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ABSTRACT 

      Intranasal administration is considered as an alternative route to enable effective drug delivery to the 

central nervous system (CNS) by bypassing the blood–brain barrier.  Several reports have proved that 

macromolecules can be transferred directly from the nasal cavity to the brain.  However, strategies to enhance 

the delivery of macromolecules from the nasal cavity to CNS are needed because of their low delivery 

efficiencies via this route in general.  We hypothesized that the delivery of biopharmaceuticals to the brain 

parenchyma can be facilitated by increasing the uptake of drugs by the nasal epithelium including supporting 

and neuronal cells to maximize the potentiality of the intranasal pathway.  To test this hypothesis, the 

CNS-related model peptide insulin was intranasally coadministered with the cell-penetrating peptide (CPP) 

penetratin to mice.  As a result, insulin coadministered with L- or D-penetratin reached the distal regions of the 

brain from the nasal cavity, including the cerebral cortex, cerebellum, and brain stem.  In particular, 

D-penetratin could intranasally deliver insulin to the brain with a reduced risk of systemic insulin exposure.  

Thus, the results obtained in this study suggested that CPPs are potential tools for the brain delivery of 

peptide- and protein-based pharmaceuticals via intranasal administration. 
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1. Introduction 

       Recent advances in the morphology and pathophysiology of the brain have allowed the elucidation of the 

molecular mechanisms underlying central nervous system (CNS) diseases or disorders such as Alzheimer’s 

disease (AD).  Despite the current development of many endogenous protein- and antibody-based 

biopharmaceutical agents for treating CNS diseases, their therapeutic effectiveness remains inadequate [1].  

One of the major obstacles is the presence of the blood–brain barrier (BBB) that mainly consists of brain 

capillary endothelial cells [2-4].  Because BBB strictly hampers drug influx into the brain via lipid membranes 

[2-4], tight junctions [5,6], and efflux systems such as P-glycoprotein and multidrug resistance proteins 

(MRPs) [7], only limited nutrients that can be mediated by transporters or receptors are effectively permeable 

across BBB [1,8,9].  Thus, many drugs, especially biopharmaceuticals, are poorly delivered to the brain. 

Therefore, the development of delivery systems that overcome BBB is essential for CNS pharmacotherapy.   
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