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ABSTRACT: A pharmacokinetic interaction between oral DA-8159 and amlodipine was evaluated
in male Sprague–Dawley rats. In rats pretreated with troleandomycin (a main inhibitor of CYP3A1/
2 in rats), the AUC0�6 h of amlodipine was significantly greater than the controls (34.5� 6.01
compared with 28.0� 4.70 mg min/ml), indicating that amlodipine is metabolized via CYP3A1/2 in
rats. It was reported that the metabolism of DA-8159 and the formation of DA-8164 (a metabolite of
DA-8159) were mainly mediated via CYP3A1/2 in rats, and amlodipine significantly inhibited the
CYP3A2 in rats. Therefore, a pharmacokinetic interaction between the two drugs could be expected.
However, after oral administration of DA-8159 at a dose of 30 mg/kg with or without oral
amlodipine at a dose of 5 mg/kg to rats, the pharmacokinetic parameters of DA-8159 and DA-8164
were not significantly different between the two groups of rats. Similar results were also obtained
from amlodipine between with and without DA-8159. The above data indicated that the
pharmacokinetic interaction between oral DA-8159 and amlodipine was almost negligible in
rats. Copyright # 2006 John Wiley & Sons, Ltd.
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Introduction

DA-8159 (Udenafil; 5-[2-propyloxy-5-(1-methyl-
2-pyrollidinylethylamidosulphonyl) phenyl]- 1-
methyl-3-propyl-1,6-dihydro-7H-pyrazolo(4,3-d)
pyrimidine-7-one), a new inhibitor of cyclic
guanosine monophosphate (cGMP)-specific
phosphodiesterase type V (PDE V), was synthe-
sized (Research Laboratory of Dong-A Pharma-
ceutical Company, Yongin, Republic of Korea) as
an oral agent to treat male erectile dysfunction.
Based on in vitro metabolism of DA-8159 in the
liver microsomes containing Baculovirus-ex-
pressed rat cytochrome P450 (CYP) isozymes,
DA-8159 was metabolized into three metabolites:

DA-8164 (N-dealkylated DA-8159; 5-[2-propy-
loxy-5-(aminosulfonyl)phenyl]-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo(4,3-d)pyrimidine-7-one),
M1 (hydroxyl DA-8159; 5-[2-propyloxy-5-(1-
methyl-2-pyrollidinylethylamidosulfonyl)phenyl]-
1-methyl-3-hydroxypropyl-1,6-dihydro-7H-pyra-
zolo(4,3-d)pyrimidine-7-one) and M2 (N-de-
methyl DA-8159; 5-[2-propyloxy-5-(1-methyl-2-
pyrollidinylethylamidosulfonyl)phenyl]-3-propyl-
1,6-dihydro-7H-pyrazolo(4,3-d)pyrimidine-7-one)
[1]. DA-8164 formation was not a main metabolic
pathway for DA-8159 in rats; the intrinsic
clearance (Clint) values for the formation of M1,
M2 and DA-8164 were 43.0, 0.08 and 16.6 ml/
min/mg protein, respectively [1]. Glucuronide-
and sulfate-conjugations were not involved in the
metabolism of DA-8159 [1]. DA-8164 was formed
in mice, rats, rabbits, dogs and humans [2]. DA-
8159 shows more favorable pharmacokinetic
profiles in humans than other PDE V inhibitors;
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absorption was fast (maximum plasma concen-
tration (Cmax) values reached at 1.0–1.5 h) and
terminal half-lives were relatively long (11–13 h),
which would confer unique clinical properties of
both a rapid onset and long duration as well as
having much fewer side effects than other PDE V
inhibitors [3].

