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Abstract: In recent years, the incidence of erectile dysfunction (ED) has continued to
rise worldwide. Since pharmacotherapy is still the most common and effective method
for the treatment of ED at present, many methods and drugs have been designed or devel-
oped for the treatment of ED. Oral phosphodiesterase-5 inhibitors and androgen supple-
ment therapy are currently the common therapeutics for ED; however, some patients
have poor responses to these drugs because of the multiple pathogenic mechanisms of
ED. Researchers are trying to find other treatment ways. On the one hand, many new
strategies and concepts, such as targeted therapy, are also integrated into clinical or pre-
clinical research; on the other hand, some combined therapies that have synergistic ef-
fects with a reduced dose of a single drug and less adverse effects are also developed.
This review article summarized the efficacy of the latest first-line, second-line drugs and
adjuvant therapies for the treatment of ED, as well as the application of comprehensive
treatments, which will help doctors not only deeply understand the mechanism of ED but
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select the suitable therapeutics for those patients.
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1. INTRODUCTION

Erectile dysfunction (ED) is defined as the inability
to attain a full erection or the inability to maintain a
successful erection for sexual intimacy [1]. ED has be-
come one of the most important diseases that plague
men all over the world in recent years. About 150 mil-
lion men suffer from ED at varying degrees, and by
2025, the number of patients will be larger [1-4]. ED
has been gradually recognized by scholars as a disease
with endangered healthy situations and mental affairs.
The treatment of ED could be traced back to The Yel-
low Emperor’s Classic of Internal Medicine, which
was written in ancient China and considered as one of
the classic books of Chinese Traditional Medicine [1].
In 1998, sildenafil became the first oral drug to be ap-
proved to treat patients with ED [5], which is an impor-
tant event in history. Lots of current methods for the
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treatment of ED have arisen from basic research on the
biochemical pathways and physiology in recent years.

Oral phosphodiesterase-5 inhibitors (PDES5is) are re-
garded as the first-line pharmacotherapy for the treat-
ment of ED [1, 3, 5, 6]; however, in many medical con-
ditions, lifestyle modifications were considered ad-
juncts to first-line therapy, which make indispensable
effects in ED management [7, 8]. The main advantage
of PDESis result in the improvement of sexual perfor-
mance but not libido. Despite advances, there is still a
great need for more effective, long-lasting therapeutic
drugs for the treatment of refractory ED. It is on the
horizon that some innovative trends such as soluble
guanylate cyclase (sGC) activators, stem cells and im-
pulse magnetic-field therapy, which were still in the ex-
perimental stage, would be functioning properly in the
penile tissue of men with ED [3, 4].

In fact, pharmacotherapy remains the most widely
accepted treatment for ED not only for its significant
effect, but it is also admissive for patients all over the
world. The present review provides comprehensive per-
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spectives for medication so as to assist sexual
medicine physicians as well as urologic physicians.

2. EPIDEMIOLOGY

ED is a global problem as its prevalence is project-
ed to increase in all continents. A study from Mas-
sachusetts found that 52% of men between 40 and 70
years old reported having some form of ED [9]. It is no
doubt that ED is a major health problem for the aging
population [10-12]. Thus, it seems that almost all men
who live long enough would develop ED. Findings
from several cross-sectional and longitudinal studies
have shown the relationship between the increase of
ED and diabetes mellitus Type II, cardiovascular dis-
ease, dyslipidemia, obstructive sleep apnea hypopnea
syndrome, metabolic syndrome, some systemic diseas-
es as well as general health, even local penile factors
such as Peyronie’s disease [1, 3, 13-16]. Above all,
studies involved in both animal models and humans de-
monstrated that diabetes is regarded as the most com-
mon risk factor for ED, and patients with Type 2 dia-
betes are more likely to develop ED than those with
Type 1 diabetes [1, 15]. Mental illnesses such as de-
pression and anxiety disorders may also induce or ag-
gravate ED caused by organic diseases [17-19].

Other studies have indicated that certain lifestyle
and environmental factors, such as unhealthy diet, obe-
sity, smoking, drinking, and absence of physical exer-
cise, might also be assignable predictors of ED
[13-15]. In some retrospective studies [18, 19], it has
been found that changing bad lifestyles and increasing
the amount of exercise moderately could reverse the
harm of ED to some extent.

