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Abstract: Men of all ages frequently experience erectile dysfunction (ED) or impotence, and it is
a difficult health issue that adversely affects the quality of life of those who experience it. There
are multiple types of treatment strategies for ED available, depending on the origin and severity
of ED, as well as any underlying medical issues. However, these therapeutics are known to have a
number of negative health effects. In contrast, plant-based treatments are more effective for managing
diseases due to their ability to modulate biological processes like inflammation, oxidative stress,
and cell signaling molecules. Many medicinal plants have been reported to be quite helpful in the
improvement of ED. In this review, ED and its causes, diagnostic methods, treatment strategies, and
some of the most potent plant-based interventions against ED are discussed in greater detail, along
with a description of their mechanisms of action and a brief discussion of approaches to increase their
efficacy, with a focus on the management of ED using herbal interventions as complementary and
alternative medicines. While there is hope that medicinal plants could provide lead substances for
erectile dysfunction medications, additional investigation is necessary to ascertain the efficacy and
security of these prospective treatments.
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1. Introduction

Erectile dysfunction (ED) is defined as the consistent inability to attain or maintain
sufficient penile erection for satisfactory sexual intercourse. This can negatively impact
the quality of life (QoL) [1] of those who suffer from it, encompassing areas such as social
and family life, mental health and confidence, and overall health [2]. In addition, ED has a
detrimental effect on the female partners of ED-afflicted men as well, leading to relationship
problems and lower relationship satisfaction [3]. QoL is measured by aspects of social
interactions and contacts, mobility, self-care, physical activity level, social role functioning
in relation to work and family, mental health and well-being, psychological distress, and
psychiatric disorders [4].

Men of all ages (range 21-75 years) experience erectile dysfunction or impotence, and it
is a difficult condition [1,5]. An erection is the result of the release of nitric oxide (NO) from
non-adrenergic, noncholinergic (NANC) nerve fibers during sexual stimulation. The release
of NO facilitates the production of 3’,5"-cyclic guamosine monophosphate (cGMP), leading
to the activation of protein kinase. Simultaneously, intracellular Ca2+ levels decrease,
and relaxation of smooth muscle cells occurs. Blood can fill the lacunar spaces in the
corpora cavernosa as the smooth muscle relaxes, compressing the subtunical venules
and obstructing the venous outflow (veno-occlusion). Phosphodiesterase type 5 (PDE5)
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hydrolyzes cGMP and reverses the process. Thus, any disruption to any of these processes
may disturb penile erection and result in erectile dysfunction [1]. It has been reported that
phosphodiesterase type 5 (PDE-5) is able to activate guanylate cyclase. In turn, guanylate
cyclase catalyses the conversion of guanosine triphosphate (GTP) into cyclic guanosine
monophosphate (cGMP) and enhances the flow of blood across the penis. However,
phosphodiesterase-5 breaks down cGMP to 5'-GMP. PDE-5 inhibitors competitively bind
to PDE-5 and inhibit the hydrolysis of cGMP, amplifying the effects of NO [6].

Various PDE-5 inhibitors have been developed for the treatment of erectile dysfunction
by diminishing the degradation of cGMP [7]. Many medical conditions have been found to
be reliable indicators of major adverse cardiovascular events (MACE) linked with ED [8].

The International Index of Erectile Function (IIEF-5) questionnaire, which consists of
five items, is commonly used to categorize erectile dysfunction severity. A score of 1-7 in-
dicates severe, 8-11 moderate, 12-16 mild-moderate, 17-21 mild, and 22-25 no erectile
dysfunction [1]. There are notable variations between men with ED and those without it
in terms of age, nationality, occupation, education level, number of children, and income
satisfaction. Exercise has a substantial correlation with erectile dysfunction. The prevalence
of erectile dysfunction was lower in smokers than in non-smokers. An increased incidence
of erectile dysfunction has been noticed among men consuming liquor. Individuals with
obesity and specific chronic disorders, such as diabetes mellitus, hypertension, hyperc-
holesterolemia, and coronary artery disease, had a much higher prevalence of erectile
dysfunction than healthy males [9].

It is clear that an increasing proportion of men suffer from erectile dysfunction, which
severely lowers their quality of life. Addressing ED risk factors through lifestyle change,
diagnosis of ED in conjunction with medical and surgical therapy, and management by
herbal plants may lessen the physical and psychological effects of ED. The current review
aims to briefly discuss ED, summarize the causes and risk factors of ED based on in vivo
or clinical studies, and elucidate the underlying mechanisms of this disease. In addition,
this review briefly outlines the diagnosis and treatment approaches, detailing plants that
are conventionally advised for male ED. This review is divided into different sections,
including introduction, causes and risk factors of ED, diagnosis of ED, and brief highlights
of treatment strategies for ED, with a detailed list of plants used for ED management. Addi-
tionally, the mechanisms of plants against ED, along with a few approaches to increase the
efficacy of these plants, are provided. Moreover, optimal patient selection, dosage regimen,
formulation, and future research for plant-based therapy, along with the perspectives and
novelty of the current study are also discussed.

2. Causes of Erectile Dysfunction

Numerous psychogenic, neurogenic, vascular, and drug-induced factors, or a combi-
nation of these factors, can affect erection in males. In addition, alcohol abuse, fatherhood,
decreased partner sexual interest, severe impairment in erection during intercourse or
during masturbation, decreased penile blood flow, insufficient fasting glucose, elevated
triglycerides, and obesity have been reported to be associated with ED [1]. In older men,
anomalies of the penile arteries, veins, or both can cause ED. Arteriosclerosis, obesity,
inactivity, elevated blood pressure, high cholesterol, smoking, and arteriosclerosis are
some modifiable risk factors for erectile dysfunction [10]. The causes of ED could be
multifactorial; the sexual performance of males is affected by several factors, as shown in
Figure 1.
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Figure 1. Risk factors causing erectile dysfunction. Multiple causes are responsible for the sexual
performance of a man.

2.1. Ageing

Age is one of the main risk factors for ED. ED has been reported to be linked to obesity,
hypertension, diabetes mellitus (DM), and hyperlipidemia. These conditions are known
to be common in older people. Therefore, ED is commonly observed in the elderly [11].
The prevalence and severity of ED have been reported to be obviously rising with age
in all epidemiologic research. The Massachusetts Male Ageing Study reported that the
overall chance of full ED tripled from 5% in men aged 40 to 15% in men aged 70 [12]. The
European Male Ageing Study (EMAS) confirmed that the prevalence of ED increases in
older people [13].

2.2. Psychological Causes

Various physiological events, including the emotions involved in sexual excitation,
are largely initiated by the brain. Further, anxiety, depression, several mental illnesses,
stress, relationship issues, inadequate communication, and other issues can significantly
affect sexual performance [14,15]. Depression and performance anxiety are among the most
common psychogenic ED factors because they can alter erectile processes by raising cortisol
levels and activating the nervous system. Furthermore, depression can decrease energy,
interest, and libido or desire. Conscious and unconscious factors, such as performance
anxiety, work stress, and strained personal relationships, can also affect ED. One of the
underlying reasons for erectile dysfunction is performance anxiety, which can interfere
with the brain signals that generate and sustain erections [14].

In a study focussing on the urological setting, the diagnosis and treatment of psy-
chogenic erectile dysfunction were studied for 18 consecutive days. The longest sleep
erectile episodes were found to last for 11.2 min on average, with an average penile stiffness
of 572 g [16].

Recently, the frequency of mental health issues among erectile dysfunction (ED) suf-
ferers was investigated. According to the findings of the study, the psychological condition
of patients with ED seemed to be significantly influenced by partner support. Further, over
50% of the ED patients had experienced psychiatric issues throughout their lives [17].

Additionally, a cross-sectional study investigated the prevalence of anxiety and de-
pression in a particular Chinese population. It was found that anxiety and depression were
prevalent in ED patients at 38.16% and 64.97%, respectively [18].
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2.3. Neurogenic Causes and Parkinson’s Disease (PD)

The inability to establish or maintain a penile erection as a result of neurologic im-
pairment (central or peripheral) is considered to be neurogenic erectile dysfunction [19].
Any damage to the neurological system involved in erections may result in ED. Long-term
diabetes affecting nerves, PD, Alzheimer’s disease, strokes, and head injuries can all impact
the libido or nerve impulses necessary for erections [1]. Therefore, they can contribute to
ED. In addition, patients with spinal cord injuries often face ED [20]. Patients who have had
pelvic surgeries, such as radical prostatectomy, cystectomy, or colectomy, may also have
ED due to damage to the cavernous nerves responsible for the regulation of erection [21].
The prevalence of neurogenic sexual dysfunction (NSD) among erectile dysfunction (ED)
causes ranges from 10% to 19% [22].