After intravenous administration of DA-8159
at doses of 5–30 mg/kg in male Sprague–Dawley
rats, the pharmacokinetic parameters of DA-8159
were dose-independent; the terminal half-life,
apparent volume of distribution at steady state
(Vss) and the time-averaged total body clearance
(Cl) values were 114–119 min, 5080–7320 ml/kg,
and 89.6–100 ml/min/kg, respectively [4]. After
oral administration of DA-8159 at doses of 20–
100 mg/kg in male Sprague–Dawley rats, the
extent of absolute oral bioavailability (F) values
were 40.1%, 38.0%, 55.6% and 104% for 20, 30, 50
and 100 mg/kg, respectively. At a dose of 30 mg/
kg of DA-8159 in male Sprague–Dawley rats, the
hepatic and intestinal first-pass effects were
approximately 58% and 9.6% of the dose,
respectively [4]. Hence, DA-8159 is an intermedi-
ate hepatic extraction ratio drug, therefore, the
hepatic clearance of DA-8159 depends on Clint,
free (unbound to plasma proteins) fractions of
DA-8159 in plasma and hepatic blood flow rate
[5]. The plasma protein binding values of DA-
8159 to rats, rabbits, dogs and humans were
81.4%, 80.1%, 82.2% and 93.9%, respectively, at a
DA-8159 concentration of 5 mg/ml using an
equilibrium dialysis technique [6].

Kim et al. [7] reported that the metabolism of
DA-8159 and the formation of DA-8164 were
mainly catalysed via CYP3A1/2 in male Spra-
gue–Dawley rats. For example, in rats pretreated
with dexamethasone (a main inducer of
CYP3A1/2 in rats), the total area under the
plasma concentration–time curve from time zero
to time infinity (AUC0�1) values of DA-8159 and
DA-8164 were significantly smaller (18.9% de-
crease) and greater (22.8% increase), respectively,
after intravenous administration of DA-8159 than
in controls. On the other hand, in rats pretreated
with troleandomycin (a main inhibitor of
CYP3A1/2 in rats), the AUC0�1 values of DA-
8159 and DA-8164 were significantly greater
(17.6% increase) and smaller (54.5% decrease),
respectively, after intravenous administration of

DA-8159 than in controls. However, the AUC0�1

values of DA-8159 were not significantly differ-
ent after pretreatment with phenobarbital, iso-
niazid, 3-methylcholanthrene and quinine (main
inducers of CYP2B1/2, 2E1 and 1A1/2, and a
main inhibitor of 2D1, respectively, in rats). The
mechanism [8] and erectogenic effects [9] of DA-
8159 were reviewed [3]. DA-8159 is now being
evaluated in a phase III clinical trial in Korea for
the treatment of male erectile dysfunction.

Amlodipine, a 1,4-dihydropyridine calcium
channel antagonist, has a longer terminal half-
life and greater F value than those of nifedipine
and other dihydropyridines. Drobitch et al. [10]
reported that erythromycin N-demethylase (ery-
thromycin is metabolized to N-demethylerythro-
mycin via CYP3A2 in male rats [11]) activity was
significantly inhibited by 1 mm amlodipine in
both noninduced and induced rat liver micro-
somes. However, whether CYP3A1/2 is involved
in the metabolism of amlodipine in rats in vivo
seemed not to be reported. Since, metabolism of
DA-8159 and the formation of DA-8164 were
mainly mediated by CYP3A1/2 in rats [7] and
amlodipine inhibited CYP3A2 in rats [10], the
pharmacokinetic interaction between DA-8159
and amlodipine could be expected in rats.
Pharmacokinetic and/or pharmacodynamic in-
teractions between DA-8159 and other drugs in
rats were reported. For example, after simulta-
neous intravenous administration of DA-8159
(30 mg/kg) and nitroglycerine (2.5 mg/kg), the
time-averaged nonrenal clearance (Clnr) of DA-
8159 was significantly slower (36.4% decrease)
than that of DA-8159 alone due to inhibition of
metabolism of DA-8159 by nitroglycerine, and a
blood pressure dropping effect was considerable
[12]. After simultaneous intravenous administra-
tion of DA-8159 (30 mg/kg) and terazocin (5 mg/
kg), the Clnr of terazocin was significantly slower
(32.4% decrease) than that of terazocin alone, and
the blood pressure dropping effect was consider-
able (our unpublished data). Moreover, Webb
et al. [13] reported that in patients with hyperten-
sion who were taking amlodipine therapy,
sildenafil (Viagra1; an erectogenic) produced
additive, but not synergistic, reductions in blood
pressure. Hence, amlodipine was chosen in
this study. The pharmacokinetics of DA-8164
were also evaluated in the present study, since
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DA-8164 is a main metabolite of DA-8159 in
humans and the pharmacological effect of DA-
8164 (as a PDE V inhibition) is one-half of that of
DA-8159 [3]. Hence, the changes in the concen-
trations of DA-8164 by enzyme inhibition by
amlodipine could alter the therapeutic effect of
DA-8159.

