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Novel cyclic peptide carrier enabling oral administration of macromolecular drugs.
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In recent years, development of macro- and middle-molecular drugs has been actively conducted. However, macro-
and middle-molecular drugs are not absorbed in the small intestine, and it is a major problem that oral administration
is unable to be selected for administration route for macro- and middle-molecular drugs. Small intestinal permeation
carrier is a drug delivery technique indispensable for oral administration of macro- and middle-molecular drugs.
We have identified a novel cyclic peptide which have ability to permeate across small intestine in vivo. Therefore,
in this project, we aim to develop a cyclic peptide carrier that enables oral administration of macro- and middle-
molecular drugs based on newly identified intestinal permeable cyclic peptides. It is also an objective to identify
and evaluate the performance of a novel cyclic peptide as a brain barrier penetrating peptide carrier.

We have evaluated effects of D-amino acids and cyclization on the intestinal permeability of identified peptide.
We have synthesized peptide having same amino acid sequence, but ones were consistent with L-amino acids and
others were with D-amino acids, and ones were cyclized but others were linearized. The permeability performance
was examined by in vitro transcellular permeability assays with Caco-2 cell monolayer and mouse in situ closed
loop intestinal permeability assay. As a result, both L-form and D-form cyclic peptide exhibited the permeation
across the intestinal epithelial cells, but linear peptide did not. This indicates that cyclization is necessary for the
permeation, and both L-form and D-form has the ability of intestinal permeation.

To analyze the molecular mechanisms involved in the intestinal permeation of the cyclic peptide, the candidate
molecule X was identified based on sequence similarity. The neutralizing antibody against molecule X suppressed
the decrease of blood glucose levels by co-administration of intestinal permeable cyclic peptide and insulin. This
result suggests that molecule X is involved in the permeation process of cyclic peptide. The micropinocytosis is
suggested to play a role in the internalization process of cyclic peptide into intestinal epithelial cells. It proposes the
possibility that the cyclic peptide facilitates unspecific internalization by induction of micropinocytosis. However,
the cyclic peptides did not facilitate internalization of either FITC-dextran or FAM in Caco-2 cells by co-treatment.

We also evaluated the application of the cyclic peptide to the intestinal absorption of insulin by co-administration.
Co-administration of D-form cyclic peptide enhanced the effect of blood glucose lowering effect by insulin
compared with L-form cyclic peptide. Nano-ITC analysis detected the interaction between the cyclic peptide and
insulin. The administered human insulin was detected in portal vein blood by ELISA. we also found an additive
compound that enhance the blood glucose lowering effect by co-administration of the cyclic peptide and insulin.
Co-administration could also decrease blood glucose levels by oral administration. The blood lowering effect by
co-administration with insulin was greater by the D-form cyclic peptide than by the L-form peptide.

The intestinal permeable cyclic peptide was not taken up in the human BBB model cells. Therefore, we have
identified by cyclic peptide that facilitate the permeation across the BBB. The identified cyclic peptide facilitated
the BBB permeation in vitro and in vivo. Furthermore, the liposome modified with the cyclic peptide was distributed
into the brain after iv administration.

The present project has developed that new technology to enhance the intestinal permeability of insulin by co-
administration of D-form cyclic peptide and additives. This can be applied to other peptide-based drugs. In addition,
we have identified the new cyclic peptide facilitating BBB permeability. The liposomes modified with this peptide

can be a nano-capsule to deliver drugs to the brain.