In summary, human penile ED is controlled by five
factors, including local biological basis, systemic neu-
roendocrine regulation, behavioristics, personality cog-
nition, and social, environmental factors. Lesions that
occur in any of those levels can cause ED. At the same
time, penile erection is subject to three-dimensional in-
tegration, including time, age, psychological and genet-
ic factors.

3. PATHOGENESIS AND PATHOPHYSIOLOGY

Penile erection is a spinal reflex that is mediated by
the interaction of three physiological systems [20]: cen-
tral nervous system, peripheral nervous system, penile
artery and cavernosal smooth muscle. The cavernous
smooth muscle, smooth muscles of the arterial walls,
and vascular endothelial cells play central roles in pe-
nile erection.
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Some studies indicate that vascular endothelial dys-
function is one of the pathological bases of ED (Figs. 1
and 2). Yavuzgil [21] and Foresta [22] found that com-
pared with normal people, patients with ED showed ob-
vious vascular endothelial damage and dysfunction.
Vascular endothelial cell plays an important role in the
regulation of coagulation and inflammation in the hu-
man body. When receiving stimulations, vascular en-
dothelial cells secrete prostaglandin to regulate the cav-
ernous smooth muscle to promote penile erection. Be-
sides, vascular endothelial cells can also secrete a varie-
ty of active substances against thrombosis and main-
tain the internal pressure balance of blood vessels.

NO is a key neurotransmitter that maintains the re-
laxation of the smooth muscle of the corpus caverno-
sum. NO enters the cavernosal smooth muscle cells to
stimulate soluble guanylate cyclase, which converts
guanosine triphosphate into cyclic guanosine mono-
phosphate. The cyclic guanosine monophosphate
(cGMP) opens the calcium ion channel and allows cal-
cium ions to enter the endoplasmic reticulum of the
muscle cells, which leads to the relaxation of smooth
muscles and entry of blood into the gap between the pe-
nile artery and the cavernous sinus, thereby forming a
penile erection [23].

PDES degrades cGMP, causing contraction of the
penile smooth muscle and weakening of the penis. The
PDES inhibitor suppresses the degradation of cGMP
by PDES, allowing it to act as a second messenger in
the penile artery and smooth muscle cells, and main-
taining a long-lasting erection of the penis. These con-
stitute the theoretical basis for first-line pharmacothera-
py for ED.

4. PHARMACOTHERAPY

The combination of drugs currently in clinical use
has offered some interesting possibilities, in a way re-
viving the approach that was prevalent 10 years ago
with intracavernosal “trimixes” containing prostag-
landin E2 (PGE2) as a stimulator of cAMP synthesis
by binding to prostanoid receptors, papaverine as a non-
specific inhibitor of PDE increased both cAMP and
cGMP levels, and phentolamine played as an adrenerg-
ic receptor blocker [24-27]. Although there was no
clear advantage over single-drug treatment being ob-
tained in small clinical trials, there were even some
risks of undesirable side effects (priapism, hypoten-
sion), the concept is appealing since it was widely ap-
plied in other areas such as cancer and cardiovascular
disease therapy [28-30]. It was based on the combina-
tion of drugs acting by different mechanisms with
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Fig. (1). PDES inhibitors degraded cGMP by inhibiting PDES for the second messenger to longer lasting in the penile artery
and smooth muscle cells and maintaining a long erection of the penis. Androgen impaired NO synthase release, altered PDES
expression and activity, impaired cavernous nerve function, penile vein occlusive disease. Apomorphine is a potent dopamine
receptor agonist, and it plays a key role in the central nervous system to promote penile erection. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).
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Fig. (2). Vascular endothelial cell plays a key role in ED. Vascular endothelial cells can release a variety of active substances
that indirectly act on smooth muscle cells of penile cavernosum, and they can further regulate vascular pressure as well as in-
hibit thrombogenesis. Vascular endothelial cells can be also influenced by many hormones, which can form the feedback regu-
lation loops. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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durable efficacy, and no overlapping adverse effects
were observed. Such combinations may be oral or-
sublingual but may also include oral/intracavernosal,
and they involve cAMP and cGMP-dependent PDE in-
hibitors (sildenafil), which may act through both PKG
and PKA activation [6-8, 18], with adrenergic receptor
blockers (doxazosin), centrally acting dopamine recep-
tor agonists (apomorphine) with PDES5 inhibitors or
adrenergic receptor blockers, activators of guanylyl cy-
clase [31] and PDES inhibitors or NO donors [32].