The aim of this study is to report negligible
pharmacokinetic interaction between oral DA-
8159 and amlodipine in male Sprague–Dawley
rats. The metabolism of amlodipine via CYP3A1/
2 in rats pretreated with troleandomycin (a main
inhibitor of CYP3A1/2 in rats) was also reported.

Materials and Methods

Chemicals

DA-8159, DA-8164, sildenafil (an internal stan-
dard of high-performance liquid chromato-
graphic (HPLC) analysis of DA-8159 and DA-
8164), and amlodipine were supplied from the
Research Laboratory of Dong-A Pharmaceutical
Company. Tiropramide (an internal standard of
LC/MS/MS analysis of amlodipine) was do-
nated from the Daewoong Pharmaceutical Com-
pany (Seoul, Republic of Korea). Troleandomycin
was purchased from Sigma–Aldrich Corporation
(St Louis, MO). Other chemicals were of reagent
grade or HPLC grade.

Animals

Male Sprague–Dawley rats of 7 weeks of age
(weighing 240–260 g) were purchased from the
Charles River Company Korea (Orient, Seoul,
Republic of Korea). The animals were caged
(Tecniplast, Varese, Italy) under the supply of
filtered pathogen-free air, and were maintained
in a light-controlled room (light: 0700–1900, dark:
1900–0700) kept at a temperature of 22� 28C and
a relative humidity of 55� 5% (Animal Center
for Pharmaceutical Research, College of Phar-
macy, Seoul National University, Seoul, Republic
of Korea) with food (Sam Yang Company, Seoul,
Republic of Korea) and water ad libitum. The
protocol of this study was approved by the
Animal Care and Use Committee of the College
of Pharmacy, Seoul National University.

Intravenous administration of amlodipine in rats
pretreated with troleandomycin

Procedures for the pretreatment of rats including
the cannulation of the carotid artery (for blood
sampling) and the jugular vein (for drug admin-
istration) of each rat were reported [14]. Rats
received single intraperitoneal injection of
500 mg (5 ml)/kg of troleandomycin (dissolved
in 0.9% NaCl-injectable solution and acidified to
pH 4.0 with HCl [15]), a main inhibitor of
CYP3A1/2 in rats [16]. Control rats received the
same volume of the vehicle. Two hours after
intraperitoneal administration of troleandomycin
or the vehicle, amlodipine (dissolved in water for
injection) at a dose of 2 mg/kg was infused (total
infusion volume of 2 ml/kg) over 1 min via the
jugular vein of rats pretreated with troleando-
mycin (n ¼ 7) and their control rats (n ¼ 7) [15].
Approximately a 0.12 ml aliquot of blood was
collected via the carotid artery at 0 (to serve as a
control), 1 (at the end of the infusion), 5, 15, 30,
60, 90, 120, 180, 240, and 360 min after intrave-
nous administration of amlodipine. After centri-
fugation of the blood samples, a 50 ml aliquot of
each plasma sample was stored in a –70oC freezer
(Revco ULT 1490 D-N-S; Western Mednics,
Asheville, NC) until the LC/MS/MS analysis of
amlodipine [17]. Approximately a 0.3 ml aliquot
of heparinized 0.9% NaCl-injectable solution
(20 units/ml) was used to flush the cannula after
each blood sampling to prevent blood clotting.

