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ABSTRACT

Mirodenafil is a S-phosphodiesterase inhibitor that is currently marketed in Korea for the treatment of erectile
dysfunction; however, no information in other populations is available. It has been described that Mirodenafil is
metabolized by CYP3A4, a metabolic pathway in which interethnic differences have been reported. The purpose
of this study was to characterize the oral pharmacokinetics of Mirodenafil in Mexicans. Seventeen male healthy
volunteers were enrolled in this study. After an overnight fast, volunteers received an oral 100 mg dose and
blood samples were collected at selected times during 24 h. Plasma was stored frozen and analyzed by an HPLC
method. Pharmacokinetic parameters obtained were: Cmax 331.129 + 32.689 ng/mL, tmax 1.574 £ 0.293 h, AUC24n
883.293 + 104.088 ng-h/mL, AUCw» 976.477 + 108.812 ng-h/mL and ti2 1.807 + 0.171 h. Parameter values ob-
served in this study are similar to those reported in Koreans. Since efficacy and safety studies of Mirodenafil
have been conducted in Koreans, it is expected that dosage regime to employ in Mexicans should be similar to
the approved for Korean population.
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duced and released by endothelial cells and non-adre-
nergic, non-cholinergic nerves. PDE-5 inhibition pro-
duces a marked increase of cGMP in the corpus cavern-
ous, leading to relaxation of smooth muscle and penis
erection [2,3].

Pharmacokinetics of this drug has been evaluated in
animal models and it has been established that this drug
is metabolized by several pathways, including cyto-
chrome P-450 3A (CYP3A4) [4-7]. Clinically, pharma-
cokinetics of this drug has been evaluated in Korean

1. Introduction

Mirodenafil is a 5-phosphodiesterase (PDE-5) inhibitor
that is useful in the treatment of erectile dysfunction [1].
PDE-5 inhibitors produce their effect by increasing cy-
clic guanosine monophosphate (cGMP), by an augment
and long duration of vasodilatory activity of nitric oxide
(NO) and prostaglandin 12 [2,3]. That is why PDE-5 in-
hibitors produce selective vasodilation in pulmonary ar-
tery, leading to a reduction of pulmonary blood pressure,

with a transitory non clinically significant reduction of
systemic blood pressure. Additionally, these drugs are
able to potentiate the relaxation of smooth muscle of
corpus cavernous, leading to penis erection in presence
of sexual stimulus. During sexual stimulus, NO is pro-
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population [8-10]. It has been described that Mirodenafil
is rapidly absorbed after oral dosing, reaching the maxi-
mal concentration in about 1.25 hours, food intake re-
duced the absorption of the drug, therefore, it is recom-
mended to be ingested fasted. Mirodenafil is extensively
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bound to plasma proteins (97%), and is metabolized by
CYP3A4 to a metabolite 10 times less active. Half-life of
Mirodenafil is about 2.5 hours.

Previously, our group reported that some drugs metab-
olized by CYP3A4, as nifedipine [11], cyclosporine [12],
midazolam [13] sildenafil [14], among others, reach
higher levels in Mexicans in comparison with Caucasians,
but limited information are available when compared
with Asian population. Therefore, in order to establish an
adequate dosage regimen in Mexicans, it is important to
establish if oral pharmacokinetics of Mirodenafil in our
population is similar to the reported in Koreans, popula-
tion in which efficacy and safety of Mirodenafil have
been evaluated [1].

2. Subjects and Methods
2.1. Subjects

Seventeen Mexican male healthy subjects weighing
(mean + S.D.) 72.36 + 8.40 Kg with 1.66 + 0.08 m of
height and 35.94 + 11.51 years of age were included in
the study. All subjects were fit according to medical ex-
amination, clinical history and suitable laboratory tests.
Volunteers gave written informed consent for participa-
tion in the study, according to the protocol approved by
the Institutional Ethics Committee. After an overnight
fast, subjects received an oral dose of 100 mg Mirodena-
fil (a tablet) and blood samples were obtained immedi-
ately before and at 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5, 3, 3.5, 4,
5, 6, 8, 12 and 24 hours after drug administration. Plasma
was obtained by centrifugation of blood samples and
stored frozen at —80°C until analyzed for Mirodenafil
concentration.

