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ARTICLE INFO ABSTRACT

Sexual dysfunction (SD) is a disorder of sexual behavior and sexual sensation that appears as an abnormality or
absence of sexual psychology and physiological reaction. It is a general term for many different symptoms
includes several aspects, erectile dysfunction (ED), failure of sexual intercourse and loss of libido/desire.
According to statistics, 52% of 40770 year old men suffer from varying degrees of SD. And these diseases caused
by a variety of biological and psychological factors. In world about 15% of couples are affected by sexual
disharmony among these 40 to 50% are because of male factors. Considering the sensitivity of male reproduction
system, it is being easily affected by multiple risk factors, such as chronic diseases, environmental contaminants,
drug toxicity and unhealthy lifestyle and so on. In the last few years, significant progress have been made toward
understanding the various forms of male SD and the possible potential pathological mechanisms. However, for
the time being, the exact cause of SD is not fully understood from the literature. What is also significant about
there are quite limited treatments in reproductive medicine being directed against these lesions. The purpose of
this review is to summarize the current findings of pathogenic factors of SD in clinical or animal studies, to
elaborate the underlying mechanisms of these diseases from studies in vivo and in vitro, to analyses the risk
factors, and to describe the management strategies traditionally recommended of male sexual dysfunction. The
review findings elucidate a systematic strategies for effectively preventing these diseases.
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1. Introduction quality of normal sex life. Male sexual dysfunction (SD) is not a single

disease. It means the whole process of sexual activity for men, including

Male sexuality, a complex physiological process, is an important
part of the quality of life. The maintenance of normal sexual function
depends on the coordination of human multi-system, involving the
coordination of the nervous system, the cardiovascular system, the
endocrine system and the reproductive system [1-3]. When the afore-
mentioned system or psychosocial aspects are changed, it will affect the

male sexual arousal, penis erection, penis inserting into vagina, ejacu-
lation, and any obstacle in one link are all called sexual dysfunction
[4-5]. Anatomy of penile erection and detumescence can been seen in
Fig. 1. In 1992, experts from the National Institutes of Health defined
that erectile dysfunction (ED) is that the penis lack of ability to achieve
or maintain sufficient rigidity for completing a satisfactory sexual life
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Fig. 1. Anatomy of penile erection and detumescence.

[6]. ED is one of the most prevalent and poorly treated diseases in SD.
Disorders of sexual function are common among men of all ages, eth-
nicities, and cultural backgrounds. The Massachusetts Male Aging
Study reported a 52% of 40-70 year old men suffer from varying de-
grees of SD [7]. In addition, epidemiological evidence suggested that
impotence has affected 10 million American men [8]. Although there
have been lots of basic studies about SD, the risk factors and pathogeny
of this disease is still under exploration.

The male sexual response cycle could be divided into its three
component parts: libido (desire), erectile function, sexual activity. All
kinds of factors such as psychological factors, surgery and trauma,
vascular diseases, neurological factors, etc can cause SD as long as they
affect any part of the sexual response cycle. In addition, there are
various implicated as risk factors for SD in men such as altered lifestyle,
stressful living conditions, various chronic diseases, diverse environ-
mental pollutants and several drug side effects. One estimate placed an
overall incidence of drug-associated impotence at 25% in a survey of
medical outpatient clinic patients. Many commonly used drugs have
been shown to interfere with erection, reduce libido and impair sexual
function. Anti-hypertensive drugs have been most commonly related to
impotence. Other drugs associated with SD include clofibrate, cimeti-
dine, digoxin, and anti-neoplastics and various hormonal agents.
Furthermore, published reports have shown chronic diseases-induced
impotence to be a very common finding. Increased evidence suggested
that SD could be caused by some disease conditions such as cardio-
vascular disease [9], hypertension [10], hyperlipidemia [11], diabetes
[12], chronic kidney disease [13] or reproductive cancers [14]. With
the accelerated pace of life, lifestyle changes and dietary adjustment,
the incidence of these chronic diseases is increasing year by year, and
their complications of sexual dysfunction are more and more prominent
[15]. Moreover, the adversely impact of natural or synthetic environ-
mental agents on male sexual health should not be neglected. More and

more literature have been reported, environmental endocrine dis-
ruptors, heavy metals and ray radiation have a very serious negative
impact on human sexual health. Although male sexual functions were
affected by multiple aspects, but currently there are almost total lack of
effective treatments in sexual medicine specifically for such lesions. In
the 1990s, sildenafil (trade name Viagra) was first approved remedy for
impotence, which attracted wide public attention. For the moment,
although there are many traditional medicines or herbal drugs have
been used by patients with SD with varying degrees of success, herbal
products are still anarchically used in many regions and countries, and
a great proportion of medicinal plants used traditionally to solve male
reproductive disorders have not yet been scientifically evaluated.

