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Abstract: Erectile dysfunction (ED) is a serious health problem that directly affects quality of
males’ life. In the drug treatment of ED, a group of phosphodiesterase type 5 inhibitors plays an
important role (PDE-5), which is the first line of treatment for ED. This article presents the currently
available data regarding the parameters of pharmacokinetics, pharmacodynamics and possible adverse
events of PDE-5 inhibitors that are not so widely known or are at various stages of clinical trials. Less-
known PDE-5 inhibitors, which are presented in the article, include lodenafil, mirodenafil, yokenafil,
SLx-2101 and simmerafil.
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Introduction. Erectile dysfunction (ED) is inability to achieve and maintain an erection sufficient for
successful sexual performance. ED is a serious medical and social problem that affects both the
psychosocial status of a man and his partner [1]. The frequency of this sexual disorder directly
correlates with age: ED affects about 40% of men aged 40-50 years, at 50-60 years old - almost half
(48-57%), and in the older age group more than 70% of males suffer from this problem. ED is
associated with various comorbid conditions such as hypertension, hyperlipidemia, metabolic
syndrome, lower urinary tract symptoms (LUTS) or benign prostatic hyperplasia (BPH),
cardiovascular diseases, psychological factors, diabetes mellitus, post-radical prostatectomy, use of
antidepressants and antihypertensives, etc. [2,3,4].

Penile erection occurs in response to sexual stimulation of various types (visual, tactile, auditory,
olfactory). In this case, impulses from the cortex of the frontal and temporal lobes of the brain are
transmitted to the amygdala, which is one of the most important centers of erection. From the
amygdala impulses are transmitted to the parasympathetic erection centers in the spinal cord, located at
the S2-S4 level. During sexual stimulation, the parasympathetic nervous system begins to significantly
predominate, which is accompanied by the release of the main mediator of erection - nitric oxide (NO)
through parasympathetic non-cholinergic, non-adrenergic nerve endings [5,7].

Nitric oxide (NO), released by nerve endings and endothelium, activates the enzyme guanylate
cyclase. Guanylate cyclase increases the synthesis and intracellular concentration of the second
messenger - cyclic guanosine monophosphate (cGMP). cGMP alters the activity of a number of
specific protein kinases that are involved in protein phosphorylation and ion channel function. The
action of protein kinases leads to the opening of potassium channels and hyperpolarization of smooth
muscle cell membranes, the accumulation of calcium in the endoplasmic reticulum and blocking the
entry of calcium ions into cells due to the closure of calcium channels [6,8]. This leads to a decrease in
calcium concentration in the cytoplasm, relaxation of smooth muscles and the onset of penile erection.

cGMP is influenced by the enzyme phosphodiesterase type 5 (PDES5), which breaks down cGMP,
resulting in penile smooth muscle contraction and detumescence. Currently, 11 types of PDE are
known, which are divided into 21 subtypes. PDE isoenzymes play an important role in ensuring
contractions of striated and smooth muscles, vascular tone, and the functions of endocrine and other
organs [8]. Other types of phosphodiesterases are found in the corpora cavernosa, but they do not play
a significant role in penile erection.
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Blocking the PDE-5 enzyme increases the concentration of cGMP and promotes erection [9, 10].
Therefore, drugs related to PDE-5 inhibitors (PDE-5 inhibitors) are first-line drugs in the treatment of
ED [11,12]. The most common PDES5s currently available are sildenafil, tadalafil, vardenafil, udenafil
and avanafil. Less known are lodenafil, mirodenafil, yokenafil (jonkenafil), SLx-2101 and simmerafil,
the clinical and pharmacological parameters of which are the subject of this article.

Materials and methods. Non-systematic literature review was performed in the PubMed, Google
Scholar databases using the keywords: erectile dysfunction, phosphodiesterase type 5 inhibitors,
lodenafil, mirodenafil, yokenafil (jonkenafil), SLx-2101, simmerafil.