2.2. Determination of Mirodenafil in Plasma

Mirodenafil plasma levels were determined by a high-
performance liquid chromatographic (HPLC) method de-
veloped in our laboratory. Briefly, plasma samples (0.25
mL) were placed in conical glass tubes and were added
with 0.3 mL of 0.1% ammonium hydroxide in acetonitrile.
Tubes were agitated at maximum speed in a vortex mixer
for 1 min and centrifuged at 4500 rpm for 10 min. Then,
upper layer was placed in autosampler vials and samples
were filtered with Millipore membranes, then 100 pL
aliquots were injected into the chromatographic system.
The chromatographic system was Waters (Waters As-
sociates, Milford, MA, USA) and was formed by a 2695
Alliance system, a 996 diode-array detector placed at 254
nm. Separation of compounds was carried out in a 150
mm x 4.6 mm of 5 um particle size Fortis C18 column,
eluted with a mixture of 0.1% ammonium hydroxide in
acetonitrile with water (55:45, v/v). Flow rate was main-
tained constant at 0.8 mL/min. Retention time of
Mirodenafil was 7.2 - 7.3 min. Under these conditions,
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the method was linear in the range of 25 to 500 ng/mL
and intra- and inter-day accuracy was between 89 and
105% and coefficient of variation was lower than 9%,
making this method suitable for conducting pharmacoki-
netic studies of Mirodenafil.

2.3. Pharmacokinetic Analysis

Plasma concentration against time curves were plotted
and maximal concentration (Cmax) and time to reach this
maximum (tmax) Were directly obtained from these curves.
Area under the plasma concentration against time curve
until the last sampling time (AUC,4) was obtained by the
trapezoidal rule. Area under the curve extrapolated to
infinity (AUC.) was obtained by the sum of AUCo4 plus
extrapolation to infinity, obtained by dividing the last
concentration by the terminal elimination rate constant
(Ke¢). Half-life (ti2) was obtained by diving Ln2/K.. All
parameters were obtained using the WinNonlin Profes-
sional ver. 2.1 software.

3. Results

Treatment with Mirodenafil was well tolerated. Mild
reduction of blood pressure were observed in 10 volun-
teers, whereas, three subjects referred side effects, being
headache (1 volunteer), nausea (1 volunteer) and swel-
tering (1 volunteer). Figure 1 shows the Mirodenafil chem-
ical structure, whereas Figure 2 illustrates Mirodenafil
representative chromatograms obtained with the blank,
Mirodenafil spiked plasma (200 ng/mL) and patient’s
samples, in which the retention time of Mirodenafil was
found around 7.2 - 7.3 min. Figure 3 depicts mean plas-
ma concentration against time curve obtained in the sev-
enteen subjects that received an oral 100 mg dose of
Mirodenafil in fasting conditions. Plasma levels are de-
picted until 8 hours, since no detectable concentration of
Mirodenafil were observed after this time, indicating a
rapid elimination rate of the compound (less than 2
hours). It can be seen that Mirodenafil is rapidly ab-
sorbed reaching the Cuax in about 1.5 hours. Individual
pharmacokinetic parameters obtained are shown in Table
1. When parameters values obtained in Mexicans were
compared with those values reported in Koreans, it was
observed that similar values were observed, as shown in
Table 2.

4. Discussion

Oral pharmacokinetics of Mirodenafil in Mexican healthy
volunteers was evaluated and compared with previous
studies conducted in Korean population. So far, no in-
formation about pharmacokinetics of Mirodenafil is
available in other populations. Mirodenafil is metabolized
by CYP3A4, and inte'rethnic differences in the pharma-
cokinetics of drugs metabolized by this pathway have
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Figure 1. Chemical structure of Mirodenafil.

T
0.0104 0.010 ] 0.0104 l g
1 < o~
qQ ~
0.0081 0.0081 ~ | 0.0081 2
z :
-, 0.006 | 0.006 < | 0.0061 o
=z | a | 2
0.004 | § 0.0041 2 | 0004 || s
| nz I
0.002 i |l 0.0027 ! i | 0.002] | I |
| W | N |
0.0007~ RN 0,000+ et 0000k TR
1.00 8.00 1.00 8.00 1.00 8.00
Minutes Minutes Minutes
() () (©)

Figure 2. Representative chromatograms obtained with the
blank (a), Mirodenafil spiked plasma (b) and patient’s plasma
samples (c).
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Figure 3. Plasma concentration-time curves of 100 mg
Mirodenafil in 17 Mexican healthy volunteers. Data are pre-
sented as mean + standard deviation.

been reported. In fact, it has been described that Mexican
reach higher levels than the reported in Caucasians with
drugs metabolized by this pathway, as midazolam,

sildenafil, nifedipine, cyclosporine, among others [11-14].

