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Thesis abstract
Effects of drug lipophilicity and specific transport system on direct transfer to brain tissue after
intranasal administration and preparation of acetaminophen for transnasal delivery

Kaho Ogawa
The blood-brain barrier (BBB) is a major obstacle in the delivery of therapeutic drugs for diseases of the central
nervous system (CNS). Recently, intranasal (i.n.) administration has attracted attention as a method for brain delivery
of CNS agents. The drugs administered nasally are transported to the brain from the systemic circulatory system. In
addition, the drugs may be transported directly to the brain via olfactory and trigeminal pathways. As a result, rapid
brain transfer of the drugs is expected to be associated with pharmacological effects. However, few studies have
investigated brain migration in detail, focusing instead on the physicochemical properties of the drugs administered
nasally and the specific transport system expressed in the nasal epithelium and olfactory bulb (OB). The purpose of
this study was to evaluate the lipophilic effect of the drug on its direct transfer to the brain after i.n. administration
and to clearly the relationship between them. The specific transport system expressed in the nasal epithelium and OB
was also examined and the effect of the specific transport system on the direct transfer of the drug from the nasal
cavity to the brain was evaluated. Furthermore, this study aimed to clarify the utility of transnasal delivery system by
evaluating the transition to the site of intracerebral action and the pharmacological effect of the CNS agent,

acetaminophen (APAP), after i.n. administration.
1. The lipophilic effect of the drug on the direct transfer from the nasal cavity to the brain by passive

diffusion

Eight drugs were selected whose transfer from the systemic circulatory system to the brain were thought to follow
passive diffusion. Thus, the transfer to the systemic circulatory system and each brain region after i.»n. administration
was compared with intravenous (i.v.) administration. As a result, the transfer of the drug from the nasal cavity to the
systemic circulatory system tends to accelerate as the lipophilicity of the drug increases. But the transfer is good for
all drugs, regardless of lipophilicity. The transfer of the drug to each brain site after i.n. administration was faster
than that after i.v. administration for most drugs, and the direct transfer of each drug to the brain immediately after
i.n. administration was also good. However, after i.n. administration, the drug concentrations in the brain changed to
the same level as that after i.v. administration over time. From these results, it was suggested that some of the drugs
administered nasally were transferred to each brain region by the direct transfer route without BBB mediation from
the initial stage of i.n. administration, but the direct transfer of the drug to the brain decreased over time, while the
transfer from the systemic circulatory system relative increased. During the transfer of the drug to the brain after i.n.
administration, the drug concentration in the OB was higher than that in other brain regions. Therefore, it was
considered that the drug administered nasally was directly transferred to the OB and then diffused to other brain
regions. The effect of drug lipophilicity on the direct transfer from the nasal cavity to the OB after i.n. administration
was investigated. As a result, it appeared that the direct transfer of drug to the OB after i.n. administration tended to
follow drug lipophilicity. There was a positive correlation between the lipophilicity of the nasally administered drug
(the logarithmic value of the partition coefficient of the drug corrected by the molecular weight of the drug) and the
logarithmic value of the uptake clearance into the OB. For highly lipophilic drugs, the rate of direct transfer from the

nasal cavity to the OB tended to increase, rather than the rate of transfer from the nasal cavity to the OB via the



systemic circulatory system. Furthermore, water-soluble drugs may also transfer directly from the nasal cavity to the
brain.

2. Effect of the specific transport system on the direct transfer of the drug from the nasal cavity to the

olfactory bulb

Generally, transfer of drugs from systemic circulatory system to the brain follows passive diffusion, but various
transporters are expressed in the BBB, and drugs that serve as these substrates may affect transfer to the brain. Some
of the specific transport systems, such as P-glycoprotein and organic anion transporters, are barriers to the transfer
from the systemic circulatory system to the brain in the BBB and are one of the factors that prevent the transfer of
CNS agents to the brain. If specific transport system is expressed in the nasal epithelium and OB, it may affect the
direct transfer of the drug from the nasal cavity to the brain. Therefore, the effect of this specific transport system on
the direct transfer of the drug from the nasal cavity to the brain (OB) was investigated. The expression of P-
glycoprotein (MDR1) and organic anion transporter (OAT1) was confirmed in the nasal mucosal epithelium and OB
by western blotting. Verapamil hydrochloride (VRP) and flurbiprofen (FP) were used as the substrate drugs for MDR1
and OAT1. Translocation to the OB after i.n. administration of VRP and FP was reduced compared to that of similarly
lipophilic drugs following passive diffusion. Saturation was observed during the absorption process to OB, dependin g
on the concentration of VRP or FP applied to the nasal cavity within the examined concentrations. Furthermore, the
combined use of competitive inhibitors of substrate drugs tended to increase the amount of drugs transferred to the
OB. MDR1 and OAT1 are thought to limit the direct transfer of VRP and FP from the nasal epithelium to the OB,
and the transfer of them from the systemic circulatory system to the OB, respectively.

3. Relationship between the absorption Kinetics to the brain and the pharmacological effect of

acetaminophen (APAP)

As aresult of sections 1 and 2, the effects of lipophilicity and specific transport system on direct transfer of drug to
the brain after 7.n. administration were clarified. It was shown that the drug administered intranasally transfers to the
OB faster and more efficiently than the i.v. administration. However, for the administered drug to produce a
pharmacological effect, it must be transferred not only to the OB but also to the site of action in the brain. In this
study, the transport of APAP, a central antipyretic and analgesic drug, to the brain and systemic circulation after i.n.
administration was pharmacokinetically and pharmacodynamically investigated. Intranasal administration of APAP
tended to be transferred to the brain quickly and efficiently whilst showing quick pharmacological effects (antipyretic
and analgesic effects) compared with the administration route used in clinical practice. Furthermore, direct transport
to the brain and the pharmacological effect after i.n. administration of APAP with polyvinylpyrrolidone (PVP, M.W.
35 kDa; a mucoadhesive agent) and poly-L-arginine (PLA, M.W. 443 kDa; an absorption enhancer) were
investigated to improve retention of the dosage solution in the olfactory epithelium region and enhance the transfer
of APAP to the brain. Compared with i.n. administration of APAP alone, i.n. administration with 5.0 w/v% PVP and
0.5 w/v/% PLA increased the concentration of APAP in the OB from the beginning of administration and maintained
the concentration of APAP in each brain region for at least 30 min after administration. In addition, the
pharmacological effects were observed in the early phase of treatment, and tended to persist. Therefore, i.n.
administration with PVP and PLA may increase the direct translocation of APAP from the nasal cavity to the brain,

resulting in sufficient pharmacological effects.
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