An investigation found that men with neurological disabilities are much more likely
to experience erectile dysfunction than men without neurological disabilities [19]. Multiple
sclerosis [MS] is a common inflammatory autoimmune illness of the CNS, characterized
by the demyelination of nerve cells in the brain and spinal cord. The capacity to transmit
signals and, hence, sexual performance, capacity for ejaculation, the expression of libido,
and orgasmic reactions are interfered with by this damage [23].

The most common mobility disorder is PD. It is a long-lasting neurodegenerative
condition with both motor and non-motor symptoms. Patients with PD have altered
dopaminergic pathways that control erection and arousal [24]. A multicenter Italian
observational study conducted on 200 Parkinson’s disease patients revealed a decrease in
libido in 68% of men and 53% of women with PD, leading to diminished sexual life and
desire [25].

Parkinsonism and various combinations of cerebellar, autonomic, urinary, and pyra-
midal dysfunction are linked with multiple system atrophy (MSA), which is a neurodegen-
erative condition. In addition, MSA affects the brain’s dopaminergic circuits, which control
erection. Hence, the majority of individuals with MSA frequently experience ED. Spinal
cord injury (SCI) in individuals leads to reflexogenic, psychogenic, and mixed erections.
Early erectile dysfunction was observed to be more prevalent in MSA cases than in matched
controls [26].

2.4. Vascular Causes

The risk factors for both CVD and ED include age, hypertension, dyslipidemia, smok-
ing, obesity, and diabetes. ED patients are more likely to experience coronary heart disease
and stroke than non-ED patients. Additionally, the severity of ED has been considered a
predictor of morbidity and mortality for cardiovascular disease. Vascular ED and cardio-
vascular disease both share the etiology of endothelial dysfunction, and they also have
similar risk factors, such as obesity, cigarette use, inactivity, diabetes, hypertension, and
hyperlipidemia [27]. In a 14-year prospective analysis, obesity was reported to be a separate
risk factor for ED. According to Fillo et al., males with abdominal obesity had an increased
risk of developing ED, and this risk increased proportionally to the degree of obesity [28].

The interplay of androgens, chronic inflammation, and cardiovascular risk factors
determines endothelial dysfunction and atherosclerosis and contributes to problems with
penile and coronary circulation. The size of the penile artery is less than that of the coronary
artery. Hence, there is less blood flow to the erectile tissues than to the coronary circulation.
The complicated link between endothelial dysfunction and autonomic hyperactivity could
also verify the relationship between ED and the development of CVD [29]. The results of a
meta-analysis of prospective cohort studies indicated that ED considerably raises the risk
of CVD, coronary heart disease, stroke, and all-cause mortality, and that this rise is likely
unrelated to traditional cardiovascular risk factors [30].

In a study conducted between 1994 and 2003, men 55 years of age or older were
randomly assigned to a placebo group (n = 9457). 47% of these men reported having
erectile dysfunction to some extent at the study entrance. After 5 years, 57% of the males
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who experienced ED who had no erectile dysfunction at the study entrance reported
experiencing an episode, and 65% of enrolled males were reported to have ED at 7 years [31].

In a cohort study of the ADVANCE (Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified-Release Controlled Evaluation) trial participants, 6304 type 2 dia-
betic males (aged 55 to 88 years) with baseline medical exams were questioned about ED.
In this study, baseline ED was reported to be linked with a higher incidence of all CVD
events [32].

2.5. Lifestyle Factors

The prevalence of ED is rising globally due to lifestyle disturbances. Smoking, inactiv-
ity, poor diets, being overweight or obese, metabolic syndrome, and excessive consumption
of alcohol are among the modifiable risk factors for ED.

2.5.1. Smoking

Both direct tobacco use and passive exposure are significant risk factors for ED [33]. A
Spanish study indicated that smoking males had 2.5 times more ED as compared with non-
smokers [34]. An Italian study showed that smokers had 1.7 times more ED in comparison
with non-smokers [35]. According to a recent meta-analysis of four prospective cohort
studies and four case-control studies, the overall odds ratio of ED in prospective cohort
studies was 1.29 for former smokers. In contrast, it was 1.51 for current smokers when
compared to non-smokers [36].

2.5.2. Alcohol Consumption

Prolonged and chronic alcohol consumption is reported to be linked with sexual
dysfunction. Heavy drinking is one of the most significant factors in ED. In a study, one
hundred male patients with an alcohol dependence syndrome diagnosis were questioned
regarding sexual dysfunction. The findings suggested that 72% of this population had
experienced erectile dysfunction, low sexual desire, and premature ejaculation [37].

2.5.3. Dietary Factors

A limited intake of red meat, full-fat dairy products, and beverages with high sugars
can lower the risk of ED. Whole grains, legumes, vegetables, and fruits can protect against
ED [33]. A cohort study showed that the consumption of fruits, vegetables, nuts, legumes,
fish, and sources of long-chain (n-3) fats, as well as avoiding red and processed meats,
reduced the risk of ED [38].

2.6. Hormonal Disorders and Hypogonadism

The physiology of the erectile organ is significantly impacted by the level of androgens.
It has been reported that functional hypogonadism (FH) and erectile dysfunction (ED) are
connected to low levels of testosterone. Men with both testosterone (T) insufficiency and
erectile dysfunction (ED) are difficult to treat [39]. In a study, the effects of TTh (testosterone
therapy) on anthropometric and metabolic parameters were examined in patients with a
history of CVD, functional hypogonadism, and erectile dysfunction. It was found that IIEF
was increased by 5.4 in hypogonadal men receiving TTh [40].

In a placebo-controlled study, patients with late-onset hypogonadism were treated
with Tribulus terrestris vs. a placebo for erectile dysfunction and symptoms of the lower
urinary tract. This study confirmed the results of other studies relating to the potent impact
of this herbal remedy on boosting testosterone levels and enhancing sexual performance in
patients with erectile dysfunction and partial androgen insufficiency [41].

2.7. Metabolic Causes and Hyperglycemia

Numerous theories have been put forth to explain the connection between ED and
metabolic causes. ED, as a diagnostic signal for metabolic and cardiovascular diseases, has
gained great significance in this research area. Diabetes mellitus (DM) and cardiovascu-
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lar disease (CVD) are the main indicators of metabolic syndrome (MetS). Further, MetS
comprises dyslipidemia, poor glucose tolerance, hypertension (HTN), and central obesity.
A cross-sectional study in an Indian population has shown the correlation between ED
and metabolic syndrome. The findings showed that MetS or one of its components was
implicated in 56.25% of ED patients [42].

For males with diabetes mellitus (DM), erectile dysfunction (ED) is thought to be the
most significant type of sexual dysfunction. In addition, those with DM have an approx-
imately 3.5-fold higher prevalence of ED than those without DM [43]. Increased blood
glucose levels are linked to vascular problems and endothelial dysfunction. In addition,
chronic hyperglycemia increases the level of reactive oxygen species (ROS) and advanced
glycation end products (AGEs), which can hasten endothelial dysfunction by reducing
NO production and endothelial NO synthase (eNOS) activity. Endothelial integrity is com-
promised as a result of an imbalance between vasoactive mediators and vasoconstrictors,
which alters vascular permeability. This results in reduced vascular and smooth muscle
relaxation, which gives rise to clinical ED. Endothelial walls also become more sensitive to
vasoconstrictor stimuli and lose their sensitivity to mediators of vasodilation [44]. High-
dose tadalafil, a drug used to treat erectile dysfunction, was found to dramatically reduced
long-term blood sugar levels in a small group of type 2 diabetic patients [45].

2.8. Advanced Glycation End-Products

Advanced glycation end-products (AGEs) are formed in an irreversible reaction be-
tween glucose and proteins, lipids, and nucleic acids via a non-enzymatic glycation path-
way [46,47]. AGEs formation contributes to the pathologic cross-linking of collagen, leading
to endothelial dysfunction, vascular thickening, and eventually atherosclerosis [48-50].

