
pISSN: 2287-4208 / eISSN: 2287-4690

World J Mens Health 2014 April 32(1): 18-27
http://dx.doi.org/10.5534/wjmh.2014.32.1.18 Review Article

Received: Feb 4, 2014; Accepted: Feb 11, 2014

Correspondence to: Nam Cheol Park

Department of Urology, Pusan National University School of Medicine, 179 Gudeok-ro, Seo-gu, Busan 602-739, Korea.

Tel: +82-51-240-7349, Fax: +82-51-247-5443, E-mail: pnc@pusan.ac.kr

Copyright © 2014 Korean Society for Sexual Medicine and Andrology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Mirodenafil for the Treatment of Erectile Dysfunction: 
A Systematic Review of the Literature

Hyun Jun Park1, Kyung Hyun Moon2, Seung Wook Lee3, Won Ki Lee4, Sung Chul Kam5, Jun Ho Lee6, 
Nam Cheol Park1

Department of Urology, 1Medical Research Institute, Pusan National University Hospital, Pusan National University School of Medicine, 
Busan, 2Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, 3Hanyang University Guri Hospital, Guri, 4Chuncheon 
Sacred Heart Hospital, Hallym Unversity College of Medicine, Chuncheon, 5Gyeongsang National University School of Medicine, Jinju, 
6National Police Hospital, Seoul, Korea

Phosphodiesterase type 5 (PDE5) inhibitors are the most commonly used treatment for erectile dysfunction (ED). Since the launch 

of sildenafil, several drugs−including mirodenafil, sildenafil citrate (sildenafil), tadalafil, vardenafil HCL (vardenafil), udenafil, 

and avanafil−have become available. Mirodenafil is a newly developed pyrrolopyrimidinone compound, which is a potent, 

reversible, and selective oral PDE5 inhibitor. Mirodenafil was launched in Korea in 2007, and an orally disintegrating film of 

mirodenafil was developed in 2011 for benefitting patients having difficulty in swallowing tablets. This study aimed to review the 

pharmacokinetic characteristic profile of mirodenafil and report evidence on its efficacy in the case of ED. In addition, we 

reviewed randomized controlled studies of mirodenafil’s daily administration and efficacy for lower urinary tract symptoms.
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INTRODUCTION

　Phosphodiesterase type 5 (PDE5) inhibitors are the most 
commonly used drugs to treat erectile dysfunction (ED). 
Since the launch of sildenafil, several compounds−includ-
ing mirodenafil, sildenafil citrate (sildenafil), tadalafil, var-
denafil HCL (vardenafil), udenafil, and avanafil−have be-
come available. These PDE5 inhibitors are taken prior to 
anticipated sexual activity and have been proven effica-
cious and well tolerated. Mirodenafil is a newly developed 
pyrrolopyrimidinone compound; it is a potent, reversible, 

and selective oral PDE5 inhibitor [1,2]. Mirodenafil was 
launched in Korea in 2007, and an orally disintegrating 
film of mirodenafil was developed in 2011 for benefitting 
patients having difficulty in swallowing tablets.
　The Tmax and t1/2 values of mirodenafil are 1.25 and 2.5 
hours, respectively. Preclinical studies have revealed that 
the selectivity of mirodenafil toward PDE5 is 10-fold high-
er than that of sildenafil, but the inhibitory effects of mir-
odenafil on other PDEs are lower than those of sildenafil 
[3]. One study showed that mirodenafil significantly im-
proves ED and is well tolerated in a representative pop-
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ulation of Korean males with broad-spectrum ED of vari-
ous etiologies and severities [1]. A new trend has devel-
oped in the field of sexual medicine, particularly regard-
ing PDE5 inhibitor medication. Daily administration of 
PDE5 inhibitors is useful for a proportion of ED patients. In 
addition, the beneficial effects of PDE5 inhibitors on lower 
urinary tract symptoms (LUTS) secondary to benign pro-
static hyperplasia (BPH) have been demonstrated in sev-
eral clinical trials. This study aimed to review the pharma-
cokinetic characteristic profile of mirodenafil and report 
evidence on its efficacy for ED. In addition, we reviewed 
randomized controlled studies of daily administration and 
efficacy of mirodenafil for LUTS.

PHARMACOKINETICS OF MIRODENAFIL

　Mirodenafil (5-ethyl-2-(3)-7-propyl-3,5-dihydropyrrolo 
[3,2-d]pyrimidin-4-one) is a novel pyrrolopyrimidinone 
compound and a reversible PDE5 inhibitor. Mirodenafil 
has a molecular weight of 531.25 Da. It is modified from 
sildenafil at the N- or O-side chain and has a dihydropy-
rrole ring instead of a pyrazole ring [4].
　After oral administration of 14C-mirodenafil (40 mg/kg) to 
rats, 0.98% and 82.92% of the administered radioactivity 
for the first 24-hour period was recovered from their urine 
and feces, respectively. The total radioactivity recovered 
within 7 days was 92.32%, with 91.25% and 1.07% ex-
creted in the feces and urine, respectively, indicating that 
the absolute gastrointestinal absorption rate is at least 92% 
[3]. The plasma concentration reached its maximum value 
(Cmax) of 4,773 ng/mL at 1.7 hours after dosing in rats and 
decreased with a half-life (t1/2) of 4.0 hours. The corpus cav-
ernosum concentration reached a Cmax of 2,812 ng/mL at 
1.4 hours after dosing in rats and decreased with a t1/2 of 1.3 
hours. After oral administration of mirodenafil (100 mg) in 
humans, the Cmax was 354.9 ng/mL at 1.0 hour and de-
creased with a t1/2 of 1.6 hours [5-7].
　Although mirodenafil is completely absorbed following 
oral administration, its mean absolute bioavailability is 
relatively low. Oral bioavailabilities based on total radio-
activity are estimated to be 60.4%, 62.2%, and 69.9% for 
10, 20, and 40 mg/kg doses in rats, respectively. The oral 
bioavailabilities of parent mirodenafil have been esti-
mated to be 24.1%, 30.1%, and 43.4% for 10, 20, and 40 