Oral administration of DA-8159 in rats

For the amlodipine study, amlodipine (dissolved
in water for injection) at a dose of 5 mg/kg/day
was administered orally (total oral volume of
3 ml/kg/day) once per day for 3 consecutive
days [18] in rats. Just after the third dose of
amlodipine, 6 ml/kg of 0.05m citric acid was
administered, and then approximately 0.12 ml
aliquot of blood samples were collected via the
carotid artery at 0, 15, 30, 45, 60, 90, 120, 180, 240
and 360 min after oral administration of amlodi-
pine in rats (n ¼ 9). Blood samples were handled
as those in the above intravenous study. At the
end of 24 h, each metabolic cage was rinsed with
15 ml of distilled water and the rinsings were
combined with the 0–24 h urine sample. After
measuring the exact volume of the combined

Copyright # 2006 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 27: 125–131 (2006)

NEGLIGIBLE INTERACTION BETWEEN DA-8159 AND AMLODIPINE 127



urine sample, a 50 ml aliquot of the combined
urine sample was stored in a �708C freezer until
the LC/MS/MS analysis of amlodipine [17]. At
the same time (24 h), each rat was killed by
cervical dislocation and then the entire gastro-
intestinal tract (including its contents and feces)
was removed, transferred into a beaker contain-
ing 50 ml of methanol (to facilitate the extraction
of amlodipine), and cut into small pieces using
scissors. After stirring with a glass rod for 1 min,
two 50 ml aliquots of the supernatant were
collected from each beaker and stored in a
�708C freezer until the LC/MS/MS analysis of
amlodipine [17].

For the DA-8159 and amlodipine study, DA-
8159 (dissolved in 0.05m citric acid) at a dose of
30 mg/kg was administered orally (total oral
volume of 6 ml/kg) in rats (n ¼ 7) just after the
third dose of amlodipine. Approximately a
0.32 ml aliquot of blood sample was collected
via the carotid artery at 0, 15, 30, 45, 60, 90, 120,
180, 240, 360, 480, 600, 720 and 1440 min.
Approximately 1 ml of blood collected from
untreated rats was infused via the carotid artery
at 1, 2 and 3 h, respectively, after blood sampling.
Blood samples were centrifuged immediately
and then a 100 ml (for DA-8159 and DA-8164
assay) and a 50 ml (for amlodipine assay) aliquots
of each plasma sample were stored in a �708C
freezer until the HPLC analysis of DA-8159 and
DA-8164 [19], and the LC/MS/MS analysis of
amlodipine [17]. Urine (0–24 h) and gastrointest-
inal tract samples were handled similarly.

For the DA-8159 study, DA-8159 at a dose of
30 mg/kg was administered orally to rats (n ¼ 7)
after oral administration of water for injection
(total oral volume of 3 ml/kg/day) for 3 con-
secutive days. Approximately a 0.22 ml aliquot of
blood sample was collected via the carotid artery
at 0, 15, 30, 45, 60, 90, 120, 180, 240, 360, 480, 600,
720 and 1440 min. Blood, urine (0–24 h) and
gastrointestinal tract samples were handled
similarly as mentioned above.

Pharmacokinetics analysis

The total area under the plasma concentration–
time curve from time zero to the last measured
time, t, in plasma (AUC0�t) was calculated by the
trapezoidal rule–extrapolation method. This

method uses the logarithmic trapezoidal rule
[20] for calculation of the area during the
declining plasma-level phase and the linear
trapezoidal rule for the rising plasma-level
phase. The time-averaged renal clearance (Clr)
was calculated by dividing the total amount of
unchanged drug excreted in 24 h urine by the A
UC0�t [14]. The Cmax and time to reach a Cmax

(Tmax) were read directly from the experimental
data. The mean value of Clr was calculated by the
harmonic mean method [21].