An international five-item erectile function questionnaire was used to identify ED
patients using a cross-sectional survey. By assessing skin autofluorescence, the buildup of
AGE:s on the skin was evaluated noninvasively. Severe ED was reported to be substantially
correlated with higher skin AGEs levels and lower levels of antioxidant vitamins. The
study further indicated that zeaxanthin might have an influence on ED by lowering tissue
AGE levels [51].

2.9. Oxidative Stress

Oxidative stress occurs as a result of an imbalance between prooxidants and antiox-
idants [52,53]. Previous studies have shown a significant association between levels of
reactive oxygen species (ROS) and ED, especially in diabetic animal models [54]. L-carnitine,
an antioxidant, and sildenafil have been found to decrease monocyte oxidative activity
and the levels of endothelial dysfunction indicators in diabetic individuals with ED [55].
It has also been discovered that Vitamin E improves the therapeutic effect of the PDE-5
inhibitor, supporting the potential use of ROS scavengers in saving erectile function in
diabetic patients [56].

It is believed that lipid peroxidation, protein oxidation, DNA oxidation, decreased
synthesis, and the bioavailability of nitric oxide (NO) are the main mechanisms of oxidative
stress for ED [57]. Exogenous antioxidants, including the vitamins E and C, as well as
endogenous antioxidants, such as superoxide dismutase, catalase, glutathione peroxidase,
bilirubin, and uric acid, can limit free radical damage and oxidative stress. When increases
in oxidants and losses in antioxidants cannot be reversed, the oxidative/antioxidative
balance may shift towards oxidative stress [58].

2.10. Inflammation

A cross-sectional study was conducted to evaluate the link between dietary inflam-
matory potential (DII) and ED using multivariable-adjusted logistic regression models.
The results showed a positive correlation between ED and DII, as measured by the DII
score [59]. Due to vascular endothelial damage, systemic inflammation and oxidative stress
raise the risk of erectile dysfunction (ED). In a prospective, cross-sectional, single-center
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study, the state of oxidative stress and systemic inflammation in ED was assessed. While
multi-inflammatory index-1 (MII-1) and multi-inflammatory index-2 (MII-2) showed ef-
fectiveness, the oxidative stress index (OSI) demonstrated diagnostic potential for ED as a
sign of oxidative stress [60].

Increases in peripheral blood inflammatory indicators, specifically the neutrophil-
to-lymphocyte ratio (NLR), have been demonstrated to cause a reduction in erectile per-
formance. In patients with localized prostate cancer, the NLR does seem to represent a
substitute marker for the persistent inflammation that leads to baseline ED [61].

A recent study showed that inflammation-related erectile dysfunction was a result of
an altered NO-cGMP-dependent PKG signaling cascade through the upregulation of im-
portant cytokines and chemokines (MCP-1). Overall, the downregulation of inflammatory
erectile dysfunction was reported to be mediated through the NO-cGMP-PKG-dependent
NEF-kB signaling cascade, and it was further activated by a mixture of salt intake [62].
In a hypertensive rat model exposed to bisphenol-A, naringin was suggested to control
erectile dysfunction by blocking the NOS/cGMP /PKG signaling pathway, apoptosis, and
inflammation [63].

2.11. Rheumatic Arthritis

Sexual functioning in people with rheumatoid arthritis (RA) is a neglected area of
QoL that is rarely addressed by medical professionals or other healthcare professionals.
Various studies have found that between 31% and 76% of arthritic individuals have sexual
problems. Sexual dysfunction can be caused by a variety of circumstances, including those
connected to diseases and treatments [64]. Men with RA are more likely than men without
RA to develop sexual dysfunction, including ED. For instance, research that appeared in
the Journal of Rheumatology discovered that more than half of males with RA reported
experiencing some sort of sexual dysfunction. Men with RA exhibited a higher prevalence
of ED than men without RA (55% vs. 30%), according to a different study published in The
Journal of Sexual Medicine [41].

RA is characterized by the progressive deterioration of joints, brought on by persistent
synovial inflammation. It has a significant impact on the patient’s social, economic, psy-
chological, and sexual facets of life. It was demonstrated in a study by Gordon et al. that
RA can lead to hypogonadism and sexual dysfunction, including impotence and a decline
in desire [65]. A cross-sectional study using a computerized questionnaire at a Danish
university hospital reported that patients with RA frequently had sexual dysfunction [66].

2.12. Other Causes
Impaired blood flow and penile fractures can also contribute to ED.

2.12.1. Impaired Neuronal Blood Flow

The inability to establish or maintain a penile erection as a result of neurologic impair-
ment is a broad definition of neurogenic erectile dysfunction. Any injury to the central or
peripheral nervous system can cause sexual dysfunction. Using the International Index of
Erectile Function questionnaire, 326 male patients were assessed for ED. The patients who
reported having ED underwent vascular, neurophysiological, and hormonal testing. Men
with neurological disabilities are much more likely to experience erectile dysfunction than
men without neurological disabilities, especially those with lesions below the 52-54 region.
Since erectile dysfunction is common in males with neurological disorders, it is advised to
frequently check sexual performance during both short- and long-term rehabilitation. If
sexual dysfunction is detected, it should be addressed in the treatment plan [19].

2.12.2. Penile Fracture

The penis is not a bone; hence, a penile fracture is not really a fracture. However,
if the penis becomes twisted or struck when it is erect, it could break. Two columns, or
cylinders, that resemble sponges and fill with blood to harden the penis are found in the



Uro 2024, 4

67

penis. The tunica albuginea serves as a protective coating over these columns. When the
tunica albuginea is ruptured, a penis is deemed fractured or broken. While the majority of
patients were able to retain their erectile function and overall sexual function over time,
some penile fracture patients may have underlying psychological or vascular issues that
could act as predisposing factors for long-term ED development [67].

3. Diagnosis

Treatment selection can become more specific when the root cause of a patient’s ED
is known. The following techniques are commonly performed to investigate the cause of
erectile dysfunction.

3.1. Psychological Counseling

Psychologic counseling potentially investigates the symptoms or disorders that con-
tribute to dysfunction. In addition, it tries to find out about problems relating to erectile
dysfunction, ejaculation, orgasm, or sexual desire. Further, this procedure is performed
in order to recognize probable psychological consequences affecting sexual performance.
To determine the demands and panoramas observed across a sexual relationship, a sexual
partner of the patient can be separately interviewed [68].

3.2. Physical Examination

Physical examination involves the investigation of symptoms associated with systemic
disorders, such as neurological dysfunction. Physical examinations can be accomplished
in multiple ways. Hairstyle textures, along with additional secondary characteristics of
sex, are linked to endocrine system-associated hormonal disorders. An enlargement of
the vessels could represent a warning sign of circulatory issues. Any abnormal behaviors
associated with the penis can actually point to the root cause of ED [69].

Physical examination includes measuring the size and consistency of the testicles
and examining the genitalia for lesions, scars, plaques, and meatal position. In addition,
examining abdominal masses, peripheral pulses and feelings, secondary sex features, and
the existence of gynecomastia are all important physical investigations. Waist and hip
circumference can provide information about obesity. Therefore, the waist-to-hip ratio
could be an useful metric for assessing weight loss and the response to hypogonadal
medications. It is recommended that men who are considering hormone replacement
therapy should have a digital rectal examination [70].

3.3. Laboratory Examinations

A clinical evaluation is necessary for the diagnosis of ED. Blood testing for diabetes,
atherosclerosis, chronic renal disease, and hormone issues is one of the basic requirements
for ED investigations. Further, evaluations of lipid profiles, hepatic enzyme levels, blood
counts, urine tests, and measurements of creatinine are recommended. The fasting lipid
profile, fasting glucose level, and, in certain situations, the total testosterone level are among
the laboratory tests performed on men with ED. In selected high-risk individuals, screening
for prostate cancer is advocated for. A digital rectal examination and a prostate-specific
antigen test are other tests required for men with ED [70,71].

3.4. Blood Test for Measurement of Testosterone

Men suffering from ED must check their levels of testosterone, along with other male
reproductive hormones, especially when they are suffering from hyperglycemia or reduced
sexual desire. Between 12.5% and 35% of men with ED have low total testosterone levels.
It is rare to have a testosterone shortage if total testosterone is >12 nmol/L (346 ng/dL).
Total testosterone below 12 nmol/L (346 ng/dL) necessitates the investigation of serum
luteinizing hormone and prolactin levels. This must be done at least one week apart.
Serum luteinizing hormone, which is either raised in primary hypogonadism or decreased
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in secondary hypogonadism, must be measured in order to determine the subtype of
testosterone shortage [71].

