
 

Part 3: A Comprehensive Pharmacological 
Review of Libido and Sexual Performance 
(From Pathophysiology to Enhancement) 
 

 

Summary 
 

This report provides a comprehensive and detailed analysis of the pharmacological approaches to 
managing and enhancing sexual function, encompassing both pathological conditions and non-
pathological applications. The management of male Erectile Dysfunction (ED) is well-established, with 
phosphodiesterase-5 (PDE5) inhibitors serving as a highly effective and generally well-tolerated first-line 
therapy, grounded in robust clinical guidelines from bodies such as the American Urological Association 
(AUA) and European Association of Urology (EAU). These guidelines emphasize a holistic, patient-
centered approach that integrates pharmacological treatment with lifestyle modifications, 
cardiovascular risk assessment, and psychological support. 

In contrast, the pharmacological treatment of female sexual dysfunction, primarily Hypoactive Sexual 
Desire Disorder (HSDD), is more complex and less developed. The two FDA-approved therapies, 
flibanserin and bremelanotide, demonstrate modest efficacy, often outweighed by significant side-effect 
profiles and contraindications.106 Off-label use of testosterone in postmenopausal women, supported by 
guidelines from the International Society for the Study of Women's Sexual Health (ISSWSH), offers a 
moderate therapeutic benefit but is constrained by the lack of approved female-specific formulations 
and long-term safety data. 

The use of pharmacological agents for enhancement in non-pathological populations, particularly the 
recreational use of PDE5 inhibitors by healthy young men, is prevalent but not supported by clinical 
evidence. Controlled trials demonstrate that these agents do not improve erectile quality in men 
without ED, suggesting that perceived benefits are likely attributable to psychological factors and a 
reduction in the post-orgasmic refractory period. The market for non-prescription "natural" enhancers is 
fraught with safety concerns, including the common and dangerous practice of adulterating 
supplements with undeclared pharmaceutical ingredients. 

The future of sexual pharmacology is advancing on two distinct fronts. For disorders of desire, the 



research pipeline is focused on centrally-acting neuropharmacological agents that modulate key 
pathways in the brain, with promising results from novel targets like the kisspeptin and melanocortin 
systems. For disorders of physical performance, particularly vasculogenic ED, the frontier is shifting 
toward regenerative medicine, including low-intensity shockwave therapy and stem cell applications, 
which aim to restore underlying tissue function rather than providing only symptomatic relief. This 
bifurcated approach signals a move toward more sophisticated, personalized, and potentially curative 
strategies for managing the complex interplay of human sexual function. 

 

1.0 Introduction: The Neurobiological and Endocrine Basis 
of Human Sexual Response 
 

The human sexual response is a complex, integrated process orchestrated by the central and peripheral 
nervous systems, the endocrine system, and the vascular system. A foundational understanding of these 
interlocking mechanisms is essential to appreciate the targets and effects of pharmacological 
interventions designed to treat dysfunction or enhance performance. The sexual response cycle is 
classically conceptualized as a sequence of psychophysiological states, providing a framework to 
understand where and how different pathologies and treatments intervene.1 

 

1.1 Central and Peripheral Mechanisms of Sexual Arousal and Desire 
 

The sexual response cycle, as first characterized by Masters and Johnson, comprises four sequential 
phases: desire, arousal, orgasm, and resolution.1 Pharmacological interventions primarily target the first 
two phases. 

● Desire (Libido): This phase is characterized by sexual thoughts, fantasies, and the motivation to 
seek out sexual activity. It is predominantly a centrally-mediated process, originating within the 
brain and influenced by a complex interplay of neurotransmitters, hormones, and psychosocial 
factors. Low desire, or Hypoactive Sexual Desire Disorder (HSDD), represents a dysfunction in this 
initial phase. 

● Arousal (Excitement): This phase involves the physiological and psychological responses to sexual 
stimuli. In males, this manifests as penile tumescence and erection; in females, it involves 
vasocongestion of the clitoris and vaginal wall, leading to lubrication. While initiated by central 
cues, the arousal phase is heavily dependent on peripheral vascular and neurological function. 
Erectile Dysfunction (ED) is the primary impairment of the arousal phase in males.1 



This fundamental distinction between the central drivers of desire and the peripheral mechanisms of 
arousal explains why a drug effective for performance (e.g., a vasodilator for ED) may have no effect on 
libido, and vice versa. 

 

1.2 Key Neurotransmitter and Hormonal Pathways 
 

The efficacy of modern sexual pharmacology hinges on the targeted modulation of specific molecular 
pathways that govern the sexual response. 

 

1.2.1 The Dopamine-Serotonin Balance 

 

Sexual desire and arousal are significantly influenced by a delicate balance between excitatory and 
inhibitory neurotransmitter systems in the brain, particularly within the prefrontal cortex and limbic 
system. 

● Excitatory Neurotransmitters: Dopamine and norepinephrine are the primary excitatory drivers. 
The dopaminergic system, in particular, is crucial for motivation, reward-seeking behavior, and 
sexual excitement.2 Agonism at dopamine receptors, especially D2-like receptors (, , ), generally 
facilitates sexual behavior.4 

● Inhibitory Neurotransmitters: Serotonin (5-hydroxytryptamine, 5-HT) is generally considered 
inhibitory to sexual function. An overactive serotonergic system can decrease desire and delay or 
inhibit orgasm.2 This is clinically evident in the high rates of sexual dysfunction associated with 
selective serotonin reuptake inhibitors (SSRIs).2 
The net balance between these stimulating and inhibitory systems determines an individual's 
ability to experience sexual desire and respond to erotic cues.2 Pharmacotherapies for HSDD, such 
as flibanserin, are designed to modulate this balance by acting as agonists at certain serotonin 
receptors (e.g., 5−HT1A) and antagonists at others (e.g., 5−HT2A), with the net effect of increasing 
downstream dopamine and norepinephrine levels while decreasing serotonin.6 

 

1.2.2 The Nitric Oxide (NO)-cGMP Pathway 

 

The primary peripheral mechanism for achieving genital arousal in both males and females is 
vasodilation, mediated by the nitric oxide (NO)-cyclic guanosine monophosphate (cGMP) pathway. 



Upon sexual stimulation, parasympathetic nerve impulses trigger the release of NO from non-
adrenergic, non-cholinergic (NANC) nerve terminals and endothelial cells in the genital tissues (e.g., the 
corpus cavernosum of the penis).8 NO diffuses into adjacent smooth muscle cells and activates the 
enzyme soluble guanylate cyclase (sGC). Activated sGC catalyzes the conversion of guanosine 
triphosphate (GTP) to cGMP.11 
Increased intracellular cGMP levels activate protein kinase G (PKG), which in turn phosphorylates 
various downstream targets. This leads to the sequestration of intracellular calcium (Ca2+) and the 
opening of potassium (K+) channels, resulting in hyperpolarization and relaxation of the smooth muscle 
cells.10 This relaxation allows for a dramatic increase in arterial blood flow into the erectile tissues, 
causing tumescence and rigidity.12 
The erectile response is terminated by the action of the enzyme phosphodiesterase type 5 (PDE5), which 
specifically hydrolyzes cGMP back to its inactive form, 5'-GMP, leading to smooth muscle contraction 
and detumescence.8 This pathway is the explicit target of PDE5 inhibitors, the cornerstone of ED 
treatment.12 
 

1.2.3 The Role of Androgens (Testosterone) and Estrogens 

 

Sex hormones play a critical modulatory role in sexual function. 

● Testosterone: In both men and women, testosterone is a key regulator of libido. It acts centrally to 
enhance sexual desire and motivation.14 In men, testosterone also has a permissive role in erectile 
function, partly by maintaining the structural and functional integrity of the NO-cGMP pathway 
within the erectile tissue.16 Testosterone deficiency (hypogonadism) is a recognized cause of both 
low libido and ED.16 

● Estrogens: In women, particularly postmenopausally, estrogens are vital for maintaining the health, 
elasticity, and lubrication of vaginal and vulvar tissues. Estrogen deficiency leads to genitourinary 
syndrome of menopause (GSM), characterized by vaginal dryness, thinning of tissues, and pain 
during intercourse (dyspareunia), which can secondarily inhibit desire and arousal.19 

 

1.2.4 Other Key Mediators 

 

Research continues to uncover other signaling molecules that are integral to sexual function and 
represent novel therapeutic targets. These include neuropeptides such as oxytocin, which is involved in 
arousal and orgasm, and melanocortins, which act on central pathways to influence sexual desire and 
erection.2 These emerging pathways are explored in greater detail in Section 5.0 of this report. 