In this review, we discussed the risk factors affecting sexual func-
tion, elaborated the underlying mechanisms related to male SD via
clinical or animal studies, and described the protective effects of med-
icinal plants or their products. The significance of the review provide a
systematic understanding of the occurrence and development of male
SD, present our intervention strategies and treatment approach for
these diseases, and lay the theoretical foundation for developing the
direction of sexual medicine.

2. Pathological mechanisms of male sexual dysfunction

Normal sexual function, a vital part of life required for good health
and reproduction, is an intricate process affected by sex hormone level
[2,16] and psychogenic [17], neurogenic [18], and hemodynamic fac-
tors [19]. Male sexual dysfunction (SD) is a complex physiological
process that involves a variety of risk and pathogenic factors; patho-
logical mechanisms that could directly or indirectly affect male SD in-
clude endothelial dysfunction (ED) [17], neurogenic factors [20], hor-
monal pathway [21], and hemodynamic factors [22].
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2.1. Endothelial dysfunction and sexual dysfunction

An increasing number of fundamental studies provide evidence that
vascular endothelial function plays an important role in penile erection
[23]. Nitric oxide (NO) is one of the primary active substances secreted
by endothelial cells. NO is a nonadrenergic and noncholinergic vaso-
dilatory neurotransmitter that regulates the vascular wall function [24].
In penile smooth muscles, NO is produced from an endothelial or non-
endothelial source. In erection, The NO pathway is activated upon
sexual stimulation via the dopamine-oxytocin-nitric-oxide neural
pathway [25], leading to erection. Fat-soluble NO directly enters the
corpus cavernosum smooth muscle cells, activates guanosine cyclase,
and transforms guanosine triphosphate into cyclic guanosine mono-
phosphate (cGMP). The increase in the cGMP concentration contributes
to complete diastole of cavernosum smooth muscles in the penis and an
obvious rise in the penile blood flow by regulating the K* and Ca®*
channels on the cell membrane. A large amount of blood is injected into
the cavernous sinus, pulling the white membrane and pressing the ve-
nous return to achieve rigid erection [26,27,28,29]. In general, the
released NO can promote penis erection, regulate hormone secretion of
the testis, increase the blood supply of penis, affect sperm quality,
participate in spermatogenesis, and affect the male fertility level
[26,30]. However, ED is one of the central pathogenic factors that affect
various forms of SD and could be due to loss of NO activity. The result
of ED can be seen in the ability of the penile vasculature to respond to
sexual signals [26]. Researchers. [24] reported that patients with ED
had more endothelial damage than those without ED. Koon and other
[25] studies found that the number of vascular endothelial stem cells
decreased in the blood circulation of patients with ED. These findings
indicate that ED may be the first symptom of endothelial injury. Penile
erection is a consequence of a series of coordinated and complex events
involving neuronal pathways, vascular response, and psychosomatic
stimulation. These actions are mediated by the activation of the
NO-cGMP dilator pathway [27]. At present, whether early prevention
of the NO cascade might supply different or additional benefits for
patients with SD caused by ED remains unclear (Fig. 2) [29].

2.2. Hormonal pathway of sexual dysfunction

Endocrine regulation of the male reproductive system maintains
normal sexual function by forming a closed loop feedback system. The
hypothalamus receives all kinds of information through analysis and
integration of the central nervous system and releases gonadotropin—
releasing hormones to promote the secretion of follicular stimulating
hormone (FSH) and luteinizing hormone (LH) in adenohypophysis. FSH
and LH exert negative short-loop feedback to promote the secretion of
GnRH, which acts on the gonads to stimulate sexual maturation, ga-
metogenesis, and steroidogenesis. Novel neuropeptides, such as gluta-
mate, gamma-aminobutyric acid (GABA), galanin, dopamine, and kis-
speptin, have been suggested to be involved in regulating GnRH
secretion. The hypothalamus—pituitary and intratesticular hormones
constitute a reproductive regulatory system, which plays a central role
in hormonal regulation in male SD. FSH secreted by Sertoli cells plays
an important role in testicular development. FSH also maintains the
testosterone level in spermatogenic cells, promotes the binding of an-
drogen binding protein (ABP) to testosterone, and regulates the number
of spermatogenic cells [31,32]. Investigators also cocultured mouse’s
spermatocytes and Sertoli cells in vitro and found that adding FSH or
testosterone can significantly reduce the apoptosis of spermatogenic
cells. In animal studies, the levels of FSH, testosterone T, and LH could
be used as the main index for evaluating sexual function. The failure of
the pituitary gland to maintain the relative ratio of these endogenous
hormones could likely disrupt several processes involved in sexual
function to different degrees. Testosterone is an indispensable steroid
hormone and the most important androgen for libido and spermato-
genesis in males. Normal level of testosterone maintains the male
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secondary sex characteristics and normal sexual desire, which promotes
sperm maturation and protein synthesis, especially in muscles and re-
productive organs. Androgen deficiency is a potential cause of many
common clinical diseases and may lead to SD, ED, loss of libido, and a
decline in reproductive capacity in men. Testosterone replacement
therapy may be important in improving sexual thoughts and motiva-
tion, number of successful intercourses, number of nocturnal erections,
overall sexual satisfaction, and scores of erectile functions in hypogo-
nadal men. However, this treatment does not affect males with normal
gonadal development and provides minimal benefits to eugonadal men.
The roles of hormones in spermatogenesis and libido must be further
investigated to develop methods for improving or treating infertility.