PDES inhibitors are the breakthrough therapy in the
treatment of ED. The PDES inhibitor selectively in-
hibits PDES and increases the amount of cGMP avail-
able for smooth-muscle relaxation, inducing vasodilata-
tion, and increasing corporal blood flow and erection
[1-3, 6-8]. Numerous studies [13-18, 28-33] have docu-
mented the efficacy, safety and tolerability of the com-
petitive on-demand PDES inhibitor drugs sildenafil (Vi-
agra, Pfizer, Inc., New York, NY, USA), tadalafil
(Cialis, Eli Lily and Company, Indianapolis, IN, USA)
and vardenafil (Levitra, Bayer Schering, Pharma AG,
Leverkusen, Germany), and daily dosing of tadalafil in
the treatment of ED in a wide range of patients, includ-
ing those with hypertension, diabetes, spinal cord in-
jury, other concomitant medical conditions and in
those patients taking a wide variety of medications.
The overall efficacy for the different PDES inhibitors
appeared similar, with 65-70% of men achieving com-
pletion of sexual intercourse [24]. Efficacy is related to
the extent and severity of ED, with significantly re-
duced efficacy demonstrated in patients with severe
vasculogenic ED [31, 32], diabetic ED [28, 31] and
post-radical prostatectomy ED [16, 25-27, 34]. Food
high in fat reduces the absorption of sildenafil and var-
denafil but does not affect the rate or extent of absorp-
tion of tadalafil [30-33]. The mean time to maximum
plasma concentration of sildenafil and vardenafil was 1
hour and for tadalafil was 2 hours, while the half-lives
of sildenafil and vardenafil are 4-5 hours and that of ta-
dalafil is 17.5 hours [32].

PDES inhibitor drugs are contraindicated in pa-
tients taking aerosol, tablet or topical short-term or
long-acting organic nitrates, such as nitroglycerin or
isosorbide dinitrate. PDES inhibitors have been shown
to cause greater decreases in blood pressure in some pa-
tients on organic nitrates [26, 28, 29]. Currently, there
was no evidence of any direct deleterious effect on my-
ocardium, and there was an increasing body of evi-
dence to support the concept that PDES inhibitors im-
proved endothelial function and, therefore, were likely
to be cardioprotective.

Current Medicinal Chemistry, 2022, Vol. 29, No. 41 6279

4.1. Conventional Therapies

4.1.1. PDES5 Inhibitors

PDES inhibitors were approved as effective drugs
by the European Medicines Agency for the treatment
of ED [1, 3]. They are not the initiators of erections
and need to be given sexual stimulation [27]. In a vio-
lent situation, an effective erection of the penis can be
induced. The effective standard is that the penis main-
tains sufficient stiffness and can complete sexual inter-
course [32]. PDES degraded cGMP, causing contrac-
tion of penile smooth muscle to make it fatigued.
PDES5 inhibitors degraded cGMP by inhibiting PDES
for the second messenger to longer lasting in the penile
artery and smooth muscle cells and maintaining a long
erection of the penis. Currently, the pharmacological
mechanisms of PDES inhibitors, including sildenafil,
tadalafil, and vardenafil, are similar after oral adminis-
tration [27-31]. Stimulating state can induce an effec-
tive erection.

Methods of taking PDES5 inhibitors include on-de-
mand treatment and regular treatment. It can be used
as needed and taken about 1 hour before sexual contact
[29]. The recommended dose of sildenafil for on-de-
mand treatment is 50 mg and 100 mg, respectively [31,
32]. The effective rate of treatment for the general ED
population was 77% and 84%, respectively [30-32].
The recommended dose of tadalafil on-demand treat-
ment is 10 mg and 20 mg [28-31], and the treatment ef-
ficiency of the ED population was 67% and 81%, re-
spectively. The recommended dose for non-treatment
is 10 mg and 20 mg, which is for the general ED popu-
lation and the treatment efficiency is 76% and 80%, re-
spectively [33, 34]. Regular treatment is another alter-
native way. Small sample clinical studies showed daily
continuous service using sildenafil 50 mg for 4 weeks
could improve cavernous artery blood flow and blood
endothelial function, and vascular endothelial function
was still improved after stopping the drugs [35-37].
ED patients with cardiovascular risk found that taking
tadalafil 20 mg every other day would significantly im-
prove vascular endothelial function after 4 weeks, and
the effect could continue 2 weeks after withdrawal
[34].