Results. Among the phosphodiesterase type 5 inhibitors that are not so widely known or are at the
stage of clinical trials include lodenafil, mirodenafil, yokenafil, SLx-2101, simmerafil.

Lodenafil carbonate (Helleva®, Cristdalia Produtos Quimi-cose Farmacéuticos, Brazil). This is one
of the new PDE-5 inhibitors. Developed and used in Brazil. Lodenafil carbonate is a prodrug
consisting of two lodenafil molecules linked by a carbonate bridge. After taking lodenafil, carbonate
breaks down into monomers and the lodenafil molecule directly has a relaxing effect on the muscles of
the cavernous bodies. Lodenafil peak plasma concentration and half-life are 1.2 and 2.4 hours,
respectively. In 2009, Glina S. et al. conducted a phase Il clinical trial of lodenafil, which examined
the effectiveness of dosages of 20, 40 and 80 mg compared with placebo and found that lodenafil at a
dose of 80 mg was well tolerated and significantly more effective than placebo [13]. The same group
of researchers completed a phase Il clinical trial in 2010. They compared 40 and 80 mg lodenafil and
placebo. Lodenafil 80 mg was significantly superior to placebo 40 mg. In general, the tolerability
profile of lodenafil is similar to that of sildenafil and vardenafil. Side effects of mirolenafil included
rhinitis, headache, flushing, dizziness and visual disturbances [14, 15].

Mirodenafil (Mvix®, SK Chemicals Life Science, Seoul, Korea). Mirodenafil, along with udenafil, is
another PDE-5 inhibitor that originated in South Korea. Was developed in 2007. The time to reach
maximum plasma concentration is 1.25 hours, the half-life is 2.5 hours. Mirodenafil is characterized by
much higher selectivity compared to sildenafil, although the main pharmacokinetic parameters of these
drugs are similar. Mirodenafil is 10 times more selective for PDES5 than sildenafil, while the inhibitory
effect on other types of PDE is less [16]. There are clinical data confirming the same effectiveness of
mirodenafil at a dosage of 50 and 100 mg [17]. There are also clinical trial results confirming the
effectiveness of mirodenafil for the treatment of LUTS and ED when used simultaneously with alpha-
blockers. Mirodenafil 100 mg for 8 weeks in patients already taking alpha-blockers has been shown to
improve sexual function and reduce the severity of LUTS without significant episodes of hypotension
[16,18]. Mirodenafil is not approved by the FDA.

Yokenafil or Yonkenafil (Zhuhai Oxforston PharmTech Co. Ltd., Zhuhai, China). Yokenafil
hydrochloride is a new selective PDES inhibitor for the treatment of ED. Heis an analogue of
sildenafil, but exhibits stronger PDE-5 inhibition and is characterized by less pronounced
gastrointestinal side effects [19]. Its safety, tolerability and pharmacokinetic parameters were assessed
in healthy Chinese male volunteers [20]. This study also examined the effect of food on the
pharmacokinetics of yokenafil. The study was divided into 3 parts: single ascending dose (25, 50, 100,
150 or 200 mg yokenafil), multiple dose (50, 100 or 150 mg yokenafil once daily for 7 consecutive
days) and food effect assessment (50 mg yokenafil (single dose): Yokenafil was found to be well
tolerated after a single oral dose, but did not significantly affect the area under the plasma
concentration-time curve after sequential administration. No apparent accumulation was observed over
7 days. Single doses of yokenafil up to 200 mg and multiple doses up to 150 mg were generally safe
and well tolerated.

