEG
chains into the mucus and electrostatic interaction between positively charged TMC
and anionic glycoproteins present in the mucus layer. The self-assembly insulin
nanocomplexes (NC) prepared via the electrostatic interaction between the polymers
and insulin showed that polymer/insulin (+/-) charge ratio played an important role in
NC formation. Stable NC with high insulin association efficiency were obtained at or
close to optimized polymer/insulin (+/-) charge ratio, depending on the polymer
structure. Compared to insulin loaded nanoparticles (NP) prepared by ionotropic
gelation with tripolyphosphate (TPP) counterions, NC were more stable in pH 6.8
phosphate buffer and could protect against the degradation of insulin at higher
temperature and with proteolytic enzyme more efficiently than NP. Moreover, the
presence of TPP accelerated the degradation of free insulin and insulin loaded NP by
trypsin and the insulin degradation increased with increasing TPP concentration.
From in vivo studies, the insulin NC showed about a 34 — 47% decrease in blood
glucose concentration. The hypoglycemic response of the insulin NC increased with
increasing polymer ratio and decreased with increasing PEG substitution degree
which consistently correlated with the acute alteration in nasal morphology. The NC
of TMC acted as a nasal absorption enhancer causing severe damage to nasal mucosa.
In contrast, the NC of PEGylated TMC, especially PEG(5K)ss0-g-TMC400-40 could
enhance nasal absorption of insulin with mild irritation. However, the irritating
effects of the NC on the rat nasal epithelium were reversible and the epithelium could
be recovered after 24 h post nasal administration.  After one-week daily
administration of each insulin NC, it was shown that the nasal epithelium adapted to
resist the acute effect. Finally, the results from in vivo studies indicated that NC
based on PEG(5k)es0-g-TMC400-40 would be a potential carrier for safe and effective
nasal delivery of insulin.
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