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Summary
Ryo Kawashima

Recombinant human growth hormone (rhGH) administered by a self-injection reduces not
only the quality of life (QOL) and adherence in pediatric patients but also the therapeutic effect
because of the pain and complicated operations. The purpose of this study is to develop the
absorption (rate and quantity) and onset of action-controlled transnasal rhGH delivery system to
avoid the above problems. The effects of absorption enhancer and bioadhesive material on the
nasal absorption and retentivity of rhGH in nasal cavity were investigated. Furthermore, the
pharmacological effect of rhGH were also evaluated using a prototype of transnasal rhGH
delivery system. The findings of these studies were summarized as follows:

1. Effect of poly-L-arginine (PLA) on the nasal rhGH absorption in rats

In the every concentrations (0.25, 0.5, 1.0%) and molecular weight (PLA (15): 14.8, PLA
(150): 147.8 kDa) used, PLA enhanced the nasal rhGH absorption after administration of rhGH-
PLA mixture to the nasal cavity of rats in a closed system. Although the absorption rate was
almost the same between 0.25 and 0.5% PLA, it was increased remarkably in 1.0% PLA. A
transient increase in plasma rhGH concentration was observed in PLA (15) almost similar to the
s.c. injection, while a delay in the rhGH absorption was observed in PLA (150).

The solution became clouded by mixing of rhGH and PLA (0.25 and 0.5%), and the plasma
rhGH concentration curve after i.n. administration of this solution was different from other
hydrophilic macromolecules. It was speculated that the complex consisting of rhGH and PLA
was formed by them interaction from these results. Therefore, rhGH and PLA concentrations in
the supernatant ware analyzed after mixing each solutions.  As a result, rhGH concentration in
the supernatant was low after mixing of rhGH and PLA (0.25 and 0.5%) solutions, but PLA
concentration was almost the same as prepared concentration. The formulation became clouded
when rhGH was dissolved in succinate buffer without PLA.  Amount of the insoluble aggregates
decreased with increasing PLA concentration added to the formulation. Consequently, rhGH
was not enough absorbed in 0.25 or 0.5% PLA, because free rhGH was reduced by forming
insoluble aggregates. Moreover, rhGH and PLA concentrations were analyzed in the ultrafiltrate
of rhGH-1.0% PLA (150) mixture, which the insoluble aggregates were not found. As a result,
both concentration were also reduced in the ultrafiltrate, indicating that the soluble complex
consisting of rhGH and PLA was formed. Therefore, it seems that the delay in nasal rhGH
absorption in 1.0% PLA (150) was due to the increase in apparent molecular weight caused by
the formation of soluble complex with rhGH.

2. Effect of polyvinylpyrrolidone (PVP) on the nasal rhGH absorption in the formulation
containing PLA

In order to determine the effect of PVP (MW: 35 kDa) on the retentivity of the formulation in



the nasal cavity, the retentivity of the formulation on the inclined metal plate and the contact
surface area on the intestinal mucosa of rats were evaluated using fluorescein isothiocyanate
dextran (FD-20), which the MW is similar to rhGH. As a result, 15% PVP improved the
retentivity of formulation with keeping the contact surface area between the formulation and the
intestinal mucosa. The effect of 15% PVP on the nasal rhGH absorption in the formulation with
1.0% PLA was evaluated in anesthetized rats in closed system or open system, which can leak the
dosage formulation to esophagus side. In PLA (15), the absorption of rhGH was increased by
adding PVP, that is, 15% PVP increased the absorption-enhancing effect of PLA (15), but the
obvious improving effect of retentivity of the formulation in the nasal cavity was not appeared.
In PLA (150), the viscosity of the formulation was excessively increased and the retentivity was
improved by adding PVP, but the absorption of rhGH was decreased. It is considered that these
results are caused by the reduction of the effective absorption area and the release of rhGH from
the formulation by forming the complex, suggesting that the improvement of nasal rhGH
absorption using the bioadhesive material requires the optimization of the composition of the
formulation in consideration of the environment in the nasal cavity.
3. Pharmacological effects of the nasal formulation of rhGH in hypophysectomized (Hpx)
rats

The nasal formulations showed high absorption in the above was evaluated by analyzing the
plasma rhGH and insulin-like growth factor | (IGF-1) concentration after single administration
and body weight gain and tail length extension after daily administration in awaking Hpx rats.
The plasma rhGH concentration curve showed the same tendency as the above results.  Inadding
PLA (15) only, PLA (15)-PVP and PLA (150) only, irrespective of 1/5 of absorption rate in
subcutaneous (s.c.) injection, the pharmacological effects showed the same as or higher than those
in s.c. injection. In adding PLA (150)-PVP, which obtained the sustained plasma rhGH
concentration, the absorption and pharmacological effects were lower than those in other
intranasal (i.n.) administration. ~ Although the absorption of rhGH was improved by adding PVP
in PLA (15), the enhanced pharmacological effects were not observed. Therefore it was
revealed that the nasal formulation of rhGH with PLA showed both increase and maintenance in
plasma rhGH concentration, indicating the sufficient pharmacological effects. The adding PVP
expected the mucoadhesive showed the unclear effectiveness, but it was suggested that PLA only
has a mucoadheive effect by conditions. Thus it is considered that further optimization of
formulation is necessary.

It is concluded that transnasal rhGH delivery, provided that sufficiently absorption and
pharmacological effect are obtained by enhancing absorption and retentivity in nasal cavity, is a

promising alternative to s.c. injection.
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