 



2.0 Pharmacological Management of Male Sexual 
Dysfunction 
 

The pharmacological management of male sexual dysfunction has been revolutionized over the past 
three decades, primarily driven by advancements in the treatment of erectile dysfunction (ED). The 
approach is now highly structured, evidence-based, and guided by comprehensive clinical practice 
guidelines from major urological societies. 

 

2.1 Erectile Dysfunction (ED): Guideline-Directed Diagnosis and Treatment 
Algorithm 
 

ED is formally defined as the consistent or recurrent inability to attain and/or maintain a penile erection 
sufficient for satisfactory sexual performance.1 Its etiology is often multifactorial, with common 
contributing factors including vasculogenic disease, neurologic disorders, endocrinopathies (e.g., 
hypogonadism), medication side effects, and psychosocial issues such as performance anxiety.18 

 

2.1.1 Diagnostic Workup 

 

The AUA and EAU guidelines recommend a standardized approach to the initial evaluation of a man 
presenting with ED.16 This workup is designed not only to diagnose ED and its potential causes but also 
to screen for significant underlying health conditions. 

1. Medical, Sexual, and Psychosocial History: A thorough history is the cornerstone of the 
evaluation. It should identify the onset, severity, and duration of symptoms, as well as situational 
factors.1 The clinician must assess for comorbid conditions (e.g., diabetes, hypertension), prior 
surgeries (e.g., pelvic or spinal), medication use, and lifestyle factors like smoking and substance 
use.17 Validated questionnaires, such as the Sexual Health Inventory for Men (SHIM), are 
recommended to objectively assess the severity of ED and measure treatment effectiveness.1 

2. Physical Examination: A focused physical examination should include assessment of vital signs, 
calculation of Body Mass Index (BMI) and/or waist circumference to screen for obesity, and 
examination for secondary sexual characteristics that may indicate testosterone deficiency (e.g., 
gynecomastia, reduced body hair).17 

3. Selective Laboratory Testing: Routine laboratory testing is not always necessary but is often 



indicated to identify underlying conditions. Guideline-recommended tests include a morning total 
testosterone level (especially if symptoms of testosterone deficiency are present), fasting glucose 
or hemoglobin A1c to screen for diabetes, and a lipid profile to assess cardiovascular risk.16 

A crucial element of the modern diagnostic paradigm is the recognition of ED as a potent risk marker for 
underlying cardiovascular disease (CVD). Symptoms of ED can precede a major cardiovascular event, 
such as a myocardial infarction, by up to five years. In younger men, the presence of ED can predict up 
to a 50-fold increase in the risk of future cardiac events.16 This understanding reframes the ED 
evaluation as a critical opportunity for preventative health screening.1 

 

2.1.2 Treatment Algorithm and the Shift to a Patient-Centric Model 

 

The evolution of ED treatment guidelines reflects a significant shift away from a purely mechanistic, 
physician-directed model toward a holistic, patient-centric framework. The AUA guidelines are built 
upon the principle of shared decision-making (SDM), where the patient and clinician collaborate to 
determine the best course of therapy based on the individual's goals, values, and risk tolerance.1 A 
pivotal aspect of this model is that all treatment modalities, regardless of their invasiveness or 
reversibility, are considered valid first-line options. A patient may choose to start with an oral 
medication, a vacuum device, or even proceed directly to a penile prosthesis implant.1 

This approach acknowledges that the goal of treatment extends beyond simply restoring penile rigidity. 
It encompasses restoring sexual satisfaction, quality of life, and interpersonal relationships. 
Consequently, foundational recommendations are not pharmacological but behavioral. Clinicians are 
strongly encouraged to counsel men on lifestyle modifications, including dietary changes, increased 
physical activity, and smoking cessation, which can improve both overall cardiovascular health and 
erectile function.8 Furthermore, guidelines recognize the significant impact of psychological factors, such 
as performance anxiety, and recommend referral to a mental health professional as an integral part of 
the treatment plan.1 This integrated, biopsychosocial approach signifies a mature understanding of ED 
as a complex condition requiring a multifaceted management strategy, where pharmacology is a 
powerful tool but not the sole component of care. 

Table 1: Summary of Clinical Practice Guidelines for Male ED (AUA/EAU) 

 

Guideline Component Recommendation 
Summary 

Strength of 
Recommendation/Evi
dence Level 

Key Sources 



Initial Evaluation Perform a thorough 
medical, sexual, and 
psychosocial history, 
physical exam, and 
selective lab testing 
(e.g., testosterone, 
glucose). 

Clinical Principle 1 

Validated 
Questionnaires 

Use validated 
questionnaires (e.g., 
SHIM) to assess ED 
severity and 
treatment 
effectiveness. 

Expert Opinion 1 

Cardiovascular Risk Counsel men that ED 
is a risk marker for 
underlying 
cardiovascular 
disease (CVD). 

Moderate 
Recommendation; 
Evidence Level: Grade 
C 

1 

Testosterone 
Assessment 

Assess for 
testosterone 
deficiency in men 
with ED, especially 
with symptoms; 
measure morning 
total testosterone. 

Moderate 
Recommendation; 
Evidence Level: Grade 
C 

16 

Mental Health 
Referral 

Consider referral to a 
mental health 
professional to 
address performance 
anxiety and promote 
treatment adherence. 

Moderate 
Recommendation; 
Evidence Level: Grade 
C 

1 

Lifestyle Counsel men that Moderate 8 



Modifications lifestyle changes 
(diet, exercise) 
improve overall 
health and may 
improve erectile 
function. 

Recommendation; 
Evidence Level: Grade 
C 

First-Line Therapy 
(PDE5i) 

Prescribe 
phosphodiesterase-5 
inhibitors (PDE5i) as 
first-line therapy, 
after counseling on 
benefits and risks. 

Strong 
Recommendation; 
Evidence Level: Grade 
B 

8 

Second-Line 
Therapies 

Inform patients about 
alternative options 
including vacuum 
erection devices 
(VED), intraurethral 
(IU) alprostadil, and 
intracavernosal 
injections (ICI). 

Moderate/Conditiona
l Recommendations; 
Evidence Level: Grade 
C 

16 

Surgical Option Inform men about 
the option of a penile 
prosthesis implant, 
including benefits, 
risks, and 
expectations. 

Strong 
Recommendation; 
Evidence Level: Grade 
C 

1 

Investigational 
Therapies 

Low-intensity 
shockwave therapy 
(LiSWT), stem cell 
therapy, and platelet-
rich plasma (PRP) are 
considered 
investigational/experi
mental and not 

Conditional 
Recommendation/Ex
pert Opinion 

1 



recommended for 
routine clinical use. 

 

2.2 Phosphodiesterase-5 (PDE5) Inhibitors: A Definitive Clinical Review 
 

Oral PDE5 inhibitors are the first-line pharmacological treatment for ED, recommended by all major 
clinical guidelines due to their high efficacy, favorable safety profile, and ease of use.8 

 

2.2.1 Mechanism of Action 

 

PDE5 inhibitors do not cause erections directly. Instead, they enhance the natural erectile process that 
occurs in response to sexual stimulation. They act by selectively inhibiting the PDE5 enzyme, which is 
abundant in the smooth muscle of the penile corpus cavernosum. This inhibition prevents the 
breakdown of cGMP, the second messenger responsible for mediating smooth muscle relaxation and 
vasodilation. The resulting accumulation of cGMP potentiates the influx of arterial blood, leading to a 
firmer and more durable erection.8 

 

2.2.2 Approved Agents and Pharmacokinetics 

 

Four PDE5 inhibitors are widely approved for the treatment of ED: sildenafil, tadalafil, vardenafil, and 
avanafil. While they share a common mechanism, their distinct pharmacokinetic profiles are the primary 
determinants of their clinical application and patient preference.8 

● Sildenafil (Viagra®): The first agent in its class, sildenafil has a time to maximum concentration () of 
approximately 60 minutes. Its absorption and efficacy can be delayed and reduced by a high-fat 
meal. It has a half-life () of about 3-5 hours, with a duration of action up to 10-12 hours.8 

● Tadalafil (Cialis®): Tadalafil is distinguished by its significantly longer half-life of approximately 17.5 
hours, providing a duration of action of up to 36 hours. This extended window of efficacy has 
earned it the moniker "the weekend pill." Its absorption is not affected by food. This 
pharmacokinetic profile also makes it suitable for once-daily low-dose administration.8 

● Vardenafil (Levitra®): Similar to sildenafil, vardenafil has a  of 30-60 minutes and a  of 4-5 hours. Its 
absorption is also negatively impacted by high-fat meals.8 