So far, there has been no multi-center double-blind
or triple-blind research on the efficacy of the above
three PDES inhibitors. Some patients, especially those
with diabetes mellitus complicated with ED or radical
prostatectomy, had a poor response to these drugs. Se-
vere endothelial dysfunction and cavernous nerve in-
jury are the main causes. Because the action of PDES
inhibitors was dependent on endogenous NO forma-
tion, if endogenous bioavailable NO is insufficient due
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to severe endothelial dysfunction or nerve damage,
PDES inhibitors may not be sufficient to raise the level
of cGMP above the necessary threshold. In addition,
PDES inhibitors cannot reverse the potential vascular
or neurological dysfunction associated with ED. Due
to the risk of systemic vasodilation and severe hypoten-
sion, PDES5 inhibitors were forbidden to be combined
with nitrate. Nevertheless, Kloner RA [38] suggested
that after careful assessment, patients with ED could
take nitrates at the right amount 24 hours after the last
dose of short-acting PDESi while 48 hours at least af-
ter the last dose of long-acting PDES5i so as to avoid ac-
cidents.

4.1.2. Supplementary Androgen Therapy

Functional changes and declines are normal out-
comes in the aging process, and it is suitable for the en-
docrine system, especially the level of testosterone pro-
duced by the testes. A decrease in testosterone is ac-
companied by penile ED and a reduction in the supply
of penile blood flow. In addition, increased cardiovas-
cular risk and muscle atrophy decrease bone density
and libido, all of these interact with testosterone
metabolism [37, 39]. Androgen plays an important role
in maintaining erectile function through four major
mechanisms: impaired NO synthase release, altered
PDES expression and activity, impaired cavernous
nerve function, and penile vein occlusive disease. An-
drogen significantly affects the function of smooth
muscle tissue in the corpus cavernosum. Studies have
shown a close relationship between testosterone and
ED and suggest that testosterone therapy may be a valu-
able option for a growing number of affected men [16,
27, 29].

For patients with not only ED but also low testos-
terone levels, supplementary androgen therapy, also
known as testosterone replacement therapy, can im-
prove erectile function in patients who do not respond
to PDES inhibitors and may have synergistic effects
with PDES inhibitors [39-41]. The oral androgen cur-
rently used for ED treatment was mainly testosterone
undecanoate capsules. Androgen supplement was safe
for patients with ED at low testosterone levels, but for
patients with prostate cancer, supplementation with an-
drogens may stimulate cancer progression and can be
considered a contraindication [42].

4.1.3. Apomorphine

Apomorphine, acting on the central nervous sys-
tem, was once used as a first-line drug for the treat-
ment of ED. Japan's Takeda Co. Ltd. developed and re-
leased apomorphine sublingual tablets; it was ap-
proved for marketing in Europe and had proven effec-
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tive in clinical trials in the United States, Europe, Cana-
da and Australia [43-46]. It was mainly used for the
treatment of patients with mild and moderate ED who
had a partial erectile function. It is safe to start with 2
mg and increase the dose to 3 mg after at least 2 times
[47]. It was a trial for many researchers trying to devel-
op new drugs that target different central and peripher-
al molecular pathways. Sublingual apomorphine has a
wide range of clinical and practical value because of
its safety, convenience, tolerance and curative effect,
but it also has side effects such as headache, dizziness,
and lethargy, therefore it is not currently used as the
first-line treatment for ED (Fig. 1 and Table 1).

4.2. Combination Medications

In the treatment of ED, when a single drug is inef-
fective, a combination may have a synergistic effect,
which can reduce the dose of the single drug with few-
er adverse effects. There were varieties of clinical com-
binations available for clinical trials, but the study for
combination therapy with sildenafil was a primary one
[41, 42]. Some results showed that sildenafil combined
with anti-oxidant drugs can improve the success rate of
arterial ED treatment, neutralize oxidative stress prod-
ucts, and improve NO utilization. The combination of
three drugs that improve endothelial function with var-
denafil improves endothelial function in patients and is
more beneficial to improving erectile function than var-
denafil alone, but the sample size of this study is small.
Thus, further research is still needed.