2.3. Hemodynamic factors and sexual dysfunction

Penile erection primarily consists of a series of neurovascular ac-
tivities and is caused by a net increase in the inflow of blood to the
penis [19]. The extent of erection depends on the balance between the
amounts of blood perfusing and flowing from the veins [33]. The penis
is in a state of relaxation when the arterial perfusion is low and the
blood flow is balanced with the venous output [34]. When the arterial
infusion of blood increases and the venous outflow volume decreases,
the cavernous sinus of the penis becomes swollen and erected because
of blood flow. Thus, penis erection is inseparable from artery perfusion,
venous blood flow, and fine adjustments between them. Any physio-
logical and pathological factors that cause injury or disturbance to these
two aspects can lead to hemodynamic changes in the corpus ca-
vernosum and can directly induce ED [22]. Therefore, the high in-
cidence of SD reported in untreated hypertensive men could be due to
alterations in hemodynamics in hypertension. In patients with diabetes,
hyperglycemia causes injuries to the normal anatomical structure of the
arterial blood vessels, elastic decline in the arterial blood vessels, and
contraction and relaxation of the arteries to varying degrees; as such,
the arterial blood supply is weakened and filling of the cavernous sinus
is slowed down [35]. In patients with cardiovascular diseases, arterial
atheromatous lesions may decrease the arterial blood flow, which re-
sults in relative ischemia of the arteries, decrease in the oxygen sa-
turation of the cavernous body, dysfunction of the smooth muscles of
the cavernous body, and SD acquisition [36]. In summary, several
factors may be involved in the SD of hypertensive, diabetic, and an-
giocardiopathy men. Existing studies do not determine which factors
play key roles in SD but aim to reduce penile artery blood flow and
obstruct penile erection. Future studies must investigate such factors.

2.4. Neurogenic factors and sexual dysfunction

Normal erectile function requires an intact peripheral autonomic
and central nervous system [37]. The roles of monoamine neuro-
transmitters have been established in animal experiments; meanwhile,
human studies have suggested that these transmitters play a key role in
mediating sexual desire [38]. The involvement of monoamine pathways
in the central nervous system may be the basis for essential hyperten-
sion and may cause SD in untreated hypertensive men [39]. This me-
chanism may explain the higher prevalence of impotence in untreated
hypertensive men than in normotensive controls [40]. Furthermore,
hypotensive drugs that act by altering neurotransmitters (central and
peripheral) may cause SD as a side effect by affecting libido or altering
the neural mediation of erectile processes (or both). Interestingly, short-
term administration of sympatholytic agents to healthy normotensive
volunteers does not interfere with penile blood flow or the ability to
become erect upon erotic exposure [41-43]. However, whether this
lack of effect is due to short-term exposure to the drugs or whether
interference with the ability to obtain penile erection is specific to
hypertensive patients remains unclear.
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Fig. 2. Physiology of erection.

2.5. Psychogenic factors and sexual dysfunction

Sexual activities supported by healthy sexual psychology can be
satisfactory and successful. The normal sexual function must be con-
trolled by healthy psychology. An accidental sexual failure or dis-
satisfaction may not lead to lasting abnormalities due to normal sexual
psychological adjustment. In addition, a healthy sexual psychology is
gradually formed by the education, family influence and self-perception
of children, adolescents, adolescents and adults in different periods.
Patients with performance excessive activity of sympathetic nervous
system or anxiety, have an increased cavernous smooth muscle tonicity,
and are more likely to lead to penis flaccidity. Major psychotic dis-
turbances can affect erectile function and sexual desire particularly
when based upon a chronic organic disease [44]. Normal sexual psy-
chology can relieve their depression and fear, which plays an extremely
important role in regulating sexual life of patients. In addition, a
functional impotence patient suffers from a burden due to an accidental
sexual intercourse failure. Long-term negative psychology will have an
inhibitory effect on sexual life, making the penis unable to erect. This is
likely to be a non-molecular level mechanism that causes SD in patients.
Although organic dysfunction plays a leading role in SD, almost all
patients (sexual desire disorder, ED, sensory dysfunction and organic
dysfunction) are accompanied by psychological disorders. In this sense,
the treatment of SD, whether organic or functional, psychotherapy is
very important for patients [45].