3.5. Blood Sugar Evaluation

Chronically elevated blood sugar levels may contribute to neurological damage and
the destruction of blood vessels, which may cause difficulties in achieving an adequate
erection during sex [72].

3.6. Imaging

While there are a number of imaging modalities, including ultrasound, angiography,
cavernosography, MRI, etc., that may be used to look into the physical causes of ED,
penile Doppler sonography (PDS) is the most informative method and should be used
in individuals who do not react to oral pharmaceuticals (such as phosphodiesterase type
5 inhibitors). The Doppler ultrasonography technique is used for observing the flow of
blood in the penis [73].

3.7. Nocturnal Penile Tumescence (NPT)

Nocturnal penile tumescence (NPT) is conducted to find out if an erection occurred
while sleeping. The patient can typically apply NPT monitoring at home, because it is a
straightforward process. Before going to bed, the penis is either treated with an electronic
monitor or a single-use snap-gauge device for this test. Normal nocturnal erections are
regarded as evidence that the mechanical components of penile erection are operating as
intended. Other data, such as the quantity and length of erections, can be evaluated using
a more advanced electronic monitor [74]. Figure 2 represents a graphical representation of
various kinds of diagnosis strategies.

Psychological
Counseling

Physical

Blood Sugar Examination

Tests for ED
Patients

Laboratory
Examinations

Imaging

Figure 2. Screening tests for erectile dysfunction. The diagnosis of erectile dysfunction can be
accomplished using numerous strategies.

4. Treatment of ED

ED has been established in prior research to have a detrimental effect on quality of
life (QoL) and to be substantially linked to poor social functioning, psychological health,
emotional domain, and general health quality in ED patients [2]. A state of whole physical,
mental, and social well-being, rather than just the lack of disease or impairment, is referred



Uro 2024, 4

69

to as health. Thus, treatment and management of ED patients could improve their general
health [75].

Even though a number of off-label medications have demonstrated promising out-
comes in the treatment of various common diseases, these illnesses and disorders are not
currently treated by fully licensed therapies. This makes the use of off-label medications or
other potential medical treatments extremely necessary. In order to avoid using conven-
tional methods for treating diabetes and other related conditions, it is crucial to look into
alternative medicine, such as folk medicine [58].

There are multiple types of treatment for ED available, depending on the origin
and severity of ED, as well as any underlying medical issues [70]. In addition to taking
preferences into consideration, a therapist can go over the advantages and disadvantages
of each treatment. Medical and surgical management, lifestyle changes, and psychosexual
therapy are the components of ED treatment. In this review, interventions using natural
products are discussed in greater detail as alternative and complementary medicines for
improving ED.

4.1. Allopathic Treatment

Physicians treat erectile dysfunction with respect to the health status, age, history
of health conditions, and level of severity of the disease specific to the patient, along
with considering their susceptibility to specific medicines, medications, or techniques.
Nowadays, the most commonly used ED medications are vardenafil, tadalafil, and sildenafil.
For the treatment of ED, sildenafil was the first PDES inhibitor to be licensed. In healthy
men, sildenafil, vardenafil, and tadalafil have all demonstrated effectiveness when used
as needed and over an extended period of time, with high first-dose response rates [70].
An explanation for this is that metals attached to conserved metal-binding motifs in PDEs
aid in the production of attacking OH-. The kinetics of the process are consistent with a
random-order mechanism with respect to the cyclic nucleotide and the divalent cation(s)
required for catalysis [76].

The above-mentioned treatment has also been found to be effective in ED patients with
diabetes mellitus (DM), neurological conditions such as multiple sclerosis and spinal cord
injury, hypertension, CAD, renal insufficiency, kidney transplantation, or nerve-sparing
radical prostatectomy [70]. In hypogonadal males with ED, testosterone supplementation
may reduce cardiovascular risk in addition to ED symptoms. According to a meta-analysis,
men with ED respond to testosterone monotherapy and show improvement in their erectile
function due to it [77]. Several studies have explored the role of human chorionic go-
nadotropin (hCG) and clomiphene citrate on sexual function in hypogonadal men, which is
particularly significant in hypogonadal men with ED who wish to achieve fatherhood [78].

4.2. Surgery

The primary surgical technique for correcting erectile dysfunction includes the instal-
lation of a penile implant, also referred to as a penile prosthesis. Implants are the next step
for elderly men who have not responded to oral PDE5 inhibitors, ICIs, or IU treatments, as
penile vascular surgery is not advised in these cases. Penile implant implantation is the
most successful and well-received therapeutic option for erectile dysfunction, despite being
a surgical procedure with attendant risks [70].

4.3. Treatment Based on Plants and Other Natural Products

Because of the widespread distribution of the phosphodiesterase type 5 gene at mul-
tiple places throughout the body, PDE5-Is can cause headaches, myalgia, face flushing,
heartburn, nasal congestion, and visual issues. Furthermore, illnesses and disorders impact-
ing the upstream nitric oxide pathways have been linked to an effective decrease in efficacy.
As aresult, it is critical to seek out and identify optional agents capable of overcoming these
constraints. With fewer negative effects, natural products and their bioactive components
are important in managing disease. Many medicinal plants have been found to be quite
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helpful in the treatment and prevention of a wide range of illnesses [79]. Plants have been
used as remedies to heal a variety of human ailments since time immemorial. This is due to
the fact that plants have a wealth of bioactive substances that can be used to treat a variety
of diseases [46,49,52,80,81].

Many factors might contribute to an individual’s symptoms of ED, and there are
numerous causes of this disorder. Therapeutic interventions using natural products for ED
are mainly based on the root causes of sexual dysfunction. The signs and symptoms of
erectile dysfunction may be attributed to a broad spectrum of circumstances. Therapeutic
natural product techniques focus on the particular causes as well as parameters of each
patient, comparable to conventional practitioners. In ddition, a combination of techniques,
including plant-based remedies, nutrition, physical treatment, techniques for breathing,
the practice of meditation, and physical activity, is advised.

As a whole, developing novel medications to treat ED is imperative, and herbal
remedies can be a valuable source of these medications. Herbal remedies for ED have
been employed as aphrodisiacs. Numerous plants are still utilized to boost libido, treat
ED, and improve sexual dysfunction. Many phytochemicals are found in plants, including
steroids, polyphenols, terpenoids, alkaloids, and steroids. Polyphenols such as tannins,
phenolic acids, stilbenoids, catechins, procyanidins, and flavonoids are thought to possess
anti-inflammatory, anti-cancer, antibacterial, antiviral, anti-tumor, and anti-mutagenic
qualities. These polyphenols have the potential to shield the vascular endothelium from
ROS damage [82]. Sebastiani and colleagues (2023) studied the therapeutic qualities and
modes of action of plant-based supplementations in treating infertility and verified their
beneficial effects on infertility and general human health [83].

Table 1 displays some medicinal plants used for ED improvement.

Table 1. Medicinal plants used for the treatment of ED.

Botanical Name Family Name Part Used Observed Effects Reference Types of Study
Aframomunm Increase mounting and
Zingiberaceae Fruits anogenital [84] In vivo

Melegueta - . .

investigatory behavior

Effect on mount,

ejaculation, and
Asparagus Roots intromission latgnmes as [85] In vivo
racemosus well as frequencies,

hesitation time, and
copulatory rate.