mg/kg doses in rats, respectively [5], which resulted from 
extensive first-pass metabolism. After oral administration 
of mirodenafil (20 mg/kg), ∼2.59% of the oral dose is not 
absorbed, and the hepatic and gastrointestinal first-pass ef-
fects of mirodenafil are ∼21.4% and ∼54.3% of the oral 
dose, respectively [8].
　After oral administration of a 40 mg/kg dose of 14C-mir-
odenafil in rats, radioactivity is distributed in all tissues. 
The tissue/plasma radioactivity ratio at 1 hour after admin-
istration is 0.5 to 2.6, with the exception of the excretory 
organs [5]. The highest radioactivity concentrations are 
found in the gastrointestinal tract. Radioactivity levels in 
most tissues decrease with time, and elimination is almost 
complete within 24 hours. However, radioactivity re-
mains detectable with a relatively high penetration in the 
thyroid, liver, and brain of rats [5,8]. Radioactivity in the 
brain increases gradually with time up to 24 hours post 
dose because it seems that 14C-mirodenafil crosses the 
blood‒brain barrier and inhibits PDE5 in the cerebral 
blood vessels. The binding ratios of mirodenafil to plasma 
proteins in rats are ＞97% in vitro and ＞98% in vivo [5,8].
　The pharmacokinetics of mirodenafil after oral admin-
istration (10, 20, and 50 mg/kg) to rats is dose-dependent 
due to saturable hepatic metabolism. The changes in Cmax 
and area under the plasma concentration‒time curve 
(AUC) across the 10 to 50 mg/kg range show a linear de-
pendence on dose escalation. The Tmax value is 30 mi-
nutes, and the t1/2 value is 30.5 to 41.3 minutes at all doses 
[8].
　Mirodenafil undergoes extensive biotransformation in 
human liver microsomes with 10 metabolites formed 
mainly due to breakdown via cytochrome P450 (CYP3A4) 
in addition to minor contributions by CYP2C. Mirodenafil 
inhibits CYP3A4, CYP2C19, and CYP2D6 activities with 
IC50 values of 15.6, 38.2, and 77.0 μM, respectively. 
Mirodenafil metabolites have a 10-fold lower in vitro po-
tency for PDE5 inhibition compared with that of mir-
odenafil [9]. 
　Biliary excretion of radioactivity during the first 24 
hours is ∼38.82%, and the hepatobiliary system serves as 
the main route of excretion for mirodenafil and its metabo-
lites after both oral and intravenous administration. The 
excretion of mirodenafil and its metabolites is almost com-
plete after 7 days post oral administration in rats (91.2%). 



20   World J Mens Health Vol. 32, No. 1, April 2014

Table 1. Pharmacokinetics of mirodenafil and three traditional phosphodiesterase type 5 inhibitors (tadalafil, sildenafil, and
vardenafil)

Mirodenafil 100 mg Sildenafil 100 mg Tadalafil 20 mg Vardenafil 20 mg

Tmax (h)
T1/2 (h)
Cmax (ng/mL)

1.25
2.5

373.4

0.83∼1.2
3.7∼3.8

327

2.0
17.5

378

0.7∼1.0
3.3∼3.9

20.9

Tmax: time of maximum drug concentration, T1/2: half-life of the drug, Cmax: maximum drug concentration.

The main route of excretion is through feces (＞91% of 
dose) via bile after oral dosing [3,5,8].

ANIMAL STUDIES

　The pharmacokinetic properties of mirodenafil have 
been compared with those of sildenafil in rats. After oral 
administration of both mirodenafil (40 mg/kg) and sildena-
fil (40 mg/kg), plasma concentrations reached Cmax values 
of 2,728 ng/mL at 1.0 hour and 173 ng/mL at 1.6 hours af-
ter dosing in rats and decreased with a t1/2 of 1.5 and 1.4 
hours, respectively. The corpus cavernosum concen-
tration reached a Cmax of 2,812 ng/mL at 1.4 hours and 
1,116 ng/mL at 1.4 hours after dosing in rats and de-
creased with a t1/2 of 1.3 and 0.9 hours. The Cmax and AUC 
of mirodenafil were significantly higher than those of sil-
denafil in the plasma and corpus cavernosum tissue [6]. 
　The effect of mirodenafil on tissue relaxation in a rabbit 
model organ bath study demonstrated that the corpus cav-
ernosum relaxes in response to mirodenafil in a dose-de-
pendent manner. Additionally, the relaxation effects of 
mirodenafil increase when rabbits are pre-treated with 
Ginkgo biloba extract (vasorelaxive effects are the main 
function) [10].
　In a spinal cord injury rabbit model, mirodenafil or sil-
denafil produces a penile erection response. The onset of 
erectile activity with mirodenafil is quicker than that with 
sildenafil citrate [11]. The effects of chronic mirodenafil 
administration on the facilitation of pelvic nerve‒medi-
ated penile erection in a diabetic ED rat model and a cav-
ernosal nerve injury ED rat model demonstrate that chron-
ic mirodenafil treatment has a significant effect on increas-
ing intracavernosal pressure [12,13]. Chronic treatment 
with mirodenafil enhances erectile function in an ED ani-
mal model.