3. Risk factors for sexual dysfunction

Numerous epidemiological studies have reported on sexual

problems that are prevalent in the society. Sexual complaints, especially
ED, occur in 30%-40% men [44]. In most cases, ED was initially con-
sidered a psychological disorder but is now regarded as a primary or-
ganic complication [43-45]. Medical researchers confirmed that or-
ganic ED is caused by hormonal, neurological, or vascular pathologies.
Factors that put patients at risk of SD are as follows: 1) adverse en-
vironmental factors, such as ionizing radiation, heavy metals, or en-
vironmental estrogen over-proof; 2) drugs, including anti-tumor, anti-
hypertensives, and antibiotics; and 3) chronic diseases, such as diabetes
and obesity, hypertension, hormonal disturbances, stress, and anxiety
(Fig. 3).

3.1. Chronic diseases causing sexual dysfunction

3.1.1. Sexual dysfunction and diabetes and its complications

SD is a common organic complication associated with diabetes
mellitus (DM) [31,46] and may include impotence or ejaculation dys-
function (ED), ejaculation disorder (premature or delayed ejaculation),
and decrease in libido. In addition, before the 10™ Century when Avi-
cenna mentioned that “sexual exhaustion” is a special kind of diabetic
complication, people have realized that SD is related to diabetes
[47,48,49]. National Health and Nutrition Examination Survey re-
ported that 51.3% of diabetic men suffered from ED [12,50]. ED usually
affects diabetic men at an earlier age than nondiabetic men, and the
effects of ED increase with the duration of diabetes [51]. Animal studies
demonstrated the significant extension of intromission latency and
mounting latency and the remarkable decrease in intromission fre-
quency and mounting frequency in streptozotocin (STZ)-induced dia-
betic mouse models [52]. Diabetes is considered to one of the risk
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factors for developing SD and is also the most difficult complication to
treat [53]. The pathophysiology of diabetes-related ED may include
vascular insufficiency [54], neuropathy [55], selective degradation of
neuronal NO production, reductions in vascular endothelial growth
factor (VEGF) expression, increased levels of erythrocyte aldose reed-
ucates, and activation of the RhoA/Rho kinase pathway [56-57]. An
explanation is that diabetic neuropathies prevent correct nerve con-
duction; although the patient may be stimulated, the impulse does not
pass to the penis, causing a decrease in the delivery of the smooth
muscles of the corpus cavernosum [58]. Moreover, diabetes causes
damages to arterioles, leading to alterations in endothelium-dependent
relaxation of penile smooth muscles, prevention of the optimal blood
flow of the penis, and failure to maintain erection [59]. In patients with
types 1 and 2 diabetes, poor glycemic control can damage the blood
vessel walls of the penis, impair the NO signaling systems of the corpora
cavernosa, reduce the production and increase the consumption of NO;
these phenomena eventually lead to abnormal erectile function
[60-61]. Therefore, good control of blood sugar and blood pressure in
diabetic patients is of great significance in reducing the risks of mi-
crovascular and macrovascular complications [62]. Thus far, the in-
volvement of hyperglycemia, a main determinant of vascular diabetic
complications, in the pathogenic mechanisms of SD in diabetes remains
unclear.

3.1.2. Sexual dysfunction and cardiovascular diseases

Cardiovascular diseases (CVD), including atherosclerosis, hy-
pertension, heart disease, and stroke, are widely considered as multiple
risk and predictive factors for SD [63]. A systemic vascular condition
affects not only the arteries throughout the body but also the penile and
vaginal arteries [64]. Accumulating lines of evidence indicated that SD
in asymptomatic men may be a potential marker of undiagnosed car-
diovascular diseases. In general, we believe that CVD and SD in males
commonly coexist and share many of the same risk factors. We will
elaborate the effect of cardiovascular diseases on sexual function.

3.1.2.1. Hypertension. Hypertension has become the most common and
prevalent human disease and affects 20%-25% of all adults.
Epidemiological survey data showed that approximately 30% of male
patients with hypertension experienced ED at different degrees [40].

The degree of erectile impairment is directly related to the duration and
severity of hypertension [65]. A recent report showed the lack of
difference in the prevalence of ED in hypertensive and prehypertensive
men aged 25-40 years old compared with normal controls; as such, the
damage caused by hypertension may take several years to show up
[66].

3.1.2.2. Stroke. SD is an urgent medical problem for patients who
suffered stroke [67]. Many patients and their spouses avoid positive
sexual life for fear of recurrent stroke, and interest in sexual behavior is
considered taboo for stroke survivors [68]. Stroke makes the patient
distressed and depressed and thus has a serious impact on the quality of
life. Thompson and others [69] compared the sexual desire of 100
patients before and after stroke and found a more frequent depressed
emotional state and significantly decreased sexual desire after stroke.
By contrast, in 1999, Park et al. [70] investigated the sexual function,
attitudes, and interest of 24 men and 11 women before and after stroke.
The results showed no significant changes in sexual desire and interest
in women and men [68]. At present, this issue has not been thoroughly
investigated. Additional detailed information on basic diseases is
essential in future research.

