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Thesis abstract

Development of intranasal diazepam preparation for rapid suppression in status epilepticus

Kazutoshi Watanabe

Introduction

Status epilepticus (SE) is seizure activity lasting more than 5 min. Intravenous (i.v.) administration of injection
solution of diazepam (DZP) is chosen as the first-line of medical treatment. However, there is no effective
alternatives to i.v. administration of DZP for the patients in home-onset cases which have difficulty for i.v. access. |
focused on intranasal (i.n.) administration in the present study anticipating easy and rapid treatment for SE. For
brain delivery of a drug, i.n. administrationdelivers a drug to the systemic circulation, then the drug reaches to the
brain parenchyma across the blood-brain-barrier (BBB) in general. In addition to such access route, a direct nose-
to-brain drug delivery (NTB) route has recently been reported. However, contribution of the NTB have not been
characterized to date. Thus, the potential contribution of the NTB and intracerebral distribution after i.n.
administration of DZP was evaluated for development of nasal administration formulations, microemulsion (ME)
formulation of DZP was optimized in terms of inclusion content of DZP, stability, and biosafety. Usefulness of i.n.
administration of ME formulations of DZP was clarified for rapid and effective suppression of SE in the present
study based on pharmacokinetic, pharmacological, and pharmaceutical points of view. Nasal administration of spray

type ME formulations of DZP was much effective for SE and promises as novel first-line treatment for SE.

Part1 Pharmacokinetics and spasm suppression effect of i.n. administration of DZP injection
Pharmacokinetics and spasm suppression effect were evaluated after intranasal drop administration of 5 mg/mL
DZP injection solution. The maximum plasma DZP concentration (Cmax. p) after i.n. administration was higher in
earlier compared with intrarectal (i.7.) administration. And the spasm suppression time was significantly shortened.
There was a good correlation between the spasm suppression time and the plasma concentration immediately after
spasm suppression after i.v., i.r., and subcutaneous administrations that drugs delivery to the brain through the
systemic circulation. On the other hand, the data after 7.n. administration were shifted to a direction of high spasm
suppression effect despite low plasma concentrations. The maximum brain concentration time (7max.b) in each brain
tissues and cerebrospinal fluid (CSF) after i.n. administration was observed at 3 min which was the Tmaxp of 5 min
after i.v. administration. Such pharmacokinetic characteristics were consistent with the results of fluorescence
imaging analysis using rhodamin b base after i.n. administration. Furthermore, comparing the target efficiency
(DTE) for each brain tissues and CSF and the contribution rate of direct route from the nasal cavity to each brain
tissues (DTP), the highest values were obtained in trigeminal nerve. These results indicate that i.n. administration
can provide rapid systemic absorption and brain delivery of DZP. Potential direct delivery of DZP to the brain
parenchyma via the trigeminal nerve route seems to be associated with rapid and high spasm suppression effect by

i.n. administration.

Part 2 Preparation of intranasal DZP-containing ME preparations, pharmacokinetics and spasm
suppression effect

An attempt was made to develop a DZP-containing ME formulation. ME formulation consist of oil mixed phase



(Omix, triacetin:benzyl alcohol = 1:1), surfactant mixed phase (Smix, labrasol:dipropylene glycol = 1:1), and water
phase. An o/w type ME formulation with a DZP solubility of 50 mg/mL or more was optimised at the mixing ratio
of each phase (Smix:Omix:water = 40%:30%:30%). The optimized ME formulation was stable under both high
temperature (short-term stability) and room temperature (long-term stability) conditions. Any indications of nasal
tissue injury was not observed after i.n. administration based on the LDH leakage test. The pharmacokinetics and
the pharmacological effect after i.n. administration were compared between ME formulations and injection solutions
of DZP. The concentrations in plasma, each brain tissues and CSF after i.n. administration of 5 mg/mL ME
formulation (MES) were significantly higher than those from DZP injection solution. In addition, ME formulation
containing 50 mg/mL of DZP (ME50) achieved systemic absorption and brain penetration equivalent to DZP
injection intravenously, even though the dosing volume of ME formulation was one-tenth that of intravenous
injection of DZP. These findings indicate that ME formulations containing DZP are promising for medical treatment
of SE in terms of the enhanced nasal absorption and distribution toeach brain tissue and CSF, and induction of rapid

spasm suppression effect.

Part 3 Pharmacokinetics and spasm suppression effect after intranasal spray administration of DZP-
containing ME preparations

Pharmacokinetics and spasm suppression effect after intranasal spray (i.n.-spray) and drop (i.n-drop)
administrations of DZP-containing ME preparations were compared. Plasma, each brain tissues and CSF
concentrations from ME5 and MESO0 after i.n.-spray were significantly higher than those from i.n.-drop. Spasm
suppression time of 2.2 min after i.n.-spray of MES was significantly shorter than 3.7 min after i.n.-drop. Spasm
suppression time of 4.4 min after i.n.-spray of ME50 was also significantly shorter than 7.9 min after i.n.-drop. The
mucosal contact area with the ME preparations containing DZP at different concentrations (fixed dose conditions)
after i.n.-spray and i.n.-drop was measured to estimate correlations with systemic absorption, brain penetration, and
spasm suppression time. There was a good correlation between the area fraction of the contact surface with the
preparations (P1) and each pharmacokinetic parameter. The P1 area fraction was associated with each
pharmacokinetic parameter contributing to systemic absorption. In addition, higher P1 area fraction observed with
i.n.-spray was good indication for systemic absorption of DZP. On the other hand, the DZP concentration in each
brain tissues after i.n.-drop was increased in proportion to the P1 area ratio. Noticeably, i.n.-spray induced much
higher concentration compared with i.n.-drop. These findings suggest that i.n.-spray can be more effective for spasm
suppression effect even small dosing volume, because i.n.-spray covers the entire surface of the nasal mucosa.
Indeed, spray administration with small volume of the ME preparation induced the same anticonvulsant effect as
i.n.-drop of a large volume of DZP injection solution. These findings provide useful information for developing

effective drug delivery system for brain delivery.

Conclusion

Pharmacokinetic and pharmacological characteristics properties after i.n. administration of DZP was characterized
for direct delivery to the SE focus near the thalamus via the trigeminal route. The usefulness of spray administration
of ME preparations was evident in terms of effective drug delivery especially in case of nasal drug delivery having
the limited dosing volume in the nasal cavity. The findings in the present study provide useful information for

developing the drug delivery system for effective brain delivery.
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