4.2.1. Alprostadil and Sildenafil

Bassil et al. [47] reported that oral sildenafil ineffec-
tive patients could be treated with prostaglandin mucos-
al administration of alprostadil. The study showed that
28 patients with ED who were included in the study
achieved satisfactory results and did not have orthostat-
ic hypotension or penile abnormalities. Nevertheless,
the oral dose of sildenafil should be reduced to 50 mg
when patients meet complications such as cardiovascu-
lar disorder, and it would be safe and effective. This
combination regimen was especially suitable for those
who feared injection into the cavernous body. In 2000,
Mydlo et al. [48] reached similar conclusions: oral sil-
denafil combined with intraurethral alprostadil could
achieve better efficacy than monotherapy for patients
with ED.

4.2.2. Alpha Receptor Blocker and Sildenafil

In patients with psychological ED, combined with
sildenafil and the receptor blocker doxazosin treat-
ment, the effective rate can reach 79%, and no signifi-
cant blood pressure fluctuations, while sildenafil and
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Table 1. History and progression of conventional drugs for erectile dysfunction pharmacotherapy.

Drug Chemical Structure First Service |Current Situation
Time

Sildenafil 1998 First-line drug
PDESi Tadanafil 2003 First-line drug
Vardenafil 2003 First-line drug

Apomorphine 2000 Non-first-line drug

Supplementary androgen Testosterone undecanoate 2009 Second-line drug
therapy

placebo combined with the control group, the efficien-
cy was only 7%. Lin et al. [49] used a selective alpha
receptor blocker, alfuzosin and sildenafil, in combina-
tion with ED in patients with lower urinary tract syn-
drome (LUTS). Compared with sildenafil alone, pa-
tients in the combination treatment group had signifi-
cant improvement in nocturia, residual urine, maxi-
mum urinary flow rate and an international erectile
function index. It also indicated that the program could
achieve two-fold therapeutic effects for patients with
ED who have LUTS.

4.2.3. Pentoxifylline and Sildenafil

Methylxanthine derivative pentoxifylline, which in-
creases the deformability of red blood cells and in-
hibits platelet antibodies to improve capillary blood

flow, is commonly used in the treatment of chronic oc-
clusive arterial disease, and it can also improve penis
blood flow and erectile function. Both et al. [50] per-
formed a combination of sildenafil and pentoxifylline
in the treatment of ED for 68 patients. In this study, pa-
tients were given sildenafil 1 hour before sexual inter-
course, taking it 2 times a week, with a minimum dose
of 50 mg for 4 weeks. After 4 weeks, the treatment
was recommended to take pentoxifylline 3 times a day
and the total dose was 1.2 g for 4 weeks. The efficacy
was evaluated by the International Index of Erectile
Function score. The results showed that the score of
the combination group was significantly higher than
that of the sildenafil group alone (p < 0.001). It has al-
so been reported that pentoxifylline alone was not ef-
fective in patients with angiogenic impotence.
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4.2.4. Losartan and Sildenafil

Long-term hypertension can lead to vascular tree
structures, including cavernous blood vessels. Hyper-
tension was considered to be one of the causes of or-
ganic ED by altering and inducing damage to the caver-
nous tissue. The angiotensin II receptor blocker losar-
tan had a hypotensive effect. Cowart et al. [51] com-
bined sildenafil with losartan in rats with hypertension
and observed the effect of the regimen on the morphol-
ogy and function of erectile tissue in rats. When com-
pared to the single agent group, they discovered that
the rats in the combination group showed improved pe-
nile erection. The content of alpha smooth muscle myo-
fibrillin in cavernosal smooth muscle, cavernous artery
smooth muscle and type III collagen was significantly
lower than that in the control group, and the expression
of endothelial nitric oxide syntheses was increased. Th-
ese results suggested that a long-term combination of
these two drugs could improve the morphology and
function of erectile tissue. This finding provided a new
treatment strategy for patients with impotence due to
hypertension.

4.2.5. Quinapril and Sildenafil

A large number of animal and clinical studies have
confirmed that angiotensin-converting enzyme inhibi-
tor is safe and effective in the treatment of patients
with hypertension and congestive heart failure. Lin et
al. [49] reported that quinapril and sildenafil were used
in patients with ED, and the efficacy was evaluated by
international erectile function index, penile Doppler
flow, blood pressure, blood lipids, and C-reactive pro-
tein. The results showed that compared with the place-
bo group, the combination of quinapril and sildenafil
could significantly improve erectile function, and there
was no significant difference in peripheral and penile
vascular parameters. It demonstrated that this combina-
tion therapy was safe and effective.