PHARMACOLOGICAL PROFILE OF 
MIRODENAFIL COMPARED WITH OTHER 
PHOSPHODIESTERASE TYPE 5 INHIBITORS

　The Tmax and t1/2 values for mirodenafil are 1.25 and 2.5 
hours, respectively [1]. As summarized in Table 1 [14-19], 
the Tmax value is similar to that of sildenafil, and the t1/2 val-
ue is shorter than that of any other drug listed in Table 1. 
However, no head-to-head comparative study has been 
conducted. The pharmacokinetics of mirodenafil is not af-
fected by alcohol, which is similar to other traditional 
PDE5 inhibitors (sildenafil, vardenafil, and tadalafil) 
[20,21]. Fatty food intake affects the pharmacokinetic pro-
files of sildenafil and vardenafil but not that of tadalafil 
[18,19,22]. However, scant data are available on the effect 
of food on mirodenafil pharmacodynamics. Thus, further 
studies are needed to elucidate their relationships.

CLINICAL TRIALS REVIEW: EFFICACY AND 
SAFETY OF MIRODENAFIL
1. Broad population of males with erectile dysfunction

　The first clinical data concerning the efficacy of mir-
odenafil were reported in 2008 [1]. That multicenter, 
randomized, double-blind, placebo-controlled study was 
performed after a 4-week run-in baseline period during 
which no drug or placebo was offered. Patients were pre-
scribed mirodenafil at fixed doses of 50 or 100 mg for 12 
weeks on an ‘as-needed’ basis. The mean age of all sub-
jects was 52.9 years. At baseline, 3.2% of all subjects had 
mild ED (scores of 22∼25), 29.7% had mild-to-moderate 
ED (scores of 17∼21), 43.2% had moderate ED (scores of 
11∼16), and 23.9% had severe ED (scores of 1∼10). 
Finally, 215 (96.4%) of the 223 males completed the trial. 
The primary outcome measure (International Index of 
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Table 2. Comparison of efficacy parameters between mirodenafil and other phosphodiesterase type 5 inhibitors in patients
with diabetes and erectile dysfunction [27,32,33]

Item Mirodenafil Sildenafil Vardenafil Tadalafil

IIEF EF domain
GAQ

Change from baseline (score)
Satisfaction (%)

9.3 
77

7.08
56

5.42
72

6.40 
64

IIEF EF domain: International Index of Erectile Function erectile function domain, GAQ: global assessment questionnaire.

Erectile Function [IIEF] question [Q] 3 score) increased by 
0.68 from the baseline in the placebo group compared 
with 1.16 and 1.64 in the mirodenafil 50- and 100-mg 
groups, respectively. The IIEF Q3 scores of the mirodena-
fil 50- and 100-mg groups increased by a significantly 
greater amount than those of the placebo group (p= 
0.0001 and p＜0.0001, respectively).
　 These results are comparable with those of other PDE5 
inhibitors, although no head-to-head comparative studies 
have been conducted. In the first clinical trial of sildenafil 
involving males with ED, the IIEF Q3 score increased by 
0.1 from the baseline in the placebo group compared with 
increases of 1.6 and 2.0 in the sildenafil 50- and 100-mg 
groups, respectively [23]. In the initial results of tadalafil in 
179 males with ED (8.9% had mild ED, 37.6% had 
mild-to-moderate ED, 28.7% had moderate ED, and 
24.8% had severe ED), the IIEF Q3 score increased by 0.3 
from the baseline in the placebo group compared with in-
creases of 1.0 and 1.3 in the 10- and 25-mg dose groups, 
respectively [24]. In the first clinical trial of vardenafil in-
volving 580 males with ED (37.5% had moderate ED and 
31.9% had severe ED), the IIEF Q3 score increased by 0.2 
from the baseline in the placebo group compared with in-
creases of 1.3 and 1.5 in the vardenafil 10- and 20-mg 
groups, respectively.
　A recent meta-analysis reported no major differences in 
efficacy among the three traditional PDE5 inhibitors 
(tadalafil, sildenafil, and vardenafil), but further studies of 
other PDE5 inhibitors (avanafil, lodenafil, udenafil, and 
mirodenafil) and a comparison of efficacy among the vari-
ous PDE5 inhibitors are needed because of limitations in 
the quality and quantity of the currently available evi-
dence [25].

2. Erectile dysfunction patients with chronic disease

　The findings from many epidemiological studies show 

that ED is associated with chronic diseases such as dia-
betes mellitus (DM), hypertension, and spinal cord injury 
[26]. Several studies have shown that PDE5 inhibitors im-
prove ED in males with chronic diseases [27-30]. 
However, few studies have been conducted on mir-
odenafil in this regard despite the general presumption 
that mirodenafil is also effective for ED in subjects with 
chronic diseases.
　In a study of the pharmacokinetics of mirodenafil in 
streptozotocin-induced DM rats [31], mirodenafil was de-
tected in the plasma in 5 minutes and was absorbed with a 
Tmax of 15 to 60 minutes in both the control and DM groups. 
The Cmax and total area under the plasma concentration 
curve from time zero to infinity for mirodenafil in the DM 
group were also comparable to those in the control group. 
In a randomized, placebo-controlled clinical trial in pa-
tients with diabetes [32], the on-demand dosing of mir-
odenafil resulted in a significant improvement in erectile 
function (Table 2), and the drug was safe and well-tolerated 
irrespective of the baseline severity of DM. However, only 
a low dose of mirodenafil (50 mg) was used in this trial con-
sidering that the maximum dose of a PDE5 inhibitor is gen-
erally required in patients with DM [33].
　In a study on the pharmacokinetics of mirodenafil in hy-
pertensive rats [34], 16-week-old spontaneously hyper-
tensive rats (SHRs) (an animal model of the chronic phase 
of essential hypertension) showed significantly greater in-
travenous AUC and comparable oral AUC of mirodenafil 
compared with those of the controls. The AUCs of intra-
venous and oral mirodenafil in 6-week-old SHRs were sig-
nificantly greater than those in the controls. Additionally, 
the AUC of oral mirodenafil alone in 16-week-old deoxy-
corticosterone acetate salt-induced rats (an animal model 
of secondary hypertension) was significantly smaller than 
that in the control rats. These results suggest that the phar-
macokinetics of mirodenafil may not be affected by essen-
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Table 3. Comparison of efficacy parameters between mirodenafil and other phosphodiesterase type 5 inhibitors in patients
with erectile dysfunction concomitantly taking antihypertensive drugs [36] 