However, limited information is available when data
were compared with Asians. It has been observed that
oral pharmacokinetics of nifedipine is similar in Asians
in comparison with Mexicans [15]. Such differences in
pharmacokinetics of drugs indicate that dosage regimes
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Table 1. Individual pharmacokinetic parameters of Mirodenafil
obtained after administration of an oral 100 mg dose to seven-
teen healthy volunteers.

Volunteer Coran fanax AUC AUCe0 iz
(ng/mL)  (h) (ng'h/mL)  (ng-h/mL) (h)

1 433.8 0.8 1598.9 1694.7 1.6
2 374.4 1.3 867.2 919.0 1.4
3 424.6 3.5 1043.7 1209.7 22
4 349.2 1.5 910.3 967.7 1.5
5 195.0 1.3 512.9 582.7 1.4
6 4353 0.8 1022.0 1094.3 1.8
7 283.2 0.8 420.2 452.0 0.8
8 186.0 0.5 330.3 390.3 1.2
9 305.2 3.5 1210.3 1336.3 1.8
10 416.4 1.3 1477.3 1601.0 22
11 256.0 0.5 388.3 457.0 1.5
12 624.4 0.8 1690.5 1845.9 2.6
13 308.2 0.5 565.3 628.8 1.5
14 520.7 0.5 991.6 1060.9 1.4
15 117.0 3.5 427.0 571.5 2.7
16 196.7 2.5 652.4 812.6 3.8
17 203.0 35 908.0 969.9 1.5
Mean 331.1 1.57 883.3 976.5 1.81
S.D. 134.8 1.21 429.2 448.6 0.71

Table 2. Comparison of pharmacokinetic parameters of
Mirodenafil after administration of an oral 100 mg to healthy
volunteers from Mexico (this study) and Koreans [10]. Data are
expressed as mean + S.D.

Parameter Mexicans (this study) Koreans [10]

Cinax (ng/mL) 331.1+£134.8 373.4+171.3
tmax (h) 1.57+1.21 1.26 £0.55

AUC, (ng-h/mL) 976.5 +448.6 931.4+£404.6
ti (h) 1.81+0.71 1.96 £ 0.55

should not be blindy extrapolated between populations.
Mirodenafil has demonstrated to be effective in the treat-
ment of erectile dysfunction in Korean population estab-
lishing dosage regime that are effective and safe. As ef-
ficacy and safety in most of cases depend on plasma
concentration reached after dosing, it is important to es-
tablish if interethnic differences in the pharmacokinetics
of this drug exist. That is why, in this study we charac-
terized the oral pharmacokinetics of Mirodenafil in
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Mexicans and a comparison with the values reported in
Koreans was performed. Since no important differences
in the values obtained in both populations was observed,
it is concluded that no pharmacokinetic differences for
Mirodenafil are present and therefore, dosage recom-
mendation should be similar for both populations. Not-
withstanding, the main limitation of the present study is
the absence of a parallel study between Mexicans and
Koreans due the Korean pharmacokinetic data were
based on observation of past studies, so future studies
will be needed to address this issue. Furthermore, a study
in dysfunction erectile patients will also be necessary for
additional evaluation of safety and efficacy in Mexicans.
Moreover, it is lacking a pharmacokinetic study in Cau-
casians in order to determine interethnic pharmacokinetic
differences.
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Abbreviations List

AUCo: Area under the concentration-time curve from
zero to infinitum

AUCo4n: Twenty-four-hour area under the concentration-
time curve

Cax: Maximum plasma concentration

CYP3A4: Cytochrome P-450 3A4

GMPc: Cyclic guanosine monophosphate
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HPLC: High performance liquid chromatography
Ke: Terminal elimination rate constant

NO: Nitric oxide

PDE-5: 5-phosphodiesterase

S.D.: Standard deviation

ti2: Drug half-life

tmax: Time to maximum plasma concentration
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