● Avanafil (Stendra®): The newest agent in the class, avanafil is characterized by a very rapid onset 
of action, with a  of 30-45 minutes and some effect seen in as little as 15 minutes. Its absorption is 
minimally affected by food, and it has a shorter duration of action of up to 6 hours.8 

Table 2: Pharmacokinetic and Pharmacodynamic Comparison of Approved PDE5 Inhibitors 

 

Drug Brand 
Name 

 (median)  Duration 
of Action 

Food 
Interactio
n 

Common 
Dosing 
(On-
Demand) 

Sildenafil Viagra® 0.8–1 hour 2.6–5 
hours 

Up to 12 
hours 

Yes 
(delayed 
absorption 
with high-
fat meal) 

25–100 
mg 

Tadalafil Cialis® 2 hours ~17.5 
hours 

Up to 36 
hours 

No 5–20 mg 

Vardenafil Levitra® 0.7–0.9 
hours 

4–5 hours Up to 12 
hours 

Yes 
(delayed 
absorption 
with high-
fat meal) 

5–20 mg 

Avanafil Stendra® 0.5–0.75 
hours 

6–17 
hours 

Up to 6 
hours 

No 50–200 
mg 

Data 
compiled 
from 
sources.8 

      

 

2.2.3 Efficacy and Expected Outcomes 

 



PDE5 inhibitors have demonstrated robust efficacy across a broad population of men with ED of various 
etiologies. Clinical trials consistently show that up to 65-70% of men experience a good response.8 
Efficacy is typically measured by improvements in validated questionnaires, such as the erectile function 
domain of the International Index of Erectile Function (IIEF-EF), and by patient-reported outcomes like 
the percentage of successful intercourse attempts. 
A Cochrane review focusing on the difficult-to-treat population of men with diabetes mellitus found that 
PDE5 inhibitors still provided a significant benefit over placebo. The weighted mean difference (WMD) 
for the IIEF-EF domain score was 6.6 points in favor of the PDE5 inhibitor arm, and the relative risk for 
answering "yes" to a global efficacy question was 3.8 times higher than placebo.32 Pooled data from 
multiple trials show that sildenafil significantly increased the percentage of successful intercourse 
attempts to 57% versus 21% for placebo.33 
 

2.2.4 Dosing Strategies and Patient Counseling 

 

Proper patient counseling is critical to maximizing efficacy and minimizing non-response due to incorrect 
use. 

● On-Demand Dosing: Patients should be instructed to take sildenafil or vardenafil approximately 1 
hour before anticipated sexual activity, preferably on an empty stomach.8 Tadalafil and avanafil 
offer more flexibility regarding food intake and timing.8 A key counseling point is that sexual 
stimulation is required for the medication to work. 

● Daily Dosing: Tadalafil 5 mg once daily is an approved option that uncouples medication intake 
from sexual activity, allowing for greater spontaneity. It is also indicated for men with concomitant 
lower urinary tract symptoms (LUTS) due to benign prostatic hyperplasia (BPH) and is often used in 
protocols for penile rehabilitation following radical prostatectomy.8 

● Dose Titration: Treatment should begin with a standard starting dose (e.g., sildenafil 50 mg, 
tadalafil 10 mg) and titrated up or down based on the balance of efficacy and side effects.8 

 

2.2.5 Adverse Events, Contraindications, and Drug Interactions 

 

The side-effect profile of PDE5 inhibitors is generally mild to moderate and transient. Common adverse 
events include headache (up to 20%), flushing (up to 15%), dyspepsia, and nasal congestion (up to 
10%).27 These are primarily due to vasodilation in non-penile vascular beds. Abnormal vision (e.g., bluish 
tinge or "chromatopsia") is more common with sildenafil and vardenafil due to cross-reactivity and 
inhibition of PDE6 in the retina.27 

● Absolute Contraindication: The co-administration of PDE5 inhibitors with any form of organic 



nitrates (e.g., nitroglycerin) is absolutely contraindicated due to the risk of profound, life-
threatening hypotension.8 

● Precautions and Interactions: Caution is advised in patients with recent cardiovascular events, 
unstable angina, or severe heart failure.9 Co-administration with alpha-blockers (used for 
hypertension or BPH) can increase the risk of hypotension and requires careful dose management. 
Potent inhibitors of the cytochrome P450 3A4 (CYP3A4) enzyme system (e.g., certain antifungals, 
protease inhibitors) can significantly increase plasma levels of PDE5 inhibitors, necessitating dose 
reduction.8 

 

2.3 Second-Line and Adjunctive Therapies for Refractory ED 
 

For the approximately 30-40% of men who do not respond adequately to oral PDE5 inhibitors or who 
have contraindications, several second- and third-line therapies are available.31 

● Intracavernosal Injections (ICI): This involves the direct injection of a vasoactive agent into the 
corpus cavernosum, inducing an erection by direct smooth muscle relaxation independent of the 
NO pathway. Alprostadil (prostaglandin E1, PGE1) is the most common agent, used alone or in 
combination with phentolamine and/or papaverine (BiMix, TriMix). ICI has high efficacy rates but 
requires in-office training to teach the patient proper injection technique and to mitigate the risk of 
priapism (a prolonged, painful erection).1 

● Intraurethral (IU) Alprostadil (MUSE®): A less invasive option where a small suppository containing 
alprostadil is inserted into the urethra. It is generally less effective than ICI and can cause penile 
and urethral pain or burning.8 

● Testosterone Therapy: In men with ED who also have confirmed hypogonadism (low morning 
testosterone levels accompanied by clinical symptoms like low libido, fatigue, or depression), 
testosterone replacement therapy (TRT) is indicated. TRT primarily improves libido but can also 
enhance erectile function, particularly when used as an adjunctive therapy in combination with a 
PDE5 inhibitor.16 

 

2.4 Management of Other Male Dysfunctions 
 

The utility of PDE5 inhibitors extends beyond the primary treatment of organic or psychogenic ED. 

● Antidepressant-Induced Sexual Dysfunction: A common and distressing side effect of SSRI therapy 
is ED. A Cochrane systematic review found that for men experiencing this iatrogenic dysfunction, 
the addition of sildenafil or tadalafil was an effective management strategy, significantly improving 



erectile function compared to placebo.36 
● Premature Ejaculation (PE): While the primary treatments for PE (e.g., SSRIs, topical anesthetics) 

target different mechanisms, PDE5 inhibitors are sometimes used off-label, particularly in men who 
have comorbid ED. The rationale is that by increasing confidence in achieving and maintaining an 
erection, the performance anxiety that can exacerbate PE may be reduced.9 

 

3.0 Pharmacological Management of Female Sexual 
Dysfunction 
 

The pharmacological management of female sexual dysfunction (FSD) presents a more complex and less 
developed landscape compared to male ED. The most common complaint is low sexual desire, which is 
multifactorial and deeply intertwined with psychological, interpersonal, and biological factors. 

 

3.1 Hypoactive Sexual Desire Disorder (HSDD) and Female Sexual 
Interest/Arousal Disorder (FSIAD): Diagnosis and Biopsychosocial 
Assessment 
 

Hypoactive Sexual Desire Disorder (HSDD) is defined as the persistent or recurrent deficiency or absence 
of sexual fantasies and desire for sexual activity that causes marked personal distress or interpersonal 
difficulty.106 It is the most prevalent form of FSD, affecting an estimated 10% of women in the U.S..106 
The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) merged HSDD with 
Female Sexual Arousal Disorder into a single diagnosis, Female Sexual Interest/Arousal Disorder (FSIAD), 
acknowledging the frequent overlap between desire and arousal difficulties in women.106 However, 
most pharmacological research and regulatory approvals have been based on the HSDD criteria.106 

The International Society for the Study of Women's Sexual Health (ISSWSH) has developed a "Process of 
Care" algorithm that emphasizes a comprehensive biopsychosocial assessment as the first step in 
management.25 This approach mandates a thorough evaluation to identify and address potential 
contributing factors before or in conjunction with initiating pharmacotherapy. These factors include: 

● Psychological and Interpersonal Issues: Relationship distress, history of trauma, body image 
issues, depression, and anxiety.106 There is a bidirectional relationship between HSDD and 
depression; women with depression have a 50-70% increased risk of sexual dysfunction, while 
women with sexual dysfunction have a 130-210% increased risk for depression.106 



● Medical Comorbidities: Chronic illnesses, endocrine disorders, and neurological conditions. 
● Iatrogenic Causes: A careful medication review is critical, as many common drugs can negatively 

impact female sexual function. These include SSRIs, serotonin-norepinephrine reuptake inhibitors 
(SNRIs), hormonal contraceptives (which can increase sex hormone-binding globulin and lower free 
testosterone), antihypertensives, and GnRH agonists.106 
To aid in diagnosis, the Decreased Sexual Desire Screener (DSDS), a validated five-question 
instrument, is recommended for confirming generalized acquired HSDD and initiating dialogue 
about potential etiologies.106 

 

3.2 FDA-Approved Therapies: A Critical Evaluation of Flibanserin and 
Bremelanotide 
 

There are currently two medications approved by the U.S. Food and Drug Administration (FDA) for the 
treatment of acquired, generalized HSDD in premenopausal women. Both act on central 
neurotransmitter pathways and are characterized by modest efficacy and notable side-effect profiles. 