Item Mirodenafil Sildenafil Vardenafil Tadalafil

IIEF EF domain
IIEF Q3
IIEF Q4
SEP2
SEP3
GAQ 

Change from baseline (score)
Change from baseline (score)
Change from baseline (score)
Change from baseline (%)
Change from baseline (%)
Satisfaction (%)

9.4
1.4
1.9

30
55
84

1.5
1.6

86

33
49
80

9.4

 
87

IIEF EF domain: International Index of Erectile Function erectile function domain, Q: questionnaire, SEP: sexual encounter 
profile, GAQ: global assessment questionnaire.

tial hypertension itself. However, a more important clin-
ical issue is the relationship between ED and hyper-
tension, and the possible interaction between mirodenafil 
and antihypertensive drugs. In an experimental study of 
the effects combining mirodenafil with antihypertensive 
drugs on the relaxation of rabbits’ corpus cavernosum 
[35], the effect of mirodenafil was significantly enhanced 
by an angiotensin receptor blocker (losartan), a calcium 
channel blocker (nifedipine or amlodipine), and an alpha 
adrenergic blocker (doxazosin or tamsulosin) by ＞40%, 
but not by an angiotensin-converting enzyme inhibitor. 
These results are comparable to those of other PDE5 in-
hibitors and suggest that mirodenafil, like other PDE5 in-
hibitors, should be initiated at a lower dose in patients us-
ing hypertensive drugs. In a randomized, placebo-con-
trolled clinical trial in patients taking an antihypertensive 
drug [36], the on-demand dosing of mirodenafil resulted 
in a significant improvement in erectile function, and the 
efficacy of mirodenafil seemed to be comparable to that of 
other PDE5 inhibitors (Table 3). Furthermore, mirodenafil 
did not show clinically significant long-term changes in 
hypertension-associated parameters such as blood pres-
sure, heart rate, or electrocardiographic findings. Howev-
er, a relatively small percentage of patients taking diuretics 
(14.8%) and a beta adrenergic blocker (25.9%) were en-
rolled, and the immediate effects of mirodenafil on hyper-
tension-associated parameters were not evaluated. 
　Several studies suggest that PDE5 inhibitors, particularly 
sildenafil, in patients with spinal cord injury are first-line 
therapy for ED [30]. However, it is difficult to distinguish 
among the PDE5 inhibitors and to counsel individual pa-
tients in clinical practice. Only one experimental study on 

mirodenafil is available in this area. In an acute spinal 
cord-injured rabbit model, mirodenafil significantly im-
proved erectile function, and its efficacy was greater than 
that of sildenafil with respect to the peak length of the pen-
ile mucosa and the onset time of action [11].
　A study of the use of mirodenafil combined with dapox-
etine in patients with premature ejaculation (PE) without 
ED has been published [37]. Mirodenafil combined with 
dapoxetine showed better results in terms of intravaginal 
ejaculatory latency time and PE profile index score, and 
similar treatment-emergent adverse events, compared 
with those of dapoxetine alone. This was the first random-
ized, placebo-controlled clinical trial on the use of a PDE5 
inhibitor combined with dapoxetine for PE. This result 
suggests that adding a PDE5 inhibitor to dapoxetine may 
be more effective and safer than dapoxetine alone.
　The efficacy and tolerability of mirodenafil are expected 
to be comparable to or better than those of other PDE5 in-
hibitors in patients with ED and a chronic disease because 
mirodenafil demonstrates higher selectivity toward PDE5 
and lower selectivity toward other PDE family members 
than sildenafil [3]. Moreover, experimental and clinical 
data show the usefulness of mirodenafil. However, there 
is insufficient evidence to demonstrate the usefulness of 
mirodenafil in patients with ED and a chronic disease. 
Further research is needed to answer this question.

3. Once daily mirodenafil treatment

　Since 1998, when sildenafil came onto the market, 
PDE5 inhibitors have been used for ED as first-line treat-
ment [23,38]. Many studies have reported the effective-
ness and safety of the daily administration of PDE5 in-
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hibitors [39-42]. 
　The rationale for daily administration of PDE5 inhibitors 
to treat ED is based on a report by Eardley et al [43] pub-
lished in 2004. According to this report, people usually ini-
tiate sex within 30 minutes of their intention to do so irre-
spective of the presence of ED. Another study on females 
conducted by Fisher et al [44] in 2005 reported that 30% 
and 34%, respectively, of males and females have sexual 
intercourse without a schedule. These two studies confirm 
that the behavior and timing of sexual intercourse between 
males and females cannot be anticipated and explain the 
limitation of on-demand PDE5 inhibitor therapy, which 
needs to be administered prior to sexual intercourse. The 
unpredictable timing and short lead time for sex may be a 
rationale for the daily administration of PDE5 inhibitors.
　Males with ED mostly want to be able to have sex any 
time with a spontaneous erection [45]. The ability to have 
a spontaneous erection is more important for them than 
sexual intercourse itself. Porst et al [46] reported that daily 
administration of a PDE5 inhibitor allows patients with ED 
to obtain spontaneous erections. Daily administration of a 
PDE5 inhibitor is meaningful because a patient can have 
spontaneous erections and perform intercourse without 
having to take a PDE5 inhibitor beforehand.
　Daily administration of tadalafil is a method of obtain-
ing a spontaneous erection in patients with ED and allow-
ing them to forget about their disease [46]. The basis of the 
study was that through daily administration, agents with a 
comparatively long half-life could remain in the blood at a 
level higher than the minimally effective concentration. 
However, Chung et al [42] reported that once daily admin-
istration of mirodenafil, which has a Tmax of 1.25 hours and 
a t1/2 of 2.5 hours [2], improves the sexual function and 
LUTS of patients.
　Konstantinopoulos et al [47] reported that a significant in-
crease in ET-1, nitric oxide (NO), and cGMP is observed in 
patients with ED when the molecular markers (ET-1, NO, 
cGMP, thrombomodulin, E-selectin, and vEF) of the endo-
thelial function affecting erectile function were measured 
after once daily treatment with sildenafil, which has a com-
paratively short half-life. As a result of animal experiments, 
the mirodenafil-administration group showed a larger AUC 
and a higher peak serum concentration of the therapeutic 
drug than the sildenafil-administration group [6]. As shown 

