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Most newly synthesized compounds during the drug discovery process are generally
hydrophobic and thus insoluble in water. Although subsequent chemical modification
improves the solubility of these compounds, their potencies seem to decrease in many cases.
These hydrophobic compounds have frequently been dropped from development in the
preclinical stage. To take advantage of these compounds, special formulations are required to
produce an agueous dispersion.

Lipocalin-type prostaglandin D synthase (L-PGDS) is an enzyme that catalyses the
isomerization of prostaglandin (PG)H, to PGD,, the major prostanoid produced in the centra
nervous system of mammals. L-PGDS is aso a member of the lipocalin gene family, which is
composed of a group of secretory lipid-transporter proteins, such as retinol-binding protein,
b-lactoglobulin, and major urinary protein. A series of biochemica studies of L-PGDS has
revealed that this protein can bind a large variety of hydrophobic small molecules (M,, =
200-780) with a dissociation constant (Kgy) of 30 nM to 2 mM. The feature defined as ‘ broad
ligand selectivity’ suggests some mechanisms by which L-PGDS could be used in a drug




delivery system (DDS) for poorly water-soluble compounds.

Hereit is shown the feasibility of anovel DDS using L-PGDS as adelivery vehicle for
two kinds of poorly water-soluble compounds. diazepam (DZP, M,, = 284.7) and
6-nitro-7-sulfamoyl-benzo[f]quinoxaline-2,3-dione (NBQX, M,, = 336.3). DZP is a mgor
anxiolytic drug possessng the moiety of benzodiazepine, and NBQX is an
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor antagonist. In
addition, it is exhibited the relationship between the binding affinities of DZP for L-PGDS and
the efficacy of the complex in vivo.

Chapter 1. Thefeasbility of DDSfor poorly water-soluble drugsusing L-PGDS.

In this study the recombinant mouse C65A-substituted L-PGDS mutant, in which a
catalytic residue of cysteine was substituted to alanine to get rid of an enzymatic activity of
L-PGDS, wasused. In order to clarify an affinity and a stoichiometry for the binding of poorly
water-soluble compounds to L-PGDS, the caorimetric analysis on DZP/L-PGDS and
NBQX/L-PGDS systems was carried out using isothermal titration calolimetry. It was
revealed for DZP and NBQX that each L-PGDS held three molecules with Ky = 47.6 and 16.5
UM, respectively. To confirm the relationship of the compound to L-PGDS, the
NBQX/L-PGDS complex was analyzed by mass spectrometry (MS) under non-denaturing
conditions. By MS, the 1:3 complex of L-PGDS and NBQX was observed. Next, | measured
the effect of L-PGDS on the solubility of DZP and NBQX in PBS. L-PGDS of 500 pM
increased the solubility of DZP and NBQX 7- and 2-fold, respectively, compared to PBS alone.
From this, it is clear that L-PGDS can enhance the solubility of poorly water-soluble
compounds without using organic solvent.

As it was found that L-PGDS could bind the poorly water-soluble compounds and
increase the solubility of such compounds in vitro, | assessed the effect of L-PGDS to the drug
potencies of DZP and NBQX in vivo. Basicdly, two delivery strategies were used in the
assessment: oral administration of DZP/L-PGDS complex to mice, and intravenous delivery of
NBQX/L-PGDS complex to ischemic gerbils. First, | investigated the effect of ora
administration of DZP/L-PGDS complex on pentobarbital-induced anesthesia. DZP is known
to intensify pentobarbital-induced anesthesia. DZP was suspended in either distilled water
containing 0.5% carboxymethylcdlulose (CMC), which is widely used as a suspending agent,
or L-PGDS solution.  Asaresult, the duration of loss of righting reflex (LORR) in mice treated
with DZP/CMC suspension (500 nM DZP) was 50% longer than with CMC, and it was
comparable to that of 250 nM DZP/L-PGDS solution. Mice treated with 500 niv
DZP/L-PGDS solution showed 1.3-fold longer duration of LORR than those treated with 500
nM DZP/CMC suspension. The metabolism of DZP in plasma and forebrain was then



investigated by LC-MS after ora administration of samples. The result was that the
concentrations of DZP active metabolites such as nordiazepam and oxazepam in DZP/L-PGDS
solution administered groups were higher than in DZP/CMC suspension administered group.
All these results clearly indicate that both the absorption in the gastrointestinal tract and the ora
bioavailability of DZPin the presence of L-PGDS are higher than those in the CMC suspension.