 

3.2.1 Flibanserin (Addyi®) 

 

● Mechanism of Action: Flibanserin is a non-hormonal, multifunctional serotonin agent that acts as a 
postsynaptic 5-HT1A receptor agonist and 5-HT2A receptor antagonist. This dual action is believed 
to correct an imbalance in the prefrontal cortex by increasing downstream levels of the excitatory 
neurotransmitters dopamine and norepinephrine, while transiently decreasing levels of the 
inhibitory neurotransmitter serotonin.106 

● Dosing and Administration: The recommended dose is a 100 mg tablet taken orally once daily at 
bedtime. Bedtime dosing is required to mitigate the risks of hypotension, syncope, and central 
nervous system depression (somnolence).106 Treatment should be discontinued if no improvement 
in symptoms is observed after 8 weeks.106 

● Efficacy: The efficacy of flibanserin has been established in three pivotal 24-week, randomized, 
placebo-controlled trials.39 However, the clinical benefit is modest. Meta-analyses have shown 
that, compared to placebo, flibanserin results in an increase of approximately 0.5 to 1.0 additional 
satisfying sexual events (SSEs) per month from baseline.106 While statistically significant, the clinical 
meaningfulness of this small increase has been a subject of debate, particularly given the high 
placebo response rates observed in these trials.41 Approximately 50% of women respond to the 
100 mg daily dose.106 Evidence also suggests it is effective in postmenopausal women, though this 
is an off-label use.106 



● Safety Profile: Flibanserin previously carried a boxed warning and a strict Risk Evaluation and 
Mitigation Strategy (REMS) regarding the increased risk of severe hypotension and syncope when 
used with alcohol. However, subsequent studies demonstrated that this risk was not increased 
when flibanserin was taken 2 or more hours after ethanol consumption, leading to the 
discontinuation of the REMS program and an updated label recommendation.106 It remains 
contraindicated in patients with hepatic impairment and with the concomitant use of moderate or 
strong CYP3A4 inhibitors (e.g., fluconazole, ketoconazole, protease inhibitors), which can 
significantly increase flibanserin concentrations.106 The most common adverse events are dizziness 
(11.4%), somnolence (11.2%), nausea (10.4%), and fatigue (9.2%).106 

 

3.2.2 Bremelanotide (Vyleesi®) 

 

● Mechanism of Action: Bremelanotide is a synthetic peptide analog of alpha-melanocyte-
stimulating hormone (-MSH) and acts as an agonist at melanocortin receptors, particularly the 
MC4R subtype, in the central nervous system. The precise mechanism for its effect on HSDD is 
unknown but is presumed to involve the modulation of brain pathways that mediate sexual desire 
and arousal by enhancing dopamine and norepinephrine activity.106 

● Dosing and Administration: Bremelanotide is administered as a 1.75 mg subcutaneous injection in 
the abdomen or thigh, as needed, at least 45 minutes before anticipated sexual activity. It is an on-
demand therapy, unlike the daily regimen of flibanserin. Use is limited to no more than one dose in 
a 24-hour period and is not recommended for more than eight doses per month.106 

● Efficacy: Similar to flibanserin, the available evidence for bremelanotide demonstrates a modest 
effect, with a response rate of 58.2% versus 35.6% for placebo in integrated phase 3 data.106 The 
effect size relative to placebo was 0.39 for the FSFI desire domain.106 

● Safety Profile: The most common adverse reaction is nausea, which occurs in approximately 40% 
of patients, and is most pronounced with the first dose but tends to lessen with subsequent use.106 
Other common side effects include flushing (20%), injection site reactions (13%), and headache 
(11%).43 Importantly, bremelanotide can cause a transient increase in blood pressure and a 
corresponding decrease in heart rate, which typically resolves within 12 hours. Due to this effect, it 
is contraindicated in women with uncontrolled hypertension or known cardiovascular disease.106 
Another notable side effect is focal hyperpigmentation of the skin (face, gums, breasts), the risk of 
which increases with more frequent use and may not be reversible upon discontinuation.43 

 

3.3 The Role of Hormonal Therapy: Testosterone and DHEA in 
Postmenopausal Women 



 

Hormonal changes, particularly the decline in androgens and estrogens during the menopausal 
transition, are a significant contributor to FSD. 

 

3.3.1 Testosterone 

 

● Indication and Efficacy: The 2019 Global Position Statement and the ISSWSH Clinical Practice 
Guideline recommend systemic testosterone therapy as an effective treatment for HSDD in 
postmenopausal women.14 A comprehensive meta-analysis of high-quality randomized controlled 
trials found that transdermal testosterone resulted in a statistically significant increase of 0.92 
additional SSEs per month compared to placebo, along with improvements in desire and decreased 
personal distress.46 While endorsed primarily for postmenopausal women, limited data also 
support its use in late reproductive-age premenopausal women with HSDD.14 

● Dosing and Monitoring: A major clinical challenge is the lack of an FDA-approved testosterone 
formulation specifically for women in the United States; a 300-μg/d transdermal patch was not 
approved due to a lack of long-term safety data.106 The ISSWSH guidelines recommend the 
cautious, off-label use of government-approved transdermal male formulations (e.g., gels) at 
approximately one-tenth of the standard male dose (e.g., aiming for ~300 mcg/day).106 It is critical 
to monitor total testosterone levels to maintain concentrations within the physiologic 
premenopausal range and to avoid supraphysiologic levels. A baseline testosterone level should be 
obtained not to diagnose HSDD (as there is no established "low" level that correlates with the 
diagnosis) but to serve as a benchmark for on-treatment monitoring.14 Patients must be monitored 
for signs of androgen excess, such as acne, hirsutism, and androgenic alopecia.106 Due to a lack of 
efficacy and safety data, as well as concerns about dose consistency, the use of compounded 
testosterone products (e.g., pellets, creams) is not recommended.106 

● Safety: Data from numerous trials show no serious adverse events with the use of testosterone at 
doses that achieve physiologic concentrations in the short to medium term. However, long-term 
data, particularly concerning cardiovascular and breast cancer risk, are not yet established.106 

 

3.3.2 Dehydroepiandrosterone (DHEA) 

 

DHEA is a precursor hormone that can be converted to both androgens and estrogens in peripheral 
tissues. 

● Intravaginal DHEA (Prasterone): The FDA has approved an intravaginal DHEA suppository 



(Intrarosa®) for the treatment of moderate to severe dyspareunia, a symptom of GSM. By 
improving vaginal tissue health and reducing pain, it may secondarily improve desire and arousal in 
women whose low libido is related to painful intercourse.20 

● Oral DHEA: The evidence for oral DHEA as a direct treatment for HSDD is weak. A 2015 systematic 
review identified only one small study of 26 postmenopausal women, which found that 50 mg of 
DHEA twice daily for six weeks led to statistically significant increases in FSFI arousal and 
satisfaction scores, with no significant adverse events reported.46 However, this evidence is 
considered low-quality and insufficient for a general recommendation. 

 

3.4 Off-Label and Investigational Approaches 
 

Given the limited options for FSD, several other pharmacological agents are used off-label or have been 
investigated. 

● Bupropion: This norepinephrine-dopamine reuptake inhibitor is well-known for its lower incidence 
of sexual side effects compared to SSRIs and is often used as an "antidote" for antidepressant-
induced sexual dysfunction.106 It is also used off-label for primary HSDD. A systematic review and 
meta-analysis found that bupropion was nearly three times more favorable than placebo in 
improving sexual desire, with higher dosages (e.g., 300 mg) appearing more effective.47 However, 
other reviews note the evidence is limited and not of adequate quality to make a firm 
recommendation.106 

● Buspirone: A 5-HT1A partial agonist, buspirone has been studied as an augmentation strategy for 
SSRI-induced sexual dysfunction.106 However, its efficacy for primary HSDD is not well-supported. A 
randomized clinical trial comparing buspirone (20 mg/day) to bupropion (150 mg/day) found that 
neither drug was effective in treating HSDD in women over a six-month period.48 

● PDE5 Inhibitors: Based on their success in men, PDE5 inhibitors like sildenafil have been studied for 
Female Sexual Arousal Disorder (FSAD). The hypothesis is that increasing genital blood flow would 
enhance arousal. However, clinical trial results have been contradictory and largely 
disappointing.106 A key reason for this failure appears to be the well-documented discordance in 
women between physiological genital arousal (which PDE5is can enhance) and subjective 
psychological arousal (which they do not).50 Unlike in men, where genital response and subjective 
arousal are tightly coupled, in women, an increase in clitoral blood flow does not automatically 
translate to a feeling of being sexually aroused. 