in these two studies, the once daily treatment with mir-
odenafil is expected to improve endothelial function as 
well as the once daily treatment of sildenafil. Zhao et al [48] 
reported the efficacy of a once daily udenafil treatment in 
patients with ED. They found that the daily administration 
of 50 mg of udenafil had mild side effects and was effective 
in improving ED. In another study, Zhao et al [49] reported 
a difference between the blood and tissue concentrations 
after administering a PDE5 inhibitor prior to transurethral 
prostatectomy in patients with BPH. In animal experiments, 
concentrations of mirodenafil in the plasma and the corpus 
cavernosum were confirmed to be different [6]. On the ba-
sis of these results, the effects of the once daily treatment 
cannot be determined by using the blood concentration of 
the agent and half-life. A post-antibiotic effect−sub-mini-
mum inhibitory concentration effect is observed in the cas-
es of antibiotic agents. This is the mechanism of delayed 
cell growth, morphological changes, and increasing 
post-antibiotic effects even though the level of antibiotic in 
blood is lower than the minimal inhibitory concentration 
[50]. This result suggests that PDE5 inhibitors can affect the 
body at a level lower than the minimally effective con-
centration. In addition, a once daily treatment with agents 
having a short half-life can be effective due to pharmacody-
namic factors such as drug distribution, bioavailability, and 
reabsorption [51].

4. Lower urinary tract symptom 

　The prevalence of both ED and LUTS associated with 
BPH increases with age. Clinical evidence shows that ED 
and LUTS due to BPH have a common pathophysiology 
[52]. The first-line treatment options for BPH-LUTS include 
pharmacotherapy with α1-adrenergic blockers or 5α-re-
ductase inhibitors. The latter are prescribed when there is 
significant prostatic enlargement. Both types of agents are 
associated with unwanted side effects, including ortho-
static hypotension and dizziness with α1-adrenergic 
blockers, decreased libido and ED with 5α-reductase in-
hibitors, and ED with both [53]. Additionally, α1-adrener-
gic blockers can cause anejaculation or retrograde ejacu-
lation, whereas 5α-reductase inhibitors can decrease ejac-
ulate volume. Due to the limitations of current therapy, nu-
merous clinical trials have been conducted to test the po-
tential role of PDE5 inhibitors in BPH-LUTS treatment. 
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Although the exact mechanism of action remains to be 
clarified, PDE5 inhibitors have shown efficacy in treating 
LUTS in males with and without ED. These drugs may be 
considered first-line treatment for males with an ED 
history. With the advent of an additional class of drugs to 
treat LUTS, medical therapy can be individualized for en-
suring maximum patient benefit. Three studies concerning 
the use of mirodenafil in LUTS are included in the current 
literature: two on the combination of mirodenafil with α

1-blockers and one on mirodenafil vs. placebo. The first tri-
al to examine the role of mirodenafil in the treatment of 
LUTS was a multicenter, open-label prospective study of 
121 males with ED [54]. All patients were given α1-block-
ers (0.2 mg of tamsulosin or 10 mg of alfuzosin) to treat 
LUTS/BPH for ＞3 months before the study commenced, 
and the patients were then given two oral mirodenafil 
doses of 100 mg per week to be taken before intercourse. 
It was emphasized that the patients should take the mir-
odenafil at least 6 hours after having the α1-blocker. The 
participants completed the International Prostate Symptom 
Score (IPSS)/quality of life (QoL), peak urine flow rate 
(Qmax), post void residual volume (PVR), and IIEF-5 tests at 
baseline and again during 4- and 8-week reviews. After 8 
weeks of treatment with mirodenafil, there were significant 
improvements in the IIEF-5 and the IPSS/QoL but not Qmax 
or PVR. Facial flushing was the most common adverse ef-
fect, followed by headache and dizziness. None of the sub-
jects dropped out of the study because of adverse effects. 
The second study was a multicenter, open-label pro-
spective study that assessed the clinical efficacy and safety 
of mirodenafil co-administered with an α1-blocker to pa-
tients with both BPH-LUTS and ED [55]. A total of 147 sex-
ually active males with a history of BPH-LUTS and ED for 
≥3 months were eligible. Apart from having a personal 
history of BPH-LUTS and ED, the patients enrolled in this 
trial had been receiving stable α1-blocker therapy for at 
least 4 weeks, although they were not fully satisfied with 
their current medical treatment. In addition to main-
tenance α1-blocker therapy, all patients were prescribed 
50 mg of mirodenafil OD after enrollment. The co-primary 
measures were the IPSS and the IIEF-5, and the key secon-
dary measures were Qmax and PVR volume at baseline and 
8 weeks. The IIEF-5 score improved at 8 weeks. The combi-
nation of mirodenafil with a α1-blocker did not sig-

