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Abstract
(second year)

Introduction : PDES inhibitors are used for
the treatment of male erectile dysfunction and
pulmonary  arterial  hypertension.  The
structures of PDES inhibitors are similar to
cGMP and they are mainly metabolized by
CYP3A and CYP2C9 isozymes in the liver.
Currently, the interaction studies of PDES
inhibitors are focused on the metabolic aspect
and none of them has addressed on the
transporter interactions. However, recent
studies have demonstrated that sildenafil can
inhibit the activity of MRP4, MRP5 and
OATP. And it has beeen suggested that P-gp,
in addition to CYP3A, was responsible for the
increase of the concentration of PDES
inhibitors when concomitant with ritonavir in
clinical settings. It is of great interest to
investigate the role of drug transporters on the
hepatobiliary disposition of PDES inhibitors.

Purpose : The aim of this study was to
investigate the hepatic disposition of PDES
inhibitors, and to explore the role of drug
transporters on their hepatobiliary transport in
the isolated perfused rat liver.

Results : All PDES inhibitors showed active
biliary secretion during single-pass constant
perfusion experiments. As the extent of
secretion of sildenafil was greater than that of
tadalafil and vardenafil, sildenafil was chosen
as the model drug to further explore drug
interactions of PDES inhibitors. Using the
recirculated perfused rat liver preparation, the
biliary secretion of sildenafil and its
metabolite was found to decrease with
increasing concentration of concomitant
cyclosporine A, an inhibitor of OATP -
MRP2 ~ P-gp. When co-administered with
rifampicin, an OATP and MRP2 inhibitor, the
perfusate concentration of sildenafil increased
slightly, yet the cumulative amount excreted

in bile of sildenafil was increased appreciably.
In the prescence of the MRPs inhibitor
probenecid, both the perfusate concentration
and the cumulative amount excreted in bile of
sildenafil increased significantly. When
concomitant with amisulpride, a P-gp
substrate, the biliary secretion of sildenafil
and its metabolite was found to decrease
slightly.

Conclusion : In this study, we found that all

three PDES5 inhibitors underwent active
biliary = secretion. = This  study also
demonstrated that the disposition of sildenafil
was influenced by various inhibitors of
membeane transporters. Sildenafil appeared to
be a substrate for P-gp, and the role of OATP
was limited for hepatic transport of sildenafil.
Whether the transporters in sinusolidar
membrane are involved in the hepatic
disposition of sildenafil or not remains
unclear.

Keywords:
PDES inhibitors; drug-drug interaction;

P-glycoprotein; pharmacokinetics



MATERIALS AND METHODS

— ~ Materials

1 ~ Purchased from Sigma > St. Louis * MO >
US.A.
Acetonitile > Urethane > Probenecid (Lot
118H0534) » Sodium taurocholate

2 ~ Purchased from Merck > Darmstadt » F.R.

Germany

Ammonium acetate * Calcium chloride
dihydrate ’ Magnesium sulfate
heptahydrate > Methanol > Potassium
chloride -  Potassium  dihydrogen

phosphate> Sodium hydrogen bicarbonate
3 ~ Purchased from Sanofi-Synthelabo

France
Amisulpride

4 ~ Purchased from Lotus Medical Supply Inc.

Taiwan > R.O.C.
Cisapride

5 ~ Purchased from YSP Taiwan > R.O.C.
Cyclosporine A (Lot. QR7274)

6 ~ Purchased from Union Chemical Works
LTD, Taiwan
Diethyl ether

7 ~ Purchased from Riedel-deHaén > Seelze °
Germany
D(+)-Glucose monohydrate » Hydrochloric
acid (Lot. 92150) > Potassium dihydrogen
phosphate (Lot 21560) > Sodium chloride

8 ~ Purchased from Pharmacia & Upjohn >
Michigan » U.S.A
Heparin

9 ~ Purchased from Xiamen Fine Chemical
Import & Export Co. Ltd. » Xiamen > China
Rifampicin - Sildenafil

10 ~ Purchased from Polymed
Therapeutics Inc. > Shenzhen > China
Vardenafil-3H,0

11~ Purchased from Virbac Lab >
Carros > France
Zoletil 50

=~ ~ Animals

Male Sprague-Dawley rats (250-350 g;
obtained from the Animal Breeding Center of
National Cheng Kung University) or from
BioLASCO Co. were maintained on standard
laboratory pellets and water ad libitum. The
study protocol complied with the Institutional
Guidelines on Animal Experimentation and
was approved by the Board of Animal
Experimentation of Chia-Nan University of
Pharmacy & Science and the Board of Animal
Experimentation of National Cheng Kung
University.