● Combination Therapies (Lybrido/Lybridos): Inspired by the dual control model of sexual response, 
two on-demand combination products have been developed. Lybrido combines sublingual 
testosterone (0.5 mg) with sildenafil (50 mg) and is intended for women with low sensitivity to 
sexual cues. Lybridos combines testosterone with buspirone (10 mg) and is intended for women 
with high sexual inhibition. Early trials showed promising results in their target subgroups, but the 



validity of distinguishing between these groups has not been established, and further trial data has 
not been published.106 

Table 3: Summary of Approved and Off-Label Treatments for Female Sexual Dysfunction 

 

Drug/Agen
t 

Indication 
(Status) 

Mechanis
m of 
Action 

Dosing 
Regimen 

Summary 
of Efficacy 

Key 
Safety/Tol
erability 
Issues 

Key 
Sources 

Flibanseri
n (Addyi®) 

Acquired, 
generalize
d HSDD in 
premenop
ausal 
women 
(Approved
) 

5-HT1A 
agonist / 
5-HT2A 
antagonist
; increases 
dopamine
/norepine
phrine 

100 mg 
orally 
once daily 
at 
bedtime 

Modest: 
~0.5-1.0 
additional 
SSEs/mont
h vs. 
placebo 

Severe 
hypotensi
on/syncop
e risk, 
especially 
within 2 
hours of 
alcohol. 
Dizziness, 
somnolen
ce, 
nausea. 
Contraindi
cated with 
CYP3A4 
inhibitors. 

106 

Bremelan
otide 
(Vyleesi®) 

Acquired, 
generalize
d HSDD in 
premenop
ausal 
women 
(Approved
) 

Melanocor
tin 4 
receptor 
agonist 

1.75 mg 
subcutane
ous 
injection 
as needed 
(~45 min 
before 
sex) 

Modest: 
Minimal 
effect on 
SSEs vs. 
placebo 

Nausea 
(~40%), 
flushing, 
headache. 
Transient 
increase in 
blood 
pressure. 
Focal 
hyperpigm
entation. 

106 



Contraindi
cated in 
uncontroll
ed 
hypertensi
on/CVD. 

Testostero
ne 

HSDD in 
postmeno
pausal 
women 
(Off-Label, 
Guideline-
Recomme
nded) 

Androgen 
receptor 
agonist 

Transderm
al 
gel/patch 
at low 
doses 
(e.g., 
1/10th 
male 
dose) to 
achieve 
physiologi
c levels 

Moderate: 
~0.9 
additional 
SSEs/mont
h vs. 
placebo 

Androgeni
c effects 
(acne, 
hirsutism). 
Long-term 
safety not 
establishe
d. 
Compoun
ded 
products 
not 
recommen
ded. 

106 

Bupropion HSDD, 
Antidepre
ssant-
induced 
sexual 
dysfunctio
n (Off-
Label) 

Norepinep
hrine-
dopamine 
reuptake 
inhibitor 
(NDRI) 

150–300 
mg/day 
(sustained 
release) 

Mixed/Lo
w-quality 
evidence: 
Some 
meta-
analyses 
show 
benefit, 
especially 
at higher 
doses. 
Effective 
for SSRI-
induced 
dysfunctio
n. 

Insomnia, 
dry 
mouth, 
headache. 
Lower rate 
of sexual 
side 
effects 
than 
SSRIs. 

106 



Buspirone Antidepre
ssant-
induced 
sexual 
dysfunctio
n (Off-
Label) 

5-HT1A 
partial 
agonist 

15-30 
mg/day 

Inconclusi
ve/Negati
ve for 
primary 
HSDD. 
May 
augment 
SSRIs. 

Dizziness, 
nausea, 
headache. 

106 

PDE5 
Inhibitors 
(e.g., 
Sildenafil) 

Female 
Sexual 
Arousal 
Disorder 
(FSAD) 
(Off-
Label/Inve
stigational
) 

PDE5 
inhibition, 
increased 
genital 
blood flow 

25-100 mg 
as needed 

Inconclusi
ve/Contra
dictory: 
Increases 
physiologi
cal genital 
response 
but often 
fails to 
improve 
subjective 
arousal. 

Headache, 
flushing, 
visual 
changes. 
Same 
contraindi
cations as 
in men 
(e.g., 
nitrates). 

106 

 

4.0 Pharmacological Enhancement in Non-Pathological 
Populations 
 

While the primary focus of sexual pharmacology is the treatment of diagnosed dysfunction, a significant 
and growing area of use involves the consumption of these agents by individuals without a formal 
pathology, for the purpose of sexual enhancement. This includes the recreational use of prescription 
medications and the widespread consumption of herbal supplements. 

 

4.1 Recreational Use of PDE5 Inhibitors in Healthy Men 
 

There is a substantial body of evidence indicating that PDE5 inhibitors are frequently used by young, 



healthy men who do not have ED. This non-medical use is driven by the desire to enhance sexual 
performance, increase confidence, or counteract the effects of other substances. 

 

4.1.1 Prevalence and Motivations 

 

Surveys conducted among college students and other young male populations have reported prevalence 
rates of non-prescribed PDE5 inhibitor use ranging from 5.5% to as high as 21.5%.52 The motivations 
cited for this use are not to treat an underlying dysfunction but rather for perceived enhancement. 
Common reasons include curiosity, improving self-confidence, achieving harder or longer-lasting 
erections, increasing coital frequency, and preventing potential sexual failure, especially when using 
alcohol or illicit drugs.52 These drugs are most often obtained without a prescription from non-medical 
sources such as friends or the internet.54 

 

4.1.2 Efficacy in Healthy Men: A Disconnect Between Perception and Evidence 

 

The widespread belief that PDE5 inhibitors act as performance enhancers in healthy men is a powerful 
driver of their recreational use. However, this perception is not supported by evidence from controlled 
clinical trials. A randomized, double-blind, placebo-controlled study in 60 healthy young men (age 20-40) 
with no reported ED investigated the effect of a single 25 mg dose of sildenafil.56 The results 
demonstrated no statistically significant difference between the sildenafil group and the placebo group 
in the reported improvement of erection quality (40% vs. 33.3%, respectively).57 This finding directly 
refutes the notion that these drugs produce "super-normal" erections in men with already normal 
erectile function. 

The only objective physiological effect that has been consistently demonstrated in this population is a 
significant reduction in the post-orgasmic refractory time—the period after ejaculation during which a 
man is unable to achieve another erection.56 In the aforementioned study, 40% of men in the sildenafil 
group reported a noticeable reduction in refractory time compared to only 13.3% in the placebo 
group.57 

This disconnect between widespread user reports of enhanced performance and the lack of objective 
evidence for improved erectile quality points toward a powerful psychological component. The 
perceived benefits are likely driven by a combination of factors: a strong placebo effect, a reduction in 
any latent performance anxiety (even at subclinical levels), and the misinterpretation of a shortened 
refractory period as an overall enhancement of sexual prowess. This understanding is critical for public 
health initiatives, as it reframes the issue from one of legitimate physiological enhancement to one of 



psychological perception, confidence, and significant health risks. 

 

4.1.3 Health Implications and Risks 

 

The recreational use of PDE5 inhibitors is considered a public health concern for several reasons.53 

● Unregulated Sourcing: Obtaining these drugs without a medical prescription bypasses crucial 
screening for contraindications (e.g., nitrate use, underlying cardiovascular conditions). 

● Concomitant Substance Use: Studies consistently show a strong association between recreational 
PDE5 inhibitor use and the concurrent use of alcohol and illicit drugs (e.g., cocaine, 
amphetamines), which can increase cardiovascular risks.52 

● Risky Sexual Behaviors: Recreational use has been linked to a higher number of sexual partners 
and an increased risk of sexually transmitted infections.52 

● Psychological Dependence: There is a potential risk that healthy men may develop a psychological 
dependence on the medication to achieve sexual confidence, potentially leading to psychogenic ED 
when the drug is not used. 