nificantly improve PVR; however, Qmax improved at 8 
weeks. Hot flashes (10.9%) were the most common ad-
verse effect, followed by headache (8.1%). The third was a 
multicenter, double-blind placebo-controlled trial involv-
ing 134 males with ED who were administered mirodenafil 
[42]. The patients were randomly allocated into two 
groups. Group 1 (90 patients) received 50 mg of mir-
odenafil once daily, and group 2 (90 patients) received a 
placebo daily. IIEF-5, IPSS, Qmax, and PVR were assessed at 
4, 8, and 12 weeks after the start of treatment. Of the 180 
patients, 71 in group 1 and 63 in group 2 completed the 
12-week clinical trial. After 12 weeks of once daily 50 mg 
of mirodenafil administration, the group 1 patients showed 
significant improvements in the IIEF-5 scores compared 
with group 2 patients. Significant improvements in LUTS 
were observed in the IPSS/QoL and uroflowmetry across 
the treatment group as secondary efficacy variables com-
pared with those in the placebo group. Headache was the 
most common adverse effect, followed by facial flushing. 
The results of three studies concerning the use of mir-
odenafil in patients with LUTS suggest that mirodenafil sig-
nificantly improves LUTS and erectile function in males 
with BPH. Mirodenafil seems to be a treatment option for 
patients with LUTS secondary to BPH with ED. Further 
studies are needed to determine the long-term outcomes, 
and a large-scale study is required for further evaluation of 
efficacy. 

CONCLUSIONS

　Although mirodenafil shares its mechanism of action 
with other PDE5 inhibitors to improve ED, the potential 
benefit of mirodenafil compared with other PDE5 in-
hibitors is noteworthy. The efficacy of mirodenafil for 
treating patients with ED, those with combined diseases, 
and those with LUTS has been demonstrated in many 
well-designed, controlled trials. In addition, daily treat-
ment with mirodenafil is a useful option with similar effi-
cacy and safety as on-demand treatment.

REFERENCES

1. Paick JS, Ahn TY, Choi HK, Chung WS, Kim JJ, Kim SC, et 
al. Efficacy and safety of mirodenafil, a new oral phospho-



Hyun Jun Park, et al: Mirodenafil for ED Treatment: A Review   25

diesterase type 5 inhibitor, for treatment of erectile 
dysfunction. J Sex Med 2008;5:2672-80.

2. Paick JS, Choi HK, Kim SC, Ahn TY, Kim JJ, Park JK, et al. 
Efficacy and safety of oral SK3530 for the treatment of erec-
tile dysfunction in Korean men: a multicenter, randomized, 
double-blind, placebo-controlled, fixed dose, parallel group 
clinical trial. Asian J Androl 2008;10:791-8.

3. Lee J, Yoo HH, Rhim KJ, Sohn DR, Kim DH. Metabolism 
and excretion of 5-ethyl-2-{5-[4-(2-hydroxyethyl)piperazine- 
1-sulfonyl]-2-propoxyphenyl}-7-propyl-3,5-dihydropyrrolo 
[3,2-d]-pyrimidin-4-one (SK3530) in rats. Rapid Commun 
Mass Spectrom 2007;21:1139-49.

4. Oh JG, Jang WJ, Chi SC. Validation of a HPLC method for 
the quantification and purity determination of SK3530 in 
drug substance and tablet. J Pharm Biomed Anal 2007;43: 
1179-84.

5. Yoo HH, Kim NS, Im GJ, Kim DH. Pharmacokinetics and 
tissue distribution of a novel PDE5 inhibitor, SK-3530, in 
rats. Acta Pharmacol Sin 2007;28:1247-53.

6. Lee SK, Kim Y, Kim TK, Im GJ, Lee BY, Kim DH, et al. 
Determination of mirodenafil and sildenafil in the plasma 
and corpus cavernous of SD male rats. J Pharm Biomed 
Anal 2009;49:513-8.

7. Shin BS, Hu SK, Kim J, Oh JG, Youn WN, Lee B, et al. 
Development of LC/MS/MS assay for the determination of 
5-ethyl-2-{5-[4-(2-hydroxyethyl)piperazine-1-sulfonyl]-2-pro-
poxyphenyl}-7-propyl-3,5-dihydropyrrolo[3,2-d]pyr-
imidin-4-one (SK3530) in human plasma: application to a 
clinical pharmacokinetic study. J Pharm Biomed Anal 2007; 
45:176-84.

8. Choi YH, Lee YS, Bae SH, Kim TK, Lee BY, Lee MG. 
Dose-dependent pharmacokinetics and first-pass effects of 
mirodenafil, a new erectogenic, in rats. Biopharm Drug 
Dispos 2009;30:305-17.

9. Lee HS, Park EJ, Ji HY, Kim SY, Im GJ, Lee SM, et al. Identi-
fication of cytochrome P450 enzymes responsible for N 
-dealkylation of a new oral erectogenic, mirodenafil. Xeno-
biotica 2008;38:21-33.

10. Kim JJ, Han DH, Lim SH, Kim TH, Chae MR, Chung KJ, et 
al. Effects of Ginkgo biloba extracts with mirodenafil on the 
relaxation of corpus cavernosal smooth muscle and the po-
tassium channel activity of corporal smooth muscle cells. 
Asian J Androl 2011;13:742-6.

11. Jung JY, Kim SK, Kim BS, Lee SH, Park YS, Kim SJ, et al. The 
penile erection efficacy of a new phosphodiesterase type 5 
inhibitor, mirodenafil (SK3530), in rabbits with acute spinal 
cord injury. J Vet Med Sci 2008;70:1199-204.

12. Park K, Ryu KS, Li WJ, Kim SW, Paick JS. Chronic treatment 
with a type 5 phosphodiesterase inhibitor suppresses apop-
tosis of corporal smooth muscle by potentiating Akt signal-
ling in a rat model of diabetic erectile dysfunction. Eur Urol 
2008;53:1282-8.