3.1.2.3. Atherosclerosis. The arterial and penile smooth muscle cells of
impotent patients suffer from narrowing and atrophy; in this regard,
blood cannot be injected normally into the corpus cavernosum of the
penis [9,37]. Atherosclerosis is similar to angina or myocardial
infarction caused by coronary artery in the elderly. Myocardial
ischemia causes myocardial infarction, and penile ischemia leads to
impotence. More than 50% of patients with coronary heart diseases
suffer from impotence of varying degrees [43]. The ischemia of the
cavernous body caused by the arteriosclerosis of the penile arteries is
accompanied by anoxia, which causes atrophy of penile tissues,
including the muscle and nerve of the blood vessel wall, and results
in loss of swelling and drooping during sexual intercourse [71].
Impotence is caused by many factors; in particular, more than 3/4 of
impotence cases are caused by organic factors [72]. Although improper
drug use, diabetes, hypertension, smoking, drinking, hormone, or
balance of chemical medium in the body can cause erectile failure,
the most common cause of direct connection is penis blood supply; that
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is, cavernous vascular atherosclerosis causes the loss of elasticity of the
penis, and the diameter of the cavernous body cannot be fully expanded
to accommodate the increased blood supply.

CVDs are risk factors for the occurrence of SD. The severity of heart
diseases increases the incidence of SD. In addition, CVD- and SD-related
depressive symptoms appear in the rehabilitation process of patients
with heart diseases, are characterized by physiological and psycholo-
gical adaptation, and contribute to decrease in sexual response.
Therefore, SD can occur with the development of CVD.

3.1.3. Sexual dysfunction and chronic kidney disease

Male SD is common in patients with chronic kidney disease (CKD),
especially end-stage renal disease [13,64]. Scholars have reported the
cause of the high incidence of SD in relation to CKD. With the devel-
opment of CKD, the accumulation of physiological disorders disturbs
the activities of other tissues and organs and affects the endocrine
system [73]. This complication is most evident in extreme cases, such as
dialysis-treated end-stage renal disease [74-76]. The disruption of the
HPG axis in men with CKD significantly decreases the sexual function
and quality of life. In uremia, cells are affected by chemicals, such as
bicarbonates, resulting in electrolyte disturbance, metabolic waste ac-
cumulation and reduced secretory function of testosterone in Leydig
cells [13,77]. Male patients with uremia are often characterized by lack
of erection or erection, low sexual desire, and low ejaculation rate.
After dialysis and kidney transplantation, some improvements will be
detected, but complete recovery cannot be achieved.

3.1.4. Sexual dysfunction and cancer

Patients with cancer aged less than 44 years account for about 13%
of the newly diagnosed cases worldwide [14,78]. Some types of cancer
may be associated with temporary or permanent sexual damage or
subfecundity. For example, patients with testicular cancer often have
poor semen quality upon diagnosis, but most of them achieve good
value after treatment; thus, initial semen analysis can predict sperm
quality and genetic integrity [79]. The effect of cancer on sexual
function could be attributed to the disease itself and its related treat-
ment. Given that a person diagnosed with cancer must be treated im-
mediately [80], damage to sexual function or fertility is usually linked
to cancer treatments, such as chemotherapy, radiotherapy, and surgery,
which can directly aggravate SD or influence various links associated
with SD, such as hormone disorder, nerve damage, and vascular injury
of the penis. In addition, SD in cancer patients is not only due to the
disease itself but also to the comprehensive result [81] of anemia, an-
orexia, muscle atrophy, and nerve damage [82]. Moreover, psycholo-
gical factors, such as fear, despair, and anxiety due to cancer events,
greatly affect patients’ sexual lives and thus contribute to the incidence
of SD.

Different opinions exist about the mechanism of SD or ED caused by
various diseases. In general, similar to most diseases, ED can be at-
tributed to the vasculogenic, neurogenic, or endocrinological disorders
(Table 1). In addition, SD caused by diseases should be differentiated
from other SD types, such as Peyronie’s disease, premature ejaculation,
and orgasm disorders. However, the precise mechanism is still being
investigated.

Table 1
Organic causes of disease related sexual dysfunction.

Vasculogenic causes ~ Neurogenic causes Endocrinological causes

« Atherosclerosis + Multiple sclerosis « Testosterone deficiency syndrome

Hypertension « Epilepsy + Hypogonadism
« Hyperlipidaemia « Parkinson’s disease * Hyperprolactinaemia
+ Diabetes * Alzheimer’s disease

* A stroke
« Spinal cord injury
+ Pelvic surgery

« Increased age
« Sinusoidal fibrosis
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3.2. Other lifestyle factors causing sexual dysfunction

3.2.1. Sexual dysfunction and obesity

Another potential cause of infertility in obese men is the reduced
coital frequency associated with obesity [83,84]. In a survey of health
professionals, obesity was found to be associated with 1.3-fold relative
risk for ED [85]. In men reporting symptoms of ED, overweight or
obesity is found in 79% of them [86]. Obesity is also associated with
other vascular risk factors rather than obesity itself [83]. Many lifestyle
factors with increased risk of cardiovascular diseases and diabetes are
also risk factors for ED and have a strong epidemiologic independent
link to ED [87]. Limited data suggest that coital frequency may be re-
duced in obese men [88], and further investigation could contribute to
findings of reduced fecund ability among couples, including obese men
in studies that did not correct for this factor [89]. If the effect of obesity
on coital frequency is confirmed, then further works must determine
whether reduced coital frequency is an expression of erectile dysfunc-
tion, altered endocrine environment, or psychosocial aspects of obesity.