 

4.2 The Pursuit of Libido Enhancement in Healthy Individuals: Evidence and 
Ethics 
 

The development and use of drugs that target libido are beginning to blur the line between treating a 
disorder and enhancing a normal state. 

● Males: While flibanserin (Addyi®) is approved for HSDD in premenopausal women, a pilot 
randomized controlled trial is currently underway to evaluate its efficacy in men aged 18-69 who 
report low libido but have normal erectile function (IIEF score > 22) and normal testosterone 
levels.59 This study represents a formal investigation into a "libido drug" for a male population 
defined by subjective distress rather than a clear physiological deficit, pushing the boundaries of 
traditional pharmacotherapy into the realm of enhancement. 

● Females: The approved HSDD drugs are indicated for women who experience "marked distress" 
due to low desire. However, it is plausible that women who do not meet the full diagnostic criteria 
but are simply unsatisfied with their current level of desire may seek out these medications for 
enhancement.20 Similarly, off-label testosterone may be sought for its libido-boosting effects even 
in the absence of a formal HSDD diagnosis.15 
This trend towards "pharmacosexology"—the use of drugs to modify and enhance sexual 
experience—raises ethical questions about the medicalization of normal variations in human 



sexuality and the societal pressures that drive the demand for such enhancements.61 

 

4.3 Herbal Supplements and "Nutraceuticals": An Evidence-Based Review 
 

A vast and poorly regulated market exists for herbal supplements and nutraceuticals claimed to enhance 
libido and sexual performance. 

 

4.3.1 Commonly Marketed Agents and Evidence Quality 

 

Popular ingredients include Tribulus terrestris, Maca (Lepidium meyenii), Panax ginseng (Red Ginseng), 
Fenugreek, Yohimbine, and Horny Goat Weed (Epimedium species).63 While some of these compounds 
have plausible biological mechanisms (e.g., influencing NO pathways, modulating hormone levels) and 
are supported by traditional use and some preclinical or small-scale human studies, the overall quality of 
evidence is low.10 Rigorous, large-scale, placebo-controlled randomized clinical trials are largely absent 
for these products, making it difficult to establish true efficacy beyond a placebo effect.65 

 

4.3.2 Safety and Adulteration 

 

The most significant concern with these products is not their lack of efficacy, but their potential for 
harm. The dietary supplement industry is not subject to the same stringent safety and purity regulations 
as the pharmaceutical industry. More alarmingly, regulatory bodies like the FDA frequently issue 
warnings about "all-natural" sexual enhancement supplements that are illegally adulterated with 
undisclosed prescription drug ingredients, most commonly sildenafil, tadalafil, or their chemical 
analogues.67 Consumers who take these tainted products are unknowingly exposed to the risks of 
prescription medications, including potentially fatal interactions with other drugs (like nitrates) and 
adverse effects from unknown and unmonitored doses.67 

 

5.0 The Future of Sexual Pharmacology: The Clinical and 
Preclinical Pipeline 



 

The field of sexual pharmacology is evolving rapidly, with research moving beyond the established 
peripheral vasodilatory mechanisms to explore novel central targets for desire and innovative 
regenerative approaches for performance. This progress reflects a growing understanding of the distinct 
neurobiological underpinnings of libido versus the physiological requirements for arousal, leading to a 
bifurcation in therapeutic development strategies. On one hand, the most active area of drug discovery 
is focused on centrally-acting agents designed to modulate the brain's sexual circuitry. On the other, for 
physical performance issues like vasculogenic ED, the frontier is shifting towards regenerative medicine 
aimed at restoring underlying tissue health. 

 

5.1 Novel Centrally-Acting Agents: Targeting the Brain for Sexual 
Response 
 

The limitations of peripherally-acting drugs in treating disorders of desire have spurred intensive 
research into compounds that modulate the key neurotransmitter and neuropeptide systems governing 
libido and sexual motivation. 

 

5.1.1 The Melanocortin System 

 

The melanocortin system has emerged as a highly promising target for sexual dysfunction. 

● Kisspeptin: This neuropeptide has recently generated significant excitement based on proof-of-
concept clinical trials. In randomized, placebo-controlled studies, intravenous infusions of 
kisspeptin were shown to significantly boost activity in key sexual processing and attraction 
pathways in the brains of both men and women with HSDD, as measured by fMRI.69 In men, this 
central effect was accompanied by a direct physiological benefit: a significant increase in penile 
rigidity (tumescence) of up to 56% compared to placebo while viewing erotic stimuli.71 Kisspeptin 
was well-tolerated with no reported side effects, positioning it as a leading candidate for a new 
class of treatments for low desire.69 

● Bremelanotide (PT-141): As the first clinically approved melanocortin agonist, bremelanotide 
validates the therapeutic potential of this pathway. Its action as an MC4R agonist represents the 
successful translation of this neurobiological target into a treatment for HSDD.21 

 



5.1.2 Dopamine Receptor Agonists 

 

The central role of dopamine in sexual motivation makes its receptors a logical target for pro-sexual 
drugs. 

● Apomorphine: A non-selective dopamine agonist that can be administered sublingually, 
apomorphine has demonstrated pro-erectile effects, particularly in men with psychogenic ED. 
However, its clinical utility is severely limited by a high incidence of nausea, an emetic effect that is 
incompatible with sexual activity.27 

● Cabergoline: A potent and long-acting D2 receptor agonist primarily used to treat 
hyperprolactinemia. A randomized, double-blind, placebo-controlled study in men with 
psychogenic ED found that cabergoline significantly improved erectile function, sexual desire, and 
orgasmic function.78 Retrospective pilot data also suggest it may be an effective treatment for male 
orgasmic disorder (delayed orgasm or anorgasmia), with 66.4% of men reporting subjective 
improvement.80 

● Pramipexole and Ropinirole: These D2/D3 receptor agonists, used for Parkinson's disease and 
Restless Legs Syndrome, are known to cause impulse control disorders, including hypersexuality, as 
a side effect.81 This has led to their investigation for sexual dysfunction. Small, open-label trials 
have suggested that ropinirole may be effective in treating antidepressant-induced sexual 
dysfunction, with one study showing a significant reduction in Arizona Sexual Experience Scale 
(ASEX) scores at a mean dose of 2.1 mg/day.83 A preliminary report on pramipexole (0.125-0.5 
mg/day) for low sex drive and delayed ejaculation found that 33% of men reported improvement.86 

● Selective D4 Agonists: Preclinical research has focused on developing selective D4 receptor 
agonists, such as ABT-724. The rationale is that targeting the D4 subtype may provide the pro-
erectile benefits of dopamine agonism while avoiding the D2-mediated nausea and emesis 
associated with drugs like apomorphine.4 Animal studies showed that ABT-724 facilitated penile 
erection via a supraspinal mechanism without inducing emesis.76 However, clinical development of 
these compounds appears to have stalled.74 

 

5.1.3 Other CNS Targets 

 

● Trazodone: An antidepressant with a complex mechanism (serotonin antagonist and reuptake 
inhibitor, SARI). Systematic reviews and meta-analyses of its use for ED have yielded weak and 
inconclusive results. While some small, methodologically flawed trials suggested a benefit, 
particularly in psychogenic ED and at higher doses (150-200 mg/day), pooled results were not 
statistically significant.88 Its utility is further limited by significant sedative effects.91 

● Combination Products: The pipeline includes novel formulations that combine drugs with 
complementary central mechanisms. For example, Lorexys is an investigational combination of 



bupropion (a dopamine/norepinephrine reuptake inhibitor) and trazodone, aiming to 
simultaneously enhance excitatory pathways and modulate inhibitory ones to treat HSDD.7 

 

5.2 Emerging Peripherally-Acting and Regenerative Therapies 
 

For performance-based dysfunctions rooted in vascular or tissue pathology, research is focused on novel 
delivery methods and restorative treatments. 

 

5.2.1 Novel Oral and Topical Agents 

 

● Guanylate Cyclase (GC) Activators and Rho-Kinase (ROCK) Inhibitors: These represent alternative 
ways to induce cavernosal smooth muscle relaxation. GC activators directly stimulate sGC, 
bypassing the need for NO, while ROCK inhibitors block the RhoA/Rho-kinase pathway, which is a 
key pathway for maintaining smooth muscle contraction. While both classes have shown efficacy in 
early clinical trials, their development has largely been discontinued as they failed to demonstrate 
superiority over existing PDE5 inhibitors.11 

● Topical Gels (MED3000/Eroxon®): A recent innovation is the development of a topical gel that is 
FDA-cleared as an over-the-counter (OTC) treatment for ED. It works via a novel physical 
mechanism, creating a rapid evaporative cooling effect followed by a warming sensation, which 
stimulates nerve endings and leads to vasodilation and erection within approximately 10 minutes. 
This offers a fast-acting, non-systemic alternative to oral medications.30 

● Intranasal Testosterone (TBS-2): An intranasal testosterone gel is under investigation. In early 
studies, it demonstrated an ability to increase feelings of sexual arousal in women with HSDD and 
enhance genital response in women with anorgasmia compared to placebo.106 

 

5.2.2 Regenerative Medicine (Investigational) 

 

The most transformative frontier in ED treatment involves therapies designed to repair and regenerate 
damaged erectile tissue, offering the potential for a cure rather than just symptomatic treatment. 

