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Therapeutic agents are essential to overcome diseases, but some drugs show
serious problems in rare cases in their clinical treatment. The aim of this study was to
clarify the mechanism of the pharmacokinetics of therapeutic agents as a direct
considerable effort toward improving the therapeutic indices. Uptake of nafamostat
mesilate (NM) across the basolateral and apical membrane of proximal tubular cells
was examined in vivo and in vitro. The influx of NM across the basolateral membrane
should cause the accumulation of NM in the kidney, resulting in the side effects of
hyperkalemia. Grepafloxacin, a substrate of multidrug resistance associated proteins
(MRPs), is reported to have a weak photosensitizing action, like other
fluoroquinolones. | found that MRP1 was involved in the excretion of grepafloxacin in
the skin. In addition, transdermal permeation of [*HIflurbiprofen and [*“Clindomethacin
was characterized to investigate the possible involvement of transporters in the
transdermal permeétion of two drugs. Effects of unlabeled compounds, medium pH
and ATP-depressors were determined. Expression profile of xenobiotic transporters
was screened in the skin of hairless mouse and human. | demonstrated the possible

involvement of a certain types of nonlinear transport mechanism(s) in the transdermal
permeation of flurbiprofen and indomethacin.

Nafamostat mesilate (NM), an organic cationic compound, has been reported to
accumulate in the kidney, which was proposed to block the urinary secretion of
prostasin, resulting in the side effects of hyperkalemia and/or hyponatremia in rare
cases. | attempted to clarify the mechanism of accumulation of NM in the kidney in
chapter 1. 1 demonstrated, by kidney uptake index method in vivo, that an organic
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cation transport system(s) seems likely to be involved in NM uptake across the
basolateral membrane of proximal tubular cells. Transcellular transport of NM across
cultured monolayers of LLC-PK1 cells from the basolateral to the apical (B to A) and
from the apical to the basolateral (A to B) directions was examined at different initial
concentrations. The B to A transport was decreased significantly at higher initial
concentration, suggesting the involvement of saturable transport system(s) in NM
transport in the efflux direction. Using Xenopus laevis oocytes expreésing systems, |
demonstrated that NM was a substrate of organic cation transporters (OCTs) such as
rOCT1, rOCT2 and hOCT2, which are expressed in the basolateral membrane of
proximal tubular cells. |

in the uptake of NM by brush-border membrane vesicles isolated from renal cortex
of rats, a transport system was also involved in NM transport across the apical
membrane of proximal tubules. No significant uptake of [*C]JNM was observed by
HEK293 cells stably expressing hOCTN1 or hOCTN2 compared with mock cells,
suggesting that NM was not a substrate of OCTNs. The transport of [*H]daunomycin,
a typical substrate of P-gp, in the B to A direction was greater than that in the Ato B
transport, but no directional transcellular transport of NM was observed, suggesting
that NM was not a substrate of P-gp. The influx of NM from the basolateral membrane
should result in the accumulation of NM in the kidney. The reason why NM
accumulates in the kidney is likely to be that influx of NM at the basolateral
membrane as a substrate of OCTs is highly efficient.

Ir r- iat istribution in t i

Skin is a dynamic organ having various defense mechanisms to protect the body
from environmental factors. Grepafioxacin, a fluoroquinolone, is a substrate of MRP1,
and is reported to have a weak photosensitizing action, like other fluoroquinolones. |
determined tissue-to-plasma concentration ratio (Kp value) of grepafloxacin in mice,
and found that Kp values of grepafloxacin in the skin of Mrp1 knockout mice
(FVB/Mrp1(-/-)) was significantly higher than that of wild mice (FVB/Mrp1(+/+)),
whereas no difference was observed in the profiles of the plasma concentration
between FVB/Mrp1(-/-) and wild mice. Furthermore, | obtained the confocal images of
1-[2-amino-5-(2,7-dichloro-6-hydroxy-3-oxo-9-xanthenyl)phenoxyl-2-(2-amino-5-
methylphenoxy)ethane-N,N,N’,N-tetraac?tic acid (fluo 3), a fluorescent substrate of
MRP1, in the skin slices in vitro. Accumulation of fluo 3 in the skin slices of hairless
mice was increased by probenecid (2 mM) and FCCP (5 uM), but not by TEA (2 mM).
Accumulation of fluo 3 in the skin slices of FVB/Mrp1(-/-) was significantly higher than
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that of FVB/Mrp1(+/+) mice, suggesting that MRP1 is involved in the efflux of fluo 3 as
an efflux pump in the skin. MRP1 is involved in the efflux of xenobiotics in the skin.

Transdermal route is frequently utilized for delivery of potent therapeutic agents
with low molecular weight, and offers several advantages over conventional dosage
forms. Log P values of drugs were used to predict the potential of their transdermal
permeation, and lipophilicity of the enhancers was thought to play a major role in its
activity. However, although the log P value of flurbiprofen (4.24) is similar tb that of
indomethacin (3.8), the transdermal penetration of flurbiprofen is much higher than
that of indomethacin. | characterized and compared the transdermal permeation of
[*Hiflurbiprofen and ["CJindomethacin, by use of the Ussing-type chamber method.
The permeability in an absorptive direction (P,.) of [*HIflurbiprofen was much higher
than that of [“Clindomethacin, whereas the permeability in a secretory direction (P.,,)
of [3H]ﬂurbiprofen'was almost similar to that of ["“CJindomethacin. Such phenomenon
may not be explained by the passive diffusion of these compounds througkh‘
multilayers of epidermis cells. Transdermal permeatioh of [*H]flurbiprofen is increased
with the increase in its initial concentration, suggesting that nonlinear mechanismy(s) is
involved in the penetration of this corﬁpounq. The accumulation of- both
[*Hiflurbiprofen and [“Clindomethacin in an absorptive direction remarkably increased
(18.0-fold), whereas the P, of two compounds increased 50-fold and 22-fold,
respectively, with the decrease in pH values from 7.4 to 5.0. Thus, the increase in P,
of flurbiprofen cannot be described by the increase in accumulation of the two
compounds, but a type of proton-dependent mechanism should be considered. In
addition, coadministration of ATP-depressors significantly decreased the P, of
[*H]flurbiprofen, but slightly decreased that of [*“Clindomethacin, suggesting that
ATP-dependent transport system(s)are involved in the absorption of [*H]flurbiprofen,
rather than -that of [“Clindomethacin. | found that the expression of xenobiotic
transporters, such as MRP, OATP, OCTN and MCT family members in human skin,
which was almost similar to that in the hairless mouse skin. Furthermore, |
characterized the transport of two NSAIDs in human keratinocyte (HEK0O1 cells). In
agreement with the results of transdermal permeation, effects of unlabeled
compounds, medium pH and ATP-depressors were observed. In addition, high- and
low-affinity transport was observed in the uptake of [*HIflurbiprofen, but one
" component was observed in the uptake of [**Clindomethacin, in agreement with that
the affinity of transdermal transport of [*Hlflurbiprofen was higher than that of
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["“Clindomethacin. | demonstrated the possible involvement of a certain types of
transporter-mediated mechanism(s) in the transdermal permeation of flurbiprofen and
indomethacin.
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