13. Kim H, Sohn DW, Kim SD, Hong SH, Suh HJ, Lee CB, et al. 
The effect of mirodenafil on the penile erection and corpus 
cavernosum in the rat model of cavernosal nerve injury. Int 

J Impot Res 2010;22:291-7.
14. Porst H. IC351 (tadalafil, Cialis): update on clinical 

experience. Int J Impot Res 2002;14 Suppl 1:S57-64.
15. Shin KH, Kim BH, Kim TE, Kim JW, Yi S, Yoon SH, et al. 

The effects of ketoconazole and rifampicin on the pharma-
cokinetics of mirodenafil in healthy Korean male volun-
teers: an open-label, one-sequence, three-period, three- 
treatment crossover study. Clin Ther 2009;31:3009-20.

16. Klotz T, Sachse R, Heidrich A, Jockenhövel F, Rohde G, 
Wensing G, et al. Vardenafil increases penile rigidity and 
tumescence in erectile dysfunction patients: a RigiScan and 
pharmacokinetic study. World J Urol 2001;19:32-9.

17. Corbin JD, Francis SH. Pharmacology of phosphodiester-
ase-5 inhibitors. Int J Clin Pract 2002;56:453-9.

18. Nichols DJ, Muirhead GJ, Harness JA. Pharmacokinetics of 
sildenafil after single oral doses in healthy male subjects: 
absolute bioavailability, food effects and dose propor-
tionality. Br J Clin Pharmacol 2002;53 Suppl 1:5S-12S.

19. Wright PJ. Comparison of phosphodiesterase type 5 (PDE5) 
inhibitors. Int J Clin Pract 2006;60:967-75.

20. Kim BH, Yi S, Kim J, Lim KS, Kim KP, Lee B, et al. Influence 
of alcohol on the hemodynamic effects and pharmacoki-
netic properties of mirodenafil: a single-dose, random-
ized-sequence, open-label, crossover study in healthy male 
volunteers in Korea. Clin Ther 2009;31:1234-43.

21. Bacon CG, Mittleman MA, Kawachi I, Giovannucci E, 
Glasser DB, Rimm EB. Sexual function in men older than 
50 years of age: results from the health professionals fol-
low-up study. Ann Intern Med 2003;139:161-8.

22. Porst H, Young JM, Schmidt AC, Buvat J; International 
Vardenafil Study Group. Efficacy and tolerability of varde-
nafil for treatment of erectile dysfunction in patient 
subgroups. Urology 2003;62:519-23.

23. Goldstein I, Lue TF, Padma-Nathan H, Rosen RC, Steers 
WD, Wicker PA. Oral sildenafil in the treatment of erectile 
dysfunction. Sildenafil Study Group. N Engl J Med 1998; 
338:1397-404.

24. Padma-Nathan H, McMurray JG, Pullman WE, Whitaker JS, 
Saoud JB, Ferguson KM, et al; IC351 On-Demand Dosing 
Study Group. On-demand IC351 (Cialis) enhances erectile 
function in patients with erectile dysfunction. Int J Impot 
Res 2001;13:2-9.

25. Yuan J, Zhang R, Yang Z, Lee J, Liu Y, Tian J, et al. 
Comparative effectiveness and safety of oral phosphodies-
terase type 5 inhibitors for erectile dysfunction: a systematic 
review and network meta-analysis. Eur Urol 2013;63: 
902-12.

26. Shamloul R, Ghanem H. Erectile dysfunction. Lancet 
2013;381:153-65.

27. Vardi M, Nini A. Phosphodiesterase inhibitors for erectile 
dysfunction in patients with diabetes mellitus. Cochrane 
Database Syst Rev 2007;(1):CD002187.

28. Kloner RA, Mitchell M, Emmick JT. Cardiovascular effects 
of tadalafil in patients on common antihypertensive 
therapies. Am J Cardiol 2003;92:47M-57M.



26   World J Mens Health Vol. 32, No. 1, April 2014

29. van Ahlen H, Wahle K, Kupper W, Yassin A, Reblin T, 
Neureither M. Safety and efficacy of vardenafil, a selective 
phosphodiesterase 5 inhibitor, in patients with erectile dys-
function and arterial hypertension treated with multiple 
antihypertensives. J Sex Med 2005;2:856-64.

30. Lombardi G, Nelli F, Celso M, Mencarini M, Del Popolo G. 
Treating erectile dysfunction and central neurological dis-
eases with oral phosphodiesterase type 5 inhibitors. Review 
of the literature. J Sex Med 2012;9:970-85.

31. Lee YS, Choi YH, Kim TK, Ryu KH, Lee BY, Lee MG. 
Pharmacokinetics of mirodenafil and its two metabolites, 
SK3541 and SK3544, after intravenous and oral admin-
istration of mirodenafil to streptozotocin-induced diabetes 
mellitus rats. Xenobiotica 2010;40:129-37.

32. Park HJ, Choi HK, Ahn TY, Park JK, Chung WS, Lee SW, et 
al. Efficacy and safety of oral mirodenafil in the treatment of 
erectile dysfunction in diabetic men in Korea: a multicenter, 
randomized, double-blind, placebo-controlled clinical trial. 
J Sex Med 2010;7:2842-50.

33. Malavige LS, Levy JC. Erectile dysfunction in diabetes 
mellitus. J Sex Med 2009;6:1232-47.

34. Lee YS, Choi YH, Yoon IS, Kim TK, Ryu KH, Lee BY, et al. 
Pharmacokinetics of mirodenafil and its two metabolites, 
SK3541 and SK3544, in spontaneously or DOCA-salt-in-
duced hypertensive rats. Biopharm Drug Dispos 2011;32: 
38-49.