● Low-Intensity Shockwave Therapy (LiSWT): This non-invasive therapy applies low-energy acoustic 
waves to the penile shaft and crura. The proposed mechanism is the induction of microtrauma, 
which stimulates angiogenesis (the formation of new blood vessels) and the release of growth 



factors, thereby improving blood flow to the penis.94 However, the clinical evidence remains 
contentious. While many small studies report positive results, a 2024 Cochrane review and major 
guidelines from the AUA and EAU conclude that LiSWT remains investigational. The variability in 
treatment protocols, device types, and a lack of standardized methodology have prevented a 
definitive conclusion, with the Cochrane review finding only a small effect that may not be clinically 
important.16 

● Stem Cell Therapy and Platelet-Rich Plasma (PRP): These therapies involve injecting stem cells 
(often adipose-derived or bone marrow-derived) or a concentration of the patient's own platelets 
directly into the corpus cavernosum. The goal is to promote tissue regeneration, repair damaged 
endothelium, and restore neurovascular function.94 Numerous Phase I and II clinical trials have 
been conducted, particularly in difficult-to-treat populations like post-prostatectomy and diabetic 
men. Some of these open-label, single-arm studies have reported promising outcomes, such as 
recovery of erectile function sufficient for intercourse in a subset of patients.35 However, these 
therapies are still considered experimental by all major guidelines due to the small sample sizes, 
lack of placebo controls in most studies, and inconsistent results.1 

Table 4: Experimental and Pipeline Compounds for Sexual Dysfunction: Mechanism and Development 
Stage 

 

Compoun
d/Therapy 
Class 

Specific 
Agent(s) 

Novel 
Molecular 
Target 

Proposed 
Mechanis
m 

Latest 
Developm
ent Stage 

Key 
Findings/P
romise 

Key 
Sources 

Melanoco
rtin 
Agonists 

Kisspeptin Kisspeptin 
Receptor 

Central 
modulatio
n of sexual 
brain 
pathways 

Phase II Boosts 
sexual 
brain 
activity 
and penile 
tumescenc
e in HSDD 
patients. 
Well-
tolerated. 

69 

Dopamine 
Agonists 

ABT-724, 
ABT-670 

Dopamine 
D4 
Receptor 

Selective 
central 
agonism 
for pro-

Phase I/II 
(Stalled) 

Preclinicall
y effective 
in animal 
models 

74 



erectile 
effect 
without 
nausea 

with good 
side-effect 
profile. 

Combinati
on CNS 
Agents 

Lorexys Multiple 
(DA/NE/5-
HT) 

Bupropion 
+ 
Trazodone 
combinati
on to 
balance 
excitatory
/inhibitory 
pathways 

Investigati
onal 

Aims to 
treat 
HSDD by 
targeting 
multiple 
neurotran
smitter 
systems. 

7 

Combinati
on 
Peripheral
/Central 
Agents 

Lybrido / 
Lybridos 

Androgen 
& 5-HT 
Receptors 
/ PDE5 

Testostero
ne + 
Sildenafil 
(Lybrido) 
or 
Testostero
ne + 
Buspirone 
(Lybridos) 

Phase II/III On-
demand 
therapy to 
increase 
sensitivity 
to sexual 
cues 
(Lybrido) 
or reduce 
inhibition 
(Lybridos). 

106 

Synthetic 
Peptides 

BP101 Undisclose
d (MPOA 
target) 

Central 
stimulatio
n of sexual 
motivation 
in the 
medial 
preoptic 
area 
(MPOA) 

Phase II Preclinicall
y 
increases 
sexual 
receptivity 
in female 
rats. 

106 

ROCK SAR- Rho- Peripheral Phase IIa Effective 11 



Inhibitors 407889, 
Fasudil 

kinase 
(ROCK) 

inhibition 
of smooth 
muscle 
contractio
n, 
promoting 
vasodilatio
n 

(Stalled) but failed 
to show 
superiority 
over PDE5 
inhibitors. 

Topical 
Agents 

MED3000 
(Eroxon®) 

Thermore
ceptors/N
erves 

Physical 
cooling/w
arming 
effect to 
trigger 
vasodilatio
n 

FDA-
Cleared 
(OTC) 

Rapid 
onset of 
action 
(~10 
minutes) 
as a non-
systemic 
alternative
. 

30 

Regenerat
ive 
Medicine 

LiSWT Mechanot
ransductio
n 

Promotes 
angiogene
sis and 
tissue 
repair via 
acoustic 
waves 

Investigati
onal 

Mixed 
results; 
considere
d 
investigati
onal by 
AUA/EAU. 
Small 
benefit 
per 
Cochrane 
review. 

16 

Regenerat
ive 
Medicine 

Stem Cells 
/ PRP 

Tissue 
Regenerati
on 

Delivery of 
growth 
factors 
and cells 
to repair 
damaged 
erectile 

Experimen
tal (Phase 
I/II) 

Promising 
results in 
early, 
uncontroll
ed trials 
for severe 
ED, but 

1 



tissue not ready 
for clinical 
use. 

 

5.3 Novel Molecular Targets and Research Frontiers 
 

The search for new treatments is expanding to include novel biological targets identified through 
advanced research methodologies. 

● Genetic and Proteomic Targets: Modern genetic techniques like Mendelian Randomization (MR) 
are being used to identify genes and proteins that have a causal relationship with ED. Recent 
studies have pinpointed novel potential drug targets such as PRKCA, ITGB1, MDH1, and NQO1. This 
approach can validate new pathways for drug development and even identify existing drugs (e.g., 
benztropine, natalizumab) that could be repurposed for ED treatment.96 

● The Gut-Brain Axis: An exciting and nascent area of research is the connection between the gut 
microbiome and central nervous system functions, including sexual desire. Preclinical research 
suggests that the composition of gut microbiota can influence the levels of key neurotransmitters 
like serotonin and dopamine.99 A recent study in women with HSDD found significant differences in 
their gut microbial composition and fecal metabolite profiles (e.g., histamine, tryptamine) 
compared to women with normal sexual desire. This correlation suggests the existence of a "gut-
brain-sexual desire axis" and opens up the possibility of future therapies that modulate libido by 
targeting the microbiome.102 

● NMDA Receptors: Preclinical research in animal models has established a critical role for the N-
methyl-D-aspartate (NMDA) glutamate receptor in sexual behavior. Systemic administration of an 
NMDA receptor antagonist, MK-801, was found to impair copulation and block the experience-
induced enhancement of sexual performance in male rats. This suggests that NMDA receptor 
activation is necessary for both immediate sexual performance and the neural plasticity underlying 
sexual learning, identifying it as a potential future target for modulation.103 

● Oxytocin: The role of oxytocin presents a fascinating translational challenge. In animal models, 
central administration of oxytocin is robustly pro-erectile and facilitates sexual behavior.22 
However, clinical trials in humans using intranasal oxytocin have yielded contradictory and largely 
negative results. This discrepancy highlights the complexity of translating findings from preclinical 
neuroscience to human psychopharmacology and suggests that more targeted delivery methods or 
different modulators of the oxytocinergic system may be needed.22 

 

6.0 A Framework of Potential Future Therapeutic 



Strategies 
 

The future of sexual pharmacology is poised to move beyond broad-acting agents toward highly specific, 
mechanism-based interventions. This evolution is driven by advances in our understanding of the 
fundamental biology of sexual function, from the genetic and epigenetic level to the complex interplay 
of entire neuro-hormonal systems. The following framework outlines several promising, albeit largely 
untested, therapeutic avenues that could define the next generation of treatments for sexual 
enhancement and dysfunction. 