3.2.2. Sexual dysfunction and smoking

Smoking is an independent risk factor of ED and increases the al-
ready high risk of ED in men with atherosclerotic vascular diseases,
such as heart disease, diabetes, and hypertension [90]. In an acute
animal model, smoking induced vasoconstriction and decreased penile
artery inflow and penile venous leakage, resulting in the loss of the
normally seen rise in intracavernosal pressure during erection [91].
Similar findings have been reported on the short- and long-term effects
of smoking on humans [92]. The short-term effects are believed to be
mediated by altering the normal contractile effect of the cavernous
smooth muscles and cause acute vasospasm [93]. The long-term effects
are less clear but are secondary to the toxic effects of elevated levels of
carbon monoxide, increased platelet aggregation, and changes in
atherosclerotic vessels. In addition, studies have shown that smoking
reduced the arterial blood flow in dogs and led to venous restriction and
impaired blood flow to the penis in men who smoke [94]. Therefore,
smoking cessation is an important measure for preventing ED.

3.2.3. Sexual dysfunction and alcohol

Intake of a small amount of alcohol leads to elevation of libido or
improvement of erectile function by reducing anxiety and inducing
vasodilation [15,95]. However, excessive alcohol intake affects all
phases of human sexual responses [96]. Chronic alcoholism causes
hypogonadism and polyneuropathy, which may affect neural trans-
mission to the penis [97]. Thus, high amounts or long-term intake of
alcohol can cause central sedation and transient ED [98]. Many basic
and clinical studies have reported that alcohol is implicated in dose-
dependent changes in sexual function [99-100]. Chronic alcoholism
may lead to decreased testosterone levels, increased estrogen levels,
and alcoholic polyneuropathy, which could affect penile nerves [100].
In a group of patients subjected to hospitalized alcohol abstinence, 75%
have reported SD in the first 6 months and 66% of them remained
sexually impaired up to 9 months after the treatment [101]. Approxi-
mately 50% of the respondents believed that SD was directly related to
the amount of alcohol consumed [102].

3.3. Environment factors causing sexual dysfunction

Occupational or long-term exposure to certain toxins and chemicals,
such as herbicides and pesticides, may affect sexual function and reduce
sexual desire by changing the hormone system. Estrogenic and hormone
destructive chemicals, such as bisphenol A [103], phthalates, and or-
ganochlorine, are particularly potential problems [104]. Long-term
exposure to heavy metals [105], such as lead, cadmium, or arsenic, may
affect sexual function. However, no strong evidence is available to
support the serious harmful effects of exposure to these chemicals on
sexual function of men.
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3.3.1. Bisphenol A and sexual dysfunction

Synthetic compounds may exert endocrine disrupting character-
istics. Bisphenol A (BPA) is an organic synthetic compound with hor-
mone-like properties [106]. BPA is a colorless solid and is used in the
manufacture of certain plastics and epoxy resins as well as in water
bottles, sports equipment, water pipe lining, and coating of various food
and beverages [107,108]. A research on Chinese factory workers in-
dicated that those exposed to BPA had higher risk of SD than non-
contact workers [109]. Bodnar et al. found that high BPA levels in urine
and blood can be used as a sign of decline in male sexual function
[103]. Another study evaluated the corpus cavernosum tissues of rabbit
after administration of BPA; the results indicate that BPA might affect
erectile function through histological changes in the corpus cavernosum
[110]. Moreover, analysis of an animal model revealed that the com-
bination of BPA and high-fat diet could enhance testicular dysfunction
[63]. However, these results have yet to be reproduced in human stu-
dies due to the increased acceptance of BPA as an endocrine-disrupting
chemical. However, the consumption of BPA should be prudent.

3.3.2. Polychlorinated biphenyl and sexual dysfunction

Another synthetic compound with endocrine disrupting properties
is polychlorinated biphenyl (PCB) [111]. Studies on rodents showed
that the male offspring of mothers given with PCBs during pregnancy
developed smaller testicles, epididymis, and seminal vesicles and lower
sperm counts [112]. Nakayama et al. demonstrated that PCB exposure
may negatively affect testosterone levels in adolescent male humans
[113]. However, this chemical may not cause clinical symptoms of
hypogonadism in young adults. A recent study that compared organo-
chlorine levels between men with ED and controls found that these
chemicals did not increase the risk of ED [114]. Another study reported
no difference in semen quality between fertile farrow people with high
and low blood concentrations of PCB homologs [115]. However, men
with higher PCB concentrations possessed higher FSH levels. These
studies suggest that PCBs exert endocrine-disrupting properties; how-
ever, whether these chemicals are clinically significant in humans re-
main unknown.