Next, it was investigated the applicability of this DDS to intravenous administration of
NBQX/L-PGDS complexes. The bilateral common carotid arteries were ligated by clip for 5
min, followed by removal of the clips and reperfusion. PBS in the presence or absence of
L-PGDS were saturated with NBQX was administered intravenoudly (100 mi/gerbil) 3timesat O,
10, and 25 min after reperfusion. One week after reperfusion, the number of surviving
hippocampal CA1 pyramidal cells was counted. The number of pyramidal cellsin the control
group decreased to 4% in the sham-operated group. The intravenous injection of saturated
NBQX in PBS did not produce any discernible effects. In contrast, gerbils administered the
same treatment using NBQX/L-PGDS solutions (0.8 mM and 2.0 mM L-PGDS) showed
significantly increased fractions of living pyramida cells (17% and 81%, respectively)
compared to the control group.

These results show the feasibility of anovel DDS for poorly water-soluble compounds
such as DZP and NBQX using L-PGDS. This feasibility is also supported by the fact that an
L-PGDS-mediated drug delivery was more effective than the delivery of these compounds
without L-PGDS in both oral and intravenous administration.

Chapter 2. The relationship between the binding affinities of DZP for L-PGDS mutants
and the efficacies of these complexesin vivo.

In chapter 1, | found that L-PGDS can increase the solubility of DZP and the ora
administration of DZP/L-PGDS solution in mice revealed the increased duration of
pentobarbital-induced LORR. In this chapter, it was investigated the relationship between the
binding affinities of DZP for L-PGDS and the efficacy of intravenous administration of DZP
solubilized by L-PGDS in mice.

First, 21 kinds of L-PGDS mutants were made by site-directed mutagenesis at residues
which are thought to be involved in binding of DZP by NMR titration experiments of L-PGDS
with DZP. Next, the Ky values of L-PGDS mutants and DZP measured by fluorescence
quenching of the intrinsic tryptophan residues of L-PGDS, and the solubility of DZP in each
mutant solution. As a result, the Ky value of L-PGD and DZP was 83.8 nM, while L-PGDS
mutant with the highest binding affinity of DZP (K4 = 2.1 nM) was S81F mutant, in which
Ser81 residue was substituted to phenylaanine, and with the lowest binding affinity (K4 = 341
nM) was F83A mutant, in which PheB83 residue was substituted to alanine. In addition, the



solubility of DZPin L-PGDS solution was 361 niM and that in S81F and F83A mutant solution
were 365 and 219 nM, respectively, indicating that L-PGDS mutants possessing high binding
affinity of DZP showed higher solubilities of DZPin their solutions.  Further, | investigated the
effect of intravenous administration of DZP/L-PGDS mutant complexes on the duration of the
pentobarbital-induced LORR in mice. Asaresult, the administration of DZP/S81F mutant did
not show significantly longer duration of LORR compared with that of control. On the other
hand, the administration of DZP/L-PGDS and DZP/F83A mutant solution showed 1.4- and
1.7-fold longer duration of LORR, suggesting that the lower affinity of L-PGDS mutant for DZP,
the higher the potency of DZP when DZP/L-PGDS mutant solutions were
intravenoudy-administered. These results indicated that a balance of the binding affinity of
L-PGDS and DZP and the solubility of DZPin L-PGDS solution is becoming areally key point.

Conclusions

In this study, it was shown that L-PGDS could improve the solubility of DZP and
NBQX in aqueous solutions, and consequently collected evidence which revealed the
prospective effect of each compound in vivo. In addition, it was identified the relationship
between the binding affinity of L-PGDS and DZP and the drug potency of DZP solubilized by
L-PGDS. Further investigation using L-PGDS mutants with different binding affinities for
other drugs would be able to engineer a talor-made carrier protein possessing
mol ecul ar-selective recognition for several hydrophobic drugs using L-PGDS as a template.
These results demonstrate that L-PGDS is a beneficial delivery vehicle for poorly water-soluble
compounds. This novel DDS will facilitate the pharmaceutical and clinical devel opments of
various water-insol uble compounds.
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