Statistical analysis

A value of p50.05 was considered to be
statistically significant using a t-test between
the two means for the unpaired data. All data
are expressed as mean� standard deviation.

Results and Discussion

Amlodipine inhibited erythromycin N-demethy-
lase activity in the rat liver microsomes [10],
however, it appears unpublished whether
CYP3A1/2 is involved in the metabolism of
amlodipine in rats in vivo. Hence, rats were
pretreated with troleandomycin, a main inhibitor
of CYP3A1/2 in rats [16]. In rats pretreated with
troleandomycin, the AUC0�6 h of amlodipine was
significantly greater than the controls (34.5� 6.01
compared with 28.0� 4.70 mg min/ml). This in-
dicated that amlodipine is metabolized via
CYP3A1/2 in rats.

Shim et al. [4] reported that the AUC0�1 values
of DA-8159 were dose-proportional after intra-
venous administration at doses of 5–30 mg/kg
and oral administration at doses of 20–30 mg/kg
in male Sprague–Dawley rats. Hence, a dose of
30 mg/kg of DA-8159 was chosen arbitrarily in
this study.

After oral administration of DA-8159 with or
without amlodipine, the absorption of DA-8159
was rapid; DA-8159 was detected in plasma from
the first blood sampling time, 15 min, for both
groups of rats, and reached Tmax rapidly; the
Tmax values were 27.9 and 19.3 min for without
and with amlodipine, respectively (Figure 1(A)
and Table 1). After oral administration of DA-
8159, the percentages of DA-8159 oral dose
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excreted in 24 h urine as unchanged DA-8159
(AeDA-8159, 0�24 h) plus recovered from the entire
gastrointestinal tract (including its contents and
feces) at 24 h (GIDA-8159, 24 h) were less than 4.79%
of the oral dose for both groups of rats (Table 1),
suggesting that the most of the absorbed DA-
8159 is metabolized in rats. The pharmacokinetic
parameters of DA-8159 listed in Table 1 were not

significantly different between with and without
amlodipine.

After oral administration of DA-8159 with or
without amlodipine, the formation of DA-8164
was rapid; DA-8164 was detected in plasma from
the first blood sampling time, 15 min, for both
groups of rats (Figure 1(B) and Table 1). The
pharmacokinetic parameters of DA-8164 listed in
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Figure 1. Mean arterial plasma concentration–time profiles of DA-8159 (A) and DA-8164 (B) after oral administration of DA-8159
at a dose of 30 mg/kg without (*; n ¼ 7) or with (*; n ¼ 7) oral administration of amlodipine at a dose of 5 mg/kg, and
amlodipine (C) after oral administration of amlodipine at a dose of 5 mg/kg without (*; n ¼ 9) or with (*; n ¼ 7) oral
administration of DA-8159 at a dose of 30 mg/kg in rats. Bars represent standard deviation

Table 1. Mean (� standard deviation) pharmacokinetic parameters of DA-8159 and DA-8164 after oral administration of DA-
8159 at a dose of 30 mg/kg without or with oral administration of amlodipine at a dose of 5 mg/kg, and amlodipine after oral
administration of amlodipine at a dose of 5 mg/kg without or with oral administration of DA-8159 at a dose of 30 mg/kg in rats

Parameter DA-8159 Parameter Amlodipine

Without amlodipine With amlodipine Without DA-8159 With DA-8159
(n ¼ 7) (n ¼ 7) (n ¼ 9) (n ¼ 7)