= ~ Isolated Perfused Rat Liver Preparation

The in situ perfused rat liver preparation
was similar to that described in previous
studies (Chou et al., 1995; Chou, 2000).
Under intraperitoneal anesthesia with urethane
(1.5g kg™, the bile duct was cannulated with
PE10 (polyethylene tubing, i.d.=0.28mm,
0.d.=0.61mm). The portal vein was then rapid
cannulated using a 16-gauge (Medicut, o.d.
1.7x45 mm) intravenous catheter placement
unit. The liver was perfused (20 mL min™) in
a single-pass mode with Krebs-Henseleit
bicarbonate buffer (pH7.4), containing 3 g L™
glucose and saturated with humidified
carboxgen gas (Oz: CO; = 95%: 5%). The
superior vena cava was cannulated through
the right atrium without interruption of portal
perfusion. The inferior vena cava was ligated
above the renal portal vein. All experiments
were  conducted at 37°C in a
temperature-controlled cabinet. Viability of
the liver was assessed by its gross appearance,
flow recovery, bile production and by
monitoring the inflow and outflow perfusate
pH throughout the experiment. The wet liver
weight was determined immediately after an
experiment.

r ~ Effects of Specific Inhibitors on Rate of

Drug Transport
To evaluate the impact of specific
inhibitors of the ABC drug efflux pumps and



Oatps, the most profounded effect PDES
inhibitor on the active hepatobilliary
secreation was chosen.

Steady-state infusion. After a 15-min initial
stabilization period, 110 nM of digoxin was
infused, with or without concomitant of the
PDES inhibiors with or withoud specific
transporter inhibitor (cyclosporine A

rifampicin s probenecid and amisulpride), to
the isolated rat liver for 40 min. The outflow
perfusate samples were collected between 5 to
40 min at 5-min intervals to assess the effect
of these inhibitors on the hepatic extraction of
PDES5 inhibitors. Also, the bile was collected
at 10 minute interval to explore the impact on
the biliary transport of PDES inhibitors.

RESULTS AND DISCUSSION

1. The steady-state bile availability of PDES
inhibitors in the isolated perfused rat liver was
increased in the order of tadalafil, vardenafil,
and sildenafil (Fig. 1) (Table 1).
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Fig. 1. The concentrations-time profile of
PDES inhibitors in the isolated perfused rat
liver perfusate and bile.

2. The results of coadministration of
sildenafil and a selected several transporter
inhibitor in the isolated perfused rat liver were
summarized in Table 1.

CONCLUSION
All three PDES inhibitors underwent active
biliary  secretion.  This  study also

demonstrated that the disposition of sildenafil
was influenced by various inhibitors of
membeane transporters. Sildenafil appeared to
be a substrate for P-gp, and the role of OATP
was limited for hepatic transport of sildenafil.
Whether the transporters in sinusolidar
membrane are involved in the hepatic
disposition of sildenafil or not remains
unclear.
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Table 1 Summary of Sildenafil-Specific Transporter inhibitor Interaction

Perfusate Bile
Sildenafil Metabolite™ Sildenafil Metabolite

AUC Concentration Aep.s0 Aep.s0

(ng-min/mL ) (ng/mL) (ng) (ng)
5 uM CsA —> 1 I I
20 M CsA —° 1 N I
50uM RIF —> N.D. P 1
1 mM PBED o 0 o N
50 pg/mL AMI —° 1 1€ 1€

*P <0.05

a. Over twice increasing from control metabolite in steady state.

b. The difference is less than 10%

c. The difference is higher than 10%, but no significantly difference.



