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Thesis abstract
Synthesis and functional assessment of PEGylated-poly-L-ornithine and PEGylated-poly-L-
lysine for controlling absorption of poorly absorbable drugs across the nasal mucosa
Yusuke Kamiya

The homopolymeric basic amino acids (HPBAAS), such as poly-L-ornithine (PLO) and poly-L-lysine (PLL), are
known as non-cytotoxic enhancers improving absorption of poorly absorbable drugs across epithelium such as the
nasal mucosa. However, the transnasal absorption of the drugs corresponding to the dose of these enhancers has not
been obtained because they do not exhibit mucoadhesion/retention in the nasal cavity. The aim of this study was to
establish the synthesis methods of polyethylene glycol (PEG) modified (PEGylated)-PLO and PEGylated-PLL in
order to control the nasal absorption enhancement ability, and evaluate the function of them.

The summary of this study is as follows:

1. Synthesis and physical characterization of PEGylated-PLO and PEGylated-PLL

The synthesis methods of PEGylated-PLO and PEGylated-PLL in order to improve the availability as a nasal
absorption enhancer have not yet been established. In this study, the syntheses of the PEGylated-PLO and PEGylated-
PLL focusing on the primary amines of the side chain of HPBAAs as a targeting site of PEGylation were attempted.
By the method, the syntheses of various PEGylated-PLO and PEGylated-PLL were performed using the various
molecular weights of PLO (MW 18.5 kDa: PLO (20) and 44.9 kDa: PLO (45)), PLL (MW 21.3 kDa: PLL (20) and
30.9 kDa: PLL (30)) and methoxy-PEG-N-hydroxysuccinimide (MW 42.5 kDa: mPEG (40)-NHS and 9.8 kDa:
mPEG (10)-NHS). Consequently, the synthesis methods of PEGylated-PLO and PEGylated-PLL separated by using
ion exchange spin column were established by adding excess of PEG over PLO and PLL. The PEGylation ratio of
the various PEGylated-PLO (PEG (40)-PLO (20) and PEG (10)-PLO (45)) and PEGylated-PLL (PEG (40)-PLL (20)
and PEG (10)-PLL (30) were evaluated by the elemental analysis and 2,4,6-trinitrobenzenesulfonic acid (TNBS)
assay. The PEGylation values obtained by the elemental analysis and TNBS assay were almost similar. Therefore, it
was demonstrated that the containing PEG per molecule of PEG (40)-PLO (20), PEG (40)-PLL (20), PEG (10)-PLO
(45) and PEG (10)-PLL (30) were 3, 4, 9 and 10, respectively. The evaluation of the retentivities of various
PEGylated-PLO and PEGylated-PLL on the inclined stainless steel plate showed the prolongation of the retention
time in all synthesized PEGylated-PLO and PEGylated-PLL considered to be caused by the increase in viscosity due
to PEGylation. These results indicated that PEGylation may increase adhesive/retentive properties of HPBAAs,
suggesting the possibility that PEGylated-PLO and PEGylated-PLL possess high mucoadhesive/retentive properties

in vivo.

2. Effects of PEGylated-PLO and PEGylated-PLL on the permeation of hydrophilic macromolecules across
the Caco-2 cell sheet and the localization of tight junction (TJ) proteins

It has been reported that poly-L-arginine (PLA), one of the HPBAAS, enhances the paracellular permeability of

hydrophilic macromolecules by altering the localization of TJ proteins from the cell-cell junction to the intracellular

space without causing cytotoxicity, presuming that PLO and PLL also show the permeation enhancing effect by the



same mechanism as PLA. However, there is no report concerning the impact of PEGylation of HPBAAS on
permeation enhancing ability. The permeation enhancing effects of PEGylated-PLO and PEGylated-PLL were
investigated using fluorescein isothiocyanate dextran (MW: 3.7 kDa, FD-4) as a model hydrophilic macromolecule
in Caco-2 cell sheet which are known to have a good correlation between permeability across the sheet and the nasal
absorbability in rats. The cytotoxicity of PEGylated-PLO and PEGylated-PLL were also evaluated. All PEGylated-
PLO and PEGylated-PLL showed the FD-4 permeability increasing and transepithelial electrical resistance
decreasing effects dose-dependently as before PEGylation. The maximal effects were almost the same as before
PEGylation, but the titers after PEGylation were decreased to 1/10-1/80 compared with those of before PEGylation.
It seemed to be mainly caused by reductions of the amine group abundance ratio and the diffusivity due to increased
molecular weight by PEGylation, decrease the electrostatic interactions between the enhancers and the surface of
epithelial cells due to the shielding of positive charge by steric hindrance of PEG chains. Unmodified PLO and PLL
produced a decrease in cell viability dose-dependently, whereas PEGylated-PLO and PEGylated-PLL had no
influence on the cell viability even at the highest concentration in this study. The localization of TJ proteins after
PEGylated-PLO exposure were disappeared from the cell-cell junction as unmodified PLO, suggesting that the
PEGylation did not change the permeation enhancing mechanisms of HPBAAs.

3. Effects of PEGylated-PLO on the nasal absorption enhancement and retentivity in the nasal cavity in rats
In order to evaluate the improvement effect of retentivity of HPBAAS in the nasal cavity by PEGylation, intranasal
administration (i.n.) experiments were performed using PEG (10)-PLO (45), which showed a high permeation
enhancing ability without causing cytotoxicity as stated above, and FD-4 in closed system or open system, which
cannot or can leak the dosage formulation to esophagus side, respectively. In the open system, transition of plasma
FD-4 concentration after co-administration with unmodified PLO (45) was low, and the area under the plasma
concentration time curve (AUC) was decreased to about 60% of that in the closed system. It was presumed that this
decrease was due to removal of the administration solution from the absorption area in the nasal cavity, causing a
decrease in absorption enhancing effect. In contrast, the AUC after co-administration with PEG (10)-PLO (45) was
about 90% of that in the closed system, transition of plasma FD-4 concentration and FD-4 absorption profile were
also not inferior to those of the closed system. These results indicated that remarkable retentivity improving effect
on PLO was obtained by PEGylation. Although the factor of this retentivity improving effect was unclear, it had been
reported that PEGylation increased mucoadhesion property by interaction with the mucosa and PEG chain avoided
trapping by mucus. Moreover, PEGylation may have an effect of increasing adhesion due to increased viscosity as
mentioned above. Therefore, PEGylated-PLO seemed to be able to show the absorption enhancing effect in the open

system as effective as the closed system.

These findings revealed that a functional absorption enhancer, which can improve sufficiently the nasal
absorbability of poorly absorbable drugs quantitatively and kinetically by increasing the retentivity in the nasal cavity

can be synthesized by introducing PEG side chains as a functional component to HPBAAs.
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