4.3. Invasive Therapy

4.3.1. Intracavernosal Injection (ICI) Therapy

Intracavernous Injection (ICI) was an available
method by injecting medicine directly into the corpus
cavernosum to obtain an erection. The convenience of
the injection system directly affected the patient's and
his partner's satisfaction and compliance with the drug.
Currently, a variety of injection systems are available.
In the United States [6, 18, 41, 47], the most common-
ly used ICI medications were alprostadil and Trimix (a
combination of papaverine, phentolamine and alpros-
tadil).

Zhang et al.

4.3.2. Papaverine

Papaverine is a non-specific PDE inhibitor that can
increase cAMP and ¢cGMP concentrations in penile
erectile tissue. The clinical dose of papaverine is usual-
ly 15-60 mg, making an effective effort for mental and
neurological ED up to 80%, but relatively weak (36%
to 50%) for blood vessels ED [52]. The advantages are
low cost and stable at room temperature, while the
main adverse reactions are sustained erection and fibro-
sis (incidence rates of 35% and 33%, respectively) and
occasionally elevated serum transaminase.

4.3.3. Phentolamine

It is well known that phentolamine is a competitive
antagonist of an anti-adrenergic receptor agent [41];
when applied alone, the penis can be erectile but not
stiff, and it can be combined with papaverine. The pow-
er was obviously increased. Usually, 30 mg of pa-
paverine is combined with 0.5 ~ 1 mg phentolamin.

4.3.4. Alprostadil

Currently, Alprostadil has three preparations for
cavernous injection. Pediatric dosage form Prostin VR
and injection freeze-dried powder Cavedect are both
Pharmacia & Upjohn's products, and a compound com-
posed of a-cyclodextrin, Edex is Schwarz Pharma's
product. Alprostadil is the only sclerotherapy injection
approved by the US FDA. The usual dose was 5 ug to
20 pg. Its efficacy is stronger than that of papaverine
and a combination of papaverine and phentolamine. Af-
ter regular treatment, the successful erection rate was
over 70%. The incidence of ischemia (0.35% to 4%)
and fibrosis (1% to 23%) were low, and the main ad-
verse effect was erectile pain (17% to 34%) [53].

4.4. Vasoactive Intestinal Polypeptide

Vasoactive Intestinal Polypeptide is a kind of
strong, smooth muscle relaxant, which can cause an
erection but not stiffening when used alone, it had a
success rate of 67% to 70% when combined with phen-
tolamine [47, 50, 51]. The main adverse reactions to
the drug were transient blush (53%), contusion (20%),
pain at the injection site (11%), and skin flushing
(9%). In Europe, compound preparations had been mar-
keted but not yet been approved by the US FDA.

The main adverse events of ICI are persistent ED
and fibrosis, which can be avoided by careful dose ad-
justment. Patients with sickle cell anemia, schizophre-
nia, and other serious mental illnesses or severe venous
leaks should not be treated with ICI.
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Table 2. Herbal medicine and their pharmacological effects for treatment of erectile dysfunction.

Herbal Medicine

Pharmacological Effects

Related Studies

Lepidium meyenii

Modulating the hypothalamus-pituitary axis
Enhancing libido and fertility
Regulating interaction between the glucosinolates and androgen receptor
Promoting hormone secretion
Improving sperm count and sperm motility
Protecting sperm vitality against some toxic agents

Bogani P, 2006 [57]
Rubio J, 2006 [58]
Gasco M, 2007 [59]

Epimedium herbs

Inhibiting phosphodiesterase-5
Enhancing cGMP levels in corpus cavernosum muscles
Elevating intracavernosal pressure
Upregulating protein level of neuronal nitric oxide synthase

Xin ZC, 2003 [60]
Liu WJ, 2005 [61]

Panax ginseng

Activating nitric oxide synthase (NOs) from endothelial cells and perivascular
nerves
Promoting to release NO

Kim HJ, 1998 [62]
Zhang H, 2006 [63]

Tribulus terrestris

Increasing androgen secretion
Elevating intracavernosal pressure

Gauthaman K, 2002 [64]

Inhibiting sympathetic nerves

Yohimbine Enhancing sexual arousal Simonsen U, 1997 [65]
Accelerating the relase of NO from penile nerves
Eurycoma longifolia Enhancing testosterone and cGMP synthesis Chye PH, 2006 [66]