Allium tuberosum Seeds Aphrodisiac property [86] In vivo
Alpinia calcarata Zingiberaceae Rhizome Testogterone [87] In vivo
level increased
. Fresh leaves, roots, .. .
Argeria nervosa Convolvulaceae and flowers Aphrodisiac property [88] In vivo
Randomized,
Double-Blind,
Withania somnifera Solanaceae Shoden beads Testosterone increased [89] Placebo-
Controlled,
Crossover Study
Withania somnifera Solanaceae Root large increase in [90] Randomized
testosterone levels controlled trial
Withania somnifera Solanaceae Shoden Increase in [89] Randomized

testosterone levels

controlled study
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Botanical Name Family Name Part Used Observed Effects Reference Types of Study
Mucuna pruriens Fabaceae Seed Suppressed . [91] In vivo
testicular apoptosis
Mucuna pruriens Fabaceae Seed hormonal levels increased  [92] In vivo
prevent penile tissue
Mucuna pruriens Fabaceae Seed deterlol.ratlon, cyclic [93] In vivo
guanosine
monophosphate levels
Aspidospermaulei Apocyanaceae Root facilitates penile erection [94] In vivo
Ginkgo biloba Ginkgoaceae GBE extract repair of the [95] In vivo
cavernous nerve
Asteracantha significant increase in the
pe Acanthaceae Seeds sperm count affected [96] In vivo
longifolia (Syn) .
sexual behavior
increased the International .
Index of Erectile Function Randomized,
Phoenix dactylifera Arecaceae Date palm pollen (IIEF) and the Hurlbert [97] ;i)n";rolled
Index of Sexual Desire uey
Chlorophytum . .
borivilianm Asparagaceae Roots Aphrodisiac [98] In vivo
avoids deterioration in
Chlorophytum o .
o Asparagaceae root extract sperm characteristics [99] In vivo
borivilianum
and morphology
increases in sperm
Citrullus lanatus Cucurbitaceae Seed population, motility, [100] In vivo
and viability
. . . Randomized,
I.Jab'tsmy stalia Rubiaceae Not mention-ed more effective than [101] placebo-controlled
johimbe a placebo .
trials
IIEE-5 score Randomized or
Panax ginseng Araliaceae 1000 mg KRG [102] quasi-randomized

Improved controlled trials

4.3.1. Ashwagandha

Withania somnifera (WS), often known as ashwagandha, is a herb that has recently
acquired popularity in the United States as a cure for anxiety and stress. Despite being
used as a broad-spectrum medicine in India for centuries, WS has only lately been studied
in a laboratory context. WS is classified as an anti-inflammatory herbal supplement with
antioxidant properties [103].

Furthermore, the herb has been suggested for use as an adaptogen and energy booster,
as a result of its recognized antioxidant and free radical-scavenging properties [104].

In one study, muscular strength and muscular mass in the arms and chest was found
to have increased significantly in WS-treated patients. The level of exercise-induced muscle
myocyte damage was much lower in the Ashwagandha-supplemented patients than in the
placebo group, as seen by the stabilization of plasma creatine kinase levels. Furthermore, a
large increase in testosterone levels and a significant decrease in body fat were observed in
the WS-treated group [90].

Ashwagandha, as well as its extract, is believed to provide a potent sexually stimulat-
ing effect due to the fact that it is composed of numerous bioactive chemical compounds,
which include withanolides. A study conducted on both humans and animals has proven
the sexual stimulant and testosterone-boosting benefits associated with ashwagandha [105].
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A previous study evaluated the aphrodisiac properties of an ashwagandha root extract
in adult males in an 8-week randomized, double-blind, placebo-controlled trial. When
compared to a placebo, ashwagandha root extract consumption was related to a statistically
significant rise in total DISFM scores. It was also linked to a statistically significant increase
in serum testosterone levels [106].

The effects of Ashwagandha on weariness, vigor, and steroid hormones in aging
males were explored in randomized, double-blind, placebo-controlled crossover research.
For 8 weeks, using a standardized ashwagandha extract (Shoden beads) was related to
increased levels of DHEA-S and testosterone, but no significant between-group variations
in cortisol, estradiol, weariness, vigor, or sexual well-being were detected [89].

4.3.2. Kaunch (Mucuna pruriens)

Mucuna pruriens (Fabaceae) is a well-known herbal remedy used as an aphrodisiac and
to treat mental problems and male infertility. Research has demonstrated that the seeds of
this plant may have significant medical value. M. pruriens may exhibit antioxidant actions,
because it has been demonstrated to have neuroprotective and anti-Parkinson’s properties.
Furthermore, M. pruriens has been shown to possess antioxidant activity in vitro through
its capacity to scavenge reactive oxygen species and DPPH radicals [107].

Due to the fact that kaunch seeds carry aphrodisiac characteristics, they improve
enthusiasm for sexual activities. In addition, this stimulates the supply of blood through
the male reproductive organs, so it helps stimulate the sensation of sexual interest for both
women and men. The powder of seeds from kaunch provides a naturally occurring source
of testosterone. The reason for this is the fact that it provides L-dopamine, and so it boosts
the gonadotropic hormone (GnRH) synthesis process [108].

It promotes the mobility of sperm as well as the count. Furthermore, it contributes to
enhancing semen output and amount. In addition, kaunch seeds strengthen the quality
of semen and minimize stress on the body via their antioxidative properties. Based on a
number of studies, kaunch seed can be suggested as a means to promote sexual performance
by prolonging ejaculation [109].

4.3.3. Dates

The date palm is being widely used for its pharmacological activity. Date palm
pollen (DPP) has been shown in earlier research to boost sperm count and quality. Age-
old medications for erectile dysfunction and impotence have involved the consumption
of Phoenix dactylifera, commonly known as date palm pollen, which constitutes the male
reproductive powder of palm flowers. A randomized, double-blind, and placebo-controlled
clinical trial was conducted involving 60 Iranian men who underwent coronary artery
bypass graft (30 were in the DPP group, and 30 were in the control group) and were treated
with DPP daily. These patients showed improvement in their complaints of male sexual
dysfunction after consuming 6 g of DPP daily for two months [97].

A double-blind, placebo-controlled clinical experiment was conducted that took place
in 2019 among Iranian infertile couples who were referred to infertility clinics by their
spouses. The control group received a placebo, whereas the intervention group received
a date palm pill. An attempt was made to treat erectile dysfunction as well as sexual
dysfunction by consuming seven dates every day in combination with an appropriate
diet. According to the study, the sexual function of infertile couples was improved after
consuming date palms for one month [110].

Date palm pollen (DPP) may enhance semen parameters and stimulate antioxidant
activity in male rats, according to mounting data. The effects of DPP on male fertility
in humans are, nevertheless, supported by a small body of scientific data. Therefore, a
previous study assessed infertile men’s sperm characteristics and the expression pattern of
the genes encoding peroxiredoxin-1 (PRDX1) and peroxiredoxin-6 (PRDX6) in relation to
the oral ingestion of DPP. DPP consumption was found to significantly improve sperm mor-
phology and semen volume. The DPP group’s 8-isoprostane levels sharply decreased after
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intervention. Consuming DPP considerably raised the expression of the PRDX1 and PRDX6
genes. Increased expression of the PRDX6 and PRDX1 genes was positively correlated with
improved metrics of sperm, including count, volume, motility, and shape [111].

4.3.4. Musli

Known by its common name, Shweta musli, Chlorophytum borivilianum L. is a medicinal
plant that grows in large quantities over the Indian subcontinent. It has been determined
that pre-treatment with 50 mg/kg body weight of CRE might shield sperm from oxidative
stress during the maturation of the epididym [98].

With no negative side effects, safed musli (Chlorophytum) is a highly-liked aphrodisiac.
It is frequently recommended for the purpose of increasing male potency and reducing
fatigue symptoms. The aphrodisiac potential and reproductive system safety profile of
the standardized extract of saved musli root were assessed in vivo. Male rats were dosed
with extract for 54 days at 125 and 250 mg kg~ ! p.o. The animals were watched for sexual
activity from the cage side on days 14 and 28. Up to the 28th day, safed musli at both
dosage levels increased libido and sexual energy, suggesting potential benefits for treating
male sexual dysfunction. After using it for 54 days, the safety profile was also evaluated.
Both doses increased the number and motility of sperm. Given that both doses have
the capacity to proliferate, it can be concluded that treatment using safed musli would
be extremely helpful in treating sexual dysfunction [112]. By lowering oxidative stress,
apoptosis, and free radical levels in the sperm of diabetics, C. borivilianum root extract
prevents deterioration in sperm characteristics and morphology [99].

4.3.5. Watermelon

Citrullus lanatus, a member of the Cucurbitaceae family, is high in citrulline and argi-
nine. These amino acids are crucial for the synthesis of nitric oxide (NO), a powerful
vasodilator [113]. Watermelon is a special source of easily accessible cis-isomeric lycopene.
Medium- and short-chain fatty acids, neral, -ionone, and geranial all contribute to the
unique scent of watermelon. Its strong nutritional profile and associated health advan-
tages have led to an increase in its consumption. It has been found to be efficacious in
mitigating the degree of cancer recurrence, cardiovascular ailments, diabetes, and corneal
problems [114].