3.3.3. Phytoestrogens and sexual dysfunction

Endocrine disruptors, which are rich in phytoestrogens and a source
of heterologous estrogens in human diet, are found in food, including
beans, fruits, and vegetables. Among phytoestrogens, isoflavones, lig-
nans, and coumarins are the most studied and have the greatest effect
on human physiology. Pan et al. found that exposure of juvenile rats to
large doses of daidzein impaired erectile function and decreased the
plasma testosterone levels. Another study showed that daidzein-treated
rats possessed increased amounts of collagen, smooth muscles, and
elastic fibers in their corpus cavernosum, suggesting the presence of
vasculogenic ED. Many animal studies support the possibility that
phytoestrogen can alter human reproductive and sexual health through
its endocrine-disrupting characteristics. However, the discovery of
these disruptors in animals remains challenging because of excessive
confounding variables. High levels of isoflavones were found in blood
and urine after eating soy; however, whether high levels of phytoes-
trogens in blood can affect the hormone environment or lead to adverse
consequences. A case report by Martinez et al. described a man with
long-term ingestion of high levels of soy milk who developed gyneco-
mastia and possessed estrogen levels four times the normal value.
Nevertheless, high phytoestrogen concentrations may lead to adverse
hormonal effects; as such, moderation of dietary intake is important to
avoid the disruption of the HPG axis.

3.3.4. Heavy metals and sexual dysfunction

Heavy metals, which have high atomic weights, can function as
endocrine disruptors [116] and are found to be highly concentrated on
the earth because of human manipulation [3,117]. Lead is one of the
most abundant heavy metals in the earth’s crust and has many
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industrial uses. Lead was historically used in paints, pipelines, and
fuels; however, developed countries have aimed to decrease the use of
lead because long-term exposure to this metal is toxic. Multiple studies
also linked lead exposure to ED. Gonulalan and colleagues compared
erectile function between men with chronic lead intoxication and non-
exposed male controls; the group exposed to lead had higher incidence
of ED than the controls [118]. Anis and colleagues extrapolated on this
study design and compared blood lead level between men with severe
ED and healthy controls [119]. Scholars found that lead levels were
significantly high in men with erectile problems [120] and that all af-
fected men had severe ED. These results indicate that the increase in the
lead level can directly affect the corpus cavernosum and eventually the
function of its smooth muscles. On a molecular level, lead acetate can
negatively regulate the effect of NO on guanylate cyclase and potassium
channels, resulting in ED [26]. Lead suppresses testicular steroid pro-
duction by inhibiting the 3f and 17§ hydroxyl steroid dehydrogenase
pathways, thereby decreasing the count, viability, and vitality of sperm.

3.4. Drugs causing sexual dysfunction

Many commonly used drugs can interfere with male sexual function
either by decreasing libido, interfering with erectile function, or
causing absent seminal emission or retrograde ejaculation. The effects
of drugs on sexual function may be difficult to distinguish from those of
organic disease, anxiety, and depression; as such, physicians should be
aware of the drugs most commonly associated with SD [121]. More-
over, agents with sympatholytic activity can inhibit ejaculation and
prevent bladder neck closure, thereby allowing retrograde ejaculation.
Drugs blocking cholinergic transmission will affect the parasympathetic
branch of the autonomic nervous system and may lead to inadequate
smooth muscle relaxation within the corpora cavernosa; this phenom-
enon could prevent the normal cascade of events and increase the ar-
terial blood flow with simultaneous venous compression. Centrally
acting medications may cause sedation/depression and reduced libido.
Hormonal changes can cause impotence and hypogonadism by in-
creasing the levels of circulating prolactin. Agents, such as spir-
onolactone, are believed to act as antiandrogens. However, differ-
entiating the effects of a particular drug on sexual function from the
effects of the disease that led the patient to use the drug remains dif-
ficult. Patients often take multiple medications concurrently, causing
complex interactions, which add to the difficulty in determining the
adverse effect profile of a particular drug. In the next section, we pre-
sent a review of commonly used drugs that could cause impotence
(Table 2).