Improving sperm count and sperm motility

Sambandan TG, 2006 [67]

Butea superba

Elevating intracavernosal pressure
Relaxing corpus cavernosum smooth muscle

Tocharus C, 2006 [68]

Securidaca longipedunculata

Relaxing corpus cavernosum smooth muscle

Rakuambo NC, 2006 [69]

4.5. Prostaglandin E, Insertions

Prostaglandin E, is inserted into the urethra with a
semi-solid ball to treat ED, while a band was placed at
the base of the penis to increase the hardness of the
erection. The clinical efficacy is lower than the intra-
cavernosal injection of the penis [53, 54], and approxi-
mately 70% of patients were satisfied with this treat-
ment. Adverse reactions included local pain (29% to
41%), dizziness (1.9% to 14%), and urethral bleeding
(5%).

4.6. Penile Prosthetic Implants

Penile prosthetic implants were used extensively be-
fore oral drug promotion [2], and it had been listed as a
non-recommended method in the treatment guidelines.

4.7. Potential Drugs and New Routes

Up to now, researchers from all over the world are
still developing various drugs for the treatment of ED,
such as PDESi derivatives [18, 27], dopamine receptor
agonists [55] (ABT-724 and ABT-670); melanin recep-
tor agonist [55] (Melanotan acetate II); soluble guany-
late cyclase agonist [18], heme-dependent activator
(BAY63-2521 and BAY60-4552) and heme-indepen-

dent activators (BAY 58-2667); Rho kinase inhibitors
[54] (fasudil, Y-27632, SAR 407899), though these
drugs are still on the in vitro or preclinical usage stage.

Various preclinical studies [53-56] based on protein
therapy and gene therapy have shown that they are
hopeful of restoring erectile function by regenerating
cavernous vascular endothelial cells and cavernous
nerves and inhibiting cavernous fibrosis. However, it
has not yet entered the clinical trial stage due to the
complexity of protein engineering and genetic engi-
neering. ED has a variety of pathogenic mechanisms,
and the combination of multiple drug treatment strate-
gies may yield better results. Current preclinical data al-
so lays a solid foundation for more effective drug thera-
py in the future.

4.8. Adjuvant Therapy

In addition, adjuvant therapy can often be used to
improve the vascular endothelial function and increase
the local circulating blood flow, including the combina-
tion of psychotropic drugs, in vitro low-energy shock
wave therapy [28] and so on; on the other hand, they
have not yet been certified or approved by the global
guidelines.
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4.9. Herbal and Traditional Medicine

Herbal medicines were recorded in many represen-
tative traditional Chinese masterpieces, such as Bencao
Gangmu. Patients appear to benefit from herbal
medicines because they come from natural plants, espe-
cially in Asian and African areas. These herbal thera-
pies are selected to fight against dozens of diseases to
stay fit. In this review, we gave a perspective of medici-
nal plants studied in ED therapy (Table 2) [57-69], and
fully understanding the pharmacological effects of th-
ese potential phytotherapies is necessary for urologists.
Although herbal medicines might play functional roles
in the treatment of ED, they are still difficult to be
used for conventional therapy. First of all, current re-
search is mainly based on animal experiments, but
physical qualities, as well as tolerance to herbal thera-
py of patients, vary from Eastern to Western countries;
there are few possibilities to carry out universal studies
worldwide. Secondly, despite a large market demand,
herbal medications extracted from diverse batches of
plants are hard to make quality control for different
growing conditions, extraction techniques and storage
standardizations. Thirdly, there is insufficient financial
support for herbal research, so we cannot identify the
active ingredients in the drugs for ED therapy quickly
and accurately. Therefore, we should respect the wish-
es of each patient with ED and make individualized
treatment strategies to ensure a satisfactory outcome.

CONCLUSION

Because of the immediate efficacy of PDES inhibi-
tors in the pharmacotherapy of ED, they are often used
as the first-line drugs clinically. However, people have
made a deeper understanding of the physiological
mechanism of penile erection, which has led to the
breakthrough of new drugs, especially for patients with
ED who are not sensitive to PDES inhibitors. In vitro
low-energy, shock wave and stem cell transplantations
are representatives and innovative creations, and we be-
lieve that they would be widely used to overcome re-
fractory ED. In the future, precision and individual
medical care will become the trend and the new guide-
line with new curable methods or drugs for treating ED
will become a reality.
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