DA-8159 Amlodipine
AUC0�24 h (mg min/ml) 128� 39.4 144� 63.2 AUC0�6 h (mg min/ml) 8.46� 2.96 6.96� 1.36
Clr (ml/min/kg) 3.52� 2.81 2.63� 1.79 Cmax (mg/ml) 0.0669� 0.0271 0.0553� 0.0150
Cmax (mg/ml) 0.575� 0.355 0.655� 0.582 Tmax (min) 45.0� 18.4 36.4� 11.8
Tmax (min) 27.9� 13.5 19.3� 7.32 Aeamlodipine; 0�24 h

b 0.339� 0.139 0.543� 0.327
AeDA-8159, 0�24 h

a 1.89� 0.707 1.43� 0.624 GIamlodipine; 24 h
b 2.08� 2.16 2.89� 2.45

GIDA-8159, 24 h
a 2.90� 2.74 2.94� 1.99

DA-8164
AUC0�24 h (mg min/ml) 196� 80.3 188� 70.3
Cmax (mg/ml) 0.383� 0.198 0.284� 0.115
Tmax (min) 270� 176 317� 165
AeDA-8164, 0�24 h

a 0.0494� 0.0205 0.0552� 0.0152
GIDA-8164, 24 h

a 0.137� 0.0213 0.183� 0.0444c

a Expressed in terms of % of oral dose of DA-8159.
b Expressed in terms of % of oral dose of amlodipine.
c Significantly different (p 5 0.05) from without amlodipine.
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Table 1 were also not significantly different
between with and without amlodipine except
significantly greater GIDA-8164, 24 h (33.6% in-
crease) with amlodipine, although the values
were almost negligible (Table 1).

After oral administration of amlodipine with
or without DA-8159, the absorption of amlodi-
pine was also rapid; amlodipine was detected in
plasma from the first blood sampling time,
15 min, for both groups of rats, and reached Tmax

rapidly; the Tmax values were 36.4 and 45.0 min
for with and without DA-8159, respectively
(Figure 1(C) and Table 1). The pharmacokinetic
parameters of amlodipine listed in Table 1 were
not significantly different between with and
without DA-8159 (Table 1). Note that there were
multiple peaks in the plasma concentrations of
both DA-8159 (Figure 1(A)) and amlodipine
(Figure 1(C)) after oral administration. The
possible reasons for multiple peaks phenomena
could be due to irregular blood partition of the
drugs between plasma and blood cells, entero-
hepatic recycling of drugs, rapid uptake of the
drugs in the tissues and then late release from the
tissues to blood, and/or gastric emptying pattern
of drugs [22,23].

The pharmacokinetic interaction between oral
DA-8159 and amlodipine was expected, since the
metabolism of DA-8159 and the formation of DA-
8164 were mainly mediated via CYP3A1/2 in rats
[7] and amlodipine was metabolized via CYP3A2
in rats as mentioned earlier. Moreover, erythro-
mycin N-demethylase activity was significantly
inhibited by amlodipine in the rat liver micro-
somes [11]. However, the pharmacokinetic para-
meters of DA-8159 and DA-8164, and amlodipine
were not significantly different to those of oral
administration of amlodipine and DA-8159,
respectively (Table 1), indicating that pharmaco-
kinetic interaction between oral DA-8159 and
amlodipine was almost negligible in rats. This
suggests that the CYP3A1/2 amounts are suffi-
cient simultaneously to metabolize the amlodi-
pine and DA-8159 at the doses used in the
present study. Almost no drug interaction be-
tween amlodipine and cyclosporine A, mainly
metabolized via CYP3A4 in humans [24], was
also reported in renal transplant recipients [25].
Human CYP3A4 and rat CYP3A1 have 73%
homology [26]. It was also reported [13] that in

hypertensive patients, sildenafil did not signifi-
cantly affect the pharmacokinetics of amlodipine.

In conclusion, modification of the oral dosage
regimen of DA-8159 and amlodipine does not
seem to be necessary for patients who are taking
the two drugs together. Human studies are
required to prove the above hypothesis by
measuring blood pressure changes, since blood
pressure dropped in hypertensive patients who
are taking amlodipine and sildenafil, although
sildenafil did not significantly affect the pharma-
cokinetics of amlodipine [13]. The blood pressure
also dropped considerably after simultaneous
intravenous administration of DA-8159 and
nitroglycerine [12], and DA-8159 and terazocin
(our unpublished data).
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