Twenty Wistar male rats were divided into two groups, including the control group
and the Citrullus vulgaris (C.V.) group. The C.V. group received 55 mg kg~ '.day ! C.V. via
gavage technique for four weeks. The control group, on the other hand, received an equal
volume of distilled water every day. Testicular tissues were taken on the 28th day and
processed for sperm examination. Significant increases in sperm population, motility, and
viability were observed at 55 mg kg ™! of C.V. [100].

Men with mild ED (erection hardness score of three) were given a placebo for one
month and 1.5 g/d of L-citrulline for an additional month in a single-blind research study.
Records were kept on the number of intercourse events each month, treatment satisfaction,
erection hardness score, and adverse events. Supplementing with L-citrulline has been
shown to be safe and well-received by patients mentally. It is used as a substitute therapy
for mild to moderate ED, especially in individuals who have a phobia of phosphodiesterase
type 5 enzyme inhibitors on a psychological level [115].

4.3.6. Yohimbine

The bark of the African yohimbe tree, Pausinystalia johimbe, yields yohimbine, an
indole alkaloid [116]. Diabetes, depression, weariness, and sexual dysfunction have all
been reported to be treated with yohimbine. When treating ED with infrequent adverse
effects, yohimbine was found to be more effective than a placebo in a meta-analysis of
seven studies [101].

Instead of a true increase in sexual excitement at first, researchers thought that the
extract’s aphrodisiac effects were only a placebo or caused by an increase in peripheral
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vascular congestion. According to the suggested mechanism of action, increased NO is
produced by inhibiting central alpha-2-adrenergic receptors, reducing central inhibition
of arousal, and boosting penile nerve stimulation. Headache, perspiration, agitation, hy-
pertension, and sleeplessness are typical adverse effects. In addition, patients on tricyclic
antidepressants, antihypertensives, or central nervous system stimulants are contraindi-
cated [117].

4.3.7. Ginseng

Among the most significant therapeutic herbs in Asia is ginseng (Panax ginseng Meyer).
Ginseng-containing dietary supplements, or ginseng supplements alone, have been com-
monly used to treat a variety of ailments, including erectile dysfunction. Asia is home to a
large population of ginseng users. Among the most popular ingredients found in sexual
health supplements for men, ginseng is the most prevalent. Ginseng has long been utilized
to support and restore the body’s natural state of well-being. Ginseng’s benefits derive
from its interactions with the immune system, metabolism, cardiovascular system, and
central nervous system. Ginsenosides, a class of triterpene saponins, are the main active
ingredients. Certain ginsenosides may be responsible for the ginseng-mediated effects on
copulatory behavior, according to research on animals. Ginsenoside hyperpolarizes the
smooth muscle membrane by activating large-conductance KCa channels, which causes
smooth muscle relaxation [117].

Individual studies evaluating its effects are few, have inconsistent methodological
quality, and have produced ambiguous results. Due to ginseng’s safety profile and associ-
ated notable improvement in International Index of Erectile Function (IIEF)-5 scores, it is a
viable option for presently recommended treatments for ED [118].

4.3.8. Ginkgo biloba

It is recommended to use Ginkgo biloba to cure a variety of ailments, from high blood
pressure to Alzheimer’s disease. There is evidence that it improves memory in elderly
populations [119], claudication distance and cutaneous ulcers in patients with peripheral
vascular disease [120], and overall cognitive performance [121].

It is suggested that extract from Ginkgo biloba stimulates NO production in endothelial
cells, which relaxes vascular smooth muscles. According to research on animals, Ginkgo
biloba was responsible for the relaxation of the smooth muscle cells of the rabbit corpus
cavernosus [122]. Images showing the different plants with proven potential to treat erectile
dysfunction are provided in Figure 3.

4.3.9. Arctium lappa

Arctium lappa L. is a member of the family Compositae. It is commonly referred
to as “burdock” in English and has been used to cure a variety of illnesses, including
dermatitis and sore throats. The phytochemical characteristics of the plant, including anti-
inflammatory, antiviral, anti-cancer, and anti-diabetic effects, have been documented [123].
In addition to being used to treat ED and infertility, A. lappa has also been utilized as a
sexual stimulant. JianFeng et al. (2012) examined the aphrodisiac effects of A. lappa aqueous
root extracts (300, 600, and 1200 mg/kg) given orally to adult male Sprague-Dawley rats
for a period of seven days. The extract treatment dramatically raised the rates of mounting,
intromission, and ejaculation [124].

In another study, only diabetic mice showed increased sperm vitality after consuming
300 mg/kg of the hydroalcoholic extract of A. lappa. Furthermore, as compared to the
control group, this extract dose enhanced testosterone, FSH, LH, and sperm count in non-
diabetic mice. The findings show that applying burdock root extract to non-diabetic mice
has anti-infertility benefits [125].
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Figure 3. Plants with proven potential for improving erectile dysfunction. (A) W. somnifera; (B) kauch;
(C) safed musli; (D) ginseng; (E) Ginkgo biloba; (F) watermelon.

4.3.10. Euphorbia hirta L.

The family Euphorbiaceae includes Euphorbia hirta L.’s extracts, which are utilized
in East and West Africa to treat respiratory tract inflammation and asthma [126]. In
Madagascar, it is also used to treat respiratory conditions, such as chronic bronchitis and
coughs. Angola also uses the plant extensively to treat diarrhea and dysentery, particularly
amoebic dysentery. Plant extracts or exudates are used as ear drops, to treat boils, to
relieve sore throats, and to encourage the healing of wounds in Nigeria [127]. Additionally,
Nigerian traditional healers use Euphorbia hirta to treat male sexual dysfunction [128].

4.3.11. Crocus sativus L. (Saffron)

This plant is a member of the family Iridaceae. There have been three clinical studies
that have shown that this plant considerably raised patient IIEF scores [129-131]. Moreover,
a study discovered that C. sativus considerably enhanced base tumescence, tip tumescence,
tip rigidity, and base rigidity (p < 0.0001). However, there was no placebo group in this
open-label investigation, and the entire intervention lasted for just ten days. Furthermore,
only 20 individuals between the ages of 26 and 62 were enrolled [129].

Saffron was tested in a double-blind, randomized, placebo-controlled trial to evaluate
how it affected men’s fluoxetine-induced sexual dysfunction. By week 4, the saffron group
outperformed the placebo group in terms of improvement in overall scores (p < 0.001),
intercourse pleasure domains (p = 0.001), and erectile function (p < 0.001).

A double-blind, placebo-controlled, randomized, parallel-group trial was carried out
to examine the impact of topical saffron (C. sativus L) gel on ED in diabetics. The produced
saffron gel was shown to considerably improve erectile dysfunction in diabetic individuals
when compared to placebo (p < 0.001) [131].

4.3.12. Rosa damascena (Damask Rose)

Damask rose belongs to the Rosaceae family. Rosa damascena (R. damascena) has
been studied in two double-blind, randomized, placebo-controlled clinical trials [132]. In
one study, patients with methadone-induced sexual dysfunction were treated with the
essential oils of R. damascena (drops) containing 17 mg of citronellol for two months each.
Considerable improvements in methadone-induced sexual dysfunction and a considerable
rise in blood testosterone levels were observed with R. damascena [133].

Another study concentrated on patients with SSRI-induced sexual dysfunction. In this
investigation, 68 patients were included with 8 dropouts and were provided essential oil
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of R. damascena (drops) containing 17 mg of citronellol for two months each. Significant
improvements were seen in major depressive disorder (MDD) symptoms and SSRI-induced
sexual dysfunction, with improvements in MDD symptoms coinciding with improvements
in sexual dysfunction [134].

4.4. Treatment of ED Using Vitamin By, and Vitamin E
4.4.1. Vitamin Bqp

Vitamin Bjy (cobalamin) is necessary for the synthesis of DNA and its methylation,
folate metabolism, the formation of red blood cells, neurological development, the proper
functioning of the central nervous system, as well as for controlling and producing fatty
acids. Additionally, it plays a significant role in the synthesis of energy as well as the
degradation of proteins, phospholipids, and neurotransmitters [135].