35. Lee JH, Chae MR, Park JK, Jeon JH, Lee SW. The effects of 
the combined use of a PDE5 inhibitor and medications for 
hypertension, lower urinary tract symptoms and dyslipide-
mia on corporal tissue tone. Int J Impot Res 2012;24:221-7.

36. Paick JS, Kim JJ, Kim SC, Moon KH, Min KS, Park K, et al. 
Efficacy and safety of mirodenafil in men taking anti-
hypertensive medications. J Sex Med 2010;7:3143-52.

37. Lee WK, Lee SH, Cho ST, Lee YS, Oh CY, Yoo C, et al. 
Comparison between on-demand dosing of dapoxetine 
alone and dapoxetine plus mirodenafil in patients with life-
long premature ejaculation: prospective, randomized, dou-
ble-blind, placebo-controlled, multicenter study. J Sex Med 
2013;10:2832-41.

38. Brock GB, McMahon CG, Chen KK, Costigan T, Shen W, 
Watkins V, et al. Efficacy and safety of tadalafil for the treat-
ment of erectile dysfunction: results of integrated analyses. J 
Urol 2002;168:1332-6.

39. Althof SE, Rubio-Aurioles E, Kingsberg S, Zeigler H, Wong 
DG, Burns P. Impact of tadalafil once daily in men with 
erectile dysfunction--including a report of the partners' 
evaluation. Urology 2010;75:1358-63.

40. McVary KT, Roehrborn CG, Kaminetsky JC, Auerbach SM, 
Wachs B, Young JM, et al. Tadalafil relieves lower urinary 
tract symptoms secondary to benign prostatic hyperplasia. J 
Urol 2007;177:1401-7.

41. Roehrborn CG, McVary KT, Elion-Mboussa A, Viktrup L. 
Tadalafil administered once daily for lower urinary tract 
symptoms secondary to benign prostatic hyperplasia: a dose 
finding study. J Urol 2008;180:1228-34.

42. Chung JH, Kang DH, Oh CY, Chung JM, Lee KS, Kim TH, et 
al. Safety and efficacy of once daily administration of 50 mg 
mirodenafil in patients with erectile dysfunction: a multi-
center, double-blind, placebo controlled trial. J Urol 
2013;189:1006-13.

43. Eardley I, Dean J, Barnes T, Kirby M, Glasser D, Solanki J. 
The sexual habits of British men and women over 40 years 
old. BJU Int 2004;93:563-7.

44. Fisher WA, Rosen RC, Eardley I, Sand M, Goldstein I. 
Sexual experience of female partners of men with erectile 
dysfunction: the female experience of men's attitudes to life 
events and sexuality (FEMALES) study. J Sex Med 2005;2: 
675-84.

45. Hanson-Divers C, Jackson SE, Lue TF, Crawford SY, Rosen 
RC. Health outcomes variables important to patients in the 
treatment of erectile dysfunction. J Urol 1998;159:1541-7.

46. Porst H, Giuliano F, Glina S, Ralph D, Casabé AR, 
Elion-Mboussa A, et al. Evaluation of the efficacy and safety 
of once-a-day dosing of tadalafil 5mg and 10mg in the treat-
ment of erectile dysfunction: results of a multicenter, 
randomized, double-blind, placebo-controlled trial. Eur 
Urol 2006;50:351-9.

47. Konstantinopoulos A, Giannitsas K, Athanasopoulos A, 
Spathas D, Perimenis P. The impact of daily sildenafil on 
levels of soluble molecular markers of endothelial function 
in plasma in patients with erectile dysfunction. Expert Opin 
Pharmacother 2009;10:155-60.

48. Zhao C, Kim SW, Yang DY, Kim JJ, Park NC, Lee SW, et al. 
Efficacy and safety of once-daily dosing of udenafil in the 
treatment of erectile dysfunction: results of a multicenter, 
randomized, double-blind, placebo-controlled trial. Eur 
Urol 2011;60:380-7.

49. Zhao C, Kim SH, Lee SW, Jeon JH, Kang KK, Choi SB, et al. 
Activity of phosphodiesterase type 5 inhibitors in patients 
with lower urinary tract symptoms due to benign prostatic 
hyperplasia. BJU Int 2011;107:1943-7.

50. Zhanel GG, Craig WA. Pharmacokinetic contributions to 
postantibiotic effects. Focus on aminoglycosides. Clin 
Pharmacokinet 1994;27:377-92.

51. Borin MT, Hughes GS, Patel RK, Royer ME, Cathcart KS. 
Pharmacokinetic and tolerance studies of cefpodoxime after 
single- and multiple-dose oral administration of cefpodox-
ime proxetil. J Clin Pharmacol 1991;31:1137-45.

52. Mostafa T. Oral phosphodiesterase type 5 inhibitors: non-
erectogenic beneficial uses. J Sex Med 2008;5:2502-18.

53. Broderick GA, Brock GB, Roehrborn CG, Watts SD, 
Elion-Mboussa A, Viktrup L. Effects of tadalafil on lower uri-
nary tract symptoms secondary to benign prostatic hyper-
plasia in men with or without erectile dysfunction. Urology 
2010;75:1452-8.

54. Lee JY, Cho SY, Oh CY, Ha US, Lee SH, Park SY, et al. 
Efficacy and safety of combination therapy with mirodenafil 
and α1-blocker for benign prostatic hyperplasia-induced 
lower urinary tract symptoms accompanied by erectile dys-
function: a multicenter, open-label, prospective study. Int J 



Hyun Jun Park, et al: Mirodenafil for ED Treatment: A Review   27

Impot Res 2011;23:249-56.
55. Bang WJ, Oh CY, Yoo C, Cho JS, Yang DY, Lee DH, et al. 

Efficacy and safety of the simultaneous administration of 

mirodenafil and an α-blocker in men with BPH-LUTS: a 
multicenter open-label prospective study. Int J Impot Res 
2013;25:149-54.