4. Strategies for managing sexual dysfunction

The pharmacological treatment incorporating the psychological and
sociological input is essential. The Sexual Tipping Point™ provides a
viable model for conceptualizing etiology and a biopsychosocial com-
bination therapy for all SD. Sexual pharmaceuticals and coaching can
be integrated to address the psychological, organic, and cultural issues
for men with ED [122]. In addition, multiple strategies involving dose
reduction and drug switching have been attempted to reverse drug-in-
duced SD. As the standard of care for men, administering phospho-
diesterase type 5 inhibitor prior to intercourse can improve erection in
about 70% of male hypertensive patients. Scholars have established the
cause of hyperprolactinemia in patients taking antipsychotics and re-
commend reduction in the drug dose or use of prolactin-sparing drugs.
Nevertheless, specific concerns of the patients should be determined
and addressed [4]. The proposed solutions for gabapentin-induced an-
orgasmia include reducing the drug dose, administering a regular dose
during planned sexual intercourse until anorgasmia no longer occurs,
use of alternative drugs, and co-administration of other drugs. How-
ever, phosphodiesterase type 5 inhibitors are contraindicated in men
who use nitrates and should be carefully used in patients taking alpha
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Table 2
The pharmacist of drugs and other substances involved in erectile dysfunction.
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Drug class Decreased desire Decreased arousal Orgasm or ejaculatory difficulties
Antidepressants amitriptyline amitriptyline citalopram
clomipramine citalopram clomipramine
fluoxetine clomipramine doxepin
imipramine doxepin escitalopram
paroxetine fluoxetine fluoxetine*
phenelzine imipramine fluvoxamine
sertraline nortriptyline imipramine
paroxetine nortriptyline
phenelzine paroxetine*
sertraline sertraline*
tranylcypromine tranylcypromine
venlafaxine
Other psychotropic drugs alprazolam chlorpromazine alprazolam
chlorpromazine fluphenazine fluphenazine
fluphenazine lithium haloperidol
haloperidol risperidone risperidone
lithium
risperidone
Cardiovascular drugs clonidine beta blockers
digoxin clonidine
hydrochlorothiazide digoxin
methyldopa hydrochlorothiazide
spironolactone methyldopa
perhexilene
spironolactone
Antibacterials Ketoconazole Metronidazole
Cardiac glycosides Digitalis
Digoxin
Antipyretic analgesics Indometacin
Phenylbutazone
Phenacetin
Anticholinergic drug Atropina Trihexylphenidyl
Anisodamine
Probanthine
Antihistamine Cimetidine
Ranitidine
Antineoplastic drugs —_— —_— e
Other drugs cimetidine antihistamines naproxen
cimetidine
cyproterone
disulfiram
gonadotrophin-
releasing
hormone
agonists
propantheline
pseudoephedrine

blockers because postural hypotension may be a problem. Therefore,
effective prevention of SD caused by various risk factors is important in
clinical practice [122].

For all patients, Correct understanding and changing the modifiable
risk factors of potential risk factors is the first step in prevention and
treatment of these diseases, but it may not be sufficient to completely
reverse ED. The risk factors that could be potentially changed include
psychosocial factors, lifestyle, iatrogenic causes, sexual technology, and
information-related factors. Most patients with ED need to be treated.
ED can be managed using herbal medicines because of their long his-
tory of utilization; moreover, natural products have gained increasing
interest for maintaining good health worldwide. To understand the
value and role of traditional medical knowledge in health care, further
studies must be conducted on the efficacy and safety of herbal medicine
for treatment of ED. Developing natural supplements from medicinal
plants is being intensified probably due to their significant potency,
reduced side effects, ready availability, and low cost. Therefore, med-
icinal plants with aphrodisiac potential must be further explored. In this
review, all herbal plants used exhibited significant pharmacological
activity. Natural herbal plants are a source of medicine because of their
beneficial therapeutic properties, rich resources, multi-targeted

efficacy, and low toxicity and drastic side-effect. The general public
recognized the value of natural herbal plants as a source of new or
complimentary medicinal products. Modern scientific studies on ex-
perimental animals have reported that a large number of herbal drugs
can be used to control fertilization. Various phytoconstituents, such as
alkaloids, flavonoids, tannins, xanthones, triterpenes, and quinones,
regulate reproductive activity. Herbal plants are typically used to
manage SD primarily because of their vascular protection or oxygen
radical scavenging through various mechanisms [32] (Table 3).

5. Future directions

Issues in sexual desire and activity are widespread, regardless of
economic status, gender, and age. The prevalence of ED and other SDs
considerably increases because of the rapidly aging population. SD may
cause serious distress for patients and requires attention and care. Our
understanding of the pathophysiology of ED and SD has been driven by
the effectiveness of therapies that affect one or more of the pathophy-
siological pathways. However, whether PDE-5 inhibitors benefit mil-
lions of men with ED remains unclear. As we further investigate the
central and peripheral effects of hormones on the sexual response cycle,
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Fig. 4. The role of dopamine-oxytocin-nitric oxide pathway in the erection function.

our understanding of hormonal and dopamine-oxytocin-nitric oxide
pathways related to sexual function also improves [25] as seen in Fig. 4.
Thus far, besides sildenafil and its related drugs, no other medicine
exerts ideal therapeutic effects. Hence, the mechanisms discussed above
are not the sole factor affecting SD. Thus, future works must focus on
specific molecular targets of male SD that may affect spermatogenesis,
testicular cell differentiation, sex maturation, and sperm production.
Ongoing research on the alternative pathways of enhancing male sexual
responses, including centrally acting agents, could contribute to achieve
further breakthrough in treatment barriers.
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