A vitamin By, deficiency may lead to complications with sexual performance, espe-
cially an inability to induce and maintain a good erection. The association between folic
acid, homocysteine, vitamin Bjp and erectile dysfunction was studied in a cross-sectional
study. The purpose of this study was to investigate the relationship between ED, homo-
cysteine (HCY), vitamin B1, (Byy), and folic acid (FA). Out of all of the participants, 1381
completed the questionnaires, and the males with ED had higher B12 levels [136].

By is crucial for the breakdown of homocysteine and may also be the primary cause
of erectile dysfunction. In a study, 691 males (47.4%) with ED showed several factors
associated with ED, including age, Hcy, and By, as revealed by a logistic regression
analysis. This research showed a correlation between elevated homocysteine levels and By
deficiency [137].

4.4.2. Vitamin E

Patients aged 18 to 60 who had erectile dysfunction as defined by the IIEF questionnaire
were randomized equally to receive a daily supplement of 100 IU of vitamin E, 67 mg
of Korean ginseng, 40 mg of Siberian ginseng, or a placebo in a placebo-controlled trial.
It was suggested that a vitamin E and ginseng supplement might help erectile function
management while preserving a safe and tolerable adverse event profile. Vitamin E is
a potent antioxidant and vascular stimulant that can improve and prolong erections as
well as protect penis blood circulation. Since damage caused by oxidative stress causes
diminished circulation within the pelvic tissues, reduced elasticity of arteries and veins,
decreased stimulation of nerves and sensations, and lowered penile adaptability, vitamin E
supplementation improves the symptoms patients with ED. Vitamin E-rich foods include
broccoli, spinach, nuts, and seeds, as well as vegetable oils. Vitamin E’s capacity to destroy
harmful free radicals has been suggested to be beneficial for individuals who struggle with
problems with ED. In vitro and in vivo data have confirmed the significance of vitamin E
as an antioxidant and a lipid-soluble peroxyl radical scavenger [138]. In hypertensive rats,
antioxidant therapy with alpha-tocopherol was shown to improve ED [139].

5. Herb-Based Treatment Mechanisms for Improvement of ED

Because herbal medicines mimic hormones, nitric oxide, and neurons, they have a
number of impacts on improving ED. NO is an unusual regulating molecule that functions
as both a neurotransmitter and a secondary messenger. It has been demonstrated that
a variety of medicinal herbs and medications prepared from these herbs affect the NO
signaling pathway. For instance, it has been shown that ginsenosides relax blood vessels and
the corpus cavernosum, which may help explain ginseng’s anti-fatigue and blood pressure-
lowering properties [96]. Androgens are essential for the development of secondary male
sexual organs like the penis, seminal vesicle, vas deferens, and epididymis. In addition,
male sexual function, male fertility, and puberty all depend on androgens. After crossing
the nuclear membrane and attaching to DNA, the testosterone- or dihydrotestosterone-
receptor complex promotes the production of new mRNA and, consequently, new proteins.
The hypothalamus’s conversion of testosterone to estradiol may be necessary for the impact
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of testosterone on libido. Men's testosterone concentrations can be positively impacted by
certain herbs, including fenugreek seed and ashwagandha extracts [140].

Penile erection can be effectively improved by B. superba ethanol extract. According to
a study by Cherdshewasart and Nimsakul (2003), ethanol extract raised intracavernous
pressure (ICP) in vivo [141]. Moreover, a study has demonstrated how C. orchioides helps
people recover from sexual dysfunction brought on by physical testicular injury [142]. In
addition, a study confirmed that sperm count increased significantly, the motility and the
percentage of living sperm were enhanced, and the number of aberrant sperm was reduced
by using an aqueous extract of Cynomorium coccineum. As compared to the untreated
controls, testicular histology from the treated group revealed higher spermatogenesis and
seminiferous tubules filled with sperm with this treatment [143]. The plant Icariin, which is
derived from Epimedium koreanum, has been shown to imitate the actions of testosterone
and increase the generation of bioactive nitric oxide and cyclic guanosine monophosphate
in cavernous smooth muscle cells treated with sodium nitroprusside [144]. Plant-based
treatments have multiple mechanisms, as exhibited in Figure 4. A list of medicinal plants
used for ED treatment, with causes of ED, their mechanisms of action and diagnosis
methods in various investigations, is provided in Table 2.

Increase in
testosterone level,
aphrodisiac
effects

Inhibition of Tmplications in
central alpha-2- nitric oxide/nitric
adrenergic oxide synthase
receptors pathways

Plant-based
therapies

Increasing penile
nerve stimulation, Modulation of
resulting in c¢GMP levels
increased NO

Activation of
large-
conductance KCa
channels

Figure 4. Plant-based therapy for erectile dysfunction has multiple mechanisms of action.

Table 2. A list of medicinal plants used in investigations against ED, inducers and causes of ED in
investigations, mechanisms of action, and diagnosis strategies.

Plant Name Cause of ED Mechanism of Action Diagnosis Reference
. Suppression of central Mlc'rovascu'lar myosgtap hs
Tetrodotoxin, alpha-2-adrenereic receptors for isometric tension
Yohimbine NG-nitro-L-arginine ar{)d increasin ge nile m};rve ” recording and electrical field  [145]
(L-NOARG, 10(-4) M) . easing p stimulation (EFS) of
stimulation, increased NO . .
autonomic nerve terminals
Smooth muscle relaxation,
tetraethylammonium hyperpolarization of smooth  Electrophysiological studies
Ginseng (TEA). muscle membrane, activation  using cultured human [146]

penile cancer

of large-conductance
KCa channels

corporal smooth muscle cells




Uro 2024, 4

78

Table 2. Cont.

Plant Name Cause of ED Mechanism of Action Diagnosis Reference
Peak intracavernosal
pressure (ICP), mean arterial
Modulation of ICP/MAP pressure (MAP), and
. . ratio of the metabolic Masson’s trichrome stain,
Ginseng metabolic syndrome . . [147]
syndrome+N/S group and measuring the cyclic
cGMP levels guanosine monophosphate
(cGMP) levels of the
corpus cavernosum
Electrical stimulation of Implications in nitric
T. terrestris the nerves, oxide/nitric oxide Immunoassay [148]
phenylephrine (PE) synthase pathway
Via the signal transduction
pathway, relaxation by .
Ginkgo biloba Norepinephrine intracellular cAMP and by Qrgan Path aI.ld electrical [122]
.. field stimulation
antagonizing of the
adrenergic nervous system
A history of
. . cardiovascular disease . Consultation-liaison service
Herba epimediunm and possible subclinical Hypomania, for verbal and sexual [149]
(Horny Goat Weed) nap Tachyarrhythmias . .
bipolar inappropriateness
spectrum disorder
Erection hardness score,
An erection hardness score number of intercourses per
Watermelon History of mild ED . month, treatment [115]
improvement, and . .
satisfaction, and adverse
events were recorded
Saffron Fluoxetine aphrodisiac effect Intergatlonal ¥“dex of [130]
Erectile Function scale
Rosa damascena Considerable rise in blood Self-assessment of sexual
Methadone dysfunction, [133]

(Damask rose)

testosterone levels

testosterone levels

6. Approach to Increase the Efficiency of Natural Products

Herbal remedies have a long history of use in ancient medical systems and are now
widely accepted as safe and natural substitutes for pharmaceutical treatments for diseases.
Nonetheless, strict quality control procedures have been utilized to guarantee uniformity
and safety in the creation, production, and distribution of herbal products for the effective
treatment of ED. Further, standardization, contaminant detection and prevention, herbal
ingredient authentication, and regulatory standard conformance are some methodologies
used in original research to evaluate the efficacy, onset of action, and safety of herbal
therapies over time. The combination of ancient knowledge and contemporary scientific
methods can be used to achieve the best possible quality control results [150].

Significant properties of natural products include their remarkable diversity, chemical
and biological potential with macromolecular accuracy, and fewer side effects. Therefore,
they are considered among the most efficient options for finding new medications. How-
ever, natural products contain a broad spectrum of chemical ingredients. Moreover, there
are a number of issues linked with natural products, such as poor in vivo solubility, stability,
and bioavailability, low absorption in the body, issues with tonic efficacy and target-specific
delivery, and potentially harmful pharmacological adverse effects. As a result of these
issues, numerous natural compounds have not yet passed the stage of clinical trials. As
a result, significant work is advised for this purpose. Thus, utilizing novel drug delivery
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techniques to tailor medications to certain body areas may be a solution to these pressing
problems [144].