 

6.1 Epigenetic Modulation 
 

Epigenetics refers to modifications to DNA and chromatin that regulate gene expression without altering 
the DNA sequence itself. There is compelling evidence that epigenetic mechanisms, such as DNA 
methylation and histone modification, are fundamental to the sexual differentiation of the brain and the 
establishment of hormone sensitivity.106 Sex-specific epigenetic marks can be inherited across 
generations, potentially influencing traits like sexual orientation and testosterone sensitivity . This 
suggests that sexual desire and function are not rigidly determined by genetics alone but are subject to a 
layer of dynamic regulation. This opens a theoretical door for pharmacological interventions that could 
target the "epigenome." For instance, it has been hypothesized that drugs like trazodone might reverse 
persistent sexual side effects from other medications (e.g., post-finasteride syndrome) by altering the 
epigenetic expression of androgen receptors in key neural circuits . While still speculative, the concept 
of "epigenetic pharmacotherapy" for sexual function represents a paradigm shift from targeting 
receptors to targeting the very mechanisms that control their expression. 

 

6.2 The Gut-Brain-Sexual Desire Axis 
 

An emerging frontier in neuroscience is the "gut-brain axis," a bidirectional communication network 
linking the gastrointestinal tract with the central nervous system . The gut microbiome—the vast 
community of microorganisms residing in the gut—plays a pivotal role in this axis. It can influence the 
production and regulation of key neurochemicals and hormones, including serotonin, dopamine, 
estrogen, and testosterone, all of which are critical for sexual function and desire . Preclinical research 
has begun to connect this axis directly to sexual health. For example, a recent study found significant 
differences in the gut microbial composition and fecal metabolite profiles of women with HSDD 
compared to those with normal sexual desire, leading to the hypothesis of a "gut-brain-sexual desire 



axis".102 This suggests that dysbiosis, or an imbalance in the gut microbiota, could be a contributing 
factor to sexual dysfunction. Future therapeutic strategies could therefore bypass direct neurological or 
hormonal intervention and instead focus on modulating the gut microbiome through probiotics, 
prebiotics, or even fecal microbiota transplantation to restore a healthy balance and positively influence 
sexual desire and function . 

 

6.3 Neuroinflammation and Sexual Function 
 

Neuroinflammation—a state of chronic immune activation within the central nervous system—is 
increasingly recognized as a key contributor to aging and a wide range of neurological and psychiatric 
disorders . Research indicates that neuroinflammatory processes are sexually dimorphic, meaning they 
differ between males and females, partly due to the influence of sex hormones on immune cells like 
microglia . Furthermore, preclinical studies have shown that sexual experience itself can modulate 
immune responses within the brain . While the direct link between neuroinflammation and sexual desire 
is still being explored, it is plausible that chronic, low-grade neuroinflammation could disrupt the 
delicate function of neural circuits governing libido and arousal, particularly in the context of aging or 
chronic illness. This raises the possibility of targeting neuroinflammatory pathways as a novel 
therapeutic strategy for certain forms of sexual dysfunction. 

 

6.4 Precision Neurocircuitry Targeting 
 

Historically, sexual pharmacology has targeted broad neurotransmitter systems (e.g., dopamine, 
serotonin). However, advanced neuroscience tools like optogenetics and chemogenetics are now 
allowing researchers to map the precise neural circuits underlying specific components of sexual 
behavior with unprecedented resolution . For example, studies have identified specific, genetically 
defined neuronal populations—such as BNSTprTac1 neurons that project to POATacr1 neurons—that 
are both necessary and sufficient to initiate male mating behavior and its associated reward . This level 
of granularity reveals that "sexual desire" is not a monolithic brain state but the product of highly 
specific cellular interactions within a complex circuit. As this high-resolution map of the sexual brain is 
filled in, it will inevitably reveal novel and highly specific molecular targets (e.g., unique receptors, ion 
channels, or enzymes) located only on the critical neurons within these circuits. This will enable the 
design of next-generation drugs that can modulate sexual function with far greater precision and fewer 
off-target side effects than current therapies. 

 



7.0 Summary and Conclusions 
 

The pharmacological landscape for sexual function is marked by a stark contrast between the well-
established, highly effective treatments for male erectile dysfunction and the more nascent, modestly 
effective options for female hypoactive sexual desire disorder. For ED, PDE5 inhibitors remain the 
cornerstone of therapy, supported by decades of robust clinical data and clear practice guidelines that 
now situate their use within a holistic framework of cardiovascular health and patient-centered care. For 
men who are non-responsive, effective second- and third-line options exist, including injectable agents 
and surgical implants. 

The treatment of HSDD in women remains a significant unmet need. The two approved central-acting 
agents, flibanserin and bremelanotide, offer only a small statistical benefit over placebo, which is often 
tempered by a considerable side-effect burden and restrictive contraindications.106 Off-label hormonal 
therapy with testosterone provides a moderate benefit for postmenopausal women but is hampered by 
a lack of approved formulations and long-term safety data. 

The non-medical use of pharmacological agents for sexual enhancement is a widespread phenomenon 
driven by psychological factors rather than physiological need. Clinical evidence does not support the 
use of PDE5 inhibitors for performance enhancement in healthy men, and the largely unregulated 
market for herbal supplements poses significant safety risks due to potential adulteration with 
undeclared pharmaceuticals. 

Looking forward, the field is advancing toward more sophisticated and targeted interventions. The most 
promising developments for disorders of desire involve centrally-acting agents like kisspeptin and novel 
dopamine agonists that aim to directly modulate the brain's sexual circuitry. For performance-related 
dysfunction, the focus is shifting toward regenerative medicine, with the goal of restoring natural 
function rather than merely providing symptomatic relief. These parallel developments, along with 
emerging frameworks targeting epigenetics, the gut-brain axis, and precision neurocircuitry, signal a 
future where treatments for sexual dysfunction may become more personalized, more effective, and 
potentially curative. 

Table 5: Summary of Literature Evidence for Key Interventions 

 

Intervention Level of 
Evidence 

Summary of 
Efficacy 
Outcome 

Summary of 
Safety Profile 

Key Sources 



PDE5 Inhibitors 
for Male ED 

Strong 
(Guideline 
Recommended, 
Multiple high-
quality RCTs) 

High efficacy 
(~65-70% 
response). 
Significantly 
improves IIEF 
scores and 
successful 
intercourse 
attempts. 

Generally well-
tolerated. 
Common side 
effects are 
mild/moderate 
(headache, 
flushing). 
Absolute 
contraindication 
with nitrates. 

8 

Flibanserin for 
Female HSDD 

Moderate (FDA-
Approved, 
Multiple RCTs) 

Modest efficacy. 
Provides ~0.5-
1.0 additional 
SSEs/month vs. 
placebo. High 
placebo 
response. 

Significant side 
effects. Risk of 
severe 
hypotension/syn
cope, especially 
with alcohol. 
Dizziness, 
somnolence, 
nausea are 
common. 

106 

Bremelanotide 
for Female 
HSDD 

Moderate (FDA-
Approved, 
Multiple RCTs) 

Modest efficacy. 
Minimal 
improvement in 
SSEs vs. placebo 
in limited data. 

Significant side 
effects. Nausea 
is very common 
(~40%). Can 
cause transient 
hypertension. 
Contraindicated 
in CVD. 

106 

Testosterone 
for Female 
HSDD 
(Postmenopaus
al) 

Moderate 
(Guideline-
Recommended, 
Meta-analysis of 
RCTs) 

Moderate 
efficacy. 
Provides ~0.9 
additional 
SSEs/month vs. 
placebo. 

Good short-term 
safety at 
physiologic 
doses. Risk of 
androgenic side 
effects. Long-
term safety is 

106 



unknown. 

Recreational 
PDE5i Use 
(Healthy Men) 

Contradictory/L
acking (RCTs 
show no 
benefit) 

No 
improvement in 
erectile quality 
vs. placebo. 
Reduces post-
orgasmic 
refractory time. 

Risks associated 
with non-
prescribed use, 
concomitant 
substance use, 
and potential for 
psychological 
dependence. 

52 

Herbal 
Supplements for 
Enhancement 

Very Low 
(Anecdotal, 
small/poor-
quality studies) 

Efficacy largely 
unproven and 
likely due to 
placebo effect. 

High risk of 
adulteration 
with undeclared 
prescription 
drugs, posing 
serious health 
risks. 

65 

Kisspeptin for 
HSDD 

Low (Early Phase 
II RCTs) 

Promising early 
results. Boosts 
sexual brain 
activity and 
penile rigidity in 
HSDD patients. 

Appears well-
tolerated in 
initial small 
studies with no 
significant side 
effects reported. 

69 

Regenerative 
Medicine for ED 
(LiSWT, Stem 
Cells) 

Low/Investigati
onal (Small, 
often 
uncontrolled 
trials with mixed 
results) 

Some studies 
show benefit, 
but results are 
inconsistent. 
Considered 
investigational 
by guidelines. 

Generally 
considered safe, 
with minor 
procedure-
related side 
effects. Long-
term safety and 
efficacy are 
unknown. 

1 
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