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Enhancement of Insulin Absorption through Mucosal Membranes Using Cationic Polymers
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Cationic polymers (e.g., cationated gelatins, cationated pullulans and poly-L-arginines) have potential to promote
transmucosal delivery of peptide and protein drugs without producing any toxic effects on epithelial cells. These cationic
polymers could interact with the mucosal membranes and increase the number of pathways for water-soluble macro-
molecules in the tight junctions. In the case of insulin having negative charges in neutral solutions, interaction between
the cationic polymers and insulin is also important to promote suitable delivery. An appropriate interaction can help in-
sulin to access to cell surface, but too strong interaction suppresses insulin absorption. When the absorption-enhancing
effects of sperminated pullulans and gelatin having different numbers of amino groups on the pulmonary absorption of
insulin in rats were evaluated, their enhancing effects correlated with the amino group content. Cationic polymers having
suitable charge density will be useful for pulmonary delivery systems of insulin.
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Fig. 1.
tion Enhancers on these Pathways

Models of Permeation Routes for Water-soluble Large Molecules through Epithelial Cell Layers and the Effects of Penetra-

A: Normal conditions; a few paracellular pathways are ““open’’ to allow the passage of relatively large molecules. B: Increase in size of the pathway produced
by enhancers; the pathways increase in size and larger molecules are able to pass via these routes. C: Increase in the number of pathways by enhancers; the pathways
increase and the permeability coefficient of each drug should be proportional to the number. D: Damage to epithelial cell layers by enhancers; undesirable changes in
epithelial cell layers, such as emergence of cells (I) and complete loss of barrier functions of membranes (II) increase the permeability of all penetrants.
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Fig. 2. Effect of Penetration Enhancers on the Permeability Coefficients of CF and FD4 through Caco-2 Cell Monolayers

Each enhancer was applied as a 0.2% solution.
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Each enhancer was applied as a 0.2% solution.
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Fig. 4. Effect of Sperminated Polymers on the Glucose Levels
in Plasma after Pulmonary Administration of Insulin in Rats
Control (PBS), A; insulin (10 IU/kg) alone, Q; insulin (10 IU/kg)
with NP 0.1%, O; insulin (10 IU/kg) with NG 0.1%, @; insulin (10 IU/
kg) with SG 0.1%, M; insulin (10 IU/kg) with SP-L 0.1%, <>; insulin (10
1U/kg) with SP-H 0.1%, @.
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Fig. 5. Relationship between D of Penetrants and the P
through Calu-3 Cell Monolayers, and the Calculated (O,
A) and Observed (---, ===) P of Insulin

Table 1. Parameters of Calu-3 Cell Monolayers, and the Cal-
culated and Observed P of Insulin through the Layers

A/L R Calculated P Observed P
(em™1)  (nm) (cm/s) X108 (cm/s) X 10°
0.0775 10.4
Control 100143 +42 2.13 1.28+0.92
o 0.157 11.7
+0.2% SG £0.042 +3.1 5.25 2.89+2.74
Mean=+S.D.
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