Because of associated isolation processes, pure constituents are more expensive to
manufacture, but easier to work with. These efforts, as in many situations, were not
sufficient. The development of semisynthetic substances or synthetic analogues, or the
synthesis of prodrugs, represents a further attempt to optimize the performance of natural
products. An additional and more sophisticated method for maximizing the bioavailability
and/or stability of separated constituents and extracts is provided by the design and
manufacture of suitable drug delivery devices, particularly those at the nanoscale [151].

The development of THM delivery systems, such as liposomes, microcapsules, emul-
sions, solid dispersions, magnetic nanocarriers, and nanocomposites, is made possible by
the use of nanotechnological materials, which have been shown to have a greater curative
impact or novel efficacy, improved medication stability, flexible dosage forms, enhanced
drug delivery pathways, etc. One of the main benefits of using nanocarriers is that they
can distribute medications in a regulated and sustained manner, increasing their biological
half-lives and prolonging their in vivo cycle durations [152].

7. Optimal Patient Selection, Dosage Regimen, Formulation and Future Research

One of the most difficult problems in drug development is still choosing the right dose
for confirmatory studies. Furthermore, the majority of patients included in pivotal trials
are often very young or elderly, malnourished or morbidly obese, pregnant, or have many
features that could affect dose. These individuals are also not included in the majority of
the present labeled guidelines. Physicians may therefore have to make informed decisions
on the appropriate dosage and plan for these individuals. Providing recommendations
for dosage and regimen for these individuals is now possible through the integration
of existing scientific knowledge and the use of or modification of established regulatory
agency-industry methods. Therefore, it is advised to investigate a number of variables
that need to be taken into account while developing a procedure that would offer more
accurate, secure, and appropriate medication dosing recommendations for the majority of
patients [153,154].

8. Perspectives and Novelity of Current Study

If appropriate action is not taken to stop the rising incidence of erectile dysfunction
(ED), it is projected that 322 million men worldwide will be affected by the condition by
2025 [155]. Currently, there are various standard therapies for ED available, including
oral allopathic medicines, vacuum erectile devices (VEDs), intraurethral suppositories or
penile injections, and penile prostheses. However, satisfactory ED treatment still remains
a clinically demanding phenomenon, despite recent progress [156]. Hyperestrogenism
has been reported to be one of the significant causative factors of ED [157]. Aromatase
inhibitors (Al) and selective estrogen receptor modulators (SERM) have been used to treat
hyperestrogenism symptoms [158]. Coronary heart disease (CHD) severity may be pre-
dicted by the severity of ED and the interval between the development of ED and CHD.
Therefore, it is recommended that ED patients cut back on alcohol and tobacco use, keep
a healthy weight, and engage in regular physical activity to prevent CHD [159]. PDE5
inhibitors have been used for the improvement of ED. However, the use of phosphodi-
esterase type 5 inhibitors has many side effects, like malignant melanoma [160,161]. Food
deficits brought on by a poor diet will almost definitely exacerbate chronic diseases [162]. It
is suggested that maintaining the health of erections may be aided by following a balanced
food regimen [39].

It has been previously reported that medicinal plants can be used to treat diseases
related to men more effectively and with the fewest side effects [49]. Medicinal plants
and their bioactive compounds have been reported as excellent therapeutic choices due
to their important roles in disease prevention. In addition, their use as complementary
medicines with existing treatments for various diseases has already been recommended
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by previous research. Moreover, many in vivo studies, preliminary clinical studies, and
clinical trials have shown significant improvements in ED (references are provided). These
studies look very promising. While it is possible that medicinal plants could supply the
lead ingredients for erectile dysfunction medications, further research is necessary to
determine the dosage, toxicity, and effectiveness of these potential remedies. Polyphenolic
compounds present in plants are suggested to contribute to ED improvement activity. Due
to their capacity to inhibit arginase, acetylcholinesterase, angiotensin converting enzyme,
rho-kinase II, and their potential to activate endothelial and neuronal NO synthase to
reduce the synthesis of luteinizing hormone and testosterone, as well as inhibit free radical
and reactive oxygen species, natural polyphenols are suggested as being involved in the
improvement of ED [155]. Therefore, it is likely that combination therapy of current modes
of therapy with herbal interventions will become widely accepted for more difficult and
refractory instances of ED in the future.

This manuscript reviewed previous studies, including in vitro, in vivo, and clinical
investigations, to ascertain whether a plant-based diet was associated with a reduction in
ED symptoms. In addition, the risk factors and linked variables, along with diagnostic
strategies for ED, have also been outlined. Herb-based treatment mechanisms for improving
ED, approaches to increasing the efficiency of natural products, optimal patient selection,
dosage regimen, and formulation in context with future research have been discussed. In
addition, the roles of vitamin E and By, have been discussed under separate headings. To
the best of our knowledge, all of these topics have not been covered together in a single
previous study before now. Further, the most recent studies in this field were reviewed,
and they added new realms to the existing knowledge in a new and innovative way. All
of these are compiled in the present study, making it novel and significant compared to
previous investigations.

9. GRADE or Oxford CEBM Levels of Evidence: A Grading System for Leveling
Evidences for Herbal Therapy

The goal of evidence-based medicine (EBM) is to locate evidence and apply it to
clinical decision-making. EBM’s hierarchical evidence classification method is one of its
main tenets, and the levels of evidence refer to this structure. The essential parts of EBM
are the evidence levels. Knowing the levels and the rationale behind their assignment to
articles and abstracts facilitates the reader’s information prioritization. There is a ranking
criteria used to determine the quality of evidence and suggestions. In addition, there
are recognized, well-established standards that are also followed by other firms. These
criteria include evidence levels from Oxford’s Centre for Evidence-Based Medicine (CEBM),
recommendation grade (per CEBM), and evidence quality rating according to GRADE
standards [163]. Table 3 shows the criteria and grading system for leveling evidence for
herbal therapy. This was adopted from https://www.ebmconsult.com/articles/levels-of-
evidence-and-recommendations, accessed on 3 April 2024 with some modifications.

Table 3. The criteria for therapy, prevention, etiology, and harm for herbal products.

S.N. Grade Criteria
la Systematic reviews (with homogeneity) of randomized controlled trials (RCT)
2 1b Individual RCT (with narrow confidence interval)
3 le All or none. Met. when all patients died before. the Rx became availab.le, bu.t some now survive on it; or when
some patients died before the Rx became available, but none now die on it.
4 2a SR (with homogeneity) of cohort studies
5 2b Individual cohort study (including low quality RCT; e.g., <80% follow-up
6 2c Outcomes research; Ecological studies
7 3a SR (with homogeneity) of case-control studies
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Table 3. Cont.

S.N.

Grade Criteria

3b Individual case-control study

4 Case-series (and poor quality cohort and case-control studies)

10

a1

Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”

Criteria for therapy, prevention, etiology, and harm: Centre for Evidence-Based Medicine (CEBM), Oxford.

10. Conclusions

People who suffer from overweight, Type 2 diabetes, cigarette smoking, depressive
disorders, alcohol dependence, as well as hormonal dysfunction must pay considerable
attention to optimizing their dietary habits as well as their physical activity. The causes of
ED across different populations are many and include organic, psychogenic, and mixed
variables. Moreover, comorbid conditions like diabetes, heart disease, and neurological
illnesses are frequently linked to the etiology of ED. Therefore, it is necessary to take
into account every facet of the patient’s health when managing ED. For the treatment of
ED, there are a few therapeutic alternatives available, including surgery and medicine,
and these treatment choices seem promising. Nevertheless, not every patient responds
to the existing treatments, and pharmacological intervention may be further limited by
side effects and costs. Many people with ED have been documented to use herbal and
alternative medicines, especially dietary supplements that are sold in stores. The current
review offers a summary of herbal treatments for ED and how they work in relation to
earlier studies that suggested they could help with ED. However, not much research is
currently being conducted concerning specific dosages as well as periods of treatment for
ED. Since the effects of some plants on ED have been proven, these plants may be used as a
starting point to find novel chemical compounds that treat erectile dysfunction and sexual
dysfunction. While there is hope that medicinal plants could provide lead chemicals for
ED drugs, even more research is crucial to explore the dosage, toxicity, and efficacy of these
prospective treatments.
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