SLx-2101 (Surface Logic, Inc., USA) is a new PDE-5 inhibitor developed specifically for the
treatment of ED. SLx-2101 is converted to the M1 metabolite, SLx-2081, which remains active. In
preclinical studiesSLx-2101 demonstrated excellent performance on molecular, cellular, ex vivo and in
vivo levels, and Pharmacokinetic studies have shown that the drug has a long-lasting effect. long
lasting, maintaining therapeutic levels for more than 24 hours in rats [21]. A randomized, double-blind,
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single-dose study in healthy male volunteers was conducted to preliminary evaluate safety, tolerability,
pharmacokinetics, and endothelial function [22]. Five different doses were used (5, 10, 20, 40, and 80
mg), with six subjects receiving the active dose and two receiving placebo at each dose level. Blood
samples were obtained within 48 hours. A positive erectile response was recorded 0—-6 hours after
administration without visual sexual stimulation (VSS) for doses of 10, 20, 40 and 80 mg and 24-24.5
hours after administration with VSS for 20, 40 mg. - and doses of 80 mg. There were no clinically
significant effects on heart rate, blood pressure, or electrocardiogram. SLx-2101 was well tolerated in
single doses up to 40 mg, with headache being the most common adverse event in active and placebo-
treated subjects and visual effects noted at the 80 mg dose. The pharmacokinetic profile predicts PDES
inhibition for at least 36-48 hours at all doses tested, allowing for confident once-daily dosing [22,23].

Simmerafil (TPN171H) (Shanghai Institute of Materia Medica, Chinese Academy of Sciences,
China) is a selective PDES inhibitor being developed for the treatment of ED. To evaluate the efficacy
and safety of TPN171H in men with ED, a multicenter, randomized, double-blind, placebo-controlled,
parallel-design study was registered on the Clinicaltrials.gov platform. The study began on 31/12/2021
and completed on 14/02/2023, but we were unable to find any available publications reflecting the
results of this study. However, the safety, tolerability and pharmacokinetics of Simmerafil for the
treatment of pulmonary arterial hypertension (PAH) were evaluated in a study conducted by Chinese
researchers. The entire study consisted of three parts: I (single dose escalation study), II (food exposure
study), and III (multiple dose escalation study). 63 healthy people took part in the study. Compared to
other PDE-5Is, TPN171H was found to have no effect on blood pressure and color discrimination.
TPN171H was safe and generally tolerated by healthy individuals [24].

Discussion.

PDE-5 inhibitors have demonstrated high efficacy in randomized placebo-controlled trials with limited
side effects, which has led to their widespread use in clinical practice. However, a number of side
effects of type 5 PDE inhibitors are group-specific, so research continues to eliminate adverse events
and increase the effectiveness of these ED treatments. PDE-5Is are considered the first-line treatment
for ED. While most of the side effects of PDE-51I are mild, these drugs can also be associated with
more serious problems such as vision impairment, hearing loss, priapism, and others [25].

As first-line drugs in the treatment of ED, PDE-5Is have several limitations for use. Drugs in this
group cannot be taken together with nitrates due to the potentiation of the hypotensive effect of PDE-
51. According to the recommendations of the American Heart Association, nitrates can be used no
earlier than 24 hours after taking short-acting PDE-51 and no earlier than 48 hours after taking
tadalafil. When using PDE-5, the possible risk of complications associated with sexual activity should
be taken into account:

» within 3 months after myocardial infarction;
» with unstable angina or angina that occurs during sexual intercourse;

> with heart failure of functional class Il or higher, which has developed within the last 6 months,
uncontrolled heart rhythm disturbances, arterial hypotension (blood pressure below 90/50 mm Hg)
or uncontrolled arterial hypertension,

» within 6 months after stroke [26, 27, 28].
A combination of PDE-5 inhibitors with other drugs is possible.

Conclusions. With all the diversity of PDE-5, the choice of drug depends on the frequency of planned
sexual intercourse and the patient’s personal perception of the drug. Although safe and tolerable in
patients with ED, these drugs should be used only for specific indications and under medical
supervision. Patients should be counseled about the duration of action of the drug, possible side effects
and principles of use. Data on the pharmacokinetics and pharmacodynamics of PDE-51 should be
updated and always taken into account when managing patients with ED.
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Less-known phosphodiesterase type 5 inhibitors can be also used for the therapy of erectile
dysfunction but further clinical investigations are required.
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